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Everybody Knows...

that only Geld Cascode RF
amplification brings FM
sensitivity to the theoretical
limit, allowing reception at
tremendous distances.

Only FISHER has it!

Everybody Knows...

that Zero-Time-Constant,
Dual-Dynamic Limiters oper-
ate instantaneously, elimi-
nating any possibility of
impulse and random noise.

Only FISHER has it!

FHE FISHER FM-90X

Everybody Knows...

that four IF Amplifier stages
are necessary for maximum
bandwidth coupled with
maximum selectivity, plus a
vast increase in gain.

Only FISHER has it!

Everybody Knows...

that two tuning meters per-
mit micro-accurate tuning
plus orientation of the an-
tenna for highest possible
signal strength.

Only FISHER has it!

¥
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Everybody Knows...that only a GoLp Cascobe FM
tuner CAN be the best! And the world's only FM
tuners using the costly GoLbp Cascopk are those made by
FISHER. No amount of wild claims by envious competi-
tors can change that simple fact! The costly GoLp
CascoDE achieves the highest possible gain with the lowest
possible noise, accounting for its amazing sensitivity. Its
inherent gain is rwice that of the RF tubes used in other
FM tuners. On this type of tube, with its gold-piated gnd
—and ONLY this type of tube—is it possible to have the
microscopically small gap between grid and cathode neces-
sary to achieve absolute-maximum sensitivity.

You can spend more, but you cannot buy a finer instru-
ment than a FISHER GoLp CascopE tuner. The superior
claims made for FISHER tuners are basca on actual pro-
duction units exactly like the one vou can buy, not on a
hand-tailored ‘laboratory-pet’ sample. Listed at the left
are other important features, found ONLY in THE
FISHER. If you have any doubt about the superiority
of FISHER tuners, ask your dealer to permit a home
trial, under identical conditions, alongside any other make
of tuner, regardless of price. YOU be the judge!

WRITE TODAY FOR COMPLETE SPECIFICATIONS

FISHER RADIO CORPORATION
21-31 44th Drive * Long Island City 1, N. Y.
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TURKISH DELIGHT!
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AFLP 1867
each 12 inch LP — $5.95

1 AUDIO FIDELITY

total frequency range recordings

Hot music . . . sweet music . . . music of foreign lands —
all yours to enjoy in brilliant hi-fi on AUDIO FIDELITY records.

CIRCUS TIME with the DUKES OF DIXIELAND Kids from 6 to 60 will be

of traditional circus marches. Volume 7

SUTTON PLACE SOUTH Moonlight, champagne and lush strings!

"under the Big Top" with the Dukes latest album

AFLP 1863

Mood music for a penthouse romance. AFLP 1873

TURKISH DELIGHT Tempestuous, bewitching, alluring music of the exotic Middie East. Featuring Mike Sarkissian. AFLP 1867

AL HIRT at Dan’s Pier 600 New Orleans top performer in true Swinging Dixie in the finest New Orleans tradition! AFLP 1877

“ZONKY"” Ace Harris and Buddy Charles really rock that piano with solid interpretations of old time standards. AFLP 1876

JOHNNY PULEO and His HARMONICA GANG A terrific new follow-up album of easy-swinging favorites. Volume 2 AFLP 1859

GRECIAN HOLIDAY Fascinating, rhythmic traditional Greek melodies Featuring Mike Sarkissian & the Ensemble.

WRITE FOR FREE CATALOG ¢ AUDIO FIDELITY, INC

JUNE 1058

AFLP 1866

770 Eleventh Avenue ® New York 19, New York



RECORDS IN REVIEW — 1957

Edited by Joan Griffiths, This, the third HicH FIDELITY
Annual, contains over 9oo reviews of classical and semi-
classical music, and the spoken word, that have appeared
in HIGH FIDELITY Magazine from July 1956 through June
1957. It includes both LPs and tapes. $4.95 257

THE McPROUD HIGH FIDELITY HANDBOOK

Edited by C. G. McProud, Publisher of AUDIO. A volume of
well-chosen articles written by hi-fi experts in almost every
phase of the field. Here is a wealth of ideas, how-tos, what-
tos, and when-tos, that the nontechnical hi-fi enthusiast can
appreciate. The articles run from a light dissertation on
the theory of Hi-Fi-Manship to serious thoughts about
cabinet dimensions and soldering cables and connectors.
Paper, $2.50 268

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 me-
chanical and acoustical defects which cause a hi-fi system
to function less than perfectly. The book is clearly written
and well indexed. Hard cover, $s.00 232
Soft cover, $2.90 233

UNDERSTANDING HI-FI CIRCUITS

By Norman Crowhurst. Here the audiophile will find the
answers to questions often confusing. The chapters are:
special output stages, feedback, damping, inverter and driver
stages, input stages, matching, equalization, speaker distribu-
tion and crossovers, loudness and volume controls, tone
controls. Hard cover, $5.00 254 Soft cover, $2.90 255

HIGH FIDELITY: A PRACTICAL GUIDE

By Charles Fowler. Here is sbe book for the beginner — one
that ncither under- nor overrates his knowledge or ability
to understand high fidelity. With unusual clarity and in
just the right amount of detail it explains the principles in-
volved and their application. Thus the reader is able to
exercise an informed and reasoned judgment as to what
would best suit his own taste, his available space, and his
purse — in building, in buying, or in adding to his high-
fidelity system. In short—a complete, intelligible, and
literate exposition for the novice high fidelitarian. $4.95 234

Just Published
RECORDED JAZZ: A CRITICAL GUIDE

By Rex Harris and Brian Rust

Paper cover, 85¢ 269

Save yourself time and trouble
by ordering your books directly from us.
Just fill in the coupon below.

audiophiles bookshelf

A quick and easy way to find
the reference you want exactly

when you want it —

HIGH FIDELITY:
A Bibliography of Sound Reproduction

Compiled by K. J. Spencer Foreword by G. A. Briggs

This new book, imported in a limited quantity from England and avail-
able in this country only through the publishers of AUDIOCRAFT Maga-
zine, is a volume whose value to everyone seriously interested in high
fidelity need not be outlined.

It contains approximately 2,600 entries that represent the whole field of
published information and research on high quality sound reproduction,
from the subject’s very early days up to and including June 19s57. The
world literature on sound reproduction, which happens to be mainly
English and American, is here cited with the result that a specialized
work of reference is now available for all who wish to be able to con-
sult, quickly and easily, what has been published on every aspect of
the subject from Definitions to Maintenance. Supplements are planned
to be published from time to time. $6.00 271

Andiocraft’s Annual
FM STATIONS UP-TO-DATE

Here, in convenicent booklet form, is a complete geographical listing
of FM stations in the United States and Canada, accurate to January
2, 1958. The list was compiled directly from [FCC records, and
originally appeared in AUDIOCRAFT Magazine.

Only a limited number of copies of FAl Stations Up-to-Date are avail-
able, so, to be sure of getting one, place your order soon. The price
is only so¢. 270

Book Department

AUDIOCRAFT Magazine

Great Barrington, Mass.

I enclose $ for which please send me, postpaid, the
books indicated by circled numbers below. (No C. O. D.'s or charge
orders, please.) Foreign orders sent at buyer’s risk. Add ssé per
book for postage on foreign orders except Canadian.

Binder 1 (holds 14 issues) 223 $3.50

Binder 2 (holds 12 issues) 245 $3.00 255

Unmarked binders 265 $2.75 ea. 223 257
232 265

NAME 233 268

ADDRESS 234 269
245 270
254 27
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The Grounded Ear

Distortion and Loudspeakers

High fidelity began to come of age ten
vears ago with the acceptance of what
is still the fundamental law: that low
distortion is the first and most impor-
tant requirement. Distortion conditions
and affects all other qualities, including
both the real and apparent frequency
response of a system. High distortion
may make a wide frequency response
intolerable, or, on the other hand, it
may so confuse the real frequency re-
sponse that it appears to the ear to be
narrower or broader than it really is.
This is particularly truc of loud-
speaker systems, as I was dramatically
reminded recently. Yet, although no
one who knows anything at all about
high fidelity would buy an amplifier
without inquiring about its distortion
characteristics, few people —even the
experts — consciously stop to consider
the distortion characteristics of loud-
speaker systems. And, while every manu
facturer of repute gives distortion hgures
for amplifiers, distortion figures for
speaker systems are almost unavailable.
There are some good reasons for this,
among them the fact that it is difhcult
to measure speaker distortion and even
more difficult to design and produce
speakers with low distortion. Further
more, in comparison with the fraction
of-19% distortion of amplifiers, the 5%
distortion of a fine loudspeaker system
seems scarccly worth boasting about.
These reflections were stimulated by a
seeming paradox which developed when
1 was testing several types of com-
pact speaker systems for stereo use.
Among them was a pair of AR-2 speak
ers, which are slightly smaller and much
cheaper than the remarkable AR-1. The
frequency response of the AR-2 is not
particularly remarkable, unless you con-
sider its size. The resonant point is 58
cps and the response is firm down to

4

by Joseph Marshall

about 40 cps; there is response down to
30 cps, but it is audible only at high
input levels, and for normal listening
the response really stops somewhere be-
tween 35 and 40 cps. There are many
systems, both large and small, whose
claimed or casually measured curves will
match that of the AR-2 within a db or
two. The paradox is that in comparison
with most of these the AR-2, on musical
material, seems to have response about
an octave lower.

Drums, for example, sound consider-
ably deeper on the AR-2 and less tautly
stretched. The AR-2, like most other
systems, has practically no response to
the fundamental of the lowest octave of
the organ pedal — below 30 cps. Yer,
when program material containing such
notes is fed into it, the AR-2 sounds as
though it were responding and, in any
event, is much closer to the sound of the
very few systems that do have any rc-
spectable response below 30.

Similarly, the bass viols seem to bc
playing one octave lower when they arc
at the bottom of their range. This espe-
cially doesn’t make sense at first, becausc
the range of the double bass is well
above 40 c¢ps and consequently would
scem to be equally well covered by any
speaker which has response above that
frequency. What kind of acoustic nec-
romancy does the AR-2 practice?

The answer is obvious if we swecp the
speaker systems at a moderate level with
a sine-wave generator. On the AR-2
there is no sound whatever when the
generator is swept below about 37 cps,
although there is still considerable move-
ment of the cone. On most others the
system continues to emit considerable
sound even when the generator is below
30 cps. The comparison systems are
doubling and tripling; what is audible
is very largely the second, third, and
higher-order harmonic distortion which,
indeed, in some cases may run in excess
of 50%. On the other hand, the ear
does not hear very much actual sound

What's new for your

future in sound

reproduction ?

below 40 cps except at very high levels,
even if the speakers are responding; the
relative absence of audible response must
be an indication of very low distortion.
A little reflection will show why the
low distortion seems to add another
octave to the AR-2 or, if you prefer,
why distortion takes an octave away
from speakers with seemingly similar
response curves. Let us take the case of
a big bass drum emitting a 45-cps note.
That fundamental is accompanied by a
lot of harmonics: 90-cps second, 135-cps
third, etc. A speaker with little or no
distortion maintains the original rela-
tionship betwecn the fundamental and
the harmonics and thus reproduces the
original tone which is dependent on this
relationship. A speaker with a lot of dis-
tortion increases the apparent amplitude
of the harmonics; it may raise the second
harmonic to complete dominance. This
will make the sound seem higher in
pitch. Although both speakers seem to
have the same measurable response, high
distortion in effect robs one speaker
of an entire octave of audible response.
The AR-1 and AR-2 are not, evident-
ly, the only speakers which profit in this
way from low distortion. If other speak-
er systems of highest reputation among
the most critical listeners wer¢ measured
I suspect it would be found that they,
too, are far more notable for their low
distortion than for their response in the
final bass octave or two. Therefore, it
would seem that people who want a
spcaker system with that "real low-down
bass” would do better to inquire into
distortion characteristics rather than —
or in addidon to — frequency response.

Acoustic Research AR-2 speaker system,

AUDIOCRAFT MAGAZINE
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Qs es i High Flde|lty the best buys K'TSRED

BETTER ENGINEERING Since 1945 EICO has pioneered the
concept of test instruments in easy-to-build kit form — has become world-famous
for laboratory-precision instruments at low cost. Now EICO is applying its vast
experience to the creative engineering of high fidelity. Result: high
authorities as Canby of AUDIO, Marshall of AUDIOCRAFT, Holt of HIGH FIDELITY,

Fantel of POPULAR ELECTRONICS, Stocklin of RADIO TV NEWS, etc. —
as well as from the critical professional engineers in the field.t

SAVE 509, Mass purchasing, and a price policy deliberately aimed to encourage mass sales,

make this possible.

EASY INSTRUCTIONS You need no previous technical or assembly experience to build any

EICO kit — the instructions are simple, step-by-step, “beginner-tested.”

DOUBLE 5-WAY GUARANTEE Both EICO, and your neighborhood distributor,

guarantce the parts, instructions, performance . .
for any EICO kit or wired unit.

calibration at nominal cost . . .

BEFORE YOU BUY, COMPARE At any of 1200 ncighborhood EICO distributors
coast to coast, you may examine and listen to any EICO component. Compare
critically with equipment several times the EICO cost — then you judge.

. as well as lifetime service and

praise from such

You'll sec why the experts recommend EICO, kit or wired, as best buy.
1 Thousands of unsolicited testimonials on file.

HFT90 FM Tuner
with ‘‘eye-tronic’ tuning

HFS2 Speaker System: Uniform loading & natural
bass 30-200 cps achieved via slot-loaded split
conical bass horn - of 12-ft path. Middles & lower
highs from front side of 8.2” cone, edge-damped
& stiffened for smooth uncolored response. Suspen-
sionless, distortionless spike-shaped super-tweeter
radiates omni-directionally. Flat 45-20,000 cps, useful
to 30 cps. 16 ohms. HWD: 36”7, 1514”7, 1114,
‘.. . rates as excellent . unusually musical .
really non-directional' — Canby AUDIO. “Very
impressive”’ — Marshall (AUDIOCRAFT) Walnut or
Mahogany, $139.95. Blonde, $144.95.

HFT90 FM Tuner equals or surpasses wired tuners
up to 3X its cost. New, pre-wired, pre-aligned, tem-
perature- compensated “front end” — drift-free.
Sensitivity, 1.5 uv for 20 db quieting, is 6X that of
other kit tuners. DM-70 traveling tuning eye.
Response 20-20,000 cps=1 db. Cathode follower &

HF61 Preamplifier

HF50 50-Watt Ultra-Linear Power Amplifier with ex.
tremely high quality Chicago Standard Output Trans-
former. Identical in every other respect to HF60 and
same specifications up to 50 watts. Kit $57.95, Wired
$87.95. Matching Cover E-2 $4.50.

HF30 30-Watt Power Amplifier employs 4-EL84
high power sensitivity output tubes in push-pull
parallel, permits Williamson circuit with large feed-
back & hlgh stability. 2-EZ81 full-wave rectifiers for
highly reliable power supply. Unmatched value in
medium-power professional amplifiers. Kit $39.95,
Wired $62.95. Matching Cover E-3 $3.95.

HF-32 30-Watt Integrated Amplifier Kit $57.95.
Wired $89.95.

p ’ HFS2
. Speaker System

* MM,,‘

o ”Dt,,

&
’mn

HF60, HF50 Power Amplifiers

i

HF12 12-Watt Integrated Amplifier, absolutely free of
“‘gimmicks", provides complete ‘‘front end” facili-
ties & true fidelity performance of such excellence
that we can recommend it for any medium-power high
fidelity application. Two HF12's are excellent for
stereo, each connecting directly to a tape head with
no other electronic equipment required. Kit $34.95.
Wired $57.95.

