
JUNE, 1966
60 CENTs

fJEW SEALED LEAD -ACID BATTERIES

VARACTOR DIODE CIRCUITS

CHROMA SYNCHRONIZATION IN COLOR -TV SETS

SAMPLING OSCILLOSCOPES: Their Design & Application

Special Features on

P.A.SYSTEMS

Ampules

speakers

microphones



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 NRI'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 experience can
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
ma.or training programs
in Radio -TV Servicing, In-
dustrial Electronics 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 chat 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



1.0 WAYS TO TRAIN AT HOME

6

7

8

10

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

2
INDUSTRIAL AND MILITARY ELECTRONICS Learn Principles,
Practices, Maintenance of Electronic equipment. Covers com-
puters, servos, telemetry, multiplexing, other subjects.

3
COMPLETE COMMUNICATIONS A comprehensive program cov-
ering broadcasting, mobile, marine, aviation communications.
Learn to operate, maintain transmitting equipment. Prepares
for FCC License.

4
FCC LICENSE Prepares you quickly for First Class License
exams. Every communications station must have licensed op-
erators. Also valuable for Service Technicians.

5
MATH FOR ELECTRONICS A short course of carefully prepared
texts going from basic arithmetic to graphs and electronic

. formulas. Quick, complete, low in cost.
BASIC ELECTRONICS Abbreviated 26 -lesson course covering
Automation -Electronics, TV -Radio language, components, princi-
ples. Ideal for salesmen, hobbyists, 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-
tronic equipment used on commercial and pleasure craft. A
growing, profitable field. Prepares for FCC License.
MOBILE COMMUNICATIONS Learn to install, operate, main-
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.

CHECK AND MAIL

THIS POSTAGE -FREE CARD

NATIONAL RADIO INSTITUTE
Washington, D.C. 20016 2-066

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

 TV -Radio Servicing CI Basic Electronics

El Industrial Electronics  Electronics for Automation

 Complete Communications  Aviation Communications

 FCC License 111 Marine Communications

CI Math for Electronics  Mobile Communications

Name Age

Address

City State Zip Code

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL



7

F
IR

S
T

 C
LA

S
S

P
E

R
M

IT
N

O
. 2

0-
R

W
as

hi
ng

to
n,

 D
.C

.

B
U

S
IN

E
S

S
 R

E
P

LY
 M

A
IL

N
O

 P
O

S
T

A
G

E
 S

T
A

M
P

 N
E

C
E

S
S

A
R

Y
 IF

 M
A

IL
E

D
 IN

 T
H

E
 U

N
IT

E
D

 S
T

A
T

E
S

P
O

S
T

A
G

E
 W

IL
L 

B
E

 P
A

ID
 B

Y

N
A

T
IO

N
A

L 
R

A
D

IO
 IN

S
T

IT
U

T
E

39
39

 W
is

co
ns

in
 A

ve
nu

e
W

as
hi

ng
to

n,
 D

.C
. 2

00
16

1.
 

U
)

m
ei

S
D

C
O

'M
a

C
D

m
m

V
I

a

C
D

C
O

C
I) . C
D .r
t

11 C
D

C
D

m
g = Is

m
 a = C

fC
t m C

D C
)

...
1 

-
m

e 0 = C
)

U
)



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

June, 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, police and insurance
officials have proved that an alarm
system reduces, 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, every business 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

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.

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

Please tell me how I can have a business
of my own distributing Radar Sentry
Alarm Systems. I understand there is no
obligation.

Name
EW-6

Address

City

CIRCLE NO. 99 ON READER SERVICE CARD

State & Code
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6 -gang Model zt 177S
Actual size

This infinite resolution
rotary POT doesn't depend

on a fragile wire...
performs for 10 years*

-and more!

s C.I.C. potentiometer has a life of over 75,000,000 revolutions (that's one revolution every second of every
rking day for over 10 years!) because the mirror -smooth surface of the continuous broad -band film resistance

element permits the use of light pressure, low mass wipers, which cause only infinitesimal wear even under
the most severe environmental conditions. Only C.I.C. pots use multi -fingered precious metal wipers throughout,
with the individual fingers tuned to different natural frequencies,combined with rugged ball -bearing construc-
tion, to produce unexcelled reliability...All this in extremely compact, low torque units available with fully
load compensated linear or functional outputs.

Mink
MODEL. NO.

1111
A

B

C .
IIII aMillr

(ADDITIONAL LENGTH PER CUP) .. 0.20

BEST LINEARITY iiiiir 0_03511.1111. 0.02°4
7.11111119.111r

SPECIFICATIONS lb.

..11iiik. 1741111 205S 305S

1111.1111 11111111 2 3AM 1...c)66N1116.kitl4..)05 2.875
2.3745

725

o

C

060
060

B

Write for free Rotary Potentiometer Catalog.

4

C I C COMPUTER INSTRUMENTS CORPORATION 90 MADISON AVE .1-tEMPSTEAD.N.Y.



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 CS0-4
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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Buy the BEST!
81, i LIT form!

EN

SCR
CAPACITIVE

SYSTEM

ONLY $ 2995 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 benefits:

 Up to 20% Increase in Gasoline
Mileage

 Installs in Only 10 Minutes on
any Car or Boat

 Spark Plugs Last 3 to 10 Times
Longer

 Instant Starts in all Weather
 Dramatic Increase in Acceleration

and General Performance

 Promotes More Complete
Combustion

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

BETTER YET-ORDER TODAY!
r

DELTA
DELTA PRODUCTS, INC

P.O. Box I147EW, Grand Junction, Colo. 81501

Enclosed is $ Ship prepaid.
ID Ship C.O.D.
Please send:

 Mark Tens (Assembled) @ $44.95
 Mark Tens (Delta Kit) @ $29.95

SPECIFY -11 Positive Ground [] Negative
Ground fl 6 or El 12 Volt

Car Year

Name

Make

Address

City/State Zip

DP 6-2
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COMING
NEXT MONTH

SPECIAL ISSUE
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.
Robert 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 J. 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
The most important advantage of this
new semiconductor, which is also called
MOST, MOSFET, or IGFET, is its ex-
tremely high input impedance. It can be
used in any circuit application where
this characteristic is required.

AUTOMATIC STEREO
MULTIPLEX DEMODULATOR
Details on a new transistorized circuit
for use in hi-fi FM tuners whereby the
demodulator diodes perform wholly au-
tomatic switching from mono to stereo.
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 16th.
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ARE
YOU

DEMANDING
ENOUGH

TO OWN A
MAGNECORD TAPE RECORDER?

If you refuse to compromise with less than professional recording ability
... 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! agn e cord
NOTE: Demand the easy credit terms now available from your Magnecord s DIVISION OF THE

dealer! Your unsatisfactory tape recorder may make the down payment. piii-B.E.,,SZRPOU.A.:Tl.\!
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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

The ultimate goal of most sound reinforce-
ment systems is to improve distribution of the
desired original sound without changing its
essential character (except to possibly 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 to 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. These tend to over-
emphasize and blur low bass sounds and to
trigger feedback. The Model 676, in addition
to flat response, is provided with a variable
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 setting 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. 3,095,484

For technical data on any E -V product, write:
ELECTRO-VOICE, INC., Dept. 663N

629 Cecil St., Buchanan, Michigan 49107

SHke.Z.- &kr.
SETTING NEW STANDARDS IN SOUND

,lorD the, record
WM. A. STOCKLIN, EDITOR

INTEGRATED CIRCUITS FOR CONSUMER PRODUCTS

ALMOST 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 Home Instrument Division, in un-
veiling its latest 12" 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 -5 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-

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.

Engineers should also realize that linear
IC's are 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.t.v.m.'s, broadband line amplifiers for
CCTV 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
J.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

CIRCLE NO. 118 ON READER SERVICE CARD
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FIIVCPC7 COALNOTRE-WAIG

FOR UHF, VHF, FM RECEPTION

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'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.

FINCO Model UVF-18-$42.50 list
FINCO Model UVF-16 -530.50 list
FINCO Model UVF-10-$18.50 list

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

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  Bedford, Ohio
Write for beautiful color brochures Number 20-322, and 20-307, Dept. 410.
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II

Earn Extra Income
in MOBILE-RADIO

MAINTENANCE!

CITIZENS BAND
AIRCRAFT . .. MARINE

. PUBLIC SAFETY ...
BUSINESS AND INDUSTRIAL

RADIO
961,000 new transmitters added

last year, with the curve still

V going upward!

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.

 Pinpoint signal generator for receiver final align-
ment.

 Internal quartz crystal standard . . . correctable
to WWV.

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.

105-B 205-A

FREE BOOKLET!
Send for "HOW TO .11.110E
MONE1- IN .110BILE-R.11110
.1/.4 iNTEN.1 'E".

MAIL COUPON TODAY!
/Ans:4-,

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

Name

Addres'

City State Zip

LAMPKIN LABORATORIES, INC.
MFM Div., Bradenton, Fla. 33505

CIRCLE NO. 105 ON READER SERVICE CARD

ELECTRONICS
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 all
branches of electronics with
major companies. Start Sep-
tember. February. Dorms,
campus. High school graduate
or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana

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 already 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 array of har,-
monies (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.

IM

ID

V,5

POWER
MODE

TRA11T1.1_,.1T1001

STORAGE TIME

COMPUTEER
DIOD

STEP-
RECOVERY

DIODE

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.

JAMES WRIGHT 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-

8 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.

sBELDFOIL* SHIELDED CABLE

OLVE
CRITICAL NASA INSTRUMENTATION PROBLEM!

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
Tracking Station. In this massive 210 foot

diameter antenna, built to track lunar and
planetary probes, Belden Beldfoil shielded

cables carry instrumentation signals from
sensitive structural detectors to an

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.

Belden

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

FOR COMPLETE INFORMATION
CONTACT YOUR BELDEN
DISTRIBUTOR.

BELDEN MANUFACTURING COMPANY P.O. Box 5070A Chicago, Illinois 60680
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Once (maybe twice) in a lifetime.
The outstanding acceptance and success of Honeywell's business and scientific
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

Honeywell
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.

PUT ZiFt-
in
your mail

Include
ZIP CODE NUMBERS
IN ALL ADDRESSES

JOHN JONES
380 WEST 33 ST
013 YCRIC,14.Y 1000

MR. RICHARD SMITH
220 EAST 85 ST.
NEW YORK. NY 0028

POSTMASTER

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.

DONALD 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. 
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Join our
profit-sharing plan
for color 1V repair.

Here's how the plan works. First, Sylvania
advertises you in TV Guide as the right TV
serviceman for color re-
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 85TM picture
tube and color receiving tubes that you can
push or ignore, since you're independent.

And the payoff: 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.

In the Mister Right part of the plan, your
Independent Sylvania Distributor puts your
name, town and phone number in
up to four TV Guide ads this
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

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,
Seneca Falls, New

York 13148.

)11
410)

COL ,bright 855
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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.

THE Dynaco PAS -2 and PAS -3 pre-
amplifiers (identical except for styl-

ing details) have earned 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-
tively 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-

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.
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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
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UNISPHERE'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 I - Model 565. Premium quality
spherical filter version of the incomparable Uni-
dyne® Ill. 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



for PROFITABLE,
TIME -SAVING

SERVICING
OF: Black & White TVel

Color TV
AM and FM, Tube or

Transistor Home, Portable Nir.:4
and Auto Radios 11,
Communications

equipment &
Home

Appliance

Hi-Fi
Components

WITH SIGNAL INJECTION AND IN -AND -OUT OF CIRCUIT

MEASURING TECHNIQUES

Send today for your free copy of Catalog AP22

11/vis/iIN OF
DYNASCAN DS -602

1801 WEST BELLE PLAINE AVENUE. CHICAGO, ILL. 60613
Telephone: (312) 3277270 Cable Address: BANDKCO
CIRCLE NO. 123 ON READER SERVICE CARD

with
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
a wrench. For use in up to 16 -gauge metal. Avail-
able at leading radio and electronic parts dealers.

MI GREENLEE TOOL CO
Division of Greenlee Bros. & Co.
1866 Columbia Avenue, Rockford, III. 61101

CIRCLE NO. 112 ON READER SERVICE CARD

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
he 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 - 54 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 1 -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 5 volts output and the harmonic
distortion reached 0.07% at 10 volts.

The performance 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 surely 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.

TELEX 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
33i -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 ear
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 placement 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, Dr 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 Pr 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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COBREFLEX 30

MILA

IB-A

CMIL-A

UNIVERSITY

SOUND

has the

world's

greatest

selection

of

paging and

talk -back

speakers

for
people -to -people

communications

F R E E !

University's brand new 1966
PA catalog and world fam-
ous "Tecbnilog". Mail cou-
pon to Desk F65.

NAME

MIL -T

CMIL-T

I BR A

MIS

2WP-20

IBR-T

SH-30

LIL-8

111
UNIVERSITY SOUND
A DIVISION OF LTV LING ALTEC,INC.
9500 W. Reno Oklahoma City, Oklahoma

ADDRESS

CITY STATE ZIP

WIMESIMEM EFSEIMOMMIS

June, 1966
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The
"Chip"

...will it make or break
your job future?

THE DEVELOPMENT OF INTEGRATED CIRCUITRY is the

dawn of a new age of electronic miracles. It 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.
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MINY ELECTRONIC "CHIPS:' each no
I bigger than the head of a pin, are
bringing about a fantastic new Industrial
Revolution. The time 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
...or 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-
erations 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 menus planned, and her calories
counted. Her vacuum cleaner may creep
out at night and vacuum the floor all by
itself.

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

When your telephone rings and no-
body's home, your call will automati-
cdlly 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 mean to someone
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 true 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 for trained electronics
personnel to help design, manufacture,
test, operate, and service all these
marvels.

There simply aren't enough 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
field engineers.
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How To Get The Training You Need
You can get the up-to-date training
in electronics 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
electronics 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

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
electronics, CIE courses are constantly
being revised. Students receive 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

CIE

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

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 11 different correspondence courses
I've taken, CIE's was the best prepared,
most interesting, and easiest to under-
stand. I passed my 1st Class FCC exam
after completing my course, and have
increased my earnings $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 Commercial 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 must 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 get 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
1776 E. 17th St., Dept. EW-18,Cleveland, Ohio 4 4114
Accredited Member National Home Study Council. A Leader in Electronics Training...Since 1934
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Here's a new RCA omnidirectional

dynamic microphone, the SK -30,*

ideal for P. A. system use. *
It has superb frequency response

from 50 to 14,000 Hz. *
It's rugged *(relatively insensitive
to shock and vibration), light-

weight *(only 5 oz.), compact *
(only 41/2" long, 11/2" in diameter),

and attractively styled. *
It can be mounted almost any way
you want: *gooseneck,
desk- or floor -stand

or hand held. *

*011,YES,
AND IT'S QUITE INEXPENSIVElOnt

(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

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,
13r -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
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
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-
notes 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 anything 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 buying, if at all possible. All are
capable of providing satisfying stereo
reproduction.

CIRCLE NO. 100 ON READER SERVICE CARD ELECTRONICS WORLD



New Professiona
DC 'Scope
Heathkitg10-14

Assembled jFactory $,99

Eighteen Years Ago Heath Broke The Price Barrier 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.

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

Here Is A Truly Sophisticated Instrument . . . designed with modern
circuitry, 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.

r

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 are
low -loss fiber glass laminate. The I0 -14's cabinet is heavy gauge
aluminum. Its CR tube is shielded against stray magnetic fields, and
forced air ventilation allows the 10-14 to be operated under the
continuous demands of industrial and laboratory use.
Kit 10-14, 45 lbs $299.00
Assembled IOW -14, 45 lbs $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: 1 megohm shunted by
15 uuf. Signal delay: '0.25 microsecond. Attenuate'', 9 -position, compensated,
calibrated in 1, 2, 5 sequence from 0.05 v/cm. Accuracy: ±3% on each step
with continuously variable control (uncalibrated) between each step. Maximum
input voltage: 600 volts peak -to -peak; 120 volts provides full 6 cm pattern in
least sensitive position. (Horizontal) Time base: Triggered with 18 calibrated
rates in 1, 2, 5 sequence from 0.5 sec/cm to 1 microsecond/cm with ±3%
accuracy or continuously variable control position (uncalibrated). Sweep mag-
nifier: X5, so that fastest sweep rate becomes 0.2 microseconds/cm with magnifier
on. (Overall time base accuracy :-.115% when magnifier is on.) Triggering
capability: Internal, external, or line signals may be switch selected. Switch
selection of + or - slope. Variable control on slope level. Either AC or DC
coupling. "Auto" position. Triggering requirements: Internal; 1/, cm to 6 cm
display. External: 0.5 volts to 120 volts peak -to -peak. Horizontal input: 1.0
v/cm sensitivity (uncalibrated) continuous gain control. Bandwidth: DC to 200 kc
±3 db. General 5ADP3I or 5ADP2 Flat Face C.R.T. interchangeable with any
5AD or 5AB series tube for different phosphor characteristics. 4250 V. accelerat-
ing potential. 6 x 10 cm edge lighted graticule with 1 cm major divisions &
2 mm minor divisions. Power supply: All voltages electronically regulated over
range of 105-125 VAC or 210-250 VAC 50/60 cycle input. (Z Axis) Input
provided. DC coupled CRT unblinking for complete retrace suppression. Power
requirements: 285 watts. 115 or 230 VAC 50.60 cps. Cabinet dimensions: 15" H
x 101/," W x 22" D includes clearance for handle and knobs. Net weight: 40 lbs.

FREE! 1966 Heathkit Catalog
HEATHKIT 1966 (

Pi '1/4')

108 pages ... many in
full color ... describe
over 250 Heathkits
for the lab, hobbyist,
and industry.

Heath Company, Dept.15-6

Benton Harbor, Michigan 49022

ID Enclosed is $ , plus shipping for model (s)
111 Please send FREE Heathkit Catalog & full 10-14 specifications.

Name

Address

City State Zip

Prices & specifications subject to change without notice. 7E-142
L 1

- a
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MALLORY Tips for Technicians -1'

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.

BV R
VR:

5V

F

2 ma
150kla BI F

5V

rzwr

BIR 150ua
2 m a

I R

VF

BVF

TYPICAL TRIGGER CHARACTERISTIC

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 without
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 5%. 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 %if long and Nff 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. ANNIVER SAP"
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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.

THE function of a public-address system is to deliver
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 only 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
The .a. family of reproducers can b roken down into

spe c groups, such as relatively small pap and talk -back
speakers, larger higher power projector trum is with spa-

lly uniform sound coverage, wide-angle hoi is for con-
uring the reproduced sound pattern into one preferred

lane, and colu n I eIers, (or line radiators) for ombined

1

1 '1

high -directivity control and extended frequency response.
With the exception of the column speakers, p.a. repro-

ducers use compression -driver, horn -loaded types. This
design assures high efficiency of conversion of electrical
power into acoustic power, on the order of up to approxi-
mately 35 to 50 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 match
between the driver unit (the source of the sound) and the
air around it. The mechanism by which this takes place is
illaastrated in Fig. 1.

The improvement in the radiation efficient of the system
due to the horn is frequen y dependent, as d e horn is also
a high-pass filter. The ba d of frequencies that the horn
will pass is determin d by s design cut-off fr quency. Why,
in gen al, does the rger orn produce "bet er and louder"
so ld? his is beca se th slower the horn xpansion with
Ion er coustic colu n (i -spective of whet er it is folded
or trai ht) and the arger he mouth, the lo er will be the
fre uei ies that the horn ill pass (Fig. 2) It is common
pr ctic to fold a hor bac inside itself, form g a re-entrant
str ctu in order to prod 1 e long acoustic olumn lengths
in re sonable phy ical si e.

n a dition to the frequ cy passband ch acteristic, p.a.
speake horns also h, ye a -finite radiation p ttern or sound



Acoustic Column
Length

Throat

Sound pulse
starts here
at narrow throati

and travels down
horn progressively
energizing largerareas ---

so that there is
even transition of
sound from one
area to the next
larger ---

until the mouth
area is energized---1

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

Mouth

II

rl

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

Horn A
Fast flare, short
acoustic column,
small mouth:-

High cut-off frequency

Frequency

Horn D
Show flare, long
acoustic column,
large motth:-

Low cut-off
frequency

HoArn

Air -Column
Length

Mouth
Dia.

Cut-off
freq. Dispersion

6 1/2' 32" 85Hz 65°
4 1/2' 26" 120Hz 75°
3 1/2' 21" 150Hz 85°
2 1/2' 16" 200 Hz S5°

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

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-
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

it drives or energizes the horn, is re-

markably small considering the amount of power it can
handle and for the amount of acoustic 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 (Al and UN produce symmetrical sound patterns.
Horns at (B) and 1E) have been specially shaped to produce a greater hori-
zontal spread of sound when mounted as shown. Dual horn at (C) has same effect.

HIGH -POWER PROJECTORS

(B)

( A ) (C)

PAGING AND TALK-BACK PENETRATORS

(D) ( E )
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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,
such as an open field, to listen to a
political speech. Such a group usually
gathers as near on -center to the speak-

* er's platform as possible. They would
almost certainly form a lobed -out pat-
tern so that they could see the speaker
as well as hear him. Such a distribution
lends itself ideally to the pattern of
coverage obtained from a symmetrical
horn for that horn 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

Vertical
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 Horizontal
Plane

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.

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.
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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 the
nearby working areas and its message
would be completely washed out and
absorbed by the nearby stock material;
little sound would get to the major parts
of the warehouse. Many smaller units
strategically placed over the aisles (not
necessarily one per aisle) would carry
the message equally well to all parts of
the working area.

Special Features
Of equal advantage with a multiple

system of smaller units is that they may
function as "talk -back" units if the am-
plifier electrical system is arranged for
such operation. Many man-hours are
saved and customer service is improved
when "talk -to" and "talk -back" facilities

---\1I5-120 are incorporated in a simple communi-
cations system. For such systems the

12o-125 smaller horn units make excellent on -
125 -126

*MEA

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

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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equirements.

the -spot message projectors, while be-
cause of the sound collecting properties

128-132 of the horn aided by the heavy magnet
structures, such units make very sensi-
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)
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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.

AILURES among certain transistor types can be pre-
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
years 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
years 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 years 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 (/EB0) at -2 and -10 V; collector -base current (Iri/0)
at -2 and -10 V; collector -emitter current at -10 V with
base grounded (Ices), grounded through a 10,000 -ohm resis-
tor (/cER ), and open (/cE0); and normal and inverse current -

transfer ratios for the common -base configuration at 10 mA
and -5V. Following are the findings.

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
analyzed 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
automatic 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 control 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.

THE home entertainment industry met its latest elec-
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

Fig. 1. The linear IC lin 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 µV, 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 µV, the output signal remains con-
stant within 0.5 dB.

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 IC 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
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,Q2) 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, Q8) 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, Q8) 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 exactlyo 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 r.f. 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.
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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
DI 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.

Miniscule linear integrated circuit in the 10 -lead, TO -5
can contains 12 transistors, 14 resistors, and 12 diodes.
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ADAPTIVE PATTERN RECOGNIZER DEMONSTRATION

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 21/2
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.I.T.'s Lincoln Laboratories is in charge of the project which
employs equipment supplied by Lenkurt and Western Electric.

"Overlay" 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.

INCREASING design effort on the part of manufacturers in
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 powerSupply 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.

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 fitst lead -acid storage battery
was presented to the French Academy of Sciences in 1860 by
its inventor, Gaston Plante. 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 Construction
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.
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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

16 18 the capacity of its individual cells. There-
fore, as fewer cells are needed in a lead -
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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 to
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.
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Fig. 4. Shelf life at 70°F for two types of sealed batteries.
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The state of charge of any sealed bat-
tery is not easy to determine. The on -
charge or on -discharge voltage of a lead -
acid cell can give a rough idea of its
state of charge. Open -circuit voltages,
although affected by state of charge, do
not vary enough to be useful as an indi-
cation of state of charge unless extremely
sensitive voltage measuring instruments
are available. Actually, the simplest way
to handle one of these batteries if the
state -of -charge is not known is to re-
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 month,
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 cycle life.
It is impossible to give one meaningful figure because cycle
life always depends on what a "cycle" is; but over the range
of normal uses, cycle life will be from 50 cycles (for the most
severe conditions) to over 200 cycles (for the most favorable
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 battery 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 connection 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 course, 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 battery -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 -

battery field which opens new markets to designers of cord-
less equipment. In fact, these batteries will make possible
new cordless devices which would not have been practical
with other types of batteries.
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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.

THE most critical of the three major circuit sections
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

the CTC-16 and 17 models is shown in Fig. 2. The video
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 VI 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 Ti 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. If
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 Cl, 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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which drives the 3.58 -MHz output transformer, T2, acts as
an amplifier that helps to isolate 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 R5 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 flyback 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 V5 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 T2 primary
should be exactly in -phase with the transmitted color sync
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

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 sync
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 T1
and this helps to sustain the ringing well beyond 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 any 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 of 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 control grid, however, is connected to
the output of the "ringing" crystal. If monochrome trans-
mission is received, there will be no burst to excite the crystal
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.
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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 years. 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 necessary 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 3.58-

MHz burst. If a single burst is missed, no color sync signals
are generated during the subsequent horizontal line. For
troubleshooting, it is essential (Continued on page 75)
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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.

THE 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.
systems they 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 73i 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 5',A" by 1:Y16" 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 13i -inch
rod radiator protruding from the top of the unit. Battery life is
about 35 to 50 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 operating in the

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 FCC
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 limited 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-

ating 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 SO AV/meter at 50 or more feet from the device.

5. The field strength of emissions on any frequency outside the 200 -kHz -band must not

exceed 40 /21//meter at 10 or more feet from the device.

6. No changes whatsoever may be made in any type -approved equipment, including

the antenna (italics ours), except on specific prior approval by the FCC.
1. 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.

titular 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.

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.

ALL too often the inexperienced sound installer attempts
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 easily
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
features, 9. mounting and portability, 10. accessories, and
11. cost. These will all be discussed below.

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, (h) noise level,
(c) efficiency 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

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)

Classroom 30 x 30 x 10
Depends on number of

0.5 roomsc

Hotel Room 15 x 12 x 8

Quiet Office 100 x 50 x 10

Noisy Office 100 x 50 x 10

Depends on number of
0.1 roomsc

3.0 10C

6.0 10-15c

Church Small 10-15sc

Church Large 30-60sc

Quiet Factory 100 x 200 x 20 30"

Noisy Factory 100 x 200 x 20 60-100"

Auditorium Typical high school 30sc

Athletic Field
Stands 50 x 200 50"
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
RATING

CONSUMER
PRICE

COST PER
WATT

Model A

Model B

Model C

30 watts

60 watts

120 watts

$113.00

$138.00

$195.00

$3.80

$2.30

$1.63

Above models are identical except for output power.
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Fig. 1. Distortion of various public address amplifiers.
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amplifier. Note that the 60 -watt Model B is only 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,
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
his job satisfactorily.

2. Response and Distortion
In recent years 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. system. 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.
system will provide high intelligibility
with a frequency range no broader than

A typical p.a. amplifer installation
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.

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 transformers ( 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 economy 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.

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 );

40 ELECTRONICS WORLD



a Catholic church will require, because
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 1-organ.

For stage use in a theater as many as
five microphones may 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 only one microphone input. These micro-
phones are wired through momentary press -to -talk switches
which complete the microphone input circuit only while the
switch 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-
phone cable does not exceed about 50 feet, a high -impedance
microphone may be used. If 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
amplifier 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 players, 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

This portable system has a 35-W p.a.
amplifier, a record player, a mike,
two 12 -in speakers in carrying case.

clocks incorporate a set of contacts
which can be used to activate the con-
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 employing 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 varying 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 type, 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 church 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 ohms 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 "fiat" in this manner
can be played back at a later date through an amplifier whose
tone controls may be adjusted at will to produce the most
pleasing sound, without affecting the original recording.

2

15

1

14 5
+
00

ve; 5

10

15

20
20

Fig 2. Tone -control and speech -filter response characteristics.

%..11.4

0.,.

RES(eMAX. SASS CUT

Ct...."4.--.,

50 70 100 200 500 700 1k 25

FAEOUENCY-Hz
5k 7k 10k 20k

June, 1966 41



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
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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 use.

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.

c. 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 output 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.

WHENEVER any p -n semiconductor junction is re-
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-

ma 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

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 vs
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 layer 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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Fig. 1. Varactor capacitance and "0" vary with bias voltage.

Table 1 A directory of manufacturers of varactor diodes.

MANUFACTURER

AIRBORNE ELECTRONIC LABS
Richardson Rd., Colmar. Pa.

AMPEREX ELECTRONIC CORP.
230 Duffey Ave.. Hicksville, L.I., N.Y.

BENDIX CORP, SEMICONDUCTOR DIVISION
South Street. Holmdel. N.J.

COMPUTER DIODE CORP.

250 Garibaldi Ave., Lodi,

EASTRON CORP.

25 Locust Street, Haverhill, Mass.

FAIRCHILD SEMICONDUCTOR
545 Whisman Rd.. Mountain View, Cal.

HUGHES AIRCRAFT CO., SEMICONDUCTOR DIV.
503 Sunerior Ave., Newport Beach, Cal.

ITT FEDERAL LABS
500 Washington Ave., Nutlet ,, N.J.

MOTOROLA SEMICONDUCTOR
Box 955, Phoenix, Arizona 85001

MICRO STATE ELECTRONICS
152 Floral Ave., Murray Hill, N.J.

MICROWAVE ASSOCIATES
Northwest Park, Burlington, Mass.

NUCLEONIC PRODUCTS CO.

3133 E. 12th St., Los Angeles, Cal.

PHILCO SPECIAL PRODUCTS
Lansdale Div., Lansdale. Pa.

FADIO CORPORATION OF AMERICA
415 S. Fifth St., Harrison. N.J.

RAYTHEON CO., SEMICONDUCTOR DIV.
350 Ellis St.. Mouniain View, Cal.

