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GET A FAST START WITH
NRI'S ABSORBING, NEW
ACHIEVEMENT KIT

Delivered to your door—
everything you need to
make a significant start in
the Electronics field of
your choice! This new
starter kit is an outstand-
ing, logical way to intro-
duce you to NRI. What's
in it? Your first group of
lesson texts; a rich vinyl
desk folder to hold your
study material; the indus-
try's most complete
Radio-TV Electronics Dic-
tionary; valuable refer-
ence texts; lesson answer
sheets; pre-addressed en-
velopes; pencils; pen;
engineer’s ruler, and even
postage. No other school
has anything like it.

ELECTRONICS COMES
ALIVE WITH CUSTOM
TRAINING KITS

You get your hands on ac-
tual parts and use them to
build, experiment, explore,
discover. NRI pioneered
and perfected the ‘‘home
lab’’ technique of learning
at home in spare time.
Nothing is as effective as
learning by doing. That’s
why NRI puts emphasis on
equipment, and why it in-
vites comparison with
equipment offered by any
other school. Begin now
this exciting program of
practical learning created
by NR!I’s Research and De-
velopment Laboratories.
It's the best way to under-
stand fully the skills of the
finest technicians—and
make their techniques
your own.

“BITE-SIZE"” LESSON
TEXTS PROGRAM YOUR
TRAINING AT HOME

Certainly, lesson texts are
necessary. NRI’'s pro-
grammed texts are as
simple, direct and well il-
lustrated as 50 years of
teaching experiencecan
make them. They are care-
fully programmed with NRI
training kits to make the
things you read about
come alive. You’ll experi-
ence all the excitement of
original discovery.

HOBBY? CAREER?
PART-TIME EARNINGS?
MAIL COUPON TO NRI

Whatever your reason for
wanting to increase your
knowledge of Electronics
. . . whatever your educa-
tion . . . there’s an NRI
instruction plan to fit your
needs. Choose from three
majer training programs
in Radio-TV Servicing, In-
dustrial Eilectronics and
Communications or select
one of seven specialized
courses. Mail coupon for
NRI catalog now.

DISCOVER THE EXCITEMENT OF
NRI ELECTRONICS TRAINING

Founded 50 years ago—in the days of wireless—NRI| pioneered the ‘learn-by-
doing” method of home-study. Today, NRI is the oldest, largest home-study
Electronics School, offering the kind of instruction that makes learning exciting,
fast. You build, test, experiment, explore. Whatever your interest, your need,
your education, investigate the wide variety of NRI training plans . . . find out
about the NRI Achievement Kit. Cut out and mail the postage-free card now.
No salesman will call. NATIONAL RADIO INSTITUTE, Electronics Division,
Washington, D.C. 20016.

50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING
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10 WAYS TO TRAIN AT HOME

TELEVISION-RADIO SERVICING Learn to fix black-and-white
I and color sets, AM-FM radios, stereo hi-fi, etc. A profitable field
for part or full-time business of ,your own.

INDUSTRIAL AND MILITARY ELECTRONICS <Learn Principles,
Practices, Maintenance of Electronic equipment. Covers com-
puters, servos, telemetry, multiplexing, other subjects.

COMPLETE COMMUNICATIONS A comprehensive program cov-
ering broadcasting, mobile, marine, aviation communications.
Learn to operate, maintain transmitting equipment. Prepares
for FCC License.

FCC LICENSE Prepares you quickly for First Class License
. exams. Every communications station must have licensed op-
erators. Also valuable for Service Technicians.

MATH FOR ELECTRONICS A short course of carefully prepared
texts going from basic arithmetic to graphs and electronic
.iformulas. Quick, complete, low in cost.

BASIC ELECTRONICS Abbreviated 26-lesson course covering
Automation-Electronics, TV-Radio language, components, princi-
ples. ldeal: for salesmen, hobbyiﬁts, others,

ELECTRONICS FOR AUTOMATION For the man with a knowl-
edge of basic Electronics who wants to learn process control,
ultrasonics, telemetering and remote control, electro-mechanical
measurement, other Automation subjects.

. AVIATION. COMMUNICATIONS For the man who works or
wants to work in and around planes. Covers direction finders,
ranges, markers, loran, shoran, radar, landing system trans-
mitters. Prepares for FCC License,

MARINE COMMUNICATIONS Learn to operate, repair trans-
mitters, direction finders, depth indicators, radar, other Elec-

- itronic equipment used on commercial and pleasure craft. A
growing, profitable field. Prepares for FCC License.

MOBILE COMMUNICATIONS Learn to install, operate, main-

l -tain mobile equipment and associated base stations, as used
by police, fire departments, taxi companies, etc. Prepares for
FCC License..

You must pass FCC exam on completion of any NRI commu-
nications course or your tuition payments are refunded in full.
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CHECK AND MAIL
THIS POSTAGE-FREE CARD

NATIONAL RADIO INSTITUTE
Washington, D.C. 2001 2-066

Please send me your catalog. | have checked the field(s) of
most irfterest to me. (No salesman will call) Please PRINT.

D TV-Radio Servicing E] Basic Electronics
E] Industrial Electronics D Electronics for Automation
E] Complete Communications D Aviation Communications

] Fec License ] Marine Communications

Name Age

Address

City State Zip Code
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Learning Electronics
Is faster, easier,
more interesting with

NEW ACHIEVEMENT KIT
CUSTOM TRAINING KITS
“BITE-SIZE”” TEXTS

MAIL POSTAGE-FREE CARD

v

PERMIT
NO. 20-R

FIRST CLASS
Washington, D.C.

BUSINESS REPLY MAIL

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATE
NATIONAL RADIO INSTITUTE
3939 Wisconsin Avenue
Washington, D.C. 20016

POSTAGE WILL BE PAID BY
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Every 40 seconds a burglary takes place in the United States.

TECHNICAL INFORMATION

The RADAR SENTRY ALARM is
a complete U.H.F. Doppler Ra-
dar System which saturates the
entire protected area with invis-
ible r.f. microwaves. It provides
complete wall to wall—floor to
ceiling protection for an area of
up to 5,000 square feet. Without
human movement in the pro-
tected area, the microwave sig-
nal remains stable. Any human
movement (operation is unaf-
fected by.rodents and small ani-
mals)in the area causes the dop-
pler signal to change frequency
approximately 2 to 4 cps. An
ultra-stable low frequency de-
tector senses this small fre-
quency change, amplifies it and
triggers the police type siren—
which is heard up to a half mile
away.

In addition, the RADAR SEN-
TRY ALARM'’s protection can be
extended to other areas with the
use of the following optional ac-
cessories:

* remote detectors for extending
coverage to over 10,000 sq. ft.

- rate of rise fire detector U.L.
approved for 2,500 sq. ft. of
coverage each (no limit on the
number of remote detectors
that can be used)

* hold-up alarm

- central station or police station
transmitter and receiver (used
with a leased telephone line)

* relay unit for activating house
lights.

- battery operated horn or bell

which sounds in the event of:
powerline failure; equipment
malfunction or tampering

1966

At that rate, it's a multi-million
dollar a year business-...for bur-
glars.

And an even better business op-
portunity for you.

Why? Because burglary can be
stopped...with an effective alarm
system.

In fact, pofice and insurance
officials have proved that an alarm
systemreduces, and in many cases,
eliminates losses—even helps po-
lice apprehend the criminal.

Here's where you come in.

Only a small percentage of the
more than 100 million buildings—
stores, offices, factories, schools,
churches and homes are protected
by an effective alarm system.

That means virtually every
home, everybusiness is a prospect.

You can sell them!

And you don't have to be a
super-salesman to sell the best
protection available—a Radar Sen-
try Alarm unit. All you have to do
is demonstrate it... it sells itself.

A glance at the technical infor-
mation shows why.

RADAR SENTRY ALARM
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It's the most unique and effec-
tive alarm system ever invented.

And here’s the proof.

In the past six years, thousands
of RADAR SENTRY ALARM units
have been sold in the Detroit, Mich-
igan area alone—sold by men like
yourself on a part-time and full-
time basis.

Here are just a few customers
who are protected by RADAR
SENTRY ALARMS:

U.S. Government

U.S. Air Force

Detroit Board of Education
Hundreds of Churches
Banks, Businesses and
Homes.

Everyone is a prospect.

So take advantage of your pro-
fession. Put your technical knowl-
edge and experience to work for
you in a totally new area—an area
that will make money for you!

Don't wait!

Let us prove that crime does
pay.

Become a distributor.

Write now for free details.

........... s se0crtttsstensessesssene

Mail to: RADAR DEVICES MANUFACTURING CORP.
22003 Harper Ave., St. Clair Shores, Michigan 48080

7 <~ Please tell me how | can have a business

of my own distributing Radar Sentry
Alarm Systems. | understand there is no
obligation.

Address.
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This infinite resolution

rotary SUMPOT doesn’t depend
on a fragile wire...
performs for 10 years™

-and more!
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OUR COVER ties in with
three special articles in
this month’'s issue dealing
with public-address sys-
tems. These are on p.a. am-
plifiers, microphones, and
loudspeakers. The amplifier
shown is a Bogen MTX-30A,
an all-silicon transistor 30-
watt p.a. unit, with an ac-
cessory monitor speaker and
sound-level meter. The mi-
crophone is a new Elec-
tro-Voice 674, a dynamic
cardioid designed for public
address, recording, and
communications uses. The
two loudspeakers are out-
door University units, the
Models CLC and the CSO-4
sound column. The former
uses a wide-range cone
speaker with horn loading
of the rear; the latter em-
ploys 4 8-inch cone speak-
ers in a vertical array. . ...

.Photo: Bruce Pendleton.
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Transistor Failure Predicted

Transistors don't last forever. Recent tests at the National Bureau
of Standards prove that failure
measuring leakage currents at fairly elevated storage temperatures.

TV Set Uses Integrated Circuit

New RCA portable TV set uses a linear IC as the complete intercarrier sound
system. This aspirin-size device replaces 26 discrete electronic components,

Recent Developments in Electronics

Sealed Lead-Acid Batteries E. T. DeBlock & John R. Thomas

The battery in your car has been modernized by use of a gel rather
than a liquid electrolyte and by sealing. These new batteries should
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Buy the BEST!

J

CAPACITIVE DISCHARGE
IGNITION SYSTEM
ONLY 5 299,5 PPD.!

Why settle for less in motor vehicle ignition
systems when you can buy the very BEST from
Delta, the originators, the leaders in capacitive
discharge (SCR) systems. Delta pioneered this
electronic marvel. Thousands have installed this
remarkable electronic system. Now YOU can pur-
chase at low, LOW cost, and in easy-to-build kit
form, the king of them all, the DELTAKIT. Low
price due simply to high production levels at no
sacrifice in peerless Delta quality.

Operate Any Motor
Vehicle More Efficiently

Compare these proven henefits:

A Up to 20% Increase in Gasoline
Mileage

A |pstalls in Only 10 Minutes on
any Car or Boat

A Spark Plugs Last 3 to 10 Times
Longer

A [Instant Starts in all Weather

A Dramatic Increase in Acceleration
and General Performance

A Promotes More Complete
Combustion

Literature and complete technical infor-
mation sent by return mail.

BETTER YET — ORDER TODAY!

e T T T T

Electronies World

COMING
NEXT MONTH

~ SPECIAL ISSUE

I Semiconductor Diodes—In this special 24-page section, six major authors provide
a wealth of authoritative information on all types of diodes:

Frank Gift of International Rectifier on Rectifier Diodes.

Rohert M. Minton of RCA on Tunnel Diodes.

J. Clifton of Texas Instruments on Reference and Regulator Diodes.

John P. Brown of Fairchild Semiconductor on Switching Diodes.

| Gerald Schaffner of Motorola Inc. on Varactor Diodes.

| Eugene ). Feldman of Sylvania on Mixer and Detector Diodes.

Time & Time Measurements—The most nearly exact measurement man can make

is of time, yet there are many different time scales. One of these must change if

it is to indicate the time of day sensibly, because the earth’s rotation is not con-

stant. The other should be fixed so measurements will be precise no matter where

| or when they are made. This latter scale is based on natural atomic resonance
and is accessible only by electronic instruments. A description of all the time

[ scales and how they are used is the story told by Jane Evans, Hewlett-Packard
applications engineer,

| INSULATED GATE TRANSISTOR AUTOMATIC STEREO

| The most important advantage of this  MULTIPLEX DEMODULATOR

new semiconductor, which is also called  Details on a new transistorized circuit
MOST, MOSFET, or IGFET, is its ex- for use in hi-fi FM tuners whereby the
tremely high input impedance. It can be  demodulator diodes perform wholly au-
used in any circuit application where tomatic switching from mono to stereo.
this characteristic is required. The circuit is being used in Scott tuners.

All these and many more interesting and informative articles will be yours
in the July issue of ELECTRONICS WORLD ...on sale June 106th.
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DEMANDING
ENOUGH
TO OWN A

MAGNECORD TAPE RECORDER?

@ SR If you refuse to compromise with less than professional recording ability
S o ¢ ... won't take second best to full concert playback sound . . .you won't
be happy with anything but a Magnecord!
As a matter of fact, many Magnecord owners have tried (and been disappointed in) as many
as three other recorder brands before writing us about their ultimate satisfaction with
Magnecord quality. Naturally, we are delighted at the ever-increasing number of demanding
high fidelity owners who are now trading up to Magnecord. If your present tape recorder
isn't meeting your demands, write for our new brochure featuring the Models
1020 and 1024. Or you can demand to see and hear them at your dealers! m
NOTE: Demand the ‘easy credit terms now available from your Magnecord . DIVISION OF THE
dealer! Your unsatisfactory tape recorder may make the down payment. 75505 A RAAT 00

agnecord
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One of a series of brief discussions
by Electro-Voice engineers

STOP
RUNAWAY
P.A. BASS

HAROLD MAWBY
Senior Microphone
Engineer

T'he ultimate goal of most sound reinforce-
ment systems is to improve distribution of the
desired original sound without changing its
essential character (except to po=sibly aug-
ment its volume). This would imply the use
of “flat” response in all elements of the re-
productive chain. While this approach may
prove useful in some instances, it is least
likely 1o be successful where acoustics are
poor. The microphone will (typically) pick
up the original sound plus a proportion of
both reflected and reproduced sound, thus
“coloring” the reproduction and often in-
creasing the apparent severity of the acous-
tical problems.

Often unidirectional microphones are used
to reduce pickup of anything but the original
signal, but these too can add to the problem.
Typically, most unidirectional microphones
use single front and rear openings to achieve
their cardioid polar pattern. It seems a simple
and direct method to obtain satisfactory can-
cellation of sound from the rear. Unfortu-
nately, with a single rear opening, a small
acoustic phase shift remains at low frequen-
cies, requiring the use of an undamped me-
chanical system to retain flat on-axis response.
This undamped condition gives rise to high
shock sensitivity and a sharp increase in
“proximity effect” (bass response rises as
subject to microphone distance is decreased).
At close distances the system has no fixed
response and uniform results are impossible.
To eliminate these problems. a new type of
unidirectional microphone has been designed.
Based on the Continuously Variable-D* prin-
ciple (currently available in the E-V Model
676) it allows exact adjustment. during man-
ufacture, of phase shift at all frequencies to
minimize both proximity effect and shock
sensitivity. Proper damping of the mechan-
ical system is also provided while flat on-axis
response and uniform cardioid directivity is
retained.

Another problem is strong low frequency
resonances in the room. Thesc tend to over-
emphasize and blur low bass sounds and to
trigger {eedback. The Model 676. in addition
to flat response. is provided with a variahle
tilt-off circuit in the microphone to reduce
its sensitivity to low frequencies. The tilt-off
starts at 750 cps and is down 5 or 10 db at
100 cps depending on the seiting of the ex-
ternal switch ring at the rear of the unit, No
reduction of front-to-rear cancellation occurs
in any tilt-off position.

The reduction of proximity effect, plus the
control of bass response at the microphone.
when carefully used with the proper speaker
and amplifier characteristics. provides a new
measure of stability and naturalness of sound,
even under adverse acoustic conditions.

* Patent No. 3.095.481
For technical data on any E-V product, write:

ELECTRO-VOICE, INC., Dept. 663N
629 Cecil St., Buchanan, Michigan 49107

EleclioYores

SETTING NEW STANDARDS IN SOUND
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LMOST simultaneously, two separate

divisions of RCA made important an-
nouncements concerning linear integrated
circuits for TV and FM receivers. Although
IC’s have been used for several years in the
Zenith hearing aids, the new RCA an-
nouncements—particularly in regard to price
breakthroughs—should inaugurate a new era
in consumer product design.

It has been common knowledge among
design engineers that to use linear-type in-
tegrated circuits for consumer products eco-
nomically, it would mean that the prices
would have to fall below $5.00. RCA’s new
circuits will cost from $1.25 for a simple
wideband amplifier to $1.95 for a deluxe
version of a wideband amplifier/discrimi-
nator (in lots of over 1000 units). This is a
significant breakthrough and now, for the
first time, IC’s can be used in consumer
products on an economical basis.

RCA’s ITome Instrument Division, in un-
veiling its latest 12”7 black-and-white TV
set, publicly demonstrated for the first time
the application of an integrated circuit in a
home entertainment system. This extremely
small chip, housed in a TO-3 can, contains
24 active and 14 passive components. It
replaces a total of 26 discrete components
(two transistors, two diodes, seven capaci-
tors, 14 resistors, and an interstage coil).
By itself, it provides i.f. amplification, limit-
ing, FM detection, and audio preamplifica-
tion. ( See page 28.)

In a separate announcement, RCA’s Elec-
tronic Components Division offered to all
original equipment manufacturers of con-
sumer products, four separate integrated
circuits of the linear type, designed specif-
ically for FM sound for both TV and FM
receivers. These are the units that are at-
tracting considerable attention in view of
their extremely low unit price, as mentioned
above.

RCA isn’t alone, though. Almost all of
the semiconductor manufacturers have been
working on linear IC’s and quite a few such
units are on the market. None, however, is
as involved as the RCA design nor have they
been directed so specifically to the circuits
for FM detection.

This doesn’t mean that most of the 1967
TV sets will use IC’s. In fact, it is difficult to
conceive of any major changes in the design
of television sets as long as sales hold up
as they are at present. The demand for color
sets is still beyond belief and there is a
50/50 chance that there will be a shortage
for the coming Christmas market. Sales for
1966 are estimated to be around 5.2 million,
which is double that of last year. Even
black-and-white sales have not dropped as
much as was anticipated.

In spite of this, however, work is still
| progressing in the circuit-design laborato-

or {

WM. A. STOCKLIN, EDITOR

INTEGRATED CIRGUITS FOR CONSUMER PRODUCTS

e record

ries. Every engineer involved in the design
of consumer products should. without hesi-
tation, start experimenting with IC applica-
tions. Most engineers in this area have had
no experience with IC’s. In fact there are
even some who have not had any experience
with transistors. Much has to be learned.
IC’s are peculiar components. The applica-
tions engineer must design circuits and
equipment around existing IC’s rather than
creating new IC’s for his circuits.

Eungineers should also realize that linear
IC’s ave not restricted simply to FM and TV
receivers. Circuit design engineers should
give serious thought to use of these de-
vices as preamplifiers for oscilloscopes and
v.tvan’s, broadband line amplifiers for
CCTYV and master-antenna systems, antenna
signal boosters for short-wave and FM re-
ceivers, and in many other analog circuits
where extreme reliability in a small package
is desired. Let’s not overlook the use of
digital IC’s in the test equipment area. As
a matter of fact, the Boeing Co. is currently
experimenting with IC test equipment, such
as tunnel-diode voltmeters, frequency stan-
dards, and reference voltage generators, that
will be permanently incorporated into jet
airliners or spacecraft for self-checking pur-
poses. They are ideal for use in the count-
down circuits of CCTV sync generators and
color-bar generators. Why couldn’t the dig-
ital IC be coupled with inexpensive visual
readout devices to make low-priced counters
and visual readout meters? Integrated cir-
cuits for all these applications are available
today.

Much has been said about functional
designing (see “Functional Designing” by
1.J. Suran of G-E in the March 1966 issue )
where IC’s are referred to strictly as black
boxes with a simple input and output. Those
developed by RCA and others to date differ
in that, in a sense, they are hybrids. Many
other components such as large-value capa-
citors, coils, and transformers must be con-
nected externally to complete the specific
function. This design pattern will be fol-
lowed for some time.

The advantages of eventually using IC’s
are twofold in that they should cut manu-
facturing costs and should provide the con-
sumer with a product that is much more
stable and reliable than before.

