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If you could look hmh yur pezikers,
is this what youd see?

Listen carefully. Chances are your speakers add their own
distorting coloration to the music. Maybe it’s a boomy bass,
or an overemphasis on treble. Most speakers do it, and some are
designed to do it. You may not even mind the effect. But is
this really the absolutely faithful reproduction you paid for?

If you enjoy adding emphasis to selected parts of the music,
that’s your prerogative. But don’t let your speakers do it for
you! There are controls on your receiver or amplifier that do
the job much more predictably and pleasingly.

The best speaker is still the onc with absolutely even re-
sponse; with no coloration of the highs or the lows. This is
the kind of speaker that Scott makes.

Scott engineers design every component part of Scott
speaker systems. It’s far more diflicult than using ready-made
components, but Scott won’t accept the bias built into “off-
the-shelf” parts. Scott’s Controlled Impedance speakers are

designed specially for use with today’s solid-state equipment.
Custom-designed woofers, tweeters, midranges, and cross-over
circuitry are carefully matched in solid, air-tight enclosures.
And each individual speaker system must survive the scrutiny
of both electronic instruments and trained ears before it's
allowed to leave the Scott factory.

As a result, Scott speaker systems are completely honest;
what goes into them is what comes out of them. They won’t
cover up for a poor receiver or turntable. Neither will they
distort the perfection of a good component system. And that’s
what Scott believes great speakers are all about.

Choose from five Scott Controlled Impedance speaker sys-
tems, priced from $49.95 to $274.95, at your dealer’s.

H. H. Scott, Inc., Dept. 35-04
Maynard, Massachusetts 01754

[SCOTT:
Improve your listening with Scott 20/20 Speakers.

© 1968, H. H. Scott, Inc.
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Number 55 in a series of discussions
by Electro-Voice engineers
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JOHN R. GJLLIOM
Chief Engineer,

Loudspeakers

"

With the exception of a handful of “ultimate
loudspeakers, most high fidelity speaker sys-
tems are designed to be produced profitably at
a specific selling price. While there is nothing
inherently wrong with this restriction on design,
difficulties can be encountered if an equal em-
phasis on value is not stressed.

The temptation, of course, is to provide as
many features (or apparent features) as pos-
sible in the system so that it is most attractive
to potential purchasers. But if allowed to domi-
nate the design, this attitude can spell poor
value for the consumer.

An example of this problem is the comparison
of two systems of equal price on the basis of
the number of speakers employed. While un-
sophisticated buyers may feel that ‘“the more
speakers the merrier,” more often the reverse
is true when the design has been limited to a
specific price. In part, the reason is purely
cconomic. A 10” 3-way system selling for
$80.00 will likely have less investment in each
speaker than an equivalent 107 2-way design
selling for the same price.

And the difference is not limited to dividing
the speaker cost by 3 instead of 2. In addi-
tion, components such as crossover network
elements, level controls, wire, and increased
assembly costs needed for the more complex
system reduce the money available for the
speakers themselves.

A more complex system also introduces more
opportunities for quality variation in produc-
tion. Each added component increases the num-
ber of tolerances that must be maintained (and
these tolerances tend to broaden as cost is
reduced). If high quality is to be maintained,
the design time for a complex system must
also be increased over that of the simpler
model. A number of problems, unique to multi-
way systems. must be studied. These problems
increase with each added speaker.

Examples include the difficulties encountered
when two or more speakers reproduce the same
frequency (as at the crossover frequency, for
example). Another area of concern to the en-
gincer is the problem posed by two speakers
reproducing different ranges of the same in-
strument (with the fundamental tone coming
from one speaker, while overtones are repro-
duced from one or more others). Addition of
speakers to the system increases the opportu-
nity for difficulty.

Where cost is a limiting factor. a simpler sys-
tem generally has more potential for satisfac-
tory performance. all other factors being equal.
Bv concentrating more time and money on
fewer components, both in design and manu-
facture, each clement is more likely to contrib-
ute maximum value to the system. In the final
analvsis. the number of speakers in a system
may be an inverse guide to its quality.

For reprints of other discussions in this series,
or technical data on any E-V product, write:
ELECTRO-VOICE, INC., Dept. 483A
602 Cecil St., Buchanan, Michigan 49107

EleilioYbree

A SUBSIDIARY DF GULTDN INDUSTRIES, INC.
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Coming in

May

FEATURE ARTICLES: |

Batteries for Tape Recorders —
i Walter Salm examines the vari-
ety of batteries used to power |

portable tape recorders. %

The World of Outdoor Hi-Fi—
With summer almost upon us, i
here is a timely roundup of
audio equipment designed for
outdoor use.

FM Receiving Antennas — Len
Feldman takes some of the mys-

tery out of antennas used for FM
receivers in this installment of
ABZs of FM.

Music of the Twenties & Thir-
ties Re-Visited—Stuart Triff dis-
1 cusses recent reissues of old
! recordings made in the Twenties
and Thirties by Crosby, Merman,
and others.

... And More

EQUIPMENT PROFILES:
Model
Twenty Stereo FM Receiver !

Sony/Superscope Model TC-230
Stereo Tape Recorder

Harman-Kardon Five-

Plus: Regular monthly columns
| on music and equipment. {

ABOUT THE COVER-The first transistors,
developed more than 20 years ago, were
primitive by today’s standards. The plastic-
packaged transistors illustrated on the cover
of this issue, high-power silicon transistors
from RCA Electronic Components and De-
vices, are shown as an assembly of 60 36-watt
transistors and an assembly of 80 83-watt
transistors before they are cut apart to form
individual devices. This construction tech-
nigue is used so that plastic may be fed
into molds.

Audiochnic

JOSEPH GIOVANELLI

If you have a problem or question on
audio, write to Mr. Joseph Giovanelli
at AUDIO, 134 North Thirteenth Street,
Philadelphia, Pa. 19107. All letters are
answered. Please enclose a stamped,
self-addressed envelope.

Styli and records

Q. I am considering the purchase of
a new cartridge. My present one does
not track as well as it could (con-
firmed by borrowing cartridges from
friends.) I am interested in the least
record wear as well as good reproduc-
tion. My record collection is about 90
per cent stereo. That percentage will
go higher as I add to the collection. I
have considered two cartridges in sepa-
rate, plug-in heads for the two types of
records. I wonder if this is necessary.

My concern is over the styli avail-
able, both elliptical and conical. Can
they both be equally good for the rec-
ords?

Will you clear up some of my con-
fusion by suggesting which is the more
desirable type and size for the two
types of records. I will appreciate any
assistance you can give me.—Paul E.
Scraggs, Clark, N. J.

A. As you know, some cartridges are
designed to complement fairly poor
equipment. They are massive com-
pared to the better cartridges. There-
fore, they track at heavier forces than
the better cartridges. As the tracking
force increases, record wear will in-
crease, given the same stylus configu-
ration in all cases. However, if we
increase the stylus dimensions, the
amount of tracking force will be spread
out over a larger surface, meaning that
the record will take less of a beating.

Cartridges and arms arc improving
all the time. We now can think in
terms of tracking forces which are less
than one gram in a few instances. This
means that we are now in a position to
employ styli having small dimensions,
indeed. We would want to use such
styli because they are capable of enter-

ing even the smallest groove variations
and tracing them properly. The result
is less distortion and better high fre-
quency response, even at the center
portion of the disc.

If we take a conical stylus, we finally
arrive at a dimension which will be so
small that the actual stylus tip will rest
on the bottom of the groove. This is a
state of affairs we do not want. We are
not concerned with the bottom of the
groove. The information we want to
recover is in the groove walls. If the
stylus rests at the bottom of the groove,
it is not free to move easily. Further, it
is obvious that some noise will be
added, merely by the fact that the
stylus contacts areas of the discs which
are contributing noise but no desired
program information.

If, now, we make the stylus elliptical,
we have the best of two worlds. We
have a stylus of small dimensions
which will trace all groove variations.
However, the stylus is wide enough
from left to right so that it cannot fall
into the groove completely. The sides
of the stylus must come to rest on the
wall of the groove before the tip can
touch the groove’s bottom.

Remember that the amount of force
bearing down on the walls is quite large
with an elliptical stylus because all of
it is concentrated on two very small
points. An elliptical stylus will there-
fore cause severe record wear if the
tracking force is not reduced to com-
pensate for this added force. Today’s
cartridges are capable of tracking at
forces small enough to keep record
wear very low and still track better
than anything we have previously
known.

If you have an old changer, you will
not be able to make use of one of the
newer types of cartridges. However,
you can still find one which will work
well for you and keep wear to a mini-
mum.

1 would imagine that if you must
track your cartridge at more than 2
erams because of troubles in the me-
chanical portion of the changer, you
should not use an elliptical stylus.

If you have a good stereo cartridge,
it will play your monophonic records
better than most any monophonic car-
tridge that was available when monos
reigned supreme. If you use a spherical
(conical) stylus, you should think in
terms of a diameter not less than 0.7
mil. This has nothing to do with rec-
ord wear, but has to do with the fact
that many monophonic recordings
were made with a somewhat wider

(Continued on page 4)
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You snap tae illuminatad switch of your
arrard Power-Matic 3ase, sit kack and -elax.
fau've put a d2manding necord on the tura-

“-able, bt you haven't the slightest apprzhen-
sicn abeut what you're goinz to hear. You krow
- fhat the Garrarc SL 95 will frack any cartridge
o bring out evarything the recording confains.

- The perfectly balanced m'tra- ow mass tonz-

E rrm, the precision stylus fcrce setting a1d -re
anti-skazing compensztion nsurz it. The owe--
sized tumtable is ma:chec to Garrard’s syn-
chronous motor to give you absolutely coastant

cord speed, uawavesing p tch. The soodnisti-
cated yet snmplg.controls permit you to cue and

pause, ‘sa zed accurately. Now the music
- 3 i

Aft-éf dinner, light up a Garrard

World's ’Fﬁnestp

com=s to. a crescerdo that you know would be
beyond the canacity of lesser units to track—
anc your confidarcs in the Garrarc is justifiec
once again. “Fe sound comes clear, pur=,
whole, in all iis original integrity. It's a thril
that only a true ower of gcod sound can ex
perience. Garrard & made for tra: listener

“he SL 95, a: $129.50 less base anc
cart-idge, is one of four in Garrard's new
Synchro-Lab Series™ of automatic turntzbles
priced from $59 50 Other Garrard models from
$37.50. 0ot oazl Pzwer-Matic Base is $15.95

For compl menzary Comparator Guide de-
scriting all the nzw Garrard models, wrize
Garrard, Dept. AD.3, ‘Westbury, NY. 11590.




HERE'S WHAT EXPERTS WROTE ABOUT THE TANDBERG
MODEL 64X IN THE FEBRUARY 1968 ISSUE
OF Hi FI/STEREO REVIEW:
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The Tandberg Model 64X
four-track tape deck is the choice
of experts. Find out why.
Write us for your free copy of the
Hirsch-Houck Laboratories report.

For better, clearer la ‘lb r e
more natural sound... n e g OF AMERICA, INC.
P.O. BOX 171, 8 THIRD AVENUE
PELHAM, NEW YORK 10803
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groove than is used today. Stylus di-
ameters smaller than 0.7 mil may re-
sult in the stylus bottoming in the
groove of some monophonic discs.

The same holds true for the elliptical
stylus. Its major axis should not be less
than 0.7 mil. Again, this is not so much
a question of record wear as it is one
of groove geometry. The only question
lies in the ability of the cartridge to
play properly some older monophonic
recordings.

Because some music and performers
are available on monophonic discs
only, you always want to keep the
above in mind. All too often we think
only in terms of the stereo effect or
whether the sound is good. True, these
considerations are of interest to us as
serious listeners. However, some per-
formers just did not make records
when stereo was finally on the scene.
Maybe the fidelity of these recordings
is not good, even for monophonic re-
cordings. If the artistry is great
enough, let’s forget high fidelity and
concentrate on the beauty of the per-
formance rather than on the fact that
it might not have much high frequency
response above 5 kHz.

DWW

Berlitz Language Cassettes

Language phrases from famed Ber-
litz Phrase Books have been assembled
in tape-cassette form. Five languages
are offered in this form: French, Ital-
ian, German, Spanish and Russian,
each with up to 50 minutes of basic
phrases. Each of the pre-recorded cas-
settes is priced at $6.95.

Industry Changes

® Victor J. Amador upped to vice
president of BSR McDonald. ® Russ
Molloy, founder of Bel-Canto Stereo
Tapes in 1954, joins Telex. @ Thomas
J. Nicholson appointed executive vice
president and general manager of Vega
Electronics. ® Donald H. Palmquist ad-
vanced to marketing manager at Altec
Lansing. ® John H. Trux appointed
vice president of marketing for Bell &
Howell’s tape division. ® Joseph S.
Tushininsky, chairman and president
of Superscope, Inc., assumes similar
responsibilities for its subsidiary, Mar-
antz Inc.

AUDIO -« APRIL 1968



PRICE?

High price does not guarantee high quality. The Studio Pro 120 at $379.50** is
equal or superior to many receivers costing up to $600.

Here's why.

By designing around the most advanced electronic devices commensurate with
the state of the art such as, MOSFET front end, integrated circuits, all silicon
transistors, encapsulated circuit breakers, 98 semi conductors, etc., we have
built in all the quality that is possible for anyone to achieve. By developing new
production line techniques with computer controlled material flow, we have
been able to establish the exciting price and quality of the Studio Pro 120.
Each Studio Pro 120 has its individual quality control program supervised by
the most demanding engineers in the business. Each will live up to the claims
we make. We had the specifications certified by two of the nation’s leading
independent testing firms so you can believe them implicitly.*

Stop by your University dealer today and hear this great new pacesetter in
the receiver world. Write desk D-83

**Manufacturer's suggested resale price.

UNIVERSITY SOUND

A DIVISION OF LTV LING ALTEC. INC

9500 W. Reno Oklahoma City, Oklahoma

UNIVERSITY STUDIO PRO 120 - THEG ECEIVER

SOLID STA EREO

z - o A
Prae BT MUTE FuTeRs Tare  LOUO STEREC Ba anCE

MON
9 - 4 v -
aur " ~ v ~ 3

REMOTE MONO

*Q\MPLIFIER SECTION: IHF Power Output: 120 watts total, IHF Standard at 0.8% THD, 4 ohms (60 watts per channel), RMS Power Output: 8
ohms: 30 watts per channel at 0.3% THD. Frequency Response: 40, -3 dB from 10 Hz to 100 kHz. Power Bandwidth: 10 Hz to 40 kHz, IHF Stan-
dard. Intermodulation Distortion: Less than 0.5% at any combination of frequencies up to rated output. Tone Control Range: = 18 dB at 20
Hz and 20 kHz. Damping Factor: 50 to 1, Noise Level: (Below rated output) Tape monitor: -83 dB — Auxiliary: -80 dB — Phono: -60 dB —
Tape Head: -63 dB. Input Sensitivity: (For rated output) Tape Monitor: 0.4 Volts — Auxiliary: 0.4 Volts — Tape Head: 1 mV at 500 Hz —
2hono: 4 mV at 1 kHz, Input Impedance: Phono and Tape Head: 47,000 ohms — Tape Monitor: 250,000 ochms — Auxiliary: 10,000 ochms.
Load Impedance: 4 to 16 chms. FM TUNER SECTICN: Sensitivity: 1.6 uV for 20 dB of quieting, 2.3 uV for 30 dB of quieting, IHF. Frequency
Response: = 152 dB from 20 to 20,000 Hz. Capture Ratio: Less than 1 dB. Image Rejection: Greater than 90 dB. IF Rejection: Greater than
90 dB. Separatlion: 40 dB at 1 kHz. Selectivity, Alternate Channel: 55 dB. Drift: .01%. Distortion: Less than 0.5% at 100% modulation * 75
kHz deviation. Multiplex Switching: Fully automatic logic circuit. GENERAL: Dimensions: 4%2" H x 163" W x 12" D (including knobs).
Weight: 17 Ibs. Amplifier Protection: Three l-ampere circuit breakers. Complement: 31 Silicon & MOSFET transistors, 21 Diodes, 2 Inte-
grated circuits (each containing 10 transistors, 7 diodes, 11 resistors). X i i .

University is the proprietary trade name of University Sound ® 1967
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HAW

A KLIPSEHERN,
REVEALS THE
TRUTH-

THE WHBLE
TRUTH-

NOTHING BUT
THE TRUTH.

i e

The reproduction of
true sound is the sole

purpose of a Klipschorn loudspeaker.

You'll like the sounds you hear from
a Klipschorn only if you like the
sounds that were recorded. It has
no sound of its own. If you're looking
for exaggerated bass, sensational
treble, or dramatic “hi-fi” effects,
don’t depend on your sound repro-
ducing system, tell the recording
artists. Strictly speaking. there is no
such thing as “high fidelity? only
“fidelity” or “infidelity”

Our speakers are designed and built
for but one purpose —fidelity.
They're built in Hope, Arkansas,
under the personal supervision of
Paul W. Klipsch by a small group

of dedicated craftsmen. They're sold
by dealers who are concerned that
you get a system with fidelity.

KLIPSCH & ASSOCIATES
\@/ BOX 280 A-4
HOPE, ARKANSAS 71801

Please send me the whole truth about the
KLIPSCHORN loudspeaker system. Also
include the name of my nearest Klipsch
authorized audio expert.

1T o A e TN e |
Afdress MM, .. Gl LR
City.... TR

State. JESLAELR % 5. o ZIDN
Occupation............ . Age..

OEnclosed is $3.50 for a complete set of
17 techniéal papers on sound reproduc-
tion and stervo.
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WHAT'S NEW
IN AUDIO

Harman-Kardon
Introduces Tape Decks

Harman-Kardon has expanded into
the tape-deck field with two 3-speed,
4-track, open-reel units, Models TD-3
($199.50) and Model TD-2 ($149.50).

Model TD-3 features three tape
heads for separate record, playback and
erase, while the TD-2 has a two-head
assembly for record/playback and
erase. Among the other features ac-
counting for the TD-3’s higher price
are sound-on-sound and tape monitor
facilities, and a hysteresis-synchron-
ous motor.

The TD-3’s one-micron gap play-
back head gives the machine extended
high-frequency playback capabilities.
According to the manufacturer, the

TD-3’s frequency response range is 30
to 22 kHz at 7V, ips, 30 to 15 kHz at
33/, ips. This compares with the TD-2’s
30 to 20 kHz and 30 to 13 kHz. at re-
spective speeds.

Signal-to-noise ratio for both decks
is said to be 50 dB; wow and flutter 1s
under 0.19% at 3%, ips; cross-talk, better
than 60 dB. Bias frequency is 96 kHz.
Both models are compactly designed,
measuring 11%-in. W x 9%-in. H x
6-in. D. Weight is 16 lbs. Equalization
is set automatically for each speed.

Each deck incorporates a three-digit
tape counter with pushbutton reset,
pause control function, and two VU
meters, and includes an oiled-walnut
cabinet.

Check No. 60 on Reader Service Card

Neumann “FET-80"
Condenser Mikes

Gotham Audio Corp., N. Y., an-
nounces a new series of Neumann con-
denser microphones, called “FIT-80.”
The FET-equipped microphones in-
clude solid-state versions of well-known
tube-equipped counterparts. The model

KM-84

U-87, successor to tube model U-67, is
a 3-pattern switchable microphone with
additional switches for overload protec-
tion and proximity correction; model
KM-84, the “FET-80” successor to
tubed model U-64, also has another ver-
sion, KM-84, which features low-
frequency roll-off for close-miking
applications and for public address use.
The Neumann KM-86, a miniature 3-
pattern side-addressed microphone, is
the successor to the “Linear Admit-
ance” KM-66.

The Neumann “FET-80" micro-
phones are available in systems pow-
ered from the N-452 dual microphone
a.c.-powered unit or the BS-45 battery-
supply accessory. The condenser ele-
ment polarizing voltage is obtained
directly from the supply voltage; r.f.
circuits are not used.

