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Ansther way
RCA servas you

DESIGNERS

HAVE

“Jam SESSIONS” ¢ “g¥-

...and they “dig” RCA TUBES “the most”!

One designer “blows a horn” for one tube type.
Another “beats the drum” for a 2nd. Everybody may
“sound off”—but when they ‘“take five”, designers
agree that RCA Hi-Fi Tubes...7027-A, 6973, 7025
and 7199...are “the most”!

Want big power? A pair of RCA-7027-A’s in Class
AB, can deliver up to 76 watts. (Four in twin, push-
pull Class AB, circuits are superb for stereo, too!)
Designing a more compact package, say, 20 watts
each stereo output stage or 40 watts monophonic?
Look into RCA-69783, a small tube with big plate

Visit the RCA Booth at WESCON! EAST:

oElec:ln‘m Tube Division

@)RADIO CORPORATION OF AMERICA
Wb

RCA tubes for High Fidelity also available from your local Authorized RCA Distributor

dissipation capabilities. And high-mu twin. triode
RCA-7025 is tops in pre-amplifier stages when low
noise and low hum are a “must”. For versatility,
check RCA-7199, a triode-pentode that features low
hum and low noise in tone-control amplifier, phase-
splitter, and high-gain voltage-amplifier circuits.

So “get with’”” RCA Tubes for your hi-fi designs.
Your RCA Representative can give you the facts.
For data sheets, write RCA Commercial Engineer-
ing, Section H-91-DE, Harrison, N. J.

FIELD OFFICES

744 Broad Street, Newark 2, N. J.
HUmboldt 5-3900

MIDWEST:

Suite 1154, Merchandise Mar! Plazo
Chicago 54, I1linois, WHitehall 4-2900
WEST: “

6355 E, Woshington Blvd.
Los Angeles 22, Cal., RAymond 3-8361

Harrison, N. J.

WWW. aknerieanntadiahistory.com
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THE BRITISH INDUSTRIES

/<. just-one
réason-per-product
why you. should consider
BIC components for your
stereo requirements.

The World's Finest
Stereo Record Players

Warm, universal endorsement by
eminently satisfied users and dis-
tributors everywhere, as the world’s
best automatic changers, manual
players, and turntables, in every
model, in every price range.

(

Stereo-mono Amplifiers

Incomparable quality in sound and
construction (yet, with startling
simplicity) ...quality which holds
harmonic distortion to an infinites-
imal 1/10 of 1% at full rated power,
and permits an unconditional 5
vear guarantee...the only one in

\the industry! /

Wharfed
.

Loudspeakers and Systems

The rich, full range, yet non-stri-
dent sound developed by England’s
renowned G. A. Briggs.. the latest
example of which i1s in the new
ultra-compact (10” by 114" by 24”)
Model WS/2 full-range system ...

the sound of a BIG Wharfedale
system. the size ideal for stereo.

WWW.amerdsaatadiohistery. com
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Speaker Enclosures

A complete, restyvled line of the
original and patented high-per-
formance. small-space speaker en.
closures which are now a must for
stereo. Although R-J is the most
emulated enclosure on the market
in size and shape...no one has been
[ree Lo copy the palented R-J per-
formance principle.

River Edge

Customized Cabinets and
Do-it-Yourself Kits

The Series 100 modular kits are as
flexible for stereo as for mono sys-
tems...and most important, they
are built of Birch hardwood, to
take a quality living-room finish.
And... this one series is a complete
kit line in itself.

5-Core Solder

Pioneering solder advancements,
Multicore. the world's finest solder
..now offers the new copper-loaded
SAVBIT Allov which makes cop-
per tips last 10 times tonger. Only
Multicore, in regularand SAVBIT
Allovs, contains extra-active, non-
corrosive KRSIN flux.

.

/

Genalex Ell

Audio Tubes

Origination and promotion of the
famous KT66's and KT88's, ack-
nowledged throughout the world as
the finest tetrodes ever made! These
Genalex tubes are selected and used
by the leading manufacturers of
qualitv audio power amplifiers for
the highest possible performance
with the lowest distortion.

We have preparcd o acticxs of Camparator
Guides coveriug the variowy BIC prodact lines
and we will he happy 1o semd them to you. Please
write, specifving the BIC prodicis which rerest
vour. Address Dept. AM-19

BRITISH INDUSTRIES CORPORATION

PORT WASHINGTON, N. Y.

WWW. ameidceatiadioRistory.com
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AUGUST, 1959 VOL. 43, No. 8

Successor to RADIO, Est. 1917.

AUDIC

ENCINEERING MUSIC SOUND REPRODUCTION

C. G. McProud, Editor and Publisher
Henry A. Schober, Business Manager
Harrie K. Richardson, Associste Editor
Linda Sueskind, Assistant Editor

Janet M. Durgin, Production Manager
Edgar E. Newman, Circulation Director

Sanford L. Cahn, Advertising Director

"MEMBER Midwest Representative

< MM’Z W. A. Cook and Associat.es
67} ?\ S=%s, 161 East Grand Ave., Chicago 11, IIl.
‘: 5 : : West Coast Representative—

o"’.mc.‘i@ ,.r”"‘\o James C G.alloway )

6535 Wilshire Boulevard, Los Angeles 48, Calif.

CONTENTS
Audioclinie—Joseph Giovanelli ... .. v 2
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Transistor Music System Using Direct Coupling—Richard §. Burwen ......... 21
Hi-Fi Speaker Enclosure Damping Materials—James A, Huff, Jr. .. 26
Tape Guide—What to Look for in a Tape Recorder—Herman Burstein .. 32
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COVER PHOTO: Custom installation in North Stanford, Connecticut, designed by C.
F. Barton, with cabinetry by Russ Lang Corp., Bridgeport Conn. Unit is 14 feet long
in three sections; the record cabinet is two feet long and features an interior light. For
further data and a close-up picture of control panel, record changer compartment, and
ventilating duets, turn to page 104. Photos by Frederick Schulze.

AUDIB (dtle registered U, S. Pat. OF.) Is published monthly by Radio Magazines, Inc., Heary A. Schober, President:
€. G. McProud, and rial Offices, 204 Front St., Mineols, N. Y. Subseription rates—U. 6.
fons, Canada and Mexico, $4.00 for obe year, $7.00 for two years, all other countries. $5.00 per yesr. Single
coples 50¢. Printed in U.S.A. at Lancaster, Pe. All rights reserved. Entire contents copyrighted 1959 by Radio Magazines,
Inc. Entered as Gecond Class Matter February 9, 1950 at the Post Office, Lancaster, Pa. under the act of Mareh 3, 1879.

RADIO MAGAZINES, INC., P. O. Box 629, MINEOLA, N. Y.
Postmaster: Send Form 3579 to AUDIO, P. 0. Box 629, Mineola, N. Y.
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Discover for yourself why Sherwood
is the most honored line of high fidel-
ity components in the field. Sherwood
Tuners {the first ever to achieve sensi-
tivity under 0.95 microvolts) feature:
Inter-Channel Hush, a noise muting
system which makes FM tuning easier
than ever ¢ FM Multiplex Qutput
"Feather-Ray” Tuning Eye e Automatic
Frequency Control ¢ Flywheel Tuning.
Combine these tuners with either of
Sherwood's “mated” stereo amplifier
choices; 20420 watts or 36436
watts. And only Sherwood offers all
these features: Single/Dual Bass &
Treble Controls ® Mid-Range Presence
Rise o Stereo-Mono Function Indicator
Lights o Phase-Reverse Switch o
Damping Factor selection. Sherwood
also offers either 36 or 60 watt mon-
aural amplifiers, FM Multiptex Adapters
and a complete decorator-styled line of
cabinetry and 3-way speaker systems—
The Finest in High Fidelity. Sherwood |
Electronic Laboratories, Inc., 4300 N. |
California Avenue, Chicago 18, Illinois.

Model 5-5000. 20 -+ 20W Slereo Dual Amplifier —$169.50
| -i—.'-!\__‘-
liscocseo:

Mode1$-3000 I, FM Tuner —$105.50
- —— TE—
ey |
| cHEm—
=

Mode! S-4400, Stereo Preamp. < 36W Amp. — $159.50

Modet $-1000 I, 36w Monaural Amplifier —$109 50

only for those who want the ullimale:

OIERE]

: <
J/f )\% -

A\ .
. lete technical details write Dept. A-8,

.
Fol
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WAY'S

To ENJoY
THE

ROBERTS

Wy ®

HOW TAPE
¢ EQUIPMENT SERVES
/' MANY AUDIO NEEDS

| 22 are discussed in new
! Roberts booklet

Roberts Electronics Inc. has prepared
this 20 page booklet to demonstrate
the wide versatility and high quality re-
production of monaural and stereo tape
equipment. Eight ways to record live or
from broadcasts and to dub or copy from
disks and tapes are discussed, including the
correct way to tape stereo broadcasts.

Also included in this informative booklet
are ten methods to play back through
high level and low level external ampli-
fier/speakers in both monaural and stereo.
Suggestions are given for the use of tape
equipment to “dub in" vocal or instrumen-
tal accompaniment by mixing and multiple
recording.
The booklet treats with the general use and
care of tape equipment and instructions for
tape splicing, microphone placement and re-
cording procedure. A complete index and bib-
liography are included.
Before you buy a tape recorder, you will want to
read this valuable booklet, 22 Ways to Enjoy the
Roberts.” For your copy, just fill out and mail
the coupon below.

|
!
|

7:

] ROBERTS ELECTRONICS INC. !

1045 N. Sycamore. Los Angeles 38, Calif. Dept. D !
Please send me a copy of ‘22 Ways to Enjoy the |

| Roberts.”* |
| NAME_ E— |
! ADDRESS :
CiTY. _Z0NE__STATE_ |

|

AUDIOCLINIC??

JOSEPH GIOVANELLI*

Power and Voltage Considerations

Q. The specifications of my Dynakit am-
plifier indicate that 1.6 volts inputl are re-
quired for 60 watts output. It thercfore
seems like an casy matter to measure the
voltage at the output terminals when the
amplifier was fed by a 1.6-volt signal. This
voltage was found to be approzimately 40

| wolts. Since my speaker cannot handle 60

watts, this was a no-load measurement. I
could not experiment with a lower input
because I did not know the corresponding
output wattage. It would seem that the
Ohm’s law a.c. formulas should be applica-
ble to this problem. Pleuse tell me a simple
way to determine wattage from woltage.
What is the relation between input voltage
and watts output? Tell me how to deter-
mine the phase angle, for 1 understand
that this may have some bearing upon the
problem. Richard Meyer, East Lansing,
Mich.

A. Power is a measure of the work being
done. Now, when you measured the ampli-
fier's voltage output under no-load condi-
tions, you arrived at a situation wherein
you had voltage developed, but that voltage
was doing no work of any kind because it
was fed into nothing. In order to determine
anything about the wattage of your ampli-
fier, the signal must be fed into something
which would be indicative of the conditions
under which the amplifier normally works.
As yon said, your speaker system cannot
take all the power which can be provided
by the Dynakit, and in fact, neither conid
your ears. What is needed, then, is a device
which will act as much like a speaker as
possible, but will make no sound. What is
done in practice is to take a resistor eyual
to the impedance of the amplifier tap se-
lected for the experiment. This resistor
should be of as high a wattage rating as
possible since your amplifier delivers 60
watts. Don’t be alarmed if yon do not have
one that can handie that much power; a 10-
watt resistor ¢an handle as mmech as 80
watts for a short while, probably long
enough for yon to compute your data.
Under these conditions the transformer is
loaded, thereby reducing the back voltage
it produces. This, in turn, indicates that the
voltage at the ontput of the secondary will
be less than the unloaded valne; measure-
ment will bear this out.

When the impedance between a speaker
and its driving amplifier is matched, the
system is said to be resistive, and for this
reason, the phase angle need not be con-
sidered. Actually, the phase angle may
cnter into the picture somewhat since the
mateh is not perfect, and the speaker be-
haves like an inductance or capacitance at
different parts of the spectrum.

In explaining just what is meant by the
phase angle a brief discussion of alternat-.
ing current is needed. When a.c. flows
through a resistance, the voltage and cur-
rent are in phase, which means that as the
voltage rises to a maximum in one direc-
tion, the current rises to a maximum in

» 8420 Newkirk Ave., Brooklyn 3, N. Y.
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that same direction, and the two arrive at
that maximum at the same instant. When
this same current is applied across the
terminals of an inductance, the situation
is quite different. This can be made clear
by considering what happens when d.c. is
applied to the inductance. When the volt-
age is applied, there is a magnetic field sct
up around the indnctance. This field cuts
the turns of the inductance, causing a
second voltage to be gencrated within the
coil. By the rules of magnetic theory we
know that when this happens, the direction
of this newly created back voltage is op-
posite to that of the originally applied volt-
age. This tends to oppose the flow of cur-
rent. Soon the magnetic field reaches a
maximum intensity because we are feeding
d.c. to the coil, and this will ultimately
cause the curreut to stabilize. From that
time onm, the inductance behaves as though
it were resistive. When the inductance is
fed from a.c., however, the voltage and
current can never catch up with each other,
for, as the current tries to do so, the cycle
reverses and the whole thing starts all
over again. We say that, for an inductance,
the voltage leads the current by 90 deg.
“How,” you wonder *“did the degrees enter
into this®” A.c. is cyclical in character. A
cycle starts off at zero, rises to a maxi-
mum in one direction, falls back to zero,
and rises to a maximum of opposite po-
larity exactly equal in magnitude to that
of the first rise, and then it returus to zero
again. It next starts all over again, rising
to a maximum in the first direction. (This
is based upon the assumption that the wave
deseribed is a pure sine wave.) The whole
thing goes round and round. A circle conld,
therefore, be drawn to represent this ac-
tion. If it is considered that this cycle is
traveling in a counnterclockwise direction,
the voltage will, when a pure inductance is
the only element involved, be 90 deg. to the
left. Unfortunatelly, we never get a pure
inductance: there is always some resistance
present. This reduces the leading or lag-
ging effect, or, in other words, the phase
angle. Just how much this is reduced will
depend upon the amount of inductance and
upon the amount of resistance present. The
whole thing can be considered as a right
triangle whose hypotenuse represents the
combined effects of inductance and resist-
ance. Naturally, all mathematical work will
proceed vectorially since the hypotenuse
represents the square root of the sum of
the squarcs of the other two sides of the
triangle. This concept is basic to FPlaue
Geometry and Trigonometry, and hence
will not be explained further here.
Capacitors bebave in a manner opposite
to that of inductances. The current in a
capacitor leads the voltage by 90 deg. Ca-
pacitors contain resistance also and there
is no such thing as a pure capacitance.
The reasons for the behavior of a ca-
pacitor are best explained by considering
what happens when the capacitor is con-
nected to d.c. Since the plates are neutral,
the electrons rush to crowd on to one plate
at the moment the circuit is closed. This
action is so great at the first instant that

AUDIO & AUGUST, 1959
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Stereo Cartridge
| provides unsurpassed
performance in a
Garrard Changer.”

In thanking Mr. Welsh for these personal
comments, we would like to point out that hundreds
of thousands of GE Monaural cartridges played

a vital part in making high fidelity history during
the past decade. Particularly significant is the fact
that more GE cartridges were used with Garrard
changers in fine component systems, than in all
other changers and turntables combined!

Now, GE owners, and all others converting to
stereo, will be delighted to know that a Garrard
changer, such as the incomparable RCS88,
guarantees the superlative performance that has
been built into the new GE stereo cartridges.

“Unsurpassed
Stereo Results

with the & VR22

in Garrard Changers,”

says Mr. S. J. Welsh,
Manager-Marketing, High Fidelity Components,
General Electric Company

The same reasons why Garrard changers perform so
magnificently with GE cartridges have also made them
equally popular with all other manufacturers of fine Sterco
cartridges—Shure, Electro-Voice, Pickerin 9, Fairchild, ctc.

¢+ Vibration-free turntable.

* Vertical and lateral rumble completely inaudible. Wow
and flutter far below exacting “broadeast tolerance” standards.

* Exclusive Aluminum tone arm precision-mounted at
engineering works for optimum tracking angle, perfect sound
reproduction.

* Unrestricted choice of stereo cartridges—any of them will
track at the manufacturer's lightest specified weight.

* Reeord handling gentler than the surest human hand.

* The important convenience of manual play plus completely
automatic operation without compromise in performance.
These are the FACTS, no one can deny them with authority—
and they are backed by the 36 years of experience that have
created Garrard's unique reputation for unsurpassed quality.

“The new GE Sterco Classic cartridge Model VR22 has a
‘floating armature’ design for inereased compliance

and reduced record wear, and a flat frequency response
of 20-20,000 cycles. To retain this performance, it is
necessary that a tone arm track freely and with the
recommended light pressure. The motor must also have a
very low rumble content.

“Therefore, we are gratified to report the excellent
results we found when testing with Garrard changers.
All of the rigid laboratory standards built into our

new cartridge were maintained. The result was excellent
stercophonic music reproduction.”

Sead for free Garrord Comparator Guide

For the best in Stereo. ..
Insistona

Your Nome

Address

City State
Moil 1o Dept GK-19 af address below. c H A N G E R

THE WORLD'S FINEST!

-ahd v;i‘l.réd: for '_St;f

Conadian inquittes lo,Ci-fi; AW_‘
¥ Tasritories ather than U.5.A..and Canada 16
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Tung-Sol audio tubes
dynamically balanced
and twin-packed
in matched pairs
by the manufacturer

{

E

]
EF

588] For service in

amplifiers of vp to 50
watts,

6550 For service in

omplifiers and commer-
cial audio equipment of
up to 100 watis.

Now you can come as close to
faultless sound reproduc-
tion as the design and circuitry
of yqur hi-fi equipment will
permit. Tung-Sol 5881 and 6560
beam-power amplifier tubes are
dynamically balanced and fac-
tory-matched to very tight per-
formance limits to help you
achieve lowest distortion at all
volume levels.

Use of Tung-Sol 5881 and
6550 tubes has long been asso-
ciated with amplifiers of the
very finest design. These tubes
have always been produced to
closest possible tolerances with
cathode current ranges held to
an absolute minimum.

Now, in twin-packed pairs,
they assure the hi-fi enthusiast
and the commereial sound en-
gineer of replacement tubes that
will provide new standards of
performance —a feature of
special importance with the
newest amplifiers and loud-
speakers, particularly binaural
sound equipment. See your
parts supplier.

Tung-Sol Electric Ine.,
Newark 4, New Jersey.

®TUNG-SOL

4

d.c. is applied that the d.c. supply is
momentarily short-circuited. The voltage,
therefore, drops almost to zero. It does mot
take long before the plate becomes fully
charged, or “crowded” with electrons. It re-
quires more and more time for an electron
to find room. This means that the d.c.
supply is gradually unloaded. There will
finally come a time when there is no more
room for further electrons to gather, and
the supply will then run at its normal op-
erating voltage. No more current is being
taken from it. When a.c. is applied to the
capacitor, the circuit can never arrive at
a stage of equilibrium. Note that the volt-
age lagged the current in this illustration.

Lastly, you wished to know about the
relationship of the variations in output
voltage of an amplifier to the power de-
livered to the load. If the input of an am-
plifier requires two volts for a power output
of 20 watts, the power output will be re-
duced to 5 watts if the input voltage is
reduced to 1 volt. That is, the power varies
as the square of the voltage. However, the
input and output voltages will vary di-
rectly. If I reduce the signal voltage to %,
the output voltage will fall to % of what
it had been before tlie reduction in input
voltage had been made.

The next logical question is: “Why does
the power vary as the square of the volt-
age?” Power is equal to voltage times cur-
rent, ExI. It does not matter that the
current is not known since we do know the
resistance into which the power is being
fed. We know that the current is equal to
the voltage divided by the resistance, E/E.
Thus wattage, #, equals E x E/R, or E*/R.
That is how the exponential business creeps
in to destroy what would have been a sim-
ple arithmetic problem.

Assume an amplifier to which is con-
nected a 16-ohm resistor between the 16-
ohm tap and common. Assume a signal of
one volt is applied to the input grid. As-
sume that the voltage read across the 16-
ohm resistor under these signal conditions
is 20 volts. What power is the amplifier
supplying to the resistor?

Solution: in our derived formula, W=
E?/R, we can substitute our two knowns
as follows: E=20 volts, BE=16 ohms.
Therefore, the formulas can be rewritten to
read W =20'/16, or 400/16, which is 25
watts.

If the input voltage is reduced to 0.5
volt, the voltage as read across the 16-ohm
resistor will be 10 volts. By applying our
formula, we see that the power supplied to
the resistor under these conditions is 6.25
watts, rather than the 12.5 watts we might
have expected.

The following information does not bear
directly upon the foregoing problem, but
it is similar in some respects. Suppose it is
necessary to determine the power being
supplied to a resistance when only the
values of the current and of the resistance
are known. Voltage cau be readily obtained
by multiplying current by resistance, IxR.
The result can be multiplicd by the current
and the resulting answer will be the desired
power. These operations, however, can be
combined as follows: The voltage is equal
to the current times the resistance, E=IR.
The fundamental formula for power is volt-
age times current, or EI. Since E is equal
to IR, power is equal to I xIR, or I'R. B

WWW atneidicaafadioRistery. com

SAVE 25%!

your city who are listed.

RADIO SHACK CORPORATION
730 Commonwealth Ave.
Boston 17, Mass.

RE 4.1000
—— Branches ——

167 Washington St.
Boston, Mass.

230 Crown St.
New Haven, Conn.

CATANIA SOUND
1541 Fourth St.
San Rafael, Calif.

KIERULFF SOUND CORP.
820 W. Olympic Blvd.
Los Anggeles 15, Calif.

—— Branches ——
18841 Ventura Blvd.
Tarzana, Calif.
6035 Mognolia
Riverside, Calif.
12024 Wilshire Blvd.
W. Los Angeles, Calif.

WRIGHT’S HOUSE OF HI Fi
5140 El Cojon Blvd.
San Diego 15, Calif.

D‘ERRICO FIDELITY RADIO
3006 Wilshire Blvd,
Santa Monica, Calif.

EX 4-6209

AUDIO WORKSHOP INC.
1 So. Main St.
West Hartford, Conn.