As to how this will affect servicing is
rather difficult to predict, Servicing is bound
to change and component or circuit replace-
ments in the home, for the most part, will
be eliminated. Since these integrated cir-
cuits will be soldered in, most sets will have
to be returned to the shop for servicing. It
should mean, though, that there will be
less need for servicing. But when failure
does occur, cost for service will most likely

be higher. A
ELECTRONICS WORLD



FINC COLOR-VE-LOG
ANTENNAS
FOR UHF, VHF, FM RECEPTION

ALL-BAND
UHF-VHF-FM
ANTENNA

Model UVF-24
$59.95 list

The one antenna that does the work of 3! Gives startlingly
clear black and white pictures and beautiful color on
both UHF and VHF television channels — plus the finest
in stereophonic and monophonic sound reproduction.

FINCO Model UVF-18—-$42.50 list
FINCO Model UVF-16 —$30.50 list
FINCO Model UVF-10—$18.50 list

SWEPT-ELEMENT
VHF-FM
ANTENNA

FINCO

Model VL-10
$34.95 list

FINCO Model VL-18—$54.50 list
FINCO Model VL-15—$46.95 list
FINCO Model VL-7 —$23.95 list
FINCO Model VL-5 — $16.95 list

FINCO's Color-Ve-Log challenges all competition! Its
swept-element design assures the finest in brilliant color
and sharply defined black and white television recep-
tion — as well as superb FM monaural and stereo quality.

Featuring FINCO's exclusive Gold Corodizing

FINCO COLOR-VE-LOG

Prices and specifications subject to change without notice

THE FINNEY COMPANY * 34 W. Interstate Street* Bedtord, Ohio
Write for beautiful color brochures Number 20-322, and 20-307, Dept. 410.
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Earn Extra Income

in MOBILE-RADIO
MAINTENANCE!

CITIZENS BAND
AIRCRAFT ... MARINE
J ...PUBLIC SAFETY ...
BUSINESS AND INDUSTRIAL
RADIO
961,000 new transmitters added
last year, with the curve still

going upward!

7

MEASURE FREQUENCY with the LAMPKIN 105-B

@ Just this ONE instrument . . . with no extra crys-
tals or factory adjustments . . . will measure ALL
channels from 100 KC to 175 MC. Only $295.00,

® Ample accuracy for all mobile transmitters except
for split-channels above 50 MC—for these use in-
expensive accessory PPM Meter.

@ Pin-point signal generator for receiver final align-
ment.

@ Internal quartz crystal standard . .
to WWV.

. correctable

MEASURE FM DEVIATION with the LAMPKIN
205-A

@ Just this ONE meter measures all mobile channels,
25 MC to 500 MC.

@ Reads instantaneous true peak swing due to FM
modulation.

@ Set selective-calling tone signals using 0-1.25 KC
or 0-2.5 KC ranges of 205-A Quad Scale,
$340.00. Dual Scale model, 12.5 KC and 25 KC
ranges, only $290.00.

@ Oscilloscope jack for true wave form.

@ 3-inch meter indicates directly in peak KC.

FREE BOOKLET!?
Send for "HHOW TO MAKE
MONEY IN MOBILE-RADI

MAINTENANCE™. / i

MAIL COUPON TODAY!

At no obligation to me, please send free
booklet and information on Lampkin meters.

Name.
Addres
City

LAMPKIN LABORATORIES, INC.

MFM Div., Bradenton, Fla. 33505
CIRCLE NO. 105 ON READER SERVICE CARD
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V.T.I. training leads to success
as technicians, field engineers,
specialists in communications,
guided missiles, computers,
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic Technology curricula
both available., Assoc. degree in
29 mos. B.S. also obtainable.
G.I. approved. Graduates in sall
branches of electronics with
major companies, Start Sep-
tember. February. Dorms,
campus. High school graduate
or equivalent, Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RO, Valparaise, Indiana

A

LETTERS
FROM OUR
READERS

NANOSECOND PULSES
To the Editors:

There are several misstatements in
the article “Nanosecond Pulses: Tech-
niques & Applications” appearing in
your February, 1966 issue.

Time-domain reflectometry is indeed
a most useful method. It is more useful
than indicated in the article as the reso-
lution is considerably better. First, the
reflection from the first discontinuity
starts back to the scope while the re-
mainder of the incident pulse continues
to the next discontinuity, When the in-
cident pulse reaches the next discon-
tinuity, the reflected pulse from the first
discontinuity is alreadv away from the
first discontinuity a distance equal to the
distance between the two discontinuities
(assuming the propagation constants are
not different). So the two sets of reflec-
tions arrive at the scope twice the time
apart that the article indicates. Hence
resolution is half that given.

Secondly, the propagation for most
polyethylene cables is very nearly % that
of the speed of light. So resolution in a
typical coax is yet a further % of the cor-
rected figure.

Then, finally, the rise time of the scope
and generator combination is less a limi-
tation on the resolution than implied,
as the discontinuities must be closer to-
gether to be seen as two peaks with the
scope trace not falling to the baseline
between then.

Nanosecond pulses don’t necessarily
have a high harmonic content unless
reference is made to the frequencies of
the harmonics, since Fourier analysis in-
dicates that the harmonic spectrum (the
number of a harmonic and its amplitude)
depends only upon the shape of the
pulse, not its speed. A nanosecond square
wave has the exact same arrayv of har-
monics (all odd, with calculable harmon-
ics) as does a millisecond square wave;
the difference lies in the frequency of
each harmonic, as the fundamental fre-
quencies differ, What the article should
really say is that step-recovery diodes
produce a harmonic spectrum that is
better than most other harmonic-gener-
ating devices.

I'll go along with what the author
says about special techniques. It is amaz-
ing what ringing even a carelessly wired

resistor can contribute to a nanosecond
circuit. A ground plane of some sort is
a virtual necessity for bypassing in a
circuit,

When the voltage across any diode
is reversed, the current through that
diode also reverses, then ceases after the
stored charge in the diode is cleaned out
of the junction area. Hence, Fig. 2A is
wrong. The diode current waveforms
should appear as shown below.
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STEP-
RECOVERY
DI0DE

A few words of clarification may be
useful: the transitions of each diode to
negative currents are fast if the voltage
transition is fast. But if the voltage transi-
tion to a negative voltage is slow, then
only the step-recovery diode will have
any fast transition, and this at the end of
the negative pulse. All transitions to a
negative current will occur in time with
the voltage transition.

Janmes WricHT BEvILLE, III
Gainesville, Fla.

A portion of Author Lancaster’s reply
follows:

To the Editors:

Reader Beville is to be complimented
on certain points he has made. Fig. 2A is
wrong as charged.

Also, I would be one of the last to
argue with Fourier. My statement should
have read, “Nanosecond pulses invari-
bly have many high-frequency harmon-
ics.” The fact that these are pulses guar-
antees a wide frequency spectrum in it-
self.

Time-domain reflectometry is often
used with microwave and v.h.f. devices
whose propagation times are nearly
equal to that of free space, and the tech-
nique is occasionally used in one direc-

ELECTRONICS WORLD



This multiple pair, Beldfoil shielded
cable is typical of the types of Belden
cable used in recording critical mea-
surements on the Goldstone tracking
antenna.

The unique insulating properties of Belden's ex-

clusive Beldfoil shielding provides 100% protection

against '‘cross-talk’’ and spurious signal impulses

‘ in highly sensitive circuit applications. That's

why NASA used Beldfoil cable for its Goldstone

é' Tracking Station. m In this massive 210 foot

XS ““I ‘ /4/,' 4 diameter antenna, built to track lunar and

‘\"\ '/' P ”,' R planetary probes, Belden Beldfoil shielded
NN A 4 . ot

] /] e K cables carry instrumentation signals from

\ \\\ N> 4‘\\.,] sensitive structural detectors to an

W7 instrumentation facility nearby.

Every measurement of critical

structure deflection, angular

position, structure tempera-

tures, and bearing pressures

are recorded and analyzed

prior to tracking operations.

® Get the same precision

analyzation in your critical

instrumentation. Specify

Belden Beldfoil shielded cable

—the only cable providing 100%

isolation.

AN

“‘ ?\{i‘v;? ‘/n
\'=4’ -l

v

*Belden Trademark Reg. U.S. Pat. Off.

FOR COMPLETE INFORMATION

L m_‘-?-.. CONTACT YOUR BELDEN
iy S an

i DISTRIBUTOR.

[_4[_ |

e N

jall
i

-

[ 1]

o tt.—'—_—":—*_"_ “a——————’ 8-1-6
BELDEN MANUFACTURING COMPANY ¢« P.O. Box 5070A e Chicago, illinois 60680
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Once (maybe twice) in a lifetime.

The outstanding acceptance and success of Honeywell’s business and scientifie
computer systems has created a unique opportunity for personnel with a minimum
of two years’ formal education or equivalent training in electronics (2,000 hours)
to join our computer service engineering staff.

This is a once-in-a-lifetime opportunity to move into a new and rewarding career
in commercial electronics . . . a career offering professional growth and a chance
to utilize your abilities to the fullest. You will receive five months’ training in our
Electronic Data Processing Systems at our training center in Boston., Instructions
will include Logic Design, Circuitry, Programming, Diagnostic Routine, Operation
and Boolean Algebra.

Other professional advantages include:
¢ Full salary while training.

¢ Tuition refund program.

¢ Permanent assignments in major cities through the United
States. No traveling required after assignment.

¢ Additional excellent benefits.

Simply send your resume to the address below, and we'll send you further in-

formation.
William Horsch
Dept. 350
ELECTRONIC DATA PROCESSING
141 Needham Street Newton Highlands, Mass.

Opportunities exist in other Honeywell Divisions. Send resumes to F. E. Laing, Honeywell,
Minneapolis, Minnesota 55408. An equal opportunity employer, M&F.
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tion only for such things as attenuation,
impedance, and rise-time measurements.
For a strictly worst-case use, it is simply
the free-space distance that determines
the resolution, not that distance multi-
plied by two or some velocity factor,
although these factors are often a great
help in many practical problems,

The rise time of the sampling oscillo-
scope may not be of great importance for
time-delay measurements, but if realis-
tic or accurate measurements of attenua-
tion and reflection coefficients are to be
made, it is very important to have an
oscilloscope with a rise time at least
marginally better than the pulses used.

DonaLp E. LANCASTER
Phoenix, Ariz.
* ” ”
TRANSISTOR IGNITION SYSTEM
To the Editors:

Mr. Morris deserves credit for his ef-
forts to present an interesting and useful
article on a transistor ignition system
(January, 1966 issue). However, though
there is no doubt that some of these
improved methods are superior to the
conventional ignition system, Mr. Mor-
ris’ conclusions from the tests are ques-
tionable. It is quite possible the sample
spark plugs photographed were inadver-
tently mixed up. (They were not.—Ed.)

I feel the main advantages of these
new electronic ignition systems are the
conventional systems’ major defects.
These advantages are improved and
more linear spark performance in the
upper-half rpm range and long breaker-
points life with very little wear, rather
than increased spark-plug life. I have
had 20,000 miles of very good, trouble-
free, high-mileage spark-plug service
with high-rpm English sports cars with
conventional ignition. This proved the
contact points are most important. I did
spend much time cleaning, adjusting,
and replacing this troublesome item, the
neglect of which will drop performance
and mileage. A light burn results in a
definite engine efficiency loss.

Considering the work and stresses in-
volved, spark plugs are a cheap item
for 10,000 miles of transportation.

Mr. Morris” spark-plug troubles with
conventional ignition indicate some seri-
ous difficulties are present and unsolved,
and these problems would very likely
reflect in his transistor system findings.
However, because the difficulties de-
creased or disappeared with the tran-
sistor system, it is no proof that the
conventional system is at fault, extended
life excluded.

The entire character of the engine
is changed with the improved ignition
system. The requirements for efficient
spark-plug operation remain the same.
The extended plug life, by itself, is not
a measure of engine operating efficiency.

PeTer C. HoLDEN
Fort Edward, N.Y. A
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Join our
profit-sharing plan

for color TV repair.

Here’s how the plan works. First, Sylvania
advertises you in TV Guide as the right TV
serviceman for color re- 1
pair—Mister Right. We
make you a big name in a
booming business.

We have all kinds of tie-
in display pieces.

We supply you with our
color bright 85™ picture ]
tube and color receiving tubes that you can
push or ignore, since you’re independent.

And the payoft: you get the profits from
all the new color TV repair business we send
you. We get more profit because we make

more replacement parts. No one else offers

you a profit-sharing
plan like this because
no other major tube
manufacturer deals
exclusively with the
Independent Service Dealer.

.up to four TV Guide ads this

In the Mister Right part of the plan, your
Independent Sylvania Distributor puts your
name, town and phone number in

year. You're listed right next
to our big, full-color ads that
talk about you.

He also gives you up to

nine Mister Right display
pieces. Free banners, dis-
plays to spark up your windows, decals and
cards. And, an illuminated Color TV Service
y sign for a slight charge.
....... : = So join our profit-shar-
. ing plan. There’ll be a lot to
share. See your Independent
Sylvania Distributor.

Sylvania Electronic
Tube Division, Electronic

Components Group,
s Seneca Falls, New

York 13148.

SYLVANIA

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS GrElE

June, 1966
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LAB TESTED

HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS

Dynaco PAS-3X Stereo Preamplifier
Telex Stereo Headphones

Dynaco PAS-3X Stereo Preamplifier

For copy of manufacturer’s brochure, circle No. 23 on Reader Service Card.

HE Dynaco PAS-2 and PAS-3 pre-

amplifiers (identical except for styl-
ing details) have eammed an enviable
reputation for highest quality at mini-
mum cost. Current models of the pre-
amplifier, designated PAS-2X and PAS-
3X, incorporate a new tone-control cir-
cuit, on which patents are pending. The
tone controls use special potentiometers
which provide extremely flat frequency
response and low phase shift when me-
chanically centered. In effect, the tone
controls are switched out of the circuit
in their mid-positions, although no
switches or detents are used.

The PAS-3X tone controls are in the
feedback circuit, resulting in extremely
low distortion throughout the audio
range. The output impedance has been
lowered to 1000 ohms, so that low-input-
impedance transistor amplifiers may be
driven (the earlier models had a rela-
tivelv high output impedance).

The circuits of the PAS-3X have a dis-
arming simplicity. Each channel has only
two 12AX7 dual triodes. One is a low-
level preamplifier with feedback equali-
zation, The other supplies tone-control
and scratch-filter functions, as well as
serving as an output stage. The built-in
power supply includes a full-wave recti-
fied d.c. heater supply for all tubes.

The input selector has positions for
tape head, magnetic phono cartridge,
FM-AM, FM-MPX| a spare low-level in-

12

put for another phono circuit or a micro-
phone, and a spare high-level input. The
volume controls for the two channels are
ganged, but there are four separate tone
controls. The balance control can cut off
either channel completely with negligi-
ble effect on the level of the other.

The mode selector is a unique feature.
In addition to full stereo, mono (A+B),
and reproduction of either channel
through both outputs, it has two blend
positions. These reduce channel separa-
tion to minimize the “hole in the center”
effect sometimes encountered with ex-
cessive loudspeaker spacing.

Slide switches control the tape-moni-
tor function, loudness compensation,
scratch filter, and power. There are two
switched and two unswitched a.c. outlets
in the rear of the unit.

Our laboratory measurements of the
new preamp were limited in most cases
by the residual errors of our test equip-
ment. Its frequency response was per-
fectly flat up to beyond 10,000 Hz and
down only 0.4 dB at 20,000 Hz. There
was a definite “flat” setting at the center
of the range of each tone control.

The loudness compensation boosted
low-frequency response below 400 Hz
with no effect on middles or highs. The
degree of boost did not seem to be af-
fected by volume control setting, at least

20

o
T T
s
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“ DYNACO PAS-3X
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NSPHEHE UNIDIRECTIONAL MICROPHONES

Now! All the superb, world-renowned feedback control and uniform pickup pat-
tern features that have made the Unidyne family of microphones the industry
standard for solving difficult public address problems — with added problem-
solving features afforded by spherical filter assemblies that effectively control
explosive breath sounds (“POP”) and wind noise in outdoor locations. They are

particularly recommended for close-talking applications and permit superior
utilization of space on small stages or studios. They facilitate speaker, vocalist
and orchestral placement and provide practically complete rejection of unwanted
audience noises. They control echoing in partially filled halls (“BOOM"). And,
the shape’s the greatest for pop singers and combos! For hand or stand.

UNISPHERE A — Model 585 SA High Impedance;
585 SB Low Impedance. Budget priced for use in
low-budget systems. List Prices: Model 585 SA
$65.00; Model 585 SB $58.00

UNISPHERE [ — Model 565. Premium quality
spherical filter version of the incomparable Uni-
dyne® Il Multi-impedance, small size for maxi-
mum handability. List Price: $95.00

SHURE MICROPHONES — WORLD STANDARD WHEREVER SOUND SHURE BROTHERS, INC.
PERFORMANCE AND RELIABILITY ARE PARAMOUNT 222 Hartrey Avenue, Evanston, Illinois 60204




SERVICING
Transistor Home, Portable By 1y

OF: Black & White TV
and Auto Radios TN

for PROFITABLE,
TIME-SAVING |
- Color TV N'
ADM and FM, Tube or Py
Communications ,z2
B equipment &@
Home H
' Appliances
pasd]
 Components

B&K PROFESSIONAL
\ TEST EQUIPMENT

WITH SIGNAL INJECTION AND IN-AND-OUT OF CIRCUIT
MEASURING TECHNIQUES

Send today for your free copy of Catalog AP22

/By

IvIsIon OF

DYNASCAN DS-602

1801 WEST BELLE PLAINE AVENUE, CHICAGO, ILL. 60613
Telephone: (312) 327-7270  «  Cable Address: BANDKCO
CIRCLE NO. 123 ON READER SERVICE CARD

cut holes

Round—inches and mm

Double “D" Square

— Greenlee
punches

Here's the simple speedy way to cut smooth,
accurate holes in metal, hard rubber, plas-
tics, epoxy, etc.

Save hours of hard work . . . punch clean, true
holes in seconds for sockets, controls, meters,
and other components. Easy to operate. Simply
insert punch in a small drilled hole and turn with
awrench. For use in up to 16-gauge metal. Avail-
able at leading radio and electronic parts dealers.

|
@M GREENLEE TOOL CO

Division of Greenlee Bros. & Co.
1866 Columbia Avenue, Rockford, 1ll. 61101
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in the lower half of its range. The com-
pensation was “effective and pleasing,
without muddiness or boomy sound.
The scratch filter is quite unusual
among such devices, It has practically no
effect below 7000 Hz but cuts off sharply
above that frequency. It removed scratch
and hiss very effectively with no effect
on the program content in most cases.
The phono and tape equalization are per-
haps the most precise we have ever meas-
ured. Even though the RIAA curve is
only defined between 30 and 15,000 Hz,
we extrapolated it to the full 20-20,000
Hz range and found the preamplifier to
be within *0.5 dB of the ideal curve.
The NAB tape equalization was exact.
Hum was 70 dB below 1-volt output
on the phono and tape inputs at normal
gain settings, and — 534 dB at maximum
gain (which is unlikely to be used). On
the high-level inputs the hum was un-

measurable (below —80 dB). The unit
can be driven to l-volt output with 1.7
millivolts on the phono input, 3.2 milli-
volts on the tape input, and 125 millivolts
on the tuner input. It had no measurable
crosstalk between inputs. Stereo crosstalk
was —40 dB at 1000 Hz, decreasing to
12 dB and 6 dB in the “blend” positions.

Last, but not least, the distortion was
entirely unmeasurable for any output
under a couple of volts (sufficient to
drive any power amplifier to full output).
The intermodulation distortion reached
0.07% at 3 volts output and the harmonic
distortion reached 0.07% at 10 volts.

The pertormance of the Dynaco
PAS-3X would make it an outstanding
preamplifier at any price. Selling, as it
does, for $69.95 in kit form and $109.95
factory wired, it is surelv one of the
greatest values in high-fidelity compo-
nents.

Telex Stereo Headphones
For copy of manufacturer’s brochure,
circle No. 24 on Reader Service Card.

ELEX Acoustic Products has intro-

duced four new models of stereo
headphones, spanning a range of prices
and with distinctly different sonic prop-
erties. They are all similar in basic con-
struction, being essentially miniature
cone-type loudspeakers. They are all
rated to be driven from amplifier out-
puts of from 3 to 16 ohms. Power levels
of less than a watt are sufficient to pro-
duce comfortably loud levels.

The lowest priced unit is the “Adjust-
atone,” selling for $15.95. This is also
the largest in its internal structure, using

%-inch soft-cone speakers. Approxi-
mately 60% of the opening of each driver
is blocked by a perforated plate, the bal-
ance of the area being open to the car
cavity (protected by a grille).

The name “Adjustatone” refers to the
fact that the frequency response can be
tailored to some degree by the user, ac-
cording to the plucement of the earpieces
on the head. Normally the open area over
each reproducer is toward the back of
the head. Moving the earpieces farther
back reduces the amount of high-fre-
quency output reaching the ear drum
directly, which can subdue excess high-
frequency noise of some program ma-
terial in the manner of a treble tone

control. On the other hand, moving the
phones forward on the head places the
openings directly over the ear opening,
giving maximum treble response.

