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Better than
-brand Send us your worn out tuners and

bad mocules, Your Zeniths. Your
RCAs. Your Sonys. Your Quasars.
Any make, ary model.

neW:They'll be returned, rebuilt,
better than brand new.

*PTS tuner and module rebuilding includes original or superior
parts, expert worimanship, same day service, protective
packaging and a one-year limited warranty.

BO RIMS
MIMI seesieUR SwimII 1111U111111111111111111

11611111116111111111111111111111
Uwe

S PTS ELECTRONICS. INC.
ThP Only Name Y,m1, Ne.ed T(,) ft,'ffflow

For the location nearest you, see Servicenter Guide on next page.
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Home office SACRAMENTO, CA 95841

BLOOMINGTON, IN 47401 4351D Auburn Blvd P.O.4135.
5233 S Hwy. 37. P.O.272 916-482-6220

812-824-9331 SAN DIEGO, CA 92105
CLEVELAND, OH 44134 5111 University Ave., P.O. 5794

5682 State Road 714-280-7070
216-845-4480 LOS ANGELES
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612-824-2333
ST. LOUIS, MO 63130
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DETROIT, MI 48235
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313-862-1783
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1134 Walker Northwest
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616-454-2754
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Zenith Recalls 67,000 TVs
Zenith Radio Corporation has sent out
"recalls" on some 67,000 of its new 13
and 17 inch color television models in-
troduced to distributors late last year.

The problem, according to Zenith, is a
potential insulation failure that could re-
sult in a shock hazard. Zenith reports
many sets are still on distributors
shelves. Those already in homes will be
repaired "in home."

NAB Committee Plans Radio
Standards
A committee of the National Association
of Broadcasters has planned meetings
to help hammer out what it said it hopes
will become industry -wide standards for
radio receivers.

The NAB's AM/FM Receiver Perfor-
mance Standards Committee said June
meetings during the Summer CES in
Chicago and possibly thereafter would
attempt to set ground rules for radios to
show they have met "minimum" stan-
dards set by NAB.

The proposed standards will deal with
six classifications: AM monaural, AM
stereo, FM monaural, FM stereo, AM
auto/mono, and AM auto/stereo. Such
technical characteristics, according to
NAB, will determine quality of sound,
maximum loudness, distortion ratings,
range of pitch the radio is capable of
reproducing, the ability to pick up distant
stations, and the ability to separate sta-
tions.

Overall the standards are aimed at
improved communication between
broadcasters and receiver designers for
the coordination of efforts in improving
broadcast sound.

ETA Plans Canadian Convention
The fledgling Electronic Technician's
Association (ETA, formulated last
November, has chosen Ontario, Can-
ada, as the site of its first annual conven-
tion tentatively set for early August.

According to ETA President Dick
Glass, Kitchner, Ontario, approximately
60 miles outside of Toronto, was
selected as the site to emphasize the
"international character" of ETA-
officially named Electronic Technician's
Association-International. Glass said
ETA hopes to draw many of its members
from Canada and, in fact, has set up a
separate Canadian membership divi-
sion.

Glass also said the ETA membership
now stands at the 500 level with at least
20 per cent of the members electronics
instructors and 50 per cent from the trad-
itional "dealer" category.

Regarding the planned convention,
Glass reported the thrust would be to-
ward lecture seminars on electronics,
training for electronics instructors, and
methods training for certification ad-
ministrators.

Consumer Electronics now
$15 Billion Industry
The Consumer Electronics Industry was
a $15 billion a year business at the retail
level in 1978, according to estimates by
the Electronic Industries Association
(EIA).

According to the EIA statement, the
$15 billion figure was extrapolated from
the $9.3 billion wholesale value of U.S.
and foreign production sold to dealers.
The major consumer electronics prod-
ucts included in the latest statistics are
television receivers, seperate audio
components, phonographs, tape
equipment, radios and auto radios.

Major audio products totaled $5 billion
in factory production and imports for
1978, EIA said, and that was up from the
previous year's $4.3 billion. Total televi-
sion accounted for $4.31 billion, up
13 per cent over the $3.8 billion
recorded in 1977 at the factory produc-
tion and import level.

The latter figures break down into a
$3.27 billion valuation on color television
receivers last year, according to EIA, an
overall increase of 14 per cent for that
category.

In addition, EIA said, while the con-
sumer price index for all products has
climbed 102.9 per cent since base year
1967, the CPI for television has climbed
only 1.6 per cent during that period.

IHF Investigates Affiliation
with EIA
The Institute of High Fidelity (IHF), which
this April was forced to cancel its Second
Annual Meeting in St. Louis for eco-
nomic reasons, has announced that is
has approached the Electronic Indus-
tries Association (EIA) regarding the
possibility of affiliation.

According to IHF President Jerry
Kalov the IHF board believes "the goals
of our members and of our industry
might be better served through an affilia-
tion ..."

Kalov said however, stipulations that
must be agreed to before any such affili-
ation could take place would be that
IHF's New York office be maintained at
least through 1980 and that IHF goals
relating to component standards, statis-
tics gathering, legislative activity, and
industry advertising and promotion pro-
grams be maintained.

Color TV Sales Decline in April.
EIA figures on sales to dealers show an
eleven percent decline relative to April
'78. VCR's showed their first declines,
possibly attributable to model changes,
of about 21 percent after an earlier 80
percent gain over '78 for the first quarter.
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Introducing
the Troubleshooter.

Six functions and 24 ranges for $129* make the jump
from Analog to Digital more affordable than ever.

We call our new hand-held
8022A DMM the Troubleshooter. It
combines the basic performance
features you want with all the
advantages that give digital
DMM's the edge over analog -
0.25% basic dc accuracy, a
rugged, reliable design, a
razor sharp 31/2 -digit
LCD readout, small size
and light weight.

Measure for
measure you won't
find a better value.
Six functions-
high and low
ohms, ac and dc
voltage and
current (24 ranges
in all) make the
Troubleshooter a 13
ounce (0.37 kg) package of
excellent measurement value.
This kind of value wasn't possible
until our custom CMOS LSI single
chip design made hand-held
DMM's an affordable reality and
Fluke the industry leader.

Here's something new that
won't shock you. Fluke's exclu-
sive probe design features finger
guards on the probe and shrouded
connections to discourage acci-
dental contact with circuit
voltages.

You won't find a more rugged
or reliable hand-held DMM.
There's a lot more to building a
high -quality hand-held DMM
than you might suspect. The case
has to survive bumps, scrapes,
and scuffs. The LCD readout must
withstand the extremes of humid-

*U.S. Price Only

Pisvirol

ity, temperature, and vibration.
Function switches need to per-
form reliably through thousands
of cycles. And electrical circuitry
must survive both physical shock
and electrical overloads.

We built the 8022A to with-
stand all these tortures-with a
rugged impact resistant plastic
case, a custom LCD display,
reliable push -buttons instead of
rotary switches and over 20% of
the components devoted to over-
load protection.

Take the next step. Contact
the Fluke office, representative
or authorized distributor in your
area. In the U.S., CALL TOLL
FREE (800) 426-0361. (For resi-

For Technical Data Circle No. 116 on Reader Service Card
For Demonstration Circle No. 117 on Reader Service Card

dents in Alaska, Hawaii, and
f Washington, the number is

(206) 774-2481.)
In Europe, contact: Fluke

(Nederland) B.V., P.O. Box 5053,
Tilburg, The Netherlands. Tele-
phone (013) 673973. Telex 52237.

Ask about the new 8022A. And
while you're at it, check into the
8020A Analyst, the improved
version of our $169* DMM. It
boasts Fluke's exclusive conduct-
ance capability for high resis-

tance measurements and
0.1% measurement accuracy.

Both instruments are
available at your

distributor from stock.
For immediate

response, fill out
the attached
coupon.

r

FLUKE

John Fluke Mfg. Co., Inc.
P.O. Box 43210
Mountlake Terrace, WA 98043
 Please send 8022A Troubleshooter data.
 Please send the 8020A Analyst specs.
 Please have a salesman call.

Name

Title Mail Stop

Company

Address

City State

Telephone ( )

Zip

Ext.

ETD 6-79



Now from Sprague...

The ultra -thin
film capacitors

you've been asking for.

Low-cost Verti-Film* epoxy -coated polyester -film
capacitors help you beat the cost/space squeeze when
servicing imported communications and entertainment
electronic equipment, letting you make exact replace-
ments on crowded PWBs quickly and easily. Their
single -ended design permits vertical installation in far
less space than required by conventional axial- or
radial -lead film capacitors.

* Trademark

2x ACTUAL SIZE

Rated at 100 WVDC, Verti-Film Capacitors range in
capacitance values from 0.001 to 0.47 /IF with a toler-
ance of ±10%. Get Verti-Film Capacitors from your
Sprague distributor . . . or write for descriptive Bulletin
M -616A to Sprague Products Company, 65 Marshall
Street, North Adams, Mass. 01247.

SPRAGUE PRODUCTS COMPANY Distributors' Division of Sprague Electric Co.

THE FOREMOST SUPPLIER OF ELECTRONIC COMPONENTS

65 9111

SPRAGUE®
THE MARK OF RELIABILITY

eneral
Cable

4 ETID - June 1979
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FCC Seeks End to Cable
TV Restrictions
In a move boisterously opposed by
commercial broadcasters, the FCC has
proposed an end to two restrictions on
the cable TV industry.

The thrust of the rule changes would
provide the viewing public with greater
program selection opportunities, includ-
ing options of viewing "distant stations"
brought into their viewing areas via satel-
lite and cable.

Calling the proposed rule changes
"critical" to the expansion of the cable
television industry itself, a spokesman
said elimination would spawn the devel-
opment of even more cable systems.
Under existing FCC controls, commer-
cial broadcast stations often have the
authority to keep "distant station" sig-
nals from being rebroadcast in their view-
ing areas.

The outcome of the battle may hinge
on which side is able to prove most ef-
fectively their contentions. Commercial
broadcasters claim the rules changes
would have a substantially damaging
impact on their industry. Cable TV en-
thusiasts, on the other hand, presented
the FCC with a battery of documents
contending the rules changes would
only-at worst-affect 1 percent of
commercial broadcast stations audi-
ences.

In a related, though separate ruling,
the U.S. Supreme Court has ruled that
New York State does not have the au-
thority to control rates charged by cable
TV stations for special programming
services. Only the FCC has this author-
ity, the high court ruled.

Currently states are permitted to regu-
late only rates charged for subscription
to a cable system-not for special ser-
vices. The FCC does not now regulate
special programming charges. ErD

CALENDAR
Following is a listing of the convention
dates and contacts for associations
serving the electronic technician ser-
vicing profession.
ETA -I (Electronic Technicians' Asso-
ciation International). Meeting Kitch-
ener, Ontario, Canada, in early August
(tentative). Contact Dick Glass, Presi-
dent, 7046 Doris Dr., Indianapolis,
Ind., 46224 or call 317-241-7783.

NATESA (National Association of
Television and Electronic Servicers of
America). Meeting Carson's Nordic
Hills Resort, Itaska, III., Aug. 23-26.
Contact Frank J. Moch, Executive Di-
rector, 5908 South Troy St., Chicago,
III., 60629 or call 312-476-6363.

NESC (National Electronic Service
Convention). Meeting Marriott Hotel,
Tucson, Az., Aug. 13-18. Contact
Marti McPherson, 1715 Expo Lane,
Indianapolis, Ind., 46224 or call 317-
278160.

I'VE GOT A SECRET.

DID YOU KNOW THAT WE ARE "THE"
MODULE REBUILDERS?

M.E.S. WILL GIVE YOU A
HIGHER GUARANTEED PROFIT

RETURN. PLUS, WE'LL THROW
IN THAT WORKMANSHIP WE'RE

BECOMING FAMOUS FOR!

WE...Specialize in all
MAGNAVOX & G.E. MODULES.

 SERVICE ALL MAGNAVOX REMOTE
CONTROLS, INCLUDING THE STAR.

 FINAL CHECK ALL MODULES ON AN
OPERATING CHASSIS.

 USE ONLY FACTORY SPECS PARTS
FOR REPAIRS.

 HAVE BEEN IN TV SERVICING FOR 20
YEARS.

 ARE FACTORY TRAINED, CET's &
STATE LICENSED.

 GIVE YOU A 1 YEAR LIMITED
GUARANTEE.

SEND YOUR MODULES NOW..!
48 HOURS IN SHOP SERVICE

RELY ON THE
MODULE

REBUILDER

MODULAR
ELECTRONICS
SERVICES, LTD

4024 W. 10th St
Indianapolis, IN 46222

(317) 243-8347
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Make Zenith
your one and
onksource for
semiconductors.

You'll reduce your inventory, your back -orders,
and time spent chasing transistors.

Zenith's one numbering system of exact and
selected semiconductor replacements is the closest yet
to an all-purpose line for the industry. Virtually eliminates
back -orders and time spent chasing semiconductors
because the cross-reference reduces your semi-
conductor inventory to a manageable number. Requires
less inventory space, too.

Zenith's one numbering system covers not only
Zenith, but also the most popular devices in demand
today -140,000 -plus cross-references using Zenith exact
and selected semiconductors. And many of Zenith's
high -quality devices are priced lower than those from
other sources.

Switch now and see how quickly your inventory
shapes up...your back -orders are reduced...and your
bottom -line improved.

For proof, see Zenith's latest Universal Semiconductor
Cross -Reference Guide. Call your Zenith distributor for
your copy now. Then make Zenith your one and only
source for semiconductors!

For your own reputation and in your
customers' best interest, always specify Zenith

exact replacement parts and accessories.

Notre Dame
basketball coach,

"DIGGER" PHELPS

212-76

121-745

121-217050-A

The quality goes in before the name goes on®

Zenith Radio Corporation / Service, Parts & Accessories Division
11000 Seymour Avenue / Franklin Park, Illinois 60131

Circle No. 130 on Reader Inquiry Card

LETTERS
MICROWAVE OVENS
In regard to an article in a November
1978 book on servicing microwave
ovens: The appliance men have asked
me if you can check the high voltage to
the magnetron? They said at service
meetings they were told ya can't do it.
What they should of said is no one
makes a meter to check the approxi-
mate 3KV at the tube. (At least, I've
never seen one.) I modified a standard
TV HV probe to measure 3600vdc and
ac at the secondary of the HV trans-
former. I used a Pomona HV probe with
a 36KV meter and on /off switch, and
rewired it to do the job.

411101111
PROBE 7/P

GYP/NO CaP

G.G. ME& TV NV
mss/s7.

4OR /25

Pe/5/1 ..-__,OV/MPSW/7C/1
ATM R7 IN METER MAMOZR

O
NOTE POSirprt
GRoPv0

Very simple modification will give a
fairly accurate dc and just an uncalib-
rated ac reading. A normal dc reading is
approximately 3KV, ac approximately
750V. While you are checking the HV at
the magnetron filament terminals,
momentarily short across the filament
terminals -not to ground -and if the 3.2
Vac is there, you'll get a little spark. Just
a quick short won't hurt anything. You'll
know if the filament and HV is there right
away. If they are, the "maggie's" bad. I
just removed the 600 megohm long re-
sistor from the inside and soldered the
66 megohm directly to the probe tip.
Run a wire down to the switch and you
can take it from there.
John Russo
Service Center
603 East Oak
Santa Maria, CA 93454

EDITOR: This is a good idea since many
multimeters are not equipped to mea-
sure these voltages. There are some
meters with appropriate HV ranges,
however. The 630 series of Triplett me-
ters have a 6KV range available. The
Simpson 260s have an accessory 5KV
probe and the Hickok LX303 has a 10KV
slip -over probe accessory (dc only).
Remember, this measurement involves
a rather high current source; it is
dangerous, BE CAREFUL! There is a lot
more current available than from a TV
HV supply. ETD
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SYLVANIA GIVES RCA
AND ZENITH

A NEW IMAGE.

Sylvania can make almost
any used television look better.
With 15 universal types of Color
Bright 85" picture tubes that re-
place virtually all of the 438 dif-
ferent picture tubes in service
today. So when any picture tube
fails, on a model that's 2 years
old or 20, Sylvania will help you
replace it quickly and easily.

When it comes to replace-
ment parts the right place to

come is Sylvania. Your Sylvania
distributor carries a complete
line of picture tubes, receiving
tubes, test equipment and ECG R
semiconductors designed to
make any brand work like it's
brand new.

Sylvania. The easy way to
get even the hardest part.

Color Bright 85 and ECG are registered trademarks of GTE Sylvania
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Canada Len Finkle, Lid Ontario

A lot of signal.
Fora lithe cost.

We just set a new value standard. Twice.
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Model 2001 Sweepable
Function Generator.' $1 49.95'

Get the waveforms you need -1 Hz to .1 MHz in
five overlapping ranges: stable, low -distortion
sine waves, fast rise/fall-time square waves,
high linearity triangle waves-even a separate
TTL square wave output. Plus high- and low-
level main outputs.

An applied DC Voltage at the Sweep input
can shift the 2001's frequency; or sweep up to
100:1 with an AC signal.

A pushbutton activates the DC Offset
control, which shifts the output waveform up or
down on command.

You'd expect to pay a lot more for all the
2001 can do!

Model 4001 Ultravariable
Pulse Generator. $169.95*

Here's a precision digital pulse generator with
fast rise and fall times covering 0.5 Hz to 5 MHz
in 5 overlapping ranges. With pulse width and
pulse spacing each independently variable
from 100 nsec to 1 sec for an amazing 107:1
duty cycle range.

You'll find the 4001 delivers the pulse
modes you need: Continuous, One -Shot, Trig-
gered, Gated, Square Wave, even a Comple-
ment mode. The Trigger/Gate input, 50 Ohm
variable output, TTL-level output and Sync
output connectors are BNCs.

The 4001. Nothing does as much as well
for anywhere near the price.

Smarter tools for testing and design.
CONTINENTAL SPECIALTIES CORPORATION

=M=Call toll -free for details

1-800-243-6077
*SuggestedU.S.resale.AvallableatselectedlocaldistributorsPrices,speclllcationssubjecttochangewithoutnotice cCopyright1979ContinenlaiSpec a7hesCrrrporation
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FROM
THE

EDITOR'S
DESK

Our lead feature this month deals with the rapidly growing
world of portable test instrumentation. The modern, compact,
accurate, and relatively inexpensive, portable units we see
coming off manufacturers' assembly lines are - for the most
part - aimed at either the consumer electronics service
market or the light industrial user.

Today's modern professional electronics technician has at
his disposal every conceivable type of test instrument he
could have wished for himself on the bench just five short
years ago - and in many instances even more. There are
capacitor checkers of several kinds, oscilloscopes so small
they can be cradled in one hand, frequency counters of
sophisticated accuracy and stability; of course the well-known
digital multimeters and VOMs, and television signal test
pattern generators of every description, some so small they
can be stuffed into a shirt pocket.

Just listing the above mentioned pieces of test equipment
is evidence enough - if you needed anymore - of the ever
increasing demands on a technician's time and knowledge. It
takes time and diligent study in many cases to really learn
the full potential of a new piece of test gear.

