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Where You Train Is
As Important As Your
Decision To Train

Electronics is a growing and
¥ cxpanding industry. That’s
why so many ambitious men
are deciding to train for ca-
reers in this exciting field.
They recognize the opportu-
nities to advance and pros-
per. But, where a man trains
" and how the school of his
St e # choice teaches Electronics
. how it encourages him to reach his goals and realize his
ibitions . . . is most important to his success.

is is a fast changing world. A school offering Electronics
1rses must keep pace. That’s why NRI—with nearly 50 years
specialized experience—now offers nine choices of training
hin the one field of Electronics. Select the course of most
erest to you and receive the kind of home-study training that
spares you for a specialized career. NRI’s large staff of
scialists is always on the job keeping course material up-to-
te . .. helping you earn your way while training . . . assisting
it with job placement when ready. In short, whatever branch
Electronics you select, NRI is qualified through — #570*,
swledge and experience to help you grow.

ECIAL TRAINING EQUIPMENT INCLUDED -

il ““learn by practice”
rthod is the time- proved
y to learn easier, faster, iiimg
tter. Most NRI courses in- Jd
ide—at no extra cost—spe- ¥
I training equipment to give {8
pp and laboratory experi-
e in your own home. All
uipment is yours to keep.
Projects you build, experi- &
'nts you perform, make HHERES ; -
I lessons come to life. Complex subJeets become 1nterest-
r, easy to grasp. Your first projects are measuring voltage
d current in circuits you build yourself. You use a Vacuum
be Voltmeter which you construct. Later on, you progress
o more involved experiments. If you like working with your
nds, you’ll enjoy learning Electronics with NRI.

{E PROVEN WAY TO BETTER PAY

st of all, NRI provides training right in your own home and
your spare time. No time wasted getting to school. You fit
'dy hours to your own schedule. You go as fast or as slow
you like. Check the training of most interest to you; cut out
mail the postage-free card now. Read about Electronics

portunities, NRI courses, the NRI trial plan, convenient
ims.,

America’s Oldest and Largest Radio-TV
Electronics Home-Study School
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RADIO AND TELEVISION SERVICING

Learn to service AM-FM Radios, black and white and
color TV sets, Stereo Hi-Fi, PA systems, etc. A profit-
able, interesting field for part-time or full-time business
of your own.

INDUSTRIAL-MILITARY ELECTRONICS

Learn Principles, Practices, Maintenance of Elec-
tronic equipment used today in business, industry,
defense. Covers Electronic controls and measurement,
computers, servos, telemetry, multiplexing, many
other subjects.

COMPLETE COMMUNICATIONS

A comprehensive training course for men seeking
careers operating and maintaining transmitting equip-
ment in Radio-TV Broadcasting or mokile, marine,
aviation communications. Prepares you for FCC
License.

FCC LICENSE

Prepares you quickly for First Class License exams.
Every communications station must have one or more
FCC.licensed operators. Also valuable for Service
Technicians. You train at home.

BASIC ELECTRONICS

An abbreviated, 26-lesson course covering Automa-
tion-Electronics, Radio-Television language, compon-
ents and principles. Ideal for salesmen, hobbyists and
others who find it valuable to be familiar with the
fundamentals of this fast-growing industry.

MATH FOR ELECTRONICS

A short course package of five carefully prepared
texts that take you from basic arithmetic review
through graphs and electronic formulas. Quick, com-
plete and low in cost.

AVIATION COMMUNICATIONS

For men who want careers working with and around
planes. Covers direction finders, ranges, markers,
loran, shoran, radar, landing systems, transmitters.
Prepares you for FCC License exams.

MARINE COMMUNICATIONS

Shipboard transmitting equipment, direction finders,
depth indicators, radar are all covered in this course.
You prepare for your First Class Radiotelephone Li-
cense with Radar Endorsement.

MOBILE COMMUNICATIONS

Training in installation and maintenance of mobile
equipment and associated base stations like those used
by fire and police, taxi companies, etc. Prepares you
for First Class FCC License exams.

AlL POSTAGE-FREE CARD NOW



Add 15 miles to UHF reception range

First All Channel UHF Booster—Blonder-Tongue U-BOOST

The fabulous new Blonder-Tongue U-Boost adds up to 15
miles to the UHT reception range. Homes formerly out of the
range of UHF can now receive shavp, clear reception. The
U-Boost will also elean up and improve fuzzy TV pictures in
weak UHT signal aveas, making them sharp and clear.

The U-Boost (gain 10 db) triples the antenna signal voltage.
Teamed up with any UHT converter, or added to an all-
channel receiver, the U-Boost improves reception on any
UHF channel 14 to 83. Just a turn of the dial pinpoints the
desired channel and brings it in sharp and clear. The TV
picture quality is always excellent with the U-Boost, since it
amplifies the signals before conversion, delivering the best
signal-to-noise ratio.

Installation of the U-Boost is casy. It has an AC convenience

engineered and manufactured by

receptacle; patented 300 ohm stripless terminals make it a
cinch to connect twin lead without stripping or splicing.
The modern U-Boost styling matches the new Blonder-Tongue
UHF converters. U-Boost, List $39.95

BLONDER-TONGUE UHF CONVERTERS, PERFORMANCE-PROVED 2,000,000 TIMES
Blonder-Tongue 99-S — all-channel UHF converter for prime
signal areas List $27.95 s
Blonder-Tongue BTU-2T—all-channel !
converter with 5 to 8 db increase Tvemsosng
in signal power. For weak signal o
areas List $44.95 ;1j -
Look to the ieader in UHF. :&é'.,f ;:gf 3
See your Blonder-Tongue distributor. - == = ==

miviith

BLONDER * TONGUE

9 Alling St.. Newark, 2 N. J.

Canadian Div.: Benco Television Assoc., Ltd., Toronto, Ont./home TV accessories  closed circuit TV o community TV e UHF converters e master TV

August, 1963
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Original
Equipment
{ Designers
Choose Tubes from Complete Stocks at Local RCA Distributor

Just call. And watch your RCA Industrial
Tube Distributor perform on any of your
OEM or replacement needs for RCA tubes.
He carries large inventories. Latest tube
types available immediately can help you
meet emergency lab requirements, help
keep your production schedules rolling.

So. Get to know your local RCA Indus-
trial Tube Distributor...for priority service
on quality RCA tubes for color TV, black-
and-white TV, AM-FM radio, Hi-Fi, Phono-
graphs, and industrial and communica-
tions equipment of every description.

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N. J.

(AP
@J The Most Trusted Name in Electronics
\ = 4

For name and address of your local distributor write or call your nearest RCA Distributor Products Sales Office—New York, N. Y.: 36 W. 49th St., MUrray Hil! 9-7200; Needham
Heights 94, Mass.: 80 A" St., Hlllcrest 4.8480; Washington 7, D. C.: 1725 "K' St., S.W., FEderal 7-8500; Atlanta, Ga.: 134 Peachtree St., N.W., JAckson 4-7703; Cleveland,
Ohio: 1621 Euclio Ave., CHerry 1.3450; Chicago, 1ll.: Merchandise Mart, 467.5900; Dallas 7, Texas: 7901 Carpenter Freeway, MElrose 1-3050; Kansas City 14, Mo.:
7711 State Line, EMerson 1.6462; Los Angeles 22, Cal.: 6801 E. Washington Blvd., RAymond 3-8361.

He can also provide practical applica-
tion data. When you need it, just ask him,

2 ELECTRONICS WORLD

ottt . il b 4
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THIS MONTH’S COVER sym-
bolizes the important role
played by test equipment on
the service bench, on the
production line, and in our
laboratories. Special articles
in this Test Equipment Issue
survey the entire field with
coverage of direct-reading
instruments, signal-generat-
ing devices, cathode-ray os-
cilloscopes, and test-equip-
ment kits. Other articles on
the calibration of test equip-
ment and role of technicians
responsible for checking
and repair are also included.
For a description of the spe-
cific pieces of equipment
shown on our cover, see the
Cover Story on page 27.
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Al Tape Heads

Wear Out |

THAT MUSIC ) (e
SOUNDS < (a‘ ,
e

Al

ELECTRONIC ANESTHESIA

Although the technique is far from per-
fected, interesting research and develop-
ment work is underway as this survey
indicates.

2 MINUTES
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-, | THIN LOUDSPEAKER SYSTEMS

- f:%f‘._ .f\:éUL' paln pivte. [ B
APE HEADS DO. SURE ENOUGH, OUR The various methods being used to make
hi-fi speakers and their enclosures as

HEADS HAVE A BLACK VERTICAL LINE
THROUGH THE POLE PIECES. | BETTER !
shallow as possible are evaluated and
= described in George Augspurger’s article.

SEE OUR DEALER  TOMORROW
g e =% | Available commercial thin loudspeaker
(BOY, THESE HEADS ARE | =] b %}\} units are illustrated.

WORN. WE CAN REPLACE |,
THEM OR YOU CAN ~llf LOW-PASS AUDIO FILTERS

0O-IT-YOURSELF. FOR INCREASED “TALK-POWER"
Ifh?{f“’;/)?&?(/{ﬁngngs The addition of this simple, low-cost
[ E COMPLETE dqmqe to the amateur phone transmitter
g:\éY-TO-FOLLOW ,-rf will improve performance to a great ex-

‘e | tent. The unit is easy to build from
_ | standard, readily available electronic
parts.
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JUST A MINUTE, I'LL
AZIMUTH THIS NEW HEAD

|
AND WE RE IN BUSINESS. ELECTRONICS FIELD ENGINEERS

AROUND THE WORLD

These specialists—in greai demand—are
trained to do the “impossible” in keep-
ing military, government, and industrial
| equipment in top working condition at
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MONTH
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to dense jungle areas—wherever elec-
tronics equipment must be installed and
kept in reliable operation.

TAPE-SLIDE SYNCHRONIZER

A szllpon—contro[led switch is the “heart”
of this compact device designed for the
photography fan who wants to record a
commentary on his slide on tape and
Iztth[e]j synchronize the picture with his
alk.

FREQUENCY MULTIPLICATION

AND DIVISION

A survey of the techniques and circuits
commonly found in such diverse units as
frequency standards, counters, digital
clocks. multiplex adapters, transmitters,
a_nd electronic organs. Practical applica-
tions are also covered.

TRANSISTORS IN HI-FI:

PANACEA OR PANDEMONIUM?

Three top engineers from H. H. Scott
discuss the conceptions and misconcep-
tions prevalent in the industry regarding
the role of transistors in high-fidelity
audio equipment. This is the first article
of a two-part series discussing this sub-

G DIFFERENCE.| =i §
THEMUSIC SOUNos//l:;lt;z‘%l
EVEN BETTER 1 Y
J THAN WHEN THE |
4 RECORDER WAS
: NEW. —

e

HAVE YOU CHECKED YOUR HEADS LATELY?

Get the most from your investment in tape
equipment. Be certain that head wear is
not causing you to lose the clean, crisp
sound which only tape can give you. Give
your heads the quick two minute spot check
as shown above -- or, have your Hi-Fi dealer,
Radio-TV serviceman or camera store check
your heads for wear.

Insist on NORTRONICS replacement heads
and “‘Quik-Kit"" mounting hardware; both
correctly matched to your recorder.
“Ausic sounds best on tape— .
Tape sounds best with Nortronics heads”

- )
“Nortnonicé. o
8127 10th Ave. North = Minneapolis 27, Minn.

r
| Write today for your FREE copy of NORTRONICS

| Tape Head Replacement Guide. :
I Name. :
| Address |
| city State |
| I own a Maodel tape recorderJI

CIRCLE NO. 129 ON READER SERVICE PAGE

| locations ranging from the arctic regions Ject in depth.
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Get Your First Class Go

mmercial F.C.C. License

In a Hurry — Or at Your Own Pace!

Is the Course Proven?

A high percentage of Grantham resident stu-
dents get their 1st class FCC licenses in the short
period of 12 or even 8 weeks from the time they
start the course. Many others choose home study,
completing the course and getting their licenses
at their own convenience.

Is the Course Complete?

Not only does the Grantham course cover all
required subject matter completely; it grows
and changes and expands in phase with change
and expansion in the electronics field generally.
With the Grantham course, you are assured of
modern, up-to-the-minute instruction.

Is the Course ““‘Padded

The streamlined Grantham course is designed
specifically to prepare you to pass FCC exami-
nations and examinations given by electronics
firms. What you need to know to achieve these
goals, you are taught completely and in detail.
The course is not “padded” with information you
will not need.

Is It a ““Coaching Service’’?

The weakness of the “‘coaching service’’ or

“Q & A” method employed by some schools
and individuals is that it presumes the student
already has a knowledge of basic electronics.

The Grantham course is presented from the
viewpoint that you have no prior knowledge of
the subject; nothing is taken for granted where
your training is concerned. We ‘“begin at the
beginning” and progress in a logical, step-by-
step manner from one point to another, with the
necessary math taught as an integral part of the
course. Every subject is covered simply and in
detail; the emphasis is on making the subject
easy to understand.

With each lesson you receive an FCC-type test
so that you can discover after each lesson just
which points you do not understand and clear
them up as you go along. In addition to the les-
son tests, ten comprehensive Review Exams are
given throughout the course.

FIRST CLASS

1 Radiotelepnene Cortidsate)

e

ngr in
NOT YALID UNTIL SiGNED

=

Is the School Accredited?

Grantham School of Electronics is accredited by
the Accrediting Commission of the National Home
Study Council.

Is It a ““Memory Course’’?

Grantham School has never endorsed the “memory”’
or “learn by rote” approach to preparing for FCC
license exams. This approach may have worked in the
early days of broadcasting, to the extent that a man
could get his license that way; but, Heaven help the
employer who expected this man to be able to demon-
strate abilities implied by possession of the license!

Fortunately for all concerned, it is no longer pos-
sible for a man to pass FCC exams by spilling out
memorized information which is essentially meaning-
less to him. Advances in the field of electronics—and
the desire of the FCC to have the license really mean
something — have caused upgrading of the exams to
the point where only the man who is able to under-
stand and reason electronics can acquire the 1st class
FCC license.

Learn to thoroughly understand basic electronics
from the school whose graduates are successfully em-
ployed by virtually every major electronics firm in the
United States. Why not join them through Grantham
training?

For further details concerning F C.C. licenses and our training, send for our FREE booklet

AL

*

0,

SCHOOL OF ELECTRON

1505 N. Western Ave.
Los Angeles 27, Calif.

(Phone: HO 7-7727)

408 Marion Street
Seattle 4, Wash.

{Phone: MA 2-7227)

3123 Gillham Road
Kansas City 9, Mo.

(Phone: JE 1-6320)
August, 1963

GRANTHAM
ICS

Train through home study or at one of our four
convenient resident locations shown below:

821-19th Street, N.W.
Washington 6, D. C.

(Phone; ST 3-3614)
CIRCLE NO. 119 ON READER SERVICE PAGE

_______________________________ 5
{Mail in envelope or paste on postal card)

T0: GRANTHAM SCHOOL OF ELECTRONICS

NATIONAL HEADQUARTERS OFFICE
1505 N. Western Ave., Hollywood 27, Calif.

S,

a
&
Gentlemen:

Please send me your free booklet telling how | can get my com-
mercial F.C.C. license quickly. | understand there is no obligation

Name Age

Address

City State

I am interested in:
[J Home Study, [ Resident Classes  36-M

---------------------------------------------



plays your srecious records
with a light, gentle touch

Light, feather-touch push buttcns provide gentle,
automatic hondling of single records, or stocks of
up to 10. Or you can oloy your records monually.
Brings out their best performance, ond preserves
their quolity for losting enjcyment,

Miracord model 10 with 4-pole motor, $89.50;
madel 10H with hysteresis motor, $99.50; base
and ‘corrridge, EX.ITC'J‘ : BENJAM N
Details at your hi-fi E

|

dealer, or write. i MIRACORD

Benjomin Electranic Sound Curp., 30 Swalm St., Westbury, N.Y.
CIRCLE NO. 104 Oy N.ADER SERVICE PAGE
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Jor the record

WM. A. STOCKLIN, EDITOR

SPECIAL ISSUE

VERY issue of ELrcrroNics WoRLD,

in its own way, presents interesting

challenges to our staff. but since the elec-

tronics industry is so vast, it is not too

difficult to find some theme that is out-

standing and of special interest to most
readers.

“Special Issues.” however, present un-
usual challenges. Although we do not run
too many, those we do must not only be
better than any we have published pre-
viously, but they must be superior to anv
“Special Issue” published by others in
our field.

We have seen manv such issues tnat
were simply directories or catalogues of
equipment, while others have been so
narrow in scope that onlv a limited num-
ber of professional readers would find
them of value.

After months devoted to surveys and
evaluation of the test-equipment indus-
try, our present theme evolved—a “Spe-
cial Test Equipment Issue” that would
be broad in scope, covering every type
of equipment, and written by experts
employed by leading companies in a par-
ticular test-equipment field.

Many of our readers will ask, “Why
such broad coverage?” Because there are
many electronics technicians as well as
engineers who dailv use test techniques
and equipment that are outdated and
who have little or no desire to embrace
modern practices. These individuals, un-
less thev change, will find themselves on
a road that will dead-end their careers.

Times have changed—even within the
past few vears. It seems like only vester-
day when technicians in the consumer-
product area considered a fraction of a
volt, ohm, or milliampere the limit of
their measurements. With the introduc-
tion of transistors and other semiconduc-
tors. they can no longer be vague. Many
cirenits call for a more exact evaluation
of operating characteristics to insure top
performance. The old philosophy “if it
works the consuer will be happy” is
obsolete. Today the consumer expects his
radio and TV sets to perform as they
were intended. Hi-fi equipment, partic-
ularly since the advent of FAM multiplex,
demands not only new test equipment
unfamiliar to many technicians, but a
degree of servicing competence far be-
vond that previously required. The align-
ment and adjustment of Citizens Band
equipment is certainly critical and, again,

must be done more accurately than is the
case with conventional consumer prod-
ucts. Obviously, new equipment and new
techniques are needed.

The old-time radar technician, who
once measured time in microseconds, felt
that it was impossible to go bevond this
point. Today some of these same men
are working with semicenductor com-
puter circuits that can go through a
complete cvele of operation in a few
thousandths of a microsecond (a few
nuanoseconds) .

Even within the past few vears. meas-
urentents have been refined and some
new and strange words have been creep-
ing into our vocabulary. For example:
The old expression “micromicro” has
been replaced by “pico.” “Femto,” “atto,”
“giga,” and “tera” are fairly new pre-
fixes for units of measurement, so new
that not many technicians and engineers
have become familiar with them.
“Femto,” abbreviated f, is 107, For
example, one femtoampere (an amount
of current that is actually measurable
today) would appear in decimal form
as .000000000000001 amp. “Atto,” ab-
breviated a, is 10 ™. This prefix is for a
quantity that is a thousand times smaller
than a “femto” unit.

As numbers keep getring larger and
larger, we need new prefixes to simplify
our language. For example, as we go
higher and higher in frequency. the next
logical step above megacyele would be
use of the term kilomegacycle. Today
the unhandy prefix kilomega has been
replaced by “giga” (10° abbreviated G).

As we go still higher up into the fre-
quency spectrum, instead of using the
term megamegacycle, the prefix “tera”
(107, abbreviated T') will be used.

Language usually advunces along with
advances in techniques. Some of the
terms mentioned abowve, now finding
their way into current technical litera-
ture, are one indication of the sophistica-
tion of today’s test equipment. There
should be no doubt that electronic cir-
cuits today require highly diversified test
equipment that is faster, better, and
more accurate than the equipment being
tested. To continue progress in the elec-
tronics  industry, mnot onlv must test
equipment keep pace, but the engineers
who design the equipment and the tech-
nicians who use it must keep pace as

well. A
ELECTRONICS WORLD



Planning his future is one thing.
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Accredited Member of the Nationat Home Study Council
—_—— e —
A ——
Founded 1927

.. providing for it is another

Canyoudoit
without more
education in
electronics?

You don’t want to accept second-best for yourself and
those who depend on you. But you may have to unless
you get more education. In electronics, you must learn
more to earn more. And, because electronics keeps
changing, you must keep learning. Stop—and you soon
won't be werth what you're earning now.

Your job and family obligations may keep you from going
to school. But you can continue your education in elec-
tronics beyend high school through a CREf Home Study
Program in Electronic Engineering Technology.

CRE! Programs cover all important areas of electronics
including cammunications, servomechanisms, even nu-
clearenginesring technology. They have justone purpose
—to get you-from where you are now to where you want
to be in electronics. They do it by giving you the special-
ized knowledge of electronics that will make you worth
more money to your employer.

You're eligikle if you have a high school education and
work in electronics. Our free book gives all the facts.
Mail coupon or write: CREI, Dept. 1108-A, 3224 Sixteenth
Street, N. W., Washington 10, D. C.

SEND FOR FREE BOOK

1
I
|
|
i
i
i
|
i
i
I
I
|
i
|
i
I
|
|
I
|

Jd

| The Capitol Radio Engineering Institute. i
| Dept. 1108-A, 3224 Sixteenth St., N. W. I
| Washington 10. D. C. |
I Please send me FREE book describing CREI Pro- l
l grams in Electronics and Nuclear Engineering l
| Technology. | am employed in electrorics and I
I have a high school education. '
: Name m —Age_____ :
l Address Lo SO I
I City. | Zone State. I
: Employed by Lm, - B _ :
I Type of Preseat Work '
I Check: [J Home Study [J Residence School [ G. 1. Bill E1 }
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Wandrous stereo sound by Grommes . . .
to thrill the budget-minded as wall as the
afffuent, Enjov the luxury of Grommes
E-Line—a happy marriage ot thrift and
excellence.

3

iy

e

F

Model E-2¢ 24 watt Stereo Ar-plifiar 79.95
Model E-36 36 watt Stereo Amplifier 11995
(Iliustrated above)

Model E-104M FM-AM Stereo Tuner 129.95
Model E-105M FM-AM Stereo Tuner 139.95

(Mustrated helow)
Prices include desert-gray metal cover

Write GROMMES

Division of Precision Electranics,
fnc., 9101 King Street, Franklin Park,
Hiinois

g/lemmeJ_
sets the
sce"e. - .

LETTERS

FROM OUR

READERS

TRANSISTOR IGNITION SYSTEMS
To the Editors:

Mr, Lynn’s question (in the Novemn-
ber, 1962 “Letters From Our Readers”
section) concerning how the transistor-
ized ignition svstem could improve over-
all engine performance when energyv and
secondary voltage considerations seem
to favor the standard ignition svstem is
well taken. Since Mr. Saatjian’s reply did
not do more than prove empirically the
superiority of his system (“Transistor-
ized Ignition Svstem.” August, 1962). 1
feel it may be of interest to Mr. Lynn and
other readers to discuss why the system
performs as it does.

The equation for energy storage in a
coil (ignition coil, in this case). shows
that as engine speed increases and point
closure time decreases. the primary cir-
rent and energv stored at break de-
crease. The larger the primary induc-
tance, the more this current decreases
with increasing engine speed. Further-
more, since the current in this relation-
ship is a function of the second power
as opposed to inductance which is a
function of the first power. it is clear
that it is more important to have a lower
inductance and a high current at break
than cice versa.

The foregoing being true, vou may
wonder why not merely increase the
primary current by reducing the value
of the ballast resistor in the standard
ignition system? This is impractical be-
cause of the capabilities of the ignition
points. For reasonable point life, the
largest current that can be interrupted is
about 5 or 6 amps and most modern
svstems push this limiz closely. Currents
higher than this will cause excessive arc-
ing with resultant reduced contact life.

It may appear that simply substituting
the tvansistor to carry the primary cur-
rent with the points carrving only .6 or
.7 amp would be sufficient improvement
in the svstem. This is not true for we
would still have the problem of voltaze
developed across the primary, which
is a source of energy loss, not to mention
the problem it presents to protect the
transistor from destruction.

The problem of high primary induced
voltage is licked by the special coil used
in the transistorized system. The special
coil has greater flux respouse and closer

8
<« CIRCLE NO.

coupling between primary and second-
ary than the usual induction coil, thus
allowing more energy transfer from the
primary ampere turns to build flux and
conserquently  greater  voltage output.
Since more energy is transferred to the
secondary due to the close coupling, less
energy is allowed to return to the pri-
mary by the collapsing flux, consequently
the primary-induced voltage is less and
the problem of protecting the transistor
is reduced considerably.

Incidentally, T have built Mr. Saatjian’s
cireuit and have found that it does every-
thing he savs it will do. My only problem
is to fnd a place to put it in my “Corvair!”

Briax Hocax
Parts & Materials Engineering
AC Spark Plug Division
General Motors Corporation
Milwaukee, Wisconsin
* ke &
REGULATED POWER SUPPLIES
To the Editors:

We would like to applaud the excel-
lent article “Regulated Transistorized
Power Supplies” by John R. Collins in
vour March issue. The article is a pio-
neering step in acquainting vour reader-
ship with a class of instruments formerly
restricted to applications in the heavy
military and industrial phases of elec-
tronics.

However, we would like to point out
that an acknowledgment should have
been made to our firm for the use of Fig.
5 on page 41.

Swxey Norivsky, Ad, Mar.
Electronic Measurements Co., Inc.
Fatontown, New Jersey
o o o
WRONG-WAY CHECK
To the Editors:

The use of magnetic numbers on
checks may speed up banking consider-
ably, but T am afraid that the check
shown on vour April cover won't get
routed to the right bank.

If vou look carefully, vou will see that
part of the bank’s trunsit number shown
in magnetic ink does not jibe with the
transit number printed beside the date
on the check.

Rocer McELroy
Los Angeles, Calif.

Reader McElroy has sharp eyes. Our
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NOW EVERYONE CAN QUICKLY

Set up and Service Golor TV

Shows correct pattern
in window viewer

1 PATTERN DISPLAY STANOARO
for visual guide

Produces each pattern
individually for guick,
easy convergence

2 PATTERNK SELECTOR

AUTOMATIC DECONVERGENCE

Simplifies static and
dynamic convergence.
No digging into set

Model

850

COLOR SELECTOR
Produces each color
ome at a time for
accurate color set-up

CBLOR GUN KILLER

Aatomatically enables the
technician to actuate any
combination of the 3 guns

DIEMODULATOR ALIGNMENT
Makes alignment extremely
simple, without going

inte the color set

OLOR GENERATOR

Most Complete, Most Versatile, Portable Instrument for Use in the Home and in the Shop
Makes Color TV Set-up and Service Easier, Faster than ever!

Now every service technician canbeready to set-up
and service color TV with amazing new ease and
speed! New advanced design simplifies the entire
operation, saves time and work in every installation.
Illiminates difficult steps in digging into the color
TV set. Gives you new confidence in handling color.

Produces Patterns, Burst. and Colors Individually
—Provides dot pattern, crosshatch, vertical lines, hori-
zontal lines, burst signal, and individual colors—one at a
time—on the TV color set—for [astest, easiest check.
Unique window-viewer on front of the instrument panel
shows vau each pattern and color as it should be—gives
vou an exclusive displav standard to use as a sure guide
for quick, visual eomparison.

Provides Accurate, Individual Color Display—Pro-
duces Green, Cyan, Blue, B—Y, Q, Magenta, R—Y, Red,
I, Yellow, and Burst—one at a time. All colors are crystal-
controlled and are produced by a precision delay-line for
maximum accuracy. lach color is individually switch-
sclected—no chance of error.

Provides Accurate NTSC-Type Signal—Color plase
angles are maintained in accordance with NTSC
specifications.

Makes Convergence and Linearity Adjustments
Easy—Highly stable crystal-controlled system: with

See Your B& K Distributor
or Write for Catalog AP21-N

vertical and horizontal sync pulses, assures the ultimate
in line and dot stability.

Simplifies Demodulator Alignment—The type of color
display produced by this instrument provides the ulti-
mate in simpheity for precise demodulator alignment.

Provides Automatic Deconvergence—Eliminates the
necessity for continual static convergence adjustments.
The instrument automatically deconverges a white into a
color dot trio without digging into the color set to mis-
adjust the convergence magnets. It also deconverges a
white horizontul or vertical line into red, green and blue
parallel lines. This greatly simplifies dvnamic convergence
adjustments.

Provides Exclusive Color Gun Killer—Front-panel
switch control makes it easy to disable any combination
of the three color guns. Eliminates continuous adjustment
of the background or screen controls, or connection of a
shorting clip inside the receiver. The switch also selects
the individual grids of the color tube and connects to a
front-panel jack to simplify demodulator alignment.

Provides Switch-Selected R.F. Signals—Factory-
tuned, for channels 3, 4, and 5—for open channel use in
your area.

Model 850 also includes other features that
make it invaluable for home and shop use. Net, $19995

BaK MANUFACTURING CO.
Division of DYNASCAN CORPORATION

1801 W. BELLE PLAINE AVE. * CHICAGO 13, {LL.

Canada: AHus Radio Corp., 50 Wingold, Toronto 19, Ont.

Export: Empire Exporters, 253 8roadway, New York 7, U.S.A.

CIRCLE NO. 103 OR READER SERVICE PAGE



WHAT’S REALLY NEW
IN FREQUENCY STANDARDS?

QELTEC'S New MODEL 600!

The First Truly Low Cost Precision Citizens Band
Frequency Standard On The Market!

ONLY
$34995

F.0.B. Middletown

5 times more
accurate than
FCC requirements

Eltec Model 600

Eitec’'s Model 600, with amazing accuracy of .0002%;
and frequency range 25 MC to 54 MC, exceeds FCC re-
quirements by five times. Now you can quickly adjust
frequencies of both transmitter and receiver with real
precision. Stability excellent over entire range; easily
checked against W.W.V. in the field. Calibration charts
furnished — no mathematics or interpolations., Ready
to go — nothing else to buy!

LB O BN BN BN BN BN BE BN BN BN BN BN O BN B R N N B N BN E N NN

™
O ELTEC'S NEw ZERo-BEAT!
Now A “Combination” "“Secondary Frequency Standard"”
3 ke F. M. Deviation Standard
And Signal Generator Qutput
The First Practical Approach To Meeting
and Exceeding Service Needs at 1/3 The Cost!

ONLY
$69590

F.0.B. Middletown

ELTEC ZERo-BEAT

ZERo-BEAT exceeds FCC requirements. Features: Range
25 MC to 470 MC; Accuracy — .00003% as secondary
standard — .00029% as primary standard; no interpola-
tions; will calibrate new crystals or re-calibrate crystals
in portable frequency meters; will calibrate deviation
meters; dial settings for non-allocated frequencies easily
determined in field; simplie W.W.V. check in the field; light
and portable; operates on 115 V. A.C., 6/12 volt inverter;
no temperature correction charts.

City & State

lABORATORlis, INC. 18 Alsop Avenue, Middletown, Conn,

©Eltec Laboratories Inc., 1963
® 000 00000 0000000000000 2O

[+] CIRCLE NO. 114 ON READER SERVICE PAGE

: ORDER DIRECT OR SEND FOR FREE O
° [J Rush Model 600 Brochure BROCHURE / :
Phone -Area Code

L ]
. L [J Rush Zero-Beat Brochure 203.Di-6.8611 :
Nome [ ]
®
I Company. a
Street [
[ ]
L ]
C :
®
®

-

artist used a blank check from one source and put his own
number in magnetic ink at the bottom of the illustration. The
first group of numbers in magnetic ink should actudly have
been: 0210-0012.—Editors.
o o o
HIGH-PERFORMANCE IGNITION
To the Editors:

In my “High-Performance Transistor lgnition System™ de-
scribed in vour June issue, I have made one minor change to
compensate for a possible difference in the amplification ot
transistors Q1 and Q2. If such a difference exists, I would
suggest that a 5-ohm, 23-watt resistor be shunted across the
present RV, Also, RL2 is P&B type KASDY.

M. R, MAayFIELD
Lancaster, Calit.
o o o
MUSIC-SPEECH DISCRIMINATOR
To the Editors:

Some confusion has arisen regarding the velay used on my
music-speech discriminator (April issue),

The velay is actually marked: Allicd Control Co., Inc.,
T-154-CC-CC. 1250 ohns. contacts 1 amp. 28 volts d.c. The
coil is marked CLBS6-1250. This relav is definitely a 12350-
ohm one, and I assume that it was designed for 24 volts d.c.,
but I do not know this for certain.

I was zlso under the impression that the relay was a low-
cost stock item, but conceivably it was a special unit. The
relay may be purchased from Femco, Inc., lrwin, Pennsyl-
vania. under the stock number RL2394,

The relay is nused as the collector load of the Schmitt trig-
ger. Any change of this value will shift the operating point
of the circuit. Any reasonable 24-volt d.c, relay may be uscd.
but the values of R23, R26, R27, and R28 will have to be
changed somewhat.

Fraxk D. Gross
Phoenix, Arizona

Also, in answer to many queries. the discriminator is not
acailable in kit form nor is the author’s unit acailable for sale
or loan.=Editors.

o o
MICROPHONE VOLUME CONTROL
To the Editors:

We reid with great interest vour article in the April issue
of ELEcTnoNics WoRLp entitled “Microphone Volume Con-
trol” by Art Trauffer. One reason for our interest is that Mr.
Traufler’s mike volume control is very useful and can be used
in many instances. A second rcason is that Switcheraft has
been manufacturing a similar volume control for many years.
Part No. 329. However. since many of vour readers might
want to assemble such a control themselves, we would like
to make a few suggestions.

One, for best results, use this tvpe of volume control in a
high-impedance circuit only; two, the female mike connector
should be located off-center to facilitate mounting on micro-
phones used with stands.

C.].Scuvrrz
Switcheraft. Inc.
Chicago, 1L
o o -]
TECHNICAL WRITERS
To the Editors:

There was a typographical error in my article “ Are You a
Potential Electronics Technical Writer?” (May, 1963). The
salary' renge given for trainees and junior writers on page 59
should have been from $65 to approximately $100 per week.

Cyrus GLICKSTEIN
Flushing, N. Y.