The “Adjustatone” headphones are
ruggedly made of high-impact plastic,
with a foam-padded headband. They
weigh 12 ounces, with the integral 8-
foot cord and three-circuit phone plug.
The sliding adjustment for fitting the
headphones to one’s head has a tendency
to slip, but the large ear cups support
the earpieces on the ear without too
much dependence on the headband.

The Model ST-20 “Stereo-Twin” head-
phones (see photo) use smaller, 1%” x
2%”  elliptical cone speakers. The soft
foam plastic ear cushions are removable
for cleaning (with water and detergent,
or with alcohol). They have ear open-
ings about 1%” in diameter and seal
around the ear somewhat more effec-
tively than the simple foam rubber cush-
ions of the “Adjustatone” phones.

The weight, impedance, and power
ratings of the ST-20 phones are similar
to those of the “Adjustatone.” It is rec-
ommended by the manufacturer that
care be taken not to overdrive the
phones, since the drivers are consider-
ably smaller than those of the “Adjusta-
tone” phones. Unlike the “Adjustatone,”
which has separate cords coming from
each earpiece, the ST-20 has a single
four-conductor cord coming from the
left phone. This eliminates some of the
nuisance of two cords joining beneath
one’s chin and simplifies putting on and
removing the phones.

Each headphone unit of the ST-20
has its own volume control. This is a
great convenience since the listener can
adjust volume and balance without get-
ting up to go to the receiver or amplifier,
if it is not directly at hand. The plastic-
covered headband is easy to adjust and
holds its setting once adjusted.

(Continued on page 20)
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UNIVERSITY
SOUND

has the
world’s
greatest

selection

of

paging and

talk-back

speakers

for
people-to-people
communications

NAME

ADDRESS

CITY STATE P

- A, FREE.!

tee University’s brand new 1955
PAl:tIg and world fam
ous “Technilog”. Mail cou-
pon to Desk FB5.

UNIVERSITY SOUND
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9500WR no Oklahoma City, Oklhm




...will it make or break

vour job future?

THE DEVELOPMENT OF INTEGRATED CIRCUITRY is the
dawn of a new age of electronic miracles. [t means

that many of today’s job skills soon will be no longer needed.
At the same time it opens the door to thousands of

exciting new job opportunities for technicians

solidly grounded in electronics fundamentals.

Read on the facing page what you need to know to

cash in on the gigantic coming boom, and how you

can learn it right at home.

ELECTRONICS WORLD




INY ELECTRONIC “CHIPS) cach no

bigger than the head of a pin, are
bringing abouta fantastic new Industrial
Revolution. The timc is near at hand
when “chips” may save your life, bal-
ance your checkbook, and land a man
on the moon.

Chips may also put you out of a job
...O0r into a better one.

“One thing is certain]’ said The New
York Times recently. Chips “will unal-
terably change our lives and the lives of
our children probably far beyond
recognition?’

A single chip or miniature integrated
circuit can perform the function of 20
transistors, 18 resistors, and 2 capaci-
tors. Yet it is so small that a thimbleful
can hold enough circuitry for a dozen
computers or a thousand radios.

Miniature Miracles of Today

and Tomorrow
Already, as a result, a two-way radio
can now be fitted inside a signet ring.
A complete hearing aid can be worn en-
tirely inside the ear. There is a new
desk-top computer, no bigger than a
typewriter yet capable of 166,000 op-
crations per second. And it is almost
possible to put the entire circuitry of a
color television set inside a man’s wrist-
watch case.

And this is only the beginning!

Soon kitchen computers may keep
the housewife’s refrigerator stocked,
her mcnus planned, and her calories
counted. Hervacuum cleancr may creep
out at night and vacuum the floor all by
itself.

Money may become obsolcte. Instead
you will simply carry an electronic
charge account card. Your employer
will credit your account after cach
week’s work and merchants will charge
each of your purchases against it,

When your tclephone rings and no-
body's home, your call will automati-
cally be switched to the phone where
you can be reached.

Doctors will be able to examine you
internally by watching a TV screen
while a pill-size camera passes through
your digestive tract.

New Opportunities for Trained Men

What does all this mecan to somecone
working in electronics who never went
beyond high school? It means the op-
portunity of a lifetime—if you take ad-
vantage of it.

It’s truc that the “chip” may make a
lot of manual skills no longer necessary.

But at the same time the booming
sales of articles and equipment using
integrated circuitry has created a tre-
mendous demand fortrained electronics
personnel to help design, manufacture,
test, operate, and scrvice all these
marvels,

There simply aren’t ecnough college-
trained engineers to go around. So men
with a high school education who have
mastered the fundamentals of elec-
tronics theory are being begged to ac-
cept really interesting, high-pay jobs as
engineering aides, junior engineers, and
ficld engineers,
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How To Get The Training You Need

You can get the up-to-date training
in clectronics fundamentals that you
need through a carefully chosen home
study course. In fact, some authorities
feel that a home study course is the best
way. “By its very nature;’ stated one
clectronics publication recently, “home
study develops your ability to analyze
and extract information as well as to
strengthen your sense of responsibility
and initiative!’ These are qualities every
employer is always looking for.

If you do decide to advance your ca-
reer through spare-time study at home,
it makes sense to pick an electronics
school that specializes in the home study
method. Electronics is complicated
enough without trying to learn it from
texts and lessons that were designed for
the classroom instead of correspon-
dence training.

The Cleveland Institute of Electronics
has everything you're looking for, We
teach only Electronics—no other sub-
jects. And our courses are designed
especially for home study. We have
spent over 30 years perfecting tech-
niques that make learning Electronics
at home easy, even for those who pre-
viously had trouble studying.

Your instructor gives your assign-
ments his undivided personal attention
—it’s like being the only student in his
“class’’” He not only grades your work,
he analyzes it. And he mails back his
corrections and comments the same day
he gets your lessons, so you read his
notations while everything is still fresh
in your mind.

50 FUNCTIONS IN A SINGLE CHiP. The func-
tions of these 50 separate transistors,
diodes, resistors and capacitors can now
be formed by the tiny dot in the center of
the integrated circuit held by the tweezers.

Always Up-To-Date
Because of rapid developments in
clectronics, CIE courses are constantly
being revised. Students reccive the most
recent revised material as they progress
through their course. This year, for
example, CIE students are receiving ex-
clusive up-to-the-minute lessons in
Microminiaturization, Logical Trouble-
shooting, Laser Theory and Applica-
tion, Single Sideband Techniques, Pulse
Theory and Application, and Boolean

Algebra. For this reason CIE courses
are invaluable not only to newcomers
in Electronics but also for “old timers”
who need a refresher course in current
developments.

Praised by Students Who’ve Compared

Students who have taken other courses
often comment on how much more they

A
\

: "\
TiNy TV CAMERA for space and military
use is one of the miracles of integrated
circuitry, This one weighs 27 ounces, uses
a one-inch vidicon camera tube, and re-
quires only four watts of power.

learn from CIE. Mark E. Newland of
Santa Maria, California, recently wrote:
“Of 11different correspondence courses
I've taken, CIE’s was the best prepared,
most interesting, and easiest to under-
stand. I passed my Ist Class FCC exam
after completing my course, and have
increased my carnings $120 a month.”

Get FCC License or Money Back

No matter what kind of job you want
in Electronics, you ought to have your
FCC Commercia] License. It's accepted
everywhere as proof of your education
in Electronics. And no wonder—the
Government licensing exam is tough. So
tough, in fact, that without CIE train-
ing, two out of every three men who
take the exam fail,

But better than 9 out of every 10
CIE-trained men who take the exam
pass...on their very first try!

This has made it possible to back our
FCC License courses with this famous
Warranty: you rmust pass your FCC
exam upon completion of the course or
your tuition is refunded in full.

Mail Card For Two Free Books

Want to know more? The postpaid
reply card bound in here will bring you
free copies of our school catalog de-
scribing today’s opportunities in elec-
tronics, our teaching methods, and our
courses, together with our special book-
let on how to gect a commercial FCC
License. If card has been removed, just
send us your name and address.

VETERANS

If you had active duty in any
branch of the Armed Forces after
January 31, 1955, you may be en-
titled to Government-paid tuition
for any CIE course.

Cleveland Institute of Electronics

@
CIE

1776 E.17th St., Dept.EW-18 Cleveland, Ohio 44114

Accredited Member National Home Study Council » A Leader in Electronics Training...Since 1934
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Here's a new RCA ommnidirectional
dynamic microphone, the SK-30, *
ideal for P.A. system use.

It has superh frequency response
from 50 to 14,000 Hz. =+

It’s rugged *(relatively msensitive
to shock and vibration), light-
weight (only 5 oz.), compact *
(only 412" long, 172" in diameter),
and attractively styled. *

It can be mounted almost any way
you want: “<gooseneck, &,

s,

desk- or floor-stand 3
held. *

>kOH,YES, AND IT’S QUITE INEXPENSIVE$30*"

“(Optional distributor resale price.)

Available at your Authorized RCA Microphone Distributor

RCA Electronic Components and Devices, Harrison, N. J.

The Most Trusted Name in Electronics
®

CIRCLE NO. 100 ON READER SERVICE CARD

The ST-20 sells for $29.95. The same
phones, without the individual volume
controls, is called the ST-10 and is priced
at $24.95.

The deluxe model of the Telex line is
the “Serenata.” These phones use tiny,

%”-diameter round speaker units, with
the cavity between diaphragm and ear
almost completely filled with foam plas-
tic to damp resonances. The “Serenata”
has removable, liquid-filled plastic ear
cushions which seal the ears almost per-
. fectly, When wearing these phones,
sounds in the listening room simply can-
not be heard, so the user enjoys total
isolation from distracting sounds.

The padded headband has a knurled
knob which adjusts the clamping pres-
| sure of the earphones on the head. Slip-

page is eliminated and the phones fit

the user as though they were custom
l molded to his head. The 8-foot detach-
able cord plugs into the bottom of the
left phone. A tone control is located on
the bottom of the right phone. Price of
[ this unit is $59.95.

| Since measurements of headphone
response are quite difficult to make with
| meaningful accuracy, we evaluated the

“Adjustatone,” the ST-20, and the “Ser-
| enata” by listening to two popular solid-
state stereo receivers with them. The
sonic differences were distinct, although

not easy to describe. The “Adjustatone”
was the most efficient, producing the
loudest sound. The ST-20 was slightly
| less efficient, while the “Serenata” was
noticeably less efficient than the others
{All of them could produce very loud
| listening levels with relatively low audio
power, however.

| The “Adjustatone” has the largest,
most full-blown sound. It is rich and

“big” sounding, nearest to the character

of some speakers. Its highs, although not
| particularly  strong, are adequate for

good balance. Its low frequencies, which

are prominent, are slightly indistinct
I compared with the other models.
| The ST-20 has an excellent balance
| of frequency response. It does not sound
| as heavy in the bass but is brighter and

clearer than the “Adjustatone.” The
| “Serenata” sounds somewhat distant,

with the slightly inert character that de-
inotes the absence of resonances and
| peaks. It is clean and seems to be quite

flat and delivers via headphones some-
| thing of the same type of quality that

characterizes certain acoustic-suspension
| speakers.

If anvthing can be said with certainty,
it is that these phones differ as much in
sound quality as any three types of loud-

' speaker which one might choose to com-
pare. Therefore, individual preferences
| must play a vital part in making a choice.
As with speakers, one should hear them
before buving, if at all possible. All are
| capable of providing satisfying stereo
I reproduction. A

ELECTRONICS WORLD



New Professional
DC "Scope
Heathkit’

T dl

14

Factory

Eighteen Years Ago Heath Broke The Price Barricr On Oscilloscopes
With A Low-Cost Scope For Hams, Hobbyists, And Service Techni-
cians. Now Heath Breaks The Price Barrier Again! . With A
Precision, Fast-Response, Triggered Sweep, Delay Line Oscilloscope
For The Serious Experimenter, Industrial Or Academic Laboratory,
And Medical Or Physiology Research Laboratory.

e A high stability 5" DC oscilloscope with triggered sweep o DC
to 8 mc bandwidth and 40 nanosecond rise time e Vertical signal
delay through high linearity delay lines—capable of faithful repro-
duction of signal waveforms far beyond the bandwidth of the addi-
tiona! circuitry e Calibrated vertical attenuation—from 0.05 v/cm
to 600 volts P-P maximum input e Calibrated time base e 5X sweep
magnifier e Forced air cooling « Input for Z axis modulation e Input
for direct access to vertical deflection plates e Easy circuit-board
construction & wiring harness assembly « Components are pack-
aged separately for each phase of construction e Easy to align
e Fulfills many production and laboratory requirements at far less
cost than comparable equipment—particularly scopes capable of
fast-rise waveform analysis e« No special order for export version
required—wiring options enabie 115/230 volt, 50-60 cycle operation

Here Is A Truly Sophisticated Instrument . . . designed with modern
crreuitry, engineered with high quality, precision-tolerance compo-
nents, and capable of satisfying the most critical demands for per-
formance. The 10-14 features precision delay-line circuitry to allow
the horizontal sweep to trigger “ahead” of the incoming vertical sig-
nal. This allows the leading edge of the signal waveform to be
accurately displayed after the sweep is initiated.

« $299
Assembled $3 9 9
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The 10-14 Provides Features You Expect Only In High Priced
Oscilloscopes. For example, switches are quality, ball-detent type; all
major control potentiometers are precision, high-quality sealed com-
ponents; all critical resistors are 1% precision; and circuit boards arc
low-loss fiber glass laminate. The 10-14s cabinet is heavy gauge
aluminum. Its CR tube is shielded against stray magnetic ficlds, and
forced air ventilation allows the 10-14 to be operated under the
contuinuous demands of industrial and laboratory use.

Kit 10-14, 45 Ibs. .. .. .. ..o $299.00
Assembled 10W-14, 45 dbs. . ................. .. .. .. $399.00

10-14 SPECIFICATIONS—{Vertical) Sensitivity: 0.05 v/cm AC or DC. Frequency
response: DC to 5 mc 1 db or less; DC to 8 mc, —3 db or less. Rise time:

40 nsec (0.04 microseconds) or less. Input impedance: | megohm shunted by
15 wuf. Signal delay: '0.25 microsecond. AMenuvator: 9-position, compensated,
colibrated in 1, 2, 5 sequence from 0.05 v/cm. Accuracy: 3% on each step

with continuously varioble control [uncalibrated) between each step. Maximum
input voltage: 600 volts peak-to-peak; 120 volts provides full 6 cm pattern in
least sensitive position. (Horizontall Time base: Triggered with 18 calibrated
rates in 1, 2, 5 sequence from 0.5 sec/cm to 1 microsecond/cm with +39%
accuracy or confinuously variable conirol pasition [uncalibroted]. Sweep mag-
nifier: X5, so that fastest sweep rate becomes 0.2 microseconds/cm with magnifier
on. (Overall time base accuracy when magnifier is on.] Triggering
capability: Internal, external, ar line signals may be swiich selected. Switch
selection of + or slope. Variable control on slope level. Either AC or DC
coupling. “Auto’' position. Triggering requirements: Internal; % cm to & cm
display. External: 0 5 volis to 120 volts peak-to-peak. Herizontal input: 1.0
v/cm sensitivity {uncalibrated) contimuous gain control. Bandwidth: DC to 200 kc

3 db. General 5ADP3] or 5ADP2 Flat Face C.R.T. interchangeable with ony
5AD or 5AB series 1ube far different phosphor characteristics. 4250 V. accelerat
ing potential. 6 x 10 ¢m edge lighted graticule with 1 cm major divisians &
2 mm minor divisions. Power supply: All voltages electronically regulated over
range of 105-125 VAC or 210-250 VAC 50/60 cycle nput. (Z Axis) Input
provided. DC ceupled CRT unblanking for complete retrace suppression. Power
requirements: 285 wotts. 115 or 230 VAC 50-60 cps. Cabinet dimensions: 15 H
x 10%"" W x 22'" D includes cleaiance far handle and knobs. Net weight: 40 Ibs

| 5 i i _i
| FREE! 1966 Heathkit Catalog Heatn Company, Dept. 15-6 i
| R R Benton Harbor, Michigan 48022 '
| HEATHIITIIOEE [ Enclosed is $ , plus shipping for model (s). B S
| % TN [ 108 pages ... manyin [ Please send FREE Heathkit Catalog & fuil 10-14 specifications. |
| e full color . .. describe |
| : ; over 250 Heathkits Name S - B - |

: 4 m E: for the lab, hobbyist, |
: vl . and industry. Address__ S I

4

| e ' |
[ e City__ —_— = ~State Zip_ |
| -: 7 ﬁ Prices & specifications subject to change without notice. TE-142 |
b 4
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Tips for Technicians /|/|UY, -

Using Dual Trigger Diodes
in SCR Control Circuits

Semiconductor devices and arrangements disclosed herein may be covered
by patents. Neither disclosure of any information herein nor sale of semi-
conductor devices by P. R. Mallory & Co. Inc. conveys any license under
patent claims covering combinations of semiconductor devices with other
devices or elements.

|F
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: 142 2 ma
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R
TYPICAL TRIGGER CHARACTERISTIC
22

The new Mallory dual trigger diode has many interesting
applications in control circuits, as a means of supplying ad-
justable voltage peaks to the gate of an SCR or a bi-switch.

First, let’s look at this device. It’s somewhat like two zener
diodes connected back to back. If you apply AC to it, the
trigger will only allow current to pass during that part of
each half cycle when applied voltage exceeds its rated firing
voltage. So it’s sort of a clipper. And as such it’s an ideal
way to feed pulses to switch on an SCR.

The light dimmer circuit diagrammed here is an example of
how the dual trigger can be used. You might want to try
this out. It’s easily assembled in compact space to fit into a
standard wall switch receptacle. Dress it up with a decora-
tor-styled knob and panel, and you’ve got a high-fashion
lighting system handling up to 750 watts. For details, write
to Mallory or circle Reader Service number.

In this circuit, the dual trigger feeds the gate of a bi-switch
(or dual SCR). The resistor-capacitor combination in series
acts as a voltage divider. At the zero resistance end of the
control, zero voltage is applied to the SCR gate through the
trigger diode,and there’s no load current. As you turn up the
control, you apply more voltage to the trigger until you
exceed its firing point; then you begin to allow current
through the lamp load. The higher you turn up the control,
the more voltage pulse goes to the SCR gate, and conduc-
tion through the SCR takes place during a greater portion of
each half cycle . . . since the trigger fires in both directions.
Net result: continuous control of lighting current wzthout
the heat dissipation of a power rheostat.

The Mallory STD dual trigger diode has several qualities
which make it especially useful for this kind of control. Its
breakover characteristic is symmetrical in both directions
within 59%. And it has a “snap back’ action, shown by the
reverse traces at each end of the trigger characteristic curve;
that is, past the breakover point, resistance suddenly de-
creases and current increases. This is the correct control
characteristic for working with the SCR. The STD dual
trigger, by the way, is only 34" long and 34" in diameter,
so it fits practically anywhere, and has an insulated case.

See your Mallory Distributor for complete data and for
STD dual triggers for your own experimen-
tation. Breakdown voltage ratings go from
24 to 120 volts. Mallory Distributor Prod-
ucts Company, a division of P. R. Mallory
& Co. Inc., Indianapolis, Indiana 46206.

CIRCLE NO. 104 ON READER SERVICE CARD ELECTRONICS WORLD
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R A [HOUDSPEAKER

PRINGIPLES MY PRAGTIGE

By ABRAHAM B. COHEN
Manager of Engineering, University Sound, Div. of LTV

How to select the proper reproducer to achieve best sound
coverage for public-address use. Speaker connections, the
constant-voltage system, and power requirements are covered.

HE function of a public-address system is to deliver

I an audible message either to a particular individual

or to a group of individuals. The choice of a loud-

speaker, or speaker system, will be based not onlv on the

number of people who must be reached but also upon the

environment in which these particular people are expected
to receive the information or message.

SECTION 1—THE REPRODUCER

lane, and cohunm $ eaﬁ:ers
0

1 r«

(or line radiators) for
I

high-directivity control and extended frequency response.

With the exception of the cohumn speakers, p.a. repro-
ducers use compression-driver, horn-loaded tvpes. This
design assures high efficiencv of conversion of electrical
power into acoustic power, on the order of up to approxi-
mately 35 to 30 percent in some cases.

The Horn—An Acoustic Transformer

A horn is a tapered acoustic transmission line, or an acous-
tic transformer, which provides an effective impedance mutch
between the driver unit (the source of the sound) and the
air around it. The mechanism by which this takes place is
illustrated in Fig. 1.

