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The E-V SEVEN was born in the
» eerie silence of an anechoic cham-
ber — the world’s largest devoted to
high fidelity design. This vast sound
absorbing room let E-V engineers get
right down to basic engineering. Noth-
ing disturbed their silence — or their
concentration on the subtle differences
that distinguish a great speaker.

After months of experimentation, the
E-V SEVEN met every design objective.
Then expert listeners were invited to
judge the sound — again and again —
until engineers and critics were fully
satisfied with E-V SEVEN performance.

But superb sound, once established,
can easily slip away in the routine of
mass production. We don’t let it. A

A natural for these
compact E-V SEVENS.
All you need is a

very good amplifier...

completely equipped anechoic cham-
ber — right on the production line —
measures every speaker against perfec-
tion. And it’s ruthless. All this may
seem rather elaborate for a $66.50 com-
pact system...and it is. You can hear
the difference!

Any fine component amplifier can
display the E-V SEVEN at its best, but
the new E-V 1144 stereo amplifier is
uniquely suited to the purpose. Like
the E-V SEVEN, the E-V 1144 is com-
pact, handsome, and modest in cost
(Just $124.50).

We threw tradition to the winds
when we built the E-V 1144, Tossed out
“‘old-hat” ideas about size and weight.
Put 50 watts of stereo power in an

Big sound.

o

ghfidelity systtmg and sp
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1

funers, amplifiers, receivers » publicaddress
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like this one.
The new E-V 1144.

attractive walnut-paneled cabinet no
taller than a coffee cup. It’s easier
when you can start from scratch — yet
have years of experience in miniature
solid-state electronics behind you. The
young tigers in the E-V lab took it on
as a personal challenge — and solved
it beautifully.

So plug in any stereo phono, tape
recorder, or matching E-V stereo tuner.
Connect a pair of E-V SEVENS. Then
turn up the volume of your E-V 1144,
Natural sound? Absolutely. And that’s
what high fidelity is all about!

Window-shop through our complete
high fidelity catalog for the answer to
your high fidelity needs. It’s free.

Electro-Voice, Inc., Dept. 964N, 629 Cecil Street,
Buchanan, Michigan 49107
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Every 40 seconds a burglary takes place in the United States.

TECHNICAL INFORMATION

The RADAR SENTRY ALARM is
a complete U.4H.F. Dappler Ra-
dar System which saturates the
entire protected area with invis-
ible r.f. microwaves. R provides
complete wall to wal—floor to
ceiling protecton for an area of
up to 5,000 square feet. Without
human moveraent ir: the pro-
tected area, th= micrewave sig-
nal remains stable. Aay human
movement (operation is unaf-

fected by roderts and small ani--

mals)in the area causes the dop-
pler signal to change irequency
approximately 2 to 4 cps. An
ultra-stable low frequency de-
tector senses this small tre-
quency change ampliiies it and
triggers the poZice type siren—
which is heard up to a half mile
away.

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

* remote detecters for extending
coverage to ovar 10,600 sq. ft.

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

* hold-up alarm

* central station or police station
transmitter and receiver (used
with a leased telephore line)

* relay unit for activating house
lights

* battery operated horm or bell
which sounds . the event of:
powerline failcre; equipment
malfunction or tampesing

September, 1966

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

And ar even better ousiness op-
portunizy for you.

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

In fact, police and insurance
officials Fave proved that an alarm:
systemreduces, and in many cases
eliminazes losses—even helps po-
lice apprehend the criminal.

Here s where you come in.

Only a small percentage of the
more ttan 100 million buildings—
sto-es, offices, factcries, schools
churches and homes are protectec
by an effective alarm system.

That means virzually every
home, every ousiness is a prospect

You can sell them!

And you don't have to be &
super-ca esman to sell the best
protection available—a Radar Sen-
try Afarm unit. All you have to dc
is demonstrate it...it sells itself

A glance at the technical infor-
mation skows why.

RADAR SENTRY ALARM

CIRCLE NO. 94 ON READER SERVICE CARD

It's the most uaique and effec-
tive alarm system ever invented.

And here’s the oroof,

n the past six vears, thousands
cf RADAR SENTFY ALARM units
Fave been sold in tne Detroit, Mich-
igen area alone—sold by men like
yoursz f on a part-time and full-
t me basis.

Here are just  few customers
who are proteczed by RADAR
SENTRY ALARMS:

U.S. Government

U.S. Air Forze

Dztroit Boarc of Education
Hundreds of Churches,
Banks, Busin2sses and
Homes.

=veryone is a p-ospect.

So take advantage of your pro-
fession. Put your technical knowl-
edge and experience to work for
you ir 3 totally new area—an area
thet will make maney for you!

Jon't wait!

Let us prove that crime does
Eay.

Become a distributor.

Write now for frze details.

2000008000000 0000




JLICTARTiDS for Technicians f\/\[u\;-

When you need a stable capacitor...

Temperature makes most capacitors wander. For electrolytics,
capacitance goes down when temperature gets colder, goes up
when things get hot. But this usually doesn’t cause trouble,
because most electrolytic applications are in filtering—and as
long as you have low enough AC impedance, you get the
filtering you need. Where drift can bring problems is in tuned
circuits, timing and differentiator circuits; here you’ve got a
paper, film, ceramic or mica capacitor, in the fractional-
microfarad range. If it changes value due to temperature varia-
tions or just plain old age, you’re going to have some headaches.

Today’s tip: when you need extra stability, try the new Mallory
polystyrene capacitors. They’re the most stable you’'ve ever
seen. They look different, and they act different. They’'re made
of a unique kind of stretched polystyrene film and high purity
aluminum foil, wound up in a compact roll and then fused
together in a self-sealed case of solid clear plastic.

What's extra special about these new capacitors is the way
they hold their original microfarad value while temperature
varies all over the lot. Temperature coefficient is considerably
lower than that of polyester film capacitors—under 150 parts
per million per degree C. And it’s negative— which means that
instead of going up with temperature, capacitance goes down.
This is the direction you need to change capacitance in order
to compensate for the effect of temperature on the inductive
part of a tuned ecircuit. From —10°C to +70°C, their fotal
capacitance change is less than 1.3%. And brother, that’s stable!

And that’s not all. These little dandies don’t grow old. They
hold their characteristics month after month. You just connect
’em and forget 'em.

One more thing. Mallory Polystyrene Capacitors have the
lowest dielectric loss in the business. Their dissipation factor
(similar to power factor, a measure of efficiency as a capacitor)
is extremely low . .. only 0.05%, which is a small fraction of
that of other capacitors. And it stays at this low value over
the whole temperature range. This means that they’re high Q
capacitors, ideal for tuned circuits. And their insulation resis-
tance is way higher than polyester, mica or paper capacitors.

In case you were wondering how much dough you would have
to lay out to get such wonderful capacitors—here’s the best
news of all. They are really low priced. You can get them
in values from 5 pF to .01 mid, all rated 600 volts, from
your Mallory Distributor. See him soon—
and ask for your copy of the 1966 Mallory

General Catalog. Mallory Distributor 5@
Products Company, a division of P. R.
Mallory & Co. Inc., Indianapolis, Indi- S

ana 46206. ANNIVERSARY

[N ]
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Electronics World

THIS MONTH'S COVER ties
in with the special features
we are running in this issue
dealing with testing and
measuring of the three basic
passive components: resis-
tors, capacitors, and induc-
tors. Three groups of these
components are shown in
the foreground while three
pieces of test equipment
used to measure them are in
the background. The unit at
the left is a Yew (Yokogawa
Electric Works) Model L-3C
portable Wheatstone bridge
for resistance measure-
ments. The unit at the top
is a Boonton Model 71A
capacitance-inductance me-
ter. The instrument at the
right is a Hickok DMS-3200
digital measuring system
with a capacitance meter
plug-in. For further details
on these three instruments
refer to our Test Equipment
Product Report in this issue.
Photo by Bruce Pendleton.
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8uy the BEST!

