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DUAL HORN LOADING  RADIAL SOUND PATTEAN ju FREQ. DIFFRACTION

§§ | PATENTED DIFFUSICONE PRINCIPLE.

Available only on University Diffaxials. Mid and high |
- frequencies are extended with remarkable efficiency
through coaxial dual horn loading at the apex of the
loudspeaker cone. A radial projector combined with M
aperture diffraction provides uniform, wide-angle dis-
| persion, assuring full fidelity no matter where off speaker
+ axis you may be listening.
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CSPEAKERS
STAY SOLD

EXCLUSIVE BI-SECTIONAL CONSTRUCTION

Typical of University’s advanced design and fabrication
L techniques is the unique bi-sectional construction of
completely independent basket and magnet assemblies.
This results in a precision product—vibration and shock-
proof in operation, built for trouble-free long life.
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TRPENSION |
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To insurs valid statistics, this tabulation covers the largest selling brands, i win seron | 4 v o J’
A & A Soarmnon /£ {2 I
based on a four-year survey (April 1953 to March 1957) of classified and - 2 WLLLIE . ls
“Swap or Sell”” ads for used high fidelity loudspeakers. All ads authenticated - i —'—'\- 5, 1 oy
as placed by private individuals in Audio, High Fidelity and Music At Home - - e Ir
& PATENTED “RECIPROCATING FLARE" DESIGN
PP | On all University tweeters the compression driver is <
PERCENTAGE OF TOTAL INSERTIONS y coupled to a “‘reciprocating flare” horn designed to pro=~ .
I vide maximum uniformity of wide-angle dispersion in the
e . i horizontal plane with optimum vertical coverage. This I
SPEAKER “A” SPEAKER “B" SPEAKER “C UNIVERSITY i is the greatest single advance in wide-angle horn de- |
- velopment in over a decade. !
46%:% 23% % 16%% 13% I :
ROSSOVER NETWORK COMPONENTS-

RECIPROCATING FLARES®
TWEETER HORN

S

DRIVER £OR TWEETER HORN-

Fewest number of ads offer University equipment oust coven——— P
ff SPEAKER BASKEY %
.« » outstanding testimonial of user satisfaction. | W aGnET - ¥
3 . . il WOOFER VOICE €Ol E
We have always believed that the tremendous volume of University speakers ! :
1d in the nact tn hi-fi enthndiacte attected ta the ine listeni isfacti : RUE THRUSTHEAXTS DESIGHN g
20 i - genuine listening satislaction Fig In true thru-the-axis design, the tweeter driver unit is k=
g fitted to the “reciprocating flare” horn thru the center
. g of the woofer magnet assembly. Only with this thru- §
ind pleasmg, but the the-axis design is it possible to project high frequencies ]
pOWCI‘”. Does it grow ;EQ thru a horn of scientific formula-correct length and con- % ]
.. Y figuration . . . and thus achieve highest efficiency, lowest
r ..or is it obsolete E distortion and uniform wide-angle treble reproduction.

MAXIMUM COMPONENT FLEXIBILITY
To meect the ever varying technical needs of expanding

s
B
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«diophile magazines,

. aspirations and improvements, University components "
i peakers readers out- o are designed to provide a maximum of application and
eading loudspeakcrs - operational flexibility, ¢.g.: woofers with dual impedance E
- voice coils, networks and filters to match all popularim-
b o pedances and crossover [requencies, speakers having
* adjustable response devices, eic. Therefore . . .

i
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G le, : than three times as : ) 7 k
le!;faiEgam average hi-fi users M ‘;m. :
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The only rules of the Library are those made for the

WOOFER

greater-conyenience of its borrowers. | GENUINE PROGRESSIVE SPEAKER EXPANSION i
-ei - i dget requirement The “Master Blueprint” that prevents your speaker P
1. Books may be kept twenty-eight days unless other size and budget requi : pre s NI g B e ;‘
wise designated. Books may be returned at any uﬁuﬁg - discarding existingfsgc&kcrs or sys;cms! \(1u chso:::(t)slelg’;o:.l i
i ic Li literally dozens of different starter speaker set- 4
e oh T kendalp Fubllc Libraryiavstem, B suit yo);r present taste and purse. Then, when and as E

2. Books may bewissued at Circulation desk when 4 ! you wish, you integrate these components into {omorrow’s
i fil ’ magnificent deluxe system . . . safeguarded by ur}{natchcd §

AR one are ot on e i | engineering flexibility and variety that makes step-by=

3. Two cents a day fine (except for Sundays and holi- step” improvement a wonderful reality.
ENCLOSURES

) days) is charged on each book kept overtime.

4, Bach borrower is held responsible for all books
drawn on his'card and for all fines on overdue ié 56%
books'charged to him. This responsibility does not
cease when the card is reported lost, or when an-
other persen uses the card. B i iTE FLAINS, N. ¥

These are just a few of the
reasonsiwhy University assures

vyou superior sound that lives

and lasts through the veurs.

As other satisfied ]
purchasers know - . -

you might spend more—

but you can’t equal Universitye
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HANDBOOK OF
SOUND REPRODUCTION

By EDGAR VILLCHUR, inventor of AR loud-
speaker systems and president of Acoustic
Research, Inc.

Here is A-1 information about all aspects
of sound reproduction, acoustics, and the
necessary components. Written by one of
the foremost authorities in the field, the
book is organized in a way similar to home
training courses. It fully covers a difhecult

Save yourself time and trouble

by ordering your books directly from us.

Three recent books by three experts

HIGH FIDELITY: THE WHY
AND HOW FOR AMATEURS

By G. A. BRIGGS, designer and manufacturer
of Wharfedale loudspeakers.

.. . . holds something for everyone. For
the amateur, for whom it was written, it
holds a bit of everything, in suitably com-
pressed form, and must inevitably leave
him with a feeling that he has acquired
a general working background to the whole

Just fill in the coupon below.

s aundiophiles bookshelf

OLIN DOWNES
ON MUSIC

Edited by IRENE DOWNES

A selection of over 170 of Olin Downes’s
reviews, Sunday columns, and other pieces,
written between 1906 and 1955. $5.00 246

“The general imptession these (reprints)
have left on me is that I have been in long
and fruitful contact with a fine musical

technical subject in a manner which will subject. . . . It deserves a wide readership, mind, a mind moreover, of fundamental
provide pleasure and profit to the high- and I am certain it will secure it.” —HI-FI sincerity and integrity.” — Ernest Newman
fidelity enthusiast. $6.s50 249 NEWS (England) $2.95 250 in THE NEW YORK TIMES BOOK REVIEW

Now available — the revised edition of Greene
& Radcliffe’s extremely popular

THE NEW HIGH FIDELITY HANDBOOK

A complete, practical guide for the purchase, assembly, installation,
maintenance, and enjoyment of high-fidelity music systems. Includes
the latest information on equipment. 250 illustrations, diagrams,
and plans. $4.95 251

“. .. Messrs. Greene and Radcliffe, two gentlemen whose knowledge
of hi-fi is only slightly less than awesome. Whoever said that ‘read-
ing maketh a full man’ was right — at least as concerns this book.
Read it through, and you will arise full of knowledge.” — Deems
Taylor

WHAT TO LISTEN FOR THE FORMS OF MUSIC

IN MUSIC .

By SIR DONALD TOVEY. Written
By AARON COPLAND. The re- by one of the most literate and
vised edition of a book which profound of modern interpreters
made it possible for thousands of music, these essays are drawn
to increase their enjoyment of from those articles which Tovey
music through creative listen- prepared for the Encyclopaedia
ing. $3.95 247 Britannica. Paper, $1.35 239

Book Department
AUDIOCRAFT Magazine
Great Barrington, Mass.

[ enclose $ for which please send me, postpaid, the
books indicated by circled numbers below. (No C.O.D.s or
charge orders, p. .ase.) Forkign orders sent at buyer’s risk. Add

ss¢ per book for postage on foreign orders except Canadian.
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Binder 1 (holds 14 issues) 223  $3.50 l
Binder 2 (holds 12 issues) 245 $3.00 |
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Continuing best sellers

HIGH FIDELITY
RECORD ANNUAL: 1956

Edited by ROLAND GELATT. The second volume of High
Fidelity Record Annuals. Included in this collection
are reviews of classical and semiclassical music and the
spoken word which appeared in HIGH FIDELITY Maga-
zine from July 1955 through June 1956. Comparisons
with recordings of previous years are emphasized. A

performer index is included. $4.50 237
HIGH FIDELITY RECORD ANNUAL: 1955 $4.95 201
MAINTAINING

HI-FI EQUIPMENT

By JOSEPH MARSHALL. A much needed book on the
specialized approach necessary to service high-fidelity
equipment. The author discusses not only electronic
faults, but the mechanical and acoustical defects which
cause a hi-fi system to function less than perfectly. The
book is clearly written and well indexed. Hard cover,
$s5.00 232 Soft, $2.00 233

HIGH FIDELITY:
A PRACTICAL GUIDE

By CHARLES FOWLER, Publisher, AUDIOCRAFT Magazine

Whether your budget is small or large, whether you
are a beginner or a devotee from way back, this com-
plete and definitive guide can help you get the most
enjoyment out of your high-fidelity system.

Here is the practical expert advice needed by every-
one who has, or expects to have, a high-fidelity sys-
tem. Starting with an introduction to sound, the
author then describes the various links in the hi-fi
chain, explaining their features and specifications so as
to provide the most helpful criteria for evaluating, and
for selecting and matching components. $4.95 234

AUDIOCRAFT MAGAZINE

IS



Charles Fowler
Publisher

Warren B. Syer
Associate Publisher

Roy F. Allison
Editor

Frank R. Wright
Managing Editor

Eleanore B. Wright
Editorial Assistant

Roy Lindstrom
Art Director

Eleanor Gilchrist
Art Assistant

Frances A. Newbury
Manager, Book Division

R. D. Darrell

J. Gordon Holt
Joseph Marshall
Contributing Editors

Claire Eddings
Advertising Sales Manager

Arthur J. Griffin
Circulation Manager

THE MAGAZINE FOR THE HI-FI HOBBYIST

The Grounded Ear What's new in sound reproduction

Book Reviews

Avudionews

Editorial

Readers’ Forum

Turntable on the Turnpike How you can have highway hi-fi too!

The Tape Standard Tape News and Views

Goodmans ARU Enclosure An Aupiocrarr kit report

Amplifier Power Chart Power for voltages across three impedance values
Minimizing Pickup Tracking Distortion Simplified arm-mounting data
Electronic Reverberation System A special report on a new audio device
How to Add a Tweeter, Part Il Crossover networks and impedance matching
Transistors in Audio Circuits Part Vib.: Single-stage analysis
A New Finish for Old Furniture Tips for the Woodcrafier
Avudio Aids

Basic Electronics Chapter XVillb: Triodes

A Multiwoofer Horn System Rear-loading horn for two or four woofers
Sound-Fanciers’ Guide Reviews of exceptional disc and tape records

Advertising Index

ADVERTISING

audiocraft-

vl

17

18
21
22
24
26
28
31
32
34
36
39
48

AUGUST 1957

Volume 2 Number 8

Joseph Marshall
Richard D. Keller

Joseph Rebholz
J. Gordon Holt ]

Alan Frederick

Dr. Jobn D. Seagrave

Edmond Ariessobn
Payl Penfield, Jr.

George Bowe

Roy F. Allison
Ed Mottersheid
R. D. Darrell

Main Office — Claire Eddings, The Publishing
House, Great Barrington, Mass. Telephone: Great
Barrington 1300. .

New York — Frederick H. Wallin, 280 Madison
Ave., New York, N.Y. Telephone: Murray Hill
3-4449, 3-4450.

Chicago — John R. Rutherford & Associates, Inc.,
230 East Ohio St., Chicago, Ill. Telephone: White-
hall 4-6715.

Los Angeles — Brand & Brand, Inc., 6314 San
Vicente Blvd., Los Angeles, Calif. Telephone: Web-
ster 8-3971.

AUGUST 1957

AudiocruftA Magazine is pué“shed monthly by Audiocom, I n Great Barringtony Mass. Telephone:
Great Barrington 1300. ial, publication, and circy "stjori offices at: The Publishing House, Great
Barrington, Mass. Subscrip *.$4.00 per year in the United Staies and Canada. Single copies: 35 cents:
each. Editorial confributions will be welcomed by the editor. Payment for articles accepted will be
arranged prior to publication. Unsolicited manuscripts should'be accgmpanied by return postage. Entered
as second-class matter October 1, 1955, at the post office, Great Barringfon, Mass., under the act of
March 3, 1879, Additional entry at the post office, Pittsfield, M Printed in the U. S. A, bv the Ben
Franklm_ Press, Pmsf_ield, Mass.  Copyright 1957 by Avudiocom, Inc. The cover design and content
of Audiocraft Magazine are fully protected by copyrights and must not be reproduced in any manner;

3




The Grounded Ear

by Joseph Marshall

ROM time to time I have reported
new developments by others, and 1
hope 1 will not be considered presump-
tuous if I now report one of my own.

One of the most troublesome of unre-
solved problems in hi-fi design is that
presented by the so-called loudness con-
trol, which is meant to compensate for
the fact that the frequency response of
the ear varies with the intensity of the
sound. At high intensity levels the re-
sponse is relatively flat over the whole
audible range. But as the intensity level
is reduced the response falls off at both
the high and low ends until, at very low
levels, low bass sounds of the same in-
tensity as the middle-frequency sounds
become inaudible. Fletcher and Munson
investigated this 25 years ago and pre-
pared the well-known Fletcher-Munson
curves from their data.

The Eletcher-Munson curves we see in
hi-fi literature are actually abstract curves
of several hundred diverse human ears.
These abstract curves are extremely help-
ful in improving our understanding of

the processes of hearing, but they are
not universal curves applicable to all or
¢ven a majority of human ears—any
more than the measurements of an aver-
age or mean American male are ap-
plicable to all or even a majority of
American males. And vet, too many
engineers, both amateur and professional,
have treated the Fletcher-Munson curves
as if they could be applied universally.
There might be some justification for
such use in strictly communication media
(such as the telephone) which do not
pretend to provide faithful reproduction.
But high-fidelity equipment is intended
to furnish faichful reproduction, and a
universal application of the Fletcher-
Munson curves is about as likely to in-
sure faithful reproduction for everyone
as a suit tailored to the measurements
of the average American male would be
likely to make cvery man well-dressed.

This would be true even if all listeners
agreed in their preferences. But as a
matter of fact, some listeners prefer a
frequency balance approximating that

Fig. 1. Diagram of author’s unique 3-channel loudness- and tone-control circuil.
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of an orchestra heard very close-up, while
others prefer that of an orchestra rather
more remote, and this difference requires
different degrees of equalization as well
as different sound levels.

Actually, if we look into the original
Fletcher-Munson data and subsequent
research efforts in this field, we will
find that the one thing they make very
clear is that there is a wide variation in
the hcaring capabilities of individual
human ears. If these studics prove any-
thing of value for high fidelity, it is that
the loudness-level contours vary so much
both with different ears and with dif-
ferent intensity levels that any cquip-
ment which hopes to provide the highest
degree of faithfulness for the greatest
number of people will have to include
2 means of varying the loudness con-
tours pretty widely.

It is significant that the original at-
tempt to stick closely to the abstract
Fletcher-Munson curves on all ¢quip-
ment has been a failure. Only the cheap-
est and simplest hi-fi equipment today
offers a single loudness compensation
control. In the better equipment engi-
neers have tried to provide some range
of variation. In some instances this takes
the form mercly of a switch to disable
the loudness control entirely; in others,
the loudness control is paired with a
level control and, when properly oper-
ated, the combination can furnish a suth-
cient variation to suit many and perhaps
a majority of ears; in still others, there
are contour sclector switches or controls
which provide a choice of slopes as well
as degree of boost. A notably felicitous
solution is found in the Marantz control
unit in which a LOUDNESS COMPEN-
SATOR control provides some variation
of both the slopc and the boost, and
when used in conjunction with the
excellent tone controls can meet a wide
variety of requircments or preferences.

Many experts, cspecially in Great
Britain, believe that the best way to
handle the problem is by means of the
tone controls. Also, many owncrs of
Amecrican systems with loudness controls
have found that they obtain the most
satisfying sound by disabling the loud-
ness control and merely adjusting the
tone controls. Actually, this approach
has great merit. The only trouble is that

Continued on page 48
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The Radio Amateur’s

Handbook

Pub. by the American Radio Relay
League, West Hartford, Conn.; 760
pages; $3.50, paper-bound.

The 34th annual edition of this vener-
able reference standard has new material
added in the light of the numerous
changes in technical practice during re-
cent years.

A short section on transistors is in-
cluded, and an appreciable amount of
new equipment and circuitry in all cate-
gories appears throughout the hook.
New receivers and transmitters for the
novice as well as for the more experi-

enced amateur, and new material on
high-powered VHF and single-sideband
equipment and beam antennas help
round out the Handbook this vyear.
Ratings and base diagrams of hundreds
of receiving and power tubes, semicon-
ductor transistors, and diodes are also
included.

It is easy to see why the Handbook
has an annual distribution greater than
that of any other technical handbook
in any field of human activity and is uni-
versally used by radio enginecrs and
technicians, as well as by thousands of
amateurs and experimenters.

The Electronic Musical
Instrument Manual

Alan Donglas, MIR.E; pub. by Pitman
Publishing Corp., New York; 250 pages;
$7.50.

This 3rd edition of a book originally
published in 1949 has been expanded
to cover many modern developments in
the electronic musical-instrument field.
It explains the relationship between
acoustical-instrument tone colors and
their electrically created counterparts,
presenting the basic circuits for achiev-
ing the desired tonal results.
Commercial electronic instruments of

AUGUST 1957

Britain, and the
United States are described, and circuits
given for all or part of the Hammond,

France, Germany,

Solovox, Clavioline, Novachord, and
Conn organs, with detailed explanations
of their operation.

The Electrical Production of
Music

Alan Douglas, MIR.E.; pub. by Philo
sophical Library, New York; 224 pages:
$12.00.

The author addresses here primarily the
amateur who is interested more in the
production rather than the reproduction
of music.

Unlike the work reviewed above,
which delved extensively into the details
of commercial electronic organs, this
look deals with the hasic principles of
the electrical production of music.
Starting with an interesting description
of each of the major types of orchestral
instruments, their characteristics, and
methods of tone generation, the author
proceeds to show just how their respec-
tive transients and formants, or har-
monic patterns, can most closely be
simulated by artificial or electronic
means.

A great deal of information is given
in this work about musical scales and
intervals, and about possible future
trends of research in the field. An ap-
pendix presents the more involved
mathematical approaches to musical for-
mation and filtering.

Handbook of Sound
Reproduction

Edgar M. Villchur; pub. by Radio Maga
zines, Inc., Mineola, N.Y,; 216 pages;
$6.50.

Written by a well-known audio re-
searcher, author, and instructor, this
hook covers rather extensively the en-
gineering principles involved in the re-
production of sound.

The approach to the subject of loud-
speakers and enclosures is most note-
worthy, although the coverage of the
physical basis of mechanical-clectrical
analogies is also good. A short history
of the sound-recording art, and discus-
sions of low- and high-power amplifiers,

pickups and tone arms, and testing meth-
ods for completed systems are included.

The advanced hi-fi layman should
find much of interest in this volume,
while the sound engineer or scientist
will find it a very useful and wide-
ranging handbook.

Vacuum-Tube Circuits and
Transistors

Lawrence Baker Arguimban, with tran-
sistor contributions by Richard Brooks
Adler; pub. by John Wiley & Sons, Inc,
New York; 646 pages; $10.25.

A very thorough textbook, this, with
emphasis on fundamental principals, yet
with formalized mathematics kept to a
minimum. The book covers every major
phase of electron-tube theory and usage
from diodes to television (nothing, how-
ever, on gaseous-discharge tubes), and
includes new material on frequency
modulation, noise, and inverse feedback.

Transistor theory is woven in with
the rest of the text. Semiconductor phys-
ics is well explained, with transistor

circuit theory in linear amplifiers, tuned &
circuits, and oscillator circuits covered "7

in some detail.
The authors dJeal here mostly with
basic principles and theory rather than

with specifics. Numerous problems are
given in each chapter to determine the
comprehension of the student as he pro-
ceeds.

This brings the original wéll-kno\v#xy :
work by Mr. Arguimbau, Vacunm-Tubé

Circuits, written in 1948, up-to-date -a%”

of mid-1956, and illustrates: dramatically
the large new territories ‘digcovered!and
charted in the world of elsetronies in
those eight short years. ’



treat your famaly

to all the fun and enjoyment
of fine high fidelity at
one-half the price you
would expect to pay

HERE'S ALL YOU NEED

FM TUNER

PREAMPLIFIER
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HEATHKIT
HIGH FIDELITY FM TUNER KIT

This FM tuner is your least expensive source of high
fidelity material! Stabilized oscillator circuit assures
negligible drift after initial warmup. Broadband IF
circuits assure full fidelity, and 10 microvolt sensitivity
pulls in stations with full volume. High-gain cascode
RF amplifier, and automatic gain control. Ratio detector
gives high-efficiency demodulation. All tunable com-
ponents prealigned. Edge-illuminated dial for easy
tuning. Here is FM for your home at a price you can
afford. Shpg. Wt. 7 Ibs.

MODEL FM-3A $25.95 (with cabinet)

HEATHKIT
BROADBAND AM TUNER KIT

This tuner differs from an ordinary AM radio in that it
has been designed especially for high fidelity. The
detector uses crystal diodes, and the IF circuits are
“broadbanded"" for low signal distortion. Sensitivity
and selectivity are excellent. Quiet performance is
assured by 6 db signal-to-noise ratio at 2.5 uv. All
tunable components prealigned. Incorporates AVC,
two outputs, and two antenna inputs. Edge-lighted
glass slide rule dial for easy tuning. Your “best buy”
inan AM tuner. Shpg. Wt. 8 Ibs.

MODEL BC-1A $25.95 (with cabinet)

HEATHKIT “MASTER CONTROL"
PREAMPLIFIER KIT

This unitis designed to operate as the “master control"
for any of the Heathkit Williamson-type amplifiers, and
includes features that will do justice to the finest pro-
gram material. Frequency response within =1 db
from 15 to 35,000 CPS. Fuil equalization for LP, RIAA,
AES, and early 78's. Five switch-selected inputs with
separate level controls. Bass and treble control, and
volume control, on front panel. Very attractively styled,
and an exceptional dollar value. Shpg. Wt. 7 Ibs.

MODEL WA-P2 $19.75 (with cabinet)
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HEATHKIT "BASIC RANGE"
HIGH FIDELITY SPEAKER SYSTEM KIT

The very popular model SS-1 Speaker System provides amaz-
ing high fidelity performance for its size because it uses
high-quality speakers, in an enclosure especially designed to
receive them.

It features an 8” mid-range-woofer to cover from 50 to 1600
CPS, and a compression-type tweeter with flared horn to
cover from 1600 te 12,000 CPS. Both speakers are by Jerisen.
The enclosure itself is a ducted-port bass-reflex unit, measur-
ing 11%” H x 23" W x 11%” D and is constructed of veneer-
surfaced plywood, 15” thick. All parts are precut and pre-
drilled for quick assembly.

Total frequency range is 50 to 12,000 CPS, within =5 db.
impedance is 16 ohms. Operates with the “Range Extending"’
(SS-1B) speaker system kit later, if greater frequency range
is desired. Shpg. Wt. 30 ibs. MODEL SS-1 $39.95

HEATHKIT "RANGE EXTENDING"
HIGH FIDELITY SPEAKER SYSTEM KIT

The SS-1B uses a 15” woofer and a small super-tweeter. to
supply very high and very low frequencies and fill out the
response of the "“Basic'' (5S-1) speaker system at each end
of the audio spectrum. The SS-1 and SS-1B, combined, pro-
vide an overall response of =5 db from 35 to 16,000 CPS Kit
includes circuit for crossover at 600, 1600 and 4000 CPS.
Impedance is 16 ohms, and power rating is 35 watts. Measures
29” H x 23" W x 17%4” D, and is constructed of veneer-surfaced
plywood. ¥%” thick. Easy to build! Shpg. Wt. 80 Ibs.

MODEL SS-1B $99.95

...and save!

HEATHKIT “LEGATO"
HIGH FIDELITY SPEAKER SYSTEM KIT

The fine quality of the Legato Speaker System Kit is matched
only in the most expensive speaker systems available. The
listening experience it can bring to you approaches the
ultimate in esthetic satisfaction.

Frequency response is =5 db 25 to 20,000 CPS. Two 15"
theater-type Altec Lansing speakers cover 25 1o 500 CPS, and
an Altec Lansing high frequency driver with sectorzl horn
covers 500 1o 20,000 CPS. A precise amount of phase shift in
the crossover network brings the high-frequency channel
into phase with the low-frequency channel to eliminate peaks
or valleys at the crossover point. This is one reason for the
mid-range “presence’’ so evident in this system design.

The attractively styled *‘contemporary’’ enclosure empha-
sizes simplicity of line and form to blend with all furnishings.
Cabinet parts are precut and predrilled from %” veneer-
surfaced plywood for easy assembly at home. Impedance is
16 ohms. Power rating is 50 watts for program material. Full,
smooth frequency response assures you of outstanding high
fidelity performance, and an unforgettable listening experi-
ence. Order HH-1-C (birch) for light finishes, or HH-1-CM
(mahogany) for dark finishes. Shpg. Wt. 195 Ibs.

MODELS HH-1-C or HH-1-CM $325.00 each

Pioneer in
“do-if-yourself”’
elecironics

COMPANY

A subsidiary of Daystrom, Inc.
Benton Harbor 18,Mich.
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70-WATT AMPLIFIER

25-WATT AMPLIFIER

ELECTRONIC CROSS-OVER

easy-to-burld designs by MEATH) INSUTE

You get more comprehensive
assembly instructions, higher
quality circuit components, and
more advanced design features,
when you buy HEATH hi-fi!