The improvement in the radiation efﬁcienc‘% of the system
due to the hom is frequency dependent, as the horn is also
a high-pass filter. The bafid of frequencies| that the horn
will pass is determined by its design cut-oft frequency. Why,
in gen fra], does the ?arger orn produce “better and louder”
soupd?![This is because thd slower the horn expansion with
longer acoustic column (irrespective of whether it is folded
or straight) and the larger the mouth, the lower will be the
frequericies that the horn Will pass (Fig. 2). It is common
prdctice to fold a horn l)‘ackiinsi(lc itself, forming a re-entrant
structute in order to produce long acoustic ¢olumn lengths
in p repsonable phydical size.

L};l addition to the frequémcy passhand Clmjructcristic, p-a

speaker horns also hgve a definite radiation pattern or sound
|

ol ¢ 1




Mouth \
Acoustic Column \

Length
Throat

L—~\
Sound pulse ™
starts here ]
at narrow throat

and travels down :
horn progressively
energizing larger
areaqs — - - —— —-

so that there is
even transition of

——————b

!
i

larger—— - ——-- i
until the mouth _'
area is energized—-

and finaily the large
horn mouth couples to
the free space around it

Fig. 1. Wave progression down a horn, which acts as an impe-
dance-matching device between driver at throat and free space.

dispersion. Not all horns have the same spatial distribution,
even though they all may be of round or uniform cross sec-
tion. As in a cone speaker, the larger the radiating piston (or

mouth), the sharper the beam for a given frequency.

We can increase the dispersion, if
required, by putting two (or more)
horns side by side, arranged in an arc.
There are applications where wide-

Horn A

Fast flare, short
acoustic column,
small mouth:-

Horn D

Slow flare, long

acoustic column,
large mouth:-
Low cut-off
frequency

High_cut-off frequency

Horn

L

Frequency

Air-ColumnMouth | Cut-off | .. .
Length 8;%, ?re%. Disparsion

6 1/2° | 32" 85Hz 65°
41/2° | 26" |120Hz fon
312" | 21" |I50Hz 85°
21/2" | 16" |200Hz| g5°

Relative
transmission

Fig. 2. The long, large-mouth horn has a lower cut-off
frequency and less dispersion (more directivity) of sound.

markably small considering the amount of power it can
handle and for the amount of wcoustic power it can develop
in conjunction with a well-designed acoustic horn.

One often hears the horn system referred to as being

Fig. 3. Standard horns at (A) and (D) produce symmetrical sound patterns.
Horns at (B) and (E) have been specially shaped to produce c greater hori-
zontal spread of scund when mounted as shown. Dual horn at (C) has same effect.

angle coverage is desired from a single
horn, rather than a cluster of horns;
hence, acoustic structures have been
designed to provide such wide-angle
dispersion. It is also possible to contour
the last section of the horn — usually
called the “bell”—which does the actual
radiating, in such a fashion that the
sound pattern is no longer symmetrical
about a given axis but is concentrated
in and spread out over one plane and
minimized in the other. Two such horn
structures are shown in Fig. 3. Another
means of producing the wide-angle
sound is with the double-mouth struc-
ture shown.

When dealing with wide-angle p.a.
speaker systems, we must pay particular
attention to a non-horn system — the
column speaker or linear array. Such
columns are made up of a multiplicity
of cone speakers, usually stacked ver-
tically, as illustrated in Fig. 4. The
pattern of radiation for a column
speaker is one where wide-angle distri-
bution is obtained in the horizontal
plane through the center of the vertical
axis as shown. Its distribution in the
vertical plane is, however, severely re-
stricted and highly directive.

The Driver Unit

The driver unit, so-named because

PAGING AND TALK—=BACK PENETRATORS

HIGH-POWER PROJECTORS

{8)

(c)

[E)

it drives or energizes the horn, is re-

24
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energized by a compression driver unit. The compression
is the sealed rear volume behind the diaphragm in the driver
unit. Rather than acting as a deterrent to diaphragm motion,
this stiff rear cushion actually improves the performance of
the system. This rear acoustic stiffness acts as an acoustic
capacitance and, in a properly integrated driver-horn com-
bination, the capacitive reactance balances out the inductive
reactance of the horn that loads the front of the diaphragm.
As a result, the system becomes totally resistive and most
efficient.

Driver units come in various power ratings from 5 watts
up to 75 watts for standard, commercially available systems.
The size of the voice coil, including wire size and coil diam-
eter as well as the cements that hold the voice coil together,
determine the electrical power that can be fed into the coil
before it fails electrically. The design of the diaphragm and
its edge suspension will determine to what degree the dia-
phragm can be vibrated mechanically before its suspension
ruptures or its main body breaks up. Thus, power handling
capability depends on electrical as well as mechanical con-
siderations.

Driver units have much in common and yet they may be
made to differ widely, and intentionally so, in performance.
Some of these important variables are power-handling ca-
pacity, conversion sensitivity (related to magnetic circuit
efficiency), frequency response (related to diaphragm and
head design), size, whether parts of the unit as a whole
can be replaced, and built-in transformer facility. Fig. 5
pinpoints all of the components going into the construction
of a well-designed driver unit for public-address applications.

SECTION 2—SOUND COVERAGE

Despite the many types of p.a. speakers, there are two
common factors that dictate what type of unit will best
serve a given application. The first is the acoustic environ-
ment into which the sound is to be projected; this includes
size, reverberation characteristics, and expected noise levels.
The second factor is listener distribution.

Symmetrical Long Throw

As previously mentioned, the standard round horn has a
symmetrical distribution pattern about its central axis with
maximum energy directly on the axis. Such symmetrical
horns are, therefore, to be preferred for
either long-throw sound projection or
short-throw penetration. The former
means putting as much energy as pos-
sible as far ahead and in front of the
horn, while the latter is concerned with
getting a message directly into a nearby
spot by penetrating into moderate or
high-noise-level spot areas.

To illustrate: several hundred people
may be gathered in an assembly area,

Radiation in
the Horizontal
Plane

Horizontal
Plane

Fig. 4. A line of cone
speakers forms an in-
line or column array
which concentrates sound
vertically, allowing it
to spread horizontally.

Radiation in
the Vertical

Plane

of the voice power lies. This means that greater sound pres-
sures are obtained farther away from the horn mouth.

But, how about the middle and high frequencies govern-
ing articulation? Here we benefit from the fact that this horn
has a large mouth which exhibits strong directional charac-
teristics, especially at the frequencies in question. We thus
achieve more projected voice power (lower band) with
more articulation (high band) beaming riding on top of the
power part of the spectrum. The end result is long-throw
forward projection for the large symmetrical horn.

It may come as a surprise to learn that it is often easier
to overcome a high noise level with a small, medium, or low-
power penetrator than with a larger, more powerful projector.
In this manner, we are enlisting the aid of the “6-dB increase

Fig. 5. Internal construction of compression driver unit along with photo of typical
driver. A palate, or phase plug, equalizes path lengths from the diaphragm into
the horn screwed onto the driver unit in order to improve high-frequency response.

such as an open field, to listen to a

H
political speech. Such a group usually I CS

gathers as near on-center to the speak-

er’s platform as possible. They would

=

almost certainly form a lobed-out pat- st

1
\
L1

tern so that they could see the speaker

as well as hear him. Such a distribution Y

AN

lends itself ideally to the pattern of

coverage obtained from a symmetrical
horn for that horm lays down its most
effective sound pattern directly along
its axis. For such long-throw projection,
one usually sees horns of the larger type
used. The advantage of such a large
horn is that the lower cut-off frequency
extends the reproducible band of fre-
quencies down into the area where most

June, 1966

A —Magnet, which energizes
B-B-B —magnetic circuit, in which
C —magnetic gap is bridged with magnetic flux.

D ~Voice-coil field reacts with gap field, moving

E -the diaphragm, which produces sound waves against palate

F ~through whose aperture equal path lengths of sound reach head chamber
G —from which path-corrected waves are

transmitted to horn.
25
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NOISY FACTORY

AIRPORT LOADING RAMP

AVERAGE MACHINE SHOP
TRAIN LOADING RAMP

HEAVY TRAFFIC
PRINTING PRESS

FOOTBALL STADIUM

may also be employed to provide
smooth uniform low-level coverage in
relatively quiet areas. Consider a large
warehouse, or a stockroom of consider-
able size where communications are re-
quired to stock clerks or other people
working in the aisles between stacked
cartons, shelves, or bales. One large,
powerful projector placed somewhere
in such an area would only blast tle

L~ B NOISY ASSEMBLY PLANT nearby working areas and its message
o AVERAGE FACTORY would be completely washed out and
75§ T RUCKITC ADINGIDOCK absorbed by the nearby stock material;
w little sound would get to the major parts
N G o, of the warehouse., Many smaller units
702 GE AUDITORIUM . .
strategically placed over the aisles (not
QUIET ASSEMBLY PLANT necessarily one per aisle) would carry
/ SHIPPING -RECEIVING ROOM the message equally well to all parts of
% AVERAGE TRAFFIC the working area.
LA Special Features
N o DEPT STORE ] )
7 T Of equal advantage .w1th a multiple
system of smaller units is that they may
/ QUIET STORE function as “talk-back” units if the am-
20 plifier electrical system is arranged for
DGO LR such operation. Many .mm.)-h.ours are
S VOICE-MUSIC saved and customer service is improved
i L when “talk-to” and “talk-back” facilities
\_LO,\,_PQWER v}sunnno\ns \ \ \ LA N_.,_,ZMB* are incorporated in a simple communi-
\ V\ \ ‘\ \ \ \ A\ cations system. For such systems the
"E[\"”" PQWEQ \ \ \ N°"25 smaller horn units make excellent on-
N\ X : . ; _
K\usmuu-vowsn PROJECTORS A\ \ A \ \ Ns—lze the-spot message projectors, while be
TN AU A = cause of the sound collecting properties
_‘ \\ \ men POWER\\ \ \ \ \—ISZ of the horn aided by the heavy magnet
AN N N N O WA structures, such units make very sensi-
0203 0 20 30 6010 20 30 60 100 200 300

AMPLIFIER POWER REQUIRED FOR UNITS WITH SENSITIVITIES GIVEN

Fig. 6. Acoustic system design chart showing approximate power requirements.

with halving the distance” law, as will be described below.

Consider a high-power loudspeaker projector that, for a
given power input, produces a sound intensity of 80 dB, 80
feet away from it. Now place a lower power projector in
the same location; for instance, one that will safely take half
the power (—3 dB) of the larger one and, moreover, because
of the smaller magnetic circuit may be less efficient. Assume
that the smaller unit can produce only 70 dB sound intensity
at the same distance. Now move the smaller unit toward the
listener by 40 feet (halving the distance) and we gain 6
dB in sound intensity. Move it forward another 20 feet (again
halving the previous distance) and we gain another 6 dB.
Finally, move the reproducer forward 10 feet more (half of
20) and we are able to gain still another 6 dB. We have
gained a total of 18 dB over the original sound intensity at
that reference point; instead of 70 dB, we have 88 dB at
the listening location. All we have done here is to move the
reproducer closer to one group of listeners, but to cover a
large group of listeners spread over a wide area we will need
many such units distributed over the area.

A distributed sound system, consisting of many small
speakers placed close-in at the noisy areas, will provide
better penetration into those areas than one larger speaker
placed far away with the hopes of covering one large area.
Such a distribution system is useful, for example, at a rail-
road or subway platform where the noise of the incoming
train may, at times, be almost deafening high. One powerful
loudspeaker at one end of the platform will not do the pas-
senger at the other end of the platform any good when the
engine or cars are clattering noisily by. However, a number
of smaller penetrators spaced rather close together will en-
sure better transmission of the station master’s message.

Distributed systems utilizing small penetrator speakers
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tive distant pick-up microphones for
“talk-back” purposes.

Highly reverberant areas pose many
problems. If reverberation is excessive, the p.a. system will
be difficult to understand. If we can keep the sound out of
the live areas, such as the hollow hard ceiling spaces or the
hardwood floor of a basketball court, then we effectively
minimize the detrimental reverberant sound. A large num-
ber of directional, wide-angle horns may be especially help-
ful under these particular conditions.

An Acoustic System Chart

A general chart, Fig. 6, may be prepared correlating fac-
tors of room size, room reverberation, ambient noise, and
sound intensities necessary for either speech or music, with
the required electrical power. This chart cannot be abso-
lutely accurate but it can serve as a guide.

To illustrate its use, let us assume we have a fairly noisy
assembly plant, 325,000 cubic feet in volume, that requires
a p.a. system. We draw a line, as shown, horizontally to meet
a diagonal at about 325,000 cubic feet. Assume the building
to be a cinder block and glass structure, which is quite live.
We drop down vertically to the horizontal reverberation-
adjust line. Since the area will be quite live, we move to the
left into the reverberant or reflective area by two units
(representing about 2 dBm. If only voice transmission is
required, we shift to the left by two units (about 2 dBm).

For the area considered, which may be made up of distrib-
uted spots of high noise levels, let us choose a distribution
of small, low-power penetrators. We drop our vertical line
down to meet the center of the low-power penetrator band.
From here, we follow the tilt of the diagonal down to the
scale calling out the electrical power required—in this case
approximately 50 watts of amplifier power. These penetrators
may be rated at, say, 10 watts apiece, but for conservative
operation and more widespread (Continued on page 63)

ELECTRONICS WORLD



Transistor Failure Predicted

A three-year study of high-reliability germanium-alloy transistors
at NBS has shown that early increases in leakage current resulting
from storage at elevated temperatures can indicate later failure.

dicted from measurements of leakage current before the

transistors are placed in service, according to a study
recently completed at the National Bureau of Standards In-
stitute for Applied Technology. The application of screening
procedures developed in this study to germanium-alloy tran-
sistors may increase the reliability of transistorized equip-
ment, including weapons systems, communications systems,
and space-vehicle instrumentation.

The NBS study was carried out over a period of three
vears by George T. Conrad, Jr. and Donald C. Shook using
the technique of accelerated aging through exposure to mod-
est elevated temperatures. They found that measurements of
performance before and after six weeks of this aging en-
abled them to separate the transistors tested into two groups:
those likely to fail during the first several years of service
and those unlikely to fail,

The transistor-failure prediction study was composed of
two experiments, the first a statistical evaluation of changes
in parameters occurring during accelerated aging simulating
vears of actual operation. Early changes in leakage-current
parameters were found to follow the same pattern for all tran-
sistors that would have failed within several vears of normal
use. A screening procedure was developed from these data
and its effectiveness verified in a second experiment which
also tested the usefulness of additional variations in aging con-
ditions.

In the first experiment, groups of forty 2N396 inexpensive
p-n-p germanium-alloy transistors, which had met stringent
military requirements, were subjected to an initial series of
measurements and then each group was placed in a tempera-
ture-controlled chamber. Ambient temperatures and bias
powers were selected to provide junction temperatures of
25, 55, 100, 145, and 200°C. The transistors were removed for
repeated measurement runs after 340 hours of aging and re-
turned to the ovens. This was again done at 1000 hours, 4700
hours, and at intervals up to 20,000 hours of aging.

Transistor performance was evaluated on the basis of mea-
surements of the following d.c. parameters: emitter-base cur-
rent (Ippo) at —2 and —10 V; collector-base current (Irz,)
at —2 and —10 V; collector-emitter current at — 10 V with
base grounded (Iry«), grounded through a 10,000-0hm resis-
tor (Irgg), and open (Iego); and normal and inverse current-
transfer ratios for the common-base configuration at 10 mA
and —5V. Following are the findings.

I YAILURES among certain transistor types can be pre-

Experimental Findings

Analysis of the measurements first showed that deteriora-
tion at 25 and 55°C was too slight and that deterioration at
145°C and above was too great to shed much light on the
meaningfulness of small, early changes. For this reason, data
from only the four groups of transistors aged at 100°C were
analvzed further.

The aging was found to be accompanied by a gradual dis-
persion in values of the parameters and by ten failures during
the 20,000-hour aging period. Two specimens failed because
of avalanche conduction, six because of too great a leakage
current, and the remaining two catastrophically, one possibly
because of previous physical damage. The specimens failing
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came from all four aging conditions represented: zero bias,
—24 V reverse collector bias, and 3-mW power dissipation
(all for 100°C ambient); and the fourth, 100°C junction tem-
perature from the combination of 70°C ambient and 120-mW
power dissipation.

Early increases in leakage current, among the parameters
tested, were found to be consistently associated with the first
transistors failing. The first three failures among the 160
specimens would be expected to occur within about four years
of normal use, based on the approximation that the rate of de-
terioration doubles for every 10°C increase in junction tem-
perature. Normal operation is taken to be 55°C. The changes
in leakage current during 1000 hours of accelerated aging—
the ratio of the current at 1000 hours to the initial value—were
found to be the best indicator of failure during the first
four to ten years of projected actual use. Furthermore, the
change identified which junction would deteriorate more
rapidly.

Results of a second experiment confirmed earlier findings
on the usefulness of the leakage-current screening procedure.

Conclusions

The best rejection criterion for the transistor types tested
appears to be a minimum increase in leakage current by a fac-
tor within the range from 1.6 to 2.2 after storage for 1000
hours at 100°C.

This experiment also showed that questionable predictions
may result from using dissipation of power to help maintain
high junction temperatures. Under such conditions, differ-
ences in thermal resistance between specimens of different
manufacture have been observed to lead to poor failure pre-
dictions. This was verified in the experiment by subsequent
normal-stress aging and testing.

Transistors are tested at intervals during accelerated aging con-
ditions at NBS to identify patterns of early changes indicating
failure-prone specimens. Here Engineer Donald Shook controls the
avtomatic testing circuitry. Equipment shown is, left to right,
an aging oven (rear), water temperature stabilizing and circula-
ting apparatus (foreground), cabinet containing thermostatted
test chamber (bottom) and contro! circuitry (top), automatic key-
punch, recording circuitry and strip recorder, and control console.




The linear integrated circuit in consumer electronics makes
its debut. The linear IC is shown here under magnification.
Actually, unit is .335 inch in diameter and .180 inch thick.

TV SET

USES
INTEGRATED
CIRCUIT

This first use of a relatively inexpensive linear integrated circuit
to replace 26 discrete components plus their wiring, may foretell wide
use of these devices in a broad range of consumer electronic products.

tronic component recently when RCA introduced its

new 12-inch, solid-state “Cherub” TV that incorporates
a linear integrated circuit (IC). Although Zenith has been
using an integrated circuit in its line of hearing aids, and
several organizations have built and demonstrated laboratory
prototypes of various types of communication equipment to
prove IC use feasibility, this is the first time that an inte-
grated circuit has made an appearance in a commercially
available TV set.

Although the digital member of the IC family is in com-
mon use in data processing equipment, the relatively little-
used linear IC is just starting to make its presence felt in TV
sets as well as putting pressure on circuit designers of a long
list of electronic devices including AM, FM, and short-wave
receivers, audio systems, and most electronic test equipment.

According to Bryce S. Durant, President of RCA Sales
Corp., “The advent of integrated circuits in home entertain-
ment products paves the way for greater reliability, improved
circuit performance characteristics, and a longer operating

r I YHE home entertainment industry met its latest elec-

Fig. 1. The linear IC (in spotlight) replaces 26 components
shown, besides the many soldering points formerly required.

life.” Dr. James Hillier, Vice-President of RCA Laboratories,
states “. .. we expect that the benefits of integrated circuits
can soon spread throughout the entire communications in-
dustry. This can lead to radical advances in the design, capa-
bility, and economy of many types of systems.”

There were two major stumbling blocks in the path of in-
troducing IC’s into consumer devices—their cost compared
to the cost of the items they replace, and where they could
best be used considering the present state of the IC art.

The cost of the new RCA i.f.-limiter-detector-audio pre-
amplifier IC ranges from $3.15 each in quantities less than
24 to $1.95 for quantities in excess of 1000. Another, similar
type linear IC operating from a lower voltage source sells for
$2.65 each, in quantities less than 24, to $1.65 for quantities
in excess of 1000. These prices compare very favorably with
the estimated per unit cost of $5 that many industry circuit
designers felt would swing them in favor of using IC’s over
discrete components.

Because it is not possible, at this time, to integrate induc-
tive components of useful value, some functions such as cer-
tain types of i.f.’s and tuners are not economically practical.
Since integrated capacitors cannot exceed 50 pF while inte-
grated resistors cannot exceed 30,000 ohms, certain other
areas are excluded at present. Also, because operating volt-
ages and currents of IC’s are still limited, sweep and other
power circuits are out of the question.

RCA found that the easiest and most economical area in
which to use IC’s initially is the intercarrier sound system of
TV sets (with the exception of the audio power amplifier).
The signal power requirements for this type of circuit are
low, while the requirements for capacitor and resistor values
fall within IC limits. The one or two inductive components,
or large-value bypass capacitors that may be required, can
be mounted external to the IC on the printed board.