Also intreduced is a condenser lava-
lier microphone, designed for high-
quality broadcast interview and film
sound “fish pole” applications. It is
normally equipped with the cardioid
KM-85 capsule with low frequency
rollcff, but can be delivered with full
low-frequency response with a KM-84
capsule.

Check No. 62 on Reader Service Card
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Meet the | = “Copy Cat”

U The New Sony Model 155
Playback/Dubbing Stereo Tape Deck!

If you now own a stereo tape recorder, you can become a “copy cat” for only$99.§0 For the cost of about fifteen pre-
recorded tapes, you can own your own complete 4-track stereo tape duplicating system and build a fabulous stereo tape
library at a fraction of the cost of pre-recorded tapes! The Sony Model 155 is a complete stereo transport deck wit/ solid-
state playback pre-amplifiers specifically designed to be used together with your present stereo tape recorder for dubbing!
@ The Model 155 has features and performance never before heard of at under $100.00! For example . . . Three speeds
.. . Special filter for virtually flutterless performance . . . Retractable pinch roller to permit tape threading with one hand
ease . . . Stereo headphone jack for private listening, and . . . the flexibility of vertical or horizontal operation! These are
all features normally found on only much higher priced equipment. ® The Model 155 can also be used just for stereo
tape playback through your existing components or package stereo music system. Imagine . . . Sony quality true-fidelity
stereo tape playback for under $100.00! Complete with handsome walnut finish, low-profile base and optional dust cover.
Let the Model 155 Playback/Dubbing Stereo Tupe Deck make a “copy cat” out of you! And, as always . . . you can
count upon the extraordinary “Sound of Sony™!

AMERICA’'S FIRST CHOICE IN TAPE RECORDERS

S 0 NY® SUPEMSCOPE The Tapeway to Slere:i

© suPERscoOPE, INC., 1967 8146 VINELAND AVENUE « SUN VALLEY, CALIFORNIA « 91352
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New from

Neumann:
/AN

/

FET—80 Series Microphones,
with Compatible Central Powering
Good news for people who wanted the
finest, but couldn’t afford it. Now you
can obtain the new Neumann micro-
phones—solid state and still unchal-
lenged for acoustical quality—at prices

up to 309 lower than before.

Using advanced transistor elec-
tronics, FET-80 Series Microphones
enable you to enjoy famous Neumann
performance, plus the flexibility of
central compatible power, long-life
battery operation; two-year guarantee,
and more. All at tremendous savings.

FET-80 Series Microphones are cur-
rently available in four models, priced
from $276 to $418.

Free from
Gotham:

Information that tells all about them.
Gotham is the sole U.S. distributor of
Neumann microphones, so we know
more about them than anyone else.
Mail the coupon below, and we'll send
you an illustrated brochure describing
Neumann's new FET-80 Series Micro-
phones. We'll also send you an inform-
ative technical article that you'll refer
to often. The supply is limited. (It
really is!) So write today.

I Gotham Audio Corporation 2:
2 W. 46th Street, N.Y., N.Y. 10036
Please send me your free brochure and

Itechnical article describing Neumann's |

| FET-80 Series Microphones.

| Name

| Company

i
i Address __N

! City State____ Zip

-------------J
Check No. 8 on Reader Service Card

Tape Guide
HERMAN BURSTEIN

tf you have a problem or question on

tape recording write to Mr. Herman

Burstein at AUDIO, 134 North Thir-

teenth Street, Philadelphia, Pa.19107.

Please enclose a stamped, self-

addressed envelope. All letters are
answered.

Tape copying

Q. When copying a tape, what are
the best volume control settings for the
playback machine and for the record-
ing machine?—Jerry L. Porter, North
Bend AFS, Oregon.

A. The optimum settings of the play-
back and recording gain controls de-
pend on their location with respect to
preceding and following electronic
stages. If the playback gain precedes
an electronic output stage, a high set-
ting is desirable to maximize the ratio
of audio signal to noise of this stage.
If the playback gain control is at the
very output, its setting is immaterial
so far as S/N of the playback machine
is concerned. Of course, we assume that
the playback machine still delivers
enough signal to drive the recording
machine.

If the recording machine’s input jack
(high-level) goes directly to the re-
cording gain control, with no interven-
ing electronic stage, then it is
immaterial what setting of this control
is used (assuming there is no signifi-
cant high-frequency loss at mid-setting
of the control, as sometimes happers
with poorly designed amplifiers). The
control will always be set so that the
same amount of signal is delivered to
the following stages to achieve proper
recording level. But if an electronic
stage precedes the recording gain con-
trol, you may have the problem of
finding an optimum setting: too much
input signal may overload the first
stage; too little input signal may re-
sult in too low a ratio between the in-
put signal and noise of the first
recording stage. If you know from the
recording machine’s specifications, or
through experience or other means,
that the first recording stage will not
overload even for signals much greater
than can be delivered by the playback
machine, it would be safe to set play-
back gain at maximum to achieve max-
imum S/N with the recording machine.

In the absence of specific knowledge

about the playback and recording ma-
chines’ design and signal-handling
capabilities, the safest thing is to start
with the playback and recording con-
trols in about mid-position. Then let
trial and error and your ears guide
you.

TV sound, again

How may one feed TV sound into a
tape recorder? This question has been
asked before and continues to be asked.
The problem gets especially knotty if
the TV set has no isolating transform-
er, but goes directly to the 117 V a.c.
supply. Reader Ir. H. N. Hansen (of
Laren Nh., Holland) has the suggestion
shown in the accompanying sketch. A
1:1 isolating transformer (in his case,
Philips A3-161-86-1) is placed across
the volume control. The 100K resistor
prevents undesirable loading of the FM
detector. And the 5K resistor presents
a small source impedance that permits
a fairly considerable length of cable to
the tape recorder—perhaps as much as
40 or 50 feet of low-capacitance micro-
phone cable. Because the signal across
the 5K resistor will be quite small, the
signal must be fed into the microphone
input of the tape recorder. However,
one could use a larger resistor in place
of the 5K one to obtain more signal,
perhaps enough to drive the tape re-
corder through its high level input,
with a consequent improvement in sig-

Sound takeoff from TV set, as outlined by
reader.

Low-capacitance microphone cable to
microphone input of amplifier or tape
recorder

TV Volume 100 k \
control-
-
5k
I1 Isolating
transformer

nal-to-noise ratio. At the same time,
increasing the value of this resistor
would require a shorter cable in order
to avoid high frequency loss.

Writes Reader Hansen: “I am get-
ting superb hi-fi TV sound in this way.
The tape recorder is permanently con-
nected to the hi-fi amplifier, so this
setup is a solution to the taping prob-
lem. In other words, the TV set has
become a component of my audio sys-
tem.” A
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Suddenly ifs 1969..

Lock closely at this photograph and
youwill notice four Integrated-Circuit™
components which are part cf the IF
section of the new Sansui MD 5000
solid state, stereo receiver. These
small hat-shaped objects are filled
with a number of diodes, transistors
and resistors integrated into a func-
tioning sub-miniature circuit. They are
just one of the latest advances intro-
duced by Sansui along with such ad-
vanced audio circuitry as the specially
selected FET FM front end. Consider
these specifications: 160 watts IHF
music power (75 watts per channel
continugus power); 1.8 .V sensitivity;
selectivity better than 50 db at 98
MHz; stereo separation better than 35

ALUDIO - APRIL 1968

db; flat frequency response from 15
—40,000 Hz.

The MD 5000 includes output con-
nections for three separate sets of
stereo spezaker systems which you can
select separately or in pairs. In addi-
tion to inputs for tape, phono and
auxiliaries, Sansui gives you extra in-
put and output tape connections for

bbi & b2

Sansur
Sansui Electronics Corporation ¢ 34-43 56th Street ®* Woodside, N.Y. 11377

Sansui Electric Company, Ltd. Tokyo, Japan @ Electronic Distributors {Canada) British Columbia

Check No. 9 on Reader Service Card

recording or playback using extra re-
corders. You may monitor tape ma-
chine 1 or 2 from front panel when
you record through your Sansui re-
ceiver . . . all the features which will
make it the nucleus of your most
comprehersive hi-fi music system
for years to come. This new Sansui
MD 5000 has been created for the
sophisticated connoisseur who de-
mands the uftimate in tonal magnifi-
cence and clarity of sound. $449.95.

“If you are not sure what Integrated
Circuits can do for the performance
of a hi-fi receiver, visit your local
Sansui Audio Dealer. He will let you
hear the difference.



get

the
NEWSEE:

Mcntosh Solid State

MC 2505
POWER AMPLIFIER

The new Mclntosh 36 page
catalog gives you all the de-
tails on the new Mclntosh
solid state equipment. In
addition, you'll receive abso-
lutely free a complete up-to-
date FM Station Directory.

FREE!
SEND TODAY

Melntosh

Mclntosh Lab. Inc.
2 Chambers St., Dept. C 4
Binghamton, N. Y. 13903

Please Send FREE CATALOG
and DIRECTORY

NAME

ADDRESS

CITY

STATE ZIp
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| etters
from Readers

A Cutting Omission

e With reference to the article, “Stereo
Disc Cutting,” in January 1968 Aublo,
we were extremely disappointed that
although virtually every major stereo
disc cutting system manufactured of
any note was referenced, absolutely no
mentioned was made of the HAECO
(Holzer Audio Engrg. Co.) Stereo Cut-
ter Model SC-1.
W. M. KinG
Miking
Santa Monica, Calif.
e . . . Grundy mentions three avail-
able cutterheads, omitting completely
the outstanding Haeco iron-vane head
built by Howard Holzer here on the
West Coast.
Davip W. BERKUS
The Custom Fidelity Company
Pasadena, Calif.

The HAECO Stereo Cutter Model
SC-1 is indeed an admired and re-
spected system, certainly deserving in-
clusion in the list of mastering-quality
cutters published last January. Mr.
Howard S. Holzer, President of Holzer
Audio Engineering Co., points out that
the HAECO Model SC-1 is now in use
by more than 40 companies.—Ed.

Crosstalk Measurements

e I was interested in David Hafler’s
letter (February issue) concerning
crosstalk measurements. His point re-
garding termination of the unused
channel is a valid one; measurements
taken with one channel unterminated
can be completely misleading. T have
reviewed amplifiers for British journals
for some years and in my experience
crosstalk has to be measured from
channel A to channel B as well as B
to A to be accurate. It might be thought
that these figures would be identical;
not so. A high-level circuit on one chan-
nel can couple to a low-level circuit on

the other. Only in rare cases are the

layouts completely symmetrical.
GEORGE W. TILLOTT
New Milford, Conn.

The Electronic Crossover Crossup

e The schematic and the parts list on
page 22 of your February issue have
errors in them. (Sorry about that—a
new and, we hope, completely correct
schematic is shown on page 74—Ed.)

A lot of people including me, do not
have an amplifier lying around . . . if
you were making the thing from
scratch, you probably would have made
the circuit boards bigger and included
a separate power supply. I am de-
lighted that you published the article
as I have been a nut on the subject of
crossovers for years.

Right now I'm using R-C filters and
they work fine, furnishing 6 dB/octave
between midrange and tweeter, and 12
dB/octave between woofer and mid-
range. 12 and 18 would probably be bet-
ter with horns.

F. J. MANN
Eldridge, Calif.

e T was happy to see you have arrived
at the “Electronic Crossover.” Wel-
come. I have been there for some time
via a tube circuit published by Crow-
hurst. The tubes are 12AU6’s and suf-
fer from high-impedance which called
for tremendous modifications before
the calculated values were obtained—
cut and try, plus cathode followers.
Best of luck with your new amplifiers.
ViCcTOR REITER, JR.
San Francisco, Calif.

e . . . On page 66, in reference to the
woofer section, it says “all that is
needed is a high-pass filter.” This
should read “low-pass.” The lead from
the emitter of X1 and R5 to R11 and
C15 is shown connected to the +28 V.
bus in error. Also the junction of R20
and R21 is shown connected to the
emitter of X6 rather than to its base.

Horace E. WEST

Vancouver, B. C.

(Continued on page 74)
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We designed a
new automatic
transcription
turntable for
men of hi-fi.

But, we didn’t forget the ladies.

A his and her automatic turntable? Well, why nct?

For him, the PE-2020 is-a turntatle that tracks
like a manual, acts like an automatic and works like
a charm. An exclusive little device in the cartridge
shell lets him dial the perfect tracking for each rec-
ord in the stack, at & precise 15° vertical stylus
tracking angle. What this all means is maximum
pracision. Minimum distortion. And minimum rec-
ord wear.

For her, the PE-2C20 is styled to fit beau:ifully
into any decor. But beyond its form is its function.
The PE-2020 operates so simply for Fer. Thanks to
an exclusive command center. Just one handsome

Lﬁ
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lever is all she iouches to start, stog, repeat, cuz,
pause and lift.

There's also an automatic anti-skating device.
An automatic scarner. A four-speed setting con-
trot with pitch cortrol . . . and much more. The
PE-2020-only $129.35 less base.

Test and see the PE-2020 for yourself at your
lecal Elpa dealer. If you den't kmow who he is and
wish further information just ask us.

And-when you visit him, be sure to bring her
along. There's something in the PE-2020 for both
o7 you. ELPA MARXETING INDUSTRIES, INC.,
NEW HYDE PARK, N.Y. 11040.

the Elpa PE-2020
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EDWARD TATNALL CANBY

Interlude—the Cashette

I'll hafta laugh, once again. This is
going to be an interim report, to my
considerable amusement, on the great
war between cartridges and the cas-
sette. You may consider this as Act I,
Scene II, the Comic Relief—though
with serious undertones.

Well, how can I go very far into such
a battle without sampling the goods? 1
got ’em all right—some of them. I've
had an 8-track player on hand for
many a moon. And RCA, indefatigible,
never at a loss on the uptake, has posi-
tively flooded me with 8-track offerings,
for which I offer my regretful thanks.
Regretful because, as already men-
tioned, some kinds of music I just will
not play. (Now don’t jump to conclu-
sions! One of the first 8-trackers I
singled out for playing was a Chet At-
kins catridge. He’s tops in the Country
Music field.) T have browsed over the
whole 8-track spectrum, such as it is.

So—plenty of cartridges. Stacks of
them. All sorts. Even a few classics of
a safe and sane nature, guaranteed not
to clip anybody’s ears. But cassettes?

Back last fall, Ampex sent out a
great wave of publicity concerning
their new lines of cassettes to come, via
the very extensive Ampex tie-ins with
leading record companies. Terriflc
promise! I smacked my lips. Also, as a
sampler, they mailed out their very
first, a whole Great Classic in a single
cassette, complete. Scheherezade, by
Rimsky-Korsakoff! Some classic.

Scheherezade

Now I like Scheherezade, after a
fashion. In fact, it was the very first
consciously classical music I ever
heard, at the age of maybe ten. My
sainted and revered uncle, Lee Wilson
Dodd, a man who I held in awe and
worshipped from afar, had a big, digni-
fied Victrola in his living room, a place
where we kids were very seldom al-
lowed. A wind-up, of course, for acous-
tic 78s—but this was back then. On
ultra-special occasions we were allowed
to hear that machine play a solemn
piece that ought to have been the B
Minor Mass of Bach or something, so
reverential was the hushed little listen-
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ing audience gathered around the Vic.
It was always the same, “The Young
Prince and the Young Princess,” from
that great mahstuhpiece, Schehere-
zade. Dee dah dah dah, diddle-diddle
dee dah dah dah—I can hear it yet.

(But keep in mind that his really was
one of the very earliest “classical”
records, not counting operatics. My
uncle was entirely right. That twelve-
inch all-instrumental acoustic 78 was a
work of art. The strains of Schehere-
zade, a classical symphony orchestra
for the first time in a living room, and
they sounded inexpressably noble to us,
coming out of the grand old furniture
piece with the adjustable doors and the
curved roof, and the picture of Nipper,
His Master’s Dog, on the inside. . . .)

Well, we live and learn, don’t we?
And so now, XXX years later, I really
don’t find Scheherezade very awesome,
even a la cassette. Just an old chestnut,
well roasted. (Roasted, incidentally, by
the famed Leopold Stokowski in this
cassette. He probably roasted the old
78 too, in his slightly younger days
forty-odd years ago. He’s durable.)

To get back, I waited patiently all
last fall, expecting a batch of shiny new
cassettes full of delectable music to ap-
pear any minute in my mail box. None
did. And T kept forgetting to do some-
thing positive about it, like, say, phon-
ing the producers and demanding the
things quick — by messenger, please.
What is happening out there is CAS-
SETTES. Perfectly good cassette play-
er on hand, loaned to me by Ampex
itself, and still nothing to play on it
but Scheherezade.

My real thought, to tell the truth,
was slightly panic-button. Maybe I've
let this thing slide—maybe the market
is flooded with all sorts of cassettes
from everybody all over, and I've been
off daydreaming? So I went into emer-
gency. By phone, right in N.Y.C,
where (some of) the action is. First I
thought I'd better try Mercury-Philips.
After all, it was Philips (of Holland)
which developed the cassette. They
ought to know.

—Oh no sir, we don’t have any of
those on hand here, and anyhow, we
aren’t sending them out to reviewers.
Company policy.

But, I sputtered, I'm not a reviewer
—at least not right now. That is, well,
I am a reviewer but not when I write
about cassettes because then I am a
technical writer (well, what else could
I say?) and—

I'm sorry sir, we do not ship cas-
settes to—Hey, now look here, little
lady (or words to that effect), I am a
technical writer (gulp) for Aupio. And
we are doing a, uh, study of cartridges
and cassettes and I LIKE cassettes and
so you really had better—

In that case, sir, she said, obviously

relieved, I will refer you to our office
in Chicago, where Mr. X is in charge
of cassettes.

Just to be sure, I wrote to Mr. X,
explaining what gave and asking for
some samples of their very best and lat-
est pre-, I mean recorded cassettes, pre-
ferably not including Scheherezade.
Hopefully including some Bach. (Well,
I didin’t actually say this, I only wish-
ful-thought it.) What I wanted to see
was how the cassette could stack up, so
to speak, as a real, honest tape alterna-
tive to the best LP records. That, after
all, is a major point and, indeed, a very
important one for cassettes, if they are
to go beyond the immediate portable or
automotive field.

Cashiered

Then I decided to go all-out. No use
calling RCA. That would be like calling
Tokyo in 1941 to find out about U. S.
military competition. (I've just been
reading a book called Incredible Vic-
tory—but that's beside the point.) So,
tactfully, I by-passed RCA’s phone and
called Columbia. Who else?

Hmmm. 765 4321. Columbia really

sewed that number up.
“CBS,” she answers. “Columbia Rec-
ords Reviewers Service?” I countered,
“May I ask in what connection?” she
came right back.

Well, was I flustered. Have you ever
tried to explain a cassette to a tele-
phone operator? Er, c-c-cassettes, I
stuttered.

I will connect you with the cashier
—. NO, not the cashier! I yelled. Cash-
ettes! Just give me Reviewers Sher-
vise, I mean Service. (That’s the way I
am on the phone.) So the poor, inoffen-
sive reel-to-reel operator, who obvious-
ly wasn't going to lay her hands on any
cashettes for a long time, plugged me
in—

—Columbiarecords, Reviewerservice.
May I halp you?

(Now the following, to protect the
loyal employees of this branch of the
CBS Empire, is deliberately garbled
and merely like what was actually said,
by virtue of a strange coincidence. But,
so help me, it conveys a segment of the
truth, as of a couple of months before
you read this.)

... Reviewerservice? Uh, this is Ed-
ward Canby of Aubpio, and I'm writing
a piece on tape cassettes and cartridges.
I was wondering if you could send me
a few of your cassettes—

Oh sir, I'm sorry . . . like what did
you say? I think you have the wrong
extension,—NO, NO! You are Review-
erservice, aren’'t you? Yes sir—. And
you handle both records and tape in
that office, don’t you? Oh yes, she said
brightly. Tape! We do handle tape. I
can give you our latest tape releases—.
Uh, well, you see, I just wanted cas-
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AN# GOOD CARTRIDGE WILL TRACK THESE PASSASES

CLOSE THE TRACKABILITY GAP

BUT ONLY
A HIGH
TRACKABILITY
CARTRIDGE
CAN COPE
WITH THIS
GROOVE!