HEATHKIT 70-WATT
HIGH FIDELITY AMPLIFIER KIT

This new amplifier features extra power
reserve, metered balance circuit, variable
damping, and silicon-diode rectifiers, re-
placing vacuum tube rectifiers. A pair of
6550 tubes produce full 70-watt output with
a special-design Peerless output trans-
former. A quick-change plug selects 4, 8
and 16 ohm or 70 volt output, and the
correct feedbackresistance. Variable damp-
ing optimizes performance for the speaker
system of your.choi~e. Frequency response
at1 wattis =1 db from 5 CPS to 80 KC with
controlled HF rolloff above 100 KC. Har-
monic distortion at full output less than 29,
20 to 20,000 CPS, and intermodulation dis-
tortion below 1% at this same level. Hum
and noise are 88 db below full output.
Variable damping from .5 to 10. Designed
to use WA-P2 preamplifier. Express only.
Shpg. Wt. 50 Ibs. MODEL W-6M $109.95

8

HEATHKIT 25-WATT
HIGH FIDELITY AMPLIFIER KIT

The 25-watt Heathkit model W-5M is rated
“best buy"' in its power class by indepen-
dent critics! Faithful sound reproduction is
assured with response of =1 db from 5 to
160,000 CPS at 1 watt, and harmonic distor-
tion below 19 at 25 watts, and IM distortion
below 1% at 20 watts. Hum and noise are
99 db below rated output, assuring quiet,
hum-free operation. Output taps are 4, 8
and 16 ohms. Employs KT66 tubes and
Peerless output transformer. Designed to
use WA-P2 preamplifier. Express only
Shpg. Wt. 31 Ibs.  MODEL W-5M $59.75

HEATHKIT
ELECTRONIC CROSS-OVER KIT

This device separates high and low fre
quencies electronically, so they may be fed
through two separate amplifiers driving
separate speakers. The XO-1 is used be-
tween the preamplifier and the main ampli-
iers. Separate amplification of high and
low frequencies minimizes IM distortion.
Crossover frequencies are selectable at 100,
200, 400, 700, 1200, 2000, and 3500 CPS.
Separate level controls for high and low
frequency channels. Attenuation is 12 db
per octave. Shpg. Wi. 6 [bs.

MODEL XO-1 $18.95

HEATHKIT W-3AM
HIGH FIDELITY AMPLIFIER KIT

Features of this fine Williamson-type ampli-
fier include the famous Acrosound mode!
TO-300 “ultralinear' transformer, and 5881
tubes for broad frequency response, low
distortion, and low hum level. Response is
=1 db from 6 CPS to 150 KC at 1 watt.
Harmonic distortion is below 1% and IM
distortion below 1.3% at 20 watts. Hum and
noise are 88 db helow 20 watts. Provides
output taps of 4, 8 or 16 ohms impedance.
Designed to use WA-P2 preamplifier, Shpg.
Wt. 29 Ibs. MODEL W-3AM $49.75

HEATHKIT W-4AM
HIGH FIDELITY AMPLIFIER KIT

A true Williamson-type circuit, featuring
extended frequency response, low distor-
tion, and low hum levels, this amplifier can
give you fine listening enjoyment with a
minimum investment. Uses 5881 tubes and
a Chicago-standard output transformer.
Frequency response is =1 db from 10 CPS
to 100 KC at 1 watt, Less than 1.5% har-
monic distortion and 2.7% intermodulation
at full 20 watt output. Hum and noise are
95 db below full output. Transformer tapped
at 4, 8 or 16 ohms. Designed to use WA-P2
preamplifier. Shipped express only. Shpg.
Wt. 28 Ibs. MODEL W-4AM $39.75
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W-3AM
20-WATT AMPLIFIER

A-9C J :
20-WATT AMPLIFIER

...top HI-FI performance

HEATHKIT A-9C
HIGH FIDELITY AMPLIFIER KIT

This amplifier incorporates ils own preampli-
fier for self-contained operation. Provides 20
watt output using push-pull 6L6 tubes. True
high fidelity for the home, or for PA applica-
tions. Four separate inputs—separate hass and
treble controls—and volume control. Covers 20
to 20,000 CPS within =1 db. Output trans-
former tapped at 4, 8, 16 and 500 ohms. Har-
monic distortion less than 1% at 3 db below
rated output. High quality sound at low cost!

Shpg. Wt. 23 Ibs. MODEL A-9C $35.50

HEATHKIT A-1D
HIGH FIDELITY AMPLIFIER KIT

This is a true high fidelity amplifier even
though its power 1s somewhat limited. Built-in
preamplifier has separate bass and treble con-
trols, and volume control. Frequency response
is =1 db from 20 to 20,000 CPS, and distor-
tion is held to surprisingly low level. Output
transformer tapped at 4, 8 or 16 ohms. Easy to
build, and a fine 7-watt performer for one just
hecoming interesied in high fidelity. Shpg. Wt.

10 Ibs. MODEL A-7D $17.95

Model A-7E: Same as the above except with
extra tube stage for added preamplification.
Two switch-selected inputs, RIAA compensa-
ion, and plenty of gain for low-fevel cartridges.
Shpg. Wt. 10 Ibs. $19.95
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W-4AM
20-WATT AMPLIFIER

T-WATT AMPLIFIER

World’s finest
electronic equipment

wm kit form. ..

HOW TO ORDER. ..

Just identify the kit you desire

by its mode! number and send check or
money order to address below. Don't hesitate
to ask about HEATH TIME

PAYMENT PLAN.

| Pioneer in
“do-it-yourself"
electronics

COMPANY

! i A subsidiary of Daystrom, Inc.

. Benton Harbor 18,Mich.
: v
: NAME i
ADDRESS S G b
CITY& STATE .
f i 4
g R T H
: Please send FREE Heathkit Cataleg: :
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LAFAYETTE 60-WATT AMPLIFIER
KT

The latest addition to Lafayette’s line
of hi-fi kits is a 60-watt ultra-linear
power amplifier featuring an Acrosound
TO-330 output transformer. The ampli-
fier uses low-noise EF86 voltage-ampli-
fier tubes directly coupled to a cathode-
coupled G6SN7GTB phase inverter.
Push-pull EL34 output tubes are ultra-
linear connected and operated with a
fixed bias.

Output of the amplifier is rated at
60 watts (130 watts peak). Frequency
response at 60 watts is said to be flat
+ 0.1 db from 16 to 90,000 cps. Hum
and noise level is 80 db below rated
output, according to the manufacturer.

The unit is furnished with input-level,
hias, and bias-balance controls. Sockets

High-power amplifier kit from Lafayette.

are provided for remote on/off switch-
ing and preamp power take-off. The
chrome-plated chassis measurcs 6 7/8
in. by 14 in. by 7 15/16 in. Lafayetce’s
number is KT-120. The kit includes all
parts, tubes, di=grams, and instructions.
The price is $59.95.

LIVINGSTON TAPE CATALOGUE

A catalogue of all recorded tares avail-
able from Livingston Audio Products
Cotporation has recently been released.
The 48-page booklet lists more than 40
stereophonic and more than 160 mon-
aural titles. Livingston also acts as the

10

exclusive agency for the release of tape
material from a number of independent
recording companies, such as Boston,
Elektra, Empirical, Esoteric, Lyrichord,
Oceanic, Riverside, Hack Swain, and
Tico. A copy of the new Livingston
catalogue will be sent frece on request.

SHERWOOD FM-AM TUNER

Sherwood  Electronic Laboratories, Inc.,
recently introduced the §-2000 FM-AM
tuner as an addition to its line of high-
The new

fidelity components. tuner

S$-2000 tuner has M and AM sections.

features FM sensitivity of 0.95 uv at
20 db quieting, according to the manu-
facturer.

In the FM circuit, a low-noise, bal-
anced-antenna input transformer feeds
a cascode RT amplifier. The FM section
also features a Toster-Seeley balanced
discriminator, delayed AGC, and AFC.

The superheterodyne AM section has
two tuned RF circuits and built-in, di-
rectable ferrite-rod antenna.

Additional information about the
Sherwood $-2000 FM-AM tuner will
be furnished on request.

GROMMES PG AMPLIFIERS

Each unit in the new Grommes PG
series of high-fidelity amplifiers features
advanced feedback circuitry, a full set
of controls, and durability. The PG
line is finished in charcoal gray with
brushed-brass trim.

Three units go to make up the PG
series. The 10 PG is a modestly priced
10-watt amplifier. The 15 PG is a 12-

= i
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The 20-watt Grommes control amplifier.

watt amplifier featuring a loudness con-
trol, wide-range bass and treble controls,
rumble and scratch filters, and six in-
puts, including one for tape head. The
20 PG is a deluxe 20-watt amplifier with
all the features of the 15 PG plus higher
power in the output stage.

ARGOS SPEAKER ENCLOSURE

The new Californian speaker enclosute,
manufactured by Argos Products Co.,
is available factory built or as a pre-
finished kit. The interior design of the
enclosure uses the Jensen Bass Ultraflex
principle. The unit is available in two
sizes and two colors (blond and ma-
hogany). The top of the cabinet is
finished with St. Regis Panelyte which
gives the appearance of wood, but is
extremely hard. It is said to resist
scratches, scuffs, burns, and stains.
Dimensions of the Californian are 24
in. by 29 in. by 15 in. deep. This en-
closure is designed for a 12- or 15-inch

Inside view of Argos Californian kit

speaker. Price of the factory-built unit
is $52.50; the prefinished kit is priced
at $37.50.

A smaller enclosure, the Californian
Jr. for an 8- or 12-inch speaker, is priced
at $42 for the factory-built unit, $30
for the prefinished kit. Dimensions of
the Californian Jr. are 195 in. by
2334 in. by 1315 in. deep. Prices are
the same for mahogany or blond version.

SEMIAUTOMATIC TONE ARM

The new Argonne AR-34 tone arm
starts and stops phono motors when it
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is used with single-play turntables.
Placing the arm in the play position
actuates the turntable motor; when the
record is concluded, the arm automati-
cally returns to rest and turns the motor
off.

The AR-34 semiautomatic tone arm
is equipped with a turnover crystal car-

This tone arm controls turntable motor.

tridge and dual sapphire styli. It can be
used at all four current phono speeds
with equal efficiency, according to the
manufacturer.

WEATHERS SPEAKER SYSTEM

Weathers Industries has dJesigned and
developed a new speaker system known
as the Barrington. The new system con-
sists of 12 moving-coil loudspeakers.

Impedance of the system is 4 ohms.
Power-handling capacity is said to be
60 watts, and the frequency range is 15
to 20,000 cps, according to the manu-
facturer. Dimensions of the enclosure
are 4715 in. high, 4014 in. wide, and
1515 in. deep. The enclosure is avail-
able in blond or mahogany finish.

S0-WATT EICO POWER AMPLIFIER

The new EICO HF-50 50-watt ultra-
linear power amplifier is identical to the
HF-60 60-watt amplifier, except that
the HF-50 employs the Chicago output
transformer. As a kit, the HF-50 is
priced at $57.95; wired, it sells for
$87.95.

An outstanding feature of the HF-50
is the GZ34 rectitier tube with indirect-
ly heated cathode that eliminates high
starting voltage on the electrolytic filter

Another model of EICO power amplifier.

capacitor and delays application of the
full B-- until the amplifier tubes warm
up.

IM distortion of the amplifier is said
to be below 19 at 50 watts, and below
0.5% at 45 watts. Harmonic distortion
is reported to be less than 0.59% be-
tween 20 and 20,000 cps within 1 db
of 50 watts. Hum is 90 db below rated
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output, according to the manufacturer.

Further details about the HF-50 are
available and will be furnished on re-
quest.

EICO SPEAKER SYSTEM

A bookshelf-size two-way  bass-reflex
speaker system by EICO features a Jen-
sen heavy-duty 8-inch woofer and march-
ing Jensen compression-driver exponen-
tial horn tweeter. Known as the FICO
HFS-1, the system is contained by a
factory-built tuned bass-reflex cabinet.
All visible surfaces of the cabinet are
smooth-sanded, clear-grained birch. The
cabinet is ready for any good furniture-
finishing technique.

Frequency response of the woofer js
said to be *=4 db maximum variation
from 80 to 2,000 cps; response of the
tweeter is said to be +2 db maximum
variation from 2,000 to 10,000 cps;

Small speaker system kit from EICO.

over-all response is stated as +G db
from 70 to 12,000 cps. Power-handling
capacity, according to the manufacturer,
is 25 watts. Size of the enclosure is 23
in. by 11 in. by 9 in.; wiring time is
said to be 15 minutes.

KNIGHT “TRI-FI” SPEAKER

Allied Radio Corporation has announced
the release of the Knight Tri-Fi, a 12-
inch loudspeaker offering 3-way design
at moderate cost. The speaker features
three concentric radiators, one for repro-
duction of bass, one for the middlec-
range frequencies, and one for treble.
The Tri-Fi is supplied with a high-fre-

For more information about any of
the products mentioned in Awdio-
news, we suggest that you make use
of the Product Information Cards
bound in at the back of the maga-
zine. Simply fill ont the card, grving
the name of the product in which
you're interested, the manufacturer's
name, and the page reference. Be
sure to put down your name and
address too. Send the cards to us and
we'll send them along 1o the many-
lacturers.  Use this service; save
postage and the tronble of making
individual inquiries to a number of
different addresses.

quency level control and a built-in cross-
over nctwork. Power capacity is said
to be 25 watts, and frequency response,
35 to 15,000 cps, =5 db. Diameter
of the Tri-Fi is 12 1/16 in., and the
unit is 8 in. deep. Impedance is 16

The Knight Tri-Fi coaxial loudspeaker.

ohms. Binding posts on the frame of
the spcaker simplify ins-allation by elim-
inating the nced for soldering speaker
leads.

This new Knight speaker is available
only from Allied Radio Corporation.
Stock number of the Tri-Fi is 81 DX
839; its price is $49.50. Allied guaran-
tees the speaker for one year.

RCA SPEAKER ENCLOSURE

A custom convertible enclosure for 12-
inch speakers has been developed by the
RCA Components Division. The enclo-
sure is constructed of solid Honduras
mahogany and is available in either
cherry or blond finish.

A unique feature of the enclosure is
its tlexibility. It can be used as a bass-
reflex, infinite-baffle, or corner-driver
housing. When sitting on its legs, it
acts as a bass reflex, with tuning carried
out by varying the length of the legs.
When it rests flush on the floor, it is
an infinite baffle. In the corner of a
room, a bottom port acts as a diffraction
filter to feed extreme low frequencies
into the corner apex.

RCA enclosure can be used three ways.




alive today!
...like 400,000 other Americans

your best cancer insurance

lifetime policy:

See your doctor every
year for a thorough
checkup, no matter how
well you may feel.

day-to-day policy:
... who have had cancer and are well and happy
today because of the progress that has been made
in cancer control. In their faces you will find the
message of hope that is the American Cancer
Society’s perennial inspiration and challenge.

See your doctor immedi-
ately at the first sign of
any of the seven danger
signals that may mean
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are going to their doc-
tors in time. In fact,
today one out of every
three cancer patients
is being saved annu-
ally. Formerly only
one out of four was
saved. This amounts
to an additional 30,000
lives saved every year.

PERSISTENT INDIGESTION OR DIFFICULTY IN SWALLOWING
PERSISTENT HOARSENESS OR COUGH K=
ANY CHANGE IN NORMAL BOWEL HABITS
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None is a sure sign of cancer, but only a doctor can tell.

FOR MORE LIFE-SAVING FACTS ABOUT CANCER CALL THE AMERICAN CANCER SOCIETY

OR WRITE TO “CANCER” IN CARE OF YOUR LOCAL POST OFFICE.
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Gentlemen:

I dislike your new cover design. It looks

cheap, gaudy, and commercialized, and

has lost its former dignified appearance.
Eugene I. Cleveland
Troy, N. T.

Well—we thought it looked pretty
good. How do other readers [eel about
2 If it's voted down, we'll try some-
thing else.— ED.

Gentlemen:

We noticed in the June 1957 issue of
AUDIOCRAFT Mr. Marshall’s description
[“The Grounded Ear,” p. 4] of a cir-
cuit refinement used by our good friend
Dave Hafler, by which distortion is ap-
preciably reduced.

We feel it should be pointed out in
fairness to us that we have known of
and used this device for over two and
a half years. In addition, published cir-
cuits of our amplifier prove its public
usc since the fall of 1955. (Note Mr.
Marshall’s own review of the Marantz
power amplifier in the September 1956
issue of AUDIOCRAFT, showing a circuit
with two 30-ohm resistors shunted in
normal operation to make 15 ohms.
This value was correct only for the
first short run of amplifiers starting in
November 1955, after which, some timce
in the spring of 1956, they were changed
to 24-ohm resistors shunted to make 12
ohms to ground.)

It’s also interesting to note that Dave
should suggest the same value we scttled
on for use with EL34’s. In our circuit,
we use two 24-ohm precision resistors
paralleled during operation to make 12
ohms, their alternate purpose being to
indicate balance in our metering circuit.
This device has given us a large margin
of safety in meeting our specifications
on very low distortion (less than 0.1%
harmonic distortion at 1,000 cps at 40
watts or better).

We might also add that this has as
much or more effect on odd-order har-
monics by reducing the excessive final
peak currents in class AB-1 operation.

Sidney S. Smith, Chief Enginecr
Marantz Company
Long Island City, N. Y.

Gentlemen:

1 enjoyed reading George Augspurger’s
article on loudness controls in the June
issue of AUDIOCRAFT. After clearly ex-
plaining the problems of designing an

Continued on page 46
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EDITORIAL

WO questions asked very often by
readers are¢ phrased like this, with
minor variations: “‘Since yours is sup-
posed to be a how-to-do-it magazine,
why don’t you ever publish articles show-
ing us how to make new versions of «)
front-loading bass horns, or ) acoustic-
suspension speaker systems like the AR
models?” A recent communication from
Paul Klipsch, designer and manufacturer
of the Klipschorn, answers the first ques-
tion better than we could. Someone
wrote to Mr. Klipsch about a very heavy
18-inch driver of field-coil type that he
(the writer) had on hand. He proposed
to use it in a home-built “Klipsch-type”
woofer horn, the design for which had
been pubished in a popular magazine
without authorization, but which was
alleged to be suitable for 18-inch drivers.
Extracts from Mr. Klipsch’s letter follow:
“Calculation and experience in our
laboratory show this horn would peak
at 50 ¢ps and its upper cutoff frequency
would be 200 cps. The proposed driver
could be expected to show a mean im-
pedance of 64 ohms, with trough im-
pedance of 32 ohms and peak of 128
ohms. Power drawn from a nominal
16-ohm amplifier (onc¢ designed for a
16-ohm load) would be down 6 db
over the two-octave range from 50 to
200 cps, with severe reflection losses out-
side that narrow spectrum. . . .

“The better approach for utilization
of a motor of this type would be to
put it in a 10- or 15-cubic-foot closed-
back padded box; or, if space does not
permit that, then a corner-horn back-
loading system like the Shorthorn Model
S series or the Rebel III would best be
employed. . . .

“This does not mean that a full horn
could not be devised, but . . . the design
scems hardly worth while for just one
obsolete 18-inch driving motor. The re-
calculations of throat, taper, mouth, and
air-chamber sizes would all have to be
performed, taking into consideration the
driver force factor, suspension compli-
ance, tolerable excursion, etc. Then the
whole system would have to be checked
by experiment, perhaps through scveral
madels. After all, the Klipschorn woofer
underwent cleven functional modifica-
tions from 1941 to 1957, and the driver,
some four major changes and several
minor progressions, with Stephens and
Electro-Voice co-operating. The conclu-
sion is: the hard way may not be
best. . ..

‘[Horn] design and execution is in-
tricate, and the adaptaton of driver
units, a long series of trial, error, and
recomputation.”

Thank you, Mr. Klipsch. That's why
we don’t publish extemporaneous front-
loading horn designs; they’re dithcult
even for professionals, with extensive ex-
perience and laboratory test facilitics,
to design and build properly. Further,
their performance is intimately depen-
dent on the drivers used. And there are
few systems that sound worse than bad
horns.

Some reputable manufacturers market
loudspeaker-svstem kits employing front-
loading bass horns. We have published
kit reports on these, and will continuc
to do so, for they are virtually sure to
be well designed. We will publish also
construction articles on other types of
enclosures not so dependent on precise
design or the driver for proper perform-
ance; rear-loading corner horns, for ex-
ample, are more adaptable, and no one
expects them to be the ultimate in ¢n-
closures.

Speaker systems utilizing enclosed air
as the cone restoring force, such as the
AR modcls, are equally dependent on
critical system design for their fine per-
formance. An AR-type system repre-
sents an optimal combination of enclo-
sure volume, speaker-cone material, con-
formance, and weight, magnet size,
gap size, and suspension compliance.
Changing any of these factors upsets
the precise balance of the system, lead-
ing to performance deterioration. Since
the home builder of such a system must,
in effect, make his own driver by alter-
ing an existing unit, the successful
completion of such a project would
require incredibly good luck.

There are other units of audio equip-
ment that are simply not practical for
the average home hobbyist to make
mercly from information in magazin
articles, such as tape-transport mechan-
isms,
cartridges.

Our point is simply that laboratory
facilities and a knowledge of how to
use them are necessary for building some
items of audio equipment successfully,
and that we must protect our readers
most of whom do not have such ad-
vantages — by ot implying that they
can do what is impossible.

Perhaps it will he said that we dise

courage cxperimentation with such and’
We say in reply that do-it- ¢

attitude.
yourself should not be ‘tarried beyond
sensible bounds, and '{hg; gze'“w:ll have
no part in encouragiis s »rs to uqder-
take projects that thies dﬂ' ive a
good chance of comple’t}rﬁg!%uccessfully,,
or which will not be uséful to them
upon completion.—R.A,

I3

FM and TV tuners, and pickup *



turntable on the turnpike

N the first article’ of this series on

mobile high fidelity, I showed how
the addition of extension speakers in
your automobile can make music from
any source — radio, tape, or records—
far more listenable and pleasant. Instal-
lation of a tape player, and the 110-volt
AC inverter needed for irs power source,
was described in the second article?®
This month (to conciude the series) T'll
show you how to obtain music from
records to complete your automobile hi-
fi system.

You may install either a tape player
or record player without the other, of
course, or you may want both. But
either or both must be operated from
the inverter, and require a minor modifi-
cation to the car radio if that is to be

1Joseph Rebholz. “Fill 'er up — With Music,”
AUDIOCRAFT, II (June 1957), p. 18.

2Joseph Rebholz, “'Play Your Tapes at 60 mph."”
AUDIOCRAFT, II (July 1957),
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by JOSEPH REBHOLZ

All photos by the author

used as the audio power amplifier for
the system. This modification was also
described in detail in the preceding
article.

“"How will it stay in place?” is the
first question usually asked by anyone
considering a record player in his car.
On this score you can cease worrying;
a common garden-variecty RCA Victor
45-rpm record player will hold its track
exceptionally well under all normal
driving conditions. Panic stops, kan-
garoo starts, and tire-squealing corners
may dislodge the tone arm; but stop-
and-go traffic, the slight hump of strect-
car tracks, or the vibration of a wash-
board road will not disturb the tone
arm of a rubber-cushioned player. Be-
sides, you will have better “fi”" than even
the best auto radio can provide, with
no commercials and no static.

Work, no matter what the reason for
it, is not pleasant; but only four hours

-
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of weekend tinkering can put a unit
like this into your car. The parts re-
quired are easy to find and cost very
little. The base of our player mount
was made of Reynolds “Do-It-Yourselt”
perforated sheet aluminum; there was
enough left for the job after construction
of the tape-recorder case described last
month. If vou have to buy some, the cost
is slight (about $2.00), and you will
find any leftover material valuable for
other household projects. To make the
legs for our mount we bought a 6-foot
length of aluminum angle stock which
cost $1.78. For a cushion against minor
vibration and road shocks, a 25¢ piece
of foam rubber was obrained from a
nearby upholstery shop. When you get
the foam rubber, be sure to get the
softest  available. It comes in many
grades of firmness, and the very softest
is most desirable for this installation.
The 1-inch-thick sheet is adequate, as

‘8'.‘4“4“
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Left, record-player inustallation in your car
can he done with easily-worked soft aluminum
available at bardware stores. Above, short
angle-stock legs are clamped for drilling.
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Soft aluminum rivets are used to secure back legs to the base. The base was
formed from sheet stock cut o fit record plaver, with room for foam-rubher
padding. Legs are formed as shown for transmrission bump coniour; see text.

it can be doubled by gluing the layers
together. In addition, there were ex-
penditures of 30¢ for rivets and 10¢
for long (at least 1l-inch) sheet-metal
SCrews.

Finding the record player for this
installation is no problem. A 45-rpm
unit is ideal because it is small, inexpen-
sive, uses readily available records, and
its short tone arm tracks well. A used
RCA Victor 45 player can probably be
found in a local radio store for $5.00 or
$10.00. Should you buy such a used
unit, be sure to purchase (and have in-
stalled) a new diamond needle. It
will preserve your records and track bet-
ter than a wornout needle. Sears, Roe-
buck and Co. sells brand-new 45-rpm
changers, complete with amplifier, for
$29.50. It should be possible to find
this unit, or ones similar to it, in other
department stores.