GOLDEN EAR INC.
* 6108, 3rd
Lovisville 3, Ky.
—— Branches ——

Rl 3-1784
West Lafayette, Ind.
ME 4-8761
Indianapolis, Ind.

Washington St.
Martinsville, Ind.

RADIO DOCTORS HI FI
811 W. Springfield Ave.
Champoign, Il
Fleetwood 2-6464

AUD10 CENTER, INC.
17001 Kercheval Ave,
Grosse Pointe 30, Mich.

AUDIO KING CO.
913 West Lake St.
Minnenpolis 7., Minn.

DAVID BEATTY STEREO HI-Fl
1616 Westport Road
Kansas City 11, Mo.

ADSON RADIO & ELECTRONICS CO.
189 Greenwich St.
New York 7, N. Y.

LYRIC HI-FI, INC.
1190 Lexington Ave.
New York 28, N. Y.

WRYE COMPANY, LTD.
2410 W. Aloboma
Houstan 6, Texas

JA 6-3033

THE RADIO HI-F| SHOP
603 Broadway North
Seattle 2, Washington

HOUSE OF HI-FIDELITY
20th Century Sales, Inc.
W, 1021 First Ave.
Spokane, Washington

DOW RADIO, INC.

1759 E. Colorado St.
Pasadeno, California
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from any of the dealers in it I
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“the best of AU I] I []55

SPECIAL
PRE-PUBLICATION
OFFER!

YouR CONVENIENCE.. dealers
¢ {e;s Special djgy e
e

ributors e hi)Orc:tx:es have

y co
Pre-publicay
Publicatiop Price frOmo;(Aj\(:):o PY at the
A

“the best of AUDIO” Volume | features:

The AUDIO Clinic by Joseph Giovanelli...noted audio engineer, authority and tech- ‘I;rn‘:':ooo

nical writer, and the original high fidelity answer-man. Here is a compilation of [ oNLY uNTIL |

his best work ...the most important issues and facts, the answers to some of the | _AUELST 25,

most perplexing high fidelity problems covering all phases of AUDIO technicana T

from microphones to stereo. ' RADIO

EQUIPMENT PROFILES cdited by C. G. McProud... Publisher and Editor of AUDIO, o+ Magazines, Inc.,

the original magazine about high fidelity. Here, in Mr. McProud’s matter-of-fact Dept. 98

style of writing is a profile analysis of high fidelity components in action. The Post Office Box 629

EQUIPMENT PROFILE is definitely not a test, but rather a factual and thorough Mineola, New York

report of what makes a component tick ... what it does. .. how it does it. .. a valuable ?

etiiren ceilop Miclngh figelily shopher: .'.. Enclosed is my remittance for $1.50
. Please send my copy of “the best of AUDIO".

SPECIAL PRE-PUBLICATION OFFER...$1.50! KPP HOSTESD

Name

To be published July 15th at $2.00, the Ist Volumie of “the best of AUDIO” ,*

is scheduled for shipment to bookstores September Ist, 1959...order your " Address

volume now and receive shipmeni at least one full month early ... 0 City. . Zone.......State.

and, SAVE 25%! ..'. Remit only money order or check. No cash or stamps please.
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for less work and more play

GET THE TURNTABLE
THAT CHANGES RECORDS!

S seces sser s s e s s

No turntable and no record player,
in the history of high fidelity, gives
you more quality and more features
than the famous MIRACORD XS-200!
® heavyweight, Drofessional-type turn-
table—and a fully-automatic changer!
® plays both stereo and monophonic!
® push-button controlled throughout!
® Magic Wand spindles eliminate
pusher platforms and stabilizing
arms!
® intermixes 107 and 12”7; plays all
4 sbeeds: has a 4-pole motor!
® even as a turntable it shuts off
automatically when record is
finished and tone arm returns to
rest position.

—yet it costs only s67s°audiophila net

STEREOTWIN 200

P R R R I I I S )
Peere st asrsrveasrse sssasnsenrs

the stereo cartridge that

ELIMINATES HUM!

STEREOTWIN is the perfect magnetic
hi-fi cartridge for stereo and mon-
aural! It fits all record changers and
standard tone arms. And thanks to
special construction and MuMetal
shielding, it eliminates hum! Instant
stylus replacement, too.

NOW $S4459 puuiophite net
L 4

|2

For Free catalogue, please write Dept. A
AUDIOGERSH CORP.
514 Broadway, New York 12, N.Y.
WORTH 8-0800

FAR AHBAD) THE FINEST BY FAR
Available at selected dealers.

LETTERS

Stereo Recording in Education
SIR:

For several years I have been studying,
including school committee work, some of
the possibilities for more effective use of
teacher competencies in our schools and
adult education. One of these involves the
use of stereo tape recording for improving
music programs and in the language teach-
ing laboratory in elementary and high
schools. The latter art is fairly well de-
veloped and accepted at College levels, but
not in the lower levels. Perhaps some of
your readers may have developed some in-
formation that would be helpful.

Most of the experiments (including two
by one district by calling in professional
recorders) on the use of two-channel re-
corders in music programs have been con-
sidered by the school people as rather com-
plete failures (in spite of their recognition
of the commercial acceptance of stereo re-
producers in consumer products area,
though some think it is a fad).

Admitting that stereo-binaural pick-up
and recording is difficult does not justify
our continued neglect to provide some sort
of guides, suggestions, cautions, and more
specific considerations of the art. I have
written several recorder manufacturers
about this problem, and I have contacted
owners of this equipment. The story gener-
ally is that the equipment is not good
enough for the job, and I think there will
be a reaction against stereo recorder units
if this situation is not changed so that
these owners can get better results. I feel
that the trouble is not with recorders, but
with the pick-up and recording techniques.
It seems that the manufacturers have not
provided good application instructions for
the most effective stereo pick-up and re-
cording results, with some discussions of
some of the “tricks” of the trade on how
to make the final results more desirable and
how to better adapt the system to the
particular musical demonstrations. The user
needs to know how to plan for different
applications of strings, bands, large and
small groups, music rooms, solo, choral, and
other types of work. All of this is a part
of the over-all use of and satisfaction from
this kind of equipment by the more dis-
criminating users and for educational ap-
plications.

Perhaps this sort of thing has heen done.
If so0, I have not found it. I know of several
others in school work and citizen applica-
tions who have also looked for this kind of
information; some have relegated the
equipment to storage and relatively incon-
sequential use, somewhat discouraged that
they spent the money in the first place,
(not talking about disc equipment). If this
kind of information is available, perhaps
you can inform me, with references. If not,
perhaps you could get some articles in your
magazine on the more effective use of stereo
tape recorders.

As a school board member I feel that we
could improve our musical programs by
using stereo recorders. In addition I think
that such tapes could be used in demon-
strations to further our already meagre
public relations programs. Such proposals
generally meet with the problems of poor

WWW. aknefrieaaiadiahigstory.com

results, high costs, lack of time to experi-
ment, and so on. If we had more informa-
tion available as a sort of criteria for such
applications perhaps satisfying results
could be obtained ; at least people would be
better apprised of the requirements and
correct procedures.

The school publication in the audio visual
fields do not seem to do anything about
this situation. Perhaps it takes an appreci-
ably higher technical level of writing and
experience to get the idea over and to be
specific in enough areas, or to take such a
big subject and bring it into the language
of this type of prospective user of stereo
recording equipment. In my search I
reached an audio engineer in Hollywood
who had developed such instructions and
would provide an article or manual for $50
—too much for people in school activities.

At any rate here is the problem. Perhaps
some of your readers will be able to help
or to provide some references.

Lroyp P. MoRRIS,
2947 N. 78th Court,
Elmwood Park,
Chicago 35, TN

(And a serious problem it is, too. Unfortu.
nately, most stereo recording techniques are
regarded as at least “confidential” if not
“top secret,” and it is rare that we are per-
mitied to reproduce a photo of an actual
recording session with the microphones all
in place. However, we do not consider $50
too high if the manual were written to your
order—in fact, it is so low that it probably
wouldn’t be worth even that amount. We
have never encountered anyone with profes-
sional experience who was willing to give
out any information. It would be desirable
for all the tape and recorder manufacturers
collectively to « ission someone to write
such a book—and we hope they do, we’d
like to publish it. Here’s hoping some reader
in your vicinity may volunteer to help you
out, and possibly to annotate his findings
for later publication for everyone inter-
ested. Ep.)

More Desirable Subjects

SIR:

May I suggest a couple of topics that I
have not seen covered anywhere in more
than incidental fashion that should be
useful to many readers?

How about a really thorough article by
a competent authority on the use of voltage
regulator tubes, including possible uses and
applications, precautions and things to
avoid, and possible troubles and what to do
about them. The same suggestions go for
the design and use of regulated power sup-
plies employing vacuum tubes with control
grids. Design of such circuits should not be
beyond the capabilities of the average tech-
nician or advanced amateur.

I would like to know of any books that
contain this information. The best I have
been able to find on VR tubes so far has
been from the Heathkit catalogues before
they started omitting values from the
schematics.

KEerrH CONRAD,
816 W. Belle Plaine Ave.,
Chicago 13, Il
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/ Belden

—for EVERY ELECTRONIC application
—Correctly Rated~—Quality Controlled

—for positive performance
—for the most complete line for all electronic applications

—for most advanced construction designs, insulations,
and shieldings correctly service-rated

—for dependable uniformity under strictest quality control
—for complete information in an easy-to-read catalog

[ —for fast service

You Can Depend on Belden . .. Ask Your Belden Jobber

One Wire Source for
Everything Electrical & Electronic

WIREMAKER FOR INDUSTRY
SINCE 1902
CHICAGO
_:_L Magnet Wire « Lead Wire « Power Supply Cords,
. oL Cord Sets ond Portable Cord * Aircraft Wires
Electrical Household Cords » Elecironic Wires
Welding Coble * Automotive Wire ond Cable
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ANOTHER FIRST FOR HEATHKIT®
. . . amplifier power rating standards

Heathkit is accustomed to pionccring . . . to leading the way. We
led the way into the kit ficld of electronic equipment. Now, we are
leading the way to audio amplifier power rating standards . . .
standards clearly defined to assure you of Heathkit quality . . .
to enable you to compare before you buy.

The Hcathkit amplifier standards have been established upon
these following beliefs after reviewing over one hundred published
treatises on the subject:

WE BELIEVE any amplifier should be rated for its intended

use .

PROFESSIONAL amplifiers must be so ncarly perfect that
no audible change occurs in the program material.

HIGH FIDELITY amplifiers must be almost as perfect, almost
as cfficient.

UTILITY amplifiers can be less perfect and still fulfill their
practical job.
WE BELIEVE the rated power of an amplifier in any of the
ahove ‘“‘use” categorics should be that power which satisfies all
requirements in that category.
Each of the threc ‘“‘use’”” categorics we have chosen has require-
ments which can be translated into performance specifications with
rather definite limits . . . limits cstablished by recognized author-
ities. The Heath requirements and their limits for cach of the
categorics are as follows:
PROFESSIONAL RATING
The professional power rating shall be that power which satisfies
the following five tests:
1. Maximum power at which total harmonic distortion (THD)
does not exceed 0.3%, at 1000 CPS.
2. Maximum power at which total harmonic distortion (THD})
does not exceed 2.0%, at 20 CPS.
3. Maximum power at which total harmonic distortion (THD})
does not exceed 2.0% at 20,000 CPS.
4. Maximum power at which responsc does not deviate by more
than %1 db between 20 and 20,000 CPS.
Maximum equivalent single-frequency power at which
intermodulation distortion does not exceed 1.0% (60 and
6000 CPS, 4:1).

HIGH FIDELITY RATING
The high fidelity power rating shall be that power which satisfies
the following five tests:
1. Maximum power at which total harmonic distortion (THD})
does not exceed 0.7% at 1000 CPS.
2. Maximum power at which total harmonic distortion (THD})
does not exceed 2.0% at 30 CPS.
3. Maximum power at which total harmonic distortion (THD)
does not exceed 2.0%, at 15,000 CPS.
4. Maximum power at which response does not deviate by more
than +1 db between 30 and 15,000 CPS.
Maximum equivalent single-frequency power at which in-
termodulation distortion does not exceed 2.0% (60 and
6000 CPS, 4:1).

UTILITY RATING
The utility power rating shall be that power which satisfies the
following five tests:

t 5.

"5,

AMPLIFIER COMPARISON CHART

1. Maximum power at which total harmonic distortion (THD)
does not exceed 1.0%, at 1000 CPS.

2. Maximum power at which total harmonic distortion (THD)
does not exceed 3.09% at 60 CPS.

3. Maximum power at which total harmonic distortion (THD})
does not exceed 3.0%, at 7000 CPS.

4. Maximum power at which response does not deviate by more
than +1 db between 60 and 7000 CPS.

5. Maximum cquivalent single-frequency power at which in-
termodulation distortion does not exceed 3.0% (60 and
6000 CPS, 4:1).

We at the Heath Company are now rating all our amplifiers to
these standards. To show you just how this rating system works.
let’s look at the Heathkit EA-3 amplifier:

As a professional amplifier—

1. Maximum Power at which T.H.D. does not exceed 0.3% at
1000 CPS: 15.1 watts

2. Maximum Power at which T.H.D. does not exceed 2.0% at
20 CPS: 13.9 watts

3. Maximum Power at which T.H.D. does not exceed 2.0% at
20,000 CPS: 15.3 watts

4. Maximum power at which response does not deviate more
than %1 db between 20 and 20,000 CPS: 17.6 watts.

5. Maximum equivalent single-frequency power at which in-
termodulation distortion (60 and 6000 CPS, 4:1) does not
exceed 1%: 18.0 watts.

Taking that power which satisfies all five tests, we could rate the
EA-3 for professional use, at 13.9 watts. Its advertised professional
rating is a conservative 12 watts.

A review of the chart below shows why the EA-3 is rated at 14
watts for high fidelity applications, and 16 watts as a utility amplifier.

Notice that our specifications are set at rated. power for onc or
more classifications (when our customers need an amplifier for a
particular use, we believe thay want it to deliver its rated power
under those particular conditions). Observe that our distortion
figures are specified at the limits of the amplifier frequency range
as well as at the traditional 1000 CPS (the common practice of
rating distortion only at 1000 CPS docs not tell you what happens
throughout the full range of the amplifier).

As an cxample of how these standards work on several com-
petitive amplifiers, we have prepared the following chart. Notice
that if the amplifiers did not meet standards at rated output power,
we have determined the power output where they do meet the
standards set up under the three categories.

Amplifier [ Heath Standard Rating [ ) Maximum Power Output Satisfying: .
Description | Power Power Rating T power Rating Power Rating Power Rating I Power Rating
and Price 1 Classification (watts) l at Test 1 Stds. | at Test 2 Stds. | at Test3 Stds. | at Test 4 Stds. i at Test 5 Stds.
Kit A | Professional | Disqualified 8.4 watts “ 0.02 watts 1 0.65 watts Disquahified 3.9 watts
“12w. HI FI” High Fidelity Disqualified 9. 1.3 | 1.67 Disqualified | 5.9
$23.90 | Utility 8.6 watts 9.8 | 8.9 8.6 | 12.3 watts 11.6
A Amp. | P 0.3 | 4.7 | 0.3 4.8 1.2 4.0
Gy R T S S 158 HEATH
N . tility b + 3 2 . 3 3
4 {
Kit “C" | Professional 3.6 1.0 3.6 | 7.5 7.5 6.5
LY T ST O S I A
3 | Utity | g T . b | . .
A Amp. | Pi i 3.8 13.2 3.8 14.5 12.0 14.6
DS w WP | High Fidelty 10.6 |13 | 106 14.5 | 183 16.3 Benton Harbor 25,
. $64.50 i Utility 14.7 | 14.7 14.7 | 150 23.7 17.0 Michigan
e Ty R | B[ B (@ [ WO M
“l4 w. HI FI” High Fidelity 3 3 A 3 L b
s9s | Uty | 16 {165 16.6 | 16 19,0 19.5 a subsidiary of Daystron, nc.

Th-e Heathkit amplifier power rating standards have been lished as further assurance to you of the
high quality of our products. We will live by these standards untll induslry-wide standards are established.
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MONAURAL-STEREO PREAMPLIFIER
KIT (Two Channel Mixer)

IMMODEL SP-2 (stereo) $56.95 Shpg. Wt. 15 Ibs.
MODEL SP-1(monaural) $37.95 Shpg. Wt. 13 Ibs.

MODEL C-SP-1 (converts SP-1 to SP-2) $21.95
Shpg. Wt. 5 Ibs.

Special “building block™ design allows you to
purchase instrument in monaural version and add
stereo or second channel later if desired. The $P-1
monaural preamplifier features six separate inputs
with 4 input level controls. A function sclector
switch on the SP-2 provides two channel mixing.
A 20’ remote balance control is provided.

=

PROFESSIONAL STEREO-MONAURAL
AM-FM TUNER KIT

MODEL PT-1 $899°5

The 10-tube FM circuit features AFC (automatic
frequency control) as well as AGC. An accurate
tuning meter operiates on both AM and FM while
a 3-position switch selects meter functions without
disturbing sterco or monaural listening. Individ-
ual flywheel tuning on both AM and FM. FM
sensitivity is three microvolts for 30 db of quieting.
The 3-tube FM front end is prewired and pre-
aligned, and the entire AM circuit is on one printed
circuit board for ease of construction. Shpg. Wit.
20 Ibs.

AUDIO e AUGUST, 1959
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STEREO EQUIPMENT CABINET KIT

MODEL SE-1 (center unit) $14995
LWL 16!

MO[?NEIZ: SC-1 (speaker enclosure) $3995 -}
Superbly designed cabinetry to house your complete sterco svstem
Delivered with pre-cut panels to fit Heathkit AM-FM tuner (PT-1),
sterco preamplifier (SP-1 & 2) and record changer (RP-3). Blaak
panels also supplied to cut out for any other equipment you may now
own. Adequate spacc also provided for tape deck. speakers, record
storage and amplifiers. Speaker wings will hold FHeathkit §S-2 or
other speaker units of similar size. Available in unfinished birch or
mahogany piywood.

World’s largest manufacturer of
electronic instruments in kit form

HEATH COMPANY

Benton Harbor, 25, Michigan

F sidiary of Daystrom, Inc.

HIGH FIDELITY
RECORD CHANGER KIT

\ / MODEL RP-3 $6 495

Turntable quality with fully automatic

features! A unique “turntable pause™ allows

record to fall gently into place while turntable is stopped. The tone

arm engages the motionless record. and a friction clutch assures

smooth start. Automatic speed selector plays mixed 33': and 45

RPM records regardless of sequence. Four speeds available: 16, 330s.

45 and 78 RPM. Changer complete with GE-VR-II cartridge with

diamond LP and sapphire 78 stylus, changer base, stylus pressure
gauge and 45 RPM spindle. Shpg. Wt 19 Ibs.

"“"EXTRA PERFORMANCE' 55
WATT HI-FI AMPLIFIER KIT

A rcal work horse packed with top quality
features. this hi-fi amplifier represents a  ™etac
remarhable value at less than a dollar per  *
watt. Full audio output at maximum
damping is a true 55 watts from 20 CPS ¥

10 20 k¢ with Iess than 2% total harmonic  MODEL W7-M $5495
distortion throughout the entire range.
Featuring famous *"bas-bal™ circuit. push-
pull EL34 tubes and new modern styling.
Shpg. Wt. 28 |bs.

Tl
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NOTE THESE OUTSTANDING SPECIFICATIONS: Power Qutput:
14 walls. Hi-Fi: 12 watls. Professional; 16 watls. Utility. Power Response:

= 1db from 20 cps to 20 ke at 14 watts outout. Total Harmonic Distortion:

tess than 2%. 30 cos 10 15 ke at 14 walls cutput. hntarmodulation Dlstor-
tion: less than 195 at 16 watls oulput using 60 cos and 6 kc sianal mixed 4:1
Hum and Noise: mag. bhono input. 47 db below 14 watts: tuner and crystal
phono. 63 db below 14 watls.

1-WATT HI-FI ECONOMY AMPLIFIER KIT
MODEL EA-3 $2995

From HEATHKIT audio labs comes an exciting new kit . . . New
Styling, New Features, Brilliant Performance! Designed to function
as the “*heart”™ of your hi-fi systcm, the EA-3 combines the pre-
amplifier and amplificr into onc compact package. Providing a full
14 watts of high fidelity power, more than adcquatc for operating the
average system, the EA-3 provides all the controls necessary for
precise blending of musical reproduction to your individual taste.
Clearly marked controls give you finger-tip command of bass and
treble “boost” and “‘cut™ action, switch sclection of three scparate
inputs, “on-off" and volume control. A hum balance control is also
provided. The convenicnt ncon pilot light on the front pancl shows
when instrument is on. Styled to blend harmoniously into any room
surroundings, the handsome cover is of black viny! coated stcel with
gold design and features the new “eycbrow™ cflect over the front panel
to match the other new Heathkit hi-fi instruments. The panel is satin
black with brush-gold trim strip, while the control knobs arc black
with gold inscrts. Shpg. Wt. 15 lbs.

MODEI.;!:IJ‘AY: Mononhoslc half-track record/play-
back with fast forward and rewind
functions. Shpg. Wt. 24 Ibs, $9995

MODE/I. lTR-lAH: Ha:Hrack monophonic and stereo
record /olayback with fast forward

and rewind functions. s' 4995
Shpg. Wt. 35 Ibs.

MODEL TR-1AQ: Quarler-track monophonic and
stereo with record /playback fast forward and rewind

1 9
Snog- w35 s, $14995

NOW! TWO NEW STEREO-MONO TAPE
RECORDERS IN THE TR-1A SERIES

Offcring complete versatility, the model TR-1A series tape recorders
cnable you to plan your hi-fi system to includc the functions you want.
Buy the new half-track (TR-1AH) or quarter-track (TR-1AQ) versions
which record and playback stcrco and monophonic programming,
or the half-track monophonic record-playback version (TR-1A).

Precision parts hold fiutter and wow to less than 0.35%,. Four-pole,
fan cooled motor. Onc control lever selects all tape handling functions.
Each tape preamplifier features NARTB playback equalization, scpa-
rate record and playback gain controls, cathode follower output,
mike or line input, and two circuit boards for casy construction and
high stability. Complete instructions guide assembly.

