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Discover the ease and
excitement of learning
Electronics with
programmed equipment

When you train at home with NRI, you train

e n s you with your hands as well as your head. You

learn the WHY of Electronics, Communica-

tions, TV-Radio the NRI pioneering *'3-Dimensional’ way. NRI training is the result of more than

half a century of simplifying, organizing, dramatizing subject matter, and providing

personal services unique for a home study school. You get the kind of technical

training that gives you priceless confidence as you gain experience equal to many,
many months of training on the job.

NRI—The Leader in Electronics Training for more than Fifty Years

APPROVED UNDER
NEw GI B"-I- If you served

singe January 31, 1955, or are in ser-
vice, check Gl line in postage-free card.

wwWw americanradiohistorv com


www.americanradiohistory.com

Earn 85 to $7 an hour
spare or full time in

TV-RADIO
SERVIGING

Color television sales are soaring.
And so is the demand for trained
repairmen. If you can service TV
sets, portable radios, tape recorders,
hi-fi s2ts, phonographs and auto
radios, you'll always be in demand.
It's one of vour best routes to spare-
time earnings, a good paying job or
a business of your own. NRI trains
you quickly and expertly, showing
you hcw to get started in servicing
soon after you enroll, earning as you
learn. NRI trains you in today's
method cf installing and repairing
all electronic equipment for the home
—including solid state Color TV. You
even build, experiment with and
keep to erjoy your own solid-state
radio plus your choice of black-and-
white cr the new 25" solid state Color
TV receiver NRI developed from the
chassis up for training. Like thou-
sands of cthers, you can soon be
earning good money in your spare
time . .. the easy NRI way.

There’s money and
success awaiting you in

BROADCASTING—
GOMMUNICATIONS

The experience you gain frcm in-
tensely practical NRI training in
Complete Communications equals
as much as two years of training on
the job. With NRI, you can train for
a choice of careers ranging from
mobile, marine and aviation radio to
TV broadcasting and space com-
munications. You learn how to in-
stall, maintain and operate today's
remarkable transmitting and receiv-
ing equipment by actually doing it.
You build and experiment with test
equipment, like a VIVM you keep.
You build and operate amplifier cir-
cuits, transmission line and antenna
systems, even build and use a
phone-cw transmitter suitable for
transmission on the 80-meter ama-
teur band. Whichever of five NRI
Communications courses you
choose, you prepare for your FCC
License exams, and you must pass
your FCC exams or NRI refunds your
tuition in full.

Move apead in America’s
fast growing industry as

ELECTRONICS
TECHNIGIAN

Electronics touches everyone'slives.
This vast field of opportunity is open
to you with NRI training. Industrial/
Military Electronics training—like all
NRI courses—prepares you quickly,
thoroughly the practical “*hands on’’
way. You build with, and learn to
understand the functions of, today's
miracle solid-state components like
printed circuits, diodes and transis-
tors. You build and experiment with
Electronic circuitry used in automa-
tion, data processing, ultrasonics,
telemetry. Bite-size texts make
studying easier. Whatever your in-
terest in Electronics, NRI training
can fill your needs. Prove to yourself
what nearly a million NR! students
could tell you . . . that you get more
for your money from NRI. Check the
postage-free card and mail it today
for your FREE NRI Color Catalog.
NO SALESMAN WILL CALL. NRI
Training, 3939 Wisconsin Ave.,
Washington, D.C. 20016.

YOU GET MORE FOR YOUR MONEY FROM NRI

RI25'
SOLID STATE
COLORTV

TOTALLY ENGINE
FOR TRAINING -2
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NRI Kits
and Equipment

Dollar for dollar, you get more value
from NRi training kits, because they
are designed as educational tools.
In the TV-Radio Servicing Course,
for instance, the end product is a
superb 25" color TV your whole family
will enjoy. The set is designed so
that, while building it, you can intro-
duce and correct defects . . . for
trouble-shooting and hands-on ex-
perience in circuitry and servicing.
The kits include, at no additional
cost, a wide-band service type oscil-
loscope and color crosshatch gen-
erator, and other valuable equipment
that will let you start earning money
in your spare time making repairs. ..
even before the course is completed.
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A
» Editorial )

By Milton S. Snitzer, Editor

A LOOK INTO THE FUTURE

Some months ago, 400 top managers from the electronics industry got
together in Chicago to look into the near future and forecast the shape
and size of their industry a dozen years from now. In 1985, the world
2lectronics market will be nearly $200 billion, of which the U.S. share will
oe about $81 billion. Of this latter figure, the industrial market is expected
to account for $45.5 billion, government sales $22.5 billion, and consumer
sales $12.9 billion.

From the same meeting, sponsored by the EIA (Electronic Industries
Assn.) here are some predictions for products in the consumer area.
George Simkowski of Bell & Howell predicted that we’ll have octaphonic
(8channel) ““moving sound”” by 1985. He also thinks that the leading
audio-visual product will be a low-cost video disc, the sales of which could
reach 5 million yearly.

William Boss, Jr. of GTE Sylvania said that color-TV sets will be the
predominant consumer electronic product in the home, possibly being
found in 95 percent of U.S. households. He said that “‘an attachment to
the color television receiver that would provide the capability of screening
taped material either home-originated, rented, or sold will become the
consumer electronics industry’s dominant product by 1980.” The
product will sell for around $400 to $500 and will be marketed much like
audio components are today. Also forecast were large, flat-screen TV
displays that will resemble a movie screen.

Robert Adier of Zenith Radio also called the large flat screen a definite
possibility by 1985. In addition, he forecasts very small flat-screen TV
sets that will fit into a briefcase. A “frame grabber’’, which can hold and
display a single frame of a TV picture and allow the user to play it back for
as long as he wishes, will also be in wide use. He said that
three-dimensional full-color laser displays will still be in the future by
the 80’s.

J. Herbert Hollomon of MIT stated *‘In the next decade, for every 10
jobs created in the U.S., nine of them will be classified in the service
industry and one in manufacturing and agriculture. That’s a new kind of
world.”

Where will we, as hobbyists, fit into this glowing future? We will want to
keep up with the exciting new world of electronics with its variety of new
products. We will want to learn how all these new devices operate and get
some practical knowledge by building and working with equipment and
projects that take advantage of the new technclogy. We will continue our
need to know all there is to know about our own field of special interest.

POPULAR ELECTRONICS Including Electronics World
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4 watker introductory offer to new members of the
ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB

286,515
404/445 INTEGRATED
ELECTRONIC CIRCUITS:
CIRCUITS A Basic Course
MANUAL for Engineers
by J. Markus and Yechnicians

Pub, price. $19.75

by R. G. Hibberd
Ciub price, $15.75

Pub. price, $9.95
Ciub price, $8.45

637/458

162/212

DESIGNING INTEGRATED
WITH TTL CIRCUITS &
INTEGRATED SEM!-
CIRCUITS CONDUCTOR
by Texas DEVICES
tnstruments by Deboo &
Inc Burrous

Pub. price, $18.50
Club price. $13.50

Pub. price, $13.95
Club price, $10.50

313/059

4047437

SOURCEBODK - agmanid
ELECTRONIC
CONDUCTOR
g"‘f“’"‘“k ;I.EDTRONICS.
y J. arkus /e y
Pub. Price, $19.75 by P. Hunter Special $1.00 bonus book

Club price, $14.75 Pub. price, $27.50

comes to you with your
Club price, $21.50

first club selection

259/607

558/140 283/672 649/170

L Al ELECTRONIC INSTRUMENTS OPERATIONAL

ENGINEERING COMPUTER & MEASURE- AMPLIFIERS

HANDBOOK TECHNOLOGY MENTS FOR by Tobey,
2/e ELECTRONICS Graeme &

gy H. Hamsher by N. R. Scott by C. N. Herrick Huelsman

Pub. price, $18.00
Club price, $13.75

Pub. price, $15.00
Club price, $11.50

Pub, price, $29.50
Club price, $22.50

Pub. price, $13.95
Club price, $10.50

209/731
STANDARD

139/296 124/935

AN 109/32X

AMERICAN HANDBOOK OF ELECTRONICS HANOBOOK FOR
ELECTRICIANS PHYSICS, 2/¢ IN INOUSTRY ELECTRICAL
HANDBQOK by Condon and 4/e ENGINEERS,

by Croft, Odishaw by Chute & 10/e

Carr & Watt Pub. price, $34.75 Chute

by Fink and
Carroll

Pub. price, $32.50
Club price, $24.95

Pub. price, $22.50
Club price, $18.25

Club price, $14.95 Pub. price, $13.95

Cludb price, $10.75

— N
Save time and money by joining the :ﬁ‘ﬂ ' MAIE TH(S COUPOR TOBK

I __________________________ A
: . , Hi

Electronics and Control Engineers’ Book Club 1 ELecTRONICS AND CONTROL ENGINEERS' BOOK CLUB I
: 582 Princeton Road, Hightstown, N.J. 08520 :

is o . i i ific: Please enroll me as a member of the Electronics and Control Engi-
ERE is a professional club designed specifically to meet your | Fers el Mo sn © FEREE S N R L ented below. 1am |
day-to-day engineering needs by providing practical books | ;' reccive the bonus for just $1.00, and my first selection ut the |
in your field on a regular basis at below publisher prices. | special Club price shown. These books are to be shipped on ap- |

1 2 tur with further obliga-

How the Club operates: Basic to the Club’s service is its publi- | Ly ','r“l'";:c'i";‘;y‘:'kw“n‘t'::" ::(::' "‘l' e °;ur‘:_;‘ns‘;' oy el
cation, the Electronics and Coutrol Engineers’ Book Club ! as four books durin® the next two years at special Club prices (at |
Bulletin, which brings you news of books in vour field. Sent to ! east 156 below list) |
members without cost, it announces and describes in detail the ! Write Code No, of Write Cede No. of |
Club’s featured book of the month as well as alternate selections ! bonus book first selection |
which are available at special members® prices. i here ‘
When you want to examine the Club’s feature of the month, | l | |— l |
you do nothing. The book will be mailed to you as a regular part | 1
of vour Club service. If you prefer one of the alternate selec- |
tions—or if you want no book at all for that month-—you notify | Name |
the Club by returning the convenient card enclosed with each | I
Bulletin. | Address i
As a Club member, you agree only to the purchase of four | City |
books over a two-year period. Considering the many books pub- | |
lished annually in your field, there will surely be at least four | sate _Zip. |
that you weculd want to own anyway. By joining the Club, you | €33203 |

save both money and the trouble of searching for the best books. " @ e r—————_——

CIRCLE NO. 12 ON READER SERVICE CARD
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Build your own
circuit designer, with
all the outstanding features
of expensive models . ..
now at a very low budget price!