It may be difficult to find a suitable
location for the record player in the
car. The rear package shelf is a good
place for it, if your mother-in-law rides
in the back seat often enough to keep
the machine loaded with records. In
fact, it might be a good idea to mount
a dummy player back there just to keep
her busy and take her mind off the
driving. The glove compartment has
been the site of some custom installa-
tions. Usually, the cardboard lining is
removed from the box and a rack made
to support the player. The disadvantages
of this installation are the small door
through which records must be fitted,
and the fact that a glove box, because it
is high in the cowl, is subject to more
sway than tilte. The car floor qualifies
for what might be considered the ideal
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location. The transmission hump is near
the center of all car motion, sidewise
and fore and aft. As a result, anything
mounted on the hump is in the center
of the teeter-totter and is not thrown
about so violently by bumps or car
vibrations. Then toc, it’s mice to lave
tie glove compartment as a lockadle
kox in which to keep your records.
Fabricating the insta_latior took some-
t1mg like four hours, rot including time
f>1 the paint to d-y. Th= first step
was to make a base for the mount from
pe-forated Reynolds metal. A rectangle
vas cut from the stozk, long enough to

Aﬂﬂr fromt legs are wiveted to lmse, a Ieng.b 25 angle steck i cub ﬁs uﬁﬂn ;
froat and back leg on each side. These are riveted to [
Then the wuait is beinted, an

tc stiffen entire assembly,

Fron® lezs zre cut ove-long, then are clambed
t2 bare at a beight that makes it lever when
iz car. Legs are marked and excess raued o3.

fold up each side plus a half inch more
to be bent over as a flange. Afrer the
sheet had been burred and the corners
rounded, this half-inch flange was bent
on each end and flattened out. Then
one end was bent upward at a 90°
anzk. with the flange on the ins:dz. The
other end was also bent up a- an angle,
leav ng room detween the ends fcr both
the -ecord plaver and an inch of ruboer

¥l

=

cushioning. ? &
£

For the rear legs, S5-inch lemgtls o
aagl= stock were split half way tp and
the single edge bent outward so -he
leg wculd be vertical when fasteaed to

s aid to hase'in oraer
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Woer tai.i is dry, pieces of foam-rubber padding are cut to
fit, leaving a gap in the center scction for ventilation of
the (Aayer’: fau-cooled motor. Then pads are cemented down.

the driveshafc hump. These legs were
riveted to the back corners of the Rey-
nolds-metal base. The base was then
propped in location on the transmission
hump and a rough estimate of the length
of the front legs was made. The front
legs were also cut from aluminum angle
stock, split, and bent as the rear legs
had been, but they were held to the
base with C clamps rather than rivets.
Then the mounting base was placed on
the runnel and a carpenter’s level was
used to adjust the base level with the

Plaver ‘its micely into the foam-rubber
cushicnz, and plays through auto radio
sysiem:. Pouer is obtained from inverter.

-6

ground. The C clamps were retightened
after leveling was completed, and the
base was carefully removed so that the
front legs could be riveted to it. Two
longer pieces of aluminum angle stock
were then cut and fitted to each side
between the front and rear legs. When
screwed in place, they acted to reinforce
the base and keep the legs in their
proper relationship to each other.

Completion of the mount construc-
tion brought us to the painting opera-
tion. A Binks Model 26 spray gun
and portable compressor were put in
action with automotive primer-surfacer.
The entire mount was carefully sprayed
with several coats of this material to fill
minor abrasions in the aluminum and
provide a good base for the following
film of white enamel. Thirty minutes
after spraying, the primer-surfacer was
dry and the gun had been adjusted to
handle the white enamel. By using the
Binks syphon-cup gun it was possible
to mix both the primer-surfacer and
enamel in paper drinking cups and
spray directly from the cups. This elim-
inated the mess and bother of using the
standard 1-quart aluminum syphon cup.
Regular gloss enamel (of the four-hour
variety) was thinned slightly to what
was deemed spraying consistency, and
a few passes with the gun were made t
reach a final adjustment of the air and
paint mixture. After this, the entire
mounting base was sprayed, top and
bottom, with several coats of white
enamel. This finish matches the interior
(red and white) of the car as well as
the previously installed tape recorder.
A length of wire was passed through one
of the perforations and the mount was
hung in the air for the final coat of
enamel and subsequent drying.

Completed base is once
holes are drilled into
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more put in its intended position, and
s floor using leg holes as drill guides.
Then unit is installed securely with long sheet-metal screws.

By the next morning, the enamel had
dried thoroughly and we were ready to
install the rubber cushion. The rubber
was split so it would cover the inside
edge of each flange and extend part
way across the base without break. This
left a central portion of the mount open
to give adequate ventilation to the little
fan-cooled motor of the record player.
After the rubber cushion had been
trimmed to size, it was stuck in place
with 3M Super Weatherstrip adhesive
which dries quickly and holds securely.

Installation of the record player is so
simple as to be almost an anticlimax to
our other construction work. Set the
mounting base on the transmission hump
and shift it around until the top is level
in both dircctions. Then drill a hole
through the leg down into the metal
floor pan. Hold the¢ leg down and use
the long sheet-metal screw to screw the
leg, carpet, and sound-deadening felt
tightly together. We mentioned it
carlier, but it's worth repeating: the
sheet-metal screws should be at least 1
in. long, otherwise they will never reach
the metal floor pan. The record player
sets into the rubber (from which it will
not slip), leaving from 3 to 5 in. be-
tween the top of the player and the base
of the dash. Connections from the player
are madc to the radio and the 110-volt
current supply discussed last month.

Now rush to the house, grab a hand-
ful of records and start that turntable
turning. Perhaps the first thing o do
is to drive to the corner service station
for gasoline (make sure you have plenty
of records) and let the attendants give
your new outfit an “awing” over. As
nice as music is, it’s doubly sweet when
there’s a vocal chorus of approval in
the background.
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by J. Gordon Holt

The Tape Standard

HERE is something about the sum-

mer months that discourages cere-
bral activity and creative incentive.
Berkshire evenings are comfortably cool,
though, so most of our summer cogi-
tation and discussion takes place after
hours, when we can relax on the lawn
with a gin and tonic. A recent after-
hours session produced one of those
questions that the inquisitive thrive on
and the insecure dread: if a high-fidelity
system lacks brilliance when its tuner
is playing, has too much brilliance when
playing records, and has just the right
amount of brilliance when playing tapes,
which component has the proper bal-
ance?

The answer that immediately comes
to mind is, “The tape recorder, of
course.” But hold on a minute. Turn
the speaker system’s tweeter level con-
trol up higher, and what happens? We
have an increase in brilliance from all
input sources, so that records are annoy-
ingly bright, and tapes are a trifle too
bright, but the tuner is in excellent
balance. On the other hand, if we turn
the tweeter level control down, we up-
set the figurative apple cart in the other
direction.

Question: which is the best setting
of the speaker’s level control? Or, con-
versely, which input source is properly
balanced?

The best setting of the speaker’s bal-
ance control is, by general agreement,
that which gives the desired balance.
But the desired balance from what?
From the tuner? This unbalances it
for tapes and records.

All right then, suppose we compro-
mise and set our balance to suit the tape
recorder. Now it won't sound too bad
on either the record player or the tuner
— but the phono pickup may be the best
component in the system, while the tape
recorder is being used with an out-of-
balance microphone and the tuner is
picking up a station that uses ten-year-
old crystal pickups (without variable
equalization) equipped with cactus styli.
Is the tape recorder to be trusted more
than the pickup? And if so, on what
grounds?
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This kind of circular thinking really
picks away at the Foundations of Faith,
and so long as there is no concrete refer-
ence point for judging one component
against another, the question at hand
must remain unanswerable. Fortunately,
though, there 75 a reference point, and
since I am discussing this knotty prob-
lem in a column devoted to tape record-
ing, you have probably guessed by now
what the reference point is.

Consider the means at our disposal
for testing phono pickup response.
That's easy —we use a test record.
What test record? There are quite a
number of LP test records available, but
direct comparisons between them on the
same pickup cartridge will show wide
differences in high-frequency response.
Test record A, on our standard pickup,
may show flat response to 20,000 cps,
record B may reveal high-frequency roll-
off amounting to 15 db at 20,000 cps,
while record C may produce a rising
response, being up about 8 db at 20,000
cps. Our standard pickup might be said
to have flat response if we use test record
B as our trusted criterion, but if we
have greater faith in test record A or C,
then our “standard” pickup does not
deserve to be used as a standard.

It is supposedly true that if a test
record’s pattern of reflected light is of
uniform width throughout the high-fre-
quency range, then that record’s play-
back frequency response is flat. It is if
the pickup is perfect, but no pickup is.
Vinylite has a certain amount of elastic-
ity, so at higher recorded frequencies
(where stylus mass begins to enter the
picture) the groove will tend to yield
to the passing stylus and will produce
a loss of output. You have to add treble
boost to the test disc to overcome this,
but as soon as that disc is played with
a cartridge having extremely Jow stvlus
mass, the boost will show up as boost.
A second reason why reflected light pat-

terns can be of dubious value is that
stylus abrasion in a groove takes place
only at the point of groove contact,
leaving the rest of the groove walls un-
damaged. Hence, a 20,000-cps band
on a test disc may have most of its
modulation wiped off at the point of
stylus contact, but can still have enough
unmaimed groove wall to reflect a full-
width light pattern. According to the
pattern, the disc has flat high-frequency
response, but to the playback stylus there
is definite high-frequency loss.

The response of a pickup cartridge
can be controlled during design and
manufacture by varying the amount and
the frequency of its mechanical and
electrical resonances; and since there
are so many ways of varying these fac-
tors, the response of any given cartridge
will depend almost entirely upon the
test records used by its manufacturer.
And its sonic balance or coloration from
a music recording will depend entirely
upon the playback pickup used by each
disc recording company to check its own
sonic quality. So let’s get out of that
quagmire as gracefully as we can by
examining the possibility for a home
standard: tape.

A major advantage of the tape record-
ing medium is that it does not have
to be concerned with mechanically vibrat-
ing styli and their resonances. A tape-
playback head having a pole-piece gap
width of a certain magnitude and a coil
of a certain inductance and Q, loaded by
a fixed external circuit, can be expected
to give a certain frequency response
from a tape recorded at a given speed
by a recording head whose input signal
is applied as a constant current through
the head. This is juss as complicated as
it sounds, but the nice thing about it is
that the behavior of both the record and
plavback heads can beQpredicted with
a high degree of accuracy by means ofa

Continued on page 44 W0
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Goodmans ARU Enclosure

OCKBAR Corporation, the U.S.
distributor for Goodmans Indus-
iries, Limited, of England, is now mar-
keting a complete line (nine models)
of friction-loaded enclosure kits for al-
most every possible combination of
Goodmans speakers in one-, two-, and
three-way systems. The enclosures are
sold in kit form only and range in price
trom $59.25 to $79.30 without the
recommended speakers. Included in
each kit is an Acoustical Resistance Unit
(ARU) for friction-loading the en-
closure, which is mounted in on¢ panel.
This replaces the vent or tunnel in a
bass-reflex enclosure, and permits use of
a smaller cabinet for equivalent results.
It also provides excellent damping and
smooth response.
For this report, we obtained the
Model B-1200 with the Model 172

Construction begins with cleat installation on top, bottom,
and side panels. These should be positioned carefully. Nuails
Lold the cleats in place while glue sets, replacing clamps.

An AUDIOCRAFT kit report

ARU included. With a 12-inch full-
range speaker installed (the Axiom 22,
100, or 150 is recommended), the unit
can be used as a single-speaker system.
Later it can be converted to a two- or
three-way system, retaining the 12-inch
speaker as a woofer, with the Midax
middle-range driver and horn, and/or
the Trebax tweeter. If you're starting
right out with a three-way system, the
Audiom 70 woofer is recommended.
Cover plates are furnished for use on
the middle-range unit and tweeter holes
in the interim; these and the speaker
mounting board are stained black at the
factory (one dirty job nicely taken care
of for you). The B-1200 is 26 in. high,
20 in. wide, 20 in. deep, and stands 6 in.
off the floor on hardwood legs of modern
design in keeping with the simplicity of
the cabinet. All panels are of 34-inch

driver failed.

plywood; those which will be finished
(top, side, and bottom panels) are of
birch plywood. Nails, screws, glue,
speaker mounting bolts for the woofer,
hardware for the legs, Fiberglas insula-
tion, grille cloth, sandpaper, and wood-
tape for trimming the front edges of the
plywood are all supplied. The leg
brackets are made so that the legs may be
mounted in either a straight or slanted
position. Suit yourself. A screw driver
and a hammer are the only tools that
are absolutely necessary. Screw holes
in the cleats and back panel are all
drilled and countersunk, but it is ad-
visable to have a small drill handy to
drill screw holes when attaching the leg
brackets and the ARU.

Since it is customary to use the edi-
torial we in AUDIOCRAFT kit reports,
we will have to admit that in this par-

Side panels are then assembled to bottom piece. We resorted
to offset screw driver here; direct approach with a straight
Manufacturer has corrected this difficulty.
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sturdiness.

ticular project the we is a complete
novice in the field of hi fi, and that this
is the first kit of any kind, sort, or shape
which this we has e¢ver put together.
Actually, this is an asset; we goofed
where no one with any experience at all
could possibly have gone wrong (we did
have a good laugh at ourselves), and we
can give a warning of two— just in
€ase.

Construction Notes

As the parts come out of the box, the
pancls are easy to identify from the
diagram that accompanies the instruction
sheet, but you'll need a ruler to check
the cleats against the parts list. It's a
good idea to mark them with the lctters
corresponding to those on the list for
easy recognition later. Everything was
in our box that the parts list said there
should be, so we were all set to start.
If you have the time, we highly recom-
mend assembling the cabinet first with-
out glue (except where the cleats are
nailed and can't be taken off again), as
we did. Not only does it help to get
the lay of the land, but it makes final
assembly a lot casier, and less likely to
damage anything.

When vyou nail and glue cleats to
their respective panels, make sure that
the countersunk screw holes are pointing
in the right direction. It will help if
you remember that cleats B will screw
into the bottom and top panels, E into
the front-panel top and bottom, and C
into the front-panel sides. We nceded
about nine extra 1Y-inch nails, using
three on short cleats and four on long
ones. Some of our cleats were just a
shade short and we panicked slightly,
but unnecessarily; this can be completely
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Top panel going into place. Note lock-miter joint construc-
tion, which provides a good air seal as well as additional
Pictures were taken during the trial assembly.

remedicd after the box is together with
weather-stripping  putty. Better a little
short than a little long.

We'd like to underline the note in
step 11 to the effect that, in joining
the sides to the top and bottom, the
front edges should be precisely flush.
Woodtape trim is later cemented onto
the grain of the plywood here, and it
will be easier to apply and will look
more professional if there are no edges
jutting out.

In attaching the top and bottom
panels to the sides, and the front panel
to the rest of the assembly (steps 10,
11, and 17), it is virtually impossible
to align a common screw driver with
the screws. If you can beg, borrow, or
stcal 26 114-8 phillips-head screws and
a phillips screw driver, vou'll be all
set; we could find nary a one in three
neighboring towns and didn’t have time
to order any. Our solution: use of an
offset screw driver, as shown in onc of
the photographs. Use plenty of glue in
steps 10 and 11 so that the joints will
be airtight. It will be casier to get a
tight fit between the bottom panel and
the sides if someone else pushes ugainst
the bottom of the side panel after the
edge of the bottom is fitted snugly into
the slot on the side. Tighten the screws
into the top panel only enough to make
a perfectly square fit with the side-panel
miter. The front panel goes in from
the outside and is screwed from the in-
side; pushing the screws through the
cleats (instead of threading them
through) will enable you to pull the
panel on tightly with the screws.

You may want to touch up spots on
the speaker mounting pancl and the
cover plates with some flat black paint;

Front panel, which would normally have speakers and grille
cloth mounted, is attached from the inside. Note that holes
are furnished for a 12-inch cone, Midax and Trebax horns,

even if this isn’t necessary, don't forget
to put a dab on the heads of the speaker
mounting bolts. For attaching the grille
cloth to the front panel vou will need
a supply of carpet tacks or a heavy-duty
stapler. If the cover plares are to be
used attach these before installing the
front panel; extra 114-8 wood screws
arc necessary if the screws furnished
have been used in the rest of the con-
strugtion.

e decided to finish the enclosure be-
fore installing the front panel, the ARU,
and the Fiberglas insulation t¢ avoid
mixmg varnish and steel wool with the
grill2 cloth. Incidentally, the grain of
the oirch plywood is well worth doing

Back panel fits inside all around, and
is heid by screws into cleats. No glue
is wu.ed, since back must be removable.



a good job on so it shows off to its best
advantage.

The ARU should be screwed and
glued into the aperture cut for it, and
twelve 1-6 or 1-8 wood screws will do
the job nicely. It may be mounted on
either the outside or the inside, but will
look better if mounted on the outside
and screwed from the inside.

Step 20 specifies that the Fiberglas
curtain is to be 6 in. from the rear of
the cabinet. The cleat attaching the cur-
tain should be about 6 in. from the
rear so that when the curtain is hung,
the side that faces the back is 3 in.
from the front side of the back panel.
We weren't quite sure whether it was
necessary to put Fiberglas on the back
panel, but sincc we had enough left
over we decided to do so. Luckily, we
remembered to trim it 11% in. shorter
each way than the back panel, so that
it would not get in the way of the
cleats when the panel was attached.

Now that the enclosure is all built and
finished, we have to admit what you have
probably already noticed from one of
the photographs taken during our trial
assembly. The front panel 75 upside
down, but that was corrected the second
time through.

AUDIOCRAFT Test Results

There are several combinations of Good-
mans speakers that can be used in this
enclosure. Other speakers can be used
also, of course, although the woofer
should have a cone resonance frequency
approximately the same as that of typical
Goodmans 12-inch models. Our choice
range cone, 5,000-cps crossover network,
and Trebax tweceter — scemed represen-

ARU (Acoustic Resistance Unit) goes into hole in bottom
of cabinet. This replaces the vent or tunnel of bass-reflex
system, and reduces resonance effects; see impedance curve.

20

tative of medium-priced speaker com-
ponents that most users would put in
the enclosure. It should be pointed out
that any enclosure (unless very badly
designed) has little effect on middle-
range and high-frequency performance
of the speakers, so that our results would
have becn entirely different in these
ranges had we used other drivers. This
is true at the bass end also, although
to a much lesser degree; the ARU
friction-loading system* is remarkably
tolerant of speaker deviations from de-
sign center.

With the Axiom 22 and Trebax in-
stalled in our B-1200 enclosure, response
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Fig. 1. Impedance at low frequencies,
measured as voltage across the rvoice
coil fed by a constant-current source.
in our 15-by-17-foot test room was
audibly very smooth throughout the en-
tire bass range, and apparently fla
down to just below 40 cps. Below that
it simply rolled off with very little har-
monic generation.

Such performance might be expected
upon examination of the impedance
curve, shown in Fig. 1. The enclosure
*Sce ]os_cp}; Marshall, ““The Grounded Ear”

AUDIOCRAFT, I (Nov. 1956), p. 4, for an ex-
tended discussion of the ARU enclosure principle.

is c¢vidently tuned precisely for the
speaker, at 41 cps, with equal impedance
peaks at 29 and 60 cps. Note that the
peaks are quite low in amplitude com-
pared to those of a vented bass-reflex
enclosure, which indicates superior
damping. Note also that these im-
pedance peaks do not correspond to re-
sponse peaks; they merely furnish an
indication of tuning and general re-
sponse range. It is significant that this
admirable impedance curve is obtained
with an enclosure of about 315 cu. ft;
it bears out the manufacturer’s claim of
cquivalent response in a smaller enclo-
sure than a standard bass reflex.

This combination of speakers had no
peak in the “presence” range, although
there seemed to be a slight, broad bump
from 5,000 to 8,000 cps. In our test
room (which is quite live) we found
that a level control was desirable on the
Trebax unit. When this was added, the
over-all sound was, in our opinion, ¢x-
cellent. There was no trace whatever of
boom and no impression of screech;
moreover, cabinet-panel vibration was
acceptably low. The system could be
driven hard enough to make listeners’
cyes glaze before any sign of speaker
overload became evident.

The enclosure itself is not the easiest
of kits to assemble, but it isn’t difficule
cither. The fact that a diminutive fe-
male member of our swaff, totally in-
experienced in kit building or wood-
working, carried out the task success-
fully (and did a fine job of both as-
sembly and finishing) should give en-
couragement to everyone. She now has
a speaker system that even the most
advanced audiocrafrer would be pleased
o own.

Last step is installation of legs. 1t is much easier going
if pilot holes are drilled first for leg-mount screws. Legs
can go into mounts at slight angle, as shown, or vertically.
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AMPLIFIER POWER CHART

HEN making measurements and

tests on power amplifiers, an
audio wattmeter is a convenient and
useful instrument o have. Many of us
don’t have one, though, and must rely
on voltmeter readings subsequently con-
verted to power values with the formula
P—E/R.

The accompanying chart is designed to
eliminate these simple, but tedious, cal-
culations. Solid lines show the power
developed in loads of 4, 8, and 16 ohms
by single sine-wave input signals, ac-
cording to the measured voltage across
the load. It is easy to obtain a required
power output in the following way:
locate the desired power on the horizon-
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tal scale at the bottom of the chart; fol-
low the scale line at that point directly
upward to the heavy solid line appro-
priate for the load impedance vou're
using; follow the scale lines directly
to the left, and read the voltage from
the vertical scale. When your voltmeter
across the load reads the same value, the
required power is being devcloped in
the load. To find the power correspond-
ing to a given voltmeter reading, simply
reverse the process.

Intermodulation

tests are normally

made with two sine-wave signals, one
four times the voltage amplitude of the
other. An ordinary voltmeter will ignore
the presence of the smaller signal, since

4 5 7

1 15 2 3
POWER IN LOAD,WATTS

its indication is proportional to average
rectified values of the total signal, and
that isn’t affected by the addition of the
second signal. Peak value of the IM
signal combination, however, is 1.25
times that of the larger signal alone.
Therefore, to obtain the equivalent
single-sine-wave value of a two-sine-
wave IM signal, the voltmeter reading
must be multiplied by 1.25. That’s what
the dashed lines on the chart are for;
these lines are used in exactly the same
way as the solid lines. The dashed lines
give valid power results only for two
sine-wave signals mixed in a 4:1 am-
plitude ratio, the recommended ratio for
IM tests.— ALAN FREDERICK
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HIS article is really an addendum to

my two-part papet, on pickup track-
ing which appeared in the December
1956 and January 1957 issues of AUDIO-
CRAFT. It provides a simplified graphi-
cal solution to the rather nasty-looking
family of equations (27a, b, and ¢) for
the solution of the problem of deter-
mining the “best” overhang to use with
a fixed, nonoptimum offset angle and
arm length. When the previous paper
was written, I could see no way to plot
or otherwise simplify Eqns. (27a, b,
and c), since they involved L and sin
B as two unknowns, as well as R, and
R., and this seemed to imply at least an
isometric plot of low accuracy, or a
whole set of parametric curves involving
interpolation.

Eqns. (27a and b) require calcula-
tion of an expression of the form
(4 - b°)%; while this is easy to do on
a slide rule,* it is necessary to carry
out the calculation in detail, and evaluate
M ar for the case under consideration to
see how much short of optimum the
“best” nonoptimum solution is. If 8
can be changed somewhat, but not to
B., the calculation has to be done all
over again just to see if it is worth all
the trouble. Furthermore, if one wants
to compare several commercial arms, few
of which are very close to optimum for
LP’s, the calculation program gets rather
tedious.

Universal Design Chart

It is an overgeneralization to regard L
and sin 3 as independent variables for
purposes of calculation, since for a par-
ticular problem they are both known at
the same time; they occur in combina-
tion as the product L sin B in the right-
hand side of Eqns. (27a, b, and ¢) if
those equations are multiplied through
by L. The fact that the left-hand side
is then LD, is a minor disadvantage,
because D, is easily obtained by dividing
the value of LD, by L. Since it can be
seen that LD, is a function of L sin 8
for all three branches of the solution,
it is clear that 1. we specify R, and R,

*Let & be larger than «. If the right end of the
slide is set opposite &, the angle whose wngent is
a/b may be read on the tangent scale opposite 4.
With. the hairline index set on 4, slip the slide
until the same angle on the sine scale appears
opposite’ #; the hypotenuse of the right triangle
with sides 4.and 4 namely Vat + b? appears op-
posite the end of the slide. ¢
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a single curve of LD, vs. L sin 3 will
represeat the complete set of design
cquations (27a, b, and ¢); moreover,
the two’way optimum case appears as a
spectal point on the curve. Such a
master design curve is plotted in Fig. 6
in sufficient detail to yield accuracy at
least as good as that corresponding to
the best measurements of distance and
angle it is practicable to make. The
curve has a discontinuity in slope at the
point corresponding t© [, because the
criteria for optima differ for values of
L sin 3 above and below that point.
R, and R. are those values previously
used for 12-inch LP’s: 240 in. and
5.70 in., respectively.

If we had calculated D, with the aid
of this master curve, we should then
want to calculate m,,. from the ap-
propriate formula given in Part I
These formulas for 7 involve L, sin 3,
and D, Since we are concerned with
the value of the maximum distortion
index which would occur if we used the
value of D, given by the curve for a
particular value of L sin 3, 1 went a step
further and calculated the correspond-
ing values for m for the selected values
of L sin 3 used in plotting the LD,
curve. Actually, the quantity which can
be plotted against L sin 3 is mL cos 3,
but cos B is a very slowly varying func-
tion of B for cases of interest, and has
the value of 095 for 8 = 18°. If it is
simply ignored, the value of m is given
approximately by dividing the number
read from the curve by L, as in the case
of D, The plotted curve of mL cos 3
in Fig. 6 shows cusps at both B3, and

»» at which points its definition changes.
The sharp approach to the "mini-max”
value of m at B, is quite clearly ex-
hibited by this second curve.

Incidentally, note that while we set
out to calculate the best D for given 3,
the converse case of best 8 for given
D, for which equations were not ¢ven
given in Part 11, is also easily solved by
reference to Fig. 6, except that D, must
first be calculated from D by Eqn. (15).
For convenience, the inverse relations
(15) and (17) are reproduced here.

D, — D[l —1(D/L)}  ...(15)

D~D,J[1+ 1% (D/L)} ...(17)

Use of the Charts

We have seen how the entire practical
consequence of the mathematical mate-
rial developed in Pare II for design pur-

A Sequel

MINIMIZING PICKUP TRACKING DISTORTION

poses has been represented in the two
universal curves of Fig. 6, even as the
tracking equation was represented in
Fig. 3 as a universal graph useful for
analysis of existing equipment. Such
compactness of expression —and it is
indeed a major simplification — has a
price, but it is the same price paid for
the universal analysis curves in Fig. 3:
one must divide or multiply the input
and output numbers by L for a par-
ticular arm in order to use the universal
graphs. High accuracy is obtainable
from them because they are universally
applicable.  We have thus reduced a
physically and mathematically compli-
cated problem to one which requires for
its solution only a very low level of
mathematical sophistication. Since this
is largely multiplication and division,
we may eliminate entirely the need for
a slide rule or for consulting elaborate
tables of trigonometric functions by in-
cluding here the table of sin 3 for the
angles appropriate to our problem.