Yet the important thing about the march of technology, as
evidenced by the growth of the portable test instrument
market, is that for the aggressive technician, the one who is
interested in continuing education in electronics technology,
the means are now available for him or her to relate to new
areas. And, the equipment available to the professional
technician will play no small roll in helping the professional to
understand new fields.

Let's face it, as the world swings more and more into
digitally controlled "clocked" circuits, closer to
microprocessor control in virtually all types of consumer
products, a state-of-the-art knowledge of state-of-the-art
electronics test gear will very definitely be needed by the
state-of-the-art technician who plans to forge ahead with
progress.

So with this brief background, I would like to direct you to
our lead feature, "Recent Trends in Portable Test Gear" (p. 20)
in which ET/D takes you on a quick tour of some of the latest
developments in portable equipment and points out some of
the reasons why these changes are occurring ... now.
Sincerely,

ETID - June 1979 / 9



SERVICE SEMMAR
ADMIRAL

Color TV Chassis 9M45 -No Raster-Sound and HV OK.
Possible cause-Open 0703 (brightness limiter).
Excessive Brightness -Possible cause-shorted 0703.
Note: According to Admiral (Tech Notes March '79) the EBC
marking on printed circuit board for 0703 is incorrect. Check
for correct markings when replacing.
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HITACHI

Color TV Chassis NP4SX-H2/L2-No video. Chroma
causes apparently negative picture. Probable cause-open
L-306 (in emitter of TR-305).
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Color TV Chassis E21-No control of brightness Possible
cause-shorted C924.

Now more than ever...

:al Top of
in

Solid
State

Replacement
Guide

domestic
and foreign repiacem

Over 153,500ents

New RCA SK Solid State
Replacement Guide
 Largest RCA SK Replacement Guide to date.
 Over 950 SK types replace over 153,000 domestic

and foreign types.
 Everything you need under one cover for quick,

easy, profitable servicing.
 The industry's only Guide to include SK numbers

and the other leading numbering system.

The new 1979 RCA SK Solid State Replacement Guide has
easy -to -find, easy -to -read information on RCA's full line
of replacement transistors, rectifiers, thyristors, inte-
grated circuits and high voltage triplers. Thousands of
hours of engineering went into the preparation of this
guide which covers consumer, commercial and industrial
applications.

RanSK Replacement
Solid State
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ZENITH
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Color TV Chassis 19GC45-Hum bars, reduced height,
distorted audio, no color. Possible cause-shorted
CX216-low voltage power supply filter/capacitor.
No set up line, dark picture, green streaking. Possible
cause-shorted C208 in red G2 circuit. ET'D
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.... RCA SKs make it easy for you to
offer reliable service at a profit.
New Numbering System
All SKs now feature, where applicable, the product num-
bers of the other leading system used by ECG,* REN and
TM. For example, whenever an SK device replaces an
ECG device, the ECG number is now part of the SK
number. (SK 3444, a direct replacement for ECG 123A, is
now listed as SK 3444/123A.) The new 1979 RCA SK Solid
State Replacement Guide is the only guide you need. You
can buy and install RCA SK devices with confidence that
the replacement is right and the quality is right too.

Best of all, RCA Top of the Line quality means fewer costly
call-backs and more profitable customer servicing foryou.
See your RCA SK distributor for all your solid state re-
placement needs and ask for your copy of the new authori-
tative RCA SK Replacement Guide, SPG 202X; or send
your request with check or money order for $1.50 to RCA
Distributor and Special Products, P.O. Box 597, Wood-
bury, N.J. 08096.

*ECG is a trademark of GTE Sylvania
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GE HAS PUBLISHED A SEQUEL
TOYOUR FAVORITE BOOK.

Especially if you're replacing semi-
conductors. Even then, you may never

read all of this 416 -page catalog, but you'll
find yourself referring to it every day.

This year's edition is expanded to
give you quick&easy cross reference
data on high voltage triplers . . . more

parts identification charts . .. application
charts for an "instant view" of

transistor specifications.
As before, our unique parts ID num-

bering system-which no one else in the

industry offers-tells you at a glance
almost all you need to know when
making a replacement. For instance,
GE5ZD3.3 stands for a 5 -watt, 3.3 -volt
zener diode by General Electric.
Simple enough?

For your free copy of this valuable
addition to your service shelf, see your
authorized GE distributor today.

This could be the best book you'll
never stop reading this year.

WE'RE AT YOUR SERVICE.
Tube Products Department-Owensboro, Kentucky 42301

GENERAL ELECTRIC
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Electronic Surplus fills the 36 pages of
Fair Radio Sales Co.'s 1979 catalog.
This catalog, listing perhaps the largest
selection of surplus available from a
single company, has come to be some-
what of an institution. The command set
numbers are dwindling, but you can buy
a TCS receiver for $19.95, and it's better
than a command set anyway. In addition
to communications and test equipment,
Fair has great numbers of obsolete
tubes at modest prices, and a variety of
other components. Noticeably absent
are the vast quantities of semiconduc-
tors most surplus outlets have. Fair does
have some interesting IC board as-
semblies, but where else can you get a
3500V power transformer or a 1/2 -hp 28V
dc motor. For a free copy: Fair Radio
Sales Co., P.O. Box 1105, 1016 E.
Eureka St., Lima, OH 45802.

A wide variety of small mechanical
components and materials many of
which are useful in electronics, are of-
fered in Catalog No. 8 by Small Parts
Inc. The catalog includes wire markers,
cable ties and clamps, "0" rings, perfo-
rated metal, spacers, both metal and ny-
lon, nylon machine screws and nuts,
shaft hardware, fiber rod, gears and
couplings, tubing, shrinkable tubing, tef-
lon sheets and a variety of other items.
For a free copy write: Small Parts, Inc.,
6901 N.E. Third Ave., Miami, FL 33138.

A new, full -color six -page brochure
describing the complete line of B &
K -Precision digital multimeters is now
available from Dynascan Corporation.

Featured in the brochure are the
Model 2830 and Model 2810 3-1/2 Digit
DMMs, both with autozeroing, and the
Model 283 3-1/2 Digit Lab DMM with high
intensity LED display for maximum
readability. All three are accurate to
0.5%. Also described is the Model 2800
Economy 3-1/2 digit Portable DMM with
autozeroing and 1% dc Accuracy for
cost-effective testing.

In addition, the brochure includes the
Model TP-28 Solid -State Temperature
Probe which measures temperature
with almost any analog or digital voltme-
ter. The Model TP-28 can be used to
measure the temperature of any sur-
face, liquid or gas.

The brochure details the features, ap-
plications and specifications for all of

these models. All specifications are
listed on one page of this handy selec-
tion guide to simplify comparison of the
features of the various models.

For a free copy of the brochure write:
B & K -Precision, 6460 W. Cortland St.,
Chicago, IL 60635.

A brochure describing the new MINI -
size 20/20 Electronic TV Antenna is
available from Winegard. Intended for
apartment, attic, garage or roof use,
the 20/20 is stated to perform like an
antenna twice its size. It is available as
a basic antenna, with a rotor, with a
signal amplifier or with both and is also

available with an indoor pole lamp type
mounting. Write Winegard Co., 3000
Kirkwood St., Burlington, IA 52601.

A voice security terminal that protects
speech transmitted over standard tele-
phone lines while providing excellent
voice recognition is described in a new
brochure available from General Tele-
phone & Electronics Corp. The four-
color, eight -page brochure contains
several block diagrams which depict
point-to-point security, explains how
voice is encrypted, how secure confer-
ence calls can be established, as well as
providing operating models, data rates

JAPANESE SEMICONDUCTORS
Why but. expensive American replacement semiconductors
When you can buy Japanese semiconductors for much less.

TYPE 1-9 TYPE 1-9 TYPE 1-9 TYPE 1-9 TYPE 1-9

2SA 102 34 2SC 620 50 2SC 1383 40 2S0 359 90 STK 435 550

2SA 473 55 2SC 632A 40 2SC 1384 .40 2S0 427 215 STK 439 875

2SA 484 2.30 2SC 634A 45 2SC 1448A 115 2S0 525 110 TA 7045M 240

2SA 495 30 2SC 710 .25 2SC 1475 .90 250 526 75 TA 7055P 240

2SA 497 120 2SC 711 .25 2SC 1509 .60 2SK 19 50 TA 7060P 1.10

2SA 509 :35 2SC 712 25 2SC 1567A 70 2SK 23 1.00 TA 70610 1.10

2SA 562 30 2SC 717 .40 2SC 1675 30 2SK 30 45 TA 7062P 1.30

2SA 564A 34 2SC 730 3.30 2SC 1678 150 2SK 33 .70 TA 70630 145

2SA 634 40 2SC 732 .25 2SC 1687 45 2SK 34 55 TA 7074P 3.95

?SA 643 35 2SC 733 .25 2SC 1728 .95 2SK 41 .55 TA 7089P 2.40

2SA 673 40 2SC 734 .25 2SC 1760 1.05 2SK 55 .70 TA 7120P 1.80

2SA 678 50 2SC 735 25 2SC 1775 .35 3SK 22Y 1.75 TA 7203P 2.80

2SA 683 50 2SC 756 1.90 2SC 1816 1.90 3SK 35 145 TA 7204P 240

2SA 684 50 2SC 756A 215 2SC 1908 .35 3SK 37 2.25 TA 7205P ISO

2SA 695 50 2SC 77? 3.25 2SC 1909 2.70 3SK 40 1.50 TA 7310P 1.50

2SA 699A 60 2SC 781 2.40 2SC 1945 5.45 3SK 41 1.50 TBA 810SH 2.30

2SA 706 100 2SC 784 35 2SC 1957 .75 3SK 45 I 50 TC 5080P 555

2SA 720 35 2SC 789 90

2SA 733 25

2SA 747 480

2SC 793 2.40

2SC 799 240 FREE CATALOG
2S8 22 50 2SC 828 25

288 54 35 2SC 829 25 BEFORE YOU BUY CHECK OUR
2SB 77 40

2SB 175 40

2SC 839 35

2SC 867A 4.45
QUANTITY DISCOUNT PRICES ....

2SB 186 25 2SC 900 .25

258 187 25 2SC 930 25 2SC 1969 425 3SK 48 365 TC 50810 3.25

258 324 35 2SC 945 25 2SC 1973 65 3SK 49 I 50 TC 5082P 3.75

2SB 367 130 2SC 10008L 40 2SC 1974 ISO AN 2140 1.80 UHIC 001 5.55

2S8 405 30 2SC 1013 60 2SC 1975 ISO AN 239 475 UHIC 002 5 55

2SB 407 90 2SC 1014 .60 2SC 2028 .60 AN 2470 2.85 UHIC 003 5.55

286 463 I 10 25C 1018 80 2SC 2029 1.90 AN 274 1 85 UHIC 004 555
2SB 474 65 2SC 1030 2.30 2SC 2076 60 AN 313 455 UHIC 005 5.55

288 507 85 2SC 1060 .80 2SC 2091 110 AN 315 2.15 UPC 20C 2.65

2S6 511 80 2SC 1061 85 2SC 2092 215 BA 51IA 2.10 UPC 554C 1.75

258 557 270 2SC 1096 .50 2SC 2098 340 BA 521 230 UPC 555H 1.75

2SC 183 50 2SC 1114 3.75 280 72 60 HA 1151 I 80 UPC 57502 150

2SC 184 50 2SC III6A 375 280 91 150 HA I156W 1 90 UPC 576 230
2SC 372 25 2SC 1124 .90 280 92 1.70 HA 1306W 2 35 UPC 592HZ 90
2SC 373 25 2SC 1127 90 2S0 180 1.90 HA 1322 2.85 UPC 100182 2.30

2SC 380 25 2SC 1162 .80 2S0 187 40 HA 1339 2 90 UPC 1008C 5.70

2SC 382 40 2SC 1166 .35 280 218 3.40 HA I339A 2 90 UPC 10208 2.30

2SC 387A 40 2SC 11728 3.80 2S0 234 75 LA 40310 215 UPC 1025H 2.30

2SC 394 30 2SC 1173 .65 280 235 .75 LA 4032P 2.15 UPC 1156H 2.30

2SC 458 25 2SC 1209 35 280 261 .35 LA 4400 2.30 UPO 857C 935
2SC 460 50 2SC 1226 65 2S0 287 2.80 M 515131 240 UPO 8580 715

2SC 481 140 2SC 1226A .65 280 291 2.70 PLL OIA 4 50 UPO 861C 905
2SC 482 140 2SC 1237 2.10 2S0 313 .65 PLL 02A 5.75 C -300I 160

2SC 485 140 2SC 1239 2.80 2S0 315 75 PLL 03A 865 2SC F8 290

2SC 495 55

2SC 509 40

2SC 517 320

2SC 1306 ISO

2SC 1307 2.80

2SC 1318 40

280 325 70

280 330 84

2S0 356 75

SG 613 5 80 4004 240

STK 011 4 30
4005 250

78L05 I 10
STK 013 875 MPS U3I 1.90

2SC 535 35 2SC 1364 40 2S0 358 .135 STK 015 475 SN 7400 19

AMERICAN AUDIO
' Semiconductor Division

P.O. Box 142 Dayton. Ohio 45459
Hours Mon - Fr, 10-7 ( EST I

HOTLINE 800-543-1645
IMMEDIATE DELIVERY

ArldSI 00 postuge and bundling Ohio re,ident, iu

Ash FOR Of :R COMP, 111 PRICE 1 151

COD ORDF RS 14it COME
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and dimensions of the equipment. Des-
ignated Mark IV VST-6000, the system
consists of a voice digitizer, an en-
cryption/decryption device, and a
wireline modem, according to David J.
Doran, manager, Secure Voice Pro-
grams. Copies of the brochure may be
obtained by writing to Michael Thurk,
GTE Sylvania Inc., 77 "A" St., Needham
Heights, MA 02194.

The 1979, used FM 2 -way radio
equipment catalog is available from
Gregory Electronics. Gregory's catalog
covers a wide range of used, warranted,
General Electric, Motorola, and RCA,

high band, low band and some UHF,
mobiles, and base stations, portables,
parts and accessories. Free from Greg-
ory Electronics Corp., 249 Route 46,
Saddle Brook, NJ 07662.

A brand new 1979 Semiconductor
Catalog and Cross Reference is now
available from Workman. This manual
has been updated to reflect changes
and additions through October 1978 and
contains over 145,000 cross references.
Catalog X78-2 is available from Work-
man distributori or direct from Workman
Electronic Products, Inc., PO Box 3828,
Sarasota, FL 33578.

O

NEW FROM LEADER

High Performance,
Low Cost, 10 MHz
Oscilloscopes.

.10 0."i 0
en.

"'Apktr

11.

semis U.%

Model LBO -514
Dual Trace

$645 with probes.

Model 030-513
Single Trace
$495 with probe.

1 mV Sensitivity. Complete
Triggering and Display
Controls. 8x1 0 cm CRT.

Send for Complete Data.
NIVERSARY All Leader Instruments are Backed by a Two Year ktbrranty!

151 Dupont Street, Plainview, N.Y. 11803

Regional Offices: Chicago & Los Angeles

East Coast: (518) 822-9300; West Coast: (213) 882-4335

Call Toll Free: (800) 645-7120 For the Name of Your Nearest Distributor.

When Quality Counts .

LEADER
Instruments Corp.

Circle No. 120 on Reader Inquiry Card

Continental Resources, Inc. has just
published its new 1979 Electronic In-
strument Rental Catalog containing de-
scriptions of over 1000 electronic test
instruments available for monthly rental.

The 64 -page catalog offers full specif-
ications and monthly rates for latest
model test and measurement equip-
ment from leading manufacturers. In-
cluded are oscilloscopes, recorders,
logic analyzers, microprocessor test
systems, power meters, X -Y plotters,
function generators, frequency synth-
esizers, and telecommunications test
sets.

All Continental rental equipment is
available for immediate delivery from
eight nationwide inventory centers.
Each instrument is fully tested, cali-
brated, and guaranteed to meet manu-
facturer's specifications for new equip-
ment.

Free copies of the new 1979 Conti-
nental Electronic Instrument Rental
Catalog are available directly from Con-
tinental Resources, Inc., 175 Middlesex
Turnpike, Bedford. MA 01730.

"A Beginners Guide to Computers
and Microprocessors-With Proj-
ects," by C.K. Adams. Here is an intro-
duction to microprocessors that begins
with a functional diagram of the 8080
and works through theory, programming
techniques, hardware, circuitry and ap-
plications and gives details on building
and programming a simple system using
an 8080. $9.95 hard bound, $6.95 pa-
perback. TAB Books No. 1015, TAB
Books, Blue Ridge Summit, PA 17214.

Thor Electronics Corp., has recently
announced that their new "Wholesale
Pricing Guide" is available. The 40 -
page catalog lists over 10,000 types of
Electron Tubes, semiconductors, inte-
grated circuits and computer equipment.

Among the electron tubes listed are
microwave, RF, photo multipliers, mag-
netrons, ignitrons, CRT's and numerical
indicators. Also listed are broadcast, avi-
ation and radar types.

In addition to the complete spectrum
of diodes and transistors, other
semiconductors listed are triacs, diacs,
SCR's LED's OPTO couplers and
OPTO isolators.

Represented in the integrated circuits
listing are TTL, CMOS, microprocessor,
memories, RAM, ROM, Uart's, voltage
regulators, linear, digital and eprom.

The computer equipment listed con-
sists of computer terminals, disc storage
devices, printers and diskettes.

A copy of this catalog may be had by
writing to Thor Electronics Corp., 321
Penn. Ave., Linden, NJ 07036. ETD
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Sixways to beas smart
and makeasmuch money
servicing Zenith products
as any technician in town!
If you are really serious about being the best

Zenith service technician in town, sign up now for
Zenith's 1979/80 Service Literature Subscription
Program.

For a full year beginning June 1, you will receive
the latest information on how to service Zenith
products.

And we will keep on sending you fresh information
thru May 31, 1980 as new Zenith products are
introduced...and new techniques for servicing
Zenith products are developed.

First of all, you will receive individual
service manuals with step-by-step
instructions, diagrams, charts, exploded
views and photographs covering
everything you need to know to
service Zenith's newest product lines.

Periodically thru the year, you will
receive up -dated information, tips on
servicing short cuts, and other
important data as they develop.

New product announcements will be
sent to you, too...plus news of any
new components kits and accessory
items that could help improve your
efficiency and your profit picture.

Chassis parts lists will be simplified and
your inventory requirements reduced,
because we will group into a much
smaller list of chassis families all parts
that are identical in one or more chassis.

The same for parts lists covering all
cabinet models. They will be organized
for you by model family to reduce the
size of your cabinet parts lists as much
as 90% ... and greatly simplify your
stocking procedures.

But that's not all.

Also included with this wealth of
technical information will be a unique
self -training manual with audio
cassettes that focus on engineering
innovations incorporated in the
1979/1980 product year.

There's simply no easier, more convenient, more
economical way for you to be as well informed
and position yourself to make as much money
servicing Zenith products as any technician in town.

Sign up now for Zenith's 1979/1980 Service
Literature Subscription Program by completing and
mailing the coupon below!

ONI'm
The quality goes in before the name goes on.'

