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First of a series on
using transistors in
avdio applications.

Simple chart method
of design for stable
feedback amplifiers.

Electrostatic speak-
ers and thejr effect
omequipment design.

THE ACOUSTI-MAGIC ENCLOSURE

Here, in kit form, is a loudspeaker enclosure designed to give good

results with any driver. This issue features an article on its construction,

with our test results and an evaluation of performance.
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WITH NORELCO kel

FULL RESONANCE TWIN-CONE SPEAKERS

High fidelity and tonal qualities associated with
expensive multi-unit speaker systems—

are similarly produced with new

Norelco FRS Twin-Cone Speakers.

Norelco'’s exclusive Twin Cones are made from
specially selected and matched materials—
operated from the same magnet and voice coil
—some covering an extremely wide range

up to 20,000 c/s. Norelco’s twin-cones are always in
phase and operate in harmony—providing the same
degree of efficiency under all conditions.

Unequalled manufacturing precision and quality is
inherent in all Norelco speakers. All component
materials —including magnets, wire and even

cone materials—are manufactured and assembled
by Philips to suit a specific speaker design.

Many sizes in standard impedances are available
from your dealer or send to Dept. W10 today for
more details. Norelco FRS speakers are

priced from $59.98 to $9.90 audiophile net.

Add to...and improve any sound system

with /%re/co

*FULL RESONANCE SPEAKERS

[ S———

NORTH AMERICAN PHILIPS CO., INC., 100 East 42nd Street, New York 17, N. Y.
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F‘ Record Collector

AUDIO FIDELITY RECORDS presents
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TIEHTIES GF
PIKTELAND

CHA CHA CHA
Here, for the first time, superbly re-
corded in Hi-Fidelity, is the pulsating
tropical magic of the foremost Cha Cha
orchestra in the world . . . Pedro Garcia,

his Del Prado Orchestra and the cap:
tivating Latin beat of the Cha Cha Cha
Complete with
structions.
AUDIO FIDELITY AFLP 1810
12-in.

illustrated dance in-

$5.95

THE BRAVE BULLS!—La Fiesta Brava

Music of the Bullfight Ring
~eaturing the ‘‘Banda Taurina’’ of t
Plaza Mexico world’s largest bullflgh'
arena. A Hi-Fi presentation of an after-
noon at the bullfights. Complete with
book of 24 full color Bullfight Poster
Reproductions. "’brilliant engineering’’

HIGH FIDELITY MAGAZINE.
AUDIO FIDELITY AFLP 1801

12-in.  $5.95
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\AUND TIDEUTY ARtP 1812

NEW ! 1 | on AUDIO FIDELITY

RECORDS for the FIRST TIME ! !

BACH TRANSCRIBED FOR PERCUSSION
The most exciting, original and
powerful percussion work yet.
® Toccata and Fugue in D Minor
® 'Great” Fugue in G Minor
® Toccata in F Ma|or
® Fugue in C Maj

AUDIO FIDELITY AFI.P 1812

12-in

$5.95

WRITE FOR
FREE CATALOGS
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THE DUKES OF DIXIELAND

. You have to Hear It
to Believe It!

Hot trumpets, cool clarinets, low-down
trombones and a big fat tuba in the
most exciting performance of true New
Orleans Dixie ever recorded! The
“MOST” in Hi-Fidelity . you’'ve got
to Hear It to Believe it!

AUDIO FIDELITY AFLP 1823

12-in. $5.95

PLAZA DE TOROS—La Fiesta Brava
Vol. 2
Music of the Bulifight Ring

Again the ‘“’Banda Taurina’’, of the
Plaza Mexico, presents, in brilliant Hi-
Fidelity, traditional music of another
afternoon at the bullfights. Complete
with portfolioc of full-color reproduc-
tions of bullfight paintings by world-
famous artists, suitable for framing.

AUDIO FIDELITY AFLP 1817

12-in.  $5.95

_ iThe BRAVE BULLS! ..