10

MODEL FM-4
$3495

HIGH FIDELITY AM TUNER KIT
MODEL BC-1A $2698

Designed especially for high fidelity applications
this AM tuner will give you reception close to
FM. A special detector is incorporated and the
IF circuits are *‘broadbanded™ for low signal
distortion. Sensitivity and selectivity are excellent
and quict performance is assured by a high
signal-to-noise ratio. All tunable components
are prealigned before shipment. Your “best buy™
in an AM tuner. Shpg. Wt. 9 lbs.

{with cabinet)

. |
HIGH FIDELITY FM TUNER KIT (FM-4)

The all new model FM-4 incorporates the latest
advancement in circuit design. Features include
better than 2.5 microvolt sensitivity for 20 db
of quicting, automatic frequency control (afc)
with defeat switch, flywheel tuning and prewired,
prealigned and pretested tuning unit. Prealigned
IF transformers and prewired tuning unit assure
easy assembly with no further need of alignment
after unit is completed. The five tube circuit fea-
tures a generous power supply utilizing a silicon
diode rectifier. Shpg. Wt. 8 lbs.

“UNIVERSAL' 12 WATT
HIGH FIDELITY AMPLIFIER KIT
MODEL UA-1 $2195

Idcal for sterco or monaural applications, this
12-watt power package fcatures less than 2%,
total harmonic distortion throughout the entire
audio range ( 30to 15.000 CPS) at full 12-watt
output. Use with prcamplifier modcls WA-P2
or SP-1 & 2. Taps for 4, 8 and.16 ohm spcakers.
Shpg. Wt. 13 lbs.

HEATHKIT

YOU'RE NEVER OUT OF DATE
WITH HEATHKITS

Heathkit hi-fi systems are designed for maximum flexi-
bility. Simpie conversion from basic to complex systems
or from monaural fo stereo is easily accomplished by
adding to already existing units. Heathkit engineering

skill is your guarantee against obsolescence. Expand
your hi-fi as your budget permits . . . and, if you like,
spread the payments over easy monthly instaliments
with the Heath Time Payment Pian.

AUDIO e AUGUST, 1959
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CONTEMPORARY
Model CE-1B Birch
Model CE-1M Mahogany

* No Woodworking Experience
Required For Construction.

® All Parts Precut & Predrilled
For Ease of Assembly.

® Maximum Overall Dimensions:
18" W.x 24" H. x 354" D.

IT'S EASY . . . IT'S FUN
AND YOU SAVE UP TO ¥
WITH DO-IT-YOURSELF HEATHKITS

Putting together your own Heathkit can be one of the most
exciting hobbies you ever enjoyed. Simple step-by-step in-
structions and large pictorial diagrams show you where
every part goes. You can’t possibly go wrong. No previous
electronic or kit building experience is required. You'll
learn a lot about your equipment as you build it, and, of
ccurse, you will experience the pride and satisfaction of
having done it yourself.

DIAMOND STYLUS HI-FI
PICKUP CARTRIDGE

MODEL MF-1 $2898

Replace your present pickup with the MF-1
and enjoy the fullest fidelity your library of
LP’s has to offer. Designed to Heath specifica-
tions to offer you one of the finest cartridges
available today. Nominally flat response from
20 to 20,000 CPS. Shpg. Wt. 1 Ib.

“RANGE EXTENDING'' HI-FI
SPEAKER SYSTEM KIT

The SS-1B employs a 15" woofer and super
tweeter to extend overall response of basic
§S-2 speaker from 35 to 16,000 CPS +5 db.
Crossover circuit is built in. Impedance is 16
ohms, power rating 35 watts. Constructed of
%" veneer-surfaced plywood suitable for light
or dark finish. Shpg. Wt. 80 Ibs.

MODEL SS-1B
$999s

=
SEND FOR FREE CATALOG

Describing over 100 easy-to-build
kits in hi-fi, test, marine and ham
radio fields, Also contains com-
plete specifications ‘and sche-

matics.
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TRADITIONAL

Model CE-1T Mahogany

CHAIRSIDE ENCLOSURE KIT
MODEL CE-1 $4395 .,

Control your complete home hi-fi system right from
your easy chair with this handsome chairside en-
closure in either traditional or contemporary mod-
els. It is designed to house the Heathkit AM and
FM tuners (BC-1A and FM-3A) and the WA-P2
preamplifier, along with the RP-3 or majority of
record changers which will fitin the space provided.
Well ventilated space is provided in the rear of the
enclosure for any of the Hcathkit amplifiers de-
signed to operate with the WA-P2. The tilt-out
shelf can be installed on either right or left side as
desired during the construction, and the lift-top
lid in front can also be reversed. All parts are pre-
cut and predrilled for easy assembly. The con-
temporary cabinet is available in either mahogany
or birch, and the traditional cabinet is available in
mahogany suitable for the finish of your choice.

All hardware supplied. Shpg. Wt. 46 Ibs.

**‘BASIC RANGE'' HI-FI SPEAKER SYSTEM KIT

MODEL SS5-2 $3995
Legs: No. 91-26 Shpg. Wt. 3 |b. $4.95

MODEL HH-1 $29995

The startling realism of sound repro-
duction by the Legato is achicved
through the use of two 15" Altec
Lansing low frequency drivers and a
specially designed eaponential horn
with high frequency driver. The special
crossover network is built in. Covers
25 to 20,000 CPS within + 5 db. Power
rating 50 watts. Cabinet is constructed
of 34" veneer-surfaced plywood in
cither African mahogany or white
birch suitable for the finish of your
choice. All parts are precut and pre-
drilled for easy assembly. Shpg. Wt.
195 1bs.

The modest cost of this basic speaker sys-
tem makes it a spectacular buy for any
hi-fi_enthusiast. Uses an 8° mid-range
woofer and a compression-type (weeter to
cover the frequency range of 50 tc 12,000

CPS. Crossover circuit is built
in with balance control. Im-
pedance is 16 ohms. Power rat-
ing 25 watts. Tweeter horn ro-
tates so that the speaker may
be used in either an upright or
horizontal position. Cabinet is.
made of veneer-surfaced fur-
miture-grade plywood suitable
forlight or dark finish. All wood
parts are precut and predrilled
for’ easy assembly. Shpg. Wi.
26 lbs.

LEGATO HI-FI SPEAKER SYSTEM KIT

pioneer in
| ‘do-/t-yourself”
electronics

Enclosed find$........

name
Please enclose postage

COMPANY - BENTON HARBOR 25, MICH.

ﬂ@bsidiary of Daystrom, Inc.

O Please send the Free Heathkit catalog.

for parcel post—express
orders are shipped de-
livery charges collect.

All prices F.O.B. Benton address

Harbor, Mich. A 20% de-
posit is required on all
C.0.D. orders. Prices

subject to change with.  City & state

out nolice.

QUANTITY ITEM

MODEL NO. PRICE
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1. PLAY RECORDS AND LIKE IT

As of this writing, I am five days’ regular
mail from home, two days’ air mail, and
the territory seems so wholly removed from
the world of audio that I can scarcely get
myself to write on that honored subject.
But it is good for me, of course, to get
away from the hectic center of things and
see how records and hi fi look to the big
outside world in its millions of small cor-
ners, of which this is one. Where am I Not
Pakistan, nor Durban nor even Yokohama,
but just plain Tennessee, I got a letter
this morning from Peter Bartok of Bartok
records in New York that was mailed just
seven days ago. That’s how far away I am.

Down here, audio, hi-fi and records make
a subject for an experiment in teaching
which I believe is quite novel and perhaps
untried to date. I'm teaching hi fi—plus
sixteenth century motets—to an enterpris-
ing batch of budding professional musi-
eians, average age about sixteen, who are
being trained by a faculty of professional
symphony players. The Sewanee Summer
Music Center is encamped on a lovely old
mountain campus, the University of the
South, for five weeks of concentrated musie-
making—fiddle players, trombones, horns,
bassoons, clarinets, oboes, each group
ardently coached by the professional sym-
phony specialist for the given instrument.
When they rehearse, under a big tent on a
very green and leafy lawn, these kids play
manfully (and girlfully) with a concentra-
tion that should make any teacher envious.
They can’t be stopped. They take their
harmony lessons to the swimming beach
with them and study between dips. They
eat, drink, blow, scrape and pound musie
all day long.

It would make you envious too, I'm sure,
if you happened to be thinking about the
young engineering students whom you may
know. These kids get up at five in the
morning to practice, or stay out of bed
surreptitiously until the wee hours, against
camp regulations, to hide themselves in a
sound-proof practice room and hammer
away (or blow away) at their instruments.

No doubt about it, music—live music—
is a vital, living thing for a surprisingly
large number of upcoming young folks.
They face up to the formidable, even terri-
fying complexities of skilled musical per-
formance with the usual fortitude of youth,
and more than that. They study and play,
here, as though the world of the future
would certainly be conquered by clarinets
and bassoons, as though if only the right
embouchure, the correct stance, the exact
rhythm and lilt could finally be achieved by
each and every one of them, the problems
of nations and the nuclear bomb would
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melt away. It's a nice feeling, a heartening
one, if slightly provincial.

You see, if the United Nations and the
Bomb don’t get mentioned very often here,
because there isn’t time to bother with
them and there’s practicing to be done,
work to fill every moment of a musician’s
life—then audio, too, seems generally dis-
tant and not so very important, all in all.
Records are nice, of course, but real work,
real music is 80 much more to the point—
and practice, practice, practice; that’s
what really has to count. Records are like
candy, and apt to make one sick if taken
in more than tiny doses—sick for lack of
music practice. Time is of the essence, and
it’s not for leisure—especially, listening to
records.

To be sure, the bassoonist from the Pitts-
burgh Symphony who lives next door to me
in the big stone college dormitory named
Cleveland Hall, has a Magnavox and a cat.
Each morning before our 7:30 breakfast
he puts on one record, shaves, feeds the cat
and rushes out to play bassoon. Each noon
he comes back, plays a record, cleans up
the cat’s mess, if any (often), and rushes
out to play bassoon again, or teach bas-
soon. Same, ditto, idem, various other
times. He gets a surprising amount of
music in, this way (hi-fi on records, I
mean), though it is only natural that al-
most every piece he plays has a bassoon in
it, (Bassoons play in practically all music,
when you come down to it, so he has plenty
to choose from.)

I brought down some 500 records, about
four-fifths of them stereo, to represent the
huge present recorded library. The rear end
of my car practically hit the ground under
the weight. I also crammed in a pair of
AR-3 speakers and another pair of KLH
Sixes—plus my complete Dynakit system
and a spanking brand new Fisher 300
stereo outfit. Also mikes, tape, a four-track
recorder, and other paraphernalia galore.
You should have seen my packing job for
the thousand-mile jaunt over the Blue
Ridge Parkway!

Unfortunately I am not yet able to re-
port very much on this lovely array of hi
fi. I can state positively that the Fisher
turned on and didn’t blow a fuse, nor did
it hum. I can say equally well that both
the AR-3 speakers produced a large volume
of sound. But beyond this I am presently
stymied for two excellent reasons.

First, I have—inevitably—been assigned
a fine, big university class room for my
hi-fi lectures. It is the Devil's own first
choice as the prize horror-room for listen-
ing. Unbelievable! Solid concrete, utterly
rectangular, without one square inch of
padding or sound deadening of any sort,
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and one side is solid windows, the other
sides mostly hard, shiny blackboards. Tile
floor, varnished wooden chairs carved in
flat planes. Phew! The sound that ema-
nates from my speakers is vaguely like the
rumble of a subway train on a sharp curve.
If you listen hard, you can tell that it is
music that is playing,1

The odd thing is (and I've noticed this
before, in other similar situations) that in
this hard, bright, utterly plane-surfaced
room, what you hear is all bass and ne
highs, For a moment, I thought the AR-3's
were connected with the tweeters out. Not
at all; they were turned all the way up,
both highs and mid-range. I managed to
get a slight and relative improvement by—
believe it or not—boosting the highs to the
maximum and rolling off the bass all the
way, plus the rumble cut-off set at a fairly
drastic position,

Worst of all, it didn’t seem to make
really very much difference what I did
with the controls, nor what I played. All
records, including the deadest ones I know,
sound ultra-live and thoroughly serambled.

Two speakers, I tried to check their
phasing via a mono record played through
both—and found that it didn’t make the
slightest difference which way I set the
polarity. The reverberation was so tre-
mendous that every last vestige of phasing
was effectively blurred out. Stereo? Here I
had brought a thousand-odd dollars’ worth
of stereo equipment all the way to this
blarsted room and I immediately found
that in it there was not the slightest aud-
ible difference between stereo and mono
sound—phasing quite aside!

It’'s an odd spot for an audio man to be
in, but not actually an unusual one, come
to think of it, Don’t forget that records,
most providentially, sound decidedly at
their best in the acoustics of the average
home living room—indeed, they are tailor-
made for the living room and generally find
themselves painful misfits in most other
acoustics. Class rooms, lecture halls, stu-
dent lounges and the like are not designed
for record listening and no reason why they
should be. But unfortunately, if one is to
give illustrated lectures on records, with
records, the class room is the place it ordi-
narily has to be done. You members of lo-
cal hi-fi clubs will know all too well what I
mean. Have you found a really good place
to hold your musical meetings—one that
will hold the audience and treat the re-
corded sound rightly?

The physical blur of recorded music in
my class room (I've been spending today
trying to locate a replacement room some-
where else) is compounded by the second
reason for a slight delay in producing re-
sults here in this Tennessee music camp.
(I haven’t been here very long yet.) That
is, of course, the musicians themselves.

My job, ever so tactfully, is to persuade
these excellent, ardent, hard-working live
musicians that recorded music has some-
thing to do with their lives. And, as of now,
I have to do my persuading in that room.
Ugh.

So my very first problem of all, is to find
a better listening place. People here, like
others everywhere, do not understand what
a whale of a difference room acoustics can
make—do make—in reproduced sound. Not

1 Why didn’t you open the windows? Ep.
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he AR-3 is a three-way speaker system.

combining an AR-1 acoustic suspension
woofer with two high-frequency units developed
in AR’s laboratory over the last year.

[
CD\
£ -
—

Like the AR woofer, the tweeters used in the AR-3
represent a radical departure from conventional
speaker design, and patent application has

been made.*

These new tweeters are neither cone-type nor
horn devices—they could be described technically
as hemispherical direct-radiators. We believe
that their uniformity and range of frequency
response, their low distortion, and their transient
and dispersion characteristics establish new
performarice standards, and that the AR tweeters
make a contribution to treble reproduction
similar in degree to that made by AR’s acoustic
suspension woofer to bass reproduction.

The AR-3 has the most musically natural sound
that we were able to create in a speaker,
without compromise.

*Patent applied for by E. M, Villchur, assignor to Acoustic
Research, Inc.

The AR-3 speaker system, complete with the
necessary “bookshelf” size enclosure, is

$216 in mahogany or birch—prices in other woods
vary slightly. Literature on the AR-3 is
available for the asking.

ACOUSTIC RESEARCH, INC. 24 Thorndike St., Cambridge 41, Mass.
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even enough engineers understand it. Most
of us are lucky; our living rooms, by the
happy chance of current decorating styles,
are usually quite good for recorded sound.
A few years ago, many a living room was
too dead for listening comfortably, what
with rugs, pillows, heavy drapes, plush
sofas. Now, the modern trend has brought
in more hard furniture, less absorbent
drapery and upholstery. But it hasn’t gone
so far as to leave our living rooms bare
and chilly, like the average eclassroom!
Not that.

To be sure, there's a marvelous listening
room up our University avenue a ways, in
a comfy old fraternity house with all sorts
of nooks, balconies, wooden paneling, car-
pets, a peaked roof. Superb—but it happens
to be in the Director's private home and
isn’'t properly available. There’s chamber
musie to be played there all day long (and
what a lovely sound), with small time left
for any other purpose. But ah! what a
lovely sound from a stereo tape, too, that
I played in there the other evening! I'm
going to have to wangle my way into that
room willy-nilly unless I can find its double
somewhere else.

(There surely is nothing like putting
your theories to the test. I'm testing my pet
ideas on recorded sound with a vengeance
here.)

But back to the musicians. The bassoon,
the elarinet, the horn are simply too busy
to spend their lives learning about records
and, as specialists in a very demanding art
I cannot in the least blame them. There’s
work for them to do and no end to it, ever.
But what makes things more interesting is
that some other faculty members among
these musicians are a lot more than merely
indifferent to the joys of record listening
and the complexities of audio acousties,
stereo and what-not. These others, like
many musicians the country over, actively
distrust, even hate recorded music. They
feel, and have told me so elsewhere as well
as here, that records are not only murder-
cus to the actual sound of real music but,
more important, they are passionately con-
vinced that recorded sound has already
threatened the entire art of music and is
well on its way towards killing off the
musicians himself and his livelihood. Rec-
ords, from this musician’s point of view,
are an ominous force that is undermining
their whole way of life. Audiences are
vanishing from their concerts, young peo-
ple find jobs elsewhere, musicians are quit-
ting by the hundreds, disillusioned, stan-
dards of playing are going down . .. . it'’s
a dismal story to hear, and it does make
you pause to think.

Here I am, an enthusiast for this very
cnemy of theirs, right in their own camp—
teaching their own young musical hopefuls
all about records! It's a bit hard on the
musicians and not too easy for me, though
it is a tremendous challenge to see whether
I ean’t convinee some of these pleasant
people here that neither I nor my records
and my hi-fi are here to bite them, so to
speak. In a microcosm, on this campus, we
have the very essence of the musician’s
problem today. The situation, if it weren't
so real, so isolated, so intense, could be
tremendously interesting for all of us—
and probably will be before I leave.

The problem I face, of course, is not
how to solve these musicians’ future for
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LESA-E ARRIVATO!

Translation: LESA — IT HAS ARRIVED! In any language, this is
truly welcome news for all Hi-Fi enthusiasts and would-be enthusiasts
searching for professional quality at an amateur price. Just one quick
look and a listen will show you why we say “Custom crafted in the world
famous Italian tradition of unsurpassed quality and lasting beauty.”

You'll especially want to see the smartly styled CD2/21 record changer — never before such
quality at anywhere near the price! Fully automatic, 4-speed e pre-wired for mono and

stereo ® automatic size intermix - e

flutter, wow and rumble of broadcast standards

¢ smooth action, 6-second change cycle e guaranteed jam-proof e universal plug-in head
® heavy duty 4-pole motor e precisely balanced no-resonance, no-feedback tone arm.

- §

PORTABLE STEREO SYSTEM

Brand new! The LEsAPHON high fidelity phonograph and
companion LECOSTEREO amplifier-speaker. Use the LESAPHON
with its CD2/21 changer and high power sound system
for brilliant monaural sound reproduction. Or simply plug
in the LECOSTEREO for superb stereo with single point vol-
ume control. Both in matching finish with brass trim.

Lesaphon Mode! 57/SA with stereo cartridge............ $125.95 net
Lecostereo Model 1/SA with shielded cable ............. $ 63.95 net
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MINIATURE RECORD PLAYER

You've never seen a 4-speed manual record player of the
small size, small price and big quality performance of the
Lesa 4V3/11. Pre-wired for monaural and stereo, it plays
all size records. Automatic stop at end of record play. rn-
table speeds are accurately controlled, constant to within
1.5%. Elastic suspension mounting insures smooth, steady
operation.

Model 4v3/11 with universal plug-in head .............. $23.25 net

SEND FOR FREE LITERATURE AND 23
NAME OF YOUR NEAREST DEALER
Electrophono & Parts Corp.

530 Canal Street, New York 7, N. Y. H

Name.

Address.

City. Zone. State.
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"fi cm/sec and 1 kc. Complete with install-a-

Model SM-1 Rotating Magnet Stereo/Mono-
phonic Cartridge. Rotating ball magnet for
permanent channel separation; wide, smooth
response, Complete mu-metal shielding.
Easily repl ble 0.6 mil & d stylus.
Extremely high output | 162 mv @ 7

4 kit screw driver and gram gauge. $34.95
= I t stylus bly $15.00

Model 282 Stereo Arm. Mass and spring
counterbalanced for maximum tracking ac-
curacy. Two plug-in cartridge slides provided.
Universally adaptable contact block permits
all leading cartridges to plug in without
soldering. Complete with integral 6-foot plug-
terminated leads. $42.50

Model 412-1 Double Belt-Drive Turntable.
3313 rpm. Resilient double belts on large
pulleys eliminate drive slippage, and keep
rumble to a minimum of 100% better than
the NARTB standards for professional tables,
Speed constant =0.3%. $79.50

F
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FAIRCHILD is a way of sound . . . a pattern for listening

. a passport to musical enjoyment. All this is yours with
the acquisition of three pieces of fine FAIRCHILD equip-
ment: revolutionary rotating-magnet cartridge, double
belt-drive turntable and double counter-balanced arm. -
Engineered by the pioneer in monophonic and stereo-
phonic recording and reproducing equipment, these three,
either alone or in concert, will add new dimension to
your system. They will distinguish you as a person of
musical discernment, for FAIRCHILD up front puts your
enjoyment way ahead.

Write for complete specifications or consult your selected
FAIRCHILD dealer. -

S5
FAIRCHILD RECORDING EQUIPMENT CORPORATION
10-40 45th Avenue, Long Island City 1, N. V.
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them, which I can’t do, but simply to get
their attention. There aren’t many argu-
ments because everybody is much too busy
to argue—even the bassoonist with his
Magnavox. He plays records but he’s not
interested in them as records, nor how they
work. He just wants to hear the music on
them. An admirable idea and, I must con-
fess, a rather pleasant one for me, who
spend most of my time trying to persuade
hi-fi fans to pay more attention to music
and less to the cycles and the IM distortion.

And T confess, too, that my own resolu-
tion is hard put, here. I tend in this in-
tense area of active music-making to lose
interest in my own records. I, myself, want
to hear this live music; I am almost apolo-
getic when I suggest that maybe the stu-
dents ought to have a few hours now and
then during which they could listen to my
500 discs and study what other musicians
are doing in the great, big outside world.