HFS1 Two-Way Speaker System, complete with fac-
tory-built cabinet. Jensen 8” woofer, matching Jensen
compression-driver exponential horn tweeter. Smooth
clean bass; crisp extended highs. 70-12,000 cps = 6
db. Capacity 25 w. Impedance 8 ohms. HWD:
117 x 23”7 x 9”. Wiring time 15 min. Price $39.95.

& outputs. Kit $39.95+ e i e | HFS2 50.Watt Integrated Amplifier with complete | MAIL COUPON FOR CATALOG i

‘“‘front end" facilities and Chicago Standard Output ® i
HFE1A Preamplifier, providing the most complete’ Transformer. Ultra-Linear power amplifier essentially 1 EICO® 33-00 Northern Blvd,, L1.C. 1, N.Y. 1
control & switching facilities, and the flnlesthdeSIgn ngﬂhsctalat%'grgg‘ I}'t';f l:gjltti?lxgpefrr]g:r‘:edrins?antqotnofﬁhe : Show me how to SAVE 50% on profes- |
offered in a kit preamplifier, ** . . . rivals the most ghe udi a r ortion-free . A A
expensive prean?ps .p. . is an example of high high power, virtually absolute stability, flawless 1 sional Test Instruments and High F'de_l"Y- 1
engineering skill which achieves fine performance transient response and *‘front end’ versatility. 1 Send me free catalog and name of neigh- 1
with simple means and low cost.'” — Joseph Marshall, Kit $69.95. Wired $109.95. Matching Cover E-1 $4.50. { borhood distributor. l
AUDIOCRAFT. HFE1A Kit $24.95, Wired $37.95, HF61 1 1
(with Power Supply) Kit $29.95. Wired $44.95. HF20 20-Watt Integrated Amplifier, complete with | Name. .. |
HF60 60-Watt Ultra Linear Power Amplifier, with Acro finest preamp-contrel facilities, excellent output I 1
T0-330 Output Transformer, provides wide band. ~ {ransformer that handles 34 watts peak power, pius AdAress . ... 1
width, virtually absolute stability and flawless tran- a full Ultra-Linear Williamson power amplifier circuit. | §
sient response. ' . . . is one of the best-performing Highly praised by purchasers, it is established as [ o z Stat 1
amplifiers extant; it is obviously an excellent buy.” the outstanding value in amplifiers of this class. Yoo one O A |
—AUDIOCRAFT Kit Report. Kit $72.95. Wired $99.95, Kit $49.95. Wired $79.95. Matching Cover E-1 $4.50, | Sy ey pr oy ——— S L
Matching Cover E-2 $4.50. Prices 5% higher in the West

@@ = ~ HF12 Integrated Amplifier == nrao Power Ampllfier
®
HFS2, HF20 m 33.00 Northern Boulevard, L. 1. C. 1, N. Y. 3
Integrated Amplifiers Over 1 Million EICO instruments in use the world over,  Speaker System - === o1958
F— _Q
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High Fidelity Sound
Reproduction

Ed. by E. Molloy; pub. by George New
ness Ltd., London; distributed in the
United States by Transatlantic Arts, Inc.,
Hollywood-by-the-Sea,  Florida; 200
pages; $5.00.

This book brings together contribu-
tions from a number of high fidelity ex-
perts in England — ten of them alto
gether — with an introduction by H. J.
Leak.

As a general treatise on the subject
of high fidelity, it certainly doesn’t come
up to many of the excellent books al-
ready out on that topic. However, any
new book should have some contribution
to make to the literature in order to
justify its existence, and one chapter on
electrostatic loudspeakers written by
Ralph L. West is one of the best dis-
cussions on the subject now available.
It is understandable, of course, that a
brand new book from England, where
considerable effort has been put into the
development of electrostatic speakers,
would contain much of interest on this
subject.

The other chapters cover standard
loudspeakers and enclosures, amplifiers
and preamps, acoustics, record reproduc-
tion, tape recording, and radio reproduc-
tion, with a number of schematics of
current British radios and amplifiers.

Television Interference
Handbook

Philip S. Rand; pub. by the Nelson Pub
lishing Co., Redding Ridge, Conn, 56
pages; $1.75, paper-bound.

This manual should be a beon to radio
hams, and to TV engineers, repairmen,
and set owners who are plagued with
man-made TV-interference problems.

It is packed with good, solid, useful
information on the subject and is ex-
tremely well illustrated and documented.
The author has lectured extensively on
the subject and has written numerous
articles on TVI in various trade journals
during the past ten years.

The manual is the first 1 know of to
bring together so concisely and com-
pletely every aspect of this sometimes
exasperating problem. Typical chapter
headings are: “Sources and Types of
TVI,” “Locating TVI,” "The TV Re-

ceiver,” “The Radio Transmitter,
"Shielding,” “High-Pass Filters,” "Low-
Pass Filters,” “Special VHF Problems,”
and “Medical and Public Utility TVIS

The author, a registered Professional
Electrical Engineer, presents both theory
and practical solutions, along with pho-
tographs of actual TV interference pat-
terns and diagrams of suggested circuits
and cures.

The appendix is exceptionally good,
with a rundown of FCC regulations on
interference, a list of TVI committees
throughout the nation, harmonic-fre-
quency tables for all the possible inter-
fering ham bands, and tabulations of
picture, sound, and local oscillator fre-
quencies and image bands for the various
TV channels; altogether, it is an ex-
tremely handy compilation of informa-
tion for tracking down unwanted signals.
Also included in the appendix are sev-
eral interesting tables on the character-
istics of various TV systems now used

Electron Tubes and
Semiconductors

Joseph ]. DeFrance; pub. by Preutice
Hall, Inc., Englewood Cliffs, N. ]J.; 288
pages; $9.00.

This book is slanted to technical and
trade-school students, and is primarily
descriptive and nonmathematical. The
author stays strictly on the subject of
tube and semiconductor characteristics
per se, without going into the circuits or
applications thereof. Descriptions are
lucid, and the book is fully illustrated
with graphs, charts, and pictures.

Published in 1958, it is more up-to-
date than most on semiconductors and
transistors, although here again, of
course, the information given is on
basic device characteristics and descrip-
tions, not on circuits and applications.

The book is divided into eleven chap-

ters with review questions and problems
given after each chapter. The appendix
contains electrical data on a number of
tubes, transistors, and diodes. For its in-
tended use as an introduction to the basic
tools of electronics, the book is nicely
executed but rather expensive.

Introduction to Transistor
Circuits

E. H. Cooke-Yarborough; pub. by In-
terscience Publishers, Inc., New York,
154 pages; $2.75.

This book has a slightly different em-
phasis from most elementary or inter-
mediate texts on transistors.

It begins with the basic material on
semiconductor and transistor theory, and
chapters on equivalent circuits, common-
base and common-emitter configurations,
DC operating conditions, etc.; the entire
second half of the book is devoted to
pulse and nonlinear operation of point-
contact and junction transistors (for
which the author introduces an unusual
new symbol).

As such, it is one of the better texts
on transistor computer applications and
the like. There are only a handful of
practical circuits with actual component
values given; the author concentrates
more on the theoretical, and gives most
of the mathematics and explanations
necessary to make computations for prac-
tical circuit actions.

Theme and Variations
or All About FM Antennae and
theiwr Installation

L. F. B. Carini; pub. by Apparatus De-
velopment Co., Wethersfield 9, Conn.;
24 pages; 25¢, paper-bound.

The sensitive antennas necessary to re-
ceive VHF signals from distant FM sta-
tions are not often understood by the
average layman.

This small booklet takes most of the
mystery out of such terms as Yagi, di-
poles, front-to-back ratios, transmission
lines, insertion losses, and impedance

Continued on page 46
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stereo
tape deck kit

HEATHKIT

mooeL Tr1o 514393

Enjoy the wonder of Stereophonic sound in
your own home! Precision engineered for fine per-
formance, this tape deck provides monaural-record /play-
back and stereo playback. Tape mechanism is supplied complete. You build only the
preamplifier. Features include two printed circuit boards—low noise EF-86 tubes in
input stages—mic and hi-level inputs—push-pull bias-erase oscillator for lowest noise
level—two cathode follower outputs, one for each stereo channel—output switch for
instantaneous monitoring from tape while recording. VU meter and pause control for
editing. Tape speeds 3% and 7} IPS. Frequency response =2 db 40-12,000 CPS at 7)4
IPS. Wow and flutter less than .393. Signal-to-noise 55 db at less than 19 total harmonic
distortion. NARTB playback equalization, Make your own high quality recordings for
many pleasant listening hours.

,..n-‘ﬁﬁ

stereo equipment
cabinet kit

HEATHKIT MODEL SE-1
(Price to be announced soon)

Beautifully designed, this stereo equipment cabinet has
ample room provided for an AM-FM tuner—tape deck
— preamplifier — amplifiers — record changer — rec-
ord storage and speakers. Constructed of %" solid-
core Philippine mahogany or select birch plywood,
beautifully grained. Top has shaped edge and sliding
top panel. Sliding doors for front access. Mounting
panels are supplied cut to fit Heathkit units with extra
blank panels for mounting your own equipment. Easy-
to-assemble, all parts are precut and predrilled. In-
cludes all hardware, glue, legs, etc. and detailed in-
struction manual. Speaker wings and center unit can
be purchased separately if desired, Overall dimensions
with wings 82" W. x 37 H. x 20" D. Send for free details.

¢ S

DELUXE AM-FM
TUNER KIT

HEATHKIT
MODEL PT-1 8993

Here is a deluxe combination
AM-FM tuner with all the ad-
vanced design features required
by the critical listener. Ideal for
stereo applications since AM
and FM circuits are separate and
individually tuned. The 16-tube
tuner uses three circuit boards
tfor easy assembly. Prewired and
prealigned FM front end. AFC
with on/off switch—flywheel
tuning and tuning meter.

STEREO PRE-
AMPLIFIER KIT

HEATHKIT MODEL SP-1

(Price to be announced soon)

This unique two-channel con-
trol center providaes all controls
necessary in stereo applications.
Building block design lets you
buy basic single channel now
and add second snap-in channel
later for stereo without rewiring.
12 inputs each with level con-
trol—NARTB tape equalization
—b6 dual concentric controls in-
cluding loudness controls—
built-in power supply.

E

55 WATT HI-FI
AMPLIFIER KIT

HEATHKIT
MODEL w-7m $54°9°

First time ever offered—a 55-
watt basic hi-fi amplifier for $1
per watt. Features EL-34 push-
pull output tubes. Frequency re-
sponse 20 CPS to 20 KC with
less than 29 harmonic distor-
tion at full output throughout this
range. Input level control and
“on-off'’ switch provided on
front panel. Unity or maximum
damping factors for all 4, 8 or 16
ohm speakers.

12 WATT HI-FI
AMPLIFIER KIT

HEATHKIT
MODEL UA-1 $2198

Ideal for stereo applications, this
12-watt power package repre-
sents an outstanding dollar
value. Uses 6BQ5/EL84 push-
pull output tubes. Less than 2%
total harmonic distortion
throughout the entire audio
range (20 to 20,000 CPS) at full
12-watt output. Designed for use
with preamplifier models WA.-
P2 or SP-1, Taps for 4, 8 and 16
ohm speakers.

For complete information on above kits—Send for FREE FLYER.

HEATH COMPANY ° a subsldiaryl}@aystrom, inc. * Benton Harbor 18, Mich.
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easy-to-build

high quality

LOOk ... how simply you can
assemble your very own high fidelity
system! Fun-filled hours of shared
pleasure, and an everlasting sense
of personal accomplishment are
just a few of the rewards. Heathkits
cost you only HALF as much as
ordinary equipment and the quality
is unexcelled. Let us show you

how easy it really is!

Step-by-Step
Assembly
Instructions . . .
Read the step . . .
perform the operation
and check it off—
it's just that simple!
These plainly-worded,
easy-to-follow steps
cover every assembly
operation.

(v Install a 001 ufddisc condenser from socket
B7 (NS) to ground lug B1l1 (NS). Cut the
leads 8o that they are just long enough to
reachanddress the condenser close to chas-
8ig, over the wires already present.

{ ) Connect a 470 KQ resistor (yellow-violet-
yellow) from socket B7 {(S) (2) to B8 (NS).
Mount as close to the socket as possible

HEATHKIT

Easy-to-follow
Pictorial
Diagrams . . .
Detailed pictorial

bookshelf 12-watt
B e e el amplifier kit

show where each and . MODEL EA-2

every wire and part is
to be placed. ”E w

Learn-by-doing
Experience
For All Ages . . .

There are many reasons why this attractive amplifier is a tre-
mendous dollar value. You get many extras not expected at this
price level. Rich, full range, high fidelity sound reproduction

Kit construction is not
only fun—but it is
educational too! You
learn about radio,
electronic parts and
circuits as you build
your own equipment.

Top Quality
Name-Brand
Components

Used in All Kits . . .

Electronic components
used 1n Heathkits come
from well-known manu-
facturers with established
reputations. Your
assurance of long life
and trouble-free service.

with low distortion and noise . . . plus "modern'’ styling, mak-
ing it suitable for use in the open, on a bookcase, or end table.
Look at the features offered by the model EA-2: full range fre-
quency response (20—20,000 CPS * 1 db) with less than 1%
distortion over this range at full 12 watt output—its own buiit-in
preamplifier with provision for three separate inputs, mag
phono, crystal phono, and tuner—RIAA equalization—separate
bass and treble tone controls—special hum control—and it's
easy-to-build. Complete instructions and pictorial diagram
show where every part goes. Cabinel shell has smooth leather
texture in black with inlaid gold design. Front panel features
brushed gold trim and buff knobs with gold inserts. For a real
ound thrill the EA-2 will more than meet your expectations.
Shpg. Wt. 15 Ibs.

TIME PAYMENTS AVAILABLE
ON ALL HEATHKITS
WRITE FOR FULL DETAILS

AUDIOCRAFT MAGAZINE



HEATHKIT

chairside enclosure kit
This beautiful equipment enciosure will

EW make your hi-fi system as attractive as any

factory-built professionally-finished unit. Smartly designed for maxi-
mum flexibility and compactness consistent with attractive appear-
ance, this enclosure is intended to house the AM and FM tuners
(BC-1A and FM-3A) and the WA-P2 preamplifier, along with the
majority of record changers, which will fit in the space provided.
Adequate space is also provided for any of the Heathkit amplifiers
designed to operate with the WA-P2, During construction the tilt-out
shelf and lift-top lid can be installed on either right or left side as de-
sired. Cabinet is constructed of sturdy, veneer-surfaced furniture-
grade plywood %" and 3" thick. All-parts are precut and predrilled
for easy assembly. Contemporary available in birch or mahogany,
traditional in mahogany only. Beautiful hardware supplied to match
each style. Dimensions are 18" W x 24” H x 35)4” D. Shpg. Wt. 46 Ibs.

CE-1C Mahogany
CE-1CB Birch

CONTEMPORARY

Be sure to specify
mode! you prefer

*43%

CE-1T Mahogany 4
TRADITIONAL .

e sses e se

HEATHKIT

high fidelity FM tuner kit

For noise and static free sound reception, this FM tuner is your least
expensive source of high fidelity material. Efficient circuit design
features stablized oscillator circuit to eliminate drift after warm-up
and broadband IF circuits assure full fidelity with high sensitivity. All
tunable components are prealigned so it is ready for operation as soon
as construction is completed. The edge-iltuminated slide rule dial is
clearly numbered for easy tuning. Covers complete FM band from
88 to 108 me. Shpg. Wt. 8 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 de-
signed especially for high fidelity. A special detector is incorporated
and the IF circuits are "'broadbanded' for low signal distortion. Sen-
sitivity and selectivity are excellent and quiet performance is assured
by a high signal-to-noise ratio. All tunable components are prealigned
before shipment. Incorporates automatic volume control, two outputs,
and two antenna inputs. An edge-lighted glass slide rule dial allows
easy tuning. Your “best buy' in an AM tuner. Shpg. Wt. 9 Ibs.