Technical Subscription Service,
Zenith Radio Corporation
11000 Seymour Avenue,
Franklin Park, Illinois 60131

Please enter my order for your 1979/80 Ser-
vice Literature Subscription Program on receipt
of check (or money order) enclosed in the
amount of $31.95 (plus tax applicable in States
of Arkansas, California, Florida, Illinois & Iowa).

Name

Company Name

Address

City State Zip



REWSLIRE

RCA CLAIMS TO BE NO. 1 IN COLOR AND MONOCHROME SALES. According to
Television Digest RCA's claims were based on an industry survey,
disputed by Zenith, which showed RCA had a 20.2% share of color
market to Zenith's 19.3% and 15% of B&W market to Zenith's 14.8%
for first quarter '79. Other news from the RCA stockholder's
meeting; RCA is possibly the world's largest color tube producer,
making 5.8 million tubes in 1978. RCA Service Company has over a
million appliance and TV service contracts.

SYLVANIA MARKS 70 MILLIONTH PICTURE TUBE. Sylvania has announced
that it produced its 70 millionth television picture tube in March,
climaxing a story that began at Salem, Mass., with the development
of their first experimental CRT in 1931. Development of Sylvania's
first color picture tube began in the 1950's with production under-
way by 1955. Presently Sylvania reports the availability of some
80 color and 150 black and white and data display CRTs.

SONY ENTERS COLOR CONSOL FIELD. As part of its new line aimed at
the high end of the market Sony has introduced three 26 in. consol
sets. According to Television Digest the two remote control models
will sell at $1,150, the non -remote at 1,000. The new 100°
Trinitron has a 341 sq-in. viewing area vs. 315 sq-in, for a 25 in.
tube and weighs about 80 lb.

HITACHI OPENS US TV PLANT. Hitachi has announced it plans to be
making up to 4,000 television sets per month by August in its new
Compton, Calif., production facility. Hitachi, the last of the
Japanese TV companies to build U.S. production facilities, had
been seeking a U.S. production base since its joint venture with
G.E. television was quashed by the U.S. government.

ISCET THREATENS ETA WITH LAWSUIT. The growing feud over control
of professional certification programs between NESDA affiliated
ISCET and the upstart ETA -I is about to break into the legal arena.
According to ISCET Chairman Forest Belt, ETA's use of the initials
"CET" for Certified Electronics Technician constitutes "fraud and
deception" on technicians unaware of either association. According
to Belt: "We at ISCET and NESDA have become convinced that the
organization of ETA -I has been illegitimate from the start" and is
"inciting industry confusion and dissension."

RCA ADDS RESISTORS TO LINE. RCA has announced the availability of
120 new flameproof resistors. According to RCA, the new additions
to its current line are in low resistance ranges from .1 to 9.1
ohms in one-half, one, and two watt ratings. This range is of
growing importance in modern solid-state circuitry. The RCA line
now covers .1 to 1.5 megohms in one -quarter, one-half, one, and
two watt ratings.

MICROWAVE OVEN COMPONENTS ANNOUNCED. Sylvania has announced the
addition of nine high voltage rectifiers to its ECG semiconductor
line. The new rectifiers are silicon avalanche devices which
Sylvania reports will replace 77 high voltage rectifiers used by
16 oven manufacturers.
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STRICTLY
BunnEss

The most effective, least expensive, and probably most all
around important advertising that a servicer can do, is on the
sides of his own trucks.

Experts tell us that a properly lettered truck driving the streets
each day will make over a million impressions in the course of a
year. At the small cost of lettering the truck, that's a lot of "bang
for the buck."

Each model year, there is a tendency for trucks to come out
in standard color combinations. Currently, the most popular
combination is blue and white. With so many blue and white
vans on the road, it becomes difficult for the consumer to spot
your particular truck among the crowd. This is not a problem
that is shared by the utilities. Their paint styles are so distinctive
that you don't have to be able to read the name to identify the
user. Cannot servicers be equally as innovative?

Do we have to confine our lettering to "ABC TV" or
something much like it? It would seem a good idea to mention
brands serviced ... or products serviced. We can also mention
special services offered, as "RADIO DISPATCHED" or "SAME
DAY SERVICE" or "COMPLETE PARTS STOCK." If you have
a motto ... "SERVICE IS OUR BUSINESS" ... there is certainly
room for that. And most certainly, include the company logo.

For most of us, color is our business, so why not color on our
trucks?

Let's remember that there may be up to six panels available
for your advertising message ... two doors, two sides, the back
door, and for those who operate in neighborhoods with high-
rises, the roof. For people looking down from third story
windows, yours will be the only message they will read.

Your "billboard" should be an attractive one. You don't attract
today's new customers with weary looking trucks, regardless of
the message on the side. The trucks should be up-to-date, the
paint job should be fresh, and of course, the trucks should be
clean.

Anything really innovative, naturally, will have to be done by a
sign painter. If your message is all in words though, you can
obtain pre -spaced, die cut vinyl letters in four different colors
and nine different sizes. All you do is strip off the backing ...
and apply. If you want more information on die cut letters, just
drop me a line (NARDA, 2 N. Riverside Plaza, Chicago, Illinois
60606).

Rember, you make those one million impressions a year
whether you like it or not ... so make sure they are good
impressions.

Mgr., NARDA's Service Divisio
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Recent trends
in portable
test gear
Hand held reliability is the goal

ET/D surveys some recent
products in the "portable" field
and finds some surprising
trends, including one unit
which claimed almost three
months continuous operation
on one battery.

By Richard W. Lay

Being a professional electronics
technician, speed and accuracy are
more than just important to you. They
are your life blood, money in your
pocket, or if you will, the "whole
ballgame."

The time a technician, bench or field,
spends on a job is directly related to the
technician's productivity ratio and the
business' profitability. Bench speed and
accuracy has been developed to highly
sophisticated levels with the aid of some
sophisticated and accurate test
equipment.

Now, however, there are very
dramatic changes occurring in the test
instrument field which make it possible
for the field technician to begin to
approach the capabilities of a bench
technician - should he choose to do so.
The main reason is the rapidly growing
field of portable test instrumentation.

When I say portable, I mean test units
that can be placed in one hand, carried
into the field and will -from that point on
- provide generally from 8 to 2,000
hours of accurate and reliable battery

(Editor's Note: We are including reader
service numbers on the instruments in this
report. Circle the number indicated on the
reader service card.)

operation. These "newcomer" units to
the test equipment field are the low cost,
fully assembled, battery operated family
of test instruments.

This "new breed" is with us simply
because of the spinoffs of space age
research in battery and display panel
technologies. Such units have made
available to every "field tech" a much
wider choice of test instrumentation -
instrumentation compatible with field or
bench use - than ever before.

Right now, the field of battery
operated portables is filled with digital
multimeters and portable VOMs, FET or
otherwise. The relative design and
manufacturing simplicity of these
"workhorses" of the electronic service
business make them the ideal candidate
for this honor.

Tabulating the results of a "mini-
survey" of test instrument manufacturers
conducted recently by ET/D, we were
able to identify 13 specific categories
of what we considered to be portable
test instruments applicable to
the consumer electronics marketplace.
Within these 13 product categories we
found 125 various models of test
instrument products with - as
mentioned previously - the field of
VOMs and DMMs far outstripping their
nearest competitors. But, look for this
gap to begin to narrow very quickly,
especially in the area of digital, portable
frequency counters.

Before going any further, it should be
made clear that not all test gear makers
responded to ET/D's survey. The results
reported herein were taken essentially
from information supplied by 21
manufacturing companies. Also, the
figures introduced in this report will be
absolute minimums. That is, any errors
will be in favor of increasing the number

of portable test instruments available,
not in reducing the number.

Multimeters lead the way
ET/D was able to identify 78 specific
types of portable, battery operated
DMMs and VOMs, on the market from
recent manufacturer's catalogs. (That's
63 per cent of the 125 various models on
the market today.)

This broke down into 37 specific
models of DMMs as opposed to 41
models of VOMs.

Although a "poor" second at this time
in comparison to the multimeter
category, portable counters showed the
second highest number of units out in
the field presently, with 10, according to
our respondents. Among the companies
now offering portable counters are B & K
Precision, Continental Specialties,
Non -Linear, Data Precision and Philips.
As stated later in this article, advances
made in temperature compensation
circuits is the key to the expansion
of the portable counter field.

It is virtually neck and neck insofar as
the number of portable transistor tester
models (9), color generators (7) and
specialized signal analysts (6).

Rounding the results of our
mini -survey, ET/D was able to identify
three models of portable field strength
meters, all offered by PTS Electronics,
two versions of miniature battery
operated oscilloscopes, from Philips
and Non -Linear with a third company,
Leader, eyeing the market seriously; two
versions of capacitance meters, B & K
and Data Precision, and six
"miscellaneous" instruments.

In a latter grouping we found an
electrolytic capacitor tester by Creative
Electronics (see ET/D, May 1979, p.
38; a combination CB repair and test
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Fig. 1 - The marriage of LSI technology and low power LCD display panels has resulted in a "new breed"of digital multimeter
characterized by these six products. The units range from (A) Hickok's Model LX303 with basic accuracy of 1% of reading for $75 to
(B) Fluke's $175 unit with a basic DC accuracy of .25% of reading and it measures Mhos too (the reciprocal of Ohms). Also shown are
(C) Triplett's Model 3400, $140 with accuracy of .5% of reading; (D) VIZ's WD751A, basic accuracy of .5% of full scale reading; (E)
Beckman's "Tech 300" with an amazing estimated battery life of 2,000 hours from one 9 volt battery; and (F) Data Precision's Model 935 with a
basic reported accuracy of .1%.

unit from Sencore; a microwave leakage
tester from Simpson; a portable isolation
transformer from VIZ.

Obviously, this latter unit - by nature
cannot be battery operated - yet its
smallness of size is of such noteworthy
mention that we felt compelled to
classify this AC operated unit among our
definition of "portable" field gear.

Just one comment before we go
further. In addition to the field of battery
operated counters, two other categories
of test gear seem prime candidates for
increasing numbers of portable units.
These are the capacitance meter and
oscilloscope.

The great drawback with portable
scopes at the present time is their
relatively short operating time due to
high power consumption and long

battery charging times. Specs for these
units generally find a 3 -inch portable
scope capable of about three hours
of continuous operation before
requiring a charge, which can take up
to 16 hours. Future advances in battery
technology should help ease this
situation.

In regard to capacitance meters and
the allied capacitor testers (i.e., Creative
Electronics ESR Meter), there seems to
be a growing demand for greater
accuracy - hence some practical
means of determining the specs of a
capacitor in the field before blindly
throwing it into some critically tuned
circuit.

This is where units such as the
capacitance meters can be of critical
assistance. The ESR meter, on the other

hand - which ET/Ds lab tests found to
be exceedingly accurate - proved a
virtually infallible method of testing for
defective electrolytic capacitors -
either in or out of circuit. What a time
saver this unit can be.

Battery technology
Today's battery operated test
equipment is being operated either with
common zinc -acid "throwaways, " often
one or two, 9 -volt "transistor" type
batteries, or the initially more expensive
rechargeable nickel cadmium cells,
which also require the purchase of
special charging transformers (sold by
the manufacturer).

Ni-Cads are capable of being
recharged in anywhere from three to 16
hours, usually, and operate over wide
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Fig. 2 - These "miniaturized" transistor and semiconductor testers are representative of the troubleshooting equipment available to
today's field technician in both in or out of circuit testing purposes. Shown are (A) Leader's 906; (B) B&K's Model 5101; (C) Hickok's
Model 215; Sencore's Model TF4 "Pocket Cricket" (D); and the uniquely designed Model "3R" from Group Technology Systems (E).

temperature variations. Moreover, their
high "recharge" rate in the long run often
makes them more cost effective than the
throwaways. Modern Ni-Cads may be
recharged anywhere from 300 to 1,000
times before replacement is needed.

However, still another battery
technology is developing on the horizon
which would seem to hold great promise
for the "portable" test gear industry. This
is the rapid development of the "lithium
cell."

According to Mallory Battery
Company's Bruce McDonald and David
Linden, lithium batteries pose an
attractive alternative for portable test
gear makers for a number of reasons.
Among them: high voltage - cell
potentials as high as 3.5 volts compared
to the traditional 1.5 of most systems;
high energy density - two to four times
better than conventional zinc batteries;
high power density which makes them
capable of delivering power at high
current and voltage; wide temperature

operation characteristics; and flat
discharge characteristics.

Another advantage of lithium,
according to McDonald and Linden in a
paper they presented at a recent Electro
'79 Show, is that these batteries show
superior shelf life characteristics ...

"storage from five to 10 years at 70
degree Fahrenheit is projected; storage
in excess of one year at 160 degree
Fahrenheit has been demonstrated."

As an example of comparison
between a traditional 9V transistor type
radio battery under a 250 ohm
discharge, the zinc carbon dropped from
about 9.7 volts to 4.2 in 14 hours; the
alkaline from 8.5 to 4.2 in 18 hours; and
the lithium cell from 8.5 to 4.2 in 36
hours.

Among the applications for lithium
batteries at the present time, according
to the two authors, are in radio
transceivers, aircraft and space
industries as well as limited use in
industrial and consumer areas. In regard

to the latter area, the authors stated that
the use of lithium cells "would easily
double the service life of the equipment,
reduce weight as the lithium cell is lighter
than a conventional cell of the same
size, and provide lower temperature
performance and longer shelf life."

Current usage
Two types of rechargeable battery are in
wide use, the nickel cadmium - NiCd -
and the lead acid. The NiCd has many
problems, among them is a long
charging time or a complicated charging
system to avoid damage from
overcharging. Another problem is
polarity reversal in individual cells
without warning during discharging.

The more linear voltage/charging rate
characteristic of lead -acid batteries
makes overcharging protection very
easy. Moreover lead -acid batteries have
a better charge retention than NiCd.

Charging of the internal battery should
be possible through an internal charging
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Fig. 3 - One of the developing areas of
portable equipment is the field of capacitor
testers, once the realm of "laboratory only"
type instrumentation. Three units currently
on the market are (A) B&K's Model 820;
(B) Data Precision's new Model 938, and
(C) Creative Electronic's ESR (Effective
Series Resistence) Meter. The
capacitance meters are basically out of
circuit testers while the ESR meter is
designed to determine "go" or "no go"
states in electrolytic capacitors either in or
out of circuit.

circuit, and be automatic whenever the
instrument is connected to a line ac or dc
source. Some form of warning when the
battery is getting low is also useful -
typically blinking the display ten or
fifteen minutes before the power runs
out allowing time for measurements to
be finished.

Specifically in regard to frequency
counters, laboratory standards have not
been heretofore possible because to
make meaningful use of high -stability
crystal oscillators requires constant
temperature control. Now, however, the
development of oven -contained crystal
oscillators with very low power
consumption (less than 1 watt) permits
the extension of instantaneous high
stability of lab instruments to field

"
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Fig. 4 - Two state -of -the art progressions on the standard color bar generator are offered
in portable form by Hickok and Leader. Operating on two standard 9 volt batteries
Hickok's Model 246 (A) offers 16 basic patterns. Leader's Model 397 (B) offers 18
patterns and operates on four "c" cells. Both have adjustable color burst and RF, IF
outputs.

Fig. 5 - Still in their "infancy," portable oscilloscopes appear to be likely candidates for
evolution in the portable market. Two companies at least are in (A) Non -Linear with
its "mini" dual trace 15MHz, 4 -by -5 cm CRT and Philips with two 25MHz versions; the
Model 3212B is shown here (B). Obviously power requirements are still a problem with
scopes. Philips is rated at 2.6 hours continuous use while Non -Linear says its unit will
go for three hours.

V

applications (see ET/D, April, p. 15).

Display panels
The display for a portable instrument is
an important factor - it must be good
enough to be read under high ambient
light conditions. It is not much use
having an instrument which will go
anywhere, if it is only possible to read
the instrument display in a dark area.

The technological compliment to the
advances in battery technology which is
facilitating the growing trend toward
portability in test gear is, of course, the
development of low voltage display
panels - LED and LCD displays.

The development of the LED is what
led (no pun intended) directly to the
lower power consumption in bench as
well as portable units. LEDs, however,
suffer from poor visibility in high ambient
light. The LCD, of course, shows a
tremendous improvement in the power
consumption characteristics of display
panels, but they in turn suffer from the

Fig. 6 - Representative of the technologies
now filtering into the home electronics test
gear market is this Philips 6616, 1.3 GHz
counter, base priced at about $1600. With
the optional battery pack (priced at $210)
this unit is capable of 24 hours operation. The
development of oven contained crystal
oscillators with low power drain is
responsible for the greater accuracy of
these portable counters. #219.

problem of limited temperature range in
comparison with gas discharge tubes
and LEDs.

Your choice of display lies between
planar gas discharge, light emitting
diodes - LEDs - and liquid crystals. All
have their advantages and
disadvantages.

Planar gas discharge is very readable
in high ambient light, and gives a very
high efficiency light output for the power
consumed. But it needs a high voltage
with associated driving costs. And
radiation from the HV switching can be a
problem, although careful screening
eliminates this problem.

LED displays
LEDs are relatively new and a still
evolving technology. Basically
low -voltage devices, there are few
circuit problems. A LED display will work
on the same power supplies as the other
instrument logic. The standard red has
been a critical drawback - the eye is not
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FREQUENCY

B&K-PRECISION
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very responsive to that color - but other
colors are now becoming available.

Power consumption can be a
problem. LEDs are relatively inefficient -
consuming perhaps five times as much
power as an equivalent gas discharge
system.

Pulsed displays help cut power
consumption and are the rule when
seven or eight digits are being used.
This approach cuts down on the amount
of driving circuitry through multiplexing.
Pulsing has the additional advantage of
giving rise to light enhancement - a
human phenomena whereby the eye
retains high brightness levels. So a
pulsed display can operate at lower
power levels than steady-state displays.

Reflection within the light cell is a
problem with LEDs, but newer systems
are coming onto the market with
increased contrast, cutting down this
trouble. And though the cost of LEDs is
still high, prices are falling and are
in any case outweighed by the simpler
circuits.

Liquid crystal displays are as yet less
well developed. Again there is the
problem of poor contrast, and these
displays tend to be rather short lived.
However a lot of work is going into
researching the problems.

The inherent advantage is the very
low power consumption of such
displays, making them ideal for battery
operation. But this can be outweighed by
certain disadvantages, such as
temperature dependence. Most liquid
crystal displays have a very small
temperature range.

How reliable?
Perhaps the most important
consideration in choosing a portable
instrument, and one of the most difficult
to check - is the question of reliability. An
instrument failure in the workshop is one
thing, but an instrument failure in the
middle of nowhere, miles from a
workshop, is another matter.

You should always look for the
following clues when looking inside an
instrument. The smaller the number of
components, the less chance there is of
failure and the faster you will be able to
locate and eliminate faults. Good
accessibility is also a must.

Well -protected input channels also
add to the instruments reliability. It is
foolish to be without an instrument
purely through some accidental
overvoltage connection. Keep in mind
that any input component which might
burn out through overloading should be
replaceable easily - without the need
for workshop facilities. (Tv

Fig. 7 - Two of the nine portable types of
television tuner subs and field strength
meters offered by PTS Electronics are
shown above. Both operate on 2, 9 -volt
transistor type batteries. #220.