But I mustn’t be apologetic. I tell myself
that records are here to stay, that audio is
a great, big field unto itself, that hi-fi, for
all its goofiness, is a big industry and an
even bigger cultural force in our life to-
day. I assure myself, privately, that mil-
lions of people are interested in records
and in hi-fi, that an enormous new audi-
ence for music has been created by the
phonograph, that recording has revived
vast areas of long-forgotten art that would
never have been heard again were it not
for the art of sound reproduction.

I insist, to myself, that I am represent-
ing, here in the mountains of Tennessee,
one of the most dynamic artistic move-
ments of our century, just as I am in this
magazine that you are now reading.

But it all seems very distant, in spite of
me. Last night I forsook my tape recorder
and went off to listen to Stravinsky, played
by seven of my new musician friends here.
It was terrific and lots better than any
record. This afternoon, the next-door bas-
soonist spent three hours teaching a lovely
young lady student how to cut her own
bassoon reeds. I was fascinated, for here
was old-line craftsmanship of a sort you
wouldn’t believe could still exist. Each of
his double reeds is cut and shaped by hand
with a careful knife, the edge trimmed to
a millimeter, the thickness ecarefully
scraped down for hours to an exactly even
taper and a perfectly symmetrical curve.
The canes for the reeds grow only in one
part of France—they can’'t be had any-
where else. They last a week or so, and then
the bassoon (and oboe) player spends more
hours of handwork scraping and binding
another.

Sure, it's like bu)ldlng ‘a hi-fi kit in a
way ; but suppose you had to go out and
make your own resistors and capacitors,
draw your own copper wire and wind on
the insulation.

It's an interesting corner of the musical
world, here in Sewanee, and no two ways
about it. But I haven’t yet been able to
play a single record all the way through—
anywhere on the campus. I'm not really
sure I want to, at that. . ... Phew! What
am I saying?

On with the Great Crusade, Canby. Get
out and teach these musicians to play rec-
ords and like it!

(Continued on page 64)
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New Stereo Tape Recorder
Cybernetically engineered
for intuitive operation

Fluid smooth, whisper quiet...with feather-
light touch vou control tape movement
with the central joystick of vour Newcoml
SM-310. This exciting new stereophonic
record-plavback tape machine has been
cvberetically engineered to fit vou.
Intuitively, vour sense how to operate this
handsome instrument. The natural move-
ment, vou {ind. is the correct movement.
Loading is utterly simple. It is alimost impos-
sible to make a mistake. The transport han-
dles tape with remarkable gentleness, avoids
stretch and spilling,

The Newcomb SM-310 records stereo-
phonically live from microphones or from
broadcast or recorded material. There are

mixing controls on both channels for com-
bining “mike” and “line” The SM-310 re-
cords and plays back half-track monaural
also. So versatile is the machine that vou
nmay record and plavback on either or both
channels in the same direction.

The SM-310 is a truly portable unit which
combines the features required hv the pro-
cssional and desired by the amateur for on-
ion making of master sterco tapes. For
example, the SM-310 tukes reels up to 10%”,
has two lighted recording level meters ar-
ranged pointer-to-pointer for ready compari-
son, has a4 digit counter to pinpoint position
without repeating on any size reel. For plav-
back there are a “balance” control and a
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ganged volume control. Head cover removes,
giving direct access to tape for easy editing.

The Neweomb SM-310 s a sleek, rugged,
compact machine, discreetly stvled by an
eminent industrial designer in easv-to-live
with shades of warm gray and satin alumi-
num...a gratitving, precision instrument for
the creative individual who is deep in the
art of tape recording. Eight, tightlv-spaced
pages are regnired in a new brochure to
describe the SM-310 in detail; send for vour
free copy.

Advance showings in New York and Los
Angeles proves an unprecedented demand
for this instrument. We urge those wha de-
sire carlv delivery to place their orders now.

saLant
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NEWCOMB AUDIO PRODUCTS CO., DEPT. T-8, 6824 LEXINGTON AVENUE, HOLLYWOOD 38, CALIFORNIA

CALIFORNIA, San Francisco 3, William J. Purdy Co.,
Tampa 9, Morris F. Taylor Co., 4304 Corono St..
INDIANA, Indianapolis 20, Thomas & Sukup, Inc.,
LAND, Silver Spring, M. F. Taylor Co., P. O. Box 11,
S. E.; MISSQURI, Clayton 5, Lee W. Maynard Co.,

139 N. Central;

NEWCOMB SALES REPRESENTATIVES

312 Seventh St.; COLORADO, Denver, Cox Sales Co., P. O. Box 4201,
Winter Hoven, M.

Co., P. O. Box 123, DeWitt Station; NORTH CAROLINA, Charlotte 5, M. F. Taylor Co., 1224 Dresden Drive,

P. O. Box 4098; PENNSYLVANIA, Hellertown,
Co., 5436 Youngridge Drive; TEXAS, Dallas I,
Ave., West.

M. F. Taylor Co., 534 Ellen St.; Lansdowne, M. F. Taylor Co.,
Wyborny & Yount Co., 408 Merchandise Mart 8ldg.; WASHIN
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So. Denver Station; FLORID A,

F. Taylor Co., 940 Luke Elbert Drive; GEORGIA, East Point, M. F. Taylor Co., Box 308;
5226 No. Keystone Avenue; MASSACHUSETTS, Brookline 46, Kenneth L. 8rown, 54 Atherton Road; MARY-
MICHIGAN, Ferndale 20, Shalco, 23525 Woodward Ave.; Grand Rapids 6, Shalco, 700 Rosewood Ave.,
NEW YORK, East Meadow, Harry N. Reizes,

1473 Sylvia Lone; Syracuse 14, Paston-Hunter

West; OREGON, Portland 8, Don H. Burcham Co.,
275 Bryn Mawr Ave.; Pittsburgh 36, M. F. Taylor
GTON, Seattle 99, Don H. Burchom Co., 422 First
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EDITOR'S REVIEW

AUDIO ENGINEERING SOCIETY
CONVENTION

ITH THE PRESENTATION of papers from all over
Wthis country as well as from Europe and South

America, the Eleventh Annual Convention of
the Audio Engineering Society will take place at the
Hotel New Yorker October 5th through the 9th. These
papers will cover the newest theories, developments,
and achievements in the audio field, and will include
a thorough discussion of stereo. There will be a broad
coverage of sound recording and reproduction.

The convention will be accompanied by the second
“noiseless’’ exhibit of professional audio equipment,
first introduced last year, and it is expected that the
number of displays will triple those of last year. Tech-
nical sessions will be presented on a three-a-day basis
commencing at 9:00 a.m. on October 5, and the annual
banquet and presentation of awards will follow the
cocktail party on Thursday, October 8.

Beginning on the same day and continuing for one
day after the AES Convention closes, the New York
High Fidelity Show will take place across the street
from the New Yorker in the Trade Show Building—
but will most certainly not be ‘‘noiseless.”” People who
come to see high fidelity equipment expect to hear it
also.

THE WEST COAST SHOWS

The Tnstitute of High Fidelity Manufacturers has
just announced the dates and locations for the San
Francisco and Los Angeles Shows. In the Bay City,
the loeation is Brooks Hall at the Civie Center, and
the dates are January 27 to 31.

The Los Angeles show follows a few days later,
opening at the Shrine Exposition Hall on February 10
and continuing through the 14th.

We will have further information about these two
important shows during the next few months—yon
will still have plenty of time to arrange for your
annual early-spring trip to the coast. In the meantime,
there are the Rigo shows in many of the smaller cities
—nearly one a week throughout the fall season—
along with the Chicago and New York shows—the
former at the Palmer House from September 18-20,
and the latter October 5-10, as mentioned above.
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Paraphrasing the boast of the Philadelphia paper
that ‘“nearly everybody reads the Bulletin,’’ we believe
it is safe to say that ‘‘nearly everybody goes to the
New York Show’’—at least that is what you think
when you are there.

CONSUMER MAGAZINES

Apparently we are not alone in deriding the sup-
posed omniscience of consumer testing organizations
—the somewhat less than austere Punch had its inn-
ings in the January 14 issue, a copy of which we just
received from Gilbert Briggs. Punch ‘‘analysed’’
copies of Which? and Shopper’s Guide, England’s two
consumer ‘‘guidance’’ journals.

This is one time we beat Punch to the punch—if
you remember our editorial of April, 1957. And we
have never had cause to change our opinion since.

MONODIC

Turning to another British publication, we find this
interesting bit in the June issue of Wireless World. A
chap writing under the nom de plume of ‘‘Free Grid”’
conducts a page each month titled UNBIASED, and his
lead article studies the language to find a really good
word for single-channel reproduction. He believes the
correct word is ‘‘monodie,’’ after agreeing that mon-
aural is more offensive than monophonic, which is just
plain dreadful. Cause of it all was BBC’s patronage of
monophonic—which most of us use in this country as
an improvement over monaural, and which is officially
accepted by the IHFM. Monodic, by the way, is a con-
traction of mionos (one or single) and hodos (a way,
path, or channel). Still quoting from Wireless World.
we find that in such combinations the ¢‘‘h’’ is usually
dropped, as in electrode.

The funny part comes when Free Grid attempts to
find the right word for two stereo channels sharing the
same radio channel—as in multiplex. He claims the
word should be homodic—same channel—but he ex-
pects it to become known as homostereo to distinguish
it from stereo broadeasting on two separate channels
which might be called heterosterco. He concludes by
expecting that the Yanks—that’s us—will probably
fuse Latin and Greek and call it solo stereocasting.

All of which proves that there are many ways to
have fun—but most of ns never went to Oxford.
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“IT TAKES TWO T0 STEREQ” *

S ...the perfect team for stereo!
For matchless reproducton of stereo recordings
— the Model 196 UNIPOISE Arm
with integrated Stanton Stereo FLUXVALVE pickup
and the GYROPOISE 800 airborne Stereotable.
Only the Stanton Stereo FLUXVALVE
has the exclusive “T-GUARD" stylus assembly
with the parallel reproducing element so important for stereo...
only the GYROPOISE Stereotable revolves on a bearing-of-air
— in magnetic suspension...
only the Stereo FLUXVALVE is warranted for a lifetime.
In plain truth, here is more to enjoy —
from both stereophonic and monophonic records.
Fine quality high fidelity products
by PICKERING & Co., Inc., Plainview, N. Y.

FLUXVALVE, GYROPOISE, STEREOTABLE, *'T-GUARD *, UNIPOISE. @

* NEWLY REVISED—'*IT TAKES TWO TO STEREO '~ ADDRESS DEPT B89 FOR YOUR FREE COPY.
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"THE NATIVE HOLLANDE

A Bell Telephone Laboratories
experiment in noise appraisal

“The native Hollander wears wooden shoes.”
“Nebraska has no seacoast.”
“The daisy is a common wildflower.”

As these syllables, words and sentences come in over
the telephones, stand-ins for millions of Bell System sub-
scribers rate them for clarity of reception.

From these tests, Bell Telephone Laboratories engineers
determine what is objectionable noise, and work to mini-
mize it in telephone circuits. They begin by tape record-
ing background noise associated with working telephone
circuits. Test statements of appropriate length and con-
tent (such as those above) are read onto a second tape,
and both are fed onto the test circuit under carefully con-
trolled conditions. A third tape, of normal room noise,
is plaved through a loudspeaker in the test lab.

R WEARS WOODEN SHOES."

Several hundred listeners, meeting in small groups
several times a day for weeks at a time, are then asked to
rate the effect of noise on transmission of the various
simulated telephone calls.

For the Bell System, the results of the study will be-
come part of the over-all transmission objectives. At Bell
Laboratories, they will influence apparatus and systems
development work.

Noise is a major distraction of modern day living. It
is also an enemy of the Bell System. In a telephone re-
ceiver during a call, it might be power line hum, switching
or thermal noise, or perhaps atmospheric static. Bell
Laboratories spends a great deal of time, effort and money
to keep this extraneous noise from becoming annoying
and to assure you of a trouble-free connection.

BELL TELEPHONE LABORATORIES

World center of communications research and development
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Transistor Music System
Using Direct Coupling

RICHARD S. BURWEN?

Using 13 transistors with direct coupling and 57 db of negative feedback results in only .01
per cent low-frequency harmonic distortion in a 20-watt class B battery-operated power am-
plifier. The 11-transistor control unit uses three direct-coupled feedback amplifier sections
to provide phono equalization, tone controls, a four-channel mixer, and speaker equalization.

ISTORTIONLESS PERFORMANCE in

transistor audio equipment requires

a great deal of negative feedback.
Direct coupling makes possible the use
of large amounts of stable feedback in
the music system to be described.

Three matched components comprise
the system: a 20-watt power amplifier, a
tone-control preamplifier, and a speaker
system. Battery operation and compact
construction inake the system suitable
for both home and portable usc. To pro-
duce over-all pleasing sound and wide
acoustic frequency response, fixed equal-
ization which compensates for speaker
system inefficiency at the extremes of the
audio range is incorporated in the tone
control preamplifier unit.

Power Amplifier

The power amplifier, Fig. 1, delivers
20 watts to an 8-ohm load with an input
of 0.4 volts rms into 3300 ohms. Identi-
cal 55-watt power transistors, direct
coupled to the load, are mounted at the
upper left on a bracket which conducts

* Boston Division,
well Regulator Co.

Minneapolis-Honey-
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their heat to the main chassis. The only
controls are on and off push buttons
which operate a latching relay. Not
shown are four mercury flashlight-size
cells and a 45-volt battery somewhat
larger than the 8” x 6” x 3%%” aluminum
chassis.

In order to minimize the battery drain
and internal heat the output stage is
operated in class B with an efficiency of
69 per cent at maximum sinusoidal out-
put. Since the average power input when
reproducing speech and music is much
smaller than for steady signals, the aver-
age current drain per hour may be as
low as 40 ma at 45 volts while 2.2-ampere
peaks are being delivered to the load oc-
casionally. The current drain at no-sig-
nal is only 27 ma.

As a result of the low average power
input, battery life is between 10 and 100
hours depending upon how loudly music
is played. Smaller batteries can be used
when reduced life is acceptable, but the
power output is reduced because of their
lower output voltage at high currents.

Although capable of only 40-watt un-
distorted peaks the amplifier can fre-

Fig. 1. 20-watt di-

rect-coupled tron-

sistor power am-
plifier.
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Fig. 2. Power amplifier total harmonic
distortion vs. power output at 10, 500,
and 10,000 cps

quently be operated under overload con-
ditions with remarkably good results. Its
sharp overload characteristic and its
practically instantaneous recovery when
the input signal is reduced below the
clipping level minimizes the audible ef-
fect of overload during occasional peaks.

When "used as a speech clipping am-
plifier feeding the associated speaker
system, the input signal may be increased
as much as 10 db above the overload
point with little audible distortion on
speech. Since the missing peaks do not
noticeably affect the average loudness,
the effective output is that of a 200-watt
amplifier. Thus as a portable public ad-
dress amplifier it has tremendous power.

When reproducing musie fairly clean-
sounding signals can be delivered at ef-
fective outputs between 40 and 200
watts depending upon the low-frequency
content of the program material. Over-
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loaded bass notes generally are intoler-
able whereas cymbals and brass instru-
ments may sound undistorted when the
amplifier is delivering square waves 30
per cent of the time. The maximum in-
crease in audible output when the ampli-
fier is delivering square waves nearly all
the time and sounds very distorted is
about 13 db.

Direct Coupling

Except for one coupling capacitor at
the input all 13 transistors in the sche-
matie, Fig. 3, are direct coupled. The
input transistor @, is a low-noise emit-
ter-follower needed to drive the high
input capacitance of @, a PNP common-
emitter amplifier. @, also compensates
changes in the base-to-emitter voltage of
@, with temperature by means of the
opposite change in its own base-to-emit-
ter voltage. @, has a very high voltage
gain of 2500 obtained by using an ex-
tremely high collector load impedance.
This load impedance consists of the high
collector impedance of the NPN transis-
tor @, which is further increased by
emitter degeneration. @, and @; are
emitter-followers used to minimize the
loading on @;, provide a low output im-
pedance, and by means of a voltage di-
vider reduce the d.c. output level to ap-
proximately ground potential.

This combination of three emitter-fol-
lowers and one common-emitter stage has
a total voltage gain of 1800 at low fre-

quencies with phase shift at high fre-
quencies approaching that of only one
stage. In the megacycle region, the direct
signal path through the base-to-emitter
capacitances of the emitter-followers re-
duces their phase shift and helps stabi-
lize the over-all feedback loop.
Following @ are four stages of push-
pull class B amplification @, through
Qs Except at the common input and
common output there is ne connection
between the sides of the four push-pull
stages. Both power transistors Q,, and
Qs are of the same 55-watt PNP type.
Push-pull operation is accomplished by
a series connection with @,, powered by
-22.5 volts and @Q,, by +225 volts. In
order to establish the proper d.c. levels
and driving voltages the sequence of
NPN and PNP stages driving @,, is
different from the sequence driving @Q,,.
In the upper section of the circuit
stages Qs, Q,, @5, and @, all conduct at
the same time to deliver negative output
signals at J;,. Q, and @, are common-
emitter stages while @, and @,, are
emitter-followers. In the lower section
of the circuit Q,, Q,0, @,;, and @, all
conduct at once to deliver positive out-
put signals. Common-emitter stage @, is
followed by two emitter-followers @,
and Q,, and then the final common emit-
ter stage @, Since there are two stages
in each section that invert phase and
two stages that do not, the output sig-
nals from @,, and Q,, are in phase, re-

sulting in true push-pull operation with
identical output transistors.

Examining the circuit more closely,
Qs feeds directly the base of the common
emitter PNP transistor @, and through
two biasing diodes the base of the NPN
common-emitter transistor @,. The col-
lector signals of @, and @, are in phase
but referenced to different d.c. supply
voltages. @, then feeds a three-stage
feedback amplifier @, @, and @,,.
Common emitter NPN transistor @, de-
livers a low-current signal centered near
ground potential with a swing of +18
volts. Emitter-follower @Q,, capable of
100 ma output, drives emitter follower
Q. to deliver 2.2 ampere peaks to an 8-
ohm load connected between J,, and J,.

In the lower section, @, feeds emitter-
followers @, and @,, which amplify the
signal current to provide up to 100 ma
drive for the common-emitter output
stage @, Only @,, has a large collector
swing.

For push-pull class-B operation at low
distortion only one output transistor
must conduct at a given time except dur-
ing a small overlap region which is
necessary to prevent crossover distor-
tion. When @, is conducting its current
output per volt delivered by @, or
transconductance, must equal the current
delivered by Q,, when it conduects. At
crossover each transistor should con-
tribute one-half the total output signal
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Fig. 3. Schematic of power amplifier.
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current and the total transconductance
should be the same.

These conditions are met by establish-
ing the operating points and gains by
means of local feedback. Emitter degen-
eration stabilizes the voltage gain of Q,
at 1.8 and that of @, at 2.2. Local feed-
back developed by the collector current
of @, aeross a 1-ohm resistor in series
with the emitter of @, stabilizes the com-
bined three-stage transconductance of
@, Qs and @, at 0.83 amperes per volt.
The total transconductance referred to
the emitter of Q; is then 1.5 amperes per
volt, resulting in a voltage gain of 12 to
an 8-ohm load. Similarly local feedback
developed by the emitter current of @,
across a 1-ohm resistor in series with the
emitter of @,, (and the small base-to-
emitter voltage of @,,) stabilizes the
three-stage transconductance of @,,, @,,
and Q,; at 0.68 amperes per volt. Re-
ferred to the emitter of Q;, @,, also de-
livers 1.5 amperes per volt. A 500-ohm
adjustment in series with the emitter of
@s permits precise matching of these
transconductances,

Because of the low voltage gain the
normal tendency toward a simultaneous
inerease in the two output-stage collec-
tor currents with increased temperature
is minimized. Residual drift is compen-
sated to within + 10 ma for ambient tem-
peratures of 32° to 120° F by means of
diodes and a thermistor which vary the
bias on Q; and @Q,. These diodes also
form part of a network used to change
the bias in accordance with battery volt-
age variations so as to maintain constant
the output-stage no-signal collector cur-
rent as either the +225 volts or the
- 225 volts decreases to as low as 12
volts.

Drift of the output voltage due to un-
halance in the collector currents of Q,,
and @,, is prevented by additional over-
all feedback amounting to 57 db at audio
frequencies and 87 db at d.c. This feed-
back from the output Jy, to the base of
@ holds the output signal at nearly the
hase potential of the first stage. The base
potential is in turn determined by the
very small base-to-emitter voltage of Q,
plus that in @y, both of which vary with

AUDIO e AUGUST, 1959

temperature but in opposite directions
so that they cancel.

Stabilization of the feedback is ac-
complished at high frequencies by means
of local feedback paths from the output
J5, through small capacitors to the base
circuits of @, and @, and from the col-

Fig. 5. Left: Overloaded power-amplifier
output at 1000 cps. Right: ocutput vs, in-
put under the same conditions.

lector of @, to the hase of Q,. Shunt
capacitors provide phase lead in the
main feedback network to help stability.

Four 1.3-volt flashlight-size mercury
cells power @4, @,,, and @,,. To prevent

Fig. 6. Power-amplifier square-wave re-
sponse

a condition during the application of
power in which hoth output transistors
are conducting heavily a latching relay
K1, modified for make before break op-
eration, turns on the bias voltages before
the high voltages. The relay can he

Fig. 7. Battery-
powered  control
unit has phono

preamplifier, four
channel mixer,
and tone controls.
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turned on and off by either local or re-
mote control push-buttons.

Performance

At low frequencies, where the greatest
power output is needed to overcome
speaker-system inefficiency, the per-
formance of this amplifier is outstand-
ing. Figure 2 shows curves of total har-
monic distortion versus power output to
an 8-ohm load at 10,500, and 10,000 cps
when using a regulated power supply.
At 10 eps the distortion is less than 0.01
per cent at the full 20 watts output and
at 500 cps only 0.014 per cent.

Due to the limitation in the rate at
which the power transistor collector cur-
rents can be cut off the maximum power
output decreases ahove 10,000 cps. This
factor together with the reduction in
feedback for stability reasons to only 18
db at 20 ke results in a total harmonic
content between 0.5 and 2 per cent on
10,000-cps signals up to 10 watts output.
Since less power output is needed at the
high frequencies in normal reproduction,
and the principal harmonic content is
beyond the range of audibility, the in-
creased distartion is of no consequence.