MODEL BC-1A $25.95 (with cabinet)

HEATHKIT

master control preamplifier kit

Designed as the ‘“‘master control' for use with any of the Heathkit
Williamson-type amplifiers, the WA-P2 provides the necessary compen-
sation, tone, and volume controls to properly amplify and condition a
signal before sending it to the amplifier. Extended frequency response of
= 1} db from 15 to 35,000 CPS will do full justice to the finest program
material. Features equalization for LP, RIAA, AES, and early 78 records.
Five switch-selected inputs with separate level controls. Separate bass

and treble controls, and volume control on front panel. Very attractively

pioneer in
‘““do-it-yourself”’ H

electronics

COMPANY .
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gubsidiary of Daystrom, Inc.

styled, and an exceptional dollar value. Shpg. Wt. 7 Ibs.

MODEL WA-P2 $19.75 (with cabinet)

BENTON HARBOR 18, MICHIGAN
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. HEATHKIT 25-WATT

MODEL W-5M

$5075

To provide you with an amplifier of top-flight performance,
yet at the lowest possible cost, Heath has combined the
latest design techniques with the highest quality materials
to bring you the W-5M. As a critical listener you will thrill
to the near-distortionless reproduction from one of the
most outstanding high fidelity amplifiers available today.
The high peak-power handling capabilities of the W-5M
guarantee you faithful reproduction with any high fidelity
system, The W-5M is a must if you desire quality plus
economy! Note: Heathkit WA-P2 preamplifier recom-
mended. Shpg. Wt. 31 Ibs.

high fidelity amplifier kits

HEATHKIT 70-WATT

MODEL W-6M

$10995

For an amplifier of increased power to keep pace with the
growing capacities of your high fidelity system, Heath
provides you with the Heathkit W-6M. Recognizing that as
loud speaker systems improve and versatility in recordings
approach a dynamic range close to the concert hall itself,
Heath brings to you an amplifier capable of supplying
plenty of reserve power without distortion. If you are look-
ing for a high powered amplifier of outstanding quality,
yet at a price well within your reach, the W-6M is for you!
Note: Heathkit model WA-P2 preamplifier recommended.
Shpg. Wt. 52 Ibs.

HEATHKIT DUAL-CHASSIS
MODEL W3-AM

$4975

One of the greatest developments in modern hi-fi reproduction was
the advent of the Williamson amplifier circuit. Now Heath offers
you a 20-watt amplifier incorporating all of the advantages of
Williamson circuit simplicity with a quality of performance con-
sidered by many to surpass the original Williamson. Affording you
flexibility in custom installations, the W3-AM power supply and
amplifier stages are on separate chassis allowing them to be
mounted side by side or one above the other as you desire. Here
is a low cost amplifier of ideal versatility. Shpg. Wt. 29 1bs.

high fidelity amplifier kits

HEATHKIT SINGLE-CHASSIS
MODEL W4-AM

$3075

In his search for the *perfect” amplifier, Williamson brought to
the world a now-famous circuit which, after eight years, still ac-
counts for by far the largest percentage of power amplifiers in use
today. Heath brings to you in the W4-AM a 20-watt amplitier in-
corporating all the improvements resulting from this unequalled
background. Thousands of satisfied users of the Heath-
kit Williamson-type ampiifiers are amazed by its outstanding per-
formance. For many pleasure-filled hours of listening enjoyment
this Heathkit is hard to beat. Shpg. Wt. 28 Ibs.

10

HEATHKIT

high fidelity
amplifier kit

$3 550

For maximum performance and versatility at the lowest
possible cost the Heathkit model A-9C 20-watt audio
amplifier offers you a tremendous hi-fi value. Whether for
your home installation or public address requirements
this power-packed kit answers every need and contains
many features unusual in instruments of this price range.
The preamplifier, main amplifier and power supply are all
onone chassis providing a very compact and economical
package. A very inexpensive way to start you on the road
to true hi-fi enjoyment. Shpg. Wt. 23 ibs.

MODEL A-9C

HEATHKIT

electronic
crossover kit

MODEL XO-1 $1895

One of the most exciting improvements you can make in
your hi-fi system is the addition of this Heathkit Crossover
model XO-1. This unique kit separates high and fow fre-
quencies and feeds them through two amplifiers into
separate speakers. Because of its location ahead of the
main amplifiers, IM distortion and matching problems are
virtually eliminated. Crossover frequencies for each chan-
nel are 100, 200, 400, 700, 1200, 2000 and 3500 CPS. Amaz-
ing versatility at a moderate cost. Note: Not for use with
Heathkit Legato Speaker System. Shpg. Wt. 6 Ibs.

AUDIOCRAFT MAGAZINE




HEATHKIT  “LEGATO”

high fidelity speaker system kit

Wrap yourself in a blanket of high fidelity music in its true form. Thrill to
sparkling treble tones, rich, resonant bass chords or the spine-tingling :
cltash of percussion instruments in this masterpiece of sound reproduc-

tion. In the creation of the Legato no stone has been left unturned to bring 1
you near-perfection in performance and sheer beauty of style. The secret
of the Legato's phenomenal success is its unique balance of sound. The
careful phasing of high and low frequency drivers takes you on a melodic
toboggan ride from the heights of 20,000 CPS into the low 20's without the
slightest bump or fade along the way. The elegant simplicity of style will
complement your furnishings in any part of the home. No electronic know-
how, no woodworking experience required for construction. Just follow
clearly illustrated step-by-step instructions. We are proud to present the !
Legato—we know you will be proud to own it! Shpg. Wt. 1951bs. T leeeieieiiiae, z 3

-

MODEL HH-1-C

MODEL HH-1{-CM
(African mahogany)

(imported white birch)

. 532500

seesersressesscsee

HEATHKIT HEATHKIT

BASIC RANGE RANGE EXTENDING

."4"

high fidelity speaker system kits

Mgst:ﬂ 53995 A truly outstanding performer for its Designed to supply very high and
size, the Heathkit model SS-1 provides very low frequencies to fill out the

you with an excellent basic high fidelity speaker system. The response of the basic (SS-1)
use of an 8” mid-range woofer and a high frequency speaker speaker, this speaker system ex- MODEL 95
with flared horn enclosed in an especially designed cabinet tends the range of your listening S$S-1B 99
allows you to enjoy a quality instrument at a very low cost. pleasure to practically the entire
Can be used with the Heathkit "range extending' (SS-1B) range of the audio scale. Giving the appearance of a single
speaker system. Easily assembled cabinet is made of veneer- piece of furniture the two speakers together provide a su-
surfaced furniture-grade }4” plywood. Impedance 16 ohms. perbly integrated four speaker system. Impedance 16 ohms.
Shpg. Wt. 25 [bs. Shpg. Wt. 80 Ibs.

COMPANY . BENTON HARBOR 18, MICHIGAN

’ pioneer in 5 bsidiary of Daystrom, Inc.
rgg a a 0 “‘do-it-yourself”’ =
- i D Please send the Free HEATHKIT catalog.
electronics
[ Enclosed is 25¢ for the New Hi-FI book.
name
Don't deprive yourself of
address
the thrill of high fidelity or .
the pleasure -of building city & state
your own equipment any
longer. Our free catalog ALSO SEND THE FOLLOWING KITS:
lisfs our entire line of kits QUANTITY ITEM MODEL NO. PRICE
with complete schematics
and specifications.
Send for it today!
Enclosed find $............... Please enclose postage for parce! post—express orders are shipped delivery
charges coltect. All prices F.0.B. Benton Harbor, Mich. NOTE: Prices subject to change without notice,

JUNE 1958

II



REK-O-KUT CONTEST
Simply go to any high-fidelity dealer
between June 1 and July 30, have him
demonstrate any high-fidelity equipment
to you, and fill out a three-line applica-
tion blank with your name and address.
Result: you might win the First Annual
Rek-O-Kut Window-of-the-World Con-
test. First prize: two tickets to the Brus-
sels World’s Fair via Sabena Airlines.
There are 100 other prizes consisting of
Rek-O-Kut equipment.

SHURE STEREO CARTRIDGE

Employing the same moving-magnet
principle as the Shure Studio Dynetic
and Professional Dynctic cartridges, the
new Stereo Dynetic cartridge is designed
for playback of 45-45 stereo-disc records.
It can be used on conventional records.

The Stereo Dynetic operates in stand-
ard tone arms at a tracking force of 3
to 4 grams, and response of 20 to 20,000
cps is claimed. Selling price is $45.

ROYCE STEREO-RAMA

The Royce Stereo-rama is a speaker-am-
plifier combination that can be added to
any sound system in any price range, and
is said to give a new dimension to sound
reproduction. This is done by shifting
phase with frequency, producing a sound
from its speaker that is always out of
phase with the source speaker; radiating
sound in a vertical plane which, along

Stereo-rama speaker uses phase shift.

I2

with the phase shift, alters room-reso-
nance characteristics; and accentuating
transient sounds. It is housed in a small
cabinet of hardwood measuring 26 in.
high, by 12 deep, by 16 wide.

STEREO AUDIO CONTROL AND
PREAMP

Fisher Radio Corporation has recently
announced the 400, a self-contained,
self-powered stereophonic master audio
control and preamplifier. Stereo facili-

Fisher’s stereo control preamplifier.

ties provide for the use of tapes, discs,
FM-FM, FM-AM, FM-multiplex, and
microphones. Monaural applications ex-
tend to tapes, discs, dynamic mikes, and
AM, M, TV, and SW sources. There
are monitoring facilities for recording.
The unit may also be used as an elec-
tronic crossover network.

The four output jacks on the rear
apron are provided with individual level
controls. Sixteen input jacks are ar-
ranged in pairs for any combination of
stereo and monaural inputs. Nine front-
panel controls include electrically sep-
arate audio controls for cach channel,
mechanically ganged for convenience:
EQUALIZATION, and Baxendall-type
BASS and TREBLE controls; others in-
clude a one-knob CHANNEL BALANCE
control, three-position LOUDNESS con-
trol, and a six-position OUTPUT SELEC-
TOR. The 400 measures 1534 in. wide
by 9 1/16 in. deep by 578 in. high,
is priced at $169.50, and is available
with blond, mahogany, or walnut cabi-
net priced at $17.95 (prices slightly
higher in the far West).

LAFAYETTE FM TUNER,
STEREO HEADPHONES

Two new products have been announced
by Lafavette Radio. The Model LT-70
is a budget-priced FM tuner with a rated
sensitivity of 4 uv for 20 db of quieting,
response from 20 to 20,000 cps =1 db,
and less than 1% distortion. The tuner

is said to have an Armstrong FM cir-
cuit with limiter, defeatable AFC, hum
level 60 db below 1009% modulation
output, a built-in line cord antenna,
multiplex and tape-recorder outputs, a
switched AC outlet, and the newest typc
of tuning eye. Its price, $47.50, includcs
a black metal cabinet with gold-finished
front panel.

A line of stethoscope-type hcadphones
ot lightweight plastic construction has
response ratings from 40 to 16,000 cps.

—

Lafavette tuner (ubove) and headphoies.

Stereo models are the MS-431 (6 ohms,
magnetic) at $2.65; the MS-432 (5,000
ohms, magnetic) at $295; and the
MS-433 (100,000 ohms, crystal) at
$2.25. Similar nonstereo models are
available at even lower prices.

NEW AUDIO TUBE

CBS-Hytron’s CBS 7025 twin-triode
tube with folded-coil heaters is elcctri-
cally interchangeable with any 12AX
tube. Tt was designed for original equip-

CBS low-noise tube will replace 12AX7's.

e T
o
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ment and replacement use in high-filel-
ity amplifiers where it is said to mini-
mize hum and noise generation. Low
microphonism due to precise grid and
mica tolcrances is claimed. Twin 150-
ma heaters of the nine-pin miniature
mav be connected in series or parallel
for operation at 12.6 or 6.3 v.

OLD COLONY CATALOGUE

A Catalogne has been announced by Old
Colony Sound Labs which describes their
line of record-indexing kits. It is free
on request. Also available is a sample
kit for 10¢.

GROMMES STEREO PREAMP

Model 208 is a new stereo preamp-con-
trol unit just announced by Grommes, 2
division of Precision Electronics, Inc.
This control center accommodates dual
inputs from any stereo or monophenic
source — FM-AM tuners, 'M multiplex,
tape (from tape preamps or directly
from tape head), phono, and (when
available) TV. Ganged controls are fur-
nished for input selection, phono and
tape  equalization, volume, bass, and
treble. Presence, channel balance, rum-
ble filter, and loudness on-off conrrols
are supplied also, with switching so that
an input to one channel can drive both
channel outputs. Feedback circuits are
uscd throughout.

RUXTON SPEAKER SYSTEM

Of unusual design is the Rwxton Deb-
utante speaker system. Making use of
an 8V5-inch dual-cone driver which faces
upward, the acoustically matched enclo-

Ruxton Debutante speakers face upward.
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surc is said to provide extended bass re-
sponse and nondirectional high-frequency
radiation. Manufacturer’s specifications
include response from 40 to 19,000 cps,
and a power rating of 15 w peak. Di-
mensions are 29 in. high by 12 by 14;
impedance is 8 ohms. The enclosure is
finished on all four sides, so that it can
be used in any position. Prices are
$89.95 in honey-nut or traditional ma-
hogany, $94.95 in silver beige.

AMPLIFIER — KIT OR WIRED

The EICO HF-32 30-watt amplifier is
available completely wired for $89.95
or in kit form for $57.95. The unit is
basically the HF-30 amplifier with a
preamp section added. Features include
three low-level and three high-level in-
puts, concentric LOUDNESS and LEVEL
controls, Williamson-type power ampli-
fier with four EL84 tubes in push-pull
parallel, and low-silhouette construction.

The power output is stated as 30 watts
continuous with 47 watts on peaks; IM

Eico HF-32: combined amplifier-preamp.

is said to be 29 at 30 watts, 1% at
20 watts, and 0.5% at 10 watts (60 cps
and 7 Kc at 4:1); total harmonic distor-
tion claimed is below 19 from 20 cps
to 20 K¢ within 1 db of 30 watts. Ac-
cording to the manufacturer, frequency
response is ==0.5 db from 10 ¢ps to 100
Kc at 1 wart, and #=0.5 db from 15 cps
to 50 Kc and =1.5 db from 15 ¢ps to
100 Kc at 30 watts. Speaker connec-
tions are for 4, 8, and 16 ohms.

PACO V-O-M KIT

More extended ranges than are typically
found in volt-ohm-milliammeters are a
main feature of the Model M-40, a
new kit from the PACO Division of
Precision Apparatus Company, Inc.

For more information about any of
the products mentioned in Aundio-
newi, we suggest that you make wse
of the Product Information Cards
bound in at the back of the maga-
zine. Simply fill out the card, giving
the mname of the product in which
yow're interested, the manufacturer’s
name, and the page referemce. Be
sure to put down your name and
address too. Send the cards to us and
we'll send them along to the manu-
facturers. Make wuse of this special
service; save postage and the trouble
of making individual inquiries to
a number of different addresses.

V-O-M features extended voltage ranges.

A 50-ya meter movement with a full-
bridge rectifier is claimed to have an
accuracy of 2%. Seven DC ranges, from
1.5 to 6,000 v, are supplied; the seven
AC ranges extend from 3 to 12,000 v
full-scale. Three ohms ranges have 8.5,
850, and 85,000-ohm center-scale read-
ings. Six DC current ranges, from 60 pa
to 15 amps full-scale, are also provided.

Price of the M-40 is $31.50. An ac-
cessory high-voltage probe, the AM-1,
costs $5.95 prewired.