The article gives exactly the same salary range por trainees
and junior writers as for intcrmediate writers. This, of coursc,
is not cerrect.—Editors. A
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RCA introduces
a new easy way
tolearn
electronics at home

Learn faster, remember more with this revolutionary new
‘‘learning method’’. And RCA Institutes, Inc. is first to bring it to you!

Forget all your old ideas about learning! The newest
metnhod, RCA *‘Autotext”. uses the latest scientific devel-
opment in the field of home training! RCA “Autotext” is
a system of programmed instruction. accurately planned
so that as you read a series of statements. questions,
and answers, you learn almost without realizing it! It's
fun to learn this new RCA way!

RCA Institutes now offers you a com-
plete Home Training Course using RCA “Autotext” called “Intro-
duction to Electronics.” In addition, you get a complete set of
experiment lessons, service practice lessons, and all the kits
you need. You learn electronics theory faster with less effort.

FREE OFFER!

We'll send you complete information on the amazing
new RCA '‘Autotext”, along with a FREE SAMPLE of a
Home Training lesson to prove to you how easy it is
to learn this new way. Check ‘“‘Autotext”, and infor-
mation will be rushed to you.

RCA INSTITUTES, INC., vept. £w-s3

A Service of Radio Corporation of America
350 West 4th St., New York .4, N. Y.
Pacific Electric Bldg., 610 S. Main St., Los Angeles 14, Calif.

The Most Trusted Name
in Electronics

®

August, 1963

WIDE CHOICE OF HOME TRAINING COURSES: In addition to
Introduction to Electronics, RCA Institutes offers this come
plete selection of Home Training Courses:

e Electronics Fundamentals* e Communications Efectronics

o TV Servicing e FCC License Preparation

e Color TV e Mobile Communications

e Transistors e Automation Electronics

o Electronic Drafting e Computer Programming
*Also available in Spanish

All RCA Institutes Home Training Courses are complete
step by step easy-to-understand units. You get prime
quality equipment in the kits furnished to you to keep
and use on the job. In addition, RCA's liberal tuition plan
affords you the most economical possible method of home
study training. You pay for lessons only as you order them.
If you should wish to interrupt your training for any
reason, you do not owe one cent. Licensed by the N.Y.
State Department of Education. Approved for Veterans.

CLASSROOM TRAINING AVAILABLE IN NEW YORK CITY, LOS
ANGELES, AND CHERRY HILL (NEAR CAMDEN) NEW JERSEY.
For information on Classroom Training see our ad on page 57.

1
| RCA Institutes, Inc. Dept. EW-83
350 West 4th St., New York 14, N. Y.
| Pacific Electric Bldg., 610 S. Main St., Los Angeles, Calif.
| Please rush me FREE illustrated book with information checked |
| befow. No obligation. No salesman will call.

“Autotext’’_ Home Training I
I Classroom Training (choice of city) l
l Name Age l
I Address l
l City Zone State {

CANADIANS: Take advantage of these same RCA Institutes Courses
l at no additional cost. No postage, no customs, no detay. Fill out
this coupon and send in envelope to: RCA Victor Ltd., 5581|

- ——— e — —— — G —— e — i — s S G e S e S
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HI-FT PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS
Shure Model 560 Lavalier Microphone
Scott 350-B Stereo Tuner

Shure Madel 560 Lavalier Microphone

For copy of manufacturer’s brochure, circle No. 56 on coupon (page 19).

HE Shure Model 560 lavalier micro-

phone is a dual-impedance dvnamic
unit designed for applications requiring
a wearable microphone. Typical usage
includes teaching, lecturing, or other
activities where the speaker wishes to
leave his hands free. The 560 is a com-
pact, cvlindrical microphone, finished in
flat black and measuring less than 4”7
long and 1%” diameter. Weighing only
3 ounces, it comes with a lavalier cord
and clip so the unit can be worn around
the neck. It mayv also be hand-held or
mounted on a stand with an accessory
swivel adapter.

The microphone, as shipped, is con-
nected for high-impedance operation.
The load impedance should be at least
100,000 ohms. By changing its internal
connections. it may be converted into a

low-impedance microphone operating
into a 150- to 250-ohm load. The unit
is supplied with an integral 18-foot, two-
conductor shielded cable.

The manufacturer’s specifications rate
the Model 560 as having a smooth, uni-
form response from 40 to 10.000 cps,
with rising characteristics to 4300 cps.
It is onmidirectional and has a rated
voltage sensitivity of —57 db referred
to 1 volt per microbar at 1000 cps, with
a =3 db tolerance. We measured its re-
spouse by comparison with cur cali-
brated laboratory microphone and found
it to be in general agreement with the
response curve in the microphone in-

struction sheet. At the lower frequen-
cies, the measured response was better
than the manufacturer’s curve, while
above 4300 cps it was lower. The re-
sponse was % 4 db from 20 to 2500 cps.
rising to about +10 db at 3500 cps and
falling to —10 db at about G000 cps.
The voltage seusitivity was —335 db re-
ferred to 1 volt per microbar at middle
frecuencies.

We used the microphone in a public-
address application, and it performed
very well. The sound quality was crisp,
clean, and highly intelligible. Feedback
problems which had existed with some
other microphones were greatly reduced
or eliminated with this uunit. The Model
560 lavalier microphone is priced at
$25.00. A
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Scott 350-B

Stereo Tuner

For copy of manufacturer’s brochure, circle No. 57 on coupon (page 19).

HE Scott 350-B FM stereo tuner is
similar to the FM portions of the
Model 333 FM-AM tuner and Model
340 tuner-amplifier, which were de-

12

scribed in previous EW Lab Tested Re-
ports. For those who alreadsy have good
stereo amplifiers, or do not need an AM
tuner, the Model 350-B offers the same

high quality FM performance as the
other units,

The silver-plated, shielded front end
uses a low-noise cascode r.f. amplifier
and a triode-pentode oscillator/mixer.
The wide-band ratio detector is pre-
ceded by two i.f, amplifiers and a limiter
stage. The multiplex demodulator uses
the switching-type circuits found in
other Scott tuners and receivers. Noisy
reception of stereo broadcasts can be
improved, at the expense of separation,
by the switchable sub-channel filter. An-
other filter circuit rvolls off high-fre-
quency response without affecting chan-
nel separation. The “Sonic Monitor” cir-
cuit provides a positive indication of a
stereo broadcast. When a switch is
moved from “Listen” to “Monitor,” the

(Continued on page 73)
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64 Well worthy of the Fisher name,
both in performance and in ease
of construction...Beautifully pack-
aged and ‘instructed’...Excellent
specifications, and the performance

equals or exceeds the specs.””?
—AUDIO MAGAZINE

Exclusive StrataKit construction.

Exclusive d’Arsonval
bias and balance meter.
Exclusive third-speaker
output with volume control.

s 88 R
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The Fisher KX-200 StrataKit, the 80-watt stereo control-amplifier kit, $169.5¢*

-

This is the most powerful and in every way the most
advanced single-chassis stereo control-amplifier kit you
can buy — and by far the easiest you can build.

The 80-watt music power output (IHFM Standard,
both channels) assures peak performance with even the
most inefficient speakers. Engineering features never
before offered in an integrated control-amplifier kit
result in unequaled versatility. And the exclusive Fisher
StrataKit method of kit construction makes the techni-
cal skill or previous experience of the builder completely
unimportant and immaterial.

But the most exclusive thing about the KX-200 is the
Fisher name -- your guarantee of a head start in kit
building before you even pick up your screwdriver!

FREE! $1.00 VALUE! The Kit . Jhe
Builder’s Manual: a new, illustrated Kit Builder's
guide to high-fidelity kit construction. Manual

FISHER RADIO CORPORATION ~~77= -
21-38 44th Drive
Long Island City 1, N Y,

1
1
1
1
1
1
1
1
i
: Please send me without charge The Kit Builder’s
1
1
1
1
1
1
1
1
1
1
1

Manual, complete with detailed information on all
Fisher StrataKits.

Name

Address

City Zone____ State

= e D D e D e e D - - - - - D D e - .

*
WALNUT OR MAHOGANY CABINET. $24.95. METAL CABINET. $15.95. PRICES SLIGHTLY HIGHER IN THE FAR WEST. EXPORT: FISHER RADIC INTERNATIONAL, (NC.. LONG ISLAND CITY 1. N. ¥» FANADA: TRI-TEL ASSOCIATES. LT0.. WILLOWOALE. ONT.
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SERVICE TECHNICIANS, ENGINEERS, TEST LABS SAY . .. THE POPULAR MIGHTY MITE IS

Here itis. ..

THE

Designed for the present
anc far into the future.
Tests all of vour pres-
enttubes plus the new

R CA Nuvistors and
Novars, GE Compactrons
anc Sylvania

10 >in tubes.

A complete tube tester that is smaller than a portable type-
writer yet outperforms testers costing hundreds of dollars.
A real money maker for the serviceman and a trusty com-
panion for ergineers, maintenance men and experimenters.

Even though the Mighty Mite weighs less than 8 pounds,
new circuity by Sencore enables you to use a meter to
check grid leakage as high as 100 megohms and gas cendi-
tions that cause as little as one half microamp of grid cur-
rent to flow. Then too, it checks for emission at operating
levels and shorts or leakage up to 120,000 ohms between ali
elements. This analytical “stethoscope” approach iinds
troublesome tubes even when large mutual conductance
testers fail. And it does all this by merely setting four con-
trols labeled A, B, C, & D.

Check these plus Sencore features: New, stick-proof
D’Arsonval Meter will not burn out even with a shorted
tube ® Meter glows in dark for easy reading behind TV set.

“They all agree .
is the real answer for the man on the go.”

14 CIRCLE NO. 136 ON READER SERVICE PAGE
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Finds ‘em Fost!
Checks ‘em All!

e New large Speedy Set-Up Tube Chart in cover, cuts set-up
time ® Rugged, all-steel carrying case and easy grip handle
e Smallest complete tester made, less than one foot square.
e The Mighty Mite will test every standard radio and TV
tube that you encounter, nearly 2000 in all, including foreign,
five star, auto racio tubes (without damage) plus the new
GE Compactrons, RCA Nuvistors and Novars and Sylvania
10 pin tubes.

Mighty Mite also has larger, easy-to-read type in the set-
up booklet to insur~ faster testing. Why dor’t you join the
thousands of servicemen. engineers, and technicians who
now own a Mighty Mite tube tester? Tube substitution is
becoming impossible and costly with nearly 2000 tubes in
use today. Ask your authorized Sencore Distributor for the
New Improved Mighty Mite. Size: 10% " x 9%4 " x 312",

Wt. 3 Ibs.
MODEL TC114 Deater Net $74.50

Senccre Sam says . .
. the Mighty Mite e (P
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Pick the course for your career...

o AR e R TR
. I o o

’ Electronics Technology

A comprehensive program
covering Automation, Com-
munications, Computers,
Industrial Controls, Tele-
vision, Transistors, and
preparation for a Ist
Class FCC License.

License

” TP " S A <
AR TG

If you want a 1st Class
FCC ticket quickly, this
streamlined program will
do the trick and enable
you to maintain and serv-
ice all types of transmit-
ting equipment.

A Commercial FCC License is proof of electronics skill
and knowledge. Many top jobs require it . . . every em-
ployer understands its significance. In your possession, an
FCC Commercial Ticket stamps you as a man who knows
and understands electronics theory . . . a man who’s
ready for the high-paid, more challenging positions.

Cleveland Institute home study is far and away the
quickest, most economical way to prepare for the FCC
License examination. And that’s why we can make this
exclusive statement:

The training programs described above will pre-
pare you for the FCC License specified. Should
you fail to pass the FCC examination after
completing the course, we will refund «// tuition
payments. You get an FCC License . . . or your
money back!

Before you turn this page, select the program that fits
your career objective. Then, mark your selection on the

Cleveland Institute

of Electronics .

1776 E. 17th Street, Dept. EW-80
Cleveland 14, Ohio
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Electronic Communications

Mobile Radio, Microwave
and 2nd Class FCC Prep-
aration are just a few of
the topics covered in this
“compact” program .

Carrier Telephony too, if =
you so desire. -

=4
.
Broadcast Engineering -
-
Here's an excellent stu-
dio engineering program
which will get you a Ist
Class FCC License and
teach you all about Pro-
gram Transmission and :
Broadcast Transmitters, =
§

Get A Commercial FCC License
-« Qr Your Money Back!

coupon below and mail it to us today. We’ll send you . . .

il
(111
i
-
-
=

without obligation . . . complete details on our effective
Cleveland Institute home study. Act NOW . . . and
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These three new Delco Radio 8-10-ohm replacement
speakers permit you to cut 16 numbers from your
inventory. They can replace all units in current Gen-
eral Motcrs cars and many competitive makes. They

install easily and quickly, take a “‘tip jack,” “*blade,” or
solder connection. Excellent for home hi-fi and TV
sets, too! Speak up for the latest in replacement
speakars. Call your United Delco supplier today.

THREE NEW SPEAKERS, ALL WITH SLOTTED MOUNTING HOLES

SPECIAL

Number Size

Magnet Wt.

N 6126 o o 76)(79: - 16 oz.
T T T
I 6128 - 7_Trounc; —_‘;5227 )

Mounting UNIVERSAL 8-10-OHM

6 x 9" REAR SPEAKER PACKAGE
Contains all materials necessary for

rear-seat speaker installation: Speaker,
Grill, Wirirg, Switch. Part No. 6122,

front/rear

front/rear

rear-seat

PDelco Radio Automctive Radio Service Parts and Electro-Mechanical Devices are distributed nationally through Umnited Delco

DELEO RADIQ, Division of General Motors, Kokomo, Indiana

~

United V¥
Delco

= RN St
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PHOTOFACT

GIVES YOU MAXIMUM
TV COVERAGE

to keep you up-to-the-minute!

NOW —pHOTOFACT gives you quicker-than-ever
service data coverage for TV and for more of the
kind of equipment you most frequently repair!

It’s the same famous PHOTOFACT time-saving,
troubleshooting help-—everything you need to earn
more daily. You get: Exclusive Standard Notation
Schematics, packed with all the service details you
need; full photo coverage of all chassis views; com-
plete replacement parts lists; tube placement dia-
grams; actual waveform photos; CircuiTrace® for
printed boards: alternate tuner data; terminal iden-
tification and connections; disassembly instructions;
field servicing notes—plus dozens of other great
time-saving features.

Take the right step to fast, profit-building servic-
ing—see your Sams Distributor for details on a
money-saving PHOTOFACT Standing Order Subscrip-
tion and Easy-Buy Library—or send coupon today!

Panasonic AN-14 . ' =5

Emerson C-2001A

RCA Victor
213G235RV

MONTH'S TV
COVERAGE | - :
(June 1963) j

Sylvania 19T09

Westinghouse
H-K3911U

pL

Coronado TV2-9442A Olympic 9TV19-B

Electrohome

Cameo
AMC D1863A
i B
Clairtone
K ST-801
i

Capehart
19PT25 J.C. Penney 19P362A
ML sicN UP TODAY FOR A MONEY-SAVING HOWARD W. SAMS & CO,, INC.

PHOTOFACT STANDING ORDER SUBSCRIPTION!

With a Standing Order Subscription to receive PHOTOFACT regularly
each month as issued, you pay only $1.95 per Set instead of the regular
$2.25 price. You save 30¢ per Set—and you keep right up with the
rapidly-increasing current model output! You enjoy the same 30¢ 5;'
Set savings when you purchase an Easy-Buy PHOTOFACT Library. Take

Howard W. Sams & Co., Iinc., Dept. 5-H3
4300 W. 62nd St., Indianapolis 6, Indiana e

O Enter my Photofact Standing Order Subscription
O Send full information on money-saving Easy-Buy Plan

My Distributor is:

b
i
|
|
|
i
|
|
I
|
i
|
|

e e Y e e e oo

Shop Name
advantage of substantial savings—sign up for a Standing
Order Subscription or Easy-Buy Library with your Sams ’ Attn.
Distributor, or send coupon now for full details, Address
SAVE WITH A STANDING ORDER SUBSCRIPTION! o117 I
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UNGOMPMISING ENGINEERING CREATES THE BEST BUY...EIGO

NEW ADVENCED GENERAL PURPOSE
S” CSCILLOSCCPE #327

Kit $6€.95 Wirec $109.95
Vertical amplifier with 3 pi ull stages, direct
coupled' throughcut; 4-posizios, “reguency-com-
pensated V input attenuator irtemnal calibrating
voltage. Recurrert sweeps rom _Ocps-100kc in
4 overlapping ranges; choce ot int. +, —,
60cps, or ext. syrc; fully automat ¢ sync. opera-
tion; full retrace blanking. Int=nsity, focus and
astigmatism conWols on pmnzl. Sharp, clean,
non-biooming tra. Instantanezus drift-free po-
sitioning. Conven ent direct pate connections.
V amp: 10mv p-p“cm sens.;fla cc-500kc. —6db
at Imc; 1 meg nput Z. + amp 0.5V p-p/cm
sens.; 2cps-450kc flat respomse 10 meg input Z.

o
mue VheTe oEAIR L

AC VTVM & AMPLIFIER #250

Kit $49.95 Wired $79.95
Highly sensitive, raliable AC VTVM & wideband
amplifier. Measures 100 microvdits to 300V in
12 ranges; 10c¢-600kc *0db respomse, 10 meg-
ohms input impedance, #3% accuracy. Wide-
band amplifier switeh-controlied tor external use:
8¢-800kc response, 5VRMS ouipuk, 5K ohms out-
put impedance, gain control, ncise —40db.
Frame-grid triode cathode folbwzr nput circuit,
freq.-compensated Input attenuagor, cathode cir-
cuit attenuator. Rerulated power supply.
AC VTVM #255 Kit $44.9% Wired $72.95
All the precise VTVM facilitiex o: the #250 iess
external use of the wide-band amplifier.

c

*Formerly designated as #260.

Kit $49.95 Wired $79.95

AC voitmeter & load-compensated audio watt.
meter of unique quality. Measures AC voltages
from 1mv to 1000V in 11 range:, power from
015mw to 150W in 7 ranges, across standard
leads from 4 to 600 chms. Tapped power resistor
Iced (4, 8, 16 and 600 ohms) hundles up to BOW
on 8 ohms and 40W on other taps: Switch to
external load up to 150W. Meter automatically
compensated for any load selected, internal or
external, to provide =ingle watt scale.

Complete with exciusive.dual:purpos2 Uni-Probe
@.S. Pat.) F

Kit $27.85 Wired $42.95

Entirely electronic, diract r2ading measurement
of resistance, and AC & DC to 1500V in 5 ranges.
May be calibrated without removai from cabinet.
Complete electromic overlizad protection, plus
fuse. 1% precision ceramic resisors, Exclusive
AC/DC Uni-Probe@ selects DC or AC-Ohms. OC
voltmeter input impedance 11 magohms, accu-
rasy *+3%. AC woltmeter input impedance 1
megohm, accuracy ==5%. Ohmmeter 0.2 ochms to
1000 rgegohms in 5 ranges.

IN-CIRCUIT CAPACITOR EESTER #955
Kit $19.95 Wired $39.95

Tests capacitors in the circuit without unsoider-
ing. Checks for shoits, (even in the presence of
£3s little as 1 ohm shunt tesistance). Checks open
units (as little as 5SMMF in the circuit). Measures
capacitance with 10% accuracy between 0.1mf
and 50mf. Measures RC product, convartible into
dissipation or power factor. Wtilizes electron-ray
Jube EME4/6FGE wth sharp bar pattern. Line
adjust control permits maximum sensitivity re-
gardless of line voltage variations.

TRANSISTOR & CIRCUIT TESTER #680

Kit $25.95 Wired $39.95
MeasJres [CEO, ICBC & DCB directly, ACS fn-
directly, without charts or special settings—
plus ail dc¢ volts, currents & resistances needec
to service transistor equipmert Battery powered.
50uA, 312" face meter morement provides sensi-
tivity & scale length necessary for accuracy.
Built-in 20,0000V VOM facillties free your other
test equipment.

Listen to the EICD Hour. WABC-FM, N. Y. 95.5 MC, Mon.-Fri., 7:15-8 P.M.
Export Dept., Raburn Agencies Inc., 431 Greenwich Bt., New Tork 18
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Extrz-Low
Rippie

6 & 12 VOLT

BATTERY ELIMINATOR & CHARGER #1064
Kit $43.95  Wised $52.95
Heavy-duty 2.ranges for ogerating any mobile
radio & transceiver including transistor or ‘“‘hy-
brid" types. Also usable as charger for either
6 or 12 volt batteries. Variable transformer pro-
vides continuous output adjustment. 2 meters
simuManeously observe output voltage and cur-
rent. Ratings: 0-8V: 10A coatinuous, 20A inter-
mittent; 0-16V: 6A ccnt., 10A interma AC ripple:
0-16V range: 0.3% @ 2A, 1% @ 6A. Heavy-duty
se:enw,um rectifiers, & automatic reset overload
relay.

METERED VARIABLE
AUTO-TRANSFORMER AC BENCH SUPPLIES

=2

#1072 3A ratl Kit $35.95 Wired $47.85
#1078: 7124 rating Kit $42.98 ‘Wired $54.98

For study of components under varyirg line condi-
tions, Delivers any voltage ur to 140VAC with
linear variation of output throughout entire
range. Smooth rotary brush-tag controlied by
panel 3ial Highly efficient varable toroidal core
design. Auto-transformer. No waveform distortion
or voltage drop from no-load to full load. Sepa.
rate output ammeter & output veitmeter.

TUBE TESTER ADAPTOR #610
Kit $5.95 Wired $11.95

Adapts EICO models 625 or 666 tube testers for
testing the following new tub2 types: nuvistor
§ pin; auvistor 7 pin; novar; 10 pin miniature;
compaciron; 12 pin, included zre roll-chart sup-
plements for both 625 and 666 models.

®

EICO ELECTRONIC INSTRUMENT CO., INC.
3300 NO. BLVD., L.I.C. 1, N. Y.

EICO, 3300 N. Bivd., L.1.C. 1, N.Y

[J Send free 32-page catalog &
Distributor's name.

3 Send Free Schematic of Model No.

[J Send new 36-page GUIDEBOOK TO HI-FI
for which | enclose 25¢ for pustzge & handling.

EW-8

v

% in West.

Name .
2 Address R
i< city Zone ... State ...

le e o o e oom e o o 2 m m m im |

Over 2 MILLION EICO Instruments in use.
Most EICO Dealers offer budget terms.

ELECTRONICS WORLD
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By FREDERICK VAN VEEN /General Radio Company I

Significant developments in the past ten years, especially those that have advanced the art
of measuring. New types of test instruments that measure frequency bv counting, record
quantities graphically, measure L, C, R, Z, voltage, and special microwave measuring devices.

HERE has been, over the past decade, a tremendous

improvement in electronic measuring instruments.

The rapid advances in precision, accuracy, and con-
venience of measurement have plaved a vital part in the
electronics “hoom” that has meant a 600% vise in sales dollars,
Everything, in a sense, begins with measurements, and the
limits of measurement are the limits of science.

The boom in electronic measuring instruments is a mixed
blessing to the average technician, Ten years ago it was pretty
easy to select a bridge or voltmeter for a specific job. Shop-
ping was a matter of looking at a few catalogues and inter-
comparing some specifications. Then the measurement in-
dustry really expanded, manufacturers outdid one another
in offering varicties of multipurpose instruments, and the
catalogues bulged. The 1953 IRE Dircctory listed 69 manu-
tacturers of bridges; the 1963 edition lists 140. Under
“Graphic Recorders” the 1953 directory lists 47 companies,
the current volime, 145, The 1963 edition lists no fewer than
224 companies making digital counters, a category not even
included in the directory of a decade ago!

The hundreds of different instruments manufactured to
measure frequency. impedance, resistance, inductance. ca-

pacitance, voltage. and current represent a wide choice of
accuracies, features, and price, There is also. of course. the
duplication inherent in our competitive svstem. No one
article or series of articles can do justice to the overwhelning
number of direct-reading instruments available today. The
emphasis here will be on the more significant developments
of the past ten years, and especially those that have advanced
the state of the measurement art.

Mechanical and Convenience Improvements

The measuring instruments of 20 or 30 vears ago were
typically big, black, square, and heavy. This was simply the
way people thought instruments should look: indestructible.,
reliable, conservative, But styles change and most of the
black, square instruments went the way of black, square
automobiles. Today’s instruments enjoy the benefits of new
materials, miniaturization, and much of what is sometimes
called “human engineering” but which has always been a
part of just good mechanical design.

Instrument cabinets now try to be all things to all people;
somne can be quickly adapted to relay-rack, bench, or portable
use. Then there is the tiltable cabinet, with a captive cover
that serves as an easel-tvpe stand when the instrument is in
use. Extensible front legs on many cabinets let the user look

Probably the most important new type of in-
strument of the past decade is the frequency
meter using digital counting techniques. This
example, the General Radio 1151-A, is a gen-
eral-purpose counter for laboratory or produc-
tion-line use that can measure frequency
accurately from a fraction of a cps up to
300 kc. The unit also measures the period of
a cycde and frequency ratios. Price: $1195,

August, 1963
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(A) Many direct-reading instruments are highly versatile
since they may combine several functions within a sin-
gle unit. Our example is in the audio field. The device
shown, the Eico 902, combines an a.c. v.t.v.m. for ac-
curate audio measurements, and generators and filter
circuits for making both harmonic-distortion and inter-
modulation-distortion tests. Such measurements are read
directly on the meter face. Distortion figures are within
5% of full scale and the voltage figures are =4 % of
the full-scale reading. The price is $250, factory-wired.

(B) With the increasing use of semiconductor diodes in equipment have come
specialized testers for checking these components. Many of these testers
have been designed for practical laboratory use as well as for incoming
diode stock inspection. One typical unit, the Seco 210, includes tests for
zener diodes, silicon and germanium power and signal diodes, as well as
selenium rectifiers. Various variable sources of power are incorporated
in the circuit. Results are displayed on two meters. Price of unit: $154.95.

{C) Not all frequency meters are digital devices. Typical of the more com-
mon and, incidentally, less expensive type is the Lampkin 105-B shown.
This instrument is a heterodyne-type frequency meter with a built-in crystal
calibrator. It is used to measure transmitter frequencies anywhere in the
range of 100 kc¢. to 175 mc. In addition, it will function as an eaccurate
weak-signal generator for receiver alignment. Instrument meets FCC require-
ments for a frequency monitor in the mobile-radio service below 50 mc.
With some additional equipment, the meter will also meet the FCC accuracy
requirements for the newer split-channel frequencies. The price is $260.

at the front panel head-on whether he is sitting or standing
at the bench. And cabinets of the larger manufacturers come
in standard sizes, so that they can be stacked into a neat
arrangement.

Readouts have improved tremendously. The meters are
larger with scales designed for easy reading. And, too, there
are now digits—neon digits, incandescent digits, projected
digits, digits in windows, and more digits on printed tape.

Instruments are lower—the form factor apparently follows
that of automobiles. The day of the three-inch-high instru-
ment has arrived, apparently to save relay-rack space. In-
struments used in the field have become more portable than
ever, as they are transistorized. Also, some instruments with
heavy power demands are starting to “go portable,” thanks
to the rechargeable nickel-cadmium battery.

There are so many convenience improvements in instru-
ments that it is difficult to list them all. But one that deserves
special note is the quality of instruction manuals. Another is
the greater availability of manufacturers’ sales and service
engineers. Manuals and consulting services can be just as
important as some of the instrument’s technical specs.

Instrument Specifications

The buver of an electronic instrument must be guided
by the specifications published by the manufacturer, but
the catalogue shopper who tries to sclect an instrument
purely by published data had better be on his toes.

Not that the manufacturers aren’t truthful. Dishonest
specifications are fortunately a rarity in this business, because
they punish their perpetrators too quickly. But every manu-
facturer wants to put his best foot forward and stress the
specifications where he is strongest. Also, there are many
honest differences of opinion among manufacturers on just
how best to state something. Take, for instance, the problem
of specifving the low limit of measurement on a v.tay.m.
Suppose the voltmeter has a low range with a full scale of
10 microvolts, and an accuracy of = 10% of full scale. The
voltmeter will certainly measure voltages below 10 micro-
volts, but a 1-microvolt reading might be wrong by 100%,
and most people would not consider that a measurement.
Another aspect of the same problem: a 3% voltmeter is gen-
erally more accurate than a 2% voltmeter if the 3% is 3% of in-
dicated value and the 2% is 2% of full scale. The moral of all
this is that you should not play the numbers game with in-
strument specifications, but should read words as well.

24

One of the best ways to approach laboratory instrument
selection is to consult the manufacturer. Sales engineers who
sell such electronic instruinents are, by and large, extremely
competent, helpful, and low-pressure. They will try to steer
vou to the right choice of instrument. even if it means steer-
ing you to another company. They offer a valuable consulting
service for anyone with a measurement problem, and the wise
shopper takes advantage of it.

But even knowing where to start is a problem. There is a
bewilderingly large number of electronic measuring instru-
ments made by several hundred different manufacturers to
measure more than 200 different electrical and electronic
parameters, separately and in combination, in many different
frequency ranges, and to varying degrees of accuracy and
precision. You may know exactly what you want to measure
and the conditions of measurement, vet there is no quick way
to narrow your selection to those instruments that qualifv.
Certain so-called “buvers’ guides™ try to classify instruments,
but the task is too much for them. Several manufacturers
publish excellent catalogues that bring order to their own
houses. But the job of classifying all instruments in terms of
well-defined standards remains.

A hopeful beginning is the recently published! program
of IEEE Subcommittee 25.1 on Basic Standards and Calibra-
tion Methods. As a first step, this committee has designated
three echelons of accuracy level. Echelon I is the highest
calibration accuracy available within a country, Echelon II
an intermediate level. tvpically that of the calibration labora-
tory of an instruunent manufacturer, and Echelon III a level
at which measuring instruments are calibrated before use by
the ultimate consumer. For each echelon, various IEEE
Technical Committees will report on the measurement ac-
curacies available and needed. In its statement of objectives,
the IEEE Committee says, “An appraisal of the present status
of electrical measurements points up mainly the limited
availability of complete, reliable technical information.” All
who make, buy, or use electronic instruments will wish this
particular committee Godspeed in its work.

Measurement of Frequency

Today’s most popular frequency-measuring instrument—
the counter—scarcely existed ten vears ago. Now that digital
counting techniques are being widelyv applied to so many
measurements, the frequency counter must be considered the
most important new instrument of the past decade., The

ELECTRONICS WORLD



modern frequency counter represents a unique melding of
borrowed technologies: the flip-flop cirenit from atomic re-
search, pulse techniques from radar, binary switching logic
from computers. The counter became a practical instrument
with the development of a method of converting binary in-
formation to decimal, new digital indicators, and improved
switching devices.

The principles of counters are well known, and are here
worth only passing mention: Successive cycles of the fre-
quency to be measuwred are passed through a “gate” and
counted, the total being indicated by a digital display. The
connting tinme. or the time that the gate is open, is determined
by a reference ervstal oscillator, usually built into the counter.
If the gate is set to remain open for one second, the digit
display is direct-reading in cycles per second. The unit of
time is established by a crystal oscillator—usually called the
“time base”—and the accuracy of this time base determines,
more than any other single factor, the accuracy of frequency
measurement.

It oue is interested chiefly in accuracy, then the significant
specification is the accuracy and stability of the time-base
oscillator. The possible error corresponding to time-base
inaccuracy must be added to the plus-or-minus one-count
error inherent in all counters. Other errors can be caused by
noise®, but these are harder to evaluate.

Frequency ranges of counters vary widely, but the upper
limit for direct-reading counters is presently about 50 me.
Heterodyne converters extend this range up to 1000 me. with
no sacrifice in accuracy, and transter techniques are used
from 1000 me, to above 10.000 mc.

One of the most valuable features a counter can offer is
versatilitv—the ability to rearrange its components for differ-
ent tvpes of measurements. Thus many firms advertise “uni-
versal” counters. This usually means that the instrument can
mecasure not only frequency, but also period, time interval,
and frecquency ratio as well.

To mcuasure period. the functions of the “unknown” and
time-base signals are interchanged, so that successive cycles
of the nnkinown frequency open and close the gate, while
“clock™ pulses from the time base arc counted. As a result,
the digits displuyed indicate the number of time units (¢.¢.,
10-psec. wnits it the time base is a 100-ke. oscillator) passed
during one cyvele of the unknown frequency. At frequencies
much lower than that of the time base, a period measurement

will vield greater precision, due to the higher count used.

A time-interval measurement also counts “clock™ pulses
from the time buse, but here the gate is opened Iy one signal
and closed by another. In frequency-ratio measurement, one
signal is used to open and close the gate, while the other is
counted.

A consideration of increasing importance is the adaptability
of the counter to accessory instruments. If vou require per-
manent records of measurements, you will need either a data
printer or the combination of digital-to-analog converter and
analog recorder. Whether a particular counter will operate
with a certain printer or D/A converter depends on the type
of coding used, input and ountput voltage levels, and other
considerations. Tailure to check these in advance can easily
lead to a pair of incompatible instruments.

Digital counters are by no means the only wav to measure
frequency, and it is unlikely that thev will ever take over
completely. For some applications, in fact, digits are a real
nuisance. Suppose, for example, that you are tryving to adjust
a variable-frequency oscillator to exactly 12,230 ke., while
monitoring the output frequency on a counter. You trim one
way and then the other, as the digits dance tantalizingly
around (but not on) the desired frequency. How you would
long, at this point, for a heterodyne instrument with which
vour ears could guide you quickly to zero beat! It is a good
idea to remember that any good variable-frequency reference,
such as a signal generator, can be used with mixer and de-
tector to measure frequency.

At frequencies up to about 1.5 me., there are lab analog
instruments available. One, using an interpolation technique
with most of the frequency suppressed onto a switch setting,
offers an over-all accuracy of * 0.2% from 3 ¢ps to 1.5 mec.
And instrumeuts for coarse frequency measurements—wave-
meters and grid-dip meters—still enjov a brisk market.