The particular IC used by RCA, the CA3013, is contained
in a ten-lead package only 0.335-inch in diameter by 0.180-
inch thick. As shown in Fig. 1, this tiny package replaces
26 discrete components including one coil, two transistors,
two diodes, seven capacitors, and 14 resistors, plus their
chassis space, weight, and solder connections,

Characteristics of this IC include a voltage gain of 67 dB,
noise figure of 8.7 dB, knee of limiting 300 pV, and AM re-
jection of 50 dB. The output (audio) voltage is 220 mV at a
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total harmonic distortion of 1.8 percent.

The performance of this IC is equal
or better than its discrete component
counterpart. Because of the excellent
limiting provided by this circuit, with
input signals ranging from 500 to 200,-
000 1V, the output signal remains con-
stant within 0.5 dB.

DET. XFMR.

Also, because direct coupling is used
between the stages, there are no time
constants to charge up on impulse noise,
thus greatly reducing spike interference.

The circuit of the intercarrier audio
system, including the linear 1C and the
necessary outboard components, is
shown in Fig. 2. This system feeds a
conventional transistor audio power
amplifier.

The 4.5-MHz input, derived from the
TV set’s second detector, is selected by

5
&
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a high-“Q” 4.5-MHz transformer before
being passed on to the amplifying circuit.
Use of a high-“Q” transformer removes
spurious beat components and limits the
effective noise bandwidth of the system,
thus improving threshold sensitivity,

The signal selected by the transformer
is then amplified by a direct-coupled,
two-transistor, emitter-coupled i.f. am-
plifier (Q1,02) having an emitter-follower output (Q3). This
amplifier is directly coupled to a similar triad (three-transis-
tor configuration) where the signal is further amplified,

The limiter circuit consists of a pair of emitter-coupled
transistors (Q7, O8) with Q8 driving the primary of the out-
board detector transformer. Limiting is accomplished by
biasing the transistors so that the output of Q8 will swing
symmetrically about the zero signal axis so that limiting will
not create spurious phase modulation. The d.c. operating
point is correctly maintained by using d.c. feedback around
the first two stages via R15. The third stage (Q7, O8) is then
automatically held at the correct operating point.

The ratio detector circuit consists of diodes D3 and D4
with diodes D5, D6, and D7, and resistors R11 and R12 act-
ing as the detector load. This detector uses a substantially
resistive load where filtering of the signal frequency and
its harmonics is improved by the distributed capacitance of
the diffused load resistors (R11 and R12), and the small-
value capacitances created by reverse biasing diodes D5, D6,
and D7.

Operating the detector into a substantially resistive load
lowers the loading effect of the detector on its transformer,
thus improving linearity. This is because in such a detector,
variation in the detector load components by about 20%
(which is quite common), greatly alters the peak-to-peak
separation of the detector curve besides distorting the linear-
ity of the straight-line portion.

Because the diffused resistors and diodes are almost exactly
matched in value in an integrated circuit, an excellent FM
detector curve is maintained and amplitude-modulation com-
ponents are reduced to a minimum.

An additional benefit occurs with the use of this detector.
If rf. interference should reach the FM detector, causing
pulses of energy to be created, instead of radiating these
interference spikes (which introduces the possibility that
they could be picked up by neighboring i.f. or antenna cir-
cuits), the unwanted spikes are greatly reduced because of
the resistive loading while the small area of the diffused
resistors confines the interference to a very small area within
a shielded metal can.

The output of the ratio detector is then directly coupled
to a two-transistor (Q11, Q12) audio preamplifier. The out-
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Fig. 2. The linear IC provides i.f. amplification, limiting,
detection, and audio preamplification. The outboard compo-
nents are connected to numbered terminals of 10-lead package.

put is followed by an external de-emphasis network and
coupled to the remainder of the audio system.

Unlike most integrated circuits, this particular unit is sup-
plied with an internal voltage regulator consisting of diodes
D1 and D2, and transistorsQ9 and Q10. The over-all IC
is operated from a +7-volt supply in the TV set. This volt-
age is applied to the internal regulator which, in turn, sup-
plies regulated 4.2 and 2.1 volts to critical portions of the
circuit. In this way, the over-all gain remains constant with
changes in the supply voltage between 6 and 10 volts.

Although RCA is the first to incorporate an IC into its line
of TV sets, other manufacturers are hard at work, One per-
sistent rumor is that Admiral is developing an IC for use in
its 1967 color-TV line. Zenith Corp., already using an IC in
its hearing aids, has started an in-house development pro-
gram for other IC uses in the near future. Other manufac-
turers have not disclosed their IC plans. A

Miniscule linear integrated circuit in the 10-lead, TO-5
can contains 12 transistors, 14 resistors, and 12 diodes.
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RECENT
DEVELOPMENTS
IN ELECTRONICS

Self-Teaching Computer. (Top left) An experimental machine
that can be taught to recognize written and spoken informa-
tion is shown here. In a typical “learning” operation, the nu-
meral “3,” for example, is written on the metal plate at the
bottom right or spoken through a microphone. An electronic
“portrait” of the numeral is set up within the machine and
displayed in lights as an input pattern (right of panel). By
indicating the number on the “trainer” dial and pressing the
conditioning switch (lower left), the operator tells the ma-
chine’s internal electronic logic it has just perceived a “3.”
After a few such training cycles, the machine will consistently
recognize the pattern. Adaptive logic machines using these
principles hold promise for future applications such as diag-
nosis of illness from “patterns” of symptoms, analysis of
weather and economic patterns, handwriting and speech recogni-
tion, and in self-repairing electronic systems for space ex-
ploration. The machine was demonstrated recently by IBM Corp.

Doubly Exposed Laser Hologram. (Center) A conically tipped 22-
caliber bullet is photographed from the image produced by a
doubly exposed laser hologram. The original hologram was ex-
posed twice within half a thousandth of a second by a Q-
switched ruby laser. The bullet is travelling in krypton gas at 2%
times the speed of sound. The laser photograph is used to show
an object in full three-dimensional detail, while the rapid double
exposure produces an interference pattern that shows the effect
of the object on the surrounding gas. Holographic interferometry
does not require accurate alignment procedures and precision
optical elements used for conventional interferometry. The three-
dimensional record of the interference phenomena can be ex-
amined from various directions, so that the technique should be
useful in aerodynamic and fluid dynamic research, as well as in
studies of material strain and vibration, erosion, and optical test-
ing. This work has been reported on by TRW Systems physicists.

Coax Pump-Light Laser. (Bottom left) This large laser is ener-
gized, or “pumped,” by a new type of coaxial flash tube. This
tube is the long, spirally wrapped cylinder. It completely sur-
rounds a water-cooled laser rod and floods it with short bursts
of brilliant white light. This pumping light stimulates the rod
to re-emit it as a much brighter, narrow beam of coherent light.
The pump is of special ceramic and glass construction to with-
stand, during the brief instants that it is on, the shock of han-
dling the equivalent of the total electrical power needs of a
city of 100,000 people, or a peak power of 100 megawatts. The
pump does away with the bulky and expensive reflecting cavities
needed by conventional flash tubes to focus light onto the laser
rod. The new coaxial tube acts as its own reflector. A Westing-
house research engineer is shown preparing the laser for firing
—which is done by remote control from adjoining laboratory.
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Computer on a Slice. (Top right) The industry’s first single-chip
monolithic silicon integrated circuit decade frequency divider
is shown. This is a complete multi-function computer sub-sys-
tem on a standard size integrated-circuit chip. It contains 40
gates made up of 116 transistors, resistors, and diodes. The unit
can be used in computers or in communications systems. It will
be particularly significant in airborne, satellite, or space appli-
cations where size and weight are of prime importance. The
divider, manufactured by Sylvania, will process both analog
and digital input signals and produce a square-wave output
precisely 1/10th the input frequency. This particular circuit
will operate properly between frequencies of 5 Hz and 30 MHz.

Underground Seismic Station Communications Link. (Center)
Advanced microwave and carrier equipment is playing an im-
portant role in the transmission of data from an underground
seismic station in Montana. The station will detect nuclear
explosions occurring anywhere in the world, particularly in the
northern hemisphere. The installation, known as LASA (Large
Aperture Seismic Array), consists of a network of 525 seismic
detectors laid out over a 6000 square mile area. With so many
detection units spaced so far apart, it will be possible to trace
the direction and distance of an incoming shock wave because
it will be received by all detectors at slightly different times.
M.L.T.'s Lincoln Laboratories is in charge of the project which
employs equipment supplied by Lenkurt and Western Electric.

“Qverlay” R.F. Power Transistor. (Below left) In order to obtain
higher powers at higher r.f. frequencies from transistors, spe-
cial fabrication techniques are required. One of these, illus-
trated here, is used in RCA's “overlay” transistors, which can
deliver watts of power in the gigacycle frequency range. In
this design, there are a large number of separate emitters,
all connected in parallel by the metal-film pattern shown.
This multiplies emitter periphery for more power but reduces
emitter area for higher frequencies, as well as significant in-
creases in gain and efficiency. Transistors of this type are
finding use in various types of communications transmitters.

Atomic Dirt Detector. (Below right) A special detector that
spots impurities in particles of matter thousands of times
smaller than a pinpoint is used at a British subsidiary of ITT
for building better transistors. A speck of material only one-
fiftieth of a thousandth of an inch in size is heated behind
the picture-tube screen at the lower left. When a high voltage
is placed between the sample and the screen, atomic particles
are torn off the sample and hit the screen. They produce a
500,000-times-enlarged picture of the sample and indicate the
nature, extent, and position of the impurities. The glass
apparatus shown is a vacuum system used for the picture tube.
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Sealed Lead-Acid Batteries

By E.T. DeBLOCK and JOHN R. THOMAS

Globe-Union Inc., Battery Division

From the workhorse of all rechargeable electro-chemical
systems, this newest advance in sealed compact power
sources offers highest cell voltage, heavy drain capability,
and maximum watt-hour capacity at extreme temperatures.

the entertainment, military, and industrial electronics in-

dustries in achieving portability combined with minia-
turization has awakened the marketplace to a host of cordless
power applications. A rechargeable power supply is a very im-
portant adjunct to such products.

The lead-acid battery offers product-design engineers a
very desirable compromise among the varieties of charac-
teristics provided by members of the secondary power-supply
family. At a reasonable cost, this battery is capable of meeting
the heavy drains found in the duty cycles of such electronic-
component-equipped products as TV, phonographs, tape ma-
chines, transceivers, CB radios, power tools, instruments, and
even certain appliances. Its future is promising, due to a wide
range of operating characteristics, low manufacturing costs,
and the use of inexpensive, readily available materials.

INCREAS[NC design effort on the part of manufacturers in

A grouping of the new rechargeable batteries designed
for portable and cordless electrical and electronic equip-
ment. Ten sizes are currently available, ranging from 2 to 8
V with capacities from approximately 1 to 8 ampere-hours.

Although small, leakproof lead-acid batteries have been on
the market only a few years, the basic system is one of the
oldest and most reliable. The first lead-acid storage battery
was presented to the French Academy of Sciences in 1860 by
its inventor, Gaston Planté. Since then it has become the most
widely used type of secondary battery. Probably the best
known application of the lead-acid battery is in the auto-
motive industry, which used 41 million units in 1965.

Without even thinking much about it, we have all come to
expect long life and dependability from the batteries in our
automobiles, even though they must endure physical abuse,
wide temperature swings, and frequent high-current drains.
Other applications have been in supplying large amounts of
electrical power for telephone systems, to ships, for diesel
starting, and for standby emergencies.

One may well wonder why small lead-acid batteries have
not been on the market before now. The answer is fairly sim-
ple. First, there just was not much demand for small re-
chargeable batteries until a few years ago. Primary batteries
were capable of meeting the light load and one-time-use re-
quirements of transistor radios, toys, and flashlights. Similarly,
nickel-cadmium batteries met the rechargeable requirements
of low drain and extended life in premium-priced articles such
as electric toothbrushes, carving knives, and shavers. Second,
new methods of sealing and venting lead batteries were only
recently developed. These improvements have now added to
the lead-acid battery all of the safety and all of the handling
ease of conventional dry-cell batteries.

Battery Construetion

The lead-acid cell is composed of negative plates (lead-al-
loy grids covered with a deposit of lead having a special
spongy structure); positive plates (also lead-alloy grids, but
covered with a porous lead dioxide); and a sulfuric-acid elec-
trolyte (see Fig. 1). Upon discharge, the lead on the negative
plates reacts with the sulfuric acid present in the electrolyte
to form lead sulfate, and in the process electrons are freed.
Meanwhile, the lead dioxide on the positive plates also reacts
with sulfuric acid to form lead sulfate and, in the process,
electrons are accepted. The electrons flow from the negative
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terminal of the cell, through an external circuit, to the positive
terminal. In the process, power is delivered to the external
circuit.

Other important parts of the cell which do not take part in
the actual current-producing reactions are: the case and ter-
minals, straps used to connect positive or negative plates in
any one cell, and separators which are non-conductive and
are placed between the positive and negative plates in order
to keep them from coming in direct contact with one another.

These small lead-acid batteries have several unique and in-
teresting design features not found in other rechargeable bat-
teries. The cases are made of strong, lightweight plastics.
These are insulators and the battery cannot be shorted acci-
dentally through contact to the container, as can happen with
metal-cased batteries. This also makes it easy to equip the
batteries with many types of connectors required by the user.
Batteries are now available with solderable terminals or with
a variety of pressure-contact, snap, or plug-in terminals,

The sealing methods of the lead-acid battery differ from
the fail-safe venting method used in other rechargeable cells.
Due to the fact that small amounts of gas may be generated
in any type battery during charge and discharge, the lead-
acid batteries are equipped with vents, which will allow gas
to escape from the battery, but will not allow electrolyte to
leave the battery or air to enter it. Thus, in a sense, these
batteries are sealed, but not gas tight. The day may come
when these batteries will be completely sealed without any
venting. When that happens, any gases generated within
the battery will be immediately recombined to form the origi-
nal compound from which they were generated. But in the
present batteries only small amounts of dry gas are released
in normal operation so that, as far as the user is concerned, the
batteries can be handled as if they were sealed.

Another feature found in these small sealed batteries which
is not found in the larger lead-acid versions is an immobil-
ized electrolyte. The advantages of such an immobilized elec-
trolyte are great. First, by immobilizing the electrolyte be-
tween the plates of a battery, it is possible to operate the
battery in any position. If, for example, a battery containing
a free-flowing electrolyte were operated on its side rather
than in an upright position, some of the electrolyte would
move into the head section of the battery leaving, in turn,
part of the plates uncovered and useless. Second, immobiliz-
ing the electrolyte minimizes a chance of electrolyte leakage
from the battery.

There are two methods of immobilizing electrolytes. The
first method involves the use of a gelling agent to solidify
the electrolyte and keep it from flowing. In these batteries
the gel is thixotropic and is rejuvenated on every cycle. (A
thixotropic gel is one that becomes fluid when disturbed and
sets again when allowed to stand, like mayonnaise.) This re-
juvenation eliminates cracking, shrinkage, and separation of
the gel from the plates—problems which occur in gels which
are not thixotropic.

The second method of immobilizing electrolytes is the stor-
age of the electrolyte in highly porous separators. In order

Fig. 2. Variations in time taken to totally discharge comparable
sealed lead-acid, nickel-cadmium, and alkaline Mn-Zn batteries.

Fig. 1. At left is a calcium-lead alloy grid from a typical
small lead-acid battery. At right is finished positive plate.

to be acceptable for use in this dual function of separating
positive and negative plates and storing the cell’s electrolyte,
a material must be non-conductive, capable of holding several
times its weight in acid, and resistant to attack by sulfuric
acid and lead dioxide.

A third special feature of these batteries is the use of cal-
cium-lead grids. They are used rather than the common lead-
antimony alloys because they minimize self-discharge. They
thereby minimize the loss of water from the battery, because
the self-discharge reactions use up water. Although the
amount of water lost is usually very small, replacement water
cannot be supplied to a sealed battery. For that reason the
battery must be designed to minimize loss of water.

Performance Characteristics

One of the major advantages of the lead-acid system is its
high capacity and the fact that it will deliver most of its
capacity even if discharged at high rates. Despite the high
density of lead, the small lead-acid battery compares quite
favorably with other rechargeable systems in power available
per unit weight. A typical battery is capable of delivering
14.9 watt-hours per pound. This battery is even more impres-
sive when compared in terms of power available per unit vol-
ume, where it delivers 1.1 watt-hours per cubic inch. The
availability of the lead-acid battery’s capacity over a wide
range of discharge rates is shown in Fig. 2, where the rela-
tive performance of two competitive systems is also shown.

The open-circuit cell voltage in the lead-acid system is a
little over two volts. This voltage is the highest found in
any commonly used cell system and is an important factor in
the high capacity exhibited by lead-acid batteries. The closed-
circuit voltage of this system will vary slightly with the
load placed on the battery. Nevertheless, these cells will
maintain high voltage over a large range of discharge rates
(see Fig. 3). The end-of-discharge voltage is also somewhat
dependent on the rate of discharge, but
it is 1.75 volts per cell for most common
discharge rates.

There are two distinct advantages in

having high cell voltage. First, fewer

cells are needed in the manufacture of
higher-voltage batteries. For example, a
| 6-volt nickel-cadmium battery has five
cells as opposed to three cells in a 6-volt
lead-acid battery. Fewer cells lead to

definite savings in manufacturing costs.
The second advantage lies in the fact

that battery capacity is dependent upon
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the capacity of its individual cells. There-
fore, as fewer cells are needed in a lead-
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The state of charge of any sealed bat-
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Fig. 3. Voltage vs time for various discharge currents of
an 8 ampere-hour sealed lead-acid battery {V apen 1:1—=6.36 V).

acid battery to obtain the desired voltage, these cells may be
made larger and of greater capacity without increasing the
external dimensions beyond those found in other electro-
chemical batteries of equal output voltage.

Charge Characteristics

Recharging the sealed lead-acid battery is relatively simple.
In many instances the portable equipment in which the bat-
tery is used is designed to operate on alternating current as
well as on battery. Such equipment will already contain a d.c.
power supply which can be used to charge the battery. Charg-
ing procedures vary somewhat with the design of the battery,
so it is best to use the procedure recommended by the manu-
facturer. In general, the initial charging rate is at a current
value close to 1/10th the battery capacity (C/10) for about
5 to 6 hours. This current is maintained until the battery is
almost fully charged. From that point the current is decreased
gradually, while the voltage continues to rise. When the
battery has reached the desired maximum on-charge voltage
and the current has dropped to approximately C /200, charg-
ing is discontinued. Final on-charge voltage is usually be-
tween 2.4 and 2.5 volts per cell.

This charging can be done with fairly simple equipment
with some attention from the user. Or, if this is undesirable,
more sophisticated chargers can be used which switch them-
selves off or which switch to a float voltage just above open-
circuit voltage when charging is complete. Such chargers
insure that the battery is always fresh and ready for use.

If using a charger which does not switch off automatically
or switch over to a float mode, one must use care not to seri-
ously overcharge the battery. A great deal of overcharging
can remove enough water from the battery’s electrolyte lo
cause premature failure.

The charging efficiency of the lead-acid system is quite
high. In general, when dealing with the small sealed batter-
ies, less than ten percent in excess of what was removed from
the battery on the previous discharge must be replaced when
recharging. This feature can mean substantially reduced
charging time—an advantage to the consumer.

Fig. 4. Shelf life at 70°F for two types of sealed batteries.
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charge it.

Frequent deep discharge or over-dis-
charge will damage any battery, but
these small lead-acid batteries can take such abuse fairly
well. This is an important factor since appliances are often
left on accidentally, running the battery to exhaustion. These
batteries have been short circuited for as long as one montly,
after which they still functioned normally. The charging time
required after such a deep discharge is, of course, much
longer than after a normal discharge.

The small sealed lead-acid batteries have good cvcle life.
Tt is impossible to give one meaningful figure because cvcle
life always depends on what a “cycle” is; but over the range
of normal uses, cvcle life will be {rom 50 cycles (for the most
severe conditious) to over 200 cycles (for the most tavorable
conditions).

Shelf life is exceptionally good in the batteries using cal-
cium-lead grids. These batteries lose only 3% of their total
capacity per month when stored at room temperature (see
Fig. 4). This means that no recharging is necessary during
normal storage periods.

The lead-acid battery system is less affected by extremes
of temperature than are most others. At 0°F the Dbattery will
still retain nearly 70% of its room-temperature capacity. At
high temperatures the lead-acid battery performance is even
more startling. Capacity at 120°F runs at least 10% higher
than at room temperature. The battery can be used from about

60°F to 140°F. When in a charged state, it will not freeze
unless exposed to temperatures in the vicinity of —85°F.