TAPE STROBE

A new product from Scott Instrument
Labs is the Tape Strobe, a stroboscopic
device for checking speed accuracy on
all tape recorders and tape players. It is
a precision-mounted wheel housed in a
machined aluminum yoke so that the
user may apply it directly to moving
tape. Under a 60-cps light source, refer-
ence marks appear to stand still when
the tape is moving past the capstan at
correct speeds of 714, 15, and 30 ips.
Diameter accuracy is said to be ==.0005
in. The Tape Strobe, complete with
sturdy instrument case sells for $22.50,
post paid.

Strobe indicates proper recorder speed.

)



three reports on

SPEAKER DISTORTION
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We believe that Acoustic Research speaker systems, by virtue of their

patented acoustic suspension design, establish new industry standards in low
distortion. This is a technical characteristic that can be directly interpreted

in terms of musically natural reproduction.

Our opinion on the matter is shared by others:

A recent Master's thesis written at a leading engineering university (by
George D. Ramig) involved distortion measurements on fifteen 12-in. and 15-in.
loudspeakers,* including the AR-1. Here are some of the results:

\ PERCENT HARMONIC DISTORTION

Spkr | Sphe | Spke | Spke | Spke | Spke | Sphe | Spke | Sphe | Spke| Sphr| Sphe{ Spke| spke
AR-T[ 2| 3| a| s | s | 7] a9 |w|n|uz|u]|w]is

50 cps Lw
Uows)s' 2.1 |44(8.8[100[11.2]1128]150[17.8]18.5|18.5 §’-§ 23.2|131.0|31.0}43.0
use: o =

55cps | 2.1 |1.8]56| 7.4)| 88[130(11.8| 76| 87| 87

~N
w

18.3112.8{17.5|11.0

70¢ps | 1.991.9127} 44| 53| 59| 77| 22| 54| 54|96] 7.2 30| 4.4 63

80¢cps | 1.0 |21 [21] 34| 39| 32| 39| 26| 38 38(66] 40| 21| 2.3| 3.1

Measurements taken at 3 ft., 102 db on-axis signal level. Amplifier damping factor
control “‘off’’, giving DF of 30. Data published with Mr. Ramig’s permission.

*All speakers were directly baffled, a less than
optimum mounting for some.

Joseph S. Whiteford, president of the Aeolian-Skinner Organ Co., has written us:

“No other system | have heard does justice to the intent of our recordings.
Your speaker, with its even bass line and lack of distortion, has so closely
approached the ‘truth’ that it validates itself immediately to those who are
concerned with musical values.”

The Audio League Report, in adopting the AR-TW as its bass reference standard,
wrote:

*“At 30 cycles, only 5% total harmonic distortion was measured, as compared
to values of 30% to 100% of other speaker systems we have tested ... we do
not specifically know of any other speaker system which is truly comparable
to it from the standpoint of extended low frequency response, flatness of
response, and most of all, fow distortion.”

AR-1 and AR-2 speaker systems, complete with cabinets, are
priced from $89 to $194. Literature is available on request.

ACOUSTIC RESEARCH, INC. 24 Thorndike St., Cambridge 41, Mass.
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Gentlemen:
I disagrec with pricing idea stipulated
in the article, “Stereo Discs Up-to-Date”
[by Joel Ehrlich; see Apr. issue, p. 18].
The main idea of double pricing, as I
was led to believe by manufacturers, was
to dissuade pceople with incxpensive car-
tridges (monaural) from buying the
stereo discs. Mr. Frey [Audio Fidelity}
has originally stated that when he issued
a disc in stereo at $5.95 he would dis-
continue monaural versions, but has
since changed his mind due to RCA
findings that discs aren’t compatible on
all machincs.

Malcolm Jay Gottesman

Rockaway Park, N.Y.

Author’s Reply:

“Two-way compatibility” is the subject
of considerable controversy at this mo-
ment, and I doubt that any camp is
revealing the full story. Each particular
group has some secrets they are not yet
shedding full light on.

In basis, however, the following can
be safely assumed by anyone giving the
matter a bit of study. The Westrex stereo
disc is not fwlly compatible. It is, on
the other hand, practically compatible,
once the conditions of use are taken into
account.

When a stereo disc is played by a
cartridge not having much vertical com-
pliance, most of the vertical modulation
(and stereo effect as a consequence) is
destroyved. However, most people play-
ing stereo discs with such cartridges will
probably not be converting to sterco
during the useful life of the disc in any
case. Thus they wreck the stereo effect
and have a reasonable (but not perfect)
monophonic disc which can be played
many times monophonically.

Most of the systems on which these
discs will be played are of such low
quality that the difference between a
conventional record and the stereo disc
played monophonically is not detectable.
The small vertical modulation remaining
is a source of some vertical stylus motion
and consequent distortion. This, how-
ever, is far below the mean distortion
level of the equipment and is not sig-
nificant.

From this standpoint, the average con-
sumer has lost nothing. The record is
compatible, and the situation is even
brighter than is assumed above. Better
than 85% of the phonographs now in
use were built within the past five years.
We are concerned only with these be-
cause they are the only ones to play
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all three spceds. Within the past five
years, even the lowest-quality “hi-fi’s”
bave had good cartridges in them! With
Ronette, GE, Shure, Astatic, Webster,
E-V, and all the others, compliance has
become important. Study these units;
they arc better than we give them credit
for!

This is so important a problem that
I am now working on a series of tests
of the wear on stereo discs by contem-
porary cartridges of all types. The tests
will later be expanded to cover wear on
stereo cartridges when used on conven-
tional records. This test report will ap-
pear somctime this fall, after all com-
panies have relcased their cartridges.

Results of my tests so far have made
me quite convinced that, for all practical
purposes, the Westrex stereo disc is com-
patible.

Joel Ehrlich
Brooklyn, N.Y.

Gentlemen:

Your April 1958 issue carried a letter
from one Mr. John Steiner of Infidelity
Associates of Chicago. 1 enclose my
check for $1,000 and instruct you to
send this amount to Mr. Steiner as my
contribution to his campaign. Since I
wish this donation to be anonymous, my
name does not appear on the check.

Although your suggestion that a vari-
able speed control be adapted to all turn-
tables has some merit, it does not solve
the basic problem. It scems to me a far
better idea would be to conduct a cam-
paign to have the power line frequency
changed from 60 down to 16 cps. This
would seem to answer satisfactorily Mr.
Steiner’s complaint since 16 cps is below
audibility, and would cause practically
no trouble at all except to make the
speaker breathe in and out heavily.

In conclusion, | wish to make a sug-
gestion regarding the title of Mr. Stei-
ner’s theme song: it should be “The
Filter is All Schottisched Up.”

E. D. Nunn, President
Audiophile Records, Inc.
Saukville, Wis.

Gentlemen:

As another “charter” subscriber, may I
add my “amen” to Mr. Burt Zimmer's
belicf (January 1958 issue) that you
have made a serious mistake in drop-
ping the “Tips for the Woodcrafter”
series.

In addition to the purely practical
needs noted by Mr. Zimmer, let me note
the pressing social necessity of keeping
peace in the Audiocrafter’s vicinity. Any
of your married readers can tell you
that the way the system looks is—to
one member of the¢ family at least — as
important as how it sounds. No reader
who has had to cope with the havoc
wreaked when a six-vear old decides to
demonstrate Dad’s hi-fi system to the

Continued on page 46
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Tape Should Be Compatible Too

ITH all the exaggerated fuss about

stereo-record compatibility or in-
compatibility,* the average consumer
(understandably confused at this point)
must have thrown up his hands in utter
frustration on hearing of the proposed
four-channel tape system. This involves,
basically, nothing more than dividing the
width of standard 14-inch tape into four
“quarter tracks” rather than the two
“half tracks” in common use now. It
provides room for two sets of stereo
tracks on the tape, or four monophonic
tracks; for equivalent tape speeds, the
plaving time of the tape is doubled.

Shure Brothers, Incorporated, has an-
nounced a stacked two-channel head for
this four-track system. The head can be
used for both recording and playback.
If the tape channels are numbered from
one to four, the pole pieces on this
head coincide with tracks one and three;
when the tape is turned over and played
in the other direction, they cover tracks
two and four. Our present tape ma-
chines, however, will nor be able to play
either monophonic or stereo tapes re-
corded for the new system unless the
heads are replaced.

RCA Victor has developed an entirely
new tape player based on a similar type
of quarter-track head. The two sets of
pole pieces are positioned to cover tracks
one and three, or two and four, but the
machine is intended for use with tape
cartridges rather than standard recls.
The operating speed is 334 ips, not 712
ips. Presumably, RCA (and eventually
others) will initiate a line of recorded
tapes to play on these machines. The
appeal is aimed at a much broader mar-
ket than now exists for tape units.

We believe that recorded tapes must
be reduced in cost substantially if they
are to becomc really competitive with
discs, and that four-track recording is a
big step in that direction which is tech-
nically feasible now. Reducing the speed
to 334 ips is another logical step — one
that, with four-track operation, might
well make it possible to sell recorded
tapes for less than disc records, on a
cents-per-minute basis. Finally, tape car-
tridges (if properly designed) are desir-
able simply because they will eliminate
the chore of tape threading, and thereby
make the tape medium more palatable

“See "Readers’ Forum’' at the lefr; also “‘Stereo
Systern Techniques,” p. 16,

to people who now shy away from it
because it 1s “too technical.”

It may seem strange, but we take a
dim view of the way things are going.
We have good reasons for doing so.

Neither the Shure head nor the RCA
tape player has been marketed at the
time this is written. For the little in-
formation we have been able to gather,
however, it seems that the RCA player
will not be able to handle present re-
corded tapes on reels. Moreover, the
RCA head is reputed to have gap lengths
of 043 in. These gaps are so disposed
that the upper section of the lower one
would fall into the unrecorded central
scction of a two-track stereo tape made
according to RCA’s own specifications.
Thus, even if the present tapes were put
into cartridges, there would be a volume
diffecrence between the two channels. If
the tape had the slightest tendency to
ride up and down on the heads, there
would be severe amplitude variations on
the lower channel. It appears that the
RCA system is needlessly incompatible
with present tapes and tape equipment.

The Shure¢ head was designed with
gaps short enough that the lower one
would be completely covered by the bot-
tom track, on a tape made according to
the unofficial two-track stereo standard.
In checking samples of actual stereo
tapes, unfortunately, Shure has found
wide differences in actual track widths.

One other detail that worries us is
RCA’s new 334-ips tape speed. We
doubt that the quality long associated
with tape reproduction can be retained,
at the present state of technology, if both
track width and tape speed are halved.

Perhaps the new system was intro-
duced as an effort to minimize the threat
to the recorded-tape industry presented
by stereo discs. We don’t believe that
such a threat exists, for reasons explained
previously in this magazine. To the con-
trary, heavy promotion of a new and
incompatible tapc system at this time
could destroy a home-tape industry that
is now growing healthily.

Shure is pressing for rigid standardi-
zation of track widths, so that compatible
playback-head gap lengths can be estab-
lished. We hope this can be done, and
that manufacturers will reach agreement
on all aspects of tape compatibility be-
fore going ahead with a new system. It
is too soon yet. —R.A.
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No passing fad, stereo will soon be a part of our
daily lives.

Here ave the many ways

you’ll be able to hear this latest

advance in loz'g/o-ﬁdelz'l)/ sound.

UCH more public attention and

thought has been given stereo sys-

tems in general since sterco discs crashed
into the limelight.

The new stereo interest is reflected in
the action of some of the national net-
works in setting up FM transmitters to
complement existing AM transmitters in
areas away from the major metropolitan
centers. It is further evidenced by the
rash of interested parties who have ap-
plied for, and have been awarded ex-
perimental FM multiplexing licenses. In
several major areas there will be FM
multiplex broadcasting for the public,
much of it in stereo, as this article is
read. In many other areas, simulcasting
will be tried for the first time. (Simul-
casting is stereo broadcasting in which
one channel is fed to the AM transmitter
and the other to the FM transmitter.)
Other stations are experimenting with
single-sideband and single-sideband sup-
pressed-carrier AM transmission, multi-
plexed  television-sound  transmission,
and other technological advances that
can be adapted for stercophonic trans-
mission of sound for home use.

Actual trials of experimental stereo
discs with the many new stereo car-
tridges, both magnetic and crystal or
ceramic, have brought about their own
revolutions in thinking. This applies to
the manufacturers of components as well
as the manufacturers of packaged hi-fi
units and, needless to say, consumers. It
can safely be stated that there will be
stereo record changers and players on
the market by this winter. There are
more than a few phonograph manufac-
turers making such units, with dual
speakers and amplifiers, using high-grade
record changers and stereo cartridges, in
pilot production. There are already a
number of stereo discs on the market,
and many more to come shortly.

Equipment Changes

Sterco discs have presented the home
listener with some new problems al-
ready, as well as emphasizing some old
problems. The new records, with ver-
tical modulation as well as lateral, re-
quire the use of a cartridge having re-
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sponse to vertical motion of the record.
Such a cartridge must, therefore, be sen-
sitive also to vertical motion of the
turntable. In order to avoid trouble from
rumble and vertical IM distortion, low-
priced turntables and record changers
will have to be improved. Pickup arms
will have to be much better, vertical
bearings will be more critical than they
used to be, and tracking error must be
minimized. As for record-changer arms,
there will be severe problems indeed to
be overcome.

The FM-AM tuners in many homes
will be replaced or modified so that
simulcast stereo programs can be re-

by JOEL EHRLICII

ceived. Most of these units do not pro-
vide for separate tuning of the AM and
FM sections, which is necessary in most
cases to receive the two channels simul-
tancously. Many FM tuners will be
modified to handle the multiplex FM
stereo. In addition, a multiplex decoder
will become a part of many home sys-
rems.

There will be other changes in home
high-fidelity systems. The simple ex-
pedient of using two preamplifiers for
stereo, one atop the other, will prove to
be so inconvenient that most listeners
will get a true stereo preamplifier, such
as those that Fairchild, Pilot, Fisher,
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For stereo, your basic equipment must include:

1, Two speaker systems, preferably identical
2. Two power amplifiers
3. Two preamps, or o steree preamp

PLUS

A. A stereo tape recorder or tape player

OR

B. A stereo cartridge for playing stereo discs

OR

C. AM and FM radio tuners (or o combined FM-AM stereo tuner)

OR

D. An FM tuner and a multiplex decoder

OR

E. A TV receiver and an FM (or AM) tuner

(C, D, and E are applicable only if broadcast stations in
your vicinity are transmitting steresphonically.)

STEREO DISCS
S o
<<
P o —— 3
O AM \} o ™™ o =
-—-——————'———/
—__.ﬁ,
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Grommes, Madison Ficlding, Heath, and
Arkav have announced. For those who
do not have tape-stereo facilities vet, a
second amplifier will be needed as well
as the new control setup.

Some housewives will be made un-
happy again too, because furniture will
be moved around in many a home so
that the living room can accommodate
two speakers instead of one. Basements
and garages will become noisy again as
do-it-yourselfers get to work on new
cabinets and enclosures. So that this
confusion will not be aimless, let’s look
more closely at what we can expect
from stereo.
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Playback Problems

When the first stereo recordings were
made, the microphones were usually
placed 10 or 12 fr. apart. It was felt,
and rightly so, that this would enhance
the separation of the two channels and
allow us to distinguish between right
and left more easily. This produced dra-
matic but tasteless early recordings of
ping-pong games, tennis games, and
other similar moving sounds that gave
an exaggerated sense of side-to-side mo-
tion. This was all well and good when
one wanted to have a train run through
his living room or a B-47 take off down

his hallway, but it became a bit hard to
listen to music when the sides were so
far apart. In fact, it was most discon-
certing to have an operatic diva walk
slowly from stage left toward center,
fall into a large hole, and reappear at a
point two thirds of the way from the
center on the other side of the stage.