Maximum power output at the clip-
ping level as a function of frequency is
shown by the upper solid line in Fig. 4
when using a regulated supply. Slightly
less output, shown by the dotted curve, is
obtained when using battery power be-
cause the voltage decreases at high eur-
rents. A pair of 4000-microfarad energy
storage capacitors tends to hold up the
battery voltage during current peaks,
permitting sustained sinusoidal outputs
of 19 watts ahove 40 ¢ps and instantane-
ous peaks of 42 watts when reproducing
music and speech.

When overloaded the amplifier clips
cleanly and symmetrically as in Fig. 5
and recovers to its normal low distortion
state within 30 psee after the input sig-
nal is reduced below the overload point.
The residual delay in the recovery seems
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Fig. 8. Inside the tone-control preamplifier.

to be inherent in feedback circuits that
saturate and is minimized by making the
high-frequency loop gain high.

At low levels the frequency response
shown by the lower curve in Fig. 4 is
flat within 1 db from 10 to 70,000 cps.
The corresponding square-wave ' re-
sponse, Fig. 6, indicates low phase shift
and freedom from ringing.

Tone-Control Preamplifier

The control unit, Figs. 7 and 8, oper-
ates from six self contained 4-volt mer-
cury batteries having a life of 1000
hours. It provides complete facilities for
single-channel reproduction: a four
channel mixer for TAPE, RADIO, PHONO,
and dynamic MiCrophone; a master vOL-
UME control; BASs and TREBLE compen-
sators; a MONITOR control for monitoring

the tape- while recording; an ON-OFF
switeh, and on-orr push-buttons for re-
mote control of the power amplifier. The
PHONO input has a low-noise preampli-
fier designed for ESL low-impedance
cartridges. When the tone controls are
set at their flat positions the output to
the power amplifier is equalized to com-
plement the response of the speaker sys-
tem while the output for tape recording
is flat. The tone controls operate on all
channels except MONITOR. The normal
signal level at the Tape ourpuT is 0.3
volts rms and at the main ourpuT is 1
volt rms. Each output has 100 ohms in-
ternal impedance and is capable of fced-
ing loads of 3300 ohms or higher through
as much as 1000 feet of cahle. Noise and
distortion are extremely low.

Input levels are: 1 volt rms into 50 k
ohms at the TAPE input, 3 volts rms into

300 k ohms at the rap1o input, 10 mv

rms into 320 ohms for 10 em/see re-
corded velocity at the PHONO input, and
10 mv rms into 1000 ohms at the Micro-
phone input. The Microphone input will
accommodate dynamic microphones hav-
ing an impedance of 30 ohms or higher.
Full output from the power amplifier is
obtained when the master VOLUME con-
trol is turned 18 db below maximum.
Connections for the four inputs, TAPE
OUTPUT, main OUTPUT, and power ampli-
fier remote control cable are on the side
of the control unit. An additional con-
nector allows a check on the battery
condition without opening the case.

Feedback Circuitry

Three separate direct-coupled feed-
back amplifiers constitute the tone con-
trol preamplifier shown schematically in
Fig. 9. By powering each amplifier from
its own positive and negative 4-volt
batteries, decoupling problems and
power-line noises are eliminated. Each
amplifier has from 30 to 60 db of feed-
back around its output stage over the
range of 20 to 20,000 cps to hold its
distortion to a low value.

The first amplifier section is a three-
transistor phono preamplifier, @,, @,,
and @, providing gain and RIAA equal-
ization for the magnetic pickup. Wide-
band low-leakage r.f.-type transistors are

(Continued on page 58)
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Fig. 9. Tone-control preamplifier schematic.
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Rockbar-introduces a remarkable new 4-speed Collaro transcription stereo changer—
The Constellation, Model TC-99. The TC-99 offers tested and proven professional turn-
table performance with the advantages of automatie operation — truly a complete
record player for the connoisseur. Here are some of the features which make this the outstanding changer
on the market today: Performance specifications exceed NARTB standards for wow, flutter and
rumble « Extra-heavy, die cast non-magnetic turntable weighs 614 lbs. ¢ Extra-heavy duty pre-
cision-balanced and shielded four pole motor « New two-piece stereo transcription type tone arm
» Detachable five terminal plug-in head shell « Each model is laboratory checked and comes with
its own lab specification sheet. Flutter is guaranteed not to exceed .04%. Wow is guaranteed not
to exceed .15%. Rumble is guaranteed down -50 db (at 120 cps relative to 5 cm/sec at 1 KC). The
extra-heavy weight turntable is a truly unique feature in a changer. This extra weight is carefully distrib-
uted for flywheel effect and smooth, constant rotation. The non-magnetic turntable provides a reduction in
magnetic hum pick-up of 10 db compared with the usual steel turntable. The heavy duty four pole motor
is precision-balanced and screened with triple interleaved shields to provide an additional 25 db reduction
in magnetic hum pick-up. The rotor of the four pole motor is specially manufactured and after grinding,
is dynamnically balanced to zero. While this is basically a turntable for transeription performance, a fully
automatic intermix changer, similar to the mechanism employed in the famous COLLARO CONTINEN-
TAL, MODEL TSC-840, is an integral part of the unit. ADDITIONAL FEATURES: New two-piece stereo
transcription type tone arm with detachable five terminal plug-in head shell. This new arm is spring
damped and dynamically counterbalanced to permit the last record to be played with the same low stylus
pressure as the first. Between the top and bottom of a stack of records there is a difference of less than a
gram in tracking pressure—compared with four to eight grams on conventional changers. Vertical and
horizontal friction are reduced to the lowest possible level. These qualities—found complete only in
Collaro transcription changers—insure better performance and longer life for your precious records and
expensive styli. The TC-99 handles 77, 10” and 12” records—1in any order. The changer is completely jam-
proof and will change or play records at all four speeds. The manual switch converts the changer into a
transcription type turntable providing transecription performance for the playing of a single long-play
stereo or monophonic record. The two-piece arm can then be set down to play portions out of rotation or
the entire record can be played singly and sequentially. The double muting siwitch provides absolute silence
for both stereo channels during the change cycle and the R/C network helps to squelch “pop,” “clicks” and
other noises. The TC-99 comes complete with two audio cables ready to be plugged into your stereo sys-
tem. It is pre-wired for easy installation; styled in a handsome two-tone ebony color scheme to fit any
decor; tropicalized against adverse weather and humidity conditions. Long service life is assured by the
automatic disengagement of the idler wheel preventing development of bumps and wow. Price of the
TC-99 is $59.50, exclusive of the base. All prices are slightly higher in the West. For free colorful catalog
on the complete line of Collaro Stereo Changers write Rockbar Corporation, Dept. 100, Mamaroneck, N, Y.

The last word in a Transcription Stereo Changer. ..

-
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Hi-Fi Speaker Enclosure
Damping Materials

JAMES A. HUFF, JR.*

A report on a series of tests made to compare relative perform-
ance of three types of damping materials in speaker cabinets.

REMENDOUS GROWTH in the produe-

tion of high fidelity eqnipment has

accentuated the need for more in-
formation on speaker-enclosure damping
materials. Cabinet damping techniques
vary widely. Materials recommended for
this purpose range from brick and sand
to a wide variety of fabricated products
used in the building industry.

For the manufacturer who wishes to
select a damping imaterial there is
limited information. On the other hand,
tone-conscious hi-fi enthusiasts, alert to
the refinements possible in their sets,
are often frustrated in their attempts
to achieve cleaner sound.

Throughout the industry, millions of
dollars have been spent in laboratory
research on amplifiers, preamps, turn-
tables, pickups, speakers and enclosures.
Results of this research have made top-
quality components available to the con-
sumer, each especially designed for the
hi-fi market.

The speaker system still remains,
however, the weak link in hi-fi installa-
tions. This is due in large part to the
fact that damping materials inside the
cabinet have heen given too little at-
tention.

A critical look at present damping
materials therefore is in order. This re-
port is a step toward examining, com-
paring, and developing data on three
damping materials having good aeous-
tical properties.

Cabinets and Damping

Sound from the baek of a speaker
cone is 180 deg. out of phase with the
sound from the front. Under certain
conditions of path length (front to
back) and frequency they will cancel.
This cancellation eauses dips and peaks
in the speaker output. By mounting the
speaker in a cabinet, however, the back
wave is confined within the enclosure
and cancellation cannot occur.

At the same time, enclosing the
speaker in a cabinet poses problems of
eabinet radiation, cabinet resonances
and standing waves.

* 389 Twin Lane So., Wantagh, N.Y.
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The action of a speaker 1s simlar tv
a piston. Air entrapped in the enclosure
is actually compressed and expanded as
the speaker cone moves in and out. As
this expansion and compression of air
takes place, sound pressure is varied
inside the cabinet.

This sound pressure is transmitted
to .the cabinet walls. When they are
thin or unbraced, they act as diaphragms
and transmit sound into the room. Cah-
inet radiation also causes dips and peaks
in the speaker output and adds colora-
tion to the sound.

Application inside the eabinet of
damping materials with low sound-
transmission properties minimizes the
diaphragm action of the cabinet walls.

R and Standing Waves

There are two types of cabinet reso-
nance that occur whenever a speaker is
enclosed in a eabinet. They are funda-
mental resonance and spurious reso-
nance.

Fundamental resonance is determined
by the compliance of the eabinet, to-
gether with the compliance of the
speaker. The bigger the volume the
lower the fundamental resonant fre-
quency for a given speaker.

Spurious resonances occur at fre-
quencies whose wavelengths are a multi-
ple or submultiple of the cabinet dimen-
sions.

Whenever sound waves are generated
within an enclosure they travel outward
from the source (the loudspeaker cone),
strike a wall, and are refleeted. This re-
flected or “bouncing” wave action con-
tinues until the energy in the wave is
dissipated and the wave dies out. The
time it takes for this sound energy to be
expended depends on the absorption
properties of the reflecting walls.

Hard surfaces, such as wood, absorb
little energy and are highly reflective.
It takes a comparatively long time,
therefore, for sound waves generated in-
side a wood eabinet to die out.

Sound waves built up inside a cabinet
or enclosure in this manner are re-
ferred to as standing waves. If the

WWW. ameidcaanadioRhistery.com

length of these standing waves is a
multiple or sub-muitiple of one of the
cabinet dimensions, resonaneces occur.

It follows that the presence of stand-
ing waves eauses a varying acoustical
impedance or load to be presented to
the speaker. When this happens peaks
and dips in the speaker output result.

Many solutions have heen offered to
correct these conditions. The damping
of cabinets or enclosures with an acous-
tical material has proved the most prac-
tical. Such a material should have two
properties—high absorption, and low
sound transmission.

Three materials recommended for
their sound-absorbing properties were
subjected to performance tests. Their
relative sound-absorption and sound-

transmission performances are com-
pared in this report. The materials
tested were:

1. Audiofelt, wool felt, 34-inch

thickness (non-woven)

2. Fibrous glass 1-inch thickness
(non-woven batt)

3. Cellulose fiber 2V%-inch thickness
(asphalt-impregnated sheet)

The equipment used for the tests con-
sisted of :

Bozak 207-A speaker system

Langevin 128-A 20-watt amplifier

Magneeorder Model PT6-BA2HZ tape
recorder

Capps condenser microphones, Model
CM-2030C

RCA wideband oscilloscope, Model
WO-78A

General Radio Model 1302-A audio
oscillator

Test Procedure

For all the tests the same amplifier
and speaker were used. The speaker
cabinet was approximately 11 cubie
feet. The tests were made with the
cellulose, fibrous glass, and felt ma-,
terials in that order. Constant input
power was maintained to the speaker
for all the tests.

Sound Absorption Tests: These tests

AUDIO e AUGUST, 1959
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Improve speaker ' performance

i ke

Laboratory tests conclusively prove FELT is the
most effective damping material for hi-fi speaker
enclosures!

In recent tests made with the usual damping materials (fibrous glass
and cellulose fiber), FELT was scientifically proven to be the only
material really effective in the low-frequency range where trouble-
some cabinet resonances occur and where most of the power is

Continental

transmitted. o

The use of FELT resulted in a smoother power output over the entire : BRAND
frequency range from 50 to 15,000 cps, and acoustical power output i

from the speaker was increased from 25 to 50 per cent in the low- i

and middle-frequency range. e

Listening tests prove without doubt, that sound from a cabinet lined
with FELT has a cleaner sound with a much better balance between
the highs and lows. “HI-FI FELT” only $5.98 per sq. yd. (packaged)

At better stores everywhere o» write to:

CONTINENTAL FELT CO.,
22 West 15th Street, New York 11, N.Y.

“STUDIO QUALITY RECEPTION" for your Hi-Fi Room! Continental's
new DECOR-FELT WALIL COVERING — with the quiet dimension for
distinctive interiors — eliminates unpleasant sounds—enhances tonal qual-
ity -twrng acoustical problems into beauty spois. FREE color swatch folder
on request!
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were made to determine which of the
three wmaterials had the best sound
absorbing properties. The speaker cab-
inet was lined with each material. All
the inside surfaces were covered with
the exception of the front panel. A
microphone was placed inside the
speaker cabinet. This microphone was
used to measure the sound pressures for
selected frequencies between 50 and
15,000 cps. This is the range of fre-
quencies encountered in hi-fi repro-
duction. Since damping materials are
used to reduce the sound pressure in-
side the cabinet, their effectiveness is
readily determined by measuring this
sound pressure. The lower the sound
pressure inside the cabinet the more
effective the damping material.

Sound Transmission Tests: These
tests were made to determine which of
the three damping materials transmitted
the least sound. This property is im-
portant in order to prevent the sound
inside the ecabinet from reaching the
walls with sufficient amplitude to set
them vibrating. Cabinet vibration is
undesirable since it is out of phase with
the front radiation from the speaker
and can cause a power loss of as much
as 50 per cent, which is especially
noticeable at the low frequencies. The
transinission tests were conducted by
placing each material between the
speaker and the mierophone and re-
cording the sound pressure drop in db.
The tests were made at selected fre-
quencies between 50 and 15,000 cps.

Speaker Output Tests: For this series
of tests a second microphone was placed
on the axis of the loudspeaker. This
microphone measured the output of the
speaker for seleeted frequencies between
50 and 15,000 cps. Since the same fre-
quencies and same power input to the
speaker were used for all three ma-
terials, it was easy to see the effect the
different damping materials had on the
speaker output. By examining the curves
plotted from these tests it was possible
to determine which damping material
gave the smoothest output over the fre-
quency range and which gave the high-
est power output. All sound pressures
were measured in db. The data from
these tests were plotted and are shown
in the Dara section of this report. Dur-
ing the sound absorption tests, oscil-
loscope pictures were taken of the sound
waves inside the cabinet. These pictures
plainly show the differences between
the three materials.

Listening Tests: As each material
was tested, listening tests were made
to determine the differences in sound
caused by these materials. Various
musical selections were played through
the system and recorded on tape.

28
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Fig. 1. Oscilloscope traces made during the Sound Absorption Tests. (A), cellulose
material; (B), fibrous glass material; and (C), felt. The traces show sound pressures
inside the speaker cabinet for o frequency of 50 ¢ps.

Summary of Results

Figures 1 through 3 are photographs
of oscilloscope traces made during the
Sound Absorption tests. Figure 1 shows
the sound pressures inside the speaker
cabinet for a frequency of 50 eps, Fig.
2 the same data for 1000 cps, and Fig. 3
for 15,000 cps. In each case, (A) repre-
sents the cellulose material, (B) the

(A)

®

the three materials at various frequen-
cies.

Figure 6 shows the results of the
Speaker Output Tests. The output of
the speaker, measured in decibels, is
plotted vs. frequency for felt, and the
three materials.

Discussion
A good damping material has two

(o]

Fig. 2. Oscilloscope traces showing sound pressures inside the speaker cabinet ot
1000 cps. (A), cellulose; (B), fibraus glass; and (C), felt.

fibrous glass aterial, and (C) the felt
material.

Figure 4 shows the relative sound
pressure in decibels vs. frequency for the
three materials. The sound pressure was
measured inside the cabinet and the
curves plotted from data gathered dur-
ing the Sound Absorption Tests. Figure
5 shows the results of the Sound Trans-
mission Tests. The curves show the drop
in sound pressure, in decibels, through

important properties—high absorption
and low sound transmission. High ab-
sorption is necessary to prevent the re-
flection of sound inside the cabinet. Low
sound transmission is necessary to pre-
vent the undamped sound inside the
cabinet from reaching the cabinet walls
with sufficient amplitude to cause them
to vibrate. If these two conditions are
not met, standing waves result and
spurious cabinet resonances occur. When

(A) (8) ©

Fig. 3. Oscilloscope traces showing sound pressures inside the speaker cabinet ot
15,000 cps. (A), cellulose; (B), fibrous glass; and (C), felt.
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-~ the all-new
VR-22
rtridge

ol

.| U

VR-227 .7 mil diamond stylus. For B0
record changer or turntable, $24.95.

Now, outstanding in all four critical areas of stereo cartridge performance--Compliance —Tracks
precisely, not a trace of stiffness. Channel Separation —Up to 30 db for maximum stereo effect.
Nothing higher on the market! Response —Smooth and flat for superior sound from 20 to 20,000
cycles (VR-225), 20 to 17,000 cycles (VR-227). Virtually hum-free —triple shielded against stray
currents. This is our masterpiece. We urge you to hear it.

GENERAL @D ELECTRIC

Audio Components Section, Auburn, N. Y.
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this happens a general lack of clarity
in the sound results, and the power
output of the speaker is lowered.

An examination of Figs. 1 through 6
shows the superiority of felt over cellu-
lose and fibrous glass in absorbing prop-
erties. Felt is particularly ~effective in
the low ' frequencies. Referring to Fig.

tain most of the power and any loss
in this range is very noticeable. Further-
more, most of the trouble from cabinet
resonances occurs in this range.

On an average, felt was found to be
50 per cent more effective in damping
throughout the entire frequency range
from 50 to 15,000 cps.
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4, we see that in the low frequency range
from 50 to 300 cps, the sound pressure
inside the cabinet lined with felt was 3
to 6 db lower than for the other mate-
rials. This means that felt was 50 to 75
per cent more effective in damping the
low frequencies. This is an important
point, for the low frequencies con-

It should be pointed out that a thick-
ness of only 34 in. was used for felt
against 214 in. for the cellulose and 1
in. for the fibrous glass materials.

During the transmission tests a
double thickness of felt was also tried.
It was found that the transmission loss
was doubled, making it far more effec-
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tive over the entire range than either of
the other materials.

An examination of Fig. 5 shows the
sound loss through the three materials.
Fibrous glass was wholly ineffective,
having practically no transmission loss
below 500 cps, and only 3 db at the
higher frequencies. This meant that any
undamped sound inside the cabinet
would be transmitted to the cabinet
walls.

The cellulose material was -effective
above 500 cps, but this is not as im-
portant as it would seem. If we refer
again to Fig. 4, we see that due to the

.high absorption of all the materials at

the higher frequencies there is very little
sound pressure inside the cabinet. There-
fore, the real need is for low transnis-
sion and high absorption in the low-
frequency range. Felt is 50 to 75 per
cent more effective in this range than
either of the other two materials.

The results from these tests would
indicate that the use of felt should ac-
complish two things with regard to the
sound output from the speaker: (1),
the speaker output in the low and mid-
dle frequencies should he higher, and
(2), speaker output should be smoother,
This is actually what happened as an
examination of the curves of Fig. 6 will
show. These curves were plotted for
specific frequencies, 50, 100, 300, 500,
1000, 3000, 5000, 10,000, and 15,000 cps.

The acoustical power output of the
speaker was smoother and was 25 to 50
per cent greater with the use of felt. The
fact that the use of felt causes the re-
sponse to be smoother is very important,
particularly in the high-frequency range.
A lack of smoothness in this range
causes the sound to have a very un-
pleasant “edge” or ‘“‘sharpness.”

Conclusion

Felt was found to be a superior damp-
ing material. The possihilities for
further development work that would
lead to an ideal damping material are
very exciting.

Felt was the only material really
effective in the low-frequency range
where troublesome cabinet resonances
occur and where most of the power is
transmitted.

The use of felt resulted in a smoother
power output over the entire frequency
range from 50 to 15,000 cps, and the
acoustical power output from the
speaker was increased from 25 to 50
per cent in the low- and middle-fre-
quency range.

Listening tests confirmed the results
of the above. The sound from the cab-
inet lined with felt was a cleaner sound
with a much better balance between the
highs and lows. z
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Combining the performance of costly electrical crossover multi-way > %
speakers and the economy of single cone speakers, you have a wide
range of selection, ranging from o handy 617 two-way model up to
a 12”7 threeway model.

The PIONEER PIM-16A, PIM-20A and PIM-25A speckers have two cones octuated by
a single voice coil and mognet assembly. Low frequency signals are reproduced by
the large outer cone, while high frequency signals are reproduced by the small inner
cone. The PIM-30A hos two cones actuated by o single voice coil and magnetic
ossembly for low frequency ond mid-range reproduction, and on independent high
frequency tweeter unit for high frequency reproduction.

Due to the mechenical filters furnished on the large outer cone, the directional
choracteristic is improved vastly in compared with the double-cone speokers made - {
hitherto and intermodulation distortion in thus minimized ond therefore, smooth \
overall response is provided at low cost.

W FUKUIN ELECTRIC, TOKYO, JAPAN

5 OTOWACHO 6-CHOME, BUNKYO-KU, TOKYO.
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What to Look for in a
Tape Recorder

HE PRECEDING THREE ARTICLES have

dealt with some basic matters that

the audiofan will wish to consider in
purchasing a tape machine: whether to
buy a transport only or a transport and
electronies; how many heads the machine
should have; what kind of record level
indicator is suitable for his purposes.
The present article deals with additional
factors, of varying degrees of impor-
tance, that play a part in a purchase de-
cision. Some of these concern electrical
performance, some mechanical perform-

* 280 Twin Lane E, Wantagh, N. Y.