Table of Sines

B sin B sin B B sin B
10° 0.1736 17° 0.2924 24° 0.4067
11° 0.1908 18° 0.3090 25° 04226
12° 0.2079 19° 0.3256 26° 0.14384
13° 0.2249 20° 0.3420 27° 0.4540
14° 0.2419 21° 03584 28° 04695
15° 0.2588 22° 0.3746 29° 0.4848
16° 0.2756 23° 0.3907 30° 0.5000

Numerical Examples

Linear interpolation may be used to
find intermediate values from the table
of sines. Thus, to find the sine of 1834°,
subtract 0.3090 from 0.3256 to obtain
the difference, 0.0166; add 34 of it,
which is 0.0125, to 0.3090; the answer
is 0.3215.

As a numerical example of the use
of the universal charts, consider the
problem of a correspondent who wrote
for help when he lost his way among
the brackets of Eqn. (27a). He had
an ESL cartridge in an Audax 16 arm,
and had measured L as 1214 in. and
B as 1834°. Either he found it impos-
sible to change B to B, or he wanted
to see whether it was worth the trouble
by evaluating »,... for the “best” over-
hang with the present offset angle and
comparing it with m,.

We have already interpolated in the
table of sines to find the sine of 1834°,
which is 0.3215. Then L sin 3=12.25

Text continued on page 42
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A Special Report

Electronic Reverberation System

Clrist Church. Zambraige, where the
electronic reverberation test was made.

Interior of the cdurch. Natrral organ
sound in bere was Erv snd constricted.

24

HEREVER music is played — in

a concert hall, a church, an audi-
torium, or the home— the acoustic
properties of the room affect an auditor’s
subjective reaction to a major degree.
Sound that seems alive yet perfectly de-
fined in a good concert hall may, in
another, be too dry and dead; in yet
another, it may be so muddled as to
appear soggy. A lot can be done to
improve matters by proper acoustic re-
design, but often this is too expensive
or impractical for other reasons. And in
home listening rooms, no treatment is
possible that will permit duplication of
the acoustic environment of Carnegie
Hall. That fact is probably the most
important practical reason why, even
with stereo reproduction, a complete il-
lusion of auditorium presence cannot
be obtained in the home.

Church acoustics are of special interest
to Aeolian-Skinner, manufacturer of pipe
organs, because they are so rarcly good
for organ music. Morcover, extensive
alterations to improve matters acousti-
cally are, in most cases, not permissible.
The company’'s recent solution to this
problem — electronic control of rever-
beration -— is so effective that, in simpli-
fied form, it may someday provide an
answer to home listeners’ acoustic prob-
lems too.

The problem with most American
churches is that they are too dead (non-
reverberant) acoustically for organ music
of the Classical Period. This, and many
modern organ works as well, were
written for performance in large edifices
with hard interior construction of stone
or marble. They were written to sound
right in a building with a long rever-
beration time. When played in a typical
small American church of wood, with
carpeting and plush-lined seats, the
music lacks life and vitality, the soft
mantle of reverberation for which it was
composed is missing, and the loss is dis-
tressing. With the revival of interest in
classical organs and in the classical organ
repertory, which began in this country
just before World War II, this unfor-
tunate state of affairs began to receive
the attention of organ builders and or-

ganists. Not much could be done about
it in most instances, however, except
when an organ was to be installed in a
new building designed with the acoustic
requirements in mind.

One of the first classic-revival organs
made was installed by Aeolian-Skinner
in Christ Church, Cambridge, Massa-
chusetts. Not surprisingly, this church
has about the worst possible acoustic
character for a classical organ; built in
1761, the construction is of wood and
plaster on very flexible laths, with car-
peting and seat cushions. The organ is
installed in depth, for there was little
frontal space for it. Reverberation time
of the church when empty is about 0.4
second (extremely low) and is fairly
uniform with frequency. The net result
is that the live organ sounds as though
it were being reproduced through a
corner speaker system in a small living
room, via a close-up recording. It was
here that the electronic reverberation
system was tested, and the accompanying
photographs were taken.

How It Works

A block diagram of this system is given

i #.

G
Joseph S. Whiteford, President of Aeoli-
an-Skinner. The company manufactures

organs and developed this system.
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Functional diagram of the electronic reverberation system. Playvback-bead owutputs
are variable in level and frequency response, so that feedback can be controlled
to produce any desired reverberation curve at amny frequency. Stability is good.

above. In this particular installation,
the organ is divided into two chambers
at the front of the church; the swell and
great pipes are in one section, with the
choir and pedal pipes in the other. Two
microphones were used (Capps and Elec-
tro-Voice ), one in each chamber. The
mike outputs were mixed in the elec-
tronics section of an Ampex recorder,
and fed to the record head of a special
Concertone tape machine. This is fol-
lowed by six closely spaced playback
heads, which pick up the signal with
varying amounts of time delay. Outputs
of the six playback preamplifiers are
mixed with the original microphone

Bebind-the-scenes electronic equipment used for the test. On
table is altered Concertone recorder with six playback heads.
Also used were six Scoti 8o-watt amplifiers, Ampex mixer.

signals and fed back to the record head:
they are also fed to six individual 80-
watt power amplifiers (H. H. Scott).
The first five amplifiers drive five pairs
of speaker systems (Acoustic Research
AR-2) spaced at regular intervals from
front to back along the sides of the
church. An AR-1W/JansZen speaker
system in the balcony at the rear is
driven by the sixth power amplifier.
According to Joseph S. Whiteford,
President and Tonal Director of Aeolian-
Skinner, the precisely calculated progres-
sive delay of the sound reinforcement
from front to rear of the church which
is obtained with this system, and which

Capps microphone in one of the organ
chambers. An Electro-Voice mike was
used for pickup in the other chamber.

would be a characteristic ot natural re-
verberation, accounts in large measure
for the astounding realism of the results.
Each channel has individual level and
equalization controls by means of which
the shape of the reverberation reinforce-
ment curve at all frequencies can be
tailored to suit the installation. The
system remains stable when adjusted for
reverberation times as long as 7 seconds.
In a recent demonstration at Christ
Church it was adjusted for about 3
seconds; when the system was turned
on gradually while the organ was play-
ing, it gave listeners the uncanny feeling
Comtinned on page 46

Ten Acoustic Research AR-2's were distributed aslong sides,
and an AR-1W /Janszen combination was placed in the balcony.
Speaker output was delayed progressively from front to rear.
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Part 11

Selecting the Right Tweeter

Now let us consider some aspects of
integrating a tweeter into an existing
loudspeaker system. The first question
that must be settled is what tweeter to
use. Our discussion of the various types
may have provided some basis for selec-
tion in terms of performance, but we
are still faced with the problem of select-
ing a tweeter with the proper low-fre-
quency cutoff.

It is possible to obtain tweeters with
cutoff frequencies ranging from 250 cps
to 3,500 cps or higher. The first and
most obvious precaution is making sure
that the tweeter of your choice has a
low-frequency response which reasonably
overlaps the high-end capabilities of the
speaker with which it is to be used. For
instance, in a two-way system with a
woofer that falls off rapidly above 2,000
cps, it would be a mistake to sclect a
tweeter whose frequency response did
not extend below 3,500 c¢ps. Clearly,
this would leave a gap in the range
of the normal ear’s greatest sensitivity.

A second criterion exists to guide us
in our search for the proper tweeter: that
of off-axis response, This time, however,
the emphasis is not on wide angular
response but on compatibility among
the various speakers of the system. We
have already seen that sound emanating
from a cone speaker gradually tightens
into a narrow beam along the speaker
axis as the frequency rises. Another way
of describing this phenomenon is to
say that a listener seated directly in front
of the speaker will hear whatever high

frequencies it is capable of reproducing.
As he walks to one side, he will notice
a progressive loss of highs. Suppose that
a wide-angle tweeter is added to this
cone speaker which just overlaps its on-
axis frequency response. It is still pos-
sible for an off-the-axis listener to hear
a gap in the spectrum as a result of the
woofer’s beaming effect at the upper
end of its range. It is clear, therefore,
that a tweeter should be chosen whose
response extends low enough to operate
with a cone speaker @t a frequency for
which the directional characteristics of
the cone speaker are not yet pronounced.

One further characteristic should be
borne in mind in making a selection:
that of voice-coil impedance. It will sim-
plify the task of connecting the tweeter
if you choose one whose rated voice-
coil impedance is the same as that of the
other speaker or speakers in the sys-
tem. If your present speaker has an
8-ohm voice coil, it simplifies matters to
select a tweeter rated at 8 ohms, though
we shall see later that it is possible to use
a tweeter of different impedance.

Crossover Networks

Assume now that, having taken all the
above factors into consideration, you've
bought a tweeter that meets all the re-
quirements for compatibility with your
present speaker. Can you simply connect
it to the proper terminals on the ampli-
fier, and sit back to enjoy the crisp,
bright sound you expected? Not quite
yet. If the delicate tweeter were to be
connected in this fashion it would al-
most certainly burn out the voice coil

Fig. 8. High-pi s filter (A) simply keeps low frequencies out of tweeter; cross-
over network (B) keeps high frequencies out of woofer and lows out of tweeter.
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by EDMOND ARIESSOHN

or fracture the diaphragm. Remember,
one of the fortunate circumstances which
permitted the voice coil to be made of
lightweight materials was that it was
meant to reproduce only that portion of
the sound spectrum which, statistically,
contains only a small fraction of the
total signal power. If the total fre-
quency spectrum is applied to the voice-
coil terminals, the heat generated by
low-frequency power would be sufficient
to burn out the voice-coil windings.
FEven if burn-out did not occur, this low-

Fig. 9. This basic network provides for
a wide choice of crossover frequencies.
frequency power would cause excessively
large motion of the voice-coil structure
which would fracture the diaphragm.
Low-frequency power must be prevented
from reaching the tweeter.

The device employed to effect this
separation of frequencies is an electrical
filter. A knowledge of how to select
and employ the proper filter will insure
optimum performance of your system.
Filters for use with tweeters are of two
types, the high-pass filter and the high-
frequency crossover or dividing network.
As its name implies, the high-pass filter
is a device which permits the passage
of high frequencies only and, when con-
nected between the tweeter and the am-
plifier, effectively bars all frequencies be-
low its nominal cutoff frequency. The
high-pass filter has no effect upon the
other speakers in the system; hence, it
finds its greatest application in cases
where only reinforcement of the high-
frequency response is desired. Assume

AUDIOCRAFT MAGAZINE



that the present speaker is a coaxial type
with integrated woofer and tweeter, but
which for some reason has mediocre per-
formance on the high end. A good
tweeter with a high-pass filter is the
logical addition in this case, since un-
restricted operation of the coaxial speak-
er is bencficial. The same thing might
be done to reinforce the middle range
for incrcased “presence.”

It should be pointed out that all filters
are characterized by what is called their
“pass” band and their “attenuation”
band. The transition from pass band to
attenuation band is never abrupt, but is
accomplished at a rate determined by the
design of the filter network. Thus, refer-
cnce is made to “G-db-per-octave” or
"12-db-per-octave”  networks.  These

Fig. 10. A tapped
inductor and  set
e~ of capacitors are
wired in this way
inside a multiple-
purpose  dividing

b1 6~ network, Fig. o,

terms describe the rapidity with which
signal power is attenuated as its fre-
quency falls outside the nominal cutoff
frequency of the network. “Cutoff” is
defined as the frequency at which the
signal power at the output terminals of
the network is half of that at the input
terminals, or 3 db lower. The simplest
high-pass filter, consisting only of a
capacitor in series with the tweeter
voice coil, has a maximum attenuation
rate of 6 db per octave; a two-clement
network consisting of a series capacitor
and a shunt inductance has a maximum
attenuation rate of 12 db per octave
(sce Tig. 8).

A sharp filter cutoff is not always
desirable. In addition to the increased
complexity of its design and critical
nature of its adjustment, the multisec-
tion, sharp-cutoff filter or network may
exhibit electrical instability in the form
of shock excitation or ringing. Subjec-
tively, the sharpness of filter cutoff de-
termines the degree to which the sounds
from the individual speakers of the sys-
tem are kept separated. If a smoothly
blended sound is desired from the sys-
tem, a large amount of frequency over-
lap will be sought and a 6-db-per-octave
filter will achieve this end. 1f a more
distinctly separated sound is wanted, the
user will select the sharper 12-db-per-
octave filter.

Implicit in our discussion of networks
thus far has been the idea of another

AUGUST 1957

type of network which does more than
simply keep the low frequencies out of
the tweeter. This other type actually
divides or apportions the entire fre-
quency spectrum between the speakers
of the system, and for this reason it is
called a dividing or crossover network.
The crossover network is a combination
high-pass and low-pass filter, each sec-
tion feeding the appropriate speaker.
It finds its greatest application in sys-
tems where specialized speakers are em-
ploved (woofer, middle-range speaker,
and tweeter). By limiting the high-end
response of the woofer, for example, the
crossover network assists in reducing
intermodulation  distortion, preserving
angular dispersion compatibility, and
achieving maximum utilization of the
available audio power.

A typical G-db-per-octave crossover
network is shown in Figs. 9 and 10.
This network (the University N-2A),
consisting of a number of capacitors and
a tapped inductor, permits the selection
of several crossover frequencies and im-
pedances. Such a network provides a
high degree of flexibility for the user.
It permits him to experiment with dif-
ferent crossover points and to compare
the results. It can be used as a G- or
12-db-per-octave high- or low-pass filter.
It can even be used in pairs for the
sharper 12-db-per-octave crossover rate
between woofer and tweeter. Finally,
it insures the user against obsolescence
of his system should he at a future time
decide to expand it still further by ad-
dition of a third speaker. This is accom-
plished by employing the companion net-
work, the University N-2B, between the
added speaker and the remainder of the
system.,
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RESISTOR 16 OHMS

— ~
—_ Wt |
TO 8-0HM
AMPLIFIER lnPuT
RMINA —— e
TE Ls i y |
=1 A

8-0OHM FILTER
OR CROSSOVER
NETWORK

WOOFER®
8 OHMS

ance is not constant with frequency. As
a matter of fact, it will be correct over
only a small portion of the frequency
spectrum. Second, as we have already
seen, the tweeter may be much higher in
efficiency than the cone-type general-
purpose speaker. Hence, equal electrical
inputs to the two speakers will result
in widely different acoustic outputs with
a resultant displacement of the acoustic
crossover point. The over-all balance
of the system can be restored by use
of a balance control inserted between the
network and the tweeter. The balance
control is an L or T pad of the same
nominal impedance as the remainder of
the system; it permits adjustment of the
entire sound level of the tweeter. It can
be readily appreciated that such a control
provides the user with the means of
achieving a system balance which is
personally suited to his rtastes, auto-
matically compensating, in operation, for
differences in relative speaker efficiencies
and the varying effects of room attenua-
tion and acoustics.

The possibility was mentioned of
matching a system with speakers of dif-
ferent voice-coil impedances. This pos-
sibility arises from the inherently greater
efhiciency of the horn-type tweeter. In
most cases the speakers are either of 8-
or 16-ohm impedance. Suppose you
find yourself with an 8-ohm extended-
range speaker and a 16-ohm horn-type
tweeter. By connecting a 15-ohm resistor
in paralle]l with the tweeter voice coil,
Fig. 11, vyou can accomplish a dual
purpose. First, the total impedance of
the combination will be corrected to
8 ohms; second, the acoustic balance
will probably be improved by this
parallél resistor. An 8-ohm crossover

B 7.5-0HM TWEETER
8 OHMS

RESISTOR
]( - N
Hi 7~

TO16-0OHM

AMPLIFIER tINPUT |
TERMINAI I —
ERMINALS to —
16~0OHM FILTER N
OR CROSSOVER WOOFER
NETWORK t6~0OHMS

Fig. 11, How to match a tweeter of higher (A) and lower (B) impedance to woofer.

One question remains to be discussed:
that of network and speaker impedance
matching. Most commercial networks
are of the constant-impedance type. This
means that when connected to operate at
a given impedance and terminated in a
resistive load of that value, they will
present a constant load to the amplifier
independent of frequency. Thus, in add-
ing a twecter to an existing speaker with
an 8-ohm voice coil, one should select
a unit with a nominal impedance of 8
ohms and use an 8-ohm crossover net-
work or high-pass filter in order to main-
tain equal power distribution.

Now this is an idecalized statement of
a situation which, for several reasons, is
not always attainable in practice. In the
first place, the voice coil of a speaker
is not a pure resistance, and its imped-

network should be used. For a 16-ohm
cone speaker and an 8-ohm horn tweeter,
the same advantages may be obtained by
wiring a 7.5-ohm resistor in series with
the tweeter voice coil. This results in
a system whose total impedance is 16
ohms.

The same principle may be employed
in three-way systems in which one
speaker is mismatched. The system input
should be matched te the least efficient
speaker, with suitable series or parallel
resistors employed to bring the imped-
ance of the remaining speakers into
agreement with it.

With a rcasonable amount of care,
then, a tweeter can add a new dimension
of color and sparkle to a workmanlike,
but sometimes drab, all-purpose cone
loudspeaker.
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by PAUL PENFIELD, JR.

Graphs of the Formulas

Some of the formulas in Tables 1, I, and
111, given in the June issue, are simple
enough, but others are quite compli-
cated — especially the power relation-
ships. To give the reader a good idea
of how the properties of transistor stages
vary, certain of the formulas in Tables
I, II, and III have been plotted.

It was assumed in making these charts
that the typical parameter values given
in Part 5 described the transistor — that

is,
a— 098 ..(26)
B—49 -.(27)
r.=—2 Megs ..(28)
r, = 1,000 Q ..(29)
7. =— 40 () ..(30)
re=—40 K L (31)

Thus, the graphs presented h(.re do not
apply to all transistors. However, the
general features of the graphs— the
shapes, etc. — will be the same for any
transistor.

Fig. 3 shows the input resistance R,
as a function of load resistance R,. Note
that the resistances are plotted logarith-
mically, because of the wide variations
found in the two. If they had been

Fig. 3, left.

Variation of input resistance with load value.

plotted linearly, most of the detail would
have been lost.

Note also that the common-base input
resistance is the lowest, the common-
cmitter value is medium, and the com-

mon-collector is the highest.  Further-
more, the lowest input resistance for
common-collector hookup is just the

same as the highest value for common-
emitter configuration.

In addition, the grounded-emitter case
has a much smaller percentage variation
in input resistance, varying only in a
ratio of about 3:1 between its maximum
value and its minimum.

Fig. 4 shows the output resistance R,
vs. the generator resistance R, Here
again, the common-emitter circuit has a
moderate value, varying in a ratio of
about 3:1, while the other two take the
extreme values — the grounded-base the
higher values, and the grounded-collec-
tor the lower values.

Voltage gains for all three configura-
tions are shown in Fig. 5. The common-
collector-circuit voltage gain is always
less than one, while the common-base
and common-emitter circuit gains are
the same.

Next, in Fig. 6, are pictured the cur-

Fig. 4, right.

Output resistance vs.

V1b: Single-Stage Analysis

rent gains. The common-base circuit has
a current gain less than one; the com-
mon-emitter current gain is everywhere
just 0.98 (or ) times the common-
collector value. For most practical pur-
poses, then, they arc the same.

Surprisingly, the same configuration
(common-emitter) has simultaneously
the highest voltage gain and current
gain. This explains its wide popularity.

The power gain G is plotted in Fig.
7. It is obvious that the power gain of
the common-emitter circuit is much
higher than that of the other two for
all values of load resistance.

The system transconductance g, and
the transducer gain G, are not shown
plotted, because they depend on both
the load resistance and the generator
resistance. A few words might be said
about them, however.

First, g,., the common-emitter system
transconductance, is higher than either
g Of cg... For all types of input de-
vices, thercfore, with any value of inter-
nal resistance R,, the most current out-
put from the first stage is obtained with
the grounded-emitter circuit. The only
exception occurs when, with a low load
resistance, the grounded-collector circuit

the generator resistance.
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Fig. s, left. How voltage gains varv with load value. Fig. 6, right. Effect of load resistance on current-gain magnitudes.
may have a very slight advantage. But approximate formulas in Tables 1V, V, AC to pass. This reduces our circuit to
for virtually all usable values of load and VI that in Fig. 9.
and generator resistances, the grounded- . lifvi Di Next, replace the dynamic microphone
emitter circuit has higher system trans- Sumplitying Diagrams by a voltage source and an internal resis-
conductance. As promised earlier, we’ll talk about re- tance — say, | mv and 150 ohms. Then,
Second, G,., being proportional to the ducing actual circuit diagrams to the transform this microphone equivalent
square of the system transconductance form of Fig. 1. As an example, look circuit past the transformer. When
gee, is greater than the corresponding at Fig. 8, which shows a two-stage doing this, the voltage source is to be
transducer gains for the other two con- transistor amplifier operating from a multiplied by the turns ratio, and the
figurations. dynamic microphone into a resistance internal resistance by this ratio squared.
The fact that the grounded-emitter load. How do we go about reducing one Since normally the impedance ratio is
circuit is virtually unsurpassed in all of the stages to the form of Fig. 1? given for transformers, find the turns

kinds of gain, and has moderate input

and output resistances, accounts for its

wide use. When selecting a configura-

tion to use, some designers try to match

impedances between stages, or with the

input or output devices; however, there

is no particular point to this, since the |

grounded-emitter case virtually always

gives the highest gain with or without =

impedance matching. ' T
The approximate formulas in Tables

1V, V, and VI correspond, as can be

seen, to special values for the functions.

By looking at the graphs, it is evident

Fig. 8 Complete circuit of a typical two-stage transistor microphone amplifier.

when these approximations are valid, Take the first stage. First, c¢liminate ratio by taking the square root of the

and when they are not. the DC part of the circuit by taking out impedance ratio. Thus, if this trans-

The result of our work in Part 6, the battery, and replacing it with a short former were a 25:1 impedance step-up

then, is contained in Tables I, 11, and I1I, circuit. Next, short out all the capacitors transformer, the new voltage source

or the graphs of these functions, and the which, after all, are supposed to allow would be 5 mv, and the transformed
impedance, 3,750 ohms.

Fig. 7. Maultiplication of current gain times voltage gain gives Now what can we do with the second

ower gain, highest for grounded emtter at any value of load. . . :
4 i for & : f transistor stage? Merely replace it with

its input resistance, as far as the first
stage is concerned. If the second transis-
tor V., has the parameters given above,
this input resistance, 3,000 ohms, can
be found from Fig. 3, or Table I, or
Table IV (since the second transistor’s
load of 2 K is small). Fig. 10 is the
result.

Finally, resistances at the load and
at the input can be combined, as is
usually done, giving the final result of
Fig. 11. The only circuit element left
unchanged is the transistor, so values for

" o — Lol = ]
1 |

. [ A current an«l( voltage gain from Table J
~ = =i are still valid for this stage.
- '—— T e o —— mhp It should be evident that the reduced
a L = DR | ! . I ;
%2 s 20 50 200 500 2R 5K 20K SOK 200K 500K 2M  5M . diagram in Fig. 11 contains much less

10 100 1,000 10K 100K ™ 10M . - . . .
Rg information than the original in Fig. 8
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Fig. 9. First simplification of Fig. 8.

As far as AC operation of the first
transistor is concerned, however, they
are equivalent.

The same thing can be done with the
second stage, of course, yielding the
gain there also.

Although this treatment has been
quick, reducing complex diagrams for
each stage to the form of Fig. 1 is merely
a matter of calculating the equivalent
resistance the transistor “sees” at each
end — and, with a little experience, the
reader will find it quite easy.

For amplifiers involving more than

Fig. 10. Second step of simplification.
one stage, the analysis can be handled
in a number of ways.

First, each stage can be calculated
separately. This is what was done in the
first illustration; the first stage was
analyzed by substituting for the second
stage its input resistance. Then the
second stage could have been analyzed
in the same way, substituting for the
first stage its output resistance, as cal-
culated from Table I. The voltage of
the first stage is just equal to the input
voltage of the second stage, so the final
output voltage is just equal to the prod-
uct of the two voltage gains times the
input voltage, or, alternatively,

Voe=A,.R 18 -..(32)
where R, is the load resistance seen by
the first stage, g,, is the system trans-

T N TR o 0%}
3 " @

}- 1,500
2mV 1,200

Fig. 11. Final version of first stage.

conductance of the first stage, etc. Note
that in both stages the approximation of
the load being very small is fulfilled, so
that the simplified equations in Table
IV can be used.

A second method is to use the equiva-
lent circuits of Part 5 directly. The re-
sult seen in Fig. 12 is quite messy, with
four fictitious generators. In general, it
would be easier to solve the problem
stage by stage, as in the last paragraph.
However, here we notice that, as far
as the first transistor is concerned, the
load resistance is small compared to the

30

18

F +
§ Lhiez {
15 f ' V, {
§C heeda| o Yer g | brele goc Ve
i ,
E & “[hre2Vo2 N J
Fig. 12. Equivalent circuit for Fig. 8 obtained by treating both stages together.

quantity 1/4,.. Since this is true, the
current through the resistance 1/5,, will
be very small, and for practical pur-
poses can be neglected. Similarly, the
quantity 4,, is small, and unless the volt-
age V,, is large, the fictitious generator
on the input can be neglected.

In that case, the circuit is solved
almost by inspection. The input current
I, is just equal to 2 mv/(1,500 +
biw), and the voltage output will be
this I,, times 4, times the load resist-
ance seen. Again, in the second stage,
the feedback voltage source 4..V,. can
be neglected, so it is a straightforward
job to find I,.. Once that is found, the
output current (and therefore the output
voltage) can be found quite easily.