SOLITRSN DEVICES INC.
256 Oak Tree Rd.. Tappan, N Y.

SYLVANIA ELECTRIC, SEMICONDUCTOR DIV.
100 Sylvan Rd.. Woburn, Mass.

TEXAS INSTRUMENTS, SEMICONDUCTOR DIV.
Box 5012, Dallas. Texas 75222

TRW/PSI SEMICONDUCTORS
14520 Aviation Blvd., Lawndale, Cal.

VARIAN SOLID STATE
Beverly 34. Mass.

A= General-purpose, low -frequency control varactors.
H=High capacitance, low -frequency varactors (68 pF or more).
C= High -power, low -frequency varactors I1 watt or more).
D= High -power, high -frequency varactors t 1 watt or more;

higher).
E= Microwave devices (1 gigahertz and higher 1.

100 MHz and

GENERAL
PURPOSE

(A)

HIGH POWER
CAPACITANCE

(B1

U.H.F.
POWER

(C) ID)

MICROWAVE

(E)

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 -o$ frequency.
This is the frequency at which "Q"=1. Put mathematically,
"Q"= X111=112.7fCR and f ,..t-qi=1/27711C 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
high 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
"Q" 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
extremely "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 /2R where I 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 u.h.f.
frequency multipliers. The practical upper frequency limit of
this package is about 500 MHz of r.f. input. Heatsinking is

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 34 -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

o 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

( A) CONVENTIONAL RESONANT
CIRCUIT

9 1 SINGLE VARaC TOR

-BIAS

(C I LOW -DISTORTION BALANCED (0) RESTRICTED -RANGE BALANCED
CIRCUIT CIRCUIT

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.

12k
LOCAL

OSC.
11-387

A.F.C.
CORRECTION

220k INPUT

VARACTOR
14-.DICC..EVEER's PRES)

(A) ACTUAL CIRCUIT

A.F.C.
ERROR

GEN.

A660
VARACTOR

(B) EQUIVALENT R.F. CIRCUIT

Fig. 4. An a.f.c. cir-
cuit for an FM tuner.
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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-varactor voltage -controlled oscillator circuit.
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Fig. 6. A varactor microwave switch. With forward bias the
signal is blocked (left); reverse bias passes signal (right).

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 very 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
series, 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 f 1, an ideal series -reso-
nant circuit that will pass only fT, a varactor, a second ideal
series -resonant circuit that will pass only the second harmonic
of f 1, and a load resistance. An input signal is delivered to the
varactor at a frequency f 1. The varactor will change its junc-
tion capacitance as it is self -biased by fi, producing a strong
harmonic waveform that is time -varying to the tune of f 1. 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 varactor.
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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.

RECENT significant developments in the art of oscillo-
scope design have produced new measuring systems
employing sampling techniques to extend the useful-

ness of existing oscilloscopes. In conventional scopes, the
visual examination and analysis 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 X- Y 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
a 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

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

DISPLAYED SAMPLES

OUTPUT WAVEFORM .-
RECONSTRUCTED ------

SL 0 VII I ME -4IA SE

INPUT WAVEFORM

FAST TIME -BASE

- 1

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.
REAL-TIME SAMPLE SPACING

-.I I. -EQUIVALENT -TIME SAMPLE SPACING

SAMPLE TAKEN

NEW SAMPLE TAKEN

PREVIOUS
SAMPLE
TAKEN
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Fig. 3. Functional block diagram of a basic sampling system.
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TRIGGER PULSES

RAMP VOLTAGE

STAIRCASE VOLTAGE (HORIZONTAL DEFLECTION)

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 behveen 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 u.h.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

48 ELECTRONICS WORLD



whether a previously stored sample voltage must be appro-
priately modified to properly display a subsequent event.

Fig. 5 illustrates a typical 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 (Cl).
Any voltage change at Cl is amplified, stretched to about

Asec, and applied through the memory gate to storage
capacitor C2. To stabilize the feedback loop, the memor
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 trigger signal for the sampling process. To view
the leading edge of very fast pulses, an internal delay line
may be included in the signal channel which will allow the
triggering and time -base circuit to operate before the signal
arrives at the sampling gate. The proper delay is provided
by a high -quality 50 -ohm coaxial cable (typically 50-nsec
delay with 0.1-nsec rise time) capable of passing high-speed
signals without distortion.

In the direct sampling probe, the input signal is intro-
duced directly to the sampling circuit which is incorporated
into the probe assembly. This arrangement permits the high
input impedance (100,000 ohms shunted by 2 pF) to be
preserved where it is important to minimize loading of the
circuit under test. To achieve the required time spacing
between the trigger and the signal, the test circuit may be
excited by a sync -out pulse derived from the scope (Fig.
6B). An alternate arrangement, shown in Fig. 6C, utilizes
an external delay line which is inserted between the signal
source provided by a repetition rate generator and the circuit
under test that the signal is triggering.

Triggering places demanding requirements on a sampling
scope since the instrument must be capable of reliable syn-
chronization from extremely narrow pulses of low amplitude
and from signals of ultra high frequency. In practice, it is
not necessary to trigger every occurrence of the input wave-
form so that signals at high repetition rates may be sampled
at lower repetition rates. At frequencies up to 100 kHz. the
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scope samples the input signal on a pulse -by -pulse basis.
Above 100 kHz, the hold -off circuit operates and provides
synchronization on a subharmonic of the input waveform so
that if the signal repeats more than 100,000 times per second,
the trigger circuit automatically "locks" out interim triggers.
Synchronization can then be achieved with trigger -signal
repetition rates up to 100 MHz. For triggering on signals
above 100 MHz, an additional countdown circuit provides
a stable trigger wave train at a submultiple of the signal
frequency in the 10 -MHz range. The output is subsequently
fed to the scope synchronizing circuit which, in turn, operates
in the 100 -kHz region. By this means, the scope timing sys-
tem is locked in solidly on frequencies in the gigacycle range.

Performance Characteristics
Modern sampling scopes generally consist of a main unit

to carry the necessary power supplies and display circuitry
along with plug-in modules for the vertical (and sometimes
the horizontal) circuits. The plug-in concept provides a high
degree of flexibility since the equipment can be conveniently
updated at any time, thereby reducing obsolescence.

Fig. 7 shows a pair of commercially available sampling
scopes equipped with a vertical amplifier plug-in unit de-
signed for dual -channel operation. The dual -channel
capability is obtained by using two independent sampling
circuits which sample the respective inputs simultaneously.
The information is electronically switched between the two
channels, and both outputs are displayed on each sampling
so that accurate time comparisons between the two events
can be made.

These instruments are capable of displaying signals in the
gigacycle range and can measure rise times down to several
picoseconds ( micromicroseconds ) .

A typical step response obtained from a fast tunnel diode
pulse generator is shown in Fig. 8. In this oscillogram, the
sweep speed is 100 psec/cm (Continued on page 72)

Fig. 7. Most sampling scopes have dual -channel capability so
that two simultaneous rapid events can be accurately compared.



Microphones
for Public Address
By PAUL K. FRANKLIN Electro-Voice

Proper selection and correct placement of p.a. microphones
are essential to good system performance. Important factors

to consider are re..7r_lonse, directivity, and the output level.

IN order to achieve the most satisfying results, micro-
phones for public-address use must be precisely selected
and correctly positioned. Determination of that "exactly

correct" microphone and its best position can be made by per-
sons who are not necessarily experts in this field.

The first requirement is an understanding of certain funda-
mental concepts and a careful application of the rules derived
from them. The important microphone characteristics with
which these concepts are concerned, and from which the rules
are derived, fall into three basic categories: frequency re-
sponse, directional characteristics, and output level.

Frequency Response
Microphone frequency response is a description of the man-

ner in which a microphone "hears" sound. Such a description
is portrayed graphically in a response curve. Fig. lA illus-
trates such a curve-the ideal flat response that is highly
desirable. Actually, however, no microphone is really this flat.
Fig. 1B is really more representative of the modern, high -
quality microphone having "smooth, wide -range" response.
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Fig. 1. Smooth, wide -range microphones are within 2 dB of flat.
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Note, however, that excursions of the curve above and below
flat ( or the stipulated reference value) are restricted to ±2
dB. Since 3 dB is close to the minimum change in level the
human ear can perceive, tolerances shown in the curve indi-
cate a microphone of excellent quality (in terms of frequency
response). Deviations in microphones of lesser quality may
exceed 5 or 6 dB.

Large excursions or major deviations in response, especially
in the lower frequencies, tend to encourage system feed-
back, thus limiting performance of the public-address system.
Economies effected through compromise with frequency re-
sponse tolerances can be expensive.

Fig. 2 shows a hypothetical microphone response curve
that illustrates the effects on total system performance of ex-
treme excursions in microphone response. In this hypothetical
situation, certain assumptions must be made to clearly em-
phasize the point. These assumptions are, basically, that
actual response curves of auditoriums, speakers, and ampli-
fiers are as flat as shown in Fig. 1A. The response peak might
fall at any frequency (in practice, many such peaks will exist
and at many frequencies), but for this discussion, we will arbi-
trarily center it at 800 Hz.

Note that in the illustration, the microphone sensitivity
is 12 dB greater at the peak than is average for the micro-
phone. Sound projected at 800 cycles per second by the
speaker system will arrive at the microphone at a level 12 dB
higher than the rest of the signal and will be amplified again,
12 dB higher. A closed loop has been created. The entire sys-
tem will start oscillating and feedback will end the usefulness
of the system until a change is made. Now note that if we
eliminate that peak, the system might generate at least 12 dB
more sound before the start of feedback. Since an increase of
system output of 3 dB is equivalent to doubling the power
at the speakers, it can be seen that elimination of extraneous
response peaks in any component of the public-address sys-
tem is critically important.

A second important characteristic of response is range-the
higher and lower frequency limits within which the response
is flat. A very wide -range response might be specified as 40
to 20,000 Hz. A specification for an excellent quality micro -
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phone might read "flat within ±2 dB, 40 to 20,000 Hz," Fig.
3A. It should be noted, however, that range of response does
not, as such, denote microphone quality. A high -quality dy-
namic microphone specification might as easily read, "flat
within ±2 dB, 60 to 10,000 Hz," Fig. 3B. Range is the design
characteristic that is determined to meet requirements of a
specific application. Range beyond specific requirements is
not desirable. Transmissions of portions of the audio spectrum
not required may actually degrade the signal.

Other important characteristics of response involve special
shaping that is sometimes given to microphone response
curves in order to satisfy particular acoustical requirements.
Lavalier microphones, for example, are suspended from the
neck of the user, and this position under the chin requires a
reduced low -frequency response in order that the final signal
will sound flat. In other situations, high -frequency response
of the microphone may be deliberately deviated from flat in
order to achieve a desired effect.

Directional Characteristics
The directional characteristic of a microphone is a descrip-

tion of its sensitivity to sound at specific angles away from
the on -axis, or front, looking toward the zero position on a
graph. A source of sound generating a sigrIal always exactly
at the same level of loudness and moving around the micro-
phone would have to trace a pattern as shown in Fig. 4 in
order to make a particular microphone generate a signal of
constant amplitude. Note that several traces are actually
made, one for each of several representative frequencies, to
accurately describe the directional characteristics of the mi-
crophone. In general, curves taken at the higher frequencies
show more directivity.

The best-known form of unidirectional characteristic is the
cardioid, or heart -shaped pattern. The generally accepted
definition of a cardioid pattern involves reduction at 90 de-
grees off -axis of 6 dB from the 0 degree reference value, and
at least 20 -dB reduction at 180 degrees (rear of microphone).
Note, in particular, the significance of a 20 -dB reduction in
sensitivity at 180 degrees. This means 20 dB or more rejection
of unwanted sound arriving at the rear, or virtual elimination
of sensitivity to these undesired sounds.

An important refinement of the principles through which di-
rectional characteristics are achieved results in super -direc-
tional microphones. Combination of a cardioid pattern below
about 1000 Hz with the extremely directional long, slotted
tube (or distributed front opening) for higher frequencies,
results in highly directional patterns. This increased direc-
tionality makes possible pickup with "on -mike" sound never
before practical.

Selection of microphones in terms of directional character-
istics is, then, the second phase in the process of determining
the exact nature of the microphone required. The angle -of-
acceptance concept (Fig. 5) illustrates a useful method of
visualizing a microphone directional pattern. Note that the
omnidirectional unit (A) shows nearly uniform sensitivity in
all directions (300 degrees). The typical cardioid (B) is pri-
marily sensitive through an angle of only 150 degrees, while
the super -directional units narrow to angles of 80 and 40 de-
grees respectively, (C) and (D). Although the angles shown
are represented as angles in a single plane, polar patterns for
properly designed microphones are symmetrical about the
major axes, hence the geometric figures described are actually
cones. Thus a cone -of -acceptance concept is suggested-and is
quite useful in determining microphone placement.

Output Level
The output level of a microphone is an expression of its

performance in terms of value of signal generated under cer-
tain specific conditions. As a statement of performance, the
output level defines basic reference values for the process
of microphone selection.
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Fig. 3. Frequency range is not the only criterion of quality.
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Microphone signal values may be stated in several ways-
some of primary importance to design engineers, others of
major usefulness to microphone users. High -impedance micro-
phone performance is most frequently stated in terms of volt-
age. ( Example: 0 dB =1 volt/dyne/cm2.) Low -impedance
outputs, typically 50, 150, or 250 ohms, are commonly stated
in terms of power generated. (Example: 0 dB =1 mW/10
dynes/cm-. )

Note carefully that the meaningful statements to the micro-
phone users are expressed as comparisons of one signal to an-
other. A typical high -quality dynamic cardioid microphone
output rating, for instance, might read, "output: - 58 dB (0
dB =1 mW/10 dynes/cm2)." Additional information not nor-
mally emphasized in the list of specifications would include
frequency of measurement-usually 250 cycles per second for
low -impedance dynamics and 1000 cycles per second for
some high -impedance microphones. The microphone rating
is expressed in negative numbers, - 58 dB, or 58 dB below
the established zero reference value. Smaller negative num-
bers, therefore, indicate figures of greater output level.

Microphone output levels occur most frequently in the
range of - 55 to - 60 dB. Therefore, the gain of typical ampli-
fier input stages would be established to accommodate micro-
phones having values of output level in this range. In turn,
then, the specific microphone application dictates the type of
unit required, in terms of the level of signal that must finally
be available to the amplifier input. Recognizing that sound
intensity level at the microphone reduces by 6 dB each time
distance from the sound source doubles, it is apparent that
a stage setup requiring placement of the microphone in the
footlights would demand much greater initial output from the
microphone to generate a signal comparable to another unit
used much closer to the sound source. Thus, microphones in-
tended for greater working distance would be designed for
much higher output levels ( - 48 to - 55 dB ). Conversely,

Fig. 4. Typical directional characteristics of a microphone.
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Typical dynamic microphones. (A) Miniature omnidirectional lavalier type.
(B) Highly unidirectional type. (C) High -quality omnidirectional microphone
designed especially for close talking. MI Special noise -canceling mike.

microphones that are designed for close -talking applications
could function satisfactorily with outputs of - 60 dB or lower.

Selecting a Microphone
The process of selecting microphones for specific applica-

tions, then, can be reduced to a relatively simple, step-by-step
procedure. First, determine the intended primary use, i.e.,
for hand-held use or stand mounted. If hand-held, an omnidi-
rectional pattern is indicated. (The usefulness of the direc-
tional pattern of a cardioid is generally defeated in hand-held
use.) Consider the angle of acceptance required in this use.
Which of the four choices is best suited in this case?

Notice, as evaluation proceeds, most indications are for a
cardioid ( unidirectional) pattern. In most instances, a car-
dioid pattern is actually the best choice and, in those few

remaining instances, it would not be
wrong. Certainly, for situations requir-
ing greater working distance, a unidi-
rectional pattern is essential in order
that sensitivity to extraneous noises and
reverberation can be reduced. Note
how the requirements dictate choice-
narrow angle of acceptance for increased
working distance suggests highly direc-
tional units and also suggests high out-
put level. Hence, the vast majority of
microphones available are eliminated
from consideration - choices are nar-
rowed. Frequency response require-
ments, then, will probably reduce range
of choice to one or two units.

Correct placement of microphones for
a specific effect in a particular environ-
ment may seem difficult-yet it can be
fairly easy. A clear understanding of the
concepts covered in this discussion ap-
plied to the placement problem in an
imaginative manner will go a long way.
Judicious trial and error will then usually
bring into focus the one best choice of
position. This is a round -about way of
emphasizing the point that, at best, mi-
crophone placement is a rather inexact
science.

If a flashlight could be made whose
beam angle could be varied in accord-
ance with the angle of acceptance re-
quirement, a useful tool for determining
microphone position would have been

D created. For example, the
angle of the cardioid cone could be vis-
ualized easily using this concept. The-

oretically, from all points within that cone and equidistant
from the microphone, a constant level sound source would
generate constant signal level from the microphone. In other
words, imagine a vocal group on a stage, visualize the flash-
light beam ( set for the 150 -degree cardioid) and move back
until the light covers the group. At this point, set the cardioid
microphone, angled slightly upward to minimize pickup of
reflections of sound (reverberation) from vertical surfaces
directly on -axis, and you have probably selected the nearly
optimum position. Beyond this, only careful listening tests
can refine your choice of position.

How do you pick up adequately the action of a stage
production such as a play or musical? One approach that has
been satisfactory on some occasions (here possible methods
are limited by the performance (Continued on page 72)

Fig. 5. Angles of maximum response for various types of typical microphones are illustrated below.
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Citizens Band equipment is now getting sophisticated, but
operating practices often leave something to be desired.

A HAM LOOKS AT CB
MAC, a little late for work, bustled through the front

office of his radio -TV shop only to be brought up
short in the door of the service department by the

sight of a slender white rod weaving up and down just inches
in front of his bifocals.

"Woops! Sorry, Boss," Barney called from the other end
of the room as he swung the long fiberglass pole he was hold-
ing out of his employer's way.

"You really intend to throw the fish out on the bank,"
Mac said. "That rod must be fifteen feet long."

"Eighteen and a half," Barney corrected. He laid the large -
diameter butt section on the floor and began unscrewing the
slender whip part from the top of it. "It's a CB antenna, but
I'll excuse you for calling it a fishing rod. I had it delivered
here because Mom is visiting her sister for a few weeks and
no one is home at our place during the daytime."

"Where are the radials?" Mac asked, peering through the
long, empty cardboard tube in which the antenna had been
shipped.

"Ain't any. That's the main reason I chose this type for
mounting to the side of the pole supporting my tri-bander
ham beam. A CB antenna on our house could legally project
only twenty feet above the roof, but I can mount it as high
as I like on 'the transmitting antenna structure of another
authorized radio station,' so long as the height of the CB
antenna does not exceed the height of the supporting struc-
ture. I'm confident a ground plane mounted up there beneath
my tri-bander would foul up the beam's operation, especially
on ten meters, which is quite close to the CB frequencies;
but since all of this antenna will be at right angles to the
horizontal beam elements, it should have little, if any, effect."

"How do you feed it?"
"Through this SO -239 connector mounted in the bottom

end. The antenna is really a coaxial type. A piece of coax
feeds up from the connector through the hollow base section,
and the shield and inner conductor connect to the base and
top section, respectively, at their junction. This arrangement
prevents r.f. from appearing on the feedline and radiating
so as to impair the antenna's desired low angle of radiation."

"Is this something new?"
"Not really. Coaxial antennas have been popular on v.h.f.

and u.h.f. commercial frequencies for a long time, and hams
have used them. CB manufacturers, though, have inclined
more toward variations on the basic ground plane, possibly
because the coaxial antenna presents some fabricating prob-
lems-especially if you make it chiefly of metal. The antenna
must be well insulated at both the support at the bottom and
at the center; yet these insulators must withstand consider-
able mechanical stress. The performance of the coaxial an-
tenna, however, should equal that of any other basic circular -
pattern type, and several companies are now marketing these
no -radials `stick' -type antennas.

"This one is a little unusual in that it is fabricated mostly
of fiberglass. Both quarter -wave elements are spirally wound
and embedded in this strong, flexible, insulating material.
Advantages claimed for this type of construction are resist-

ance to corrosion and a reduction in precipitation static
through complete insulated covering of the metallic radia-
tors."

"Worrying about precipitation static, huh? CB'ers really
try to squeeze the last microwatt out of a received signal,
don't they?"

"They have to. Remember that the power input to the
final stage of a class -D CB station must not exceed 5 watts,
while amateurs can-and many do-input a full kilowatt. Hav-
ing to work with this low power has caused CB engineers to
come up with some very fine equipment. Take antennas, for
instance: the original ground plane with quarter -wave radia-
tor and quarter -wave radials has proliferated into end -fed
h- and %-wave radiators with impedance -matching trans-
formers for end -feeding them and feedline-decoupling ground
planes; wide -spaced flip -over yagis and horizontally stacked
yagis; cubical quads; phased antennas with electronically
rotated beams; and even rhombics and V -beams.

"And some CB transceivers can make the most of any tiny
signal coming down the feedline. Sensitivity claims of 14
microvolt for 10 dB S/N ratio are not uncommon, and checks
made with my noise generator convince me some of these
claims are justified. Nuvistor r.f. stages and careful front-end
design achieve a sensitivity hard to equal in a broad-spectrum,
bandswitching communications receiver such as we hams
use."

"It seems to me CB engineers do good stuff with transis-
tors."

"Yes, that's where they really shine. Transistors are a natu-
ral for mobile CB transceivers because of low transmitting
power requirements, low drain on the car battery, and the
way transistors lend themselves to compact construction.

"I've followed the development of transistorized CB
equipment right from the beginning, and I'll admit I was
greatly disappointed in the first transistorized five-watter I
examined. Transmitter output was below that of a tube trans-
mitter even at normal temperatures, and this output fell off
rapidly as the temperature approached zero. The receiver
was worse. Selectivity was poor, the squelch had a kind of
backlash effect that made precise setting of the level im-
possible, sensitivity was very mediocre, and the simple shunt -
type noise limiter did a poor job on ignition noise. On 'Tune'
the receiver was most unstable. The dial setting varied widely
with a change in temperature, and the local oscillator was so
sensitive to battery voltage that you could tune the receiver
over two or three channels just by using the accelerator pedal!

"Then Cadre came out with its sophisticated 1.5 -watt C-75
hand-held transceiver and showed what could be done with
transistors. Close on the heels of this trailblazer came several
fine transistorized five -watt units that corrected all the faults
of the early transceivers. Epitaxial silicon mesa transistors in
the transmitter section and silicon mesa transistors in critical
receiver areas overcame the temperature problem. Zener
diodes clamped voltages at sensitive points and rendered
them independent of fluctuations of the car battery voltage.
Double -conversion superheterodyne circuits greatly improved
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Step Right Up And Enjoy The True -To -Life Pictures Of A
HEATHKIT® 21" COLOR TV... Now Available For Immediate Delivery!

Supply Catches Demand. Until recently, this unique color TV kit
has been on a reservation basis due to the nation-wide shortage of
color tubes. However, at the moment we have them in stock for
immediate right -to -your -front door delivery.
The Only 21" Color TV You Can Align & Maintain! You degauss,
converge and adjust the picture ... anytime you decide color
purity needs it. Exclusive "built-in self -servicing facilities" coupled
with simple -to -follow instructions and detailed color photos show
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fully sharp color pictures day in and day out.

Only 21" Color TV You Can Install 3 -Ways! Mount it in a wall,
your own or either Heath cabinet. Picture tube is warranted for
a year, all other parts for 90 days.

From Parts To Pictures In Just 25 Hours! As easy to build as an
audio amplifier. And you enjoy the savings (quality compares to
sets costing up to $200 more). Easy credit terms available, too.
Get the full story in your FREE Heathkit catalog!
Kit GR -53A, parts except cabinet for wall mounting, 125 lbs..... $375.00
Assembled GRA-53-7, walnut wood cabinet (illust.), 82 lbs. $108.00
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speaker system, 28 -notes of chimes, 13 -note heel & toe pedalboard,
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FREE!
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harmony and bass ... even if you've never played an organ before!
When you're finished, just flip a switch and the Color-Glo key
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Enjoy the "music -only" programs

now available on the FM broadcast
band from coast to coast.

 NO COMMERCIALS 
 NO INTERRUPTIONS 

It's easy! Just plug Music Associated's Sub
Carrier Detector into multiplex jack of your
FM tuner or easily wire Into discriminator.
Tune through your FM dial and hear programs
of continuous, commercial -free music you are
now missing. The Detector, self -powered and
with electronic mute for quieting between
selections, permits reception of popular back-
ground music programs no longer sent by wire
but transmitted as hidden programs on the
FM broadcast band from coast to coast. Use
with any FM tuner. Size: Ph" x 6". Shipping
weight approx. 7 lbs.

KIT $4950
(with pre -tuned coils, no alignment necessary)

WIRED $7500
COVER $4.95 EXTRA
Current List of FM Broadcast Stations with SCA
authorization .S..00

MUSIC ASSOCIATED
65 Glenwood Road, Upper Montclair, New Jersey

Phone: (201)-744-3387

over-all selectivity; and some transceiv-
ers, such as the Lafayette HB-500, em-
ployed a mechanical filter to achieve
outstanding adjacent -channel selectivity.
Other transceivers did the same thing
with crystal filters.

"Exotic and effective noise -blanker
circuits have been worked out to prevent
ignition noise from degrading the excel-
lent sensitivity achieved with recent
high -gain, low -noise transistors. Squelch
circuits work as smoothly as in tube -type
transceivers. New a.g.c. circuits and
modern transistors have been combined
to overcome a serious problem in early
transistorized equipment: overloading
and cross -modulation by strong nearby
signals. Another tough problem, how to
modulate fully and linearly a transis-
torized r.f. amplifier, has been whipped.
Yet most of these refinements can be had
in remarkably small packages. For ex-
ample, the Johnson "Messenger III"
measures only 23in" x 63'10" x 8"i"."

"Doesn't seem to leave much to be
done in CB engineering."

"I wouldn't say that. Johnson just
came out with a new SSB CB transceiv-
er. Some people pooh-pooh SSB for CB
use, but I'm not one of them. As a ham,
I know how much more effective side -
band is than AM, especially when the
going is rough, as it is likely to be when
working mobile -to -base. Recently my
cousin, who is also a ham, took a month-
long trip from here in northern Indiana
down to the tip of Texas and then on
around the Gulf into southern Florida.
Both his mobile installation and my
fixed station run less than 200 watts on
SSB; yet we talked two and three times
a day on the 20-, 40-, and 75 -meter
bands without missing a single schedule.
We could never have done that on AM.

"Detractors of CB SSB complain that
with it you can't talk to anyone except
another station similarly equipped. I
thought the chief purpose of CB equip-
ment was to talk among your own units.
If you want to go down the road talking
illegally with Tom, Dick, and Harry, SSB
is not for you; but if a mobile wants to
maintain solid contact with its base sta-
tion for receiving and transmitting sub-
stantial messages, SSB will do a better
job than AM."

"It seems to me," Mac observed, "that
CB borrowed heavily from ham radio
in the beginning but now may be about
to repay the debt. Much of the engineer-
ing that has been done on CB transceiv-
ers can be used almost 'as is' on
transistorized ham gear. Now that high -
power transistors have been developed,
I fully expect to see completely solid-
state ham transmitters with substantial
outputs coming on the market in the
near future. You already have hybrid
transceivers that use transistors just
about everywhere except in the r.f. final
amplifier."

"I agree," Barney said. "Very com-
pact solid-state transceivers for ham
radio cannot be very far away. But get-
ting back to CB, I think it is a pity oper-
ating practices are not keeping pace
with engineering in that field. A friend
of mine receives copies of 'Show Cause'
notices sent out by the FCC, and look-
ing over these is pretty depressing. For
the life of me, I don't see why some CB
operators can't realize what hams learned
long ago: if you operate illegally, sooner
or later 'Uncle' will catch up with you.
What's more, he doesn't overlook some
`minor' infractions of the rules; he will
cite you for any kind of illegal operation.
I saw operators cited again and again
for (1) not giving calls at the begin-
ning and end of each transmission, ( 2 )

for giving calls incorrectly (you must say
KHD four -one -six -seven, not KHD forty-
one, sixty-seven), (3) for working an-
other station outside the seven channels
prescribed for this operation, (4) for
having an antenna 20 feet above the
ground level or 20 feet above the roof
top, (5) for working skip, (6) for ask-
ing for signal -strength reports, (7) for
talking longer than 5 minutes, ( 8) for
not keeping silent for 5 minutes after an
exchange, (9) for frequency deviation
beyond tolerance-but why go on? Name
any kind of forbidden operation and I
can match it with an 'Order To Show
Cause' issued by the FCC for that viola-

"I can't see why CB operators can't
police themselves as hams do. We have
our Official Observer Stations whose
operators send out written notices to sta-
tions they hear violating some rule or
regulation. We respect these notices and
the people who send them because they
very often keep us from getting a cita-
tion from the FCC. But in the CB maga-
zines I have read, anything of this sort
is disparagingly called 'rat -finking.' "

"Don't be too hard on the CB'ers,"
Mac advised. "Remember, it is still a
new service and has growing pains. Per-
sonally, I have faith that eventually the
Citizens Band will become a respected
member of the radio family."

"Now the picture is weak again
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POWER MEGAPHONES
This type of p.a. system is highly portable and can be used
where other types of p.a. systems cannot be easily operated.

THE introduction of the multiwatt power transistor with
its low voltage requirements, printed circuits, and effi-
cient small loudspeakers and microphones hastened the

development of the power megaphone (sometimes called a
"bullhorn") . This highly portable p.a. system mounts its mi-
crophone, power amplifier, speaker, and battery power sup-
ply, all within a small, relatively lightweight package.