CAPACITIVE DISCHARGE
IGNITION SYSTEM

SCR
oy $ 9% o

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

Operate Any Motor
Vehicle More Efficiently

Compare these proven henefits:

A Up to 20% Increase in Gasoline
Mileage

A Installs in Only 10 Minutes on
any Car or Boat

A Spark Plugs Last 3 to 10 Times
Longer

A Instant Starts in all Weather

COMING
NEXT MONTH

SPECIAL ISSUE:
Chokes & Coils

The Inductor Industry-—Sam Zwass of Triad takes a hard look at the industry,
its potentials, and the possible effects of monolithic circuit construction on com-
ponent coils and inductors.

R.F. Chokes & Coils—William Courtney of J. W. Miller outlines the important
characteristics of these inductors and suggests a number of things which will
assist the user in making an intelligent selection.

Coil Construction & Packaging—Lack of complete standardization and over-
specifying still plague the industry. A proper choice from the extremely wide
variety of coil types and configurations is difficult, but must be made.

Toroidal Inductors—Although such units are more expensive, they are widely
used because of their higher inductance in smaller sizes, their self-shielding,
and high stability.

Ferrite Beads—By simply threading a conductor through one of these tiny beads,
the circuit impedance to r.f. is greatly increased although there is no change in
the impedance to d.c. or audio frequencies.

The MIL-C-30910 Spec—W. Dieter Hauser of Jeffers outlines the MIL-Spec re-
quirements for fixed r.f. molded coils, along with the parameters that are to be
measured on such components.

INTEGRATED CIRCUIT

FOR CONSUMER PRODUCTS

Larry Blaser of Fairchild describes a
new circuit which can be used as a 10.7-
MHz if. amplifier in FM receivers, a
4.5-MHz intercarrier sound i.f. amplifier
in television sets, and as a 3.58-MHz

Electronics World

chroma reference oscillator in color-TV.

FREQUENCY &

FREQUENCY MEASUREMENT

An authoritative discussion covering
basic parameters, precision measuring
techniques, and the equipment used.

All these and many more interesting and informative articles will be yours
in the October issue of ELECTRONICS WORLD...on sale September 20th.
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: P.0. Box 1147EW, Grand Junction, Colo. 81501 {
) Enclosed is $ Ship prepaid.

0J Ship C.0.D. |
I Please send: |
| [ Mark Tens (Assembled) @ $44.95 |
i ] Mark Tens (Delta Kit) @ $29.95 |

SPECIFY — [] Positive Ground [] Negative
| Ground [J 6 or {1 12 Volt |
I Car Year____ Make '
I Name |
I Address _ I
I city/state_ Zip |
L e e — |
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Concerned about color? Now Gavin conquers it. Captures it. With Color Antennas so new. .. so ahead of
the rest . . . each bears a new, bold Gold Crest. Only Gavin tests and certifies each antenna for perfect
color! For greatest gain. For best match. For lighter weight. .. with five times the strength. Charge into
color with confidence. With the best. With new Gavin . .. Gold Crest.

TESTED AND CERTIFIED UHF CR-5 UHF/VHF/FM 1113 VHF/FM 101SH

VHF/FM 10234
FOR PERFECT COLOR Fringe Area Mid Fringe Mid Fringe

Deep Fringe

DISTRIBUTORS: Write for franchise information

GAVIN INSTRUMENTS, INC. SOMERVILLE, N. J.
September, 1966 CIRCLE NO. 82 ON READER SERVICE CARD



WHEATSTONE

+ 0 .1% 1ccuracy

COMPACT, LIGHT WEIGHT
GENERAL USE RESISTANCE BRIDGE

1 paRME

Vi

Model L-3C

Range: .001¢ to 11.11 M@

Rheostat Arm:
10x10-+-100x10-41000
x104-10000x10 (4 dials)

Ratio Arm:
x0.001, x0.01, x0.1, x1
x10, x100, x1000

Overall Accuracy:

1000to 100k =+0.1%
10Qto 1MQ +0.3%
10 to 10MQ +0.6%

Accurate resistance measurement
achieved with a single unit. No
accessories, no power source re-
quired. Operates on three size D,
1.5V dry cells, YEW’s new, rugged
galvanometer, Model G-2(B) in-
corporated. All 5 dials make no-
rubbing contact and are dust-
proofed, housed in individual
plastic case. The L-3C has elas-
tic mold unbreakable housing.
Size: 7%” x 9" x 5” Weight: 5 Ibs.

Cat No. 52402 $156.00

shipping weight: 10 Ibs.
Available for immediate delivery.

CONFIDENCE BEGINS WITH
®

YOKOGAWA

ELECTRIC WORKS, INC.
1995 PALMER AVE.,

LARCHMONT, N.Y. 10538
914-834-3550

TLX No. 710-566-1104
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LETTERS
FROM OUR
READERS

CLASS-D AMPLIFICATION
To the Editors:

A so-called “new way to amplify sig-
nals,” claiming nearly 100% efficiency for
power amplifiers, has recently been de-
scribed by Donald E. Lancaster in the
article “Amplification Using Switching
Techniques” (February issue).

To produce sinusoidal output from the
rectangular-wave amplifier described,
| we are told that it is necessary only to
| pass the output through a low-pass filter
| —which need not be resonant nor resis-

tive at the desired frequency. This is a
fallucy. If the load is not resistive at the
operating frequency, conduction pulses
will not occur entirely during the mini-
mum-voltage portion of the output cycle,
and losses within the switch will be in-
| creased. In addition, the harmonic en-
|ergy is not turned into fundamental-
frequency energy by the filter but is
stored in the filter and returned to the
generator and is eventually dissipated
within the generator, the filter, or con-
necting circuitry resistances, Even if the
load is purely resistive, if the output
voltage is a sine wave, voltage will still
exist across the switch during its con-
ducting time—sinusoidal, not rectangu-
lar-wave voltage. In spite of all this, a
semiconductor class-C power amplifier
can exceed 90% efficiency—what more
can one expect?

For audio applications, “class-D” sys-
tems have been proposed which produce
pulse-width modulation of a train of
ultrasonic pulses, which are developed at
| very high efficiency. Again, we run into
| trouble at the filter. The pulsed energy

is not simply converted into audio but
is turned back by the filter, which lowers
the system efficiency again. If the load
is resistive to the pulses, they will join
| the audio in the speaker, with full ef-
ficiency maintained, but most of the out-
put would be inaudible, except as it
contributes to distortion. Ordinary me-
ters may well show this output along
with the audio, so output power meas-
urements would require meters respond-
ing directly to r.m.s. current and voltage
(such as a dynamometer movement)
and filtered to remove the components
other than audio. Simultaneous distor-
tion measurements would be required to
see that the audio and only the desired

audio was being measured. Proponents
of “class-D” systems probably have used
defective output measurements.