This process of simplifying the equiv-
alent circuits, when the load resistances
are in the correct range, is very useful,
because by removing the 4,, signal
source we are permitted to treat the in-
put and the output of a given stage
separately. It is known as “unilateraliza-
tion,” since it makes the amplifiers #ni-
lateral — meaning the output has no
effect on the input. The elimination of
the reverse voltage generator does the
trick. This is, of course, only possible
when the load resistance is low, or the
generator resistance is high. In the first
case, the value of the voltage gen-
erator is small compared to the voltage
drop across 4., and in the second it is
small compared to the voltage drop
across R,. In these two cases it can be
neglected, and we have succeeded in
isolating the input from the effects of
the output.

It is often not clear in practical cases
which of the two methods above is the
easier. In case of doubt, it's usually bet-
ter to do the analysis stage by stage by
means of the formulas in Table I. On
the other hand, drawing the AC equiv-
alent circuit often helps in understand-
ing the circuit operation as a whole.

It should be emphasized again that
these formulas hold only when the actual
circuit can be reduced to the form of
Fig. 1. In cases where it cannot, the
equivalent circuit is the best bet.

These formulas represent the easiest
method of calculating important quan-
titics relating to individual stages, and
are very important in designing equip-
ment. Having a handy chart of the re-
lations in the tables simplifies much of
the design work.

Next month we get down to more

practical aspects of circuit design, start-
ing with input stages.
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t Tips for the woodcrafter
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A New Finish for Old Furniture

by George Bowe

ERTAIN antique cabinet pieces, such

as dry sinks and china cupboards,
provide excellent housing for some of
the components of a home sound system,
and, at the same time, preserve the deco-
rating style of the room. Much of an
antique’s beauty and value lies in the
finish which should reveal, rather than
conceal, indications of age and use. If
the original finish is in fair condition,
by all means retain it; if it is not, or if
it has been covered by layers of paint
and varnish down through the years, re-
finishing is the obvious solution. If there
is any question in your mind as to
whether the old finish can be salvaged,
try bathing it with the following solu-
tion: to a quart of water and mild white
soap, add one tablespoonful of turpen-
tine and three tablespoonfuls of boiled
linseed oil. Working on one surface at
a time, wash the finish with a soft cloth
saturated with this mixture; then wipe
dry with a clean cloth.

If the finish shows improvement after
the washing, it may be possible to im-
prove it still further with a rubdown of
powdered pumice stone and oil. Use a
thin oil such as No. 10 motor oil,

sewing-machine oil, or linseed oil. Mix
the powder with the oil until it becomes
a light creamy mixture. Apply it to the
finish with a soft cloth or piece of felt,
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rubbing with the grain of the wood.
Rub lightly to avoid wearing through the
finish, especially near the edges. Clean
the surface with a cloth saturated with
benzene. It is surprising how well many
old, neglected finishes respond to such
a washing and rubbing.

Using Paint and
Varnish Removers

If a piece does not respond to the clean-
ing operation, the job takes on a greater
magnitude — that of complete refinish-
ing. This is not the easiest of tasks, but,
with patience and perseverance, the
home craftsman can emerge triumphant
and justly proud. Of course, the first
step in refinishing is removing the old
finish, and this is best left to a com-
mercial paint and varnish remover.
Homemade finish removers using lye
should not be used, since lye can injure
wood surfaces and remain in the wood
to damage the new finish. There are
many commercial removers on the mar-
ket today in liquid, semiliquid, and
paste forms; the semiliquid and paste
varieties are especially suitable for
vertical surfaces where a liquid remover
would run. Some types of removers re-
quire lifting of the finish with a putty
knife after it is loosened; others need
only to be washed away with water.
Here are some general rules applying to
most types of paint and varnish re-
movers:

1) Always follow the manufacturer’s

directions — you’ll get maximum results
from his research. (At this point I can
only think of the old maxim, “When all
else fails, read the directions.”)

2) Work on one surface at a time.
When the remover is applied to too
large an area, evaporation may cause
the remover to harden before you have
had a chance to work on it. If this
should happen, apply a second coating to
remove the first.

3) When using a remover outdoors,
keep the work in the shade to prevent
an excessive rate of evaporation.

4) If the finish consists of multiple
layers, don’t expect to remove all of
them with one application. Apply the
remover as many times as necessary.

5) Don’t rush— allow the maximum
time indicated in instructions for the re-
mover to work.

6) Adhere to all safety precautions
indicated on the container concerning
yourself, your clothing, and the work
area. Do not use flammable removers
near an open flame or electric heater.
Should a drop of remover get into the
eye, wash it out immediately with plenty
of water.

7) Wear rubber gloves and old work
clothes. Cotton gloves have a tendency
to pick up the old finish being removed,
so they should not be worn.

8) When working indoors, use
several layers of newspaper to protect
the surrounding area.

Continued on page 46
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Multiconductor Cables

Any cable connecting one piece of ap-
paratus to another must be flexible
and as breakproof as possible. It is
important, when making up cables, to
use suitable wire.

Always use stranded wire. Solid wire
is not so flexible and will break if it
is bent enough. If the cable is going

Incorrect and correct ways of lacing
cable. Always nse regular lacing cord.

to have to bend sharply, around a cor-
ner or next to a clamp holding it down,
for example, even normal stranded wire
will not be good enough. In such
cases special “limp” test-lead wire should
be used.

If voua make up the cable yourself,
hold the wires together with tape or
lacing cord. Don’t use string, but in-
vest in regular lacing cord; it is spe-
cially waxed to hold up under a break.
Strong fishing line is a fairly good sub-
stitute, except that it is slick.

When using lacing cord, be sure to
use the correct knots, so that if the cord
breaks at any point it will not unravel.
The illustration shows the right and
wrong ways to tie the cord.

Paul Penfield, Jr.
Brookline, Mass.

Pickup Lifter

One of the penalties of graduating from
a record changer to a precision turntable
and pickup arm is the nerve strain of
putting the pickup down on a record and
lifting it off at the end. Every one of
us must have be n clumsy on some oc-
casion or other and skidded the needle
over the grooves. What is needed is a
device to raise the arm by remote con-
trol so that it can be positioned while
clear of the record surface. The solu-
tion is at hand in the form of an ordi-
nary lipstick holder.

The ' drawing shows the idea adapted
to suit my Leak pickup arm mounted on

32

a Connoisseur turntable. The lipstick
holder was cut down to 7g in. high with
a fine hack saw. The arm support
and operating lever were cut from 14-
inch Plexiglas. A movement of the 9-
inch-long operating lever through 15°
or less (it stays within the boundaries of
the turntable), lifts the pickup head
about V4 in. clear of the record surface.
Weldwood cement holds the lipstick-
holder base to the turntable platform.

_— )
e SOLDER TO J
s OUTER SLEEVE

How lipstick holder can bhe fashioned
into a device for lifting phono pickup
arm. Arm support and operating lever
are made from Vg-inch-thick Plexiglas.

\With more clearance available at the
side of the turntable, an alternative solu-
tion would be to mount a full-size lip-
stick holder to one side of the pickup
base and use a drop arm to do the lift-
ing.

Charles M. Wells
Toronto, Ont.

Chassis Layout

Perhaps the least attractive task which
confronts the enthusiast who constructs
electronic equipment at home is that of
cutting the necessary mounting holes in
metal chassis bases. The appearance of
hand-operated punches in many sizes
and shapes has done much to reduce the
work involved. In particular, the advent
of commercially fabricated aluminum
chassis bases and enclosures has been a
special boon to the home constructor.
This material is a preferred chassis meral
becausc of its desirable electrical prop-
erties, such as good shielding and low
resistance, and also because it is so
easily worked. It is capable of present-
ing a ncat finished appearance which
will not rust or tarnish.

As supplied by the manufacturer,
these aluminum bases have a smooth sur-
face finish, and it was with the intention
of preserving this finish that my atten-
tion was directed toward suitable layout
techniques. Some of the ideas evolved
may be of interest to others.

While arranging parts in the search
for a suitable placement, it is worth
while to protect the chassis with a paper
covering. Once the proper placement has
been determined, however, greatest ac-
curacy in layout can only be achieved
by marking holes and cutouts on the
chassis itself. The problem resolves it-
self into one of finding a marking
method which will not injure the alu-
minum surface.

Obviously, layout with a scriber or
other means of scratching lines into the
chassis must be ruled out because of the
damage inflicted on the surface. A
logical marking material would seem
to be an ordinary lead pencil. Pencil lay-
out has the advantage of producing a
sharp, clearly dcfined line on aluminum,
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but unfortunately it leaves a graphite de-
posit which is difficult to remove. It is
possible, of course, to remove the graph-
ite by erasure or by polishing the alu-
minum with steel wool or abrasives,
but this defeats our purpose since it
alters the surface finish.

The obvious solution to the problem
will be found in a marking pencil which
will leave a sharply defined line, and yet
be more easily removed. The ideal an-
swer presented itself in the form of
colored pencils, which are readily avail-
able in many brands, including Eberhard

colored pencil
will not scratch aliminum surface and

Laying out a chassis:

lines wash off with soap and water.

Faber’s Colorbrite line. The red and blue
colors, in particular, make a good con-
trast with the aluminum. The pencils
can be easily sharpened to produce clear
layout lines. The deposits left on the
chassis after the layout and hole-cutting
operations are completed can be removed
by washing the chassis with soap and
water. After drying, the exterior of the
chassis can be sparingly sprayed with
clear lacquer, such as that available in
convenient aerosol spray bombs. This
will protect the chassis surface and pro-
vide a finish that is easily dusted and
cleaned. The finished chassis will retain
all of the ncatness and beauty posscssed
by the original unworked surface.
Maurice P. Johnson (W3TRR)
Baltimore, Md.

Turntable Mounting

Turntables are often mounted on springs
which are supposed to absorb motor vi-
brations. In some cases this is not
particularly effective, especially if the
motor is mounted rigidly on the base
plate and not suspended from shock-
absorbing mountings. In this case, the
purpose of the springs may be defeated
and the turntable subjected to vibrations
which cannot be absorbed (in fact, they
are sometimes aggravated) by the
springs on which the turntable is sup-
posed to float. These vibrations are then
transmitted to the pickup and appear in
the speaker as trembling distortion or
flutter.

In my experience, the remedy has
been to do away with the springs al-
together and to mount the record player
rigidly on a heavy plywood base of at
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least 34-inch thickness. This base should
also be supported firmly by substantial
mounting strips in its cabinet, possibly
even screwed down on them.
John J. Stern, M.D.
Utica, N.Y.

Speaker Panel

The sketch shows a cheap way of mak-
ing a practically resonance-free front
panel for a speaker enclosure. The ma-
terials used are common and easily
worked. Two things should be kept in

WEATHER STRIPPING FELT 1/4”THICK
GLUE TO FRONT AND BACK PANELS
\

174" STOVE BOLTS WITH NUTS AND
WASHERS IN 174" CLEARANCE
HOLES DRILLED THRU FRONT,
PLASTER BOARD,& REAR PANEL

WOOD STRIP ALL AROUND
THICKNESS TO SUIT PLASTER BOARD THICKNESS

GYPSUM OR PLASTER BOARD
ABOUT 378" OR /2"

I /e REAR PANEL
—1y2 w
FRONT | PLYWOOD
PANEL
SPEAKER
sToOVE
aoLTs
PORT AREA
e —

Front panel of gypsum-board-lined loud-
speaker enclosure. Entire enclosure
can be constructed of same materials.

mind: the wood strips should be in-
stalled so that they do not come in con-
tact with the rest of the enclosure, and
the same type of construction can be
used for the entire enclosure.

A plaster or gypsum-board-lined en-
closure will act practically as a sand-filled
enclosure. The enclosure will be vir-

AUDIO AIDS WANTED
That's vight —we’ll pay $s.00 or
more for any short cut, suggestion,
or new idea that may make life easier
for other AUDIOCRAFT readers, and
which gets published in onr Audio
Aids department. Entries should be
at least 75 words in length, and ad-
dressed to the Audio Aids editor. No
limit on the number of entries.

tually resonance-free, but not so heavy
as a sand-filled unit.

The sketch shows a port area which
may or may not be there; in other words,
the board should be cut “to suit.”

Herbert J. West
New York, N.Y.

Chassis Punch

Reference is made to Lt. Loue Stock-
well's “Poor Man’s Chassis Punch” in
“Audio Aids” last May.

1 believe Lt. Stockwell omitted an im-
portant point. Most hole cutters have the
adjustable cutter mounted at right angles
to the vertical, and it is dithcult to adjust
this to the proper diameter of the hole
required. The procedure can be simpli-
fied by drawing a circle of the correct
size on a block of wood with a compass.
Then drill a pilot hole through the block
at the center of the circle. It is then
simple to adjust the cutter to contact the
lead-pencil line on the wood block.

R. H. Watkins
Winona, Minn.

Tape-Recorder Wow

Slowdown and intermittent wow in tape
recorders are often caused by the glazing
of the rubber tires on the idler pucks.
These components should be replaced
at the earliest opportunity, but a credit-
able job of removing the glaze can be
accomplished, with the pucks in place,
with a cylindrical grinding wheel
mounted in a small electric drill.
Remove the panel of the recorder and
arrange the pucks so they rotate freely.
The trick is to avoid making flat spots
on the tires. Hold the grindstone axis at
about 30° with reference to the idler's
axis. In this way, the idler will be ro-

HITHARA

IDLER PUCK

Y

MOUNTED
STONE’

Gluze on tupe-recorder idler pucks can
he removed with cylindrical grinding
wheel mounted in small electric drill.

tated rapidly by the grinder while it
cuts away the glaze and leaves a fine-
toothed surface. Cut just enough to
remove the glaze. Be sure to use the
grinder in such a position that the
crumbs are thrown away from other
components of the drive mechanism.

R. L. Browning

Texas City, Tex.
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BASIC ELECTRONICS °

N the first half of this chapter, pub-

lished in the preceding issue, the
subject of triode amplifying tubes was
developed up to the point at which an
amplified outpur signal was obtained at
the plate. A G]5 tube, with an amplifi-
cation factor of 20, was chosen as an
example of a typical triode. With a
360-volt B-l- supply, a load resistor of
25 K, and a bhias of 4 v, the actual
voltage amplification or gain was just
over 15.

At least two matters may be puzzling
readers at this point. First, we had
demonstrated earlier in the chapter
(using the 6]5 plate characteristic
curves) that, with a fixed 160 v on the
plate, a grid voltage of —8 v with re-
spect to the cathode would reduce plate
current to less than 1 ma. Under the
same conditions, zero grid voltage with
respect to the cathode would produce
a plate current of 20 ma. In our ampli-
fying-stage circuit used later (Fig. 6,
reproduced here) the quiescent plate
voltage is also 160 v, since under no-
signal conditions there is a voltage drop
of 200 v in the plate load resistor. Yet,
when the input signal's positive swing
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Fig. 6. Amplifier circuit for a triode.

made the grid reach zero v with respect
to the cathode, it was stated that the
plate current would be only 10.5 ma;
and when the input signal’s negative
peak made the grid 8 v negative with
respect to the c~thode, we said that the
plate current would be 5.6 ma. Why the
difference?

Second, it was pointed out that
changes in the grid voltage have 20
times as much effect on plate current
as changes in the plate voltage for a
6]5; that is, the amplification factor p
is 20.' @t 1s changes in the plate current
that produce changes in the voltage drop
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across the plate load resistor, and these
voltage changes represent the output
signal. Why, then, was there an actual
amplification of only about 157

These superficial anomalies are really
two results of the same process, arising
because the tube is not a perfect ampli-
fiecr. Recall that the plate voltage does
have an effect on plate current— not so
great an effcct as grid voltage, to be
sure, but still appreciable. Now, when
the grid signal goes in a positive direc-
tion, it increases plate current; the in-
creased plate current causes a greater
voltage drop across the plate load re-
sistor, lowcring the plate voltage, and
that tends to reduce plate current. When
the grid signal goes in a negative direc-
tion it decreases plate current, which de-
creases voltage drop across the load re-
sistor; that increases the plate voltage,
which tends to increase plate current.
The presence of the plate Joad is neces-
sary to develop an output signal, but it
is a peculiar fact that its presence also
causes the plate voltage to swing in a
manner such that it always opposes the
effect of the grid-voltage swing. Con-
sequently, plate current does not change
nearly so much in the circuit of Fig. 6
as it would if the plate voltage were
fixed, for cquivalent input-signal swings
at the grid. The tact that the grid voltage
has smore effect on plate current than
the plate voltage is what permits opera-
tion of the tube as a voltage amplifier;
if it did not have a greater degree of
control, the opposing action of the plate-
voltage swings would defeat the grid-
swing action entirely.

The moderatcly complex nature of
the plate characteristic curve makes it
quite difficult to describe mathematically,
with completc¢ accuracy, how a vacuum-
tube amplifier circuit will behave. For-
tunately, however, graphical solutions
and equivalent circuits can provide not
only useful design information but as-
sistance in the process of visualizing
what actually happens in such circuits.
The graphical solution involves a chart
of the plate characteristic curves, which
we have already encountered, and a load
line. Fig. 9 repeats the 6]5 plate-voltage
plate-current curves seen first in Fig. 5,
with a load line superimposed. This load

by Roy F. Allison

line represents all possible plate-voltage
and plate-current values for a B--
supply voltage of a given valuc and for
a load of a given resistance value. For
consistency we have plotted this load
line to correspond with the conditions
of the previous example: 360 v B+~
and a 25-K plate load.

The load line could have been ob-
tained in many ways, depending on cir-
cumstances. Taking the line of reason-
ing we adopted previously, we wanted
to operate around the 4-volt bias point
with 160 v on the plate at that point.
This fixes one point (point A) on the
load line. We've said that the B+
supply is 360 v. Another point is fixed
by considering one extreme condition
of plate voltage; that at which the tube
is completcly cut off, not conducting at
all. At this point the plate voltage is
360 v and the plate current is zero, and
this is shown as point B on the chart.
Drawing a line across the chart through
points A and B gives us our desired
load line, which (as we calculated pre-
viously by other means) corresponds to
a plate load of 25 K. To check this,
consider the other extreme of plate
voltage: that when the entire B voltage
would be developed across the load re-
sistor, in which case the plate voltage
would be zero. The plate current then
would be the same as if the load resistor
were directly across B- 360/25,000,
or 144 ma. We note that the load line
does indeed go through the zcro plate-
voltage line at 14.4 ma. This is labeled
point C on the chart. Then, to calculate
the value of bias resistor needed, we note
that 8 ma plate current flows at point
A, for a bias of 4 v. The cathode resistor
must be 4/.008, or 500 ohms.

Alternatively, we might want to try
various values of load resistor to sce
which is best for a given set of circum-
stances, or we may want to analyze an
existing circuit. In either case we should
calculate points B and C, and then draw
the load line between them. This pro-
cedure is valid becausc the simple equa-
tion defining voltage drop across a re-
sistor in terms of current through it
is a linear onc; that is, it produces a
straight line when plotted on a chart
such as that in Fig. 9. Anv two points
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Fig. 9. Load line drawn on plate characteristic chart |or a 6]s5. Fig. ro.

on a straight line, of course, are suihi-
cient to defin¢ the linc.

Now let us look into the significance
of this load line. We have seen that the
line shows all possible plate-voliage and
platc-current values that can cxist with
that spccitied load and B supply. The
line also crosses the individual curves on
the chart at fairly regular intervals which
correspond to the various bias values.
Thus for any particular voltage between
grid and cathode, we can find the cor-
responding plate voltage and ylate cur-
rent merely by looking at the proper
point on the load line. If our bias
has been fixed at point A, tor cx-
ample (4 v), the plate voltage must
rest at 160 v with no input signal. As
an input signal on the grid swings posi-
tive, platc current increascs and plate
voltage decrcases along the load line
upward and to the left; if it swings as
far as 4 v positive, the instantancous
values ot plate voltage and plate cur-
rent are shown at point D, where the
zero grid-voltage line crosses the load
line. The point is at 10.5 ma plate cur-
rent and 97 v plate voltage. Swinging

v down from A, the input signal would
reduce plate current and increase plate
voltage to point E on the load line,
where the 8-volt bias curve crosses. At
that point. plate current would be 5.6
ma, and plate voltage would ke 220 v.
Thesc are the values obtained previously
for our example circuit, and this is the
method by which they were found.

Ideally, the load line should cross the
incremental grid-voltage curves at pre-
cisclv cqual intervals throughout its
length. If it Jid, the changes in plate
voltage would alwavs be cexactly pro-
portional to the input signal variations,
and the output signal developed at the
plate would then le free of distortion.
Unfortunately this ideal is never per-
fectly realized: in our example a 4-
volt positive grid swing produced a
plate-voltage chunge of 160 — 97, or
63 v; a 4-volt negative grid swing pro-
duced a plate-voltage change of 220
160, or 60 v. The imhalance in output
represents  even-order harmonic  distor
tion. Odd-order distortion shows up as
nonproportional amplification on both
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swings. And since the intervals of cross-
ing points generally become¢ more
crowded together at both ends of the
load line, it is apparent that the distor-
tion will incrcase as the output signal
increases in amplitude.

It is evident from Fig. 9 also that
the bias point may not have becn well
chosen tor all purposcs; moving it down
on the load line would certainly permit
a larger signal to be handled, for in-
stance, although that might increase the
distortion  for small signals. It even
appears unlikely that the best possible
load has becn selected. A 50-K or 100-
K plate load resistor. which would yvield
a load line of less slope, would probably
furrish greater voltage gain, lower dis-
tortion. and greater signal-handling
ability. Fig. 10 shows comparative load
lines for 25, 50 and 100-K plate load
resistors, with a 360-volt B supply. An-
other consideration in selection of a load
line is that the tube voltage and power
ratings must not be excecded. Crow-
hurst* gives more detailed discussion to
load lines for voltage amplificrs, and
their selection for specific applications.

The AC cquivalent circuit of an am-
plitving stage is helpful in explaining
its operation in a physical sensc as well
as mathematically. Consider Fig. 11, the
schematic diagram of our familiar cir-
cuit, with the parts’ values filled in.
This has the normal cathode bias resistor
and bypass capacitor, which in combina-
tion maintain a stcady DC bias potential
on the cathode regardless of signal
variations. So far as the AC signal is
concerncd, the situation is identical to
one in which the cathode is grounded
and an equivalent negative DC bias is
maintained on the grid, around which
the input signal fluctuates. The bvpass
capacitor is usually made large enough
so that this situation is maintained for
all signal frequencies of interest.

This part of the circuit, accordingly,
can be replaced by a generator producing
an AC voltage equal to the input signal
voltage times the tube's amplification
factor, or pe. We know that any
*Norman H. Crowhurst, 'Designing Your Own
Amplifier.” AUDIOCRAFT. I ( March 1956. p. 20:

Apr. 1956, p. 25; May 1956, p. 21;: Jul. 1956, p
19: Sept. 1956, p. 28)

240 320
PLATE VOLTAGE ,VOLTS

Comparison of load lines for 25 K, so K, aund 1vo K.

voltage source has an internal resistance
that s effectively in series with the
source; in this case, it is the AC plate
resistance of the wtube, R,. The tube and
its plate resistance (nominally abour 7
K for a 6]5) can be replaced in the
AC equivalent circuit by the amplified
voltage source we, and the 7-K resistor

ey S Cc.054FD
forrmas -
t [ OUTPUT
_'/N\Pm - R Rg %
eg\}' Rk —41 25K 470K €o

1
W

33
<%

Fig. 11. Single triode amplifier siuge.
Note that output signal is drawn incor-
rectly; it should bhe exactly inverted.

labeled R,. These appear to the left
ot the dashed-line box in Fig. 12.

The plate load resistor is connected
between the plate and B}, Fig. 11,
but so far as AC is concerned, B+ is at
ground potential. In our AC equivalent
circuit, thercfore, we show R, connected
between plate and ground.

The coupling circuit consisting of C
and R, is uscd only to isolate the DC
voltage at the tube plate from the output
circuit, while passing the AC output
signal vartations on. For normal AC
signal frequencies, then, the coupling
capacitor can be considered o be a per-
fecct connection between the two re-

sistors. It tollows that 1n our AC
Rp =
1 7K i R
Ry Rg 1o
/48 25K 470K Y
s ol |
. TTXRr
Fig. r2. Equivalent circuit for Fig. 11.

cquivalent circuit (Fig. 12), R, is in
parallel with the plate load resistor. And
tor AC purposes, the output signal is
developed across the parallel combina
tion of R, and R,. This combination
1s in serics with the source voltage and

Continned on page 45
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by ED MOTTERSHEAD

ABOUT ten years ago my wife and I
were happily listening to regular
radio broadcasts of good music and
otherwise enjoying ourselves like most
people in the pre-TV and pre-hi-fi era.
Then one day a newspaper friend of
ours brought home a mechanical hand-
crank phonograph for his daughter, age
seven.

He also bought several albums of
Bach, Beethoven, and similar “good”
recordings, which he proceeded to play
on this monstrosity with vast delight, in-
sisting that all his guests listen to the
third movement, the string quartet, or
whatever, when the best anyone listening
could do was to suffer through an inter-
minable series of strangled sounds and
leave the party early.

But we were hooked. Music on
records opened up a whole new world
to us, so we spent months shopping in
music stores. We finally picked out a
good commercial make in the slightly
over $500 range, with AM and FM, a
78-rpm turntable, and what were cuphe-
mistically billed as two 12-inch coaxial
speakers. We even got a really good
piece of blond oak furniture in the deal.

In the meantime, our other friends

a multiwoofer horm system

Rear view of coffin in upright position, showing spacer strips on the back panel,
glue strip at top front edge, and four triangular braces for enclosure top panel.

were buying various hi-fi components
and talking woofers, tweeters, record
compensators, preamps, Williamson cir-
cuits, chokes, filters, and what not— and
building speaker enclosures of all sizes
and shapes. Because we had a large
basement, table saw, and drill press, we
were subjected to construction projects
for bass-reflex cabinets, Jensen corner
horns (referred to as the potato bin),
Karlsons, and, finally, the big Klipschorn.
Through all this we patiently drilled
holes and screwed screws for our friends,
listened to their crossover networks,

The four-speaker {'esonating chamber, or coffin, fully assembled. This is inverted
in relation to its final position in the enclosure. Note double brace in the center.

and played our records on our Magna-
VOX.