This was commonly called stereo with

‘hole in the middle.” More recently,
in an effort to bring realism to stereo,
multiple-mike setups have been used.
With these there is adequate coverage
of the center of the stage. More often,
however, a third channel is used, either
for the soloist or in the middle of a
group, and this is later blended into
the two final channels as needed to elimi-
nate the hole. Use of a third channel
also permits the engineer to obtain op-
timum placing of the orchestra (when
it is used to back up a singer) and sull
put today’s small-voiced singer in such
a position that the orchestra doesn’t over-
power the voice. Finally, although the
singer may stand still while on mike,
the engineer can move him around a bit
later by adjustment of the third-channel
mixing. This permits great flexibility.

Perhaps we should devote a little
time to the question of speaker place-
ment in the home. Some time ago it
was discovered that, when playing back
a recording made with the two micro-
phones spread relatively far apart, best
results were obtained by placing the two
speakers close together and facing them
outward. On the other hand, it was
found that a stereo recording made with
the microphones close together sounded
best when the playback speakers were
farther apart and facing inward. For
that reason, the usual advice to those
who have become involved with stereco
of late has been to place the speakers
about 7 ft. apart and facing into the
room.

There seems also to be a general im-
pression that two adjacent corners are
needed for stereo speakers. This is far
from true. Two corners simply make the
use of two corner speakers that much
easier; a flat wall, on the other hand,
makes the use of rectangular enclosures
that much simpler. The speakers should
probably face into the room in most
cases, but in a small room, such as most
people use, this is not essential. The
point is that there are no reliable rules
for speaker placement. Each user will
have to make his own compromise be-
tween practicability and optimum stereo
effect; and there isn’t any way he can
determine, before trying the speakers in
his room, where that will be.

Tape and Tape Facilities
As 1 implied in an earlier article, the
tape player is on the way out. Replacing
it will be the tape recorder/player. Since
this will be finding its way into many

Continued on page 44
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Kill

No audio system is entirely free of
unwanted noise. But good design
can minimize it. Here are tried

and true procedztres.

that

by HAROLD REED

F THE FOUR most troublesome conditions encountered

in audio amplifier circuits — noise, distortion, poor fre-
quency response, and instability — perhaps noise can be listed
as the most worrisome of all. This applies not only to design
and construction of the new equipment, but is equally true in
conncction with audio systems already in use which may
not have been plagued with noise originally. Noise can
be caused by aging and deterioration of certain component
parts in the circuit. It is good practice, therefore, to use
the best parts that can be obtained, both for new construction
and for replacements.

Types of Noise

The word nroise is used broadly to describe any unwanted
audio signal. It may be of the type often spoken of as “hits,”
"breaking up” or “crackling” sound, caused by a poor con-
nection in some section of the svstem. These noises may
appear in the form of intermittents; that is, they come and
go with no regular pattern. The type of noise called “hissing,”
“rushing,” or “white noise” results partly from thermal agita-
tion in resistors and partly from the unsteady electron tlow

Fig. 1. Two methods of measuring noise in input circuits.
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noise

or random fluctuations of electrons in tubes. Then there is
the noise called “buzz,” which may originate from line “spikes”
in the power transformer getting into the amplifying circuits.
The term “microphonics” is used to describe noise caused by
slight movement of elements in a tube when it is subjected to
mechanical vibration. Mentioned last in this discussion, but
by no means least in annoyance value, is hum. This usually
appears in one or both of two forms; that is, 60 cps (the
power-line frequency) and a 120-cps ripple, twice the power-
line frequency.

Test Methods

An arrangement for measuring noise and hum in an input
stage is shown in Fig. 1A. This same setup may also be
used to make measurements of the complete audio system;
then, of course, the noise analyzer is placed across the output
of the whole system rather than at the output of the first
stage. A signal of suitable level is fed to the input from the
oscillator. The analyzer is adjusted for reference indication,
after which the oscillator is disconnected from the input. The
analyzer is then switched down in range to indicate noise
level. This will give the noise level in decibels below the
signal output of the stage or system.

Another method, which is to be preferred, is given in Fig.
1B. Several important characteristics can be learned with this
setup. Before connecting the oscilloscope to the circuit, adjust
the sweep controls to obtain a two-cycle wave pattern on the
screen, as shown in Fig. 2. There is usually sufhicient AC
field in the vicinity of the scope to obtain this pattern simply
by touching the high side of the vertical input terminals. A
sine-wave signal from the oscillator is then fed to the input.
This input voltage should be mecasured with the AC vacuum-
tube voltmeter. Qutput of the stage is also measured with
the voltmeter, and both of these readings recorded. The input
signal is then removed and the AC voltmeter sensitivity in-
creased to obtain a reading. The scope sensitivity is likewise
adjusted to obtain a wave pattern of the circuit noisc.

Of the three types of noise — random, 60-cps, and 120-
cps—one will usually be more prominent on the screen.
If two cycles appear, as in Fig. 2, then the greatest percentage
of the total noise voltage is due to 60-cps hum. Should four
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cycles be observed on the screen (see Yig. 3), 120-cps ripple
is predominant. Random noise from resistors and the tube
would appear as shown in Fig. 4. A photo showing line
spikes is reproduced in Fig. 5. These spikes ride on the
audio signal and can be seen before removing the oscillaror
input.

The test equipment used is now available in kit form and
is relatively inexpensive. All noise signals on the scope screen,
as shown in the photographs, were amplified for purposes of
analysis. You should make a special effort to become well
acquainted with these various types of noise, for once the noise
is identified, half the battle is won.

The oscilloscope informs us of the character of the pre-
dominant noise and indicates its relative magnitude. To learn
its numerical value we return to the input and output voltages
of the oscillator signal as previously read on the AC meter.
The third reading recorded — that is, with the oscillator
signal removed — is the total noise voltage of the circuit. This
noise in db below the output signal can be found from a
Decibel-Voltage Ratio table, many of which have been pub-
lished. You can also use the formula §/N == 20 log E,/E.,
where E, is the output-signal voltage and E., the noise voltage
read on the mcter.

A more important bit of information can be obtained from
the AC meter readings; you can ascertain the noise level re-
ferred to the grid. This is done as follows. Find the gain of
the stage by dividing the input-signal voltage into the output
voltage (with the oscillator connected, of course). Since this
voltage gain applies to noise voltages as well as to signal
voltages, obviously the noise at the grid is less than the noise
at the output of the stage by the gain factor. As an example,
suppose the input voltage to be .01 v (10 mv), and the
output 1 v. The voltage gain is then 1 divided by .01, or
100. Consider the noise voltage as read at the tube output
to be .01 v. The noise at the grid is then 1/100 > .01, or
100 pv. This is a fairly high noise level. A good low-noise
circuit would have a noise level, referred to the grid, of 10
uv or less. Noise of .01 v at the tube output is only 40 db
below the signal at this point. Sixty db below the signal would
indicate a noise level at the grid of 10 pv.

With test cquipment at the output, alterations can be
made on the circuit and improvements noted on the meter and
scope. When approaching the lower noise levels the test
equipment may not be sufficiently sensitive to indicate these
levels immediately after the input stage. The test equipment
can then be moved to the output of the next stage of the
amplifier, and tests and measurements continued. Let us now
consider these different nois¢ problems and the methods used
to eliminate them, or to keep them at minimum levels with
respect to the desired audio signals.

There is no need for a lengthy discussion about the first
type of noise mentioned. Usual trouble-shooting procedures
should be applied to locate and eliminate any loose or poorly
soldered connections and poor contacts in switches, tube
sockets, or other component parts. Since the rest of the noise
types are of concern principally in the first stage, or front
end of an audio system, attention will be focused here on
input circuits and component parts.

Thermal Agitation and Tube Noise

Thermal-agitation noise in resistors and shot-effect tube noise
are both results of random electron fluctuations, and include
all frequencies the ear can hear. They are often referred to
as white noise; the term is analogous to white light, which
includes all colors the eye can see. Tubes having low reverse-
grid current and designed especially for low-level input stages
should be used. Two good pentodes are the 5879 and 1620.
Three good triodes are the 12AY7, 12AD7, and ECC83/-
12AX7. When comparing ordinary 12AX7 tubes to Tele-
funken’s ECC83/12AX7, I have found the ECC83’s to be
consistently better, particularly in respect to hum. Several
ordinary 12AX7’s had hum levels as much as 10 db higher
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Fig. 2

Initial reference trace on oscilloscope
is obtained by touching high side of the
vertical input terminals with fingers,
setiing sweep for 2.cycle wave pattern.

Fig. 3

Four-cycle trace indicates the presence
of r120-cps ripple m device under test.

Fj(gI' 4

Random noise from tubes and resistors
produces this prcture on scope screen.

Line spikes appear below, may be seen
before removing the oscillator input.

Fig. s
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than the ECC83's. A third acceptable pentode is the 6AUG,
if carefully selected. | have had especially good results with
the 12AY7 and 5879. Selection of a good input tube, then,
is the first step in the fight against noise. The cost of these
tubes is higher, but they are worth the difference.

Input-Stage Resistors

Having given careful consideration to the input tube, the re-
sistors wired into its circuit must be chosen with equal care.
Ordinary carbon resistors should be avoided, at least in the
grid and plate circuits of the first stage. Considerable varia-
tion has been noted in the noise energy of ordinarv carbon
types. In the grid circuit alone, some of these resistors pro-
duce noise levels up to 12 db higher than that measurcd
when a deposited-carbon resistor is uscd at this point. This
represents about a 4 to 1 increasc in noise voltage.

Considerable differences are noted also with plate-load re-
sistors. Cathode resistors are not so critical in this respect,
since the thermal-agitation voltage is decreascd by the cathode-
bypass capacitor. Deposited-carbon resistors are to be pre-
ferred in the input stage. These will cost approximately four
times as much as ordinary types, but even if used in all three
points of the first stage, the increased cost of the amplifier
will be only about 90 cents.

It thesc more expensive types of resistors are not selected,
it 1s recommended that carbon types manutactured under JAN
or MIL specifications be used. It is found, generally, that the
military types are less noisy than the ordinary carbons, and
they are not very expensive.

Since heating agitates the random electron motion, it
follows that resistors of higher wattage rating may prove bene-
ficial in some applications. The use of one-watt ordinary
carbons in place of the usual 15-watt size is desirable. Wire-
wound resistors, 100, have been used to reduce noise voltages.

Line Spikes

Line spikes, as mentioned previously, result in a moderately
high-pitched buzzing sound in the amplifier output and are
picked up from the AC power source. These spikes may be
introduced through the power transformer, so a transformer
should be sclected that has an electrostatic shield. The shield
is built into the transformer, situated between the primary and
secondary windings, and is grounded to the metallic frame-
work of the transformer. Line spikes have also been caused
by failure to use a bypass capacitor when applying a positive
bias to the hecater circuit. Sec the circuit in Fig. 8a.

Microphonics

Elimination or reduction of microphonic components is mostly
a matter of sclecting good tubes for the front end. Tubes
designed for low hum and noise, such as the ones specified
previously, also prove to be less microphonic. For instance
tests made with ECC83/12AX7 tubes showed them to be
considerably less microphonic than ordinary 12AX7's. In
some cascs, when the amplifier is subjected to considerable
vibration, it will be helpful to shock-mount the first stage
by floating it on rubber mounts.

Hum

Of all the noise problems, hum can cause some of the worst
headaches. The two hum frequencics usually encountered are,
of course, in the band of audio frequencies that must be
amplified. Therefore, they cannot be attenuated in the audio-
signal circuits without attenuating the audio signal. Again,
care should be given to input tube selection. Only tubes with
low heater-to-cathode leakage should be used to keep 60-cps
hum to a minimum. The tubes listed previously have low
leakage.

Care in placement of parts, wiring dress, and grounding
points is c¢xtremely important. The input stage should be
located as far as possible from the magnetic fields of power
transformers and motors. This is especially important in
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circuits employing an input transformer. It has been suggested
that the preamplifier be built on a separate chassis, but with
careful planning and wiring this usually isn’t necessary. Gen-
erally, less difficulty has been experienced with aluminum
chassis. Large circulating currents induced by magnetic fields
of power transformers have been noted in steel chassis which
contribute to higher hum level. It is desirable that the input
tube be equipped with a shield. Heater to grid resistive
leakage in cheap tube sockets can contribute to 60-cps hum
at the grid; it is advisable to use ceramic or mica-filled sockets.

All wire leads to the input stage should be as short and
dircct as possible, kept away from and not run parallel to
AC wiring. This is particularly critical for input grid leads.
Hcater leads should be twisted together and kept close to
the chassis and, on long runs, preferably laid up in the bend
tormed by the chassis top and sides.

Many builders do not realize how extremely important is
the ground point of various circuits. Although the suggestions
to follow mayv not prove to be the best in every case, they
have repeatedly been found to result in lowest hum levels
by many audio workers.

Ground loops may develop with certain grounding pro-
cedures. An c¢xample of one such case is shown in Fig. 6a.
Here, the input device and cathode and grid resistors are
grounded at different points on the chassis. Sixty-cps circulating
current induced in the chassis by the power transformer can
be fed to the grid in series with the audio input signal. A
preferred grounding method is given in Fig. 6B. All ground-
ing is done at one point for this stage, thus eliminating the
ground loop provided by the chassis path. If a phono or
microphone jack is mounted on the chassis, it may be best
to isolate it from the chassis with insulating washers and
run a ground lead directly to the input-tube chassis ground;
see Fig. 6C. | have seen the hum level drop 10 db simply
by insulating this jack.

The ground side of a phono cartridge should never be
grounded directly to the metallic construction of a record
player. An arrangement which has consistently given good
results is to run all ground leads of each stage to one point
at the tube socket of the individual stage but not ground
them to the chassis at these points. Then carry a separate lead
from each stage to one common ground at the center of the
chassis. The important thing is to avoid using any section
of the chassis as a path for the audio-signal currents.

In order to obtain low 60-cps hum level, the cathode should
be as close to AC ground as possible. A large cathode-bypass
capacitor will take care of this. It should be at least 25 ufd,
preferably 40 to 50 ufd. This effectively shorts the 60-cps hum
trequency to ground. Since electrolytic capacitors will deteri-
orate and become gradually less effective as a bypass, they
should be suspected if hum begins to rise in an amplificr.

A circuit that will eliminate the need for a front-end by-
pass capacitor is shown in Fig. 7A. A low-value resistor is
used in the cathode circuit to keep the cathode near ground.
The proper bias is then obrained by introducing a positive
potential by means of a resistor connected between the cathode
and B | supply. The circuits of Figs. 7A and 7B have about
the same DC bias and have the cathode near AC ground po-
tential, but Fig. 7A does not include a capacitor.

There arc several methods to reduce 60-cps hum introduced
by a heater circuir. The simplest, but least effective method,
is to ground onc side of the heater supply. A better way is to
use a center-tapped heater winding with the center tap con-
encted to ground. The AC potentials between each side of
the heater circuit and center tap are then approximately 180
out of phase, and provide some cancellation of the hum fre-
quency. However, since strav impedances between each heater
lead and grid are not equal, further hum reduction can often
be attained by employving a hum potentiometer of 50 to 200
ohms across the heater leads with the variable arm connected
to ground. The potentiometer is adjusted for maximum can-

Continned on page 42
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Exploded view

of side, fronut,

and bottom panels
show simplicity

of E-300 kit,

Enclosure

What do you look for in an enclosure kit?

Enclosure is assembled

as shown, with glie on

all adjoining surfaces. 4 2 b
iy 5x s Easy constriuction? B eauty.

top, and glue is

allowed to dry. Back

pancl may be imsersed ‘Topy performance? Then try the E-300.
(but not glued) to

insure good fit later

when glue is dry.