Although mostly used by police and fire departments for
traffic control, mob control, and rescue work, power mega-
phones are finding their way into boating where they are
standard equipment aboard U.S. Coast Guard vessels; in con-
struction where voice instructions must be heard over the
sound of bulldozers and hydraulic drills; in schools where
they are used as "voice savers" for athletic coaches and play-
ground supervisors; and in resorts, camps, and beaches for
paging and safety in water sports.

Two basic types of power megaphones are available: one
is a semi -portable, somewhat heavier of the two types, whose
microphone is separate from the amplifier. It is designed for
long-range communications at high acoustic power and is usu-
ally provided with a shoulder strap for portability. The other
is a relatively light -weight, hand-held unit with the amplifier,
battery, and microphone mounted at the small end of the
megaphone. Many of these hand-held units store their bat-
teries within the hollow handle.

A typical high -power semi -portable power megaphone is
the Model PP -1T of LTV University shown in Fig. 1 (left).
This unit has an output of 25 watts, frequency response of 400
to 5000 Hz, and a useful range of about one mile. Speaker dis-
persion angle is 120°, weight is 13 pounds, and the unit re-
quires 24 -volts supplied by four lantern -type batteries.

A useful feature found in some of these models is the "talk/
listen" mode. A flip of a switch converts this power mega-
phone into a sensitive, directional listening device finding
ready application in marine use, fire and police service, and
various rescue operations. In this mode, the loudspeaker and

megaphone horn become the microphone, while the micro-
phone becomes the earpiece.

These types of power megaphones are usually provided
with an auxiliary input connector so that an external micro-
phone, AM/FM tuner, or a record or tape player can be used
as the input signal. Usually, when used with an external signal
source, operating the microphone switch automatically re-
duces the volume from the external source ( usually 6 dB), so
that voice messages can be clearly heard over the music back-
ground. Releasing the microphone switch brings the back-
ground music back to the original level. Many of these units
are also provided with an attention -getting "siren" -type sig-
nal. This employs a positive -feedback loop around the am-
plifier that is activated by a push-button switch and produces
a high -intensity, penetrating tone used for warning alerts, fog
horn, or any necessary attention -getting demands.

The hand-held, lightweight, familiar "bullhorn" is used for
almost every situation involving crowd conditions where the
loudspeaker must be mobile, or used in areas where conven-
tional p.a. systems cannot reach. This type of electronic mega-
phone ranges from the three -transistor, 1 -watt, Pei -pound
MV -2 of Fanon-Mnsco, shown in Fig. 1 (center) that has
about 150 yard range, to the five -transistor MV -16S unit
shown in Fig. 1 ( right) whose 16 watts of power output
within a five -pound package produces a usable signal at 800
yards.

Although most power megaphones provide many continu-
ous hours of operation using only a few flashlight -type "C" or
"D" cells, some have provisions for coupling to an external
power source such as a storage battery, or a battery elimina-
tor for heavy-duty, long hours of sustained operation.

The horns themselves are usually made from high -impact
plastic, or aluminum, as is the electronics and microphone
cover, and the handles. When used with a waterproof micro-
phone, these units are not adversely affected by practically
any environmental extreme.

Fig. 1. (Left) This 25 -watt semi -portable power megaphone has a detachable microphone and range of one mile. (Center)
Hand-held, lightweight, one -watt unit has range of 150 yards. (Right) 16 -watt "bullhorn- has range in excess of 800 yards.
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RCA TRAINING
can be the smartest investment you ever made!
Start building a profitable career in electronics now!
New RCA "AUTOTEXT" programmed instruction will help you
learn faster and easier!
If you're considering a future in
electronics, now is the time to start !
A great new teaching aid-"AUTO-
TEXT" programmed instruction
developed by RCA and introduced
by RCA Institutes will help you
master the fundamentals of elec-
tronics almost automatically. Even
people who have had trouble with
conventional home training methods
are finding it easier and more fun
to start their training in Electronics
Fundamentals the RCA way. Prove

it to yourself as others throughout
the country are now doing. An in-
terest or inclination in electronics
is what you need. RCA "Autotext"
helps you to do the rest. You'll be
ready to go on to advanced training
sooner than you ever thought possi-
ble! The future is unlimited; the
jobs are available. The important
thing is to get started now.
Founded in 1909, RCA Institutes is
one of the largest technical schools
in the United States devoted princi-

pally to electronics. The very name
"RCA" means dependability, integ-
rity, and scientific advance. RCA In-
stitutes offers the finest facilities of
home training. A Service of the
Radio Corporation of America, RCA
Institutes gives you the technical
instruction you need to plan, build
and realize the career you want in
today's fastest growing field.
Investigate your future now at RCA
Institutes. It can be the smartest in-
vestment you ever made.
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HOME TRAINING COURSES
RCA Institutes offer this complete selection of Home Training Courses

 Electronic Fundamentals
 Electronic Fundamentals

(in Spanish)
 TV Servicing
 Color TV Servicing
 Transistors

Liberal Tuition Plan. All RCA
Institutes Home Study courses are
available under a Liberal Tuition
Plan. This plan affords you the most
economical possible method of home
study training. You pay for lessons
only as you order them. If, for any
reason, you should wish to interrupt
your training, you can do so and you
will not owe a cent until you resume
the course. No other obligations! No
installment payments required.

RCA Personal Instruction. With
RCA Home Study training you set
your own pace in keeping with your
own ability, finances and time. RCA
Institutes allows you ample time to
complete the course. Your lesson
assignments are individually graded
by technically trained personnel, and
helpful comments are added where
required. You get theory, experi-
ment, and service practice beginning
with the very first lesson. All lessons
are profusely illustrated. You get a
complete training package through-
out the entire course.

 Communications Electronics
 FCC License Preparation
 Mobile Communications
 Automation Electronics
 Automatic Controls

You Get Prime Quality Equipment.
All kits furnished with the course
are complete in every respect, and
the equipment is top grade. You keep
all the equipment furnished to you
for actual use on the job ... and you
never have to take apart one piece
to build another.

CLASSROOM
TRAINING IN
NEW YORK
CITY
No previous training required.
You are eligible even if you
haven't completed high school.

RCA Institutes Resident School in
New York City offers training that
will prepare you to work in reward-
ing positions on research and pro-
duction projects in fields such as
automation, transistors, communi-
cations, technical writing, television,
computers, and other industrial and
advanced electronics applications. If
you did not complete high school,
RCA will prepare you for such train-
ing with courses specially designed
to provide the basic math and
physics required for a career in elec-
tronics. Check classroom training on
attached card, and full information
will be rushed to you.

Industrial Applications
Nuclear Instrumentation
Digital Techniques

 Computer Programming
 Drafting

Free Placement Service. RCA Insti-
tutes graduates are now employed in
important jobs at military installa-
tions with important companies such
as IBM, Bell Telephone Labs, General
Electric, RCA, and in radio and TV
stations all over the country. Many
other graduates have opened their
own businesses. A recent New York
Resident School class had 93% of
the graduates who used the FREE
Placement Service accepted by im-
portant electronics companies ...and
had their jobs waiting for them on
the day they graduated!

Coeducational Day and Evening
Courses. Day and Evening Courses
are available at RCA Resident
Schools in New York City. You can
prepare for a career in electronics
while continuing your normal full-
time or part-time employment. Reg-
ular classes four times each year.

SEND POSTCARD FOR FREE ILLUSTRATED BOOK TODAY!
SPECIFY HOME TRAINING OR CLASSROOM TRAINING.

RCA INSTITUTES, INC. Dept. EW-66 SERVICE OF RADIO CORPORATION OF AMERICA, 350 WEST 4TH ST., NEW YORK,N.Y.10014

The Most Trusted Name in Electronics
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The Heart
of your
Radio
is Its

INSIST ON

CSC
EXAS
YSTALS

Ii
*Controlled Quality Crystals available
only from Texas Crystals dealers. Ex-
tensive precision testing throughout
manufacture enables Texas Crystals to
unconditionally guarantee their fre-
quency control crystals. Use of Texas
Crystals in space program and by
other governmental agencies is evi-
dence of the quality you can count on.

If your dealer can't supply your needs,
send his name with your

request for catalog to our plant nearest you.

TEXAS .11 do,

CRYSTALS
Division of Whitehall Electronics Corp.

1000 Crystal Drive 4117 W. Jefferson Blvd.
Fort Myers, Fla. 33901 Los Angeles, Calif. 90016
Phone: 813-936-2109 Phone: 213-731-2258

CIRCLE NO. 93 ON READER SERVICE CARD

VALUABLE books from E.&E.
great"how-to-build"data in the famous

RADIO HANDBOOK (16th Ed.)

Tells how to design,
build, and operate the
latest types of amateur
transmitters, receivers,
transceivers, and am-
plifiers. Provides ex-
tensive, simplified theory on practically every
phase of radio. Broadest coverage; all origi-
nal data, up-to-date, complete. 816 pages.
Order No. 166, only $9.50

RADIOTELEPHONE LICENSE MANUAL
Helps you prepare for all commer-
cial radiotelephone operator's
license exams. Provides complete
study -guide questions and answers
in a single volume. Helps you un-
derstand fully every subject you
need to know to obtain an opera-

tor's license. 200 pp. Order No. 030,only $5.75
LEADING BOOK ON TRANSISTORIZED

COMMUNICATIONS EQUIPMENT
TRANSISTOR RADIO HANDBOOK, by
Donald L. Stoner, W6TNS, Lester
A. Earnshaw, ZL1AAX. Covers a
wide range of communication uses
for both amateur and commercial
applications. Includes audio and
speech amplifiers, VHF transmit-
ting and receiving equipment, SSB exciters,
and complete SSB transceivers. 180 pages.
Order No. 044, only $5.00

Order from your electronic parts
distributor or send coupon below.

r EDITORS and ENGINEERS, Ltd. 1
P.O. Box 68003, New Augusta. Indiana, Dept. EWE -6
Ship me the following books:
0 No. 166 0 No. 030 0 No. 044 $_encl.
Name

Address

L_
City State Zip
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RADIO

TV NEWS

DURING the past few years, we have
passed into the era of printed cir-

cuits and deposited transistors, resistors,
and capacitors, until now it is very prac-
tical to deposit an entire circuit, includ-
ing both active and passive components,
on a single substrate. However, the
power supply was always external and
relatively bulky even with small -size bat-
teries.

A recent paper prepared by three re-
searchers at the Institute for Exploratory
Research, Fort Monmouth, N.J., re-
ported that while they were studying
certain characteristics of compressed sil-
ver iodide powder carrying thin evap-
orated films of platinum and silver on
opposite faces, they observed that this
array exhibited battery -like behavior.
The data they presented concerns the
charge -discharge characteristics of a re-
chargeable, solid -electrolyte battery of
solid silver iodide (the electrolyte), an
evaporated film of silver ( the anode),
and an evaporated film of palladium
( the cathode). This combination be-
haves just like a rechargeable cell having
low internal resistance and unexpectedly
high cell capacity.

The service life of these "printed bat-
teries" is about 400 minutes per cm- of
anode area across a one-megohm load
while maintaining a closed-circuit volt-
age greater than one-half the original
open -circuit voltage of 0.5 volt per cell.
Arrays of cells have been recharged over
100 cycles with no apparent deteriora-
tion. The cells appear operable over the
temperature range from - 100°F to
+240°F.

It has been suggested that this devel-
opment opens the door for a new class
of battery that can be "printed" directly
on circuit boards, inside instrument
cases, or within almost any package.

Woofer, Tweeter, Flamer
Hi-fi enthusiasts will be interested in

anew -loudspeaker approach reported by
the Stanford Research Institute in which
a flame is used both as an "amplifier" and
"loudspeaker." Using this pyro-acoustic
system, a human voice was amplified to
a loudness many times greater than pos-
sible with conventional loudspeakers of
the same power.

A stream of combustible gas is mod-
ulated as it passes through an orifice
formed by a metal block and the dia-
phragm of a conventional loudspeaker.
The modulated gas stream expands
through a throat and passes through a
wire -mesh flame holder. Combustion
takes place completely and very close to
the flame holder. Variation of the flame,
caused by the modulated gas flow, im-
parts varying mechanical energy to the
gas molecules of the combustion prod-
ucts. As the large changes in molecule
motion follow those of the loudspeaker
diaphragm, the result is amplified sound.

Mosquito Bitometer
Probably the farthest thing from elec-

tronics is being bitten by a wild mos-
quito. Now, a scientist at the ITT Re-
search Institute has created an electronic
device that not only tells when the mos-
quito bites but what kind of a bite and
how the mosquito feeds.

Mosquito -borne diseases are transmit-
ted primarily when a mosquito probes a
host's skin and salivates before consum-
ing blood. Previous methods of observing
mosquito -biting action were chiefly vis-
ual and could not distinguish probing
from actual engorgement of a host's
blood.

The electrical circuit consists of a glass
or cardboard container, holding one or
more mosquitoes, covered with a fine -
mesh bronze screen. An anesthetized
mouse is placed on top of the screen. A
wire is connected from the screen to one
pole of a battery and the circuit from the
other pole of the battery then passes
through a current -flow recorder to the
tail of the mouse. No current flows since
the mouse is insulated from the screen
by its hair.

When the mosquito attacks the mouse,
it holds onto the screen and completes
the circuit when it passes its proboscis
through the fine mesh and into the
mouse. The recorder then measures the
current flow through the circuit.

Besides enabling a complete study of
host -insect relationships for any species
of biting or blood -sucking insects, the
electrical device will permit testing in-
sect -repellent effectiveness with high ac-
curacy under natural conditions.
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P. A. Loudspeaker Principles
(Continued from page 26)

distribution of units, let us operate them
at 5 watts input. Hence, ten of these
units, uniformly distributed, would
cover the area adequately.

As a quick alternate, suppose this
same volume housed just a large auto-
mobile service station and, rather than
spot coverage, a single wall -mounted
medium -power projector would do the
job. In this instance, the vertical line
would drop down to the medium -power
projector band. Then following the slope
of the diagonal we arrive at about 30
watts of power required, which one of
these projectors can handle easily.

SECTION 3 -
CONSTANT -VOLTAGE SYSTEM

Contrary to popular belief, constant -
voltage systems do not eliminate the
need for impedance matching. The im-
pedance matching is done automatically
by selecting the proper power taps. It
is as simple as changing a light bulb in
a lamp. The user does not worry about
impedances when making the change,
but the manufacturer of the bulb did.
He knows he has a 120 -volt line to
contend with which the power company
guarantees to be "constant" within lim-
its. Knowing this voltage is constant, the
light -bulb manufacturer simply makes
the impedance of a 25 -watt bulb such
that it will draw this amount of power
from the 120 -volt line, or the impedance
of a 50 -watt bulb so that it will draw
50 watts of power. As long as the source
voltage remains constant, and as speci-
fied, the bulb will draw its rated power.

So it is with the 70.7 (or 25) -volt
constant -voltage system for p.a. use. The
sound installer has had the impedance
problem taken care of for him by the
speaker manufacturer. The transformer
that he ties onto the line and then con-
nects to the speaker is marked in watt-
age inputs. There is no need to calculate
impedances. If ten sound penetrators are
to be used and each one is to take 5
watts, he simply selects the 5 -watt tap
on the primary of the transformer and
ties it directly across the p.a. amplifier's
output supply line. To add another
speaker, simply adjust its power tap and
put it directly across the line-just as you
would use a 25 -watt bulb in one socket
and a 50 -watt bulb in the other socket
of a table lamp. It becomes just as easy
to adjust the sound power into any one
spot with complete disregard of the ad-
justment of any other speaker.

Of course, in using this system: (1)
The total power supplied to all the
speakers in the system must not exceed
the amplifier rating. (2) The power
rating of the matching transformer must
be adequate for the power consumed

If you buy a professional scanner

for use on CB, you're crazy

Unless you have a real problem
Lately we've had a flock of inquiries from CBers asking whether
our new ASP -503 Lo -Band Professional Scanner will work on
CB.
It will-but 99 out of 100 CBers need it like they need a solid
platinum microphone.
Its biggest attraction is the omni-directional position-essential
to many business -band and serious CB users for control of
mobile fleets, but hardly worth its substantial extra cost to the
average band -hopper.
Its tremendous directional gain is about the same as you'll get
from the CB version,
General construction, appearance, scan control components,
and overall performance standards are slightly superior.
But who needs its 500 -watt power rating ?
Maybe we're crazy, but we think you'll be very happy with our
M-119 CB Scanner, at about one-fourth the cost.

Rotate the signal, not the antenna! Scan
control unit lets you monitor in omni posi-
tion (ASP -5031, then scan 360° instanta-
neously, then zero in on your target.
Indicator lights for direction -in -use.

the incomparable

SCaNNeP
electronic sector -phased omni-beam antenna

the
antenna

specialists co.
Division of Anzac Industries, Inc.

12435 Euclid Ave., Cleveland, Ohio 44106

Export Div.,
64-14 Woodside Ave.,

Woodside, N. Y. 11377

CIRCLE NO. 124 ON READER SERVICE CARD

1.1antenna

Professional model,
25.50 me

ASP -503

ELECTRONICS INSTALLATION
TAPE RECORDER ANNUAL COMMUNICATIONS HANDBOOK

AND SERVICING HANDBOOK

ELECTRONICS
INSTALLATION

SERVICING
11ANOBOOK-1966

The only complete guide for servicemen
and hobbiests to every major phase of
consumer electronics servicing.

1966 - $1.25............#32

TrkilitORIER

Everything you need to know
about tape recording includ-
ing a complete directory of
mono and stereo recorders.

1966 - $1.25 #30
1965 - $1.00 #31

ORDER BY NUMBER FROM 2IFFDAVIS SERVICE DIVISION,
589 BROADWAY, NEW YORK, N. Y. 10012.

Enclose an additional 15¢ per copy for shipping and handling 154 for orders outside U.S.A.)

The most complete and up-to-date
guide to the exciting world of special-
ized radio communications.

1966 - $1.25 #18
1965 - $1.00 #19
1964 - $1.00............#20
1963 - $1.00 #21
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Get Your First Class Commercial

F.C.C. LICENSE
and earn your

A.S.E.E. DEGREE
Now is the time to Move Up! Increase
your salary and prestige by acquiring
the knowledge and documents that in-
dustry pays for. Get your F.C.C. first
class commercial license, and then con-
tinue (if you wish) for your A.S.E.E.
degree.

Grantham offers resident training in
which each semester prepares you for an
occupational objective as follows: Se-
mester I-communications technician
with first class F.C.C. license; Semester
11-television technician; Semester III-
computer technician; and Semester IV-
electronics engineering technician with
an A.S.E.E. degree.

Grantham offers home study training
in (1) F.C.C. License Preparation, and
(2) Electronics Technology.

The A.S.E.E. degree can be earned by
16 months of resident training, or by a
(mnbination of the Electronics Tech-
nology course by home study and two
semesters (8 months) in residence.

Get the facts from our free catalog.
Write or phone us at one of the ad-
dresses listed below. Ask for Catalog
hh-G.

Grantham School of Electronics
1505 N. Western Ave., Hollywood, Cal. 90027

(Phone: HO 9-7878)

408 Marion Street, Seattle, Wash. 98104
(Phone: MA 2-7227)

818 -18th St., NW, Washington, D.C. 20006
(Phone: 298-7460)

CIRCLE NO. 113 ON READER SERVICE CARD

NIMS
NATIONWIDE

IMPROVED

MAIL SERVICE-

A PROGRAM

FOR REDUCING

POSTAL COSTS

AND IMPROVING SERVICE

MAIL EARLY IN THE DAY

IT'S THE BETTER WAY!

LETTERS READY?-MAIL THEM EARLY!

by its associated speaker load. (3)
Matching transformer secondaries must
be terminated by an equivalent speaker
load.

Up to the point where the amplifier
is not delivering its full rated power, the

use of this system results in an im-
pedance mismatch on the amplifier.
However, since we are not using the
maximum output power from the am-
plifier, the mismatch can be readily
tolerated.

NEW TV PICTURE -T
NEW rules for advertising the "picture size" of TV re-

ceivers have been adopted by the Federal Trade Com-
mission, effective July 1, 1966.

Starting on this date, only the actual size of the picture
-not the dimensions of the CRT-when measured on a

single plane can be used in advertising.
If any size other than the horizontal dimension is used,

it must be accompanied by a clear and conspicuous state-
ment showing how the measurements were made.

The FTC noted that CRT measurements invariably are
larger than the actual picture size because some portion
of the CRT screen is masked in an actual installation.

The FTC gave the fallowing examples of proper and

UBE SIZING RULES
improper advertising claims for a picture that measures
20 inches diagonally, 19 inches horizontally, 15 inches

vertically, and has an area of 262 square inches.

Proper

"20 -inch picture measured diagonally."
"19 -inch picture."  "19 inch."
"19 -inch by 15 -inch picture."  "262 square -inch

picture."
Improper

"21 -inch set."  "21 -inch diagonal set."
"21 -inch over-all diagonal -262 -square -inch picture."
"(Brand Name) 21."

MAJOR SEMICONDUCTOR COMPONENTS
The following table of the major semiconductor components, along with their com-
monly used circuit symbols and junction schematics, was taken from the General
Electric "Entertainment Semiconductor Almanac." Note that in all cases the direc-
tion of current flow indicated on the various circuits is for electron movement.

Name of
Device

Circuit
Symbol

Commonly Used
Junction

Schematic

Diode
Sr
Rectifier

ANODE

}yl

CATHODE

ANODE

p,

CATHODE

Avalanche
(Zener)
Diode

J

CATHODE

ANODE

i..--,-,

ANODE

.--1-,
:

CATHODE

Thyrector $
I

f

o

I

Tunnel
Diode
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ELECTRODE

NEGATIVE
ELECTRODE

POSITIVE
ELECTRODE

I

P

^

NEGATIVEELECTRODE

Snap
Diode or
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Diode

ANODE ANODE

MM..
MEMO

CATHODECATNOCIE

Back
Diode

ANODE ANODE0
ONE=

CATHODE

Light
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-p -n
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COLLECTOR

EMITTER

'
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=MN
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Circuit
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Commonly Used
Junction

Schematic
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le ... EMITTER

24 o

2
EMITTER

Unijunction
TransistorTransistor
(UJT)

USE 2
EMITTER

I

SASE I

BASE 221
,....1._

EMITTER ..7

...,--..., .-1
I.

BASE I

Silicon
Controlled
Rectifier
(SCR)

ANODE

GATE

CATHODE

ANODE

P

^
o

n A

CATH: 7./-;11 GATE

LightLight
Activated
SCR*
(LASCR) GATE

CATHODE

ANODENODE

P

n
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ANODE
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.
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Turn-off
Switch
(GTO)
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ANODE
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ANODE

2

I

ANODE 2=6=1
n

GATE ANODE I
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Trigger P
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*Light Activated SCS also possible.
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LOW- PROFILE

U.H.F. ANTENNA

Similar to a quarter -wave
monopole, this new design is
2.5 electrical degrees high.

ANEW type of low -profile transmis-
sion -line antenna has been unveiled

by Motorola engineers. The radiation
pattern of this new antenna is com-
parable to that of a quarter -wave
monopole, even though the low -profile
antenna is mounted only 2.5 electrical
degrees above a ground plane.

This new design is used to avoid the
losses usually associated with transmis-
sion lines and coupling networks be-
tween the transmitter output and the
antenna system. Average radiated power
is 6 to 8 dB greater than equivalent non-
integrated antenna and amplifier.

As shown in the diagram below, the
antenna consists of a quarter -wave
length of wire, formed into a figure -8
shape and mounted 2.5 electrical de-
grees above a ground plane.

Each end of the antenna is r.f. shorted
to ground through a coaxial type feed -
through capacitor.

Antenna tuning to half -wave reso-
nance is made by adjusting the length
of the stub connected to the midpoint of
the antenna and positioned to run par-
allel with it.

Impedance matching to the transistor
is by positioning the transistor collector
connection along the antenna.

The equivalent circuit of the antenna
is a sharply tuned parallel -resonant cir-
cuit having a "Q" of about 100, which is
controlled by the spacing of the antenna
above the ground plane.

The input r.f. power is matched to the
transistor through a pi network. To re-
move any possible feedback between the
radiated power from the antenna and the
output transistor, each is mounted on
opposite sides of the ground plane.

The new antenna has a high tolerance
to metal objects in close proximity. Vari-
ous objects, such as quarter- and half -
wave rods were placed within one inch
of the antenna without appreciable de-
tuning effects.

In the actual experimental circuit, a
frequency of 300 MHz was used with all
dimensions scaled accordingly.

TUNING STUB

FIGURE 6 -SHAPED
LOOP, Li4 TOTAL
LENGTH

Son
LINE

2145575

25
ELECTRICAL
DEGREES

RFOR "DOCTORS

OF SERVICING"

CLEANS.
and

For handy guidebook to better servicing,

write Channel Master Corp., Ellenville, N.Y.

Where there's
a contact ...

or a relay..
Service with Contact Shield! Pro-
tective! Corrective! It not only
cleans and safeguards contacts bet-
ter on TV, radio, and hi-fi sets; on
all relay -operated electrical equip-
ment, regular protective mainte-
nance with this versatile cleaner
prevents sticky relays-while cor-
rective servicing unsticks them ...
in seconds. Promotes greater con-
ductivity, keeps relays working
smoother, longer. Contact Shield-
the professional service man's
cleaner.

APPLICATIONS
INCLUDE:

 Bowling Alley
PinAutomati

Spotters

Vending Machines  Pinball Machines

 Slot Machines  Telephone Switchboards

 IBM Computers and other data

processing equipment

 Industrial Equipment using
relays, such a5

welding machines, etc.

COMPLETE TUNER

OVERHAUL

ALL MAKES
ALL LABOR
AND PARTS
1EXCEPT TUBES
TRANSMTORS,

995

Send complete tuner now ...or write for full infor-
mation and mailing labels. Exchanges on tuner,
unfit for overhaul front $12.95

CASTLE TV TUNER SERVICE
MAIN PLANT: 5717 N. Western Ave., Chicago 45, Illinois

EAST: 41.94 Vernon Blvd., Long Island City 1, New York
Castle TV Services, Ltd.... Nation-wide service.

 For service in Canada write to Chicago for defogs,
 Canadian address, and mailing kit.

'Major parts are charged extra in Canada

CANADA

LARGEST SELECTION in United States
AT LOWEST PRICES -48 hr. delivery

Thousands of frequencies in
stock. Types include HC6/U,
HC18/U, FT -241, FT -243, FT -171,
etc. SEND 10e for catalog with
oscillator circuits. Refunded on
first order. 2400D Crystal Dr.
Ft. Myers, Fla. 33901

NUMERIC READOUT 99
MINIATURE SIZE, compact. incandescent nu-
meric readouts have new.type. long.ble 30.000
hour lamps. Machined aluminum stack -plate
design permits close sideby-side mounting. Digit
size 1,5" high. Specify 6V or 14V model.

SHIPPED PREPAID WHEN CHECA ACCOMPANIES ORDER

ORDER A LCD ELECTRONIC
FROM PROCILICTS,inc.

LAWRENCE. MASSACHUSETTS

See our
Cross reference #X42

5=2977
when you use
Workman's
MIRACLE 5
TRANSISTORS
they will replace
2977 transistors for
entertainment use
in radio, phono,
tape recorders and
amplifiers!
AA1 PNP AUDIO
AA2 NPN AUDIO
AA3 PNP HIGH FREQUENCY
AA4 POWER DIAMOND BASE
AA5 POWER STUD BASE
Attractively packaged on a
merchandising display board.

AVAILABLE AT ALL
ELECTRONIC PARTS DISTRIBUTORS

LOW PRICED
dOttel POOL

WORKMAN/ -nit
SA R 0 3 0 1 A ,FLORIUCTS, INC

CIRCLE NO. 89 ON READER SERVICE CARD
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Eico Model 378 Audio Generator
For a copy of manufacturer's brochure, circle No. 25 on Reader Service Card.

THE new Eico Model 378 produces
a very low distortion sine -wave

signal over a very wide range of fre-
quencies. It is useful for testing audio
amplifiers for gain and frequency re-
sponse, as a signal source for bridge
measurements, for modulating r.f. signal
generators, or for any other application
where a stable, accurate audio sine wave
must be used. The frequency -determin-
ing elements are not continuously vari-
able but are set by three switches that
insert combinations of 1% resistors and
2% capacitors making up the frequency -
selecting network. This method of tun-
ing permits repeatable, accurate setting
of any frequency from 1 Hz to 110
kHz, to two significant figures.

The output level of this instrument
can be set with great accuracy between
0 and 10 volts r.m.s. (or between -70

CI,C2 SWITCHED BY "FREO. MULT."
RI,R2 CYCLES (101"
R3,R4 . "CYCLES l I

and +22 dB) as read on a 4'A -inch
2% meter. Hence, it is not necessary to
monitor the output of the generator with
an audio voltmeter in order to maintain
an absolutely constant output over a
wide range of frequencies. Below 1 -volt
output, the instrument has a switch -
selected, internal 600 -ohm load that can
be disconnected if desired.

The oscillator uses a 6AU6 voltage
amplifier coupled directly to a triode -
connected 6CL6 cathode follower (see
diagram). Phasing of the circuit is such
that regenerative (positive) feedback
is coupled from the 6CL6 cathode to the
6AU6 cathode via C3 and the tungsten -
filament lamp R5. At the same time,
degenerative (negative) feedback is
coupled from the 6CL6 cathode through
the switch -selected, frequency -sensitive,
capacitor -shunted "T" network. This
network has maximum attenuation at
the specific frequency to which it is

tuned; hence, it cuts off the negative
feedback at this frequency and permits
sine -wave oscillations to occur.

These oscillations would build up to
an amplitude sufficient to cause distor-
tion except for the action of the posi-
tive -feedback loop. The resistance of the
lamp filament in this loop increases with
increasing signal amplitude. This re-
duces the amount of positive feedback
which reduces the amplitude of the out-
put. If output tends to go down, the
lamp resistance also goes down and in-
creases the amplitude of the output. In

this manner, R5 stabilizes the current
flow through the circuit and keeps the
amplitude of the output quite constant
over a wide range of frequencies. Inci-
dentally, the voltage applied to the
lamp ( a 3 -watt, 117 -volt bulb) is far
below its normal operating voltage so
that the filament does not even glow
faintly.