Studies in HIGH FIDELITY 4t0und

PATACHOU

Songs from Her Hit Shows

All the vibrance and warmth of this
famous French personality is brought
to life in this magnificent new Hi-
Fidelity recording. Patachou sings your
favorites: Le Fiacre; Paris, C’est une
Blonde; Autumn Leaves Sous Le Ciel
de Paris; elc

AUDIO FIDELITY AFLP 1814

12-in.  $5.95

BAWDY Songs and BACKROOM
BALLADS

Oscar Brand, noted balladeer sing:
Folk-Americana often heard but neve
recorded. Rollicking songs for people
with lusty appetites and strong musica'
tastes.
Vol. 1—-AUDIO FIDELITY AFLP 1906
2-in.  $5.95

ol. 2—AUDIO FIDELITY AFLP 1806
2-in. $5.9%

Vol. 3—AUDIO FIDELITY AFLP 1824
12-in. 85.95

® CHA CHA CHA, Salamanca Orch.

® TORERO — La Fiesta Brava, Vol.

® ROME . . . WITH LOVE!
® TALBOT BROS. of BERMUDA, Vol.
® TALBOT BROS., Vol 3

® TRINIDAD STEEL BAND

® LORD INVADER: CALYPSO

® MERRY GO ROUND MUSIC

® DRUMS OF THE CARIBBEAN

® CIRCUS CALLIOPE MUSIC

® MERENGUES

® KATHERINE DUNHAM,

NEW OCTOBER RELEASES

® TROMBONE Davis Shuman Trombonist
Concerto with Orch. — Serly

@ FIESTA EN ESPANA, Flamenco Guitar

® GRAILVILLE SINGS, Music of Advent & Christmas
®ACCORDIONISTE DE FRANCE, Jo Basile & Orch.
Italian Accordian

ooher studies in HIGH FIDELITY sound on AUDIO FIDELITY
AFLP

® MARIMBA MAMBO Y CHA CHA CHA
DRUMS OF CUBA HAITI-BRAZIL

AFLP 1813
AFLP
AFLP
AFLP
AFLP
AFLP
AFLP

1811
1818 12-|n.
1819 .
1820 12-in.
1821 i
1822

903  10-in.
12-in.
12-in.
12-in.
10-in.
10-in.
10-in.
10

AFLP
AFLP
AFLP
AFLP
AFLP
AFLP
AFLP
AFLP

12-in.

AFLP 12-in.

These records are available at your favorite Audio or Record Shop

Nationally distributed by

ACCORDION DE PARIS
Jo Basile & Orchestra

Mysterious, romantic, French cafe music
that wraps you in rhythms now pas-
sionate now gay . with that
enchanting nostalgic Paris magic. Bril
liantly recorded in true High Fidelity.
AUDIO FIDELITY AFLP 1815

12-in  $595

@ty o 1M PREITY ey 00 FRELITY ALF 185

BAWDY soNGs

and 4

' ‘OSCAR BRAND -

FIESTA EN MEXICO
Mariachis

Miguel Dias
A rich, colorful variety of traditional
rhyfhmlc music that expresses the heart
and soul of Mexico. Played by authen-
tic Mexican Mariachi Musicians . .
recorded in magnificent hi-fidelity
sound. Features:  Jarabe Tapatio;

Guadalajara; El Rancho Grande; etc.
AUDIO FIDELITY AFLP 1816
12-in. $5.95

?‘8\ W[

HITLER’'S INFERNO

In Words and Music, 1933 1o 1945
Storm Troopers singing HORST WESSEL
LIED and other marching songs. Hii-
ler's Speeches, Goebbels’ Speeches,
Nuremberg War Crimes Trial. A
startling and shocking documentary
production.

NEVER BEFORE HEARD

IN THE UNITED STATES!
AUDIO RARITIES LPA 2445 12-in. $5.95

750 TENTH AVE.

DAUNTLESS INTERNATIONAL new vork 15, n, v.
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BUILD YOUR OWN FINE o Jensen HI-FI SPEAKER SYSTEM

COMPLETE KITS NOW AVAILABLE—EVERYTHING YOU NEED
NO SAWING ... NO DRILLING .. . NO WOOD FINISHING ... NO SOLDERING

Cabinart K-105 with P-205
Prefinished Dress Kit added.