(AND YOU'LL HEAR THE DIFFERENCE)

The photomicrograph above portrays an errant, hard-to-
track castanet sound in an otherwise conservatively mod-
ulated recording. The somewhat more heavily modulated
grooves shown below are an exhilarating combination of
flutes and maracas with a low frequency rhythm comple-
ment from & recording cul at sufficiently high velozity to
deliver precise and definitive intonation, full dynamic
range, and optimum signal-to-noise ratio. Neither situa-
tion is a rarity, far from it. They are the very essence of
today’s highest fidelity recordings. But when played with
an ordinary “good” quality cartridge, the stylus invariably
loses contact with these demanding grooves—the casta-

nets sound raspy, while the flute and maracas sound
fuzzy, leaden, and “torn apart.” Increasing tracking weight
to force the stylus to stay in the groove will literally shave
off the groove walls. Only the High Trackability V-15
Type Il Super-Track® cartridge will consistently and effec-
tively track all the grooves in today’s recordings at record-
saving less-than-one-gram force . . . even with cymbals,

orchestral bells, and other difficult to track instruments. It
will preserve the fidelity and reduce distortion from all
your records, old and new. Not so surprisingly, every
independent expert and authority who tested the Super
Track agrees.

=T V- 15 TYPE 11

SUPER TRACKABILITY PHONO CARTRIDGE

At $67.50, your best investment in upgrading your entire music system.

Send for a list of Difficult+to-Track records, and detailed Trackability story: Shure Brothers, Inc., 222 hartiey Ave., Evanston, Iflinois 60204

® 1967 Shure Brothers Inc.

Check No. 13 on Reader Service Card
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There's hardly an engineer in the broadcast field that hasn't used a
Rek-0O-Kut turntable in his career. Rek-O-Kut has been building studio
turmiables for over a quarter century. So you are assured of buying
top quality sound reproduction along with the ruggedness and dura-
biiity that boradcast and commercial installations demand. The rim
driye Rek-O-Kut B-12H by Koss Electronics permits stio cueing with

out sacnficing fidelity. And your Koss/Rek-O-Kut wiil last and last
and fast with a minimum of maintenance and repair. Write for complete
details cn the popular Model B-12H or the 16" studic B-16H today

SDecitications.

SPEEDS 32, 45. 78 rom. NOISE LEVEL: — 59db below 5 cm/sec average
recorded level. MOTOR: custom-built computer type heavy-duty hysteresis
synchrorious mctor. 45 RPM HUB: instantanecusly removable by hand.
PILOT LIGHT: rieon light acts as an “‘on/off”" indicator. FINISH: grey and
aluminum: . DECK DIMENSIONS: 14 x 156" . Mirimum

Dimensions: (for cabinet installation) 17%" w.
x 16" d. x 3" above deck x 6% " below .
FRICE: E-12H Turntable $165 5-320
Tonearm 534 .95 Optional BH Base

for audition rcom S18.95.

Rek-O-kut Turntables by

RKOSS

Koss Electran.cs inc. 2227 N. 31st St.. Milwaukee, Wis 53208
Export Cable: STEREOFONE « Koss-Impetus/2 Via Berna,/Lugano, Switzer'and

N /

Check No. 14 on Reader Service Card

settes. Sir, we only handle records and
tapes here, I'll transfer you—JUST A
MINIT, miss! (If she transferred me to
the cashier I was going to scream.) A
cassette is a kind of a tape, I said, and
it would go through your office,
wouldn’t it? Oh yes sir, all the tape
releases go through us and we’d know
about it if—, Casseties, I said, Do you
have any yet? (I added the yet, as a
sort of precaution.)

Just a minute sir, I'll ask . . . hey
JACK, (voice off-phone). Like Cash-
ette. Do we have anything like that?
The gemman says, Cashettes. Like do
we have any? (Mutter of male voice in
background.) Sir, no one around here
seems to have heard of anything like,
er, what did you say? Cashettes. CAS-
SETTES, I said as gently as I could
shout. Well sir, I'm afraid we can’t
help you.

If Columbia had any, miss, your
office would— Oh yes sir! All the re-
leases go through our office. Would you
like our latest tape releases now? I can
get them for you in a jiffy. (I already
had t{liem, on paper. 4-track cartridges.
8-track cartridges. Period.)

Well, Columbia isn’t—wasn’t admit-
ting to any cashettes. So I gathered. If
not Columbia, then who?

Ampex New York

Now, all this could be a lot of ma-
larckey and boloney and I hoped that
this very cooperative CBS gal didn’t
tell me a lie, not even knowing. She was
so sweet. Next, I phoned Ampex New
York, and—just to show you—their
Publicity did know all about cassettes.
Phew! (I almost said “cashettes” to the
Ampex gal—now where would that
have got me?)

However, there were none on hand in
the New York office. So she said she
would contact the main tape office in
the midwest area—by tieline, I figured
—and would have a selection of the
latest Ampex cassettes, not including
Scheherezade, on the way to me in no
time. In fact, she had it all set up when
she called me back within an hour or
so. Real cooperation.

As of right now, they are on their
way.

I must end this bit of comicality with
a serious coda. Just because the cas-
sette is well behind the tape cartridge
in terms of recorded (pre )} tapes,
it does not follow that it is either un-
important or a loser. Far from it. There
was a time, for instance—remember?—
when the classical record stores were
briefly flooded with 45 rpm 7-inch class-
ical albums, well ahead of any notice-
able volume of LPs from the same
companies. The LP came up strong
from behind, though, and the 45 retired
to you-know-where. Maybe the same
for the cassette, given awhile? A
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The advantages of
buying the Pioneer SX700T
am-fm stereo receiver

start her

The guiding principle of all Pioneer stereo receivers is

meticulous craftsmanship and value. The devotion to perfection
literally begins at the power plug and extends to the
priceless performance delivered to the speakers.

Sensitive and selective, the new SX-700T has been built to
perform brilliantly in either suburban or metropolitan areas,
easily pulls in distant weak stations even when adjacent

to strong local signals — at a price only slightly above the
“budget” receivers. $249.50 less walnut cabinet.

With its versatile controls, the SX-700T becomes the center of any
impressive stereo system for phono, tape, or broadcast.

At Pioneer, continuing research and design
pioneer every new development of sound .

COMPARE THESE SPECS: 60 watts music power (8
ohms); Distortion: less than 1.0% at rated output;
FM sensitivity (IHF): 2.2 uv; Signal-to-noise ratio:
60 dB; Frequency response: =+ 1 dB from 25 to
50,000 Hz; FM hum and noise: —75 dB; Channel
separation: 35 dB (at 1,000 Hz); Full controls, such
as simultaneous tape-record, tape monitor, head-
phone jack, etc.
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PIONEER )

... More Value All-Ways!

Check No. 15 on Reader Service Card

‘and neverend!

Franchised Pioneer dealers will be
happy to demonstrate the SX-700T and
other Pioneer components to you. For
more details and literature on the com-
plete line, please write: R. Von Sacken,
PIONEER ELECTRONICS U.S.A. CORP,,
140 Smith St., Farmingdale, N.Y. 11735,
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EDITOR’S
REVIEW

FM Rock

Many FM stations are swinging to “serious
rock” and other hip music (Bob Dylan, under-
ground chatter, W. C. Fields, Japanese Koto
music, Indian ragas, and other offerirgs of this
ilk), according to a recent issue of Newsweek
Magazine.

One FM station executive advised that monthly
billings shot up tenfold when this move was made.
Another observed that AM rock-and-roll stations
failed to “get with” the new music, noting that
their audience has grown out of the Monkees . . .
looking for music with greater depth.

We’re pleased that FM is continuing to prove
itself as an aggressive medium that recognizes
broadcast needs that escape AM programmers. At
the same time we’re fearful that the Rock move-

The Industry Mourns

The high fidelity component industry
was saddened recently by the loss of three
executives who contributed to its growth
over the years: Julian Gorski, 54; Edwin
C. Cornfield, 56; and Sidney Frey, 47.

Mr. Gorski, who was President of
United Audio (Dual automatic turn-
tables) came to the United States in 1938,
a victim of Nazi persecution. In later years,
he received Austria’s highest -civilian
award, The Gold Medal of Austria, for his
charitable work. An accomplished musi-
cian, he found himself attracted to the
fledgling high-fidelity industry, introduc-
ing Dual changers and Wigo speakers to
this country. As a graduate engineer, he
was able to develop, with the Dual factory,
a line of automatic turntables that earned
the respect of audio buffs. He leaves this
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ment might overpower the FM airwaves, convert-
ing FM to a mass medium from a class medium.
An 18-minute Guthrie folk tune is simply not pal-
atable to most adults. Nor is good sound reproduc-
tion necessary to enjoy this form of entertainment.
We wonder if Newsweek’s report covered an iso-
lated boomlet in hip music or the beginning of a
trend. Letters from readers concerning the con-
tent of local FM station programming would be
most welcome.

P.S. FM station revenues in 1966 displayed an
increase of 31 per cent over the previous year.

AES Convention Panel Discussion

The Audio Engineering Society Convention in
Hollywood, Calif., April 29-May 2, has a promising
panel discussion scheduled: “Audio Quality and
Its Deterioration: Electronic and Subjective.”
Moderated by Keith O. Johnson, Gauss Electro-
physics, Inc., with panelists Allen E. Byers,
United Recording Electronics Industries; John
M. Eargle, RCA Victor Record Div.; John T.
Mullin, 3M Company; and Carl S. Nelson, Capitol
Records, the panel discussion will attempt to ex-
plain how types of electrically measurable distor-
tion cause subjective sound changes or deteriora-
tion. Catch this one if you can. It should be
especially interesting. A.P.S.

heritage, as well as the memory of him
as a sensitive, generous person.

Edwin C. Cornfield, one-time executive
secretary of the Institute of High Fidelity,
and sales executive for a number of firms
in the high-fidelity industry, numbered
audio and music as his main interests. The
large, genial man played a major role in
organizing and running the Institute’s hi-fi
shows during his tenure in office, attract-
ing and introducing many people to good-
quality sound. He will be missed by indus-
try members, many of whom became good
friends.

Sidney Frey produced the first stereo
records as president of Audio Fidelity,
Inc., propelling the industry into stereo-
phonic sound. His “Dukes of Dixieland”
and “The Brave Bulls” records, among
others, were mainstays of audio enthusi-
asts about a decade ago. The pioneer’s
verve in the field of recording will not soon
be duplicated.
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The X factor in the new Pickering XV-15.

The X in the new Pickering XV-15 stands for the
numerical solution for correct “Engineered Appli-
cation.” We call it the Dynamic Coupling Factor
(DCF).*"

DCF is an index of maximum stylus performance
when a cartridge is related to a particular type of
playback equipment. This resultant number is de-
rived from a Dimensional Analysis of all the param-
eters involved.

For an ordinary record changer, the DCF is 100.
For a transcription quality tonearm the DCF is 400.
Like other complex engineering problems, such as

the egg, the end result can be presented quite simply.
So can the superior performance of the XV-15 series.
Its linear response assures 100% music power at all
frequencies.

Lab measurements aside, this means all your favor-
ite records, not just test records, will sound much
cleaner and more open than ever before.

All five DCF-rated XV-15 models include the pat-
ented V-Guard stylus assembly and the Dustamatic
brush.

For free literature, write to Pickering & Co., Plain-
view, L.I.,, N.Y.

S Dynamic Coupling Factor and DCF are service marks of Pickering & Co.
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We are proud that Sherwood FM tuners were
selected because of their low distortion by
America’s foremost heart-transplant pioneers
to receive telemetered EKG data in their crit-
ical research programs.

Hirsch-Houck Laboratories evaluates the 0.15%
distortion Sherwood tuner shown above as
follows: “The tuner has a usable sensitivity of
1.8 microvolts, with an ultimate distortion
level of -48 db. This is just about as low as
we have ever measured on an FM tuner,...”*

The S-3300 features our unique Synchro-
Phase FM Limiter and Detector with micro-
circuitry, field-effect transistors, a stereo
noise filter (which does not affect frequency
response), and of course, only 0.15% distor-
tion at 100% modulation. Less case - $197.50

* Electronic World, Oct., 1967

Sherwood offers three low-distortion ampli-
fiers precisely suited for your needs—led by
the Model S-9000a with 160 watts music
power (at 8 ohms). The 140-watt $-9900a and
the 80-watt S-9500b feature main and/or re-
mote stereo speaker switching and separate
terminals for monophonic center channel or
extension speakers. All feature 0.1% distor-

e [
DOV OO O,

assiaRa ¢ | 1

Amplifiers and speaker systems tion at normal listening levels. Prices from
$189.50 to $309.50.
best suited for low-distortion tuners! Our acoustic-suspension loudspeaker systems

were designed to reproduce music with min-
imum distortion and coloration. You can hear
the difference low distortion makes. Hear
Sherwood’s low-distortion Tanglewood, Ra-
vinia, Berkshire, and Newport at your dealer—
then take a pair home for a no-obligation
trial. Prices from $84.50 to $219.50.

SHERWOOD ELECTRONIC LABORATORIES, INC.
4300 North California Avenue, Chicago, Illinois 60618

Write dept. A-4

Check No. 18 on Reader Service Card
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The Truth About

Stereo Amplifier Power Ratings!

RALPH S. HARTZ and FRED S. KAMP*

Why music power ratings of solid-state amplifiers can
be false! Component hi-fi vs. packaged equipment

power-output ratings.

DIFFERENT MANUFACTURERS audio
power amplifiers may share identical
power output ratings, but, in truth,
they may have widely different
power capabilities,

The Institute of High Fidelity and
the Electronic Industries Associa-
tion have attempted to standardize
power-output ratings and methods of
measurement of power output. Thus,
one might assume that a common
reference for comparison and a solid
definition of the capability of power
amplifiers now exists. In practice,
however, the converse is true in rat-
ings designed to indicate amplifier
transient power output capabilities,
such as the IHF dynamic output rat-
ing (IHF-A-201) and the ETA music
power output rating (EIA RS-234-
A).

The reason for the discrepancy
lies in the fact that both standards
allow the manufacturer to rate and
measure the power output capabil-
ities using a regulated power supply.
Unlike the power supply furnished
with the amplifier, the regulated
power supply can deliver all the cur-
rent the amplifier requires, and the
supply voltage does not change.
Further, there is no ripple on the
regulated supply to add distortion to
the output waveform near the clip-
ping level, or to add hum to the in-
put signal.

The EIA standard is primarily
used by packaged equipment manu-
facturers. These are the manufac-

*RCA Electronic Components and De-
vices, Somerville, N. J.
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turers of portable phonographs,
packaged stereo hi-fi consoles and
packaged home entertainment con-
soles. The ETA music power output
is defined as the power obtained at
5 per cent total harmonic distortion
or less, measured after the “sudden
application of a signal during a time
interval so short that supply voltages
have not changed from their no-
signal values.” The supply voltages
are bypassed voltages. These defini-
tions mean that the internal supply
may be replaced with a regulated
supply equal in voltage to the no-
signal voltage of the internal supply.
For a stereo amplifier, the music
power rating is the sum of both
channels, or twice the single chan-
nel rating.

The ITHF provides two methods to
measure dynamic output. One is the
constant supply method. This as-
sumes that under music conditions
the amplifier supply voltages under-
go only insignificant changes. Unlike
the ETA method, this measurement
is made at a reference distortion.
The foregoing method is used by
most high fidelity component manu-
facturers. The reference distortion
chosen is normally less than one per
cent-—considerably lower than the 5
per cent ETA value used by pack-
aged equipment manufacturers.

A second method prescribed is
called the “transient distortion” test.
This requires a low-distortion modu-
lator with a prescribed output rise
time and other equipment, all in a
rather complex setup. The modula-
tor output is required to have a rise

time of 10 to 20 milli-seconds to
simulate the envelope rise time of
music and speech. This measure-
ment is done using the internal sup-
ply of the amplifier and, consequent-
ly, includes distortion caused by
voltage decay, power supply transi-
ents, and ripple. This tends to be
more realistic and to give lower
power-output ratings than the con-
stant supply method. Actually, both
THF methods are supposed to be
used, with the lowest power rating
obtained at reference distortion with
both channels operating, both in and
out of phase, to be used as the power
rating. (There is some question con-
cerning unanimity among high fidel-
ity manufacturers on actually per-
forming both THF tests.)

Since music is not a continuous
sine wave, and has average power
levels much below peak power levels,
one might conclude that the music
power or dynamic power ratings are
true indications of a power ampli-
fier’s ability to reproduce music pro-
gram material. The problem is that
all three methods described here
have a common flaw, Even the tran-
sient distortion method fails to ac-
count for the amplifier’s ability to
reproduce power peaks while it is
already delivering some average
power. In the “real world,” the am-
plifier is almost never sitting at zero
output when it is called on to deliver
a transient. For every transient that
comes along after an extremely quiet
passage or zero signal, there are hun-
dreds that come along on top of some
low but non-zero average power level.

19



magnitude of the
constant slope
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Fig. 1-Regulation curve for capacitive rec-
tifier power supply.

Fig. 2—Typical power supply regulation
curve.
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Fig. 3—Equivalent circuit for single-ended
capactive input rectifier supply.

Fig. 4—-Equivalent circuit for split capaci-
tor-input rectifier supply.
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This can best be clarified by ex-
amining the power supply. Many
amplifiers have regulated supplies
for the front-end or low-level stages,
but almost none provides a regulated
supply for the power output stages.
This is so because regulation re-
quires extra transistors or other de-
vices; it becomes costly, especially
at high power levels. The power sup-
ply, then, for the output stages of
power amplifiers, is commonly a
non-regulated rectifier supply hav-
ing a capacitive input filter. The out-
put voltage of these supplies is a
function of the output current and,
consequently, of the power output of
the amplifier.

Power supply regulation

Power supply regulation is de-
pendent on the amount of effective
internal series resistance present.
The effective series resistance in-
cludes such things as the d.c. re-
sistance of the transformer windings,
the amount and type of iron used in
the transformer, the amount of surge
resistance present, the resistance of
the rectifiers, and the amount of fil-
tering. The internal series resistance
causes the supply voltage to drop as
current is drawn from the supply.

Figure 1 shows a typical regula-
tion curve for a rectifier power sup-
ply that has a capacitive input filter.
The voltage is a linear function of
the average supply current over most
of the useful range of the supply.
However, notice that a rapid change
in slope occurs in the regions of both
very small and very large currents.
In class B amplifiers, the no-signal
supply current normally occurs be-
yond the low current knee, and the
current required for the amplifier at
the clipping level occurs before the
high current knee. The slope be-
tween these points is nearly linear
and may be used as an approxima-
tion of the equivalent series resist-
ance of the supply.

The amount of power lost depends
on the quality of the power supply
used in the amplifier. Accordingly,
rating an amplifier’s power output
with a superb exiernal power supply
(that is, not using the amplifier’s
own built-in power supply) gives
false music power outputs. You can
be sure that under actual usage it is
lower.

HOW 5.6 WATTS
“DISAPPEARED"!

Figures 3 and 4 show equivalent
circuits for capacitive-input rectifier
supplies. In these circuits, I, is the
average supply current, R, is the
effective equivalent series resistance
of the power supply, E, is the no-
signal voltage, and E; is the steady-
state supply voltage. The steady-
state voltage, E, is related to the
no-signal voltage, E,, as follows:

E. = E, — R, I, (1)

Equation 1 shows that the supply
voltage, E,, is equal to the no-signal
supply voltage, E,, only when there
is no current other than the no-
signal current being drawn from
the supply. As soon as the amplifier
begins to deliver some power to the
load, the power supply is called
upon to deliver some current. A
single-ended power supply delivers
current on alternate half cycles, and
each half of a split supply delivers
current on alternate half cycles.
Therefore, in each case the supply
current, I, is related to the peak
output current, as follows:

I(lc = Ip_k.
(2)
The power output is related to the
peak output current, as follows:
Ix2
P.O. = - R. 3)

where Ry is the speaker load resis-

This is explained for those who
are mathematically-inclined in the
boxed area. For readers who would
rather not go into details, simply
skip this section. But take our word
for it that it proves that an amplifier
with a 31.5 watts/channel music
power rating could well be, in fact,
28.7 watts/channel, without select-
ing an exaggerated example.