Fig. 1. A tape mochine with provision for
stereo ployback ond monophonic record-
ing. (Norelco)

32

HERMAN BURSTEIN*

Fig. 2. A stereo
tope mochine util-
izing o plug-in ot-
tochment for re-
cording second
chonnel. (Tond-
berg) Unit ot the
left is the auxil-
iory recording om-
plifier for the sec-
ond channel; with-
out it, the machine
ploys stereophon-
ically and records
monophonically.

ance, and others operating convenience.

Probably no one machine contains all
the features that may be desired by ail
audiofans. On the other hand, needs vary
from one tape recordist to another.
Through a preliminary familiarity with
the features available in one machine or
another, the audiofan is in a position to
choose that tape recorder which is most
likely to satisfy both his wants and his
budget.

Steren Versus Mono

In view of the pace of stereo, the indi-
vidual who purchases a tape machine for
serious musie listening is well advised to
consider one cquipped for stereo at least
in the playback mode. Of course it is
possible to modify a monophonie ma-

WWW ammerieantadiahistary com

chine by replacing the mono playback
head with a sterco head, but this calls
for an additional playback amplifier,
raising two problems: (1) that of closely
matched equalization and amplifieation
facilities in the playback amplifier for
each channel; (2) that of a cable run to
the additional amplifier, with high {re-
quency losses taking place if the cable is
too long, and with the possibility of hum
pickup if the eable is improperly routed.

A number of tape machines now pro-
vide for stereo playback but only mono
record, as illustrated in Fig. 1. If the
audiofan has any thoughts of eventually
wanting to record stereophonically, he
should inquire whether such a machine
has facilities for properly adding a re-
cord amplifier. The second channel re-
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-~ AMPEX 960

-
"

STEREOPHONIC /\ RECORDER/REPRODUCER

— — -

-y

RECORDS STEREO
OR MONOPHONIC

ABOVE--$60 PORTABLE STEREO
RECORDER/REPRODUCER

Stereo P iy

STEREO SYSTEM CONSISTING OF

A 960 AND PAIR OF 2010
1
Portable .
PLUS!

Guiding the Ampex engineers who created the 960 was a dual objective—

that of building a machine which was not only a superb example of
engineering skill, but one which would also offer its user

a range of capabilities far exceeding that of any other recorder made today.

The result was not merely an improved stereo recorder,

but an entirely new concept in home entertainment.

The STEREO 960 fits into family life in literally dozens of ways, contributing many
tangible benefits in musical, educational and recreational fun. You'll use it to keep up the
family correspondence by sending "letters in sound”, to tape stereo programs off the air,

to preserve your best monaural and stereo discs on tape, and to acquire new musical and language skills.
You'll have endless fun exploring the 960’s many fascinating recording capabilities, including
sound-on-sound, echo chamber effects, and other advanced techniques.

MI’ICX HTI":RE( ) SIGNATURE OF PERFECTION IN SOUND

WWW amerdcearniadioRistery com
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RECORDER/REPRODUCER

SPECIFICATIONS

The true values of a recorder are best assessed through careful evalvation of irs performance specifi-
cations and cperating features. |t is worthwhile noting here that these specifications are based not on
theoretical design parameters but on actual performance tests. They are specifications which the
recorder not only meets or exceeds today, but which years from now will still hold true.

The Ampex Model 960 Stereophonic Recorder/Reproducer is capable of essentially distorrionless
frequency response from 30 10 20,000 cycles per second at the operating speed of 7V2 inches per
second, and from 30 to 15,000 cycles per second at 334 inches per second. Its precision-engineered
timing accuracy is such that it offers perfection of pirch held to tolerances of less than one-third of a
half.tone. Playing times, using standard (.002*’), long play (.0015°), and extra:long play (.001"') tapes
are as follows:

(a) 4-Track {b) 2-Track {¢) Monawral Tapes,
- | Stereo Tapes Stereo Tapes half-track
1200 foot reel 3% ips - 2 hes. 8 min. 3% ips - 1 he. 4 min. 3% ips - 2 hrs. B min.

L 7Y2 ips - 1 hr 4 min | 7V2 ips - 32 minutes 1 7V2 ips - 1 he 4 min.
1800 foot reel 3% ips - 3 hrs. 12 min. 3% ips - 1 hr. 36 min. 334 ips - 3 hes. 12 min.
R 75 ips -V hr 36 min. | 7V2 ips - 48 minutes I 7V2 ips - t hr 36 min.
2400 foot reel 3% Tps - 4 hrs. 16 min. 334 ips - 2 hes. 8 min. , 3% ips - 4 hrs. 16 min.
72 ips - 2 hrs. 8 min. 72 ips - 1 hr. 4 min. 7V2 1ps - 2 hrs. B min.

RECORD INPUTS: High impedance line inputs (radio,/ TV /phono /auxiliary) 0.3V
high impedance microphone inputs

rms for program level;

PLAYBACK OUTPUTS: Approximately 0.5V rms from cathode follower when playing program level rapes

PLAYBACK FREQUENCY RESPONSE: 30-20,000 cps at 7V2 ips; 30-15,000 cps at 3% ips
Within +2 db 50-15,000 cps at 7V2 ips, 55 db dynamic range
Within +2 db 50-10,000 cps a1 3% ips, 50 db dynamic range

FLUTTER AND WOW: Under 0.2% rms at 7V2 ips; under 0.25% rms at 334 ips

HEADS: Manufactured 10 the same standards of precision that exist in Ampex broadcast and recording
studio equipment. Surfaces are lapped to an optical flatness so precise that they reflect specified
wavelengths of light, resulting in uniform performance characterstics and greatly minimizing the
eflects of head wear. Azimuth alignment of stereo head gaps in the same srack is heid within 20
seconds of arc, equivalent 10 less than 10 millionths of an inch — a degree of precision achieved
through use of a unique proctess involving micro-accurate optical measurements within a controlled
environment. Head gap width is 90 millionths of an inch +5 millionths of an inch.

KEY TO THE EXCITING FUN FEATURES OF THE 960 --

THE AMPEX STEREO-GRAPH

Here's the simplest, quickest answer
to almost every question about how to
perform the operations illustrated at
right and numerous other recording
functions. The Ampex Stereo-Graph
shows you, quickly and clearly, the
proper dial settings to make for more
than a dozen of the most popular uses
for the 960 . . . including sound-on-
sound, language and music instruction,

and other special effects. A convenient
tape footage/playing time indicator is
included on the reverse side,

MODEL 2010
MATCHING AMPLIFIER-SPEAKER

The Ampex Model 2010's ten-wott (20 wotts peak) ampli-
fier section provides operating characteristics {unequalized)
flat within = 0.1 db, with total harmonic distortion less
than 0.5 of 1%, throughout the maximum range af human
hearing ability, at rated output. Noise and hum are 80 db
belaw rated output, and input sensitivity is 0.18V 10
develop rated power.

The specially designed 8" speaker provides smooth, peak-
free response throughout o remarkably wide audio range.
Such superior design features os its mossive die-cast frame
and edgewise-wound ribbon c¢oil contribute effectively to
higher levels of performance than ever before achieved
with o speaker this size.

MODEL 960 DIMENSIONS: Portable cases 97 x 15 x 17%”. Unmounted recorder
13" x 15" x 6%" depth below top plate, 13%” above. Recorder weight 36 Ibs.,
speaker amplifier 31 |bs.

AMPEX AUDIO,. INC. ¢« SUNNYVALE. CALIFORNIA

AANS

WWW amedcaatadioRietery com

Relax and enjoy the show—
let your Ampex do the
narration! With the

commentary on tope, your
color slide shows ore more
professional, more complete,
and more fun!

)

i » E‘Jﬂ\-

Your faverite LP's and Stereo
Discs are at their exciting
best while they’re new and
unscratched. Thot's whea to
tope them on your Ampex,
and preserve their original
quality for keeps!

~

Fain.

When you tope it “off the
air’’ your only cost is for
blank tape. Yet your musical
repertoire can soon equal
that of all the stations

you hear!

4

There’s o real future in family
fun like this—with your
Ampex you can live such
happy moments over and
over again, with a quality so

lifelike you're almost literally
In the Ampex "'Speech Testing

carried back.
F O
Game”, you pit your wits

’ " e against the trigger-quick

[}
3 i B memory of the Ampex
) ~ B " recorder/reproducer. You

can’t win, but it's fun trying.
Letter-writing is no longer a
problem, with on Ampex
in the house .. . now it's o
family project. And even
more fun than sending letters
in sound is receiving them}

f
|
i 4

)

A LN For “letters in sound”’, the
3" tape reet holds as much
as a 10-page tetter, mails
tirst ¢lass anywhere in the
United States for 8c.

¥

=

The Ampex, in private
rehearsal, can be a wonderful
confidence-builder for

pecple who normally develcp
rubber knees when faced
with the prospect of

speaking before o group.

Learning to speak o new
language is made
immeasureably eosier on
the Ampex; you can record
your own phrases side-byside
with those of the instructor,
and play them bock for
comparison ot any time,

When you strike up the band
in stereo, yov don’t need
professional musicians to
make a professional
recording. Advanced
techniques are amazingly
easy on the Ampenx.
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cord amplifier should have the same
equalization and gain as for the other
channel, and—very important—there
should be means for synchronizing the
bias oscillators in the two amplifiers, if
separate oscillators are used, so that they
will operate at the same frequency. Bias
current in each channel will to some de-
gree leak through to the other channel.
If the two currents are of different fre-
quency, they will beat together, and the
resulting beat frequencies will appear on
the tape, eausing birdies and other ob-
Jjeetionable sounds. Figure 2 shows a
tape recorder designed to permit addi-
tion of a second record amplifier; in this
case the oscillator of the first channel
also serves the second channel,

Tape Speeds

For home purposes, in the past few
years the virtually standard speed com-
patible with high fidelity has heen 7.5
ips, which permits frequency response to
ahout 15,000 cps and at the same time
allows satisfactorily low distortion and
a satisfaetorily high signal-to-noise ratio.
The 3.75-ips speed has also been widely
used, although not considered compatible
with high fidelity. The principle diffi-
culty at the lower speed lay in high-fre-
quency response. All other things re-
maining equal, the frequency response of
a tape machine varies directly with tape
speed. Thus a machine capable of main-
taining flat response to, say, 12,000 cps
at 7.5 ips (response may be 3 to 6 db
down at 15,000 cps) will be able to main-
tain flat response only to 6,000 cps at
3.75 ips.

The problem at 3.75 ips ocenrs in large
part in playback. being due to the fact
that treble response varies inversely with
width of the playback head gap. The re-
cent introduction of heads with ex-
tremely narrow gaps—as fine as .00009”
—has made it possible to extend fre-
quency response to about 15,000 cps at
3.75 ips so far as playback is concerned.
But there are also very serious recording
losses at high frequencies due to bias
current and to the phenomenon known
as self-demagnetization (recorded fre-
quencies on the tape are equivalent to
small bar magnets; the higher the fre-
quency, the smaller is the equivalent
magnet and the greater is the tendency
of the opposite poles of each magnet to
cancel each other).

By using somewhat less hias current
than at 7.5 ips (which reduces treble
losses), hy recording at somewhat lower
levels (which compensates for the
greater distortion because of reduced
bias), and by using somewhat more
treble boost in recording, it has been
found possible to put on the tape at 3.75
ips a signal with frequency response cor-
responding at least to minimum high fi-
delity standards and having acceptably
low distortion and acceptably high signal
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to noise ratio. This does not mean that
3.75-ips tapes are yet as good as 7.5-ips
ones of recent vintage. However, they
are already as good as the 7.5 ips tapes
of several years ago, and it can be ex-
pected that technological progress will
bring further improvement.

Accordingly, the serious audiofan may
wish to include the 3.75-ips speed and to
make sure that the machine he purchases
does all that is possible in the present
state of the art to achieve maximum per-
formance at this speed. Specifically, he
will want a machine with a playback
head that has a gap of .0001” or less,
and having the recording equalization
and hias current that allow frequency
response to extend to 10,000 eps and be-
yond. On the other hand, since equaliza-
tion and bias current requirements will
he different at the 7.5-ips speed, he will
want to make sure that performance at
this higher speed is not compromised by
failure of the machine to change the bias
and equalization when the tape speed is
switched to 7.5 ips.

The audiofan will probably find that
that 3.75-ips speed is quite suitahle for
various types of program material not
of the highest fidelity, such as old records
one wishes to copy (in fact, the loss of
the higher frequencies can be a distinct
hlessing in this situation since these fre-
quencies will eonsist more of noise than
music), AM station programs, ete. Or
there may be situations where one is
willing to exchange some sacrifice in
quality for the privilege of doubling the
recording time on a reel tape. Thus in
taping an opera or other lengthy work,
one can get from two to four hours of
time on a 7-inch reel, using half-track
monophonic recording or gquarter-track
stereo recording. Regular tape will yield
two hours, long-playing tape three hours,
and extra-long-playing tape four hours.

For non-high-fidelity applications,
such as recording speech, dance music
for parties, and so forth, the 1.875-ips
speed is coming into inereasing use. In
fact, this speed now enjoys about the
same status as 3.75 ips formerly occu-
pied. A number of tape machines now
offer this speed along with a surprisingly
satisfactory quality for non-critical uses
where length of playing time is impor-
tant. Thus on a 7-inch reel of tape one
can record from four to eight hours of
material at 1.875-ips, depending upon
whether one is using regular, long-play-
ing, or extra-long-playing tape.

Frequency Response

At 7.5 ips, a modern tape recorder
should be able to cover the range of 40 to
15,000 cps, being no more than 3 or 4 db
down at either extreme and achieving
quite flat response—within +1 db or + 2
db between 50 and 10,000 cps. Response
within +3 db may be considered satis-
factory, but not of top quality. At 3.75
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Fig. 3. Tape head of laminated construc-
tion.

ips, response should extend at least to
10,000 eps, remaining reasonably flat be-
tween 50 and 8000 ¢ps. At 1.875 ips, re-
sponse to ahout 5000 c¢ps may be ex-
pected.

Distortion and Signal to Noise Ratio

The playback amplifier is generally
the dominant sonree of noise in a tape
reproducing system. The amount of sig-
nal produced hy the tape playback head
is at the most a few millivolts in the
andio mid-range and is a fraetion of a
millivolt at low frequencies. When this
weak signal undergoes the necessary am-
plification and equalization (bass boost),
the noise and hum of the first stage in
the playhack amplifier and the hum
picked up by the head, are also greatly
magnified. The more signal on the tape—
that i, the higher the recording level—
the greater is the magnitude of the audio
signal relative to playback noise and
hum. In other words, the signal to noise
ratio is greater. Unfortunately, as the
recording level is increased, there is also
an increase in distortion due to the char-
acteristics of the tape. In sum, then, dis-
tortion and signal-to-noise ratio go hand
in hand; the more distortion one is will-
ing to tolerate in a tape system, the
higher is the feasible signal-to-noise
ratio, assuming that all else remains the
same.

It follows that one must define how
much distortion is acceptahle. However,
this is not a straightforward problem. To
hegin with, tape distortion is almost in-
variably stated in terms of harmonie
rather than intermodulation distortion,
hecause the amount appears respeetably
Jow in terms of harmonie distortion hut
tends to assume outlandish proportions
when stated as intermodulation distor-
tion. Whether maximum harmonie dis-
tortion should be 1, 2, 3 per cent, or
possibly more is a viewpoint that varies
considerably among tape machine man-
ufacturers.

Signal-to-noise ratio of the top quality
machines tends to be rated by their man-
ufacturers on the hasis of 1 or 2 per eent
maximum harmonie distortion. This may
correspond roughly to abont 5 to 10 per
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cent IM. Many machines, however, state
performance in terms of 3 per eent har-
monie distortion, and some even in terms
of 5 per cent; these amounts may cor-
respond to 30 per cent and more 1M,
Considering that the difference hetween
recording at a level that vesnlts in 1 per
cent harmonic distortion and recording
at a level produetive of 3 per cent har-
monic distortion represents an inerease
of about 8 db in recording level, it ean
he understood why some manufacturers
rate their machines on the hasis of 5 per
cent, They are adding 8 db to the signal-
to-noise ratio they can claim for their
nmits.

The audiofan desiring truly clean,
silky recordings—assuming sueh pro-
gram material is available to hin—will
probably not want to operate his ma-
chine at levels that take him into 5 per
cent harmonie distortion. More likely, he
will want to stop at about the 1 or 2 per
eent level. Therefore, a tape recorder
should he rated for signal-to-noise ratio
in terms of a signal, in the range of 250

FRONT GAP
(CONTACTS THE
(VAPE)

CORE PIECE CORE PIECE

WINDING

BACK GAP CLOSED

Fig. 4. Tape head af nan-laminated con-
struction,

to 500 cps, recorded at a level producing
no more than 1 or 2 per eent harmonic
distortion. 1f the ratio is based on a
higher distortion figure, oue can make a
rough adjustment by subtracting 2 db
for each 1 per cent of distortion ahove
1 per eent level.

Based on 2 per eent harmonie distor-
tion, which is the NARTB (now NAB)
standard, a tape recorder may be con-
sidered excellent if it achieves a signal-
to-noise ratio of ahout 55 dh, and very
good if the ratio is closer to 50 db. Below
50 db begins to get out of the category
of high fidelity. Less than 45 db tends to
he unsatisfactory. With a machine hav-
ing a signal-to-noise ratio that ap-
proaches 55 db, one can make a clean
recording and play it back at life-like
levels, vet have virtually no diseernible
background noise during quiet -passages.
Such machines, unfortunately, are still
much more the exception than the rule
so far as home tape recorders are con-
cerned. On the other hand, there are a
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few, some at relatively moderate prices,
that are the equivalent of professional
machines in this respect,

Quality of Heads

Andiofans are wont to be very dis-
criminating about the phono cartridges
they choose for their audio systems. In
similar fashion, there are quality difler-
ences among tape heads that deserve at-
tention. Some of the factors involved in
head quality are as follows:

1. Gap Width. As pointed out before,
the narrower the gap, the hetter the high-
frequency vesponse in playback. Most
playback heads encountered today have
gaps sufficiently narrow to permit rela-
tively flat response throughout the andio
range at 7.5 ips and a close approxima-
tion to such response at 3.75 ips. The gap
should be .00025” or smaller for speeds
of 7.5 ips or higher. It should he .0001”
or smaller for 3.75 ips.

2. Gap Linearity. Recording of the
tape takes place at the trailing edge of
the reeord head gap (the last edge con-
tacted by the moving tape). To achieve
a well-defined signal on the tape, it is
necessary that this gap edge bhe equally
well defined. Tt must bhe as perfeetly
shavrp and straight as possible, Sharpness
of the gap edge—in this case both edges
—is also vital in playback. If the edges
are rounded, then the gap magnetically
hehaves as though its physical width
were tnereased. Thus a head with a
00025 gap and very lincar edges may
provide better high-frequency response
than a .00015” head with a less well-de-
fined gap. In a high-quality playback
head, the magnetie gap is about 10 per
cent wider than the physical gap.

3. Head Construction. Heads are bas-
ically of two types, laminated and non-
laminated, as illustrated in Figs. 3 and
4. The laminated head tends to have
greater output because of its greater
volume of magnetie material. Moreover.
the laminations serve to reduce eddy cur-
rent losses (by interrupting eddy eur-
rent flow), whieh inerease with fre-
queney.

-Figure 5 shows another type of non-
laminated head, whose gap has consid-
erably less depth than in Figs. 3 and 4.
This means that the gap wears meve

REMOVABLE
POLE PIECE

GAP (VASTLY ENLARGED)\

U-SHAPED
CORE

Fig. 5. Another type of nan-laminated
tape head.
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quickly, with attendant loss of high-
frequeney response.

4. Hum-Bucking Windings. Whereas
the heads in Figs. 3 and 5 each have two
sets of windings, the head in Fig. 4 has
only one winding. Two windings are de-
sirable hecause this permits connecting
them in series so as to halance out hum
and at the same time increase voltage
output, The mamner of connection is il-
lustrated in Fig. 6. Hum polarity tends
to he the same at each output terminal,
so that there is little or no hum potential
hetween the terminals. On the other
hand, the signal polarity at one terminal
is positive when the other is negative.

3. Saturation. The core and design of
the record head must be such as to per-
mit sufficient magnetie flux to he devel-
oped to magnetize the tape, but without
saturating the head and thereby ‘('nusing
distortion. While tape heads are gen-
erally satisfactory in this respect, the
writer has eome aeross instances where
the record head saturated hefore the tape
did.

H- He
S— S+
He He
S+ (=

He He

S+ S-

-0 o—

H =HUM POLARITY

S=AUDIO SIGNAL POLARITY

Fig. 6. Connecting the duoal windings of
o tape head in series for maximum volt-
age output and for hum concellation.

Wow and Flutter

Wow refers to slow variations in
speed, below ten times per second, heard
as a quavering or “sourness” in the fre-
quency being reproduced. Flutter refers
to rapid variations in speed, up to thou-
sands of times per second, which tend to
be heard as extraneous sounds in the
nature of noise. That is, one hears a fre-
queney corresponding to the rate of
fluctuation.

Professional performanee calls for
wow and flutter not to execeed 0.2 per
cent, and preferably to he less than 0.1
per cent. This is not very easy to achieve,
partieularly when tape speed is below 15
ips. One may say, then, that for home
purposes, ahout 0.25 per cent is the
maximum amount consistent with high-
fidelity performance.

The ear is a good instrument for cheek-
ing wow and flutter. By playing a test
tape having a recorded frequeney of
about 3000 cyeles (or by making such a
tape with the aid of an audio oscillator),
one can readily determine whether wow
and flutter are unduly offensive. Wow
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will be apparent as an unsteadiness in
the sound. Flntter will he noticeable as
imparting a grainy or noisy quality to
the note.

Speed Accuracy

Professional requirements are that
tape speed be correet within +0.3 per
cent. Since there are 1800 seconds in
one half-hour (approximately the play-
ing time for one track on a 7-inch reel
of standard tape), a 0.3 per cent error
translates into 5.4 seconds slow or fast
per half hour. Professional machines,
and sometimes the semi-professional ones
as well, generally achieve an aceuracy of
0.2 per cent, which is 3,6 seconds slow or
fast per half-hour.