Cabinart K-105
Basic Cabinet Kit

YOU SAVE UP TO $252.50%

a

B YOU DON'T HAVE TO BE A TECHNICIAN

YOU DON'T NEED A WORKSHOP

l YOU DON'T HAVE TO BE A FURNITURE FINISHER

¥Compared with factory-built Jensen Imperial reproducer

The proud owner of the Jensen 3-way hi-fi speaker system illustrated  Jensen Speaker units are matched components, carefully pretested.
assembled the handsome low boy cabinet in a few hours in bis living  with the smooth, balanced, wide-range performance for which
room with no tools except a screwdriver, pliers and a stapler. No  Jensen factory-made reproducers are famous. Cabinart Cabinet Kits
cutting, sawing, or soldering. And the wood finishing? He just were designed by Jensen to give the best possible acoustic perform-
wiped off the finger prints, for the beautiful genuine selected hard-  ance with Jensen Loudspeaker Kits; each is carefully coordinated
wood was factory pre-finished and rubbed by professional finishers.  with the recommended Jensen Loudspeaker Kit for correct loading
Best of all, be saved nearly $100 compared with cost of the equiva- of the low frequency channel (“woofer”). Wood pieces are accu-
lent factory-built speaker system. rately cut and drilled, with all cut-outs provided. Hardware, cleats
You can have the fun and satisfaction of building your own Jensen  and glue are included with complete instructions for easy assembly.
speaker system with size and performance ranging all the way from  If you like, you can start with the Basic Cabinet Kit of your choice,
the diminutive, economical Duette up to the big incomparable add the Prefinished Dress Kit later.
Imperial at savings which will stretch your hi-fi equipment budget. Here’s your way to finest hi-fi speaker performance at least cost!
Jensen and Cabinart with their specialized skills have collaborated  Ask your dealer, or write now.
to make this easy and trouble-free. Everything you need is furnished.

Jensen b _ = Cabinart Cabinet Kits __|
Equivalent Speaker Kit Basic
System “"Woofer” Jensen - — — Cabinet Dress
Type Size Reproducer Model Price Type Kit Price Kit} Price
_ 3-Way 15" _Imperial KT-31 $184.50 Corner* Horn | K-101 $89.00 P-201 $54.00
3-Way 15”7 ’I:riBlEx*_ B __KI-E - 169.50 Corner* Bass-Ultraflex _K-l 03 48.00 P-203 3_900
_ 3-Way 15"'_ 1 Triplex __KT-32__ | 169.50 Low Boy Bass-Ul'_roilix K-105 49_90_4 P-205 39.00_ K
| | 2-Wayt 157 _ KT.21 [ 99.50 Corner* Boss-Ultraflex K-103 48.09 P-203 39.00__ ]
_ 2-Wayt L | KT-21 99.50 | Low Boy Boss-Ultraflex [ K-105 |  48.00 P-205 39.00
2-Wayt 127 Concerto KT-22 ~73.00 Corner* Bass-Ultraflex K-107 |  39.00 P-207 36.00
| 2-Wayt 127 Concerto KT-22 | 73.00 | law Boy Bass-Ultraflex |  K-109 3900 P-209 36.00
2-Wayt 8” Contemporary KDU-10 2475 Corner* Bass-Ultraflex K-111 ~_23.00 P-211 25.00
2-Way 8" Duette Treasure Chest KDU-10 24.75 Duette K-113 18.00 P-213 21.00
* Gives excellent resuvits against sidewall. Bass-Ultraflex is o Jensen trademark.
t Cabinet provides for expansion to 3-way system at any time with Jensen KTX-1 Range Extender Supertweeter Kit, price $43.75.
{ Avoilable in Mohogany or Korina Blonde.

For Information about Jensen Speaker Kits write: For information about Cabinart Cabinet Kits write:
MANUFACTURING COMPANY The Pioneérs in Figh Fidelitv Radio Furniture
Division of The Muter Company
6601 SOUTH LARAMIE, CHICAGO 38, ILLINOIS A Division of G & H Wood Products Co., Inc.
In Canada: Copper Wire Products Co., Ltd. 99 North 11th Street, Brooklyn 11, N. Y.
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audiocraft

THE HOW-TO-DO-IT MAGAZINE OF HOME SOUND REPRODUCTION

This month brings to a close our first year
of publication. Altogether, we consider it
a successful year. Our editorial direction
has been stabilized, and our content ex-
panded, in response to suggestdons from
subscribers.  Our subscription list has
climbed steadily from the beginning; now,
advertising space is also increasing. We're
grateful to both readers and advertisers for
their support during this period — and
will do our utmost to make AUDIOCRAFT
ever more useful to them in years to come.