This compact package contains a regulated 5vDC
supply, selectable frequency clock, EL-socket,
dual bounce-free pushbuttons (pulsers), 4 slide

switches for voltage/ground, plus 4 independent
“logic lights" for on/off states of various logic

circuitry. Exclusive Breadboarding Pins offer
input/output connections to socket eliminating
all soldering. Use any 22 gage solid wire. Send

) o’

s S
DD1-K, Kit Form (incl. p.c. boards, all
components, instruction manual)
DD1-A, Assembled ready for use

34995
39500

¢ Add $2 postage, handling
¢ 25% deposit on C.0.D.s

ASK FOR NEW

FREE

IDEA-PACKED,
ILLUSTRATED
CIRCUIT DESIGN
CATALOG!

O EL INSTRUMENTS, INC.

61 First St., Derby, Conn. 06418
Telephone: 203/735-8774

Come see us at IEEE Show Booth 1318 . ..
CIRCLE NO. 11 ON READER SERVICE CARD

check or M.O. today for your choice of two models.

__Letters

NOT ENTIRELY ACCURATE

I wish to commend Mr. Ello for part one of
his article “Nuclear Radiation & Detection”
(Oct. 1972). However, there are some inac-
curacies in the text. The drawing showing the
paths of alpha, beta, and garnma rays in a mag-
netic field seems to indicate that alpha particles
are attracted to the north pole of a magnet,
while beta particles are attracted to the south
pole. Actually, the force deflecting a charged
particle moving through a magnetic field is per-
pendicular to the field and perpendicular to the
velocity of the particle.

M, Ello further states that “. . . the gamma
is a ray—not a particle . . . Since gamma rays
are not particles, they are unaffected by a mag-
netic field.” Einstein und Compton demonstrated
that gamma rays are indeed particles, called
photons. Nor are alpha or heta particles neces-
sarily “particles.” Whether something hehaves
like a wave or a particle depends entirely upon
how one detects and interprets its interaction
with jts surroundings. The reason gamma rays
are undeflected (notice that 1 did not say un-
affected) by a magnetic field is that the pho-
tons are not electrically churged.

Jorx M. CrowerL
Baltimore, Md.

We agree that some confusion might exist in
Mr. Ello’s “deflection diagram.” The illustration
was not intended to imply that specific types of
radiation are drawn toward or deflected by a
given magnetic pole. It merely showed that
alpha and beta particles are indeed deflected by
magnetic fields. The word “unaffected” was an
unfortunate choice here. As regurds the particle/
ray question, “The International Dictionary Of
Physics and Electronics,” Second Edition (Van
Nostrand) lists alpha and beta radiation as con-
sisting of particulants, while the gamma radia-
tion entry is listed only as “gamma rays.”

CHECK THE LEGALITY

I read with interest “Scanners For Monitor-
ing VHF and UHF” (November 1972). One
thing vou did not mention is that mere posses-
sion of one of these types of receivers fitted
with crystals to receive the police frequencies
by anyone other than a law official is a crime

POPULAR ELECTRONICS Including Electronics World
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in the state of Kentuckv. A copy of Kentueky
Revised Statute 432.570 is attached.

I am quite certain that many people in this
state own receivers that are capable ot receiving
police calls but are unaware that they are break-
ing a state law. There have been recent convic-
tions in my community of persons having this
tvpe of equipment.

I believe that in all fairness to the public, any
articles or advertisements concerning this type
of equipment should contain a statement that
lists the states where it is considered illegal.

DwAIN ABELL
Mayfield, Ky.

The laws of Kentucky, as received, appear to
leave no doubt that possession of a police mon-
itor by other than a duly authorized official in
his official capacity is illegal. Since state laws
on this subject are many and varied, we must
assume that the reader (and the buyer of such
equipment) is aware of the technicalitics.

TAKES AN OPPOSING VIEW

I object to Mr. Holt’s statement that = . it
is a Federal offense to record a phone con-
versation without informing both parties that a
recording is being made” (“Sterec Scene,” De-
cember 1972). While this statement may be
true if the recordist is a third party, it is not
true if the recordist is the called party—in most
states, anyway.

Historicully, the conversation is the “prop-
erty” of the called party, and he never need in-
form the calling party” that he is recording if
he is doing this for his own personal use. The
recording cannot, of course, be revealed to any-
one not party to the conversation (see Com-
munications Act of 1934, as amended).

Eric G. LEMMON
Vandenberg AFB, Calif.

Mr. Holt’s statement is correct—in all states
of the U.S. (Federal law, remember). Further-
more, even if the recordist advises the other
party that he is about to record a telephone
contersation, the FCC Rules state that prior
arrangement to do any recording of telephone
conversations must be made with the telephone
company! To support this latter statement, we
refer you to “Legal Booby Traps In Tape Re-
cording,” June 1972.

CORRECTION—In the November 1972 “Let-
ters” column, under “Wants Solid-State Circuits
Book,” we incorrectly stated the tiille of the
recommended John Markus book; the correct
title is “Electronic Circuits Manual” (McGraw-
Hill Book Co. No. 07-04044-5). Our apologies
for any inconvenience.

In “Build an Alpha Brain-Wave Feedhack
Monitor,” (January 1973) on page 42, the volt-
age rating of C10 and C11 should have heen
15 or 25 volts, not 2 volts.

SAVE MONEY!

A Delta Mark Ten Capacitive Discharge lgnition
(CD1) System On Your Car Slashes Maintenance
Costs And Increases Performance.

Put a Mark Ten on your car and save by elimi-
nating 3 out of 4 tune-ups. Save as gasoline mileage
increases (up to 20%). The Mark Ten CDI system
also extends spark plug life, promotes more com-
plete combustion and assures instant starts in all
weather. It operates on any 6 or 12 volt negative or
positive ground system.

The Mark Ten B affords additional money sav-
ing advantages by drastically reducing combustion
contaminants and restoring power iost by the use
of smog control devices. Equipped with handy
switch for instant return to standard ignition, the
Mark Ten B works with ANY 12 volt negative ground
engine. Both systems install in ten minutes with-
out rewiring.

Order your Mark Ten or Mark Ten B today. Save
money while you enjoy low maintenace and in-
creased performance.

Mark Ten (Assembled) $44.95 ppd.

Mark Ten (Deltakit) $29.95 ppd. Mark Ten B $59.95 ppd.
(Kits available in 12 volt only, (12 volt negative ground only)
positive or negative ground)

Superior Products at Sensible Prices
Mfg. in U.S.A.

|
|
|
|
|
!
|
I
!
|
|
I
I
I

Dept. PE

DELTA PRODUCTS, INC.

PO BOX 1147 + GRAND JUNCTION. COLORADO 81501
PHONE" (303) 242-9000

Please send me literature immediately:
Enclosedis $ .~
[0 Ship ppd. [ Ship C.0D.
Please send:
__Standard Mark Ten (Assembled) @ $44.95 ppd.
___ 6 Volt: Neg. Ground Only ___ Positive Ground
___ 12 Volt: Specity _ Negative Ground
___ Standard Mark Ten (Deftakit®) @ $29.95 ppd.
(12 Voit Positive Or Negative Ground Only)
Car Year . Make —s =3
Name .
Address o=
City/State _

CIRCLE NO. 8 ON READER SERVICE CARD
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Credit towarcs a Certified Electronic Technician
(C.E.T.) rating will be granted by the National
Elsctronics Association to ICS students upon
ccmpletior of the ICS Career Program in TV
Service/Repair.

POPULAR ELECTRONICS Including Electronics World
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Practice on a new 25"
MOTOROLA QUASAR II° chassis.

TV Servicing is a satisfying
career...andthe pay is great. Qualified
men are needed now to maintain the
93 million sets in U.S. homes. And
prospects for the future are even
brighter.

Now . .. here’s an opportunity for you to prove to yourself
that you can learn TV Servicing . .. at home, in your spare time. ICS,
the world’s most experienced home-study school, will send you a
FREE Demonstration Lesson (complete with sample questions) if you
will merely fill out the coupcn below and mail it to us.

In addition to your free demonstration lesson, we’ll send you
... also FREE...abrochure that describes the 25” (diagonally
measured screen) MOTOROLA QUASAR 1I® Color TV chassis that
we include in our TV Service Training Program.

This chassis with automatic fine tuning control is ideal for
training purposes because it combines solid state devices with
vacuum tubes to give you both kinds of practical experience. All
parts carry Motorola’s two year replacement guarantee!