In despair, one friend finally forced a
$10 record compensator and a $9 pre-
amp on us, together with GE cartridges.
Another friend produced a surplus Pick-
ering. Eventually we wound up with two
Pickering cartridges with diamond styli,
but no fancy amplifiers or fancy speaker
enclosures.

In the course of time, several of the
outmoded, discarded, or otherwise sur-
plus speaker enclosures came to rest in
various corners of the living room,
kitchen, and basement. This gave us a
wired-for-sound effect, but we were still
without hi fi in the proper sense.
Finally, I succumbed. My wife and I
part company at this point in the story;
she has always been content simply to
listen to music and enjoy it without
worrying about high and low frequencies
or anything cxcept too many decibels.

For some months I haunted the several
hi-fi salons in Chicago, bought plans for
speaker enclosures (none of which got
built), attended the audio shows, and
behaved in the accepted manner of the
neophyte high-fidelity fan. During this
period, a spot of horse trading also left
us in possession of most of the pieces
of a prewar Capehart, complete with
unmanageable magic changer, two speak-
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ers, two amplifiers, a nonoperative AM-
FM tuner which still baffles us, and as-
sorted Joose pieces. Just for kicks I
rigged up the two amplifiers and two
speakers from the Capchart in a crude
lumber frame sitting in the living room
on top of the Magnavox. This gave us
essentially four 12-inch speakers and
sounded twice as good, at least twice as
loud. My wife put up with this in the
interests of peace in the family and even
admitted that it sounded “tremendous”
(female talk for too loud).

At this point the old question came
up of what to do really to improve the
rig so it would sound as | wanted it to
sound. Study and examination of various
catalogues, plus field study of com-
ponents on display and in action, brought
us to the dreadful total of $1,300 net
cost, with no tape or binaural sound,
vet. This merely put us wher¢ we were
with enough improvement so you could
hear it instcad of talk vourself into it

The four speakers blaring away in the
living room also presented a challenge.
If they sounded good now, how would
they sound in an enclosure? Where was
a multiple-speaker horn?

Klipsch had a design for a two-speaker
corner horn. Jensen had an old design
allowing for one 15 or two 12’s. Some
80 to 100 hours of arithmetic, curves,
and assorted drawing-board exerciscs

Four sheets of 4-by-6 plywood, 34 in. thick, can be cut according to the patterns
below to make all pieces for multiwoofer horn enclosure excepting some glue strips.

- 12 e

OF SPEAKER
CHAMBER

I
—— A

Above, detail of back coffin panel with
slot dimensions. Right, a side view of ‘
the rear-loading born assembly, showing
interior construction in  each section.

produced a design for an enclosure
which, checked over by bonafide audio
engineers, looked as though it would
produce acceptable sound using the four
availakle speakers. The only trouble was
that the thing used up six 4-by-8 sheets
of 34-inch plywood, and would end up
weighing in the neighborhood of 450
Ibs. Since we already had four daven-
ports and a piano in our 21-by-33-foot
living room, another object the size of
a piano seemed too much.

In the Klipsch line there is also a
small corner horn for one 12-inch
speaker: a box roughly 12 in. from
back to front, and about 20 in. high.
Having built around a dozen of these |
with my friends, and knowing that they
sounded reasonably good, 1 thought it
might be worth while to try something '

—— 35 374~

essentially the same, but with capacity
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Resosnating chamher and sop panel of enclosure glued and screwed together.
plviwood was nailed to back edges of triungulas braces, and scrap picces of plywood
were alluched 1o each end. to serve us lemiporary guides im pasitioning top panel.

for the four speakers available. The re-
siit was the coifin, shown in these draw-
ings and photos.

The original speaker back chamber
dimensions were increased to allow for
a 15-inch speaker and multiplied by
four. This was arbitrarily reduced a bit
because the available space in the corner
window of the room set an outside limit
of 65 in. horizontal length. The result,
shown in the plan, provided a gross
valume of approximartely 7,843 cu. in.
with space front-to-back and in width
ot speaker bourd to allow tor installation
of any of the available hi-fi 15-inch
SPELKCrS.

Slot area in the rear of the back
chamber wus increased to provide tour
slots 915 bv 34 in. on the inside ot
the chamber. with an ourward flare
through the rear panel to 10 by 1 in.
Travel of sound waves from the rcar ot
the speakers was held to 17 in. the same
as the small unit used as the base for
the calculations.

Dimensions ot horn flare were taken
off one side of the model corner horn,
doubled, and the entire horn built on

Partially completed lower assembly. The 4-bv-4 timber corner sufiporss ae in pluce
ai each end sectson, with center section ready for the third. Note glue strips at
euds of the hornu-panel braces; final step is installation of the large horn panel.

one side. This object is horizontal in
design; the four speakers are mounted
in a line, and the horn mouth is at the
bottom.

The result is a noncorner corner horn
sitting in the corner ot the room. Total

[ P
qhoeys2-
|
Detail of grille
cloth framework.
-
" )i
| >
|
g

cost for materials is abour $40. This in-
cludes four 4-by-G-foot sheets of 35
inch plywood, 114- and 134-inch screws,
cascin glue, 2 yards of open-weave dra

4, ]

The upper und lower assemblies combined. Now the reason for adding top panel to
the coffin is apparent: this very beavy wunit simply vests in place while it is firnly
aftached to lower assembly, Two speaker mounting boards simplify installation too.

pery material for grille cloth, lengths of
15-bv-34-inch material for the grille
trame, etc. A cutting plan tor the ply-
wood picces is included herewith.

Both speakers from the old Capehart
had extremely heavv magnets. The 12
inch speaker scaled around 30 lbs, and
the 14-inch speaker weighed 1n  at
around 50 ibs. I was a bit worried
about the center of gravity, with the
spcakers in the upper part of the works,
so I used a length of 4-by-4-inch timber
cut into three sections as rear glue blocks
to hold the back and bortom rogether
and to provide some ballast. It also
provided a truly square joint at that
point, which was helpful in straighten-
ing out the built-in warp of the back
panel.

AC grade 34-inch plywood, good one

Continued on page 43



HE luckiest, if not the most decisive,

of my carliest aural experiences was
a simultancous introduction to the elec-
trifving world of symphonic sound and
the fascinating, mysterious realms of
“new” music. Although i1t was more
vears ago than I like to count, I've never
forgotten that when I played hooky
from high school for my very first Fri-
day afternoon students’ rush-line Boston
Symphony concert, even the dramatic
impacts of Becthoven's Egmont Overture
and Emperor Concerto (with no less a
star than Josef Hofmann) made a less
overwhelming impression on me than
those of Debussy’s 1/éria and — most of
all — Schreker’s Prelude to a Drama.
This last piece, a then-characteristic
example of post-World-War-I modern-
ism, post-Straussian and post-Puccinian
eclecticism, has long since passed into
undoubtedly deserved obscurity, but I
shall always cherish its memory as an
intoxicating appetizer to the feasts of
mor¢ substantial contemporary music [
was to rclish later during the Monteux
and Koussevitzky regimes at Symphony
Hall.

Of coursc young listeners of today
are still luckier in having easier access
to an infinitcly wider range of orches-
tras, conductors, and repcrtory, all of
which may be reheard at will and studied
in detail on records at home. Yet I
fecl that their sonic coming of age is
more handicapped than mine was by too
thorough, if not exclusive, grounding in
the standard masterpieces. For the later
in one’s musical experience radically
new music is cncountered, the less
readily it is likely to be accepted and
the more conscious one is sure to be
of its dithculties. By the very nature
of things, only a small fraction of any
period’s compositions achieves genuine
stature, and the morc¢ discriminating a
listencr’s tastes become, the less patience
he has for frankly experimental writing.
So it is almost inevitable that cven in
these days, when contemporary com-
posers are more liberally represented on
records than ever before, they still com-
mand the intensely interested attention
of only a small proportion of the poten-
tial audience, while many of the most
active record collectors tend to ignore
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such discs entircly or to sample them
only rarely and reluctantly.

Nowadays, indeed, I find myself much
less ready than I used to be to rtackle
the new and unknown, largely because
I've learned by experience that many
such ventures turn out disappointingly.
But what a ridiculous arttitude that is!
And now that I find myself with several
month’s accumulation of contemporary-
music recordings which I've been timid-
Iy postponing listening to, I've resolved
to devote an cntire column to them —
and in so doing relearn for myself the
old lesson that shouldering a worthwhile,
if unappetizing, duty always has its own
rewards as well as its rigors. After
all, there should be nothing — absolute-
ly nothing — in organized sound weav-
ing which isn’t of some interest to every
enthusiastic and open-minded audio-
phile. This month’s listening chores ad-
mittedly have been boring at times, but
they also have had their great moments
of delighted excitement. And if I've
emerged with comparatively few works
which 1 can recommend unreservedly,
I'm more than ever convinced that the
task is well worth attempting, cven with-
out the pressure of professional duty;
and that even in boredom onc’s listening
horizons may be usefully expanded,
while the rare precious discoveries be-
come all the more valuable for one’s
having had to work for them.

First, the Orange Juice . . .

But if vou're as willing to search for
challenging music as you are for pro-
vocative sounds alone, I suggest that
you get off to the easiest possible start
by beginning with the most promising
or at least the most uncontroversial mate-
rials, Since it is assumed that this
column is concerned primarily with
novel or unusually distinctive sonic
qualitics and the best of present-day
hi-fi recordings, an ideal choice is a
pair of divertissements in which the
music itsclf isn’t new at all (going back,
indeed, to Rossini in his most diverting

anciers’ Guide

by R. D. DARRELL

and entertaining veins). The novelty
resides in the ingenious orchestrations
with which a contemporary British com-
poser has dressed up in gorgeous hues
basically simple melodies and rhythms:
Britten’s Matinées and Soirées musicales.
These have been recorded before with
considerable popular success and, in
some cases, with perhaps less selt-con-
scious gusto than Boult demonstrates in
Westminster's coupling (W-LAB 7055),
but never with more glittering, vet un-
exaggerated, recording or with finer au-
thenticity to the varied percussive
timbres exploited here so piquantly by
Britten at his most imaginative.

The short Eighth Symphony by
Vaughan Williams, for all that it is a
brand-new composition making its first
recorded appearance in Barbirolli's com-
poser-approved Hallé Orchestra perform-
ance (Mercury MG 50115), is scarcely
less problematical musically and equally
enticing sonically, since the composer
here seems less concerned with the in-
tricacies of symphonic form as such than
with the combinations and permutations
of symphonic tone-color potentialities.
His jaunty second-movement Scherzo,
for example, is spicily scored for wind
instruments alone; the nostalgically lyri-
cal Cavatina, which follows, for strings
only; while the final Toccata is a kind
of éwude on bell motives exploiting a
wide variety of percussion instruments.
There is nothing unusual, of course,
in a present-day composer’s making the
most of “all the ’phones and ’spiels”
he knows, but few younger men have
used them more expressively than the
83-year-old Briton. In comparison, the
richly impressionistic Bax Garden of
Fand overside seems static and over-
sweet, and Butterworth’s Shropshire Lad
a strange mélange of Wagnerian har-
monies and English folk idioms. Yet
this last tone poem &so has a tender
poignance which is hard to resist, and
throughout the recording is not only
impeccably bright and transparent, but
happily free from the excessive “spot-
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lighting” characteristic of some earlier
releases in the Olympian series.

Still in modern-but-not-modernistic
domains are Kodaly's lusty Hdry Jinos
Suite and rhapsodic Galanta Dances, of
particular pertinence here in that their
catchy tuncfulness is so kaleidoscopically
enhanced by the most ingenious of twen-
tieth-century  scoring and —in their
Rodzinski versions — by some of West-
minster’s most brilliant recording, espe-
cially notable here for the superb cim-
balom sonoritics in the suite. I called
delighted attention to this some months
ago in the W-LAB 7034 LP (where it
was coupled with Night on Bald Moun-
tain), but it is a pleasure to repeat that
praise for the every-bit-as-impressive
taping (Sonotape sw 3003), in which
the Mussorgsky tone poem is motre ap-

propriately replaced by the Gulanta
Dances originally issued on W-LAB
7020.

Equally impressive technically (and
perhaps even more dramatic from the
drum-biased hi-fi fan’s point of view)
is Barték’s Sonata for Two Pianos and
Percussion. While the musical idioms
here may be enigmatic to some ears,
they are made more attractive than usual
both by the fascinating nuances of per-
cussive timbres and the surprisingly ex-
pressive reading by British soloists under
Richard Austin's direction (Westmin-
ster XWN 18425). I miss some of the
starker force and harsher impacts of the
old Dial LP performance, but the re-
cording here is far supcrior, and for
good measure there is a bonus coupling
of the Contrasts for clarinet, violin, and
piano, less biting but scarcely less rol-
licking here than in the earlier Peter
Barték 906 LP.

. . . Then, the Cod-Liver Oil!

Another now-standard modern master-
piece, which for many listeners repre-
sents one of the most substantial and
approachable achievements of contem-
porary composers, is Hindemith’s Mathis
der Maler. But here is where I fall out
of step with the parade, for while there’s
certainly nothing especially “difficult”
about this music, it's far too lugubrious
and lacking in humor or grace for my
taste. Steinberg and the Pittsburgh Sym-
phony (Capitol P 8364) make more
of its monumentalities than do most
earlier interpreters (including the com-
poser himself), but for me the added
sonority and weight of both the present
performance and +he notably strong, bold
recording merely italicize the work’s pre-
tentiousness. Nor can [ muster much
personal interest in the highly acclaimed
Toch Symphony No. 3 overside, which
strikes me too as overly ambitious in its
treatment of rather inconsequential ideas
—although I must admit that strictly
as an audiophile I did relish some of the
instrumentation “innovations, particular-
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ly the ingenious bell-like use of the
vibraphone and the augmentation of
normal symphonic sound effects by a
compressed-air “hisser.”

Although perhaps no contemporary
composer writes in the chamber-music
forms with greater craftsmanship (or
with more thorough understanding of
individual instrumental idiosyncrasies)
than Hindemith, again, almost every-
thing of his since the delicious early
Kleine Kammermusik for wood winds
commands only respect without affection
from me. Those who feel differently,
however, should find much to enjoy in
Concert Hall ¢cHs 1250 and Unicorn
UNLP 1028, since these two LP’s offer
a representative cross section of Hinde-
mith’s enormous sonata output: four
works (for trumpet, clarinet, bassoon,
and viola) on the former disc; two more
(for English horn and oboe) on the
latter, all with piano accompaniment.
Each of these is a valuable sonic docu-
mentation of its starred instrument’s
techniques and colorings, but in the first
group only the viola sonata is really
satisfactorily played (by Tursi and
Echaniz) and recorded; the English horn
and oboe sonatas are far superior in both
respects. Yet even here, 1 relish the
superb playing of Louis Speyer far more
in the less serious (indeed, ironically
witty ) Oboe Sonata by Henri Dutilleux,
and most of all in the G-minor Sonata

credited here to Bach. Actually it was
written for violin or flute and probably
by one of Johann Sebastian’s sons — but
who cares? In the brightly recorded
bitterswect tones of Speyer’s oboe and
Daniel Pinkham's glittering harpsichord
this vivacious music provides a baroque
interlude of sheer delight.

Returning to contemporaries: Henry
Cowell’s obsession with early American
hymns and country-dance tunes gives
his orchestral works (like those of Virgil
Thomson) special appeal for listeners
who consider most present-day composi-
tions lacking in sheerly melodic attrac-
tions. They should enjoy his Symphony
No. 10, Hymn and Fuguing Tunes Nos.
2 and 5, and Ballad (played by Adler
and the Vienna Orchestral Society, Uni-
corn UNLP 1045). I certainly do—
although I regret that there is not more
sonic variety in Cowell’s somewhat con-
servative scoring and more distinction
to the present only soso performances
and recording. There is also a Fiddler’s
Tune here for strings alone, which is
brief, catchy, and sonorous enough to be
relished by even so biased a wind-and-
percussion sound fancier as myself, but
it probably will be only string-orchestra
connoisseurs who can find consistent en-

joyment in the Zimbler Sinfonietta pro-
gram, directed by Lucas Foss, on Uni-
corn UNLP 1037. For herc even the
fine Barték Divertimento, with all its
intense energy and bite, is far from in-
gratiating, while Milhaud’s Little Sym-
phony No. 4 is even more nervous and
harsh. I liked better the highly concen-
trated Little Suite by the Greek Schoen-
bergian disciple, Nikos Skalkottas, in
which for once the inherent logic of the
twelve-tone technique is aurally as well
as intellectually apparent. And 1 was
fascinated most of all by the mysteri-
ously atmospheric Unanswered Question
by Charles Ives, which also gains in
sonic interest by the inclusion of four
flutes and a trumpet propounding —
over the passionless, quietly flowing,
Gymnopédie-like strings— the insistent,
enigmatic question of the cternal riddle
of existence.

Another contemporary work for
strings alone, this one of a more straight-
forward neobaroque character, is John
Verrall's elegaic Prelude and briskly
tuneful Allegro (performed by the
MGM Chamber Orchestra under Carlos
Surinach, MGM E 3371). It pales by
contrast, however, with the less sub-
stantial but more¢ colorful Chamber Con-
certo by Karl-Birger Blomdahl, and still
more with the imaginative yet always
lyrical explorations of restrained per-
cussive qualities in Richard Donovan'’s
Soundings — one  distinctively  “new”
work which I can recommend whole-
heartedly for its expressive originality as
well as for its deftly delicate nuances of
sonic coloring. That flare of responsive
enthusiasm, however, was sadly damped
when I turned to the first domestic re-
lease (Decca DL 9861) drawn from the
ambitious German Musica Nova series
from Deutsche Grammophon, originally
sponsored by UNESCO. Werner Egk’s
French Swuite After Rameau seems too
long a way “after,” depending mainly
on a brash vivacity to make whatever
point it does make; and Karl A. Hart-
mann’s Sixth Symphony is a rather spas-
modic reworking of techniques exploited
with far greater distinction and drama
by Barték in his great Concerto for
Orchestra. Nevertheless, there are sonic
consolations even here: in both works
Fricsay’s RIAS Orchestra displays an
unusually fine bass drum and the bcau-
tifully recorded percussion playing (par-
ticularly in the second half of the
symphony) provides for me the most
arresting moments of aural interest,

Composers as Their Own
LP Producers

With the notable exceptions of MGM
and Columbia, most of the larger record-
ing companies have made only occasion-
al attempts to give the less well-known
contemporary composers ( Americans in
particular) adequate LP representation.
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But far from being daunted by this, a
number of them have banded together
under the aegis of Composers Record-
ings, Inc., to sccure their own hearings;
and, while they can afford to tackle only
a few large-scale works (and these only
by employing European orchestras of
considerably less than the first rank),
they have already built up an impres-
sively extensive and varied repertory.
Unfortunately, the recordings themselves
scldom measure up to the best current
technical standards, but if the hi-fi fan
can rank most of them no higher than
adequate, the student or specialist in
contemporary musical activities is likely
to be less critical in this respect. At any
rate, the CRI series as a whole warrants
warm respect and encouragement, even
when the individual choices are less than
exciting or even far from agreeable to
one’s personal tastes.

For myself, I found unqualified en-
jovment only in Paul Creston’s unin-
hibitedly vivacious Dance Overture
(Oslo Philharmonic under Antonini, in
CRI 111) and the gamelan evocations
in Daniel Pinkham's superbly imagina-
tive and poetic Concerto — actually a
duo —for Celesta and Harpsichord
(Low and Pinkham, in CR1 109). But
the former disc also includes Haufrecht's
spirited Sqware Set for string orchestra,
as well as an even lighter-weight Swm
mer Holiday by Hively and a more pre-
tentious, repetitive, post-Rimskian Ma
cumba by the Castilian-Cuban composer,
Pedro Sanjuan —all performed by the
Roman "St. Cecilia” Orchestra under
Antonini. And the latter supplements
the celesta-harpsichord Concerto by two
more Pinkham pieces for violin and
harpsichord (a songful Cantilena and
almost jazzy Capriccio), plus a curious
Hovhaness Dxo for the same combina-
tion, and a whole batch of Henry Cowell
piano pieces (some featuring his once-
notorious tone clusters; others his more
sonically successful experiments involv-
ing a specially prepared piano or direct
performances inside the instrument it-
self). Most of these were first recorded,
also by the composer, some years ago
by Circle; since that LP is now out of
print, it is good tc have the new one's
characteristic examples of the pre-Cage
and  pre-musique-concréte  divertisse-
ments by the leprechaun of American
composers.

There is further (and more novel)
aural stimulation in Henry Brant's singu-
lar manipulations of multiple flute
sonorities (in CRI 106); and the latest,
and eeriest yet, batch of Luening and
Ussachevsky tape-derived works (in CRI
112). Although Brant’'s Angels and
Devils, for the extraordinary combina-
tion of flute solo (Fredrick Wilkins)
with three piccolos, two alto, and five
more ordinary flutes was written as far
back as 1931, it still remains prophetic
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of later, less daring science-fiction film
scores as well as a flutist’s all-out holi-
day. And in the Poem 1in Cycles and
Bells for tape recorder and orchestra
(Roval Danish Radio under Otto Lucn-
ing), L. & U. rework, with notably height-
encd effectiveness, some of the materials
first recorded in the Innovation GB 1 or
Phonotapes-Sonore PM 5007 reviewed
here last November. Their suite from
King Lear (for tape recorder alone) has
perhaps even more striking dramatic
qualities, but here one is more con-

. ® “High fidelity"”

scious of the lack of the visual stage

action and situations the music is so
ingeniously designed to accompany;
while Ussachevsky's solo comgosition,
Piece for Tape Recorder, also seems best
suited as a background for some imagi-
nary dramatic episode, although even by
itself it makes a special appeal to the
sound fancier by virture of its quite
incomparable ghostly whispers, explosive
twangs, and ominously thundering pedal
points.

The overside works on these discs
never succeed in commanding a similar
degree of interest, at least as far as I'm
concerned, although other listeners may
find more to enjoy than I do in Irving
Fine’s polished but precious Music for
Piano and Mutability song cycle (with
Eunice Alberts, in CRI 106), and in Wil-
liam Bergsma'’s evocative but to me inter-
minable Fortunate Islands for strings
alone (Roman “St. Cecilia” Orchestra
under Antonini, in CRI 112). Also, I was
frankly bored by what seemed to me
the skirterish, synthetically spirited, but
basically pointless Symphony No. 1 by
Frank Wigglesworth (Vienna Orchestra
under Adler); while even the fact that
a Pulitzer Prize jury honored Norman
Dello Joio’s Meditations on Ecclesiastes
(Oslo Philharmonic under Antonini)

couldn't enliven any personal interest
in this highly emotional but for me
overintense music (CRI 110).
Composers Recordings’ most ambi-
tious project to date is the LP (CRrI 108

might be defined as
the precision repro-
duction of music
by a system of
specialist-built com-
ponents. Among
these components—
amplifiers,radio
tuners, record play-
ers—nowhere is pre-
cision workmanship
more important than
it is in the loud-
speaker.

® Consider the
function of a loud-
speaker. It must
vibrate at exactly
the same frequency
as the electrical
signal fed to it by
the amplifier. This
frequency may vary
from 30 to as many
as 15,000 times a
second! Consider
that now we are not
dealing with elec-
trons of negligible
mass, neither are
we working with a
tiny phonograph sty-
lus; in a loudspeaker
we must control the
actual physical
movement of a con-

| siderable mass of

metal and fiber. A
moment's reflection
will show that in
this component pre-
cision workmanship
is all important,

® JBL Signature
Speakers made by
James B. Lansing
Sound, Inc., are
made with that de-
gree of precision
usually associated
with scientific in-
struments or naviga-
tional chronometers.
Perhaps they should

| not be called “loud-

X) of the one-act opera, based on a |

famous Balzac tale, La grande bretéche,
by the group’s director, Avery Claflin
— who, like many another contemporary
musician, has had to turn to other tasks
than composition for his livelihood, but
who (unlike most of them except
Charles Ives) has found his creative in-
stincts no handicap in the business
world. He is perhaps not as wholly suc-
cessful in operatic as in banking do-
mains, yet the present work (sung in
English by American soloists with the
Vienna Symphony under Adler) is a
smoothly effective work even when
Continued on next page

speakers'" at all, but
should be given the
more technically
correct appellation:
precision transduc-
ers. No matter how
difficult the manu-
facturing operation,
if a refinement will
result in better
sound, it is built
into JBL Signature
Loudspeakers,

The place to see
and hear JBL Signa-
ture units is in the
component demon-
stration room of the
authorized JBL Sig-
nature High Fidelity
Sound Specialist in

| your community.

ez

Only JBL
Signature
speakers are
made with

4” voice coils
... SWCh as the
157 )8L D130
Extended
Range unit.

Only the

JBL Signature
D123 is made
with a frame
50 shallow
that It may
be mounted
flush with
wall surface.

Only JBL
Signature

High Frequency
components
are made with
acoustical
lenses for
smooth treble
distribution.

m a high
fidelity

loudspeaker

PRECISION

...18 the
measure of

The ring
radiator in
the 075 High
Frequency
unit is an
exclusive
JBL Signature
devglopment.

Most handsome
and versatile
speaker
enclosure
made — the

JBL Signature
Harlan.

Universally
acclaimed
first choice for
high fidelity

« *‘Dream Set”
...the JBL

. Signature

. Hartsfield.

Most popular
enclosure—the
JBL Signature
Mode| C34
back-loaded
folded horn,

Speakers of
the highest
precision
bear this
trademark.
““JBL” means
James B.
Lansing
Sound, Inc.

For his name and address, write to:
James B. Lansing Sound, Inc.
2439 Fletcher Drive « Los sAngeles 39, Calif.

41



There are reasons . . .