There is every reason to expect further substantial im-
provements in frequency measurements. Accuracy is, as men-
tioned, largely a function of the accuracy or stability of the
frequency reference. Thus, it is possible to increase the
accuracy of any counter by the use of a highly accurate fre-
quency standard as the time base.

Measurement of Capacitance & Inductance

Capacitance and inductance measurements involve similar
techniques and limitations. The basic instrument for precision

(A} Graphic recorders are widely used in industry where a written
chart showing one or more variable functions is required. The recorder
shown, a Moseley 2D-4, draws rectangular coordinate curves from two
related sources of d.c. electrical information on standard graph paper.
Writing area is 10 x 15 inches. High-gain solid-state servo amplifiers
drive the two motors that are coupled to balance pots and recording
pen. Ten calibrated input ranges from 0.5 mv./div. to 10 v./div. may
be selected from the front panel of the recorder. The liquid-ink pen
has a maximum writing speed of 15 inches per second. Price is $1490.

(B) Even vacuum-tube voltmeters have become transistorized. DeVry
transistorized meter combines advantages of a v.t.v.m. with those of a
sensitive microammeter for service-bench use. Instrument is completely

portable, operating on four flashlight batteries. It has usual a.c., d.c.,
and resistance ranges, along with four d.c. current ranges from 50 ra.
to 50 ma. full-scale. D.c. input impedance is 10 meg on most ranges.
The price of the voltmeter is $89.50 ready-wired or $64.50 in kit form.

(C) Graphic recorders need not be large and bulky as shown by the
Amprobe ATM-2. This is actually two most-frequently used recorders
in a single compact carrying case. One of the units is an expanded-
range a.c. voltmeter and the other is a high-current a.c. ammeter. Roll
of 212" wide pressure-sensitive paper, traveling at 12" per hour car-
ries the record of voltage and current. With the paper removed, pointer
position is visible on a calibrated scale so that unit can be used as an
indicating meter. Price of the 2-recorder unit and case is $181.20.
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measurements is the hridge—an instrument that permits the
adjustment of a calibrated known until a state of electrical
balance exists between it and the unknown. Here, as in fre-
quency measurements, the major burden is on the accuracy
of the “calibrated known,” or standard. But even the best
standard is of little practical use in measurements unless its
accuracy can be somehow extended over a wide range of
values. One significant advance in bridges over the past few
vears is the transformer ratio-arm bridge, a device for ex-
tendiug the usefulness of a single standard over a range from
1/1000 to 1000 times its value or better, with no sacrifice in
accuracy. Although the transformer bridge was originally
conceived over 30 vears ago, its principles have only recently
been exploited in commercial instruments. The most accurate
capacitance bridges available use ratio arms to achieve direct-
reading accuracy of 0.01% over a wide range of capacitance.

Capacitance standards can be made more accurate than
inductance standards. The capacitance bridges just men-
tioned use * 0.005% standard capacitors, for example, where-
as the Dbest standard inductors are * 0.1% units. Inductance
bridges therefore use capacitors, rather than inductors, as
standard reactances. The mast accurate inductance Dbridges
available offer = 0.1% direct-reading accuracy.

The ultimate accuracy of most precision bridges is, inci-
dentally, well beyond the direct-reading accuracy. A high
degree of resolution, that is, a readout of five, six, or more
significant figures, can be used for ultraprecise intercompari-
sons. One of the 0.1% capacitance bridges, for example, per-
mits intercomparison of capacitors to within one part per
million.

Capacitors and inductors can be measured in terms of
either series or parallel equivalent circuits, and many bridges
therefore offer switch selection of C., C,, L., and L,. The
difference between L. and L, and between C. and C, is less
than 1% for inductors with “Q’s” over 10 and for capacitors
whose dissipation factor is less than 0.1.

Resistance Measurements

The instruments most often used to measure resistance are
the ohmmeters included with many voltmeters. The accuracy
of such an ohmmeter is limited to 5 or 10%, partly because
of trving to squeeze an infinite range into a finite scale.

The resistance bridge is easily able to achieve 0.1% ac-

curacy up to 10 megohms or so. Measurements of very high
resistance are made by megohm bridges, which supply the
required high voltages, One megohm bridge will measure
resistances up to 10" ohms, with 1% accuracy up to 10%.

Resistance limit bridges are direct-reading in percent devi-
aticn rather than in ohims. Such bridges are used by produc-
tion-line personnel to determine quickly whether a component
is within specified tolerance.

The exceptional accuracy of frequency standards has been
applied to the measurement and standardization of other
quantities. The ohm has thus been defined in terms of fre-
quency and length, and standard resistors can now be speci-
fied in terms of a tew parts per million. Standard resistors are
used in series and puarallel combinations, linear voltage di-
viders, and conventional bridges to extend their usefulness
over a wide-range of measurement. Present state-of-the-art
for general-purpose, wide-range resistance bridges seems to
be the same as for capacitance: ~0.01%.

The most popular bridges are those that measure resist-
ance, capacitance, and inductance—the so-called “universal”
bridges. This popularity is easy to understand when, in this
day of four- and five-figure prices, less than $500 can buv
a sclf-contained, batterv-operated, portable, five-bridges-in-
one instrument that measures C, R, and L to =1%, and also
measures dissipation factor and “Q.”

Voltage Measurement

The digital revolution came to voltmeters less than ten
years ago, and digital voltmeters are now produced by many
manufacturers. The extra precision afforded by digital read-
out is of especial advantage in d.c. measurements, where the
attainable accuracy warrants such fine resolution. Digital
voltmeters are considerably more expensive than the usual
analog meters of comparable ranges and quality, and this
relation is likely to continue. Another relation that seems
basic is that between the accuracies attainable in a.c. and
d.c. measurements. While d.c. voltage can be measured to
about *0.002%, the best a.c. measurements are at least an
order of magnitude less accurate. The a.c. voltage is usually
measured in terms of a d.c. equivalent, and the translation
from one to the other has to cost accuracy.

The scales on almost all a.c. voltmeters are calibrated in
terms of r.m.s. voltage. However, until a vear or two ago.
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{A) Another example of an electronic counter is the Hewlett-Packard
5214L. This instrument totalizes and measures frequency and period.
In addition, it can directly display readings in practical units, such as
gallons/sec. or ft./min. from appropriate transducers. Two sets of dec-
ades are used: one to register the signal being counted; the other may
be preset to any number from 1 to 100,000 to control a gate circuit
that may be used to operate other equipment. Unit can be used to
monitor automated processes, and for production testing ancd for lab-
oratory applications. The price of the electronic counter is $1475.

(8) There is still much equipment in use that employs vacuum tubes. To
check the performance of these tubes on the service bench requires an
easy-to-use, flexible tube tester, such as the Triplett 3414 shown. This
unit checks for shorts, leakage, and plate conductance. A self-contained
roll chart supplies test setup data. Sockets
are provided for octal, loctal, and miniature
tube types. The price of the tester is $109.50.

(C) An example of direct-reading, accurate
capacitance bridge that can measure very
small capacitance values is the Boonton
Electronics 75B shown. The instrument was
originally designed for use in measuring
the temperature coefficient of small ‘‘zero
temperature coefficient’’ ceramic capacitors.
It is also used for capacitance measurements
of semiconductors at millivolt levels. Lowest
range of the bridge is the extremely small
value of only 0.1 pf. full-scale. Values as
high as 1000 pf. can be measured with this
particular capacitance bridge. Price: $1375.
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most voltmeters actually responded to either peak or average
value, with the scale conversion in terms of r.m.s. voltage
assiming sine-wave input. Now “true-r.m.s.” voltmeters have
begun to appear in quantity. The most common type of true-
r.m.s. voltmeter measures a.c. voltage in terms of its heating
cffect on a thermocouplé, This effect is compared with the
heating effect produced by a reference voltage, Other true-
r.m.s. meters use dynamometers and rectifiers whose non-
linearities synthesize r.m.s. response. True-r.m.s. response
cannot be maintained by these means for all input waveforms,
and the specification “maximum crest factor,” that is, the
maximum ratio of peak to r.m.s. voltage for which the volt-
meter is reliable, is especially significant in pulse work.

The peak- and average-responding voltmeters are highly
refined from years of development, and will probably con-
tinue to enjoy considerable popularity based on their price
advantage.

Most peak instruments rectify the input voltage and then
amplify the d.c. Their chief advantage is good high-frequency
response. Also, since they include a d.c. amplifier, they can
be mace to measure both a.c. and d.c. voltage quite casily.
A disadvantage at low voltages is that the a.c. output no
longer bears a linear relation to the a.c. input.

The typical average-responding voltmeter first amplifies
the input signal, then rectifies it. A wide-band amplifier,
stabilized by negative feedback, is generally used. Although
its high-frequency limit is well below that of the peak-re-
sponding voltmeter, it can mecasure much smaller voltages.

At very high frequencies, broadband amplifiers are diffi-
cult to design. At low voltage levels, rectifiers assume com-
plicated characteristics. Therefore, the measurement of high-
frequency, low-level voltages poses a special problem. One
method of solving it is to accept the complex rectifier be-
havior and compensate for it on the meter scale. Another
is to use a matched pair of semiconductor rectifiers, one to
rectify the input voltage, the other to rectify a low-frequency
reference voltage, and to compare the d.c. outputs. Commer-
cial instruments of hoth types are available.

The measurement of very small d.c. voltages is best ac-
complished by an electrometer. Some clectrometers convert
the small d.c. voltage to an a.c. voltage that is amplified and
metered, while others use direct-coupled amplifiers. A good
electrometer can measure d.c. voltages down to a few micro-
volts or less and currents to below 100 femtoamperes (a
femtoampere is cquivalent to 107'* ampere).

Wave Analyzers & Graplic Recorders

Many voltmeters travel under other names, because they
are only indirectly concerned with mere measurement of
voltage. An example is the frequency-selective voltmeter
known as a wave analyzer. Operating ahead of the voltmeter
in a wave analyzer is a filter that passes only a certain fre-
quency band. The bandwidth is a constant number of cycles
in some analyzers, a constant percentage of center frequency
in others. The constant-cps bandwidth is generally more
useful except at very low frequencies or where a logarithmic
plot is required. Optimum bandwidth depends on how much
detail vou need. Very narrow bandwidths give more data but
require more time for analysis. Wider bandwidths offer
greater convenience at the cost of some detail. A wave ana-
lyzer with switch selection of two or three bandwidths lets
you have your cake and eat it, too.

Of course, the chief application for wave analyzers is wave-
form measurement, and thus the oscilloscope and graphic
recorder are hmportant accessories.

The combination of a wave analyzer and an oscilloscope
or recorder is known as a spectrum analyzer. Spectrum an-
alyzers are available from very low frequencies to at least
100,000 mc. Most use automatic frequency sweeping to
give continuous oscilloscope display. The modern spectrum
analyzer combines the features (Continued on page 72)
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ON OUR COVER

HE group of electronic test instruments on our cover this
month indicates, in a small way, the tremendous variety of
equipment being used in laboratories and on service benches.
For example, the portable audio oscillator at (A), the Hewlett-
Packard 204B, is designed for reliable audio work in the labora-
tory or field. 1t is fully transistorized and battery-operated with
a balanced, isolated 600-chm output. The frequency range of
5 cps to 560 kc. means that the oscillator can be used for gen-
erating signals outside of the audio range as well. Price: $315.
The field of automatic testing is represented by the Lavoie
“Robotester” LA-303, shown at (B). This is an automatic, tape-
programmed measuring instrument that can select any 2 of 250
circuit points and then automatically measure resistance, d.c. or
a.c. voltage, insulation resistance, and impedance. Between 60
and 100 tests per minute indicate wiring or assembly failures by
flashing-light indicators. Price of the basic unit is $5600.

Representing the TV-servicing field is the Sencore CA122 color-
circuit analyzer (C). This instrument generates all the test pat-
terns (color bars, dots, cross-hatch) and signals for checKing and
adjusting the circuits in a color-TV receiver from antenna to
tri-color picture tube. There are 10 crystal-controlled gated color
bars of the RCA type. Signals are available in both r.f. and i.f.
ranges; there are also video, sync, and audio signals for checking
these portions of the TV set. Price: $187.50.

One of the most useful and versatile pieces of test equipment
is the cathode-ray oscilloscope, represented on our cover by the
Fairchild-DuMont 766H (D). This is a bench and portable lab scope
with a bandwidth from d.c. to 25 mc. The unit uses silicon tran-
sistors and features a new high-brightness CRT. The high sensi-
tivity of 5 mv./cm. is provided with a rise time of 15 nsec. Price
is $545 without the plug-in preamps and time-base generator.

A universal, general-purpose impedance bridge, the General
Radio 1650-A, is shown at (E). This is a self-contained, battery-
operated, portable instrument for the measurement of: induc-
tance and “Q" of inductors; capacitance and dissipation factor of
capacitors; and a.c. and d.c. resistance of resistors. The unit is
actually five bridges in one. together with a transistorized 1-kc.
oscillator and sensitive detector. This bridge has an accuracy of
+1% and is priced at $475.

Graphic recorders are widely used in industry when a written
record is required of one or more variables. The instrument (F)
is the Brush Mark Il recorder. Two channels of analog plus two
of coded event or time data may be directly written on the mov-
ing roll of chart paper. Four chart speeds are available and, at
the slowest speed, over 25 hours of data can be recorded on a
300-foot chart roll. Available for either ink or electric writing,
the recorder is priced at $1495.

Where high-speed, accurate voltage measurements are re-
quired, especially by non-skilled personnel. and where this meas-
urement is to be available in digital form, the digital voltmeter
is used. The Dynascan 111 shown at (G) is an example of a sim-
ple, fairly inexpensive instrument of this type. This unit uses all
solid-state circuitry except for a single nuvistor. There are four
ranges: 1, 10, 100, and 1000 volts d.c. with either polarity at an
input impedance of 11 meg on all ranges except for 1 meg on
the lowest range. Accuracy is ==0.1%. Price: $399.50. A
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the INSTRUMENT
CALIBRATION
and REPAIR

(Left) Teletypewriter is tested with specially built test console.
(Right}! Checking voltage and current calibration of standard meter.

A growing field for qualified electronics technicians
and engineers in government, military, and industrial

laboratories in this country and all around the world.
By GROVER C. GEDNEY & FRANCIS M. WINTERBURG / Federal Electric Corp., Service Associate of ITT

five davs because one pressure transducer was dut of

tolerance by 1% pounds. This error in a simple instru-
ment made necessary a new countdown and the expenditure
of many, many thousands of extra dollars.

Acenracy in this case was critical. It is just as critical—if
not as dramatic—in countless instances every day. Military
operations, industry, and laboratories around the world all
require greater and greater degrees of accuracy. The instru-
ments which provide this accuracy could not serve their pur-
pose properly without accurate calibration.

Calibration is the comparison of one instrument with an-
other which has a higher order of accuracy. The ultimate in
standards in this country are at the National Bureau of
Standards at Washington. D.C. and at Boulder, Colo.

The importance of calibration cannot be overstressed. Re-
scarch and development, manufacturing, and the installation
of complex systems in the field can only be successful if
measurements are taken by instruments calibrated to give
nearly identical readings during each of these stages. For ex-
ample, one microvolt prescribed by the design engineer in
the laboratory must be read and set to one microvolt by the
test technician during field installation,

There are, broadly speaking, three categories of instru-
ments: (1) Test instruments are used to test and set up sys-
temns or equipment in the lab, factory, or in the field, and
are of medium to high accuracy. (2) On-line instruments are
associated with processing plants and other facilities utilizing
automated production techniques, and are usually of lower
accuracy. (3) Precision-measurement instruments are morve
unique, due to their specialized applications. These are used
in space capsules, missile ranges, built-in test consoles and
the like, and require a high degree of accuracy.

All of these must be calibrated but not at the same inter-
vals. Here are some typical calibration intervals.

! STRONAUT Walter Schirra’s flight was held up for
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Six-month Interval

Potentiometers
High-resistance ohmmeters
Decade capacitors

Decade resistors

- Shunts

Slotted lines

Standard cells

Ratio transformers

Voltage regulators

One- to two-year Interval
(All NBS certified standards)

Daily
WWV receiver

30-day Interval
Digital voltmeter
Digital radiometer
Digital divider

~ 90-day Interval

Frequency meters

Oscillators i
Oscilloscopes Standard cells
VTIV.M's Standard resistors
Generators | Standard capacitors
Standard inductors

Galvanometers ,

Resistance bridges Standard potentiometers

While test instrument calibration and repair are closely
allied, they require different levels of technical competence.

Standards-lab technicians perform lengthy and very pre-
cise calibration of the highest level usually with secondary
standards certified by the National Burean of Standards.
They must be proficient in the theory of instruments and the
mathematical calculations necessary to determine probability
of error and long-term reliability. They usually work in a con-
trolled environment where temperature fluctuates not more
than a degree. where humidity is held at plus or minus 10%,
and whera dust particles are no larger than 10 microns. The
work is exacting, requires considerable training and experi-
ence. Base salaries range from $6000 to $9500. Highly quali-
fied standards-lab technicians are hard to find.

Test-equipment technicians are called upon to diagnose
and repair the many types of faulty and inoperative instru-
ments which are brought to them. Their work is rarely rou-
tine. and they must be capable of operating independently,
with a minimum of supervision. If gifted with the ability to
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train others quickly, a test-equipment technician mayv soon
be given the opportunity of assuming supervisory responsi-
bilities. He must respect the mission of the standards lab and
establish a confidence in the accuracies to which standard
instruments are calibrated for his use.

This category of technician, too, is in relatively short sup-
ply and the pay scales are only slightly lower than for the
standards-lab group—approximately $3000 to $8000 a vear.

As in other branches of electronics, the opportunities for
graduate engineers in this particular field of clectronics are
growing steadily. The demand for specialized training in
this area has been great enough for George Washington Uni-
versity to establish a “Center for Measurement Science”
which offers an engineering curriculum oriented to the meas-
urement field. Called “metrologists,” these engineers develop
new measurement criteria and prepare measurement and cal-
ibration procedures which the technician may perform. They
may be called upon to assist technicians in solving difficult
instrument troubleshooting problems, or to determine the
probable error of calibration in several instrument svstems
tied together. Salaries range from $6000 to $15,000 and more.

Background Requirements

Most of the instrumentation we are concerned with at
Federal Electric Corporation is in the electrical-electronic
field. To gualify for employvment in one of our calibration
and repair facilities, a man must be a high-school graduate;
e must have had one or two vears of electronic schooling in
a trade service school or cngineering college; and three vears
of experience, at least one of which was in the test instrument
field.

Math is extremely important; the more the better. We look
for people who have had college physics, college algebra,
trigonometry, analvtical geometry, statistics, and even cal-
culus. Any math above the high-school level conditions a
man’s mind to think along technical lines.

With this background, we can train technicians for cali-
bration work on the job. Let’s take, for example, a position
in our DEW Line Communications and Electronic Equip-
ment Depot.

The man usually begins by working with a more experi-
enced man on the repair and overhaul of meters, or in trouble-
shooting a piece of test equipment. He then begins to assist
in the calibration of test equipment. We have a set of written
procedures to follow that becomes routine with experience.
After a month or two of this. he may be ready to become a
member of the mobile calibration team. This is a group of
five technicians who carry certified instruments from our
headqguarters in Paramus. N.J. to diflerent areas of the DEW
Line Early Warning System in the Arctic. where they cali-
brate the test equipment that keeps the giant communica-
tions and radar system operating at peak efficiency.

After months of mobile team experience. a technician may
be qualified to begin work in the Standards Laboratory. He

will assist the more experienced men, learn the procedures,
and become proficient in the techniques of transfer calibra-
tion from NBS standards to our secondary standards.

In choosing a calibration technician for the Early Warning
System, a man who is single and willing to travel is preferred
to a married man. We do have married men working on the
mobile teams and will hire them if well qualified, but the
single man is given preference because of having fewer home
responsibilities.

These mobile teams travel to Alaska, across Canada at the
Arctic Circle, and into Greenland and may be gone for four
months at a time. They return to the Communications and
Electronic Equipment Depot for three or four weeks to re-
calibrate their standard instruments and then again return
to the DEW Line.

There is adequate opportunity for the married man witl
a family iu the fixed laboratories or facilities. Only on nobile
teams staying away from a home base for a considerable
period of time is the unmarried man preferred.

Opportnnities for Technicians

The instrument calibration and repair field is growing and
the supply of qualified men is completely inadequate., For
example, there are only about 14,000 engineers and techni-
cians who are members of the Instrument Society of America.
The U.S. Air Force, to cite another example, has within the
past five years: (1) installed a standards laboratory at Newark,
Ohio; (2) built 19 area laboratories; and (3) added 149 pre-
cision measurement laboratories.

Within industry, the example of the International Tele-
phone and Telegraph Corporation might be of interest. To
assure the accuracy and reliability of its products, ITT Fed-
eral Laboratories established in 1956 one of the first large-
scale standards laboratories to serve an industrial facility.
For several years, the calibration and repair of test instru-
ments have been important services of Federal Electric
Corporation.

The instrument technician of today is not confined to the
laboratory or factory. If he is well qualified, he enjoys an
unprecedented demand for his services.

ABOUT THE COMPANY

The Federal Electric Corp. operates instrumentation calibration centers
in this country and overscas. At Paramus, N.J. there is the Cammunications
and_ Electronic Equipment Depot established by the Air Force to repair and
calibrate_our Early Warning System instrumentation, There are 40 people
emploved there, including three traveling calibration teams made up of fice
technicians each. Some 20 are employed at an instrumentation center in
Albuquerque, N.M. to serve Sandia Corporation, prime contractor for the
Atomic Encrgy Commission, and other users in the Southiwest.

The company also operates a standards laboratory at Chateawronx, France,
sereing the Air Force in Europe, Near and Middle East. and Africa. This
droup, consisting of 125 people, has technical teams and mobile calibration
trailers for on-site checking and repair_of electronic cquipment. Over 400
are employed by the company in our Pacific Missile Range. These are te-
spansible for the operation and maintenance of the Navy's range instrumen-
tation facilitics at Point Arguello and the missile launch facilities
in California. Over 1300 picces of precision measaring equipment are cali-
brated and repaired by this facility, which has its own 15-man standards
laboratory.

{Left) Technician is shown calibrating a u.h.f. signal generator. {Center) Calibration of a vacuum-tube voli-
meter against a standard. (Right) Checking an oscilloscope time base against a master frequency standard.
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NAVAL
OBSERVATORY
TIME SIGNALS

By H. CHARLES WOOD

Description, use. and
schedules for the “time tucks”
that are broadcast on low,
medinm, and lugh frequencies.

Editor's Note: Although not as widely known and used as the
National Burean of Standards WWV and WWVH time signals.
wseful time signals are also broadcast by a number of Navy radio
stations (o ships around the world. This article discusses these
time signals. tells how to interpret them, and gives the broadcast
schedules of the stations involved.

OHN HARRISON of Yorkshire, England is credited swith
developing the first practical shipboard clock (or chro-
nonieter) in 1733, and thus earned a handsome reward

of £40.,000 from the British Parliament. Prior to that date,
accurate navigation on the high seas could not be achieved,
because one of the major factors of celestial navigation is an
accurate knowledge of time; an impossible feat in the days
of the Ancient Mariner. This accounted for a seaman’s reluc-
tance to venture bevond the sight of land.

Tt wasn’t long after Harrison's invention was made avail-
able to sea captains that new problems arose, the most im-
portant of which was the inability to predict the daily rate
of error of the chronometers when the vessels were away
from their home ports for a long period of time. This error
is normally applied to the watch-time to determine the
correct local time.

A small step forward was made in the 19th century when
most of the major ports of the world were equipped with a
“time Dball” which was dropped from a couspicuous location
in the harbor at noon. The sea captains in port would then
set their chronometers accordingly. Unfortunately, however,
not all port officials had the correct time. The problem of
incorrect time, and the consequent error in a ship’s position,
continued thronghout the 19th century, resulting in much
loss of life and property, and was not solved until the in-
vention of radio at the beginning of the 20th century.

Stations & Schedules

In 1904, U.S. Navy Radio Station NSS, newly established
at Washington, D.C., began broadcasting time signals syn-
chronized with the precision clocks at the Naval Observatory.
This was the first significant advancement since Harrison
perfected his invention nearly two centuries before, for now
at last mariners all over the world could correct their chro-
nometers with a signal of known accuracy.

Throughout the years, the U.S. system of radio time signals
has been improved in accuracy and presentation, the power
of the transmitters has been increased, new frequencies have
been added, and new Naval radio stations have been built.
Today, there is scarcely a spot on the planet that is not within
range of at least one of the daily time signals.

Naval Observatory time signals are now being broadcast at
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numerous times throughout the day by five widely separated
Navy radio stations: NSS Washington, D.C.; NBA Canal
Zone; NPG San Francisco, California; NPM Houolulu; and
NPN Guam. The hours of the transmissions and the fre-
quencies of emission arc listed in Table 1. At the top of each
tabulation are the call letters. location of the station, and the
frequency of transmission in kilocycles. The Greenwich Mean
Time (GMT) of transmission is located in the left-hand
column, followed by a conversion to the zone times main-
tained throughout the United States. Local time for any other
location can be computed by applving the time zone number
to the GMT. For example, Los Angeles, California is located
in time zone +8. This means that 8§ hours must be subtracted
from GMT to obtain the local time of Los Angeles. Thus the
2400 hours midnight time signal will be heard in California
at 1600 hours local time (4:00 pm. for vou landlubbers).
It will be one hour later if vour community is on daylight
saving time. World time zone charts are available at U.S.
Hydrographic Offices, nautical equipment stores, and most
boolkshops.

Now let's examine the time signal itself, as it is graphically
displaved in Fig. 1. Essentially, (Continued on page 82)

STATION: NSS Washington, D. C.
Frequency in ke.: 121.95; 5870; 9425; 13,575; 17,050.4; 23,650

Eastera Std. Central Std. Mount. Std. Pacific Std. Ataska- Honoluly
GMT = Time Zone +5 TYime Zone +8 Time Zome +7 TVime Zone +8 Time Zone +10
0155- 0200 2055 - 2100 1955 - 2000 1855 - 1900 1755 - 1800 1555 - 1600
0555 - 0600 0055 - 0100 2355 - 2400 2255 - 2300 2155 - 2200 1955 - 2000
0755 - 0800 0255- 0300 0155 - 02(0 0055 - 0100 2355 - 2400 2155 - 2200
1155-1200 0655 - 0700 0555 - 0600 L0455 - 0500 0355 - 0400 0155 - 0200
1355 - 1400 0855 - 0900 0755 - 08G0 0655 - 0700 0555 - 0600 0355- 0400
1755 - 1800 1255 - 1300 1155 - 1200 1055 - 1100 0955 - 1000 0755 - 0800
1955 - 2000 1455 - 1500 1355 - 1400 1255 - 1300 1155 - 1200 0955 - 1000
2355 - 2400 1855 - 1300 1755 - 1800 1655 - 1700 1555 - 1600 1355 - 1400
STATION: NBA Balhoa, Canal Zone
Frequency in kc.: 147.85; 5448.5; 11,080; 17,697.5
' Eastern Std. Central Std. Mount. Std. Pacific Std. Alaska- Honolulu
GHT = Time Zone +5 TYime Zone +6 Time Zone +7  Time Zone +8 Time Zone +10
0455 - 0500 2355 - 2400 2255 - 2300 2155 - 2200 2055 - 2100 1855 - 1900
0955 - 1000 0455 - 0500 0355 - 0430 0255- 0300 0155 - 0200 2355 - 2400
1655 - 1700 1155-1200 1055 - 1130 0955 - 1000 0855 - 0900 0655 - 0700
- 2355- 2400 1855 - 1900 1755 - 1800 1655 - 1700 1555 - 1600 1355 - 140L

STATION: NPG San Francisco, California

Frequency in kc.: 114.95; 4010; 6428.5; 9271.5; 12,866; 17.055.2; 22,635 °
STATION: NPM Honolulu

Frequency in kc.: 131.05; 4525; 9050; 13,655; 17,122.4; 22,593
STATION: NPN Guam

Frequency in kc.: 484; 4955; 8150; 13,530; 17,530; 21,760

Eastern Std. Central Std. Mount. Std. Pacific Std. Alaska- Honolulu

MY = Time Zone +5 Time Zone +6 Time Zone +7  Time Jone +8 Time Zone +10
0555 - 0600 0055- 0100 2355 - 2400 2255 - 2300 2155 - 220C 1955 - 2000
1155 -1200 0655 - 0700 0555 - 0600 0455 - 0500 0355 - 0400 0155 - 0200
1755 - 1800 1255 - 1300 1155 - 1200 1055 - 1100 0955 - 1000 0755 - 0800
. 2355 - 2400 1855 - 1900 1755 - 1800 1655- 1700 1555 - 1600 1355 - 1400

Table 1. Schedule of the U.S. Naval Observatory time signals.

Fig. 1. Arrangement of “time ticks” as transmitted by stations.

.8, NAVAL OBSERVATORY TIME SIGNALS

10 Sec 20 Sec 30 Sce 10 Sec 50 Sec 60 sec

| g

| . H ! 56eh Mip TIMF SIGNAL
53th M. B | L/

o
2
8

i
1
| Tume Sig ! 9w Sec ! I 56t thru Suth |
of Time Signal L2 S : e i
e Blank 7
' ~ ! s
111 | | | 1 P
L L T COLEL L g
L 1 ] ] ! !
| f ' T | 57th Min TIME SIGNAT,
1 1 ]
! .
: | 29th See i i ! 6th thru 59th |
i + Hlank i ' Sind Sec | Sec Blank i
| ~. ! ! Blank 7 |
| | ! i
L | LU 1 FTI
] 1 ' t .
: ) | i | 56th Min TIME SIGNAT,
1 ! i 1 '
: 2uth See 1 i I 56th thru 39th
1 1 Blank 1 533rd Sec | Sec¢ Blank
h |} ) . 7
! . | ~ 7
T \ BERE| EREE
(AETRRNNRNRNAN NS LU L LLLLLLLL gt e f
1 1 i T 1 "
l | 1 ' | 5yth Min TIME SIGNAL
1 | | . |
1 [ 20th Sec : : 56th thru 59th |
: ! Blank . ! :zh:ec | Sec Blank i
y 1 S~ ' . A
vy
L ENERARN ARARRRNRRRRNAREA! et
i : v
| s
i t | i 1 Buth Min TIME SIGNAT
|
| i | \ . !
1  ERidES ' 1 t sist thra soth 1
! | Dlank ' : ! see Blank !
t g lx 1 § ———— .
: | ‘

Lt e

L 7/

ELECTRONICS WORLD




MGNAL-GENERATING
EQUIPMENT

|y

. : i

Devices used to generate test signals from below the audio
range up through microwaves. Performance, specifications,
and effect of semiconductors on equipment design are covered.

By HOWARD L. ROBERTS / Hewlett-Packard Co.

IGNAL-generating equipment comprises a wide variety

of clectronic instruments for generating test signals.

This class of instruments includes evervthing from the
human finger, placed on a grid connection, to complicated
check-out equipment which automatically generates a num-
ber of frequencies, voltages, and other signals for quickly
testing intricate missile svstems.

The finger test may be all that you need if you merely
want an indication of whether the equipment is working or
not. But when vou need to know how well the equipment
works, then the appropriate piece of signal-generating equip-
ment must be called upon to provide the answer.

If, for instance, you want to measure distortion in an audio
amplifier, you need an oscillator that generates sine waves
with far less distortion than von expect the amplifier to have.
If you want to measure the rise time of a switching cirenit, vou
ouglt to have a pulse generator that produces pulses with
risc times faster than the switching cirenit.

Types of Equipment

Signal-generating devices may be loosely grouped into two
categories: special-purpose and general-purpose generators.
Special-purpose generators are designed for specific kinds of
tests and usually generate only those combinations of frequen-
cies needed to test certain kinds of equipment. An example of
this type is an FM sterco test generator. Special-purpose gen-
crators are best snited for making repetitive measurements
since their built-in features muke specific tests faster.

General-purpose equipment may not have many combina-
tions of signals but usuallv can generate signals over broader
ranges of frequency and amplitude. These generators find
most use in the experimental and development luboratory,
both professional and hobbyist, but are often used for specific
tests as well. Presumably, any test performed by a special-
purpose generator can be performed by an assortment of

When an accurate, stable v.h.f. signal source is required for
receiver or v.h.f. amplifier measurements, then a standard sig-
nal generator is required. Our example is the Hewlett-Pack-
ard 608D. The instrument is especially suited for precise
tests of narrow-band v.h.f. aircraft communications equipment.
It has a calibrated output of 0.1 uv. to 0.5 v. throughout
the 10 to 420-mc. band. Qutput frequency can be set to with-
in a few kc. with built-in crystal calibrator. Price: $1300.
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general-purpose equipment, but several instruments may be
requiired to do the same job.

Since the basic design principles involved in general-pur-
pose laboratory instruments are also used in special-purpose
generators, we'll confine this discussion to general-purpose
instruments.

Signal-generating equipment is often grouped according
to the shape of the output signal waveform. Sine-wave gener-
ators form one important category since the sine wave is the
most fundamental waveform. These instruments are widely
used to test equipment performance at discrete frequencies.

Oscillators and Signal Generators

Among sine-wave generating equipment, a distinction is
made between oscillators and signal generators. A signal gen-
erator is an oscillator that has accurately known amounts of
output power as well as known frequencies. In many cases,
this means simply that a signal generator has a meter to show
the power generated by the output stage, and a precision at-
tenuator for cutting down the indicated power by known
amounts.

At audio frequencies it is a simple enongh matter to read
oscillator ontput with a lab voltmeter. For this reason, output
meters are not included in the majority of audio oscillators. At
r.t. frequencies, though, voltage measurements are more com-




plex so that r.f. generators include a built-in output meter
designed especially for each generator. (An r.f. generator
without a meter is known as a “signal source.”)