The QUASAR Il chassis comes to you in three basic sub-
assemblies... NOT AS AKIT...because we want you to learn how
to repair TV sets, not build them.

Our free literature also describes the fully assembled test
equipment you receive such as the Deluxe 5” Solid State
Oscilloscope, the tools and the learn-by-doing kits, all of the finest
quality.

And we’re going to tell you about eight other career
opportunities in Electronics and the ICS Career Programs that can
help prepare you for them. p — cm cm o e e o o e e e
All you’ve got to do is mail ICS School of Electronics Dept. BA-202-P
the coupon. Scranton, Pa. 18515
SEND IT TODAY! YES, | want you to mail to me without obligation, the FREE

DEMONSTRATION LESSON and complete literature on the

] i career program checked below. (Please check one.)
O Color TV Servicing [J FCC License
7 ] Computer Maintenance [J Communications/
- [JCATV Installation Bn;oadcashng
International Correspondence Schools O] Telephony [J Hi-Fi Sound Systems

Since 1890 [J Industrial Electronics

School of Electronics

— G NS TS E— S SIS B E—
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Stereo Scene

J

o into a typical hi-fi emporium, button-

hole a salesman, and ask him what
power amplifier you should use with your
favorite loudspeakers, and he is likely to
counter with the question: “Well, how
loudly do vou like to listen to music?” He
will then proceed to inform vou that all
power amplifiers are pretty much the same,
and that the only differences are in power
output, price, and features like super-fast-
acting protection circuits and front-panel
meters that tell vou what vour ears could
tell vou if you'd onlv listen.

Well, it’s not true. Some power ampli-
fiers are, quite simply, better than others
of similar price by any standard of com-
parison— r)bjecti\'elv via measurements, or
subjectively, via listening—and some are
better suited to some loudspeal\ers than
others. Some are rock-solid stable under
any or all conditions of use; some will oscil-
late (destroving themselves, the speakers,
or both) under certain conditions or will
operate on the verge of oscillation, doing
nothing worse than fouling up the sound.
Some are remarkably tolerant of imped-
ance/frequency variations in loudspeakers.
Others will balk at such idiosvneratic loads
and either deliver but a mere fraction of

e
ptimum
Amplifier

By J. Gordon Holt

edge of oscillation. A few will even emit
bursts of full-power pulses under these con-
ditions, causing loudspeaker damage or,
again, destroving themselves, and normallv
foolproof protection circuits often give no
protection from this kind of thing. Yes,
there is a difference between power amps,
and you’d better believe it.

Available Output Power. Of course, avail-
able power is one of the primary consid-
erations in choosing an amplifier; because,
if the sound starts to shatter from overload
before it’s only about half as loud as you
want it to be, youre not going to listen
to it very often—even if the amplifier is
the best thing that ever came down the
pike in other respects. So, let's get the
power thing out of the way first.

To begin with, if vou are an absolute
nut of a perfectionist, vou will probably
have observed that, all other performance
parameters being equal (and we'll question
that subseqnentl\ too), the more power
that is available, the better the sound. even
at low listening levels. There is not, to my
knowledge, any convincing explanation for
this. Tt just seems to be so, which is why
a surprising number of perfectionists risk
wiping out their speakers (as well as their
bank accounts) by purchasing 300-watt-
per-channel behemoths with which to listen
to chamber music at volume levels that
don’t even discourage normal conversation.

It’s easv to rationalize such a riskv situa-
tion by saving, “I'll just be careful not to
turn it up too high;” but vou never know
when someone is Zoing to try plugging
phono cables into the preamp swhen the
volume is turned up. Fuses are a help here,
but fuses have dc resistance. Such resis-
tance in speaker lines reduces the amount
of damping the amplifier can bring to bear
on the speakers, and some speakers need
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Instant inventory.

Keep electronic components handy with
Mallobin® Benchtop Organizers. Each
Mallobin contains a popular assortmant of
electronic components in a stackable, in-
terlocking plastic case. Fifteen partitioned
drawers keep parts neat. And each drawer
is color coded and labeled for quick loca-
tion of the part you want. Mallobins come

MALLOR

with selected components including all
types of fixed capacitors, MOL and wire-
wound resistors, carbon and wire-wound
controls. In adgition to regular Mallobins,
custom assortrents are available.

Ask your Mallory distributor for Mallobin
prices and details today.

MALLORY DISTRIBUTOR PRODUCTS COMPANY

a division of P. R MALLORY & CO.INC.

Box 1284, [ndianapolis.Indiana 46206: Telephone: 317-336-6363
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all the amplifier damping they can get. The
net result of fusing is usuallv an impair-
ment of some of that lovely bass detail
that justified the cost of a high-powered
amplifier in the first place.

Let’s sav, though, that vou don’t teel
compelled to invest half a grand in a port-
able power station, but just want enough
power to prevent overload when youre
listening at the highest levels you're likely
to want. Then you figure the necessary
power on the basis of things like speaker
efficiency, room size and acoustics, and
vour listening habits (loud, very loud, in-
sanely loud, etc.), according to criteria that
have been described often enough else-
where so that m not going to go into
them here. Right now, we're concerned
with some of the other things that make
one amplifier ideal for vour needs and an-
other less so.

What About Distortion? If you peruse
manufacturers’ literature—and vou should
it youre planning a purchase—you may
have noticed that ampliﬁer manufacturers
almost never mention distortion except at
raaximum output power levels. This is not
because thev are hiding anvthing from us,
actually, but because manv of them prefer

0.5

PER CENT DISTORTION
s
v
\
N
N

0

10 100

o] [
POWER OUTPUT (WATTS)

Fig. 1. Distortion curves for some
amplifiers (solid line) may not show
true condition at low power outputs.

that prospective buyers not discover one
of the ways in which competing products
really do differ.

If an amplifier has a certain amount of
distortion at full rated output, it is natural
for us to assume that its distortion is lower
at lower output powers. This is, of course,
nearly always the case. But when we get

14

down to an amplifier’s half-power point or
thereabouts, strange things mav start hap-
pening. Some umplifiers continue to lose
distortion with further power reductions,
but the majority of them start to level out,
so that as output fulls steadily, distortion
may start to level off. Thus, below a certain
output, further reductions cause no con-
comitant reduction in distortion. In fact
some units start to show a rise in distortion
as power output falls below a few watts;
and bv the time they are putting out less
than half a watt, their distortion mav be
back up almost to the point where it was
at full rated output (Fig. 1).

Okav, so who cares what the distortion
is at half a watt out when we're blasting
away with peaks hitting 50 watts? You
care, that’s who, because those peuaks are
only the top of the sonic iceberg. Thev're
an aggregate of the mwusical fundamentals
at any given instant, and virtually all of
the overtones that give musical sounds
their identifiable character are of substan-
tially lesser intensity. In fact, in a period
of one second, it is likely that more than
95 percent of the frequencies you are hear-
ing in music are overtones, and many of
these represent less than 1/10 of a watt
of amplifier output, even when it is on the
verge of overloading on peaks.

What makes matters worse is the fact
that the distortion that some amplifiers
produce at low power levels is of a par-
ticularlv virulent kind, as far as our ears
are concerned. It consists of what the ear
perceives as a series of tiny, sharp-edged
clicks. We can’t hear the clicks individually,
because they occur so rapidly. They tend
to merge into what sounds like a hard.
brittle edginess that makes cvmbals and
high percussion instruments sharp but also
puts razor edges on sounds that aren’t sup-
posed to be sharp. So, trv to choose an
amplifier whose distortion at low power
levels is as low as possible. It a manutac-
turer won't supply the information neces-
sary to glean this. check equipment reports
in this and other magazines. many of which
show curves relating distortion to power
output.

impedance of the Load. Most solid-state
amplifiers made in the US are designed to
deliver maximum power at minimum dis-
tortion into a load of 6 to 8 ohms. Loads
of higher impedance cut down on the
amount of power the amplifier can put out,
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NEW.!

SECURITY ALARM PROJECT BOOK
from MOTOROLA HEP

SAFETY, SECURITY AND PRO-
TECTION ALL WRAPPED UP IN
THIS NEW HEP PROJECT BOOK

with understandable circuit diagrams,
simplified instructions and informative
tips for easy assembly.

e |Intrusion Alarms

e Automobile Alarms
e Moisture Detectors
L ]

and other useful and uniqu’e Home &
-Car Security systems.

HELPFUL HINTS

A complete chapter of do’s and don'ts,
useful information about semiconductor
applications and short-cuts in project
building.

OTHER HEP BOOKS

e HEP Semiconductor Cross-Reference
Guide

Tips on Using IC's
Tips on Using FET's
Radio Amateurs IC Projects

Home Handyman's Construction
Projects

.

Solid State Projects from Motorola

e Integrated Circuit Projects from
Motorola

e Field Effect Transistor Projects

All HEP project books and brochures are available at
your nearest HEP distributor.
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FREE

L.E.D. Application Notes
to help you do new things
with new circuits!

Now . . . get four free Application Notes hot-off-
the-press that describe various uses and cir-
cuits for Sprague LED devices. Notes cover a
BCD simulator, seconds timer, voitage and con-
tinuity tester, and an all-solid-state semicon-
ducter refay. They've been prepared specifically
to help open up a new world of electronic ex-
perimentation for YOU.

Ask your distributor for copies, or write our
Guy Ezelle at Sprague Products Co. Better yet,
fill out and mail coupon today!