Output is fed to a continuously vari-
able control and then to an eight -step
attenuator. A metering circuit is in-
cluded here to measure the output volt-
age being generated by the instrument.
This circuit uses a 200 -AA meter in a
bridge circuit that employs a pair of
crystal diodes along with a third shunt-
ing diode to compensate for low-level
non -linearity of the meter. When the
generator is properly terminated, the
meter and the attenuator switch will in-
dicate the actual signal level between
the output and ground terminals.

The output distortion of the unit is
less than 0.1% throughout the audio
range, while the frequency accuracy is
within 5% over the entire range. The
generator is available in kit form at
$49.95 or factory -wired at $69.95. 

Lectrotech CRT -100
Picture -Tube Tester

For a copy of manufacturer's brochure,
circle No. 26 on Reader Service Card.

THE new Model CRT -100 picture -
tube tester, recently introduced by

Lectrotech, is designed to test all color -
TV and black -and -white picture tubes
as well as to remove shorts and operate
as a rejuvenator.

In testing a color tube properly, it is
necessary to establish a standard set of
conditions that simulates the operating
conditions within the receiver. This
cannot be done too accurately by apply-
ing an arbitrary grid -2 voltage and then
testing for emission. A somewhat differ-
ent technique is used in this tester. A
fixed negative bias is applied between
grid and cathode of the gun under test.
Then the G2 voltage is adjusted until
the tube begins to conduct. This nor-
malizes the gun to a standard cut-off
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voltage which simulates the operating
conditions in a color receiver. The nega-
tive bias is then removed and a zero
bias emission test is performed with
quality read directly on a meter. This
test checks a tube at the two extremes
of its operating conditions (maximum
and minimum emission) .

Grid -cathode leakage is measured by
means of a sensitive microammeter. This
is done because very small grid currents
(more than about 10 µA) may be suf-
ficient to cause trouble; it was felt
that neon lamp indicators were insuffi-
ciently accurate and stable to make such
sensitive measurements. A neon lamp
indicator is used, however, to detect
heat -cathode leakage.

Rejuvenation is accomplished by a
momentary application of a high-energy

+300V SET ZERO
CONTROL

3UALITY ,
SWITCH

II

METER

potential to burn out
There are three stages
available.

The CRT -100 comes complete with
a portable carrying case and all neces-
sary sockets and cables. It is available
at electronics distributors for $89.50. 
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62

GI

particle shorts.
of rejuvenation

Ballantine Model 353
Digital Voltmeter

For a copy of manufacturer's brochure,
circle No. 155 on Reader Service Card.

ANEW all -solid-state d.c. digital volt-
meter that will sell for just under

$500 has been announced by Ballantine
Laboratories. This would not be out-
standing except that the accuracy is
±0.02% of reading or ±0.01% of full
scale and the instrument has four -digit
readout with overranging to five digits.
In addition, the last place may be inter-
polated, thus providing, in effect, five
digits with overrange to six.

The primary application of the meter
is to replace the multi -knob manual -
balance voltmeter that takes so much
time to use. A four- or five -digit manual -
balance instrument may take as many
as eight or nine operations in order to
obtain the answer whereas this instru-
ment takes only two.

The instrument is an electromechani-
cal device in which the voltage to be
measured is compared to the voltage
developed across a potentiometer in the
reference circuit. A motor drives the
movable arm of the potentiometer and
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a four -digit counter until the voltage
to be measured is equal to that from
the potentiometer. The potentiometer is
wound linearly; hence, any fraction of
the potentiometer voltage will corre-
spond to the same fraction of full range
on the counter.

Model 353 has been designed to make
accurate d.c. voltage measurements from
0 to ±-1000 volts (in five ranges) with
only two manual motions as follows: (1)
Set mode switch to "Normal" and note
voltage. (2) Set mode switch to the
position of the first digit of the voltage
just read. The instrument will then read
out the voltage to four digits, with over -
range to five, and, in addition, one more
digit may be obtained by interpolation.
The instrument has a constant input re-
sistance of 10 megohms for all ranges
and modes. The high accuracy of the
instrument is due to the submerging of
inherent errors so that they become a
tiny part of the whole measurement.

Some of the design features that help
speed up measurements and reduce per-
sonnel errors are: use of an automatic
display of "mV" for millivolts or "V" for
volts with the decimal point located
automatically; a red light to indicate
overrange or wrong polarity; large, well -
lighted digits; provision for a foot -op-
erated switch for a "read" or "hold"
function in addition to a hand -operated
toggle switch on the front panel.

The small size of the unit (7.8" wide
x 6.1" high x 10.2" deep) means that
it uses little of the valuable bench or
shelf space around an operator. A

I
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"Take it easy, Chum, or I'll
let you rust!"

FAMOUS

WALKIE-TALKIE
ii# KNIGHT KIT

$58,8a,0ad

Buy a pair for two-way fun.

 Tens of thousands sold at $8.88 each!
 No license needed; operates hours on

one battery.
 Complete with Ch. 7 transmit crystal.
 Fun to build yourself.

Even Allied has never before offered such
value in a walkie-talkie kit! Sends and re-
ceives messages up to 1/4 mile with 3 -

transistor circuit. Takes just a few hours to
assemble. Sensitive super -regenerative re-
ceiver, push -to -talk transmitter. Telescoping
antenna. Blue case 53/8 x 27/8 x 13/4". Add
27c for each battery.

 Use coupon below to order your kit now.
 Check box to receive latest Allied catalog.

r Allied Radio, Dept. 1F
100 N. Western Avenue
Chicago, III. 60680

Yes, send new free catalog!
Please send me Knight walkie-talkie kits
(83PN 804 RPW). I enclose $5.88 for each unit.
Also send batteries (83 PN 005 RPW)
I enclose 27C for each battery. Satisfaction guar-
anteed or money back.
NAMF

ADDRESS
(please print)

CITY, STATE ZIP

1

J
CIRCLE NO. 125 ON READER SERVICE CARD

Meet
Winegard

Chroma-Tel

PATENT PENDING.
GOLD VINYLIZED.

First 1/2 size all -band (UHF, VHF, FM)

antenna with full size power
 Delivers Brilliant Color, Beautiful Black and

While, Full -Tone FM Sound
 Brings in All the UHF, VHF and FM Sta-

tions in Your Area
Now there's an All -Band (UHF, VHF, FM)
antenna that is actually half the size of most
other all -band antennas. It eliminates half the
bulk, half the wind loading, half the storage
space, half the truck space and half the weight
of ordinary all -band antennas ... without sac-
rificing one bit of performance! Features
Winegard's new Chroma-Lens Director System
and impedance corrolators.

Compare size, cost and performance... you'll
choose Winegard Chroma-Tel every time. Ask
your distributor or write for Fact -Finder #242
3 Models from $17.50 list.

ANTENNA'Winegard Co. SYSTEMS

3000 Kirkwood  Burlington, Iowa
CIRCLE NO. 90 ON READER SERVICE CARD
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SUPERVISOR
TECHNICAL TRAINING

Newly created position in the greater Boston area

An excellent opportunity for a versatile technical
instructor is available with a leading, highly -professional
manufacturer of materials and R&D equipment. This
position offers an attractive salary, liberal company
benefits, and stimulating work -environment.

Qualifications:
Associate's degree in electronics is required. BSEE

is desirable. Applicant should have had some teaching
experience.

Responsibilities:
Reporting to the director of marketing, the successful

candidate will organize and direct entirely new training
programs that include developing course material and
teaching aids; planning and scheduling classes for
groups with various technical backgrounds. Such groups
will include sales engineers, field service men, and cus-
tomer engineers and technicians.

He will work closely with engineers, and occasionally
travel to customer plants and company sales offices,
to keep up with the latest in equipment and procedures.

Please send full summary of experience to:

ELECTRONICS WORLD
DEPT. ACM

One Park Ave.  New York, N.Y. 10016

A

ELECTION

OSTILLANNUAL AVAILABLEF
FROM THE WORLD'S LARGEST PUBLISHER OF SPECIAL INTEREST MAGAZINES

CAR & DRIVER YEARBOOK
A complete buyers guide covering vir-
tually every car available in the United
States . . . Road tests . . . Technical
specifications . . Accessories and
performance equipment buying guide
. . . Guide to racing with action -
packed photos.

1966 - $1.25

FLYING ---
ANNUAL.,....-..

FLYING ANNUAL

The most valuable aviation yearbook
ever compiled . . , Pilot reports . .

Aircraft directory . . . How to buy a
used airplane . . . Navcom. directory
. . . Learn to fly section.

1966 - $1.25....-....#27
#15 1965 - $1.25 #28

1965 - $1.25 #17

VSS TAPEBORDER

TAPE RECORDER ANNUAL

Everything you need to know about
tape recording including a complete
directory of mono and stereo recorders.

1966 - $1.25............#30
1965 - $1.00............#31

STERECHfirm
DIRECTORY

STEREO/Hi Fi DIRECTORY

Complete buyers guide for virtually
every Hi Fi component manufactured.

1966 - $1.25 #29
1965 - $1.00 #37

Order by number from Ziff -Davis Service Division, 589 Broadway, N.Y., N.Y. 10012.
Enclose add'I 150 per copy for shipping & handling (500 for orders outside U.S.A.)

ELECTRONIC
SPEECHMAKER

ACOMBINATION of computer and electronic techniques
is now enabling hundreds of stockbrokers in the New

York metropolitan area to pick up their office phones, even
simultaneously, dial a digital code, and receive the latest
stock quotations from the American Stock Exchange in the
form of an electronically synthesized human voice, all with-
out uttering a single verbal request for the information.

The basic Speechmaker, built by the Cognitronics Corp.
and shown in Fig. 1, consists of a 7% -inch diameter, photo-
graphic film audio memory drum having a total of 64 tracks
(63 audio and one for timing). The audio tracks, similar to
those used in motion -picture systems, are composed of 26
tracks each containing one spoken letter of the alphabet,
with the remainder of the tracks containing the individual
spoken numbers from zero to nine, all necessary fractions,
and a selection of key words (bid, asked, open, closed, etc.),
as used in stock transactions.

A light source and an aperture provide a narrow light beam
that is directed through the variable -density audio tracks,
where the beam is modulated by each track and detected by
a photocell. The outputs of the photocells are amplified for
application to the telephone line.

As the film drum rotates about the photocells at 1.6 revo-
lutions per second, the individual letters, words, numbers,
and fractions are extracted at the rate of 400 milliseconds per
word. This speed maintains a high degree of voice fidelity
in the completed phrases.

With the proper selection of track sequence, it is possible
to create a synthesized vocal response that will cover any
combination of words and numbers usually found on a stock
ticker.

The computer system associated with the Speechmaker is
arranged so that when a stockbroker dials the digits for a
particular stock, an electronic selection circuit chooses the
appropriate audio tracks and arranges them in the proper
sequence (such as found on a stock ticker). The computer
stores all numerical information on a magnetic drum that is
continuously updated with the latest trading information.

The over-all system can handle 1200 inquiries a minute, up
to 72,000 an hour, during the average business day.

Fig. 1. As the drum rotates, the variable -density tracks mod-
ulate the light beams passing to the individual photocells.
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LASERS ARE NOW

BIG BUSINESS
LASERS-long referred to as an R&D

"adventure"-actually accounted for
over $97 million worth of business dur-
ing 1965. Surprisingly, 41 percent of this
was direct manufacturing activity. This
significant finding, along with many
other pertinent facts about the laser
market was revealed recently by Patrick
J. McGovern, president of the Interna-
tional Data Corporation.

According to Mr. McGovern, the size
and distribution of the laser market,
have for the first time, been established
by a detailed market study. The basis of
the study was a comprehensive survey
of the 1000 organizations both in the
U.S. and abroad, known, or thought to
be involved in laser activities. A few of
the more salient facts are:

At least 367 organizations are doing
laser and/or laser -related work. Of
these, 257 are industrial companies, 75
are non-profit concerns (universities, in-
stitutes, foundations, hospitals, mu-
seums, and the like), and 35 are govern-
ment civilian and military agencies.

A breakdown of the 257 industrial
companies according to primary activity
shows that 151 are engaged more ex-
tensively in the manufacturing area and
95 in R&D, 9 are almost exclusively ap-
plications oriented, and 2 have made a
business of providing consultation.

Total laser expenditure by the 367
organizations for 1965 was $97.1 mil-
lion. Of this amount, $40 million
(41.2%) was spent in the manufacturing
and sales area, $42.1 million (43.3%)
on R&D, $13.1 million (13.5%) on appli-
cations studies, and $1.9 million (2%)
on consultation services.

Total amount spent by manufacturing
oriented companies was $51.9 million
(53.4%), by R&D oriented companies
$21.1 million (21.7%), by application
oriented companies $1.3 million (1.3%),
by consultation oriented companies
$150,000 (0.2%), by non-profit organi-
zations $12.4 million (12.8%), and by
government civilian and military agen-
cies $10.3 million (10.6%).

The study report also includes the
names, contact data, and a description
of the activity of all 367 organizations
engaged in laser work, product and R&D
area listings for ready reference, listing
of the prices of many laser and laser -
related products, a tabulation of the
marketing information provided by re-
spondents to the survey questionnaire,
and a description of user need.

Copies of "Laser Marketers' and
Buyers Guide," at a cost of $8, are
available from International Data Cor-
poration, 355 Walnut Street, Newton-
ville, Mass. 02160.

Hallicrafters' new CB -19 transceiver

is about as sleek and trim and compact

as an infantry boot.

That's why there's room for the "S" meter,

the receiver tuning VFO, the king-size communications

speaker and unsurpassed basic performance

-for only $149.95

8 crystal -controlled channels. 23 -channel
receiver tuning with frequency spotting switch.
 Built-in, amateur -type "S" meter.  All -
electronic push -to -talk circuitry.  Dual con-
version, superheterodyne receiver. Superior sen-
sitivity-less than 1 microvolt for 10 db S/N.
 Hallicrafters' exclusive "Racket Buster" built-
in noise limiter.

0A
halhcratiers

5th and Kostner Ayes.
Chicago, III. 60624

Export: International Div. Available in
Canada through Gould Sales Co.

CIRCLE NO. 110 ON READER SERVICE CARD

NIMS
NATIONWIDE

IMPROVED

MAIL SERVICE -

LETTERS READY? - MAIL THEM EARLY!

A PROGRAM

FOR REDUCING

POSTAL COSTS

AND IMPROVING SERVICE

MAIL EARLY IN THE DAY

IT'S THE BETTER WAY!
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SPRING
EDITION

Now Available -The all -new Spring 1966 Edition
of ELECTRONIC EXPERIMENTER'S HANDBOOK! An-
other big package of over 30 fascinating do-it-
yourself construction projects for:

Amateur Radio Automotive Electronics
Photography HiFi/Stereo & Audio
Test Equipment Short -Wave Listening

You'll build such valuable units as...a super photo
flash...a simple auto light minder...a transistor FM
multiplexer...an electric fence charger...and a
self-regulating lighting controller.
Each has complete, easy -to -follow schematics, parts
lists and how-to instructions that guarantee you
perfect finished products! Plus-dozens of profes-
sional pointers, tips and techniques to increase your
overall electronics skills and proficiency.
In all, more than 148 pages of challenging projects
that will deliver hour after hour of sheer fun...and
provide you with economically -built, useful items (to
keep, or sell for a profit) after you've finished.

valuable hand in the coupon and 5Make sure you receiveFill your copy of this $7'

mail it today!

A DELUXE, GOLD -EMBOSSED
LEATHERFLEX-BOUND EDITION

...just $3.00 postpaid

This deluxe edition is
a permanent, hand-
somely -bound collec-
tor's item that belongs
in your electronics li-
brary! Check appropri-
ate box on coupon.

mi AIM NM

ZIFF-DAVIS SERVICE DIVISION, Dept. EEH
589 Broadway, New York, N.Y. 10012

COUNT ME IN .for a copy of the Spring
1966 ELECTRONIC EXPERIMENTER'S HAND-
BOOK as I've indicated:

12 $1.25 enclosed, plus 150 for shipping
and handling. Send me the regular edi-
tion. ($1.50 for orders outside U.S.A.)

El $3.00 enclosed. Send me the Deluxe
Leatherflex-Bound edition, postpaid.
($3.75 for orders outside U.S.A.) Allow
three additional weeks for delivery.

name please print Ew-66

address

city state zip code

 PAYMENT MUST BE ENCLOSED WITH ORDER 11 J

Varactor Diode Applications
(Continued from page 46)

with over 90% efficiency and 50% efficient
octuplers are readily achieved and re-
quire no power except the input signal.
Any order harmonic may be produced
by proper filtering. By allowing certain
other harmonics to flow and then multi-
ply each other, efficiencies may be
markedly increased.

The present practical limitations of
this technique are about 25 watts of r.f.
output at 1 GHz and 2.5 watts at 10
GHz. Useful harmonic power may be
obtained at 100 GHz in special circuits.

Fig. 8 is a typical circuit. It is a 1-GHz,
10 -watt transmitter driven from a 45 -
watt, 83 -MHz source. This gives a 22%
efficiency after a multiplication of
twelve. The three varactors have a total
cost of around $125. This is considerably
more economical than any other present
solid-state technique. Note that no d.c.
power is required by the circuit as the
varactors derive a self -bias from the r.f.
input. The size, power, and reliability
advantage over tube circuits is obvious.

This type of circuit finds use in v.h.f.
and u.h.f. solid-state transmitters and
signal sources. A second type of circuit
uses higher order multiplication to allow
a low -frequency ( 25 to 50 MHz) crystal
to produce a stable reference microwave
frequency, perhaps at 10 or 24 GHz.
This is often used to phase -lock kly-
strons, backward -wave oscillators, and
other tubes, producing substantial, pre-
cisely controlled microwave power.

A mutation of the multiplier produces
an interesting circuit. Suppose we ig-
nore the second harmonic power and
look at the input to the multiplier. There
is a sharp, well-defined threshold below
which a varactor multiplier will not op-
erate. Above this threshold, the input
voltage remains constant, independent
of the input power. This is because all
power above the threshold is immedi-
ately converted into the second har-
monic. This results in an effective micro-
wave limiter with over 20 dB of dynamic
range. Fig. 9 gives details. By using high
"Q" circuits (usually cavities), the lim-
iter's output is essentially fiat.

Parametric amplifiers have purposely
been saved for last. To attempt to cover
these amplifiers in a few lines would be,
to say the least, a gross oversimplifica-
tion. Interested readers are urged to look
up "Semiconductor Diode Parametric
Amplifiers" by Blackwell & Kotzebue,
published by Prentice Hall, Englewood
Cliffs, New Jersey (1961) for details.
Suffice it to say that parametric amplifi-
cation is a means of using a readily avail-
able signal to reinforce a much weaker
one. This is accomplished by interaction
of the two signals in the time -varying re-
actance of a varactor diode or two. One
form of paramp uses a local "pump" sig-

SECOND HARMONIC
LOAD RESISTOR

Q

OUTPUT
POWER

POWER
THRESHOLD

OF
DOUBLER

Fig. 9. R.F. limiting with varactor circuit.

nal of precisely twice the input signal
frequency to increase the amplitude of
the input. This is in exactly the same
manner as a child on a swing will
"pump" the swing twice each cycle to
increase its amplitude.

The big advantage is low noise. Par -
amps have room -temperature noise fig-
ures that are well below any conventional
devices; a one- or two -decibel noise fig-
ure is typical. This is possible because
the varactor is a reactance and not a re-
sistance. A pure reactance produces no
thermal noise, but all resistances, biasing
networks, transistors, and tubes do. This
is of utmost importance when dealing
with weak radar returns, miniscule satel-
lite TV signals, radio astronomy, and
many other applications where the last
ounce of signal must be obtained with-
out further degrading an already low
signal-to-noise ratio.

Varactor paramps are useful from 200
MHz to the outer reaches of the extreme
microwaves. They are now the only prac-
tical means of forming extremely low
noise amplifiers at reasonable tempera-
tures over this entire frequency range. 

Y 2 C
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"Please, Doc, don't tell me I'm color
blind! I just paid $800 for a color -TV

set!"
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AUDIO PEAK FACTOR

PEAK factor, also called "form factor"
or "peak allowance," means the num-

ber that would be added to the program
volume in vu in order to determine a
dBm level which would produce the
same peak power. Although erroneous,
peak factor is stated in dB.

Let us take an example of how to
determine peak factor. Assume that a
vu meter and its attenuator are con-
nected across a line carrying program
material and that the meter pointer de-
flects as high as -2 on the vu scale. The
attenuator is set to +30 vu. Volume
level of the program line is + 28 vu.
Now let us also connect an oscilloscope
across the line and mark on its face the
observed program peaks. Next, remove
the program from the line and substitute
an audio sine -wave generator. Bring up
the level of the generator until the peaks
of the sine waves come up to the marks
previously made on the scope face. Vary
the attenuator setting until the vu meter
again indicates near "0" on its scale. If,
for example, the meter indicates -1
and the attenuator reads +40, the gen-
erator is producing +39 dBm (dBm, not
vu, because of the steady-state sine
wave). The number 11 must be added
to the previously obtained 28 to get 39,
so peak factor is 11 dB.

This factor of 11 dB is fairly typical.
It will be seen that peak factor depends
upon several variables such as program
material, microphone technique, studio
acoustics, etc. Bland music usually shows
a factor of about 8 dB. Medium-miked
speech shows 10 dB or so. Percussive
music in a dead studio will show over
20 dB. A close-miked xylophone reaches
40 dB. Generally, factors over 20 dB
can be observed only with unusual pro-
gram content in a system (including
microphone) with extreme bandwidth.

It is fortunate that the human ear does
not object to occasional clipping of pro-
gram peaks, or else amplifiers would
have to be much larger for many appli-
cations. AM radio stations and networks
allow only about 10 dB factor, and peak
clipping occurs often. If the amplifiers
clip cleanly, with blocking or base -line
displacement, the sound is acceptable.
Magnetic tape recorders, even the best
of studio machines, saturate on peaks
quite regularly. The peaks cannot be
said to be "clipped" on magnetic re-
corders, as the overload characteristic
is "soft"; however, peak distortion is
severe. For sound -reinforcement pur-
poses, reproduction is generally satis-
factory if the volume of the amplifier
(in vu) is kept at least 10 dB below the
amplifier maximum rating (in dBm ).

This information appeared in the first
issue of Langevin Engineering Letter. 
June, 1966

one of the finest stereo FM tuners
we have tested and...easily the best

kit -built tuner we have checked."
Hi Fi/Stereo Review April 1966

"The Scott LT -112 met or exceeded all its specifications that we were able to check.
Its sensitivity was 2.1 microvolts (rated 2.2). Harmonic distortion at 100 per -cent
modulation was about 0.5 percent (rated 0.8 per -cent). Capture ratio was 2.4 db
(rated 4 db). Hum was -66 db, which is the lowest we have ever measured on a
tuner ... it is a logical choice for anyone who wants the finest in FM reception at
a most reasonable price."
Build the stereo tuner that has won rave reviews from audio experts . . . the Scott
LT -112. Here are the same features, performance, quality, and reliability you'd
expect from Scott's finest factory -wired solid-state tuners . . . the only difference
is, you build it. LT -112 price, $179.95.

SCOTT°
For complete information on the Scott LT -112 solid-state FM Stereo tuner kit, write: H. H. Scott,
Inc., Dept. 160-06, 111 Powdermill Road, Maynard, Mass. Export: Scott International, Maynard,
Mass. Prices and specifications subject to change without notice. Prices slightly higher west
of Rockies.

CIRCLE NO. 97 ON READER SERVICE CARD

NOW! Solve Electronics Problems
fast with New Patented Slide Rule.

That's right! This amazing new Electronics
Slide Rule will save you time the very first
day you use it. It's a patented, all -metal 10"
rule that features special scales for solving
reactance, resonance, inductance and cir-
cuitry problems . . . an exclusive "fast -
finder" decimal point locater . . . widely -
used formulas and conversion factors for
instant reference. And there's all the stand-
ard scales you need to do multiplication,
division, square roots, logs, etc.
Best of all, the CIE Electronics Slide Rule
comes complete with an Instruction Course

GET BOTH FREE!

Send
coupon
today -f

of four AlliOPROGRAMMED*Iessons. You'll quickly
learn how to whip through tough problems
in a jiffy while others plod along the old-
fashioned "pad and pencil" way.
Electronics Slide Rule, Instruction Course,
and handsome, top -grain leather carrying
case .. . a $50 value for less than $20. Send
coupon for FREE illustrated booklet de-
scribing this Electronics Slide Rule and
Instruction Course and FREE Pocket Elec-
tronics Data Guide. Cleveland Institute of
Electronics, 1776 E. 17th St., Dept. EW-
122, Cleveland, Ohio 44114.

"TRADEMARK

Cleveland Instituteof Electronics
1776 E. 17th St., Dept. EW-122, Cleveland, Ohio 44114

Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail
promptly and get FREE Pocket Electronics Data Guide too!

NAMF
(Plan" Print)

ADDRESS COUNTY

CITY STATE ZIP

A leader in Electronics Training...since 1934

C:PCLE NO. 122 ON READER SERVICE CARD 71



limum.
SELLING THAT

RECORDER? s

BUYING A I
i RECEIVER?
INNINIIMINIMININ

v,N7 pp'

ELECTRONICS WORLD runs a Hot
Line into the 197,524 electronics
professionals who buy the magazine
each month. And, for only 4O a

word, a personal classified ad will
help you make your connection.

ELECTRONICS WORLD has the
largest audience of its kind in the
world, and this creates an ideal
market place for you. Actually, when
you get together with your co -pro-
fessionals, you may find that many
are near neighbors. Yet your mutual
needs may be met only through the
medium of our classified columns.

Take advantage of our special per-
sonal rate of 40C a word (including
name and address)

NO MINIMUM REQUIRED

a saving of 30C a word
from our commercial
rate of 7K

IN

A small investment can bring quick
results, and complete data is

printed in the Classified Advertis-
ing Section. Write your ad and mail
it today, with your payment to:

HAL CYMES
Classified Advertising Manager

ELECTRONICS WORLD
One Park Ave., N. Y., N. Y. 10016

AUGUST ISSUE CLOSES JUNE 1st.

Sampling Oscilloscopes
(Continued from page 49)

and the rise time displayed is 60 psec.
The most important specification of a

sampling scope is the rise -time char-
acteristic which determines the mini-
mum pulse duration that the instrument
can handle. Since the rise time can be
no greater than the sample time, the
width of the sampling pulse must be
as short as possible.

A useful parameter is the sampling
efficiency (a) which is a measure of
the sampling response of the system
and which is defined as a (dB) =
E,ample/AEtnput. By observing the sam-
pling efficiency while changing the fre-
quency of the input signal, it is possible
to determine the bandwidth of the scope.

Another significant parameter is the
loop gain, which refers to the product
of the sampling efficiency and the am-
plifier gain in the sampling circuit. Nor-
mally, the loop gain is optimized to
unity so that each sample is accurately
displayed, independent of sampling den-
sity. However, in cases where the signal
has random noise, reduced loop gain acts
to minimize the noise carried by the
signal. For this reason, sampling scopes
are provided with a smoothing capa-
bility which selects the desired loop gain
by altering either the sampling efficiency
or amplifier gain. When the loop gain is
adjusted to other than unity, however,
the measured rise time of the input
signal will vary with changes in sam-
pling density. The resultant error is in-
significant at high sampling densities.

Sampling density refers to the number
of samples or dots taken per unit equiva-
lent time. If, for example, the sweep
rate is 5 nsec per division when taking
200 samples per division, the sampling
density is then 40 samples per nsec
equivalent time. For normal viewing, it
is desirable to have as many dots on the
trace as possible for maximum resolu-
tion. At low pulse repetition rates, how-
ever, it is necessary to reduce the scan
time so that the beam recurrence rate is
high enough to prevent trace flicker.
For this reason, a sampling -density con-
trol is employed to vary the amplitude

Fig. 8. Typical step response shows a
60 -picosecond rise time with clarity.

of each step in the staircase circuit and
provide a continuous selection from 50
to 1000 samples per trace. Thus, an
optimum balance between resolution
and flicker can be easily achieved.

The ability of modern sampling os-
cilloscopes to process signal information
in equivalent and real time represents
an important advance in microwave
measurement. While the versatility of
the sampling technique has not yet
been fully exploited, at the present state-
of-the-art the method offers unique
solutions to many high-speed pulse
problems.

Microphones for P.A.
(Continued from page 52)

of the rest of the public-address system )
is the use of super -directional micro-
phones evenly spaced across the stage
at footlight level. Remember, cone angle
is 80 degrees so, ideally, the microphone
should be angled upward at least 40
degrees. Properly spaced, the pickup
can be very uniform and on mike.

In most applications, the undirectional
microphone is easiest to use effectively
and the omnidirectional unit the most
difficult. Special situations, however, re-
quire the use of the omnidirectional.
Where hand-held microphones are nec-
essary for stage or interview work, in
particular, the advantages of the car-
dioid are usually defeated because of
position and here the omnidirectional
designed especially for hand-held close-
up use comes into its own. Because the
sound source is very close to the micro-
phone, the level of sound from the
speakers and the level of extraneous
sounds in the room are low in compari-
son. Hence, although omnidirectional,
such a unit can be used in public address
without undue concern for feedback.

In a few rare instances, such as with
certain sporting events, the situation re-
quires placement of microphones very
close to the system speakers operating
at high level. Ordinary microphones,
and even the finest of the highly direc-
tional units described, may not be satis-
factory. In such event, a differential
(noise -canceling) microphone may be
the answer. A true noise -canceling type
must be worked very closely-in fact,
with the face touching the unit. Properly
used, however, the noise -canceling type
can be extremely effective in preventing
feedback as well as for paging use in
high -noise areas.