This 10 per cent decrease in
measured transient capability may
go up to 20 per cent in some cases.
One such case is where the no-signal
load is less than that shown in Fig 1.
The no-signal load includes the
class AB bias current of the out-
put stages and all of the current
drawn by the preceding stages and
their associated bias networks. This
may well be below the 250 mA
shown, pushing the no-signal voltage
up into the steep portion of the reg-
ulation curve. This would cause a

(Continued on page 22)
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tance. Consequently, the supply
current is related to the power
output by:

L. = 2P 0.\*

de T\ e Ry, (4)
Combining equations 1 and 4

2P.0.\*% (5)
E,. = E, R5<”2RL>

In relating average current and
power output, it is assumed that
sine-wave signals are included and
that no parasitic losses exist.

This can be simplified by assum-
ing Ry, to be 8 ohms and by letting
72 = 10. Equation 5 then becomes:

E. = E, — 0.158 R, (P. 0.)* (6)

To illustrate the inability of the
no-signal supply voltage to indicate
the transient power capability of an
amplifier, assume that an amplifier
power supply has the regulation
characteristics shown in Fig. 2. Us-
ing the values for voltage and cur-
rent from Fig. 2, the music power
rating, based on the no-signal volt-
age (44.8) and an 8-ohm load, is:

2

SEPOQL = 31.5 watts/channel

(63 stereo Music Power watts)
assuming no parasitic losses.

(The factor, 8, in equation (7) is
derived in converting peak-to-peak
volts to rms volts.)

The effective series resistance, ac-
cording to Fig. 2, is approximately
6 ohms. If the amplifier is delivering

)

an average power of 2 watts per

channel, or a total of 4 watts, the

supply voltage drops from 44.8, ac-

cording to equation 6:

E, =448 — 0.158 (6) (2) = 42.9
E.*

8 R,
(or 57.4 stereo Music Power watts)

The percentage change is
315 — 28.7

28.7
decrease over the actual transient
power capability.

To examine the effect of R. on
transistor power dissipation, assume
a typical complementary-symmetry
circuit, such as shown in Fig. 5.
Assume a regulated supply under
no-signal conditions; the capacitor,
“C”, is charged to a voltage equal
to E;/2 at the clipping level. The
maximum peak load current, I,
(max), is given by:

Ik (max) = E./2 Ry (8)
Because the supply delivers current
on alternate half-cycles, the average
supply current, 14, is given by

Lic = Li/7 9)
The power (P.) delivered by the
supply can then be expressed as
follows:
P, = (I Eo)/n (10)
The power delivered to the load,
P. 0., is given by

P.O. = (I,x2Ry)/2 (11)

The dissipation, P, for each transis-

= 28.7 watts/channel

X 100, a 10 per cent

tor is equal to half the difference
between the supply power delivered
(P,) and the power dissipated in the
load (P. Q.), as follows:
Pr = (P. —P.0.)/2
Py — L Es ILu?Ro ’
2r 4 (12)
If equation (12) is differentiated
and solved for the peak load cur-
rent (I,x) at maximum average
transistor dissipation, the following
expression is obtained:
I = E/(r Ry) (13)
When this value is substituted in
equation (12), the ratio of maximum
average transistor dissipation, Pt
(max), to power delivered to the
load at full power output P. O.
(max) can be expressed as follows:
Pt (ma& _ 2
P. Q. (max) 2 (14)
Equation (14) indicates that maxi-
mum transistor dissipation is ap-
proximately 20 per cent of full
power output. At the point of
maximum dissipation, the power
output is given by:
; E.>
P. O. (max diss.) = 2m2 Ry Ry (15)
The ratio of the power output at
maximum dissipation P. O. (max
diss.) to maximum power output
P. O. (max) is then given by
P. O. (max diss.) 4

P. O. (max) o2 (16)

Fig. 5—Typical complementary-symmetry circuits.
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greater decline in supply voltage
when the amplifier was called on to
deliver 2 watts or so of average
power.

It should be emphasized that,
while there is a discrepancy between
the actual power available and the
power measured under the EIA
Music Power Method or the THF
Dynamic Power Methods, these
methods are not without merit. The
IHF Dynamic Power Rating, in
conjunction with the Continuous
Power Rating, produces an excel-
lent indication of how the amplifier
will perform. The EIA Music Power
Rating, since it is measured at 5 per
cent THD with a regulated power
supply, provides less than an ade-
quate indication of amplifier per-
formance because there is no indica-
tion of how the amplifier power sup-
ply voltage reacts to power output.

There are some important factors
that are considered by packaged
equipment manufacturers, the pri-
mary users of the EIA Music Power
Rating. These considerations are

mostly economic in nature and affect
many aspects of the amplifier per-
formance. Since there is no continu-
ous power output rating required,
two amplifiers may receive the same
ETA Music Power Rating but have
vastly different continuous power
ratings. The ratio of music power to
continuous power is, of course, a
function of the regulation and effec-
tive series resistance of the supply.
One reason for the vast difference
in ratings used by the console or
packaged equipment manufacturer,
compared to ratings used by the hi-
fi component manufacturer, is that
the latter does not always enjoy the
luxury of knowing just what will be
required of his amplifier. The con-
sole manufacturer always designs his
amplifier as part of a system, and
consequently knows the speaker im-
pedances and just how much power
will be required to drive them to pro-
duce an adequate sound output. The
console manufacturer may use high-
efficiency speakers requiring only a
fraction of the power needed to drive

many component-type acoustic-sus-
tic suspension systems. The differ-
ence may be such that the console
may produce the same sound pres-
sure level with an amplifier having
one-tenth of the power output. High
ratios of music-power to continuous-
power capability are common in
these consoles. A typical ratio of
IHF music power to continuous
power may be 1.2 to 1 in component
amplifiers, whereas a typical ratio of
EIA music power to continuous
power in a console system may be
2 to 1. Console manufacturers take
advantage of the EIA music power
rating with resultant economic ad-
vantages, resulting from the reduced
regulation requirement of the power
supply. A high ratio of music power
to continuous power means higher
effective series resistance in the
power supply. This, in turn, means
less continuous dissipation on the
output transistors, smaller heat
sinks, and a lower-cost power sup-
ply.

(More to come in future articles.)

How to be your own Critic of
the New Synthesized Music

LEWIS A. HARLOW

WRITERS AND TALKERS about the
kind of new music pioneered by the
musique concréte (music generated
from concrete and other objects)
group of Frenchmen, now cham-
pioned by Stockhausen and other
contemporary Germans, are fum-
bling to find a name for this music
that will be both accurate and mean-
ingful. The name “electronic music”
is accurate to the extent that this
kind of music is generally “per-
formed” by electronic tone genera-
tors and tape recorders. Composition
is often done with the use of com-
puters. The name is not precise,
however, because natural sounds are
also used; speeded up, slowed down,
etc. Thus, “synthesized” music
would be a more appropriate name
than “electronic” music, since non-
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electronic sounds are often combined
with electronic-generated sounds.

Composers are having their own
problems about this. They com-
municate their messages awkardly
with titles like “Poeme for orchestra
and tape recorder” or “Concerto
grosso electronique.” The title offers
a clue of what is to come, and know-
ing this much is better than nothing
in your approach to a completely
unfamiliar contemporary composer.

“Electronic music” is really an
imprecise term, as noted earlier.
“Synthesized music” and “synthe-
sized sound” seem to be the best
available so far. You should make
precise use of both of these titles,
since they should not be considered
interchangeable.

You are listening to “synthesized

music” when the piece seems to qual-
ify in some way as in an art form.
Does it seem to hold together? Does
it seem to have form—or purpose—
or meaning? Does it stimulate
thought—about itself or about some-
thing else? Is there anything about
it that you would be likely to remem-
ber? These are very loose criteria of
music as an art form, but they are
enough to justify the name “synthe-
sized music.”

You are listening to ‘“‘synthesized
sound” when not one of the above
messages gets through to you. For
instance, you may experience the
same reaction from an “electronic”
piece that you do from Dupont’s
sample card of Lucite color chips—
ahead of the decision on what color
to paint your garage. This is synthe-
sized sound, a random sampling of
the existing tone colors and, hope-
fully, the discovery of a few new
ones. From these tone colors, music
can be composed, but you are not
hearing anything yet that classifies
as composition. Many composers of
synthesized music go through this
preliminary stage of experimenta-
tion. The composer you are evaluat-
ing may be very inexperienced at his
job, or he may never progress with
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Tape it...with the New Sony Solid-State 255 Stereo Tape Deck !

Whether your home music system resides in elegant cabinetry, or consists of individually selected components,
all your sterec world needs now is tape. And what better way to pay your prized possessions the ultimate
compliment in both sound and sight than with the new Sony professionally engineered solid-state Model 2557?
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package system, the Model 255 offers flexibility of recording techniques to satisfy the most discriminating
of hi-fi enthusiasts for /ess than $179.50. Let the Sony 255 become part of your world . . . all it needs is you!
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his abstract tone colors beyond the
status of technician. This is your de-
cision to make, and it will help you
toward the decision if you know how
long he has been experimenting.

The discovery of synthesized
sound should be credited to some
nameless experimenter of years ago
who first noted the effect of a run-
ning-down spring-powered phono-
graph—and then wondered what
would be the new sound at consist-
antly higher or lower speed than
standard. And what about reverse
play? With the advent of the tape
recorder, all such experimenting be-
came easy. Synthesized sound was
first offered to mass America in the
mid-1950s by Jim Fassett as an in-
termission diversion on the New
York Philharmonic broadcasts. In-
terest was enough to justify the re-
lease of Columbia M14938, a collec-
tion of Jim’s experiments under the
title “Strange To Your Ears.”

Obviously, the technique has
broadened with the passage of time.
Anything goes now, just so long as it
is mechanico-electronic manipula-
tion of the original sound as accepted
by the microphone. The electronic
organ has contributed effects, espe-
cially in the controlled degeneration
of tone which is available in its “per-
cussion” stops. The guitar amplifier
offers adjustable reverberation, vi-
brato and other “distortion.” Com-
posers with soldering irons design
band-pass filters and gating circuits.
Other composers with access to com-
puters put in tired old sounds and
take out fresh new ones.

The oldest synthesized music to
have survived its test on people dates
from 1949. The actual creation was
musique concréte (Ducretet-Thom-
son 20001), and its composers were
Pierre Schaeffer, Pierre Henry and
Michel Philippot. Some of concrete
is synthesized sound, admittedly ex-
perimental abstractions, but some of
it is true music in the philosophical
definition of the term. Pierre Hen-
ry’s Veil of Orpheus includes elec-
tronically-distorted  voices from
“Hell” that will stand your hair on
end.

The ground rules

You no doubt have heard the new
medium, but probably have never
attempted to get orderly and objec-
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tive in your thinking about it. Syn-
thesized sound (?) music (?) can be
very frustrating because there is
rarely anything comfortable to use
as a launching pad for your analysis.
If the work is titled and presented to
you in a music environment like the
concert hall or your hi-fi system, let’s
assume that the intent is synthesized
music rather than abstraction in
sound.

This music isn’t Popular, or Class-
ical, or Baroque, or Romantic, or
identified by any other of the fa-
miliar labels. Like any critic in a
medium foreign to familiar tradi-
tions, you must fumble at the start.
And good fumbling material can al-
ways be found in the non-artistic
limitations within which the com-
poser proposes to do his creating.
Here are some of the ground rules
which may govern this game. You
will probably discover others, and
certainly you should be looking for
them.

1. Before being changed electron-
ically, were the source sounds in this
piece made by traditional musical
instruments and/or the human
voice? The composer may choose to
limit himself by this tie with the
past. Here again you are to use your
best possible judgment. You may be
deceived; some of the distortions are
extremely difficult to identify with
the original.

Are all of the sounds the new kind,
or is this a combination of the new
and the old? Do you occasionally
hear something familiar, maybe out
of Chopin? This decision is easy, and
it is another kind of limitation within
which the composer may be holding
himself.

2. If the piece is exclusively elec-
tronic, are you taking it as a self-
contained package from a tape or a
disc? Or might there be performers
on stage with microphones and am-
plifiers? If it is the self-contained
package, it is strictly for the ears;
opportunity for concomitant visual
entertainment does not exist. Most
synthesized music falls in this cate-
gory at present, and the absence of
the visual (or at least the imagina-
tion of what the visual might be) is
a rather serious handicap to the total
entertainment value of the offering.
Just as the Hollywood or TV per-
sonality must make an occasional
guest tour or do an occasional Broad-

way show, today’s composer of elec-
tronic synthesis must make an occa-
sional concert hall appearance to
prove that his music is still man-
made, not the product of machine
alone.

For instance, there is a recent
composition by Milton Babbitt for
“live soprano, recorded soprano and
recorded instruments.” The live and
the recorded sopranos are the same
girl, but in her live incarnation she
provides the element of visual enter-
tainment, justifies a concert-hall
presentation, and proves that music
is still a human offering. (This total
effort can never, of course, be re-
corded without complete loss of its
purpose. It would then be just an-
other work for two recorded so-
pranos.)

3. If the work proposes to combine
live music and synthesized music in
concert performance, how compat-
ible are its two elements? Otto Luen-
ing and Vladimir Ussachevsky com-
posed Rhapsodic Variations for tape
recorder and orchestra. Who is mas-
ter of this and who is slave?

4. Does the recorder dominate and
dehumanize the performance? Must
the conductor, usually the final word
on tempi and taste, relinquish his
traditional authority? In combina-
tions of the live and the synthesized,
this is another decision of yours, and
you should credit the composer with
especially inspired creation when
the conductor seems to come out on
top.

So much for the ground rules.
Here are some telltale signs to watch
for. The presence of all or any of
them may suggest that you are lis-
tening to synthesized music.

» Does this piece seem to have
form? You need not know the tradi-
tional music forms. For instance, the
form of a good novel; exposition, de-
velopment, climax, conclusion. Or
even the form of a good prize-fight—
with a slow start and a fast ending.

» Does it have rhythm, something
predictably repetitive like a good
old-fashioned “beat” to hold it to-
gether? Melody, in the popular defi-
nition of the word, is almost sure to
be wanting from electronically dis-
torted sources of sound. A good beat,
though, will tend to hold the compo-
sition within the category of music.

» Does it arouse an emotion like
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A vital determinant of the quality of an
automatic turntable is the tone arm system.
Here are some of the tone arm and related
features that make the BSR McDonald auto-
matic turntables the sophisticated units
they are.

A resiliently mounted coarse and
fine Vernier Adjustable Counter-
weight delicately counterbalances
the tone arm assuring sensitive

Micrometer Stylus Pressure Ad-
justment permits Y5 gram set-
tings all the way from 0 to 6
grams. This important part of
the tone arm assures perfect sty-
lus pressure in accordance with
cartridge specifications.

and accurate tracking.

43 2 1

®%

A much appreciated feature built into all BSR
McDonald automatic turntables is the Cueing
and Pause Control Lever. It permits pausing at
any listening point and then gently permits the
tone arm to be lowered into the very same
groove. Positioning of the stylus anywhere on
the record is accomplished without fear of

damaging the record or the cartridge.

BSR McDonald 600 - Suggested Retail Price $74.50
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To achieve the ultimate in per-
formance, BSR McDonald has
brought to perfection the Anti-
Skate Control. This adjustable
dynamic control applies a con-
tinuously corrected degree of
compensation as required for all
groove diameters. It neutralizes
inward skating force and elimi-
nates distortion caused by un-
equal side wall pressure on the

stylus. All of the

BSR McDonald automatic turntables incorporate

anti-skate.

After the last record has played
on any of the three BSR McDonald
automatic turntables, the tone
arm automatically returns to the
Locking Rest. In conjunction with
this action, the On-Off-Reject
lever automatically shifts into the
0ff position which securely locks
the tone arm in its cradle to pro-
tect it from accidental drops and

the market.

All BSR McDonald automatic
turntables have a Clip-In Car-
tridge Head. This lightweight
tone arm head, with finger
lift and clip-in cartridge
holder, provides universal
mounting and quick change
facility. It can accommodate
practically every contempo-
rary cartridge currently on

resulting stylus damage.

This unique tone arm
~~“makes BSR McDonald

a sound investment.

Name

Piease send free literature on all the
new BSR McDonald automatic turntables.

Address

City

State Zip

McDONALD |-——-

PRECISION CRAFTED IN GREAT BRITAIN
BSR (USA) LTD., BLAUVELT, N.Y. 10913

Check No. 25 on Reader Service Card
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humor, fear, intense pleasure or dis-
pleasure? Or any other emotion?

» Does it hold your interest-—per-
haps by starting a chain of thought
about something seemingly unre-
lated? This is not to be confused with
boredom.

» Does it seem to have “remem-
berability”? Do you feel that you
would recognize it if you heard it
again?

Any evidences of the above are in
its favor, and probably remembrance
is the most important. It is not neces-
sary that you like the piece. You
may dislike it intensely, in which
case it will have succeeded in its
probable purpose and qualify as
music. Beware, though, if it bores
you. Here you are justified in calling
it synthesized sound.

Synthesized music is an immature
art, and it is still difficult for the
critic to identify a composer by a
taped or disked hearing of his newest
work. Every composer aspires to this
kind of identification. Relatively few
realize it, even in traditional music.
Except perhaps for Gershwin, Wag-
ner, Richard Strauss, Prokofieff and
Stravinsky, the trained musicologist
will often guess wrong on a short seg-
ment of an unrecognized work.

The lazy way for a composer of
synthesized music to attain original-

Fig. 1T-Robert A. Moog stands in front of
his company’s electronic music composi-
tion-performance equipment.

e % o 141

ity is by the creation of new sounds.
The manner of creating them is fre-
quently guarded as trade secret.
Sometimes, as previously men-
tioned, he becomes preoccupied with
the trade and forgets the art aspects
of the end product.

Some of these new sounds and new
techniques are already in the public
domain. Here are a few clues to help
you to recognize them as common
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property—and to withhold credit
from the first composer that you hear
use them.

The human voice, distorted or
otherwise, has been used by most of
the synthesists. It is an extremely
effective and dramatic sound, espe-
cially after a long episode of “instru-
mentalism,” which tends to get
monotonous because of the unfamili-
arity of all of the instrumental
sounds.

Fragmentation and silence is a
clue to the combined output of a par-
ticular group of composers. If the
unfamiliar composition is explosive
and fragmented, and if this is inter-
spersed with long periods of silence
which are an integral part of the
music rather than conventional
pauses between sections or pieces,
you’re probably right if you attribute
this music to one of a group of far-
out young Americans, mostly disci-
ples of Webern. These composers
have been writing this way for undis-
torted voices and instruments, and it
is logical that their recent creations
in the medium of synthesis will show
the same symptoms.

Acceptance in the older medium
is a clue to be explored by research
rather than by listening, and for this
one you must first know the com-
poser’s name. Do you find this name
in the Schwann Catalog or on con-
cert programs as a composer of non-
electronic music? If so, you have a
hint of the kind of background ex-
perience that includes exposure to
the good and bad of music that has
gone before. It not, your composer
may have come up by way of the
slide rule and the soldering iron.
This clue must never be the sole
basis of your judgment, but if you
are confused in making a decision
between music and sound, it is fair
to use the clue in weighing this de-
cision.

The French School produced
musique concréte, but since that
auspicious start, the output of the
French School has not attained the
international reputation of the Ger-
mans and the Americans. The
French influence in music is too
subtle to be apparent to the amateur
critic, though the pro can identify a
French orchestra, a French conduc-
tor or a French composer with rea-
sonable ease. One clue is the saucy
competence of French percussion,

and percussion in general is a kind of
natural bridge between the tradi-
tional and the synthesized.

The German School is another
matter. Here there are two very con-
spicuous clues. One is great length.
The other is rules; rules to compose
by and rules to listen by. Mahler
wrote two-hour symphonies. Wagner
wrote five-hour operas and volumi-
nous prose about how you should
listen to these operas.