One of the most important features of the lead-acid system
has no conmection with its performance. This feature is low
cost. As has been pointed out, the design of the small lead-
acid battery is simple. This, of cowrse, helps to keep produc-
tion costs low, but even more important is the fact that the
materials used in the manufacture of the battery are both
inexpensive and readily available. There is no doubt, for ex-
ample, that lead will always be available and at low prices.
This is not true of the basic materials used in manufacturing
any other comparable battery.

At the present time, these batteries are being offered in
sizes and voltages which the manufacturers have selected as
most likely to find wide acceptance. As the market grows in
volume and new batterv-powered appliances are developed,
new battery sizes will be developed to meet these needs and
probably there will be many more batteries available rather
than fewer. It is likely, however, that after the initial flurry
of many new models the batteries will become standardized in
dimensions as well as in voltages and capacities. The standard
models will be those which have won the greatest acceptance
during the initial introductory period.

Two large American battery manufacturers are now mar-
keting small, sealed lead-acid batteries with capacities rang-
ing from one to 8§ ampere-hours. These companies are
Globe-Union Inc. and the Electric Storage Battery Co. The
batteries offered by these companies fill a gap in the small-
Dattery field which opens new markets to designers of cord-
less equipment. In fact, these batteries will muke possible
new cordless devices which would not have been practical
with other tvpes of batteries. A
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Chroma Synchronization in

Color Sets: RCA

By WALTER H. BUCHSBAUM

To reproduce the correct colors, the chromatic demodulators must
be supplied with an accurate source of two-axes reference signals.
Here are the details on the CTC-16, -17, and -19 color chassis.

HE most critical of the tliree major circuit sections

I that makes color reception possible is the color sync

section. If the color sync of the receiver is not exactly
in phase with the color signal of the transmitter, it is im-
possible to reproduce the correct colors. This is because all
chroma information is phase and amplitude modulated on
the 3.58-MHz color subcarrier and, to properly demodulate,
a replica of the original unmodulated subcarrier reference
signal must be available. The demodulating circuits of the
new RCA color sets were described in detail in the May
issue, At that time, the presence of a correct X and Z color
sync signal was taken for granted. This article covers the
circuits and processes by which the correct X and Z color
sync signals are generated from the 8-cycle chroma sub-
carrier reference burst which is transmitted on the trailing
blanking back porch of every active horizontal sync pulse.

All color sets must provide at least three basic functions
to go from the color sync burst to the final two chroma axes
reference signals. These steps are illustrated in the block
diagram of Fig. 1.

First, the reference burst must be removed from the hori-
zontal sync back porch and this is accomplished in the
burst gating amplifier. Next, the burst must be used to ac-
curately control the receiver’s 3.58-MHz sine-wave generator.
This is a critical circuit because this 3.58-MHz sine-wave
signal is the basis of the two chroma axes reference signals
which are used to demodulate the X and Z information. If the
phase error in the 3.58-MHz generator exceeds 10°, incorrect
colors will appear. The 10° error figure is the absolute maxi-
mum that can be tolerated and most receivers should be
adjusted to less than 5° error. The final step is phase shifting
the receiver 3.58-MHz sine-wave signal to obtain the correct
axes phase for the two color demodulators.

In addition to color sync generation, this section also in-
cludes the color killer circuit that turns the chroma section
off when the transmitted signal does not contain a color sync
burst. During monochrome transmission, all chroma signals
must be suppressed to keep spurious colors from appearing
superimposed on the monochrome picture. To accomplish
this, the color killer circuit “looks for” the color burst which
has been removed from the horizontal pulse in the burst
gating amplifier and generates a bias that controls operation
of the chroma bandpass amplifier.

CTC-16, 17 Operation
The circuit of the color sync and color-killer section of
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the CTC-16 and 17 models is shown in Fig. 2. The vidco
signal is applied at the grid of burst gating amplifier, V1,
which is normally cut off due to its biasing arrangement.
During the horizontal flyback pulse interval, the control grid
of V1 is driven sufficiently positive to permit the color sync
burst to be gated from the video and amplified. Only the
3.58-MHz reference bursts then appear at the plate of the
tube. Transformer T1 is tuned to 3.58 MHz and its second-
ary is a bifilar winding that provides an effective center tap
to ground for a.c. only. This bifilar winding is more accu-
rately balanced than if a physical center tap were provided.
Opposite-polarity 3.58-MHz signals appear at the plate and
cathode of the double-diode, V2, while the 3.58-MHz oscil-
lator signal is applied to the opposing plate and cathode. It
the burst signal and the oscillator signal are exactly in-phase,
the diode currents will cancel each other and no error volt-
age will appear at the junction of R1 and R2. If the
oscillator signal differs in phase from the reference burst, an
error voltage, either positive or negative depending on the
phase relationship between the two signals, will be applied
to reactance tube V3.

Because the color sync burst is present for only 8 cycles
during each horizontal flyback period, the phase error volt-
age must be filtered to remain constant during the periods
between bursts. Network C1, R3, and C2 form this filter.
The reactance control tube (V3) represents a capacitance
which tunes the resonant circuit L1-C3. This resonant cir-
cuit, together with the 3.58-MHz crystal, form the 3.58-
MHz oscillator. Note that the crystal is connected between
screen grid and control grid of V4, making these two ele-
ments the actual oscillating portion of the pentode. The plate,

Fig. 1. How the X and Z axes are related to the gated burst.
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Fig. 2. The color sync and color killer circuits as used in the CTC.16 and -17 models. Output is —X and —Z axes signals.

which drives the 3.58-MHz output transformer, T2, acts as
an amplifier that helps to isclate the oscillator from the
following load.

In this circuit, the tint control consists of a capacitor, C3,
and a potentiometer which unbalances and detunes the
secondary of the phase detector transformer, T1. The actual
oscillator phase is therefore controlled indirectly via the
phase detector, the error voltage, and the reactance tube.

In the CTC-16 and 17, the color-killer circuit uses a
separate phase detector (V6) that receives the same color
sync burst signals as the color sync phase detector (V2).
Instead of comparing the color sync with the feedback signal
from the plate of the oscillator, the color-killer circuit com-
pares it with the — X chroma axis signal.

In effect, phase detector V6 will have zero output at the
junction of R4 and R3 when a burst signal appears with each
horizontal pulse, and when the 3.58-MHz generator is in
phase with the gated reference burst. The bias on color-
killer amplifier V5 can be controlled through potentiometer
R6 which connects between the cathode of the burst am-
plifier (V1) and —45 volts.

During horizontal flvback period, a strong positive pulse
is applied through the plate of V5 through R7 and C4, that
charges up C5. The voltage across this capacitor is the color-
killer bias and is determined by the amount of current passed
through the color-killer stage. This voltage, in turn, is de-
termined by the V3 grid bias which is a function of poten-
tiometer R6 setting and output of the phase detector V6.
When color sync bursts are detected, the color-killer bias
will be very low, allowing the bandpass amplifier to amplify.
On black-and-white transmissions, however, the bandpass
amplifier will be cut off.

The output of the 3.58-MHz oscillator V4 and 72 primary
should be exactly in-phase with the transmitted color svnc
burst, as indicated in Fig. 3A. RCA’s demodulator and ma-
trixing circuits use the — X and —Z vectors, as was explained
in the May issue. For the — X and —Z demodulator, the color
sync signals must be 100.9° and 163° from the reference sig-
nal. A 100.9° shift can be obtained in the transformer wind-
ings of T2, For the —Z signal, the additional 62.1° are due to
the phase shifting of L2 and C6. This means that the relations
between X and Z axes are fixed, but their phase relations to
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the reference sync can be varied somewhat by the tuning
of T2, via core adjustment, about the nominal frequency.

To control the hue, or tint, of the picture the tint control,
in effect, varies the phase between the reference sync and
the incoming gated burst. One of the important features of
this circuit is the fact that adjustment of T1 affects the
operating point of the phase detector and therefore the
phase relation between the actual transmitted burst and the
reference signal generated by the local oscillator. Adjustment
of the tint control can compensate somewhat for any mis-
adjustment of T1, but only over a limited range. For that
reason, T1 must be aligned for correct phase relations with
the tint control set half way. In the CTC-19 color sync circuit
these features are quite different.

CTC-19 Operation

The CTC-19 circuit uses only three stages to perform all
color sync functions. A detailed circuit diagram is shown in
Fig. 4 and, at first glance, indicates that the burst gating
amplifier (V1) is essentially the same as that used in the
CTC-16 and 17. Actually, only the value of the cathode
resistor and horizontal pulse control grid feed resistor are
different and the killer potentiometer is grounded.

The fundamental difference between the circuit of the
CTC-17 and the CTC-19 is the “injection-locked” oscillator.
According to the manufacturer, the oscillator is locked-in
with the reference burst by the crystal ringing characteristics
of the 3.58-MHz crystal. A similar circuit is used in the G-E
“Porta-Color” set (see the March, 1966 issue) where the
crystal is excited by the burst and then continues to “ring”
until the next burst comes along. To provide a sine-wave
signal of constant amplitude, the G-E circuit uses amplifi-
cation and limiting. In the RCA CTC-19, an oscillator is
used that derives its frequency from the crystal and sustains
the oscillations by means of a resonant circuit (L1 and C1)
in the screen grid.

The circuit of Fig. 4 has a trimmer capacitor (C2) which
is effectively in series with the ringing crystal and therefore
has some effect on its phase angle, with reference to the
gated burst. Transformer T1 is tuned for maximum color syne
burst amplitude and its secondary is loaded with 390-ohm
resistor R1 to broaden its frequency response. Capacitor C3
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feeds back some of the ringing signal to the primary of 71
and this helps to sustain the ringing well bevond the end
of the 8-cycle gated burst. With the ringing signal present
at the control grid, the triode portion, consisting of the cath-
ode, control grid, and screen grid with its tuned circuit, acts
as an oscillator. The portion between screen grid and plate
acts essentially as an amplifier, reducing anv loading effect
of the color sync signal.

Transformer T2 couples the color sync signal to the phase
shifting network, just as in the circuit found in the CTC-17.
Again, tuning of T2 has an effect on the phase of both the
X and Z axes signals, but now the tint control also affects
this phase. Depending on the setting of the tint potentiome-
ter, tuning capacitor C4 will cause more or less phase shift
in the primary of T2.

The phase-shifting network of C5 and L2 is arranged op-
posite that used in the CTC-17, and for a very good reason.
In the CTC-17 circuit, the plate of the 3.58-MHz oscillator
had to produce a signal which was in-phase with the incom-
ing burst, as shown in Fig. 3A. Therefore, the phase across
the secondary of transformer T2 was approximately 100°
displaced, just about right of the —X axis signal. In the
CTC-19, as shown in Fig. 3B, the “ringing” signal at the
control grid of the 3.58-MHz oscillator is in-phase with the
incoming burst and the signal at the plate is, therefore,
180° out-of-phase. It takes a combination of transformer
T2 winding arrangement and the phase shifting effect of
the tint control to produce the 163° phase angle which

corresponds to the —Z axis signal. In the CTC-17, the —X

is obtained first and then a 62° phase delay is introduced
by means of a series coil and shunt capacitor, as shown in
Fig. 3A. To obtain a 62° phase shift in the other direction,
the circuit of the CTC-19 uses a series capacitor C5 and a
shunt coil L2 in Fig. 4. That is how the — X axis signal is
derived from the —Z axis signal.

The color-killer circuit in the CTC-19 is also much simpler
than that used in the CTC-17. As shown in Fig. 4, the plate
of V3 receives the horizontal pulse just as in the CTC-17
circuit of Fig. 2. The countrol grid, however, is connected to
the output of the “ringing” cryvstal. If monochrome trans-
mission is received, there will be no burst to excite the cryvstal
and, therefore, there will be no crystal output. The grid
bias on the 3.58-MHz oscillator is approximately —4 volts
on monochrome and —8 volts on color reception. This grid
bias is also applied to the color-killer amplifier and is suffi-
cient to produce the killer bias which cuts the bandpass
amplifier off during monochrome transmission. Adjustment
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Fig. 3. (A) Phase relationship in the CTC-17 chroma circuit.
(B) The phase relationship within the CTC-19 chroma circuit.

of the color-killer circuit operation is similar to that found
in the CTC-17, a potentiometer located in the cathode circuit
of the burst gating amplifier (V1).

Comparison

The color sync circuit of the CTC-17 and its predecessors
has been used by RCA and many other manufacturers for
at least 5 vears. Its advantages include relative immunity to
amplitude changes in the video signal and all of the benefits
due to a continuous oscillator. These latter include some
noise immunity, since loss of a single color sync burst will
not substantially affect the oscillator output. In troubleshoot-
ing this section, it is not always necessarv to have a color
transmission or a color test signal because even if the oscil-
lator is not synchronized, its signal can be measured and
traced through.

In the CTC-19, the amplitude of the oscillator output will
depend to some extent on the amplitude of the video signal,
because the crystal is excited by each incoming gated 3.38-
MHz burst. If a single burst is missed, no color syvne signals
are generated during the subsequent horizontal line. For
troubleshooting, it is essential (Continued on page 73)
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Fig. 4. The CTC-19 color sync circuit uses three stoges and
an injection-focked crystal oscillator to produce — X and —Z.
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WIRELESS

MICROPHONES

When the microphone cable becomes a hindrance, you can always
take to the air with a microphone that is the ultimate in portability.

HE restrictive nature of a microphone cable upon the

mobility of the user is quite apparent. There are many

occasions, such as when a person speaking must move
about an area, that the microphone cable limits full use of the
p.a. system. It is for this reason that wireless microphones
were developed.

There are two major types of wireless microphones: those
that are FCC-licensed to operate on special Business Radio
frequencies, and those frequencies made available for broad-
cast radio/ TV use only; and those unlicensed but FCC type-
approved units that operate on the standard FM broadcast
band from 88 to 108 MHz.

The major specifications for wireless microphones are bat-
tery operation, small physical size and weight for true porta-
bility, and acceptable audio response (for the purpose). Be-
cause they are normally used within the same area as the p.a.
svstems theyv feed, the distance range of the unit is not critical
as long as it delivers a usable signal to the associated receiver.,

Typical of the high-quality commercial units licensed to
operate in the Business Radio band, or in the special frequen-
cies assigned exclusively to broadcast/TV use is the “Vega-
Mike” shown in Fig. 1 with its associated FM receiver. This
hand-held unit uses a dynamic microphone, has an audio re-
sponse to 14 kHz, transmitter power to 40 mW, an FM-fre-
quency swing of =20 kHz, and the operating range is several
hundred feet. The unit is one inch in diameter, five inches
long, weighs 7} ounces, and has a battery life in excess of 20
hours. The antenna is either the neck cord of the lavalier
model, or a telescopic rod in the hand-held version.

The Sony CRT-10, shown in Fig. 2, is typical of the low-
priced units used primarily for limited range communication.
Using four transistors and a dynamic microphone as an FM
transmitter, the unit is 58" by 1%6” by 1%6” in size, weighs
6 ounces, is tunable across the 88-108-MHz FM band, and has
an operating range of about 50 feet. The antenna is a 1%-inch
rod radiator protruding from the top of the unit. Battery life is
about 35 to 30 hours. The FCC Rules for the use of these par-

Fig. 1. This ““Vega-Mike'’ system is typical of the high-quality
wireless microphones licensed to operate on commercial bands.

With regard to the proliferation of portable wireless microphones operafing in {he
standard FM band, with a considerable number of these units being sold across the coun-
ter, and with construction projects appearing in many magazines, there are certain FC(
Rules that users should be aware of. Part 15.212 of the FCC Rules specifies the following:

1. Operation in the 88- to 108-MHz FM band is Iimited to low-power communication
devices, and the use of this band for two-way communication is forbidden.

2. Users of wireless mikes must make sure that they do not interfere with commercial
TV or FM broadcasts. If such interference takes place, the use of these devices will be
promptly suspended and will not be allowed to resume until the interference has been
eliminated. Users of these devices must accept interference from any licensed station oper-
oting in this band.

3. Emission must be confined to within 200 kHz centered on the operating frequency and
must lie entirely within the 88-108-MHz band.

4. The field strength of emissions radiated within the specified 200-kHz band must not
exceed 50 uV/meter ot 50 or more feet from the device.

5. The field strength of emissions on any frequency outside the 200-kHz-band must net
exceed 40 pV/meter at 10 or more feet from the device.

6. No changes whotsoever may be made in any type-approved equipment, including
the antenna (italics ours), except on specific prior approval by the FCC.

7. Except for certain classes of equipment used by educational institutions, all wireless
microphones must be type-approved in accordance with Part 15.235 of the FCC Rules and
should be so identified. The owner or operator need not certify his own device if it has
already been certified by the manufacturer or distributor.

Units not having FCC type approval, should not be operated.

ticular devices are spelled out in detail in the box above.

The relatively simple wireless microphones, such as the
Sony just described, use conventional 88-108-MHz FM re-
ceivers, while the receivers for the commercial wireless micro-
phones are specially designed and have excellent low-noise
characteristics and audio response. They also include a.f.c.
and squelch to remove background noise when the wireless
microphone is not being used for any reason.

Connection to the P.A. System

In the case of the simple 88-108-MHz wireless microphone,

the output from a conventional FM receiver can be fed
through an impedance-matching network to the input of the
p.a. system being used. Provisions should be made to quiet
the receiver internal speaker, while earphones connected to
the audio stage can be used for monitoring,.
Commercial units usually provide
? both high- and low-impedance outputs
; for matching to a p.a. system. These units
normally provide internal monitoring de-
vices such as controllable-volume loud-
speakers or earphones.

Some commercial systems make pro-
visions for connecting an outboard con-
trol unit to the receiver so that external
devices can be activated by a switch on
the wireless microphone. This enables
the microphone user to turn on any re-
mote electrical device such as a p.a. sys-
tem, a tape recorder or playback system,
or a slide projector, without the aid of a
second person. A

Fig. 2. The Sony CRT-10 is typical of the
units operating in the 88-108-MHz FM band.
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Selecting a P.A. Amplifier

By M. S. SUMBERG / Bogen Communications Div., Lear Siegler, Inc.

A practical guide to the most important factors that must be
considered: output power required, response and distortion,
inputs, output impedance and voltage, filters and tone controls,
power source, special features, important accessories, and cost.

a p.a. installation with an amplifier which is a poor

choice for the job. It may perform satisfactorily but
be much more costly than required. It may be underpowered
or lack sufficient signal inputs. It may not incorporate any
of the relatively low-cost accessories which will extend its
flexibility and increase its usefulness.

The range of available amplifiers can be confusing, es-
pecially when trying to evaluate features and functions.
However, for the majority of sound installations, an intelli-
gent selection of a p.a. amplifier can be made if all of the
important factors listed below are given careful consideration.
It is not enough merely to estimate power requirements and
number of microphone inputs.

Consider the predicament of the installer who purchased
a 117-volt a.c. amplifier with the proper number of micro-
phone inputs and adequate output power—but which can-
not be operated from a 12-volt battery of the truck in which
it was installed. This, and similar errors, can be easilv
avoided by delaying the purchase of the amplifier until each
of the following factors has been considered carefully: 1.
output power required, 2. frequency response and distortion,
3. microphone inputs (number and types), 4. auxiliary in-
puts, 5. output impedance and voltage, 6. filters and tone
controls, 7. power source (117-volt a.c. or battery), 8. special
featurcs, 9. mounting and portability, 10. accessories, and
11. cost. These will all be discussed below.

3. LL too often the inexperienced sound installer attempts

1. Output Power

The experienced technician develops a “sixth sense” re-
garding the total audio power (in watts) which is required
for moderately large and smaller sound installations. He
recognizes that all of the following must be taken into ac-
count: (a) size of the area to be covered, (b) noise level,
(c¢) efliciency of the loudspeakers, (d) acoustic conditions of
the area, and (e) size of the audience.

Table 1 will serve as a starting point in relating amplifier
output power to the size of the area to be covered. The exact
amount of audio power required can be more accurately
determined by trial and error, or by using a noise meter
to measure sound pressure levels. Bear in mind that the av-
erage cone loudspeaker has an efficiency of about 2% (it is
about 5% for high-quality two-way theater-type cone speak-
ers), and that re-entrant horns are 15% or more efficient. A
little arithmetic will show that in any given area horns will
require only 2/15 as much audio power as the 2% efficiency
cone speakers—to lay down the same level of loudness.

The acoustic conditions of the room and the size of the
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audience present will have a very definite bearing on the
amount of audio power which the amplifier must deliver to
the loudspeakers. In a large auditorium with average acous-
tics, a 50-W amplifier will be entirely adequate. On the other
hand, a similar auditorium with sound absorptive walls—and
a large audience which provides additional sound absorption
and a higher noise level-may require 75 watts. If the audi-
torium has reflective walls and a quiet or small audience, a
35-watt amplifier might be indicated.

It makes sense to be conservative in computing the audio
power. This is not only good insurance against errors in judg-
ment; it also provides the reserve necessary for future expan-
sion of the system. In addition, the amplifier will not distort
when subjected to high peaks in the input signal levels.