“Class D,” like perpetual motion, is a
clever method of getting something for
nothing. It has been proposed by de-
signers who understand the switch and
not the load. Filters do not convert un-
desired components into desired ones;
they simply store the undesired energy
and return it to the generator. Filters
make excellent load impedances for
switching-type r.f. amplifiers (class B or
C), but they must be resistive and de-
signed for the narrow band of frequen-
cies over which they maintain unity
power factor. The “class-D” proposals
are interesting, and study of them can
lead to a better understanding of ampli-
fier operation; however, as a practical
amplifier, “D” is for “dead”

RoserT W. ScHOENING
Bloomington, Minn.

Author Lancaster’s reply follows:

To the Editors:

If we are to take Reader Schoening’s
conclusions at face value, we must
also dismiss such something-for-nothing
scliemes as parametric frequency multi-
pliers and switching-mode voltage regu-
lators. In these devices, just as in the
class-D audio systems, output power is
derived at a frequency different fromn
that of the input by using non-resonant
filter techniques and converting the in-
put frequency to the output one at very
high efficiency.

If the input to an operating LC filter
is suddenly short-circuited, all of the
energy in the filter must eventually be
delivered to and dissipated in the load.
Even if the short circuit (represented in
the class-D case by an “on” semicon-
ductor) has some finite impedance, prac-
tically all of the energy in the filter still
must go to the load so long as the load
impedance is much higher than the im-
pedance of the short,

If the input to the filter consists of
a switch rapidly switching between
ground and some low-impedance volt-
age source, the output of the low-pass
filter will be the time integral of the in-
put, given a proper choice of LC values.

(Continued on page T5)
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ONLY *10 PER MONTH
Brings You 20% MORE

OF
a SAMS PHOTOF

RO PTOV AL
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JOIN THE NEW

PHOTOFACT
OF-THE-MONTH CLUB!
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MORE CURRENT MODEL COVERAGE
EACH MONTH TO KEEP YOU AHEAD
AND YOU SAVE OVER *60 PER YEAR!

As a PHOTOFACT-OF-THE-MONTH CLUB member you get
6 new PHOTOFACT Sets every month packed with the
time-saving, profit-boosting servicing help you need.
To stay ahead, to save money (individually purchased
Sets now sell for $2.50 each) —join the PHOTOFACT-OF-

HERE’S THE KIND OF PHOTOFACT COVERAGE THE-MONTH CLUB now!
YOU GET IN A TYPICAL MONTHLY “PACKAGE” | =7 %, A great monthly "package

o .
(6-Set re September 1866) e exclusively for Photofact
-Set release, September - LW
P - @,} of-the-Month Club Members...
20% MORE COVERAGE THAN EVER BEFORE: \\ % You get your 6 new PHOTOFACT Sets
= every month in sturdy new file folders
sealed in factory carton to ensure perfect condition and
8 COLOR TV FOLDERS completeness—easier-than-ever to file and use. Now you
get 209, more coverage and save over $60 per year
13 B&W TV FOLDERS with a PHOTOFACT-OF-THE-MONTH CLUB membership!
31 oTHER FOLDERS TRY A THREE-MONTH SUBSCRIPTION
(AC-DC, FM-AM, Stereo Hi-Fi, save on Photofact—watch it boost your earnings
Record Changers, Phonographs) See your Sams Distributor or send Membership Form below :
COMPLETE CURRENT COVERAGE OF r HOWARD W. SAMS & CO., INC. Dept. EWF-9 _}
4300 W. 6 ., Indi lis, Ind.
AT LEAST 50 CHASSIS EACH AND | 2hd St., IFUIaAEp olis, Ind. 16208 |
I Enroll me for a 3-month membership in the Photofact-of-the- |
EVERY MONTH FOR ONLY I Month Club. | agree to pay $10 per month, and understand 1 |
| will receive 6 current Photofact Sets monthly for 3 months to |
= be delivered by my Sams Distributor (named below). =
20¢ per folder! - |
(less than 1%¢ per page of I ame !
invaluable servicing know-how) I Shop Name :
| Address ]
I g : |
ity State. Zip_
TRY A THREE-MONTH SUBSCRIPTION! ! S I
My Sams Distributor is:. !
USE THIS HANDY ORDER FORM I :
| Signed I
___________________________ o
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Learning
electronics
at home

is faster,
easier, more

GET A FASTER START IN THE
COURSE YOU CHOOSE WITH NRI'S
REMARKABLE ACHIEVEMENT KIT

When you enroll with NRI we deliver to your door
everything you need to make a significant start
in the Electronics field of your choice. This re-
markable, new starter kit is worth many times
the small down payment required to start your
training. And it is only the start . .. only the first
example of NRI’s unique ability to apply 50 years
of home-study experience to the challenges of
this Electronics Age. Start your training this
exciting, rewarding way. No other school has any-
thing like it. What do you get? The NRI Achieve-
ment Kit includes: your first set of easy-to-un-
derstand “bite-size’ texts; a rich, vinyl desk
folder to hold your training material in orderly
fashion; the valuable NRI Radio-TV Electronics
Dictionary; important reference texts; classroom
tools like pencils, a ball-point pen, an engineer’s
ruler; special printed sheets for your lesson an-
swers—even a supply of pre-addressed envelopes
and your first postage stamp.

interesting with new achievement kit

Only NRI offers you this pioneering method of
“3 Dimensional’” home-study training in Elec-
tronics, TV-Radio. .. a remarkable teaching idea
unlike anything you have ever encountered.
Founded more than half a century 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.
The NRI staff of more than 150 dedicated people
has made course material entertaining and easy
to grasp. NRI has simplified, organized and
dramatized subject matter so that any ambitious
man — regardless of his education—can effec-
tively learn the Electronics course of his choice.

DISCOVER THE EXCITEMENT
OF NRI TRAINING

Whatever your reason for wanting knowledge of
Electronics, you'll find the NRI 3 Dimensional”
method makes learning exciting, fast. You build,
test, experiment, explore. Investigate NRI train-
ing plans, find out about the NRI Achievement
Kit. Fill in and mail the postage-free card. No
salesman will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D. C. 20016

8
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ELECTRONICS COMES ALIVE
AS YOU LEARN BY DOING WITH
CUSTOM TRAINING EQUIPMENT

Nothing is as effective as learning by doing.
That's why NRI puts so much emphasis on
equipment, and why NRI invites comparison with
equipment offered by any other school, at any
price. NRI pioneered and perfected the use of
special training kits to aid learning at home. You
get your hands on actual parts like resistors,
capacitors, tubes, condensers, wire, transistors
and diodes. You build, experiment, explore, dis-
cover. You start right out building your own pro-
fessional vacuum tube voltmeter with which you
learn to measure voltage and current. You learn
how to mount and solder parts, how to read sche-
matic diagrams. Then, you progress to other ex-
perimental equipment until you ultimately build
a TV set, an actual transmitter or a functioning
computer unit (depending on the course you se-
lect). It's the practical, easy way to learn at
home —the priceless “‘third dimension” in NRI’s
exclusive Electronic TV-Radio training method.

SIMPLIFIED, WELL-ILLUSTRATED
"BITE-SIZE" LESSON TEXTS
PROGRAM YOUR TRAINING

Lesson texts are a necessary part of training, but
only a part. NRI’s “'bite-size’’ texts are as simpli-
fied, direct and well-illustrated as half a century
of teaching experience can make them. The
amount of material in each text, the length and
design, is precisely right for home-study. NRI
texts are programmed with NRI training kits to
make things you read come alive. As you learn,
you'll experience all the excitement of original
discovery. Texts and equipment vary with the
course. Choose from major training programs in
TV-Radio Servicing, Industrial Electronics and
Complete Communications.
Or select one of seven spe-
cial courses to meet spe-
cific needs. Check the
courses of most interest to
you on the postage-free
card and mail it today for
your free catalog.