Fig. 8 - This
microwave leakage
tester from Simpson
Electric Co. is typical
of the new types of
hand-held portables
now coming into the
test gear market.
Similar audio level
meters are now
available and some
manufacturers sell
ancillary equipment
to modify their digital
multimeters into
either light or
temperature sensing
meters. #221.

Fig. 9 - Weston Instruments Model 6000
DMM, operable over 350 hours from two
9 -volt transistor type batteries, registered
an industry "first" with its hold probe. This
special accessory allows the measurement
reading to be indefinitely displayed
until specifically erased by the technician.
#222.
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Electronic noise
and noise sources
A further look

You've heard it before. But
how much do you really
know about its origin and
practical methods of
controlling it? In this article
the author discusses various
types of noise and offers
practical suggestions on
controlling noise sources.

By Bernard B. Daien

To most technicians the word "noise"
is synonymous with electrical or man
made interference. But there is
another, all pervading noise ... seen
as "snow" on TV sets, heard as "hiss"
in audio and communication
equipment. This noise is the ultimate
limiting factor in amplification. Once
the gain is high enough to reach the
noise level, further amplification is
useless. Thus it is noise that limits the
range of radio, TV, radar. And it is
this noise that limits high fidelity,
instrumentation, and on, ad infinitum.

Despite the fact that this noise is
everywhere, all the time ... in the
smallest resistor, and in the vastness
of space, little has been written about
it for technician use. In many cases, a
clear understanding of noise permits
practical means of reducing it. This
article explains noise in an
uncomplicated manner.

There are several common sources
of noise in conductors, and
semiconductors, and in space itself.
We must sort them out in order to
discuss them ... and to do this we
must look at a few formulas ... the
way we look at the formula for Ohms
law, E = I R, and say, "The voltage
drop increases when we increase the
current through the resistor. It also
increases when we increase the

resistance." We are not actually
calculating anything, we are merely
using the formula as a short hand
expression, to say a lot with a few
symbols. If we try to say the same
thing in words, we need several
sentences for a simple formula like
Ohms law.

Thermal noise
One major type of noise is "Thermal
Noise." Heat causes electrons to
vibrate. The higher the temperature,
the more vigorous the motion. At any
instant, with a large number of
electrons vibrating, the number
moving in one direction may be
greater than the number moving in the
opposite direction. Since moving
electrons are "electricity," a net
movement in one direction appears as
a small "battery." Of course, the next
instant the direction may reverse, and,
over a period of time, the average is
zero ... but instantaneously, there is a
voltage.

You can look at it the way you look
at the output of a power supply with
ripple riding on the dc output voltage
... yet, measured on a slow reading
voltmeter, all you read is the dc
component. If you use a scope with
fast response, and gain, the ripple is
really there to see. So it is with
thermal noise. Measure a resistor with
a meter and you read zero average
volts ... but put the resistor across the
input of a high gain, low noise, wide
band amplifier, and you can see the
noise on a scope, or hear it on a
speaker!

The formula that expresses this
noise is:

noise in volts rms = \/4 k T R B
where k is a constant equaling 1.38 x
10-23 joules per degree Kelvin. T is
temperature in degrees Kelvin, R is
the resistance in ohms, and B is the
bandwidth used in Hz.

Let's "look at" the formula. It says
that the noise voltage is the square
root of the factors on the right hand
side of the equation, and that the
noise increases if the temperature
increases, or if the resistance
increases, or if the bandwidth
increases. Let's crank in some
practical figures as examples, using
room temperature of 25 degrees
centigrade, which is 298 degrees
Kelvin. (Zero degrees Kelvin is minus
273 degrees centigrade, and is the
point where atomic motion stops.)

A 10,000 ohm resistor across the
input of a perfect amplifier with a
bandwidth of 20 kilohertz would
generate just under 4 microvolts rms.
Of course, that would be considerably
larger if we used peak to peak volts ...

especially with a nonsinusoidal
waveshape! Consider that some tape
heads put out only a few hundred
microvolts, and you can see that you
are already in trouble! Now if we
increase the bandwidth to 4
megahertz, the noise increases to
almost 80 microvolts rms. You can
see that video amplifiers really have a
noise problem due to the bandwidth.
Note that this is the theoretical
minimum noise. Practically, the noise
is always greater due to the fact that
resistors cannot be made with perfect
quality.

Another kind of noise comes from
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Fig. 1 -The gain falls off at low current and at current above the
level of the transistor's design.

outer space ... cosmic noise, sun
noise, galactic noise ... many noises
... hundreds of noises. It is quite
common for an antenna of a receiver
to have ten times the calculated noise
output, due to these outer space
noises. The noise depends upon the
direction the antenna is pointed, and
the frequency being received, since
noise from space is stronger on some
frequencies, and in certain areas of
space.

Current noise
Still another kind of noise is "Shot
Noise," which is generated as a result
of a dc current flowing through a PN
junction. This noise is a noise current,
and the formula is:

Noise current I RMS = -,/2q1B
where I is in amperes, q = 1.59
(10-'9) coulombs, and B is the
bandwidth of the system in Hz. As
before, the noise current is the square
root of the factors on the right hand
side of the equation. The noise current
increases when the dc current through
the junction increases, or if the
bandwidth is increased. Since we
have two junctions in a bipolar
transistor, (EB and CB), the currents
flowing through both junctions
contribute to the total noise. Again,
this is the theoretical, or minimum
noise.

Another noise which occurs in
transistors is "Excess Noise" also
called "1/F" (One over F) noise,
because it is inversely proportional to
frequency, i.e., the lower the
frequency, the greater the noise

a,
20
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Bipolar NPN small signal transistor.
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50K52 100K0

Fig. 2 -Low collector current yields low noise, but requires a
higher generator resistance to achieve lower noise.

output. This phenomenon is not
clearly understood, but at frequencies
above one KHz it is not generally a
problem. For those of you who think
that cutting off high frequency
response is the way to reduce noise,
think about that one!

Another noise peculiar to
semiconductors is "Popcorn" noise, so
called because it sounds like popcorn
popping when monitored on a low
noise high gain audio amplifier.
Viewed on a scope it appears like big
bursts of noise, appearing at random,
over and above the "hiss" type
thermal and shot noise. This is due to
the processing used when
manufacturing the semiconductor, and
can be eliminated by using another
device, preferably from a different
source. It can be considered a quality
control problem.

Minimizing noise
Since the formula for shot noise tells
us that the noise current increases
when the applied dc current is
increased, it would seem logical that
operating the transistors in the input
stages of a system, where the signal
is very small, at low current, should
give us the lowest noise ... and that is
correct ... but there is an optimum
current, below which noise may
actually increase again. This is due to
the fact that transistor gain falls off
with most bipolar transistors as the
current approaches zero. Of course, at
zero current the transistor is cut off
and the gain is also zero. This is
illustrated in Figure 1, "variation in

Beta versus current."
In general, use a fairly high beta

transistor for low noise applications.
It should be noted that decreasing

the emitter current in a bipolar
transistor causes the base input
resistance to increase. As a result
generator impedance must be
increased to provide the optimum
impedance matching for
purposes of achieving the lowest
possible noise. This is shown in
Figure 2, where current versus input
impedance are plotted against noise.
Lower emitter currents yield lower
noise, if the generator impedance is
raised. Conversely, higher emitter
currents require lower generator
impedances for the lowest noise.

Notice that even if the current is
reduced to 100 microamperes, the
best noise is obtained with a
generator of about 7000 ohms, and if
the generator resistance rises above
20,000 ohms the noise output starts to
rise. What must we do if we have a
generator with a high impedance? An
input transformer tends to pick up
stray magnetic fields, and limits the
bandwidth. An electronic matching
network introduces both thermal and
shot noises as well as 1/F noise.

This problem is neatly solved by
using a field effect transistor. The
junction field effect transistor (JFET) is
available in low noise types, and
works very well at, and above 20,000
ohms generator resistance, with drain
currents from 100 microamperes to 5
milliamperes. The noise tends to rise
with low impedance generators on the
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input ... so the JFET complements the
bipolar transistor in this respect.

MOSFET applications
The MOSFET is quite another story.
Most MOSFETs are quite noisy
compared to other low -noise
transistors ... but ... they have an
extremely high input impedance and
work very well with very high
impedance generators. As you recall
from the formula for thermal noise,
noise increases as resistance
increases. With generator impedances
over ti;n megohms, the MOSFET
starts to look good at wide
bandwidths, since the generator noise
is higher than the MOSFET noise.
Other devices simply cannot handle
these high impedance generators ...
so in the area of high source
resistance the MOSFET has lower
noise than the other transistors.

This leads to some interesting
practical results. I once had a portable
public address amplifier of well known
make that hissed at an objectionable
level. Using the dynamic microphone
that came with the amplifier required
running the input transistor at a fairly
high current for best impedance match
and gain, but reducing the collector
current, dropped the noise faster than
the loss of gain, and the hiss
practically disappeared after the input
stage was rebiased to run at 100 µA
collector current. The applied voltage
was also reduced from 20 to 5 volts,
with a further reduction in noise.

In general, reducing the voltage
below 6 volts does not buy much, but
when voltages of 12 volts and higher
are applied, it is worthwhile to reduce
the voltage to 5 or 6. Of course the
collector load resistor should be
adjusted when the collector current is
reduced, a higher value resistor being
used. And, a good low noise transistor
is always indicated. They are available
for a few pennies more than the run of
the mill devices.

In another case, the high generator
impedance was so mismatched that
the output suffered noise degradation.
In this case a bipolar transistor had to
be replaced with a low noise junction
FET in order to get a decent noise
level. Such cases are quite common
with poorly designed imported
consumer products, despite the raves
of certain writers who offer reviews of
products.

Handling RF noise
High frequency RF and IF amplifiers
have the same problems, but

changing the emitter current also
changes the transistor's internal
capacitances, which are part of the
tuning and neutralizing networks, and
therefore cannot be altered. The only
way to beat this one is make certain
that a good transistor is used if noise
is a problem. In a word ... "Don't
tweak high frequency amplifiers."
Those of you familiar with the solid
state TV sets know that there is an
"AGC delay" control in many of them.
This control affects the current in the
RF amplifier in the tuner. Misadjusting
this control results in severe "snow"
(noise), due to improper operating
current, and impedance mismatch as
a result of the factors we have been
discussing. It is essential that the
transistor have good current gain at
the operating frequency if the noise is
to be low. This means that in
replacing transistors, a device must be
chosen with a cutoff frequency several
times higher than the operating
frequency.

We will not discuss "circuit noise"
which results from circuit design. For
example, the circuit configuration
known as the "cascode" circuit is low
noise when compared to most other
configurations. Mixers on the other
hand can be very noisy unless
carefully designed. Using a mixer as
the input stage, as was done for so
long in TV UHF tuners, results in poor
signal to noise ratios. This type of
noise can easily overshadow the kind
of noise we are talking about here ...
but for the purposes of this article we
will assume that the circuitry is well
designed.

Watch those resistors
Since the quality of a part often shows
up in the amount of noise in the
output, be warned that different types
of resistors have widely varying noise
outputs. The ordinary composition
resistor is the worst. Carbon film and
metal film resistors are better, and
wire wound resistors (where
permissible) are best. Cheap imported
composition resistors can be murder,
and should never be used in low level
stages, such as audio preamplifiers,
tuners, etc.

The above comment also applies to
semiconductors. Inexpensive
transistors are not tested for noise.
Transistors tested for noise have a
maximum noise specification, and cost
a little more. Substituting a low noise
transistor in a low signal level circuit
can do wonders, and should be done
when making repairs, since the better

manufacturers of equipment often
purchase transistors selected for low
noise, and you have no way of
knowing this. Semiconductor
substitution lists often miss this point!

Checking states
Now we have to consider a finer point.
If the input stage (where the signal is
smallest), has good gain, following
stages have only small effect upon the
noise output. But, if the input stage
does not have sufficient gain, the
result is the second stage in the
amplifier may contribute a significant
portion of the noise. Thus if you insure
that the input stage is running quietly,
you may have to look at the second
stage to see if it is also quiet.
Normally, with a good input stage, the
second stage is ignored, but as
pointed out above, this can not be
taken for granted under all
circumstances. I have seen very noisy
second stages which needed cleaning
up, primarily due to poor quality
transistors.

One way to make a good transistor
noisy is to overload it ... exceeding
voltage, current, or power ratings can
degrade the noise characteristics of
transistors, while other parameters
seem to be relatively normal. It is a
good rule, when transistors have been
"zapped" or "cooked" to replace
them, even if they seem normal!

Many systems have the choice of
high, or low impedance inputs. Use of
the wrong input results in a poorer
signal to noise ratio. But what if the
signal source lies somewhere between
the two inputs? Because of the
several variable factors involved, it is
necessary to use the trial and error
approach. Depending upon the
transistor used, and the operating
current, the noise may increase faster
on the high, or low impedance,
mismatch side. There is no hard and
fast rule. Generally, if the system
works, the installer is satisfied, but
that should not be the test. Instead,
the signal to noise ratio should be the
deciding factor even if the system
seems to be otherwise adequate.
Looking at the weakest channel on a
TV set, or listening to a low level
passage on a tape player, may often
be revealing.

Since 1/F noise increases as the
frequency decreases, this sort of
noise can be very troublesome in
direct coupled circuits, such as DC
amplifiers, instrumentation equipment,
and some consumer products using
such circuitry. It is advisable to make
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sure that the system does not have a
low end response that goes below the
frequency actually required. The
results of "extra" low end response is
just 1/F noise, and nothing else.

There is justification for a higher
response than needed, for the highest
frequency to be passed by the
system, since most wave shapes are
not sinusoidal, and if reproduced, all
the harmonics must be passed too, in
order to preserve the wave shape.
(And those of you who are familiar
with operational amplifiers know about
"slew rate.") The net effect is to
prevent reducing the high frequency
response of the system, (even though
reduced bandwidth also reduces
noise), by cutting the high frequency
response of the transistor. There are
some noise reducing systems that do
cut the high frequency response, but
this is done under controlled
conditions, on a selective basis, and
requires fairly complex circuitry.

Military systems
In military applications, such as
missile guidance and radar, noise
limits the range, and in these
circumstances, every trick is used to
reduce noise. You will recall that in
the formula for thermal noise,
temperature was a factor, and you
might be asking yourself why we do
not cool input stages to reduce noise.
The military has done so, using liquid
oxygen, liquid nitrogen, and other
liquified gases to obtain very low
operating temperatures for input
stages. For other applications the cost
is excessive. For example, if we
assume that the input stage is running
at 40 degrees centigrade (inside a
piece of warmed up equipment) we
are at 313 degrees Kelvin. To cut the
noise by 30% we would have to
reduce the temperature to 162
degrees Kelvin, which is minus 111
degrees centigrade! As you can see, it
would take quite a refrigerator to
produce the desired effect.

What about noise from outer space?
If our antenna happens to point
towards a hot spot in the sky, the
result is noise. If we must aim in that
direction, very sharply directive
antennas are called for, to make sure
that we aim at the station, and not at
other noisy areas. Highly directional
antennas are often used in big cities
to minimize ghosts due to "bounce"
reflections off tall buildings. In wide
open fringe areas the emphasis is
often placed on signal pickup (and
side lobe response, and other

directional characteristics are less
considered). This is not the way to go
when sky noise is a factor. Some
antennas have been condemned as
poor fringe area performers, on the
basis of a single trial, where the
antenna was pointing into sky noise.
In almost every case, directivity goes
hand in hand with the most desirable
antenna characteristics, such as gain,
low noise, etc. As a good rule,
antenna directivity should be listed as
a most essential factor for low noise
performance.

Every effort should be made to
minimize noise in systems, because
once noise is mixed with the desired
signal there is no practical way to
remove it. The attempts to remove
noise would be more productive if
turned in the direction of reducing the
generation of noise in the first place.
Removing noise is so difficult, so
costly, and generally so ineffective,
that only large scientific efforts are
productive. One such attempt is the
computerized photographic
enhancement of space pictures sent
back by radio from our space probes,
but such efforts are hardly in the
realm of cost effective ventures.

Practical considerations
Another practical point! If the input
stage gain is low, the second stage
noise will become a factor. This is
especially true under the following
circumstance:

A tape deck feeds into a
preamplifier, which in turn feeds a
stereo amplifier. Both the preamplifier,
and the stereo amplifier have gain
controls. The user turns down the gain
on the preamp, and turns up the gain
on the stereo amp ... the result is
noise. What happens is that with the
preamp gain turned down the tape
signal is reduced, but the noise output
of the preamp, which is always
present, is undiminished. Turning up
the stereo gain now amplifies the
preamp's noise. It's like the TV tuner,
if we reduce the gain of the input
stage (RF amplifier) in the tuner, the
signal is reduced. Turning up the gain
of the following stages now merely
amplifies the snow.

Let's look at it another way. If the
input stage of an amplifier is dead, the
gain is zero, and the following stage
sees a very weak signal which is due
to the capacitive feedthrough of the
circuitry. The weak signal is therefore
very snowy, or hissy, or whatever,
depending upon whether we are using
a TV, or HIFI, etc. When you turn down
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the gain of a preamp, you are
simulating this set of conditions. The
lesson is: always run the input stage
at full gain, unless you run into a
signal too strong to handle and must
therefore reduce the gain. (On such a
strong signal, noise will be of no
consequence anyway.)

Applied to our preamp, the preamp
gain should be run high, and the
stereo gain reduced. Reducing the
stereo gain reduces both the signal
and the noise, together, but the signal
will be healthy due to the good signal
to noise ratio of the preamp, which is
designed for low noise. The above
drives home the point made earlier.

Noise vs. failure
Noise is often an indication of
impending failure in semiconductors.
Studies have shown that noisy zener
diodes fail more often than quiet ones.
Excessively noisy devices should be
replaced as part of "preventive
maintenance," even though they are
not a problem at the moment. Since
both thermal and shot noise are "wide
band" noise, distributed uniformly over
a very wide range of frequencies, they
get into all circuits, appearing in audio,
video, RF and IF, and even DC
circuitry. As you can appreciate, a
signal which appears in all circuits can
be difficult to diagnose, because you
find it everywhere you look. A noisy
zener, pumping signals into the dc
supply line is a good example of this
sort of thing. One of the commonest
methods of trying to cope with this
problem is bypassing the defective
device with a large capacitance, in an
effort to "filter out" the noise. The
proper way is to replace the offending
noise source with a noise free device.

Both semiconductor, and equipment
manufacturers are in business to
make a profit. Some semiconductor
types do not have noise specs, other
similar devices do. What would you do
if you were a semiconductor
manufacturer? You would test the
devices, sell the low noise ones for a
little higher price, and the rest would
be sold at a lower price. As a result
the cheap "bargain transistors" have
higher noise levels, but this is a fact
the shop owner often fails to consider.
Also, factory purchasing agents often
buy at the lowest price, and wind up
using high noise devices in low cost
products. The cheapest of the
"pocket" radios, selling for less than
$5.00, use transistors rejected for
noise and similar defects ... and they
continued on page 47
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Introduction
to digital
electronics
Part II: Gates

The gate is the basic building
block of digital logic. In this
second article of the series,
various types of gates are
discussed along with
experiments to demonstrate
their operation

By Joseph J. Carr, C.E.T.