Too often, the great length is out
of step with the listening habits of
the 1960s, and it may also seem
somewhat conceited for any com-
poser to assume that he operates at
the level of genius that will justify
this much listening.

Karlheinz Stockhausen is the
most widely heard of the contempo-
rary Germans. Already some of his
compositions in synthesized music
crowding an hour of performance
time, and he is working on another
that is to last an entire evening. Still
another, Stockhausen’s non-synthe-
sized Zyklus of 1955, is circular in
form,; its single performer starts any-
where around the circle and quits
when he gets back to his starting
point. This piece confounds the
whole evolution of music since the
days of the Fifteenth Century Ger-
man academicians; today you find
the likes of it only in the continu-
ous-loop tape cartridges.

The name of Pierre Boulez, the
“Great White Father” of the mu-
sigue concréte group, should be
added to the very few names previ-
ously mentioned. Other names could
easily be dropped, but this would be
unfair to names overlooked who may
already have contributed something
that will endure in the literature of
music. If you are to be the critic,
your responsibility is to everyone
who has something sincere to say in
this new art form.

There’s a lot more to the art of
synthesized music today than meets
the ear. Timbres and rhythm pat-
terns are beyond the scope of con-
ventional musical instruments and
human capabilities. Just as teen-
agers have their “way out music,
serious music listeners now have
their radically different musical
form in synthesized music. And as
evidence of its growth, Schwann’s
Catalogs added 11 new “‘electronic”
music listings last year. y: )
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Are you one Of the 8$Cej)t’i0118? For the most astonishing set of specifications
you've ever read, write ‘‘Exceptions,’’Marantz,Inc., P.O. Box 99, Sun Valley, California 91352
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From THE VERY beginning of
“classical” recording, collectors of
discs have recognized one of the
prime advantages of the recorded
medium, virtually never previously
possible in history -— the direct,
“AB” comparison of two or more dif-
ferent performances. It is in truth a
miraculous kind of a situation and
we would marvel every day if we
weren’t so utterly used to it.

Alas, the mass sale of LP records,
sight unheard, has made things far
more difficult than they were in the
old 78 days, when every record store
had a couple of air-tight listening
booths in which, so long as you could
sustain life without oxygen, you were
privileged to make all the compari-
sons you wished, straight out of
stock. Can’t tell you how many hours
I stifled away in that fashion as a
college student, ploughing through
huge piles of heavyweights, stagger-
ing home blue in the face with maybe
a half-dozen winnowed out for pur-
chase!

Now, it is the record critic who de-
cides in advance, or you after the
fact. You buy your two versions and
go home to find out which vou like
best. No wonder there are crowds at
the discount houses.

To take a splendid instance, per-
haps you will have read my review
[in this issue] of a superb new re-
cording of well-known Rossini over-
tures (Everest 3186, with the Or-
chestra of the Accademia di Santa
Cecilia under Fernando Previtali),
the finest T had ever hoped to hear.

Well, just after T had written that,
I caught up with another simultane-
ous release, same month, on the
RCA Victrola label. Rossini over-
tures! Only one disc, to Everest’s
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two, but some of the very same
music. Better still, both conductors
are pure-bred Italian, and right in
the tradition. Two minutes of listen-
ing will tell you this, even if you
don’t know both names; but you will
know the second conductor, all
right. Arturo Toscanini.

Which is best? Ha ha, I’m not go-
ing to say. Because my point is that
the AB comparison itself is so mar-
velously revealing, in the over-all
and in detail. Frankly, I was quite
astonished at what came out for the
ear in this comparison, but 1 leave
this astonishment for you to dis-
cover for yourself, at yvour pleasure.

I will only note a few attendant
circumstances, for which you must
make some allowance, and which do,
indeed, affect the total score or rat-
ing which you may want to apply to
each recording.

Toscanini’s NBC disc is, of course,
of many years ago and a broadcast
at that (I think), with all the prob-
lems of age in the technology and no
“re-takes” for editing. But these are
relatively late recordings, and the
sound is remarkably good; Carnegie
Hall provides the acoustics, rather
than the sterile Studio 8H. So you
will not have trouble on this score,
though the modern stereo on Everest
is a superior sound.

The Everest orchestra is virtually
unknown hereabouts, and the more
remarkable is its performance, as per

my review. But it is, note well,
Italian—and in Ttaly. Toscanini,
Italian to his own core, conducts an
American orchestra-—which means
an American-based outfit with mem-
bers from just about everywhere you
can imagine as to background and
origin, vet amalgamated in the
School of New York City. I, for one,
could hear a distinct difference be-
tween these two orchestras, that is
surely in part due to this difference
in musical background.

So get out your fat wallet and whiz
down to the record mart. Everest
3186, containing two discs. RCA
Victrola VIC 1274, one disc. See
what you think. You may be sur-
prised. )

P.S. Ho ho. Turn around once and
there’s another one!

Rossini Overtures—and now it’s
still another Italian conductor, a first
rate man; this time we have a crack
British orchestra in a recent-vintage
reissue in stereo. Carlo Maria Giu-
lini with the Philharmonia Orches-
tra, Seraphim S 60058. Make it an
ABC comparison? Cheap at the
price.

(Of course if you really want to be
exhaustive, and exhausted, you’ll
first want to look for a new alphabet.
ABCDEFGHIJK . . . . to the nth.
Even before the above recordings
appeared there were over thirty
records of Rossini overtures listed in
Schwann.) A

How to Build Your Own
Sheet-Metal Reverberator

OF ALL THE soUND effects avail-
able to the experimenter none is
more exciting and versatile than re-
verberation. It has many uses in
commercial sound studios and no
popular-music recording studio can
afford to be without at least one re-
verberation device.

The generous application of re-
verberation is the major technique
used to produce the BIG sound of
many radio stations. On the other
hand, reverberation also has at least

ROBERT C. EHLE

one serious application in the field
of synthesized or electronic music.
The property of reverberation is
most effective here if it is much big-
ger than life. That is to say, if it has
greater echo times, longer decay
times and much greater intensity
than the reverberation obtainable in
conventional rooms or auditoriums.
This is true because the electronic
music composer seeks effects that do
not occur in conventional music or
normal acoustical situations. Such
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Fig. 1-Construction plans of the sheet-
metal reverberator. The finished unit
should be fastened to the floor or walls
of a small room or closet which can be
acoustically treated to prevent unwanted

sound from escaping.

Fig. 2 —Block diagram of recommended
hookup. Note: two channels and reverb-

erators are required for sterec

PARTS LIST

1. Lumber: seven boards, 2”x4”x3’; two
boards, 2”x4”x6’; one board 2”x4”x
17, Total: 34'/2 running feet.

2. Metal: one sheet of No. 26 spring
steel; 5710”x2’6”. One-half in. holes
drilled two in from both ends with
centers at 2'/2”", 5", 5”,5”,5”,5” (see
drawing)

3. Glue: one bottle “Elmers” glue (large
size).

4. Nails: fifty 21/2” nails; fifty 1'/2” nails.

5. Insulation: 30’ fiberglass insulation.

6. Wire: 30" rubber-covered twin con-
ductor; 30’ single conductor, shielded
phono.

7. Tape: Plastic, insul., one roll No. 33
Scotch or equiv.

8. Plugs: 4 male, 4 female phone plugs,

9. Plugs: two male, 110V wall plugs.

10. Ceramic phono cartridge: or equiva-

lent, must be modified.

11. Preamp for ceramic phono cartridge.

o

Fig. 3—Two views of the completed sheet-

metal reverberator. The white area on the

right of the above photo is fiberglass

which is glued to the closet door for

sound proofing. A five-watt transistorized

unit is used to drive the loudspeaker
motor.

exaggerated effects are the tools of
surrealistic music and are, in some
ways, similar to the paintings of Dali
and other surrealistic painters.

To the experimenter who wishes
to experiment with reverberation in
an amateur sound studio situation,
two techniques usually are available.
These are tape recorder reverbera-
tion and the spring reverberation
made famous by the Hammond or-

30

gan company. A third, less common,
technique is to use a coiled tube with
a transducer at each end. Of the
three, the coiled spring is probably
capable of the most natural reverber-
ation. The tape recorder reverber-
ator has a major drawback: The
quality of the sound produced by the
tape reverberator is too precise, non-
resonant and uncolored for some
purposes. While this is useful, it
leaves the field open for a mechan-
ical, resonant reverberator with a
strong signal and a long delay time
(longer and stronger than the spring
reverberator). Such a reverberation
device is the large sheet-metal re-
verberator which has found great
acceptance in the professional re-

12. Loudspeaker motor: may be speaker
with cone and basket removed.

13. Driver amplifier: five to twenty watts.

14. Equalizers: for driver amplifier to pro-
vide selectivity of reverb. frequency,
optional.

Notes:

A. Rubber grommets may be made
from pieces of inner tube, tape, etc., if
not available.

B. The loudspeaker motor is easiest
to obtain by removing the cone and
basket from a complete loudspeaker.
The cone must be cut away while pre-
serving the spider intact with the voice
coil. Some brands of speakers bolt the
basket to the magnet, making disassem-
bly easier.

C. The cartridge is to be mounted at
right angles to the steel. A stiff wire
is inserted in the stylus shank and
soldered to the plate.

cording and broadcasting field under
the name EMT-140. [ Gotham Audio
Corporation, New York City, has
distributed more than 800 such units
in this country and there is as yet no
other device of this kind available.
The EMT-140, incidentally, is pro-
tected by U. S. Patent No. 2,923,369
and is made of specially controlled
steel not available generally. It costs
just under $3000. It must be pointed
out, therefore, that the similar device
which this article describes is not in
the performance class with the
EMT-140 and may not be manufac-
tured in violation of the above pat-
ent.]

The sheet metal reverberation de-
vice described here was actually
built by the author for the electronic
music laboratory at North Texas
State University. In use for about
two years, it has proved to be cap-
able of a variety of strong reverbera-
tion effects and is more subtle than
the tape recorder reverberator.

Construction

The accompanying drawing, Fig.
1, illustrates the construction as it
was carried out, with the exception
that the corner supports for the sheet
of steel were eliminated, reducing
the damping effect caused by six
rods and rubber grommets. The re-
verberation device was mounted in
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a closet that was acoustically treated
with fibreglass to prevent sound
leakage (the reverberator does emit
some sound).

The sheet is simply a sheet of
stainless steel purchased at a metal
and roofing dealer (for about six
dollars). The gauge of the steel is
No. 26, although other thicknesses
would probably work as well so long
as the sheet is stiff enough to sup-
port itself without sagging or bend-
ing under its own weight.

The pickup employed in this in-
stance was the ceramic type of con-
tact microphone commonly sold for
attachment to electric guitars. In this
type of device, the mounting bracket
is isolated from the case and at-
tached to the ceramic element so
that sound is transmitted through
the bracket into the pickup. The
quality of the sound picked up can
be improved if the case is mounted
securely to the frame without put-
ting undue pressure on the element.

Although not everyone wants a
wide frequency response from a re-
verberator, this one could be im-
proved in the high end by using a
pickup with less mass in the coupling
between the steel-sheet diaphragm
and the ceramic element. Certain
types of phonograph cartridges with
removable styli could be used here
simply by replacing the stylus with
a piece of wire and soldering the
other end to the steel diaphragm,
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A critical part of the design is the
modified loudspeaker motor. It is
possible to use any speaker here, al-
though some types are better than
others. Ideally, one should have a
10- or 12-in. speaker with a fairly
large magnet (six to sixteen ounces)
and a bolt-on basket assembly. The
speaker employed by the writer was
a TV replacement type, 12-in. in
diameter, with a rivited basket.
Thus, it took considerable patience
and care to remove the speaker bas-
ket from the magnet assombly; how-
ever, it can be done.

If the spider is attached to the
magnet assembly, as most are, no
problems arise here. If the spider
should happen to be attached to the
basket, it would have to be moved to
a new location. The builder would,
therefore, be wise to avoid the latter
type of speaker.

Before removing the basket as-
sembly, cut the cone down to where
about 2-in. of paper is left from the
apex to rim. This small cone area can
be glued directly to the sheet-metal
diaphragm after the speaker motor is
bolted to the support structure in the
center of the steel sheet. Be careful
to have the motor properly posi-
tioned before glueing.

Concerning the method of driving
the reverberator and feeding the out-
put into the sound system, several
things may be said. In the first place,
feedback from the output to the in-

T
Speaker
motnr
Reverb =)
ampl.
5-20 watt
picky

Mixer out

ampl.,
Ot N
o —3 tapf(z rec.
o etc.

Microphone mixer

put must be rigorously avoided (un-
like the tape recorder reverberator)
as the system will howl just the same
as a sound system in an auditorium
might. It is necessary to take the out-
put from a sound system before an
amplifier stage and to mix the rever-
beration signal back in after the
stage in order to provide isolation.
Signal ground loops must be care-
fully avoided, as these can cause
enough feedback to force the system
to oscillate. Remember, several watts
of audio are driving the sheet and
only a few milliwatts are needed
from the pickup. Figure 2 shows a
block diagram for driving and mix-
ing.

To sum up, the reverberator is
capable of a very large, long rever-
beration effect of a sort not usually
obtainable from more common re-
verberators. Small recording studio
operators should find it to be an at-
tractive device for generating bigger
sounds, and electronic music experi-
menters may want to build one for
the subtle sound it offers and for an
effect greater than that from com-
mercially available devices (except-
ing a very costly European-built unit
which uses principles similar to the
unit discussed here). In spite of the
attractiveness of the device (from an
application viewpoint) it can be
built for under fifty dollars. All you
need is a place large enough to ac-
commodate it. r, o)
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ABZ’s of FM

LEONARD

FELDMAN

FM Broadcasting

HAVING EXAMINED THE noise-free,
high fidelity characteristics of FM
transmission, we shall now devote some
time to a study of how an FM signal is
created electronically and how it is
radiated for ultimate reception by an
FM receiver.

There are two general methods used
for the generation of an FM signal. The
first is sometimes called “direct FM.”
This involves varying the frequencyv of
the main oscillator of the transmitter
in accordance with the modulation to
be impressed. In the second method,
frequency modulation is achieved by
varying the phase of a signal obtained
from a stable, crystal oscillator.

Direct FM

The most obvious and direct way to
obtain a frequency-modulated wave is
through variation of one of the fre-
quency-determining elements of an or-
dinary, high-frequency oscillator. A
crude method of doing this is illus-
trated in Fig. 1. Here, a “condenser”
microphone is connected in parallel
with the frequency-determining L and
C of a familiar Hartley oscillator. As
long as no sound is fed to the micro-

phone, the resonant frequency will be
determined by the sum of the capaci-
tances of the microphone and C in
parallel with the coil, L. This fre-
quency represents the resting, or car-
rier frequency, translated to FM
terminology. As sound waves hit the
microphone capacitor plate, it vibrates
closer to, and further away from the
fixed plate. Thus, its capacitance (and
hence the total capacitance in the cir-
cuit) is altered. The instantaneous fre-
quency is therefore caused to shift
above and below the central resting fre-
quency, and a f{requency-modulated
signal is developed.

Fig. 1-Simple, direct FM, produced by
varying total capacitance in oscillator
“tank” circuit (L, C, and C1)

Oscillator

“Condenser” microphone

3
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In actual practice, a reactance tube
(or transistor) acts as a variable induc-
tance (L) or capacitance (C) across a
predetermined resonant circuit, as
shown in Fig. 2. Audio information ap-
plied to the grid of V1 effectively
changes the apparent “L” of the output
circuit which, in turn, varies the oscil-
lator frequency. In practice, the oscil-
lator frequency is kept at around 5
MHz, and the reactance modulator is
able to shift that frequency by only
about + 5 kHz. Frequency multiplers,
such as doublers and triplers, are then
used to boost the center frequency up
to the 88-108 MHz band required for
"M broadcasting. In so doing, the mod-

Fig. 2—Reactance tube appears as variable capacitive reactance across the master oscilla-
tor tank circuit (L, C).

l+—Reactive modulator —» «———— Master ocillator ————! Ba

i
|

B+ '

Audio
ampl

32

ulation swing is correspondingly in-
creased. As an example, if the 5 MHz
basic oscillator frequency is multiplied
by 18 (say, by doubling once, and
tripling twice), the resulting frequency
will be 90 MHz. Since the modulation
(or change of frequency) undergoes the
same multiplying factor, a total modu-
lation of 4 kHz x 18, or 72 kHz, will
result; just about right for the usual
maximum of +75 kHz required in
standard FM broadcasting. A block
diagram of a transmitter using the re-
actance tube approach is shown in Fig.
3.

Since the basic oscillator used in re-
actance modulation transmitters is not
crystal controlled (a crystal-controlled
oscillator could not be “forced” to shift
frequency, since the crystal determines
the resonant point), if no further steps
were taken to stabilize the transmitter,
its frequency might be expected to drift
considerably. The FCC requires that
center frequency be maintained within
+2 kHz. In the example cited, this
would represent a stability of approxi-
mately =111 Hz at the 5 MHz master
oscillator level. To insure such extreme
stability, a crystal oscillator is used as
a reference to produce a correcting
voltage (very much like the familiar
AFC voltage used in receivers to help
keep stations tuned in), as shown in
Fig. 4.

Phase modulation

When a carrier wave shifts back and
forth in phase while maintaining a con-
stant frequency, this shifting causes the
same effect as if the frequency itself
were being instantaneously varied.
This variation represents a moderate
amount of frequency modulation and is
the basis of all phase-modulation
schemes for producing an FM signal.
The indirect FM produced will depend

Fig. 3—Block diagram of FM transmitter
using ““direct” FM approach

Microphone Transmitting
Audio Power
amplifier amplifier
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Reactance Frequency
modulator multipliers
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Now you have 101 reasons to
buy the Uher 4000 Report-

The first 100 reasons are all one dollari
bills you won't have to part with, during
our “Own the Best” sale. The UHER
4000-L will cost you $340 instead of $440,
now through June 15th.

The 101st reason...and the most im-
portant one...is quality. The UHER 4000
Report-Listhe world's finest portable tape
recorder. Alightweight7 pounds thatgoes
anywhere comfortably, the UHER 4000-1
is solid state and operates on recharge-
able or ordinary batteries.

It does everything the professional
wants it to do, up at the Arctic or down
at the Equator. That's why it's first choice
with explorers, naturalists, reporters,
radio and TV commentators, as well as
doctors, scientists and lawyers. It records
or plays back at four speeds and gives
you great frequency response with each.
It has a highly visible, three digit index
counter with a push-button reset.

Audio Magazine calls it "Magic in
a Matchbox." Professionals call it the
greatest. Now that we've made it $100
easier to "Own the Best,” clip the cou-
pon, take it to your UHER dealer and
walk out with 7 pounds of greatness...
the UHER 4000 Report-L.

sxmznmxxxxzxmumu ¥

Save $100.

Upon presentation of this coupon to
any UHER dealer, the bearer may
purchase the world famous UHER 4000
Report-l Tope Recorder at the spe-
cial price of $340. (Regular price
$440). This unique ""Own the Best'
offer includes the following high qual-
ity occessories for the UHER 4000:

Dynamic Microphone with built in wind
screen, music/ speech switch (¥M514)
* Llong Life Accumulator Dryfit battery
pack {¥433) « AC power supply ond
battery charger (¥880) « Genuine
Leather Carrying Case (#861).

This offer expires June 15, 1968 ond
is applicable only on the UHER 4000
Report-L Tape Recorder.