INCE THE DAYS when high-fidelity sound was the hobby

of a few closely knit groups of engineers and tinkerers,
Bozak speakers and speaker systems have appealed to perfec-
tionists with ears for music reproduced naturally. Through
the years that reputation has grown steadily. Today, built
with the same design philosophy as at the beginning, and
with virtually the same external appearances, Bozak speakers
are recognized everywhere with a respect that is continually
becoming more nearly universal. They have been flattered
in the most sincere of all ways: superficial imitation. Perhaps
this is because the Bozak Company has championed con-
sistently one extreme of loudspeaker design, and their products
have become identified with this approach.

From the point of view of an interested observer, the
primary objectives seem to be natural balance and timbre,
and low distortion. To avoid phasing difficulties around
crossover frequencies, and to achieve uniform timbre, Bozak
woofers, middle-range units, and tweeters are all paper-

cone types that can be mounted in coplanar fashion. To main-

Base is “clamped” while drying with string wound tightly tain loading on the woofer below the audible range, and

around it. Be sure assembly is square all around while drying. T . . .
‘ ¢ ¥ g ‘ yimg thereby reduce harmonic distortion, the enclosures are infinite-

baffle types. To obtain smooth extended bass response in an
After glue which holds basic enclosure bas dried, paint surfaces
(except top and bottom) black, Also paint one side of middle
range bhole cover plate if you do not plain to use B-209 speaker.

infinite baffle, the natural resonant frequencies of the woofers
are made extremely low and the linear voice-coil travel is
greater than normal. These measures all require a sacrifice
in upper-bass efficiency. Then, in order to equalize output
over the entire range — without accentuated response to em-
phasize presence or brilliance — the efficiencies of the middle-
range and tweeter units are reduced to match that of the
woofer. By so doing an added advantage is gained, in that
excess efficiency can be traded for smoothness.

This all works out in practice as well as in theory, but it
has had disadvantages. A Bozak system requires more am-
plifier power by far to produce middle-range sound than does a
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highly eificient horn system, or even a conventional high
resonance speaker in a bass-reflex enclosure. That used to be
a problem, but with today’s reasonably priced high-power
amplifiers, the problem is no longer troublesome for home
applications. It is still true, however, that in side-by-side com-
parisons with systems having more middle-range and treble
output, the Bozak systems aren’t nearly so impressive to listen
ers in showrooms. It is equally true that many listeners prefer
more brilliance or more accentuated middle-bass response, for
long-range listening, than Bozak systems provide.

The real point of this discussion is to make clear to readers
that the E-300 kit — which, when built according to directions,
is identical in size and acoustical properties to the standard
factory-built E-300 — is in no sense a “universal” enclosure.
It is a totally enclosed type giving no bass reinforcement to
speakcrs having normal resonant frequencies, which need irt;
y the same token, it maintains its loading on the cone at
subaudio frequencies, while enclosures that provide reinforce-
ment by utilization of the back wave do not. As an infinite-
baffle ¢nclosure it is quite small (only 5 cu. ft.) and, there
fore, will raise the resonant frequency of a speaker appreciably.
Front-panel cutouts are for the¢ Bozak B-209 G-inch middle-
range speaker and the B-207A coaxial speaker, with its special
cast-aluminum mounting ring. The large hole is too big for a
standard 12-inch speaker and not big enough for a 15-inch
unit, although the latter could be used. A cover plate is
supplied for the smaller hole. In short, the E-300 is designed
specifically for the B-207A speakcr alone, or the B-207A and
B-209 combination. The only other speakers that will sound
good in it are very-low-resonance types, preferably intended
for infinite-baffle applications. They might well sound superb.

Dimensions of the E-300 are 24 in. wide by 3014 high by
17 deep. Price of the kit is $42.50; that of the finished
factory-built model is $75.00. Furnished with the kit are
all wood parts cut precisely to size, with tongues and grooves
made and screw holes drilled and countersunk; grille cloth;
wood screws, speaker mounting bolts and nuts, and speaker-
lead terminals; Kimsul for acoustic lining; a tube of glue; and

Furniture glides (which are not supplied with the kit) are most
conveniently attached to hase before it is serewed to enclosure.

Base is positioned o hottom panel and measured to fit square-
Iy i center. Its position 1s pencil marked for veference when it
is finally attached. Glue is applied o the edges (as shown
above). Then the hase is laid on the boitom panel, accurately
positioned, and beld 1n place with screws which arve started
while the enclosure is stitl inverted. Finally, the enclosure
is uprighted on the base, and the screws driven home (helow).




Grille cloth is attached first along one edge, with stapler.

With one edge secured, cloth is stretched (firmly, but not too tightly)
around enclosure. Be especially careful to keep fabric lines straight.

a complete, well-illustrated instruction book. Not furnished are
tacks or staples, furniture glides for the base, hookup wire
for the speaker, or finishing materials.

Construction Notes

Assembling the E-300 is a simple enough process, as the
accompanying pictures show, and presents no severe difficulties.
The instructions are quite clear and we found only one error,
which would be spotted by any builder on his toes. It occurs
in instruction 15; the four cleats should, obviously, be attached
to the rear edges of the side, top, and bottom panels, not to
the side and front panels. For that matter, it would be easier
to attach these cleats before assembly of the panels— but if
you do, be sure to center the cleats lengthwise so that they
will not interfere with one another when the panels are
assembled.

We endorse heartily the recommendation to make a trial
assembly, without glue, before you undertake the real one. The
glue supplied sets quickly; and if you should make a mistake,
or if it becomes necessary for any other reason to disassemble
the panels, after you've applied the glue, you may find yourself
in an extremely awkward situation. It’s better to spend a few
minutes extra, in order to be certain of a successful assembly.

When you are ready to begin the final assembly you’ll find
that the E-300 goes together far more easily than most en-
closure kits. The tongue-and-groove construction of the top,
bottom, side, and front panels makes it possible to assemble
the basic box entirely without screws. We didn’t raise a single
blister on this job! These five major panels require only
conscientious glue spreading along the joints, which inter-
lock in assembly nicely. Then you hammer four temporary
finishing nails half-way in, put some weight on the top panel,
and that’s all. Let this and the base assembly dry overnight.

When the time comes to attach the base, you'll find that
there are four holes drilled through the bottom panel for that
purpose. To make certain that the base was aligned accurately
with these holes, we turned the box upside-down, adjusted the
base properly, and made pencil lines around it on the panel
Then we put glue on the base, repositioned it between the
pencil lines, and started screws up into it through the holes
while holding it in position. Once the screws were started we
turned the box over on its base and seated the screws firmly.

Installing the grille cloth is not an easy task, but, if the
instructions are followed faithfully, it is a simple one. A
word of advice: have someone available to help you duting
the stretching procedure. Four hands — or, even better, six —
are not too many for this operation.

The instructions mean what they say about the need for
a stapling gun to install the Kimsul acoustic lining, too. A

Lines are smoothed into proper perspective as the opposite end
of grille cloth is stapled in place. Proceed slowly and carefully,
since external appearance is largely influenced by grille cloth.
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home paper stapler is quite inadequate. If you simply cannot
get a heavy-duty stapler, try carpet tacks.

When attaching the molding strips around the top and
bottom panels, we didn’t have woodworking clamps big enough
to hold them in place while the glue dried, and were too lazy
to improvise. We tacked the molding in place with small
finishing nails, used a nail set to sink them in, and filled the
holes with natural-colored wood dough. When sanded
smooth the marks of our deviation from the instructions had
disappeared.

Total construction time except for finishing the exposed
wood surfaces: five hours. If you allot another two hours total
for finishing (there isn’t much surface area to be done), you
can pay yourself $4 per hour with the saving you've made
buying the kit rather than the factory-built E-300. Perhaps
more important is that you'll have the real satisfaction of a
job well done, on a project worthy of your best cffort.

AUDIOCRAFT Test Results

We installed a Bozak B-199A woofer in the E-300. This
woofer is identical with the low-frequency cone of the
B-207A coaxial unit. Its mecasured free-air resonant frequency
was 38 cps.

The stiffness of the air enclosed within the E-300 raised
the resonant point of the system to 53 cps, as the impedance
curve shows. Note that the curve is smoothly shaped, without
secondary peaks or dips, and that its amplitude shows a con-
siderable amount of damping. This was reflected in very
smooth response, audibly even down to about 45 cps. Below
that we found a moderately slow dropoff, with useful output
to 35 cps; there was still some fundamental output at 25
cps. One of the best features of this combination’s perform-
ance, however, is the fact that harmonic output was practically
nil at any reasonable power levels. Most amplifiers will over-
load at very low frequencies before distortion from the speaker
becomes distressing.

On musical material the bass performance was pleasantly
full, yet tight and well controlled. Bass pitch differentiation
was excellent. The result was truly musical sound, accurate
and free of strain. Balance changed slightly when the enclosure
position was changed from a corner to a wall area, but this
could be easily and completely compensated for by adjustment
of the bass tone control. The important matter is that the
entire bass range did »zo¢ drop out when the system was
moved away from the corner, as it does with corner horns.

In sum, the E-300 kit is recommended to the attention
of anyone who has or plans to get a speaker thar will work
in a fairly small, well-built, and good-looking infinite-baffle
enclosure.

When the ends of the cloth are secure, top and bottom edges are
fastened with staples placed about one inch apart. Be sure to keep
staples close to grille-cloth edges, so molding will hide them.

A “curtain’ of Kiusul bangs from the top panel behiwd speaker.

e s
- B
Kinesul is also fastened to the center section of the back panel.
A stapling gun is more effective than the ordinary stapler when

secuving Kimsul to the inner surfaces. The Kimsul is spongy and
somewbhat thick. If a stapling gun isn't bandy, use carpet tacks.




An objective analysis

of high-fidelity components

AUDIOLAB TEST REPORT POLICY

These reports are prepared by an organization whose staff was responsible for the original Audio
League Reports, and which has no connection directly or indirectly with any manufacturer or publisher
in the high-fidelity field. The reports are published exactly as they are received from Hirsch-Houck
Laboratories. Neither we nor manufacturers of the equipment tested are permitted to delete informa-

tion from or add to the reports, to amend them in any way, or to withhold them from publication;
manufacturers may add a short comment at the end of a report, however, if they wish to do so.

ESL C-60 SERIES CARTRIDGE
AND DUST BUG

The Electro-Sonic cartridge has hecome
familiar to everyone who keeps abreast
of high-fidelity developments in the
three or four years since its introduction.
It is a magnetic cartridge, of the moving-
coil type. The coil resembles a miniature
D’'Arsonval meter movement, pivoted at
top and bottom in a rubberlike material.
The stylus, at the ¢nd of a cantilever

ESL C-60 cartridge.

arm, rotates the coil about its vertical
axis when it traces the record-groove
modulation. The coil is positioned be-
tween the poles of a powerful magnet,
arul a current is induced in it as it is
rozated.

Two of the outstanding characteristics
of the ESL design have been its un-
usually low impedance (1.5 ohms in the
original Concert and Professional Scries,

hereafter referred to as the C-1 and P-1)
and a correspondingly low output of
about 1 mv. The low impedance made
the cartridge completely inscnsitive to
the terminating resistance (which has a
profound effect on the frequency re-
sponse of many cartridges) and to cable
capacitance. Almost any length of
shielded cable may be used to connect
the ESL C-1 to the preamplifier input,
and in fact unshiclded wire may be used
for short runs without hum pickup.

The low output made it impractical to
use this cartridge with many preampli-
fiers whose gain was inadequate. A
step-up transformer could have been
used, but this introduced problems with
frequency response and hum pickup, and
the system was no longer entirely inde-
pendent of the terminating resistance.

The listening qualities which attracted
many users to the ESL C-1 were due to
its greatly extended high-frequency re-
sponse, low moving mass (which was a
direct cause of this response), high
lateral compliance (which allowed it to
track at very low forces), and use of a
minimum of damping.

The new C-60 Series cartridge (and
the corresponding P-60 for the ESL
Professional arm) represents an effort to
overcome the wecaknesses of the C-1
without sacrificing performance. It is
constructed in exactly the same manner,
except that the coil has more turns and
consequently a higher voltage. A metal
cover has been added, enclosing the
plastic cartridge body which is similar
to that of the C-1. The long, stiff wire
leads have been shortened to about 15
in. As with the C-1, the distance from
stylus to the line between the mounting
holes is nonstandard (about lg in.

greater than most other good cartridges )
This means that an arm correctly posi
tioned for a cartridge of standard dimen-
sions will have an increased tracking
error with an ESL cartridge in it, un
less the cartridge mounting position is
altered to compensate for the dimen-
sional difference.

Performance Tests
The only practical way to measure the
performance of a phono cartridge is to
play test records. Unfortunately, it is

4 TEST RECORD
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Response of ESL C-60 and C-1 to Cook
10, Cook 10 LP, and Folkways FPX 100.

difficult if not impossible to make a
test record which will give a true pic-
ture of the frequency responsc of a car
tridge. At any rate, we know of no such
record at this time.

The curves we have plotted from
playing three popular test records illus-
trate the difficulty we faced in trying to
draw a final conclusion as to the fre-
quency response of this (or any other)
cartridge. The Cook Series 10 and
Folkways FPX-100 are 78-rpm test rec-
ords. Most cartridges exhibit a promi-



nent high-frequency peak when play-
ing these records, and the C-60 was no
exception. Note the considerable differ-
ences existing between the response to
the two records.

As a comparison, we played the same
records with an ESL C-1, using the same
arm (Fairchild 281) and tracking force
(4 grams). These data are plotted with
a dashed line. The peak in the upper
highs is less prominent, but no clear
difference can be seen.

The C-60 was also played on a Cook
Series 10-LP, which plays at 3315 rpm.
We have always felt that a cartridge
which is intended to play LP records
must be tested at 3314 rpm, since the
record speed has a profound effect on the
high-frequency response. The response
to the Cook 10-LP is so strikingly differ-
ent from the response to the two 78-rpm
records that one would not suspect that
the same cartridge was used in both
tests. Unfortunately, the C-1 had such a
low output when playing the 10-LP that
a prcamplifier was needed, and we did
not wish to introduce the possible re-
sponse errors of a preamplifier into our
curves. Therefore, the C-1 response is
not shown on the curve. It was nearly
identical to the C-60, however.

A much more informative test in-
volves playing a sweep-frequency test
record, which covers a continuous range
without gaps. In this way, there is little
chance of overlooking any sharp reso-
nances. We use the Elektra 35 record,
which sweeps slowly (about thrce min-
utes) from 20,000 cps to below 20 cps,
with pauses at 2 K¢ and 200 cps. We
used an oscilloscope with a very slow
horizontal sweep and a scope camera
to record the response of the cartridges.
They were played through a Marantz
preamplifier with RIAA low-frequency
equalization and flat highs.

The photos confirm what appeared to
be the case in the point-by-point meas-
urements — that the response at 20 Kc
and above is down a litcle in the C-GO0,
compared to the C-1. The C-60 also has
a broad rise of about 3 db in the 10- to
12-Kc region, where the C-1 response
seems slightly depressed. By and large,
however, the two are very similar, and
both offer remarkably smooth, extended
highs to at least 20 Kc.

The effect of tracking force on high-
frequency response can be seen in the
first photo, taken with the C-60 at 8
grams instead of the 4 grams used in the
others. Instead of a broad peak in the
high end, the response is nearly flat to
the 10- to 12-Kc point, at which it falls
abruptly about 6 db. It is evident that
a difference of a few grams in stylus
torce can make a far greater diffcrence
in the response of a cartridge than any
intrinsic differences between the C-60
and the older C-1.

Another sweep record, the Compo-
nents 1109, covers the range of 100 to
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Elektra 35 sweep record, 20 Kc (left) to
200 c¢ps. ESL C-6o in Fairchild 281 arm.
Tracking force for above test: 8 gras.