A digital logic "gate" is a circuit that
passes a signal, or refuses to pass a
signal, according to a well defined set of
rules. In this article we will discuss all of
the basic types of logic gate commonly
found in digital electronics: NOT, OR,
AND, NOR, NAND, and exclusive -OR
(i.e., XOR).

NOT gates (inverters)
The NOT gate is also called an inverter
because it produces an output signal
that is the opposite of the input signal.
Recall that digital circuits only respond
to two different voltage levels, HIGH and
LOW. In an inverter circuit, then, the
output will be HIGH when the input is
LOW, and LOW when the input is HIGH.
The circuit symbol for an inverter is
shown in Fig. 1A. Note that any digital
logic symbol with a circle on the output
produces an inverted output. Similarly, if
one or more inputs has a circle on it, that
input is an inverted input.

The rules for inverter operation are
shown in Fig. 2A, and are summarized
below:

1. A HIGH on the input produces a
LOW output.

2. A LOW on the input produces a
HIGH output.

OR gates
An OR gate will pass a signal to the

A

NOT

AND

A

A
OUTPUT

B

OR

NOR

OUTPUT

OUTPUT

A

OUTPUT OUTPUT

NAND XOR

Fig. 1 -Digital logic circuit symbols, A) NOT gate (inverter), B) OR gate, C) AND gate, D)
NOR gate, E) NAND gate, and F) Exclusive -OR (XOR) gate.

output if either input is HIGH. The
symbol for an OR gate is shown in Fig.
1B, while the truth table is given in Fig.
2B. The truth table shows the rules of
operation for the gate, which are also
summarized below:

1. If both A and B inputs are LOW,
then the output is LOW.

2. If either A or B inputs are HIGH,
then the output is HIGH.

3. If both inputs A and B are HIGH,

then the output is HIGH.

AND gates
The AND gate is the opposite of the OR
gate. It will produce a HIGH output only
when both inputs are HIGH. The circuit
symbol for the AND gate is shown in Fig.
1C, while the truth table is shown in Fig.
2C. The rules for AND gate operation
are as follows:

1. If both A and B inputs are LOW,
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Fig. 2 -Truth tables for digital logic circuits. A)
NOT gate (inverter), B) OR gate, C) AND
gate, D) NOR gate, E) NAND gate, F)
Exclusive -OR (XOR) gate.

INPUT OUTPUT

1 0

0 1

Fig. 2A -Truth table for an inverter.

INPUT

A B

OUTPUT

0 0 1

0 1 0

1 0 0

1 1 0

Fig. 2D -Truth table for a
NOR gate.

then the output is LOW.
2. If either A or B inputs are LOW, then

the output is LOW.
3. If both A and B inputs are HIGH,

then the output is HIGH.

NOR gates
The NOR (i.e., NOT -OR) gate of Fig. 1D
is an OR gate with an inverted output.
The NOR gate is sometimes shown in
textbooks and tutorial magazine articles
as an OR gate followed by an inverter.
The NOR gate symbol, therefore, is the
regular OR gate symbol with a circle on
the output.

The truth table obeyed by the NOR
gate is shown in Fig. 2D, while the rules
that it represents are summarized
below.

1. If both A and B are LOW, then the
output is HIGH.

2. If either A or B is HIGH, then the
output is LOW.

3. If both A and B are HIGH, then the
output is LOW.

NAND gates
The NAND (i.e., NOT -AND) gate of Fig.
1 E is an AND gate followed by an
inverter stage. It is, then, an AND gate
with an inverted output. The NAND gate
symbol is, therefore, an AND symbol
with a circle on the output.

The truth table for the NAND gate is
shown in Fig. 2E, while the rules of
operation represented by the truth table
are summarized below:

INPUT

A B

OUTPUT

0 0 0

0 1 1

1 0 1

1 1 1

Fig. 2B -Truth table for an OR gate.

INPUT

A B

OUTPUT

0 0 1

0 1 1

1 0 1

1 1 0

Fig. 2E-Trutn table for a
NAND gate.

1. If both A and B inputs are LOW,
then the output is HIGH.

2. If either input A or B is LOW, then
the output is HIGH.

3. If both A and B inputs are HIGH,
then the output is LOW.

TTL and CMOS examples
In Part I of this series, we described
several different families of digital logic
integrated circuits. Of these, several
were considered obsolete, so will not be
offered here. Of the currently used logic
families, TTL and CMOS are the most
popular, so our examples will be taken
from them.

Note that a single magazine article
cannot take the place of hundreds of
pages of manufacturers data sheets and
catalogs. So we will only describe some
of the most common devices, leaving
others for you to discover in the
manufacturers data books and spec
sheets.

NAND gates
In the TTL family the most popular
NAND gate is the 7400, a device that
frequently sells for less than 250! The
pin -outs for the 7400 device are shown
in Fig. 3A. Note that this is a multiple
NAND gate, i.e., there are four
independent NAND gates sharing a
common power supply connection
inside of the package. The 7400, then, is
referred to as a quad two -input NAND
gate.

INPUT

A B

OUTPUT

0 0 0

0 1 0

1 0 0

1 1 1

Fig. 2C-Trutn table for an AND gate.

INPUT

A B

OUTPUT

0 0 0

0 1 1

1 0 1

1 1 0

Fig. 2F -Truth table for an XOR (exclusive
OR) gate.

The 7401 device is similar to the 7400,
except that: the pins are different; and, it
is an "open -collector" device. This
means that a pull-up resistor in the 1 to
3.3K ohm range must be provided
between the output of each gate and the
+5 volt supply.

The 7403 is also an open -collector
device, but uses exactly the same
pin -outs as the 7400. Of these three, the
7400 is, by far, the most commonly
found.

The 7430 device is an eight -input
NAND gate. This device has eight
different inputs. If any one input is LOW,
then the output will be HIGH, it requires
all eight inputs HIGH for the output to
drop LOW. Because most
microcomputers are eight -bit machines,
the 7430 NAND gate is often found used
as an address decoder.

The 7410 and 7420 devices are three -
and four -input NAND gates,
respectively.

In the CMOS line, we also have
several different types of NAND gates.
The 4011 is a quad two -input NAND
gate reminiscent of the 7400. The
current requirements, however, are
much lower than those of the 7400, as
fits the CMOS technology used in its
construction.

The 4102 device is a dual four -input
NAND gate, so all four inputs of either
gate must be HIGH before its output will
drop LOW. The 4023 device is a triple
three -input NAND gate, while the 4068

ETID - June 1979 / 33



is an eight -input gate reminiscent of the
7430 from TTL.

NOR gates
The 7402 NOR gate is, by far, the most
common example from TTL. The
pin -outs for the 7402 are shown in Fig.
3B. Note that this device uses different
pin -outs than the 7400 NAND gate, and
is logically different.

In CMOS, we find the 4001 device is a
quad two -input NOR gate, the 4002 is a
dual four -input device, and the 4025 is a
triple three -input NOR gate. The 4078 is
an eight input device.

AND/OR/XOR
Space will not allow us to dwell on the
total lines from both TTL and CMOS.
The rest of these types can be seen in
Table 1. If you have a need for a pin -out
diagram, then consult either the
manufacturer's data books, or the
appropriate chapters from Don
Lancaster's TTL Cookbook and CMOS
Cookbook (both published by Sams).

Experiments
The following experiments are designed
to let you visualize the rules of operation
for the various types of gates in a
workbench environment.

The experiments are designed to be
performed on the AP Products,
Powerace 102, digital circuits
breadboard. They may be performed on
other makes, or without the breadboard,
but the designations given in the
instructions are for the Powerace 102.
You will have to convert the instructions
to whatever system that you are using.

When the instructions tell you to
connect an input terminal, for example,
to "L2" and "S2," this means that #22 or
#24 solid jumper wires are to be run
from that IC pin indicated to both switch
S2 and LED indicator L2. L2 will be ON
whenever the input is HIGH and OFF
whenever the input is LOW.

Experiment No. 1
Inverter circuits: Use a TTL hex inverter
type 7404. This device contains six
independent inverters, but only one is
used for this experiment.

Connect the 7404 as in Fig. 4. The
output goes to L4, and the input goes to
both L2 and S2.

1. Set S2 to "0." L2 should be out.
2. Observe L4 (on).
3. Set S2 to "1" (L2 should come on).
4. Now observe L4 and note the

difference.

Experiment No. 2
NAND gates: Use a TTL type 7400 quad

two -input NAND gate. Only one of the
four gates is used. Connect the circuit as
in Fig. 5A, and follow the procedure
below.

1. Set both S2 and S3 to "O." L2 and
L3 should be off.

2. Note L4, which should be on.
3. Set S2 and "1," and note the

change in L2.
4. Observe L4 (on).
5. Reset S2 to "0" and set S3 to "1."

L2 should be off and L3 is on.
6. Observe L4 (on).
7. Set both S2 and S3 to "1." L2 and

L3 should both be on.
8. Observe L4 (off).
9. Compare the results of these steps

with the truth table for the NAND
gate (Fig. 2E), and the rules given
in the text.

Experiment No. 3
Using the NAND gate as a switch to
control the flow of clock pulses. This
experiment is best performed on an
oscilloscope, but the indicator lamps on
the Powerace 102 can be used if no
scope is available. If the oscilloscope is
used, then use a clock frequency of
1000Hz, but if the LED (L4) is used, then
the clock frequency must be 1Hz.

Connect the 7400 NAND gate IC per
the circuit in Fig. 5B.

1. Set the clock frequency to 1000Hz
(oscilloscope) or 1Hz (L4).

2. Set switch S2 to "0" (L2 should be
off, or the scope Ch. A trace should
be at zero).

3. Note Ch. B (or L4). Both should
indicate a "0" condition.

4. Set S2 to "1."
5. Now observe Ch. B on the

oscilloscope (or L4) and note the
action. It should be observed that
the output passes the clock pulses
whenever the "control" input (i.e.,
in this case, pin No. 2) of the NAND
gate is HIGH. This allows us to shut
off the flow of pulses to circuits such
as counters, etc., at will.

Experiment No. 4
NAND gate used as an inverter:
Connect the circuit shown in Fig.
5C. If an oscilloscope is used, set
the clock frequency to 1000Hz, and
connect Ch. A to the input of the
gate, and Ch. B to the output. If the
LED indicators are used, then set
the clock frequency to 1Hz.

Observe that, when both inputs
of the NAND gate are connected
together, the circuit operates as an
inverter. This fact allows designers
to conserve cost when an inverter is
needed, and there is already one

Fig. 3A -A TTL NAND gate, the 7400.

v QUAD 2 -INPUT NOR GATE
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Fig. 3B -A TTL NOR gate, the 7402.

Fig. 4 -Experiment No. 1

unused section of a NAND gate
available.

Experiment No. 5
Examine the truth table and rules
given in the text for the 7400 NAND
gate, and then try to think of one
other way to use a NAND gate as
an inverter.

Experiment No. 6
NOR gate: This experiment uses
the TTL type 7402 NOR gate, and is
essentially similar to the NAND
gate experiment above. The
results, of course, should differ due
to the difference in the gate.
Connect the circuit of Fig. 6A.

1. Set S2 and S3 to "O." L2 and
L3 should remain off.

2. Note L4 (on).
3. Set S2 and "1." L2 should be on

and L3 is off.
4. Note L4 (off).
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table and those given in the text) for a
clue.

+5V

Fig. 5A-Experiment No. 2

CLOCK
+5V

OSCILLOSCOPE

CH. A

OSCILLOSCOPE

CH. B

Fig. 58-Experiment No. 3

+5V

Fig. 5C -Experiment No. 4

5. Set S2 to "0" and S3 to "1." L2
should be off, while L3 is on.

6. Note L4 (off).
7. Set both S2 and S3 to "1." Both L2

and L3 should now be on.
8. Note L4 (off).
9. Compare the results of this

experiment with the truth table and
text rules.

Experiment No. 7
NOR gate as an inverter. Use the same
7402 NOR gate as in Experiment No. 6.
Set the Powerace 102 clock to 1Hz.

Connect the circuit shown in Fig. 6B. If
you desire to use an oscilloscope, then
connect Ch. A to the same point as 12
and connect Ch. B to the 7402 output
(i.e., pin No. 1).

1. Connecting the circuit and applying
the clock will cause the output light
to blink out of phase with the input
light (L2).

2. Compare this behavior with the

14

7402

Fig. 6A -Experiment No. 6

Fig. 68 -Experiment No. 7

+5V

Fig. 7 -Experiment No. 10

rules given in the truth table (Fig.
2A) and in the text.

Experiment No. 8
Try and think of another approach to
using the 7402 as an inverter circuit.
Examine the rules of operation (i.e., truth

Experiment No. 9
Use the rules of operation for the 7402
NOR gate to find a way to make a gated
inverter similar to the NAND gate circuit
of Fig. 5C.

Experiment No. 10
Exclusive -OR gates. This experiment
uses a TTL type 7486 XOR gate to
demonstrate the rules obeyed by the
XOR gate. Connect circuit as in Fig. 7.

1. Set S2 and S3 to "0." L2 and L3
should both be off.

2. Note the status of L4 (off).
3. Set S2 and "1" and S3 to "0." L2

should be on, and L3 is off.
4. Note L4 (on).
5. Set S2 to "0" and S3 to "1." L2

should be off (indicating a LOW
condition), and L3 should be on.

6. Note L4 (on).
7. Turn both S2 and S3 to "1." Both L2

and L3 should be on.
8. Note L4 (off).
9. Compare these results with the

rules given in the truth table and in
the text.

Experiment No. 11
Examine the rules given in the truth table
and the text for the XOR gate, and think
of a way to make an XOR gate behave
as a non -inverting buffer.

Experiment No. 12
Examine the rules given in the truth table
and text for the XOR gate, and think of a
way to make the XOR gate think it is an
inverter stage.

Next Month
In our next installment we will discuss
RS and D flip-flops, and later, JK and
master -slave flip-flops, built both from
NOT, NOR and NAND gates and as
TTLJCMOS/IC types. Ere
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Projection
television,
part II
More big pictures

Different manufacturers have
adopted different optical
system design philosophies,
which in turn require
different approaches in
electronics

By Walter H. Schwartz

Continuing the discussion begun last
month, we will examine the projection
TV systems offered by GE, Sony,
Panasonic, and Quasar.

GE widescreen 1000
GE offers a single unit projection set
which looks much like a very large
console. A lens system with a
magnification of 3.71 and an F rating
of 1.7, project the picture by way of
two high efficiency front surface
mirrors to a Fresnel lens screen of
45.7 in. diagonally measured, providing
1003 sq. in. of viewing area with a
screen light output of 10-12 ft.
Lamberts (Fig. 1).

The YP chassis used in the
widescreen 1000 is very similar to the
YM (see Fig. 2). (For a description of
the YM chassis see ET/D October
'76.) The changes made are those to
properly operate a specially designed
13 in. black matrix, in -line gun picture
tube. The high voltage transformer
and deflection yoke have been
"beefed up" to supply 31.6KV to the
CRT. A 2200pf second anode filter
capacitor has been added since the
small 13 in. tube doesn't have enough The Sony KP-7200, 72 inch screen projection system. (Courtesy Sony.)
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Fig. 1 -Optical system of the GE
Widescreen 1000. Mirrors direct the light
from the projection lens onto the viewing
screen. (Courtesy GE.)

BLOCK DIAGRAM YP CHASSIS - THE
SHADED AREAS ARE THE SAME AS
THE MORE FAMILIAR YM

---1_
FOGA

ILT

ONO

Fig. 2 -Block diagram of the Y -P chassis. The shaded areas are the same as the Y -M.
(Courtesy GE.)

Fig. 3 -The Quasar Projection Television Model PR6800QW interior view showing
modular construction and the three CRTs. (Courtesy Quasar Electronics Company.)

capacity to filter adequately at the
higher current level. Thirty kilovolts
second anode voltage at better than
two milliamps beam current means the
tube is operating at more than 60
watts. Because of this high
voltage/power level, X-ray protection
has been increased. The CRT anode
connection is covered with a box
which is attached to the CRT funnel
shield and there is a tunnel shield to
the lens assembly, a flat plate at the
end of the lens tunnel and a special
brass convergence assembly clamp.
All these shields must remain in place
at all times when the power is applied.
Because of the anode connector
cover, the high voltage is measured
indirectly. The focus voltage is
measured and a meter correction

factor is used. This factor: is meter
correction factor = meter impedance in megohms
The high voltage is then focus voltage
(as read) x (3 + correction factor).
When taking this reading, the focus
divider to focus pot lead must be
shorted to ground. The high voltage
must not be allowed to exceed 34.1 KV.

A problem unique to the YP is focus
adjustment. Since the picture can be
out of focus both optically and
electrically, some means is necessary
to determine which is causing the
problem. To check optical focus, use a
blank raster pattern from a
cross -hatch generator, or otherwise
remove all video from the screen.
Look at the screen carefully. If the
optical system is in focus, the
phosphor dot pattern of the screen

Fig. 4 -The panasonic CT -6000 Projection
System.

should be projected through the
optical system clearly. You are looking
at the tube face backwards through
the optics and the dot structure should
show up plainly.

Sony
While earlier Sony projection systems
(VPP-500, about 1973, and KP-4000,
about 1975) used special Trinitrons in
a single tube arrangement to produce
a picture of about 10 foot -
Lamberts brightness, the current
models, the KP-5000, 50 inch
diagonal screen, and KP-7200, 72
inch diagonal screen, use three
separate red, blue and green tubes to
produce a maximum brightness of 60
foot -Lamberts for the KP-5000 and 30
foot -Lamberts for the KP-7200.

Optics are separate from the three 8
inch monochrome tubes which are
arranged in a unique manner. The red
and green tubes are mounted
approximately horizontally before their
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respective lenses. The blue tube is
mounted vertically below the red tube
and its light is combined with that of
the red tube by a Dichroic mirror.

Electronically, the KP-5000/7200
systems are very complex using 220
transistors, 13 ICs and 159 diodes
arranged on about 25 circuit boards.
The "A" board is the video IF and
detector, AGC, sound IF and detector

and AFT. It uses 3 ICs and 2
transistors. The "BA" board is the
chroma processing and video amplifier
module. It also includes the sync
separator and a cross -hatch generator.
It uses two ICs and 27 transistors.
The "BB" board performs R -Y
amplifier, VIR, pedestal clamp and
often functions with two ICs and 47
transistors. The "CB," "CG," and

Fig. 5 -The three lens system of the Quasar PR6800QW. (Courtesy Quasar Electronics

Company.)
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"CR" boards are blue, green and red
output stages, one on each CRT
socket.