RC oscillators have dominated the audio and neighboring
ranges for more than twenty years. This range extends from
subsonic through ultrasonic and into the low-frequency r.f.
ranges.

RC oscillators are so named because their frequency-deter-
mining networks consist only of resistance and capacitance
—no inductance whatever. The reason for using an RC circuit
is that if an LC circuit were used, the large inductors required
for low-frequency oscillations would be much too cumber-
some. The RC oscillator is much lighter, easier to build, and,
as it turns out, a good source of distortion-free sine waves.

These oscillators generally use some form of amplitude
limiting other than driving a tube to cut-off and/or saturation.
The most common form of amplitude control is the use of a
small incandescent lamp as a non-linear resistance in one
of the feedback loops. The lamp’s resistance changes, if the
oscillation amplitude changes, readjusting the amount of
feedback to counteract the change in amplitude. This type of
limiting prevents the tubes (or transistors) from being driven
beyond their linear operating regions and accounts for the
low distortion output of these oscillators.

The oscillator circuit may also be followed by a tuned
amplifier-filter ganged to the tuning dial so as to track the
oscillator tuning. Filtering attenuates what little harmonic
content there may be in the oscillator signal, resulting in
hyper-pure sine-wave output. This type of instrument is
most useful for making distortion measurements on other
types of equipment.

Multivibrators with very long time constants are used in
instruments for the very low frequencies. some of these op-
erating as low as 0.001 cps (about 1 cycle per 15 minutes!).
Multivibrators generate square waves, of course, but the
square waves are changed to sine waves by wave-shaping
networks. This is just opposite to the audio-range sine/square
wave generators which start with sine waves and form these
into square waves with clipping or triggering circuits.

Above 1 mc., the usual RC oscillator runs into certain prob-
lems. The tuning capacitors are in a range of values com-
parable to distributed circuit capacitance which makes tun-
ing less precise. Phase-shift oscillators, a different form of
the RC oscillator, swamp out the stray capacitances and can
be used up to 10 mc. and beyond.

Beat-frequency oscillators are also used throughout the low-
frequency region. These instruments use two r.E. oscillators,
one generating a fixed frequency and the other being tunable.

The outputs of these oscillators are mixed and the difference
frequency is separated from the mixture by filter circuits.

The advantage of the beat-frequency oscillator is that
very wide frequency ranges can be covered by a single sweep
of the tuning dial, at the expense of tuning resolution how-
ever. The disadvantage is that the oscillators must be made
many times more stable than the desired stability of the out-
put signal because of the large step-down in frequency. High-
quality beat-frequency oscillators made for laboratory appli-
cations do achieve the desired stability, however.

R.F. Signal Generators

The designation “r.f.” is another all-embracing term, orig-
inally referring to signals that were destined to be radiated
or detected as radio waves. As it turns out, radio signals are
now propagated at frequencies even lower than 20 ke. (stand-
ard frequency broadcasts such as WWVL) and at super-
high frequencies measured in thousands of megacycles (giga-
cycles). Our discussion here will be confined mainly to those
radio-frequency generators which have lumped LC circuits,
using coils and capacitors in the resonant circuit.

During the forty-odd vears that these generators have been
used, they have undergone considerable refinement. Factors
which upset frequency stability have been designed out of
the circuits. Manufacturers have learned how to wind coils
tightly of low expansion wire on matched ceramic forms so
that there is little change of inductance with a change in
temperature. In high-quality generators, capacitors are made
from rigid precision-machined plates, which are silver- or
gold-plated for minimum resistance to r.f. surface currents
(skin effect). In recent years negative feedback has been
used in various ways to improve amplitude stability and
modulation characteristics.

Even with all these refinements, a good r.f. signal gen-
erator still includes an accurate crystal-controlled frequency
calibrator to enable precise setting of frequency. The cali-
brator frequency is usually a whole number, such as 1 mc.,
so that it is easy to spot the harmonics.

Such r.f. generators also include amplitude or frequency
modulation capabilities. This enables the generator to supply
signals which resemble the actual signals to be used by the
equipment being tested.

When the response of a sharp cut-off filter or if. circuit
is being measured, modulation may wobble the r.f. frequency
across the circuit’s cut-off point, broadening the apparent
response curve. For this reason, most r.f. generators use
the master oscillator-power amplifier (MOPA) configuration
which isolates the oscillator from the output amplifier, per-

Designed mainly for servicing AM, FM, and TV receivers is the
Hickok 288AX sweep and marker generator. The instrument has
8 bands of unmoduiated or AM signal output from 35 kc. to 110
mc. as well as frequency-modulated output up to 160 mc. A
built-in audio oscillator, tunable from 20 to 15,000 cps, is
vsed for modulation or for audio tests. A crystal calibrator,
with a choice of 100- or 1000-kc. signals, is also provided
along with a 3-range decibel meter. Price of this unit: $315.
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An example of a versatile pulse generator is the Fairchild-
DuMont 404-B. This device can generate pulses suitabie for
use in signal-sampling techniques in conjunction with osc¢ii-
loscopes. Another application is to trigger scope sweeps at
the proper time to view the leading edges of very short tran-
sients. Pulses can be generated with widths continuously var-
jable from 0.05 to 105 usec, with various deiays, and with
repetition rates up to 250,000 p.p.s. Generator price: $760.
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A multiplex stereo generator developed for design and produc-
tion testing of FM multiplex adapters, tuners, and receivers
is the Scott 830. The unit has also been used by FM broadcast
stations to produce a composite stereo signal. When feeding
a composite stereo signal into the front end of a tuner, the
generator’s output is used to modulate a laboratory-quality
standard FM signal generator. The price of the unit: $600.

DS
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Intended mainly for the service technician working on FM
multiplex equipment is the Fisher Model 300 multiplex sig-
nal generator. The instrument is also suitable for use in
production testing. Incorporated are an audio oscillator
and an r.f. generator, which is factory tuned to the approx-
imate center of the standard FM broadcast band. An output-
level indicator is also provided. Price of generator: $495.

mitting amplitude modulation of the amplifier without affect-
ing the frequency of the oscillator.

The output impedance of r.f. generators deserves special
comment. If the output cable and load impedances aren’t
the same. rf. energy reflects from the load, giving rise to
standing waves. If the gencrator itself is not matched to
the output cable, then reflections are re-reflected, which
alters the character of the standing wave and interferes with
measurement accuracy. Most r.f. generators are matched to
one of the 50, 75, or 300-chm impedance levels commonly
used but pads or baluns are required to match other imped-
ances.

Because of standing waves, the r.f. voltage at the generator
may be different from the load voltage. For this reason, an
output voltmeter is a reliable indicator of signal strength
only when the load is matched to the generator.

The attenuators of r.f. generators require careful design
to account for distributed capacitance and imductance. These
devices are frequency-sensitive unless components are posi-
tioned carefully. Furthermore, the impedance of the atten-
wator must be matched to the output cable at all settings.

U.H.F. aud Higher Frequencices

Above 300 mec. the inductance and capacitance of tuned
circuits become so small that it is difficult to treat them as
discrete circuit elements. At these higher frequencies, reso-
nant cavities of one sort or another are generally used as
the resonating elements.

Gridded tubes for wh.tf. frequencies have rather odd
shapes so that all elements make contact at the right place
when installed in a cavity. Above 1000 mec., klystrons are
most often used as oscillators.

Microwave signal generators use a single power oscilla-
tor for the r.f. channel, avoiding the cost and complexity of
a power output stage. Because of this, modulation is usually
restricted to pulses and square waves, Modulating waveforms
turn the power oscillator completely off and on, making the
transition between off and on states as fast as possible to
minimize frequency pulling or FM as the klystron voltage
changes. On the other hand, it is relatively easy to frequency-
modulate a Klystron over a range of a few megacvcles by
applving a saw-tooth voltage to the klvstron repeller.

The attenuators of these generators also avoid the use
of Tumped circuit elements, the waveguide-bevond-cut-off
tvpe being favored. This attenuator uses a pickup loop which
slides in and out of a length of waveguide that opens into
the resonant cavity. The waveguide dimensions are smaller
than those required to carry an electromagnetic wave at the
frequency of the oscillator but the cavity’s magnetic field
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leaks into the waveguide. The further the loop is from the
cavity end, the weaker the field is and, what is more, the
field strength drops off in a predictable manner so that these
attenuators are inherently accurate,

Sweep Generators

Sweep generators are indispensable for anyone concerned
with circuit response throughout a band of frequencies. A
straightforward way of obtaining a sweep frequency is to
add a motor drive to the oscillator tuning dial. This approach
is widely used at audio and low frequencies, where electronic
techniques for changing frequency fail to achieve the neces-
sary wide (in terms of number of octaves) bandwidth. The
beat-frequency oscillator shines here as a means of getting
wide sweeps.

Motor drives are also used at radio frequencies but vi-
brating capacitors often serve to vary the oscillator frequency.
At microwave frequencies, the voltage-tuned backward-wave
oscillator (b.w.o.) can easily sweep through an octave band
of frequencies simply by modulating the helix voltage.

Motor-driven sweeps, unless carefully designed, cause
mechanical vibrations which induce microphonics that gener-
ate spurious oscillations. Motor-driven sweeps are also lim-
ited in speed. Electronic sweeps, which vary the oscillator
tank circuit’s resonant frequency either with a reactance
tube, a voltage-variable capacitor, or a saturable reactor,
are used wherever possible.

Many service-shop sweep generators have a fixed sweep
rate of 60 cps, taken right from the power line. This simpli-
fies circuitry and also makes synchronization of related os-
cilloscopes easier.

Circuit response is usually displayed on an oscilloscope.
The sweep rate should be fast enough to obtain a flickerless
display. Slow sweep rates are required for pen recorders
which may trace with more detail than a scope does.

Pulse and Square-Wave Generators

Pulse and square-wave generators produce signals of an
“off-on” nature by switching between two d.c, levels. These
generators are nsed to check systems which operate in a
pulsed mode, such as radar modulators. oscilloscope trig-
gering circuits, computer circuits, and teletvpewriter systems.
These generators ave also used for transient response testing
of linear systems.

The shape of the input pulse or square wave has to be
neatly rectangular if anything is to be leamed from the
shape of the output pulse. Rounding of the pulse corners, or
overshoot, wiggles. and sag of the pulse top, are the symp-
toms of system performance so should not be present on the
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In order to take quantitative r.f. frequency response meas-
urements, a sweep-frequency generator is used. The response
curve, traced on a scope, is vsually marked with a marker
generator. Incorporating both functions in a laboratory in-
strument is the General Radio 1025-A. The unit covers 0.7
to 230 mc. plus two bandspread ranges (400-500 kc., 10.4-11
mc.) for i.f. curves. The accurate marker pip is continu-
ously adjustable in frequency and amplitude. Price: $3250.

Another example of sweep-frequency generator is the Jerrold
Model 900-B. This instrument, which has been designed for
laboratory or production use, generates sweep signals with
center frequencies from 500 kc. up to 1200 mc. in the u.h.f.
range. Sweep widths vary from a narrow 10 kc. to a wide 400
mec. for the higher frequencies. The unit also has built-in
crystal-controlled harmonic markers and provision for exter-
nal variable marker signal generator. Price of unit: $1980.

input pulse that is produced by the pulse generator emploved.

A square-wave generator is really a pulse generator having
equal “on” and “off” times. “On” time duration therefore
varies with frequency. Pulse generators have one control for
frequency, or pulse repetition rate, and a separate control
for “on” time duration, or pulse width. “On” time is usually
much shorter than “off” time so that pulse generators are
often used to drive r.f. oscillators or other circuits where
high power is needed during the pulse but where average
power should be kept low.

These generators usually use some form of multivibrator
circuitry for wave generation with clipping circuits and other
devices for “squaring up” the waveform. An exception is
the mercury-wetted relay which, unlike ordinary relays that
have a certain amount of contact bounce, latch on for good
when contact is made. Generators using these relays are able
to generate high power pulses with turn-on times (rise times)
measured in fractions of a nanosecond (107 second) but their
use is limited because of velatively slow repetition rates.

Noise Generators

Measuring signal-to-noise ratios in receivers with sine
waves or other coherent signals is complicated because of
theoretical considerations involving bandwidth and noisc
power per cycle bandwidth. This difficulty is circumvented
by using broadband noise from a suitable generator as the
test signal. A comparison of receiver noise output without
signal input to noise output with a known amount of noise
power at the input, provides a measure of receiver per-
formance.

Noise generators are also used as a source of broadband
signals. Since “white” noise is an equal mixture of all fre-
quencies, a test using a noise voltage as the input is a test
which covers the complete range of a system all at once. This
is a good one to use for spotting any resonances in audio
svstems or in acoustic measurements.

Broadband noise sources require careful design; otherwise,
resonances may prevent an equal-energy distribution for all
frequencies. Noise sources include hot resistors. gas tubes.
and temperature-limited diodes (these are diodes operated
with low flament voltages and with plate voltages high
enough to maximize shot noise in the diode current) .

Impact of Semiconductors

Transistors are used in signal generating equipment where
their low power drain and low heat can contribute to a light-
weight, battery-powered design. As the cost of transistor cir-
cuitry becomes more competitive with vacuum tubes, we can
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expect to see more use made of transistors in test equipment.

Low-capacitance semiconductor diodes can be used at
much higher frequencies than thermionic diodes and are
used as harmonic generators to double the frequency of mi-
crowave generators. They do this by partial rectification
which distorts the r.f. wave, creating harmonic frequencies.

Tunnel diodes find application as low-level, low-imped-
ance r.f. generators and as fast-rise pulse generators. One
available pulse generator uses a simple tunmel diode circuit
to generate pulses with rise times of less than 0.1 nanosec-
ond. Pulse amplitude, thongh. is less than half a volt.

The step-recovery or snap-off diode represents a recent
discovery which is being designed into fast-pulse generators.
Anv semiconductor diode stores a charge, when forward-
biused, which flows as reverse current for a brief interval
when a reverse bias is suddenly applied. The step-recovery
dinde is designed so that this stored charge is used up
abruptly, making the transition from short-circuit (charge
carriers flowing) to high impedance (no charge carriers) in
less than a nanosecond. This device is nsed in a new pulse
generator as a pulse sharpener to square up the output pulses.

Still another kind of diode is revolutionizing the modu-
lator in microwave generators. This device, known as a p-i-n
diode because of the intrinsic (no impurities or doping)
silicon layer sandwiched between the p and n lavers, also
exploits charge carrier flow. At microwave frequencies, a
half-cycle does not last long enough for the charge carriers
tc be swept out, so that ciurent flows through the diode in
alternate directions in response to the r.f. voltage waveforms.
The diode appears resistive. however, and the apparent re-
sistance is changed by varying the diode bias.

A voltage-controlled attenuator is made by placing p-i-n
diodes across a transmission line so that they bypass or ab-
sorb some of the r.f. energy. the amount that is bypassed
being controlled by the diode bias. The oscillator can then
operate continuously and modulation is achieved by absorb-
ing various amounts of r.f. energy without causing reflections
on the transmission line

With these diodes, it is now possible to amplitude-modulate
a klystron output with sine waves, or any kind of complex
wave for that matter. What is more. the microwave power can
e turned on and off more quickly with these attenuators than
power can be built up or damped out in high-“Q” cavities.

Equipment Accuracy

A quality r.f. signal generator built during the past ten
or fifteen vears can be expected to have about a 1% or 2%
accuracy in frequency setting. (Continued on page 80)
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DECIBEL TABLE

T S I D B AN

Valtage -
Ratio Power db Ratio Power
(Equal Ratio + = (Equal Ratio
Impedance) - Impedanse) e )
1.000 1.000 0 1.000 1.000
0.989 0.977 0.1 1.012 1.023
0.977 0.955 0.2 1.023 1.047
0.966 0.933 0.3 1.035 1.072
0.955 0.912 0.4 1.047 1.096
0.944 0.891 0.5 1.059 1.122
0.933 0.871 0.6 1.072 1.148
0.923 0.851 0.7 1.084 1.175
0912 0.832 0.8 1.096 1.202
0.902 0.813 0.9 1.109 1.230
0.891 0.794 1.0 1.122 1.259
0.841 0.708 1.5 1.189 1.413
0.794 0.631 2.0 1.259 1.585
0.750 0.562 2.5 1.334 1.778
0.708 0.501 3.0 1.413 1.995
0.668 0.447 3.5 1.496 2.239
0.631 0.398 4.0 1.585 2.512
0.596 0.355 4.5 1.679 2.818
0.562 0.316 5.0 1.778 3.162
0.531 0.282 5.5 1.884 3.548
0.501 0.251 6.0 1.995 3.981
0.473 0.224 6.5 2.113 4.467
0.447 0.200 7.0 2.239 5.012
0.422 0.178 7.5 2.371 5.623
0.398 0.159 8.0 2.512 6.310
0.376 0.141 8.5 2.661 7.079
0.355 0.126 9.0 2.818 7.943
0.335 0.112 9.5 2.985 8913
0.316 0.100 10 3.162 10.00
0.282 0.0794 11 3.55 12.6
0.251 0.0631 12 3.98 15.9
0.224 0.0501 13 4.47 20.0
0.200 0.0398 14 5.01 25.1
0.178 0.0316 15 5.62 31.6
0.159 0.0251 16 6.31 39.8
0.141 0.0200 17 7.08 50.1
0.126 0.0159 18 7.94 63.1
0.112 0.0126 19 8.91 79.4
0.100 0.0100 20 10.00 100.0
3.16x107* 10~ 30 3.16x10 10°
10— 10— 40 102 10*
3.16x10°* 1077 50 3.16x10? 10°
1073 10— 60 10° 10°
3.16x10* 107 70 3.16x10° 107
L0~= 10—° 80 10* 108
3.16x107° 10° 90 3.16x10* 10°
10— 10710 100 103 10t
3.16x10¢ 101 110 3.16x10° 10
10~° 10712 120 10° 10*2




COLOR CODES CH£Z

CERAMIC CAPACITORS

HIGH CAPACITY TUBULAR

—— 1st

STAND-OFF TEMPERATURE COMPENSATING
A )
1st y Signiticant TIEUCAR Ist }Signiflcant
2nd } Figurzs 2nd J Figures
i - Multiplier

—. Tolerance

z:

1)

Temperature
Coefficient

} Significant
——2nd J Figures
— Multiplier
Tolerance

\

%

(Optional)

E— Emitter lead

\ ;
Coloréd dot

PREFIX "IN FOLLOWED BY:

@ my
=_ =

= Base lead

Temperature
Coefficient

EXTENDED RANGE T.C. TUBULAR

st \ Significant
———2nd / Figures
Multipiier
Tolerance

Temp.
—Coeff. Multiplier

IT. C. Significant Figure

MOLDED-INSULATED AXIAL LEAD

-

L

1st
2nd } Figures

-— Multiplier
Tolerance

MOLDED

Significant

Temperature
—Coefficient

Using Standard Resistor Color Code

White Band
(Distinguishes capacitor from resistor)

Ist }
2nd

Figures

Significant

Toierance
e

TRANSISTOR BASES

C = Collector tead

May be grounded

Red line

SEMICONDUCTOR DIODES

1st 2nd 3rd digit (same digit color

or 0

1st 2nd digit code as for resistors)

@

DISC (5-DOT SYSTEM!)

T Ist } Significant
2nd / Figures

Multiplier
Tolerance

Y

Temperature
—Coefflc;ent

BUTTON
Multiplier
2nd } Sign
1st J Figu

(Viewed from soldered

DISC (3-DOT SYSTEM) FEED THRO
1st }Signif&cant 1st } Signif
2nd ’ Figures 2nd / Figure
Multiplier Multig

= Tolera
N = Y
N Temper
~ Coeffici
C (connected to case)
Locator pin

Black line

G

C (connected to case)

/Y

(CATHODE LEAD IS SHOWN DOWN OR TO LEFT)

(=)

LAk

Hes!
Mfg. ident. (K)
(Cath) *.., K, Cath, or Red Dot reversed
in some
power diodes)
: s
- e
RESISTORS
AN, s TSEA (EAPE RESISTANCE IN OHMS
Ist ignifi
SO 13 } Significant 2nd} ?;s:;:scant COLOR DIGIT MULTIPLIER TOLERANCE
———2nd /) Figures l BLACK 0 1 =20
Multiplier — === & gggwx ; 180 fl,gc
=29
Tolerance ORANGE 3 1000 +3%*
_N YELLOW 4 16,000 GMY
Multiptier GREEN 5 100,000 =5% (EIA Alternate)
= Tolerance BLUE 6 1,000,000 >0
VIOLET 7 19,000,000 =12 1/2%*
GRAY 8 .01 (EIA Alternate) =30%*
e WHITE g .1 {ETA Alternate) =10% (EIA Alternate)
Ist } Significant GOLD 1 (JAN and E1A Preferred) | =5% (JAN and EIA Pref.)
2nd / Figures SILVER 91 (JAN and EIA Preferred) | =107 (JAN and EIA Pref.) |
Brown Bodies—Insulated. NO COLOR 2% /
Black Bodies—Non-Insulated. =
] ultiplier *GMYV = guaranteed minimum value, or —0 -+ 100% tolerance.
Wire-wound--1st digit band Tolerance =3%, 6%, 12 1/2%, and 30% are ASA 40, 20, 10, and 5 step tolerances.

double width.




PRINTED VALUE

= Temperature Coefficient

ant
CAPACITY INAF, Capacity
N q 2 2 a Tolerance
COLOR DIGIT MULTI- TOLERANCE TEMPERATURE EXTENDED RANGE
PLIER To wgt FD>. Over COEFFICIENT TEMP, COEFF.
or less 10 wy FD. PRAE Sig. | Muit-
Fig. plier
i€) BLACK [0 1 =20 up T G{NPO) 0.0 -1
BROWN 1 1 *01 ‘u_lu,FD. —33(N033) =10
‘H RED 2 100 —T5(N075) 1.0 —100
’ ORANGE 3 1000 —150(N150) 1.5 —1000 JAN TOLERANCE
it YELLOW | 1 10.000 —220(N220) 2.2 —10,000 LETTER "5 pn R Over
GHEEN 3 =05 ww FI. = iy —330(N330} 3.3 +1
bat or less 10 [4L T
RLUE 6 —4T0(N4TO) 4.7 410 < S0 9% UL
VIOLET 7 —T30{N750) 7.5 4100 n :0':‘)‘ “F N
GRAY 8 .01 =23 FD. +30(1030) +1000 N :l'b’y'“ e o
WHITE 9 1 =1y FD =107 General Purpose +10,000 G :".n ““F. :2;
SILVER o Bypass & Coupling i R =l
GOLD 100 (P100, JAN) . &)
re 100 | K *“10%
: Voltage ratings are standard 500 volts for some manufacturers, 1000 volts for other manufacturers. M *20%

‘PAPER CAPACITORS MICA CAPACITORS

CAPACITY IN[AILF,
EDT
CAPACITY IN!"!"F' MOLDED TUBULAR COLOR DIGIT MULTI- | TOLERANCE* CLASS OR
[— 1st } Slgnificant PLIER CHARACTERISTIC**
COLOR | DIGIT | MULTI- [TOLERANCE e————-2nd / Figures BLACK 0 1 207 A
PLIER o BROWN 1 10 1% B
BLACK R 206 Muitiplier RED 2 100 2% c
LROWN 1 10 Tolerance ORANGE 3 1000 3% L
RED 0 100 ETEE—E YELLOW 4 10.000 B
ORANGE| 3 1000 = GREEN i 57 (K1A) F(IAN)
YELLOW! 1 10,000 BLUE 6 G(IAN)
GREEN 100,000 5% Significant VIOLET 7
BLUE 6 1,000.000 i } Voltage GRAY % H{EIA)
VIOLET 7 Sty Figuris WHITE 9 J(ELA)
GRAY 8 GOLD 1 57 (JAN)
WHITE 9 10 Add two zeros to SILVER .01 1075
GOLD 56
SILVER 1075 Z:Ltjg;;ilcg:tr:: One *or =1.Q[ALF | whichever is greater,
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METER RANGE-EXTENSION NOMOGRAM

The limited ranges of voltage- or current-reading panel meters
can be extended quickly and without complicated calculations.

By A. L. TEUBNER

panel meters, the situation often arises in which a

voltage or current to be read exceeds the full-scale
capability of the instrument. It is a relatively simple matter
to extend the voltage range by adding an appropriate drop-
ping resistor in series or to extend the current range by
adding a shunt resistor, and then to multiply the reading
by the appropriate factor. The calculation of the value of
resistor to be added to provide the desired range extension
and convenient multiplication factor is not so simple.

With the handy chart shown here, a meter can be ex-
tended to read up to 50 times its full-scale deflection. De-
pending on the instrument itself and what is known about
it, it is possible to use the resistance of the movement
alone or the over-all resistance presented by the meter to
the external circuit. The chief precaution is that the user
must keep track of the decimal point (or powers of ten).

The center line is for meter resistance, whether an am-
meter or voltmeter is involved. The diagonal scale on each
side of the chart represents the factor by which the origi-
nal range is to be multiplied. Each diagonal is doubly grad-
uated, with the “A” scale running from 1.5 to 5 (or 10) and
the “B” scale from 5 to 50. Scales for the voltage dropping

wHEN measurements are being made with limited-range
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resistor (left) and current shunt tright) are also doubly
graduatad. Always use an “A” scale with an “A” or a “B”
with a “B.” Value of the external shunt or dropping resistor
will then be in the same units as meter resistance.

Use af the chart is best explained with an example, indi-
cated with a broken line on the nomogram. Suppose you
have a panel meter that reads 500 volts full scale and you
want tc read a potential known to be something over 2000
volts. The instrument is rated by the manufacturer at 1000
ohms per volt. Internal resistance is then 500,000 ohms,
or .5 (in megohms) on the center scale. Increasing range by
a facter of 6 will enable full-scale reading to 3000 volts.

Lay a straightedge from .5 on the center scale to 6 on
the “A’" side of the voltmeter diagonal. The line intersects
the “A" side of the “dropping R scale at 2.5 (still in meg-
ohms) A dropping resistor of this value in series with the
meter will enable an on-scale reading, which is multiplied
by 6 to determine the actual voltege. The procedure is sim-
ilar, on the other side of the chart, for ammeter shunts.

The chart provides accuracy in the order of 5 per-cent,
sufficient for most panel-meter applications. For greater
precision you must pay the price in detailed calculation,
precision components, and careful calculation. A
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DETECTION OF

UCLEAR RADIATION BY SEMICONDUCTORS

By HAROLD S. RENNE

In order for radiation to be useful, we must be able to measure
it easily, precisely, and inexpensively. Semiconductors, especiallv
silicon, are now finding wide application in this important field.

REAT strides have been made in the field of nuclear
science in recent vears. Evidence of these advances
is all around ns—new nuclear power phuits, ships,

submarines—and a continuing growth in the uses of radio-
active isotopes. And nuclear radiation itself—alpha, beta, and
gamma rays—is being emploved in indusiry, medicine, and
agricultire on an ever greater scale.

FFood preservation by meuns of nuclear radiation is rapidly
becoming a realitv. The Arinyv is embarking on an extensive
program ol testing irradiated hacon for palatability and pres-
ervation. The radiation protects the bacon from spoilage tor
long periods withont retrigeration. And in Canada, much of
the potato crop is irradiated to inhibit premature sprouting,
thus prolonging the storage period of this important crop.

In the field of inscct control, the screwworm flv has been
almost completely eradicated in parts of the country. This
was done by sterilizing male screwworms with nuclear radia-
tion and then releasing them in infested arcas. Similar tech-
niques are being tested on many other insects with encour-
aging results—this may be a partial answer to the furor raised
by Rachel Carson’s book “The Silent Spring.”

Horticulturists are using nuclear rvadiation to speed up
mutations in plants in the interest of developing new strains
that are wnore disease-resistant, produce larger crops, or have
other desirable properties. This work has already paid off
handsomely—in Michigan, a new strain of pea bean, called
“Sanilac,” developed by irradiation techniques, has almost
completelv displaced previous varieties because of its resist-
ance to disease and larger vields. Florists now have greater
variety of colored carnations, thanks to irradiation.
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Industrial applications of bath nnclear radiation and radio-
active isotopes are legion. Radiation improves the properties
of many materials, including some plastics, and gamma ravs
are used extensively for the nondestructive inspection of
welds, castings, and the like. Radioactive tracers are widely
employed, for example, in checking the wear on piston rings,
locating leaks in pipes buried in concrete, checking the efli-
ciency of washing machines, and in many other applications
too nnerous to mention. And nuclear power sources for
satellites, remote weather stations, unmanned navigation
buoys, and the like have been developed in which the heat
resulting from the disintegration of a radioactive isotope, sich
as strontium-90, produces electricity directly through the use
of thermoelectric elements.

In the medical field, significant advances have been made
in the use of radiation to treat cancer and other diseuses.
Radioactive isotopes are now fed to or injected in human
beings, and the paths followed by these isotopes are checked
in various diagnostic and therapyv applications, such as a dis-
eased thyvroid. Selective radiation in various parts of the body
can be carried out by administering radioactive isotopes
which concentrate in the portion of the body under treatinent.
Verv precise, localized treatments can be administered in
this manner.

We could fill an entire book by merely listing the many
applications of nuclear radiation. However, the foregoing
examples will serve to drive home the point that this field is
expanding rapidly and that it touches most of our lives in
one way or another.

These examples also serve to emphasize another point. To
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Fig. 1. Three basic types of silicon radiation detectors.
(A) Junction, (B) surface-barrier, (C) lithium-drif+ types.

The “‘Telstar !I’’ communications satellite. There are 3600
solar cells on its surface. The two rows of microwave an-
tennas around the center receive signals sent up fo satel-
lite and relay them back to earth. On the panel at left
center, just below the antennas, is a silicon radiation-
measuring device. An electron detector, it measures elec-
trons in the range of 750,000 to two million electron volts.

be useful, we must be able to measure radiation easily, pre-
cisely, and inexpensively. It might be said that the usefulness
of nuclear radiation bears a direct relationship to the ease
with which it may be measured. For we must be able to
administer precise doses in many applications, and must be
able to measure these doses so we will know what has been
administered. For these reasons, measurements in the field of
nuclear science play an extremely important role in its appli-
cation.

However, before we can discuss measuring equipment, we
must know what we are trying to measure. The main products
of a nuclear reaction, and the products which we want to
measure, are alpha rays (helium nuclei), the beta rays (elec-
trons), gamma rays, and neutrons, In some cases we want to
measure the intensity of the radiation, that is, the rate at
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which it strikes an object or area. Devices for making such
measurements are called “ratemeters.” In other cases, we are
interested in the total amount of radiation, or dosage, call-
ing for an instrument which is known as a “dosimeter.”

In addition to knowing what we are measuring, we must
have a standard to go by. The most commonly used unit is
the roentgen (abbreviated r) which is defined on the basis of
ionizing ability of the radiation in air. Multiples and submul-
tiples of this unit are alsc employed. The megaroentgen (Mr)
is a million roentgens, and the milliroentgen (mr) is one-thou-
sandth of a roentgen. A total dose, or quantity of radiation,
is then measured in roentgens.

If it is radiation intensity that we are concerned with, the
customary unit is roentgens per hour (r/hr.) or, for low levels,
milliroentgens per hour {mr/hr.).

Conventional Measuring Instruments

A number of different physical phenomena have been ex-
ploited in the measurement of 1uclear radiation. These deal
with the effects produced by such radiation on different ma-
terials. For example, there is the phenomenon of ionization
—alpha, beta, and gamma rays will all produce varying
amounts of ionization in a gas. The rays will expose photo-
graphic films—and will cause chemical reactions in various
chemicals. In certain materials, flashes of visible light will be
emitted when struck by radiation. The materials are then said
to “scintillate.” All of these phenomena have been utilized in
commercial units now on the market.

Ionization. Geiger counters make use of a Geiger tube,
which is nothing more nor less than a gas-filled tube with
suitable electrodes for sweeping out the ions. Some measuring
instruments use ionization chambers—again, a gas-filled
chamber with an arrangement for removing the ions produced
by the radiation.

Photographic Film. The fact that nuclear radiation will ex-
pose photographic film is the basis for an instrument known
as the “film dosimeter.” This instrument indicates the total
dose of radiation received during the time the film is exposed.
The density of the developed film is a measure of the total
exposure and, with proper calibration, the dose of radiation
can be measured with a very high degree of accuracy.

Chemical Dosimeter. Chemicals of various kinds can be
employed to measure the total dosage of nuclear radiation.
Certain chemical reactions take place under exposure, and
the extent of these reactions is a measure of the total dose.
Changes in color, acidity, transparency, as well as other char-
acteristics may be emploved in order to determine total
exposure.

Scintillators. In scintillation counters, the flashes of light
which are produced by nuclear radiation are counted by a

Fig. 2. Nomogram for determining depth of penetration
in silicon for particles having various amounts of energy.
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Fig. 3. (A) Cross-section of surface-barrier detector for
neutron detection. Neutron-sensitive material is deposi-
ted on aluminum foil. {B) Fast neutron sandwich detector.

photomuiltiplier tube, together with suitable circuitry. The
rate at which the Hashes are produced gives an indication
of the intensity of the radiations, and the total number of
flashes indicates the total dose.

Semiconductor Petectors

There are three main effects to be considered when study-
ing the use of semiconductors in measuring radiation, First
there is an effect which is very similar to ionization in a gas,
namely, the formation of electron-hole pairs in the material.
Then there is the fact that semiconductors can become dam-
aged when subjected to radiation. This damage is not the
same as that suffered by the decoding transistors of “Telstar
I.” where trouble was apparently caused by gas ionization
within the transistor encapsulation. Finally, there is the
phenomenon in which electricity is produced when radiation
strikes a semiconductor diode—as in a silicon solar battery.