As above, but ESL C-1. 4 grams force.

As above, but ESL C-6o. 4 grams force.

Components 1109 sweep record, 100 cps
(left) to 10 cps. ESL C-Go. 4 grams.

As above, but ESL C-1. 4 grams force.

10 cps. It is used primarily for detect-
ing arm resonances, but can also give a
rough indication of the relative lateral
compliances of different cartridges. The
cartridge with the greater compliance
will have a resonance at a lower fre-
quency. The compliance of both ESL
cartridges is so high that the resonance
ts in the vicinity of 10 c¢ps or below,

preventing any clear distinction between
these units in this respect. The photo
taken with the C-1 has a bare suggestion
of a rise at 10 cps, but it is hard to
tell whether this is due to less compli-
ance than the C-60 or to the latter
having a broader resonance.

One of the most severe tracking tests
we know of is playing the Fletcher-Mun-
son compensated side of the Cook Series
60 Chromatic Scale test record. At 31
cps, there are some 38 db of boost rela-
tive to the middle-range level, with a
resultant recorded amplitude that is
impossible for most cartridges, even the
finest, to track. The ESL C-60 handled
it cleanly at 4 grams (it was only the
second cartridge we have seen do this)

Summary

The ESL C-60 sounds almost exactly like
the C-1, despite the measurable differ-
ences in the upper frequency response.
It is clean, smooth, and has very low
ncedle talk. The higher output of the
C-60 (6 to 7 mv, or about four to five
times as much as the C-1) is sufficient to
drive practically any preamplifier with-
out the need for a transformer or tran-
sistor preamplifier. It is well worth the
slight increase in cost over the C-1. The
identical features are available in the
P-60, which fits the ESL 310 arm.

For the benefit of those who have not
heard any ESL cartridges, they are char-
acterized by great ease and smoothness.
Since the high-frequency stylus resonance
has been moved up to an inaudible fre
quency, there is no tendency for peaky
response, with its inevitable stridenc
and high hiss level, to occur. ESL highs
have a clear, unstrained sound, with a
great deal of definition. The high lateral
compliance of these cartridges also
moves the low-frequency arm resonance
to the subsonic region, with a beneficial
effect on tracking of high-level low-fre-
quency passages and over-all cleanness of
sound.

To sum it up, anyone who liked the
earlier ESL cartridges will like the C-60,
only more so. It overcomes the major
objection to the early design, with no
sacrifice of performance. In fact, we
found it superior in tracking ability to
our C-1, which was a couple of years
old and may have lost a little of its
compliance. OQur only criticism of the
C-60 is the nonstandard stylus-mount-
ing-hole distance. Surely it would be
possible to make this conform to the
dimensions of practically all other fine
cartridges without degrading the per
formance of the unit.

Manufacturer’s Comment: We agree that a pick-
up equipped with an LP stylus should be tested
with an LP record. The minor differences shown
in these tests between the C-40 Series and the

Concert Series could easily be a result of tolerance
variations in the stylus dimensions.

ESL Dust Bug

The ESL Dust Bug is one of the newest
devices dedicated to keeping record sur-
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faces dust-free and without static charges.
We have becn using one for several
weeks and are now quite attached to it

There are a variety of sprays, wipe-on
solutions, treated cloths, radioactive de-
vices, and brushes on the market, all of
which are supposed to aid in keeping a
record clean and free from the crackles
caused by dust and static charges built
up while playing them. We have not
used many of these, so cannot comment
on them specifically. Being a trifle
lazy, we have never bothered with using
solutions, damp cloths, etc. A fixed rec-
ord brush riding on the surface swept
up considerable quantities of lint and
grit, but built up a crackling charge in
the process. Better than nothing, but
not good.

The Dust Bug resembles a miniature

plastic pickup arm with a nylon brush
on the end and a pivoted cloth roller
just behind it. The brush and roller
are moistened with a special liquid in
an applicator bottle supplied with the
system, and the Dust Bug then tracks
the record grooves just as the arm does.
The cloth roller moistens the record
slightly with the destaticizing solution,
and gathers up most of the dust on the
surface. The bristles on the end of the
Bug get into the grooves and track the
little arm, as well as cleaning out some
of the dirt in the grooves.

We have found the Dust Bug to be
most effective in performing its assigned
task. The record surface retains the shiny
black appearance of a new disc, and the
crackling which used to accompany the
removal of the record from the turntable

is conspicuous by its absence. During
playing, the background is noticeably
quieter than it used to be with the old
brush, or with nothing at all.

The price one pays for these benefits
(aside from the $5.75 price of the Dust
Bug itself) is the inconvenience of
having to remove the Bug after each
playing, clean off the lint, remoisten the
roller and brush, and replace the Bug
after the new record is on the turntable.
It makes for a certain amount of fussi-
ness in playing records, without a doubt.

In spite of this, we wouldn’t be with-
out it. We have come to appreciate the
velvety silence that most of our records
have acquired, and until something bet-
ter comes along, we are quite willing to
put up with the slight inconvenience at-
tached to using the Dust Bug.

Your AUDIOLAB TEST REPORTS on high-fidelity components

THORENS MODEL TD-124
TURNTABLE

Most of the Thorens line of turntables
and record players have an adjustable-
speed gear-drive system. Their newest
turntable, the TD-124, is basically an
idler-drive design, with a fairly long
belt to isolate the motor from the
stepped speed-change pulley and idler.
It appears that the Swiss designers of
this turntable decided to develop a unit
that would do just about anything that
any user could cver demand of a turn-
table, and do it well, at a reasonable cost.
Although it offers no startling basic
design improvements over other turn-
tables, the TD-124 gives evidence of
extreme ingenuity and fine craftsmanship
in its design and construction.

It uses a relatively small, light four-
pole motor, with a single stage of vibra-
tion isolation from the rugged cast-
aluminum base plate. A soft rubber
belt drives a stepped pulley some 4 in.
from the motor. This pulley turns at
half the motor speed, so the stepped por-
tions are twice the diameter of those
on dircectly driven stepped pulleys. This
makes a better contact with the rubber
idler whe¢l and minimizes slippage and
local deformation of the idler. The pul-
ley, incidentally, is mounted on a pre-
cision bearing and resembles a minia-
ture turntable in itself.

An eddy-current braking system 1s
applied to this pulley rather than to the
motor shaft. By means of a knob
mounted concentrically with the speed-
change knob, a 39 variation about cach
of the four speeds (1624-rpm included)
is possible.

A 3lg-inch-diameter rubber idler
wheel with a thin, soft edge is moved
up and down to the appropriate step on
the drive pulley bv the specd-change
knob through a flexible stecl belt. Tt
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drives the inner rim of an 1114-pound
cast-iron turntable. The bl4-inch-diam-
eter shaft turns in a nylon slceve bearing
with a ball thrust bearing revolving with
the turntable in a nylon seat. The idler
is retracted from the turntable when the
specd selector is in one of its OFF posi-
tions (between each pair of adjacent
speed settings). The motor switch is
connected to the speed-change knob, so
that it goes on when the idler is engaged.

Stroboscope markings on the under-
side of the cast-iron turntable can be
viewed through a lucite window on the
front of the base plate via a mirror sys-
tem. They are illuminated by a neon
bulb which goes on when the motor is
operating. The turntable can thus be

Thorens TD-124 turntable.

sct to exact speed and monitored while
a record is being played.

A unique fecature of the TD-124 is
the clutch system for operating the upper
aluminum rturntable. This is a light,
machined platter with a ribbed rubber
mat and retractable 45-rpm hub, which
slips over the center spindle. The latter
revolves with the hcavy turntable. The
aluminum turntable rests on six 15-inch-
diameter rubber discs fastened to the
cast-iron turntable and turns with it
When a clutch knob on the left side of
the base plate is moved, the aluminum

turntable is lifted clear of the cast-iron
turntable and stops instantly while the
main turntable continues its rotation.

This system has obvious advantages in
cuing the pickup to a particular portion
ot the record, or in stopping the playing,
and returning to the exact point where
it was stopped. Another advantage is
that the motor may be operated con-
tinuously during a playing session, and
so become stabilized in temperature and
thus in speed. The change in speed
when the upper turntable is engaged is
momentary, and the average value re-
mains constant.

The double turntable allows the de-
signers to take advantage of the greater
mass of an iron turntable, while the
aluminum turntable keeps the cartridge
far cnough from the iron turntable so
that no appreciable magnetic attraction
can take place even with some of the
older cartridges which were subject to
this difficuley.

A rigid extension of the cast-alu-
minum base plate is provided for mount-
ing a wooden strip holding the arm. A
strip of proper dimensions for 12-inch
arms is provided, and a larger one is
available for 16-inch arms. Since the
arm is mechanically a part of the base
plate and vibrates with it, there is vir-
tually no relative motion between the
two and consequently very little rumble.
A template is provided with the turn-
table which makes it easy to locate the
arm in the proper position on the
wooden arm plate.

A bubble level is an integral part of
the base plate, and leveling knobs are
provided on the four mounting screws
so that the base plate can be accurately
and easily leveled. Soft rubber mounts
fit over the mounting screws so that the
entire assembly is shock-mounted on
the motor board. The motor board

Continned on page 41
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Houw to

obtain flattest response

by HERMAN BURSTEIN

HE resistive and capacitive loads

into which a magnetic cartridge
works have an appreciable effect upon its
frequency response — particularly when
the cartridge is of the variable-reluctance
type, which customarily has an induct-
ance of several hundred millihenries.

Fig. 1 shows the equivalent circuit,
viewing the pickup as a zero-impedance
signal generator. R, is the winding re-
sistance, L is the winding inductance,
R, is the load resistance, and C, is the
sum of various shunt capacitances — in-
terwinding capacitance of the cartridge,
capacitance of the connecting cable, and
input capacitance of the tube into which
the signal is fed. Ordinarily, load capaci-
tance C, is principaily that of the cable,
because interwinding capacitance is only
a few pufd, and the tube’s effective in-
put capacitance is usually quite small at
high frequencies.

L and C, constitute a series rcsonant
circuit, with maximum signal voltage
produced across C, (and across L) in
the region of resonance. If L and/or
C. is large enough, the resonant peak can
occur within the audio spectrum or close
enough to it so as to cause an undesirable
rise in treble response. The reference
here is to electrical resonance, not to the
high-frequency resonance determined by
stylus mass and the nature of the disc
material.

Assume that L is 520 mh, as in the
case of a GE cartridge, and C, is 400
pufd, which could easily be true with
several feet of high-capacitance cable.
The resonant peak would then occur at
about 11,000 cps.

Fig. 1. Equivalent circuit for magnetic
cartridge with factors to be considered.

Vi, IO ™ > O
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How

to use a
Magnetic
Cartridge

To minimize the resonant peak it is
necessary to provide a damping resistor,
shown as Ry in Fig. 1. This may be
wired directly across the cartridge ter-
minals or it may be located in the
preamplitier; many preamplifiers already
contair. a load resistor suitable for the
GE and cartridges like it. Others may
have a calibrated load potentiometer,
which can be set for the cartridge that
is used. In the case of a GE, the recom-
mended value is 47 K; for a Pickering,
27 K. Although it is true that the
smaller the resistor is, the greater the
damping effect, oo small a resistor causes
a loss in high-frequency response, as il-
lustrated in Fig. 2. Cartridge inductance
and load resistance form a low-pass
filter, with response approximately 3 db
down at the frequency for which the
reactance of L equals the resistance of
R.. In the case of a 520-mh inductance
and a 47-K load, this frequency would
be about 14,000 cps.

In some audio systems a small load
resistor of suitable value is deliberately
emploved in order to obtain the creble
cut required when playing modern discs
with a variable-reluctance pickup; con-
sequently, the preamplifier must supply
only bass boost. To compensate for the
treble portion of the RIAA recording
characteristic, which requires attenuation
beginning at 2,122 c¢ps, (3 db down),
a load resistance of about 6,900 ohms is
required for a GE cartridge. Since the
cartridge winding has a resistance of
roughly 300 ohms, a load resistor of only
6,600 ohms is nceded. The nearest stand-
ard value is 6,300 ohms, which affords
accurate enough treble equalization.

Although the resonance of a variable-
reluctance cartridge may be well damped,
it is desirable to keep the resonant fre-
quency high, because responsc falls 12
db per octave bevond this frequency. To
maintain resonance well up in the audio
range or preferably outside it, shunt
capacitance should be low. One way in
which this can be done is to use a con-
necting cable from record player to
preamplifier that is of low capacitance
(25 putd per toot is readily available)
and no longer than strictly necessary.

Houw to

pmvide proper lmdz’ng

Thus, if total cable capacitance were kept
to 100 pufd, and all other forms of
shunt capacitance totaled 50 pufd
(making 150 pufd in all), then the
resonant frequency for a GE would oc-
cur at about 18,000 cps, which is satis-
factory.

The problems of minimizing shunt
capacitance and optimizing load resist-
ance ordinarily do not exist for mag-
nctic pickups of moving-coil design,
which characteristically have an induc-
tance of only a few millihenries. An ex-
traordinary amount of shunt capacitance
would be needed to bring electrical res-
onance anywhere near the audio range.
Therefore, damping is not needed, and
the moving-coil cartridge can work satis-
factorily into loads ranging from a few
hundred ohms up to typical high-im-
pedance values such as 250 K or 500 K.

The moving-coil cartridge is a rela-
tively low-output device, and is, there-
fore, used often with a step-up trans-
former in order to obtain sufficient signal
to drive a preamplifier and/or to im-
prove the signal-to-noise ratio. In this
case it does become important to load
the transformer secondary with the re-
sistance (relatively small) recommended
by the manufacturer, because a high-im-
pedance load will result in loss at the
bass end. On the other hand, for those
who are willing to tolerate a loss of
something like 6 db at the very low end,
over-all output from the transformer can
be substantially increased by connecting
the secondary to a high-impedance load.

Other types of magnetic cartridges
(such as moving-magnet units) may or
may not require resistive loading. It is
best to follow the manufacturer’s rec-
ommendation in cach case.

Fig. 2. Effect of load resistor on high-
frequency response. See text for details.
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by PAUL PENFIELD, Ir.
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in audio circuits

PART Xb: Transistor output stages

HE advanrtages and disadvantagces of

each class of operation and each
type of circuit, discussed in detail in the
April issue, are summarized in the table
on p. 31.

Output Transducers

Just as input stages were designed to
get the most out of the various types of
transducers, so output stages must be
coupled with the load in the right way.

The factors that determine the “right”
way, however, are somewhat different.
With input stages we wanted the cor-
rect frequency response and low noise.
With output coupling we want max-
imum power transfer at least distortion,
with best frequency response. Here are
some mecthods of coupling to common
output transducers.

Londspeakers. Most loudspeakers have
nominal impedances in the range from

o

Fig. 7. Low-power stage drives phones.

4 to 16 ohms, with some models as high
as 600 ohms. Typical load impedances
of high-power transistor stages for max-
imum power output* are in the range
from 10 to 200 ohms, so with single-
ended output stages it is not unreason-
able to use a loudspeaker directly as a
load, without a transformer. Some speak-
ers will not handle any DC current
without distorting the AC signal, but
even these can be used with the single-
ended push-pull outputs, which have no
quiescent DC output.

Transformers are necessary in cou

*This is not at all the same as the output im
pedance of the transistor stage. It is merely
the resistance for getting maximum power out-
put within limits of power dissipation, maximum
collector voltage, etc. The value depends on
the bias point chosen
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pling from double-ended circuits, to add
the two collector currents together in the
right way. They may be used also in
coupling from single-ended stages. Often,
transformer coupling is the simplest and
the easiest.

Eventually, speakers with center-
tapped voice coils will be used with
double-ended  conventional push-pull
stages, but until these speakers are
available transformers will be neccessary.