The "D" board, the vertical
oscillator, centering and output module
uses a total of 43 discrete transistors.
The "E" board is the horizontal output,
horizontal centering, pincushion
amplifier and output module. The
horizontal output transistor is off panel
on a heat sink. The "GB" board
contains the horizontal oscillator,
driver, HV regulator and protection
circuitry. The "F" and "GA" modules
are power supply regulators. The "H"
boards, "HA" through "HE" contain
controls, both customer and set up.
The "X", "I", "M", "VA", "VB", and "VC"
are all part of the tuning and remote
control system and the "GC" is the
damper, ABL module. The "Q" board
has the audio output, video out,
external video input circuits. Both
models have infrared remote control.

Panasonic and Quasar
Quasar and Panasonic are modular,
three CRT systems, which share
much of their basic circuitry. They are
60 -inch one piece units (Fig. 3, 4).
The projection tubes use Schmidt
optics, are arranged in an in -line
configuration, and produce a picture of
approximately 50 foot -Lamberts
brightness (Fig. 5).

These sets share 12 panels which
comprise the major portion of the
circuitry; the tuning systems are quite
different. The Panasonic uses an
up/down remote control with instant
selection of up to 14 pre -selected
channels. The Quasar uses a random
access selection of all 82 channels,
and has the capability to scan to seek
higher or lower active channels.

Several interesting circuit features
are apparent. Integrated circuits are
used extensively to cut overall
component count considerably.

The low voltage power supply uses
a switching mode regulator somewhat
reminiscent of the. Motorola Quasar JA
panel. A switching transistor with
variable duty cycle compensates for
load current or line voltage variations.
Isolation of the output of the supply
from the line is achieved through a
photo coupler (Fig. 6). Q909 monitors
the +24 volt source. An increase in
Q909 base voltage causes an
increase in base and collector
currents, increasing the light intensity
of the LED in the photo coupler. The
photo transistor current increases
lowering the base current in Q907,
continued on page 47

38 / ET/D - June 1979



WHAT'S BETTER
THAN SPEED READING?

SPEED LEARNING
(SPEED PLUS COMPREHENSION)

Speed Learning is replacing speed reading because it's easy to learn ... lasts a lifetime ... applies to
everything you read ... and is the only fully accredited course with the option of college credits.

Do you have too much to read and too
little time to read it? Do you mentally
pronounce each word as you read? Do
you frequently have to go back and re-
read words or whole paragraphs you just
finished reading? Do you have trouble
concentrating? Do you quickly forget
most of what you read?

If you answer "yes" to any of these
questions - then here at last is the prac-
tical help you've been waiting for.
Whether you read for business or plea-
sure, school or college, you will build excep-
tional skills from this major breakthrough
in effective reading, created by Dr. Russell
Stauffer at the University of Delaware.

Not just "speed reading" - but speed
reading-th i n king -u nderstandi ng-

remembering-and-learning
The new Speed Learning Program

shows you step -by -proven -step how to
increase your reading skill and speed, so
you understand more, remember more

more of everything you read.
The typical remark made by the 75,000
slow readers who completed the Speed
Learning Program was: "Why didn't
someone teach me this a long time ago?"
They were no longer held back by the
lack of skills and poor reading habits.
They could read almost as fast as they
could think.

What makes Speed Learning so successful?

The new Speed Learning Program does
not offer you a rehash of the usual eye -
exercises, timing devices, costly gadgets
you've probably heard about in connec-
tion with speed reading courses or even
tried and found ineffective.

In just a few spare minutes a day of
easy reading and exciting listening, you
discover an entirely new way to read and
think - a radical departure from any -

EARN PROFESSIONAL &
COLLEGE CREDITS

Speed Learning is approved for credit by the following
professional and educational institutions:

 Foundation for Accounting Education
20 CPE Credit Hours

 American Management Association
1.9 Continuing Education Units

 National Society of Public Accountants
20 Continuing Education Hours

 College Credit
3 credits from the National College of Business

Details and registration forms included with each
program.

OFFERED INTERNATIONALLY BY

 Institute of Electrical & Electronics Engineers

 American Chemical Society

 National Association of Life Underwriters

thing you have ever seen or heard about.
Research shows that reading is 95%
thinking and only 5% eye movement. Yet
most of today's speed reading programs
spend their time teaching you rapid eye
movement (5% of the problem) and ig-
nore the most important part (95%) think-
ing. In brief, Speed Learning gives you
what speed reading can't.

Imagine the new freedom you'll have
when you learn how to dash through all
types of reading material at least twice as
fast as you do now, and with greater
comprehension. Think of being able to
get on top of the avalanche of newspa-
pers, magazines and correspondence you
have to read . . . finishing a stimulating
book and retaining facts and details more
clearly and with greater accuracy than
ever before.

Listen -and -learn at your own pace
This is a practical, easy -to -learn pro-

gram that will work for you - no matter
are

now. The Speed Learning Program is sci-
entifically planned to get you started
quickly . . . to help you in spare minutes
a day. It brings you a "teacher -on -
cassettes" who guides you, instructs, en-
courages you, explain-
ing material as you

r

L

read. Interesting items taken from Time
Magazine, Business Week, Wall Street
Journal, Family Circle, N.Y. Times and
many others, make the program
stimulating, easy and fun . . . and so
much more effective.

Executives, students, professional
people, men and women in all walks of
life from 15 to 70 have benefited from this
program. Speed Learning is a fully accred-
ited course . . . costing only 1/5 the price
of less effective speed reading classroom
courses. Now you can examine the same,
easy, practical and proven methods at
home . . . in spare time . . . without
risking a penny.

Examine Speed Learning
FREE for 10 days

You will be thrilled at how quickly this
program will begin to develop new
thinking and reading skills. After listen-
ing to just one cassette and reading the
preface you will quickly see how you can
achieve increases in both the speed at
which you read and in the amount you
understand and remember.

You must be delighted with what you
see or you pay nothing. Examine this
remarkable program for 10 days. If, at
the end of that time you are not con-
vinced that you would like to master
Speed Learning, simply return the pro-

gram and owe nothing.
See the coupon for low
price and convenient
credit terms.

Note: Many companies and gov-
ernment agencies have tuition
assistance plans for employees
providing full or partial payment
for college credit programs.

In most cases, the entire cost of
your Speed Learning Program
is Tax Deductible.

learn113 Gaither Drive, Mount Laurel, N.J. 08054
iNcoRP,ORAI-ED

I-18.1-1-ET/D-679

Please send me the Speed Learning Program at $89.95 plus $3.00 for handling and insured delivery.
Please check the method of payment below:
 Check or money order enclosed for items ordered. New Jersey Residents add 5% sales tax.
 Please charge my credit card under the regular payment terms:  Bank Americard

 Master Charge Interbank No  American Express  Diners Club
Card No. Exp. Date

I understand that if after 10 days I am not delighted in every way, I may return the materials
and obtain a full refund with no questions asked.

Name

Address

City State Zip

x Signature

It you don't already own
a cassette player, you
may order this Deluxe
Cassette Recorder for
only $49.95. (Includes
handling and delivery.)

Check here to order 

Outside U.S.A. $99.95 + $3 surface mail - airmail extra - - - - - -
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Weston's Model 6000 digital multimeter
is really a shock resistant piece of bat-
tery operated test gear-in more ways
than one.

Protected not only against the drop,
kick or bounce (in fact Weston recom-
mends you drop it to test its ruggedness)
it is also virtually impossible to "burn
out" with maximums of 1,500 on DC

TEST
111STRUME11T

REPORT

View of unit with range
panel removed. Note
easily accessible
adjustment pots, the
batteries and fuse
compartments, plus the
153.4mV reading being,
"held" by the mold
probe.

For more information about this instrument, circle 150
on The Reader Service Card in this issue.

Weston Model
6000 autoranging

Digital Meter

ranges, 1,000rms on AC, 15 amps in the
high current reading mode, and 250N/rms
on resistance ranges.

It is a fully autoranging, 31/2 digit liquid
crystal display unit that is "specified" at
1,000VDC (10 Megohn input impe-
dance), yet I read "-1,034" on an oscil-

A rugged competitor loscope anode without any delerious ef-
fects.

I also dropped it several times on the
(concrete) floor with no problems en-
countered. The unit is manufactured of
resiliant plastic and the LCD display is
cushioned against breakage, just push
on it and you can feel it "give."

Its front panel rotary switch provides
six functions: volts, millivolts, amps/
milliamps, ohms, Kohms, and
Megohms. Also, a two position slide
switch selects AC,DC, or ohms.

There are 26 separate measurement
ranges on the 6000. With the front panel
rotary switch at mV the display will range
from 00.1 to 199.9 in DC or AC modes;
similar readings are obtained with the
rotary switch in "A/mA." In the "V" posi-

By Richard W. Lay

tion the unit provides autoranging from
.001 to 1,000 AC or DC (Specified) with-
out any type of supplementary probes.

With the rotary switch at "ohms", read-
ings from 00.1 to 1.999 are obtained; in
the "Kohms" slot, from .001 to 199.9;
and in the "megohm" positions readings
will autorange over .001 Megohm to
19.99 Megohm.

Two special input jacks, other than the
"Corn" and "volts/ohms/mA" inputs are
provided. The "Amps" input-for read-
ings over 199.9mA and up to 10 amps is
one of them.

The other, however, makes the Model
6000 truly one of the most versatile and
easiest to use meters on the market to-
day. It is Weston's special "hold" input
jack which permits the technician-
working in an accessible area where
he can't see the LCD display-to
"touch" his circuit and preserve the read-
ing until he can back out and take a look
at the meter.

The 6000 will "hold" the reading (see
illustration) untii a slide switch on the
handle of the probe is thrown. While this
hold probe is optional, for an additional
$25, I can highly recommend it for work-
ing in hard to get at circuits.

This special "hold" control operates
via a dual banana plug which is inserted
at the volts-ohms-milliamps and the
"Corn" plugs. A special pig -tail lead is
then inserted into the "Hold" jack. This
dual banana plug is of the stacking type
and the black test lead can thus be in-
serted at the "Corn" jack. The "Corn"
side of this dual plug is indicated by a
polarizing tab on the side of the plug
body.

Calibration adjustments are easily
made without dismantling the meter.
Simply snap off the front range plate and
you will find all 13 adjustment pots plus
the quarter amp fuse and the two 9 -volt
"transistor" batteries capable of over
350 hours of continuous operation, ac-
cording to Weston.

Weston says when one or both bat-
teries need replacement the until will
continue to operate but the display
blinks. Accuracy is said to be maintained
for 10 to 20 hours thereafter.

Overrange indications are indicated
when all three decimal points, the
"thousands 1," and the "888" blink out of
phase.

Among the options are a special
model with pushbutton "manual" control
which takes the 6000 out of autoranging
mode, plus a pushbutton LCD backlight
which permits its use in darkness.

The standard unit retails at a
suggested list of $195. Era
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REUJ
PRODUCTS

Digital Capacitance Meter
Circle No. 133 on Reader Inquiry Cad
A new portable, digital, capacitance
meter selling for $149, has been intro-
duced by Data Precision. The 31/2 digit
Model 938 measures capacitance from
0.1 picofarad to 1999 microfarads in
eight switchable ranges, with an accu-
racy of ±0.1% of reading ±1 digit,
±0.5pf. "The technique developed for
the Model 938 works by directly measur-
ing the ratio of change in charge (AQ) to
the change in voltage (AV) of the un-
known capacitor. This ratio, AQ/AV, is,

by definition, capacitance. Using this
technique, we can scale the readings
easily to make measurements over a
wide range while maintaining accuracy,
stability, and measurement speed."
Packaged in a plastic case similar to
Data Precision's new Model 935 digital
multimeter, the Model 938 features
small size which fits easily in the palm of
the hand, light weight and pushbutton
switch range selection. A zero adjust is
provided for compensating for the stray
capacitance of test leads up to 20pf.
Measurements are displayed on a half
inch high liquid crystal display. An inter-
nal fuse prevents instrument damage
from charged capacitors or in case of
inadvertent connection to voltage
sources. It will operate up to 200 hours
from a single 9V alkaline battery. The
price of the Model 938 is $149 (US deliv-
ery), including battery, spare fuse, clip
leads, instruction manual, Certificate of
Conformance to NBS Standards, and
final QC test report. It is covered by a full
1 year warranty.

VCR Spindle Height Gauge
Circle No. 134 on Reader Inquiry Card

Memorex has announced a Spindle
Height Alignment Gauge (SHAG) to

quickly check spindle height and prevent
VCR tape edge damage. A Memorex
spokesman states that checking spindle
height alignment took a technician up to
four hours previously; the SHAG can do
it in 30 seconds. The suggested retail
price is $695.00.

Synthesized Signal Generator
Circle No. 135 on Reader Inquiry Card

An advanced synthesized signal
generator has been introduced by
Racal -Dana. Designated the Model
9082, the unit takes a novel design ap-
proach which combines synthesized
performance with analog tuning

According to Racal -Dana, the 9082
has particular application in channelized
radio communications where the need is
to generate and control precise spot fre-

HICKOK TEST INSTRUMENTS

HICKOK Oscilloscopes

New Digital
Mini-Multimeter
Lowest
Price
MODEL LX303

 Big 1/2" high LCD
display

 Use indoors or out
 200 hour 9V battery life
 Auto zero, Polarity,

Overrange Indication

 100 mV DC F.S. sensitivity
 19 ranges and functions

Call TOLL FREE

(800) 645-9518
In N.Y. State call (516) 752-0050

"We Will Beat Any
Advertised Price"

30 MHz Dual Trace
Reg. $995.00

MODEL 532

Our Price

$8Ai./

im
at . / incl. probes

mimmlIN11111.0

15 MHz Dual Trace
MODEL 517

Reg $695.00
Our Price

$590 00incl.probes

15 MHz
Triggered Sweep

Our Price

MODEL 515
Reg $495.00

$425.75 incl. probes

Before you buy, check our prices...

FORDHAM
RADIO SUPPLY CO., INC.
855R Conklin St.
Farmingdale, N.Y. 11735

YOUR ONE STOP DISCOUNT CENTER
Master Charge, Bank Americard, Visa, C.O.D.'s accepted.

FREE

VISA
111111111111111

ADD $3.00 TO COVER
SHIPPING, HANDLING
& INSURANCE. N.Y.
Res. add approp.

sales tax.

Send for new 1979 catalog of over 3,000 items ... 164 pages of test equipment,
CB tools, tubes, components and electronic supplies.
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quencies. Offering amplitude, frequency
and phase modulation capabilities, the
unit also features automatic leveling
over a frequency range from 1.5MHz to
520MHz.

Tuning is simplified, with frequency al-
teration possible via either a main tun-
ing control or Racal -Dana's patented
channel step switch.

The synthesized step size in the 9082
allows setting to any of 10 channel spac-
ings between 5 and 60KHz, so that as
the main tuning control is adjusted, the
output frequency will change in discrete,
channel -related steps.

Frequency measurement is displayed
by a built-in, 8 -digit counter that continu-
ously updates the LED display. The
9082's counter is a precision device
utilizing an LSI chip with a maximum
resolution of 10Hz at all frequencies and
deriving an inherently high accuracy and
stability from the internal frequency
standard.

Digital IC Tester
Circle No. 136 on Reader Inquiry Card

Electro Scientific Industries has intro-
duced a compact IC functional tester. It
rapidly evaluates digital integrated cir-
cuits of the TTL, DTL, and CMOS
families in DIP configurations. Called the
Model 1248, the instrument tests IC's in
one to five seconds and determines
whether the device inputs and outputs
operate according to the required logic
relationships. Advantages of this tester
include the fact that it does not require a
reference IC for comparison. It is a true
functional tester, yielding an absolute
result. Problems of IC interrelations, as
when one IC drives a number of other
gates or functions, are avoided. Only

one IC is tested at a time-the one in the
socket; and there is not interference

from associated devices as is often the
case with mounted IC's. The price of the
1248 is $745.

Safety Tester
Circle No. 137 on Reader Inquiry Card

  
0 0

A new lightweight, rugged, all -in -one
tester that checks for OSHA compliance
of polarity, grounding and line leakage in
120 volt power tools, cord sets and re-
ceptacles is now available from General
Scientific Equipment Co., Philadelphia,
Pa. The unit, called Multi -Check, pro-
vides simple visual indicators for "GO"
or "NO-GO" operation, permitting a
check of equipment in seconds. There
are no scales to read, no readings to
interpret. Instructions are printed on the

Another reason to join RCA's QT Parts Program!
You get four free information packages every year.

RCA's QT -150 Parts Program is better than ever!
Registered dealers receive four free

information mailings per year through RCA's
Direct Information Service program.

Quarterly mailings include:
 Complete Dealer Price Book - RCA Consumer

Parts  Latest Price Supplement  RCA
Drawing Number to Stock Number Cross

Reference  Color TV Module Cross
Reference  B&W TV Module Cross Reference

 Dealer OT Inventory Control Form;
and many other useful publications.

To join, contact your RCA Distributor
and register as a QT Dealer. You will receive

your package of 150 of the most -needed,
fastest -moving parts to repair older TV sets.

You will also receive your first quarterly
information package. Every information

mailing will include the latest price
publication, plus additional infor-

mation about RCA Parts required in
your servicing business.

Don't forget, your QT Parts inventory
program has automated annual drop -ship
updating for your convenience. A special

QT Parts Rack is also available
to save time and space.

Call your RCA Distributor or write to
RCA Distributor and Special Products Division,

Deptford, N.J. 08096.

RCA QT Parts
Circle No. 127 on Reader Inquiry Card
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race of the unit. Multi -Check tests for
correct wiring, reversed polarity, open
hot wire, open ground, open neutral, hot
and ground reversed, hot on neutral
terminal, hot terminal unwired and neu-
tral and ground reversed.

Auto -Tracking Multiple Output
Power Supply
Circle No. 138 on Reader Inquiry Card

B & K Precision's new Model 1650
power supply offers a 5 volt dc 5 amp
output and two separate 0-25 volt out-
puts at 0.5 amp. The two 0-25 volt
supplies can be adjusted independently
or B can be set to track at a constant per-
centage of A. Tracking is controlled by a
pulse width modulated control signal
coupled through an opto-isolator permit-
ting complete electrical isolation of the
two supplies. The 1650 also features
current limiting and short circuit protec-
tion for all outputs. User net price is
$275.

Replacement Semiconductors
Circle No. 139 on Reader Inquiry Card

Individually packaged replacement
semiconductors are now available from
PTS Electronics, Inc. Transistors,
SCR's, IC's, diodes, rectifiers, zeners
and other individual components for TV,
audio, and electronic equipment repair
are included in the new line. Develop -

+fir Av %
O

ment of the replacement line resulted
after years of research, testing and ac-
tual application by PTS. The
semiconductors-the same used by
PTS-reportedly provide a new profit
factor for the servicing technician/dealer
by minimizing expensive callbacks and
warranty returns.

Wire Wrap Tool
Circle No. 140 on Reader Inquiry Card

The compact, inexpensive WSU-2224
tool, from OK Machine and Tool, wraps,
unwraps and strips wire, thanks to a
unique built-in stripping blade. Designed
for use with 22-24 AWG (0.65-0.50mm)
wire on standard .030 x .060 in. (0.76 x
1.52mm) and .045 in (1.44mm) square
posts. Reportedly takes minutes to learn
to use and makes connections in sec-
onds without solder. Priced at $12.75.