In summary then, useful guidelines
have been presented and fundamental
concepts enunciated by means of which
requirements can be defined. A logical
sequence of consideration coupled with
imagination will usually reduce the
problems to a level that can be readily
handled successfully.
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"MAGNETIC TAPE RECORDING" by Dr.
Skipworth W. Athey. Published by the
Superintendent of Documents, U.S.
Government Printing Office, Washing-
ton, D.C. 20402. 326 pages. Price $1.25.

NASA has announced the release of
a comprehensive survey of techniques
and developments in magnetic tape re-
cording, written by a former director of
Ampex Corp.'s research laboratory.

The book includes chapters on re-
cording technology ranging from the
more elaborate ground -based systems to
those used on satellites in space. It cov-
ers work done in NASA centers and
commercial concerns in recent years and
includes an appendix of standard refer-
ences in the tape recording field.

"JOHN DIEBOLD: BREAKING THE CON-
FINES OF THE POSSIBLE" by Wilbur
Cross. Published by James H. Heine-
man, Inc., 60 East 42nd Street, New
York, N.Y. 10017. 293 pages. Price
$6.50.

This is the fourth volume in this pub-
lisher's series "The Future Makers" and
the first to deal with a technical subject
through the life of one of its "prophets"
-John Diebold-who has been dubbed
the "high priest of automation."

By using the life of John Diebold as
a springboard, the book points out how
automation is far more than the appli-
cation of computers and electronic de-
vices and more than a technological
development. Automation is explained
as a concept and as a philosophy which
must be understood if one wishes to ap-
preciate and understand how it affects
our social, intellectual, moral, and spirit-
ual values.

The book covers the impact of auto-
mation on the tools and concepts of
education, job re-education, the use of
leisure time, instant "newspapers" in the
home through television, robot house-
keepers, medical diagnoses, and military
defense, among other subjects.

"MOST -OFTEN -NEEDED 1966 TELEVISION
SERVICING INFORMATION" compiled by
M. N. Beitman. Published by Supreme
Publications, 1760 Balsam Road, High-
land Park, Ill. 192 pages. Price $3.00.
Soft cover.

This is Volume 25 in this publisher's
series of servicing information manuals
and like the earlier volumes includes a
schematic, alignment data, special serv-
ice notes, and chassis views of 1966
models in the lines of such firms as
Admiral, Emerson, General Electric,
Magnavox, Motorola, Philco, RCA Vic-
tor, Sears, Roebuck and Co., Sony,
Sharp, Sylvania , Westinghouse, and
Zenith.

"BASIC ELECTRICITY FOR ELECTRONICS"
by Robert G. Middleton & Milton Gold-
stein. Published by Holt, Rinehart and

BOOK
REVIEWS

Winston, Inc., New York. 681 pages.
Price $9.95.

This is a beginner's book for those who
plan to make electronics their vocation
or avocation. The text is divided into
23 chapters which range from a basic
explanation of electronics and electricity,
through the laws of voltage, current, and
power to a discussion of vacuum tubes
and semiconductors, filters, and network
theorems.

The authors' style is informal and,
where possible, they have avoided the
mathematical approach to the subject
under discussion. Fifteen appendices
have been included to provide a num-
ber of the reference and working tools
needed by the student. These include
color -code tables, log tables, tables of
square roots and squares, etc.

For those wishing to study electronics
on their own, this book would be en-
tirely suitable. There are questions and
problems appended to each chapter so
the student can check his understand-
ing (answers to both the questions and
problems are provided). The book
would serve equally well as an elemen-
tary text for junior colleges, technical
institutes, and other beginning -level
courses.

*

"ELECTRONIC DRAFTING AND DESIGN"
by Nicholas M. Raskhodoff. Published
by Prentice -Hall, Inc., Englewood Cliffs,
N.J. 584 pages. Price $15.95.

This lavishly illustrated, up-to-date
volume presents a broad coverage of
components, materials, graphic symbols,
standards, industrial diagrams, wiring
harnesses, printed circuits, reference
designations, and electronic equipment
design. Assuming that the user has a
knowledge of conventional drawing
practices, this volume presents a compre-
hensive view of military electronic
equipment specifications and design,
latest information on such subjects as
flexible printed cables, modular pack-
aging, adhesive bonding, solid-state
component packaging, and multilayer
printed wiring boards. In addition, there
are over 50 tables containing informa-
tion on mechanical fasteners, copper -
wire dimensions, abbreviations of wire
colors, abbreviations of drafting terms,
and rivet dimensions.

For those in drafting who wish to

up -grade their skills to embrace the fast-
moving and lucrative electronic drafting
field, this book should do the trick. It
would also be of help to electronic cir-
cuit designers to enable them to specify
correctly what they require in the way
of circuit drawings.

* *

"BOOLEAN ALGEBRA" prepared under
the direction of Oswald Wolf. John
Buchholz, John Spiech, and Henry
Shleuder, Federal Electric Corporation.
Published by Prentice -Hall, Inc., Engle-
wood Cliffs, N.J. 246 pages. Price
$11.00.

This is a programmed manual de-
signed to be used by the student study-
ing on his own. The material is pre-
sented in such a way that it is directly
applicable to the field of computer logic
design. The text features a linear pro-
grammed format and provides every
element required to acquire complete
mastery of the subject, using as illus-
trative bases, switching circuits, logical
equations, and word problems to amplify
the basic discussions.

The mathematical discussions
throughout the text are applied to the
key factor in the field-computer cir-
cuitry-the formal and informal methods
which allow the selection of the sim-
pler of two circuits.

"BASIC MICROWAVES" by Bernard Ber-
kowitz. Published by Hayden Book
Company, Inc., New York. 163 pages.
Price $3.95. Soft cover.

Here, at last, is a truly "basic" text on
microwaves-one that doesn't assume
that the student is familiar with calculus,
the theory of transmission lines, or with
Maxwell's equations. The author begins
his discussion with the familiar wave
phenomena and carries on from there.
The six chapters progress naturally from
a discussion of waves in free space,
waves interacting with matter, antenna
theory, types of antennas, and transmis-
sion lines to microwave components.

The exposition is informal and the
text material is lavishly dotted with
sketches, line drawings, tables, charts,
photographs, and graphs. Each chapter
concludes with a summary and a group
of questions regarding the material cov-
ered in the chapter. A glossary of sym-
bols used in the text is included.
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Selecting P.A. Amplifier 10. Accessories
(Continued from page 42)

changed most easily by using the master
volume control-which changes the lev-
els of all input signals simultaneously.
This control does not disturb the relative
settings of the individual input controls.

9. Mounting and Portability
Most packaged p.a. amplifiers are fur-

nished complete with protective enclo-
sures which are suitable for table or shelf
mounting. When the amplifier is to be
operated with a record player, tuner,
and/or tape recor-der in a fixed installa-
tion, the greatest amount of protection
will be provided by installing these com-
ponents in a cabinet rack, which is avail-
able in different heights. To expedite
assembly in a cabinet rack, many ampli-
fier manufacturers sell rack panels which
are pre-cut and screened to permit easy
indentification of all controls. After the
rack panel has been attached to the am-
plifier (a relatively simple job ), the com-
plete assembly is then inserted in the
cabinet and bolted. Panel widths are a
standard 19"; heights vary from 3Y2" to
8%".

Much more frequently a need exists
for carrying the amplifier and associated
components from place to place. To fa-
cilitate handling with minimum damage
to the equipment, manufacturers market
carrying cases which can hold, in addi-
tion to the amplifier, 1 or 2 12" loud-
speakers with cables, a microphone with
its cable, and a record player. Complete
portable systems of this kind can be
easily transported by one man and
quickly set up at the job site. Since some
amplifiers are too large to fit into any
case, the carrying case and amplifier
dimensions should be checked for com-
patibility before the amplifier is pur-
chased.

Also available is a professional utility
carrying case on rubber casters in which
can be neatly stored virtually a complete
sound system-except for the speakers.
This case holds an amplifier, two floor -
mounting adjustable microphone stands
and bases, several microphones, and a
very considerable amount of associated
cables. Its use greatly reduces the con-
fusion and labor connected with the
set-up of most portable sound systems
and helps to create an atmosphere of
professionalism and competence.

Wall -mounting kits ingeniously solve
the sometimes perplexing question of
where to locate the amplifier when a
table or shelf is not available. These
sheet -metal kits attach without difficulty
to a wall; hinged arms, to which the am-
plifier is easily secured, swing up to hold
it flat against the wall when not in use.
When lowered for operation, the am-
plifier is secured at a convenient angle.

The number of accessories which are
available for packaged p.a. amplifiers is
too large to permit full coverage in this
article. But since they can increase the
usefulness of an amplifier-usually at a
very nominal cost-it is important that
the sound -system installer have some
knowledge of what they are and what
they can accomplish.

As a general rule, higher priced am-
plifiers provide for the addition of the
greatest number of accessories. Econo-
my -priced models, however, are usually
designed to accept only the most impor-
tant of these accessories-some of which
are described below.

a. Phono Top. This consists of a 3- or
4 -speed phono motor, turntable, and
tonearm mounted on a small chassis
which is easily attached to the amplifier's
enclosure. Most 117 -volt a.c. amplifiers,
as well as some 12 -volt d.c. mobile mod-
els, can be equipped with these useful
phono tops.

b. Plug-in Microphone Transformers.
Separate transformers are offered for
microphones whose impedances are 50,
500, or 150-250 ohms. The latter im-
pedance is by far the most widely used
in p.a. work.

c. Carrying Cases.
d. Wall -Mounting Kit.
e. Rack -Panel Kits.
f. Remote Volume Controller.
g. Microphone Precedence.
h. Monitor Panel.
i. Limiter.
j. Locking Plates. To prevent unau-

thorized hands from tampering with am-
plifier controls which have been carefully
adjusted, manufacturers offer a protec-
tive plate which may be secured over
the front panel and locked with a key.
The controls cannot be reached until au-
thorized personnel remove the plate with
a key. This accessory is important for
multi -microphone installations in a
church, theater, or auditorium where
controls must be carefully pre-set during
rehearsals or preliminary test periods.
Incidentally, some manufacturers pro-
vide adjustable indicators or pointers for
the various level controls to show their
proper settings, once these have been
determined by the operator.

11. Cost
In selecting an amplifier for a sound

system, cost is not as important a factor
as it might seem at first glance. Usually
the difference in price between the least
expensive amplifier which will do the
job and a much higher quality unit is
relatively small when considered in rela-
tion to the over-all outlay for the com-
plete sound system. A few manufacturers
offer deluxe as well as economy lines. In
some instances, there is no sacrifice of
reliability in the economy line, but the
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features are more limited and the over-
all performance somewhat below that of
the deluxe line. Careful examination of
the catalogue data will enable the pur-
chaser to make intelligent comparisons
to determine whether the louver priced
unit will be adequate. Obviously, an am-
plifier should be selected for its ability
to meet a certain set of requirements. To
purchase an amplifier with capabilities
that are considerably above the require-
ments of a particular job is certainly un-
economical.

Careful consideration should also be
given to the quality of the loudspeakers
and microphones with which it will be
used. All too often, the purchaser over-
looks the interrelationship of the com-
ponents and installs a sound system in
which only one component of poor qual-
ity establishes an over-all level of poor
quality for the entire system. No im-
provement in sound quality will result
from installing a high-priced amplifier
with low -quality loudspeakers and mi-
crophones. On the other hand, if these
are high -quality components designed
with wide frequency response capabili-
ties, it makes sense to purchase a com-
parable amplifier with a good power
response curve.

Chroma Demodulation
(Continued Irvin page 37)

that a color test signal be available be-
cause in the absence of a color sync
burst there will be no output from the
"injection -locked" oscillator of the CTC-
19. The test signal burst frequency must
be very close to the correct value or else
the alignment made with the color bar
generator will not be right when a color -
TV broadcast is received. One of the ad-
vantages of the CTC-19 circuit is easier
alignment and simpler tint control op-
eration.

The CTC-19 color sync circuit can be
considered more reliable since it con-
tains fewer tubes and other parts which
can fail.

Similar comparisons can be made be-
tween the two color -killer circuits. Here,
the only real difference is that the CTC-
19 omits the phase detector and depends
on the output of the crystal ringing cir-
cuit to "know" whether a color or mono-
chrome broadcast is being received.
There is no difference in the adjustment
or in the operation of the killer amplifier
and bias circuit.

As to performance under interference
and various noise conditions, the CTC-
17 type of circuit has been proven for
at least five years, while the field ex-
perience with the new CTC-19 is still
insufficient to form a judgment. Accord-
ing to laboratory tests certainly the CTC-
19 color sync circuit should perform
quite well.

HERE IT IS...ONLY $1595
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pleasure the way it should be en-
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Rich new styling
The all new Adjustatone complements
the decor of any room, any stereo
set. Inset panels and silver trim
accent the smooth line styling. Con-
struction is of stainless steel and in-
jection molded high impact plastic.

Try the sensational new Adjusta-
tone at your dealer. No stereo set
should be without one. See also the
three other great Telex stereo head-
sets-the Stereo Twin ST -10 and
ST -20 and the ultimate of all stereo
headsets-the new Serenata. All
made in U.S.A.
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"He's a good worker.
I'd promote him
right now
if he had
more
education
in electronics:'

NOW! TWO NEW PROGRAMS!
 Industrial Electronics for Automation

 Computer Systems Technology 41
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founded 1927

CREI
Accredited Member

of The National Home Study Council

Could they
be talking
about you?

You'll miss a lot of opportunities
if you try to get along in the elec-
tronics industry without an ad-
vanced education. Many doors
will be closed to you, and no
amount of hard work will open
them.
But you can build a rewarding
career if you supplement your
experience with specialized
knowledge of one of the key
areas of electronics. As a spe-
cialist, you will enjoy security,
excellent pay, and the kind of
future you want for yourself and
your family.
Going back to school isn't easy
for a man with a full-time job
and family obligations. But CREI
Home Study Programs make it
possible for you to get the addi-
tional education you need with-
out attending classes. You study
at home, at your own pace, on
your own schedule. You study
with the assurance that what
you learn can be applied to the
job immediately.
CREI Programs cover all impor-
tant areas of electronics includ-
ing communications, servo-
mechanisms, even spacecraft
tracking and control. You're
sure to find a program that fits
your career objectives.
You're eligible for a CREI Pro-
gram if you work in electronics
and have a high school educa-
tion. Our FREE book gives com-
plete information. For your
copy, airmail postpaid card or
write: CREI, Dept. 1106-D,
3224 Sixteenth Street, N.W.,
Washington, D.C. 20010.
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SOLID-STATE
HOME TEMPERATURE

CONTROLLER
By JAMES A. PALMER

Sperry Rand Corp., Univac Div.

Design of a thermistor-bridge system that senses both outdoor
and indoor air temperatures and matches indoor temperature to
predetermined "comfort curve" within one -tenth of a degree.

THE object of any home heating system is not simply
to keep the indoor temperature constant, but rather
to keep the people inside the home comfortable dur-

ing the winter, irrespective of the temperature outdoors.
There are many factors that contribute to a person's feeling
of warmth in a heated home, and yet only one of these fac-
tors is considered by the traditional simple thermostat-the
indoor air temperature. This article describes a home tem-
perature controller that senses both indoor and outdoor air
temperature and essentially matches the indoor temperature
to a predetermined "comfort curve."

Of the factors that determine a person's feeling of warmth
or cold, ambient air temperature is undoubtedly the most
important. Another factor that is nearly as important, how-
ever, is the temperature of the objects surrounding the per-
son. Since all objects that are not at absolute zero tempera-
ture radiate heat, a person in a home receives heat from other
people, furniture, floors, walls, ceilings, and any other object
near him. The feeling of comfort is determined by the differ-
ence between the heat radiated from the body and the heat
received by the body from surrounding objects. If the tem-
perature of these objects remains constant, a person near
them remains comfortable as long as the indoor air tem-
perature is kept constant at some level near 70°F.

Thermostat Limitations
If all the objects in a home remain at a constant tempera-

ture (by some miracle) so that all the heating system has to
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do is keep the indoor temperature constant, a good simple
thermostat could, at best, keep us somewhat comfortable
only some of the time (see Fig. 1A). The reason is threefold.

First, even good thermostats can have a dead zone of
about two degrees. For example, a typical thermostat set at
70° turns on at about 69° and off at about 71°. This causes
moments of slight discomfort at the peaks of the temperature
excursions. (Some thermostats incorporate a built-in "heat -
anticipator" feature in the form of a low -value resistor whose
heat opens the thermostat contacts before the room tempera-
ture rises. Such thermostats have a very low differential, or
difference between cut -in and cut-out temperatures. The dif-
ferential of such thermostats is commonly a fraction of a de-
gree.-Editor)

Second, all heating systems have a certain delay between
the time the thermostat turns on and the time the tempera-
ture stops decreasing (and between the time the thermostat
turns off and the time the temperature stops increasing).
This delay can vary from a minute or two in a good forced -air
system to an hour or more in some radiant -slab systems. The
result is overshoot, in both directions, which adds to the two -
degree spread caused by the thermostat characteristics. Fig.
113 shows the extreme overshoot present in a system with a
long thermal time constant.

Third, the thermostat senses only the indoor temperature,
allowing the outdoor air to severely change its rate of ex-
traction of heat from the structural members of the home
before the indoor temperature changes and the furnace is

Fig. 1. Typical characteristics of (Al short time constant heating system controlled by a simple thermostat, (131 long
time constant heating system controlled by simple thermostat, and (Cl heating system controlled by circuit described.
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turned on or off to compensate. Consequently, the overshoot
gets worse as the outdoor temperature changes rapidly. It
is not uncommon for the air temperature of a radiant -slab -
heated home to change as much as five or six degrees during
an abrupt change in outdoor temperature.

Another disadvantage of the simple thermostat is that
there is usually only one per level in a home. Thus, the tem-
perature at one centrally located point determines the heat
supplied to the entire level. For example, if the thermostat
for the ground level is in the living room, the heat supplied
to the whole ground level is a function of the living -room
temperature, and if a number of people in the living room
cause its temperature to rise, the thermostat might turn off
and stop the heat flow to the other ground -level rooms.

In short, the simple thermostat is a somewhat marginal
control mechanism, and it becomes increasingly inadequate
as the thermal time constant of a home heating system gets
longer.

Compounding the sitiation is the decrease in the tem-
perature of the windows and outside walls as the outdoor
temperature drops. When they get colder, they radiate less
heat, causing a person near them to feel chilly even though
the temperature around him has not changed. This phe-
nomenon has been termed the cold -wall effect, and it can be
compensated by increasing the temperature of the indoor
air as the walls get colder.

An adequate home temperature controller must therefore
(1) have a negligible dead zone, (2) minimize the effects
of the system's thermal time constant, (3) sense the out-
door temperature to "anticipate" changes in heat demand
before the indoor temperature changes, (4) sense the indoor
temperature at a number of separate points on each level
(or in each separately supplied zone), and (5) scale the
indoor temperature upwards as the outdoor temperature de-
creases to compensate for the cold -wall effect.

The controller described in this article holds the indoor
temperature to within ±0.1 degree of a predetermined curve,
as shown in Fig. 1C. Since the controller compensates for the
thermal time constant of the system, these particular per-
formance characteristics can be achieved with virtually any
type of home or heating system.

Tl ermistor-B ridge System
The controller is shown in block form in Fig. 2. The heart

of the circuit is the thermistor sensing bridge. This bridge
determines the curve that the indoor temperature must fol-
low as a function of outdoor temperature. The bridge
thermistors are located both indoors and out, and the bridge
balances only when the proper temperature relationship
exists. When the bridge is out of balance, it produces an error
signal that is subsequently amplified and detected. If the
unbalance is caused by the indoor temperature being too
low, the phase of the error signal is such that the relay closes
and turns on the furnace.

Because the bridge contains outdoor elements, changes
in outdoor temperature can turn the furnace on or off be-
fore there is any measurable change in indoor temperature.

At the instant the furnace turns on, a separate electric
heater (a resistor) supplies heat to one of the thermistors
in the bridge through a relatively short time constant path.
This causes the bridge to return to balance (and the furnace
to turn off) before the indoor temperature actually rises to
the balance point. During the following few minutes, either
the furnace -supplied heat reaches the bridge and keeps it
in balance, or the bridge cools off and unbalances, turning on
the furnace again. The degree of bridge unbalance determines
the length of time that the furnace stays on; the over-all
effect is to eliminate upward overshoot of indoor temperature.

Two thermistors ill the bridge are geographically separated
in the home so that tlie indoor temperature -is sensed as the
average of the temperature in two different rooms.

The bridge -balance curve, illustrated in Fig. 3, indicates
the degree to which the indoor temperature is scaled as a
function of the outdoor temperature. At outdoor temperatures
above -20°, the indoor temperature rises approximately one
degree for every 15 -degree drop in outdoor temperature.

The bridge is not designed to operate satisfactorily at out-
door temperatures below -20°. In areas where lower tem-
peratures occur, a separate thermostat should be placed in
series with the controller to prevent the indoor temperature
from soaring to uncomfortably hot levels in bitter cold
weather. The shape of the curve was chosen after much ex-
perimentation with different bridge configurations. A po-
tentioilleter is provided in the bridge in order to set the ab-
solute indoor temperature exactly, however, its effect on the
shape of the curve is negligible.

Circuit Operation
Fig. 4 shows the complete schematic diagram of the con-

troller. The bridge is excited by three volts a.c. from one half
of the secondary of Tl. The temperature control, R2, de-
termines the temperature at which indoor thermistors TH4
and 7'H5 balance the bridge.

Thermistors TH2 and 7'1/3 are both mounted outdoors,
but TH2 is the element that actually senses the outdoor tem-
perature. The temperature of TH3 does not affect bridge
balance; it determines the amount of unbalance caused by
changes in the temperature of '1'112. Without TH3, the
bridge -balance curve is much flatter at higher outdoor tem-
peratures and rises rapidly below 10°. Resistors R3 and
R4 essentially center -tap TH3 and must be closely matched
to give the curve of Fig. 3.

Cycler thennistor TH1 is thermally coupled to resistor
R which is heated by a.c. line voltage from the furnace
circuits. It is the heat from R. that makes T111 prematurely
balance the bridge and turn off the furnace.

The bridge error signal is capacitively coupled to the input
of the error amplifier. Capacitor C3 bypasses any high -fre-
quency noise (particularly r.f. from nearby radio stations) that
may be picked up by the long, unshielded thermistor wires.
Transistor Q1 is operated with an unbypassed emitter resis-
tor, which lowers its voltage amplification to about 8 but raises
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Fig. 2. Block diagram of the thermistor-bridge controller.

Fig. 3. Bridge curve corrected for thermistor self -heating.
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its input impedance to prevent loading the bridge too heavily.
Its output is applied to emitter follower Q2, which is direct -
coupled to the base of transistor Q3. The bulk of the neces-
sary voltage amplification is accomplished by transistor Q3.

Transistors Q4 and Q5 are cascaded emitter followers that
drive the low and complex gate impedance of the SCR. The
bias circuit of Q4 holds both transistors cut off except during
the positive half cycles of the error signal. This keeps the
gate terminal of the SCR at ground when no error signal
is present and prevents any random firing. This gate circuit
allows virtually any low -current SCR with the proper voltage
rating to be used successfully.

The SCR, in combination with the relay in its anode cir-
cuit, forms the system's phase detector. The supply voltage
applied to resistor R21 is half -wave rectified, but unfiltered,
60 -Hz a.c., which forms the reference signal for phase de-
tection. Each positive peak is approximately 72 volts in am-
plitude. The SCR can fire and energize the relay only when
the error signal swings positive at the same instant that the
reference signal swings positive. Diode DI is placed in the
circuit only to limit the peak negative voltage applied to
the SCR anode. Resistors R19 and R20 and capacitors C7
and C8 are r.f. suppressors and should be mounted as close
as possible to the silicon controlled rectifier.

The circuit of R22, C11, and R23 provides d.c. feedback
to set the dead zone of the controller. When the relay ener-
gizes, the bias on Q4 is increased to a little more than one
tenth of a volt. This essentially increases the error signal
delivered to the SCR gate by the same amount, thus keep-
ing the relay energized until the peak error voltage decreases
by slightly more than that amount.

With the circuit values given, the controller's dead zone
is approximately 0.006°F (indoors), which has proved to
be near the minimum limit for stable operation. Smaller
dead zones cause the system to click on and off rapidly when
the indoor temperature is drifting around the turn -on level.
Further improvements in stability can be achieved, with cor-
responding losses in sensitivity, by reducing the error am-
plifier's gain. Every 50% gain reduction results in halving the
sensitivity and doubling the dead zone. There is consider-
able latitude in this matter, however, since even a 70% gain
reduction leaves the dead zone at 0.02°, 100 times superior

R1-47 ohm, Vz W res., ±5%
R2-10 ohm linear pot
R3,R4-5000 ohm, V2 W matched res., ±1%
R5-56 ohm, 1/2 W res., ±5%
R6,R10-180,000 ohm, 1/2 W res., ±10%
R7,R11-22,000 ohm, I/2 W res., +10%
R8,R14-6200 ohm, 1/2 W res. 4-10%
R9-750 ohm, 1/2 W res., ± 10%
R12,R16-56,000 ohm, 1/2 W res., +10%
R13,R15-1000 ohm, 1/2 W res., 4-10%
R17-47,000 ohm, 1/2 W res., ±10%
R18-10,000 ohm, 1/2 W res., ±10%
R19-300 ohm, 1/2 W res., 4-10%
R20-12 ohm, 1/2 W res., ±10%
R21-470 ohm, 1/2 W res., ± 10%
R22,R23-2.2 megohm, 1/2 W res., 4-10%
R24-1250 ohm, 1/2 W res., ± 10%
R25-1800 ohm, 2 W res., +10%
Rc-Cycling resistor (see text)
C1-50 LLF, 25 V elec. capacitor
C2,C4,C6-6.8 ALF, 15 V elec. capacitor
C3-.02 ALF, 100 V disc ceramic capacitor
C5-100 µF, 15 V elec. capacitor
C7,C8-.002 ALF, 200 V disc ceramic capacitor
C9-20 µF, 150 V elec. capacitor
C10-500 µF, 25 V elec. capacitor
C11-.05 ALF, 100 V paper capacitor
D1,D2-Silicon diode, 200 p.i.v., 200 mA
D3-Zener diode, 15 V, 400 mW (1N965 or equiv.)
RL1-D.p.d.t. relay, 10,000 ohm coil

(Potter & Brumfield KCP11)
SCR1-Silicon controlled rect. (G -E C6B or

equiv. 200 V, 0.6 A) See text.
TI-Filament trans., 6.3 V c.t. @ 1 A
T2-Filament trans., 6.3 V @ 1 A

(connected as step-up trans.)
THI,TH2,TH4,TH5-Thermistor,

25 ohm, -3.9%/°C (Fenwal MB13J1)
TH3-Thermistor, 500 ohm, -4.4%/°C

(Fenwal LA25L2)
01,02,03,04,05-2N388

to that of the simple thermostat when it acts as controller.
The d.c. feedback also determines the controller's inde-

pendence of line -voltage variations. The components shown
permit stable operation during voltage depressions as great
as 10%. (A prime cause of severe line dips is the starting load
of a typical oil furnace.)

The power supply is designed to provide the voltages re-
quired at the lowest possible cost. Two 6.3 -volt filament
transformers are used, one of which must have a center -
tapped secondary. One half of this secondary provides a
"floating" source of excitation voltage for the bridge, as
well as primary voltage for T2. Using the entire 6.3 volts
for bridge excitation is not recommended, as this causes
excessive self -heating of the indoor thermistors and changes
the bridge characteristics.

With three volts on its primary (the 6.3 -volt winding is
used as the primary), T2 provides approximately 50 volts
r.m.s. to DI and to R25 which feeds the d.c. supply. Zener
diode D3 is used to limit the maximum value of the d.c. to
about 15 volts and is required because the voltage regula-
tion of a supply of this type is a bit loose (to say the least)
under varying load conditions.

There are only a few subtleties which must be given special
attention during construction of this unit. For the most part,
no trouble should be encountered if good engineering prac-
tices are employed.

The temperature control, R2, can be mounted along with
TH4 in an old thermostat case to form an attractive wall
unit. The other indoor thermistor, TH5, should be mounted
on an interior wall of some other room in the same heating
zone. The outdoor thermistors, TH2 and TH3, should be
sealed in a weatherproof case and mounted (preferably on
the north side of the house) in a shady spot at least 12 inches
from any heated wall. The author's are in a flat -black -painted
baby food jar bolted to the underside of a wide eave. In no
case should any of the thermistors be attached to heat sinks,
as this can increase their response time to intolerable levels.
Resistors R3 and R4 are relatively high in value and should
be mounted on the amplifier chassis rather than outdoors
with TH3 to reduce stray pickup in the long leads.

Most of the low -frequency stray pickup emanates from
60 -Hz power lines, but it is largely the third harmonic of the

Fig. 4. Complete schematic of the controller.
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power frequency and can't be "can-
celled out" by slightly unbalancing the
bridge. Consequently, twisted pairs are
recommended for the long thermistor
leads. The ultimate noise content of the
error signal should be less than 0.2 volt
peak at the emitter of Q4 for reliable op-
eration. This level is easily attainable
with a little care in thermistor wiring.

The unit should be bench -tested be-
fore either the relay or the cycler resistor
is attached to the furnace circuit. Dur-
ing bench testing, the thermistors should
all be at the same ambient temperature
and the unit should be allowed to warm
up for at least two minutes.

The only problem likely to occur is
an over-all reversal of the desired action.
The relay closes as the wiper of R2 is
moved toward TH4 rather than toward
R1. This can be remedied by reversing
the leads to the primary of T2.

Sensitivity can be tested at the bench
by first balancing the bridge with R2
while checking for a null at the base of
Q4. The relay should then energize when
you back away from the bench for a
minute or two, removing your radiated
body heat from TH4 and TH5. The relay
should de -energize when you walk up
near the thermistors and stand there for
a few moments.