Available Under

NEW
Gl BILL

If you served since
January 31, 1955, or
are in service, check Gl
linein postage-free card.

custom training kits “bite-size’texts

September, 1966




REPORT

HI-FI PRODUCT

TESTED BY HIRSCH-HOUCK LABS

Dynaco Model 2000 Tape Recorder
ADC Model 10/E Cartridge

Dynaco Model 2000 Tape Recorder

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

N commenting on the Dynaco Model

2000 tape recorder, space limitations
prevent us from doing justice to its many
unique or unusual features. This intrigu-
ing machine combines a rare simplicity
of operation with an impressive capa-
bility for satisfying the most specialized
requirements.

The Model 2000 is a three-speed (7%,
3%, and 1% ips) machine, normally sup-
plied with three quarter-track stereo
heads, but available on special order
with half-track heads. Its electronic
section, which includes a pair of 8-watt
playback amplifiers, is fully transistor-
ized. It employs modular construction,
which allows considerable flexibility in
adapting it to unusual applications. Most
of the electronic circuits are on nine
plug-in printed boards. This not only
allows considerable flexibility in adapt-
ing the recorder to special uses, but
facilitates servicing in that repair can be
as simple as plugging in a spare board
and returning the defective board to
Dynaco for replacement.

Perhaps the most distinctive feature
of the recorder is its sliding level con-
trols for microphone, phono, and radio
inputs and master playback level. Each
slide potentiometer is a dual-section
stereo unit, with an exceptionally
smooth and positive action. At a glance
one can tell the relative levels of the in-

12

put controls, and the three inputs can be
simultaneously mixed or faded as de-
sired.

Channel balance in recording and
playback is handled by a pair of concen-
tric balance controls. Due to the excel-
lent tracking of the stereo level poten-
tiometers, the balance controls do not
ordinarily have to be reset when chang-
ing levels. The concentric bass and
treble controls, which are ganged for the
two channels, are effective on playback
only.

The inputs and outputs of the re-
corder are duplicated in both European
(Hirschmann) connectors and standard
American phono jacks and screw-type
terminal strips. A stereo-headphone jack
is on the inclined front panel. Three

push-on, push-off buttons control the
two pairs of speaker outputs and add
loudness compensation to the playback
amplifiers. Either or both sets of speak-
ers may be switched on independently,
or both turned off for headphone listen-
ing or monitoring.

In its standard form, the recorder has
an RIAA-equalized phono preamplifier
module for recording directly from =a
magnetic cartridge. This is convenient
for dubbing records onto tape, or when
using the recorder as part of a low-pow-
ered music system. The high-gain micro-
phone preamplifiers, unlike those in
most home recorders, have built-in input
transformers and operate with low-im-
pedance microphones of 200 ohm to 50
ohm impedance. The radio inputs nor-
mally have a sensitivity of 0.5 volt, but
when higher sensitivity is needed, an op-
tional high-gain board can be plugged
in to give 0.1-volt sensitivity. By means
of a simple plug-in board replacement,
the phono input can be converted to an-
other microphone or high-level input. In
fact, any combination of three inputs is
obtainable in this manner.

The transport uses a single hysteresis-
synchronous motor. The tape passes over
two tension arms which take up any
slack occurring as a result of switching
from forward to reverse, or in starting
and stopping the tape. A “joystick” lever
puts the tape into normal motion or into
fast speeds in either direction without
any spillage or over-run. There is a
pause lever which starts and stops the

1
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Don't just take our word for it...

READ WHAT THE EXPERTS HAVE TO SAY
ABOUT THE NEW (knight kit TAPE DECK

Excerpts from Hirsch-Houck Laboratories
Equipment Test Report in July, 1966
HI FI/STEREO REVIEW:

“Until quite recently, it was rare to find a tape
recorder selling for less than $400 to $500 that could
record and play back an FM radio broadcast with
such fidelity that it could not be distinguished from
the direct broadcast. The Knight-Kit KG-415 satisfies
this requirement of a true hi-fi tape recorder, yet
costs only $249.95.

Wow and flutter, 0.02 and 0.09 per cent, respectively,
at 7% ips, were negligible and significantly bettered
the Knight rating of 0.2 per cent. The KG-415 worked
flawlessly, producing recordings which at normal lis-
tening levels could not be distinguished from the
original FM program. Other recorders can do this,
too, but they generally cost $500 or more. The Knight
KG-415 is, without a doubt, one of today’s best
values in tape recorders. It is made to order for the
hobbyist on a budget who will not compromise his
quality standards.”

From April, 1966 AMERICAN RECORD GUIDE:

“At $249.95 FOB Allied Radio in Chicago, this

recorder is not inexpensive. Still, I think it is remark-

ably cheap considering what it is and what it provides
= i in the way of features and qualities.

HANDCRAFTED ' It took me 14 leisurely hours to build the unit—
FOR QUALITY start to finish . . .

s & Right off the bat, this kit performed right up to, or

BY YOU better than, all its specifications. I am jaded enough

not to impress easily, but this got to me.

It all comes down to this in the end: the test bench
indicates that this KG-415 should sound good. And

_ ) ¢

G

— YOUR SATISFACTION

GUARANTEED BY ALLIED it does.”
. . From January, 1966 AUDIO:
Knlght'Klt 4-Track Stereo Tape Deck “This is a kit which is a perfect delight to profile for

With Solid-State Stereo Record-Playback Preamp two reasons—it was a pleasure to construct it, and it
performed so well after it was completed.

Unmatched performance, quality and value! And so easy to build, At the relatively low price of $249.95 plus some 20

too. You need only follow simple, illustrated, step-by-step instruc-  hours of pleasurable work, we think the KG-415 is
tions to assemble six solid-state plug-in modules. The Viking tape  an excellent buy.”

transport, built to Knight-Kit specs, is completely preassembled. .
When you complete your Knight-Kit Tape Deck you’ll enjoy stereo From March, 1966 ELECTRONICS ILLUSTRATED:

of unsurpassed realism, plus monophonic sound of highest fidelity . . . “When .the job is comp}ete the builder has a deck of
plus many features found only on professional quality decks: Sepa-  unquestioned high quality with all the functions and
rate monitor switch with monitor-level controls, mixing facilities, conveniences of a professional model. A comparable
exclusive low impedance stereo headphone amplifier module, bias factory-wired deck would cost upwards of $400.

test oscillator, switch-selected sound-on-sound and echo, push-to-  The instruction manual is well done, being logical and
reset digital counter for quick indexing of recorded selection, easy- easy to follow.

edit head cover, studi}:)-t})l'pe vU m%ters for accurate control of record Our KG-415 met or exceeded all Knight’s specs.”
and playback on each channel, and more.
Complete with all parts, instructions and $ 24995 From March, 1966 POPULAR SCIENCE:

7" take-up reel (less base and tape)..........

“Judging by the almost flawless way it records and
reproduces sound, the Knight-Kit KG-415 stereo tape

Read the unique money-back guarantee below . . . exclusive in the industry - sl )
... then rush the coupon at right for full details and Special Introductory Offer. deck costs a full third less than it’s worth.

— —_— —_————— e ——

ALLIED RADIO, Knight-Kit Div.
Dept. 1-JJ, P.O. Box 4398
Chicago, lllinois 60680

Please rush Special Infroductory Offer on the
Knight-Kit KG-415 Tape Deck.