Portable Oscilloscope
Circle No. 141 on Reader Inquiry Card

A portable, compact oscilloscope, the
0S253, has been introduced by Gould,
Inc. Thisl2MHz dual trace scope is a
versatile instrument for a broad range of
industrial, educational, and laboratory
applications. The 0S253 features
2mV/cm vertical sensitivity with ac,
ground, and dc coupling; dual trace and
X -Y capability; channel sum and dif-
ference; and a front panel trace rotate
control. It measures only 51/2 in. high by
12 in. wide by 18 in. deep, yet the display
is a large, bright 8 by 10cm CRT.

Inexpensive VOM
Circle No. 142 on Reader Inquiry Card

A low priced five function VOM has re-
cently been introduced by VIZ Manufac-
turing Co. The Model WV516B is a 2000
ohms -per -volt instrument with 3% dc

and 4% ac accuracy. Measurement
ranges extend to 250V ac and dc, resis-
tance up to 500,000 ohms, dc current to
250ma and dB from -20 to +22. The
instrument comes complete with ohms
battery and test leads for $19.95.

Video Modulator
Circle No. 143 on Reader Inquiry Card

Crest Electronics Model RFM-34 is a
audio -video modulator for use in closed
circuit video and aural security systems,
education RF distribution networks,
MATV video and audio distribution and
video tape playback. It accepts audio
and output is on channels 3 or 4 stan-
dard (2 through 6 option). The list price
is $200.

41/2 Digit DMM
Circle No. 144 on Reader Inquiry Card

The Soar Model MC -545 is a 41/2 digit
bench -type multimeter that features five
function modes (dcV, acV, dcmA, acmA,
and Ohms) and provides automatic zero
adjustment and polarity indication. The
modes appear on the LED display. As
an option, a BCD output (8, 4, 2, 1)

can be provided for connecting the mul-
timeter between a CPU and a digital
recorder. This highly accurate instru-
ment has a voltage measurement range
of 2 to 1000 volts ac and dc; a current
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measurement range (both ac and dc)
from 2 to 1000mA, and a resistance
measurement range to 200 megohms.
Maximum indication is 19999 or -19999.
The price is $289.95.

Frequency Counter
Circle No. 145 on Reader Inquiry Card

High accuracy, reliable, frequency/
period measurements with bright,
fluorescent displays are among the fea-
tures of a new Model LDC-824S, a
520MHz digital frequency counter, re-
cently introduced by Leader Instruments
Corp. The manufacturer reports that its
frequency counters are equipped with
metal cases to assure effective shielding
and provide 20mV sensitivity with

pushbutton attenuators for stable trig-
gering. The new 520MHz unit has a
temperature stability of 1 PPM. The
LDC-824S model is offered with an
ovenized time base providing 0.03 PPM
Stability (0-40°C) as an option. The
counter has selectable gate time and
frequency/period mode, as well as 1
Megohm (nominal) input impedance.
The LDC-824S features an eight digit
display, sells for $550 and carries a two
year warranty.

Solderless Terminals
Circle No. 146 on Reader Inquiry Card

,$)

0 0 o
0 0

keeping you in touch with technology...

The Understanding SeriesTM
from Texas Instruments.

Five self -paced, easy -to -understand
books for the reader who wants to learn
about electronics technology, but can't
devote years to the study.

Understanding
Microprocessors. 250
pages. Available June 1979.
For the newcomer to micro-
processors. What they are,
what they do, how they
work.

Understanding Calculator
Math. 224 pages. Loaded
with practical electronic
calculator applications.

Understanding Solid -State
Electronics. New 3rd edi-
tion. 270 pages. Simple
building blocks for learning
solid-state behavior.

Understanding Digital
Electronics. 265 pages. The
world of today's digital
devices made easy.

Basic Electricity and DC
Circuits. 1026 pages. Learn
all about DC Circuits -
simply, easily.

80102

LCB-4023 Understanding Microproces-
sors. New... available June 1979 $ 4.95

 LCB-3321 Understanding Calculator
Math $ 3.95

 LCB-3361 Understanding Solid -State
Electronics. New 3rd edition $ 3.95

 LCB-3311 Understanding Digital
Electronics $ 3.95
LCW8161 Basic Electricity and DC
Circuits $19.95

Add applicable sales tax (except AK, DE,
HI, MT, NH, OR)

SPECIAL OFFER
Purchase any two books and save $ .50
Purchase all five and save $2.00

Mail check or money order to Texas Instruments,
P.O. Box 3640, M/S84, Dallas, Texas 75285.
Orders in Continental U.S. shipped prepaid.
Foreign orders: Prepaid funds in U.S.
dollars only. Include shipping costs.

Name

Address

City State Zip

Limited time offer. Prices effective January. 1979.
Subject to change without notice.

©1979 Texas Instruments Incorporated

TEXAS INSTRUMENTS
INCORPORATED TD679

Circle No. 129 on Reader Inquiry Card

Neat, quick connections with stranded
wire are now possible with fold over sol-
derless terminals, available from Wal-
dom Electronics. Designed to give a trim
appearance, these terminals fold over to
completely encapsulate stripped,
stranded or solid wire ends for maximum
contact with a binding screw or nut. They
are available with or without an insula-
tion grip, and in a single cup arrange-
ment for "tap" connections. Their con-
struction permits a binding nut or screw
to sink into the soft copper, to serve as
a lock nut. Waldom fold over solderless
terminals accommodate wire sized #18
to 10 and stud sizes No. 6 to 1/2 inch.

Precision Signal Generator
Circle No. 147 on Reader Inquiry Card

A new signal generator capable of fre-
quency settings with a resolution of 1 kHz
has been introduced by Motorola. A fre-
quency vernier provides a ±5kHz fine
tuning range in the FM mode. After dial-
ing the desired frequency, the accuracy
lamp flashes until the unit achieves
phase lock to the reference crystal. Ac-
curacy is stated to be ±0.001%.

Dual Trace Oscilloscope
Circle No. 148 on Reader Inquiry Card

A five inch dual trace oscilloscope with
single trace sensitivity of up to lmV/cm
is available from Dartron. Model D10 is a
dual trace 10MHz triggered sweep in-
strument with sweep speeds from
100nsec/cm to 1.5sec/cm. Basic vertical
amplifier senstivity ranges from 5mV/cm
to 20V/cm and the D10 has the capabil-
ity of cascading the Y1 and Y2 amplifiers
for a maximum sensitivity of 1mV/cm.
Other features include bright line au-
tomatic trigger, calibrator, gate output,
sweep output, Z axis modulation, and
X -Y capability. Elm
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DEALER'S
SHOWORSE

Vehicle Anti -Theft Device
Circle No. 152 on Reader Inquiry Card

Commusec Corp. has announced the
Thug Bug, its new solid-state anti -theft
device that automatically interrupts the
ignition system and locks the factory
hood lock when the key is turned to the
off position. The system consists of a
central computer module, hood release
button, and a thermal actuator hood
lock. It is controlled by a calculator type
keyboard mounted on the dash. The
vehicle cannot be started or the hood
opened until a 4 digit code is properly

entered into the keyboard. The code is
selected by the customer at time of in-
stallation. Optional audible alarm and
other accessories are available.

Antenna Rotator/System
Circle No. 153 on Reader Inquiry Card

Two new models of high performance
antenna rotor systems, the Ham IV and
the CD -45, have been introduced by
Cornell-Dubilier Electric Corp., Newark,
NJ. The Ham IV is designed for large
communication antenna arrays up to
15.0 sq. ft. wind load area when tower
mounted. Highlights of the Ham IV in-
clude power braking, machined steel
drive gears, and dual transformer cir-
cuitry. The CD -45 accommodates an-
tenna arrays up to 8.5 sq ft wind load
area when mounted in a tower and fea-
tures a professionally -styled control unit,

illuminated meter readout, all -steel
drive components and automatic disc
braking. Both the Ham IV and the CD -45
operate at low voltage control levels,
with snap -action rotational controls.
Suggested retail prices are $224.95 for
the Ham IV, and $164.95 for the CD -45.

Mini -Megaphone
Circle No. 154 on Reader Inquiry Card

A new Mini -Megaphone is now available
from Robins Industries Corp. Ideal for
athletic events, auctions, marine and
police use, tours, meetings, rallies,
parades and other uses, Robins new
Mini -Megaphone is reportedly the smal-
lest and lightest completely self-con-
tained megaphone available, weigh-
ing 14 oz "soaking wet" (about 1/5 of

portable
DMMs,

you must consider
our Model

935. At only $149,

it offers
features

and performance
that

equal or surpass
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in low cost,
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package,
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against
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and covered
by a 2 -year warranty
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performance
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Data Precision Corporation, Electronics Avenue, Danvers, MA 01923. Telephone: (617) 246-1600, Telex 921819.

...Circle No. 113 for Information
...Circle No. 114 for Demonstration

ETID - June 1979 I 45



conventional units). It features automa-
tic level control, and solid-state circuitry
and has a high impact plastic housing. It
is powered by four standard penlight bat-
teries which will last for 8 hours of inter-
mittent use. The sound carries up to
1000 feet. The Mini -Megaphone #47-
801 has a suggested list price of $43.00.

Tunable FM Antenna Amplifier
Circle No. 155 on Reader Inquiry Card

The Magnum FM Power Sleuth, a tuna-
ble FM antenna amplifier, is the initial
product offered by Audio Marketing by
Von. Designed for boosting fringe area

FM reception, it is stated it can be used
also in suburban areas where only in-
door antennas may be used. Specifica-
tions include an RF gain of 35dB ± 5dB,

MAKE SURE you get paid for every
inch of wire sold

EXACT MEASURING is a must when
you retail coaxial cables, audio
cables, and electronic/electrical
wires. You can work confidently and
quickly ... yet keep close control ...
with HYKON WIRE METERS and
REELS set up on a counter or as a
portable combo. Wire up to 1" dia-
meter pulls from stock through the
meter onto take-up reel for neater
delivery. Write for details or call us at

AREA 216 821.2320

MANUFACTURING CO.
ET -161 East State Street ALLIANCE, OH 44601

Circle No. 119 on Reader Inquiry Card

Low cost tool for design
and trouble -shooting
Pocket Size
Slide -Switch
Resistance
Substitution Unit
still only $58
 Over 11 million step range
 1% accuracy resistors
 Unique in convenient size
 Rugged construction
Small enough to take anywhere in your pocket, this aluminum -
housed unit delivers a very broad range of resistance steps.
Excellent for both development and repair work.

Half -watt 1% tolerance resistors give an accurate range from
1 to 11,111,110 ohms, in one -ohm steps. Has three binding
posts, one to ground case.

Available now from stock. Catalog No. 7092-236. Cash savings
available, see coupon. Write, or call (804) 264-2858. Phipps & Bird, Inc.

 Please send Units (a) $58 each. (Check enclosed less 5%
cash discount)

 Send Units @ $58 each C.O.D. (Phipps & Bird will pay
C.O.D. charges)

Name

Firm

Address

City, State Zip
Ask your dealer, or contact:

Pll Lop@ 1:11213,,
Manufacturers of Scientific Instruments

P.O. Box 27324  Richmond, Virginia 23261  Phone: 804/264.7590
Circle No. 126 on Reader Inquiry Card

a noise figure of 7dB, spurious rejection
of 90dB minimum, and image rejection
of 85dB minimum. It uses three RF
stages and has a price of $150.

TV Camera
Circle No. 156 on Reader Inquiry Card

JVC now offers a black and white TV
camera reportedly designed specifically
for use with JVC VHS decks, VHS por-
table units and VHS 3/4 -in. units. It fea-
tures full interlace scanning with a crys-
tal sync generator, a through the lens
view finder and a 2:1 zoom lens. The
GS -1000 can be battery powered or op-
erated from an AC power adapter. The
suggested list price is $375.

Mobile Monitor Antennas
Circle No. 157 on Reader Inquiry Card

Channel Master has just introduced a
new line of mobile, 4 -band scanner an-
tennas. With a 24 in. height, Mobile
Monitennas reportedly deliver top per-
formance on low and high VHF and on
the two UHF bands. They are available
with trunk -lip mounts, gutter mounts and
extra strong magnetic mounts. Mobile
Monitennas are constructed of stainless
steel and triple chrome -plated brass.
Their coils are hermetically sealed for
weather protection, and each antenna
comes with 100% shielded, RG-58 coax-
ial cable (Motorola plugs are attached.)
Suggested retail prices range from
$19.95 to $26.95. ETD
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NOISE
continued from page 29
sound like it! Oddly, I have found that
some of the most expensive, and
highly recommended HIFI imports, also
use such devices, probably for the
same reason.

Various schemes have been tried to
improve the noise situation in low level
amplifiers, including negative feedback
and positive feedback. Under certain
circumstances improvement has been
noted, but most cases required
manual adjustments and suffered from
instability, and inability to reproduce
results when parts are interchanged.

Good noise?
So far we have been talking about
noise as if it was all bad, but the fact
is that there are several uses for
noise. Since noise is wide band,
covering a great spectrum of
frequencies, it is useful to amplify the
output of a noisy junction to achieve
what is termed "white noise" ... noise
of random waveshape, amplitude and
frequency. This noise is used in
testing systems, and for "masking"
signals. It is also used for simulating
external noise sources. Without such
noise it is very difficult to approximate

the effects of noise by other means.
A great deal of information is generally

available in engineering texts, but not
much attention has been given to
noise in practical texts. Using this
article as a starting point, the reader
should have little difficulty in dealing
with the usual problems involving
noise. Er/D

PROJECTION TV
continued from page 38
ultimately reducing the on time of the
regulator 0904, and reducing the
output voltage of the supply.

The possibility of operating the three
small CRTs at over voltage and high
beam current apparently causes some
concern over possible X-ray production.
Two horizontal oscillator disable circuits
are used, each serving as a back up to
the other. The first monitors the high
voltage by means of rectified pulse
from the horizontal output transformer.
The second monitors the tripler output;
either will shut down the horizontal
oscillator if the high voltage rises
beyond a specified limit.

A high voltage output transistor
drives the high voltage transformer; a
separate horizontal sweep transistor
drives the paralleled horizontal yoke

windings. A pincushion, keystone
correction output supplies a corrective
signal to the yokes also.

The CRTs are magnetically focused.
Three focus regulators set and
maintain the proper focus coil current,
derived from the +24 volt supply.

The use of integrated circuits has
simplified the schematics of these sets
considerably, yet they are complex
devices. The Quasar version uses 25
ICs and 124 transistors; Panasonic
with its less complex tuning system,
uses 22 ICs and 125 transistors.

Others
Several dozen manufacturers produce
lens systems which can be attached
to conventional television receivers to
project enlarged pictures. Most of
these use a bright small screen
set -12 or 15 inch. The indicated
screen brightness would seem to be in
the 10 to 12 foot -Lambert range,
requiring a darkened room for
comfortable viewing. These systems
offer the obvious advantage of lower
price. A system with components from
a company such as Projectapix, can
be assembled to be sold for less than
$1000, including the 12 or 15 inch
color portable television receiver. Erb

ATTENTION SERVICE DEALERS
We Are No. 1 In Top Line Solid State Replacements,
Original Japanese Transistors and Integrated Circuits

dem PARTIAL LIST  MONTHLY SPECIALS
Part
Number

Your
Cost

Part
Number

Your
Cost

Part
Number

Your
Cost

Part
Number

Your
Cost

AN 214 1.70 UPC 1025H 2.05 2SB 649 1.80 2SC 1308K 3.50
AN 239Q 4.50 UPC 1156H 2.20 2SC 460 .30 2SC 1358 3.25
AN 247P 2.70 2SA 495 .35 2SC 710 .25 2SC 1383 .25

AN 315 2.00 2SA 564 .35 2SC 756 1.80 2SC 1664A 2.50
BA 521 2.25 2SA 643 .35 2SC 799 1.90 2SD 313 .60

HA 1342A 2.50 2SA 684 .40 2SC 867A 4.30 2SD 350 4.50
LA 4031P 1.75 2SA 733P .25 2SC 945 .25 2SD 669 1.50

LA 4400 1.85 2SA 747A 4.90 2SC 1014 .60 2SD 733 2.60
SID 30-15 1.50 2SB 407 .85 2SC 1096 .50 2SK 23A .70

STK 439 7.25 2SB 474 .70 2SC 1124 .90 121-831 4.50
TA 7205P 1.80 2SB 507 .80 2SC 1172B 3.75 ECG 165 3.25
UPC 554C 1.25 2SB 618 2.95 2SC 1226A .55 ECG 500A 9.95

Send for our complete list of Japanese parts and prices

Our Professional Replacement parts are top quality and replace over 130,000 industry
types at a substantial saving to you over most other replacement lines.

To order, just send us the ECG, SK, GE, or other part number and we will promptly ship you
the premium PR direct replacement, plus a free PR replacement guide. Remember -these
are first quality parts -no culls, no seconds! 2 year warranty on all parts.

Orders over $25.00 shipped free, under $25 add $1 UPS.C.O.D. orders are welcome. To
approximate the cost of a replacement part order, deduct 40% from the dealer cost of ECG
or other types. All orders shipped within 24 hours.

Special OEM Pricing Available

Write or Call -Toll Free
1-800-526-4463

DEVCO
P.O. Box 270, Garwood NJ 07027

(201) 688-0300
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CLASSIFIED
RATES: 40 cents per word (minimum charge, $10).
Bold face words or words in all capital letters
charged at 50 cents per word. Boxed or display ads
charged at $50 per column inch (one inch mini-
mum). For ads using blind box number, add $5 to
total cost of ad. Send ad copy with payment to Dawn
Anderson, ELECTRONIC TECHNICIAN/DEALER,
1 East First Street, Duluth, MN 55802.

BOX NUMBER REPLIES: Mail box number replies
to: ELECTRONIC TECHNICIAN/DEALER, Clas-
sified Ad Department, One East First Street, Duluth,
MN 55802. Please include box number in address.

FOR SALE

TV TECHNICIAN AND DEALERS, "IN-
CREASE YOUR INCOME THOUSANDS OF
DOLLARS YEARLY," "Rent -Lease -Sell
TV's with a guaranteed system," Send stamp
or call (1-805) 937-4905 for free details, basic
plan $15.00, deluxe version $25.00, master
plan $40.00...Perry's Rental System, Box
1407, Santa Maria, CA 93456. TF

CAPACITOR TESTER. 1 pf. to 1 mf.. Not
Electrolitic. Kit $14.95. Wired $19.95. $1.00
Shipping or send 25%, balance COD. WS
Electronics Lab, 120 W. 97 St., 12E, New
York, NY 10025.

Business Slow? Offer this new fast moving
inexpensive non lethal self protection device
to your customers & add $20,000 per year to
your income. Send $10.00 for sample & de-
tails. Lifetime Security Systems, RD #1 Mt.
Nebo Rd. Sewickley, PA 15143.

SAMS PHOTOFACTS from 300-1444, tsm
47-123, tr 6-16, ar 18-31 & 38-50, cb 4-7.
Some 100 & 200's. 3-5 drawer file cabinets.
$900. A. H. Moody Inc., 615 Bloomfield Ave.,
Montclair, NJ 07042. 201-746-5244.