Table 2 reveals an interesting and reassuring fact to the
price-conscious installer who might tend to underpower his
sound installations: the cost per watt is less in a higher power

LOCATION  DIMENSIONS (FT) MINIMUM RECOMMENDED AMPLI-
POWER (W) FIER RATING (WATTS)
Depends on number of
Classroom 30 x 30 x 10 0.5 rooms¢
Depends on number of
Hotel Room 15x 12x 8 0.1 rooms¢
Quiet Office 100 x 50 x 10 3.0 10¢
Noisy Office 100 x 50 x 10 6.0 10-15¢
Church Small 10-15s¢
Church Large 30-608¢
Quiet Factory 100 x 200 x 20 30H
Noisy Factory 100 x 200 x 20 - 60-100H
Auditorium Typical high school ~ — 30s¢ o
Athletic Field
Stands 50 x 200 — 50H

Assuming average noise levels and sound absorbing materials, C=-cone loud-
speakers; SC=sound columns; H=horns (re-entrant trumpets).

Table 1. Typical audio power requirements for various locations.

Table 2. Cost per watt is less in higher powered p.a. amplifiers.

AMPLIFIER OUTPUT | CONSUMER COST PER
RATING PRICE WATT
Model A 30 watts $113.00 $3.80
Model B 60 watts $138.00 $2.30
Model C 120 watts $195.00 $1.63
Above models are identical except for output power.
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Fig. 1. Distortion of various public address amplifiers.

amplifier. Note that the 60-watt Model B is onlv 22% higher
in price than the 30-watt Model A, while the 120-watt Model
C is only 41% higher than the 60-watt Model B. In a system
which includes many loudspeakers, microphones, cables,
etc., the increased cost of the larger amplifier will be a small
percentage of the total cost. All of this should encourage
the sound specialist who cannot determine accurately the re-
quired output rating of the amplifier to provide fully ade-
quate power for all jobs. He should bear in mind at this point
that because our ears respond logarithmically to changes in
sound levels, the “margin of safety” should be sizeable. An
increase in sound level produced by doubling the audio
power, i.e., using a 60-watt amplifier instead of a 30-watt
model, is only slightly noticeable to the ear. A 40-watt am-
plifier would sound but little louder than the 30-watt unit.
The novice can afford to play safe when he is dealing with
15, 30, or 60-watt packaged amplifiers. He should, however,
seek out expert help when confronted with very large sound
installations, e.g., 300 watts, since doubling the power to
provide a safety margin in this case would be prohibitively
expensive.

Until experience has been acquired, A
the sound installer should not hesitate to
apply “cut-and-try” methods. In all but
very large sound installations, he can
empirically determine the optimum lo-
cation of the loudspeakers—and the
proper sound level for each—by simple
tests. And, if he has not under-rated his
amplifier output capability, he will have
all the latitude he needs to accomplish

typical  p.a.

amplifer
made up of separate commercially avail-
able units mount in a 36-in rack. At
the top is an AM/FM tuner. Below it is
a preamp with 5 mike inputs and a level
meter. The output of this preamp is con-
nected to the auxiliary input of the 30-
W p.a. amplifier just below, which has
a monitor speaker. Hence, a total of 10
mike inputs is available. At the bottom
of the rack, a slide-out record changer

is installed, adding system flexibility.

his job satisfactorily.
2. Response and Distortion

In recent vears much has been made
of the exceptionally wide frequency
response curves of high-priced, high-fi-
delity amplifiers designed for concert
music reproduction. Many sound install-
ers have incorrectly assumed that very
wide frequency response is a “must” for
every p.a. svstem. Although commercial
p-a. amplifiers are available with fre-
quency response characteristics which
match hi-fi models, their cost is high and
their performance capabilities cannot be
realized unless the loudspeakers are of
matching high quality.

To bring this misunderstood subject
into proper focus, we should recognize
that telephone systems perform very
well with a restricted band of 200-3000
Hz. For speech amplification, a p.a.
svstem will provide high intelligibility
with a frequency range no broader than
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100-6000 Hz. And reinforcement of live musical performances
will be satisfactory with amplifiers having response curves of
50-12,000 Hz. What is more, it frequently becomes necessary
to restrict the frequency response of a p.a. amplifier by means
of tone controls and speech filters to reduce the adverse ef-
fects of reverberation and other unfavorable acoustic condi-
tions. Unless the sound system calls for high-priced loud-
speakers with very wide frequency response characteristics,
it is uneconomical to purchase a p.a. amplifier with similar
response curves.

It should also be understood that associated components—
such as microphones and loudspeaker line-matching trans-
formers—may limit the over-all response of the sound system.
Of much greater concern is the fact that low-cost and/or
improperly designed line-matching transtormers (with light
lamination stacks) have inadequate inductance at low fre-
quencies which, in effect, presents a partial short to the am-
plifier output. This sometimes results in excessive amplifier
output transformer or tube failure in economy p.a. amplifiers.
Unnecessary amplifier servicing can be avoided by using line-
matching transformers of reasonable quality.

In general, economy-priced p.a. amplifier models available
today more than satisfy the frequency response requirements
of most commercial sound installations.

Distortion is expressed as a percentage and may be con-
sidered as undesired difference between the input and output
signals. As a rule, the amplifier price increases as the distor-
tion figure decreases. Typical good p.a. amplifiers designed
for commercial installations are rated at approximately 5%
distortion (for full amplifier output). Some deluxe p.a. am-
plifiers are rated as low as 2%. It is interesting to note that
the best of the home high-fidelity amplifiers designed for
use with extremely expensive loudspeakers carry ratings as
low as 0.1%.

In a typical manufacturer’s catalogue, it will be found
that distortion percentage is usually indicated for full ampli-
fier power output. Distortion decreases
as the output is reduced from full power
(see Fig. 1). Although deluxe amplifiers
usually show a very low distortion per-
centage at all output levels, economy-
priced models do improve at reduced
outputs. An economy 60-watt amplifier
which is rated at 5% distortion at full out-
put may deliver 30 watts at only 2% dis-
tortion. The comparable economyv 30-
watt model measures 5% distortion at its
full 30-watt output. The moderate price
difference between these two amplifiers
might dictate the choice of the 60-watt
unit.

In a sound system used for speech,
even large amounts of amplitude distor-
tion in the amplifier will not seriously
affect intelligibility. For reproduction of
music, on the other hand, a low distor-
tion figure, i.e., 5% or better, is necessary
to avoid deterioration of musical quality
—a thing easy for even the untutored ear
to detect.

installation

3. Microphone Inputs

The number of microphones required
for a given installation can usually be de-
termined without difficulty by carefully
checking with the purchaser as to the
exact features he desires. A barker in a
circus may need only one microphone;
a Protestant church will usually use from
two to four microphones (the latter if
pick-up from choir or organ is desired);
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a Catholic church will require, because

clocks incorporate a set of contacts
which can be used to activate the con-

of the recent liturgical changes, from
four to eight microphones as follows: 1—
altar; 1 or 2—pulpit; 1 for the lector and
1 for the commentator; 1 or 2—choir;
and l—organ.

For stage use in a theater as many as
five microphones mav be desirable, A
night club featuring a dance band and
vocalist will probably want to install
four microphones.

Packaged amplifiers are available for
systems requiring from one to five mi-
crophones, with individual volume con-
trols to permit optimum mixing, i.e., ad-
justment of individual input signal levels.
As a rule, low-power amplifiers (10 to
15 watts) include only one or two micro-
phone inputs; amplifiers of 30 watts or
more may be purchased with 1, 2, 3, 4,
or 5 microphone inputs (with separate
volume controls to facilitate proper mix-
ing). One manufacturer has designed
a 30-watt amplifier with five microphone
inputs which may be paralleled with an identical unit to fur-
nish a total of ten microphone inputs (with 10 volume con-
trols). The combined output of the paralleled amplifiers is, of
course, 60 watts.

In some installations it is entirely feasible to connect five or
more microphones across a single cable which feeds into an
amplifier having onlv one microphone input. These micro-
phones are wired through momentary press-to-talk switches
which complete the microphone input circuit only while the
switclt is held down. In this arrangement only one microphone
is live at a given time. As a rule, two microphones should not
be paralleled for feeding into a single microphone input since
mixing becomes impossible with the single available volume
control. In addition. the sensitivity of each microphone is
considerably reduced and the over-all signal-to-noise ratio
deteriorates.

After determining the number of microphone inputs which
the amplifier must provide, consideration must be given to
the impedance of the microphones. When the length of micro-
phoue cable does not exceed about 50 feet, a high-impedance
microphone may be used. 1f the microphone cable is run to
lengths exceeding 50 feet, however, the capacitance of the
high-impedance microphone cable attenuates the signal. To
avoid this and possible pick-up of hum and noise, it is advis-
able to employ a low-impedance microphone with low-im-
pedance microphone cable. and to convert the amplifier input
to match the low-impedance signal. Conversion from high- to
low-impedance microphone input is a relatively simple mat-
ter with many amplifier models since it consists simply of
removing a shorting plug from the top of the amplifier
chassis and substituting for it a plug-in transformer. This
technique permits the microphone channel to be reconverted
from low to high impedance at any later date. It also affords
considerable flexibility in that a four-microphone-channel
amplificr may be set up to work, for instance, with two high-
impedance and two low-impedance microphones if this par-
ticular arrangement is required.

4. Auxiliary Inputs

In most sound systems it is often necessary to reproduce
program material from tuners, record plavers, and tape re-
corders. Infrequently it is also desirable to distribute over
the system music which is piped in over a leased 600-ohm
telephone line—or tone signals generated by an oscillator.
The latter may be purchased to produce either a siren tone
(to alert personnel to an emergency) or a constant tone which
designates time periods (lunch or coffee breaks). Many time
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This portable system has a 35-W p.a.
amplifier, a record player, a mike,
two 12-in speakers in carrying case.

stant-tone oscillator at predetermined in-
tervals; the siren tone oscillator is best
keyed by a switch under the control of
administrative personnel.

Although most p.a. amplifiers include
one or two auxiliary inputs for high-im-
pedance, high-level signals (for tuner or
crystal phono cartridge), only a few pro-
vide a properly equalized low-level input
for either a magnetic phono cartridge
or a tape playback head. A balanced 600-
ohm line input (suitable for connection
to a telephone line over which “wired
music” is piped) is afforded in any pub-
lic-address amplifier by installing a small
line transformer whose secondary plugs
into the high-level auxiliary input.

5. Output Impedance

To deliver its maximum rated output
power, an amplifier’s output impedance
must be matched or equal to the loud-
speaker impedance. In simple systems emploving only a few
loudspeakers, amplifier output taps of 4, 8, and 16 ohms usu-
ally permit proper matching. This is frequently the case in
churches and auditoriums. In large systems where many loud-
speakers are required and/or where loudspeakers must be
driven to varving sound levels (20 watts into trumpet A, 5
watts into trumpet B, for example), a much more flexible ar-
rangement is afforded by installing a line-matching trans-
former at each loudspeaker. These transformers, almost al-
ways of the constant-voltage tvpe, are designed to connect
across a 25- or 70-volt line from the amplifier. Most p.a. am-
plifiers include 25- and 70-volt output taps; hi-fi amplifiers,
which are designed to drive only a limited number of speak-
ers at voice-coil impedances, do not usually have such output-
voltage taps.

There are applications in which it is essential to feed
the output signal from an amplifier over a 600-ohm telephone
line to a remote point, as in the case of a cliurch service
which is to be broadcast by a local radio station. The proper
output level and impedance can be obtained by using the
same line transformer as described under “Auxiliary In-
puts.” When turned around so that its secondary is con-
nected to the 25-volt output tap of any amplifier, its primary
will deliver a zero-level signal at 600 ochms which can then
be used to transmit to a remote point,

To simplify tape recording of an historic or sentimentally
important event (testimonial dinner, dedication, etc.) many
amplifiers provide an output tap at the proper level and
impedance. This output connection should precede the am-
plifier’s tone controls so that recordings can always be made
with a “flat” response. A tape recorded “flat” in this manner
can be playved back at a later date through an amplifier whose
tone controls may be adjusted at will to prodnce the most
pleasing sound, without affecting the original recording,.

Fig 2. Tone-control and speech-filter response characteristics.
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6. Tone Controls and Filters

Excessive reverberation (sound
bouncing from wall to wall) can be se-
vere enough in auditoriums and large
rooms to seriously reduce the effective-
ness of a sound system. Inasmuch as re-
verberation time is longer at the lower
frequencies, the problem can usually be
alleviated by employing a bass-cut tone
control which attenuates frequencies be-
low 300 Hz. A control which affords up
to 10-dB attentuation at 50 Hz is en-
tirely adequate for this purpose in most
installations. The bass-cut tone control is
of further value when re-entrant horns
are used. Since diaphragms of horn
driver units may be damaged by extreme
excursions when reproducing high-level,
low-frequency program material, it is
standard practice to attenuate these fre-
quencies (below 300 Hz) with the bass-
cut control. Most p.a. amplifiers include
separate bass and treble tone controls
which are continuously variable from
maximum boost to maximum attenua-
tion, as shown in Fig. 2.

Some amplifiers also include a speech
filter (not variable) which will attenu-
ate low-frequency material as much as
20 dB at 40 Hz. Professional amplifiers,
in addition, feature panel-calibrated
variable low-frequency notch filters
which may be adjusted to remove troublesome frequencies
that produce audible hum, phono motor rumble, lectern
thumps picked up by the microphone, etc. Fig. 3 shows a typi-
cal notch filter attenuation of 50 dB at 60 Hz—which does not
materially affect the over-all balance of the amplifier’s re-
sponse to any great extent.

7. Power Source

Not all p.a. amplifiers used indoors are powered from the
117-volt a.c. line. In recent years lecterns have been devel-
oped with built-in battery-operated amplifiers which elimi-
nate unsightly extension cords. And last Fall's massive power
failure in northeastern states did much to stimulate the use of
amplifiers which could be operated in emergencies from a 12-
volt battery as well as from the 117-volt a.c. line.

Mobile amplifiers are generally powered from a 12-volt
battery but are sometimes called upon to perform double
duty as 117-volt a.c. units. A variety of p.a. amplifiers is
available (rated from 10 to 450 watts output) for battery op-
eration. There are also several so-called “universal” models,
with output ratings to 50 watts, which may be operated from
either batteries or 117 volts a.c. The latter make excellent
“fail-safe” sound systems in the event of black-outs and are
logical choices for the rental operator who cannot afford to

Fig. 3. Curve shows effect of notch filter adjusted to 60 Hz.
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The mobile amplifier shown here is a 40-W
unit which operates from 12-15 V d.c. Ac-
cessory unit is siren/fog-horn generator.

Convenient wall-mounting kits are avail-
able for many public-address amplifiers.

stock a very wide variety of p.a. models.

If the amplifier is to be installed
abroad, it may have to be operated from
220-volt, 50-Hz power lines. A step-
down transformer of adequate wattage
rating will take care of the higher voltage
but the amplifier’s specifications should
be checked to insure that the 50-Hz fre-
quency will not cause excessive power-
transformer heat rise.

Operators of helicopters, airplanes,
police/fire vehicles, and boats are in-
creasingly discovering the advantages of
sound systems and several manufactur-
ers produce battery-powered models (12
to 24 volts d.c.) for these applications.

8. Special Features

In addition to the more or less stan-
dard characteristics described up to this
point, an amplifier will sometimes have
to provide special features and func-
tions. Typical of these are:

a. Remote Control of Volume: In
many sound-system installations (such as
in churches, theaters, auditoriums), it
is desirable to control the volume of the
sound output at some distance from the
amplifier. To satisfy this special require-
ment, some amplifiers can be equipped
with remote controllers which permit an
operator to adjust the volume of each
microphone and/or phono input channel from a distance as
great as 2000 feet from the amplifier. In a typical church in-
stallation, for instance, it is standard practice to conceal the
amplifier, but to bring out a remote volume controller to the
rear of the church where the sound level may be adjusted
quickly and without distracting the congregation.

b. Microphone Precedence: Factory, restaurant, and retail
store sound systems are frequently installed for the primary
purpose of distributing background music. When paging an-
nouncements are made over these systems, increased intel-
ligibility may be realized by muting the music momentarily.
To accomplish this simply, amplifiers are available with plug-
in accessories (relay or light-dependent resistor devices) which
can be activated by a momentary press-to-talk switch
mounted on or near the microphone. The music is silenced
during paging announcements by pressing the switch, then
automatically redistributed to the speakers when the switch
is released.

¢. Monitor Panel: This panel-mounted accessory comes
with a vu meter and/or small loudspeaker for visual and
aural checking of the program quality and volume level. It
is especially useful to the sound operator when the loud-
speakers are installed at remote locations.

d. Limiter: A useful plug-in device for factory and retail
store amplifiers is the limiter which aids in maintaining a
pre-set output level. It is almost a necessity when several
people, who regularly make paging announcements, speak
into their microphones at different levels. All too frequently
one individual’s voice will be reproduced at a painfully high
sound level while the others come through at inadequately
low levels. The limiter assists considerably in maintaining
a reasonably constant level for all announcements irrespec-
tive of signal input levels.

e. Master Volume Control: Multi-input amplifiers gen-
erally incorporate a master volume control in addition to
the individual microphone and auxiliary volume controls.
After three or more microphone signals have been carefully
mixed for optimum blending of levels. the over-all ampli-
fier ontput level can be (Continued on page 74)
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Varactor Diode Applications

By DONALD E. LANCASTER

These special semiconductor diodes, which operate as high-“Q"

electronically variable capacitors, are finding increasing

uses in a.f.c. circuits, FM modulators, harmonic generators,

and parametric amplifiers over a wide range of frequencies.

HENEVER any p-n semiconductor junction is re-

‘/ s/ versed-biased, a depletion layer is formed in which

there are no excess electrons or holes. No conduction

takes place in this region. As the reverse bias varies, so does

this depletion layer, the layer becoming thicker with increas-

ing reverse bias. The net effect is a high “Q,” electronically

variable capacitor, Whenever junction characteristics are op-

timized to yield this variable capacitance effect, a varactor
diode results,

Due to their remarkable properties, varactor diodes now
find extensive use everywhere from the audio frequencies to
the outer reaches of the extreme microwave frequencies. A
varactor is a non-microphonic, compact, electronically var-
iable capacitor whose capacitance can be readily changed at
a high rate of speed. It can directly frequency-modulate a sig-
nal. It has a non-linear capacitance characteristic, allowing
varactors to serve as harmonic generators and parametric
amplifiers, Most important, it is a reactance and not a resist-
ance. Because of this, it is nearly lossless and essentially noise-
less. Varactors are only a fraction of the size of conventional
mechanically variable capacitors yet perform many tasks far
better.

Commercially available varactors are amazingly diverse.
They range in price from a little over a dollar each for a.f.c.
varactors intended for FM receivers to exotic matched sets
of parametric amplifier diodes costing thousands of dollars a
pair. Low-frequency varactors are available with capacitances
as high as .002 microfarad; some microwave devices have a
maximum capacitance of only 0.4 picofarad. The power-han-
dling capability ranges from 100 milliwatts or so for the small
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varactors to stud-mounted versions that can accept over a
hundred watts of input r.f. power. Some are strictly low-
voltage units having a breakdown voltage in the reverse di-
rection of only — 6 volts, while other, high-voltage, units may
be rated as high as — 300 volts and may have a maximum ca-
pacitance ratio on the order of 20:1 or higher.

Varactor Operation

A varactor is always operated somewhere between forward
breakover and reverse breakdown. As the reverse bias in-
creases, the junction capacitance decreases, but not in a linear
manner. Many varactors will have their junction capacitance
vary inversely as the square root of the reverse bias, This non-
linearity is a two-edged sword. It means that bias-shaping
circuitry is required to obtain large linear capacitance wvs
voltage control regions. This is highly desirable for frequency
modulators and receiver-tuning applications. On the other
hand, the two most important varactor applications—fre-
quency multiplication and parametric amplification—must
have a non-linear capacitance vs voltage characteristic. Both
these applications are fundamentally impossible in a linear,
time-invariant system.

The depletion laver is then the dielectric of a capacitor.
As such, the varactor has a capacitance value and a “Q.” Both
are determined in the conventional manner, the capacitance
being a function of the junction area, the thickness of the de-
pletion layer (as determined by the reverse bias), and the
dielectric constant. “Q” is defined as the ratio of reactance to
resistance at a given frequency, To obtain high “Q,” very low
leakage is required. Because of this, silicon is used exclusively
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Table 1. A directory of manufacturers of varactor diodes.

A=General-purpose, low-trequency control varactors,

B-= High capacitance, low-frequency varactors (68 pF or more).

C=High-power, low-frequency varactors (1 watt or more}.

D=Hig}}:-power_ high-frequency varactors (1 watt or more; 100 MHz and
higher).