As mentioned before, nuclear radiation will produce elec-
tron-hole pairs when it passes through a semiconductor mate-
rial such as silicon. Harnessing this phenomenon then involves
removing these electrons and holes from the material before
they can recombine, and then counting or measuring the
number of “pairs” that have been formed. The use of silicon
instead of a gas has a very great advantage in that for a given
amount of energy lost by the incident radiation, approxi-
mately ten times as many charge carriers are formed. About
3.5 electron volts of energy are required to form one electron-
hole pair in silicon. The problem of sweceping out the electron-
hole pairs has been solved in a number of ways.

Junction Detectors

Application of an electric field to a material such as silicon
can result in large leakage currents, since silicon is not a per-
fect insulator. However, by first forming a p-n junction in the
silicon and applying a reverse bias, that is, applying a negative
potential to the p region and a positive potential to the n
region, the leakage current can be kept extremely small. Ap-
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plication of this reverse bias produces a “depletion laver” in
the silicon. This is a region in which all electrical charges are
swept ont as fast as they are formed, and thus the region is,
in effect, an insulator. See Fig. 1A.

When a nuclear particle such as an electron or proton
strikes this region, electron-hole pairs or ions are formed.
The impressed voltage then sweeps these ions to the appro-
priate electrodes, where they are collected and measured by
suitable electronic circuitry. A single ionizing event would
then cause a single pulse in the output, the size of this pulse
depending on the number of hole-electron pairs that were
formed.

Conventional techniques, such as diffusion, are employed
in foriing the p-n junction. Skabs of ultrapure high-resistivity
p-type silicon from .5 to 1 centimeter square are cut from a
single crystal and are carefully cleaned and processed in the
same manner as in the production of semiconductor transistors
and diodes. The proper impurity, which may be phosphorus,
is then diffused a very short distance into the surface, forming
a thin layer of n-type silicon. Electrical contacts are then made
to this surface layer and to the bulk material, and the detector
is ready for operation.

[t will be noted that electron-hole pairs formed in the sur-
tace n layer are not collected, and are lost, Therefore, every
effort is made to keep this layer as thin as possible so that it
will introduce a minimum loss. This so-called “dead” laver
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Fig. 4. An experimental silicon diode neutron dosimeter.

may be made as thin as 0.1 micron, so thin, in fact, that prac-
tically no hole-electron pairs are formed here, giving an
essentially windowless detector.

The thickness of the depletion laver depends on a number
of factors, the two most important being the resistivity of
the p-type silicon, and the voltage applied across the junction.
It is desirable to get as thick a region as possible in most
cases, so that the incoming radiation will produce a maximum
number of hole-electron pairs. Thus, high-resistivity silicon
is employed, and a high bias voltage is used.

Reports from Bell Laboratories indicate that diffused junc-
tion detectors have been fabricated with a depletion laver
thickness of as much as 0.7 millimeter at 400-volt bias. This
is sufficient to stop a proton which has an energy of 10-million
electron volts,

Another factor to consider in the use of junction radiation

Fig. 5. Cross-section of vacuum-tight silicon radiation detector.
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Semiconductor radiation devices come in many sizes and shapes.

detectors is their capacitance. The output signal energy of the
detector is inversely proportional to the capacitance of the
device. Thus it is important to minimize this capacitance to
as great an extent as possible.

Surface-Barrier Detection

A highly satisfactory junction detector can be made by
using the surface-barrier technique, as shown in Fig. 1B. Such
detectors are formed by evaporating gold onto p-type silicon,
forming a junction. When a suitable bias is applied, a deple-
tion laver is formed as before, and the device functions in
much the same manner as the diffused-junction device. Both
techniques have been emploved extensively in commercially
available devices.

In surface-barrier devices, the radiation must penetrate the
gold laver before it can be detected. Therefore, the layer is
kept very thin—on the order of 150 angstroms—so there is es-
sentialh no “dead laver” or absorption. The Oak Ridge Na-
tional Laboratory has produced depletion layers as thick as
1.7 millimeters in its surface-barrier detectors.

Lithium-Drift Detector

For some applications, it is desirable to have a much
thicker active layer than it is possible to achieve using either
of the above techniques. Such devices might be necessary in
measuring very penetrating radiation, such as protons in
excess of 10-million electron volts. The lithium drift technique
has been developed for producing thick layers (see Fig. 1C).
Sensitive thicknesses of up to 5 millimeters have been re-
ported.

In low-resistivity p-type silicon there is an excess of positive
charges, or acceptors. By introducing carefully controlled
amounts of lithium, these excess acceptors are compensated
for and very-high-resistivity silicon and a large depletion layer
result. The depletion laver can extend clear through the ma-
terial. A big advantage of this device is that it can be operated
at relatively low reverse bias voltages. However, it appears to
be much more sensitive to radiation damage than the diffused
silicon detector.

The detectors just discussed are not particularly suited to
measuring gamma rays. Because of their penetrating power,
such rays will readily pass through depletion layers of the
thicknesses we have been discussing, forming few or no ions.
However, most fission products, including alpha rays, heta
rays, protons, deuterons, tritons, and fission fragments can be
easily measured. If the particle is completely stopped in the
depletion layer, the size of the output pulse is a direct meas-
ure of its energy. Thus, with suitable instrumentation, the
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silicon detector can be employed to measure the energy of
incoming particles.

The penetrating power of various particles in silicon is
given in the nomogram of Fig. 2. 1f the energy and tyvpe of
sarticle are known, the range in microns can be determined
directly. For example, the dotted line in Fig. 2 shows that
a proton with an energy of 6 million electron volts will pen-
strate almost 300 microns of silicon.

Neutrons in general will pass through silicon without pro-
ducing an appreciable number of electron-hole pairs. To use
silicon diodes to measure neutrons, a “converter” layver is
placed over the diode. This layer may contain lithium atoms,
which react with neutrons to give a triton (isatope of hydro-
gen with an atomic number of 3) and a helium atom. These
particles are then measured by the silicon diode. Typical
construction for a device of this kind is shown in Fig. 3A.
Sometimes, two silicon detectors are sandwiched together
with a coating of lithium fluoride on one of the wafers. The
basic detection principle is the same as before. See Fig. 3B.

Silicon radiation detectors have a tremendous dynamic
range, that is, they can be employed for measuring radiation
intensities varying from a small fraction of a milliroentgen
per hour, or a few counts per minute, up to the limit of
available electronic equipment which can be on the order of
hundreds of thousands of counts per second. Also, since the
size of the output pulse can be measured, the energy spec-
trum of the incoming radiation can be determined. This can
be extremely useful in identifying the specific radiation or
identifving the radioactive isotope which is producing the
radiation.

An interesting application of silicon detectors is their ex-
tensive use in measuring radiation intensity in space, including
the Van Allen belts. Svstems were installed in both “Telstar”
satellites, in the “Relay” satellite, “Explorer XV,” and oth-
ers. With appropriate shielding and the use of magnetic and
electric fields, these detectors have been used to count elec-
trons, protons, and other charged particles of widely varying
energies in areas of outer space.

Radiation Damage

Radiation can damage semiconductor devices—both diodes
and transistors. Some work has been done in an attempt to
utilize this phenomenon in developing a radiation measuring
device, but as far as the author knows, no such device is
commercially available.

Radiation damage acts to slow down the rate of diffusion
of minority carriers in silicon. The current-gain characteristic
of a transistor made of silicon de- (Continued on page 70)
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\ccuracy goals depend on apphicatons and the quality ol mstruments bemg checked.

For any situation. however. satisfactory standards or facilities can be worked out.

By WALTER H. BUCHSBAUM, Industrial Consultant

OW MUCH precision should one expect and how
much can actually be realized when one is calibrat-
ing test instruments? What standards can be or

should be used? How does one go about doing the job or
getting it done? The answers to these questions will depend
on who wants the calibration performed, the tvpe and qual-
ity of the equipment whose accuracy is to be checked, and
finally the use to which this equipment will be put. These
requirements allow for a wide variation in the results that
will be obtained.

Consider one of the less demanding situations. When
a technician wishes to check the “B+” in a radio or TV
receiver, it is not too important if the nominal 250 volts is
actually measured at 262.5 or 237.5 volts. If voltmeter
accuracy is 5 per-cent, this alone could account for the
12.5-volt difference. Variation in line voltage could just as
well be responsible. If both line voltage and the meter read-
ing are down, only 223 volts might be read. Deviation would
have to be at least this great and probably larger before
the technician would begin to consider the possibility of a
defect. Although the accuracy requirements here are not
demanding, they do exist. If voltmeter error were, say, 10
per-cent or greater and the user did not know this, he could
be misled.

In industrial and military electronics, on the other
hand, standards are much more critical. Laboratories, fac-
tories, and installation facilities often allocate considerable
time and money to the maintenance of test equipment ac-
curacy. In fact, goverument contracts conventionally carry
clauses requiring that all test equipment be calibrated care-
fully agaiust approved standards at least once every six
months.

Referenee Standards

In the United States, the exact electrical values for
voltage, current, frequency, resistance, capacitance, and in-
ductance are determined by the National Bureau of Standards
of the Department of Commerce. Laboratory or secondary
standards for these electrical parameters are measured
against the Bureau’s primary standards at certain regular
intervals and are then certified as to their accuracy.

Calibration against certified standards is generally a
specialized job. Large organizations maintain special depart-
ments for this purpose. Smaller companies send or bring
their equipment to nearby laboratories that offer a calibra-
tion service.

When such service is required on an outside basis, there
should be little difficulty in locating a suitable agency. A
request is addressed to the Bureau of Standards, either at
Washington, D.C., or to the office in Boulder, Colo. The
Bureau will advise where standards of the required type are
available in the writer's locality. Each of the three armed
services also maintains standards laboratories, which are
available to qualified commercial firms. A qualified firm is
one that holds a contract with the particular service. It can
obtain permission to use standards facilities through the
project director.

All major military bases involving electronics maintain
standards facilities. Well known bases include the Signal
Corps at Fort Monmouth, the Naval Research Laboratories,
and the Air Force’s Wright Field. For security reasons,
the services avoid publicizing all such locations.

In addition, the Air Force maintains a fleet of trailer
trucks, each of which carries a complete set of calibrating

standards. These mobile laboratories insure precise measure-
ments by making the rounds of various Air Force installa-
tions and enabling frequent checks on test equipment cali-
bration.

Although elaborate facilities of this nature are a far
cry from what the aforementioned technician would need,
many of the problems and principles are common. The tech-
nician in a non-critical role is mostly concerned with
calibrating a.c. voltage, d.c. voltage, direct current, and
resistance on his v.o.m. and v.t.v.m. These will be the most
important ones, although there will also be some interest
in capacitance, inductance, and frequency. While the re-
quired accuracy is much greater in industrial and military
applications, essentially the same quantities are involved.

There are a number of references and methods that can
be used to insure accuracy in non-critical situatious short of
comparison against certified NBS standards. Since these in-
volve measures that may be applicable at any level of
calibration they will be discussed first.

Basic Meter Checks

Conventional voltmeters, used everywhere for measure-
ment of basic electrical quantities, include the v.o.m. and
v.t.v.m. Such instruments are most often specified to have
an accuracy of *3 per-cent for the d.c. scales, =5 per-
cent for the a.c. scales, and still less for resistance measure-
ments. Many users still overlook the implication of the clearly
stated qualification that the specified accuracy is with re-
spect to full-scale reading.

Consider a typical instrument with a 250-volt d.c. range
and a full-scale accuracy of =3 per-cent. This means it could
be off 7.5 volts not only at 250 volts, but at any other reading
on that scale. This same voltage discrepancy would then
amount to 7.5 per-cent error if 100 volts is being read. If 15
volts is being measured on the same range, allowable error
could be as much as 50 per-cent.
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Fig. 1. The Eppley Standard-Celi Voltage Reference, accurate
to .005% or better, is tapped in ten steps up to 10.193 volts.

Fig. 3. A universal potentiometer by Leeds & Northup. It com-
bines a standard voltage reference with precision resistors
and a closely calibrated potentiometer for fine resolution.

Fig. 2. An a.c.-powered, well-regulated standard, the VS-10
by North Hills Electronics, provides d.c. reference output.

In practice, down-scale accuracy is considerably better
than what these figures suggest. If the meter movement were
a perfectly linear device, percentage accuracy would be the
same at any point on the scale. However, there is some non-
linearity in the magnetic meter circuit and some introduced
mechanically by the use of springs and weights that balance
the movement. Since calibration by the manufacturer is made
at the full-scale end, the cumulative effect of errors will
be experienced at the low end of the scale. It is therefore
preferable, when possible, to use a range that permits read-
ings to fall in the higher end of the scale.

The first step in checking a meter is to make sure that
zero indication is accurate. The pointer is set, if necessary,
via the external adjusting screw with the instrument in its
normal operating position. The instrument should be on
its lowest d.c. range, with all test leads disconnected.

Meter bearing balance is checked next. While all cali-
bration will be performed in the instrument’s normal oper-
ating position, the pointer should show no tendency to stick
when the meter is tilted through any of the three major
axes. If the pointer does not return to zero after tilting,
rebalancing is needed. This is a job for an expert. The in-
strument manufacturer or an authorized agency should be
used.

If balance is good, d.c. voltage ranges are checked by
measuring a known voltage source. The most elementary
source is the widely available 1.5-volt, carbon-zinc cell which,
under certain conditions, will give good accuracy. To begin
with, a large cell with screw terminals is preferred to a
flashlight size. The batterv should also be unused, and rea-
sonably fresh. The nominal voltage usually given for cali-
bration is 1.55 volts. Actually an unused cell about two years
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Fig. 4. A resistive voltage divider made by North Hills Elec-
tronics. It is made lor use with an external voltage source.

old will probably still measure about that much, whereas a
fresher one may read zbout 1.58 volts. However, this range
of variation is no more than *1%, which is well within
the specified accuracy for conventional meters. As a rule, the
owner will consider his instrument does not need recalibra-
tion if it reads anywhere between 1.5 and 1.6 volts. At worst,
error in this case is not likely to exceed *3%.

Higher d.c. voltages and scales can be checked by
combining single cells in series. This is not recommended,
however, as it builds up margin for uncertainty. Anyone who
is really interested in maintaining a v.o.m. or v.t.v.m., or
several such instruments, at good accuracy should consider
investing in something bezter. Mercury cells, for example,
are available that will maintain accuracy well within 1 per-
cent over a period of several years. They can be obtained in
calibration sets that include several in a single housing, in
a series, with taps between cells, Still better, so-called “work-
ing standard” meters are available for less than $100. Typi-
cal of these is the Weston 931 series, accurate to =0.3%.
Vith one such, a single, acrurate voltage source is not neces-
sary. The instrument to be checked and the working standard
monitor any voltage source or sources simultaneously, and
readings at various voltage levels are compared.

On d.c. voltage checks, the lowest range is always cali-
brated first. In some meters, it is possible to adjust the series
resistance here if calibration is seriously off. In most cases,
a fixed resistor must be replaced. The next higher range is
checked, and so on up to the highest. Resistors added in the
voltage divider in each successive range are adjusted, if
necessary.

The d.c. current ranges are checked out next, starting
with the lowest first. If a standard calibration source is
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not available, a known voltage and precision resistors are
required. Current is caleulated with Olin's Law. In addition
to the value of the calibrating resistors, input resistance of
the meter on cach current scale must be considered in
calculating current. Possible error introduced by deviation
in the latter resistance value can be made insignificant by
choosing calibrating resistors whose values are many tinies
higher than that of the meter. Percentage accuracy of the
calibrating resistors is determined by the degree of ac-
curacy required. Proceeding from current scale to scale,
the values of snccessive meter shunts are corrected as needed.
Aceuracy of the a.c. ranges is affected by frequency and
waveshape of the voltage being measured and by compo-
nents in the rectifier system, as well as by divider resistors.
A reasonably good oscilloscope will make a reliable monitor
for checking sinusoidal waveshape and will also indicate
voltages in terms of peak-to-peak values, if it incorporates
a voltage calibrator or is used in conjunction with one.
Good waveform is needed because the average meter
does not respond to romes. valne directly. It is calibrated to
read r.m.s. equivalent value on true sinnsoidal a.c. only, If
the scope shows that waveshape of the available 60-cps or
400-cps source is distorted, a good audio oscillator can be
used. To convert scope peak-to-peak readings to ran.s. equiv-
alents, divide the former by 2.83 (or multiply by .353).
Inaccurate veadings on a.c. may be due to faults in
the a.c. vectifier system in addition to deviations in the divi-
der resistors. Rectifier faults arc most likely to show up as
inaceuracy in the lower end of all scales. (Even with a good
system, meters tend to be less accurate in down-scale read-
ings than they are on d.c.) Although a calibration resistor
is usually included in the rectifier assembly, the best cure
for a fault here is replacement of the entire syvstem with a
new assembly obtained from the meter manufacturer.
Resistance scales are checked last. At best, the ohmmeter
function of a multi-purpose meter is not designed for high
precision and should not be used when such accuracy is
required. The olimeter tends to be more accurate near
the center of its scale than at either end, so calibration
should be performed with precision resistors whose values
fall in the center portion of each scale. The best one can
hope for is good accuracy and scale-to-scale uniformity in
this portion. The degree of error in extreme up-scale and
down-scale readings can then be recorded and used to com-
pensate readings taken subsequently in actual measurement.

More Accurate Standards

Certification of a standard by the NBS does not nec-
essarily mean it is the most precise type that can be obtained;
it simply provides assurance that the standard does indeed
meet whatever accuracy it specifies. How much certified
accuracy should be obtained depends on the instrument
being calibrated. For example, the Ippley Standard-Cell
Voltage Reference, shown in Fig. 1, provides ten taps from
I to 10 volts d.c. with accuracy within £0.005%. It is avail-
able from the Eppley Laboratory in Newport, R.1., for about
$240. Such cells must be used in bridge circuits where little
or no current is drawn.

An establishment that maintains a considerable number
of service-type voltmeters for ordinary work might consider
such an investment. If these meters are rated at =3% ac-
curacy, the standard would be more than adequate, as stand-
ards should ordinarily be at least twice as accurate as the
mmstruments they will be used to check. If the establishment
also uses a digital voltmeter or several for more critical work,
and the latter is rated at =0.01%, purchase of the Eppley
reference would be all the more worthwhile—but the stand-
ard would now be just about sufficient. These cells can be
held to =0.001% if ambient temperature is controlled.

While the mentioned sources depend on chemical ac-
tion. there are also voltage and current references that are
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purely electronic. One such is the so-called "Solideell” in Fig.
2, available from North Hills Electronics of Glen Cove, N.Y..
for 8750. Although a.c.-powered, it depends on a zener diode
- a temperature-controlled box for an output of 10 volts
due. Its guaranteed accuraey is also =0.005%, but it does not
suffer from changes due to aging. overload, and ambient
temperature in the way that chemical sources do.

Some instrument companics offer specialized calibration
sets that combine such facilities as voltage and current sources
for d.c. and a.c. with precision resistors, capacitors, and in-
ductors. Weston Instruments of Newark, N.J. offers such
sets. A simple voltage source, after all, is not self-sufficient
tor calibrating a variety of ranges.

In voltage calibration, it is often advisable to use a
standard high enough for the high scales and employ a pre-
cise resistance divider for lower voltage scales. A “universal
potentiometer” of this type, made by Leeds & Northrup of
Philadelphia, Penna., is shown in Fig 3. Tt combines a stand-
ard voltage source with resistors and a potentiometer of
exceptional precision. Voltage accuracy is rated to £0.01%
and readable outpit down (Continued on page 76)

Fig. 5. Thomas standard resistor (left) is rated at 1 ohm to
.0001%. Units to right are other low-resistance standards.

Fig. 6. A precise, stable
mica-capacitor decade. It is a far
cry from the service-shop substitution box,

Fig. 7. Three sets of carefully wound coils interact in the
Brooks “Inductometer’ for inductance readings on a linear scale.

45



ACCURATE AUDIO
FREQUENCY
MEASUREMENT

By AARON W. EDWARDS /Technical Research Laboratories

ECHNIQUES for making absolute determinations of
many physical quantities have been greatly refined in
the past several years. Accuracies far bevond the re-
quirements of orvdinary practical application have been at-
tained in a number of laboratories, including the National
Bureau of Standards at Boulder, Colorado. Their announce-
ments of the correctness of such quantities as time. for ex-
ample, leave one shaking his head in profound admiration.

Less exacting accuracies, but still constituting a high order
of precision, are achieved regularly in development labora-
tories, on missile ranges, and in various industries where
research and data reduction are performed. It goes without
saying that the apparatus required for the orders of precision
produced at the National Bureau of Standards is very elab-
orate. Even the comparatively modest equipment of the other
cited activities is far more costly than most individuals could
afford.

Thus the author feels justified in describing a technique
by which satisfactory determinations of audio frequency—out
to within a few hundredths of a cycle—may be made with
“garden-variety” tools. The items involved in this cycle-slicing
are: a reasonably good oscilloscope; a stop watch; and a
source of accurate tones—such as those transmitted by the
NBS’s stations WWV and WWVH.

For several years the author has been concerned with mak-
ing accurate quantitative measurements of certain data. Us-
ually this data has been stored on magnetic tape and played
back for analysis, but continuous “live” inputs are equally

Fig. 1. Suggested switching arrangement and equipment hookup.
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susceptible to analysis. The author developed many methods
and techniques for extracting and analyzing the acquired
data. He had at hand the finest oscilloscopes, electronic coun-
ters, and other auxiliary equipment that could be purchased.
Yet, the accuracy usually required for the satisfactory solution
of the analyses performed was less than that possible with
the simple technique to be described here.

This possibly surprising statement may require clarifica-
tion. The use of an electronic decade counter made possible
rapid and accurate frequency determination to within the
inherent counter readout error, which was = one count. Since
the quantities involved were mostly on the order of several
hundred to several thousand cycles per second, an error of
one count is negligible. Even at 100 cps, one count is only
1%; and at 1000 cps, the same error is ouly .1%.

Thus it is that, under certain couditions, the accuracy of
an electronic counter may not only be duplicated, but may be
exceeded, with the procedure to be described. This method
is essentially an accurate, interpolative process of determin-
ing difference frequencies, or beats. One might say this
method takes up where the counter leaves off.

Equipment Required

The mention of oscilloscope quality should be amplified,
too. In this application, the scope is mervely the display and
indicating device; a comparator, if vou please. The burden
of accuracy is shared by the standard chosen and the finesse
with which the timing operation is performed. The oscillo-
scope sweep speed mus: be capable of being controlled by
an external source. This control signal is fed into the exter-
nal syne binding post. The scope’s sync circuit is required
only to behave well enough not to lose sync during measure-
ment. Most oscilloscopes will perform satisfactorily.

Fig. 1 illustrates the basic equipment connections and a
suggested switching arrangement. For purposes of this illus-
tration, let us assume we have as a standard a 1000-¢ps elec-
tronic tuning fork. {Some of these units are of exceptionally
high accuracy and stability.) The actual choice of frequency
for f..« will depend on the approximate value of the unknown
frequency, f.. Generally, it is desirable that the value of fsta
be much greater than that of f-.

Notice that the drawing of the oscilloscope includes the
two symbols “+” and "“—". These may be painted on the
scope case if one wishes, or they may be marked on a piece
of masking tape or gummed label and merely stuck in the
indicated places; the “+’ to the left side of the CRT, the
“_” to the right side. Their use is in making the determina-
tion of whether the derived difference in frequency is addi-
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tive or subtractive. The function of S1 is to switch the Y-axis
or vertical imput between the known (standard) and un-
known sources.

The stop watch should, preferably, be one that is calibrated
in hundredths of a second. This is not mandatory, but the
use of such a watch reduces the likelihood of introducing
counting or calculating errors.

Measurement Procedure

With the oscilloscope connected as shown and warmed up,
check that the following conditions also obtain: The external
sync pot is at a neutral (zero) position; that is, no syne is
applied. The sweep frequency controls are set to the appro-
priate range for displaying the unknown frequency. The
brightness, focus, and gain controls are set to give a good
image. The ninage should be positioned so that it is totally
visible and centered approximately on the center line of the
CRT face. This being done, the actual measurement pro-
cedure is as follows:

Step 1. Place S1 in the “Read” position. The unknown fre-
quency is now deflecting the scope trace. No sync voltage is
applied. By adjusting the coarse and fine sweep-speed con-
trols, obtain a single cycle of the unknown frequency on the
CRT (see Fig. 2A). Carcfully adjust the fine frequency-
control pot to make the single cyvcle hold stationary. or as
nearly so as is possible. Do not use sync. (This step is only
to determine which fraction of ... is involved.)

Step 2. Place S1 in the “Calibrate” position. It is unlikely
that a stationary pattern will be obtained. (If this pattern is
stationary, clieck to see that the syne control has not heen
turned off the neutral spot.) Cautiously re-adjust the fine
sweep-control pot up or down in frequency, depending on
which direction gives the shortest route to obtaining a sta-
tionary pattern. (Hint: If the pattern drift is left, or toward
the “+7 side, slowly turn the pot clockwise to arrest the pat-
tern. If drift is to the right, turn slowly counterclockwise. )
When the pattern consists of some whole number of sine
waves (say 3, 3, or 8), first attempt to stabilize the pattern
by carefully adjusting the fine sweep speed. Then carefnily
inject the svie signal, tie the “Ext. Sync” control, so that the
pattern is firmly locked. At this point the sweep rate is being
accurately controlled by the standard frequency.

Step 3. Suppose that the pattern obtained in this manner
consists of 8 sine waves, Note: It will be necessary to allow
for a missing portion of the last cycle, due to flyback time.
See Fig. 2B. The exact sweep speed is now the frequency of
the standard being used (1000 ¢ps in this case) divided by
the number of cycles seen, or 1000/8 = 125.00 Cps.

Step 4. Return S1 to “Read” position. Observe the direc-
tion of trace movement, but do not touch any controls. On a
sheet of paper, record the sign “+” if the pattern drift is
left (Fig. 2C), or “—" if it is right. This is the sign of the
correction to be applied to the last calculation.

Step 5. Immediately begin the timing operation. If the
CRT has a transparent scale, or graticnle. refer to it. If not,
mark with grease pencil some portion of the CRT face through
which a part of the trace is drifting. (See Fig. 2D.) This is
the reference mark, or index. As cach succeeding wave passes
through this index. it will he counted,

The technique of timing and counting is very important
and, if not properly done, can be a source of error. Be sure
that the first coimting utterance is “zero” and not “one.” After
observing the pattern drift long enough to pick up the rhythm
of the trace movement. begin the timing. At the same instant
the selected portion of the wave passes through the index,
start the stop watch and simultaneously count “zero (the
watch is started), one, two, three. . .ete.” The greater the
number of cycles counted, the more accurate is the result.
For very slow drifts, or beats, a count of from 10 to 20 may
be sufficient. For faster ones, it is advisable to count a mini-
mum of 50 to 100. When a sufficient number has been
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counted, stop the watch. Example: ... 48, 49, mark!” The
watch is stopped at “mark,” or 50.

All is now done except the calculation. Recall that the
sign of the correction was established from the prior observa-
tion of drift movement in Step 4. The amount of the correc-
tion is calculated as follows: Assume that 30 cycles were
counted, and the stop watch recorded 21.42 seconds. This is
equivalent to 50/21.42=2.334 c¢ps. Assuming that in Step 4
an additive correction was indicated, then 125.00 (exact
sweep speed) + 2.334 (difference frequency) = 127.334
eps, which is the actual value of the previously unknown fre-
quency f..

Depending on the skill with which the timing is performed,
the figure in the hundredths place is of questionable accuracy.
(The figure in the thousandths position is only a division re-
sult, and has little significance.) An average of three to five
runs should enable the actual value of that decimal to be de-
termined with reasonable accuracy. Recall, too, that any
timing error becomes smaller the more beats that are counted.
Whatever the error may be, it is divided by the total count
taken, just prior to the final calculation.

Discussion of the Technique

All of the foregoing instructions are theoretically sound
and practical. If, however, one is restricted to a single, or
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Fig. 2. Waveforms obtained during the measurement procedure,

even two sources for f.., it will not be long before some in-
herent limitations will make themselves known. The technique
has been presented in its simplest form. To make clear what
kind of pattern is a desired indication, only a sinusoidal pres-
entation has been described, as it is the most easilv recog-
nized. The patterns obtained in Step 2 are the simplest
derivatives of ..., that is, they are f/2, f/3, . .. f/8, etc. Drift
rates faster than about 6 cps are quite difficult to time, by
eve. Thus, strict adherence to the patterns described would
permit readouts of = about 6 cycles, of the frequency f/n.

Happily, these limitations have several solutions. Some of
these do not involve a departure from the principles of econ-
omy that make this measurement technique available to the
average reader. And, in any case, the limitations should not
detract from the fundamental excellence of the general
method. These solutions take the following form: (1) pro-
viding additional satisfactory sources of f..s; and (2) provid-
Ing ways to count the more rapidly drifting beat pattem.

A very simple way to get inore mileage from a given stand-
ard frequency is illustrated. Suppose that, for example, the
unknown frequency (Continued on page 75)
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THE OPERATIONAL AMPLIFIER

By JACK E. FRECKER / Applied Research Lab., University of Arizona

PART 2/ Applications of the unit, previously discussed. as a voltmeter calibrator,
a frequency-sensitive circuit. wn oscillator, a capacitance bridge, and as a multivibrator.

fiers were discussed and the circuit and construction
of a two-amplifier unit were shown. The reader will
recall that in the most general usage, shown in Fig. IA,
Gain = Ewuit/Eiw = —Z4/Z... Output impedance was assumed
to be negligibly small, input impedance at point A was simply
the value of Zin, and the effective impedance from point B to
ground was quite low. The output current capability of either
amplifier was 3 to 5 ma. max. depending on output voltage.
When using the operational amplifier, the open-loop fre-
quency-response curve in Part 1 should be kept in mind. As a
rule of thumb, if the open-loop gain at any particular fre-
quency is reduced by a factor of 100 or more by feedback, less
than 1% error in calculated gain will result. In the following
discussion it will be assumed that the amplifiers are always
carefully zero-adjusted and that no attempt is made to use
them beyond their frequency capabilities.

IAST month the theory and design of operational ampli-

Amplifiers and Calibrator

The simplest application is that of Fig. 1A. This is a good
general-purpose d.c. and low-frequency (audio) amplifier.
FFig. 1B illustrates a second class of circuit and makes use of
the differential input feature of the amplifier. In this circuit
Gain = (Zin + Zi) | Zix and is non-inverting. The input
impedance is between 100 megohms and 10,000 megohms,
depending on the condition of the 6AUB tubes.

Bv making Z:» an open circuit and Z; a short circuit in Fig.
1B. the unit becomes a unity-gain amplifier similar to a cath-
ode-follower. It is useful as an isolation device to over 100
kilocveles. Another use of this device is shown in Fig. 1C.
The unity-gain amplifier is used as a coaxial-cable shield
driver. As the shield is at the same a.c. voltage as the in-
ner conductor, the effective capacity to ground of the inner
conductor is reduced nearly to zero. The 1000-olm resistor

Fig. 1. (A) Basic general-purpose d.c. and low-frequency
amplifier. (B) Isolating amplifier. (C) Coax cable shield driver.
(D) Voltmeter calibrator. (E) Integrator-circuit arrangement.
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is emploved in order to prevent parasitic oscillations.

Fig. 1D is the circuit of a voltmeter calibrator. With the
switch in the ground position the amplifier is carefully ad-
justed for zero volts out. Then the switch is turned to the
mercury cell and the output voltage, E... = 1.35 X (Zi» +
Z:)] Z:. with a very high degree of accuracy.

Integrators

Fig 1E is an integrator. TLis circuit provides a frequency-
resporise roll-off of 6 db per octave. To use this circuit, se-
lect the frequency at which gain is to be unity and let X. =
R.. at this frequency. Then at one-half this frequency the gain
will be two, at one-hundredth this frequency the gain will be
100. and so on. R. is necessary to provide some d.c. feedback
to prevent the amplifier from drifting into its Hmits. It should
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Fig. 2. (A} Modified sine-cosine oscillator. (B) Voltage
comparator. (C) Circuit which adds hysteresis to trans-
fer function. (D) One type of free-running multivibrator.

be no Lurger than 1000Rwm. It may be less and, if so, will
determine the maximum gain of the amplifier at low fre-
quencies. Also, a resistor can be inserted in serics with C.
This resistor will determine the minimum gain of the circuit.
With hoth present the circuit will have a frequency response
as shown in Fig. 3A.

Fig. 3B is a double integrator. This circuit has a roll off
of 12 db per octave. Select the frequency at which the gain
is to he one-fourth and let X. = R at this frequency. Then
at one-half this frequency the gain will be unity, at one-
twentieth this frequency the gzain will be 100 and so on.

“Q”-Multiplier and Bridge

Fig. 8C is a “Q”-multiplier. The unity-gain amplifier out-
put is fed back into the tuned circuit in a regenerative fash-
ion. The effective “Q” of the circuit can be raised by a factor
of 50 or more with good stability, and R can be decreased
to a point where “Q” becomes infinite and oscillations take
place. This circuit is useful to 100 kilocycles but is at its
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Fig. 3. (A} Frequency response of the circuit shown in Fig. 1E. (B} Double integrator circuit. {C) “Q"-multiplier circuit.
(D) Use of operational amplifier as a capacitance bridge. (E} Wien-bridge oscillator connected to emitter-follower stage.

best when it is used within the audio-frequency range.

One of the most potentially useful circuits is the applica-
tion as a capacitance or resistance bridge. The capacitance
bridge is shown in Fig. 3D. In this circuit a low-level audio
signal is connected to the input, the capacitor to be meus-
ured is connected at C., the appropriate values of C..v and
Recorir are selected and the controls R and ESR are adjusted
for a null in the earphones. Frequency is kept low in order
that the amplifier open-loop gain will he high and the react-
anee of C.and Cow will be high.