AR B A MO R OA A A A OZ AL AL VA AR OE R E

NAME
ADDRESS

CITY. STATE ZIP CODE—
Copyright 1948

Uher by Martel

Martel Electronics Inc. Sole U. S, Importers
2339 South Cotner Avenue, Los Angeles,
California 90064; New Yark: 1199 Broadway
Chicago: 5445 No. Lincoln
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upon the maximum angle that the car-
rier wave is shifted, and on the fre-
quency at which the shift takes place.
In one variation of the phase-modu-
lation approach, the maximum practi-
cal phase angle that can be produced in
the phase modulator is 30 deg. (ap-
proximately half a radian). Since the
I'M produced equals the product of
modulating frequency and phase angle,
for a 15 kHz modulating frequency, we
could expect the resulting FM to be 15
kHz x 0.5 (radians), or =7.5 kHz. Off-
hand, you might expect that, starting
with a 10 MHz crystal-controlled oscil-
lator (the chief advantage of all the
Phase Modulation approaches is that a
crystal-controlled oscillator can be used
as the master oscillator), one would
only have to multiply the {requency 10

times to come up with a 100 MHz car-
rier frequency and a =75 kHz modu-
lation capacity.

Examination of the mathematical re-
lationships just stated discloses that
this would only be true for a 15 kHz
modulating tone. At 50 Hz (the lower
end of the audio spectrum desired in
FM transmission) we would get FM
amounting to only 50 Hz x 0.5 (ra-
dians) = 25 Hz! In phase modulation,
therefore, something must be done so
that regardless of modulating freqency,
the net amount of FM will be the same,
notwithstanding the audio modulating
frequency. An R-C corrective network,
such as shown in Fig. 6), must be inter-
posed between the audio source and the
phase modulator, so that the higher fre-
quencies will be attenuated relative to

Audio Transmitting
Y antenna
Reactive Malsltetr Frequency Power
Modulator [™ osciliator multipliers [™1 amplifier
(5MH2) P P
A Ak —, Correcting_voltage _

OEQ{,?;?A, »{ Amplifier | Mixer - Discriminator.l
(5MHz)

Fig. 4—Accuracy of master oscillator frequency is maintained by a crystal-controlled
reference which provides a corrective voltage.

Fig. 5-Starting with a 200 kHz %25 Hz signal, using a second crystal oscillator makes
practical the generation of a 90 MHz =72.9 kHz FM signal.

200 KHz 400 kHz 1200 kHz 3600 kHz '10.8 MHz
*25Hz *50Hz *+150 Hz +450 Hz *1.35kHz
Crystal . ) j .
oscillator Doubler = Tripler = Tripler = Tripler H
® 1 ]
Transmitting
antenna
. 90 MHz
Audio Phase Crystal +72.9 kHz Power
ampl. modulator oscillator ) ' ampl.
274 MHz
it TS - -, . e L N
324 MHz ~ 5MHz 15 MHz 45 MHz
Yo £4.05kHz +4.05 kHz +12.15kHz /', *36.45 kHz
Tripler fe={ Mixer |s| Tripler f&{ Tripler L Doubler
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the lowest audio modulating frequency
(in this case, 50 Hz). Therefore, all
audio frequencies concerned will pro-
duce only a mimimal 25 Hz of indirect
FM when the phase angle is 0.5 ra-
dians.

If we divide 75,000 Hz (the desired
total deviation at carrier frequency) by
25 Hz, it becomes apparent that doub-
lers and triplers would have to be ar-
ranged to multiply the starting fre-
quency by some 3000 times. Put an-
other way, if we wished to have a
carrier frequency of 90 MHz, we would
have to start with a crystal master
oscillator having a frequency of 90,-
000,000/3000, or 30,000 Hz. While cry-
stals of such low resonant frequency
can be made, a more practical approach
is to use a crystal having a freqeuncy
of around 200 kHz. After several doub-
lers and triplers, we achieve a frequen-
cy of 32.4 MHz, as shown in Fig. 5. At
this point, a second crystal oscillator
output, at 27.4 MHz, is heterodyned
with the 32.4-MHz signal to produce a
5-MHz output. This signal is then
tripled and doubled in much the same
way as was shown in Fig. 3, resulting in
a final output of 90 MHz having a max-
imum deviation of +72.9 kHz, as re-
quired.

Several variations of phase modula-
tion have been developed over the
years, many of which are in current
use in practical transmitter installa-
tions. One, known as the Armstrong
system, simplifies the method used to
obtain substantial phase modulation.
Another, known as a Serrasoid Modu-
lator, secures a relatively large amount
of initial phase modulation, reducing
the amount of frequency multiplication
required to achieve a carrier frequency
at the assigned FM frequency.

Transmitter power & range

The Federal Communications Com-
mission has set up rules governing as-
signment of FM frequencies, maximum
permitted radiated power, frequency
separation between stations and allow-
able signal interference ratios. The
various classes of station in service are
shown here.

TABLE I
Class of Class of Permissible
Station Channel Power (kW)
‘ " 50 (to 100 in
LA Clear certain cases)
I-B “Clear”’ -5(
1T ‘“Clear”’ 0.25-50
III-A Regional 1-5
III-B Regional 0.5-1 (night) to
5 (dav)
v Local 0.1-0.25

Power will be determined by eleva-
tion of antenna, since the higher the
elevation of antenna, the greater the

coverage or range of transmission and
reception. Bear in mind that since FM

(Continued on page 75)
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This suggestion is made only to those who
have top-flight integrated amplifiers with an
electrically separate preamp and power am-
plifier, or individual preamp and power am-
plifier components. It involves your present
equipment and three Sony components: the
TA-4300 electronic crossover and two TA-
3120 stereo power amplifiers. It's for those
venturesome enough to break away from
conventional approaches to sound reproduc-
tion. If we've described you, then these
Sony components can bring you just that
one iota closer to realism in home music.
Here's why.

The electronic crossover goes between the
preamplifier and the power-amplifier por-
tions of your present stereo amplifier. It

divides the audio-frequency spectrum into
three ranges, and sends each range to a
separate amplifier: your existing power am-
plifier, plus the two Sony TA-3120’s. Each
amplifier feeds a speaker expressly de-
signed to handle that particular part of the
audio spectrum. By not forcing a single am-
plifier to handle the full range of fre-
quencies, IM distortion is reduced. By elimi-
nating the inductor-capacitor-resistor cross-
over networks built into ordinary speaker
systems, speaker damping is not distrubed.
The speakers’ motions are aiways fully con-
trolled by the amplifiers. Speaker impedance
variations have less effect on the amplifiers.

Also, you can select crossover frequencies
to suit the speakers of your choice, or experi-

ment to discover the audible effects of vary-
ing crossover points. The points provided
are 150, 250, 400 or 600 Hz between woofer
and mid-range, and 3, 4, 5, or 6.5 kHz be-
tween mid-range and tweeter. A bass turn-
over control fits the system’s response to
the characteristics of the woofer, and a bass-
boost control lets you experiment with ex-
tending the woofer's bass response.

The Sony TA-4300 solid-state electronic
crossover costs $199.50; the two TA-3120
solid-state amplifiers $249.50 each. Sound
extravagant? Maybe just a bit. But so are
the results. interested? Write for literature
on how to upgrade your system. Sony Cor-
poration of America, 47-47 Van Dam St
Long Island City, N.Y. 11101.

Get drunk with power
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INSTALLATION No. 1—

Gene F. O’Conner, San Rafael, Calif. The cabinet housing stereo
equipment here was designed by the owner to take up a minimum
of fioor space (it’s located in a den that has limited wall space).
Made of walnut, stained in fruitwood tones to match other furni-
ture and to blend handsomely with ribbon mahogany walls, it was
constructed as two separate units. The base portion serves as stor-
age space for magnetic tapes and records. The top unit contains
all the stereo hi-fi components: A Scott FM stereo receiver and an
Ampex tape deck are concealed by a single tambour door that
slides up and down; a Miracord 10H automalic turntable is
mounted on a sliding drawer which can also be concealed by
tambour doors. A fluorescent lamp at the top of the section throws
light on the tape deck and, aided by the recessed and slanted front,
also lights the receiver and the turntable (when the latter is ex-

tended).

The top section of the cabinet creates a shadow-box effect. It is
indirectly lighted, and the antique gold-leaf back of this part pro-
duces a nice decorative effect. The uppermost portion also con-
tains a single Jensen speaker system with its own volume control;
this is connected to the center channel of the receiver. A speaker
switch at the side of the receiver controls a pair of AR speaker
systems in the living room, a pair of Electro-Voice “Wolverine”
speaker systems in a family room, and a University outdoor
speaker in the patio area (the outdoor speaker also operates from

the receiver’s center channel).

Sound AUDIO INVITES YOU TO

SEND IN PHOTOS AND

. D N DETAILS ON YOUR HI-FI

6001 SYSTEM. PAYMENT WILL

] BE MADE FOR ALL PUB-
Styles

LISHED MATERIAL.

Vertical-Style Hi-Fi Installations

INSTALLATION No. 2—

Joseph Malta, Bayonne, N. }. Compactness and chair-side control
mark this stereo hi-fi setup. Equipment, from top to bottom, in-
cludes a Mcintosh MR71 stereo FM tuner, Mclntosh MA5100 con-
trol amplifier, “Rondine” Rek-O-Kut manual turntable with an
Ortofon cartridge, and Kos$ Pro-4 and Pro-4a stereo headphones.
To the left of the equipment is a contro! box which controls a
high-intensity lamp’s illumination. Beneath the control is a switch
for the turntable, a second switch for a third-channel amplifier and
two additional headphone jacks. To the left of the tuner is a master
switch that shuts off the complete system. At the opposite end of
the room (not shown) are two Empire “Royal Grenadier” speaker
systems.
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The AR amplifier delivers 60 watts per channel continuous
output at less than 0.5%¢ harmonic distortion, 20 to 20,000
Hz, both channels operating simultaneously into 4 ohms;
50 watts per channel into 8 ohms.

One of the most important specifications of an amplifier is its power output. In
view of this, consumers-might expect this measurement to be presented clearly
and accurately in amplifier advertising. This has not been the case. In recent
years, a variety of vague or irrelevant terms has been used by manufacturers to
describe power output: music power, solid-state power, stereo power, audio
power, transient power, transistor power, IHF power and others. The list includes
terms invented by manufacturers and applied to their products alone, as well

as standards of measurement known only to advertising copy writers.

Acoustic Research uses the definition of a watt given in physics texts: work done
at the rate of 0.7375 ft.-lb./second. We know of no ““transient watt” or “music
watt” which science recognizes. AR ampilifiers are rated exactly as we
measure them, with both channels continuously delivering at least the rated
power without exceeding cur harmonic distortion limit of 0.5%, or the .M.
distortion limit of 0.25%. Tne laws of physics and the nature of music require that
power measurements, if they are to be meaningful, be made with a steady, un-
interrupted tone, similar tc the purest sound of a pipe organ. AR amplifiers
must deliver their rated power at all frequencies to which the ear responds,

not just at 1,000 Hz, where most ampliiiers can deliver much more power than at
the extremes of the range of hearing. Distortion measurements are made through
the AR amplifier's phonograph input because music must go through the
amplifier this way —even though performance might be better without the
preamplifier in the circuit.

It is for these reasons that the power output rating of the AR amplifier is true for
any kind of musical tone, not just those easy for an amplifier to reproduce.

The AR amplifier is covered by a guarantee unmatched in the industry. If an

AR ampiifier fails to operate as advertised within 2 years of its purchase date,
AR provides parts, labor, freight to and from the factory or nearest authorized
service station, and a carton if necessary — all with no charge for factory defects.

ACOUSTIC RESEARCH, INC., 24 Thorndike St., Cambridge, Mass. 02141
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Transistors:
20 Years 0ld

IT was HARDLY more than twenty
years ago when Bell Lab Scientists
showed that a small piece of the ele-
ment germanium could be made to
amplify a speech signal about forty
times. Shock waves of this revolu-
tionary discovery are felt up to the
present day, with variations on the

Laboratory notebook entry recording dis-
covery of the transistor effect at Bell
Telephone Laboratories.
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solid-state theme taking place con-
stantly.

Transistors brought smaller equip-
ment size, less heat production,
instant ‘“on,” lower power require-
ments, longer component life, near-
permanent operating characteristics
(compared to tubes) and, in many
instances, improved performance to
hi-fi equipment. With the advent of
stereo, which requires two of prac-
tically everything in amplifier and
tape electronics, and the addition of
multiplex circuitry for FM, tran-
sistors arrived on the scene just in
the nick of time.

How it works

Current flowing across the layer-
like structure of a transistor can be
controlled by an electrical signal ap-
plied to one of the layers. The flow
of electricity between these layers
can be changed. Changes in conduc-
tivity are produced by temporary
changes in the way electrons are dis-
tributed among the atoms in the
transistor layers.

To turn pure semiconductor mate-
rials [that is, material in between
good conductors of electricity
(metal) and poor conductors (rub-
ber) ] into transistors, scientists add
very small amounts of the right kind
of “impurities.” Some of these im-
purities are atoms of material that
interact with silicon or germanium
crystal lattices in such a way that
electrons (negative charges) detach
themselves and become free to move.

Other impurity atoms create defi-
ciences of electrons, or “holes.”
These holes are, in effect, positive
charges. The holes, as well as the
electrons, are able to move through
the material.

When the semiconductor crystals

Evolution of amplifying devices from vacuum tubes to transistors to integrated circuits.

are grown, they are purposely
“doped” with minute amounts of im-
purities. After the crystals are sliced
into wafers they are further altered
locally by precise processes to pro-
duce sandwiches of materials that
contain alternating layers with
either free electrons or free holes.

Where the two types of material
meet—at each junction—the loose
electrons and holes face each other.
Being of opposite electric charge
they are attracted to each other and
a few drift across the junction. The
impurity atoms have charges of their
own and these charges are fixed in
position in a solid. The net result
is that an electric field is formed
which prevents the motion of addi-
tional free electrons and holes.

Each three-layered sandwich be-
comes a transistor when an electrical
contact is attached to each of the
layers. The current flowing between
two of the contacts can be controlled
by applying an electrical signal to
the third. The signal in this way can
be amplified-—made 50 to 40,000
times more powerful. Further, this
large current keeps step with the in-
coming signal so that the outgoing
signal is an enlarged image of the
original signal.

Outgrowths of the development of
transistors abound, of course. Junc-
tion and MOS Field-Effect Tran-
sistors (which, unlike conventional
transistors described above, are uni-
polar rather than bipolar devices)
have been developed. Integrated cir-
cuits which include transistors have
replaced discrete transistors in many
areas. But it all started only 20 years
ago by a trio of scientists who were
awarded the Nobel Prize for their
discovery in 1956. E
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Miracord gave
Its great new
automatics

the light

There are two new Elac/Miracoad avtcmsatic turntables:
the 620 amd 630, both bora of the seme aristocratic
lineage that bred the magnificent 50E. Bat they ccst _ess.
Naturally, they don’t offer everythinz tke 50H does.
But they do share many of its deluxe chereeferistcs: its
gentle way with records; its exclusive light-touch pash-
button cortrols; its cueing facil ties; its effective znti-
skate compensation; its simple szlectip= of manua. vs.
automatic play; its ability to track itk cart-idges de-
signed for low stylus force operation; its low wow and
flutter and rumble content and. of zourse, its smcoth,
quiet performance.
Each operates at the 4 stancard
speeds, each has a pcwerful four-pole
induction motor, dynamically bal
anced tonearm with calibrated sty.lus-
force dial, continuously adjustz5le
anti-skate compensation and cueing.
Both, like the 50H, play sinsle -
records, manually or automatical y,
either once-through-and-stop, er
repeating until instructed to stop

& .

touch

{
i

T
i

Dx they can play stacks of up te 10 records, in automatic
sequence Even without the famous 50H hysteresis
motor, you'll love evérything else about the 620 or 630.

The €30 has a lathe-turned, dynamically balanced turn-
able. cast from non-ferrous metal. It has the Miracord
exclusive leadscrew adjustment and indicator which lets
sou adjust stylus over hang precisely.

The 620 has a pressure-formed non-ferrous turntable,
Salaneed for minimum wow and rumble. Like the 50H
and 630, its stylus force can be set from 0 to 7 grams to

é accommodate any cartridge.

L We think ¥cu will be happy with any
Miracord turntable. They're all pretty
amazing! And as for prices, the 630 is
$119.50; the 620, $89.50, both less
base and cartridge.

Visit your high fidelity dealer today,
or write: Eenjamin Electronic Sound
Corp., Farmingdale, N.Y. 11735.

Miracord
the light touch






“PALACE...
where the new RE15
was born/!

The biggest names in show
= business play the Hollywood
Palace on ABC-TV. They demand the
finest sound possible. And they get it
from the new Electro-Voice REI1S. It’s
no accident, and here’s why: ABC-TV
sound engineers worked with us for
almost two years perfecting the REIS.
Their demands reflected the problems
that make TV variety programs one of
the toughest assignments for any sound

engineer.

Small in Size

They asked for a small, light micro-
phone. The REIS5 is shorter than a pencil,
with a body no thicker than a Cannon
XL connector. And it weighs just 8
ounces. Perfect for a fast-moving boom
or for hand-held applications.

Flat Off-Axis Response

ABC engineers requested the same
response curve off axis as on axis. With
a big band in the same studio, some band
pickup from the back of the solo micro-
phone would be inevitable. It wasn't
easy to make this “off mike™ pickup as
smooth, flat and wide range as the on-
axis responsc, but that’s exactly what
the REIS has to offer at every angle.

Super-Cardioid Pattern

But the next request almost stumped
us. They asked for wide front pickup,
so that a boom operator could easily
“work™ two or more performers, yet
they wanted the RE15 dead at the rear
for longer “‘reach’. In short, a polar
pattern similar to a ball sliced neatly in
half! And that’s almost what they got.

The REI5 is down only 3 db at 80° off
axis (in any plane) and just 8 db at 90°.
But at 120° and 180° the level drops over
19 db, and at 150° the RE15 response is
almost 26 db below the on-axis level.
This super-cardioid pattern (with a small
lobe at the back, 15 db down) proved
much more useful than a classic cardioid.
With the microphore tipped 30° (a

L. to R.: Robeit Ciawford, Chief Liil

Eric Reid, Chief Boom
Operator; Eugene |akewski, Tecnnisal Directar, John heal, Audio
Engineer, for ABC's kcllywood Fa ace.

typical boom or stand operating posi-
tion) the area of greatest cancellation is
oriented directly at the sources of un-
wanted sound—the audience and the
sound reinforcement speakers.

E-V Reliability
ABC-TV also demanded plenty of
output. They got it. A crisp -55db. And
they got the reliability and ruggedness
typical of all E-V professional dynamic
microphones, as well. Famous E-V
Acoustalloy® diaphragm plus multiple
dust and magnetic filters assured un-
changing response and sensitivity. Plus
a ‘“‘bass tilt” switch to cure boomy
acoustical problems.
The slotted “backbone™ of the REIS
identifies it as the latest in the Electro-
. Voice series of Variable-D® and Con-
tinuously Variable-D® microphones.
It’s very possibly the most
significant achievement
of them all. Write for
, your copy of

Microphone Facts that gives.
all the details. And, for an 00
impressive demonstration of RE15 %
capability, find a TV set with really

good audio, and tune to the Hollywood
Palace on ABC-TV, any Saturday night.
Or match the REI5 with your own list of
demands. We think you'll agree that a
star was born on the Hollywood Palace!

FREE! Any E-V professional microphone will
be repaired without cost if it fails in the first
two years—regardless of cause. That's right,
repairs are free for the first two years...no
questions asked!

ELECTRO-VOICE, INC.
Cecil Street, Buchanan, Michigan 49107

ElechoYores

A SUBSIDIARY OF GULTON INDUSTRIES, INC.

high fidelity speakers and systems « tuners, amplifiers, receivers ¢ public address loudspeakers
» microphones » phonograph needles and cartridges » organs « space and defense electronics




More About
Negative
Feedback

NORMAN H. CROWHURST

Part 3

IN PREVIOUS ARTICLES the subject
was examined in block diagram
form, where the amplifier and the
feedback are both boxes, function-
ally connected by lines. But what is
an amplifier, and what is fed back?
Is it voltage or current? To both of
these questions there are two an-
swers. Let’s illustrate.

The amplifier

If the amplifier uses a tube input,
the voltage signal applied to the
grid controls ultimate output. Vary-
ing the impedance in the input cir-
cuit will vary the current associated
with this input voltage, but the volt-
age is the important quality that di-
rectly controls the ultimate output.