If an output transformer is used,
standard crossover networks, clectrostat-
ic or magnetic tweeters, and woofers
can be employed with a transistor am
plifier as well as with a vacuum-tube am-
plifier. But if a transformer is not used,
be sure that the DC bias on the last
stage will not interfere with the opera-
tion of anv of these components.

The damping factor can be adjusted
on a transistor amplifier the same way
it is on a vacuum-tube amplifier.

Earphones. TFor driving carphones a
power stage is not really necessary. The
phones draw so little power that or-
dinary low-power stages will drive them
sufficiently. Magnetic earphones can be
connected as the entire load of a low-
power stage, as shown in Fig. 7. The
DC bias as well as the AC signal
passcs through the phones.

Crystal earphones will not pass the
DC bias; consequently, some capacitive

_T’TL(\
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Fig. 8. Crystal phones need capacitor.

coupling arrangement such as Fig. 8
1S necessary.

Muagnetic Tape Heads. Rather small
currents are normally required to drive
a rape head, in the neighborhood of .02
to 1 ma. For a high-impedance head, or

if an equalizer is used, this current ma
have to be at a moderately high voltage
10 v or more. Often it is possible to
drive a tape head from a single-tran
sistor stage by capacitor coupling, as
in Fig. 9. The DC bias current must
be kept out of the tape head, so direct
coupling is not advised. Other times,
a transformer may be necessary to get
the correct ratio of current to voltage.

Low-Impedance Lines. Usually trans-
former coupling is the simplest and best.
Treat the secondary of the transformer
just as you would the output from a
vacuum-tube amplifier.

Cutting Heads. For magnetic cutting
heads, a transformer coupling is best,

CURRSENT‘LIMWINO

1 RECORD
HEAD

_/\l

Fig. 9. How a tape head is connected.

since it is necessary to isolate the DC
bias from the head anyway. Ordinary
impedance-matching principles can be
used for best efficiency.

A crystal cutting head also can be
transformer-coupled, but trom a single-
ended output stage it can also be ca-
pacitively coupled, just as the crystal
earphone can.

Vodulators. A transformer is usuall
used in modulating a transmitter, and the
amplifier that precedes the transformer
can be transistor-operated as well as run
by vacuum tubes. The same principles
apply: coupling should be done by
means of a transformer, as before.

Others. For light-beam communica-
tion, neon lights are often used, modu-
lated at audio frequency. Different
schemes are available, but they all re-
quire high voltage so a transformer is
necessary in running such a light from
a transistor amplifier.

A meter may be used to indicate
audio level. Normally, no meter is in-
sensitive enough to require power tran-
sistors. Low-level stages can do quite
well, and capacitive coupling is adequate.
Fig. 10 shows a typical circuit for
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driving a DC milliammeter; other rec-
tifying schemes are available also. An
AC meter doesn’t even need the external
rectifier.

If a VU meter is used, capacitor cou-
pling is adequate, but be sure the source
impedance is 3,900 ohms, or else the
ballistic propertics of the meter won't be
right.

Power transistors can be used to ad-
vantage in operating servo-mechanisms
and other types of motors. They can
power relays and other control devices.
Their rectified output can be used to
power still other devices; there are a
great many nonaudio applications for
power transistors.

Summary

The coupling circuits for output trans-
ducers described are really of only two
types: 1) coupling by transformer, using
the transformer to isolate the bias volt-
ages, transform the current-voltage ra-
tios, and add the currents from each
half of conventional push-pull stages
in the proper phase; and 2) capacitor

"‘:?‘1
o

Fig. 1o0. Typical circuit for DC meter.

3
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or direct coupling for use only with
single-ended output stages, when the
current-voltage ratios are approximately
right.
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Single Transistor

Conventional Push-Pull

Single-Ended Push-Pull

Complementary Push-Pull

Table 1
Class A

Soft distortion
Easiest to design
Single-ended input
Single-ended output
Any coupling method possible
Power output less than P/2
Maximum collector efficiency

of 50%
Large standby power

Lowest Distortion

Biasing not difficult

May be driven by any
phase inverter

Power output less than P

Double-ended irput

Double-ended ouwtput

Matched pair necessary

Maximum collector efficiency
of 50%

Large standby pcwer

Lowest distortion
Single-ended output
Power output less than P
Two batteries usuvally needed
Special transformer or

direct couplirg required

Large standby power

Low distortion

Single-ended input

Single-ended output

Power output less than P

Two batteries usually needed

Matched p-n-p, n-p-n pair
necessary

Somewhat difficult to bias

Maximum collector efficiency
of 50%

Large standby power

Class B
Not practical

Low standby power

Maximum collector efficiency
of 78%

Biasing not difficult

Power output less than 2P

Double-ended input

Double-ended output

Matched pair necessary

Cannot use capacitor
coupling

Bad crossover distortion
unless eliminated

Low standby power

Maximum collector efficiency
of 78%

Single-ended output

Power output less than 2P

Two batteries usually needed

on input Special transformer or
Maximum collector efficiency direct coupling required
of 50% on the input

Bad crossover distortion
unless eliminated

Low standby power

Maximum collector efficiency
of 78%

Single-ended input

Single-ended output

Power output less than 2P

Two batteries usually needed

Matched p-n-p, n-p-n pair
necessary

Cannot use capacitor
coupling

Difficult to bias

Bad crossover distortion
unless eliminated

Class AB
Not practical

Moderate standby power
Biasing not difficult
Double-ended input
Double-ended output
Matched pair necessary
Cannot use capacitor
coupling
Fairly bad distortion

Single-ended output

Moderate standby power

Two batteries usually
needed

Special transformer or
direct coupling required
on the input

Fairly bad distortion

Single-ended input

Single-ended output

Moderate standby power

Matched p-n-p, n-p-n pair
necessary

Two batteries usually
needed

Cannot use capacitor
coupling

Fairly bad distortion

Difficult to bias
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Bias: oot

VERY bright, alert tape recordist

knows (or should know, if he
doesn’t) that good tape should be used
with his recorder, because poor tape can
dirty the heads (obliging him to clean
them more than twice every year) and
can  make the recorder’s performance
much inferior to what it should be. But
how to explain the case of the two
neighbors who both purchased the same
make and model of tape recorder, plus
several reels each of professional-quality
tape, and then began exchanging reports

w
N

20

15
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DB QUTPUT AT 800 CPS
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A 0 +2
DB RELATIVE BIAS CURRENT

Fig. 1. Variations in tape output due
to changes in bias current, at 800 cps.

about the respective performances of
their recorders?

Recordist A, who shall remain name-
less (to protect him from undeserved
ridicule), claimed that his recorder had
excessive high-frequency response and
muddy bass. Recordist B, (who deserves
to be just as anonymous as A) said that
Recordist A must doubtless be endowed
with a set of rusty tin ears, because it
was bis (B's) observation that said tape
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of many evils

recorder had rather poor high-frequency
response and heavy bass, but by golly it
was as clean as he could wish.

Instead of coming to blows over this,
A came over to B’s house and brought
his recorder along. They ran oft simul-
taneous duplicates of a reasonably new
Westlab record, and then compared play-
backs. The machines sounded identical,
and both had poor high-frequency re
spon<., excessive bass, and sound that
was as clean as either of them could
wish.

Puzzlement? *

Well, they took both machines back
to A's house, and committed a second
copyright violation, this tme with a
Capitol. Now both recorders had ex-
cessive highs and muddy bass. They
swapped machines, and reported exactly
the same results in their respective homes
as they had had originally.

This wierdly bafilling mystery might
never have been solved at all had record-
ists A and B not remembered one night
to bring along their own tapes for a
comparison session. When they did this,
they were able to duplicate their home
results at each other’s houses. They
found that they could use one brand of
tape on either machine and get too little
treble and clean sound, or they could
use the other brand of tape and get ex
cessive treble and thick muddy bass.

The point of this whole epic narrative
is that neither of the tapes in question
was a “bad” brand; both were top-grade
professional brands and types, but they
had different ultrasonic-biasing require-

*Sorry, Mr. Crowhurst, but 1 just couldn’t resist it

by J. GORDON HOLT

ments. A's original tape required fairly
high bias, B’s tape required a lower
bias than usual. The recorder was set up
for a tape that required an average bias
current, so neither A’s nor B’s brand was
ideal for that recorder, as it was de-
livered from the factory. Either the right
tape, or readjustment of the recorder’s
bias current would have (and did) clear
up the troubles.

It is no secret that the amount of
ultrasonic bias current flowing through
a record head affects the distortion, fre-
quency response, and noise of a record-
ing, but it is not usually realized how
critical this bias current actually is.

One thing that professional recordists
have on their side is the fact that they
don’t have to concern themselves overly

0
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Fig. 2. Variations in tape output due
to changes in bias current: 10,000 ¢ps.

about the economics of taping. They
can feel free to run off at 15 or 30 ips
enough tape in a week to reach from the
moon to Boston Common and back, and
since high speed is conducive to excellent
frequency response, about the only thing
they have to do is to adjust bias for
minimum distortion and maximum sig-
nal-to-noise ratio. The home recordist’s
‘standard” speed, however, is 7V2 ips,
and this is where the trouble starts.
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The high-frequency response limit of
a tape playback head is established by
the effective width of the gap between its
pole pieces, and at frequencics above
that for which the gap width is equal to
half of the recorded wave length, the
output from the head will diminish
rapidly. But most of the high-frequency
losses from tape take place while record-
ing, as a direct result of the ultrasonic
bias tone that accompanies the signal
throngh the head. Tape is an inherently
nonlincar recording medium, which is
to sav that if we were to try recording
a simple sine wave on tape we would
get a dreadfully distorted signal on play-
back, as well as very low output and
very high noise level. Superimposing
the desired audible signal on an ultra-
sonic carrier or bias tone of between
30,000 and 100,000 c¢ps largely over-
comes the tape’s inherent nonlinearity,
reducing  distortion, increasing output,
and minimizing noise. Fig. 1 shows
rather graphically how tape output at
800 cps from one brand of professional-
grade tape varies with changes in the
bias current. As the bias current is in-
creascd toward its optimum value, the
recorded signal going onto the tape in-
creases markedly in intensity and then

=)

\IN s‘

|

|~ /"

[ \ T — /
4 ~—

} LN = o

Fig. 3. Recorded tape has force lines
like those around a typical bar magnet.

levels out. Beyond this maximum-output
point there is a gradual diminution 1n
the signal going onto the tape. It also
happens (conveniently) that the bias
value which gives maximum output also
gives close to minimum distortion, and
that the lowest distortion actually oc-
curs when bias has been increased “be-
vond peak” to the point at which the
output has dropped back again by 1 or
2 db.

The other side of the picture, however,
is shown in Fig. 2, which represents the
same type of variations as are shown in
Fig. 1, except that this one shows the
output at 10,000 cps. The difterence
exists because at high frequencies, the
bias signal starts to behave like an erase
signal, and wipes off some of the audio
signal as soon as it is on the tape. It
is obvious that if we set bias to produce
maximum output from the tape we are
going to have to add quite a bit of
treble boost in order to maintain flat
response to 10,000 cps, let alone to
15,000, but it is not at all difficult to
do this as needed. The real stumbling

Continued on page 47
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Some facts on the

measure of the

Ja nsZen* loudspeaker

One very important measure of a loud-
speaker’s capability as a true high fidelity
component lies in its ability to reproduce
music with the same emphasis at all volume
levels. As the volume control is turned from
maximum to minimum, each instrument of
an orchestra should remain in the same
perspective . . . the effect being of walking
farther and farther away from a live or-
chestra as it is playing.

When a response curve is taken on a
JansZen speaker from the fowest listening
level up to a full 50 watts of power, the
resultant curves are absolutely identical.

This is a true measure of smooth response,
which in turn is a measure of the similarity
between what goes into a recording micro-
phone compared with what comes out of
your speaker at home. Hence, it is a meas-
ure of whether a high fidelity speaker is
in fact what it is supposed to be.

A response curve is taken on every
JansZen speaker before it [eavesthe factory.
Only in that way can it be assured that each
speaker is right. Only inthat way can it be
assured that all speakers are exactly the
same. That's why most knowledgeable
tisteners consider JansZen as The Speaker.

*DESIGNED BY ARTHUR A, JANSZEN

Write for literature and the name of your nearest dealer

Product of NESHAMINY ELECTRONIC CORP., Neshaminy, Pa.

Export Division: 25 Warren Streetf, N.Y,C. 7, Cable Simontrice, N.Y.

' NEW SUPER-CARDIOID
...and super value!

Difficult acoustic conditions are child’s play for this sensational new
super-cardioid microphone. Background noise, undesirable echo, and
other unwanted sounds disappear when the ESL-SC403 is used for
high fidelity broadcasting or recording of music and speech.

Excellent performance, inconspicuous size, and inexpensive price make
this advanced moving coil microphone additionally suitable for lecture
halls, churches, and conventions. A high impedance model is designated
the ESL-SC403H. Write for details on other new ESL microphones.

ESL-SC403 ESL-SC403H

FREQUENCY RESPONSE: 50 ro /2,000 cps =3 db
DIRECTIONAL CHARACTERISTIC: super cardioid
INTERNAL IMPEDANCE: 200 ofims 45,000 ohms

OUTPUT LEVEL: —50 db

2.2 mv/ubat

REFERENCE LEVEL: [ mw/10 dynes/cm?
DIMENSIONS: 27 x I12" x 334"
NET PRICE: $23.50 328

FOR LISTENING AT ITS BEST

Electro-Sonic Laboratories, Inc.

Dept. C » 35-5 4 Thirty-sixth Street « Long Islaud City 6, N.Y.



What are the best ways to

match multz'[)le spmkers 7

UESTIONS about crossovers seem
to cause more puzzlements than
any other subject in high fidelity: “"How
do you choose a crossover frequency?,”
‘It is worth using an electronic divider
with separate amplifiers?,” and so on.
Different and apparently conflicting
opinions may lead to the puzzlement, al-
though sometimes it is just a perusal
of loudspeaker manufacturers’ cata-
logues.

For example, one will use a crossover
frequency of 1,500 cps, while another
chooses 4,000 cps. Then the question
becomes, “Which is better?” The puzzle-
ment often gets compounded by imped-
ance complications. A man likes this
woofer and that tweeter, but the woofer
is 16 ohms and the tweeter is 8 ohms,
so how does he go about using them
together?

Choice of crossover frequency is gov-
erncd by the types of loudspeakers used.
If cach unit is a conc radiator (as, for
example, in the Bozak and Wharfedale
systems ), there is usually considerable
latitude in the choice of crossover fre-
quency. Any particular cone unit docs
not abruptly begin to function at a
specific frequency, and ccasc again at
some higher frequency.

At lower frequencics, the excursion
needed to give adequate acoustic radia-
tion is large, and begins to cause various
kinds of distortion, particularly IM. At

Fig. 1.

higher frequencies, the cone begins to
vibrate in various complicated modes,
rather than moving just as a piston,
causing erratic frequency response and
sometimes distortion as well. But at
neither end do these things begin to hap-
pen suddenly. So the range for which
each unit may be used is somewhat in-
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horn should provide; this will cause dis-
tortion, and sometimes actual damage.
So there is a very definite limit to the
choice of a crossover when a horn unit
is used. A well-designed horn tweeter
has no top limit, but a horn middie-
range unit usually has, set by the design
of the throat cavity. Above this fre
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Fig. 2. Methods of combining speakers of different impedance. A: tweeter lower than

woofer B: tweeter bigher. C:

definite, and the choice of crossover fre-
quency is not at all critical.

With horn-type radiators, the story is
different. A horn has a very definite low-
frequency cutoff. Below this critical fre-
quency the horn no longer radiates
sound properly at all. The diaphragm
can move without the air loading the

Inductarce of woofer voice coil must be considered in divider calculations.
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