So long as a tape machine is employed
to play only tapes recorded on the same
machine, the speed error is of no conse-
quence, assuming the error remains ihe
same over time. However, if commer-
cially recorded tapes or other tapes made
on different machines are to he played,
speed errors appreciably greater than
0.3 per cent, particularly those over 1
per cent, are apt to be noticed as signifi-
cant deviations from correet piteh.

The better tape machines employ syn-
chronous motors, whose speed is essen-
tially determined by the line frequency,
namely 60 eps. But use of a synehronous
motor for driving the ecapstan does not
in itself guarantee accurate speed. The

diameter of the capstan may he out of
tolerance, resulting in excessive speed
cerror, Or there may be other misadjust-
ments,

The individual who pays the extra cost
of a tape machine containing a syn-
chronous motor is entitled to a speed ac-
curacy within 0.3 per cent. Should he
find, through a test timing tape or use of
a tape strohoscope, that the error ex-
ceeds 0.3 per cent, he is entitled to have
this excessive deviation corveeted by
whatever means arve appropriate, includ-
ing replacement of the machine.

On the other hand, if the machine does
not have a synchronous motor, speed er-
rors up to 1 per cent should be expected
and tolerated. Over 1 per cent may be
considered excessive for a high-quality
home machine with a non-synchronous
motor.

In measuring speed accuraey, this
should he done at several portions of the
reel, because the error will tend to vary
from beginning to end of a reel of tape.

While it is desirable for the individual
to measure speed aceuraey (hy means of
a strohoseope or test tape), in the great
majority of instanees there is nothing
he personally ean do to correct the situa-
tion. Whereas a fair number of phono
tnrntables and even reeord changers pro-
vide the operator with means for readily
adjusting speed, it is a rare tape re-
corder that makes sueh provision. Before

Fig. 8. Ployback 2 I#-- 1
equalization em- 5 1 B
ployed at 3.75 Ty [
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= " is interrupted.

When phone plug is inserted, the connection from
the microphone preamplifier to the following stage

Fig. 9. Tape machine permitting one to record from a microphone or a high-level
source, but not both at once.

PLAYBACK
HEAD

TAPE AMPLIFIER
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POWER SPEAKER iN

AMPLIFIER

AMPLIFIER - TAPE MACHINE

OUTPUT TO EXTERNAL SPEAKER
—o0

OUTPUT TO EXTERNAL AMPLIFIER
—3 |

Fig. 10. Tape machine with separate outputs for external speaker and external am-
plifier.

the user secks to tinker with the trans-
port mechanism in order to speed it up
or slow it down, he should take into con-
sideration that this attempt is likely to
backfire. He may improve speed accu-
racy, but at the same time he may cause
an inerease in wow and flutter, which are
generally more deleterious to satisfac-
tory musical reproduction than are
moderate speed errors. The user’s best
recourse is to take a seriously inaccurate
machine back to the point of purchase.

Equalization

NARTB equalization (Fig. 7), or a
close approximation thereto, is consid-
ered virtually standard today for tape
recorders operating at 7.5 ips. Accord-
ingly, the tape recorder should provide
NARTB playback equalization within
+2 db at 7.5 ips. Otherwise, when play-
ing comnercial recorded tapes, fre-
quency response may depart signifi-
cantly from flat. Inasmuch as most
machines that depart from the NARTB
playback characteristic provide inade-
quate bass boost, the resultant response
when playing a recorded tape will be a
thin hass sound. These machines some-
times apply considerable treble boost in
playback, whereas none is called for by
NARTB (except to compensate for head
deficiencies), so that shrillness is intro-
duced when playing a recorded tape.

With respect to the 3.75-ips speed, the
equalization question is not settled at the
present writing. For a time, equalization
such as in Fig. 8 was employed. Re-
cently, however, there has heen a trend
toward employing NARTB equalization
(Fig. 7) for 3.75 ips as well as for 7.5
and 15 ips.

Assuming that NARTB playback
equalization is employed at both 7.5 ips
and 3.75 ips, nevertheless, different re-
cord equalization will he required at
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each speed hecause the recording losses
vary with tape speed. Therefore the tape
recorder should contain switching fa-
cilities to vary the record equalization
with speed. Some machines, however,
employ the same record cqualization at
both speeds. The result is that frequency
response—in terms of smoothness as
well as range—is not as good at either
speed as it might be, hecause ecompromise
equalization is used; or else the result is
that, if good frequency respense is main-
tained at 7.5 ips, then response is con-
siderably short of as good as it might
be at 3.75 ips because the other speed has
heen favored.

Inputs

Tape recorders customarily have two
inputs. One is for high-level sources,
such as the signal from a tape output
jack of a control amplifier, or the signal

obtained directly from a tuner, TV, or
the like. The other input is for micro-
phone. In many cases these are alterna-
tive inputs, as illustrated in Fig. 9, so
that one ean record from one input or
from the other, but not from both at
once. Insertion of a phone plug into the
high-level input jack disconnects the
mierophone signal. In other instances, it
is possible to record from both sources
simultaneously. Too often, however, only
the high-level input has a gain control,
so that it is difficult to achieve satisfac-
tory mixing. In the better machines,
there are individual gain controls for
each input.

The microphone input in the lower-
price machines is customarily intended
for a piezoelectric (ceramic or crystal)
microphone or for a high-impedance
magnetic microphone. If one intends to
use a crystal or ceramic microphone, it
is necessary to ascertain that the input
impedance of the tape recorder is suffi-
ciently high to permit full bass response.
Typically, an input impedance of 5 meg-
ohms or more is required; this depends
upon the particular microphone used.
Information on the neeessary input im-
pedance should he obtained from the
microphone manufacturer. If the input
impedance of one’s tape recorder is less,
the necessary modification should be
made by a service technician.

A high-quality tape recorder (usually
the semi-professional and professional
ones) will provide an input for a low-
impedance microphone, which permits a
long run of ecable to the tape recorder
without loss of high frequencies and
which is less sensitive to hum pickup
than the high impedance type.

Outputs

Although a tape machine may contain
its own power amplifier and speaker, it
should still provide an output jack for

VO:LQGE SPEAKER IN
= > CH
- YAPE MACHINE
AMPLIFIER
PLAYBACK
HEAD

Connection to internal speaker is broken when/
phone plug from external speaker is inserted

; ; OUTPUT JACK FOR
EXTERNAL SPEAKER

Fig. 11. Means for automatically disconnecting o tape machine’s internal speaker
when an external speaker is plugged in.
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INPUT
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Ay |EQUALIZATION

D g/'\ RECORD
E'I%AD - HEAD
e -

MONITOR QUTPUT JACK

(FOR EARPHONES, METE
—0 OSCILLOSCOPE, ETC.)

Fig. 12. Tape machine with a monitor output jock.
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feeding an external audio system. Pref-
erably, for minimum distortion, the sig-
nal should be taken from a point prior
to the power amplifier of the machine. In
some units, however, there is an output
jack designated for feeding either an
external speaker or an external ampli-
fier; in thigicase the signal is taken after
the internal*power amplifier. The better
situation is where there are two output
jacks, one for feeding an external am-
plifier and the other for feeding an ex-
ternal speaker, as illustrated m Fig. 10,

To obtain as flat response as possible,
it 1s ordinarily desirable that the signal
at the output jack he taken from a point
prior to the machine'’s tone controls, if
any. In some machines, however, the tone
controls are employed as part of the
equalization circuit, and in this case one
would want the playback signal after
the tone controls. At the same time, it is
necessary to ascertain the position of
these controls that achieves flat response.

If the tape machine contains its own
power amplifier and speaker, means
shonld be provided for cutting off the in-
ternal speaker wheh the signal is fed
to an external sound system. In some
cases this is done automatieally when a
plug is inserted into the ontput jack, as
shown in Fig. 11.

Some tape recorders contain a monitor
jack, so that when recording one can
listen to the incoming signal with ear-
phones, as shown in Fig. 12. While this
gives some evidence that the recording
signal is getting through, it is not posi-
tive proof that the signal is heing satis-
factorily recorded. Sueh proof is ob-
tained only by using a machine with
separate record and playback heads,
whieh permits the signal heing recorded
to be played back immediately and

cording directly from a tuner or phono-
graph, one can at least check the quality
of the incoming signal. Or one could at-
tach an oseilloscope or meter (high im-
pedanee, to avoid loading effects) to
evaluate the nature of the signal with
respeet to amplitude, transients, fre-
queney response, and so on,

To permit a long cable run from the
tape machine to the following equipment
without high-fregnency loss, a low out-
put impedanee is desirable, Tt is for this
reason that the output jack in some ma-
chines is connected after rather than
hefore the power amplifier stage (we are
speaking, of course, of those units hav-
ing their own power amplifier and
speaker). A preferable eourse is for the
machine to incorporate a cathode fol-

lower or other low-impedance eireuit
(such as a plate follower) in the output
stage.

Input Sensitivity

When recording from a source other
than a microphone—FM tuner, AM
tuner, TV sound, phono pickup—most
aundiofans will pbtain the signal from a
control amplifier, as illustrated in Fig.
13, rather than hy feeding the source
directly into the tape recorder, as shown
in Fig. 14 (where the source is a tuner).
n a number of control amplifiers, the
incoming signal is ronted directly to the
tape output jack (for feeding a tape
recorder), without amplifieation or at-
tenuation of the signal, as illustrated in
Fig. 15. Sinee high-level sources gen-
erally produce at least 0.5 volts on
peaks, it would appear that a tape re-
corder sensitivity—input signal required
to drive the machine to full permissible
recording level—of 0.5 volts is sufficient
for high-level signals. However, it is
advisable to allow for two contingencies:
(1) the ocecasional high-level source that
produces less than 0.5 volts; (2) the de-
sirahility of going above normal record-
ing level, as for example on speech,
where distortion is less apparent than
on music, Aecordingly, the high-level in-
put sensitivity of a tape recorder should
be abont 0.1 to 0.2 volts.

In some control amplifiers, as illus-
trated in Fig. 16, the incoming signal
first goes through an input level-set
control. Then it goes thronugh a stage of
gain before reaching the tape output
jack, at which point it may be restored
to approximately its original level. How-
ever, there is no assurance that such

(Continued on page 95)

TUNER O-
Tvir O
TAPEC 2]
AUX O O

MAGNETIC o

PHONO

INPUT
JACKS

——O0 (FOR FEEDING SIGNALS
TO A TAPE RECORDER)
po— FOLLOWING STAGES OF

TAPE OUTPUT JACK

THE CONTROL AMPLIFIER

SIGNAL SOURCE
SELECTOR SWITCH

Fig. 15. Method employed in some control amplifiers for feeding incoming signals
directly to a tape recorder.

INPUT
JACKS

LEVEL SETS

LEVEL SET

TAPE
AMPLIFICATION  ———@ QUTPUT
STAGE JACK
FOLLOWING STAGES OF
THE CONTROL AMPLIFIER
SELECTOR
SWITCH

Fig. 16. Method employed in some control amplifiers for feeding incoming signals
to a tape recorder.

checked. However, a monitoring jack
does have worthy nses. Thus if one is re-
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Gjve your music system a memony!

IF IT'S WORTH LISTENING TO THE FIRST TIME...
IF YOU'D LIKE TO HEAR IT AGAIN...RECORD ITI

Viking equipment offers unmatched quality in the stereo recording
of AM/FM and FM Multiplex programs and in the duplicating of stereo discs.

Once recorded, your tapes can be played as often as you wish
without deterioration. Your investment in Viking tape recording equipment
can be your most economical source of Hi-Fi reproduction.

You can expect performance in accordance with the following spec-
ifications: Frequency response 30 to 14,000 cycles, =2 db. Signal to noise
ratio 50 db minimum. Flutter and wow .2%. Total harmonic and inter-
modulation distortion less than 2%.

Most important, compare performance. Ask your high fidelity dis-
tributor for a demonstration of Viking recording quality.

Viking’s Customer Service Department
provides a free planning service — to
help you with integration of tape equip-
ment with your music system.

l‘lg OF MINNEAPOLIS, INC.

9600 Aldrich Avenue South, Minneapolis 20, Minn,
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Variable Electronic Crossover
and Biamplifier

GEORGE C. KANE*

The author describes a combined variable electronic crossover
and a biamplifier that has a mid high-frequency power output
of 20 watts and a low-frequency power output of 50 watts.

ANY AUDIOFANS who build their
M own hi-fi equipment, and some

who purchase kit-type compo-
nents, soon realize that the cabinet space
allotted to the system becomes too small.
The author’s system went through the
usual series of speaker additions and as-

sociated L-C crossover networks. The

frequency of crossover could not be
varied so there was always a question as
to whether the speaker performance
could be improved with a change in
crossover frequency.

Recently, a new component—a Varia-
ble Electronic Crossover—appeared on
the market. The electronic crossover
seemed -to have some desirable features
and some not so desirable. The good fea-
tures are that it contains a method of
changing the crossover frequency, re-
duces intermodulation distortion, ab-
sorbs no audio power, and does not
affect speaker damping. Undesirable fea-
tures are that it requires another amnpli-
fier (one for each channel), and if not

* 50 Queens Drive, Little Silver, N, J.

n ®3Z €22,C28,R1L,R13 VI
(et AT

Fig. 1. The author’s biamplifier, showing placement of major parts.

properly designed and constructed it

can produce hum and noise. There are
other pro’s and con’s that will not be
taken up here.

There are two general types of elec-
tronic crossover unmits. One has a fixed
crossover frequency, the other type con-
tains a method of varying the crossover
frequency. To the author, the type
having a variable crossover seemed most
desirable, The first model constructed
contained a switch that was used to
change capacitor values in the variable
portion of a low-pass and a high-pass
filter, resistor values remaining fixed.
An old amplifier was brought out of re-
tirement and the system placed in op-
eration. The speakers seemed to take on
a new brillance not heard before. Re-
sults were excellent until the crossover
frequency switch was changed to another
crossover frequency—the thud that came
from the speakers was powerful enough
to toss the speaker cones into the middle
of the living room! Another undesirable
feature was pointed out by the little

V4 23”; ve g

v2 =)
At
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wife—she didn’t want a chassis (elec-
tronic crossover) to remain on top of
a choice piece of furniture (no space in
the cabinet), nor did she approve of an
amplifier (additional amplifier for
treble) on the floor behind a chair.

Since the original space for the ampli-
fier could not be enlarged, consolidation
of components was necessary if the elec-
tronic crossover was to be retained. After
many hours at a drawing board and
trying different arrangements of parts
on various shapes of chassis, the com-
bined electronic crossover and biampli-
fier shown in Fig. 1 was construeted.
The complete schematic is shown in
Fig. 2.

Electronic Crossover Section

A block diagram of the variahle elec-
tronic crossover portion of the biampli-
fier is shown in Fig. 3. The output of a
preamplifier feeds two level controls,
one for the high-frequency channel (for
the purpose of this article, the high-fre-
quency channel is called the treble chan-
nel although it may contain frequencies
below several hundred cps), and one for
the low-frequency, or hass, channel. Each
channel is then coupled to a voltage amn-
plifier where the program material is
amplified and passed on to a cathode
follower. So far, both channels are the
same with the exception of the eoupling
capacitors (C,, Cy, C,;, and Cyq, in Fig.
2), but here the similarity cnds. Nega-
tive feedback is provided through re-
sistors R; and Ry, to improve frequency
response and to reduce stage gain to
about four.

Cathode follower Vi, feeds a high
pass filter, (B) in Fig. 4, consisting of
two R-C sections. The impedance ratio
of the first section to the seeond section
is 1 to 4. Thercfore the slope of the curve
is approximately 8 db per octave. Cath-
ode follower Vip feeds a low pass filter,
(A) in Fig. 4, which attenuates high
frequencies at the same 8-db-per-octave
rate. The filters present curves that are
inversely symmetrical, (C) in Fig. 4.
When gain controls R, and R,; are ad-
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a new tweeter that solves at least
three of your speaker problems!

SOUTH AMERICAN TROUPIAL BIRD PHOTOGRAPHED AT TREFFLICH'S, NEW YORK

the ‘ah!’* electrostatic transducer

A Combination Mid-Range and Super Tweeter

o The ‘ah?’, because of its revolutionary new construction gives clear, trans-
parent response on all frequencies from 600 cps to beyond the limit of audibility
and has none of the limitations of tonal coloration and exaggerated peaks found
in cone or piston type tweeters!

& 15%

The ‘ah!’, because of its omni-directional characteristics, offers tremendous

3 . ‘ 1 Mates easily and quickly to any speaker made.
advantages in your stereo system. The ‘ah! enables you to space out speakers Frequency Response: Fyll flat. lfelike midrange
to achl_eve the dramatic effects associated with wide separation without the plus UHF coverage—600 cps to past the limit of
disturbing “hole-in-the-middle” caused by the directional characteristics of audibility. Roll off 6 db/octave of speaker and
conventional speakers .. .or by single-ended, high distortion, limited range gg‘r’:;fe"fe'ly“u‘;'&%;ege'°w 900 cps. Backwave
electrostatic speakers. |mtpeutancel:snesi5gnea'ttto ma'tc1h 8 or 16 ohms

. . 2 . . output of to 50 watt amplifier.

0 The ‘ah!’.electrostatlc transtjucer 18 superior in quality and performance to Crossover: Self-contained R/C crossover - net.
speakers selling for almost twice as much, but, because of expert research work; recommended crossover tlwdmt, betweiﬁ;
facilities and newly developed materials it is offered at an unprecedented low R s . encoanmsied: bn FalIE]

price ... only $49.95. out additional network.
X Sound Dispersion: Full 180° coverage (front and
othing clse to buy — R/C crossover network and backwave) when speaker is mounted at least

g 4 24 6” from back wall

AC power supply are built in. 8 or 16 okm L pad Distortion: Practically unmeasurable. Radiation

may be added to attenuate tweeter, if desired. area js 62 sq. inches,
sglarizing Voltaige: Fused tcurrentless 1000 volt
*An American-made speaker — patent GUARANTEED FOR FIVE FULL YEARS, Hand rubbed Bemuine wanut coomer, 8- o

applied for by COSMOS INDUSTRIES. elements are practically indestructible. ishes available on special order,

o\ For complete information and

the ‘ah! electrostatic transducer can now be seen at ; [
specifications write to:

EAST COAST

zu\:::n‘:':nsl:m o —_— IN THE :1 m:x: A::l'!"I: mouvrfm:n‘r :xvo'n:x gie;h?"oi:;lli?;al |

New York City FASA AL MIDWEST I A G Avenue | dealer, c 0 SM 0 S IN I] UST R,I ES, lhc.

212 Fultan Steeet Chicago 11, lllinais Oak Park, Illlnois

:;‘;ﬁ"'l’l':mc;""m ';"::" ::‘:':( | | Alied RagioCorp. - Evecgreen ANied High Fidellty Inc.  Alleg High Figelity Stores o 31-28 Quem.ls Bou{cvard

RN, Ay s | MRV R SEAELLS i B - Long Island City 1, New York
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so that the flat portions of the
curves are at the same level, the point
where each curve is down 3 db (half-
power point) is the erossover frequeney.
At the 3-db point, each filter is de-
livering half power and the two filters
together deliver full power resulting in
an overall ewrve that is flat.

justed

The erossover trequeney is changed
by varying the erossover contrel which
has four variable resistances (R,,, R,;,
I,;, and R,4) combined into one con-
trol. When the control is in the counter-
clockwise position (resistances at maxi-
mum) the filters are adjusted to a
erossover frequeney of 100 ¢ps. The full

clockwise position of the control adjusts
the filters to about 1200 eps. Types of
resistances required for the erossover
frequency controi are given under “con-
struction details.”

Treble Amplifier
The output of the high-pass filter net-

T
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Fig. 2. Over-all schematic of the electronic-crossover amplifier.
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It was almost easy once Pilot engineers started to
work on it. As they saw it, the system should have five
speakers (you'd be surprised at how few others do},
a 12" woofer plus two mid-range and two treble speakers
angled for optimum dispersion. But then, if you mount-
edthe enclosure in other than its prescribed position,
the tweeters and mid-ranges would be dispersing, yes,
but into the ceiling and floor! Pilot's answer: the
exclusive Acoustimatic Turret—with four speakers—
two angle-mounted 6" mid-range and two angle-mounted
3" treble speakers. With a simple control at the rear
of the enclosure it takes only a few seconds to rotate
the turret so that these four speakers disperse the
sound horizontally, regardless of the position of the
enclosure. (Even the Pilot nameplate rotates so that
it looks at youright side up !) The four speakers in the
Pilot Acoustimatic Turret, plus the big 12" heavy-duty
woofer with 1" cone excursion give you clean, solid,
well-defined bass, smooth response, and overall per-
formancenever beforeachievedina "bookshelf"speaker.

MOUNTS THREE WAYS A WA
. L] 7
Nt ‘h.’
RV - N
=Y - .- P =
AN / /’ IR I“ R ., ," L :"‘ K II‘ ‘\
S N \ \ - R l— —
! ) H 3 Y, T4 7
27T 27N ] \ A AN Sae? N s
AN YA NN / AN S Wy PN
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PILOT

Founded in 1919

AUDIO e AUGUST, 1959

Develop a fine "bookshelf"
speaker system that gives
equal performance in vertical
or horizontal positions.

PILOT PROUDLY PRESENTS THE PSV-1 SPEAKER SYSTEM

12-inch Air-Flex heavy duty woofer, front mounted to seal
the opening of an air-tight, Orlon fiber filled enclosure.
Tweeters and mid-range units mounted o eliminate the
intervening ducts of conventional thick baffle boards, and
remove all possibility of distortion and tonz coloration from
such ducts. Separate Presence and Brilliance controls sup-
plied to_match the PSV-1 to individual acoustical require-
ments. SPECIFICATIONS: Woofer—Pilot Model 53 Air-Flex
12-inch low frequency driver. Frequency range 40 to 800
cycles. Free air resonance: 22 cycles. Mid-range~two Pilot
Model 40 6-inch mid-frequency cone-type direct radiator
loudspeakers. Frequency range 800 to 8,000 cycles. Tweeters
—~two Pilot Madel 44 3-inch cone-type direct radiator loud-
speakers, Frequency range 8,000 to over 16,000 cycles.
Crossaver network—6 db/octave, air-core inductance capaci-
tance. Crossover frequencies: 800 cps and 8,000 cps. Imped-
ance: 16-ohms. Qverall frequency response: 40 to 16,000
cycles, 45 pounds. Size 25%” x 141" x 12" deep. Fully
finished on all four sides in a choice of hand-rubbed mahog-
any or walaut, as well as oiled walnut. $139.50.