The most important advantage, to the experimenter. of this
bridge over the completely passive bridge is that the bridge
equations are an extremely simple matter of ratio and propor-
tion rather than the gross and involved equations of the con-
ventional types. If perfect components are used, the bridge
can measure to an accuracy of .3 per-cent or better. When the
bridge is adjusted for a null, C. = (R x C.ia) | Rscatina.
Since there are four different combinations of Rseerine and
C.a, they represent four different multipliers in decade steps.
Equivalent series resistance of C. = (ESR X C...)/C.. Dis-
sipation factor then equals 100R/X. or 200=fRC in per-
cent with f in ¢ps. R in ohms, and C in farads. An entire
plug-in subassembly umit containing components. switching
functions, and a transistor audio oscillator could be con-
structed along these particular lines.

Sine-Wave Oscillators

Several types of sine-wave oscillators are possible with
this unit. The Wien bridge, shown in Fig. 3E is one of the
best. The emitter-follower is necessary in this circuit to
supply the large amount of driving power required for the
bridge. Frequency can be made continuously variable by
varying either R or C. R should be always greater than 5000
olms. R is selected to give an output of 7 volts r.m.s.

Another oscillator is a modified form of the sine-cosine os-
cillator used frequently in analog computer laboratories, and
shown in Fig. 2A. The name comes from the fact that there
is a Y0-degree phase difference between the two outputs, Os-
cillations build up very slowly in this device and, when they
are greater than sixty volts peak-to-peak, a weak diode
limiting action takes place tending to hold the amplitude
constant,

In the left-hand portion of the circuit, the output leads
the input by 90 degrees at all frequencies. The right-hand
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portion is a non-inverting integrator and its output leads
its input by 270 degrees. The total of 360 degrees phase-
shifted signal is fed back to the left-hand unit, and oscil-
lations take place just lower in frequency than where loop
gain exceeds unity. This circuit is particularly useful at
frequencies from .1 ¢ps to 1000 cps. To cause the unit to start
faster, momentarily connect 4 1350 volts to anyv input through
a 10-megohm resistor. All values of R and C should be equal.
Typically, R has a value of 200,000 ohms to 10 megohms.

Non-lLinear Operation

These amplifiers perform well in non-linear and limit-to-
limit operation if not too much is expected in the way of high-
trequency performance. A few basic functions will be shown
here. The first is a voltage comparator, shown in Fig. 2B.
When the input goes ever so slightly positive, the output goes
into its negative limit, and vice versa. By connecting the sec-
ondary input to some reference voltage, when the input ex-
ceeds the reference voltage, the output will go into its nega-
tive limit, and cice versa. (Continucd on page 84)

Fig. 4. (A} Wave-shaping circuit. (B) Timing computer circuit.
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CATHODE-RAY
OSCILLOSCOPES

By EDWARD K. MARRIE
Scientific Instrument Deot., DuMont Laboratories
Divisions of Fairchild Camera and Instrument Corp.

One of the most useful and most versatile
test instruments has made many advances in
design and performance over the past decade.

INCE its commercial origin in 1932 the cathode-ray
oscilloscope has become a primary instrument for
measuring electrical waveforms. It is used in a wide
variety of fields and applications. Although oscilloscope man-
ufacturers employ techniques that have brought the instru-
ment from a simple indicator to a device that can measure
electrical quantities accurately, the basic system concept has
not changed. Exceptions are the new traveling-wave and
sampling oscilloscopes which are special-purpose instruments.
Unlike many measuring devices, the cathode-ray oscillo-

scope enables rapidly varying :1alog information to be ob-
tained. If the applied signals have random amplitude and
time fluctuations, the oscillosccpe must be employed. Scopes
are multipurpose instruments combining features of both
a.c. and die. voltmeters, ammeters, frequency and phase
meters, waveform analyzers, and a good many more.

Types and Applications

Because it finds use in so many diverse measurement ap-
plications, no one oscilloscope can contain all desired charac-
teristics. If scopes were to be classified into three general
groups, these would probably be: (1) general purpose, low-
frequency, (2) general-purpose, high-frequency, and (3)
special purpose.

Just what constitutes low ard high frequency depends on
the range of frequencies required by industry at the time.
In the early vears of the oscilloscope, much of the electrical
industry was concentrated in the area of a.c. power where
scopes having bandwidths of only 10 ke. were sufficient. As
the radio industry began to grow, a need developed for
oscilloscopes which could be nsed to check out carrier and
audio channels, modulators, and discriminators. To make
such measurements the bandwidth of the oscilloscope was
pushed to 200 kc., a wide-band instrument around 1942.

Techniques developed for military systems during World
War I were quickly adapted for scope circuitry to keep up
with the expanding electronics industry. Distributed ampli-
ficrs began to replace the cascaded pentode amplifiers to
fulfill the 10- to 20-mc. requirements of post-war industry.
Distributed amplifiers using tubes are now being phased out
of newer equipment in favor of solid-state devices. High fre-
quency in an oscilloscope today usually means 25 mc. or
above. In two or three years this will probably be changed
to 50 mc. or above.

The pressure for higher frequency instruments comes
mainly from users and designers of advanced military systems
and computer manufacturers. Already computers have
reached a point where scopes with bandwidths of over 50 mc.
are preferred in design work, or with 23-mc. passband for
servicing.

Oscilloscopes having low-frequency characteristics are still
required in industry. Many applications where mechanical
or hvdraulic systems are involved need electrical test equip-
ment having a bandpass of only 500 ke. This class of instru-
ment has had a fairly constant market for the past few years
but does not have the growth potential of the high-frequency
instruments used in the electronics field.

New and more sophisticated sweep circuits had to be de-
veloped for the higher frequency instruments. Originally

One of the very earliest oscilloscopes was the Type 126, man-
ufactured in 1932 by the Allen B. DuMont Laboratories. Hav-
ing developed a practical, long-lived cathode-ray tube, Dr.
DuMont's first use for these tubes was in instruments of this
type. The power-supply circuitry was in the cabinet shown
while another cabinet, not shown, housed the sweep circuits
that were employed with the separately mounted CR tube.

An example of a high-sensitivity, general-purpose lab scope
is the Fairchild-DuMont 704. !dentical vertical and horizon-
tal amplifiers are used with sensitivities of 0.2 mv./cm. and
bandwidths from d.c. to 500 ke¢. The triggered sweep is wide
range from 0.1 pusec./em. to 1 min./full scale. Critical cir-
cuits use silicon transistors. The amplifiers are within =1°
relative phase shift to 100 kec. Price of the oscilloscope is $645.
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Designed for production and servicing of
black-and-white and color-TV receivers is
the RCA WO-91A. The scope can measure
color-burst signals and can be used to
troubleshoot wide-band color circuits.
Either wide-band (10 cps to 4.5 mc.) or
high-sensitivity (50 mv. p-p/in.) opera-
tion is provided. Price of unit: $249.50.

Attt b,

Although most scopes use electrostatically
deflected 5” tubes, the ITT LS-411 uses
a magnetically defiected 14” CRT for
display. With its plug-in amplifier and
sweep modules, it can display low-fre-
quency waveforms from d.c. to 25 kec. For
use with analog computers and telemetry
systems. Basic price, less plug-ins, $1965.

Another example of a general-purpose
wide-band instrument designed mainly for
black-and-white and color-TV servicing is
the Jackson CRO-3. When switched to
wide-band operation, the response is from
20 cps to 4.5 mc. When set for high sensi-
tivity, 18 mv. r.m.s. signal produces a de-
flection of 1 inch. Price of unit is $234.95.

saw-tooth sweep generators used thyratrons. These were free-
running sweeps which could be locked to the synchronizing
signal. Gas-tube sweep generators of this type had a maxi-
mum repetition rate of about 40 ke., or a minimum sweep
time of about 25 microscconds, To examine a 20-mec. sine
wave, a minimum of 0.1 wsec. or 100 nanoseconds was re-
quired. More complicated and versatile saw-tooth generators
such as the bootstrap and Miller integrator were devised.

It most present-day equipment, the Miller integrator is
used because of its linearity and fast starting. The sync signal
in this “triggered-sweep” system changes the state of a mul-
tivibrator which starts the sweep. Another feature is that the
method or mode of triggering may be altered. By changing
the mode of operation, a triggered repetitive, free-running,
single or automatic sweep may be obtained.

Single sweeps have become more important since the de-
velopment of oscilloscope recording cameras where a tran-
sient will start the sweep and activate the camera shutter at
the same time. Triggered sweeps of this type produce linear
sweeps of 5 nanoseconds.

To make scopes easier to operate, and due to the increased
accuracy of the Miller sweep system (3%), newer instruments
are calibrated directly in time. At present, the Miller sweep
generator is restricted to either electron-tube or hybrid cir-
cuits. However, field-effect transistors, which are now becom-
ing commercially available, will enable completely solid-state
sweep generators to be built.

With the advent of pulse and digital circuitry, a new type
of display was developed to single out and expand certain
portions of a pulse train. At first it was sufficient to auto-
matically change sweep rates during the sweep to produce a
“notch,” This notching technique, a forerunner of the delay-
ing sweep, worked well for instruments which had a pass-
band of 5 to 10 mc. As radar, pulse modulation, and com-
puters became more refined and transportation of electrical
information became faster, a new system was needed. It was
important not only to know what pulse in a given train was
being measured and its waveshape, but also its time relation
to other waveforms in a system. To do all three jobs well, the
modern delayed sweep was devised. Practically all missile
projects require a number of scopes having delayed sweeps
for systems check out.

Very accurate phase measurements at high frequency is
another area which employs delayed-sweep scopes. In this
method, a calibrated delay dial is used to measure phase.

Two types of instruments uscd for special high-frequency
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measurements are the traveling-wave and sampling oscillo-
scopes. The traveling-wave scope has been designed for
measuring very fast, single-shot or low-repetition-rate signals.
Unlike the general-purpose scope, it does not have a vertical
amplifier, but connects the signal directly to the CRT deflec-
tion plates. Second, the vertical deflection plates are divided
into sections to reduce the transit time of the electron beam
through the plates. These various sections are connected to-
gether with a delay line so that the signal progresses from
one plate to the next in much the same manner as in a dis-
tributed amplifier. This instrument, which is usually used
with a camera, provides a means of recording very fast
transients. Reduction in sensitivity and scan must be toler-
ated in this system to achieve necessary bandwidth.

For higher bandwidths, a more versatile instrument, the
sampling oscilloscope, may now be obtained. Using new
solid-state components, sampling oscilloscopes will yield
bandwidths over 1000 mc.

The sampling oscilloscope is closely analogous to a strobo-
scopic light for visual observation of rapid motion. Both tech-
niques appear to slow down motion and depend on repetition
of the phenomenon to build up the apparent image. Sampling
differs from conventional display in that for each occurrence
of the input signal only a single point or sample of the input
is displayed. The amplitude of this point is proportional to
the signal amplitude at the instant of time the sample is
made. By sampling at slightly different times for each mput
cycle, a display showing the entire waveform is produced.
With this method, the effective bandwidth of a fairly low-
frequency amplifier may be extended upward and the loss
of sensitivity and scan in the traveling-wave system may be
overcome.

Plug-in Units

Not all improvements made to the oscilloscope have been
in the electrical circuitry, More versatility has been built into
the scope by the use of various plug-in units. At first only
vertical preamplificrs were available. These enabled the user
to select vertical characteristics for a given application. A few
years ago this was extended to both vertical and horizontal
channels. Sampling generators were packaged as plug-ins to
permit operation of specific instruments as both standard
and sampling scopes. At present scopes may be obtained
which have all of the signal circuitry contained in the plug-
ins. Such instruments may now keep pace with the rigid
specifications of present-day industrial and military applica-
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Another example of a wide-band labora-
tory oscilloscope is the Simpson 2610. This
instrument was designed to fill the gap
between service-type scopes, which have
fairly limited performance but at reduced
cost, and the very high-performance, high-
cost laboratory instruments. Response is

In order to view waveforms with very short
rise times, a high-speed sampling tech-
nique is used in this Tektronix 661 with
dual-trace sampling preamp unit. Small
bits of the signal, sampled at slightly dif-
ferent portions of the waveform, recreate
the display. The vertical passband is equiv-
alent to d.c. to 3500 mc.; rise time is 0.1

An oscilloscope that uses an unusual CRT
to get a dual trace on the screen is the
Telequipment {Avnet) D44. Although the
tube uses a single cathode, control and
focusing electrodes, two completely sep-
arate deflection systems operate on the
electron beam which is split in two parts.

d.c. to 8 mc. (=1.5 db); sensitivity is 6
mv. r.m.s./in. The price of the unit: $575.

nsec. Price of scope and plug-ins: $3500.

Plug-ins are available for various band-
widths, gains. Price (basic unit): $350.

tions and vet provide maximum versatility for foresecable
future requirements.

As an example of improvements that have been made in
general-purpose low-frequency scopes in the past 10 vears
let us compare some of the major characteristics of the
DuMont Type 304 and the newer Fairchild-DuMont 704.
The following table shows the improvement in the electrical

R 10-Year-Old New
Characteristic \ Oscilloscope Oscilloscope
Bandwidth 100 kc. 500 kc.
Sensitivity 100 mv./div. | 0.2mv./div.
Sweep Rate 30 ke. | 0.1 gsec./div.
Phase Shift Not Specified | +1°to 100 kc.

Between X-Y |
ldentical No Yes
Amplifiers
Accuracy +5% *+=2%

characteristics of the units. It should be noted that in the
older instrument the sweep is calibrated in the number of
sweeps per second whereas in the newer type instrument

the horizontal axis is calibrated directly in time per division.

The latest development in oscilloscope circuitry has been
the use of the transistor and other semiconductors. Although
we know of no commercial oscilloscope that has been com-
pletely transistorized, semiconduciors are now used in from
30 to 90 percent of the active stages in some present-day
instruments currently on the market.

Advantages of Solid-State Oscilloscope

Obvious advantages of solid-state design are that the in-
strument will weigh less, require less space, and consume a
smaller amount of power. Instruments which have the same
electrical characteristics as the solid-state oscilloscope weigh
from 2.5 to 3 times more, and consume over twice as much
pewer. Tube instruments exhibit two problems which are
directly related to tube aging. There is a slow degradation
in the tube parameters with time. This causes trouble in the
calibration and balance of the instrument. Certain tvpes of
silicon transistors, on the other hand, retain their original
properties for practically their entire life.

A special cathode-ray storage tube is the
heart of the Analab Model 1220, shown
here with a dual-trace plug-in preamp. In-
formation can be stored for many months
or it may be erased in 30 seconds. Repeti-
tive signals up to 100 kc. and single tran-
sients to several kc. can also be stored.
Price of basic unit (no preamp) is $1600.
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An example of an inexpensive general-
purpose and service-type oscilloscope is
the Precision ES150. The unit can also be
used for low-frequency work as its re-
sponse goes down to d.c. On the high side
response is —3 db at 4.5 mc. Sensitivity
is 70 mv./in. on d.c. and 25 mv. rm.s./
in. on a.c. Price of the scope: $149.95.

Designad mainly for industrial applica-
tions, such as general production testing,
computer testing, and lab use, is the Hew-
lett-Packard 175A. The scope has a pass-
band of from d.c. te 50 mc. with 7-nsec.
rise time using a suitable plug-in preamp.
A variety of vertical and time-base units
are available. Price {(basic unit); $1325.
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The second effect which is found in tube instruments is
a tube disease known as “cathode interface.” This trouble is
inherent in the vacuum tube itself and has been a constant,
but unavoidable, source of trouble in high-frequency scopes
until the introduction of the solid-state scope. When the tube
begins to age, a resistance is developed between the heater
and cathode of the tube. It acts as if an RC network had
been connected inside the tube. This reduces the gain at
low frequencies while not affecting the higher ones. A grad-
ual overpeaking is therefore developed in the square-wave
response. Some large companies connect clocks to their oscil-
loscopes and replace all the tubes in the high-frequency
amplifiers every 30 to 60 days. Since transistors have neither
heaters nor cathodes, this problem is non-existent.

There is also more versatility when designing with tran-
sistors, since both n-p-n and p-n-p transistors are available.
The p-n-p transistor has no tube counterpart, since the tube
would have to operate with the cathode positive with respect
to the plate. In direct-coupled systems, this is an easy method
of keeping the power supplies at low values.

Not all types of transistors are suitable for use in oscillo-
scopes. To produce a stable, solid-state scope silicon tran-
sistors are usually used. The reverse current from collector
to base in transistors doubles every time the temperature in-
creases 10°C. Since the acceptable range of operation is be-

or not become obsolescent soon. These questions are general
and could be used as a vardstick for either a scope to do a
specific job, or one for general use.

1. What sweep rates are necessary® Some measurements
require that the instruments have fust sweep rates, while
others need slow sweeps. An oscilloscope having the greatest
spread between fastest and slowest sweep would seem to be
the more versatile, However, two important points should be
considered in determining what sweep rates are necessary.

Are the frequency response of the vertical amplifier and
the maximum sweep rate compatible and what is the se-
quence of the sweep-rate switching? As a rule of thumb, if
one cycle of the upper passband frequency can be displayed
across the face of the CRT, then the sweep rate is adequate.
For example, if the passband were 500 kc., then the period
for 1 cycle would be 1/500 ke. or 2 microseconds. If this time
is divided by the number of divisions in the horizontal direc-
tion, usually 10, then the fastest sweep rate required will be
0.2 microsecond per division. Applyving this rule to a 25-me.
bandwidth scope would vield the 4 nanosecond per division
(4 nsec./div.) sweep rate required. This sweep rate is not
obtainable in high-frequency scopes at present and some
other criteria are needed. The state of the art requires that
a ratio of 5 to 1 will have to be used between the calculated
sweep rate and what is available at the present time.

A 3-inch d.c. oscilloscope that is avail-
able in kit form is the Heath 10-10. Iden-
tical vertical and horizontal channels are
used with bandwidths from d.c. to 200 kc.
Sensitivities of amplifiers are 0.4 v. (p-p)
per inch. This compact scope weighs
about 16 lbs. There is less than 5° relative
phase shift between channels. Price: $79.95.

Another example of a scope in kit form
is the Conar Model 250. This is a 5-inch
wide-band scope for general and TV serv-
ice use. The vertical sensitivity of the
unit is 23 mv. r.m.s./in., and the ver-
tical frequency response is flat from 13
cps to 2.5 mc. and down 1.5 db at 3.58
mc. Price: $89.50, or $139.50 assembled.

The most elaborate scope in kit form is
the Knight 10-mc. d.c. laboratory scope
shown here. This is a research-quality
unit with interchangeable vertical pre-
amps. Built-in sweep timing markers are
provided along with built-in voltage cal-
ibrator. Dual-trace preamp is available.
Price without plug-in preamps is $395.

tween 0 and 50°C, an extremely low initial reverse current
is a prime characteristic for transistors used in oscilloscopes.
When germanium transistors are used, instability with tem-
perature usually results due to their larger reverse currents.

Transistorized construction also makes it possible to pack-
age all the signal-carrying circuitry into plug-ins rather than
having it distributed between a preamplifier plug-in and the
main frame. The delayed sweep generator, which contains
two complete sweeps, may be operated more easily than tube
types due to its compactness. Automatic features within this
unit, made possible by silicon planar transistors, decrease the
number of controls on the front panel. Cabling, which had
to be external in the past, is now done internally and may be
changed by means of front-panel switches.

Choosing an Oscilloscope

When choosing an oscilloscope, there are certain questions
which must be answered to obtain an instrument that will
avoid erroncous readings, make the required measurement,
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2. What is the accuracy of the sweep? I quantitative
rather than qualitative information is required, the sweep
accuracy timing should be no more than = 5% from nominal.
Most commercial manufacturers hold the tolerance to within
3% on all ranges.

3. Is vertical delay required? Above 5 me. the oscilloscope
should have a delay built into the vertical amplifier. An ex-
ception to this is when using the instrument as an X.Y plotter
where the sweep is inactive. Another application where a
delay line is not necessary is when the scope is always trig-
gered from an external source, which activates the sweep at
a specified time before the signal applied to the vertical chan-
nel. Such an application is the servicing of computers where
the sweep is referenced to a given point in the computer and
other signals measured from this point.

4. What risc time and Dandwidth are required? Normally
the rise time of the scope should be 1/5 the rise time of the
signal being observed. This will cause an error of about 2%
when making a rise-time measure-  (Continued on page 74)
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1963 Directory of Kit Test Equipment

Complete listing of all presently available test equipment kits. Over 200
designs dwided into 29 categories, according to functior, are covered.

HE philosophy of producing kits is as old as the elec-

tronics industry itself, but it wasn’t until after World

War II that test equipment in kit form was produced
in quantity. The advent of television generated an immediate
need for test equipment for the installation, service, and
maintenance of this new entertainment phenomenon. Not
only were new forms of test equipment needed, but if rela-
tively accurate and stable equipment could be produced at
reasonable prices, there was a ready-made market for such
output. Industry more than tulfilled its promise in the way of
kits whose quality and low price far overshadowed the in-
convenience of assembling such equipment. The fact that
equipment had to be put together ultimately proved a real
selling point since technically oriented persons derived tre-
mendous satisfaction from building their own units.

Almost simultaneously with the service industrv, a new
market opened up in test equipment for the home workshop.
Hobbyists, experimenters, and even electronics engineers,
found test equipment kits the answer to their needs.

Today one can find test equipment kits in every area, from
industrial and military plants to electronics laboratories. Serv-
ice departments; production-line testing departments for
radio, TV, hi-fi, and industrial electronic equipment; medical
and educational institutions are among the diversified places
where such test equipment can be used. Test equipment kits
have become so sophisticated that in many cases they are the
equal of all but highly elaborate and specialized factory-as-
sembled units. In laboratories, once they have been checked
against calibrated equipment, they are ideal for making com-
parative measurements on all types of products.

Kits have achieved these advances for several good rea-
sons: (1) Design standards, component quality, and accu-
racy are relatively high. (2) Technicians can assemble them
during free time while drawing regular salary. In this way
kev emplovees can be kept busy without additional cost. (3)
One of the most important reasons why kit test equipment
has made inroads in the industrial area is that their circuits
can be modified during construction to adapt the instrument
to special applications. In many cases there is a need for
specific individual tests, especially for production applica-
tions. Why tie up multiple-operation units in such cases?

Today, kits bear little resemblance to the first 57 scope kit
that sold for $39.95 in 1€47. Circuit design, performance,
and versatility of present-day test equipment have kept pace
with the industry. Transistors are now beginning to replace
vacuum tubes in some kits.

Over 200 different test equipment kits are available rang-
ing in price from $3.50 for a capacitor substitution box to
$395.00 for a laboratory oscilloscope. There is actually no
limit to the degree of complexity of the test equipment that
can be designed and marketed in kit form. Why this is so is
largely a matter of the painstaking detail and clarity of the
construction manuals accompanying such equipment.

If you have never assembled a kit, be assured that these
manuals are well written with step-by-step instructions so
clearly presented that an operating instrument is gnaranteed.
Calibration procedures are simple and provide a relatively
high degree of accuracy. Should problems arise, manufac-
turers will, for a nominal fee, check out any kit that does not
operate, calibrate it, and put it in top working order. A

R.F. SIGNAL GENERATORS

F R | No. of Cal. Harmonics Output Modulation Pruvisiun‘l Audio Output
req. Range o.0of | =T N0 of |V Freq. (cps) for | T | Price Remarks
Migr. Model ' (tyndamentals)| Bands | Freq. | No.of | Voltage 2 Ext. Mod. | Volts |
Bands i !
ALLIED 83v952 | 160kc-112me. | 5 none — | 4 | = 400 | yes ! yes 10 $19.95
CONAR 280 170 ke.-60 mc. 6 none — | a1 | se| 400 | no | yes 5 $21.50
EICO 35 75 ke.-50 me. 5 13-150 2 | Fi = 400 yes yes — | 54995
mc. I |
1320 150 ke.-34 me. 5 22-102 2 | — | 400 no yes 152 | $24.95 | Model 322 with 5 cal
mc. | | | ‘ bands $27.95
| 324 150 ke.-145me. | 6 111-435 1 i A 5002, 400 yes ; ves | 10 $28.95
| me. | | | 1 | 1
EMC 502 NS ke-M0me. | 6 = = - 400 yes | mo | — | S1795
Mol | 90, 100, 107 mc. 3 —_— — —_ — 400 no yes | —— $34.95  three switch-selected freq.
HEATH i " | | | vor. 10.7 mc. sweep, 200 ke.
l to over 1 me., 10.7 mc.
| | crystal mark, 100 ke
J | | | | | | submarker
: 1642 100 ke31 me. | Sj = a0 so| 400 T yes m | —— | $56.95| panel meter indicates
‘ output voltage or percent
l | | modulation
— —— : i |
16-102 100 ke.-110 me. 6 110-220 1 A 500 400 | yes yes 10 $27.95 ‘
| . me. 1 1 ! ‘ : B
LAFAYETTE KT-ZOBQi 250 kc.-120 mc 5 —_— — — — 400 | yes | —— | — f $19.95 | dlsoa sfgnul tracer
OLSON KB-141 250 ke.-120 me. | 5 —_ = - —_ 400 yes — — | $19.95 | also a signal tracer
[ 300 | —_— —_— —_ $27.50 | available with precali-
110 me. 5 60-330 2 _ — 60, 400 p
PRECISE G | 300 ke m me ‘ | brated r.f. head as
‘ ) \ | | | 610KA, $34.95
0 ke. N i ‘ ' | indicates r.f., a.f
. - . 6 — — 1.0 - 20-20,000 yes 20- 2.5 $39.95 | meter indicates r.f., a.f.
gﬁgg{( 10888 | 100 ke330me 20,000 output; r.f., a.f. volts;
| s ‘ db in 3 ranges;
‘ ( | | | 0-1,10, 100 v. a.c. B
22026 |10 ke NOme |5 | — — a sl 400 s | — | — | sus
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TUBE TESTERS

Type ) Tests .
Migr. Model | Emission | G, | Shorts, Line- .
Opens, Grid Voltage Special )
Leakage | Current |G, | Adjust | Charts *Sockets Meter Scale | Tube Tests | Price Remarks
ALUE_D B 1004 7;7 i shorts o book 7- & 9-pin minio- good-bad _— $19.95
only ture, oc., lok.
6008 X X X roll 4,56, 71,75, good-bad CRT with adapter | $ 39.95| counter model $35.95
oc., lok, 9, com., performs gas check
-~ - I nov., nuv., 10
CONAR ” X Shorts, X roll 4,56 7L, 1-, 9., CRT with adapter,| $ 48.75| 12 test levers,
— opens, 10-pin miniature, VR, tuning eyes book for foreign
leakage oc., lok., nov., tubes
com., 5, 7-pin nuv. B -
EICO 625 X X X roll 4,5,6,7L,7S, good-bad VR's, “‘eye,” (RT| S 34.95
i o nc., lak. nov. with adapter B

628 X X X roll 7-9- & 10-pin VR's "‘eye”’ $ 44.95
miniatures; oc., color &
lok., 5- & 7-pin rionochrome
nuv., com., nov. CRT’s with

adapter -

666 X X X roll 4,5, 6, 7L, 75, good-bad CRT with S 69.95| direct indication of
miniature 7- & adapter, VR's, leakage in ohms;
9-pin, subminiature “eye,” ballast transistor leakage and
5, 6, 7-pin {in-line tube beta test

B N o - base), oc., lok.

667 X X X X roll 7-9- & 10-pin VR's, “eye” § 79.95| direct indication of
miniatures; 5-6- & ballast, leakage in ohms;
7-pin sub-miniature, | calor & transistor leakage and
sub-miniature 8- monochrome beta test
pin, oc., lok., 5- & CRT’s with

| 7-pin nuv., com., adapter
o - I | n~v.
EMC 205 X X X | ren 9 sockets good-bad “eye, VR, CRT | S 34.50

- - - | with adapter

209 X X book 7- & 9-pin minia- good-bad CRT with adapter | $ 25.90| rejuvenates (RT's
ture, oc., lok.

pall| X X book 7- & 9-pin minia- good-bad —_ $ 14.90

) o o B | ture, oc, lok.

213 X X book 7- & 9-pin minia- good-had VR's, “eye’ $ 18.9C| $21.90 in wood
ture, com., nuv., carrying case
nov., 10-pin,

. - ~oc., lok.

301 X X book 7- & 9-pin minia- good-had CRT with adapter | $ 32.60| $33.20 in wood

ture, oc., lok. cabinet;
rejuvenates (RT's___

302 X X book 7- & 9-pin minia- good-bad CRT with adapter | $ 47.90( $49.90 in wood

ture, oc., lok. cabinet;
o . o B rejuvenates (RT's_ B
HEATH 0 X X X roll 4,5, 6,71, 75, good-bad CRT with adapter | § 44.95
7, 10-pin minia-
ture, oc., lok.,
nov., com., §, 7-
. - . N i |_pin nuv.
TT-14 X X Ve ua. X X roll 4,56, 71,75, 0-3000 wmhos, | VR's, low-power | $149.95
sensitivity 7- & 8-pin sub- VR test volts, | thyratrons, “‘eye’
miniature, oc., lok.,| 0-1 v. a.c. tubes
9-pin miniature,
onl., nuv., nov.,
_ 10-pin
LAFAYETTE |kT-209 X X book 7 sockets good-bad §17.95
OLSON KB-142 X X book 7 sockets good-bad S 17.95
PACO 1-60 X X X roll 7- & 9-pin minia- | good-had VR's, “eye,” | § 42,95
ture, oc., lok. CRT with adapter,
- ) - ) gas rectifiers
T-62 X X X book 7, 9 & 10-pin good-bad CRT with adapter | $ 49.95| has 0-1000
miniature, 12 com., VIVM megohmmeter
5- & 7-pin nuv., for external
oc., lok, nov. checking resistors,
o - capacitor feakage, etc.
RADIO 22-064M X X X | ronl 4,5 6,70, 7-& good-bad CRT with adapter | § 44.50
SHACK 9-pin miniature,

oc., lok., com.,

~ nuv., 10-pin

22-2001E X X X X roll 4,5, 6,7, 7S, good-bad $ 94.50 | tests transistors & zener
7 subminiature, 0-30,000 zemhos diodes; fil. current indi-
oc., lok., 8- [ cated on meter
subminiature, 9- & |
10 miniature, nuv.,
nov., com

Zom. 7mmpa(lruns; nuy. nuvistors; nov. octal; lok. = loktal.