The controller is connected into the
furnace control circuit by simply con-
necting the normally open contacts of

RL1 in place of the former thermostat.
If it is desired to retain the former
thermostat as an upper -limit switch, con-
nect the contacts of relay RL1 in series
with it.

The cycler can be fabricated from any
rigid vertical tube about 13i inches in di-
ameter and 6 or 8 inches long. Mount the
thermistor a few inches above R0. Since
the characteristics of the cycler must be
tailored to the thermal time constant of
the entire heating system, the value of R0
can only be found experimentally.

First, with furnace power off, connect
the cycler's resistor leads to the line -volt-
age point that actually causes heat to
be supplied to the home. This could be
the fan motor in some forced -air systems
or the circulator motor in some forced -
hot -water systems.

Next, connect a 25,000 -ohm, 10 -watt
rheostat in series with R,. Start with a
5000 -ohm, 5 -watt resistor for R, and,
over a period of a few days, adjust the
rheostat until a satisfactory cycle dura-
tion is achieved. (As a starting point,
when the outdoor temperature is about
30° below the indoor temperature, a
well -adjusted cycler should have 3 to
8 minutes on -time for a forced -air or
baseboard -radiator system, and 12 to
20 minutes on -time for a radiant -slab
system. This is usually accomplished
with resistor dissipations of 5 watts to
as little as 0.1 watt. )

When a satisfactory cycle duration
is achieved, measure the voltage across
R, with the furnace operating and cal-
culate the amount of power it is dissipat-
ing. Then select a resistor that dissipates
an equal amount of power with 117
volts across it and make a permanent
installation without the rheostat.

It may be more convenient to connect
/I, to the 24 -volt a.c. furnace -control
voltage. In such cases, a similar pro-
cedure can be used with lower valued
resistors.

The bridge curve shown in Fig. 3 may
be too steep for some well -insulated
homes. The indoor temperature can be
made less dependent upon outdoor tem-
perature by shunting TH2 with a fixed
resistor. A shunt value of 2000 ohms
causes a change in the curve only below
approximately zero degrees, while values
between 200 and 1000 ohms affect vir-
tually the entire curve. Shunt values be-
low 200 ohms flatten the curve too se-
verely and are not recommended.

The basic idea for this controller is
by no means original. A unit similar in
concept was described by Harry W.
Lawson in the November, 1953 issue of
this publication ( then called Radio &
Television News). Today's solid-state
unit is a natural evolutionary outcome
of earlier devices, with significant im-
provements made in stability, reliability,
and bridge characteristics. A
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NEW PRODUCTS
gc LITERATURE

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pon on the Reader Service Card.

COMPONENTS  TOOLS  TEST EQUIPMENT  HI-FI  AUDIO  CB  HAM  COMMUNICATIONS

HIGH -RELIABILITY WIREWOUNDS
A new series of high -reliability housed power

wircwound resistors is being marketed as the
ARH line. Made according to the specifications of
MIL -R-39009 and MIL -R -18546D, the new ARH
series includes four models rated at 5, 10, 15,

and 30 watts. Resistance range is 0.1 ohm to

39,200 ohms. Tolerance is 17, and temperature
coefficient is from 30 to 100 ppm, depending on
resistance range.

The units use high -purity alumina cores molded
inside a finned aluminum housing which screw
mounts to the chassis, giving excellent shock and
vibration protection. The units are especially
suited for use in space applications where heat
is transferred primarily by conduction and/or
radiation. Dale

Circle No. 126 on Reader Service Card

MICROMINIATURE READOUTS
A sixteen -segment, incandescent light -bar ar-

rangement which permits numeric, alphabetic,
and symbol displays all within less space than a
quarter -inch cube has been released as the "Al-
pha-Lite."

The new unit is a modular device, allowing
for plug-in rows, vertical or horizontal. Her-
metic versions of any combinations of letters and
numbers are available. Encoders for all types of
logic input will be available to mate with the
"Alpha-Lite."

Brightness is controllable for various ambient
light conditions by varying input voltages. Char-
acter height is 0.200", over-all height is 0.290",
over-all width is 0.200", and depth is 0.200". Pin-
lites

Circle No. 127 on Reader Service Card

LOW -FORCE SWITCH
A new, low -force V3 switch, especially suited to

applications in data-processing equipment, vend-
ing machines, appliances, coin -operated washers,
and other devices where compact precision
switches are needed, has been introduced as the
V3-1100.

The new switch features small size, long me-

chanical life, and an operating force of less than
3 ounces. Also featured are quick -disconnect
terminals for easy wiring, high -strength melamine
plastic cases, and a choice of s.p.d.t., s.p.n.c., or
s.p.n.o. circuits with high -quality silver contacts.
The new switch carries UL and CSA ratings. The
company will supply full specifications on re-
quest. Micro Switch

Circle No. 128 on Reader Service Card

LIGHT -EMITTING DIODES
Light -emitting diodes, with wavelengths in the

visible and infrared range have recently been
introduced as the LED -7 and LED -8. Two gal-
lium -phosphide diodes, in TO -46 header with
transparent glass windows, will operate in a
typical indicator light application. Pulsed at 100
milliamperes by a suitably biased, integrated
circuit, the diodes will flash on for 2/10th of a
second and off 1/2 second.

The red and green diodes have approximate
wavelengths of 7000 and 5600 angstroms and
exhibit excellent high monochromatic characteris-
tics. Their short rise time to full emission rate
and resistance to high in -rush current make them
suitable for applications requiring a miniature
visible light source in a miniature package.
General Electric

Circle No. 129 on Reader Service Card

HIGH -VOLTAGE SILICONS
A new line of high -voltage silicon power tran-

sistors, series MHT 7201 through MHT 7205, is
now available. These 10 -ampere planar "n -p -n"

transistors feature VcEo sustaining voltages from
200 V to 325 V. They are offered in the TO -3
package and have a frequency response of 50 MHz
and a COB of 150 pF.

The new units are designed especially for use
in high -voltage inverters and switching regulators,
TV deflection circuits, as well as all line -voltage
switching and amplifier applications. Solitron

Circle No. 130 on Reader Service Card

50,000 -MILE IGNITION SYSTEM
An automotive ignition system which carries

a 50,000 -mile warranty has been introduced as
the CD -65. This breakerless capacitor -discharge
ignition system eliminates contact problems and
rubbing block wear by eliminating the breaker
points. In addition, pickup gap setting is not
critical (gap changes of 0.020 inch will not affect
timing). This eliminates the need for any wear
adjustments for the life of the engine. Firing is
consistent and accurate within one degree, ac-
cording to the manufacturer.

The system uses an electronic -type proximity
pickup method which is not speed -sensitive. Even
when low battery or cold weather conditions
reduce cranking voltage to as little as 4 volts,
essentially full output is maintained. The system

is well suited to applications involving extended
low -speed operation and less than one-third am-
pere is required for ignition -system operation at
idle. It is unaffected by ambient temperatures up
to 212°F. permitting direct mounting on the
engine block in many installations. Prestolite

Circle No. 1 on Reader Service Card

COLOR -PATTERN GENERATOR
A low-cost, solid-state color pattern generator,

the 'Lo -Boy," is now being marketed for service
technicians and experimental applications. The
instrument is battery operated and features
unique timing circuits to speed the operation.
The CGIO provides the five basic patterns used

%or

in convergence; ten standard RC. \ -type color
bars, individual horizontal and vertical lines,
crosshatch, and adjustable size white dots.

The unit is powered by long -life "C" cells that
are replaceable from the outside of the unit. The
battery voltage is regulated to provide maximum
stability over the entire life of the batteries.
Sencore

Circle No. 2 on Reader Service Card

SENSITIVE -GATE TRIACS
Low-cost electronic control of household ap-

pliances has been made possible by the develop-
ment of two new sensitive -gate Triacs, TA2892
and TA2893. These low current, bi-directional
a.c. switches have a typical triggering current of
1 mA (3 mA maximum), have symmetrical gate -
triggering current requirements in all four firing
modes, and a 2.5-A (r.m.s.) rating.

Because fewer components are required (both
active and passive), circuit reliability and reduced
cost can be achieved. The Triacs are housed in a
standard TO -5 package which permits the de-
signer to effect circuit miniaturization as required.

Technical data parameters will be supplied
by the manufacturer on request. RCA Electronic
Components

Circle No. 131 on Reader Service Card

LINEAR INTEGRATED CIRCUITS
Four new "economy -line" linear integrated

circuits for use in FM sound systems and other
commercial and industrial equipment applica-
tions have been introduced as the CA3011 and
CA3012 wide -band amplifiers and the CA3013
and CA3014 wide -band amplifier -discriminators.
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Each of the devices is packaged in a single TO -5
transistor -type case no larger than an aspirin
tablet.

The CA3013 and CA3014 have 12 transistors,
12 diodes, and 15 resistors on a single chip or
a total of 39 components, 24 of them active de-
vices. According to the company, these devices
offer excellent porformance between 100 kHz and
20 MHz, offer 75 dB typical power gain at 4.5
MHz, have exceptional limiting characteristics,
and an AM rejection of greater than 50 dB at
4.5 MHz. RCA Electronic Components

Circle No. 132 on Reader Service Card

HIGH -VOLTAGE A.C./D.C. CALIBRATOR
A high -voltage a.c.-d.c. calibrator, the Model

42IA, whose output is 0 to 1110 volts a.c., either
r.m.s. or peak -to -peak at 400 or 1000 Hz, and 0
to 110 volts d.c., is currently available.

The desired output is set with three knobs
to 4 significant figures in a left -to -right digital
readout. Accuracy is 0.15% to 110 volts then drops
to 0.3% at 1000 volts. Particular attention has
been paid to stability variations: a ±10% line -
voltage change affects the output voltage by less
than 0.05%. The effect of ambient temperature
is less than 0.005%/°C for 25°C -±-10°C.

The new calibrator is being offered in both
portable and rack versions. Ballantine

Circle No. 133 on Reader Service Card

INDUSTRIAL -HEATING TRIODE
An axial ceramic, conical industrial mode de-

signed for use in dielectric and other industrial
heating applications has been introduced as the
YD1160. It is fully rated to 160 MHz, the highest
frequency without derating for any industrial
power triode on the market, according to the
manufacturer. When derated, the tube can be
operated to 250 MHz. This enables the YD1160
to treat those low -loss materials which cannot be
sufficiently heated at lower frequencies.

Under typical operating conditions as a class -C
industrial oscillator, the tube has a power output

of 8.2 kW at 82% efficiet cy, with a plate voltage
of 5 kV. Full specifications are available on re-
quest. Amperex

Circle No. 134 on Reader Service Card

RECHARGEABLE BATTERY
A high-energy, miniaturized, rechargeable 2

ampere -hour battery has been recently introduced
as the "Silcad" (silver -cadmium) power pack.

The three -cell module design can fulfill nu-
merous power and packaging demands, according
to the company. It is rugged and leak -resistant
and can withstand adverse environment, shock,
and vibration. The new battery provides a high -
or low -rate discharge capability, flat discharge
voltage, and fast recharges. It can be designed to
meet special requirements for maximum capacity
output, maximum life, or optimum voltage. Yard-
ney

Circle No. 135 on Reader Service Card

82 -CHANNEL CABLE FOR COLOR
A new cable designed specifically to improve

color -TV reception on all -channel color receivers
is being introduced as the "82 Channel Coloraxial
Cable." According to the company, the outstand-
ing feature of the new cable is its exceptionally
low loss-about half that of ordinary RG-59/U
coax.

The new cable is packaged in handy lengths,
with coaxial fittings and a weatherboot attached.
Length of the cable is not critical, since a few
feet can be coiled behind the TV set with no de-
gradation of picture quality. Currently the cable
is available in 50-, 75-, and 100 -foot lengths. Jen
rold

Circle No. 3 on Reader Service Card

ANTENNA COUPLERS
To facilitate coupling of separate v.h.f., u.h.f.,

and FM antennas in mixed signal areas, two new
couplers for rotorless installations have been in-
troduced as the Models CA -314 and CA -312.

The CA -314 will couple three separate antennas
on the same mast, providing a single downlead
into the home or building. The v.h.f. circuitry
is a.c. passive to allow use of a preamplifier on the
v.h.f. antenna if desired.

For areas where separate antennas are used for
the high- and low-v.h.f. bands, the CA -312 is sug-
gested. It couples a low -band (channel 2-6 and
FM) antenna, a high -band (channel 7-13) antenna,
and a u.h.f. antenna in order to run a single
downlead. A splitter is then used at the receiver.
Winegard

Circle No. 4 on Reader Service Card

SUBMINIATURE LAMPS FOR COMPUTERS
A new development in subminiature incandes-

cent lamps-the integrally molded base-has been
announced. The integrally molded -base lamp, de-
signed specifically for computer applications,
differs from the conventional lamp in that it em-
ploys a plastic base molded to a standard bulb.
It replaces not only the separately attached metal
base but also the mated socket.

amazing new
engineering achievement

from JERROLD!

82 -CHANNEL
COLORAXIAL CABLE

Delivers unheard-of low loss and top
82 -channel color performance

At last, a TV transmission line that gives you TV studio
quality reception. It comes ready to install in 50 and 75 -
foot sweep -tested coils with factory attached connectors.
And it's actually less expensive than some twinlead.

New 82 -Channel Coloraxial Cable causes less loss than
shielded twinlead, and it's comparable to new twinlead in
a typical home installation. What's more, twinlead losses
increase with age-coax losses remain constant. And
Coloraxial cable lasts 10 times longer than twinlead.

For excellent TV reception try new 82 -Channel Coloraxial
Cable on your next antenna. After all, you deserve the best.

JERROLD
JERROLD ELECTRONICS CORPORATION

Distributor Sales Division
401 Walnut St., Philadelphia, Pa. 19106
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With the new lamps there is no bulb and
socket separation; all leads are internally sealed
against corrosion while exposed leads can be of
corrosive -resistant material; since the base is its
own socket, an additional connection is elimi-
nated; and color coding is possible. Tung -Sol

Circle No. 136 on Reader Service Card

SERVICE V.O.M.
The Model 1800 v.o.m. has been designed for

all types of servicing work-troubleshooting color
and black -and -white TV, radios, hi-fi gear, and
communications equipment.

Housed in a portable, high -impact durable
case, the instrument features a large, full -view,
easy -to -read 6 -inch meter. The unit will measure

a.c. volts in six ranges; d.c. volts in eight ranges;
d.c. current in six ranges, output decibels in four
ranges; and resistance in three ranges. Accuracy
is ±2"i,. Mercury
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HI-FI-AUDIO PRODUCTS

WEATHERPROOFED SPEAKER
The MO No-1th( woofed speaker has been

designed for use in mobile communications with
two-way radio transceivers and medium -power,
mobile p.a. amplifiers. Compactly sized for
mounting in limited space, the MO -2 is de-
signed to fit between automobile grille and
radiator, in engine compartment, under the
dashboard or anywhere where concealed instal-
lation or minimum obstruction is needed. A
reinforced, welded steel bracket insures fail-
safe mounting. All metal parts are treated for
corrosion resistance prior to final finishing with
specially fomulated melamine enamel.

Frequency response is 300 to 13,000 Hz, power
is 25 watts, and impedance is 8 ohms. The
sound level is 122 dB measured on a 4 -foot axis
at rated power. Dispersion is 130 degrees. The
unit measures 6%" wide x 8" high x 4X6" deep.
Atlas Sound
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LOUDSPEAKER DRIVERS
For those who enjoy building their cabinets

or for custom installations, a new line of "Gren-
adier" speaker drivers in three individual models
is available. The 9000/15W is a 15" woofer styled
for enclosures from 3 to 8 cubic feet. The 8000/
12W is a 12" woofer designed to fit between studs
in dry walls; it produces solid bass in areas as
small as 1.5 cubic feet. The 9000/MHX is a mid-
frequency/high-frequency driver which is 10 3/4"
on its longest side and features full -presence mid-

range radiator, an ultrasonic domed tweeter, and
a die-cast full -dispersion acoustic lens. Frequency
response is 450-20,000 Hz over-all; mid -range is
450 to 5,000 Hz; and tweeter is 5000-20,000 Hz.
Empire Scientific
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130 -WATT FM -STEREO RECEIVER
The Model S-8800 FM -stereo receiver is rated

at 130 watts music power at 4 ohms and 100 watts
at 8 ohms. It incorporates the same FM tuner
circuitry as the firm's S-3300 all -silicon FM -stereo
tuner and achieves an FM sensitivity of 1.6 µV
(IHF). A specially designed dual automatic -gain
control system maintains proper selectivity under
the strongest signal conditions.

The receiver also features noise -gated FM
stereo/mono switching, instant indicator -light

identification of FM -stereo programming. a pro-
fessional -type zero -center FM tuning meter, a
front -panel stereo headphone jack, and rocker
switching for tape monitor, noise filter, loudness
contour, and speaker switching.

IM distortion is 0.1% at 10 watts or less; power
bandwidth is 12-35,000 Hz at 1% distortion; FM
signal-to-noise is 70 dB, and capture ratio is 2.2
dB. FM stability is 0.01% ±10 kHz. The circuit
uses 40 silicon transistors and 14 silicon diodes
and rectifiers. Chassis size is 161/2" x 14" x 41/2".
Sherwood
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PAGING/INTERCOM UNIT
Speakers may be combined wish intercom units

to provide a versatile sound and communications
system serving many needs in a recently intro-
duced paging -intercom system. The master unit
may be used with the telephone on its top to save
desk space. In addition to the usual slave units
(which can initiate calls to the master), various
combinations of speakers and sound columns may
be connected for paging and public announce-
ments. The system will operate on batteries or on
110-120 volts a.c., using an adapter. A hold button
frees the hands during use. American Geloso
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THREE -SPEED TAPE RECORDER
The "Continental 120" is a three -speed stereo

tape recorder with a broad range of professional
features, including multiplay and sound -on -sound
facilities. The unit is housed in a slim -line teak
case; provides for mixing, monitoring, and par-
allel playback operations; features four -track
operation with ganged stereo controls which
eliminate the need for dual knobs for recording
and playback; a cardioid moving -coil stereo mi-
crophone; a "magic ribbon" modulation indi-
cator; and a four -digit tape counter with
automatic reset.

Frequency response is 40-18,000 Hz at 71/2 ips;
60 to 15,000 Hz at 344 ips; and 60 to 10,000
Hz at 17/s ips-all at ±3 dB. The unit measures
17" x 10" x 9" and weighs 22 pounds. It comes

complete with three patch cords, demonstration
tape, and empty reel. Available accessories in-
clude a foot -pedal control, headphones, telephone
pickup coil, and dual microphone adapter.
Norelco
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STEREO AMPLIFIER KIT
A 30 -watt stereo amplifier in kit form is now

being offered as the Model KT -60. Spacious com-
ponent layout and simple step-by-step instructions
make this unit suitable for assembly by beginners.
The circuit features built-in equalized preampli-
fiers, d.c. on the filaments in the preamp stages,
and four pairs of stereo inputs: magnetic and
ceramic cartridges, tuner, and auxiliary.

The full 30 -watt output may be switched to
either speaker by means of slide switches on the
front panel. The unit also has an a.c. receptacle
on the rear of the chassis and a red indicator light
on the front panel. Rated power output is 25
watts r.m.s., 121/2 watts r.m.s. per channel; IHF
30 watts, 15 watts per channel. Frequency re-
sponse is 20-60,000 Hz ±1.5 dB at 1 watt. Controls
include bass cut, treble boost or cut, and loudness.
The amplifier measures 12 5/8" x II 5/8" x 51/4"
over-all. It will operate from 110-125 V, 50-60 Hz
a.c. Lafayette
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WIDE-ANGLE H.F. TWEETER
Specifically designed for radio, TV, and other

entertainment applications, the Model T-4
tweeter includes a carefully designed propagator

which enhances the response characteristics and
extends the high -frequency cut-off.

Eight radiating non -parallel faces project the
sound into a wide-angle pattern closely resem-
bling a compression horn. Oxford
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SOLID-STATE MONO RECORDER
A solid-state mono tape recorder, the Wollen-

sak 1500SS, has been introduced as the transis-
torized counterpart of the firm's vacuum -tube
Model 1500. The new unit features all -transistor
circuitry for instant operation and exceptional
long -life reliability. A vu recording meter has
also been included. The recorder comes complete
with blank tape, self -threading takeup reel, dy-
namic microphone, and accessory cords. 3M
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SEMICONDUCTOR PHONO CARTRIDGES
A new line of semiconductor transducers de-

signed for the low-priced, high -volume OEM
phonograph market has been introduced in three
versions: standard stereo, miniature stereo, and
standard mono.

The 2TAF-SG standard mono unit has a stylus
force of 6 grams, tracking ability at 5 grams, and
maximum d.c. excitation of 16 mA; the 43T stan-
dard stereo stylus force is also 6 grams, tracking
ability 5 grams, and excitation 16 mA; while the
5IT miniature stereo has a stylus force of 3

grams, tracking ability at 1.5 grams, and d.c.
excitation of 16 mA. The standard stereo car-
tridge has a double sapphire needle, while the
other two models have sapphire and diamond
needles. Sonotone
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PORTABLE TAPE RECORDER
The new Model 300 is a compact

(3" x 9" x 10"), solid-state, full -fidelity recorder
which permits recording in both forward and re -
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verse directions by a turn of a single lever.
"Reverse -A -Track" eliminates reel changing and
doubles continuous recording and playback time
to three hours or more on a single standard reel
of tape.

The solid-state electronics of the Model 300
also include a new automatic record -control com-
pression circuit which eliminates the need for
manual adjustment of recording levels. It auto-
matically records sounds from different distances
at the same level. Also featured is a new auto-
matic power -selector circuit which disconnects
the batteries when the unit is used on household
current.

Tape speeds are 1 7/8 and 3 3/4 ips, frequency
range is 60 to 10,000 Hz at 3 3/4 ips, power
sources are six "C" cells or external a.c.; and the
machine will handle standard reels up to 4".
Concord
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FIVE -CHANNEL MIXER/AMPLIFIER
A new all -solid-state, five -channel, 50 -watt

mixer -amplifier is being marketed as the Model
CMA-5-50. The new unit combines on a single
chassis a mixer with five individually level -con-
trolled input channels and a 50 -watt power am-
plifier. In its rack -mounting configuration it is
intended for use in churches, auditoriums, sta-
diums, and other permanent locations. In its

optional portable case, it is readily transportable
by traveling groups.

The input channels are modular plug-in circuit
cards. Any of three available types of channel can
be plugged into any of the five inputs. Available
are low-level microphone input with RIAA equal-
ization and high-level input. Desired balance
among the five inputs is achieved by individually
infinitely variable controls on all of the five
channels.

The amplifier provides 50 watts into an 8 -ohm
load at 20 volts. Also available are units for 25 -
and 70.7 -volt line outputs. Frequency response
is within 11/2 dB from 20 to 20,000 Hz. Maximum

gain is 95 dB on low-level inputs and 65 dB on
high-level inputs. R.T. Bozak
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CB -HAM -COMMUNICATIONS

MARINE -BAND CONVERTER
The new "Monitor" converts an ordinary do-

mestic or foreign -car radio into a marine -band
receiver with a flick of a switch. This compact,

41/2" x 1" x 21/2" unit weighs just 6 ounces and
can be installed in 10 minutes.

The operator may tune to ship -to -ship broad-
casts, receive marine weather reports, Coast Guard
emergency signals, and monitor marine opera-
tors. Time checks are instantly available by
tuning to station WWV.

The unit comes complete with battery and
easy -to -follow installation instructions. A calibra-
tion chart which shows how the car radio can be
tuned for specific marine frequencies is also
included. Pearce -Simpson
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25 -CHANNEL CB UNIT
The "Comstat 25" is a low-priced transceiver

which features 23 CB channels plus the two
emergency "H.E.L.P." channels. The unit utilizes
a frequency -synthesizer circuit to provide crystal
control for all 25 channels on both receive and
transmit functions. The dual -conversion receiver
has a sensitivity of 0.8 µV. Selectivity is 6 kHz
at 26 dB down. An easy -to -read illuminated tun-
ing dial and "S" meter facilitate operation.

The transmitter features an advanced range -
boost circuit which increases average modulation,
effectively increasing range. The unit incorporates
a built-in TVI antenna trap, 117 -volt a.c., and
transistorized 12 -volt d.c. mobile supply. The
circuit uses ten tubes, two transistors, and nine
diodes. The transceiver comes with all crystals,
a deluxe mobile mounting bracket, and rugged
ceramic push -to -talk microphone. Size is 12"
wide x 5" high x 81/4" deep. Lafayette
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CB MOBILE RADIOTELEPHONE
A new all -solid-state CB mobile two-way radio

is now being marketed as the "Pace I." This six -
channel set can be used with the "H.E.L.P."
plan, with up to five more channels available by
installling the proper crystals.

Designed to transmit up to 20 miles over nor-
mal terrain, the circuit provides 31/2 watts of

FAMOUS
ZENITH QUALITY
TUBES for greater reliability, longer life

TV Picture Tubes
A complete line of more

than 200 top-quality tubes.
For color, black -and -white,

or special purposes.

Zenith black & white replacement picture tubes are made only from new parts
and materials except for the glass envelope in some tubes which, prior to reuse,
is inspected and tested to the same high standards as a new envelope. In Color
tubes the screen, aperture mask assembly and envelope are inspected and tested
to meet Zenith's high quality standards prior to reuse. All electron guns are new.

BUILT TO THE QUALITY STANDARDS
OF ZENITH ORIGINAL PARTS

"Royal Crest" Circuit Tubes
A full line of more than 875 tubes . . .

the same quality tubes as original Zenith
equipment. Your assurance of the
world's finest performance.

Order all genuine
Zenith replacement
parts and accessories
from your Zenith
distributor.

OAFITAIThe quality goes in before the name goes on8

June, 1966 CIRCLE NO. 88 ON READER SERVICE CARD 87



power output boosted by automatic speech com-
pression. The unique double -conversion receiver
section, with shaped audio response and heavy-
duty side -mounted speaker, is said to bring in
even weak and distant stations.

Other features include a lifetime glass fiber cir-
cuit board, instant operation, all -silicon -transis-
tor design, adjustable squelch control, automatic
noise clipping, and provision for adding public-
address capability. Pace
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MANUFACTURERS' LITERATURE

POTENTIOMETER CATALOGUE
A new 120 -page catalogue co\ ering a complete

line of trimming potentiometers, precision po-
tentiometers, and counting dials has been
published.

Detailed listings of electrical, mechanical, and
environmental characteristics are supplied, along
with cutaway drawings and dimensional dia-
grams. Amphenol Controls Div.
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AMPLIFIER BOOKLET
A new 8 -page 1966 catalogue describing a

complete line of solid-state amplifiers and kits is
now available. In addition to product listings,
the illustrated booklet includes sections explain-
ing important amplifier specifications and am-
plifier terminology. Acoustech
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RELAY MAINTENANCE
Information on relay terminology, what tool

to use, adjustment of the armature assembly,
gaging, and current values and timing for all
types of relays is contained in a new 20 -page
illustrated booklet entitled "How to Adjust and
Maintain Relays." P. K. Neuses
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TANTALUM CAPACITORS
Complete technical inhumation on Type STA

solid tantalum capacitors is supplied in a new
8 -page catalogue. Application data, specifications,
and ratings are given, along with typical per-
formance curves. Elpac
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ELECTRONIC COUNTERS
A complete line of analog instruments and

electronic solid-state counters is described and
illustrated in a new 24 -page illustrated catalogue.

Products covered include frequency-to-d.c. con-
verters, frequency meters, multiple -frequency
standards, counter -timers, bidirectional counters,
and preset counters. Anadex
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PHOTOCONTROLLED LIGHTING
A new 4 -page illustrated flier entitled "Basics

of Photocontrolled Lighting" has been released.
Designed as an aid to electrical contractors, dis-
tributors, and specifiers of photoelectric controls,
the brochure discusses types of controls, selection
factors, testing the control after installation,
and installation procedures. Precision Multiple
Controls
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COLORIMETER BROCHURE
Information on the "Evelyn" photoelectric

colorimeter for quantitative chemical analysis
is contained in a new catalogue (No. D2128). The

instrument is used in chemical, biomedical, and
metallurgical laboratories for both routine and
control work. Honeywell
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SWITCH CATALOGUE
A new 8 -page illustrated folder (Bulletin

78/79-101) covering a complete line of slide and
rocker switches is now available. Information is
arranged in easy -to -follow chart and outline form.
Stackpole
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VIDEO SWITCHING
Information on video switching systems is

presented in a new 4 -page illustrated bulletin
(No. 6-382). Typical closed-circuit and broad-
cast studio setups are described, and complete
specifications for switching matrix units and
switcher control and remote control modules are
given. Cohn
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RECTANGULAR PILOT LIGHTS
Complete construction details on the "Line-0-

Lite" line of rectangular neon indicator lights
is given in a new illustrated data sheet. Four
standard lenses are available as well as a variety
of colors and bezel finishes. Industrial Devices
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GLASS CAPACITORS
Technical information on series CY60 and

CY70 medium -power glass -dielectric transmitting
capacitors is contained in a new 4 -page illustrated
folder (reference file CE -I.03).

The capacitors are used in power amplifiers,
low -power transmitters, and in grid, plate, cou-
pling, tank, and bypass functions. Because of
their small size and minimum weight, they are
also suitable for airborne equipment and mobile
transmitters. Corning Electronic Components
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CONNECTOR CATALOGUE
A complete line of r.f. coaxial -cable connectors,

adapters, receptacles, and plugs is described in a
new 36 -page catalogue (No. 6). Over 300 items
are listed in the plastic -bound publication, and
cross-references to government -designated con-
nectors are provided. Star-Tronics
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MINIATURE R.F. CONNECTORS
Information on Series 2900 miniature r.f. coax-

ial connectors and accessories is offered in a new
4 -page brochure. Designed to mate with OSM,
BRM, and others, the connectors provide ex-
tremely low v.s.w.r. and are made of gold-plated
stainless steel for long life and dependable oper-
ation.