Build a Knight-Kit in accordance with our easy-to-follow
instructions. When you have completely assembled the
kit, you must be satisfied or we will return your money,

less transportation charges, under the Allied guarantee Name IERSEIPRIN -
of satisfaction. ALL’ED RA D’O . Address___ S - —
QIADIBIOHO UGS DDA IBIABNDS ciy

—————————
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wyrlx risk your reputation
with “just-as-good” capacitors?

When you pay little or no attention to quality in tubular
replacement capacitors, you leave yourself wide open for
criticism of your work . . . you risk your reputation. ..

you stand to lose customers. It just doesn’t pay to take a
chance on capacitors with unknown or debatable performance
records when it’s so easy to get guaranteed dependable
tubulars from your Sprague distributor!

There's no “maybe”

with these 2 great_

= 1 BB | B f B |

The ultimate in tubular capacitor construction. Dual
dielectric . . . polyester film and special capacitor tissue. ..
combines the best features of both. Impregnated with HCX®,
an exclusive Sprague synthetic hydrocarbon material which
fills every void in the paper, every pinhole in the plastic

film before it solidifies, resulting in a rock-hard capacitor
section . . . there’s no oil to leak, no wax to drip. Designed
for 105°C (220°F) operation without voltage derating.

DIFILM® ORANGE DROP® Dipped Tubular Capacitors }
o A “must” for applications where only radial-lead
capacitors will fit . . . the perfect replacement for
dipped capacitors now used in many leading TV
sets. Double-dipped in rugged epoxy resin for posi-
tive protection against extreme heat and humidity.
No other dipped tubuilar capacitor can match
Sprague Orange Drops!

8

.05 MFD.£10%
600VL0.

DIFILM® BLACK BEAUTY® Molded Tubular Capacitors

The world’'s most humidity-resistant molded capacitors. Tough, protec-
tive outer case of non-flammable molded phenolic . . . cannot be
damaged in handling or installation. Black Beauty Capacitors will with-
stand the hottest temperatures to be found in any TV or radio set, even
in the most humid climates.

For complete listings, get your copy of Cata-
log C-616 from your Sprague distributor, or
write to Sprague Products Company, 51

Marshall Street, North Adams, Massachusetts.

SPRAGUE

14

WORLD'S LARGEST MANUFACTURER OF CAPACITORS

€3-6110

THE MARK OF RELIABILITY

CIRCLE NO. 89 ON READER SERVICE CARD

tape instantly without disengaging the
recording interlocks. The index counter
has a push-button to reset to zero. Re-

lcording and plavback levels are moni-

tored by two illuminated meters, which
are red when recording. The transport
shuts off automatically when the tape
runs out or at any time desired when a
strip of conducting foil is spliced onto
the tape.

The true flexibility of the recorder lies
in the eight push-button controls at the
left side of the panel. One of them turns
on the amplifiers independent of the
transport for use as a phono- or radio-
playback system. Another connects the
playback amplifiers either to the incom-
ing signal or to the playback heads for
monitoring from the tape. Two others
control the playback function in a sim-
ple, vet highly effective manner. With
both buttons up, the mixed channels go
to both speakers; with both down, each
channel feeds its own speaker for stereo
playback. Pushing down either one
singlv connects that channel to both
speakers.

Two other buttons control the record-
ing function for the two channels. One
or both must be depressed while placing
the tape in motion in order to record and
they are released when tape motion is
stopped so that accidental erasure is im-
possible. The “Echo” button feeds back
the output of the playback heads to the
recording amplifiers for an echo or re-
verberation effect. It is also useful for
making sound-on-sound recordings
(mono only) in which one channel is
copied onto the other, together with a
new program.

A unique feature is the synchro play-
back using the eighth control button.
This plays back one channel into the
monitor phones, using the normal record
head for playback. By listening to the
left channel, a program can be recorded
on the right channel in exact synchro-
nism with the left channel, since the
usual delay between record and play-
back heads is eliminated. With an acces-
sory, a pulse may be recorded on the
right channel to operate an automatic
slide-changing mechanism in synchro-
nism with the left-channel program.

We measured the over-all 7% ips re-
cord/playback frequency response as an
excellent 20 to 20,000 Hz, =3 dB. At 3%
ips it was 20 to 15,000 Hz, =5 dB and at

% ips it was 20 to 6000 Hz, =2 dB. The
latter response is considerably better
than AM-radio quality and is well suited
to background-music applications as
well as speech recording.

The Tk-ips playvback response, using
the Ampex 31321-04 test tape, was flat
from 70 to 2000 Hz, rising gradually to
+5 dB at 15,000 Hz and falling to - 2.5
dB at 50 Hz. Other test tapes show
somewhat different playback response.
Such response can be optimized by ad-

ELECTRONICS WORLD



Kit

10-14

299"

THAE BASE

Assemblied
10W-14

$39900

Vo om

THE NEW HEATH I0O-14 OSCILLOSCOPE OFFERS TRULY SOPHISTICATED
CAPABILITIES. It features a high-quality flat-face 5" CRT with an accurately-ruled
6 x 10 cm graticule ¢ DC to 8 MHz bandwidth with 40 nanosecond rise time e 0.25
microsecond vertical signal delay through high-linearity delay line circuitry o 39 cali-
brated vertical attenuation — from 0.05 v/cm to 20v/cm o 39 calibrated time base —
from 0.2 microseconds/cm to 0.5 seconds/cm e Forced air cooling for the toughest
industrial applications e Input for Z axis modulation e Input for direct access to vertical
deflection plates e Highly-stable fiberglass circuit board construction e Wiring options
for 115/230 volt, 50-60 hertz operation o The 10-14 is designed with modern circuitry,
engineered with high-quality close-tolerance components, and capable of satisfying the
most critical demands upon its performance specifications.

THE HEATEI 10-14 INCLUDES ENGINEERING FEATURES YOU EXPECT ONLY
IN HIGH-PRICED OSCILLOSCOPLS. For example, switches are ball-detent type;
all major control potentiometers are precision high-quality scaled components; all
critical resistors are 17 precision; and vertical signal delay is provided through pre-
cision coaxial delay lines — circuitry considered by all knowledgeable electronic engi-
neers to be the most desirable for high linearity and maximum frequency response.

THE IEATIH 10-14 PROVIDES THE ULTRA-STABLE LOW-NOISE PERFORM-
ANCE DEMANDED FOR TRULY PROFESSIONAL INDUSTRIAL, ACADEMIC,
ELECTRONICS-ENGINEERING, AND BIO-MEDICAL REQUIREMENTS, Here’s
what engincer Adam L. Keller of Swiss Controls & Research Inc., Michigan City, Indiana
says about the 10-14: “AMlay [ take this opportunity 1o congratulate your compainy on
the fine job you have done on your new 10-14 oscilloscope kit. In my opinion there is not
a scope on the market which can compare with your fine new product, at least until you
start talking 4 or 5 times the price. We are most satisfied with the instrument in every
respect ... your 10-14 is probably the finest kit you have ever put on the market, bar none.”
WE AT HEATH AGREL.

g 967 | HEATH COMPANY, Dept. 15-9
Heﬂ"““ . ¥ Benton Harbor, Michigan 49022
o e B | , Michig

FREE! 1967

3 Please send more information on

s VERTICAL AMP,

.,aé £
..