If the amplifier uses a grounded
emitter transistor input, current is
the important quantity. Although
adjustment of circuit values can vary

the voltage required to drive this sig-
nal current into the input, the output
of the amplifier is directly related to
input current.

If the amplifier uses an FET
(Field Effect Transistor) for input,
we have a device like a tube, and
voltage is the important parameter
about input. Now let’s look at out-
puts.

If the output tube is a triode, prob-
ably transformer coupled, the most
meaningful way to view the output is
as a voltage source, with an internal
resistance that is lower than the de-
sign value of load impedance.

If the output tube is a pentode, or
a transistor, the most meaningful
way to view the output is as a current
source, with an admittance that is
lower than the design load, regarded
as admittance rather than impe-
dance (which would be higher than
the design load).

In some circumstances it may be
more convenient to view transistor or
pentode outputs as voltage sources,
with source resistances higher than
design load values, but usually they
behave more like current sources.
The distinction between output cir-
cuits is no black and white one, defi-
nitely a function of either voltage or
current, as it is with input circuits,
where one or the other definitely
controls the signal amplified.

An ultra-linear circuit, regarded
as entity—the tubes with the output
transformer that provides the screen
taps, all acting as an ideal unit—is
part-way between these extremes. It
may be regarded as either a voltage
source with a source impedance ap-

Fig. 1. Schematic representation of the two basic kinds of input and output encountered
in amplifiers. Top left: voltage input, such as tube or FET; bottom left: current input, such
as grounded emitter transistor; top right: voltage output, such as triode tube; bottom

t

rlght current output such as transistor or penlode tube
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proximately equal to design load, or
as a current source with a source ad-
mittance approximately equal to the
design load.

Figure 1 shows the variety of am-
plifier ins and outs, before feedback
is applied. But from here on, we’ll
not complicate the issue with in-
betweens, but assume cither voltage
or current inputs and outputs. On
the overall picture then, we have two
kinds of input and two kinds of out-
put, according to whether the impor-
tant parameter is voltage or current
at each end.

So in all we have four basic kinds
of amplifier (Fig. 2). Where both in-
put and output are either voltage or
current, the amplifier may be re-
garded as a voltage or current ampli-
fier. It merely amplifies the same
parameter.

Where input is one and output is
the other, we have a transadmittance
or a transimpedance amplifier. In
effect, with one the amplifier in-
creases the current delivered to the
load by a given input voltage, while
in the other the amplifier increases
the voltage developed across the out-
put load by a given input current.

The feedback

Now with four possible kinds of
amplifier, each of which uses an in-
put and an output impedance pos-
sessing both voltage and current
parameters, we can apply the feed-
back in a variety of ways.

At the output end, to derive a sig-
nal to feed back, we can use either
voltage or current. The feedback
signal can be made proportional to
either the voltage or the current out-
put (Fig. 3).

When the feedback signal gets
back to the input, it can be injected
in series or in shunt with the external
input (Fig. 4). This is sometimes re-
ferred to as voltage or current com-
bination at the input. Series injec-
tion combines voltages; shunt injec-
tion combines currents.

Now put the whole thing together,
and we have four kinds of amplifier,
1o each of which four kinds of feed-
back can be applied. Thus there are
16 basic, simple kinds of feedback
(Fig. 5) before we get into combina-
tions using multiple feedback, or
cases where the output isn’t simply
voltage or current dependent, but
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KENWOOD’s 2Year
arranty on Both

arts and Labor

Superior skills and advanced technology give KENWOOD an edge in quality
control that pays off in years of dependable listening pleasure for yvou . . . the
customer.

Performance reports Trom dealers all over the country reflect the reliability they
have come to accept as characteristically KENWOOD. You can put your confi-
dence in KENWOOD... we do...and we back it up in writing.

Visit your nearest KENWOOD franchised dealer and ask him for a demonstra-
tion of five outstanding receivers, multi-channel stereco amplifier and the new
KA-2000, 40 watt stereo amplifier. Compare the value of KENWOOD with much
higher-priced receivers on the market, and

join the audiophiles everywhere who are
choosing KENWOOD for. ..

TK-40 Solid State AM/FM Stereo Receiver $189.95

the sound approach
to quality

 KENWOOD

3700 South Broadway Place, Los Angeles, Calif. 90007
69-41 Calamus Avenue, Woodside, New York 11377

Exclusive Canadian Distributor — Perfect Mfg. & Supplies Corp. Ltd.,

Check No. 43 on Reader Service Card
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Fig. 2. The four basic amplifier config-
urations, using different combinations
of input and output from Fig. 1.

Fig. 3. Different derivations for feed-
back, shown here in the same circuit.

Fig. 4. Different ways of injecting the
feedback at the input end.

somewhere between the two, or some
of the other things the theory over-
looks.

Reasons for feedback

What do we apply all these kinds
of feedback for? A variety of reasons,
but let’s answer the question first by
what feedback does:

1. It changes gain. Negative feed-
back reduces gain.

2. It changes input impedance. Ac-
cording to the way it is applied, it
can cither increase or reduce input
impedance. Negative feedback using
shunt injection reduces input im-
pedance, while using series injection
increases it.

3. It changes output impedance.
Negative feedback using current-
derived feedback increases output
impedance, while using voltage-de-
rived feedback reduces it.

4. It reduces internally generated

distortion, with certain limitations.
5. It stabilizes gain. reducing the
amount by which gain fluctuates due
to various causes.

Fach feedback loop changes all
these properties by the same factor.
For example, 20 dB feedback, volt-
age-derived from the output and
shunt injected at the input, will re-
duce gain by 20 dB, divide both the
input and output impedance by 10,
reduce distortion to one tenth, and
stabilize gain so that a fluctuation of
1 dB without feedback will be re-
duced to 0.1 dB with it.

Or if the same feedback is series
injected at the input, the input im-
pedance will be multiplied by 10, the
other effects remaining the same.
The reader can have fun figuring the
various angles on simple feedback
loops.

What impedances?

Now we start running into unex-
pected complications. When T re-
ferred to input and output impe-
dance changes, T was deliberately
vague concerning the impedances
meant. For example, when we speak
of modifying output impedance, do
we mean the source impedance seen
by the load connected? Feedback

Fig. 5. Combining the possibilities of amplifiers and feedback networks, we have 16 over-
all possible combinations, shown here. The letters under input and output in each have
the following significance: G indicates that feedback is not materially affected by the
value of external impedance, within normal range of likely values; X indicates that feed-
back is critically dependent on external impedance. This is not necessarily bad, as it may

be the purpose for which the feedback is applied.

Current

Current

Volts
Current

Current

Volts

AUDIO + APRIL 1968



EXPERTS AGREE...the Heath AR-15is
the world’s most advanced stereo receiver

Electronics World, May ‘67: “Heath implies strongly that the
AR-15 represents a new high in advanced performance and circuit
concepts. After testing and living with the AR-15 for a while,
we must concur.”

Hi-Fi/Stereo Review, May '67: “Several people have com-
mented to us that for the price of the AR-15 kit they could buy a
very good manufactured receiver. So they could, but not one that
would match the superb overall performance of the Heath AR-15."

Modern Hi-Fi & Stereo Guide, 1968: | cannot recall being
so impressed by a receiver ... it can form the heart of the finest
stereo system.”

Audio Magazine, May 1967: "The entire unit performs con-
siderably better than the published specifications.”

High Fidelity, Dec. '67: "The AR-15 has been engineered on
an all-out, no-compromise basis.”

Popular Electronics, Jan. '68: "There is no doubt in your
reviewer's mind that the AR-15 is a remarkable musical in-
strument.”

Popular Mechanics, Nov. ‘67: . . . Heathkit's top-of-the-line
AR-15is an audio Rolls Royce . ..”

Popular Science, Dec. '67: “Top-notch stereo receiver’” . . .
“it's FM tuner ranks with the hottest available” . .. “it's hard to
imagine any other amplifier, at any price, could produce sig-
nificantly better sound.”

here’s why the experts agree...

The Heath AR-15 has these exclusive features:

« Best sensitivity ever .. . special design FM tuner has 2 FET
rf amplifiers and FET mixer

« Best selectivity ever ... Crystal filtersin IF .. . no other has
it . . . perfect response, no alignment . . . like having 8 trans-
formers in IF

Best limiting characteristics ever . . . Integrated Circuits
in IF . .. like having 20 transistor stages in IF

L]

s Most power output of any receiver . . . 150 Watts of

Music Power . .. enormous reserves

¢ Uitra-low distortion figures . . . harmonic distortion less
than 0.2% at 1 watt or full output . . . IM distortion less than
0.2% at 1 watt, less than 0.5% at full output

e Ultra-wide power response . . . 6 Hz to 50,000 Hz, 1 db,
at 150 Watts Music Power

e Ultra-wide dynamic range phono preamp (98 db) as-
sures no overload regardless of cartridge type used.

¢ Unique Noise-Operated Squelch . . . hushes between-
station noise before you hear it . . . unusually elaborate and
effective

e Unusual Stereo Threshold Control . automatically
switches to stereo only if quality of reception is acceptable
. .. you adjust to suit

s Stereo-Only Switch . . .
if you wish

silences all monophonic programs

L]

Adjustable Multiplex Phase Control . . . for cleanest FM
stereo reception

L]

Tone Flat Switch . . . bypasses tone control circuitry for flat
response when desired

Front panel Input Level Controls . . . easily accessible, yet
hidden from view by hinged door

L]

Transformerless Amplifier . . . direct coupled drivers and
outputs for lowest phase shift and distortion

L]

Capacitor coupled output . .. protects your speakers

L]

Massive power supply, electronic filtering . . . for low
heat, superior regulation electrostatic and magnetic
shielding

Two Tuning Meters . . . for center tuning and maximum
signal . . . also used as volt-ohmmeter during assembly of kit

All-Silicon transistor circuitry . .. 69 transistors, 43 diodes,
2 IC's.

Positive Circuit Protection . . . Zener-diode current limiters
plus thermal circuit breakers protect unit from overloads and
short circuits

“Black Magic’’ Panel Lighting . . . no dial or scale markings
show when receiver is turned off, thanks to exclusive tinted
acrylic dual-panel design

Heath AR-15 ... Kit $329.95* ... Assembled $499.50%*

*optional walnut cabinet, $19.95

__________________ f——% ‘ ~+]
r HEATH COMPANY, Dept. 41 -4 FRATFIEIT |
N EW | Benton Harbor, Michigan 43022
| In Canada, Daystrom Ltd. |
FREE 1968 CATALOG' | O Enclosed is § plus shipping charges. |
Now with more kits, more color, Recei I
Fully describes these along with I IR {quantity & modely STTEOIRSCERRIE. |
over 300 kits for stereo/hi-fi, [ Please send FREE Heathkit Catalog.
color TV, electronic organs, elec- | |
tric guitar & amplifier, amateur Name |
radio, marine, educational, CB, | Add
home & hobby. Mail coupon or | eSS |
write Heath Company, Benton | City State Zip |
Harbor, Michigan 49022. 1 Prices & specifications subject to change without notice. HF-213 i
Check No. 45 on Reader Service Card
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10k

B such that (1+AB)=10

Fig. 6. The question of what output impe-
dance is meant, discussed in the text, re-
fers to these impedances.

can’t modify the actual external load
impedance connected, can it?

The only way to clarify this is to
take an example. Suppose we have
an output stage using pentode tubes
or transistors in which the source re-
sistance, without feedback, is ten
times the design load value. Just to
put in some figures, suppose the de-
sign load impedance is 10K and the
source resistance is 100K (Fig. 6).

Now we apply 20 dB voltage-de-
rived feedback to this amplifier, re-
ducing its gain by a factor of 10.
What is the output impedance
changed to?

First we must ask what gain is re-
duced by a factor of 10? In other
words, under what condition is the
feedback 20 dB? We’ll presume the
factor intended in this statement is
the gain with the load connected.
Without feedback, removing the
load would cause the output voltage
to rise about eleven times (assuming
the input level is low enough so that
the amplifier does run into serious
distortion when the load is re-
moved).

e

Looking at the output impedance
as a parallel combination of the
100K source and the 10K load,
which is how the feedback connec-
tion “sees” it, the value is about 9K.
Feedback at 20 dB will reduce this
effective value to one tenth, or 900
ohms.

But the external load of 10K has
not changed. This means the inter-
nal (source) resistance must have
changed to a value that will make the
parallel combination of the two come
to 900 ohms. To do this, the source
resistance must have a value of 1K.

Viewed this way, then, the 20 dB
feedback has reduced the source re-
sistance from which the 10K load
works from 100K to 1K. It begins to
look as if we have made a liar out of
our formula. Feedback of 20 dB
should change impedance by 10:1,
not 100:1. Actually, we’re talking
about different feedback values.

To think of source resistance apart
from load impedance, which we do
when we regard the load impedance
as external to the amplifier, we
should consider the gain without the
load resistance connected, ideally.
This may not be practical, for a rea-
son we shall mention soon. But for
the moment, consider the gain
change without the load connected.
Removing the load will cause the
output voltage to rise about 11 times;
connecting the feedback will now re-
duce the gain by 100 times, because
11 times as much gets fed back as

—~— Fig. 7. Composite
curves for a push-
pull output shows
how source resist-

Source ance changes with
loading (dashed
lines).
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there was when the load was con-
nected, relative to the output.

Previously, the feedback was 9
times input, to make (1 4+ AB) =
10, so now feedback is 9 x 11 = 99
times input, to make (1 -+ AB) =
100. So source resistance is reduced
by a factor of 100, which was the
value calculated by the other
method.

Fig. 8. Different feedback methods applied

to voltage type input: (a) series injection

is sensibly independent of external source

impedance; (b) shunt injection is critically

dependent on the ratio of Ry and Ra,

where Ro is the internal resistance of the
external source.

R,
R } Feedback
Vt voltage
Ext v
é o%rrnceg Feedback v
R2
@ J\N\’ L
External -
source

The reason this method may not
be practical is that effective source
resistance is actually dependent on
the load value connected. When the
load is disconnected, the output may
not rise by precisely the factor cal-
culated from the source resistance.
It invariably changes when the
amplifier is operating open-circuit
because a different load line is ap-
plied to the output tube or transistor
(Fig. 7). We discussed some aspects
of this variation of source resistance
in a previous article in this series.

That’s an example of ambiguity in
definition of feedback, as related to
the output end. The input end also
presents problems in defining the
precise condition. With tube or FET
circuits using series injection, we
have little problem. The voltage de-
livered to the grid of the tube or the
control electrode of the FET is sub-
stantially the sum of the external in-
put voltage and the feedback voltage

(Fig. 8). (Continued on page 69)
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FM-3 TUNER
99.95 KIT, 154.95 ASSEMBLED

LASTING

In the evolution of high fidelity, there have been some
‘‘revolutions''—the stereo record, FM multiplex, and trans-
istorization, to give some examples. Each of those changes
left its trail of obsolete equipment, frequently replaced with
much higher priced models. Through these periods of
change, Dynaco has maintained a level of quality so high
that our equipment is always current, never obsolete, and
always adaptable to the newest useful innovations.

Dynaco’s underlying philosophy is to deliver exceptional
performance from designs so carefully and progressively
engineered that they defy obsolescence. We add new prod-
ucts only when we feel that they can make a contribution of
value to music reproduction. In each Dynaco high fidelity
component the total value of the separate parts is greater
than what you pay for the finished product, and you can
save even more by buying the kit.

Dynaco's separate components give you the ultimate in
flexibitity and ease of installation. They can be interchanged
with full compatibility, not only with Dynaco units, but with
any other similar designs which are generally accepted as
being of the finest quality. No industry innovation can make
your system obsolete, and future changes, such as an

— t' ‘UH ‘ﬂ‘) é&)

Ni'r' ;IJSE

PAT-4 PREAMPLIFIER
89.95 KIT, 129.95 ASSEMBLED

QUALITY

increase in amplifier power, can be easily and economically
accomplished.

The quality of performance obtained with the FM-3 tuner,
PAT-4 preamplifier, and the Stereo 120 power amplifier
cannot be matched in any single package regardless of pro-
motional claims. Other Dynaco units which can interchange
with this system will also give similar results at lower power,
or with a bit less control flexibility at stilt lower cost, depend-
ing on the units chosen.

Whether you compare Dynaco with others by listening or
by laboratory test, you will find that Dynaco gives sound
closest to the original—with lucid clarity, without murki-
ness, noise or distortion. Every unit—whether purchased as
a kit or factory assembled, is assured of delivering the same
specified quality, for our reputation has grown through
directing our design efforts towards perfection rather than
to the planned obsolescence of yearly model ‘‘face-lifts.”

You may find that your dealer does not have some Dynaco
equipment in stock, however, for the demand greatly exceeds
our ability to produce for a rapidly growing audience. Quality
is our first consideration, so we must ask your patience.
We believe you will find it is worth the wait.

e
sy A

- STEREO 120 AMPLIFIER
- 159.95 KIT, 199.95 ASSEMBLED

Write for descriptive literature and complete specifications.

olynaco IncC.
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3060 JEFFERSON STREET, PHILADELPHIA, PA,
IN EUROPE WRITE: DYNACO A/S, HUMLUM, STRUER, DENMARK

19121
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Equipment
Profiles

This Month:

Crown CX822 Stereo Tape Recorder
AR Stereo Integrated Amplifier
Garrard SL-95 Automatic Turntable

Crown Model CX822 2-track
Stereo Tape Recorder

MANUFACTURER’S SPECIFICATIONS—

Tape Speeds: Three, equalized; 15, 7/2,
3%/4 ips. Timing: 99.8%% or 1.8 sec. in 15
min. and adjustable to +0.05%b short term.
Wow and Flutter: 15 ips, 0.06%; 7'/2 ips,
0.09%0; 3%s ips, 0.18%0. (Guar. max. for
record, playback.) Record/Play Frequency
Response: 15 ips, =2 dB 30 to 30 kHz;
7'/2 ips, =2 dB 30 to 20 kHz; 3% ips,
+2 dB 30 to 10 kHz. Signal-to-Noise Ratio:
—57 dB @ 15 ips; —56 dB @ 7'/z ips,
—50 dB @ 3% ips. Stop Time: One-half
in. @ 3%4 ips; 1-in. @ 7'/2 ips; 3 sec. from
full rewind on 10'/2-in. reel. Start Time:
Under 0.1 sec. Wind and Rewind: 1200
ft. in 45 sec.; 2400 ft on 10Y/2-in. reel in
58 sec. Reel Size: 10'/2-in. (NAB) max.;
5-in. min. Distortion: Approaches thres-
hold of measurability. Inputs: 2 per chan-
nel; high-Z mic. or line level. Opt. input
transformers for low-Z mic. Tone Con-
trols: Bass, 15 dB atten. or boost at 30 Hz;
treble, 15 dB atten. or boost at 15 kHz.
Outputs: Two per channel, 600-ohm
unbal. One low-Z output (stereo phone
jack) on front panel. Motors: Three. Drive,
1 Hysteresis synch. drive motor; Reel,
2 capacitor-run torque motors. VU Meters:
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Two 5-in. professional types with edge
lighting. Bias Freq.: 100 kHz. Monitoring:
Front-panel switch for ea. channel. Dimen-
sions: 17'/2-in. high, 19-in. wide, 9-in.
deep. Price (basic machine): $1790.00.

The Crown CX822 pictured here
is probably the finest tape recorder
that has been reviewed in these pages.
In addition to delivering phenomenal
performance, it incorporates numerous
features and refinements that place
this machine in a class by itself.

The Elkhart, Indiana manufacturer
has, for example, introduced a com-
puter-type logic system to prevent de-
structive operations; electronics is
substituted for mechanical mechanisms
in many instances; tape handling has
been made more gentle and faster than
ever before, while tape tensions have
been drastically reduced; editing has
been greatly simplified; construction
appears to be rugged enough to with-
stand parachute drops; and Old-World
craftsmanship is apparent at a glance,
quickly substantiated by handling the
well-engineered recorder.