WHY THE

DYNAKIT

50 Watt Hi-Fi Amplifier Kit
SOUNDS BEST

1. New High Stability Circuit

Superior transient response with greater clarity
and definiton. Designed for all speaker loads
including electrostutic

2. Pre-Assembled Printed
Circuit Board

Assures fool-proof assembly in less than 3
hours and guaruntees faithful reproduction of
performance specifications

3. Superior Components Featuring
the A-430 Dynaco Transformer

And of course the following minimum speci-
fications that can be exceeded by any home
constructor. . .

Power Output: 50 wuts continuous racing
100 warts peak. Distortion: under 1% at 50
watts, less than 1% harmonic distortion at
any frequency 20 cps to 20 kc within 1 db
of maximum. Response: Plus or minus .5 db
6 cps to 60 kc. Plus or minus .1 db 20 cps
t0 20 kc. Square Wave Response: Essencially
undistorted 20 cps to 20 kc. Sensitivity: 1.5
volts in for 50 watts out. Damping Factor:
15. Outpuc Impedances: 8 and 16 ohms
Tubes: 6CA7/EL-34 (2) (6550's can also
be used) GANSR, SU4GDB. Size: 9" x 9" x
634” high

*Pat.
Pending
(Complete including
protective cover and
all component parts)

DYNAKIT Mark T1

$69.75 Slightly

higher

in West
NEW! DYNA BIASLT now included in all
Dynakits. Simplifies bias adjustment and
assures optimum operating conditions.

Available through leading Aundio and
Electronic Parts Distributors

DYNA CO.

DEPT. AG, 617 N. 41st ST, PHILA. 4, PA
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SOUND FANCIER

Continued from preceding page

heard divorced from the stage action.
While eclectic in its idioms and scoring,
it maintains a consistent individuality as
well as genuinely singable vocal lines.
The performance is particularly notable
for the artistic restraint displayed by
Patricia Brinton in the star role of the
Wife, and for the fact that, although the
other members of the cast arc less im-
pressive vocally, all of them enunciate
with an intelligibility rare indced in any
previously recorded or broadcast “opera
in English.”

HAD hoped to include in this con-

temporary survey a detailed discus-
sion of the most substantial tribute paid
to present-day composers: the specially
commissioned compositions and recorded
first editions of the Louisville, Kentucky,
Philharmonic’s subscription series. But
my listening time ran out before I had
worked my way back from the three
1957 releases issued so far, through the
six for 1956, to the no less than twelve
in the boxed double albums for 1954-55.
Now, space permits preliminary cita-
tion of only a single disc: Lou 57-2,
which couples the exuberantly zestful
Suite transocéane by André Jolivet (one
of the rare examples of contemporary
music 1n which the composer genuinely
scems to be enjoving himself) with a
wondrously concise, expressive, and
wholly intclligible Symphony in D by
John Vincent. Ill return to more of
the Louisville works (available only on
direct sabscription) later, but mean-
while if they had produced nothing e¢lse
of real consequence, this Vincent Sym-
phony is by itself enough to bolster or
restore a shaky or lost faith in the ability
of today’s musical creators to measure
up — at least on some occasions — both
as worthy successors of their memorable
predecessors and as cloquent spokesman
for our own age.

TRACKING ERROR

Continued from page 22

X 0.3215 = 3.94. Referring now to
Fig. 6, we find corresponding to this
value of L sin B is a valuc of LD, =
6.91, and dividing that result by L gives
D,— 0.565 in. Then, using Eqn. (17),
D —0.565(1 -~ 0.565/24.5)— 0.565
X 1.023 = 0.578 in. This is the best
overhang to use with the given 8.
From the other curve in Fig. 6 we
may read opposite L sin 3 (3.94) the
value of mL cos B, 3.47. 1f we ignore
cos 3 and divide by L, m — 0.28; taking
into account cos 3 (0.947) gives m —
0.299 degrees per inch. It is now in-
structive to compare this value with »z,.
From the graph we note that B is

greater than ,8,,, and can calculate s/
B., which is 3.68/12.25=0.301; in-
terpolation in the table of sines gives
Bo—17.5° Then, from m,L cos f3,
(2.58), m, =— 2.58/12.25(0.953) —
0.221° per in. Thus the “best” position
for a B of 1834° gives a maximum dis-
tortion index about 369 larger than for
the optimum condition, but, because of
the great length of the arm, the absolute
value of m is quite small. Changing 8
to f3, is probably not justified if major
surgery would be required. Note that
this comparison would have been un-
affected if we had ignored cos B in both
cases.

Vertical Tracking Error

There is another form of tracking error
which can be quite as serious as that
which we have discussed in detail, but
fortunately it can be completely elim-
inated. Owing to the 45° inclination of
the record-groove walls, the stylus must
move parallel to the plane of the record
to avoid generating distortion in much
the same manner as in the case of hori-
zontal tracking crror. The plane of sym-
metry of the pickup must be perpen-
dicular to the record. The easiest way
to observe any such error is to place the
cartridge on its back on a flat surface,
and with a try squarc or similar tool
make a vertical mark on the end of the
cartridge in line with the stylus, as seen
looking along the straightedge. Then
with the cartridge mounted in the arm,
vertical tracking error is zero when
the mark is aligned with its reflection
in a record. An actual record is prefer-
able to a mirror, since for arms with a
long length for vertical motion, this
angle changes with height. For such
arms the vertical height should be ad-
justed at the base until the above con-
dition is met; if this cannot be done
without bumping of the record by the
arm near its base, longer pickup mount-
ing studs are required, or shims may be
added. Small washers are convenient
for that purpose.

Warp-Induced Wow

The angle which the cartridge makes
with the record in the tangent (fore-and-
aft) plane is of little consequence ex-
cept as it may slightly affect sensitivity
o “wow” when tracking warped records.
This is fortunate because most arms pro-
vide no further adjustment if the pre-
vious criterion is met, without redesign-
ing the cartridge mount. For minimum
warp-induced-wow sensitivity, the pivot
for vertical motion should be in the
plane of the record. Arms which have
long lengths for vertical motion have
distinct advantages in this respect over
those which do not, since the pivots of
the latter cannot possibly be near the
plane of the record, and their shorter
lengths aggravate the effect of a given
amount of displacement due to warpage.
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MULTIWOOFER SYSTEM
Continned from page 38

side was used, and it really isn’t any-
thing to brag about as lumber. Anyone
who has worked with it is familiar with
the splinter problem, so this thing natur-
ally got lots of glue and screws in all
directions.

The finished box came out 64l% in.
long by 3714 in. wide by 1434 in. deep,
which, as seen in the photos, was not such
a monster after all. Assembly provided
some cute problems. A litle fore-
thought resulted in the following sched-
ule, which worked out very nicely.

1) Assemble the three long sections
and two trapezoidal end blocks to form
the coffin, with the 2-inch glue block
inside just below the slot location.

2) Cut two cantilever braces, with
the diagonal running from back top to
bottom front when mounted. Glue and
screw together to make a double center
brace. The two center ends of the two-
picce speaker mounting board will be
screwed into this brace. Make two more
34-inch braces about 3 in. deep and 1573
in. long, which go from top to bottom
at the front edge of the coffin. Note that
the top panel of the coffin extends to
reach the rear panel of the box.

3) Install 1-inch strips plus two
heavy 1-inch-thick glue blocks, as shown,
on the back of the cothn.

4) Cut out slots as indicated. This
is easily done with one of those little
bavonet jig-saw attachments for a hand
drill.

5) Put a taper on the slots with a
file or rasp.

6) Mount the four small triangular
braces on the top side of the cothn.

Speakers are in place, and cuclosure is completed except for grille cloth on its
frame, which fits inside top, bottom, and side paneis. The author preferred a dark
walnut stain to flat black paint on the inner panels, alibough either would serve.

These screw to the cothin, top panel, and
back panel. Install sections of glue block
between these braces along the front
cdge of the cothn.

7)  Attach the top panel. Doing this
makes it possible to handle a relatively
heavy object easily when it comes time
to put it in position in the lower section,
of the box. It simply sits still while you
drill and screw.

8) Attach the front glue-block strip|
to the bottom panel, and then add the
back panel and the two end panels. Two
large triangular horn-panel braces can|
then be installed, one at cach end. Put|
the two outer 4-by-4-inch corner glue
blocks in place, then the two central
trianglar horn-panel braces, and finally|
the middle 4-by-4-inch glue block.

9) After installation of the glue-|
block strips between the top ends of the|
horn-panel braces, the horn panel itself|
can go on.

10) Hang the top unit in place after|
putting glue on all mating surtaces. Put
screws into all glue blocks, through the|
sides of the box into the coffin end
plates, into the edges of the long sec-|
tions, and into the back. This joining
must be exceptionally rigid. The top|
assembly weighs around 95 lbs. empty.|
Add roughly 100 Ibs. of speakers and
speaker boards, and there is a lot of
weight not supported from below in any!
way. This was done deliberately, because
I wanted the sound from all the speakers|
to blend in the horn section.

Incidentally, it was found advisable
to preassemble at various stages with
nails, then drill all screw holes with
pilot bits. The assembly was subse-
quently knocked down and rcassembled
with glue and screws. This insured a

Continued on next page

AUGUST 1957

HEN the AR-1 speaker system first made
W|ts appearance on the hi fi market, our
published specifications were sometimes
greeted with skepticism; for a speaker to per-
form as claimed, particularly in such a small
enclosure, was contrary to audio tradition.

Now, two years later, the AR-1 is widely ac-
cepted as a bass reference standard in both
musical and scientific circles. There is general
understanding of the fact that, due to the pat-
ented acoustic suspension design, the small size
of the AR-1 I1s accompanied by an advance in
bass performance rather than by a compromise
in quality.

The AR-2 is the first application of the acoustic
suspension principle to a low-cost speaker sys-
tem. Prices are $89 in unfinished fir cabinet,
$96 in mahogany or birch, and $102 in walnut.

We would like to suggest, as soberly as we in-
vite comparison between the AR-1 and any
existing bass reproducer, that you compare the
AR-2 with conventional speaker systems which
are several times higher in price. No allowances
at all, of course, should be made for the AR-2's
small size, which is here an advantage rather
than a handicap from the point of view of
reproducing quality.

Literature is available on jequest.

ACOUSTIC RESEARCH, INC.
24 Thorndike St.,, Cambridge 41, Mass.
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MULTIWOOFER SYSTEM
Continned from preceding page

perfect fit of all parts except for such
minor bloops as were corrected easily
with plastic wood.

You can hit the finished assembly
with a hammer and get little more than
a dull thud. There was a trace of boom
in the bottom cavity, and one friend
suggested that 1 cut some holes in the
horn panel and fill the thing with asphalt
or sand. 1 offered to let him then carry
it upstairs, and that was the end of the
discussion.

As may be seen in the photos, there

Finished speaker system doesin’t look as
large as its dimensions would indicate,
probably because of its simple exterior.
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ADD HOLT STEREO!

Guaranteed to improve any Hi Fi
or money back. Begins where hi fi
leaves off.

Works from monaural source, (ra-
dio, ordinary single track records
and tape.) Connects in 2 minutes.

See ‘‘Tested in the Home' re-
port in the Nov. 1956 issue of High
Fidelity magazine.

Order yours today or send for
folder with ‘Test Report’’. $62.00
postpaid in U.S. Sold direct, only.

STEREO by HOLT

4712 W. Magnolia Blvd.
Burbank, California.

Note: No waiting, now, bur no foreign
orders, pleate.
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are two turntables hooked up to this
rig. Both are Webster 3-speed changers,
using either GE variable-reluctance car-
tridges with sapphires or Pickerings with
diamonds. One is for the 4-year-old
child. Mary Ruth wanted a record player
of her own so she could “put the arm
down all by myself” when she was three.

After our experience ten years ago
with our newspaper friend, T refused to
have any child’s music machine of any
description in the house, and rigged this
turntable for her to play through the
main system. She’s happy, and the
children’s records even sound good —
some of them.

Grille screen presented no problems
except that the light strips tended to
split out under tension of the cloth, and
it took about 3 hours for two people to
stretch the thing tightly enough to suit
my wife. It's not quite so tight as tennis-
racket stringing, but nearly so.

I reduced the amplifiers from the
Capehart by one, driving both Cape-
hart spcakers with one 20-watt amplifier
from a sound signal taken off the Magna-
vox tuner behind the volume and tone
controls. The other speakers came from
the original Magnavox, and, to our
amazement and amusement, we found
that the “coaxial speakers with woofer
and tweeter” consisted of two excellent
soft-con¢, loosely mounted 12-inch
speakers with light-weight magnets and,
hung on a cross bar of the speaker panel,
a couple of thin tin-cup affairs which
are apparently acoustical sound diffusers.
What function they have as tweeters [
can’t say. However, they were dutifully
hung on the new speaker board “co-
axially” with their speakers.

All these speakers, of course, have
electromagnetic field coils, with the coils
serving as chokes in the amplifier cir-
cuits. The bottom of the Magnavox
cabinet casily handled both amplifiers,
and a reasonably neat rig is the result

For the technically minded, we ran
a signal generator through the unit with
the following result: audibly flac re-
sponse down to 38 cps; some falloff be-
low 38 cps down to 24 cps, where almost
everything quits. At 22 ¢ps therce is still
a fluteer, of dubious value.

A handful of new tubes got rid of the
tube noises, and we put up with a very
low 60-cps hum which you don’t hear
unless the thing is turned on about half
power — which is loud enough to fill
an orchestra hall. 1 like the orchestra
in the room, but not in my lap.

Truthfully, 1 have heard all the big
ones, the Jensen, the Klipschorn, the
Patrician, and the rest. They may be
better, but this one is very good — and
look at that $1,300 I didn’t spend! This
isn’t an ultimate sound system, but now
1 have an enclosure that will let me buy
better speakers and better electrical
equipment piece by piece, and T'll be
able to hear an improvement every time.

TAPE STANDARD
Continued from page 17

slide rule and a few formulas. If there are
electrical resonances in either head, these
can be measured independently of the
tape medium itself. When resonances are
absent, the playback response from the
tape head will conform to its design
requirements within a fraction of a db.
Thus, if we play a frequency-response
test tape recorded to match the NARTB
playback curve, and adjust the equali-
zation of the plavback preamp for flat
response from this tape, we can be con-
fident that the playback will be correct
for any NARTB tape. Here, then, is our
trustworthy sound standard for the entire
high-fidelity system.

Any recorder that will play back a
714-ips NARTB-recorded tape without
frequency deviations can be trusted to
play commercial tapes with equal re-
sponse accuracy. Once a recorder has
been tried and found not wanting in this
respect, it can be used with a few good
commercial tape recordings for adjust-
ment of the rest of the system. From
then on, determining the status of other
components becomes a fairly ecasy job

Precise adjustment of playback equali-
zation in a modern professional-type
recorder is a relatively simple matter,
and even a nonprofessional unit of good
quality should be able to reproduce the
NARTB standard test tape to within a
few db. Bear in mind, though, that a
response deviation of 1 db over an
octave or more is sufficient to create an
audible change in over-all coloration.
So if the recorder in question shows, say,
a 3-db rise from 2,000 to 7,000 cps, it
can be expected to sound quite bright
when playing a commercial tape. A
phono pickup having truly linear re-
sponsc will thus sound more subdued
than the tape recorder, and if this is
the case, then the rest of the system
may be considered properly adjusted
when the brightness is optimized to
suit the pickup.

At this point [ should inject the ob-
servation that many home rccorders
(and most old professional recorders)
are not designed to conform to the
NARTB tape-playback curve, and if the
playback equalization on onc of these
machines is gimmicked up to play the
NARTB test tape flat, it won’t play its
own tapes properly. It may be feasible
to adjust tone controls until the play-
back response is within 1 or 2 db of
NARTB flat, and then use those control
settings for playing commercial recorded
tapes, setting up speaker balance con-
trols, and evaluating other components.
Alternatively, if the recorder in question
has a 15-ips operating speed and a
narrow-gap playback head, 714-ips oper-
ation with the playback equalizer set for
15 1ps will give a very close approxima-
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tion of the NARTB playback curve. The
recorder can thus be run at 7V5 ips with
714-ips equalization for its own tapes,
or with the 15-ips equalization for
NARTB tapes.

The acme of perfection in a com-
plete high-fidelity system is reached when
several discs and good commercially re-
corded monaural tapes of the same mas-
ters sound identical when played on
their respective reproducers, and when
both sound realistic. Some record manu-
facturers make “adjustments” in the
balance of their discs and tapes, so cor-
responding releases are rarely found to
be identical under even the best con-
ditions. Westminster Sonotapes are ex-
cellent for making these comparisons.

When a tape recorder can play
NARTB tapes with accurate equalization,
the speaker system can then be adjusted
to provide proper balance, th¢ phono
cartridge can be selected or cqualized to
match this balance, and then any home-
made tapes can be compared with pro-
fessional discings or with any commer-
cial tapes that are on hand. To reiterate
one point, though: if appreciable tone-
control adjustment is needed to produce
NARTB playback from a recorder, the
controls will have to be returned to
their original positions when the re-
corder’s own tapes arc played, if these
are to be reproduced with accurate
equalization. If in doubt, set the play-
back tone controls to match the NARTB
tape. Then load a fresh tape on the re-
corder, set the record level to 10 or 15
db below maximum, and record some
test tones from an audio signal generator.
Tones of 50, 100, 250, 500, 1,000,
3,000, 5,000, 7,500, and 10,000 cps
will be representative of over-all re-
sponse, while turning the volume down
between each tone will enable it to
be identified during playback. Now,
with the tone controls still in the correct
NARTB position, play your own re-
corded test tapce and observe the output
levels from the power amplifier. If the
recorder uses the NARTB curve, or a
good approximation thereof, the meas-
ured response will not deviate by more
than 2 db in either direction. If there
is found to be an appreciable discrepancy
in playback, readjust tone controls until
there isn’t and mark the setting. Don't
worry too much about the ranges below
70 cps and above 8,000 cps — they don't
have much effect on balance, and it is
balance that we’re concerned with.

If all goes well, you should now have
(a) a system that will play accurately
any NARTB tape, for use as a sound
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standard; (b) an alternative system that
will play homemade tapes with the same
balance; and (c) a means for adjusting
loudspeaker system balance and compar-
with

ing other components standard

tapes.

BASIC ELECTRONICS
Continued from puge 35

the tube’s plate resistance. If we con-
sider the entire voltage developed in this
circuit to be the input signal voltage
multiplied by the tube's amplification
factor (pe,), it is apparent that some
of this voltage will be developed across
the plate resistance and the rest across
the total resistance of the load (Rr).
That is why the gain of a normal ampli
fying stage can never be so high as its
amplification factor: some of the output
signal is always lost within the tube it-
self, in its plate resistance.

Let us see how this equivalent circuit
works out for gain calculations, com-
pared to the process used before. We
assume the same input signal amplitude:
8 v peak-to-peak. Multiplied by the
amplification factor of 20, this gives
160 v as our source generator voltage.
That voltage is developed across a 7-K
plate resistance in series with the parallel
combination of R, and Rg; since one
is nearly 20 times the resistance of the
other, the resultant resistance of the
two can be taken as the smaller value
alone. The total series resistance in the
circuit is then 25 K -+ 7 K, or 32 K.
Across the load will be developed 160
v X 25/32, or 125 v. The gain is the
output voltage divided by the input
voltage: 125/8, or about 15.6. This
agrees quite well with previous results.

The agreement is not perfect be-
cause, as noted in the definition of plate
resistance, R, changes according to the
operating condition of the tube; it is far
from constant. In the equivalent circuit
it is assumed to be constant, while in
the graphical solution its variations are
taken into account. Still, results are
usually close enough either way for
practical purposes.

Gain calculation by means of the
equivalent circuit is most convenient in

Continued on next page
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om, Tom the Piper’s son
Stole a pig and away he run.

He ran to a town near Baltimore
and sold the pig to a butcher store.

The pig changed hands
— and soon he possessed

A twin-coned Norelco — F.R.S.

His father was piping
when Tom returned home

Tomslipped inside —unseen and alone

The piping was tinny —
the music was weak

| Tom quickly changed speakers —

and thus did he speak:

“Now play the pipes father
and notice the tone

Such fullness and quality
You have not known.

The reason — Norelco!
The speaker — Twin-Coned!

Both high notes and low notes
Are now fully grown.”

The father — enchanted — FF
continued to play d

The Full Response Speaker ~\: §\ /

~

soon held full sway 5 ol

The neighbors — attracted —
as gnats to a light

Gathered in groups and sighed
with delight

The pig was forgotten —
the theft was obscured

By the beautiful music that soared,
clung and cured.

There is a moral to this tale
Which we are pleased to give

To own and love Norelco
You need not steal a pig.

/%"3/00*\%%.@( Speakers are available

in 5", 8" or 12” sizes ™ standard imped-
ances. Priced from $6.75 to $59.98.
ADD TO..

.and improve any sound sysfem
with /%reﬁ:o@’ *FULL RESPONSE SPEAKERS

Write today to Dept. M8 for brochure
and prices of these unique speakers.

NORTH AMERICAN PHILIPS €O., INC.
High Fidelity Products Division
230 Duffy Ave. Hicksville, L. 1., N. Y,
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BASIC ELECTRONICS
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designing, evaluating, and trouble-shoot
ing amplifier circuits. It can be simpli-
fied even more than the process just
employed, by developing a simple for-
mula for the output voltage in terms
of the quantities appearing in Fig. 12,
and then dividing it by the input volt-
age; that vields the gain figure directly.
If this is don¢ the following formula is
obrained:
A= i,
Ry —+ Ry

where y is the triode’s amplification tac-
tor, Ry is the parallel resultant resistance
of the load (R, and R.), R, is the
tube’s plate resistance, and A is the stage
gain.

In this particular case, the following
grid resistor, Rg, had no appreciable
effect on the total resistance of the load.
In manv practical circuits it does have
an effect, however, and when it does it
must be taken into account, both in the
equivalent circuit with its simplified gain
formula and in the graphical solution.
For the latter case the plate load resistor
alone is used to set up the DC operating
conditions; then the AC load line is
pivoted around the chosen bias point to
alter its slope in correspondence with
the total AC load value.

-

CABINET STYLES

UTILITY STYLES
(ILLUSTRATED)

ASSEMBLY KITS

a4
v DESIGNED AND MANUFACTURED
by PauL W. KL1pPscH, originator

of the KLipsciiorN™ speaker system, the
SHORTHORN® is second only to the
KLipscHORN system in performance.
Using coordinated acoustic elements,
including filters, it offers exceptionally
smooth response, free from distortion.
Back loading horn extends bass range
without resonance.

Available in handsomely fin-
ished enclosures, in stripped down utility
styles (as jllustrated) or separate compo-
nents for assembly.

*REGISTERED TRADEMARKS

KLIPSCGHA

AND ASSOCIATES
HOPE, ARKANSAS
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REVERBERATION SYSTEM
Continued from page 25

of being transported to a large cathedral.
Turned off again, the natural organ
sound became constricted and artificial
bv comparison! A further remarkable
phenomenon occurred at the bass end.
In the organ there is plenty of bass from
the pedal pipes, but very little of it got
out of the pedal chamber into the church.
The microphone in the pedal chamber

picked up this bass, of course; and when
the elcctronic reverberation system was
turned on, the bass came up to a natural
level — but vircually all of it was being
reproduced by the speakers.

During this demonstration, the speak-
ers were simply placed in the pews as
shown in the photographs. In the final
installation they will be attached near
the ceiling and painted the same color
as the walls. Since thev are not audible
as speakers anvway, there should be no
apparent evidence that the church acous-
tics are being assisted electronically.

Aeolian-Skinner plans to make these
systems available on a custom basis for
other churches and auditoriums with
similar acoustic problems. Questioned
about less claborate systems for home
use, Mr. Whiteford seemed confident
that a practical home device operating
on the same principle could be marketed.
He suggested that one step toward this
goal might be the development of a
magnetic drum to replace tape reels, with
the heads very close to, but nort actually
touching the drum, so that head cleaning
and wear would be eliminated. [This
method is used in an artificial reverbera-
ton system manufactured by Philips of
The Netherlands — ED.}

Robert Breed was the engineer for
Aeolian-Skinner on this projcct. Con-
sultant and codeveloper was Dr. Jordan
J. Baruch ot Bolt, Beranck and New-
man, Inc.

‘ READERS’ FORUM

| Continued from page 13

| adequate control for low-level listening,
he came up with a solution which closcly
resembles  that used in the Fairchild
; Model 240 preamplificr; namely, a func-
tion switch for normal or background
music. Actually, the 240 has three loud-
| ness positions: onc is essentially flat,
|a second is for a setting 15 db down art
| I K¢, and the third is for a setting of
128 db down at 1 Kc.

We tound, after cxtensive listening
tests, that it was impossible to get the
desired amount of bass boost for proper
low-level listening without dropping the
gain of the preamplifier. In the LOW
position, for example, which is 28 db
down at 1 K¢, we provide a bass boost
of 22 db at 30 cps, and, as is apparent,
such a tremendous boost at normal lis-
tening level would be overpowering for
both the amplifier and the spcaker. In
addition, we also found it sounded best
to give a slight amount of treble boost
at the same time; in the LOW position,
we provide a 6-db shelf extending from
5,000 to 12,000 cps.

Those who have listened to the Model
240 have been particularly taken by
this arrangement, which we call the Lis-
tening Level Control. However, market
research has shown that the public is ap-
parently not ready, nor does it appreciate,
the advantages of this approach. To the
best of our knowledge, complicated
multiswitch loudness controls are still
desired by the audio public. Perhaps
simplicity as a design element will re-
quire maturity not now cvident in the
high-fidelity tield.

R. G. Bach, Sales Manager
Fairchild Recording Equipment Co.
Long Island City, N. Y.

Except in  AUDIOCRAFT readers, of

conrse. — ED.

WOODCRAFTER
Continuned from page 31

9) On carvings, use an old tooth
brush or a sharpened stick to take out
the old finish. A putty knife or a
scraper will do the job on f{lat surfaces
where a wash-away type of remover is
not used.

10) Wipe away any residue of
loosened finish with old rags or burlap.