Kit 10-14 (with standard P-2 phosphory, 53 [bs.. $299.00
Assembled IOW-14 (P-2 phosphor), 47 Ibs.. . ... $399.00
Assembled |OW-14S (with long persistance P-7 phosphor
for bio-medical or industrial use), 47 lbs. ... .. .$410.00
Kit PK-1, Low-Capacitance Probe, 1 1b.. .. ... $4.95

10-14 SPECIFICATIONS—(Vertical) Sensitivity: 0.05 v/em
AC or DC. Frequency response: DC to 5 me, —1 db or less;
DC to 8 mc, —3 db or less. Rise time: 40 asec [0.04 micro-
seconds) or less. Input impedance: 1 megohm shunied by
15 uuf. Signal delay: 0.25 microsecond. Attenuvator: 9-
position, compensoted, calibroted in 1, 2, 5 sequence from 0.05
v/cm. Accuracy: =3%, on eoch step with continucusly varioble
control {uncalibroted) between eoch step. Maximum input
voltage: 600 volts peak-to-peak; 120 volts provides full 6 cm
pattern in least sensitive position. (Horizenfal) Time base:
Triggered with 18 calibrated rates in 1, 2, I sequence from 0.5
sec/cm to 1 microsecond/cm with =3%, tccutacy or contin-
vously variable control position {uncalibroted). Sweep magni-~
fier: X5, so thot fostest sweep rote becomes 1.2 microseccnds /cmg
with magnifier on. (Overall time bose accurazy =5%; when
magnifier i1s on.) Triggering capability: Internal, external, or
line signals may be switch selected. Switch szlecticon of + or —
slope. Variable control on slope level. Either AC or GC coupling.
“Auto" position. Triggering requirements. Intzrnal; 13 cm to
6 cm display. External: 0.5 volts to 120 wvclts peak-to-peak.
Harizontal input: 1.0 v/cm sensitivity (uncalibroied) contin-
vous gain control. Bondwidth: DC to 200 ke =3 db. General:
5ADP31 or 5ADP2 Flat Face C.R.T. interchargedble with any
5AD or 5AB series tube for different phosshar chcrocieristics.
4250 V. occelerating pofential. 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 unblanking for complete retrace suppression.
Power requirements: 285 walts. 115 or 230 VAC 50-60 Hz.
Cabinet dimensions: 15 H x 1015” W x 227 D includes cieor-
once for handle ond knobs. Net weight: 4G lbs.

Heathkit Catalog (product)
108 pages .. many in full Name
. color ... describe over 250 Address
Heathkits for the lab, hobby-
ist, and industry. City State Zip

1966

September,

Prices & Specifications subject to change without notice.
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now there are
time & tool-saving
double duty sets

New PS88 all-screwdriver set rounds out
Xcelite's popular, compact convertible too! set
line, Handy midgets do double duty when slipped
into remarkable hollow ‘‘piggyback’™ torque am-
plifier handle which provides the grip, reach and
power of standard drivers. Each set in a slim,
trim, see-thru plastic pocket case, also usable
as bench stand.

¥y

5 slot tip,
3 Phillips screwdrivers

PS120

10 color
coded nutdrivers

PS7

2 slot tip.
2 Phillips screwdrivers,
2 nutdrivers

WRITE FOR CATALOG SHEET N563

®
XCELITE, INC., 12 Bank St., Orchard Park, N.Y,, U.S.A.
Canada: Charles W. Pointon, Ltd., Toronto, Ont.

CIRCLE NO. 85 ON READER SERVICE CARD
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justing the bias current, if desired, for
any particular tape that will be used.
The signal-to-noise ratio was 49 dB at
the two faster speeds and 44 dB at 1%
ips. The noise was all hiss (and not
much of that), with no audible hum.
Tape speeds were exact, and the wow
was literally unmeasurable, less than
0.01%. Flutter was 0.1% at 7% ips with
the Ampex 31326-04 tape.

Using the amplifier only, the fre-
quency response was 20 to 20,000 Hgz,
=3 dB. RIAA phono equalization wus
+1.5 dB from 30 to 15,000 Hz. The
power amplifiers delivered slightly un-
der 5 watts per channel to 8-ohm loads
at 2% distortion over most of the audio
range. At lower impedances, power out-
put would have been higher. Power
bandwidth was well in excess of 20 to
20,000 Hz.

In operation, recorder

the was as

smooth and easy to handle as any re-
corder we have used., Every function
worked perfectly and the sound quality
left nothing to be desired. Unlike most
recorders with built-in power amplifiers,
this unit can deliver really good, clean
sound with any moderately efficient
speaker system. If one does not try to
make the rafters ring, it is hard to be-
lieve that this is such a low-powered am-
plifier. Dynaco does not claim that it is
a “high-fidelity” audio amplifier, but it
certainly does a creditable job as one,
with tuner and phono inputs as well as
when plaving tapes.

Considering all aspects of good engi-
neering, tasteful design and appearance,
and over-all performance, the Model
2000 has few peers. It is priced at $498
on a walnut base with plastic dust cover
or $525 in a portable case with two de-
tachable monitor speakers. A

g
N g
=

T is generally agreed that one of the
areas in  which phono cartridges
are most susceptible to improvement is
in the reduction of moving mass. Tiny
though the jewel tip and moving system
of a cartridge may be, it nevertheless
| must be accelerated and its motion re-
versed up to 20,000 times per second,
with all the work required for this being
supplied by the record groove wall, Re-
ducing the mass which must be acceler-

ADC Model 10/E Cartridge

For copy of manufacturer’s brochure, circle No. 25 on Reader Service Card.

ated to a minimum effects a corre-
sponding reduction in record wear, with
attendant advantages in distortion-free
reproduction of high frequencies.

The new ADC 10/E cartridge, ac-
cording to its manufacturer, has one-
third the moving mass of any other mag-
netic cartridge. This is partially due to
the use of a very small elliptical dia-
mond stylus, with radii of 0.3 and 0.7
mil, and partially to the so-called “in-
duced magnet” design of the manu-
facturer’s latest cartridges.

The stvlus cantilever is a very small,
rigid, non-ferrous tube, with the jewel
at one end and a small soft iron arma-
ture at the other (pivoted) end. The
magnet and coils are embedded in the
plastic body of the cartridge and the
armature pivoting close to the ends of
the pole pieces modulates the flux to
generate an electrical output.

The stylus assembly is easily removed

(Continued on page 77)
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“Get more
education

or
get out of

electronics

...that's my advice
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Ask any man who really knows the electronics industry.
Opportunities are few for men without advanced technical
education. If you stay on that level, you'll never make much
money. And you'll be among the first to go in a layoff.

But, if you supplement your experience with more education
in electronics, you can become a specialist. You'll enjoy good
income and excellent security. You won't have to worry about
automation or advances in technology putting you out of a job.

How can you get the additional education you must have to
protect your future—and the future of those who depend on
you? Going back to school isn't easy for a man with a job
and family obligations.

CREIl Home Study Programs offer you a practical way to get
more education without going back to school. You study at
home, at your own pace, on your own schedule. And you study
with the assurance thatwhatyoulearn can be applied on the job
immediately to make you worth more money to your employer.

You're eligible for a CREI Program if you work in electronics
and have a high schoo! education. Qur Presast Thear

Tougarew's Jas

FREE book gives complete information.
Airmail postpaid card for your copy. If card
is detached, use coupon below or write:
CREIl, Dept. 1109D, 3224 Sixteenth Street,
N.W., Washington, D.C. 20010.

Founded 1927

k. __ - 3
e —————
Accredited Member
of the National Home Study Council

The Capitol Radio Engineering Institute
Dept. 1109D, 3224 Sixteenth Street, N.W., Washington, D.C. 20010

Please send me FREE book describing CRE! Programs. | am
employed in electronics and have a high school education.