Sprague Products Company
395 Marshall St., North Adams, Mass. 01247
Attention: Mr. Guy Ezelle

{0 BCD Simulator
3 Seconds Timer

!

|

|

YES...serd me free L.E.D. application notes on: :
[0 Voltage & Continuity Tester |

|

i

[0 Semiconductor Refay
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THE MARK OF RELIABILITY

CIRCLE NO. 40 ON READER SERVICE CARD
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while lTower loads increase the available
- power—usually at the expense of higher
distortion. Nearlv all solid-state amplifiers
are equally impedance-sensitive in this wav,
so the way to get maximum power transfer
| trom amplifier to speaker is by choosing a
speaker whose impedance varies as little as
possible from its nominal value, from the
| highest to the lowest frequencies.

Generally speaking, electrostatic speak-
ers have the worst impedance character-
| istics of any. Some full-range designs vary
| trom 30 ohms at middle-low frequencies to

an ohm or so, at extremely high frequencies,
i and most of them drop to a fraction of an
| ohm at ultrasonic frequencies (Fig. 2).

Some solid-state amps have been designed

specifically for use with electrostatics (the
‘ Quad 33, for example) and work very well

i SOI
40
30 /
20

RPN S - \; s e — s d

10 =

IMPEDANCE (OHMS)

(<]
| 00 1K
| FREQUENCY {Hz)

10K

Fig. 2. This is a typical impedance
curve for full-frequency-range type of
speaker; nominal impedance, 16 ohms.

with them; but by and large, transistor amp-
lifiers are just not verv “happy” with electro-
static loads—particularly full-range electro-
statics.

Tube-type amplifiers, on the other hand.
are ideal for driving electrostatics, because
they are far more tolerant of the electro-
static’'s impedance variations, complement-
ing the sound.

One of the things that make electro-
static tweeters such accurate reproducers
of the detail and “snap” of natural sounds
is their outstanding transient response. This
| can become a liability when the program
material itself is a little sharper than it
might be. And while much solid-state equip-
ment is extremelv good, some of it has a
tendencv to add its own sharpness or hard-
ness to the sound. Tube equipment, on the
other hand, mav go in the other direction
—the better the component, the less it
tends to soften or sweeten the sound. With
virtuallv the whole audio industry, from
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THE 1200 SERIES — 12-DIGIT CAPACITY CALCULATORS
ADD...SUBTRACT... MULTIPLY ... DIVIDE INSTANTLY & ELECTRONICALLY!

...... Students, housewives and businessmen alike can now have at

their fingertips the newest products of solid-state integrated circuit (IC) technology.

FIGURE ..

1200 SERiES POCKET CALCULATORS

FOR “ON-THE-MOVE" APPLICATIONS!

S1ZE:5%""H x 3" Wx 1%"D
Hi-impact ABS case

PRICES

1206

(6 digits)

1209

(9 digits)

1212

(12 digits)

Assembled $59.95
Kit $49.95
Assembled $79.95
Kit $69.95
Assembled $99.95
Kit $89.95

High quality feathereite carryingcase . . . . ... ..

3 MODELS ALL WITH 12
DIGIT CAPACITY!

The 1212 displays 12 digits
... up to Nine Billion, Nine
Hundred Ninety Nine Million,
Nine Hundred Ninety Nine
Thousand, Nine Hundred
Ninety Nine, point Nine
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model capacity’ is desired.
The 1209 displays 9 digits for
more complex at home use or
for many office applications.
The 1206 displays 6 digits,
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most home uses. These “Poc-
ket miracles” are all 100%
American made featuring
bright LED display, raised
keys, leading zero suppres-
sion, fixed decimal output,
true credit balance sion dis-
play, chain and mixed opera-
tion, automatic display cut-
off, clear and clear entry
keys. Battery life i1s excep-
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DESK CALCULATOR. Our newest 4-function 12-digit
desk caiculator with Sperry gas discharge displays
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cleared without clearing the calculator. The fixed
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1240 KIT: $119.95 ASSEMBLED: $149.95

1230/1240 Padded leatherette or rigid vinyl carrying
case . .. $9.95
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1
]
]
1
o1
Use Your Bankamericard or Master Ch &)
R St S ' Include $5.00 for postage and handling. = E
WRITE DR MAIL COUPON FOR 1 [ Please send information on entire MITS fine. 1
mlls ADDITIONAL INFORMATION: :NAME !
Mitro Instrumentation& | - ;
] )
Telemetry Systems. Int. |, :
5404 Coal Ave., 8. E., Albuquerque, New Mexico 87108 | STATE & ZIP '
505/265-7553 4 _ o oo i
CIRCLE RO. 25 ON READER SERVICE CARD
FEBRUARY 1973 7

wwWwW americanradiohistorvy com


www.americanradiohistory.com

recording studio to home hi-fi manufac-
turer, using solid-state equipment, the ac-
cumulation of hardness is such that elec-
trostatic speakers mav end up sounding
more musically natural-while their asso-
ciated electronics soften the sound a it
(which is to say, when they are used with
tube-tvpe components).

W\/\/\N

Fig. 3. A 1000-Hz square wave from
power amplifier with marginal high-
frequency instability (or ringing).

Of course, not any tube-tvpe amplifier
will do better with electrostatics than any
solid-state amplifier. As a matter of fact,
the wildly reactive loud that electrostatics
impose on the amplifier puts really extreme
demands ou the stability of the amplifier’s
feedback circuits, Manv tube-tvpe amplifi-
ers either oscillate or produce damped os-
cillation (ringing) into an electrostatic load.
So the amplifier vou choose for vour elec-
trostatics should either be one that was
specjfical])' designed for electrostatics or
one whose literature touts its rock-solid
stability to the point where vou have to
believe that some effort went into stabiliz-
ing it.

Again, those test reports in magazines
often show square waves that can be a good
index of an amplifier’s stability. :

Solid-state amplifiers, too, can suffer
from instability problems; und, while dv-
namic speakers aren’t as likely to gii/e
them hvsterics as do electrostatics, mar-
ginal instability (ringing), as evidenced by
wiggles all the wayv across the tops and
bottoms of square waves, can make them
sound more fierv or “shimmering” than
thev could or should sound (Fig. 3). Dif-
terent speuakers tend to bother marginally

18

unstable amplifiers more than others, and
speakers with irregular or widelv varving
impedance curves are usually the worst.
Rather than hope the speaker won't trig-
ger things, though, it's safest to select a
highly stable amplifier.

Bass Performance. A loudspeaker’s bass
performance too is often affected by the
amplifier, in wavs that have nothing to do
with the intrinsic quality of the amplifier.
All cone-type woofers have an inherent
resonance at some frequency, and design-
ers usually utilize this resonance to extend
the low-frequency response of the system.
The resonance must be properly damped,
though, or the speaker’s bass response will
either full off (overdamping) or become
uncontrollably boomy (underdamping). De-
signers usuallv assume that most of the
necessarv damping will come from the am-
plifier, since most solid-state amplifiers
have high damping factors. The rest of the
damping is then applied acoustically in the
speaker enclosure. The result is a nicelv
controlled, properly balanced low end—at
least in theorv. In practice, there is a wide
range of damping factors available in cur-
rent amplifiers. and since it is possible to
design a speaker for only one damping
factor, others may underdamp it while still
others overdamp.

There appears also to be a direct rela-
tionship between an amplifier’s power and
its abilitv to damp a woofer. As mentioned
previously. high-powered amplifiers seem
better able to control spurious cone mo-
tions (underdamped vibrations), even at
low listening levels and in comparison with
lower-powered ones having the same damp-
ing factor.

This is one situation, however, wher
there is no substitute for listening tests,
since loudspeaker manufacturers do not
specify whether their products need high
or low power or damping factors; and
manv in fact denv that these things have
anv effect on their speakers at all. None-
theless, it is often possible to straighten out
a case of thin or flabbv bass bv switching
to another amplifier that provides less or
more damping on the cone. Tube ampli-
fiers. by and large. tend to underdamp most
modern loudspeakers, and although the
richlv liquid quality of their bass is ven
pleasing, the net result with some dynamic
speakers may prove to be a somewhat floppy
low end.
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Changes come fast
In electronics.

Take a look at the race in circuit technology. In the-
1960’s the tubes at the left made way for the transis-
tors at the right. Today, transistors are surpassed by
the large scale integrated circuit (LSI) at the far right.
This circuit, 'ess than a quarter inch square, replaces
over 6000 transistors!

There's big money to be made by the men who
stay ahead of this technology race. Put yourself

ahead with NTS Home Training! You get the latest,
most advanced equipment (at no extra cost). More
solid-state units, and more advanced technology.
Plenty of training with integrated circuits, too! As an
NTS graduate, you enter a world of electronics you're
familiar with. You have a thorough working knowl-
edge of solid-state circuitry. You're ready to tackle
bigger jobs at higher pay!

NTS COLOR AND B&W
TV SERVICING

315 sq. in.

Heath color TV

Build and keep the largest, most
advanced color TV made! Over-all
solid-state design, ultra-rectangular
screen, matrix picture tube, built-in
self-servicing features, “Instant
On,” A.F.T., sclid-state, 24-channel
detent UHF/VHF power tuning, and
much more! Also build and keep
AM-SW Radio, Solid-State Radio,
FET Volt-Ohmmeter, and Electronic
Tube Tester. Learn trouble-shoot-
ing. hi-fi, stereo, multiplex systems,
radio, color and B&W TV servicing.