Complete cable assembly instructions are given
in the booklet. General RF Fittings
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TEST EQUIPMENT
A complete line of test equipment designed

specifically for the cable -distribution industry
is presented in a new 8 -page illustrated booklet.
Included are sweep generators, transformers,
fixed and variable attenuators, connectors,
a u.h.f./v.h.f. field -strength meter, a v.h.f. re-
turn loss bridge, and a delay line.

Supplied with the booklet is a 4 -page reference
chart which contains typical test setups, a dBmV-
microvolt chart, a return loss v.s.w.r. chart, and
transformation formulas. Blonder -Tongue
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COMPACTRONS
Complete technical information on more than

90 compactrons is contained in a new 20 -page
condensed catalogue (ETG-3983). Intended for
use by designers of TV and audio communica-
tions products, the booklet lists general and max-
imum ratings along with characteristics and typi-
cal operation. Basing diagrams and outline draw-
ings are also included.

Supplied with the catalogue is a 4 -page supple-

ment (ETG-3983-1 which covers 16 additional
compactrons. General Electric
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CARTRIDGE REPLACEMENT
A new 24 -page 1966 cartridge replacement man-

ual is now available. The booklet is divided into
two sections: Section I provides cross-references
to cartridges manufactured by more than 50 com-
petitors, while Section II lists replacements ac-
cording to the phonograph model numbers of
over 100 companies.

In addition, the manual (No. SAC -25) contains
a cartridge performance specifications chart. Sono -
tone
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RELAY CATALOGUE
Miniature and subminiature, telephone -type,

power, sensitive, magnetic -latching, coaxial, time -
delay, and general-purpose relays are described
and illustrated in a new 64 -page catalogue (No.
1165). Full operating characteristics, electrical
specifications, and mounting data are given for
the more than 40 different types of relays and
timing devices covered in the publication. Allied
Control
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R.F. STRIP -LINE PC'S
Step-by-step processing and fabrication tech-

niques for manufacturing r.f. strip -line circuit
boards are covered in detail in a new 4 -page il-
lustrated brochure. A comparison of coaxial
cable with flat -strip transmission line is also
provided. Colbuk Div. of Bureau of Engraving,
Inc.
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DIGITAL MEASURING SYSTEM
A new 6 -page illustrated technical hi ochure de-

scribing a new low-cost digital measuring system
has been released. The system consists of Model
DMS-3200 main frame and four plug-in units-a
d.c. voltmeter, 1 -Hz counter, ohmmeter, and ca-
pacitance meter. Hickok
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TAPE -HEAD BROCHURE
A complete line of magnetic -tape recording

heads is described in a new 10 -page catalogue.
Twenty-four types of erase heads, record/play-
back heads, and combination heads that record,
play back, and erase are illustrated with their
physical configurations and electrical character-
istics. Michigan Magnetics

Circle No. 153 on Reader Service Card

GLASS CAPACITORS
Test data on Type CY glass capacitors is now

available in a new 8 -page booklet (No. 110565).
Tests include shock, high -frequency vibration,
temperature cycling, immersion, moisture resis-
tance, lead strength, and length of life. Westing-
house
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12 Dynaco
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24, 25, 57 (bottom left) .... University Sound
27 National Bureau of Standards
28, 29 Radio Corporation of America
32, 33 Globe Union Inc.
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ELECTRONICS
MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 74 per word (including name and address). Minimum order $7.00. Payment
must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% for 12 months paid in advance.
READER RATE: For Individuals with a personal Item to buy or sell. 400 per word (including name and address). No Minimum! Payment must accompany copy.
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10C extra per word. All copy subject
to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st.) Send order and remittance to: Hal Cymes
ELECTRONICS WORLD, One Park Avenue, New York, New York 10016

FOR SALE

JUST starting in TV service? Write for free 32 page
catalog of service order books, invoices, job tickets,
phone message books, statements and file systems.
Oelrich Publications, 6556 W. Higgins Rd. Chicago,
III. 60656.
GOVERNMENT Surplus Receivers, Transmitters, Snoop-
erscopes, Radios, Parts, Picture Catalog 25C. Meshna,
Nahant, Mass. 09108.
INVESTIGATORS, FREE BROCHURE, LATEST SUBMW-
IATURE ELECTRONIC SURVEILLANCE EQUIPMENT. ACE
ELECTRONICS, 115004 NW 7TH AVE., MIAMI, FLA.
33168.
CANADIANS -Giant Surplus Bargain Packed Catalogs.
Electronics. Hi-Fi, Shortwave, Amateur, Citizens Radio.
Rush $1.00 (Refunded). ETCO. Dept. Z, Box 741,
Montreal, Canada.

HARD -TO -GET TUBES IN STOCK
BRAND
Type Price

NEW -1
Type Price

YR. GUARANTEE
Type Price Type Price
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6W4 .. .86
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1US
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.83
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7C6
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1.25
1.95

25006 .1.94
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3A3 . . .75
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.1.90
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2.25

25Z5
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 1.15
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.2.39
.1.08

6025
6D4 ..1.75

.1.75 787 .

7J7
1.95
2.50 27

.

. :1:72
3826
3086

. .83 606 ..2.50
6DA4 .1.25
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7L7
3.05
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30
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.1.48
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6DN6
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.3.05

.1.45
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.2.00
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.2.25
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2.25
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35A5.
35L6

.2.10
.1.05

4E107
4BU8

.1.45

.1.39
6006
6E5 .

.1.00
.2.25

7V7 .

7W7
1.74
2.49

35W4
3574

. .47

.1.62
4827
4086

.1.45

. .82
6F4 .

6FSGT
.3.20
1.72

756
7X7 .

1.35
2.85

35Z3
3525

.1.54

. .82
5AM8
SANS

1.40
.1.55

6F6G .1.95
6F7 . .4.39

754
777

2.35
1.79

36
.

:1:12

5A05
5AS8

.82
.1.64

6F8 .

6085
.3.08
.1.66

7Z4 .

8AU8
2.35
1.63

38 ..
39/44

.1.25

.1.25
SAT8
SAZ4

.1.44
.2.00

6828
6J50

.2.38

.1.34
8805
8CG7

1.18
.99

41
42

. .1.50

. .1.94
5807
5888

1.35
1.50

6.6A
6J7 .

. .70

.1.88
8FQ7
80J7

.99
1.38

43
45/2A3

. . . 5
3.75

50G8
5J6

.1.19

.1.05
6.7G
6.8 .

.1.75

.2.50
SONS
8JV8

1.59
1.59

46
47

.95
. .3.50

SU4
SUB

. .59

.1.19
6K6G7
687

. .93

.1.90
1013E7
12A8

1.14
2.95

48
49 . .3.S0

5V4
SX8

.1.35

.1.30
6L6G
6L6GC

.1.15

.1.50
12A87
12AT6

1.99
.59

50
5005

. .1.75
. .85

573
574

. .61

.1.45
6L7M .2.58
6N791 . .90

12AT7
12AU6

.74
.65

50L6
5056

.1.10

.2.10
523
524

.1.54

.3.00
6P5 ...2.50
607 ...2.05

12AU7
12A76

.74

.56
5076
50Y7

.2.25

.2.25
6A7
6A8

.3.05

.2.49
657 ...1.95
658GT .1.60

12AX4
12AX7

.84

.87
53
55

. .3.50

. .2.75
6A84
6AB7

. .80
.96

65A7M 1.60
65137Y .2.25

12BA6
128E6

.59
.59

56
57

. .1.45
. .1.9S

6AC5
6A07

.2.24

.1.75
6507 ..1.49
65F5 .. .98

121387
121306

.96
1.35

58
59

. .1.95
. .3.50

6AF3
GAGS

.1.05

.1.03
65F7 ..2.40
6507 ..1.69

12887
12877

1.08
1.09

70L7
71A

.2.00
.1.2S

6A07
6A84

.2.25

.1.10
6587 ..1.50
65J7GT 1.49

1287
12K8M

. 2.49
2.95

75 .

76 .

.2.60

.1.75
6AK5
6AL7

. .80

.2.40
65.17m .1.65
6587 ..1.60

I2L6
12L8

. 1.13
.50

77 .

78 ..
.2.00
.1.75

GAMS
6AN8

.1.15

.1.43
65K7M 1.58
65L7GT .80

12427
125A7

1.50
1.48

80 .

83 ....1.48
.1.75

6A07
6AR5

.1.33

. .88
658767. .90
650707 1.33

12507
125E7

1.50
1.98 5881

.3.00

.3.00
6A55
6AS7

.95
.3.15

6587 ..1.50
6557M 1.15

12507
125N7

1.72
1.50

6146
6336

.2.75

.4.75
6AT6
6A78

. .72
1.25

6T8 ...1.20
679 ..1.46

125.7
12587

1.50
1.40

6550
807

.4.00

. .95
6AU4 .1.28 6U5 2.75 125L7 1.33 1(7-88 .4.75

OUR MINIMUM ORDER $5.00
POSTAGE EXTRA

I SEND FOR COMPLETE TUBE CATALOG OF OVER
3500 ADDITIONAL TYPES

UNITED RADIO CO.
EW-6, P.O. BOX -1000 A6, NEWARK, N.J.
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RESISTORS precision carbon -deposit. Guaranteed 1% USED Lampkin model 105-13 Frequency meters -Good
accuracy, 1/2 watt 8C. 1 watt 120. 2 watt 150. Rock Condition $119.95. Send Check or money order. Stan
Distributing Co., 902 Corwin Road, Rochester 10, N.Y. Mislow, 2863 Shady Valley Dr., N.E., Atlanta, Ga. 30324.

NEW supersensitive transistor locators detect buried
gold, silver, coins. Kits, assembled models. $19.95 up.
Free catalog. Relco-A22, Box 10563, Houston 18, Texas.

JAPAN & Hong Kong Electronics Directory. Products,
components, supplies. 50 firms -just $1.00. Ippano
Kaisha Ltd., Box 6266, Spokane, Washington 99207.

WEBBER Labs. Transistorized converter kit $5.00. Two
models using car radio 30-50Mc or 100.200Mc, one
Mc spread. Easily constructed. Webber, 72 Cottage,
Lynn, Mass.

ACHTUNG! Das machine is nicht fur Gerfingerpoken
und mittengraben. Is easy schnappen der Springen-
werk, blowenfusen und poppencorken mit spitzen-
sparken. 1st nicht fur gewerken by das Dummkopfen.
Das rubbernecken sightseeren keepen hands in das
pockets. Relaxen und watch das Blinkenlights. This
attractive, brass metal plaque only $2.00 ea. ppd.
Southwest Agents, Dept. E, P.O. Box 12283, Fort
Worth, Texas 76116.

CANADIANS, transistors, all semiconductors and com-
ponents. Free catalogue contains reference data on
300 transistor types. J.&J. Electronics (Dept. EW), P.O.
Box 1437 Winnipeg, Manitoba, Canada.
TRANSISTORS -Miniature Electronic Parts. Send for
Free Catalog. Electronic Control Design Company,
P.O. Box 1432M, Plainfield, N.J.

Send for list. Hanchett, Box 5577, Riverside, Calif.
92507.

TRANSISTORIZED Products Importers catalog. $1.00.
Intercontinental. CPO 1717, Tokyo, Japan.

MESHNA'S TRANSISTORIZED CONVERTER KIT $4.50 Two
models -converts car radio to receive 30-50 mc or
100-200 mc (one mc tuning). Meshna, Lynn, Mass.
01901.

SECURITY ELECTRONICS introduces its NEW 1966
line of SURVEILLANCE EQUIPMENT. Improved NEW
designs for maximum performance and greater value.
FREE DETAILS. Security Electronics-EW, 11 East 43rd
St., New York, N.Y. 10017.
R.F. CONVERTERS World's largest selection. Also CCTV
cameras, transmitters, etc. Lowest factory prices.
Catalog 106. Vanguard, 196-23 Jamaica Ave., Hollis,
N.Y. 11423.

SAFEGUARD PRIVACY! New instrument detects elec-
tronic "bugs," wire -tapping and snooping devices.
Free information. Dee Equipment, Box 7263.7, Hous-
ton 8, Texas.

CONVERT any television to sensitive big -screen oscil-
loscope. Only minor changes required. No electronic
experience necessary. Illustrated plans, $2.00. Relco-
A22, Box 10563, Houston 18, Texas.

ELECTRONIC DEVICES -Kits or assembled. For CAR,
HOME and BOAT. Catalog Free. EARN MONEY selling
these useful items. Write for details. Electronic Prod -
ducts Co., Dept. F, Box 8485, St. Louis, Mo. 63132.
ELECTRONIC Ignition Kits, Components Free Diagrams.
Anderson Engineering, Epsom, New Hampshire 03239.
NVESTIGATORS: PROFESSIONAL AND AMATEUR: Amaz-
ng Electronic Device inhibits radio communication

and may obsolete present day equipment. For informa
ion send $1.00 to J.B. Jones Co., Box 43B, Anaheim,

Calif.

CASH REWARD!!!
YOU will be rewarded with cold, hard cash by
selling us your new, used, excess or unwanted
electronic equipment. WE WANT TO BUY YOUR:
AN/ARN-21, AN/ARC-34, AN/ARC-52, -55, any
ARN or ARC equipment, ID indicators. Military
Type Test Equipment, Collins and Bendix equip.,
instruments and instrumentation. Tell us whet
you have -collect the reward!

J. J. CANDEE CO. Dept. EW
2525 W. Burbank Blvd., Burbank, Calif. 91505

TUBES

BEFORE you buy receiving tubes, Transistors, Diodes,
Electronic Components and Accessories ... send for
Giant Free Zalytron Current Catalog, featuring Stand-
ard Brand Tubes; RCA, GE, etc. -all Brand new pre-
mium quality individually boxed. One year guarantee
-all at biggest discounts in America! We serve pro-
fessional servicemen, hobbyists, experimenters, engi-
neers, technicians. Why pay more? Zalytron Tube Corp.,
469-W Jericho Turnpike, Mineola, N.Y. 11502.

FREE Catalog. Electronic parts, tubes, Wholesale.
Thousands of items. Unbeatable prices. Arcturus Elec-
tronics ZD, 502-22 St., Union City, N. J. 07087.

TUBES, SEMICONDUCTORS, ELECTRONIC EQUIPMENT &
COMPONENTS. Quality merchandise only! Serving engi-
neers, purchasing agents TV/HiFi servicemen and hams
for 16 years. Write for catalog or call WA 5-7000,
BARRY ELECTRONICS, 512 Broadway, New York, N.Y.
10012.

TUBES -33C each, Year guarantee. Tuner Cleaner
$1.09. Free catalog. Cornell, 4213-W University, San
Diego, Calif. 92105.

World's "BEST BUYS"
in GOV'T. SURPLUS

Electronic Equipment

VISIT US
THIS SUMMER

AT OUR
NEW LOCATION:

1016 E. Eureka St.
LIMA, OHIO

ONE MILE WEST OF 1-75
ROUTE 30-S EXIT

(After June 1st.)

Hundreds of NEW
ITEMS to Choose From!

After June 1st.

New Phone Number
AREA CODE 419

223-2196
TV and LOUNGE For Your
Family While You Browse!

FOR BIG CATALOG -SEND 25Q (stamps or coin)
and receive 50C CREDIT on your order!

ADDRESS DEPT. EW

FAIR RADIO SALES
1016 E. EUREKA  Box 1105.  LIMA, OHIO  45802
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AN/APR-4Y FM & AM RECEIVER
"FB" FOR SATELLITE TRACKING!

High precision lab instru
-7 ment, suitable for moni-

toeing and measuring fre
4 ; quency and relative signal

strength of signals from
38 to 4000 Mc., in 5 tun -
Mg ranges. For 110 voltIt 60 cycle AC operation,

CZie built-in power supPlY
... Original circuit diagram

included. Checked out.
. Arylect, LIKE $66.50

TN -19 TUNING UNIT for above, continuous tuning973 to 2200 Mc., lust right for 1296 Mc. Satellite
Frequency and other current Ham activity. Checked
out, perfect $69.50
Other tuning units for above, TN -16, TN -17, TN -18,
TN -54 in stock P U R

ARR-15 Collins Receiver, 1.5 to 18.5 Mc. Tunable,
with Collins PTO and calibrator (written up in '73"
mag) Complete with tubes, $65.00exc. used

LORAN R-65/APN-9 RECEIVER
& INDICATOR

Used In ships and aircraft. Deter-
mines position by radio signals from F------_
known xmitters. Accurate to within __La

1% of distance. Complete with *11 =--

tubes and crystal. IN LIKE NEW Con-
dition $79.50

Used, with all parts, less tubes, crystal
$29.50and visor Special

Shock Mount for above $2.95
Circuit diagram and connecting plugs available.

i
LORAN APN-4

FINE QUALITY
-(1/ NAVIGATIONAL EQUIPMENT

Determine exact geographic position of your boat
or plane. Indicator and receiver complete with all
tubes and crystal.
INDICATOR ID-6B/APN-4, and RECEIVER R-913/
APN-4, complete with tubes. Exc. Used....$88.50
NEW! APN-4A Receiver -Indicator as above, changed
to operate same as APN4-B for improved perform-
ance NEW $88.50
Shock Mount for above $2.95

We carry a complete line of replacement parts and
accessories for above.
AN/ARR-2 Receiver. 234.258 Mc. Complete with 11
tubes. Brand New $10.95
Exc. Used $ 7.95

SCR -625 MINE DETECTOR
Complete portable outfit In original packing, with all
accessories. Excellent, Used $29.50

BC -929 3 -Inch Scope, with all tubes,
LIKE NEW $16.50

Conversion instructions, with diagram,
44. for 110 V AC operation $ .65

LM Freq. Meter. Modulated. 125 Kc to 20,00,1 Kc.
With Calibration Book, Like New $79.50
As above, less Calib. Book, exc. used $34.50

BC1206-C BEACON RECEIVER 195 to 420 Kc, made
by Setchel-Carlson. Works on 24.28 volts DC. 133
ICe. IF. Complete with 5 tubes. Sloe 4" x 4" x 60.Wt. 4 lbs. LIKE NEW ............ .... $11.95
USED less tubes $ 6.95\ 41111

SCR -274 COMMAND EQUIPMENT
ALL COMPLETE WITH TUBES Like BRAND
Type Description Used New NEW

BC -453 Receiver
190.550 Kc. $14.85 $18.95 P.U.R.

BC -454 Receiver 3-6 Mc. $15.95 $24.50
BC -455 Receiver 6-9 Mc. $13.95 $19.50 $24.50
BC946 Receiver, 550-1500 Kc. Complete with all
tubes. Brand New, in original packing $48.50
1.5 to 3 MC. Receiver Brand New $22.50

110 Volt AC Power Supply for all 274 N and
ARCS Receivers. Complete with metal case, in-
structions. Factory wired, tested, ready to oper-
ate $12.50
SPLINED TUNING SIO'In'ml, 1-N and ARC -5
RECEIVERS. Fits BC -453, BC -454 and 490others. Only

2.1 to 3 Mc, Transmitter. Brand New .......$12.95
BC -458 TRANSMITTER -5.3 to 7 Mc. Complete with
all tubes and crystal $13.95BRAND NEW
Like New $8.95
BC -459 TRANSMITTER -7 to 9 Mc. Completeith
tubes & crystal $19.w50Like NewBC -696 TRANSMITTER 3.4 Mc Complete with $16.95
All Tubes & Crystal. Brand New
Like New $12.95
BC -456 Modulator USED 3.45 NEW $5.95

ALL ACCESSORIES AVAILABLE FOR ABOVE

2 VOLT BATTERY "PACKAGE"
1-2V. 20 Amp. Hr. Willard Storage Battery.

Model 320.2, 3" x 4" x 51/2" high $2.79
1-2V. 7 prong Synchronous Plug-in Vibrator 1.49
1 -Quart Bottle Electrolyte (for 2 cells) 1.45
ALL BRAND NEW! Combination Price $5.45

Willard 6V Midget Storage Battery $2.95

SEND FOR BIG NEW G&G CATALOG
Military & Electronic Surplus -

Sensational Bargains!

Include 250
(Refunded with First Order)

Please include 25% Deposit with order -Balance
C.O.D.. or Remittance in Full. 506 Handling Charges
on all orders under $5.00. All shipments F.O.B. Our
Warehouse. N.Y.C. All Merchandise subject to Prior
Sale and Price Change.

G & G RADIO SUPPLY CO.
Telephone. (212) CO 7-4605

77 Leonard St. New York, N.Y. 1 0 0 1 3

CIRCLE NO. 115 ON READER SERVICE CARD
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ELECTRONICS ENGINEERING
AND INSTRUCTION

FCC LICENSE in six weeks. First class radio telephone.
Results guaranteed. Elkins Radio School, 2603C, In-
wood, Dallas, Texas.
ELECTRONICS! Associate degree -29 months. Techni-
cians, field engineers, specialists In communications,
missiles, computers, radar, automation. Start Septem-
ber, February. Valparaiso Technical Institute, Dept. N,
Valparaiso, Indiana.

ELECTRONICS-F.C.C. License Training -correspond.
ence, or resident classes. Free details, Write: Dept. 6,
Grantham, 1505 N. Western, Hollywood, Calif. 90027.
REI First Class Radio Telephone License in (5) weeks
Guaranteed. Tuition $295.00. Job placement free.
Radio Engineering Institute, 1336 Main Street, Sara-
sota, Fla.
HIGHLY -effective home study review for FCC com-
mercial phone exams. Free literature! COOK'S SCHOOL
OF ELECTRONICS, Craigmont, Idaho 83523.

LEARN ELECTRONIC ORGAN SERVICING at home. All
Makes including transistors. Experimental kit -
trouble -shooting. Accredited NHSC. Free Booklet.
NILES BRYANT SCHOOL, 3631 Stockton, Dept. A,

Sacramento 20, Calif.
B.Sc. DEGREE (Engineering) by home study. Send $1
for 1966 prospectus. CIST, Suite 674, 263 Adelaide St.
W., Toronto, Canada.

LEARN AT HOME -College, High School and Noncredit
Courses. Write For Information to: University of Tennes-
see, Division of Extension, Correspondence Study,
Knoxville, Tennessee 37916.

DO-IT-YOURSELF

PROFESSIONAL ELECTRONIC PROJECTS-$i 00 up.

Catalog 250, refundable. PARKS, Box 25565, Seattle,
Wash. 98125.

TOOLS

TOOL CATALOG Send 250. Silvo Hardware, 107 Ziff
Walnut, Phila., Penna. 19106.

,

RECTIFIERS & TRANSISTORS
Silicon Diodes

Amps 100 Pie 200 PIV 400 PIV 600 PIV
.75. .07 .10 .14 .21

3 .14 .22 .28 .40
15 -. as 1.20 1.55
35 - 1.30 2.00 2.70

Amps 700 PIV 800 PIV 900 PIV 1000 PIV
.75. .25 .32 .40 .55

3 .49 .58 .67 .78
15 1.70 1.85 2.25 2.50
35 3.15 3.60 4.50 4.80

1100 PIV 706. 1200 PIV 856. .75 amp TopHat, Epoxy. or Fiangeless

10 Watt Sil. Zener Stud 20%, 12-200V-950 ea.
1 Watt Zener, axial 20%, 8-200V 500 ea.
$11. diode Stud, 1500 ply, 300 ma 500 ea.
Hoffman $11. Epoxy diodes, 200 ma.

3000 PIV 980 6000 PIV $2.49
Thermistor bead, 900 or 1200 ohm, 600°F..2/$1.00

Silicon Power Transistors
4W, 2n498, TO -5 SOO

15W, 2n2989, TO -5 750
30W, 2n2151, TO -60 $1.25
40W. 2n1047. TO -S7 $1.40
SOW. 2n1022. TO -53 $1.50
50W, 2n1724. TO -61 $1.50

2n1300 series, NPN or PNP 6/$1.00
Sil. Junction diodes, 1N200 series
70 amp. stud, 50 PIV-$2.50, 100 PIV 3.50
Amplifier, 6 Tubes, new, 3 lbs. 1.49
Nickel Cadmium Battery, 91/2 oz. 8 amp hr.. 1.95
10 Lbs. Power Resistors, 5-60W $1.98
10 Lbs Oil Capacitors, assorted $1.98
Radio Knobs for 1/4" shafts 120/$1.98
2 Watt Pots, assorted 15/51.00
Mercury Batteries, 5.4V, 5/8"xl" 4/$1.00
Precision Resistors, assorted 120/$1.98
200-1/2 w resistors, assorted $1.98
130-1 W resistors, assorted $1.98

Varicap-Voltage Variable Capacitor
27, 47, or 100 pf at 4v., 4:1 $1.25

150 W Germanium Power (Diamond Case)
2n1021...$1.00 2n1022...$1.25 2n511 $1.50

20 W Germanium Power (internal heat sink)
2n1038 4/$1.00 2n1039 3/51.00 2n1040 2/$1.00
2n1041 600 Add 100 ea. for external heat sink

SILICON CONTROLLED RECTIFIERS
PRV .75A* 7A 16A. PRV .75A 7A 16A.

50 - .45 .70
.48 300 1.20 1.80 2.20

100 - .70 1.20 400 1.70 2.20 2.70

200 .80 1.15 1.70 500 1.95 3.00 3.30
*Top Hat, others Stud 600 2.30 3.20 3.90
Money back guarantee. $2.00 min. order, include
postage. Write For Free Catalog.

Electronic Components Co.
Box 2902, Baton Rouge, La. 70821
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CLASSIFIED ADVERTISING ORDER FORM
Please refer to heading on first page of this section for complete data concerning terms,
frequency discounts, closing dates, etc.

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15

16 17 18 19 20

21 22 23 24 25

26 27 28 29 30

31 32 33 34 35

Words
( @ .40 Reader Rate
( @ .70 Commercial Rate I

Insert time(s) Total Enclosed $

NAME

ADDRESS

CITY ZONE STATE

SIGNATURE
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does
not permit.) Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols
such as 35mm, COD, P0, AC, etc., count as one word. Hyphenated words count as two words. EW-666
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WANTED

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed.
Free Circular. Mercury Terminal, Norwood, Mass.
CASH Paid! Sell your surplus electronic TUBES. (Want
UNUSED, clean Radio/TV Receiving, Transmitting, Spe-
cial Purpose, Magnetrons, Klystrons, Broadcast Types.)
Want military and commercial Lab/Test Equipment.
Want commercial Ham Receivers and Transmitters. For
a Fair Deal Write: BARRY Electronics, 512 Broadway,
New York, N.Y. 10012 (WA 5-7000.)

GOLD, Silver, Platinum (Any Form) Diamonds Bought,
Information Free. Wilmot's, 1067V Bridge, Grand Rap-
ids, Mich. 49504.

URGENTLY NEED MILITARY SURPLUS, ARC -27, ARC -
34, ARC -38, ARC -44, ARC -52, ARC -73, ARC -84, COLLINS
51X-2, 17L-7, 51V-3, 51Y-3, 618S-1, 18S-4, 618T. ARMY
GROUND RT-66 THRU RT-70/GRC, GRR-5, R-109/GRC,
AM-65/GRC, RT-77/GRC-9, GRC-10, GRC-19, PRC-25,
TRC-1, TRC-7, TRC-24, TCC-7. TEST EQUIPMENT WITH
ARM, SG, PRM, URM, UPM PREFIXES. ELECTRONIC
TECH MANUALS. TOP CASH DOLLAR PAID, PLUS SHIP-
PING. SLEP ELECTRONICS COMPANY, DRAWER 178-EW,
ELLENTON, FLA. 33532.

TAPE AND RECORDERS

RENT Stereo Tapes-over 2,500 Different-all major
labels-free brochure. Stereo-Parti, 1616-E. W. Ter-
race Way, Santa Rosa, California.

BEFORE renting Stereo Tapes, try us. Postpaid both
ways-no deposit-immediate delivery. Quality-De-
pendability-Service-Satisfaction-prevail here. If
you've been dissatisfied in the past, your initial order
will prove this is no idle boast. Free Catalog. Gold
Coast Tape Library, Box 2262, Palm Village Station,
Hialeah, Fla. 33012.

TAPE RECORDER SALE. Brand new, latest models,
$10.00 above cost. Arkay Sales, 1028-B Common-
wealth Ave., Boston, Mass. 02215.

TAPE -MATES now offers ALL TAPES-ALL LABELS at
TREMENDOUS SAVINGS plus FREE Tape -Mates member-
ship. For FREE brochure write TAPE -MATES, 5280-EW
W. Pico Blvd., Los Angeles 90019.

Electronics World
SUBSCRIBER SERVICE

Please include an address
your subscription to help
Write to: Portland Place,

Change of Address:
Please let us know
you are moving at
least 4 weeks in ad-
vance. Affix magazine
address label in space
to the right and print
new address below. If
you have a question
about your subscrip-
tion, attach address
label to your letter.

To Subscribe:
Check boxes below.

0 New 0 Renewal
0 5 years $21
0 3 years $15
CI 1 year $6

Specify
El Payment enclosed
- You get 1 extra
issue per year FREE!
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STEREO TAPES. Save up to 60% (no membership fees,
postpaid anywhere USA). Free 60 -page catalog. We dis-
count batteries, recorders, tape accessories. Beware of
slogans "not undersold," as the discount information
you supply our competitor is usually reported to the
factory. SAXITONE, 1776 Columbia Rd., Washington,
D. C. 20009.

HI-FI components, tape recorders, sleep learn equip-
ment, tapes. Unusual Values. Free Catalog. Dressner,
1523 Jericho Turnpike, New Hyde Park 10, N.Y.

TAPES, TAPE RECORDERS-sold, exchanged. Free cata-
log. Tower, Lafayette Hill, Pa. 19444.