NAME _AGE
ADDRESS____
CITY STATE ZIP CODE

EMPLOYED BY —

TYPEOFPRESENTWORK___ .~ [OGIBIL

| am interested in [] Electronic Engineering Technology,
{0 Space Electronics [ Nuclear Engineering Technology
[ NEW! Industrial Electronics for Automation
[J NEW! Computer Systems Technology

iy g, e e s e £ s e e e e e e S e e )
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The one antenna that does the work of three! Pulls
in beautiful color and crystal clear black and white
pictures on both UHF and VHF channels... plus

i i d ic FM
FINCO ALL-BAND UHF-VHF-FM ANTENNA Sl s e el s i
75 OHM  Model CX-UVF-24 $72.10 List

300-ohm models for normal reception areas from
FINCO ALL-BAND UHF-VHF-FM ANTENNA 16 5Hgie £29.05

300 OHM Model UVF-24 $59.95 List 75-chm models for poor reception :;;a.lgﬁfrfomsnm

FINCO

15-ohm COLOR VE-LOG ANTENNAS
FOR UHF-VHF-FM RECEPTION
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Hi-Fi Amplifiers

Silicon power transistors now available offer a number of
advantages for power output and driver stages. This series
of three articles covers the considerations for conservative
design and the performance of three practical hi-fi circuits.

By R. D. GOLD and J. C. SONDERMEYER

RCA Electronic Components & Devices

ILICON power transistors that are now available offer
many advantages when used in the power-output and
driver stages of high-power audio amplifiers, as well

as in applications such as servomechanism control systems
and high-power ultrasonic generators. This three-part series
explains the advantages of using such transistors in high-
quality audio systems designed to deliver tens of watts of
audio output power and to operate over a wide range of
ambient temperatures. The discussion will deal primarily
with the power-amplifier and driver stages of such systems
and it is assumed that the input to these cascaded stages is
obtained from a suitable voltage amplifier which provides
up to 1 milliwatt of driving power, at a 1-volt level, with little
distortion over the desired frequency range,

The basic design objectives for high-quality audio amplifiers
are discussed in terms of power output, frequency response,
distortion levels, and other major performance requirements.
The characteristics and capabilities of various output and
driver stage configurations are compared to determine the
optimum type of circuit for a given application while con-
sideration is given to the conservative design of high-quality
audio output and driver stages. Circuit configurations and
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performance data are shown for 10-watt, 25-watt, and 70-
watt audio amplifiers that employ silicon power transistors.

The quality of an audio power amplifier is determined by
its ability to provide high-fidelity reproduction of audio pro-
gram material over the full range of audible frequencies. The
amplifier is required to increase the power level of the input
to a satisfactory output level with little distortion, and the
sensitivity of its response to the input signals must remain
essentially constant throughout the audio-frequency spec-
trum. Moreover, the input-impedance characteristics of the
amplifier must be such that the unit does not load excessively
and thus adversely affect the characteristics of the input-
signal sources. The following paragraphs outline the design
objectives for high-quality audio amplifiers with respect to
these important performance characteristics.

Power-Output Capability

The amount of output power that an audio amplifier is
required to develop is primarily a function of the dimensions
of the room in which the unit is to be used, of the size and
efficiency of the loudspeaker, and of the maximum distortion
that can be tolerated at high sound levels. In general, the
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efficiencies of loudspcakers vary from a few percent for
typical high-quality dynamic speakers down to only a few
tenths of a percent for acoustic-suspension types. In typical
residential-size rooms, the amplifier is required to deliver an
average electrical power of several tenths of a watt to dy-
namic speakers at normal listening levels. Acoustic-suspen-
sion speakers, however, have a much lower transducer ef-
ficiency and may require several watts of electrical input
power to produce the same sound intensity. Because high-in-
tensity transient sounds (e.g., those produced by percussion
instruments) may exceed normal listening levels by a factor of
ten or more, high-quality amplifiers should be capable of
delivering 20 to 40 watts of output power without excessive
distortion so that the transient sounds will be reproduced
fully by the low-efficiency speaker. For less stringent require-
ments or for higher efficiency speakers, a 5- to 15-watt out-
put capability is usually adequate.

The ability of an amplifier to supply a given amount of
output power is dependent upon the loudspeaker impedance,
the breakdown voltage and current-handling capability of
the transistors, and the ability of the transistors to withstand
the currents and voltages which may exist under all operat-
ing conditions. For all cases of practical interest, the am-
plifier output power, P,, is given by the following equation:

2 2 2
P = Il»RL — \4 » — V('(nm.r)
? 2 2R, SR,

where I, is the peak transistor current, V, is the peak vol-
tage developed across the load impedance, Ry, seen by the
transistor, and V(4. is the maximum allowable transistor
collector voltage.

Fig. 1 shows the peak transistor current and peak tran-
sistor load voltage required to deliver a specified output
power into the load impedance seen by the transistor. The
curves are idealized in that the transistor saturation voltage
is neglected. The transistor breakdown voltage rating must
be at least twice the peak load voltage. The vertical lines
denoting 4-chm, 8-ohm, and 16-ohm resistances are par-
ticularly useful for transformerless designs, where the tran-
sistor works directly into the loudspeaker.

It is apparent from the equation that, for a given amount
of output power, a high value of load impedance will re-
quire a larger voltage capability and lower current capa-
bility than is required with a low value of load impedance.
Transformer-coupled output stages are frequently used to
provide an optimum impedance match between the output
transistors and the speaker load impedance. However, the
advent of high-current power transistors which are highly
resistant to failure because of second breakdown has made
possible the design of reliable circuits without using trans-
tormer-coupled outputs.

(Second breakdown is not a voltage breakdown, but rather
an electrically and thermally regenerative process in which
current is focused in a very small area. The very high cur-
rent, together with the voltages across the transistor, cause
a localized heating that may melt a minute hole from the
collector to the emitter of the transistor and thus cause a
short circuit. This regenerative process is not initiated un-
less certain high voltages and currents are coincident for
certain finite lengths of time.)

Irrespective of how the amplifier is coupled to the load
impedance, the dissipation rating of the output-stage tran-
sistors must be adequate for the maximum levels in the
particular circuit configuration used. In class-A amplifiers,
maximum dissipation occurs when no input signal is ap-
plied; in class-B push-pull amplifiers, however, the dissipa-
tion is maximum at 42 percent of the maximum output. In
addition to an adequate thermal-dissipation capability, the
transistors must be able to withstand worst-case conditions
of voltage and current to avoid failure from second break-
down. The worst-case operating levels for the transistors
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usually occur under conditions of high line voltage, at hioh
volume levels, and at the extremes of the amplifier frequency
range (i.e., below 20 Hz and above 20 kHz), The operating
conditions become more severe at the frequency extremes
because the speaker impedances are then substantially dif-
ferent from their nominal value. Transistor load lines plotted
under such conditions indicate that the load impedance is
highly reactive.

From the viewpoint of power-dissipation rating, current
and voltage capabilities, and freedom from second break-
down, a hometaxial-base transistor such as the 2N3055 ap-
pears to be an excellent choice for use in an audio ontput
stage. Such transistors are constructed by a single-diffused
technique that results in uniform junctions and a base struc-
ture having a homogeneous resistivity in the axial direction.
As a result of the axially homogeneous (hometaxial) re-
sistivity, the base structure is free from built-in axiul electric
fields, and the risks of second breakdown and other causes
of electrical failure are thereby substantially reduced.