[1) Some removers call for a final
rinse of denatured alcohol, naphtha, or
turpentine when the old finish is off.
Use¢ whichever the instructions sugges:
to be certain of success with the new
finish.

One of the most difficult of the
American colonial finishes to remove is
a paint made with skim milk or butter-
milk and colored pigment, frequently
red. Usually found on old pine furni-
ture, this is a stubborn finish that will
not be loosened by ordinary paint re-
mover. If paint remover is used, therc
is a possibility that, as it loosens the sur-
face color, it will cause it to penetrate
the wood and stain it. Thus, the honey
color that is characteristic of old pine
will be lost. One approach to the old
skim-milk finish is to keep the surface
moist with denatured alcohol while rub-
bing it with sandpaper or steel wool.
This is tedious work and all of the color
will not be removed, but the remaining
traces will add character to the new

AUDIOCRAFT MAGAZINE



finish. Homemade lye removers have
been known to take off milk paints, but
their use is not recommended for the
reasons stated earlier. The manufacturer
of onc commercial paint remover (Hel-
perize) claims it will do the job, but
I have had no opportunity to try it
personally.

Sandpapering Tips
Once the old finish is removed, the next
step is preparing the surface for the new
finish. Since sandpapering plays such an
important role here, there are two pre-
cautions to be observed: first, avoid
oversanding the surface so you won'r
destroy the patina, the mellow tone
which age has given the wood; second,
eliminate all objcctionable scratch marks
or they will be amplified and preserved
by the new finish. In sanding, use a
paper only as coarse as is required to
handle the initial job of smoothing out
the roughness; use nothing coarser than
1/0 or the wood will be too deeply
scratched. Follow this with a rubbing
with 2/0 sandpaper until the proper
smoothness has been atrained. Of course,
always sand in the direction of the grain

1) For flat surfaces, fold the sand-
paper around a wooden block for
smoother results and easier handling.

2) For a curved opcning, wrap a
piece of sandpaper around a length of
dowel or broom handle in order to
reach the contour of the surface.

3) For an outside curve, wrap the
sandpaper around a scrap piece of lino-
leum or carpet to give it body to con-
form to the curve being sanded.

4) When working in small areas,
such as carvings, fold the sandpaper
over a finger, a pen holder, or a small
dowel.

5) To sand turnings on furniture
legs, use narrow strips of emery cloth
to reach into the grooves and also to
smooth the outside round surfaces.

Repairing the Surface

An antique would lose much of its
charm and value if it were made to look
like a new piece of furniture. Permit it
to reflect the charm of age by retaining
some of the imprints of wear that have
come to it during its long and useful
life. However, scars that detract from
the appearance of the piece should be
mended, and this should be done «fter
the sanding has been completed and the
wood is othcrwise ready for finishing.
Where a natural finish is planned, it is
not easy to make the patch a good match
with the original wood. If a type of
wood plastic is used, get it in a color
as close to that of the wood as possible
— mahogany, oak, pine, etc. If a pene-
trating stain is to be used on the piece,
mix some of the stain with natural-
colored wood plastic. A test can be made
on a piece of scrap wood to determine
if the stained wood plastic and stained
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wood will match when both have dried.
Don’t expect a perfect match; a fair
match is better than average.

Housing a tuner, amplifier, turntable,
etc, in an antique cabinet may require
the addition of new wood which does
not match the tone of the old. Some-
times pine or walnut oil stains can be
used to achieve a compatible color. Since
you may want only to tint the new
wood, wipe off the stain immediatel
after applying it; the longer the stain
is allowed to remain on the wood, the
deeper will be the color. The shade of
an oil stain can also be lightened by the
addition of a small quantity ot turpen-
tine.

If you have a stock of oil colors at
hand, it's possible to blend your own oil
stain to match the old wood. Pigments
such as burnt umber, Vandyke brown,
raw sicnna, and burnt sienna can be
mixed singly or in pairs with the fol-
lowing vehicle: 1 part turpentine, 3
parts boiled linseed oil, 15 part japan
drier.

An Easy Finish

In a previous article (AUDIOCRAFT, May
1956, p. 8), the conventional finishes —
varnish, shellac, lacquer — were dis-
cussed. This time, let’s consider a finish
of more recent vintage that is easy to
apply and maintain, and that can be used
without a filler on open-pored woods.
Its a penetrating sealer type of finish
Jesigned for use on new wood, or old
wood from which all the finish has been
removed. Apply it with a brush or cloth,
let it dry, and rub it lightly with fine
steel wool. Follow this procedure for
two more coats, rubbing the final coat
with steel wool or powdered pumice and
oil as described at the beginning of this
article. This will produce a rich satin
finish. Since penetrating scaler sinks into
the wood pores, it docs not reflect
scratches as noticeably as a surface type
of finish. In areas that receive hard wear,
it can be spot-patched in the future with-
out the patch’'s showing. [t’s an almost
foolproof finish and, as 1 mentioned a
moment ago, casy to apply. After strip-
ping an antique of its old finish, sanding
it smooth, and repairing it — whar man
wouldn't settle for a lasting and attrac-
tive new hnish with a2 minimum of
cffort!

This article is the concluding one
in George Bowe's series on wood-
working, “Tips for the Woodcrafter.”
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GROUNDED EAR
Continued [rom page 4

if we desire to maintain a truly perfect
balance we must readjust the tone con-
trols every time the volume changes sub-
stantially.

I have inclined to this point of view
myself, but have been plagued with the

| problem of removing the disadvantage

ever since I first started to fool around
with high fidelity many years ago. For
five years now | have been experiment-
ing with a circuit which seems to me
to come closer to a satisfactory solution
than any other method 1 have tried.
This involves providing greater ver-
satility in shaping the response curve of

| the system to take care of all the factors

which necessitate a modification from
flac response. These factors include the
hearing curves of the listener, the level
at which the sound is reproduced, the
natur¢ ot the listening environment,
any deficiencies in the source material,
and, finally, the characteristics of the
reproducing  system, particularly the
speaker. To achieve this I use two tone-
control channels, each of which provides
a choice of peaking points or slopes, and
a maximum boost of between 15 and
20 db. This provides a flexibility ap-
proaching that of the equalizers used in
recording and broadcasting. Among
other things it will handle the problem
of loudness compensation «f any given
volume level very nicely, since both
the slope and the amount of boost can
be varied as necessary.

There remains the problem of dis-
posing of the need for readjusting the
tone compensation when the volume
level is changed, and the circuit provides
a means of doing this which is quite
satisfactory. There are two gain or
volume controls. One of these main-
tains the equalization as volume is in-
creased or decreased, and the other can
be called a2 LOUDNESS control, although
it works in an opposite manner to the
usual control. In the conventional loud-
ness control circuit, the system is equal-
ized at a very loud level, and as the vol-
ume is reduced with the loudness control,

the bass and/or treble are boosted in
relation to the middle frequencies. In
my circuit, the system is adjusted for
a balanced or satisfying response at the
lowest normal listening level. As the
LOUDNESS control is turned to increase
volume, the bass and treble boosts are
progressively washed out until, at maxi-
mum volume, the response is flat. This
seems to be a preferable method because
the ear is not nearly so sensitive to fre-
quency imbalance at very loud levels
as it is at low levels. In any case the
big problem in home listening is to
compensate at low or moderate levels
and this method makes possible a far
more precise adjustment.

This is achieved by means of the
circuit shown in Fig. 1. There are
three parallel channels fed by the same
source and tied together at the output.
The uppermost channel is the flat chan-
ncl, the next is the bass channel, and
at the bottom is the treble channel.
Response of the two lower channels
is shaped by networks of the Wien
bridge type. All three channels have
gain controls. It is obvious that the
input to the following stage will be the
sum of the outputs of all three stages.
The gain control in the flat channel is
the LOUDNESS control, and is normally
at its minimum position, at which point
the stage has no gain or a slight loss.
The BASS and TREBLE channels provide
a direct boost of 20 db or more. The
interesting point is this: increasing the
gain on the flat channel will start wash-
ing out the boost of the lower channels,
and when the flat channel is at maximum
the boost cannot be more than 6 db.
To provide a choice of response shapes
and crossover frequencies, three switch-
selected networks are used in the bass
and treble channels. The values shown
give excellent results both for tone con-
trol and loudness control. Increasing the
value of the capacitors moves the cross-
over downward.

This circuit can be incorporated as
part of a control unit, replacing both
the tone control and loudness circuits;
it can also be used as a separate unit
to precede or to follow a present control
unit. The two 500-K controls can be
of the coaxial type to save space. The
circuit provides a large versatility in
adjustment. The simplest way to set it
initially is as follows: 1) put the Loub-
NESS control and the two tone controls
in their minimum volume position; 2)
adjust the LEVEL control to produce the
lowest normal listening level; 3) now,
with the tone controls, adjust the BASS
and TREBLE for a satisfying balance and
over-all sound; 4) increase volume with
the LOUDNESS control as desired. In-
creasing this control will progressively
wash out the bass and treble boosts to
compensate for the increased acuity of
hearing at both ends as volume is in-
creased.
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HI-FI EQUIPMENT SAVES YOU MONEY

LAFAYETTE MATCHED HIGH FIDELITY

PHONO SYSTEM

NEVER—in the annals of HIGH-FIDELITY has a phono system
of this quality—at this price—been offered. A Lafayette ‘‘best
buy’ system designed around the new Lafayette LA-58 amplifier,
The performance of this Phone system surpasses the most critical
requirements of music lovers. Twenty-four combinations of rec-
ord cqualization provide an almost endless varlety of tone com-
pensation to match varylng recording characteristics. Thls sys-
tem includes the fameus Garrard RC-(21 ‘‘Renown’’ 4 speed

Reg. Value automatic and manual record changer, LAFAYETTE LA-59

‘ N : SALE!
119.50

G.E. Triple Play
‘Piamond Sapphire Styl

i

(8 watt amplifier with features found only In the most expensive
amplifiers. G.E, triple-play—turnover cartridges with genulne
G.E. DIAMOND SAPPHIRE STYLI, AND LAFAYETTE
SK.58 12”7 coaxial Hi-F1 speaker. All units are supplied with
plugs. jacks and prepared color-coded Interconnecting cables for
quick easy installation. For 110-125 volt, 60 cycle AC. Shpg.

wt. 50 lbs
HF-(154—Complete Phono System............ ......Net 119.50

TRANSCRIPTION-TYPE MANUAL PLAYER

Complete Turntable and Tone Arm Assembly at Lowest Price

Here is a new manual player for the audiophile who wants noiseless, ''wow-free'’ and rumble-free reproduction
of recorded music at nominal cost. All the important features of professional transcription players have been

tecorporated in this precision turntable. The lightweight pickup arm is an integral part of the mounting plate PLUG_IN
and requires no installation. Player is equipped with a heavy duty, «-pole, 3-speed motor for 78, 45 and 333
RPM records. An exclusive magnéetic brake controlled by knob on ihe base plate, permits instantaneous fine
adjustment of each speed. Stroboscope disc included with unit, checks speeds. Extremely smooth and quiet
operation, No hum even with the most sensitive cartridges. Speed selector safety switch protects mechanism
by making it necessary t> pass through an OFF position when switcting from one speed to another. Has auto-
matic motor shut-off at end of record. 10” diameter, weighted caslt] surntablé is supplied with a rubber traction
mat for positive grip of record. Stylus pressure adjustment can be made easily and quickly with the conveniently
located adjusting screw on the underside of the tone arm. Mountiny plate is also equipped with pickup rest
and ON-OFF switch. Dirensions of mounting plate: 12-15/16” left to right, and 107" front to rear. Requires
23%” clearance below motor board and 3” above. Supplied with AC line cord, two plug-in heads, output

cable for connection to amplifier and 45 RPM adapter. For 105-123 volts, 60 cycle AC. Shpg. wt., 12 {bs. MAGNETIC

(NOTE: For protection in shipping, tone arm is separate. Just fasten to mounting plate.}

with TONE ARM and TWO

HEADS

PK-160 Manual Player Less cartridge.

Wood base, cut out for °K-160 Manual Player. Top quality veneer attractively finished in mahogany

or blonde (Specify).

BRAKE B ¢
Net 24.50 FOR FINE o
ADJUSTMENT - : 24 so
= [ ]
OF EACH SPEED Less Base

..Net 3.95

PK-léz. Shpg. wt., 5 lbs. ........
' HIGH FREQUENCY TWEETER

WITH ACOUSTIC LENS

DIRECT IMPORTATION
MAKES THIS PRICE POSSIBLE!

® FREQUENCY RESPONSE FROM 2000
CPS TO BEYOND AUDIBILITY

® LOUVERED ACOUSTIC LENS FOR
UNIFORM SOUND DISPERSION

e HANDLES 25 WATTS OF POWER
® PRICED EXCEPTIONALLY LOW

New high frequency tweeter featuring a louvered acoustic lens for uniform sound
dispersion and capable af handling up to 25 watts of distortion-fr=e power. The
directional tendency of high frequency notes is overcome by the natural wide
dispersion angle of the short horn and the acoustic lens which disperses and
radiates the high notes smoothly throughout the entire listening area. The lens is
detachable for panel mounting, with a separate base for the twe=ter furnished
for external mounting where desired. Aluminum voice coil has 15 ohms impe-
dance. Size: 414" longex 3" diameter, lens extends 212". Requires a crossover
network, preferably one with a level control, such as the LN-2, With full instruc-

tions. Shpg. wt., 5 lbs.
e e e [ e [ Gl e W o .Net 14,95

METAL-CASED CONE TYPE HI-FI TWEETER
FREQUENCY RESPONSE 2000 -16,000 CPS
HANDLES 20 WATTS OF POWER

Highest quality-cone type high frequency tweeter having
a range from 0 to 16,000 cycles. Especially efficient
at higher end ‘of audio spectrum where other cone type
tweeters tend to lose clarity, and volume. Entirely closed
in a metal case with a base so that it can stand by itself
or be mounted on a flat surface with mounting bracket
supplied. Rated to handle 20 watts of power. A cross<
over network is required; the Lafayette LN-2 is ideal.
Voice coil impedance 8-16 ohms. Size: 315" x 2Vg"
x 3" Diam. Shpg. wt., 3 lbs.

7 ® CAPACITIVE-INDUCTIVE NETWORK
CROSSOVER WITH CROSSOVER AT 2000 CPS
NETWORK « BUILTZIN LEVEL BRILLIANCE CONTROL

The frequencies above 2000 crcles are chan-
neled to the high frequency tweedter by means of
the high-Q inductance and capacitance compris-
ing this eflicient crossover network. The highs
and lows are brought into acoustic balance by
means of a continuously variable level-brilliance
control. Control has a 2%, ft. long cable for re-
mote mounting. Network matcies 8-16 ohm
speakers with insertion loss reduced to a mini-
mum. Enclosed in metal case 6”7 L x 2%"” H x
25/g” D. With full instructions. Shpg. wt., 5 lbs.
LN-2 ..Net 8.75

LN ,Net 14.95
TE. HI-FI LP TEST RECORD

Ideal for audfophile who is building a baes reflex speaker
enclosure, or wants to check the components already in use.
Two-side, 127 LP record covers cartridge and stylus test,
turntable rumble test, average and minimum recording levels,
stylus and tone arm resonance check, equslization checks,
sound "effects, tuning bass reflex enclosures, and a group of
delightful musie hbox selections. Specially recorded with pain-
staking care at 33% RPM, and master cut on a mechanism
J that produces the quietest grooves in the industry, Complete
/ with instructions for use and colorful protective envelope.

fu,

o A complete 3-way system capable of per-
» formance heretofore found only in systems

" at many times this price. The compo-
o 15" Woofer with 31.5 ox nents were specially selected by Lafayette
M sound engineers to offer the maximum
agnet in audio fidelity at the lowest price
e 8" Mld-rcnge speuker possible.. Includes continuously variable
® Acoustical Lens Tweeter
® J-Way Crossover Network

presence and brilllance controls, Offers
superb reproduction across the entire
sudio spectrum. Shpg. wt., 25 Iba.

SY93 ..,..................Net 55.50

,4-’/—“:"4 Shpg, wt., 1 Ib.
: PR-10. Hi-Fi Test Record .............. .Net m

JAMAICA 33, N.Y. 165-08 L

100'SIXTH AVE., NEW YORK, N. Y.
A D | DEPT AC-G ‘BOSTON, MASS., 110 Federpl Sg;
: PLAINFIELD, N. J., 139 West 2nd St.

NEWARK, N. J.,-24 Centrali

i ked log! e
fty Avek Write for FREE Bargain Packe Can: og BR?NX,N.Y:‘s"z E..fordhoMR‘d.

i



NEW!12-WATT Williamson-type HIGH
FIDELITY INTEGRATED AMPLIFIER HF12
e with .Preamplifier,

- il Equalizer &
5 9 ?y&u Control Section
R ) KIT$34% WIRED %577

Compact, beautifully packaged & styled. Provides
complete "front-end” facilities and true high
flidelity performance. Direct tape head & mag-
netic phono inputs with NARTB (tape) & RIAA
‘phono) feedback equalizations. 6-tube circuit,
dual triode for variable turnover bass & treble
$eedback-type tone controls. Output Power: 12
w cont., 25 w pk. IM Dist. (60 & 6000 cps @ 4:1):
5% @ 12 w; 0.55% @ 6 w; 0.3% @ 4 w.
Freq. Resp.: 1 w: #0.5 db 12 cps — 50 k¢; 12 we
0.5 db 25 cps — 20 kc. Harmonic Dist: 20 eps:
2% @ 4.2 w; ¥2% @ 2.5 w: 30 cps: 2% @ 11 w;
A% @ 6.3w;, 40 eps: 1% @ 12 w; V% @ 9.3 w;
2000 cps: ¥B% @ 12 w; 10 ke: 1% @ 10 w; V1%
@ 6 w. Transient Resp: excellent square wave
eproduction (4 usec rise-time); negligible ring-
ng, rapid settlinz on 10 kc square wave. Inverse
Feedback: 20 db. Stability Margin: 12 db. Damp-
g Factor: above 8, 20 ¢ps —~ 15 kc. Speaker
Tonnections: 4, & 16 ohms. Toue Control Range:
® 10 kc, =13 db: @ 50 cps, =16 db. Tubes:
2-ECC83/12AX7,1-ECC82/12AU7,2-EL84,
L-EZ8]. Size: HWD: 33" x 12" x 81", 138 lbs,

NEW! 50-WATT ~
Ultra-Linear i
HIGH
FIDELITY
POWER
AMPLIFIER

HF50 KIT *57°% WIRED *87°

Like the HF60 shown below, the HF50 features
virtually absolute stability, flawless transient
response under either resistive or reactive (speaker)
load, & no bounce or flutter under pulsed condi-
tions. Extremely high quality output transformer
with extensively interleaved windings, 4, 8, & 16
ohmn speaker connections, grain-oriented steel, &
fully potted in seamless steel case. Otherwise iden-
tical 10 HF60. Ountput Power: 50 w cont., 100 w pk.
IM Distortion (60 & 6000 cps @ 4:1): below 1%
at 50 w; 0.5% @ 45 w. Harmonic Dist.: below
0.5% between 20 cps & 20 ke within 1 db of rated
ower. Freq. Resp. at 1 w: *=0.5 db 6 cps —60
e; *0.1 db 15 ¢ps —30 kc at any level from 1
mw to rated power; mo peaking or raggedness
outside audio range. All other spees identical to
iiF60 below. Matching cover Model E-2, $4.50.

The specs are-the proof...
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HIGH FIDELITY PREAMPLIFIER

=nre1a KiT 224 wiren *37°°

With Power Supply: #HFe1 KiT *29%, wireo $44%°

Will not add distortion or detract from the wide-
band or transient response of the finest power
amplifiers at any control settings. High quality
feedback circuitry throughout plus the most com-
plete control & switching facilities. Heavy-gauge
solid brushed brass panel, concentric controls,

one-piece- brown enamel steel cabinet for lasting

attractive appearance. Feedback-type, sharp cut-
off (12 db/ovctave) seratch & rumble filters. Low-
distortivn feedback equalization: 5 most common
recording curves for LPs & 78s including RIAA,
Low-distortion feedback tone controls: provide
large boost or cut in bass or treble with mid-freqs
& volume unaffected. Centralab printed-cireunit
Sentor ““Compentrol” loundness ¢ ntrol with con-
centric level control. 4 hi-level switched inputs
(tuner, tv, tape, aux.) & S low-level inputs (sepa-
rate front punel low-level input selector permits
concurrent use of changer & turntable). Proper
pick-up loading & atenuation provided for all
quality cartridges. Hum bal. control. DC super-
imposed on filament supply. 4 convcnience out-
leis. Extremely flat wideband freq. rc:p.: 1 db
8-100,000 cps; =0.3 db 12-50,000 cps. Extremely
sensitive. Negligible hum, noise, harmonic or IM
distortion, Size: 4-7/8” x 12-5/16" x 4-7'8". 8 Ibs.

."!w

See the “BEST BUYS* NOW IN
STOCK at your nearest distributor,

Write for free Catalog AC-8

COMPLETE with FACTORY-BUILT CABINEF—
2-WAY- HI-FT SPEAKER SYSTEM #HFs1 $39%

Genuine 2-way book-shelf size speaker system. Jensen
heavy duty 8” woofer (6.8 oz. magnet) & matching Jensen
compression-driver exponential horn tweeter with Jevel
control. Smooth clean bass & crisp extended highs free of
coloration or artificial brilliance. Factory-built tuned bass
reflex birch hardwood cabinet (not a kit) constructed to
high quality standards, Neutral acoustical grille cloth

o=
S WEw
~ 60-WATT Ultra-Linear

HIGH FIDELITY POWER AMPLIFIER #HF60
with ACRO T0-330 OUTPUT TRANSFORMER

KIT #72% WIRED *99°°

Superlative performance, obtained through finest
components & circuitry. EF86 low-noise voltage
amplifier direct-coupled to 6SN7GTB cathode
coupled phase inverter driving a pair of Ultra-
Linear connccted push-pull EL34 output tubes
operated with fixed bias. Rated power output:
60 w (130 w peak). IM Distortion (60 % 6000
cps at 4:1): less than 1% at 60 w; less than
0.5% at 50 w. Harmonie Distortion: less than
0.5% at any freq. between 20 cps & 20 k¢ within
1 db of 60 w. Sinusoidal Freq. Resp.: at | w:
35 ke at any level from | mw to rated power; no
peaking or raggedness outside audio range. Square
Wave Resp.: excellent from 20 c¢ps to 25 ke, 3 usec
rise-time. Semsitivity: 0.55 v for 60 w. Damping
Facetor: 17. Inverse Feedback: 21 db. Stability
Margin: 16 db. Hum: 90 db below rated output.
ACRO TO-330 Output Transformer (fully potted).
Speuker Taps: 4, 8, 16 ohms. GZ34 extra-rugged
rectifier (indirectly-heated cathode eliminates high
starting voltage on electrolytics & delays B+ until
amplifier tubes warm up). Input level control.
Panel mount fuse holder. Both bias and DC —
balanee adjustments, Std octal socket provided for
pre-amplifier power take-off. Size: 7 x 14" x 8",
30 lbs. Matching cover Model E-2 $4.50.

frained by a smooth-sanded solid birch molding. Freq.
Resp. measured 2 ft. away on principal axis in anechoic

Prices 3% higher on West Coast.

chamber with 1 watt input — Woofer: *4 db) 80-1800 cps;

Tweeter: =2 db 2800-10,000 cps; C€rossover Reglon: 1800-

® 2800 cps, shift in level over this region depends on tweeter ) -
. level control sctting. Power-handling capacity: 25 watts.
Em szt: 23" II;.&" 25 Ibs. Wiring Tiwer 15 mun.
{i 33-90 Nerthern Blvd,, Long Island City 1, N. Y.
. & ;
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NEW!
50-WATT
Ultra-Linear

Pl

@G @G0  mpEuTY
INTEGRATED POWER AMPLIFIER HF52
with Preamplifier, Equalizer & Control

KIT *69*°  WIRED *109% Section

Combines a power amplifier section essentially
identical to the HF50 power amplifier with a
preamp-equalizer control section similar to HF20
below. Provision for use with electronic crossover
network & additional amplifier(s). See HF50 for
response & distortion specs; HF60 for square wave
response, rise-time, inverse feedback, stability
margin, damping factor, speaker connections;
HF20 for preamplifier, equalizer & coutrol section
description. Hum & nois¢ 60 db below rated out-
put on magnetic phono input (8 mv input for
rated output), & 75 db below rated output on
high level inputs (0.6 v input for rated output).
Matching cover Model E-1. $4.50,

, NEW
COMPLETE with Preamplifier, Equalizer
& Control Section
20-WATT Ultra-Linear Williamson-Type
HIGH FIDELITY AMPLIFIER #HF-20

KIT #49° WIRED *79%

A low-cost, complete-facility amplifier of the
highest quality that sets a new standard of per-
formance at the price, kit or wired. Rated Power
Output: 20 w (34 w peak). IM Distortion (60 &
6000 eps/t:1) at rated power: 1.3%. Max. Har-
monic Distortion between 20 & 20,000 eps at 1
db under rated power: approx. 1%. Mid-band
Harmonic Distortion at rated power: 0.3%-. Power
Response (20 w): 0.5 db 20-20,000 cps; =1.5 db
10-40,000 cps. Freq. Resp. (V4 w): 0.5 db 13-
35,000 cps; =15 db 7-50,000 cps. 5 feedbaek
equalizations for LPs & 78s. Low-distertion feed-
back tone controls: large Doosts or cuts in bass or
treble with mid-fregs. & volume unaffected. Loud-
ness control & separate level set control on front
panel. Low Z output 1o tape recorder. 4 hi-level
switehed inputs: (uner, tv, tape, aux; 2 low-level
inputs for proper loading with all cartridges. Hum
bal. control. DC superimposed on filament supply.
Extremely fine output transformer: interleaved
windings, tight coupling, careful balancing, grain-
oricnted stecl. 812" x 15” x 107, 24 Ibs.

Matching cover Model E-1, $4.50

<