Automobile radio and tape replacement
parts: Delco, Chrysler, Philco-Ford,
Motorola, Panasonic and many others. Large
inventory. Laran Electronics Inc. 3768 Bos-
ton Road, Bronx, NY 10469 (212) 881-9600
out of New York state (800) 223-8314. TF

TV AND RADIO TUBES 36¢ EA!! Send for
free color parts catalog. Your order free if not
shipped in 24 hours. Cornell Electronics
4215-17 University San Diego California
92105 TF

TECH BENCH kit or plans. Designed for
the TV/Radio Tech. Test instrument shelf on
two power columns with 10 fused outlets.
Bench has four fused outlets with C-MOS
grounding, four large tool drawers and neon
bench lighting. E -Z build construction. Plans
and kit information $1.98 plus 50¢ handling.
Technical Workshop, Box 368, Placentia,
CA 92670. 8/79

ZENITH TUNERS -175 SERIES...976/
$13.44-1513/$16.37-1514/$15.51-1514-1/
$14.81-1527/$13.44-1611/$13.44-1F CHAS-
SIS -150 SERIES 160/$14.12-162/$18.17-
180/$21.25-190/$21.84-190-01/$18.69
TRIPLERS...800-791/$12.82-977-36/
$16.82-MODULES..9-57/$7.87 9-86-01/
$14.37-9-86-02/$13.33-9-87/$6.54-9-89/
$12.39-9-90/$6.54-9-90-01/$8.91-9-90-02/
$8.91-9-120-01/$10.11-9-01/$7.95-9-147/
$7.95 OPTIMA ELECTRONICS, Box 372
Ryder Street Station, Brooklyn, New York
11234. Telephone (212) 439-7434.

GENUINE SONY SEMICONDUCTORS -
CHECK THESE PRICES!!
EG. 1-9/ 10-24-SG613-8.50/7.30-SID
30-15 2.60/2.30, -2SC867A 5.10/4.90-
2SC1114 5.50/4.80-2SC1358 6.50/5.70,
2SC1124 1.50/1.30-2SC634A 0.45/0.41

Contact us for complete list of Japanese
semiconductors and pricing information.
Bescor, 547 S. Broadway, Hickville, NY
11801 (516) 822-3988

JAPANESE TRANSISTOR AND INTEGRAT-
ED CIRCUITS...MINIMUM 10 AN214/1.70-
AN247/2.25-BA521/1.90-TA7204/ 1.60-
TA7205/1.60 UPC1025/1.90-2SB474/.60-
25B507/.45-2SC1096/.50-2SC1172B/2.75
2SC1308K/2.50-2SC1358/ 2.25-SG613t
5.95-2SC867A/3.95. OPTIMA ELECTRON-
ICS, Box 372 Ryder Street Station, Brook-
lyn, New York 11234. Telephone: (212)
439-7434.

THERE'S NO NEED TO BUY ORIGINAL
JAPANESE TRANSISTORS WHEN OUR
REPLACEMENTS WILL DO THE JOB of
many original types. Phyltron's LX123A re-
placed over 50 Japanese types in our
catalog. Don't tie yourself up with excessive
inventory, buy Phyltron Electronics replace-
ment transistors and save.

Write for free catalog. One year uncondi-
tional guarantee. Phyltron Electronics, 487
Springfield Ave., Summit, NJ 07901. TF

REPLACEMENT COLOR YOKES -DEAL-
ERS ONLY. Zenith 95-2501-2532-2638-
2667-S89633 etc. $16.95. Magnavox
361380-1 $18.95 etc. Sylvania, G.E. etc.
$14.95 to $19.95. Request for price list on
your letterhead. David Sims Enterprises, Inc.,
665 Jerricho Turnpike, Huntington Station,
N.Y. 11746. 516-549-3925 TF

send a message...
...write here.

1. Number of insertions: (circle) 1 2 3 6 12

2. Start with (month) issue (Copy must be in by 1st of month preceding)
3. Amount enclosed: $

PAYMENT MUST ACCOMPANY ORDER. WE'LL BILL RATED FIRMS

NAME COMPANY

STREET

CITY STATE ZIP

MAIL AD COPY TO: DAWN ANDERSON, ELECTRONIC TECHNICIAN/DEALER, 1 EAST FIRST
STREET, DULUTH, MN. 55802.
RATES: 40 cents per word(minimum charge, $10). Bold face words or words in all capital letters

I charged at 50 cents per word. Boxed or display ads charged at $50 per column inch (one inch
I minimum). For ads using blind box number, add $5 to total cost of ad.
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COLOR PICTURE TUBE REBUILDING
EQUIPMENT. SEMIAUTOMATIC ELEC-
TRONICALLY CONTROLLED PROCESS.
COMPLETE TRAINING. Call or write Atoll
Television, 6425 W. Irving Park, Chicago, IL
60634. Phone 312-545-6667. 8/79

VIDIO MOVIES G/PG/R/X: Beta or Vhs,
bought, sold, rented. Blank tapes, Video re-
corders, supplies: Cat $1.00, refundable.
Astro Electronics, 160 Woodbridge Ave.,
Highland Park, NJ 08904. 11/79

TUBES -RECEIVING, GE, ZENITH, SYL-
VANIA, 78% OFF LIST, Factory Boxed.
Semiconductors, Modules etc. OPTIMA
ELECTRONICS, Box 372 Ryder Street Sta-
tion, Brooklyn, New York 11234 Telephone:
(212) 439-7434.

MECHANICALLY INCLINED INDIVIDU-
ALS -BUILD ELECTRONIC DEVICES IN
YOUR HOME. GET STARTED IN YOUR
SPARE TIME. $300 TO $600/WK POSSI-
BLE. EXPERIENCE NOT NECESSARY.
WRITE FOR FREE LITERATURE. ELEC-
TRONIC DEVELOPMENT LAB., BOX 1535
(B), PINELLAS PARK, FLA., 33565. TF

LINEAR AMPLIFIER, 2-30 MHz, 100 or 200
watt solid state. 300 MHz COUNTER. Mod-
ulation BOOSTER. Omnidirectional BASE
ANTENNA. Plans $3.00 each. $10.00/all.
Catalog of others. Panaxis, Box 130-ET6,
Paradise, CA 95969

ELECTRONIC BARGAINS, CLOSEOUTS,
SURPLUS! Parts, equipment, stereo, indus-
trial, educational. Amazing values! Fascinat-
ing items unavailable in stores or catalogs
anywhere. Unusual FREE catalog. ETCO-
013, Box 762, Plattsburgh, NY 12901. TF

Tektronix 564 Dual Trace w/store, cal man
probes. Excl. cond. $620.00 Heath C.B.G.
IG-28 MK -off (will pay shipping) Bolt Elec-
tronic Repair Service, 59-740 Amaumau
Place, Haleiwa, Hawaii 96712.

Sencore Big Mack CRT Tester 100.00, Sen-
core CG -169 color generator 100.00, Sen-
core SS137 sweep analyzer 100.00, Tele-
matic color test jig JC & ACCER 100.00 like
new. Peter Campbell, 1710 Rhawn St.,
Philadelphia. PA 19111. (215) 722-6241.

Save Hundreds; American Made (AGC Op-
tional) quality Head -Ends, VN, U/V Convert-
ers, Camera Modulators. Factory prices.
Send $5.00 (or letterhead). Box 809, Boynton
Beach, Fla. 33435.

SAMS PROTOFACTS. Quick sale. Numbers
1 thru 1550. A few numbers missing. Excel-
lent condition, $3,000. Call 617-688-8631 or
Mrs. Round at 617-438-7331.

Obsolete hard -to -get tubes and vibrators,
reasonable. Send your needs -Morris Radio
& Television, Danbury, CT 06810. TF

REPAIR TV TUNERS -High earnings, Com-
plete Course Details, 12 Repair Tricks, Many
Plans, Two lessons, all for $2. Refundable.
Frank Bocek, Box 3236, Ent., Redding, CA
96001. T/F

B & K test equipment. Free catalog. Free
shipping. 15% discount. Spacetron-GV,
948 Prospect, Elmhurst, IL 60126. 7/79

Television Repair Shop Inventory. Stock of
tubes, panels, parts, Service literature and
full line of test equipment. Write to 325 S.E.4,
Newton KS 67114.

PICTURE TUBE MACHINE
We buy and sell NEW AND USED CRT re-
building machinery. COMPLETE TRAINING.
Buy with CONFIDENCE from the ORIGINAL
MFGR. For complete details, send name, ad-
dress and zip code to:

LAKESIDE INDUSTRIES

4069-71 N Elstone Ave., Chicago, IL 60618
Phone 312-583-6565

BUSINESS OPPORTUNITIES

TV Sales and Service. 17 -year -old business.
Owner retiring. Zenith. Gross $51,000 net
approx 28,000. Complete inventory including
Van. Price $32,000. Contact Nicholas B.
Johns, REALTOR, R & G Realty, Inc., REAL-
TORS, Post Office Box 332, Winter Park,
Florida 32790. 305-628-2669. 7/79

BROADCAST STATION. Start your own, any
type! Unique Cabe FM station operation-
investment/experience unnecessary! Re-
ceive free tapes, records. Get your FCC
license! Much more. Free details. "Broad-
casting:", Box 130-ET6, Paradise, CA 95969

MOVING TO FLORIDA? TV SERVICE AND
RENTAL BUSINESS FOR SALE ON
FLORIDA'S WEST COAST. DOING $40,000
- $50,000 PER YEAR. ALL REASONABLE
OFFERS CONSIDERED, ALSO BUILDING
AVAILABLE. CONTACT: MR. SOTHERN,
1-813-535-2026 AFTER 7 PM OR WRITE:
1834 SUNRISE BLVD., CLEARWATER,
FLORIDA 33520 TF

TV Sales and Service. 17 -year -old business.
Owner retiring. Zenith. Gross $51,000 net
approx 28,000. Complete inventory including
Van. Price $32,000. Contact Nicholas B.
Johns, REALTOR, R & G Reality, Inc., REAL-
TORS, Post Office Box 332, Winter Park,
Florida 32790. 305-628-2669. 7/79

ELECTRONICS/AVIONICS EMPLOYMENT
OPPORTUNITIES. Report on jobs now open.
Details FREE. Aviation Employment Informa-
tion Service, Box 240Y, Northport, New York
11768. 8/79

Move to progressive front -range Colorado
community. Established, growing TV sales
and service. 1978 gross $120,000. All
equipment new within last 18 months. Asking
$35,000. Write ET/D Box 126. 6/79

SOUTH LAKE TAHOE. Retail television and
appliance store well established. '79 gross
over $300,000 by owner. 702-588-6662.7/79

WANTED

Wanted Tuning Shaft for Zenith Stereo X932,
part number 76-1625. Contact J.J. Bidwell, B
& B, T.V. Service, 3215 E. Main St. Endwell,
NY 13760.

TUNER SERVICE serving over 300 dealers
in the Chicago area wants additional lines.
Write or call: Economy Tuner Service. 4901
N. Elston, Chicago, IL 60630. Phone 312-
282-3939.

MANUFACTURERS: New Electronics dis-
tributor needs tube, transistor, antenna and
other lines. ELECTRONIC MERCHANDISE
WANTED. Elect. Dept. P. 0. Box 4013, Del-
eware City, DE 19706. 8/79

HOW TO
GET BETTER

MILEAGE
FROM YOUR

CAR...

Obey the 55 mph speed
limit.

Avoid hot rod
starts.

Drive at a steady pace.

Don't let the engine idle
more than 30 seconds.

And when buying, don't
forget the fuel economy
label is part of the price
tag, too.

For a free booklet with more easy
energy -saving tips, write "Energy,"

Box 62, Oak Ridge, TN 37830.

ENERGY.
We can't afford

to waste it.
U S Department of Energy
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A Classroom
In Your Mailbox !

STUDY

Two -Way Radio
THROUGH THE

REVISED

11471-1
Home Study Course

Send coupon below for free course outline
No obligation - No salesman will call

Professional Training in a Unique Career Field

Providing Training to the Industry Since 1960

study FM two - way

radio at home
I am interested in learning more about pro-

fessional FM two-way radio. Please send me full
details on the MTI training program.
Name

Address
City/State/Zip

MTI 49F

Mobile Training Institute
Bar 735,Camp1101.PA 17011- U.S.A.

Circle No. 121 on Reader Inquiry Card

OPTIMA VALUE SALE
G. E., SYLVANIA, ZENITH
75800 LIST NEW -BOXED

 3A3 5 for $ 8.69  6H V5 5 for $19.13
0 6B K 4 5 for $16.13  6.1E6 5 for $18.13
O 6CJ3 5 for $ 8.13  6LB6 5 for $17.38
 8FQ7 5 for $ 6.56  6LF6 5 for $17.31 6GF7 5 for $11.50 D 17JZ8 5 for $ 9.19
0 60H8 5 for $ 6.88 0 3SH E7 6 for $15.88
All Tubes Not Advertised, Write In at 75% off

list. Sleeves Only. Singles 72% off list.
100 TUBES OR MORE DISCOUNT IS

75 PLUS 10%
TRANSISTORS

Minimum 20 of the Number
72N5655 ea. $ .45 0 A N247 ea. $1.75 285758 ea. $1.00 0 BA521 ea. $1.25 258474 ea. $ .49 0 SG613 ea. $4.95
D 250515A ea. $ .45 E TA7204 ea. $1.15
 2SC1061 ea. .79 0 TA7205 ea. $1.15

25C1096 ea. $ .69
E 25011 72 ea. $1.85

2SC1306 ea. $ .59 0 195A ea. $ .75
LT2SC1308K ea. $1.60 ID 196 ea. $ .35
E 2SC1316 ea. $2.95 D 197 ea. $ .35
 2SC13513A ea. $1.75 E 2N3644
 2S01816 ea. $ .59 $.10 Min. 100
D 2501 975 ea. $ .79 E 283694
E 2813235 ea. $ .35 5.10 Min. 100

I.C.'S EQUIVALENT TO ECG
496 each, Minimum 20 of a Number

7 713 D 714 790
GENERAL

72.5 1000 PI V RECT.
ZENITH MODULES

$5.85 0 9-121-01
0 9-147 $7.95

NEEDLES MIN. 5
D N44 D N75 0 N91 p V15 BOX ED $1.95

Quantity Prices Available.
WANTED: Electronic Merchandise.

WILL PAY CASH . . .

Letters of credit and all checks placed on deposit
with Manufacturers Hanover Trust Bank, N.Y.C.
C.O.D 's 50% dep. Min. order $75 FOB Brook-
lyn, N.Y. Catalogue $3, refundable upon order.

SEND CHECK OR MONEY ORDER TO:

D 9-103-04

REP. ECG

$ 06 Min. 1000

$7.95

OPTIMA ELECTRONICS
Box 372 Ryder Street Station

Brooklyn, New York 11234
Phone (212) 439.7434

AD II1DEX
Circle No. Page No.

106 American Audio 13

107 B & K Precision/
Dynascan Corp. 24

108 Branem 50

109 Continental Specialties ..8
110 The Cooper Group 29

111 Cornell Electronics 35

113-114 Data Precision
Corp

112 Devco
115 Electronic Book Club
116-117 Fluke Mfg.,

John

118 Fordham Radio Supply
Co., Inc
Fuji-Svea
Enterprise

GTE Sylvania, EGC

Consumer

Renewal

General Electric Co./
Tube Div.

119 Hykon Mfg. Co.
120 Leader Instruments

Corp

Learn Inc.
121 MTI
122 Modular Electronics

Services, Ltd
123 Non -Linear Systems ...50
125 Optima Electronics ....50
102 PTS Electronics,

Inc. Cover 2, 1

126 Phipps & Brid, Inc. ...46
127 RCA Corp./QT Parts ...42

RCA Corp./SK's ....10-11
128 Sprague Products Co. ..4
129 TI Marketing -Learning

Center 44

104-105 Triplett Corp. .Cover 4
VIZ Manufacturing Co. .30

130 Zenith Radio Corp. .6, 15

45

47

31

12

46

14

39

50

3

41

Cover 3

7, 25

5

This index is furnished for the readers' convenience.
However, the publisher can not guarantee its accuracy
due to circumstances beyond our control.

BRANEM'S
"BULLDOG GRIP"

CIRCUIT BOARD EXTRACTOR

THE SAFE, SIMPLE, SOLUTION FOR
REMOVING THE TIGHTEST FITTING
CIRCUIT BOARDS.

THE EXTRACTOR'S VINYL COATING
PROTECTS THE BOARD FROM DAMAGE
AND THE OPERATOR FROM ELECTRIC
SHOCK.

HANDLES ANY WIDTH BOARD UP TO
3/3 2" THICK WHILE GRIPPING ONLY
1/8" OF THE BOARD EDGE.

MANY MANUFACTURERS OF
ELECTRONIC EQUIPMENT INCLUDE ONE
WITH EVERY MACHINE THEY SELL.

WIRE FORMED PRODUCTS BRANEMMETAL FABRICATION

PLATING COATING I magi oweri ng wit la wire.

BOX 156, GREENE, NEW YORK 13778 601-656-4166

Circle No. 108 on Reader Inquiry Card

New, Advanced
State -of -the -Art
Low Ohms Volksmeter

MODt L 04,10

VDC OYU

ACrA x1

LM -353 $149.50
0.5% Accuracy
VDC, VAC, Ohms, Low

Ohms, DCmA & ACmA.
Auto zero & polarity.
Battery operated (100 hrs

on replaceable batteries).
1.9" H x 2.7" W x 4.0" D.
Large 0.3" LCD display.

NLS products are available from Nationwide Electronic
Distributors. Send for our brochure today!

Non -Linear Systems, Inc.
Originator of the digital voltmeter.
Box N, Del Mar, California 92014
Telephone (714) 755-1134 TWX 910-322-1132

Circle No. 125 on Reader Inquiry Card
50 / ETID - June 1979
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L Triplett erformance... a tough act to follow
L.

Circle 4-104 for Information
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s u on gbeS easier withThese rugged testers that can
take brutal accidental overloads. Easy -to -read scales and
single selector switch reduces errors for novice and pro.
Ask your Triplett distributor for demonstration, or contact
your local Triplett representative to discover why schools,
maintenance departments, service shops demand the 630's.
MODEL 630 VOM - 25 ranges, 2% DC accuracy, safety
engineered throughout with an unusual diode and two fuse
arrangement which provides overload protection for all
ranges, only $94. (Model 630-A available with 11/2% DC
accuracy and mirrored scale, price $103.)
MODEL 630 -PL VOM - 30 ranges, 2% DC accuracy,
4.4 ohm center scale, only $101. (Model 630 -APL available
with 11/2% DC accuracy and mirrored scale, price $110.)
MODEL 630-PLK VOM - 30 ranges, 2% DC accuracy,
burn -out -proof solid state overload protection circuit,
suspension movement, only $149. (Model 630-APLK with
11/2% DC accuracy and mirrored scale, price $158.)
Prices include test leads, new screw -on insulated alligator
clips for probes, batteries, instruction manual, 1 yr. warranty.
Triplett Corporation, Bluffton, Ohio 45817.
(419) 358-5015, TWX (810) 490-2400.

Circle ;.-.105 for Free Demonstration
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