The main limitation on the use of the 2N3055 transistor
in such applications is its moderate frequency capability.
This transistor provides a gain-bandwidth product of 1 NIHz
at a collector current of 3 amperes; at high power levels, a
frequency response that is flat within 1 dB at frequencies
up to 25 kHz can be achieved. An increase in the upper
limit of the frequencies for which a flat response can be
obtained from the 2N3055 transistor requires a substantial
amount of negative feedback. A significant increase in the
drive power is then required to obtain the same level of
output power.

Frequency Response

The audio-frequency range is generally considered to in-
clude those frequencies between 16 Hz and 22,000 Hz. At
normal listening levels, the perception range of the average
listener, however, is only from about 50 to 14,000 Hz.
Moreover, the frequency response of even the best quality
loudspeaker systems is usually limited to about 30 to 18.-
000 Hz and for most typical high-fidelity speaker systems
the response range is only about 60 to 12,000 Hz. These
limitations indicate that an amplifier designed so that its
frequency response is flat within 1 dB from 20 to 20,000
Hz is more than adequate for any high-fidelity audio svs-
tem. Several advantages are obtained, however, from the
use of amplifiers having a wider frequency response.

When the frequency response of the amplifier is substan-
tially greater than the audio spectrum, the amplifier will be
stable over the audio range because the phase shift of sig-
nals in this range will be negligible. It is unlikely, therefore,
that the amplifier will break into audio-frequency oscilla-
tions as a result of high-level signal transients or other
causes. A wide frequency response (without feedback) is
also advantageous from the standpoint of transistor dissipu-
tion, because the large phase shifts that may occur when
the frequency response of the output stage is poor can also
lead to excessive transistor power dissipation in both the
output and driver stages.

At frequencies beyond the upper limit of the flat response,
the voltage gain of the output stage decreases as frequency
increases. The negative feedback voltage, which is taken
from the output, is also reduced. As a result, the drive
signal effectively becomes larger and it is possible that the
driver stages will be overloaded. For this reason, the fre-
quency response of the output stage should be flat over the
entire range of expected signal frequencies. In fact, the
over-all amplifier frequency response characteristic may be
deliberately rolled off at the input or driver stage to prevent
such occurrences. When the output-stage transistor has a
very high frequency capability, controlled roll-off at the
input is still desirable to reduce the possibility of oscillation
at frequencies well beyond the audio range. The effects of
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amplifier frequency response on stability and dissipation
are discussed in more detail in a subsequent section.

The over-all bandwidth of an audio-amplifier system is
less than the bandwidth of any individual element (e.g.,
input transducer, preamplifier, power amplifier, or loud-
speaker) in the system. The bandwidth of the power am-
plifier should, therefore, be substantially greater than that
of any of the other components so that the effect of the am-
plifier on the over-all response of the system is held to a
minimum, For example, if the power amplifier upper-fre-
quency 3-dB point is 530 kHz and it is driven by a pream-
plifier having an upper 3-dB point of 25 kHz, the 3-dB
point of the combination will occur at 22 kHz. If the 3-dB
point for each stage occurs at 23 kHz, the 3-dB point for
the combination will occur at 16 kHz. Moreover, the fre-
quency response will fall off more rapidly than for either of
the two amplifiers by itself. This is illustrated in Fig. 2, which
shows the over-all response for a power amplifier with 3-dB
frequencies at 15 Hz and 30 kHz, and a preamplifier with
3-dB points at 20 Hz and 25 kHz. The examples assume
that both stages have a simple RC response characteristic
(i.c., roll-off occurs at the slope of 6 dB per octave).

On the basis of the factors discussed in the preceding
paragraphs, a frequeuncy response which is flat (within 1
dB from 15 to 50,000 Hz is a reasonable design goal for
the power amplifier of a very high quality audio system. A
response that is flat within 1 dB from 30 to 20,000 Hz is
satisfactory for a good quality system known to be stable.

e

Distortion

The principal types of distortion that must be considered
in the design of high-fidelity audio power amplifiers are
total harmonic distortion and intermodulation distortion.
Both types result from nonlinearities in transistor charac-
teristics and, in transformer-coupled circuits, from non-
linearities in the large-signal transformer characteristics. The
amplifier does not contribute to the frequency distortion
which may be introduced by other system components, such
as loudspeakers, phonograph pickups, or tape pickups, pro-
vided that the frequency response of the amplifier is flat
over the full audio range. Phase distortion, which may be
introduced by factors such as improper placement of low-
and high-frequency speakers, is not a major consideration
in the design of audio power amplifiers. The ear is insensitive
to the effects of the small audio-frequency phase shifts,
even when the amplifier used has only moderate frequency-
response characteristics.

Nonlinearities in the amplifier circuit cause harmonics
of single-frequency signals to be generated. The total har-
monic distortion is a measure of the magnitude of such
harmonics in the amplifier output. If the input signal con-
tains several frequency components, nonlinearities in the
amplifier will result in mixing of the various input frequen-
cies and of their harmonics to produce sum and difference
frequencies of the mixed components. Intermodulation dis-
tortion is a measure of the effect of this mixing on the
amplifier output.

In general, the critical listener can perceive a total har-
monic distortion of about .7 percent and can tolerate about
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Fig. 2. The composite frequency response of the over-all audio
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2 percent. The levels of perception and tolerance, however,
vary with the order of the harmonic, because the ear is more
sensitive to the higher order harmonics. For example, it is
possible that a listener may not notice 1 percent of sec-
ond-harmonic distortion, but will find only 0.5 percent of
fifth-harmonic distortion objectionable. Fortunately, the am-
plitude of the harmonic usually decreases as the order of
the harmonic rises, and a total harmonic distortion of 0.5
percent is an acceptable upper limit for a class-B push-pull
output stage, which suppresses even-order harmonics.

The sensitivity of the ear to intermodulation distortion is
dependent upon the amplitude and the frequency of the
individual signal components. A maximum of 2 percent of
intermodulation distortion is satisfactory for a two-compon-
ent test signal in which one component is about ten times
higher in frequency and about one-quarter the amplitude
of the other component (e.g., 60 and 6000 Hz mixed at an
amplitude ratio of 4 to 1). The total harmonic distortion
and the intermodulation distortion are both caused by am-
plifier nonlinearities; as a result, when one of these types
of distortion is low, the other type is also low.

In common-emitter amplifiers, distortion is primarily the
result of the nonlinear relationship between the base cur-
rent and the base voltage (input distortion) and between
the collector current and the base current (output distortion

Fig. 3. Typical transistor curves showing the nonlinearities of the input, output, and transfer characteristics.
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caused by nonlinear beta). These nonlinearities can be de-
scribed in terms of the nonlinear relationship between the
collector current and the base voltage (i.e., nonlinear trans-
conductance characteristics) which is useful when the
driver stage has a low source impedance. Typical curves of
transistor input, output, and transfer characteristics are
shown in Fig. 3.

Class-B push-pull amplifiers introduce crossover distor-
tion, which can be highly objectionable at low signal levels.
This type of distortion is a result of the high degree of non-
linearity between the collector current and input voltage
at low collector currents. This distortion is substantially re-
duced when the transistors in the push-pull stage are oper-
ated with a small quiescent current (i.e., class AB).

At large signal levels, nonlinearities in transistor audio
amplifiers result mainly from the dependence of the tran-
sistor beta on both collector current and collector voltage
and from signal clipping. The reduction in beta at high
collector currents is a well-known effect common to