Learn sophisticated solid-state cir-
cuitry as you build this B& W TV
receiver. Lo-Silho “Superhet”
Radio, FET Vclt-Ohmmeter, Solid-
State Radio, Electronic Tube
Checker, and Signal Generator, TV

and all other equipment are yours
to keep. R

SR
Solid-state :
B&WTV, ]
74 sq. in. H
picture
(cabinet

i
included) %
b s

NTS ELECTRONICS
& COMPUTER
TECHNOLOGY

Build and keep this exclusive NTS
Compu-Trainer. It teaches you the

Solid-state
Compu-Trainer
14 integrated
circuits replace
198 transistors!

same principles used in million-
dollar systems. Contains 14 inte-
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grated circuits! All Solid-State! You
perform all wiring and patchcord-
ing. No shortcuts. No pre-wired
circuitboards. Your training is com-
plete! Also receive an FET Volt-
Ohmmeter and a 5”7 wide-band
Solid-State Oscilloscope.

NTS ELECTRONICS
COMMUNICATIONS

Gain the prestige and earning pow-
er of owning an F.C.C. First Class
Radio-Telephone License., Two
comprehensive NTS courses cover
the big opportunity field of trans-
mitting and receiving.

You build and keep 14 kits, includ-
ing this amateur phone 6-meter
VHF Transceiver, NTS's exclusive
6-transistor Solid-State Radio, and
a fully transistorized Volt-Ohmme-
ter. Also, learn 2-way radio, Citi-
zens Band microwaves, and radar.

5-watt AM
transmitter/
receiver
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NTS Home Trainin
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NTS INDUSTRIAL &
AUTOMATION
ELECTRONICS

Automation is the future of indus-
try and you can play an important
part! Learn industrial controls by
training on the NTS Electro-Lab (a
complete workshop). You also build
and operate this 5”
Solid-State oscillo-
scope. And you per-
form experiments -
that involve regulat-
ing motor speeds,
temperature, pres- |
sure, liquid fevel.
and much more. All
equipment is yours
to keep.

NTS AUDIO ELEC-
TRONICS SERVICING

Learn basic sound theory—how it
works in home radio, car tape

you in t

decks. stereo multiplex component
systems, and more! Set up a spec-
tacular music system. Learn about

B ailc and keep this
{amous Heath Sterec
Rz2ceiver and Speake-s.

sound distortion. amplification and
control, loud-spezker baffles, prob-
lems of system nstallation, etc. In-
cluded is Volt-Ohmmeter, In-Circuit
Transistor Tester, and Solid-State
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Radio. Prepare yourself for great
opportunities in the Home Enter-
tainment Industry!

CLASSROOM TRAINING

AT LOS ANGELES

You can take classroom training at Los
Angeles in sunny Southern California.
NTS occupies a city block with over a
million dollars in technical facilities.
Check box in coupon below.

NATIONAL G~ SCHOOLS

WORLD-WIDE TRAINING SINCE 1905
Resident & Home Study Schools
4000 S. Figueroa Street
Los Angeles, California 90037

APPROVED
FOR VETERANS
Accredited Member: National Associa-

tion of Trade and Technical Schools;
National Home Study Council.

Dept. 205-023
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‘------------h_-_-------------------------‘--J
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Twelve years — Five major advances
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BOSE 901* 5 BOSE 501* CONVENTIONAL SPEAKER
; SPEAKER | 2
1 YES NO | NO '
2 YES NO j NO l
3 YES YES NO
4 YES T YES NO ’
5 YES ‘ YES NO |

The twelve years of university researcht that
led to the design of the BOSE 901 and BOSE
501 DIRECT/REFLECTING® speaker systems
revealed five design factors which optimize
speaker performance:—

1 Theuseofa mufltiplicity of acoustically
coupled full-range speakers — to provide a
clarity and definition of musical instrument
sounds that can not, to our knowledge, be
obtained with the conventional technology of
woofers, tweeters and crossovers.

2 The use of active equalization in combina-
tion with the multiplicity of tull-range speakers
— to provide an accuracy of musical timbre that
cannot, to our knowledge, be achieved with
speakers alone.

3 The use of an optimum combination of
direct and reflected sound — to provide the
spatial fullness characteristic of live music.

4 The use of flat power response instead of
the conventional flat frequency response — to
produce the full balance of high frequencies with-
out the shrillness usually associated with Hi-Fi.

5 Acoustical coupling tc the room — designed
guantitatively to take advantage of adjacent wall
and floor surfaces to balance the spectrum of
radiated sounds.

To appreciate the benefits of these five design
factors, simply place the BOSE 901 directly on
top of the largest and most expensive speakers
your dealer carries and listen to the comparison.

You can hear the difference now.
MV .

FRAMINGHAM, MASS. 01701

* Patents issued and applied for

1 Copies of the Audio Engineering Society paper,

'ON THE DESIGN, MEASUREMENT AND EVALUATION
OF LOUDSPEAKERS', by Dr. A. G. Bose, are available
from Bose Core far fifty cents.

CIRCLE NO. 4 ON READER SERVICE CARD

24

POPULAR ELECTRONICS ncluding Electronics World

wwWw americanradiohistorv com


www.americanradiohistory.com

&

News Highlights

Signs of Better Times

Licensing Rules for

American consumers will buv over two million solid-state color-TV
receivers this year, more than double the numiber purchused in 1972,
according to William H. Anderson, Div. Vice President, Marketing
for RCA Consumer Electronics . . . Electronic component shipments
continued their upward trend in the beginning of the vear . .. Solid-
state sales show significant increases during the first five months of
1972, according to the Electronic Industries Association . . . M
radio moved closer to a break-even pont last vear wathy a sharp rise in
time sales and revenues that brought about a substantial improvement
in its overall operating deficit, according to the Nat'onal Association
of Broadcasters . . . A survev among exhibitors in New/ Com 72
(trade show for electronics parts distributors) indicates that the show
was about a $20-million marketplace.

Ham Repeater Stations

Beginning July 1, 1973, a separate station license will be required
for every amateur repeater station. These stations will be identified
by a cull sign having the prefix “WR.” In order to qualifv for a re-
peater station license, an applicant must be at least a Technician
Class licensee and must submit certain data regarding the proposed
station. The remote control mav be any qualified amatenr designated
bv the licensee. The new rules permit a licensee to use his own re-
peater station while he is operating mobhile or portable. About one-
half of each vhif ham band and 9 MHz of the 240-AMtiz band was
authorized for repeater usage. and Technician Class licensees will be
permitted to operate in the entire 145-to-148 M1z segment.

Job Market Recovery for Engineers

The 1972 graduating class of engineers and technologists benefitted
from a late increase in campus hiving by industrial employers. As a re-
sult June gradnates were largely snccessful in finding jobs. Older gradu-
ates too found the job market noticeably improved, according to place-
ment directors in most of the nation’s engineering schools. Prospects
for 1973 alreadv look even brighter, while real shortages of engineer-
ing graduates are envisioned three or four vears from now when the
smull freshman and sophomore classes currently enrolled complete
their basic cwrriculnm. This information comes from a survev con-
ducted by the Engineers Joint Council.

Searing Grills for Microwave Ovens

FEBRUARY 1973

One drawback of the new microwave ovens that are finding their
wav into home kitchens is that the ovens will not sear steaks and roasts,
put crusts on cakes and breads, or frv eggs. All that has been changed
now with the introduction bv Litton (Minutemaster) and Amana (Rada-
range) of special searing grills and dishware. The ceramic grills and
dishes have imbedded within them some sort of material (probably fer-
rite) which absorbs the microwave energv and in doing so gets very hot
(around 500 degrees) . As a result, avything that is placed atop the grill

25

www americanradiohistorvy com


www.americanradiohistory.com

or dish and cooked within the oven takes on a nice seared or hrowned
appearance. This enhances the looks and taste of the food. In some
cases the grills are available with deluxe versions of the oven or sepa-
rately at around $20.

Dynaquad Patent Issued to Dynaco

A US. patent has just been issued for the invention by David Hafler
of a two-channel, four-component stereo sound system known as
Dynaquad 4-Dimensional sound reproduction. This matrix technique is
tar simpler and less costly for the consumer than other approaches to
4-channel sound. It uses an inexpensive passive decoder at the output
of a conventional 2-channel stereo amplifier to separate the signal for
four speakers tvpically located near the corners of a room. It is the
only such system which does not require an additional stereo amplifier.
It relies on the fact that much ambience information is contained
within the ordinary 2-channel disc or tape in the form of a difference
(L - R) signal that can be fed to the two rear speakers.

Satellite Earth Stations Being Bought by Russia and China

A contract for about $1 million has been awarded by the Soviet
Union to ITT Space Communications. This is for earth-station equip-
ment to provide a new Hotline communications link via satellite be-
tween the Kremlin and the White House. The equipruent includes high-
power amplifiers, low-noise receivers, other radio and control equip-
ment, as well as a specialized digital communication system. Orienta-
tion and training of Soviet personnel by ITT will also be provided. The
Soviets will build their own antenna structure. Also, Western Union
International has announced the sale of a satellite earth station to the
People’s Republic of China. WUI will furnish a 98-foot antenna satel-
lite earth station terminal to be installed in the vicinity of Peking.

N.Y. Enforcing New Noise Law

Using sound-level meters, the new noise-pollution inspectors for New
York City recently began checking up on too-loud noise sources around
town. Some of the carly violators that were found include mnusic stores
that make it a habit to attract attention by using an outdoor sidewalk
loudspeaker to plav some of their wares. Fines range from $50 for an
unnecessarily loud radio to $1000 for excessive construction noise after
normal working hours. The new regulations are part of the city’s Ad-
ministrative Code; hence, violators may be tagged by the city’s police-
men. Although there are no overall sound levels which may not be
exceeded, each noise source (such as an air compressor, jack haminer,
etc.) has u specific sound level in dB that it may not exceed at certain
distances. Sidewalk-located loudspeakers are specifically prohibited.