— novar; o¢. —

August,

1963
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OSCILLOSCOPES

Vertical Channel Horizontal Channel CRTI
Mfgr. | Model — Input Z e Input Z Sweep ; Price Remarks
Freq. Resp. Sensitivity (meg.—pt.) Freg. Resp. Sensitivity (meg.—pf.) Size
ALLIED |83YL913 | 5 cps-5 me. 25 r.m.s. mv./in. | 3.4-12 down 4 db | 600 r.m.s. S 15 cps- 57 1§ 69.95
“3dy @ 1 me. | mv./in. 600 ke. ‘
83Y1945 | — S —_ d.c. fo 2.5 mc. A v/m.- — S sec./em~ | 87 | $395.00 | intensity modulated
| 40 —3db 1. v./em. 50 nsec./ time marks @ 10,
. | 100, & 1000 pusec,
83Y2946 | differential amp, for 83YZ945: verf. chan. freq. resp. d.c.—100 ke, 0 to —3 db; sensitivity, 1 p.p.v/in.; input Z, 1 meg., 40 pf. s 59.95 ‘l 5000:1 diff. ratio
83Y1948 | dual-trace preamp for 83YZ945: vert. chan. freq. resp. d.c.—10 mc., 0 to —3 db; semsitivity 50 p.p.mv./cm.; input Z, 1 meg., 40 pf.| $ 79.95 ‘ switching rate: 100
’ ke, chopped or
) |_alternate sweeps
83YU910- | d.c.-5 me. d.c.-coupled .05 v. 1-40 d.c. to 500 ke. A5 v./em. 1 | .05 sec./cm.-| 5 | $184.95 | 85 nsec.
- =40, —3db p-p/eni; ~+0, —3db has variable 200 nsec./cm. | rise time
a.c.-coupled attenuator ‘
.005 v. p-p/em. ! |
CONAR |250 flat 13 cps- 023 r.ms. v./in. [ 2.7 meg. @ | flat 20 ¢ps-90 ke.| 1 r.ms. v./in. 4.9 meg. 10 ¢ps- 57 1S 89.50| Euilt-in pulse for
2.5 mc., down 1 ke. down 3 db @1 ke 500 k¢ | flyback, yoke fests,
3.5db @ 4.5 me. @ 250 ke. s | etc.
EICO 427 d.c.-1 me. 10 p-p mv./em. 1-30 2 (ps-450 k. | .5 p-p v./cm. 10-40 10 cps- 57 S 69.95 |
0, —6 db 4o =3 100 ke. |
430 2 ¢ps-500 ke. 25 s, 1 1-30 2 ¢ps-300 ke | .25 r.m.s. 10-40 10 ¢ps- 3715 6595
L0, - 3db. | my./cm. | +0, —3db | v./m. 100 ke.
460 flat d.c.-4.5 me. | 25 r.ms. 3-35 flat 1 cps-400 ke.| .6 r.m.s. v./in. 5-35 10 cps- 57 | S 89.95 .06 wusec. rise time
down 10 db. mv./in. | 100 ke.
@ 10 mc. [ |
FEILER |1s7 20 ¢ps-75 k. 5 rms. ‘ 1-50 - [ .5 rms v./in. | 1-50 | 10 cps- 57 | S 53.48
v./in. e | | 32 ke
HEATH 1010 d.c.-200 ke. A pp vV 3.6-35 same as vert. | same as vert. 3.6-35 I's cps- 37 | $79.95
{2 db point) | 50 ke. I
10-21 2 (ps-200 ke. .25 r.m.s. v./in. | 10-20 same as vert. same as vert. 10-20 20 «ops- 3718 49.95
“2¢b 100 ke.
10-12 3 ¢ps-5 me. 025 r.m.s. 3.332 1 ¢ps-400 ke. 3 rms. v./in. 49 @ 1 ke. | 10 cps- 57| $76.95| .08 usec. rise time
+ 1.5 db v./in. @ 1 ke 3 db @1 ke 500 ke. 2 preset sweep
to — 5 db freq. positions
PAGO 551 5 ¢ps-1.2 me. 90 r.m.s. mv./in. | 1.5-25 =6 db to 250 r.m.s. mv./in.| 10-25 20 ps- 57 15 49.95
=3 db, to 2 mc. 700 ke. 150 ke.
6 db
$-55 a.c. & d.c. within | 25 r.m.s. mv./in. | 1.5-23 within 3 db 1 ¢ps| .6 r.m.s. v./in. 5-23 10 cps-100 ke.| 57 | S 95.95 | .08 usec. rise time
‘ 5db @ 5 me. 400 ke.
PRECISE |300k d.c.-5 mc. 3.9 pp mv./cm. | — — = = 1eps-80ke. | 77 | $169.95
| 3 db |
308K d.c.-5 me. 10 p-p mv./cm. | — — — —_— 1cps-80 ke, | 8147 | §179.95
l 1.5 db
NSK | o.c. coupled 250 mv./in. a— — 250 mv./in. — 10 cps- §7 | S 59.95
within — 6 db 100 ke.
to 503 ke.
351K flat to 5 mc. 10 mv./cm. — — 10 mv./cm. -— —_ 57 | S 69.95
RCA W0-33A | flat 5.5 cps- 3 p-p v./in. 1-50 flat 3.5 cps- 9 rms. v./in. 10- 15 cps-75 ke | 37 | S 79.95] wideband response
5 mc. within 350 k. within 1 sec. rise time
—3 db 6 db
3 ¢ps-1.5 me. flat | .01 p-p v./in. 1-50 flat 3.5 cps- 9 ms. v /in. 10- 15 eps-75 ke. | 37 | § 79.95 | narrow band
within 6 db 350 ke, within respoase
| —6 db 1 psec. rise time
RADIO  |22.072E | 10 ¢ps-3 me 100 r.m.s. mv./in.| 500 k. single | flat to 100 ke. 100 r.m.s. mv./in.| —— 10 cps- s |8 69.95
SHACK =5 db to 5 me. |single trace; trace; 100 k | —6db @ 1 mc. 100 ke.
200 r.m.s. mv./in.| dual trace
dual trace
22-086E | d.c.-75 ke 25 roms. mv./in | 5-100 20 ¢ps-70 ke .6 rms. v./in. | 5100 20 cps-20 ke. | 3”7 | S 34.50 -
TRANSISTOR TESTERS
- Tests .
I Voltage-Current :
Migr. Model ) ; Price Remarks
. : Shorts Gain Leakage AULETLEL Ranges
Reverse Current
ALLIED 83Y149 X X $ 8.95 | checks leakage-to-gain ratio
checks diodes & rectifiers
EICO 680 X d.c. beta directly—2-30, 2-300 | o0, 1o X 50, 500 pa., 5, 50, $25.95 | d.c. voltage ranges 5, 50 v.; three
a.c. beta indirectly 50C ma. res. ranges, 2000, 200 k, 20 meg.;
checks diodes & rectifiers
EMC 212 | d.c. in three ranges to 200 X 80 ma., 12 v. $13.50 | checks transistors as a.c. current
| amplifiers & in-circuit
HEATH M3 | X d.c. beta directly 0-300 levo, loen 15, 150 pa., 1.5, 15, 150 $54.88 | collector current to 15 a.;
d.c. alpha directly 0-.9967 ma., 1.5, 150,15, 5,15, provision for external d.c. supply;
! 50, 150 v. {100 k ohms/velt) checks diodes & rectifiers
x| E X X 5 6.95
LAFAYETTE |kr-223 d.c. in 3 ranges to 200 X 85 ., 12 v. | 1275 | in-circuit transistor checks
| include power types
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Study for a profitable career
...1n the place you like best!

LET RCA TRAIN YOU IN ELECTRONICS

LOS ANGELES NEW YORK CITY

Prepare yourself for a profitable future in the ever-growing field of electronics while enjoying the advantage of the
city you prefer. Whether you study at the RCA Institutes in Los Angeles or in New York City, you'll be getting the
finest of training in electronics. RCA Institutes is recognized throughout the United States as a leading technical
institute devoted exclusively to electronics. You have a broad selection of courses to choose from. .. each one the
finest of its kind ... each one preparing you for an exciting career in the fascinating field of electronics.

Coeducational day and evening courses start 4 times each year

SEND COUPON FOR FREE RESIDENT SCHOOL CATALOG

Home Study Courses also available. RCA INSTITUTES, INC.
Catalog free on request. For further » /] A Service of Radio Corporation of America
information see our Home Study ad
on Page 11. ® The Most Trusted Name in Electronics

For Los Angeles School send this coupon. @ For New York School send this coupon. &
e e e | e T
| 610 S. Main St., Dept. EWR-83 I | 350 west 4th St., Dept. EWR-83 |
: Los Angeles 14, Calif. : | New York 14, N. Y. |
| Please send me your FREE catalog of Resident School | : Please send me your FREE catalog of Resident School :
| courses. I courses. I
I Name . Name I
| (please print) | | (please print) |
| Address i | Address !
| |
| City Zone State | { City Zone State :
e D l
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1963 KIT TEST EQUIPMENT DIRECTORY Continued

GENERAL PURPOSE V.T.V.M.s
Ranges* 4 Accuracy [
| g ‘ (full-scale)
D.C., A.C. I Ohms/ | No. of I D.C. Input| A.C. Input Z Frequency )
Mfgr. Model (r.m.s.) mid-scale | R2nges | Res. (meg.)| (meg.-pf.) D.C. A.C. Response | Price Remarks**
ALLIED 83Y911  |1.5-1500 1000/10 7 1 [— =39 | =5% 1 30 cps-Sme. | $26.95 | db range —10 to < 65;
1000m. /10m. ! £3db. a.c. p-p ranges 4, 4603
ARKAY v1-10 3-1500 , 1000, 1000m. 7 n S — == | 30 cpsSme. | $25.95 |dbrange =10t + 58
CONAR 211 3-1200 1000/10 6 12.2 1.5- =% : * 39 30 cps-6 mc. | $31.95 | uses switchless single
1000m./10m. | | probe lead
DEVRY — 1dec, 5 ac-|100/100k. | 4 10 1.85— — | — == | s64.50 |d.c. current
1000 4 ranges | | 50-500 ua., 5-50ma.
|transistorized, battery
1 B | operated
EICO 21 5-1000 1000, 1000m. 5 25 f3. A 20 cps-200 k. | $25.95 | db range <20 10 + 55
214 [ R - — JE— J— e $34.95 | same as 221 but 71,"" meter
m !3-1500 1000m. ] 11 1- = 3% E 5% 30 cps-3 mc. §27 95 | p-p with special prohe
37 1.5-1500 1000m. 7 —_— —_— —_— —_— 30 cps-3 mc. | $29.95 | a.c. p-p ranges 4, 4200
19_ B - - J— JE— N S e— | — $39.95 | same as 232 but 7',"" meter
EMC 06 1.5-1000 1000, 1000m. 5 s |2 — | — 25 (s-100 ke. | $23.90 | db range —24 ta + 55
107 1.5-1000 1000, 1000m. 6 16.5 {15 o — $34.50 | a.c. p-p ranges 4, 2800;
capacity 50 pf.-5000 uf.;
inductance
| 1.4-140,000 hy.
1074 - — — — - e — $36.50 | same as 107 but 6” meter
FEILER 15-9 5-1000 1000m. 5 26 3 +29, | =27 — $26.39 | db range —20 to + 16;
1 0-1 ma. d.c. range
HEATH IM-13 {1.5-1500 1000/10 7 n 1-30 39 | =5% 25 cps-l me. | $32.95 | db range 1010 + 45
1000m./10m. “1db
M1 | 1.5-1500 1000/10 7 n 1-35 =3y | =59 25 ps-1 me. | $24.95
1000m./10m. 1 dh )
LAFAYETTE |x1-174  [1.5-1500 1000, 1000m. 7 " 150 v.-1.3 meq; | 2% | £5% (5v.) 20 cps-4 me. | $44.50 |low a.c. ranges 50, 150,
500 v., 1500 v.-1.5 39, (others) | 1 db 500 mv.; 4.2, 4200 p-p
meg; other scales ranges
B 50-83 meg.
KT-202  |3-1500 1000/190 7 1 — —_— —_— 30 cps-5 me. $25.95 |db range —10 to + 18;
1000m./10m. a.c. p-p ranges 8, 2000
OLSON KB-140 | 3-1500 1000/10 5 N — — = 30 cps-S mc. | $25.95 |db range —10 to ~+ 58
| 1000m./10m. a.¢. p-p ranges 8, 2000
PACO v-70 1.5-1500 1000/10 7 n —_ == | 40 cps-4 mc. | $31.95 |db range 6 10 ~+ 66;
1000m. /10m. 1db n.¢c. p-p ranges 4, 4000
PRECISE 904K 1.5-1500 1000/10 7 — — = = | — i $39.95
1000m./ 10m.
909K 5-1000 1000/10 5 25 — === [ — $29.95
1000m. /10m. | 1
9071K | 5-1000 1000/10 5 25 [— === — $39.95 | 7V,” meter
1000m. /10m.
RADIO 22-070M | 1.5-1500 1000710 [ 1 —_ =39 | E5% flat to 2 mc. $38.20 |15, 150 mv. ranges;
SHACK 1000m. /10m. 15, 5 0. a.c. ranges;
0-1600 w. a.c. ranges
[ 15, 30, 60 watts across
: | 16, 8, 4 ohm leads
22-078  13-1500 1000/10 n —_— /A et 1A | flat to 3 mc. 826.95 |dh range —10 to —+ 38§;
1000m./10m. I ! | | a.c. p-p ranges 8, 2000
RCA WV-77E | 1.5-1500 1090/10 | | n S A A 40 cps-5 me. | $29.95 |a.c. p-p ranges 4, 4000
1000m./10m. | *5dbon
| 1.5,5,15
¥. ranges
WV-98C [ .5-1500 1000, 1000 - [ 7 11 .83-70 =3% | 3% 30 cps-3 me. $62.50 | a.c. p-p ranges 4, 4200
d.c. ‘ (5%, .5 v. d.c.range
| | | 1.5-5v.)
*Figures are nighest scale markings for lowest and highest ranges.
**Peak-ta-peak ranges, where shown, are true readings of complex waveshapes.
A.C. POWER SUPPLIES GRID-DIP METERS
[ =
Mfer. Output Output Meter Ranges Price No. of .
g Model Voltage Current —~ T i Mfgr. Mode! | Range (mec.) Bands Power | Price Remarks
EICO 1073 | 0-140 1,34 140 1,3 $35.95 '
1078 | 0140 25,74 140 25,7 | sizes | ALLIED | o0 13300 6 ac. | 82295
HEATH 1P-22 | 90-130 in 300 w. {cont.) | 90-140 | — $54.95 EICO
| 75 v. stens 500 w. (inter.) 710 .400-250 8 a.c. $23.95
RADIO 229026 | 0-150 5. 0-150 — $20.21 ' '
SHACK | HEATH | HM-10A ’ 3-260 6 batt. | $34.95 | tunnel diode

58

ELECTRONICS WORLD



D.C. POWER SUPPLIES

Output  Current Ranges (amps) B
Migr. Model Voitage : : yceﬁii Price Remarks
Ranges |  Continuous intermittent g
_ | 6% | L - -
ALLIED 83Yx912 8,15 [ 1506 v) 17.5 (6 v.) | 15 v. d.c. ‘ $38.95
‘ | 1002w 12.5 (12 v)) 200 de | P - o
EICO 1020 6,30 150 ma. {012 v.) 6v. d.c $23.99 | .005% 120 cps ripple at full load
200 ma. (12-24 v)) 30 v. doec.
300 ma. (24-30 v.) - -
1050 8, 16 10 {8 v.) 20 (8 v.) 20 v. $29.95 not recommended for transistor work; accessory
6 (16 v.) 12 (16 v.) 20 a. filter 41055 available
1060 8, 16 10 (8 v.) 20 (8 v.) 20 v. $39.95 ripple 16 v. range: 3% @ 20a., 1% @ 6 a., 1.5% @ 10 a,;
6 (16 v.) 10 (16 v.} 10, 20 a. 8 v. range: 1.5% @ 24a.,2% @ 6 0., 4.5% @ 10 a.
1064 8, 16 10 (8 v.) 20 (8 v.) | 20 v. $45.95 ripple same as 1060; lightweight version of 1060
B 6 (16 v.) 10 (16 v.) 10, 20 a.
EMC 905 6, 12 —_ —_ 2 meters | $28.90 with extra filtering for transistor applications $34.90
HEATH P12 8, 16 10 (6 v. unfiltered) 15 (6 v. unfiltered) 2 meters $47.50 ripple .3%
5 {6 v. filtered) 7.5 (12 v. unfiltered)
5 (12 v) o
1P-32 0-400 v. 100 ma. 125 ma. 150, 400 v. | $56.95 6.3 v. @ 4 a. a.c. output; ripple 10 mv. d.c. output
0 to 100v. | 1 ma. 150 ma. 4 impedance 10 ohms; output regulation 19, from no laad to full
{bias voltage) | lead, = .5 v. for 10 v. line voltane voriation from 117 v.
IP-2D 0-50 1.5 —_— 15, 50 v. $72.50 transistorized, ripple & noise 150 yv. max., overload
in 5 v. steps & amp. protection, load regulation == 15 mv., oufpui imp.
.0Y ohm to 10 ke. — .5 ohm 10 k. & up
PACO B-10 8, 16 10 (8 v.) 20 (8v.) 2 mefers | $43.95 | low ripple oulpul; 8& 16v., 5a., 3%
6 (16 v.) 12 (16v) |
B-12 0-400 v. 150 ma. — 150, 400 v. | $69.95 6.3v.@ 3a. and 12.6 v. @ 3 0. a.c. outputs; d.c. oufput
0to 150 v. | 2 ma. 200 ma. impedance 10 ohms; regulation .33%, from no load to full
_ o load; .4% for == 10 v. line voltaae variation from 117v.
PRECISE m 15 v. 10 20 —_ $59.95 | 90-140 v. a.c. {isolated) output @ 1 a.; Model 713 §0-140 v.
30 v. 10 20 _— a.c. @ 3 a. output $69.95; other a.c. output on both models:
110-180 v. 750 1 24 v. @ 20 a., 90-140 v. @ 10 a. continuous (not isolate™ )
760 | 140-450 v. 100 ma. —_— 2 meters $49.95 63v. @ 4a. and 375 v. @ 50 mo. o.c. outputs; ripp.e .01/
| 0 +1000v.
- I @1 ma. | - -
SIGNAL TRACERS
i Speaker | Out. Trans. | Wattmeter | “B+" UL | pri
Mfgr. Model | 'ndicators | Test Spe - Tans. ; Noise-Test | Price Remarks
B Speaker | Eye Function Function Function Output Function
ALLIED 83955 X x| X | X X X X 526.95 |
CONAR 230 X X \ $39.95 calibrated attenuator for r.f.
& a.f. gain measurement, tuned
& calibrated 175 kc. to 1500 ke
in two bands
EICO 1454 X X | X X X §23.95 |
147 X X X [ X 13 X X $29.95 |
EMC 802 X X X X X $24.95 ‘ generates 400 cps and
J - i modulated 455 ke. signals
FEILER TS IK phone ‘ | §7.76 { meter, phone, battery extra
TS-3K X | $26.16 can te used to convert v.o.m. to r.f.
‘ v.t.v.m_; battery operated
! [ TS-2K $17.95
TS 5K X | . §23.52 con be used to convert v.o.m. to
| | | rf. v.bv.m.
HEATH 1112 X x | X X x| X $19.95 |
LAFAYETTE | «k7-208 X | | $19.95 | aiso signal gen., see listing;
o | B . output for v.t.v.m. & phones
OLSON KB-141 X ' $19.95 | also signal gen., see listing
PACO l 1-80 X X X X X X X §32.95 calibrated attenuator for
I S R - o - aain measurement
SWEEP AND MARKER GENERATORS
T ] Output . . |
Mfer. | Model | Freq. Range | No- of | SUWHL | Sweep | Cal. Marker No. of | Provision for | Provision for ;
_ . ) §. Hang Bands | Voltage | Z | Width | Ranges (fund)| Bands ‘ Marker Crystals| Ext. Markers Price |, Bemarks
ALLIED |s3vx123 | 300 ke2s0 me | 4 | s 013me. | — - 2 yes | 54495
EICO |30 500 k228 me. | — | — — L 0Wm. | — - 1 no | $39.95
368 3-216 mc. I 5 | — 50¢2 | 0-15 mc. 2.225 mc. 3 1 yes | $69.95
369 3.5-216 mc. j 5 } 5082 | 20 me. 2-75 mc. to 225 3 fund. 1 no $79.95 post marker
N ~ mc. on harm. 1 harm. adder
HEATH | 1652 | semome | 4 | 0 [ 50| 0-42me | 1960 me. 1 1 yes $54.95
EA_COA 6-32 73-2720 me. 5 = [ — 0-20 mc. e | == 1 yes | $85.95 marker adder
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1963 KIT TEST EQUIPMENT DIRECTORY Continued

AUDIO GENERATORS
t
No. of Output Output . . .
Mfgr. Model Range Bands | Max. Volts | Loadn | Waveforms | Accuracy Distortion Price | Remarks
i
1
ALLIED 83YX137 | 20 cps-1 me. 10 600 sine —_ .25% fram 100 cps through | $35.95 |
| audible range info high 7 |
EICO 377 20-200 k (sine) | 10 [ 1000 sine-square 3% less than 1% | $37.95
60-50 k ({square) ' ‘
HEATH 16-72 10 cps-100 ke, sw.osel | 1w, 600 sine * 59, less than 1% from $41.95 | output meter calibrated
| freq. 10 v. 10,000 20-20,630 cps | in volts and db
16-82 20 cps-1 mc. 10 v. {sine & high I | sine-square | 1.5 db .25% from 20-20,000 cps | 35195 square-wave output voltage is
square) 20 cps-1 me ‘ p-p; rise time .15 usec.
PACO 6-34 6 cps-750 kc. | 10 v. {sine) 600 | sine-square —_ _ S64.95 | square-wave cutpul voltage is
| 18 v. {square) | 600 | ! p-p; rise time .15 gisec.
PRECISE 435 2 200 ke | — |— | sinesquare | — — 53995 |
630 20 ps20 ke | — T — [ sine e =: $44.95 | has additianal +.f.
| | band .3 mc.-100 mc.
A.C. V.T.V.M.'s
| f
Range* No. of AC. Input Z Accuracy Frequency :
Mfgr. Mode! |AAC. (r.m.s.)v. | Ranges (meg.—pf.) (fll-scale) Response Price Remarks
ARKAY AV-20 -01-300 10 | meg. @ 1 ke. — 10 cps-400 k. = 1 db I 52995 db range =52 to + 52
{.01-100 v. range)
10 cps-40 ke. =2 db |
B i {300 v. range) |
AW-30 5 mw.-500 w. 6 4, 8, 16, 600 ohms _ 10 cps-250 ke. == 1V db { $29.95 audio watitmeter 25 w. con-
| tinuaus, S0 w. intermittent
EICO 250 .001-30¢ 12 10-15 *3% 10 ¢ps-600 ke. =0 db i §49.95 amp. output § v.;
| max. gain 60 db
255 .001-300 12 10-15 *39, 10 ¢ps-600 ke. == 0 db | 54495 db range 80 to + 52
261 .01-1000 1 2-15 *+49, 10 ¢ps-150 ke. =0 db . $49.95 wattmeter ranges (7)
15 mw.-150 w.;
' loads: 4, 8, 16, 600 ohms
@ 40, 80, 40 —+ 40 wotts
HEATH i 14-21 I .01-300 10 (10-300 v.) 10-12 5% 10 ¢ps-500 ke. =1 db | $33.95 db range -5G to + 5J
‘ (.03 v) 10-22 10 ¢ps-T me. =2 db ‘
RADIO 22027 | .01-300 10 1@1 ke = 10 ¢ps-400 ke. = 1 db
SHACK (TK-111) {.01-100 v. range) ‘ $25.95 db ronge -52 fo + 52
| | 10 ¢ps-40 ke. =2 db
{300 v. range)
"Figures are highest scale markings of the lowest and highest ranges.
CAPACITOR CHECKERS
Out or in- Capacitance Resistance | 1 Tests ‘
Mfgr. | Model Circuit Test Pugluer:ciiaucr}ur Test Voltages 0 I Price Remarks
| Check Range Range | Shorts | Open l
ALLIED [83vss2 | i 20 pf.-2000 pf. : [ x X | s14.85
83Y901 | out 10 pf.-1000 ff. 100 ohms-5 m. 0-50%, | 50, 150, 250, 350, | X X ’ $19.95
| 450 volts d.c. |
ARKAY | ca-a0 out 1 phel ph. | $29.95
CONAR | 3n [ our 10 pf.-1500 ot 1 ahin-150 m. 0-509% 0-450 volts d.c. | X X | sn.es
Elco 955 | in ouf-50 uf, ‘K 6.3 v. o.c. to 2000 pf. ;ron; ’ $19.95
| | (6
EMC 801 | in 10 pf.-5000 4f. | .5 ohm-500 m. 0-60% 0-500 volt d.c. | 1o 20 pf. from $24.95 | will not check electrolytics
50 pf. for short
HEATH | 1122 in 1o 20 pf. from $10.95
| 50 pf.
I7-n aut 10 pf.-1000 pf. 5 ohms-50 m. X 3-600 v. d.c. X X §29.95 | direct reading scales; input
provision for 10 ke. signal
PACO 20 ’ out 10 pi 2000 pf. | .5 ohm-200 m. 0-60% 0-500 v. d.c. X X $23.95 | bridge circuit for determining
‘ ~ transformer turns rotio
25 | i 2 pie400 pf. | | X from $19.95
} ’ 5 pf.
RADIO | 27.085 - |4 00 b ’ X X $19.95
SHACK | ,
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NEW - - . ]
ALL-TRANSISTOR

w5

- ALL-MODE TUNER - - ;
by HEATHKIT®

new Heathkit AM-FM-STEREO transistor tuner kit $']'] 095

THE LATEST IN FEATURES:

» 24 transistors, 9 diodes « Built-in stereo circuitry » Auto-
matic stereo indicator « Automatic switching to eliminate
manual switching to receive stereo « Built-in Automatic
Frequency Control and Automatic Gain Control « Ad-
justable FM squelch - Stereo phase control « Filtered
stereo tape recorder outputs . Built-in AM & FM an-
tennas . Separate AM & FM tuning meters « Lighted
slide-rule dial « Flywheel tuning » Regulated power sup-
ply « Factory assembled FM tuning unit and 4-stage IF
circuit board « Concealed secondary controls behind
hinged lower front panel

FREE HEATHKIT CATALOG
Fully describes over 250 ex-
citing, easy-to-build Heath-
kit products for Sterec/Hi-
Fi, Amateur Radio, Test,

Marine, Educational, and
Home Entertainm See
how you can save up

on equipment and h

dolng it! Send for your free
copy today!

Avgust, 1963

- HEATIIXIT
iy Dhampddi s

I’s new, it’s deluxe, and it's all transistor! That's the Heathkit AJ-43 Trans-
istor Tuner featuring the very latest in solid-state circuitry for more features,
greater listening pleasure. Sensitive, automatic, and ready to capture any
broadcast your choose . . . up-to-the-minute AM . .. beautifully quiet FM . . .
and thrilling, natural FM Stereo! Truly deluxe . . . styled in tasteful tan vinyl-
clad steel to complement any decor, quietly . . . to match other deluxe Heath-
kit stereo equipment. If you prefer the finer things, the latest in the state of the
art you'll love the Heathkit AJ-43!

Kit AJ-43,18 Ibs., no monev down, $11 mo...........ooieiin . $119.95

Matching All-Transistor
Stereo Amplifier
For balanced performance and appear-

ance, choose the Heathkit AA-21 ... 28
transistors, 10 diodes, 70 watts! 28 Ibs.

Kit AA-21, $13 mo. $139.95
Assembled AAW-21, $16 mo. $167.95

Enclosed is $____plus post-
age, please send Model AJ-43
Transistor Tuner

HEATH COMPANY
Benton Harbor 15, Michigan

Enclosed is $____plus post-
age, please send Model AA-  Name B J—
21 Transistor Amplifier
Street
Please send FREE 100 page
Heathkit Catalog City Zone State

CIRCLE NoO.
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1963 KIT TEST EQUIPMENT DIRECTORY Continued

V.O.M.'s
* egs o
Ranges No. of Sﬁnm;lth{ Accuracy )
Mfgr. Model | A.C—D.C. Ohms/ D.C. Current | Voitage BIMS V0 0 pc Price Remarks
| mid-scale TA.C. Current Ranges D.C. AC. i St
ALLIED 83Y128 | 1-5000 [ 1000760 a.c. & doc. 7 1k 1k =2% —_— $15.95 | db scale -20 1o + 69;
100,000/150 1,10, 100 ma., 1 a.
1 meg./1500
83Y149 same as 128 but with 5% resistors 313.95
83Y140 | 2.5-5000 | 2000/12 .1, 10, 100 ma., 6 20k 5 k =29 | — $29.95 | dbscale 30 to + 63;
200,000/1200 1, 10 amp. output function
20 meg./120 k ! |
83Y708 | 5-500 30 k/1200 5, 10, 100 ma. 5 1k = — | — l $7.95
15-500 (a.c.) | |
ARKAY M 1-5000 §5-150-1500 a.c &dec 7 1k 1k — — $13.50 | db scale —20 to + 69;
1,10, 100 ma., 1 a. l in 6 renges
MT-S0 | 1.5-5000 15-150-15 k 150 10, 15, 150, 500 7 20 k 5k = — $29.50 | b scale —12
ma., 15 a. d.c. to + 65 db
CONAR 240 6-600 1000, 10 m. | — 3 20k Sk | 3% | =5% | s17.9s
EICO 536 1-5000 5000, 1 m. ac & dc 7 1k 1k e — | 519.95| db scale —20t0 ~+ 69;
1,10, 100 ma., 1 a. with 1% res. Model 5§26
565 2.5-5000 2000, 20 m. 100 pa., 10, 100, 500 6 20k 5k e s $24.95 | db scale ~12 to - 55;
ma., 10 a. output function;
| with 19 res. Model 555
566 1-5000 5000, 1 m. 1,10, 100 ma., 1 a. 7 1k 1k S = $16.95 | db scale —20 to ~+ 69
output function;
with 1%, res. Model §56
EMC 102K 6-3000 1000, 1 m. 6, 30, 130 ma., 1.2 0. 5 S — =29, =129 | $12.50
12-3000 (a.c.) +30, 150, 600 ma. i
103K 6-3000 1000, 1 m. 6, 30, 120 ma. S I —_ — _— —_— $14.90 db scale
1 +30, 150, 600 ma. |
109K 6-3000 20 k-20 m. 6, 60, 600 ma.; 5 20 k 10k S — 51925 | db scale
12-3000 (a.c.) | (3 ranges) 130, 300 ma., 3 a. |
HEATH M-20 | 15-506 — 1 ma. 4 1k — =10% | — | $14.95 | cap. & res. substitutions;
{d.c. only) | signal generator
HM-1 1.5-5000 | —20 m. 150 za., 15, 150, 7 20k 5 k s — | 529.95 | dbscale 1010 + 65;
500 ma., 15 a. | output function;
| polarity rev. switch
LAFAYETTE | k0 | 10-1000 Wk, 1 m. 500 ua., 10, 250 ma. 5 20 k Wk | — — 95| dbscate 2010 + 36,
PACO M40 1.5-6000 2000/8.5 60 pa., 1.5, 15, 150 7 20 k 10 k e —— | 33195 | db scale;
3-12k fa.c.) 20 m./85 k ma., 1.5, 15 a. l output function
RADIO 22079 | 1-5000 1000-1 m. ac & de. 7 1k — — —— | 51695 | db scale =20 to + 69
SHACK 1, 10, 100 ma., 1 a. J‘ outpui function
RCA WV-38A | .25-5000 2000/12 50 wa., 1, 10, 100, d.c.—8 20 k 5 k +3% | —=5% | $29.95| db scale —20 to —+ 50;
2.5-5000 (a.c.) | 20 m./120 k 500 ma., 10 a. a.c.—b output function;
i polarity rev. switch
*Finyres are hirhest sca'e markings for lowest and highest ranges.
CAPACITOR & RESISTOR SUBSTITUTION & DECADE BOXES
Resistance Capacitance
Mfgr. | Model  Range (ohms) | Steps Decades  Tolerance | Wattage| Range Steps | Decades| Voltage Rating | Tolerance Price
ALLIED | 8sv138 | — —_ | — _— — | 000 pi-| 18 — 600 v., .15 & .22 =209 | §5.95
| |22 k. | uf. are 400 v,
83Y139 1510k B — =10% SN | u— SN [ — — $ 595
15 k-10 m. 18 |
EICO 1100 15-10 m. — | multiples of +10%, — ——— — $7.95
15, 22, 33, 47,
68, 100 ohms
120 = —_ | — S — | 0001 uf-| 18 = 600 v. *=10% | $6.95
, 22 uf
1140 s _ | — e e = e —_— _ — $14.95 (com-
bination of
| 1100 & 1120)
N 0-99,999 1 ohm | § Vs% = — — | = — $24.95
1180 — — | — — — | 100 pf.- 100 pf. 3 350 v, +=10% | $17.95
‘ AN pf.
EMC 900 15-10 m. 2 — =10% 0001 pi-| 18 —_ — — $10.25
{ 22 uf.
HEATH | n-22 | — = s s L0001 pf.-| 18 S 600 v., 400 v. for — $ 5.50
! 22 uf. three highest steps
IN-21 — == — = 100 pf.- 100 pf. 3 — =19, $17.95
AN uf.
IN-11 1-99,999 1 ohm | 6 ESVAN, N - —_ . — $24.95
IN-12 1510 m. % — +109 — — — 15595
62
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Hiki

STEREQ TEST RECORD

FOR HOME AND LABORATORY USE

EXTRA: AN A (FSDMITRATCH OF T-E ssE47 PORSBLE FIDCLITY, THiS AEDOSD: INCLUDES. &
PROGENM) OF ML RECOADED CIRECTLY R THE MAATER, wWITH M) INTERVERISG TAPE PROCESS

hyWe Make the Model 211
Available Now

Although there are many stereo test records on the mar-
ket today, most critical checks on existing test records
have to be made with expensive test equipment.
Realizing this, Hifi STEREO REVIEW decided to produce
a record that allows you to check your stereo rig, ac-
curately and completely, just by listening! A record that
would be precise enough for technicians to use in the
laboratory—and versatile enough for you to use in your
home.

The result: the Hifi STEREO REVIEW Model 211 Stereo
Test Record!

Stereo Checks That Can Be
Made With the Model 211

Frequency response—a direct check of eighteen
/ sections of the frequency spectrum, frem 20 to
20,000 cps.
Pickup tracking — the most sensitive tests ever
available on disc for checking cartridge, stylus,
and tone arm.
Hum and rumble—foolproof tests that help you
evaluate the actual audible levels of rumble and
hum in your system.
Flutter—a test to check whether your turntable’s
flutter is low, moderate, or high.
Channel balance — two white-noise signals that
allow you to match your system’s stereo channels
for level and tonal characteristics.
Separation—an ingenious means of checking the
stereo separation at seven different parts of the
musical spectrum—from mid-bass to high treble.

D NS

Stereo Spread

ALSO:

Speaker Phasing

Channel ldentification

PLUS SUPER FIDELITY MUSIC!

The non-test side of this record consists of music re-
corded directly on the master disc, without going through
the usual tape process. It's a superb demonstration of
flawless recording technique. A demonstration that will
amaze and entertain you and your friends.

August, 1963

NOW...GET THE FINEST

STEREOD TEST
R E CORD ever produced

for just, » .$4. 98

Featuring Tests Never Before Availahle
Outside Of The Laboratory

UNIQUE FEATURES OF Hifi/STERED REVIEW'S
MODEL 211 STEREG TEST RECCRD

» Warhle tones to minimize the distorting effects of room acoustics
when making frequency-response checks.

Warble tones used are recorded to the same level within == 1 db from 40 to
20,000 cps, and within = 3 db to 20 cps. For the first time you can measure
the frequency response of a system without on anechoic chamber. The frequency

limits of each warble are within 5% accuracy.

» White-noise signals to allow the stereo channels to he matched in
level and in tonal characteristics.

» Four specially designed tests to check distortion in stereo cartridges.

* Open-air recording of moving snare drums to minimize reverberation
when checking stereo spread.

AllTests Can Be Made By Ear

HifFi 'STEREQ REVIEW's Model 211 Stereo Test Record will give you immediate answers
to all of the questions you have about your stereo system. It's the most complete test
record of its kind—contains the widest range of check-points ever included on one test
disc! And you need no expensive test equipment. All checks can be made by ear!

Note to professionals: The Model 211 can be used as a highly efficient design and
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close
folerances—affording accurate numerical evaluation when used with test instruments.

DON'T MISS OUT—SUPPLY LIMITED

The Model 211 Stereo Test Record is a disc that has set the new standard for stereo
test recording. Due to the overwhelming demand for this record, only a limited number
are still available thru this magazine. They will be sold by ELECTRONICS WORLD on a
first come, first serve basis. At the low price of $4.98, this is a value you won’t want to
miss. Make sure you fill in and mail the coupon together with your check ($4.98 per

record) today.
y FILL IN AND MAIL TODAY!

Stereo Test Record
Electronics World—Dept. SD
One Park Ave., New York 16, N.Y.