The Crown Model CX822 recorder
is the latest model in the 800 series of
recorders from Crown International.
It consists of two detachable parts: the
tape transport and the electronics as-
sembly. Since the tape heads are part
of the tape transport, all adjustments
to the electronics affecting the com-
bined performance of the transport and
electronics are performed when the
two are mated. So for descriptive pur-
poses, let us consider the CX822 as one
unit, breaking it down functionally,
rather than physically.

To begin with, the CX822 is a two-
track machine which works at three
speeds. This means that the necessary
speed changes (see Fig. 2) and selec-
table equalizations are built-in.
(Crown’s Model CX824 is a four-track
unit, with high speed at 714 ips and low
at 174 ips.) The machine accepts stand-
ard, plastic, EIA reels directly (see
Fig. 3) onto the turntable or 1014-in.
NAB reels with adaptors, which are
furnished with the machine (Figs. 4
and 5). Each turntable is driven by a
1250 rpm capacitor-run torque motor
with self-aligning bearings. Turntable
braking is accomplished by electric
means, whereby the motors are slowed
by applying d.c. voltage to them. This
contrasts with the solenoid-actuated
mechanical braking system of most
comparable machines. The type of dif-
ferential electro-dynamo braking used
here is a patented feature of Crown
transports, whose brakes did not grab,

jerk or need adjusting during our ex-
tensive tests, and work extremely well
in bringing the tape to a smooth, gentle,
rapid stop. A positive temperature co-
efficient resistance is used to provide
the braking differential.

We tried to make the deck misbe-
have by stopping a roll of super-thin
1-mil tape at high speed by rock-
ing the tape back and forth, and by
other tortuous combinations. Not only
did we fail to foil the machine, but
once motionless, the tape at the gate
was limp (not under tension) and no
stretch marks were to be found any-
where on the tape. All this despite its
breakneck wind and rewind speed. It
took exactly one minute to smoothly
wind 1800 feet of 1-mil Mylar tape be-
tween 7-in. reels. The only apparent
problem with this kind of braking
would occur if there was a loss of elec-
trical power during rewind, say. But
the mechanical simplicity, reduction of
maintenance and potential reliability
of the CX822 far outweigh such an un-
likely occurence as a power failure at
the precise moment of rewind.

The stainless steel capstan shaft is
centerless ground, hardened and highly
polished. Its tip is of non-magnetic,
chrome-plated stainless steel, and it is
concentrically aligned with a four-
pound flywheel of nickel-plated steel.
The assembly is mounted in a 33-in.
thick aluminum ‘“tunnel” casting, five
in. long, with self-aligning Oilite bronze
bearings. The flywheel is driven by a
centerless ground-neoprene drive belt

Fig. 2-Drive pulley and capstan flywheel
system shown in 7'/2 ips position. The fly-
wheel, driven by a seamless neoprene
belt, is mounted on rear of capstan. Note
flywheel bearing support. Belt can be
switched from 7'/2 to 3%s ips from front-
panel push rod. The 15 ips speed change
is done manually by stretching the band
over the largest pulley. The belt can be
replaced in seconds, without removal of
other parts.

AUDIO - APRIL 1968



The SM60 cannot be stereotyped—is equally at home
in the studio or in the field—stand-mounted or hand-
held—in uses as diverse as outdoor sporting events
and elaborate variety shows. Small wonder that audio
engineers have called it one of the most versatile
omnidirectional dynamics they've ever encountered,
for the SM60 is a unique combination of good-looks,
strength, performance and economy.

The smooth, wide-range response provides cleanest,
natural reproduction of both speech and music. A very
effective built-in wind and “pop” filter protects against
undesirable effects of close-talking.

Lustrous, non-glare metallic finish and tailored-to-the-

hand dimensions provide striking on-camera appear-
ance and superior handability. Specially reinforced
machined-steel case front is designed to take abuse
that would ruin other microphones—you can drop it
on its nose without damage to the internal structure!
Efficient windscreen and front end are guickly and
easily removable for cleaning.

Best of all, it is priced competitively with conventional
“workhorse” microphones. Why not check out an SMe0
now? See your Shure Professionail Products Distributor,
or contact Mr. Robert Carr, Manager of Professional
Products Division, Shure Brothars, Inc., 222 Hartrey
Ave., Evanston, 1ll. 60204—Phcne 312 - 328-2000.

s—u== Syl

VERSATILE OMNIDIRECTIONAL DYNAMIC MICROPHONE

THE LAST WORD IN WEARABLE LAVALIER MICROPHONES. .. BY SHURE

replaceable.

© 1967 Shure Brothers, Inc.

Specifically designed for radio, TV, motion pictures . . . matches well in
sound with stand or desk mounted units. Smoothly-contoured, machined-
steel case and recessed grille for minimum clothing noise. Exclusive
snap-in mounting of microphone for greater convenience, security.
«positive Lock” lavalier goes on in an instant—provides simple, noise-
less position adjustment. Extra-flexible, kink-free rubber cable is easily

MODEL SM51 DYNAMIC LAVALIER

Check No. 49 on Reader Service Card
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which slips over the flywheel and one
of the three motor-drive pulleys. The
capstan motor is a huge hysteresis
synchronous device, permanently lub-

ricated, ball-bearing drive motor.
Ducted forced air flows over the drive
motor, forced by its fan, and is forced
out the side of the transport. An
appropriate cutout is made in the
case for this. The pressure roller
that engages the capstan to pinch the
tape and move it is made of neoprene,
with a full Oilite bearing supporting
the roller. The neoprene itself is
ground to =+0.001-in. concentricity.
Glass rod lifters lift the tape onto the
heads in the play and record mode,
releasing (thereby removing tape from
the heads) during FAST FORWARD, RE-
wIND, and STOP modes. See Fig. 6. A
plug-in solenoid, designed for continu-
ous duty, closes the gate, raising the
tape lifters and pressure roller. See
Fig. 7. Once the solenoid is seated,
over 20 pounds of force applied to
the pressure roller is required to un-
seat it. The extent to which Crown has
gone to assure a friction-free, concen-
tric, noiseless tape drive and guiding
system apparently paid off because
even at 33, ips, its lowest speed, the
deck had 0.1%; flutter and wow at most.
At 71, ips it was 0.07%; at 15 ips,
0.05%—a remarkable achievement, liv-
ing up to the manufacturer’s claims.
One of the unique features of the
deck is its tape motion system, which
is controlled by either the built-in, il-
luminated pushbuttons (four) or via
remote control. Five leads are required
for external control of FAST FORWARD,
RewiND, StoP and PLAY/RECORD
modes. Either momentary closure of a
4-V line at 40 mA or an external sup-
ply of 1.55 V as 5 mA will operate all
four modes. But getting back to local
control, the trick is in the built-in in-
tegrated-circuit “computer” system
that stores the pushbutton commands,
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set to accept 7-in. EIA
tape reel.

Fig. 4-Turntable with NAB reel adaptor
in place.

Fig. 5—Locking tape-reel holder is screwed

on for use with all reels. Tightening holder

compresses adaptor, causing adaptor

spring to spread, and thereby applying

tension to inside of NAB hub to hold it
tight.

its memory retaining only the last com-
mand given it. It compares the last
command with the present state of the
deck—that is, the direction in which
the tape is going and how fast—and
executes that command in the safest
way. The tape motion and direction
sensor is shown in Fig. 8. For ex-
ample, if the machine is going FaAsT
FORWARD and the green PLay button
is pressed, the tape will come to a com-
plete stop, the red SToP button is auto-
matically illuminated (we didn’t press
it, remember) followed by the gate
closing and the tape going into play
motion as the green PLAY button lights
up. All this without hands. Any com-
mand or combination of commands can
be safely given at any time. If multi-
ple commands are given to the ma-
chine, it will obey the following priority
rules. (1st) REWIND or FAST FORWARD
(except when in RECORD mode); (2nd)
PrLaYy; (3rd) Stor. We found the tape
motion command system to be as fool-
proof as Crown says it is, and could
not beat the computer by design or by
accident.

An automatic tape sensor is provided
in the form of a photocell and lamp on
the left end of the head assembly. This
gives a continuous stop command when-
ever tape runs out or a transparent
“window” in the tape is sensed. Be-
cause of the priority command setup,
the SToP command may be overridden
by holding down any other command.
As was mentioned earlier, the control
system performed flawlessly. In pro-
fessional recording and editing applica-
tion, the Crown’s computer system acts
as a time saver, which simplifies opera-
tion.

Every part of the deck is easily ac-
cessible. Part of the back swings out on
hinges; the rest comes off with removal
of a few screws. All motors are easily
removable, as is the head assembly and
printed-circuit cards. Relays are un-
plugged. Controls as well as connectors
can be replaced with easy access (Fig.
11) everywhere. Surely, the CX822 is
a serviceman’s dream, considering the
unit’s inherent complexity.

The CX electronics, Fig. 12, is a
solid-state, modular record/playback
amplifier. Its purpose is to accept and
condition input signals to properly
drive tape recording heads and to pro-
vide playback facilities and proper
equalization. The input circuit accom-
modates two inputs per channel, which
are individually mixed on the front
panel. Either or both can be high- im-
pedance microphone or line level. A
low-impedance option converts the
high impedance mike inputs to low
impedance and adds a balanced, low
impedance +12 dBm 600-ohm output
level which can be adjusted internally
between —20 dBm and + 18 dBm. The
standard output level is 412 dBm un-
balanced. The preamplifier response is
essentially flat over the 10 Hz to 100
kHz range, exclusive of the required
equalization and bias traps.

Figs. 6 and 7—(Left) Tape head assembly, gate open. (Right) Tape head assembly, gate
closed (pinch roller up against capstan). Note elaborate guiding system of glass rods and
chrome plated, hardened steel guides. Lever at lower right is used to manually close
the gate for editing. Slide switch, at lower left, removes take-up reel torque for easier
editing. Note easy access to heads from all angles. Azimuth and tracking are independ-
ently adjustable and are factory set and sealed. Molded cables connect to head and the
entire head assembly. The assembly is removable and head covers snap off easily. The
leal-spring loaded pressure pad applies just a slight amount of tension to the tape
against the record head. This might be used as an added flutter filter or to insure perfect
contact at low speeds.




The bias oscillator consists of a
pair of push-pull connected power
transistors operating into a ferrite cup-
core assembly. The circuit produces a
clean 100 kHz signal for bias and erase.
Bias current is adjustable from the
front panel, using the VU meters as
relative indicators. Erase was highly
effective, producing a level better than
61 dB down from 0 VU. The 5-in. illu-
minated and accurately calibrated VU
meters indicate any of four selector-
switched modes of operation. They can
show input level, output level of the
tape, output level leaving the machine
after the output level controls, or a
combined source and tape level which
is used for echo effects .They also show
bias voltage, which is proportional to
bias current, and calibrated to corre-
spond to 0 VU. Output level of the ma-
chine is controllable at the front panel
and the same controls are used to regu-
late monitor headphone levels during
recording.

Front panel electronic controls in-
clude: selector switches for output and
meter, separate treble and bass con-
trols for each channel that are usable
for recording and playback, four input
level controls; separate output level
controls, a play-record switch that has
a press-to-move-button safety interlock
and separate positions for reading bias
voltage with the VU meters, and bias
adjustments. All these controls operate
separately and independently on each
channel and are sensibly laid out across
the front face. The 3-speed equaliza-
tion switch is common to both channels.
The versatile control setup, coupled
with a high signal-to-noise ratio, makes
this machine useful for such applica-
tions as ‘“sound on sound” recording
where tone shaping is required, for ex-
ample.

Since the record function is inter-
locked mechanically, electrically and
visually, it’s almost impossible to re-
cord or erase or ruin a recording by
accident. For example, the deck won't
go into REWIND while recording, though
it will go into REWIND from PrLAY. Such
awkward intentions are common even
in professional use, when confusion and
hurry conspire to overide common-
sense rule, and it seems that tape ma-
chines can never be too goof-proof.

A regulated 30V power supply is
employed to make the CX electronics
nearly independent of line voltage vari-
ations, and to insure stable operation
in all modes when the load changes
suddenly. The supply is built-up on a
printed circuit card. Additional filter-
ing and de-coupling of the power sup-
ply lines is used within the various
circuits, where needed.
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Performance

The Crown CX822 easily met its spe-
cifications. Its frequency response was
flat and balanced, with no evidence of
peaks. The measured playback re-
sponse at 714 ips, shown in Fig. 10,
comes out to 50 to 15,000 1.2 dB, at
60 dB signal-to-noise ratio. At 334 ips
the playback signal-to-noise ratio mea-
sured 57 dB. The measured record/
play frequency response, using Scotch
203 tape, is shown in Fig. 10. It can be
summed up as: 30 to 28,000 Hz =2 dB
at 15 ips, 20 to 20,000 Hz +=2 dB at 7l
ips, and 20 to 10,000 Hz +2 dB at
3% ips. The measured frequency re-
sponse closely matched the individual
factory-run curves which accompanied
the sample machine.

Harmonic distortion of the record
electronics was less than 0.29 at 10
kHz. A 10 kHz signal recorded at —10
VU yielded a record/play distortion of
less than 19, measured while record-
ing. It was even less in the other parts
of its frequency range, as well as when
playing back (not recording simultane-
ously). This is outstanding. IM distor-
tion of the record electronics was better
than 0.19,. Off the tape, while record-
ing, it was 1.5% on left channel and
1.3% on right channel, which is also
especially fine. The record/playback
signal-to-noise ratios were measured
at 15 ips, yielding —55 dB left, —57 dB
right; 7% ips, produced —56 dB left,
—58 dB right; 33 ips, —54 dB left,
—56.5 dB right. Crosstalk at 1 kHz
was down a phenomenal —63 dB,
which is really negligible since it is
below the noise level.

The minimum input required for 0
VU was 0.1 mV through the low-level
high-impedance mike input and 0.5 V
through the high-level line input. Thus,
this is a highly sensitive machine, suit-
able for every conceivable type of in-
put. The VU meters, which are driven
by their own drive circuit, respond the
same regardless in which sensitivity
range the main amplifier is operating.
There is also plenty of level for moni
toring stereophones—no matter how
inefficient a pair is chosen. A standard
0 VU recorded tape produced 2.5 V out.

To truly appreciate this machine,
you must use it, of course. At the
outset, tape threading is delightfully
simple and, therefore, accomplished
quickly. There are no tensed compli-
ance arms around which the tape must
go. Just shove the tape into the slit
formed by the head covers and you'’re
in business. Editing facilities are great,
too. There’s a newly designed editing
tape (cue) lifter, for example, and un-
der the head cover is a slide switch to
shut power of the takeup reel motor,

Fig. 8-The tape motion and direction
sensor is installed on rear of the supply
motor, as shown above. When the sup-
ply reel moves the slightest amount, it
causes the shiny disc at center to move
from its rest position in the same direction
as the motor turns. After about 5 deg. of
rotation, the disc reaches its stop and
halts. During its journey, however, its slits
(not seen) interrupt an appropriate light
beam created by the lamp whose base is
visible below the motor. The light (or ab-
sense thereof) triggers a photocell which
energizes a relay through gates. When the
disc begins to turn in the opposite direc-
tion, it activates a different photocircuit,
which then energizes a second relay. The
information gleaned by the motor and
direction sense circuit is used by the com-
puter to come up with proper commands
to control tape motion.

Fig. 9-Tape control pushbuttons are at-
tached to the rear of a printed circuit card
(hottom-left). Take-up reel motor is at
top, with ballast resistor and capacitor on
swing-away panel at left.

51



thus simplifying editing jobs. You can
“rock” between fast forward and fast
rewind to your heart’s content as a re-
sult of the CX822’s fool-proof control
system. Tape tension limits are set by
a switch for small-size reels or for the
larger type.

Playing back first-generation trans-
fers from original masters, the sound
produced through the Crown CX822
was peerless. When recording and play-
ing back from records and FM broad-
casts, there was absolutely no aural
difference between the original and the
copy at 15 ips. The same held true at
7Y, ips, though, theory says, there
should have been.

The machine was taken to a night
club, where it was pushed, kicked (in
its case), and, in general, treated
rather callously to simulate what might
be expected under normal conditions.
The rugged unit, with its 50%, thicker
panel and added structural members
(as compared with previous models),
continued to operate like the profes-
sional-quality unit it is. Recordings
made of piano music and a Regina
music box were entirely faithful to the
original, thanks to the CX822’s low or-
der of wow and flutter, among other
highly prized characteristics. We had
to use good condenser mikes to fully
appreciate the quality of sound that
this machine is capable of recording.
Using a pair of calibrated ribbon types
in our possession, the Regina music box
exhibited better “‘highs” than evident in
playback, for example. But the differ-
ence was already apparent before go-
ing onto the tape, as monitored via
headphones. Switching mikes produced
a recording almost indistinguishable
from the real thing.

Is the 15 ips speed worthwhile? For
master tapes, undoubtedly yes. Insofar
as our ears are concerned, though, the
“extra” sound quality achieved over
714 ips is only a wee bit better in high-

Fig. 11-Underside of electronics chassis.

+5

a a s ——— s T
<<g O —— 73 ips
23~ -5

+5

0

=5

Frequency

X

)

1]

el

>

©

-

[}

(2]

c

]

=Y

(2]

[

3 10 ___Left channel

5> —_.Right channel

co

ST 45

o=

28 0 AN e .. 73ips
e -5 &

x2 N

E 5 -10

58

a-— +5

Fho————— S
S -5

Q

[

24 -10 A A a 'S a -~ oA

20 50 100 1k 5k 10k 30k 50k

(Hertz)

Fig. 10—Record/playback response of Crown CX822 stereo tape recorder.

frequency response, and then on music
which has high-energy content here
(say, above 16 kHz). The truth is, that
the performance of this machine at 71,
ips 1s so good that, except to meet a
professional recording need or for play-
ing back 15 ips tapes, the 714 ips speed
would serve equally well (as offered in
the model CX824).

Aside from large size and heavy
weight, which cannot be avoided, the
only area where the bull’s eye of per-
fection went very slightly astray was
the NAB reel adaptors. The problem
here, shared by most other machines
which offer them, is that when you
screw on the cap to spread the spring
which holds the hub, the spreading
does not take place evenly. This causes
very small eccentricities, which, at high
speed, results in the tape not being
wound as smoothly as it could. [Crown
will have a new NAB reel adaptor
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4

o >+ B %5
f A

available in the near future which
overcomes this minor deficiency. The
center hub will be larger, and it will
include three “feet” so that it can’t
twist due to spring tension—Ed.] But
this aside, the new Crown CX822 is
capable of providing the most faithful
reproduction of sound through the
magnetic recording medium that we
have observed to date. And it does it
in as foolproof and as easy a way as
we've seen. It is the machine for the
tape enthusiast who wants and can af-
ford the best.

(Accessories supplied with test sam-
ple were four CX2 playback amplifiers,
$180; a 2CX6 output amplifier, $50;
4/X low-impedance balanced mike in-
puts and outputs, $100; model X carry-
ing case, with complete access to front
and rear of the recorder, $59.)

Check No. 48 on Reader Service Card

Fig. 12—Back view of complete electronics chassis.
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Build a world of your own on
“Scotch” Brand Dynarange Tape.

Great moments in music . . . happy times at
home and away—capture whatever sound
you want to save on ““Scotch’” Brand
“Dynarange” Recording Tape. “Dynarange”
delivers true, clear, faithful reproduction
across the entire sound range. Makes all
music come clearer . . . cuts background
noise . . . gives you fidelity you didn't know
your recorder had.

And “Dynarange” saves you money, too!
Delivers the same full fidelity at a slow 3%
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Scotch

MAGNETIC TAPE

Check No. 53 on Reader Service Card

speed that you ordinarily expect only at 7%
ips. The result: You record twice the music
per foot . . . use half as much tape . . . save
25% or more in tape costs! Lifetime silicone
lubrication protects against head wear, as-
sures smooth tape trave!l and extends tape
life. Isn’t it time you built your own private
world of sound on “Scotch” Brand “Dyna-

range” Recording Tape? m
BKDMPANV

Magnetic Products Division

"SCDYCH'’, “'DYNARANGE’” AND THE PLAID DESIGN ARE REGISTERED TRADEMARKS OF 3HM CO
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