First Domestic Communications Satellite

26

The world’s first domestic synchronous communications satellite has
been launched into a 22,300-mile-high orbit. It will link Canada’s vast
land mass which stretches across six time zones and north from the
populous 200-mile-wide strip along the U.S. border to the isolated
Arctic ocean. The new 1200-1b satellite, developed and built by Hughes
Aircraft and two Canadian subcontractors, is the first of three such
satellites ordered under a $31-million contract by Telesat Canada. The
satellite is called “Anik,” an Eskimo word meaning “brother.” It has
the capacity to provide more than 5000 two-wav telephone circuits
or 12 color-TV channels. The satellite’s antenna will “see” all of Can-
ada, the second largest country in the world, next to the Soviet Union.

POPULAR ELECTRONICS Including Electronics World
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“Radio Shack $olid State Math!

Radio Shack has a special
cure tor those replacement’
blues' These 29 Archer  semi-
conductors that replace over 15.000
different types! 24 are custom-made for
us alone by Texas Instruments and five
are imported by us Prices range from 39¢
to $2.89, most are 89c or ess' All are brand
new. not “fall outs” or ‘rejects’ Eacl is
packaged. complete with data and pin
connections. in our Fort Worth factory
See the more popular uses in our big 72
catalog (page 62). or orcer our Transisto
Substitution Guide below 10r the
complete replacement reference. Make
Radio Shack your solid-state
headquarters—over 1600 stores in
all 50 states!

Dept. LB. 3 |
5 LOR 2617 W. 7th St., Fort Worth, Texas 76107
QUOE

<X | Radiefhaek

and ALLIED RADIO STORES
¥ A TANDY CORPORATION COMPANY

P. 0. Box 1052, Fort Worth, Texas 76107

CIRCLE NO. 33 ON READER SERVICE CARD
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Fig. 1. The NAB tape-reproducing characteristic shows electronic equalization and

takes

into account the characteristics of the

playback head being used. There is

reduced treble cut at slow speeds to compensate for normal high-frequency dropoff.

sidered, these curves would continue to
slope downward indefinitely. Instead, they
level oft as shown, depamng by 3 dB
from a straight-line treble cut at 3180 Hz
at Tl ips and at about 1750 Hz at 334
ips. At frequencies higher than these “turn-
over points,” the playback head gradually
re-asserts its natural rising treble response
and helps to overcome extreme high-end
losses.

When high-frequency record losses set
in, thev far exceed the 6 dB/octave slope
that the playback head can supply. If over-
all flat frequency response is to be ob-
tained, considerably more treble boost
must be added in the form of “record
equalization.” This second approach to
overcoming treble losses is made possible
by the fact that, in music and speech, the
very high overtones contain compar’mvelv
little power and can safely be “de-empha-
sized” in relation to the bass range.

There is a limit to the amount of record
treble boost that can be safely applied be-
fore the tape recorder overloads. Further-
more, every time the treble range is
boosted, amplifier circuit noise, most nota-
bly in the microphone preamplifier stage
where the signal level is very small, is also
amplified. By slightly reducing the bias
level, less overall treble boost is needed.
but thls invites distortion. So, the third
possible approuch to the problem is to use
a tape formulation that is “hotter” at the
high end of the frequency spectrum than
at the low end.

This is where “low-noise” tapes enter the
pictiwe. Their rising treble “sensitivity”

32

(higher output for the same input signal)
in comparison with standard tapes is not
a defect but an asset. This can be easilv
understeod by considering how you offset
it in vour hi-fi svstem by turning down the
treble control to restore proper frequency
balance and lower the audible level of tape
hiss. A tape which at 15 kHz shows a 46
dB response is, all other things being equal,
potentially 6 dB quieter (half as much hiss)
at that frequencv—if the proper adjust-
ments are made to exploit its capabilities.

The correct way to do this for low-noise
tapes is to incrcase the amount of record
bias current by about 15 or 20 percent,
coupled with perhaps a slight decrease in
the amount of record equalization. These
are not adjustments the home user can
make unless the manufacturer has included
a switch for this purpose. Since readers
have purchased tape decks adjusted for
either tvpe of tape, our Tape Comparison

Tables show measurements for all hrands
tested using a recorder set up alternatelv
for optmml results with both standard and
low-noise oxide formulations. While accept-
able bias current requirements tend to fall
into these two categories, within basic
types, fine adjustments are needed to maxi-
mize the performance of any specific
brand.

Regular low-noise tapes do not produce
quite as much output for a given recording
level as do standard tapes. This partially
mitigates their low-noise potential. Recent-
ly. therefore. a third basic category, the
true  “low-noise /high-output™ tape, has
been developed. By using smaller oxide

POPULAR ELECTRONICS Including Elecironics World
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particles and packing them tightly into a
given area, these tapes achieve a dramatic
reduction in hiss. Much the sanie bias and
equalization requirements of regular low-
noise tape make the new tapes compatible
with machines adjusted for low-noise for-
mulations.

Interpreting the Results. To interpret
properly the results given in the Tupe
Comparison  Tables, some explanution of
our test procedure is in order. Thanks to
the generosity of Crown International. we
were able to make all measurements on
one of their superb SX-§22 professional
recorders. This greatly reduced nachine-
attributable errors to @ minimum. For ref-
erence tapes, we adjusted the SX-822 for
the venerable 3M-111 as the “standard”
and for 3M-202 for low-noise tvpes.

Our first tests (Columns 1 and 2) were
for the noise Tevel induced on the tape by
recording it with no input signal at all,
This constitutes the lower limit in any
meaningful signal-to-noise ratio. \We pre-
sent it in both “weighted” and “unweighted’
forms. While only the latter is often used.
we feel that this is a mistake because me-
ters respond equally to all frequencies. At
very low levels where tape noise occurs,
the hhuman ear does not hear all frequen-
cies at equal loudness. At low listening
levels, the ear does not perceive hum and
other low-frequency defects nearlv us well
as high-frequency hiss. For this reason. our

second set of noise measurements was
made with « “weighting” network (Fig. 2
ASA “A” curve) that matches human
40
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Fig. 2. Filter response follows ASA
“A" weighting curve with high exten-

sion based on Fletcher-Munson curves.

hearing at low volume levels. This is a
more realistic test of tape noise pereepti-
bility. And, as Fig. 3 shows, an unweighted
signal-to-noise  measurement  often con-
tains more l()\v—l'requency equipmentl noise

than hiss actually generated by the tape.
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Fig. 3. One-third-octave band analy-
sis of noise. Low-noise tape has S/N
ratio 6 dB better than No. 111 tape.

Column 3 of Table 1 indicates the rela-
tive output ol various tapes tested when
all were recorded uat the same -100-Hz
mid-frequency level. This iy important be-
cause we often relv on unculibrated (for
a particular tupe) VU meters when setting
record levels. So, if your recorder is ad-
justed for a stundard oxide, you may tend
to under-record a low-noise passage and
lose some of its potential advantages. To
determine if this is the case, look at the
peak permissible (undistorted) recording
level in Column -4, conveniently defined by
the level which, at 400 Hz, produces 3
percent total harmonic distortion. For hest
results. your recorder’s VU meters should
be set to allow 6 to 8 dB “headroom”
between the peak record level and a 0-VU
indication. For example, if vour machine
is set for our standard reference tape, hut
vou are using BASF SP-32, vou could al-
low the meter to read up to +3 VU and
still have 6.2 dB of headroom, since VU
meters do not respond to the peak value
of a transient pulse. In this case. recording
at a maximum of 0 VU would lose a full
3 dB of signal-to-noise ratio.

The signal-to-noise ratios given in Col-
umns 5 and 6 are the results of Columns
3 and 4 added to Columns 1 and 2. The
remaining columns indicate the response of
the tape in question compared to its ountput
at the usual 1000-Hz measuring point. All
fl'eqllell('y 1‘€Sptmse ]ne‘.lsl]l'elnents were
made at 7V ips at the customary —20
dB level.

Our comparison lables show that present
dav open-reel tapes vary widelv in their
characteristics. Once you select a brand,
we recommend that you have your re-
corder adjusted for it. Even so, you can
expect performance to vary by 1 dB or
so from one reel to the next of any specific
tape. Fortunately, this difference can he
detected only by instruments more sensitive
than the human ear. We conclude that,
though not ideal, the qualitv of today’s
brand-name tapes is very high. @
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Versatile, Inexpensive
SEMICONDUCTOR JUNCTION TESTER

CHECKS DIODES, TRANSISTORS, AND IDENTIFIES TYPES

OR A T'AST, inexpensive wav to check

the condition of a diode or transistor
junction, use the circuit shown at A. The
transformer should have a secondary rated
between 6 and 12.6 volts (conventional fila-
ment type). The diodes can be any silicon
rectifier types; and the Tamps should be
rated for 6 volts at low current.

The circuit can be constructed in anv
convenient manner. However, the two test
contacts  (Emitter/Collector and Base)
should he about 1 inch apart on the front
o' the container. The lamp marked NPN
should be adjacent to the Emitter/ Collector
contact, and the PNP Tamp should be near
the Base contact. Beneath and centered
between the two test contacts, install the

EMITTER/
COLLECTOR BASE
A NPN PNP

C ||%s»lzsw&c

(A)

L

”\! (8)

Two simple checking circuits.

A

s,
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BY IRA CHAYUT

legend “Lamp Adjacent to Contact Indi-
cates Cathode.”