Please send me test records at $4.98 each. My check (or
money order) for $ — is enclosed. | understand that you will pay
the postage and that each record is fully guaranteed.

Name
(Please Print)
Address
City Zone State
SORRY—No charges or C.0.D. orders! EW 83
T s
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Heath:

Eico:

Eico:

Paco:

Eico:

Heath:

Paco:

Eico:

Heath:

Eico:

UNCLASSIFIED TEST EQUIPMENT

Audio Analyzer

Model 1M-22, $56.95. a.c. v.t.v.m. freq. resp. 10 cps-100 ke. = 1
db; range .01, .03, .1, .3, 1, 3, 10, 30, 100, 300 r.m.s. v.; input
impedance 1 meg. or 4, 8, 16, or 600 ohms. Wattmeter: 10 cps-50
ke. == 1 db.; .15, 1.5, 15, 150 mw., 1.5, 15, 150 w.; 4, 8, 16, 600
ohm internal loads, 10,000 ohms across external Icad. IM ana-
tyzer: high-pass filter, 2000-12,000 cps, low-pass filter 10-600
cps; 1, 3, 10, 30, 100 per-cent full scale. Input impedance a.c.
v.t.v.m., 1 meg. or 4, 8, 16, or 600 ohms switch-selected. Internal-
generator frequencies: 60 cps, 6 ke, DBM: — 40, — 30, 20,
— 10, 0, 10, 30, 40, 50. Reads from —65--52 dbmn. Accuracy:
a.c. v.t.v.m. and wattmeter within 5% full-scale; IM analyzer
within 10% of full-scale.

Battery Tester
Model 584, $9.95. Test positions (volts): 1.5, 4.5, €.0, 7.5, 9.0,
22.5, 45, 67.5, 75, 90, spare.

CRT Checker
Model 630, $19.95. Bridge circuit measures peak bzam current.
Model 632, $54.95. Checks for opens, shorts, beam current, gas.
Uses 1000 v.d.c. for rejuvenate-welding and to remove shorts.
Model T-63, $44.95. Checks screen brightness under high or low
line voltage conditions; simulates the effect of a booster; can
be used as a rejuvenator. Beam current type test circuit.

Bar and Dot Generators
Model 352, $19.95. TV channels 2-6; 16-23 vertical bars, 13-22
horizontal bars; output voltage .4 mv.
Model 1G-62, $64.95. TV channels: 2-6. Output voltage 100-
100,000 uv. Sound carrier: crystal-controlled, unmodulated, 4.5
mec. away from picture carrier. Positive or negative video output
variable from 0-10 v. p-p open circuit, Modulation: white-dot
pattern, cross-hatch pattern, horizontal bars, vertical bars, 10
vertical color bars, shading bar pattern.
Model G-36. $119.95. Produces color bars, white dots, vertical
bars, horizontal bars, and crosshatch. Crysta! controlied.

Electronic Switches
Model 488, $23.95. Switching rate 10-2000 cps :ontinvously
variable in 3 ranges. Frequency response d.c.-30,000 cps {—2
db); maximum gain 10 times {continuously variable gain control);
input impedance 100,000 ohms; max. input at greatest attenua-
tion 400 v. p-p; output impedance 50,000 ohms.
Model S-3, $23.95. Freq. resp. to 100 ke. = 1 db.

Filament Tester
Model 612, $4.95 Checks filument continuity. Sockets are pro-
vided for 9 pin, octal, loctal, and 7 and 9-pin miniature tubes.
Adapter provided for checking 14-, 12-, and 8-pin picture tubes.

Allied:

Eico:

Heath:

Eico:

Heath:

Paco:

Heath:

Heath:

EMC:

Allied:
Eico:

Flyback Transformer and Yoke Testers
Model 83Y118, $21.95. Indicates shorts in coil with a Q" greater
than 1, and inductance from .0003-2 hy. Checks continuity of
circuits with 0-.5 meg. resistance,
Model 944, $23.95. Checks afl flyback transformers and yokes
in- or out-of-circuit.

Harmenic Distortion Meter

Model 1M-12, $54.95. Fracuency 20-20,000 cps in three ranges;
distortion 1, 3, 10, 30, 100 per-cent full-scale; voltmeter 1, 3,
10, 30 volts full-scale; input resistance 300,000 ohms; minimum
input voltage for distortior measurements 0.3 v.; output voltage
for monitoring 2.5 at full-scale meter reading. Meter scales cali-
brated in volts r.m.s., per-cent distortion, and db. When used
with Heathkit 1G-72 or 1G-82, the IM-12 will measure harmonic
distortion at any frequency between 20 and 20,000 cps.

Impedance Bridges
Model 950, $23.95. Measures capacity from 10 pf.-5000 uf.
in four ranges, resistance from .5 ohm-500 meg. in four ranges.
Comparato: ratio from .05-20 {400 to 1). D.c. polerizing voltage
0-500 v.
Model IB-2A, $69.95. Meatures resistance from .1 ohm-10 meg.,
capacitance from 100 pf.-100 uf., inductance from .1 mhy.-100
hy., dissipation factor .002-1, storage factor (*'Q"") .1-1000. Built-in
1000 cps generator and provision for input from external gener-
ator.
Model C-20, $23.95. Capacitance 10 pf.-2000 uf. in four ranges,
resistance .5 ohm-200 meg., capacitor leakage test at 500 v. Ratio
tests from .05-1 and 20-1 on capacitors, inductors, and resistors;
power factor range from 0-60% at .1 uf.-2000 puf.

Q Meter
Model QM-1, $54.95. Frequency: 150 kc.-18 mc. in four bands.
Inductance: 1 1hy.-10 mhy. “Q"; 250 full scale x 1 or x 2. Capaci-
tance: actual, 40 pf.-450 pf.; effective, 40 pf.-400 pf.

RF Power Meter
Model PM-2, $12.95. Frequency range 100 kc.-250 mc, sensitivity
.3 v. r.m.s. at antenna input terminals for full-scale deflection.

Vibrator Tester
Model 906, $17.05. Checks 6- and 12-volt vibrators with externa!
power supply. Six sockets. The Model 905-6A, a combination of
the 906 and the 905 battery eliminator, costs $44.90.

Voltage Calibrators
Mode! 83Y136, $12.95. .01-100 v. square-wave output.
Model 495, $19.95. Semi-square (clipped sine-wave) ouiput wave-
shape ot line frequency. 0-.1, 0-1, 0-10, 0-100 p-p v. Dial reading
accuracy £ 5%.

Manufacturers of Kit Test Equipment
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Chicago 80, !llinois

Arkay International, Inc.
2372-82 Linden Blvd.
Brooklyn 8, N.Y.

Conar Instruments Div.,
National Radio Institute
3939 Wisconsin Avenue
Washington 16, D.C.

DeVry Technical Institute
4141 Belmont Ave.
Chicago 41, ill.

Eico Electronic Instrument Co., Inc.
3303 Northemn Bivd.
Long Island City 1, N.Y.

Allied Radio Corp.

N. Western Avenue ENMC

625 Broadway

Skokie, Illinois

Heath (ompany

New York 12, N.Y.

Benton Harbor, Michigan

Electronic Measurements Corp.

Feiler Engineering & Mfg. Co.
8025 N. Monticello Avenue

Lafayette Radio Electronics Corp.
111 Jericho Turnpike
Syosset, L.I., N.Y.

Olson Electronics, Inc.
260 S. Forge Street
Ak:on 8, Ohio

Paco Electronics Co., Inc.
70-31 84th Street
Slﬁndnlc, L1, N.Y.

Precise Electronics & Developmen: Corp.
76 E. Second Street
Mineola, L.1., N.Y.

RCA: Radio Corporation of America
415 S, Fifth Streef
Harrison, New Jersey

Radio Shack Corp.
730 Commonwealth Avenue
Bos:on 17, Mass.
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Two outstanding products by the HIDDEN who plan for your future:

_ T SPRAGUE
—_——— — .EJS MFD.ﬂU"-"E
! ; sopuac

BLACK BEAUTY®

molded tubular

| | .'|
| ORANGE DROP® |
i dipped tubular

I
TWO GREAT TUBULARS . .. TAKE YOUR CHOICE!

(+ 10% Capacitance Tolerance is standard at no extra cost)

Sprague Difilm Capacitors can’t be beat! Dual-dielectric con-
struction combines the best features of both Mylar® polyester film
and special capacitor tissue. And for additional reliability, Difilm
capacitors are impregnated with Sprague’s HCX®, a solid impreg-
nant which produces a rock-hard capacitor section—there’s no wax
to drip, no oil to leak!

BLACK BEAUTY Molded Tubulars are actually low-cost versions of
the famous Sprague high-reliability capacitors used in modern
military missiles. They’re engineered to withstand 105°C (221°F)
temperatures . . . even in the most humid climates! And their tough,
molded phenolic cases can’t be damaged in handling or soldering.

. ORANGE DROP Dipped Tubulars are the perfect replacement for
radial-lead capacitors now used by leading manufacturers of TV
sets. Leads are crimped for neat mounting on printed wiring boards.
Extremely small in size, they’ll fit anywhere, work anywhere. And
they’re double-dipped in epoxy resin for extra protection against
moisture.

“The ‘“"Hidden 600" are Sprague’s 600 experienced researchers
who staff the largest research organization in the
electronic component industry and who back up the efforts
of some 8,500 Sprague employees.

Get your copy of Catalog C-614 from

any Sprague distributor, or write 8
Sprague Products Co., 51 Marshall
Street, North Adams, Massachusetts.

65-204R2

August,

1963

THE MARK OF RELIABILITY

WORLD'S LARGEST MANUFACTURER OF CAPACITORS
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Mac and Barney discuss the practical and philosophical
considerations in servicing transistorized equipment.

SEMICONDUCTOR SEMINAR

TOPPING short in the doorwav of the service depart-
ment, Barney did an exaggerated Jackie Gleason
double-take of Mac, his emplover.

“Since when did vou take up welding?” he demanded,
looking curiously at the strange black object jutting from
Mac’s forehead and covering his eves.

“These aren’t welding goggles.” Mac explined, pushiug
the object up on his forchead a bit and peering from beneath
it at his assistant. “It's a “Magna-Sighter,” manufactured by
the Fairchild Optical Company in Chicago. Its really a
binocular eye loupe with a magnification of 2! times. A
prism is ground into each magnitving lens so that the eves
can converge at the proper focal distance. In this particular
model, Model 3, that’s ten inches; but they make other
models that focus all the way from fourteen inches to four
inches—from the eves, not the lenses. Magnification in other
models ranges from 1% times to 3% times, with the greater
magnification having shorter focal distance and also less
depth of focus.”

“How come the lenses are so far from the eyves? They must
be at least a couple of inches in front of them.”

“For one thing, that allows vou to wear glasses. even bi-
focals, with the ‘Magna-Sighter.” The instrument is adjusted
so that the bottoms of its lenses are directly in line with the
eyes. When you look up slightly, vou peer through the upper
section of the bifocals and the ‘Magna-Sighter” lens. When
vou glance down, vou see through the lower section of the
bifocals as vou do normally, Here, see for yourselt.”

Barney adjusted the headband to accommodate his slightly
larger head and took a look at the printed civcuit of a tran-
sistor radio.

“Wow!™ e exclaimed. “That certainly makes things stand
out sharply. The joints look kind of 3-D, if vou know what
I mean.”

"I know. It reminds me of the way things used to look
through the cld stereoscopes every proper family kept in the
front parlor. It gives vou an almost exaggerated impression
of depth.”

“This thing is going to be the old berries for working on
transistor sets.” Barnev exclaimed enthusiastically, ™I can
ceven read that postage-stamp-sized diagram pasted in the
cover. I thonght our jeweler’s loupe and our illuminated
magnifier were good, but this gadget has some definite ad-
vantages. For one thing, my unaristocratic eve gets tired of
trving to hold that loupe in place like a monocle. Too, T have
to take it out every time I want an wmmagnified view of
things. With this, I simply lower my head for a magnified
view and raise it to see normally.”

“If it helps vour voung eves that much, think what it does
for these tired old orbs,” Mac suggested. “Transistor radios
and accompanying printed circuits have really placed a
premium on good evesight. Visual inspection alone can spot
many difficultics in these receivers. It used to be a technician’s
joke that customers were always suspecting a ‘loose connec-
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tion” or a ‘broken wire.” These faults were actually rarcly
found in wired-chassis tube radios, hut theyv account for a
high percentage of difficulties in transistor receivers, prob-
ably Decause these little hand-carried receivers are more
often dropped and subjected to other abuse. But a hairline
crack in a printed circuit or a tiny break in a solder joint
of one of these miniature reccivers is darned hard to sce.”

“Youre in phase there,” Barney agreed. “The first thing I
do after I've checked out the battery of a transistor set is to
give it a really good looking over, no matter if the complaint
is a dead radio, weak reception, distortion, or what have vou.
This eyeball inspection very often saves a lot of time. Of
course, through experience, I've learned certain spots are
hotbeds for these cracked-joints-and-broken-lead tronbles,

“One good hunting place is where a comparatively heavy
component is soldered to the board. This inclndes trans-
formers, tuning capacitors, and occasionally speakers. A
heavy impact that occurs when the radio is dropped is likely
to break either the soldered connection to the component or
the printed circuit in the vicinity of that component. A
cracked board, naturally, usually means one or more broken
leads. Sometimes rough handling of the tuning control knob
or the volune control knob is all that's neceded to fracture
the bourd. T might mention the modern tough plastic used
in the cases of these little receivers won’t tattle on the owner
for dropping his sct. A jar that really messes things up in-
side often fails to leave a telltale mark on the case.”

“Yes, and isn't it strange how reluctant most customers are
to confess the set has been dropped? Either thev must think
we automatically up the bill when we hear the radio has been
dropped, or they simply don’t want to admit to having but-
terfingers. Wonder if vou've noticed leads running along the
edge of a printed circuit—quite often such leuds are a part
of the set ground system—are especially likely to develop
hairline cracks. I suppose this is because the edge of the
board is subjected to more fexing.”

“I sure have.” Barnev agreed, “and a crack in one of these
leads will often Teave the set dead as a mackerel. Other spots
1 favor with close attention arc those where wire leads con-
nect to the printed circnit, especially it those leads are likely
to be subjected to some pulling and bending. Battery leads
are a good example. So are antenna leads, speaker leads. and
leads going to the earphone jack. Some of these are sub-
jected to stress simply by careless removal of the back of
the case and changing the batteries; others have strain put
upon them in the assembly of the receiver.”

“I find a surprising number of sets in which those little
hair-like leads from the antenna are broken off.” Mac com-
mented. “Apparently the owner doesn’t see them when he's
changing a Dbattery and accidentally breaks them loose. 1
might mention it's much easier to break one of these leads
off than it is to find quickly where that lead originally con-
nected to the printed drcuit, especially if the receiver is an
import for which we have no diagram. I'm hoping the

ELECTRONICS WORLD



Magna-Sighter’ will he a help in locat- |
ing that little stub of broken wire stick-
ing up out of a solder joint. !

“Getting awav from broken leads,”
Barnev said, “I've decided that when the
service data calls tor w matched pair of
transistors in the output stage and one 1
of them goes bad, iUs usually better to
replace botli with another matched pair.
T've tried using a single general replace-
ment transistor for the bad one, and it
will work after a fashion, but checking
the outputs of the two transistors with
av.tvan. reveals they are seldom close
to equal. When the transistors have
sockets and vou have a good supply of
substitutes on hand, vou can tryv them
one alter the other and may find one
that will mateh closely the one in the
set; but it the transistors wre soldered |
in, it’s better not to fool aronnd. st
remove both and put in a new matched
pair.” |

“Those foreign imports for which we
have no service data are a real pain,”
Mac mused; “but electronies magazines
are doing their best to help. I cut ont
and save the pages dgiving American
substitutes for foreign transistors and the
names and addresses ot importers who
can fumish service  data and  special
parts for the brands they import. Even
$0, when a customer insists on a pre-
Wininary estimate on one of these, [
make it good and stiff to protect myself.
I know from experience m likelv to
spend twice as much time locating the
trouble as would be the case with un
American-made receiver for which we
have complete and detailed service in-
formation.”

“You remember Dave, the salesman
who used to call on us trom Electronic
LEquipment,” Barnev said. “I ran into
him at a lunch connter vesterday, and
he tells me he's doing a good business
servicing transistor radios for radio and
TV shops. Most of the big TV shops con.
sider transistor radio service a ‘nuisance’
business; yet thev have to do il: so
they're glad to give the work to Dave.
He charges a flat five dollar service fee
per sel, no matter what's wrong with it.
Parts, of course, are extra. He savs he's
doing very well and has ol the business
he can handle. He savs he turns out the
scts Faster and faster as he gains ex
perience.”

‘Sure he does, and he's a lot smarter
than the tellows for whom he is work
ing.”" Mac replied. “They wre paving him |
to acquire experience theyv should be
getting themselves. It doesu’t take a
seventh son of w seventh son to see that
eventually transistors are likelv to rcfi
place tubes in almost all household elee-
tronic cquipment. They have a lot of
things going tor then: small size, long
lite. little heat, high efficiency, and
small - size - low - voltage accompanying
components. When  transistorized TV
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FOR
ADULTS ONLY!|

NEW CADRE C-75 GB TRANSCEIVER

The new Cadre C-75 1.5-watt, 2-channel
transceiver is 15 times too powerful for
youngsters (under 18 years of age) to oper-
ate, according to I'CC regulations. Clearly,
it’s not a toy. IUs designed for serious CBers
who nced ‘hig sel’ performance that can be
used conveniently anywhere.

The new C-75, weighing less than 2 lbs; pro-
vides clear. reliable 2-way communications
up to 5 miles and more. All solid state design
creates an extremely rugged transceiver to
absorb rough handling, stays on frequency.
Two crystal-controlled c¢hannels spell per-
feet communications contact everytime. Sen-
sitive superhet receiver (luav for 10 db §/N
ratio) brings in signals in poor reception
arcas. Powerful transmitter has one watt
outputl to the antenna. Adjustable squelch
silences receiver during standby. AGC as-
sures proper listening level. In a word, the
C-75 has all the features you'd lpok for in a
quality full size CB unit.

The C-75 has all the portable conveniences:
operates on alkaline or mercury penlite cells
(8-hour rechargeable nickel-cadmium bat-
tery available) ; carphone and antenna jacks:
built-in retractable antenna; jack for basc

QP S AaAD R

INDUSTRIES CORP. /COMMERCIAL PRODUCTS DIV.

opcration while recharging.

Use the Cadre C-75 anywhere in the field,
for vehicle, office, boat or plane. Use it con-
stantly too. hecause its all-transistor modu-
lar circuit (11 transistors and 2 diodes)is vir-
tually maintenance free. $109.95. Recharger
and 2 nickel-cadmium batteries $31.85.

FOUR CADRE 5-WATT ALL-TRANSISTOR TRANSCEIVERS

Al © © 5 crssial-con
[ V—e T

trolled transmit
and receive posi-
tions; automatic gain control, maximum re-
ceiver sensitivity; built-in squeleh and noise
limiting arc just a few of the features.
CADRE 510 Vuriable tuning in addition to erys-
tal control. Power supply for 110 VAC and
12 volt DC. $209.95

CADRE 515 Power supply for 110 VAC and 12
volt DC. $194.50

CADRE 520 FFor DC mobile operation and flcet
use. $187.50

CADRE 525 In portable case with built-in bat-
tery power supply, recharger, AC cord, tele-
scoping antenna. $269.95

Sce your Cadre distributor or write:

ENDICOTT, N. Y./(607) 748-3373

Canada: Tri-Tel Assoc., Ltd., 81 Sheppard Ave. W., Willowdale, Ont. Export: Morhan Exporting, 458 B'way, N. Y. 13

CIRCLE NoO.
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CITIZENS-BAND

TRANSMITTERS

bﬂ MAAN

e INEXPENSIVE—ONLY
$£260.00 NET.

EVERY CB CLUB SHOULD
HAYVE ONE.

CALIBRATIONS FREE FOR
ALL 23 CB CHANNELS.
WITH NEW METER.

PORTABLE AND RUGGED
—WEIGHS 8 LBS.

ACCURACY BETTER THAN
0.0025%, AMPLE FOR CB.

WITH THE

LAMPKIN

105-B
FREQUENCY METER

o FLEXIBLE—CAN BE USED
FOR OTHER MOBILE-
RADIO MEASUREMENTS

FROM 100 KC TO 175 MC
AND UP. =

NO ADDITIONAL CRYS.-
TALS OR FACTORY
ADJUSTMENTS EVER
NEEDED FOR OTHER
FREQUENCIES.

TIME PROVED DEPENDA-
BILITY. THOUSANDS IN
USE—SINCE 1938.

7O LEARN MORE, AND HOW YOU CAN EARN MONEY CHECKING FREGUENCIES FOR OTHERS..\G:

MAIL COUPON TODAY!

F————————————— =

LAMPKIN LABORATORIES, INC.

MFM Division, Bradenton, Florida

At no obligation to me, please send free
booklet "HOW YO MAKE MONEY IN
MOBILE-RADIO MAINTENANCE” and data
on Lampkin meters.

o ——— o ———

THE MOST WIDELY
USED MOBILE-
RADIO FREQUENCY
METER—
THE LAMPKIN
105-B

LAMPKIN LABORATORIES,

INC.

BRADENTOMN, FLORIDA
125 ON READER SERVICE PAGE

MFM Divisiaa

NAME__
ADDRESS.
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ElE(TRONI(S’ &1V TE(HNI(IANS'
“It’s Got To Be In Your Pocket!”’

MINITEST |, a transistorized blocking oscillator for
every electronics fechnician or engineer. Hundy
signal fransmitter for finding defective circuits in
LF, IF and HF oscnllufory circuits, transformers
and chokes as well as in sound pick-ups and
transmitters of all types.

=
.. and its Twin: MINITEST 1I, a transistorized
blocking oscillator for every TV Technician. A
signal generator for finding defective circuits in
VHF and UHF tuners and converters, as well as
video i.f. and output stages. Can also be used
as bar pattern or net pattern generator.
EACH TWIN:

—is the size of a ball-point pen

—is switched on & off like a ball-point pen

—weighs less than 1 oz.

—works on a 1.5 V battery

—is guaranteed for six months

—is imported from Germany (W)
] MINITEST | Net $7.95 [] MINITEST 1i Net $8.95
] TWIN-MINS (1 & Il if purchased together)

Net $16.53

Clip coupon ond mail with check or Money Order.
We pay the postage—Sorry, no COD shipments.

| AZTEC ENGINEERING COMPANY |
| P.O. Box 158, Lebanon, N.J. I
I |

I

l Naome:

| Address:

68

SAY YOU SAW IT IN

Electronics World

Send for NEW
FREE CATALOG =952
with oscillator
cirevits

Citizen Band $295
Class "D" Crystals
CITIZEN BAND CLASS “D” CRYSTALS

LS tolerance
requiremen’
holders. 12
(Add 15¢ per cry

3rd overtone
mecet all FOC
seuled HCB/U
650 pins.
mns).

1o
Hermetically
pin spacing.
al for 005

te frequencies in stock: 2644
1 )2 3.0

‘\Tatched crystal sets for ALL CB units (Qpeclf\s equipment
5.

make and model numbers) 490 per set

RADIO CONTROL CRYSTALS
in HC&/U HOLDERS—SIX FREQUENCIES

In stoek for immediate delivery (frequencies listed in
meraeyel R pin  spacing.
0 .n mn e, add TSc¢ per

95

ACH

24,995, 27‘045 29.095.'27.145,
27195, 27255 1 1 uuu e

{add 5¢ per crystal for postage-handling}

ENGINEERING SAMPLES und small quantities for
row made at either Chicago or Fort Myers
cerviee. 1IN CHICAGO. PHONE Gladstone

IF YOUR PARTS DEALER DOESN'T STOCK Texas Crysuals,
crder direet ard send us his name.

RUSH YOUR ORDER NOW TO

hTEXAS CRYSTALSHQ

Div. of Whitehall Electronics Corp. Dep
1000 Crystal Drive. Fort Myers, Florida Ph. WE 6 2100

l FOR SHIPMENT VIA FIRST CLASS MAIL AT NC EXTRA |

arototypes
ith 21 hour

COST ATTACH THIS ADVT. TO YOUR OEDER!

hits its stride, as it surely must, Dave
will be in on the ground floor.”

“I wonder why so many of the old-
timers hate transistor radic servicing,”
Barney said. “Lots of them would rather
horse a heavy TV chassis around half a
day than troubleshoot one of the little
jobs.”

“Mostly, T suspect, it's a case of un-
familiarity breeding contempt,” Mac
suggested “All of us tend to fear and
|dlst1ust and even hate the unfamiliar.
\We have to learn some new things to
understand it, and that requires effort,
| which is always distasteful. Exactly the
same thing happened when the a.c.-d.c.
receivers came on the market. Service
technicians applied all sorts of con-
temptuous names to them: ‘cigar-box
radios,” ‘punch-board radios,” etc. But
;e\'entual]y they wound up servicing
these sets almost exclusively and doing
just as well as they had done working
on the big transformer-type console

radios.”

“You think the same thing will hap-
‘ pen with transistor radios®”

“I have no doubt about it. But it would
be well if all of us quit down-grading
transistor receivers and began to ap-
preciate their good points. I firmly be-
lieve a man has to like his work to do
his best, and as long as we dislike tran-
sistor radio service were not going to
be very good at it—not really good.

“If you have visual aids, special solder-
ing eqmpment for the plmtcd circuits,
adequate service data, a good grounding
in transistor fundament als, and the
proper attitude, transistor radio serv-
icing can be very rewarding, both in
money and in pels(mal satisfaction,”
\Mac (oncluded as he slid the binocular
eve loupe over his head and picked up

the little transistor receiver chassis. A
“CUSTOM”
CERAMIC CAPACITORS
By IRWIN MATH
CCASIONALLY it is desirable to

use values of capacitance that are
not standard, as in certain types of wide-
band amplifiers or pha~e -shift oscilla-
tors. Also, at times, it is necessary to
match two capacitors rather closely.

When ceramic capacitors are nsed, it
is a simple matter to vary the capaci-
1ance. Grinding the edge of the capacitor
will lower its value, until the correct
value is obtained. A goad quality bridge
should be unsed for exact values, how-
ever, an inexpensive capacity checker
ean e employed for less critical toler-
ance requirements.

After grinding the capacitor, the edges
should be checked for shorts and
cleaned with a fine emery paper. Sealing
wax or parafﬁn can then be pnt on to
seal the capacitor from moisture. It
should be pointed out that a similar oper-
ation can be carried out with carbon
composition resistors. A

ELECTRONICS WORLD



FCC ESTABLISHES
FEES FOR
RADIO LICENSES

Amounts range from $100
for TV broadcasters down
to $4 for radio amateurs.

FFECTIVE January 1, 1964 the

FCC will begin charging fees for
handling radio station and operator li-
cense applications and renewals. Public
hearings held carly this vear disclosed an
almost unanimous opposition to setting
up such charges. Probably the most vig-
orous opposition came from hams who
felt that the fees would discourage ex-
perimentation and technical develop-
ment which the Commission has the
responsibility of promoting. As a result
of the outery, some of the charges were
reduced and some were killed altogether.
However, a good many users of radio
will have to pav a nominal fee for this
use beginning next year.

Some of the amounts to be charged
are: For license application of a new
broadceast station or for renewal of li-
cense, $50 for AM or FM stations and
$100 for TV stations. For TV translator
application, $30. For initial construction
permit for land mobile radio system (in-
cluding base station and mobile wnits),
$100. For renewal of this license. $25.

In the amateur radio service a fee of
$4 will be charged for initial and re-
newed licenses. For modification of 1i-
cense, $2 and for a request for a special
call sign. $20. In the Citizens Radio
Service, the fee is $10 for class A station
anthorization. For class 1D and all other
classes of Citizens Radio stations, the fee
will be 88,

Applications for commercial radio op-
crator examinations must be accompa-
nied by a fec of $5 for TFirst Class
License, $4 for Second Class, and $3 for
Third Class. Application for license re-
newals, endorsements, and  duplicates
call for a $2 fee. Restricted Radiotele-
phone Permit applications also require a
$2 fee.

Exempted from charges are all types
of educational radio and TV broadcast
stations and  closed-circnit  educational
systems. Fees are not required for Novice
Class applications in the amateur radio
service nor for applications filed in the
Radio Amateur Civil Emergency Sery-
ice (RACES). There are also no fees for
the experimental radio services (other
than broadeast), nor for such safety
radio services as those used by police, fire
departments, highway maintenance,
State. Guard, hospitals, disaster relief
organizations, school buses, and non-
profit ambulance operators, A

August, 1963

If you're willing
to pay anything for
professional quality............but would rather not

The Concertone 605 is for the one man in several who can’t stand
less than perfection...but can’t see why professional quality should
cost so much. Never before have so many features and so much pro-
fessional quality been available at this price. Read ahead carefully
and see: Precision plug-in head assembly...includes four precision
heads; Separate microphone and line controls (input can be mixed) ;
Delay memory control circuit (never spill or break tape) ; Automatic
glass tape lifters, including electric cue feature; Sound on sound and
add sound; Solenoid operated brakes; Three motors, including
2-speed hysteresis synchronous drive: Automatic rewind; Exclusive
Reverse-O-Matic® Learn all about the 605 in complete detail. Ask
yvour dealer for a demonstration or send for free literature today.

CONCERTONE 607

Broadeast version

The Concertone 607 with higher
impedance is for the true professional
or broadcaster. Remote control
optional. This superb tape recorder
is constructed to 19” x 14” dimensions,
permitting it to be used as

an exact replacement for old or
outdated tape recorders.

CONCERTONE 400 COSMOPOLITAN

For people on the go...it’s the Cosmopolitan
- Combination Tape Recorder with AM
Radio. A versatile companion and co-worker
for business or pleasure travels. 5” veel
capacity. Push-button operation. Amazing
fidelity. Remote mike. Foot-pedal control.
This all-transistorized recorder has big
recorder features in miniature form.

for further Fp= AMERICAN CONCERTONE, INC.

information | A DIVISION OF ASTRO-SCIENCE CORP.
write: I 9449 W. JEFFERSON BLVD, « CULVER CITY * CALIF.

Export: J. D. Marshall International, 170 W, Washington, Chicago. Illinois
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HOW

can you make
a priceless
family heirloom

for$2.107

This question, and many others
about tape quality, tape use, and
tape recording for fun, education,
and profit, are answered in Tarzian
Tape's new booklet, “*Lower
the Cost of Fun With Tape Re-
cording.”

Ir’s free when you mail the coupon
belon'.

_,
I
|
I
|
)
I
|
I
|

4

Sarkes Tarzian, Inc.
Dept. EW-3

Magnetic Tape Division
East Hillside Drive
Bloomington, Indiana

Please send a free copy of “Lower the
Cost of Fun With Tape Recording” to:

Name =

Address -

City. State.

| Have {J Have Not OO used Tarzian Tape
| Own O Plan to Buy O A Tape Recorder
| Buy Blank Recording Tape From:

Name - -

Address

He Does [0 Does Not (O Stock Tarzian
Tape

L e
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Radiation Devices
| (Continued from page 42)

| pends on the rate of diffusion and, thus,
| by proper calibration, the change in
current gain can be used to determine
the total amount of radiation received by
the transistor.

In a semiconductor diode, neutron ra-
diation damage can result in a change
in the forward current for a certain ap-
plied voltage, hence monitoring this cur-
rent can give an indication of total radi-
ation. The diode can then be employved
as a neutron dosimeter. It is not neces-
sary for the voltage to be applied con-
tinuously—it can be applied only when
measurements are required. Readings
can be taken as often as desired without
affecting accuracy. An experimental di-
ode of this kind is shown schematically
in the diagram of Fig. 4.

Production of Electricity

Extensive tests conducted at Bell Lab-
oratories indicate that silicon solar cells
are very simple and useful devices for
measuring high-intensity radiation. Cells
of the n-p type are emploved, as they
are much more resistant to radiation
damage than the formerly emploved p-n
type.

For most applications, it is only nec-
essary to connect the solar cell to a rela-
tivelv inexpensive microammeter. This
microammeter can then be calibrated di-
rectly in intensity (rads per hour, for
example). In a typical solar cell, an in-
tensity of a million rads per hour of x- or
gomma radiation would produce a cur-
rent of 37 wpa, With more elaborate in-
strumentation, 100 rads per hour can be
measured, and intensities as high as a
billion rads per hour can be measured
[ if the radiation that is involved is not too
energetic.

Commercial Devices

We will now describe briefly some of
the commercial solid-state radiation
counters currently available from a few
companies. It should be clearly under-
stood that this section is by no means
complete, either as to manufacturers or
as to products. However, the descrip-
tions will provide some indication of the
tvpe of semiconductor radiation detec-
[ tors on the market.

Most of the devices made by Ouak

Ridge Technical Enterprises Corp.' are
of the surface-barrier type. A wide vari-
etv of depletion depths is available, in-
| cluding totally depleted units with thick-
nesses from 30 to 500 microns. All use a
very thin gold electrode on the surface
| of n-type silicon. The devices can be em-
ploved for neutron detection using ap-
propriate converter foils, such as lithium.
Some of the company’s detectors are so
| constructed that they can be stacked for
work requiring greater depletion depths.

Molechem, Inc? manufactures sur-
face-barrier detectors with n-tvpe silicon
having a nominal resistivity of 1000 ohm-
em., and capable of being operated at
bias voltages of 200 to 500 volts and even
higher for selected units, producing de-
pletion lavers upwards of 1 mm. thick.
Units with very large active areas up to
2.2 em.? are available. These detectors
can be provided with an evaporated
laver of lithium fluoride for neutron de-
tection.

Solid State Radliations, Inc.’ makes sil-
icon-junction detectors primarily. The
p-tvpe silicon with a resistivity of about
1000 ohm-cm. is the base ma