PILOT RADIO CORP., 37-0+ 36th Street, Long Island City 1, N, Y.
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TREBLE
GAIN VIA vIB VARIABLE 10
»1  VOLTAGE —>-1  CATHODE 3| HIGH PASS |—>—TrEBLE
‘y AMPLIFJER FOLLOWER FILTER AMP,
<
3 -
INPUT
FROMO—9
PREAMP >
< BAss
/2 GAIN
< V5A V5B. VARIABLE 10
»| VOLTAGE —>-{ CATHODE HIGH PASS BASS
AMPLIFIER FOLLOWER FILTER AMP,
=%

Fig. 3. Block diagram of variable electronic crossover.

work is connected directly to the input
of the treble amplifier, Fig. 2. This par-
ticular amplifier eircuit, which is es-
sentially that of the Dynakits was used
because of its simplieity and exeellent
performance. The treble amplifier con-
tains only three tubes and a relatively
small number of parts. Power output is
20 watts with slightly less than 1 per
cent total harmonic distortion. Inter-
modulation distortion is 1.3 per cent at
20 watts output and is under 0.5 per
cent at 10 watts.

(Note: Since the photograph in Fig. 1
was taken, transformer 7T, has been
changed from a Linear Standard LS-63
to an Acrosound TO-300. Plate-to-plate
impedance of the L.5-63 was found to
be too high for the KT-66 type tubes
when operated in the Ultra-Linear con-
nection.)

A few eyebrows may he raised when
seeing a 20-watt amplifier being used
for the “Treble” range. However, when
using a erossover frequency of 200-300
cps, some rather low frequencies must
be amplified by the treble channel. A

20-watt amplifier seemed to be a good
companion to back up the bass ampli-
fier which is rated at 50 watts.

Tube V, is a pentode-triode. The pent-
ode (section A) is used as a high-gain
voltage amplifier. It is directly con-
neeted to the triode (section B) which
is used as a cathodyne or split-load
phase splitter. Grid return for Ve, is
through part of the high-pass filter, R,,
and R, The output of the phase split-
ter is connected to V', and V, (KT-66’s)
which are operated in Ultra-Linear
push pull. Total plate current of 120
milliamperes (60 ma per tube) is ob-
tained by adjusting the slider on re-
sistor Ryo. Resistor R,; is used to bal-
ance plate currents. A bhalance is
obtained when the voltage across re-
sistors Ry, and Rg; is zero. Plate current
is the correct value when the voltage
across each of these resistors is 1.5 volts.
Resistor R,, provides about 18 db of
negative feedback. Taps on the primary
winding of transformer T, provide the
necessary screen feedback for Ultra-
Linear operation of the output tubes.
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Fig. 4. Configuration of RC filter networks used in the biamplifier: (A), the low-pass

section, and (B), the high-pass sectian. (C), response curves of the two sections ot

moximum and minimum crassover frequencies.
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The eircuit of the bass amplifier is
similar to that of the treble amplifier.
Tube V; is used as a voltage amplifier
and phase inverted which drives two
EL-34 tubes also in push pull Ultra-
Linear operation. Fixed bias is obtained
from a rectifier in the power supply.
The bass amplifier develops 50 watts at
0.76 per cent intermodulation. Resistor
R, serves two purposes: It provides a
test point for proper plate current (1.56
volts) which in effect is added to the
fixed bias, and since Rg, is unbypassed
it produces a small ampunt of eurrent
feedback. Any unbalance in grid signal
or a.c. plate current causes a negative
voltage across the resistor. The feedback
voltage reduces distortion that may he
caused by the unbalance. Resistor R;,
provides the necessary feedback.

Power Supply

The power supply furnishes 130 ma
at 420 volts for the treble amplifier,
140 ma at 450 volts for the bass ampli-
fier, 20 ma at 300 volts for a preampli-
fier, and 30 to 50 volts bias for the
EL-34’s.

Full-wave rectification with two
5V4GA tubes, each having its plates
eonnected in parallel, (the 10-ohm re-
sistors, R,s-R,; halance current through
the two halves) was used to obtain the
280 ma required by the amplifiers. A
separate 1-to-1 transformer, 7, and a
half-wave rectifier CR, furnishes the
30-to-50 volt negative bias. Capacitor
C,o filters the hias supply. The two
B-plus voltages are filtered through
separate circuits. The filament eireuit is
positively biased to about 40 volis by a
voltage divider of resistors RB;; and Ry,

Construction Details

The amplifier is constructed on a
heavy-gauge steel chassis base 3 in. high
by 14 in. wide by 10 in. deep and has a
grille type metal cover. The chassis must
be made of heavy steel hecause two of
the transformers each weigh ahout 14
pounds. The completed amplifier weighs
48 pounds.

Location of parts (Figs. 1 and 3) is
very important. The power-supply com-
ponents are mounted at one end of the
chassis, the treble amplifier in the middle
section, and the bass amplifier at the
other end as far away from transformer
T, as possible. A steel shield is mounted
on the underside of the chassis to isolate
the external fields of transformer T,
and filter choke L;. The shield also pro-
vides valuable space for mounting parts
of the power supply. Tube shields are
used on the 12AU7’s and the 6ANS's to
prevent hum pickup from the partially
shielded power transforner.

Filaments were wired by two sep-
arate pairs of twisted wires from the
power supply section, one pair supply-
ing the power output tubes, and the
other supplying the small tubes. The
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Win your next Rolls~Royce.. .

The superb $13.995.00 automobile illustrated will be awarded to the reader
of this message who listens to a Shure high fidelity Stereo Dynetic phonograph cartridge
demonstration and best describes its singular
sound re-creation qualities (in 25 words or less). No purchase .is.required.
If. however. you are the winner and have purchased a Shure cartridge
(our thinly disguised motive for sponsoring this competition) you may accept your
automobile at the Rolls-Royce factory. Travelling expenses for yourself and a friend
to the British Isles and return will be defrayed by .
Shure Brothers, Inc.. 222 Hartrey Avenue, Evanston. Ill.

Should you win (we don't expect an overabundance of entries. so your chances are rather
good) you'll probably never have to buy another automobile as long as you live.

Details and contest blanks available only at bigb ﬁdelity dealers_‘
show rooms and salons. Contest- ends August 31st, 1959.

high fidelity Stereo Dynetic phonograph cartridges . . .
Unanimous choice of the critics.

Model M3D. $45.00 net: Model M7D. $24.00 net.

AUDIO e AUGUST, 1959
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Ro1

Fig. 5. Underside of omplifier chassis showing ports plocement.

filaments were wired first, keeping the
leads elose to the chassis.

Beeause of the large number of parts
i the amplifier, terminal hoard con-
struction was used where possible. Two
terminal boards are mounted along the
front apron of the chassis. These hoards
mount most of the parts required in the
input eireuits and the electronic eross-
over networks. Parts associated with the
erossover frequeney control are mounted
on the hoards as close to the eontrol as
possible. This allows short leads to the
eathode followers and to the grid of
the 6AN8’s where hum is likely to be
picked up. Two other terminal hoards
mount parts assoeiated with the bass
and treble amplifiers. Coupling capaci-
tors were put in last. Terminal hoard
construetion makes removal of parts
easy, does not clutter the socket pins,
and if properly assembled aetually re-
duces capacitance between parts and
chassis. The boards were assembled on
the bench, then mounted on the chassis
and wiring completed.

The crossover frequeney control 1s as-
sembled by using one TRC “PQ” control
and three “M” seetions all having a
linear taper. The control consists of one
25-k “M” seetion TRC (M11-120), two
100-k “M” sections (M11-128) and a
25K “PQ" standard control (PQll-
120). R,, (standard control) is the basie
control and is next to the front apron.
Tnstructions for adding the “M” see-
tions to the “PQ” control are packed
with the control. Particular attention
must be given to wiring this control
since with cloekwise rotation of the
shaft, resistance must decrease thereby
increasing the crossover frequency.

Capacitor C; and Cg in the high-pass

48

filter and eapacitors C,, and C,, in the
low-pass filter are selected values that
are within 1 per cent of desired value.
C; was made up by paralleling .02-uf
and .004-uf units then measuring the
combination on a capacity hridge. C,,
is an .047uf unit that actoally measured
the desired value of .043pf. Resistors
Ry, R,;, Ry and R4, although stand-
ard values, were measnred and selected
to be within 1 per cent of the desired
value. (The anthor’s parts dealer loaned
a handful of capacitors and resistors so
the eorrect values could be selected, al-
lowing return of the parts that could
not be used, my thanks to him.) Resistor
pairs such as K,, and X,,, R;; and R,
R;y and Rgy, and Ry, and Ry were
matched to within 1 per eent. Such exaet-
ness may not he necessary but on an
overload test, it's nice to see clipping at
hoth grids of each power amplifier take
place at exactly the same level.

Some preamplifiers have the 117-volt
power switeh leads within the cable that

carries power to the preamplifier. These
leads were run separately because the
primary enrrent of transformer Ty is
about 2 amperes. Ground throughout the
amplifier is a #14 tinned bus wire
which is connected to the chassis hear
the input jack. All electrolytic capaecitors
are mounted on insulating wafers and
the shell conneeted to the ground bus
wire, Speaker connections, hias centrol
Ry, and preamplifier power socket are
mounted on the rear apron of the chassis.
An unusual feature of this amplifier is
that it does not contain a single half-
watt resistor! It is true that the current
in some eircuits warrant the use of a
half-watt, or even a quarter-watt, re-
sistor but this audiofan has encountered
several sad experiences with them.?

Adjustments

The only adjustments required are
bias for the EL-34's and balaneing the
KT-66’. Proper bias (and eorrect plate
current) for the Kl-34’s is obtained by
adjusting Ry until a voltage of 1.56
volts is measured across Rg,. The cor-
rect balance and plate current for the
KT-66" is obtained as follows: Connect
a low-range voltmeter across resistors
Ry, and Ryy (pins 8 of Vyand V) and
adjust resistor R,; for zero voltage. The
voltmeter is now connected aeross Ry,
(or Rgs) and the slider of resistor Ry,
adjusted until an indication of 1.5 volts
is obtained on the meter. The balance
adjustment should be checked by re-
peating the zero-voltage measurement
previously deseribed.

Several “tests” were made on the over-
all amplifier such as power output and
frequency runs at different crossover
frequencies, Figure 6 shows the results
of one “run” and indicates the over-all
response at an output of 10 watts. Cali-
bration figures on the frequeney control
(Fig. 1) are approximate only, since
in operation the exaet value does not
mean much.

(Continued on page 83)

'One experience sinlilar to that ex-
plained by Walter Richer, in “The sad tale

of a half-watt resistor,” Aublo, December,
1957.
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- Years Ahead

New Bogen stereo receiver is years
ahead in price and in performance

NO ONE BUT ROGEN, builder of over one
million high-fidelity and sound-
distribution components, could have
engineered this new high-fidelity
stereo receiver, the SRB 20. A superb
all-in-one stereo instrument, it's a
highly sensitive FM-AM stereo tuner,
it’s a versatile stereo audio control
center, it’s a magnificent 20 watt (10
per channel) stereo amplifier, and it’s yours for only $199.50
—a price you'd expect to pay for a comparable tuner alone!

ROGEN’S ENGINEERING STAFF, largest
of any sound-equipment maker, de-
signed each circuit stage of the SRB
20 as an individual unit. By concen-
trating on each stage separately,
they can pack more value, more clean
performance in less space than is
otherwise possible. The separate
stages are then carefully, logically
arranged in an overall circuit of proven superiority. This new
Bogen concept eliminates wiring clutter, prevents hum and
distortion, provides savings which are passed on to you.

Bogen’s engineering excellence, crystallized during 25 years
of building specialized sound systems for schools, theatres,
industrial plants and offices, is yours to enjoy in the new
SRB 20. Put it in a cabinet or on your bookshelf (it fits
easily). Ask your Bogen dealer to show it to you today.

CONTROLS: Selector, FM Tuning. AM Tuning. Separate Bass —u/LQ A0 d_, W-CU%-
and Treble for each channel (lock for simultaneous control

of both). Volume for each channel (correct imbalance, then 1:0 »LLQII@)L A:CQ}LQ,O

v lock for simultaneous control). Separate On-Off Power. FM

On-Off and AFC. AM On-Off. Multiplex.

Send for illustrated booklet, “Understanding High Fidelity.”
64-page explanation of hi-fi and stereo. Enclose 25¢ please.
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BOCEN-PRESTO co., Dept. A89, P. O. Box 500, Paramus, N. J. A division of the Siegler Corporation
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Hi-Fi for Lo-Do

S. G. LUCAS*

While most of us would prefer a factory-built cabinet, the lack of “dough” may make it
necessary that we “do” it ourselves. And if you don’t have a power saw, it seems likely that
there is a lot of the “do” required to turn out this professional-type speaker enclosure.

RE YOU WILLING to gamble less than
$25 and about 10 to 12 hours
work for the actual living presence

of Bach, Beethoven, Brubeck, or Good-
man via this back-loading folded horn
for your listening pleasure?

This horn is designed for use with
woofers having resonances of about 55
cps but will work very satisfactorily
with much lower resonances and slightly
higher resonances. The theoretical cutoff
frequency is 40 cps but good perform-
ance will prevail down to 30 cps.

The eabinet is basically the Jensen
Imperial reproducer—a hyperbolic-ex-
ponential design (covered by U.S. Pat.
2,338,262)—to be used as a free-stand-
ing type for corner or sidewall place-
ment. I plan on installing the Jensen
KT-31 speaker kit, but any combination
employing a 15-in. woofer or a 2-/or 3-
way assembly—such as the Electro-
Voice Model 15 TRX; the University
Model 315-C; the James B. Lansing
Model D130, etec.—can be mounted into
this folded horn.

In Figs. 1 and 2—on two 4 ft.x 8 ft.
plywood sheets—are shown the lay-outs
of the various panels that are needed
to construct this speaker cabinet. Be-
low are listed the measurements of these
panels, plus the necessary lumber needed
for the bracing and the base.

An important point to remember in
building your cabinet is that all joints
must be accurately fitted and that it
must be made as rigid as possible to ob-

* 322 Park Avenue, New Castle, Pa.

TABLE 1

3%-inch plywood

1 piece 222 x 31 Bottom

1 ” 24 x 32V Top

1 2 32%2 x 41Vs Front

1 @ 172 x 49V, Back

i ” 4 x 31 Part A

1 ” 23% x 31 Part B

1 L2 15% x 31 Part C

1 ” 4 x 12V Part D

1 ” 113% x 31 Center Shelf

1 ” 125/16x 31 Lower Shelf

2 pieces 10% x 49V Part E

2 16% x 41V, Sides
Lumber

1 piece 1% x 2V x 29 Top Stiffener

1 ” 1% x 22 x 40 Back Stiffener

1 " 1% X 3% x 64V2 Base

1 2 1 x 1 x 762 Cleats

2 pieces 3% x 2% x 48%: Cleats

2 ” 1V x 1% x 481> Posts

All dimensions in inches

tain the best results. Except for such
parts as the base, posts, cleats, and
stiffening members, 34-inch plywood is
used throughout. All joints should be
adequately glued and screwed to main-
tain rigidity.

The following construction procedure
is suggested: Begin by cutting out the
bottom and the front panel and be sure
that these first cuts are square to insure
a tight fit. The centerline of the speaker
opening is 1134 in. from the bottom
edge and located on the vertical axis.
This opening may be cut to accom-
modate either a 12 or 15 in. woofer or
your present tri- or co-axial speaker.
Upon checking the list of materials, you
will note that the bottom panel is 34

in. smaller all around than the top—so
be sure you pick the correct one to
start your construction. Next, take the
corner posts and cut two sides of each
with a notch 14 in. deep and 34 in.
wide, with the upper edge of the notch
8 in. down from the top of the post.
Glue and screw these corner posts to
the front panel—bnt be sure and mount
them 34 in. in from the side edge and
34 in. up from the bottom of the front
panel in order to leave room for later
fastening the bottom and side panels.
Figure 3 shows how Part A—434 x 31
—is attached to the notched corner posts
and the front panel. I glued and screwed
these panels together and with the use
of clamps to hold them firmn, then let

Fig. 1 (left). Loyout of one of the plywood sheets is the

initiol step in the octual construction. Fig. 2 (below). Loy-

out of the second sheet to make sure you get all the ports
out of the two pieces of plywood.

SIDE
SI0E
CENTER | LOWER [ ¢
SHELF | SHELF
BACK

4 x 8. PLYWOOD

WWW. ameidsaanadioRistery.com

AUDIO e AUGUST, 1959


www.americanradiohistory.com

e e ——
PRESENTING THE JBL RANGER-MINIGON

" The new JBL Linear-Efficiency Sp_v'a_ker. with its smail enclosed-air-volume require-
ments, permits the use of radial refraction in an acoustical enclosure measuring just
32" wide, 15%" deep, 12%" high. The same method of projecting a broad stereo
- field that originated with the fabulous JBL Paragon and was popularized with the JBL
- Metregon is used in the Minigon. One Minigon gives you the highest fidelity monaural
reproduction ever provided by a minimum size enclosare. Two will give you enviable
stereo, integrated by the curved refracting panels. Usually placed end to end, Minigons
- may be separated a reasonable distance without disturbing the stereo field. Your
choice of fouvered wood or fﬁ(:e grilles. Hangers for wall mounting are built in.

New IBL Dale Enclosure, Model C49, for
JBL Li Efficlency drivers measures
23% " x 11%” x 127 high. is delightful in
its simplicity. refreshing in its restrained
use of interest-arousing design details

New IBL Madison Enclosure, Mode! C48,
23% 7 x 13%” x 11%” high, reflects the

influence of Danish design. Finished on four
sides and front, the Madison may be used
in either vertical or horizontal position

DESIGNS NEW
PRECISION
LOUDSPEAKERS
FOR SMALL
ENCLOSURES

PRESENTING THE JBL LINEAR-EFFICIENCY SPEAKER

You see an all-new precision transducer thaf could only be a product of James B.
Lansing Sound, Inc. The company which brings you the best speakers for horn enclo-
sures and the best units for reflex enclosures now offers the finest infinite baffle type
transduce:s. Under intensive development for a year and a half, design judgment and
engineering decisions were recurrently confirmed by analog computer. You will hear
big, deep, accurate bass from these instr ts. Application of new principles of

cone susgension permits unusually long linear excursion. Relatively high efficiency
with its attendant precision transient response, clean reproduction, vast dynamic
range is achieved by use of large voice coils, precision-instrument tolerances, ad-
vanced magnetic circuitry —all typical of JBL transducers.

Write for a complete description of these new units and the name
of the Authorized JBL Signature Audio Specialist in your nity. JAMES B. LANSING SOUND, INC. / 3249 CASITAS AVENUE, LOS ANGELES 39
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Fig. 3. The two notched corner posts are
attached to the front ponel, and the base
is ottoched next. Casein glue ond plenty
of wood screws ensure a solid cobinet.

them set over-night.

Figure 4 shows the installation of the
center shelf. First cut this panel—
1134 x 31—and two pieces of the 1
in.x1 in, lumber—one 31 ins. long and
the other 28 ins. long. Glue and screw
the 1x1x31 ecleat to the rear, lower
edge of the center shelf. Next, cut 1%
in. notches in the forward edge of this
panel to fit around the corner posts. At
this point. it is necessary to plane the
rear edge of Part A and the rear edge
of the center shelf approximately 20
deg. to insure a tight fit of the network
panel, which is fastened later. Mount
the center shelf 2034 in. down from the
upper surface of Part A. As can be
seen in Fig. 5, T had nailed some tem-

Fig. 6. Part B ond one side instolled;
lower shelf in place with small stiffening
member between it and bottom panel.
Also shown are 2 x 4 bose members.

52

Fig. 4. Installing the center shelf. Note

thot two pieces of 1 x 1 have been at-

tached to the shelf before mounting on
the front ponel.

porary hraces to the ends of the center
shelf and the corner posts to position
these pieces securely until ready for the
next step.

Cut Part B—2314 x 31—with a 12 in.
square opening cut in the center. Bevel
the top and bottom edges of this panel
to form a level plane with the upper
surface of Pmt A and the lower sur-
face of the center shelf. Now lay the
exbinet assembly face down and glue
and serew Part B into position. At this
point it is best to add a side panel to
give additional support to the bottom.
It your speakers have any Tone or Bal-
anee Controls it is necessary to cut the
needed holes in the side panel before
mounting. Also, don’t forget to hevel
the rear edge of the sides at 45 degrees
to make a smooth fit with Part E.

The above steps are shown in Fig. 6,
along with the lower shelf being added.
Cut  this  panel—125/16 x 31—and
slightly hevel the rear edge approxi-
mately 6 deg. to insure a tight fit with
Part C. Take Part DD—4 x123—and
bevel it so that it is 4 in. at one end and
234 in. high at the other end. Glue and
serew Part D to the eenter of the lower
shelf. Then mount this assembled lower
shelf on to the hottom panel so that
the front edge of this assembly is 234
in. away from the inner surface of the
front panel and with the slant pointing
down toward the front. Along at this
time, you can eut two pieces of
2x4x163 and one piece 2x4x31
with the ends mitered, for use as a base.

Mount these pieces to the hottom as

shown in Fig. 6—the piece running
across the back edge is just a temporary
hrace—which is removed later when the
easters are added.

Figure 7 shows how the various panels
were glued previous to adding the re-
maining side. Note the clearance he-
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Fig. 5. Making ready for the installation

of Port B. Note the use of temporory

broces along the sides to keep the center
shelf in the correct position.

tween the lower shelf and the corner
posts. Also shown is the speaker com-
partment panel, Part C—15% x 31—
with an aceess opening of 12x 17 eut in
the eenter. After this panel has heen
glued and serewed to the center and
lower shelf, the other side can be
mounted.

Figure 8 shows a rear view of the
cabinet with Parts <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>