To test a diode, connect it between the
two test coutacts. If neither lamp lights, the
diode is open. If both lamps light, the di-
ode is shorted; and if only one lamp lights.
that Tamp indicates the cathode end of the
diode.

Transistor Tests. To test transistor junc-
tions, connect the base lead to the Base test
contact and cither the emitter or collector
to the other contact. The lit bulb indicates
the type of transistor. If both lamps Tight,
the transistor is shorted; and if neither lamp
lights, the transistor is open.

The test circuit can also be used as a
slmple continuity checker bv connecting a
pair of leads to the test pomts Note Hmt
this is a continuity checker, and even a low
resistunce in series with the tested circuit
will not permit the lamps to light.

Go-No-Go Transistor Tester. If all vou
need is a simple transistor go-no-go tester,
which will identify the tvpe of tmnslshn
(npn or pnp) and “whether or not it works.
use the circuit shown at B.

Operation und components are similar to
those in the A circuit. With a transistor
plugged into the test socket and with SI
open, if either one or both lamps go on, the
transistor has an internal short. If neither
Lamp goes on, close SI. Then if the transis-
tor is good, one lamp will come on and in-
dicute the tvpe. If neither ldmp lights when
S1 is closed, the transistor is open. The base
resistor can be anv value from 680 ohms
to a few thousand ohms.

Of course, you can connect insulated test
leads to the three terminals on the socket
and terminate these in insulated alligator
clips. In this way, you can check transis-
tors that will not fit into the socket. @
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lestongin
Space communication

INTERNATIONAL REGULATIONS THAT WILL AFFECT
EXTRATERRESTRIAL COMMUNICATIONS FOR YEARS

BY STANLEY LEINWOLL

ON January 1, 1973, a revised set of Radio
Regulations assigning frequencies to all
forms of space communication went into
elfect. ITammered out by some 750 dele-
giles from 101 member nations of the In-
ternational  Telecommunications  Union
(ITU) in the summer of 1971, the Regula-
tions will affect all space radio services, in-
cluding television, telephone, telegraph,
broadeasting, amateur, weather and meteor-
ology, navigation, research, exploration, and
radio astronomy.

The 1971 conference, convened as the
World Administrative Radio Conference for
Space Telecommunications (WARC-ST),
and the {requency assignments it made, has
been Thailed by telecommunications experts
as one of the most momentous ever held in

the 106-year history of the 1TU because it
spells out the caurse of extraterrestrial com-
munication for the remainder of this cen-
tury.

The ITU is the specialized agencey of the
United Nations for telecommunications. It
has 140 member nations responsible for
drafting the rules and regulations that gov-
ern the allocation and use of the radio spec-
trum for international telecommunications.

In the more than 15 years since the So-
viet Union launched Sputnik I on October 4,
1957, some 1000 spacecraft have left the
surface of the earth to orbit our planet, on
journeys to interplanetary bodies, and to
carry men to the moon and back. In that,
short time, space-borne scientific instru-
ments have made and reported innumerable

Some of the 750 delegates from 101 countries who attended the space telecommunica-
tions conference in Geneva under auspices of International Telecommunication Union.
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observations about space and the bhodies
contained within it. At present, for example.
a U.S. spacecraft is hurtling toward a ren-
dezvous with the giant planet Jupiter, after
which it will become the first man-made
object to leave our solar system.

Frequencies for Communication. Without
frequencies with which to communicate, as
well as for protection from interference
from other services, the spacecraft leaving
our planet would be of little value. Com-
munication in one form or another plavs a
vital role in every satellite departing earth.
Scientific data is sent back; astronauts and
cesmonauts speak to their ground control-
lers, giving them essential data; photos and
TV pictures of the moon and near planets
are beamed to earth via communication
links; beacon transmitters on board space-
craft enable pinpoint tracking from earth
stations; and even the most minute move-
ments of satellites can be controlled re-
motely from earth by meuans of radio-
controlled links.

Global communication has also come to
relv. more and more heavily on satellites.
Intelsat 1V, launched early in 1972, brought
to 48 the number of TV channels open be-
tween the U.S. and other areas of the world.
Communication satellites are currently the
onlv means by which live TV can be trans-
mitted or received from overseas locations.
In addition, Intelsat IV can carrv up to 6000
simultaneous two-wav  trans-oceanic  tele-
phone conversations under average condi-
tions. This revolution in communication is

An OSCAR satellite built for radio

amateurs. Six such have been orbited.
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dependent upon frequency assignments, and
the 1973 Regulations make ample provision
for frequonues to be used bv such ser-
vices.

The tollowing bands will now be used to
transmit  signals  between communication
satellites and the earth:

2500-2535 MHz 10.95-11.20 Gllz

3400-4200 MHz 11.45-12.20 Glliz

7250-7750 MHz 12.50-12.75 Gllz
(GHz = Mz X 1000)

In addition, several bands have been allo-
cated above 12.75 GHz for development in
the distant future.

Although broadcasting from satellites di-
rectly to home installations is not vet techni-

cally feasible, the revised Radio Hcguhtlom
allocate flequenues to the broadcasting
satellite service in anticipation of its even-
tual development, In the western hemis-
phere, such transmissions were authorized,
with certain technical limitations (i.e.,

frequency-modulated video), to protect ter-
restrial TV stations on uhf TV channels 39
through 66. This will permit the develop-
ment of broadcasting satellites (probablv not
before the end of this centurv) on existing
TV channels so that advantage can be taken
of the lurge number of receivers now avail-
able in this range.

Another broadcasting  allocation  was
made in the 2500-2690-M1z range to per-
mit broadcasting to special receiving instal-
lations at schools and in community cen-
ters, primarily for educational purposes. The
US. and India jointly plan to test com-
munity broadcasting from a satellite during
1974,

The new Radio Regulations also allocate
11.7-12.2 GHz (12.75 GHz in Europe and
Africa) to the broudcasting satellite service.
Since there are no TV stations operating in
this range at the present time (and no re-
ceiv exs) this will eventually require the de-
velopment of an entirelv new TV svstem.
This is probably the first step in the ‘evolu-
tion of 21st century television.

Additional broadcasting allocations were
made in several higher bands, but thev
amount to stake-outs for development in
the very distant future.

Radio Amateur Frequencies. The radio
amateurs came out very well under the new
Radio Regulations. Always in the forefront of
communications developments, six satellites
(called OSCAR’s for Orbiting Satellites Car-
rying Amateur Radio) designed and built by
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This

is a satellite earth station at
Cayey, Puerto Rico. Some 70 similar
stations in 50 countries link world by
satellite. (Photo courtesy COMSAT).

hains  have  alrcady  been successfully
latmched. Allocations to the @mnateur satel-
lite scroice were made on the following
frequencies:
7.0-7T.1 Mllz
14.0-14.25 \lliz
21.0-21.45 MHz
28.0-29.7 \MHz
A new satellite service was defined at the
1971 ITU conference. It was called the
eartle exploration satellite sercice. Satellites
in this service, which include those employed
for metcorological uses, will gather infor-
mation relating to the characteristics of
earth and its natural phenomena. These
satellites should muke possible more accu-
rate weather forecasting and are expected
to pl(Wlde an  accurate mtal()mncr of the
eartl’s resources. Allocations in 10 dis-
crete bands from 137 MHz to 22 GHz were
assigned to this service,

144-146 NHz
435-438 Nz
24-24.05 GHz

FEBRUARY 1973

There were some additional allocations
made for manned and unmanned satellites
i the space research sercice. These are
channels used to transmit telemetry data
back to earth and for beacon and tracking
signals. Some 24 different bands were allo-
dted to this service on frequencies runging
from 2501 kHz to 8300 MHz. Still ()tho
assignments were made above 10 GHz.

Frequencies for Other Services. A stan-
dard frequency for satellites has heen es-
tablished at 400.1 MHz (= 25 kllz), and
time signals will be transmitted from satel-
lites on two additional standard frequencics
—4202 M1z and 6427 MI1z, == 2 Mz

Anticipating that manned spacecraft will
someday require assistance during an cmer-
gency in space, the following frequencies
were allocated for emergency transmissions
and for scarch and rescue operations in
space:

2182 kHz
3023.5 kHz
5680 kHz

14,993 kHz
19,993 kHz
121.5 MHz
8364 kHz 156.8 MHz,
10,003 kHz 243 MHz

The 1973 Regulations envision greater
utilization of satellites for navigational
purposes and the eventual development of
satellite systems that will permit aircraft and
ships to communicate via satellites. Some
13 bands have been assigned to the naviga-
tional service for these purposes.

In addition to signals transmitted from
man-made space objects, there are other
radio signals that originate deep in space.
Among these are natural rudio emissions
originating in the sun, the planets, and
stars (and other objects such as pulsars and
quasars). To protect these extremelv weak
signals that reach our planet, the Radio Reg-
ulations set aside a large number of narrow
stots throughout the radio spectrum for use
in the radio astronomy sercice. Use of the
frequencies set aside for this service is pro-
hibited trom spacecratt, and restricted use
by terrestrial stations has heen incorpo-

rated into the Regulations. Beginning in
1973, radio astronomers will be assured

that signals heard in the bands set aside for
their use are not man-made.

The 1973 Regulations that are an out-
growth of the 1971 conference represent a
milestone in the historv of telecommunica-
tions. Assignments made by the conlerees

will be used for the remainder of this
centurv. @®
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RCA Institutes Home Training may be

your best investmen
forarewarding
careerinelectronics
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LEADER IN ELECTRONICS
TRAINING

For over halt a century, RCA Inst
tutes, Inc., o subsidiary of RCA, has
been a leader in resident school tech
nical traming i electronics. For many
yedrs, 1t has offered home study train-
INg n electromnics.