CUSTOM COVERS for 7" reel TAPE boxes. Make your
tape library "Bookcase Neat." Order 1 color or assort.
Beige-Gray-Ochre-Salmon-Olive. Varnished heavy-
duty leather -textured stock. 8/$1.00. 30 or more 10O
ea-Postpaid-Money Back Guarantee. CUSTOM COVERS,
Dept. B, Windsor, Calif. 95492.

HIGH FIDELITY

LOW, LOW quotes: all components and recorders. Hi-Fi,
Roslyn 9, Penna

HI-FI Components, Tape Recorders, at guaranteed
"We Will Not Be Undersold" prices. 15 -day money -back
guarantee. Two-year warranty. No Catalog. Quotations
Free. Hi -Fidelity Center, 239 (L) East 149th Street,
New York 10451.

FREE! Send for money saving stereo catalog 4:46W
and lowest quotations on your individual component,
tape recorder or system requirements. Electronic
Values Inc 200 West 20th Street, N.Y., N.Y. 10011.

FREE-$1.00 Value "Miracle" Record cleaning cloth
with every quotation on HIFI EQUIPMENT. Our "ROCK
BOTTOM" prices on NAME BRAND amplifiers-tuners-
taperecoraers-speakers-FRANCHISED-59 YEARS IN
BUSINESS. Write for this month's specials-NOW!
Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St.,
New York, New York 10019.

REPAIRS AND SERVICES

TV Tuners Rebuilt and Aligned per manufacturers spe-
cification. Only $9.50. Any Make UHF or VHF. We ship
COD Ninety day written guarantee. Ship complete with
tubes or write for free mailing kit and dealer brochure.
JW Electronics. Box 51B. Bloomington, Indiana.

GOVERNMENT SURPLUS

JEEPS Typically From $53.90 ... Trucks From $78.40
... Boats, Typewriters, Airplanes, Electronics Equip-
ment, Photographic Equipment, used. 100,000 Bargains
Direct From Government. Complete Sales Directory
and Surplus Catalog $1.00 (Deductible First $10.00
Order). Surplus Service, Box 820-K, Holland, Mich.
49424.

RECORDS

DISCOUNT Records, All Labels-Free Lists. Write Cliff
House. Box 42-E. Utica, N.Y.
RENT STEREO RECORDS, $1.00 three days. FREE offer,
write: DISCO -TAPE, P.O. Box 5202-EJ, Sta. r4, North
Hollywood, Calif. 91604.

PERSONALS

GET out of debt-clear credit, immediate relief.
Advisor, Box 48337-EW1, Los Angeles 90048.

LOW-COST Loans By Mail. $6.00 monthly repays
$104.50; $56 monthly repays $1,321.39. Borrow any
amount. Guaranteed fast, confidential. Write today!
Bankers Investment, 92-B, Box 1648, Hutchinson, Kan-
sas 67501.

AUTHORS' SERVICES

AUTHORS! Learn how to have your book published,
promoted, distributed. FREE booklet "ZD," Vantage,
120 West 31 St., New York 1.

POEMS or new songs wanted. Tin Pan Alley, Inc., 1650
Broadway, New York, N.Y. 10019.

HYPNOTISM

GREGORY ELECTRONICS

Reconditioned & Used FM
2 -WAY RADIO SAVINGS

Partial list-Send for New '66 catalog

Voice Commander
132 to 172 MC, 1W 9.5"
x 5.3"

1

x 1.7" Reduced
brandprice including

, New Rechargeable Nickel
- Cadmium Battery Pack

:7"----7-:-:
Lowest Price Ever!

148
If crystal & tuning is de -

q sired add $45.00
Battery charger for these
units $16.00

WRITE FOR QUANTITY PRICES

RCA 25-54mc CMF40
6/12v 40 watts
Vibrator power supply. Fully
narrow banded. Complete with
all accessories, less crystals
and antenna.

(Same unit without accessories $148)

Same unit tuned to your fre-
quency including brand new

antenna, ready for installation $223

MOTOROLA P 11
Dry Battery Operated Pack Sets, $48
less batteries & crystals
40-50 MC

DUMONT 101A 30-50MC
12 Volt 30 Watts complete ac-
cessories ideal for Monitor Re-
ceiver
Less crystals & antenna

GE TX 4ET5 $ 1 06 v 30 watt 40-50mc

GE TX 4ET5 $1512 v 30 watt 40-50mc

We Buy Late Model Equipment for Cash
-Write; Wire or Phone!

-.- Cift.G.Iir MI GREGORYGE ELECTRONICS
ELFCTIVONICS.... CORPORATION

249 RT. 46, Saddle Brook, N.1., 07662
Phone: (201) 489-9000

CIRCLE NO. 111 ON READER SERVICE CARD

PHOTOGRAPHS

PHOTOGRAPHS and transparencies wanted, to $500.00
each. Valuable information free-Write Intraphoto-EW,
Box 74607, Hollywood 90004.

PHOTOGRAPHY-FILM.
EQUIPMENT, SERVICES
MEDICAL FILM-Adults only-"Childbirth" one reel,
8mm $7.50; 16mm $14.95. International W, Greenvale,
Long Island, New York.
SCIENCE Bargains-Request Free Giant Catalog "CJ"
-148 pages-Astronomical Telescopes, Microscopes,
Lenses, Binoculars, Kits, Parts, War surplus bargains.
Edmund Scientific Co., Barrington, New Jersey.

STAMPS

FREE Hypnotism, Self -Hypnosis, Sleep Learning Cat- MALAYSIA: 100 different $1.00! (Catalogued $5.00).
alog! Drawer H400, Ruidoso, New Mexico 88345. CkLeong, POB 2617, Singapore 1.stole

June, 1966

zip -code

91



..

GET IT from. GOODNEART:
EVERYTHING UNCONDITIONALLY GUARANTEED!

DOES LOW OR CHANGING
LINE VOLTAGE ANNOY?

Featured for June are Line Voltage Regulators. They
hold line to 115 or 118 v for inputs 95-130 v and
for load changes 0 to full rating. Automatically! CV
types are tuned saturating isolating transforrners.
hold to 1%, have 14% harmonics. CVH are same butonly 3% harm. EM are servo -system, hold 1/4 to
1%, have ZERO harm. S ,EI are Electronic, hold to
0.1%, have max. 3% harm. Mnfrs. are Sola, Ray-
theon, General Radio, Sorensen. Superior Electric.
ALL AT LOW SURPLUS BARGAIN PRICES!

CV: 250 VA $ 22.50 500 VA .... $ 37.50
1 KVA 69.50 2 KVA (230v) 99.50

CVH: 250 VA 29.50
S/ El: 500 VA 99.50 5 KVA (230v) 350.00

2 KVA *129.50 1 KVA .... 129.50
21/2 KVA "199.50 2 KVA .... 199.50

Items are special values 3 KVA .... 279.50
EM: 6 KVA, $279.50 (Incl. Gen. Radio 1570AL)

HIGH -POWER SIGNAL GENERATORS
Can he used normally because they hae accurately -
calibrated attenuators & freq. calibration, very low
leakage, high stability. AM or OW. Additionally. the
high power enables use to measure effectiveness of
RE filters with atten. over 11)0 db ... to provide
known radiation fields to measure suseeptance. leak-
age, screen rooms. etc.... to plot antenna radia-
tion patterns and to MeasUre VSWR.e below.
TS -606/U (Borg-Warner, Byron-Jackson,Se Rollin Nlodel
201: 85 he to 40 me. Output across a 20 ohm ex-
ternal load (making a 10 ohm source impedance: is
variable from 0.1 uv to 10 v AM or CW and for CW
only, will put out up to 13 v at most freq. In its
range. When we use a 30 ohm wattmeter as a load.we read from 10 to 12 watts. Vo is read on a panel
meter. with step and variable atten. With book. fob
I,os Angeles $995.00
TS.608/U , Borg-Warner. Byron -Jackson, Rollin Model30(*): Very similar to above except output de-
signed for a 30 ohm load, and freq. range 41 to 400mc. We read outputs tat high-level CW only) of 7
to I() watts o a 50 ohm wattmeter used as a load.
On AM GAT Lon w output use, puts out 10 v across
50 ohm,. Step and variable attenuators down to 11.1
uv. With hook, fob Los Angeles..

(Note: last factory price was 614(750(.,)
SLRD (Rohde & Schwarz): 275 to 2.750 me in 2
aoverlapping bands calibrated on long scale with read-
bility of 1 part in 10.000 and accuracy of 2%.

Max. power output Into external 50 ohm load is more
than 10 w from 275-500 me: more than 20 w from
500.1700 me; more than 5 w from 1700-2400 me:
more than I w from 24002750 me. Output continuously adjustable down to about Ill to the minus 10th
w. CW or AM pulse at I kc 100% modulated. Over-
hauled and certified by the factory branch. with
book. Regular price Is over $40011.00. Front us.
only 51995.00

WE RENT TO YOU! WE BUY FROM YOU!

R. E. GOODHEART CO. INC.
Box 1220-A, Beverly Hills, Calif. 90213

Phones: Area 213, office 272.5707, messages 275.5342
CIRCLE NO. 114 ON READER SERVICE CARD

RUBBER STAMPS

RUBBER ADDRESS STAMP $1.00. Signature $2.88. Free
catalog. Jackson Products, 1433 Winnemac, Chicago,
III. 60640.

EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your recorder,
phonograph. Astonishing details, sensational catalog
free! Sleep -Learning Association, Box 24-2D, Olympia,
Washington.

LEARN while asleep. Remarkable, scientific. 92% ef-
fective. Details free. ASR Foundation, Box 721, Dept.
e.g., Lexington, Kentucky.

USED Correspondence Courses and Books sold and
rented. Money back guarantee. Catalog free. (Courses
Bought). Lee Mountain, Pisgah, Alabama.

INVENTIONS WANTED

INVENTORS. We will develop, help sell your idea or
invention, patented or unpatented. Our national manu-
facturer clients are urgently seeking new items for out-
right cash sale or royalties. Financial assistance avail-
able. 10 years proven performance. For free informa-
tion, write Dept. 42, Wall Street Invention Brokerage,
79 Wall Street, New York 5, N.Y.

INVENTIONS -IDEAS developed: Cash/Royalty Sales.
Member: United States Chamber Commerce. Raymond
Lee, 130-G West 42nd, New York City 10036.

REAL ESTATE

NEW! SUMMER CATALOG All New 180 pages! Selected
best thruout the U.S. Thousands of properties described,
pictured -Land, Farms, Homes, Businesses -Water-
front, Recreation, Retirement. 490 Offices, 36 States
Coast to Coast. Mailed FREE from the World's Larg-
est! STROUT REALTY, 60-ZD E. 42nd St., N.Y., N.Y.
10017. OX 7-5710.

EMPLOYMENT OPPORTUNITIES

INSTRUCTORS wanted -Experienced instructors to
teach in the area of Electronics and Radio -Television
Servicing. Age open -salary open -Prefer individual
with an EE Degree with Electronics option for the Elec-
tronics positions -Year round employment in South-
eastern United States -Excellent opportunity with
growing institution. Send complete resume of educa-
tion, personal background, and experience to Robert
E. Paap, President, Catawba Valley Technical Institute,
Hickory, North Carolina.

HEATHKIT-We have openings at all levels for various
combinations of education, and experience in elec-
tronics for Technicians to Sr. Engineers in our In-
struments Group. Investigate this opportunity to find
your life's work. Develop instruments and other elec-
tronic equipment for assembly for others. Write to:
Mr. E. C. Fiebich, Director of Engineering, Heath
Company, Benton Harbor, Mich. 49022. An Equal Op-
portunity Employer.

EMPLOYMENT INFORMATION

FOREIGN Employment. Construction. other work proj-
ects. Good paying overseas jobs with extras, travel
expenses. Write only: Foreign Service Bureau, Dept. D,
Bradenton Beach. Florida.

FOREIGN Employment: South America, Africa, Europe,
Australia, USA. Earnings to $2,000.00 monthly. Con-
struction, all trades, professions, occupations. Many
companies pay fare, housing, benefits, bonuses. Write:
Universal, Dept. 8-8, Woodbridge, Conn. 06525.

"EMPLOYMENT RESUME GUIDE". SIMPLIFIED WRITING
INSTRUCTIONS PLUS ACTUAL EXAMPLES NUMEROUS
TYPICAL RESUMES -$2.00. BONUS "APPLICATION LET-
TER WRITING" (DOLLAR VALUE) INCLUDED FREE. MAG-
NETIC, Box 3677-EWW, WASHINGTON 20007.

SOUTHWEST ELECTRONIC FIRMS Over 200 Names, Ad-
dresses, Areas of Work. SAMPLE TEST INCLUDED $1.50.
Edgar & Main, Box 17383, Dallas, Texas 75217.

EMPLOYMENT Resumes. Get a better job & earn more!
Send only $2.00 for expert, complete Resume Writing
Instructions. J. Ross, 80-34 Kent St., Jamaica 32, N.Y.
Dept HF.
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TUBES
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Mutual ConductanCe Lab-test,. Individually
Booed, Branded and Code Dated. Tubes

are new, or used and so marked.

OZ4 6A55
1B3 6AT6
1.r3/1g3 OATS
1H5 6AU4
114 6AU5
1T4 6AU6

6AU6
6AW8
6AX4
68A6
68C5
6BD6
68G6
6516
681.7
6BN4
6BH6
68Q6
68Q7
68Z6
6C4

1U4
1X2
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5U4
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5V4
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6K6
6K7
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6X4
6X8
7A7
7A 8
78

If not ,,I..pred in 24 hrc
YOUR ORDERFREE!
6CI5
6D6
6DA4
60E6
6006
6EA7
6EmS
6F6
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6AN$ 6H66C

6 815
6AQ5 6CB6 6)6

Other tubes at low .rices_ ,

6SH7
65)7
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6SN7
6SQ7
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6U7
6U8
6V6
6W4
6W6

7C5
7N7
7 Y4
12AD6
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12AF6
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12BY7
12C5
12CAS
12SN7
125Q7
25L6
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35W4
35Z3
5016
24
27
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84/6Z4
5687
6350
6463
7044

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION

flip
Ng

PEI II
tAlatold

NICE
NO IN
tAITIMIS

E

IISIIIIIES

CORNELL ELECTRONICS CO.
Dept E W 6 421 7 University Ave., San Diego Calif. 9 2 1 0 5
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shipping. Orders under $5 00
add 3c per tube shipping
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SALE
New or Excellent Condition Surplus Equipment

Measurements -80 Signal Generators . $249.50
Hewlett-Packard

400D, VTVM-(Rack Mount) $165.00
Special ... Brand New Klystron Power

Supply (in sealed carton)
H.P. 715A each $195.00
H.P. 717A used $175.00

1520 Dual Trace Amp. $125.00
Ballantine 300 VTVM $ 69.50
H.P. 450A Amplifier $ 75.00
Marconi RLC Bridge TF868/1 $260.00
General Radio 5440 P.U.R.

1208A

1263A "
BC -221 Freq. mtr 125 - 20,000 kc $ 75.00
TS -174 " " 20mc - 250mc $139.95
TS -323 " " 20mc - 480mc $169.95
TS -186 " " 100mc - 1 kmc $279.95

AN/URM 26 -Sig. Gen. $295.00
Esterline Angus 2.5-025 MA Recorder, AW $195.00
General Radio 1021A Sig. Gen. 250-920mc $375.00
Boonton 170A "Q" Mtr $275.00
Empire T-A/NF-105 $850.00
H -P 43013 Pwr. Mtr. $125.00
RCA AR -88 Receivers, Excellent -Checked $175.00

Send for catalog

SPACE ELECTRONICS CO. DIV. OF

MILITARY ELECTRONICS CORP.
4178 PARK AVENUE BRONX, NEW YORK 10457

(212) 299-0300

CIRCLE NO. 96 ON READER SERVICE CARD

UNUSUAL BARGAINS
... MANY U. S. GOV'T SURPLUS

Brand New, Quick -Charge, Industrial Surplus
NICKEL -CADMIUM BATTERY

Unparalleled Value
For the lirst time a 6 -volt light -weight
nickel -cadmium battery in stainless steel,
strap type -casing. 4 -amp hour capacity.
Almost unlimited life -thousands of dis
charge -charge cycles with minute deterio-ration -charges fully in approx. 1 hr. with
Edmund charger kit. Just a few drops of
water per year provide full maintenance.
Hundreds of uses for hobbyists, amateur

photographers, campers, model builders, etc. Un-
equalled for rechargeable lanterns, cycle scooters, and
boat lights; portable fluorescent, and ultraviolet lights;
electronic flash units. Battery requires minimum of
electrolyte; is sealed to prevent loss; delivers nearly100% of output at below freezing temperatures com-
pared to 50% by lead -acid batteries. No corrosivefumes under any stage of rechae. Stud type terminalson top 11/8" apart, marked forrg polarity; 6-32 thread,nuts and lock washers. 8" x 2" x 4". Wt. 2 lbs. 12
unces.

Stock No. 70.776 -AK ......... . . ..$15.00 Ppd.
CHARGER KIT FOR 6 -VOLT BATTERY. Charges In approx.
1 hr. Shuts off automatically, attaches to Stock No.70-778 battery case. Includes transformer, ballast re-sistors charger circuit board, mounting hardware, 8 -ft.
cord plug, switch, assembly Instr.
Stock No. 70807 -AK.... . ...... $8.00 Ppd.
ONE 1.2 VOLT NICKEL -CADMIUM CELL
Stock Na. 40,798 -AK $3.95 Ppd.

"Balls of Fun" for Kids ...
Traffic Stoppers for Stores ...

Terrific for Amateur Meteorologists .. .
SURPLUS GIANT WEATHER BALLOONS

At last . . . available again in big
8.ft. diameter. Create a neighbor-
hood sensation. Great backyard
fun. Exciting beach attraction.
Blow up with vacuum cleaners or
auto ale hose. Sturdy enough for
hard play; all other uses. Filled
with helium (available locally)use balloons high In the sky to
attract crowds, advertise store
sales, announce fair openings, etc.
Amateur meteorologists use bal-
loons to measure cloud heights.

wind speeds, temperature, pressure, humidity at various
heights. Photographers can utilize for low-cost aerial
photos. Recent Gov't. surplus of heavy, black, neoprene
rubber.Stock No. 60.568 -AK............ ........ $2.00 Ppd.

SLIGHTLY HEAVIER RUBBER -LATER MANUFACTURE!
Stock No. 60.562 -AK ...4 ft. diam. size....S2.00 Ppd.

Send Check or M.O.-Money-Back Guarantee
EDMUND SCIENTIFIC CO., Barrington, N. J. 08007

SEND FOR NEW 148 -PAGE FREE CATALOG -"AK"
Completely new 1900 edition. New items, categoric, il-
lustrations, 148 easy -to -read pages packed with nearly
4000 unusual items. Dozens of electrical and electro-
magnetic parts, accessories. Enormous selection of Astro-
nomical Telescopes. Microscopes, Binoculars, Magnifiers.
Magnets. Lenses, Prisms. Many war surplus Items: for
hobbyists, experimenters, workshop, factory. Write fmcatalog AK..,
EDMUND SCIENTIFIC CO., ..IIING10.1 tow JERSEY 08007

COINS

KENNEDY LIMITED SILVER MEMORIAL MEDALLION Is-
sue. Only 15,000 will be minted and sold, in ALL THE
WORLD. 11/2" diameter; serially numbered; beautifully
sculptured high -relief. Become one of the lucky 15,-
000 owners of this rare solid silver masterpiece for
only $15.00. Also in unlimited solid bronze for $5.00.
Satisfaction guaranteed. Erie Publishers, P.O. Box 453F,
Buffalo, N.Y. 14205.

BUSINESS OPPORTUNITIES

INVESTIGATE Accidents -Earn $750 to $1,400 monthly.
Men urgently needed. Car furnished. Business ex-
penses paid. No selling. No college education neces-
sary. Pick own job location. Investigate full time. Or
earn $6.44 hour spare time. Write for Free Literature.
No obligation. Universal, CZ -6, 6801 Hillcrest, Dallas,
Texas 75205.
EARN extra money selling advertising book matches.
Sample kit furnished. Lion Matchcorp, Dept. MO -66C,
Chicago, III. 60632.
CITIZENS BAND Radio Dealerships Available. Sell Full
or Part Time. Knox Electronic, Dept. 274, Galesburg,
III. 61401.
FREE BOOK "990 Successful, Little -Known Businesses."
Work Home! Plymouth -945-L, Brooklyn, New York 11218.

I MADE $40,000.00 YEAR by mailorder! Helped others
make money! Start with $10.00 -Free proof. Torrey,
Box 63556-N. Oklahoma City, Oklahoma 73106.
FREE Facts and descriptive bulletin. Be an Air Con-
ditioning, Refrigeration, and Heating Serviceman. High
pay, jobs open everywhere, operate your own service
business, no school or correspondence necessary.
Instructions on all systems. Write Doolco Trouble
Shooter, 2018 Canton, Dallas, Texas 75201.
RAISE capital fast -easy proven sources -Free infor-
mation -Advisor, Box 48337-EW2, Los Angeles 90048.
FREE "Franchise Profit Letter" tells how unique NFR
service is helping thousands seeking profitable busi-
nesses. Write today. National Franchise Reports, D-528,
333 North Michigan, Chicago 60601.
BIG MONEY IN CB RADIO BUSINESS Earn up to $1,000
per month or more. Sell the hottest line of all transis
tor Citizen Band radios. Amazing profits with minimum
investment. No overhead, no service problems. Write
for details. Thomas, Dept. EW, Box P, Harbor City,
Calif. 90710.

MAGNETS

MAGNETS - Alnico -Ceramic -Flexible -Assemblies.
What you need, we have. Special Powerful retrieving,
magnet, $3.00. Maryland Magnet, 5412-E Gist, Balti-
more, Md. 21215.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog of yeasts,
equipment. Semplex, Box 7208, Minneapolis, Minn.
55412.

SPEC-TACULAR CASE of genuine glove leather has
"Chamois -soft" interior that actually cleans your
glasses! Chemically treated to remove dirt and
smudges, prevent scratching. Leaves glasses lint -free,
sparkling clear. Black case. $2.95 ppd, specify with or
without pocket clip. Order an extra case for your
sunglasses. MONEY BACK GUARANTEE. Marbro Sales
Co., Dept. E, 164 Duane St., New York, N.Y. 10013.
FREE Wine Recipes and Home Brewing Supplies cata-
log. County Winemaker, Box 243EG, Lexington, Mass.

YOUR EMPLOYMENT INFORMATION advertising will be
seen and responded to by more than 196,000 ELEC-
TRONICS WORLD buyers. Place your copy in these
columns in the next available issue, August, on sale
July 19th. Deadline is June 8th, so send copy and
payment soon to: Hal Cymes, Classified Advertising
Mgr. ELECTRONICS WORLD, One Park Avenue, New
York, New York 10016

WE DON'T HAVE $1,000,000!
But we have enough cash to pay you
the mostest for all your late model
equipment! We want to buy ground
and air communication equip., tele-
type, GRC, PRC, ARC. ARN, K test
equipment. WE PAY FREIGHT! Tell us
what you have ... what you want.. nd well give conthe best deal
in thea eountry-TODAY!

COLUMBIA ELECTRONICS
-Dept. EW

4365 W. Pico Blvd.,
Los Angeles, Calif. 90019

FREE PLUS
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"ONE PRICE" SCRS!

Imagine 7 -amp, 16 -amp and 25 -amp at one
price! Just check the proper amp and PRV blocks.
lij 7 -Amps CI 16 -Amps 1_1 25 -Amps
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Cl 50 .45 rj 200 1.15 EJ 500 2.50
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25 GERMANIUM & SILICON DIODES, no test .. $1
25 TOP HAT RECTIFIERS. silk.os. 750Ma. no test $1
3 2 -WATT PLANAR TRANS'TRS, 27.1697, 100mc $1
25 "EPDXY" SILICON RECTIFIERS n. test $1

10 2-6Amp RECT's, studs, silicon. 50 to 400V .$1
10 PHILCO MAT HI-FREQ. TRANSTRS, untested $1
15 PNP TRANSISTORS, CK722,2N35,107 no test$1
15 NPN TRANSISTORS, 2N35, 170. 440, no test $1
30 TRANSISTORS, rI.H.amlio ose-ifs.1:no test
10 FAMOUS CK722 TRANSISTORS, no test
5 2N107 TRANS'TRS by GE. ono. tom, audio pok 51
3 2N706 500MW, 3dOMC NPN PLANAR, T0.16 .51
4 2N21 3 TRANSISTORS. IlliNer.,1111V. T022 -  $1
85 WATT 2N1212 PLANAR, drift, iome. non ....V
85 WATT 2N424 PLANAR, silicon, TO -53 npn SI
60 CERAMIC CONDENSERS, discs, npo's, to .05 $1
70 TRANSISTOR ELECTROLYTICS: lOmf to 500mf$1
50 COILS & CHOKES, if, rf, ant, osc, & more ..$1
10 ELECTROLYTI CS, to GOOmf, asat FP & tunolora$1
10 VOLUME CONTROLS, to 1 meg. switch too! .51
60 NI -O RESISTORS, 1 a, 1, 2W. 1,."1 & 5 c'r values $1
60 TUBULAR CONDENSERS, to .5mr, to 1Kv, asst $1
40 DISC CONDENSERS, 27mmf to .05mf to 1KV $1
$25 SURPRISE PAK: transistors. rect, diodes, etc.Sl
30 POWER RESISTORS, 5 to 50W. to -1

LOW NOISE FETs Vacuum
Tube

FROM CRYSTALONIC Equiva- C 6 10 ..
' - Field -el lea transistors lent

WORLDLK.- r.1 emb?9 5 Esov
to,,,,::,; --

N -channel
FOR OUR "SUMMER" BARGAIN CATALOG ON:1 0 0 Semitondatfers 0 Poly Paks iii Parts

TERMS: Send check, money order.

P
0Ly tbd.derdagn171;.;Z: per Olt 7:

P.O. BOX 942W
A K S

deposit.

SO. LYNNFIELD, MASS.
"PAKKING" of the world

CIRCLE NO. 119 ON READER SERVICE CARD
June, 1966
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THE MOST COMPLETE AND
UP-TO-DATE GUIDE

TO THE EXCITING WORLD
OF SPECIALIZED

RADIO COMMUNICATIONS

COMMUNICATIONS
1966 HANDBOOK

4 Fact -Packed Sections
SHORT WAVE LISTENING

AMATEUR RADIO
CITIZENS RADIO SERVICE
BUSINESS RADIO SERVICE

All -new and better than ever, the 1966
Communications Handbdok brings you 148
pages of exclusive information on such vital
subjects as getting started in SWL-buying
equipment and station reporting; establish-
ing your CB station, public service activi-
ties; ham license applications procedures,
learning the code; typical business radio
installations . . .

PLUS a special nation-wide listing of 250
amateur radio clubs offering code and
theory courses and a roster of 400 CB clubs
-both lists available nowhere else!

. and much, much more. Everything you
need to know about your specialty is cov-
ered by a leading authority in the field-
from basic instruction for the beginner
through the most advanced data and tech-
niques.

Complete with charts, tables and illustra-
tions galore, it's a big, valuable "encyclo-
pedia" of communications information you'll
use all year long.

Now Available-A DELUXE LEATHERFLEX-
BOUND EDITION FOR JUST $3 POSTPAID!

r--- Fill in, detach and mail coupon today! ---1

Ziff -Davis Service Division Dept. CH,
589 Broadway N.Y., N.Y. 10012

YES! Send me a copy of the 1966 Communica-
tions Handbook, as checked below:

0 $1.25 enclosed, plus 150 for shipping and
handling. Send me the regular edition.
($1.50 for orders outside the U.S.A.)

0 $3.00 enclosed. Send me the DeLuxe
Leatherflex-bound edition, postpaid. ($3.75
for orders outside the U.S.A.) Allow three
additional weeks for delivery.

NAME EW-66

ADDRESS

CITY STATE ZIP CODE

.- Payment must be enclosed with order. ---J
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Spotlighting ZENERS
temperature coefficients

up to 0.0005%/T
Here's another addition to the IR line of
guaranteed Zeners-the 1N935 through
1N939 series of voltage reference diodes.
They provide an accurate reference voltage
of 9.0 volts (-± 5%) and 500mW dissipation
-sealed in glass to assure ultimate Zener
performance for life.

This series adds further versatility to IR's
already broad Zener line-renowned for its
superior avalanche characteristics, proved
reliability. It makes IR your number -one
source for all Zener needs: glass, top hat,
flangeless and stud mounted from 150mW
to 50 Watts, including JEDEC types and
temperature compensated devices. What's
more, they're all backed 100% by the only
Zener lifetime guarantee in the industry.

CALL MR. RECTIFIER today for more complete
information on the finest Zeners available.

THERE'S ONLY ONE

INTERNATIONAL RECTIFIER
11111

WORLD'S LARGEST RECTIFIER SPECIALISTS

TELEPHONE (213) OR 8-6281  TELEX 6-74666 EL SEGUNDO, CALIFORNIA

CIRCLE NO. 198 ON READER SERVICE CARD



FRESH OFF THE PRESS-up-to-the-minute 1966 editions of the RCA Battery Manual anc the RCA Battery
Product Catalog. Here is the information you need on batteries ...for industrial consumer, or hobby applications
... in easy -to -use form. The 32 -page Catalog is a quick -reference source cove-ing all 139 types ;n the RCA
line and includes a comprehensive radio battery replacement guide covering radio models from 1958 through
1966. The Battery Manual is invaluable for anyone designing or working with battery -operated circuits.
It includes data and characteristics, construction, recommended current ranges, test procedures, terminal
and socket connections, and much more. You'll want to have both of these informative publications at hand.

If you design or work with battery -operated equipment...

YOU'LL WANT THESE BOOKLETS HANDY

GET THEM AT YOUR AUTHORIZED RCA BATTERY DISTRIBUTOR

The Most Trusted Name in Electronics