E=>Microwave devices (1 gigahertz and higher).
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Fig. 2. Various types of varactor packages are shown here.

for all varactors, except for a few gallium-arsenide micro-
wave devices. The finite “Q” implies a loss or a resistive com-
ponent. This occurs due to the bulk resistivity of the semi-
conductor and appears as a small series resistance.

A figure of merit of any varactor is its cut-off frequency.
This is the frequency at which “Q”=1. Put mathematically,
“O0"=X/R=1/2%fCR and feuoyy=1/27RC where f=fre-
quency in Hz, C=capacitance in farads, and R=series resist-
ance in ohms for some specified bias value.

Low-frequency “Q’s” are at least 50, typically 200 to 400
for many units. Many microwave varactors have “Q’s” so
Ligh they cannot be readily measured. Some manufacturers
guarantee “Q’s” of several thousand.

Fig. 1 shows how capacitance and “Q” vary with changing
reverse bias. The junction capacitance tends to become in-
finitely great at the forward breakover voltage, for here the
depletion layer approaches zero thickness. Unfortunately, the
junction is conducting heavily at this point and has ceased
being a capacitor. Because of this, the useful “Q” rapidly
diminishes as forward breakover is approached. Obviously,
if reverse breakdown is ever reached, the “Q” will also sud-
denly vanish. The greater the reverse bias, the greater the
“O” and the smaller the capacitance.

The choice of a reverse-bias operating point depends upon
the application. For maximum capacitance swing, the varac-
tor is normally biased halfway between zero and a value
safely under reverse breakdown. For maximum capacitance
change and greatest non-linearity, the varactor is biased near
the forward region. In fact, some harmonic multipliers actu-
ally are momentarily driven into forward conduction briefly
each cycle to produce strong harmonics. Operation at zero
bias has an advantage in many circuits—no d.c. bias source is
required. Finally, for maximum “Q” and greatest linearity,
the varactor can be biased well out on the curve, perhaps
within a few volts of reverse breakdown.

The actual biasing techniques will become apparent as we
discuss applications. Since the varactor is always operating in
the reverse-bias region, negligible current, and hence, negli-
gible bias power are required. In this sense, a varactor is an
extremelv “high-gain” device, providing many control func-
tions with only a few microwatts of control power.

Where a d.c. bias is used, a stable reference source must be
obtained. If not, the junction capacitance will faithfully fol-
low any drift or noise present with the bias source. A zener
diode is often employed in order to provide a stable reference
source when this is required.

Types of Varactors

There are five basic types of varactors, each with a funda-
mentally different package. These are shown in Table 1 and
Fig. 2. The ordinary diode package of Fig. 2A finds use for
general-purpose, low-power, low-frequency varactors. These
are usually low-cost devices, rated at a few hundred milli-
watts of power dissipation and having junction capacitances
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between 1 and 100 pF. These are used for any frequency
where case and lead stray inductance and capacitance are not
important, which usually restricts their use to under 500 MHz.
For some low-frequency applications, more junction capaci-
tance is required than will fit in this package. To increase
junction capacitance, either a larger junction or multiple junc-
tions may be employed. Both techniques find use. This results
in the “fat” package of Fig. 2B. These devices range from 68
to 2000 pF and go as high as one or two watts of dissipation.
Their main use is in low-frequency applications, such as audio
phase shifters, AM broadcast-band applications, and delay
lines.

The dissipation rating of any varactor is simply how much
heat it can safely dissipate. In an ordinary diode, substantial
heat is produced only in the forward-biased and reverse-
breakdown regions. This heat is determined by multiplying
the diode voltage by the d.c. diode current, producing the in-
ternal heat loss in watts. But no d.c. current can flow in a re-
verse-biased varactor (except for a trivial leakage current
measured in nanoamperes). This is not true of an a.c. signal,
since it will readily travel through the junction capacitance
and series resistance of the reverse-biased varactor. The a.c.
current traveling through the series resistance produces the
heat loss that is the basis for the dissipation rating of the diode.
The loss is given by I*R, where [ is the instantaneous a.c. sig-
nal current and R, is the equivalent series resistance. The
peak values of this particular power can be substantial in
some cases.

For applications where high r.f. signal levels are a problem,
the power varactor package of Fig. 2C finds use. Some of
these power varactors are rated at 25 watts and can easily
handle r.f. power inputs of 100 watts. These are important in
high-power multiplier chains, v.h.f. transmitters, and uw.h.f.
frequency multipliers, The practical upper frequency limit of
this package is about 500 MHz of r.f. input. Heatsinking is
usually provided by bolting the varactor to an aluminum or
copper plate of reasonable size.

Above 500 MHz, the power varactor has to be streamlined
to eliminate stray capacitance, residual inductance, and other
parasitics, resulting in the u.h.f. power varactor package of
Fig. 2D.

For microwave work, the least amount of circuit strays can
drastically alter performance. Lead inductances of 5 nano-
henrys can be intolerable, as can 0.1 pF of capacitance. Thus,
the microwave “package” of Fig. 2E is not a package at all
but merely a means of protecting the semiconductor and mak-
ing contact with the circuit. These devices are used exclu-
sively in stripline and waveguide circuitry. Some varactors
have cut-off frequencies in excess of 500 GHz and find use at
frequencies of 80 to 100 GHz. These varactors are truly tiny—
some will fit in an %-inch cube with room to spare.

Circuit Applications

One obvious application consists of using a varactor as a
replacement for a conventional variable capacitor in a reso-
nant circuit, as shown in Fig. 3. To allow proper biasing, a
blocking capacitor (C) is added in series with the varactor.
Biasing is by way of a high-value resistor and an r.f. bypass.
As the d.c. bias on the varactor is changed, the depletion
layer capacitance changes, which in turn changes the resonant
frequency. If capacitor C in Fig. 3B is much larger than the
junction capacitance, the series equivalent capacitance will
essentially be that of the varactor itself.

There is a defect in this simple circuit. At any instant, the
varactor sees a voltage that is the sum of the instantaneous
signal and the d.c. bias value. If the signal is quite small, this
is immaterial. But if the signal is large, it will itself bias the
varactor differently on positive and negative cycles and cause
severe distortion. This is eliminated by the balanced varactor
circuit of Fig. 3C. Here, two varactors are used back to back.
As the signal swings positive, it decreases the capacitance of
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Fig. 3. The use of varactors in various tank circuits.

one varactor and increases the capacitance of the other one.
The sum of the two series capacitors remains nearly constant,
determined almost entirely by the bias and not the signal.
Note that two series varactors have only half the junction ca-
pacitance of a single unit.

Sometimes it is desirable to just trim a resonant circuit in-
stead of permitting the varactor to assume full frequency con-
trol. A shunt capacitor may be added as in Fig. 3D to give any
desired control range. The ratios of shunt to junction capaci-
tance determine the swing the varactor can produce.

The circuit in Fig. 3C is used for radio-receiver tuning. For
a conventional AM receiver, the 365-pF tuning capacitor is
replaced by two 700-pF varactors in the balanced connection.
A d.c. source and potentiometer provide the tuning. In more
elaborate circuits, a saw-tooth signal may be used for tuning,
producing either a signal-seeking tuner or a spectrum ana-
lyzer, depending upon the rest of the circuit, Obvious advan-
tages of this circuit are mechanical stability, small size, and
ease of remote control.

Fig. 4 shows how a varactor is used to provide a.f.c. for an
FM receiver. The varactor is normally biased at — 4 volts with
no input signal due to the base bias on the transistor. The in-
put signal is derived from the d.c. output of the FM discrim-
inator. If the local oscillator frequency is low, a positive d.c.
output is produced at the discriminator which increases the
reverse bias on the varactor, decreasing its capacitance and
raising the local oscillator frequency. Similarly, a high oscil-
lator frequency produces a negative error which is also cor-
rected, thus locking the local oscillator to the input FM
signal. This same technique is used in radar to provide signal-
tracking filters, devices that follow an input signal regardless
of its frequency drift or change. Voltage-tunable i.f. amplifiers
work in much the same manner.
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The basic resonant circuit becomes a sweep oscillator if a
saw-tooth bias voltage is applied to the varactor. The output
will be a swept frequency that follows the saw-tooth input.
Distortion of the input saw-tooth will produce either a linear
or a logarithmic sweep, useful in many test instruments.

Fig. 5 is a varactor v.c.o. (voltage-controlled oscillator)
circuit. It produces a 25- to 35-MHz r.f. output in tune with
a d.c. bias input of - 2 to —39 volts. Distortion circuitry
added to the bias input has produced a v.c.o. with better than
1% linearity over a 30% bandwidth.

Varactors can produce frequency modulation in an oscilla-
tor simply by being driven with audio. The choice of shunt
capacitance, d.c. bias point, and modulation amplitude will
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Fig. 5. Dual-varacter voltage-controlled oscillator circuit.
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determine the modulation index. This method is much simpler
and more effective than conventional reactance modulators.
It also produces very little residual AM, has a verv high “Q,”
and requires only a tiny amount of modulation power.

Varactors can replace ordinary capacitors in many conven-
tional networks, resulting in electrically variable phase shift-
ers, delay lines, and low-pass filters, as well as high-pass,
bandpass, and band-rejection networks. These may have op-
erating frequencies anywhere from audio to microwave.

An efficient microwave switch, shown in Fig. 6 uses a
single varactor series-connected in a coaxial transmission line.
To turn the switch off, enough forward bias is introduced to
cause the diode to conduct heavily. This places the internal
lead inductance in parallel with the case capacitance, produc-
ing a high “Q” parallel-resonant circuit that blocks the band
of frequencies of interest. Reverse-biasing the varactor puts
the junction capacitance and the internal lead inductance in
serics, producing a series-resonant circuit that easily passes
the frequencies of interest. Note that this circuit appears to be
“backwards” from what a casual look at this circuit would
reveal; the switch is “off” when the diode is conducting heav-
iest. Shunt diode circuits also find use for varactors. Both cir-
cuits will readily switch in a fraction of a nanosecond with
very little amount of control power,

Non-Linear Applications

None of the applications discussed so far have made use
of the capability of a varactor to produce strong harmonics
of an r.f. signal. The two most important applications make
specific use of the varactor as a non-linear, time-varying react-
ance. These applications are frequency multipliers and para-
metric amplifiers.

Consider the frequency doubler of Fig. 7. This circuit con-
sists of a signal source at frequency fi, an ideal series-reso-
nant circuit that will pass only fi, a varactor, a second ideal
series-resonant circuit that will pass only the second harmonic
of f1, and a load resistance. An input signal is delivered to the
varactor at a frequency fi. The varactor will change its junc-
tion capacitance as it is self-biased by f1, producing a strong
harmonic waveform that is time-varying to the tune of f;. The
only harmonic that is allowed to flow by the filter is the sec-
ond. Therefore, practically all the power that goes into the
input must be converted into second harmonic power at the
output. The only losses are incurred in the small series resis-
tance of the varactor and the finite “Q” of the filters.

Frequency multipliers of this type do not have an efficiency
limitation nearly as severe as the 1/n efficiency limit that is
rarely, if ever, achieved with non-linear resistance tube and
transistor multipliers. Doublers (Continued on page 70)
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Fig. 7. A high-efficiency doubler using non-linearity of varacter.
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Fig. 8. This 10-watt, 1000-MHz transmitter uses varactors in a 22 % efficient circuit that needs no d.c. input power.
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SAMPLING
OSCILLOSCOPES

By SIDNEY L. SILVER

Signal sampling techniques permit laboratory-type oscilloscopes to extend
their vertical bandpass capability up to the equivalent of 1000 MHz, thus
allowing the measurement and display of extremely high-speed waveforms.

scope design have produced new measuring systems

emploving sampling techniques to extend the useful-
ness of existing oscilloscopes. In conventional scopes, the
visual examination and analyvsis of waveforms in the ultra-
high-frequency spectrum are impeded by the gain-bandwidth
limitations of vertical deflection circuits and associated video
amplifiers. Fast rise time, for example, is obtained at the
expense of reduced amplifier gain and, conversely, high sensi-
tivity is achieved at the expense of fast rise time. Further-
more, when a conventional scope is used to display extremely
fast-changing signals of low amplitude, the trace becomes
dim and the presentation may no longer be visible.

To offset these problems, pulse-sampling techniques are
applied to existing scope circuitry whereby fast, repetitive
waveforms in the gigacycle (thousand megacycle) range
are converted into slow-speed signals of much lower fre-
quency and of the same waveshape. This is accomplished by
reconstructing the waveform of the original signal and dis-
playing the information on a much slower sweep. By this
means, high-speed pulses in the nanosecond (millimicro-
second) region are translated to a longer time base so that
very wide bandwidth and high sensitivity can easily be
simulated by conventional amplifiers and circuits, Moreover,
the sampling process allows very slow speed scanning of the
CRT display so that the recreated output waveform can be
applied directly to an XY recorder to make a permanent
tracing of the signal being viewed. The resultant recording
then gives the impression that the test setup had an extremely
wide bandpass.

In a sampling scope, the CRT trace is independent of the
repetition rate of the observed signal so that the presenta-
tion is bright and clearly visible, regardless of the waveform
duty cycle. Since the duty cycle is independent of the degree
of sweep expansion, a high amount of sweep magnification
is possible without reducing the brightness, time-base cali-
bration accuracy, or resolution of the display.

Sampling oscilloscopes have found wide application in the
investigation of the properties and basic parameters of fast
semiconductor devices. They provide, for example, a rapid,
accurate means of determining the rise-time performance
and pulse response of high-speed switching transistors, di-
odes, and computer memory elements. These instruments
are particularly useful in the detailed studies of pulse shape
(required in the evaluation of multiplier phototubes), trans-
mission and delay lines, computer circuits, and radar systems.
Other applications include flux measurements in fast memory

RECENT significant developments in the art of oscillo-
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cores and thin films, and analysis of coaxial cables and at-
tenuators by observing the reflection of ultra-fast pulses
that are being propagated within the line,

The Sampling Principle

Sampling is the electrical equivalent of the optical strobo-
scope principle used for the visual observation of rapid
mechanical motion. This strobe-lighting technique appears
to slow down the motion of the object and depends upon
repetition of the observed phenomenon to reconstruct the
apparent image. Similarly, the oscillographic sampling pro-
cess requires that the input waveform be repetitive, although
not necessarily periodic or occurring at a constant repeti-
tion rate.

Fig. 1 shows the synthesis of a recurring waveform in
which the CRT display appears as a series of image-retaining
dots rather than the continuous presentation of a conven-
tional scope. The dots, which are uniformly spaced in time,
are produced by high-speed sampling pulses which are
superimposed on the input signal at discrete points along
the contour of the waveform. Each time a sample is taken,
the spot is moved horizontally along adjacent portions of the
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Fig. 1. Sampling technique displays a synthesized reproduc-
tion of the original signal and is similar to the stationary
image of a rapidly spinning wheel produced by optical strobe.

Fig. 2. The relationship between real and equivalent time.
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Fig. 3. Functional block diagram of a basic sampling system.
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Fig. 4. Time-related waveforms show operation of basic sam-
pling oscilloscope. Trigger is either external or internal.

waveform and is simultaneously repositioned vertically to
the corresponding voltage amplitude of the signal. This pro-
cess is continued until an exact reproduction of the original
signal is traced sequentially across the CRT screen, and then
the scan is repeated cyclically. In practice, a large number
of dots forms the display (as many as 1000 samples being
used to plot the waveform) so that the trace appears con-
tinuous and the waveshape is well-defined.

The sampling process, as shown in Fig. 2, involves a time
transformation whereby a long interval of real time is used
to display a short portion of sampled waveform. The real time
between successive samples depends upon the repetition rate
of the incoming signal, while the equivalent time is de-
termined by the spacing of the samples along the signal. By
slowly changing the relative time between the start of a

Fig. 5. Sampling system using error-sensing feedback loop.
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signal event and the sampling interval, it is possible to
slowly scan a fast signal so that a slow real-time horizontal
sweep rate gives a display which represents an extremely
fast sweep rate. Thus, in building up a composite picture of
the input waveform, the visual presentation apparently gives
the illusion that all samples are taken on a single pulse rather
than a train of recurrent pulses.

Over-All System

A basic consideration in the design of a sampling scope is
a means of generating extremely narrow sampling pulses in
order to operate a suitable gating circuit which can utilize
the pulses to measure the amplitude of the input signal at
the moment of sampling. It is also necessary to include a
means of processing the information provided by the sam-
pling gate so as to deliver to the CRT a vertical output signal
which is proportional to the sampling-signal level. Another
requirement is a means of controlling the position of the
sampling pulses as a function of time in order to actuate the
horizontal time-axis deflection in the CRT.

These objectives are met by the typical sampling-scope
arrangement shown as a functional block diagram in Fig. 3.
Initially, a trigger signal (derived internally or externally)
initiates a series of events, as illustrated by the time-related
waveforms of Fig. 4, which establishes the scanning process.
The trigger is fed to a buffer isolation amplifier which initi-
ates the operation of a blocking oscillator. A hold-off circuit
monitors the blocking oscillator so that it does not respond
to trigger signals until all circuits in the system have re-
turned to their equilibrium states and the circuit is free to
accept a new triggering event.

The output of the blocking oscillator is a flat-topped pulse
with an extremely fast rise time, which initiates a ramp
generator, in turn, produces a positive-going linear saw-tooth
which ultimately controls the time base of the reconstructed
waveform. This circuit operates by means of a staircase
generator in conjunction with a voltage comparison, or
comparator, device. When the instantaneous ramp voltage
reaches the voltage level of the staircase, the comparator
circuit fires and delivers a pulse to the strobe generator
which, in turn, produces the sampling pulse. Immediately,
the staircase advances one discrete step for each sampling
pulse and simultaneously advances the X position of the
CRT beam one increment of horizontal distance. When the
staircase voltage reaches a sufficient level to deflect the
CRT beam full screen, the voltage automatically resets itself
to start a new scan.

At the peak of each sampling pulse, the CRT is unblanked,
and the instantaneous pulse-height samples are mixed in a
gating circuit with the vertical input signal during a pre-
selected time period determined by the sampling rate. In
operation, the sampling gate blocks the input signal during
the time interval between samples but turns the signal on
each time the strobe generator produces a sampling pulse.
The resultant signal-modulated sample is amplified, length-
ened or “stretched” in time, applied to the oscilloscope Y
plates for vertical deflection, and traced out as a series of
bright dots. See Fig. 8 for an example.

Signal Channel

In the sampling approach to wh.f. measurements, there
are two basic types of sampling processes employed in the
signal circuit: the signal-proportioning system and the error-
sensing feedback system. The signal-proportioning method
is an open-loop configuration in which the vertical output
is directly proportional to the input signal. Each sample is
thus displayed independently so that the presentation is
governed by the efficiency and gain of the signal circuitry.
In the more sophisticated feedback system, the vertical out-
put is adjusted in proportion to any change in level between
consecutive samples. The sampling function thus determines
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whether a previously stored sample voltage must be appro-
priately modified to properly display a subsequent event.

Fig. 5 illustrates a tvpical error-sensing sampling tech-
nique used in modern sampling scopes. In this arrangement,
the sampling gate is composed of four matched diodes, con-
nected in a balanced bridge configuration, which operate
as a high-speed switch. The gate is held open by reverse
biasing which prevents the input signal from being passed
to the amplifier. Sampling is accomplished by momentarily
closing the gate with a pair of opposite-polarity pulses
coupled from the strobe generator. This action forward biases
the gate during the sampling interval and stores a very short
pulse of current, proportional to the instantaneous signal
amplitude, in the amplifier input stray capacitance (C1).
Any voltage change at C1 is amplified, stretched to about
% wsec, and applied through the memory gate to storage
capacitor C2. To stabilize the feedback loop, the memory
gate is held open only long enough to respond to the sam-
pled signal.

By means of the feedback system, the voltage level in the
storage circuit is compared to the true level of the input
signal at the time of the previous sample. If the stored level
differs from the signal amplitude, an error signal is applied
to the input of the system during the interval of the next
sample and adjusts the stored output voltage to the ap-
propriate new value. Thus, if the signal is the same for two
consecutive samples, there is no change in the level of storage
capacitor C2, no signal is fed through the amplifier, and the
output voltage remains constant. By virtue of the over-all
feedback loop, the error-sensing sampling system has ex-
cellent gain stability and a high degree of linearity.

Probing and Triggering

Generally, two basic types of input probes are used to
couple the measuring signal to the vertical circuit of the
sampling scope—the passive probe and the direct sampling
probe. The passive probing technique shown in Fig, 6A
generally includes a trigger pick-off circuit for internal trig-
gering. To minimize reflections that can seriously distort the
input waveform, the circuit is provided with a 50-ohm ter-
mination which is bridged by the high-impedance sampling
gate located in the main instrument. In the internal trigger-
ing mode, a small portion of the input signal amplitude is
extracted by a take-off transformer (6-dB insertion loss) to
serve as the