RCA AUTOTEXT TEACHES
ELECTRONICS RAPIDLY,
EASILY

Beginner or refresher, AUTOTEXT,
RCA Institutes” own method of pro-
grammed Home Traiming will help you
learns electromces rapidly, easily

WIDE CHOICE OF CAREER
PROGRAMS

Start today prepaning for an electron-
ics career. On the attached card is a list
of “'Career Programs,” each of which
starts with the amazing AUTOTEXT
method of progranmed instruction.
Look the list over, pick the one best
suited to you and check it off on the
card.

SPECIALIZED ADVANCED
TRAINING

For thuse dalready working in electron-
1cs or with previous training, RCA In-
stitutes offers advanced courses You
can start on a higher level wihout wast-
ing time on work vou dlready know.

PERSONAL SUPERVISION
THROUGHOUT

All during your program of home
study, your exams are reviewed and
your guestions are answered by RCA
Institules mstructors who becorme per

sonally involved in your efforts and
help you over any “‘rough spots’ that
may develop.

6 HANDS-ON TRAINING

To yive practical apphcation to your
studies, a variety of valuable kits are
included in many programs. in RCA's
Master TV/Radio Servicing Program,
you will sctually build and keep an all
sulid-state biack and white TV set, and
a color TV set. You also construct an
oscilloscope which is yours to keep
and use on the job.

FCC LICENSE TRAINING —
MONEY BACK AGREEMENT

Take RCA's Communications Career
Program — or enter with advanced
standimg and prepare 1immediately for
your 1st, 2nd, or 3rd class FCC Radio
Telephone License examimations. RCA
Institutes money-back dagreemenl as-
sures you of your money back 1f you
lake, and fail to pass, the FCC exami-
nation laken within 6 months after
completing the course.

8 CONVENIENT PAYMENT PLANS

You get a selection of tuition plans.
And, we are an eligible institution
under the Federally Insured Student
Lodn Program.

RCA INSTITUTES IS FULLY
ACCREDITED

RCA Insttutes is licensed by N.Y.
State and is accredited by the Accred-
itng  Commussion  of the National
Home Study Council. Its courses of
study, faculty and instructional facili-

ties are approved by the State Educa-
tion Department. In addition, all RCA
Institutes courses and programs  re-
quire the approval of the RCA Insti-
tutes Board of Technical Advisers who
represent various techimcal, research
and educational activities of RCA Cor-
poration.

Approved by N.Y. State Education
Dept. for the training of veterans.

SEND ATTACHED POSTAGE PAID CARD
TODAY! FREE DESCRIPTIVE BQOOK
YOQURS WITHOUT QBLIGATION!

if reply card 1s detached, send this coupcn

RCA INSTITUTES, INC.
DEPT.694-302-0

320 W. 31 ST.

NEW YORK, N.Y. 10001

Please send me FREE illustrated career
catalog. | understand that ! am under no
obligation.

Name

Address

City

State Zip

Age
Veterans. Check here O

grarm, you build and keep the ati sohd-
state black and white TV set, the color
TV set, the oscilloscope and the multi-
meter shown above

CIRCLE NO. 29 ON READER SERVICE CARD
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Live and work
in places tourists

only visit.

Furope, Hawaii, Panama, Alaska, the Far East.

How many peopl do you know who can really spend
some time there? Stay long enough to get to know the people”
Make friends? Enjoy the special places only natives know?

Maylbe you can.

Many jobs in today’'s Army can get you there.

Jobs we'll train you to do. In almost any field you can
name. Taught by excellent instructors in good schools with
the best equipment around.

Jobs we'll pay you to learn. At a good salary right from
the start. With promotions and raises as fast as you earn them
Add free meals, free housing, free clothing, free medical and
dental care.

And a 30 days paid vacation every year. Which you
can spend abroad while stationed there.

If you are looking for a good job that will take you
places, send us the coupon, or talk it over with your nearest

Army Representative. Today’s Army
wants to join you.

Army Opportunitie: 2PE 2-73-U
D Box 5510, Philadelphia, PA 191
I'd like to know more about job-training and promotion in today’s Army

[y
a
I
|
1
o T
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EVEN if your CB gear is just a few years
old, there’s a good chance you are get-
ting less performance than a newcomer to
CB gets from his equipment; for the new-
comer is using the latest in equipment,
equipment with performance levels unheard
and undreamed of just a few short years
back. To be frank, with rare exceptions the
high-performance and “gold-plated” gear
of vesterday is mediocre vis-a-vis the lat-
est in CB equipment, and that includes just
about everything from the transceiver it-
self to the antenma—and the talk-power
boosters, meters, and preamps connected
between the two.

Your Signal Starts in the Transceiver. The
really big news in transceivers is the mini-

Lafayette “Telsat 150" has built-in
monitor for Public Service Band calls.

44

VONEWIN

Improved designs and

packaged SSB (single-sideband) rigs such
as the Teaberry “Twin T" (Olson Electron-
ics) and Pearce-Simpson “Cheetah,” just to
name two. Although the total number of
components in an SSB rig is many times
that of an AM rig—because strange as it
might seem it takes a lot of hardware to
get rid of the carrier and one sideband, and
then put it back wheu receiving—you can
now obtain quality SSB equipment no larg-
er than a standard AM transceiver having a
front-facing speaker.

This puts SSB right up there with AM
for all-around use because an under-dash-
sized mobile SSB can be teamed with the
Tram, Browning, SBE, and Lafayette sin-
gle-sideband rigs used at the base station.

I's important to keep in mind that the
mini-packaged SSB  transceivers are not
just stripped-down versions of larger base-
station models—or models used in base
stations although thev can work off a 12-
volt battery. Although mini-packaged, the
new mobile SSB rigs include, among other
features, power output metering, built-in
SWR detectors, full-size speukers, and 23-
channel coverage.

AM rigs have not been forgotten, for AM
is still the backbone of CB. After manv
years of upgrading AM equipment with bet-
ter noise limiters, noise blankers, and the
latest in solid-state design, the new look is
total miniaturization of full-feature 3-watt
equipment. Many manufacturers now put
out a full-5 transceiver actuallv  small

POPULAR ELECTRON!CS Including Electronics World
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boost CB performance

enough to be concealed in an auto or truck
glove compartment with the door closed.
Tvpical examples of the miniaturized full-
feature transceiver are Radio Shack’s “Mini-
23," Lafavette’s “Micro-23,” and Midland’s
13-873.

Besides full 23-channel coverage and 5
watts input, these ultra-small rigs feature
extremely low current requirements for
standby, receive, and transmit; something
on the order of 50 to 100 mA when re-
ceiving and 500 to 800 mA when trans-
mitting. This means that a small Dattery
pack made up of ordinary “C” or “D” cells
will deliver several hours of full power
operation; making them ideal for field use.

But. if you don't feel like rolling vour own
battery packs, the miniaturized transceivers
are usually uvailable with an optional bat-
tery pack that clamps to the transceiver it-
.?'elf, ’}nnkn)g an integral, fully portable
Dase” station.

Although the new SSB and AM trans-
ceivers have the most appeal Dbecause
they're “different,” don't overlook the im-
proved performance from new models of
standard-size and  “deluxe” base equip-
ment. Again we find the latest in solid-
state design to improve Dboth sensitivity
and selectivity, as in the Browning “Golden
Euagle” series, Courier’s “Conqueror,” Dyna-
scan’s “Cobra 132, E. F. Johnson’s “Mes-
senger 124-M.7 Mark’s “Sidewinder 46"
Pace’s PBS-1, Regency's “Formula 23,” and
Tram’s “Corsair”—just part of the list.

FEBRUARY 1973

BY HERBERT FRIEDMAN

In addition to beefing up the performance
ot standard-sized transceivers, the newest
models might also teature automatic clocks
such as voull find on the Pearce-Simpson
“Simba,” the SBE “Sierra,” the Fanon SFT-
500, and the Courier “Citation.” The auto-
clocks are nothing more than digital read-
out clocks such as vou would use at bed-
side, but they are connected to the trans-
ceiver’s power supply so the rig can be
turned on at a presel time to reccive a
scheduled call or to automatically warm-
up tor your shift at channel-9 monitoring.

Dual Receive Capability. Speaking of
chaunel-9 monitoring, it was onlv natural
that, with the opening of channel 9 as an
“emergency only” frequency, more and more
CBers would become active in the
REACT program and in locul emergency
Mark [li

Browning’s ‘‘Golden Eagle”

SSB transmizter is solid-state design.
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Pearce-Simpson “Cheetah SSB'’ is one

of new breed of “mini"” transceivers.

teams. Naturally, it's hard to keep an ear
on channel § if the rig is working on some
other channel, so some transceivers are
now available with dual receive capability,
or DRC as it is more commonly termed.
DRC simply means that there are two
independent receiver sections as part of the
transceiver—there is onlv one transmitter.
One receiver section is the main receiver
which features maximum sensitivitv  and
selectivity and it is ganged with the trans-
mitter—just as it is in any standard trans-
ceiver. The second receiver is crystal-con-
trolled only on channel 9 or possibly one
other switch-selected channel. This receiver
features moderate sensitivity and selectiv-
ity so that you do not receive a station be-
youd the range of your transmitter, or
one that might be so far off the center chan-
nel it would get buried in the noise level of

a super-selective receiver. The channel-9
receiver section has its own independent
squelch contr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>