The issue is notable for at least two other
reasons: it is the largest we have ever pub-
lished, and it conrains the first of Paul
Penfield’s monumental series of articles on
using transistors in audio circuits. To whet
your appetite for what will come in this
series, the outline follows:

1: Transistor Action.

2: Other Transistor Types.

3: Junction Transistor Characteristics.

4: Biasing the Transistor.

5: Parameters and Small-Signal Equiva-

lent Circuits.

6: Single-Stage Design and Coupling.
7: Input Circuits.

8: Intermediate Stage Circuits.

9: Power Transistor Characteristics.

10: Power Stage Circuits.

t1: Distortion.

12: Feedback.

13: Miscellaneous Circuits.

t4: Transistorized Construction.

t5: Transistor Components.

16: Audio Transistor Specifications.

CHARLES FOWLER, Publisher
Roy F. ALLIsON, Editor
FRANK R. WRIGHT, Managing Editor

ELEANORE B. WRIGHT,
Editorial Assistant
RoY LINDSTROM, Art Director
ELEANOR GILCHRIST, Art Assistant
FRANCES A. NEWBURY, Manager,
Book Division
Contributing Editors
R. D. DARRELL
J. GOrRDON HoLT
JOSEPH MARSHALL

\WARREN B. SYER, Business Manager

ARTHUR J. GRIFFIN, Circulation
Manager

Advertising

Main Office Claire Eddings, The Publish-
ing House, Great Barrington, Mass. Tele-
phone: Great Barrington 1300.

Chicago John R. Rutherford & Associates,
Inc., 230 East Ohio St. Telephone: Whitehall
4-6715.

Los Angeles — Brand & Brand. Inec., 6314
San Vicenie Blvd. Telephone: Wehster 8-3971.

OCTOBER 1956

The Grounded Ear, by Joseph Marshall S S 4
What's new and significant in sound reproduction.

Audionews ... .. 6

Tips for the Woodcrafter, by George Bowe . ... . 10
This issue: The jointer.

Sound Servicing, by Irving M. Fried .~ 12
This issue: What not to service.

Tape News and Views, by J. Gordon Hole . b s 14
This issue: Low-impedance microphone lines.

Readers’ Forum 17

Editorial 17

Transistors in Audio Circuits, by Paul Penfield, | S — e 18
Part 1: Transistor action.

The Acousti-Magic Enclosure 22
Anrn AUDIOCRAFT kit report.

Listening for Quality, by Joseph Marshall - 24
Part 2: Treble response; definition.

Designing Your Own Amplifier, by Norman H. Crowhurst .27
Part s: Feedback amplifier design.

Loudspeakers and Enclosures, by George L. Augspurger ... 31
Part 3: Resonant enclosures.

Basic Electronics, by Roy F. Allison : . 34
Chapter XI: Inductance in AC circuits.

Sound-Fanciers’ Guide, by R. D. Darrell e 36
Reviews of exceptional disc and tape records.

Audio Aids it P e 40

The Rumble Seatr = ...~ 46

Symbols and Abbreviations ... 54

Advertising Index ; ST {

Audiocraft Magazine is published monthly by Audiocom, lnec., ar Great Barrington, Mass. Tele-
phone: Great Barrington 1300. Editorial, publication. and circulation offices at: The Publishing
House, Great Barrington, Mass. Subscriptions: $4.00 per year in the United States and Canada.
Single copies: 35 cents each. Editorial contributions will be welcomed by the editor. Payment
for articles accepted will be arranged prior to publication. Unsolicited manuscripts should be
accompanied by return postage. Entered as second-class matter Octoher 1, 1955, at the post office,
Great Barrington, Mass., under the aet of March 3, 1879. Additional entry at the post office,
Pittsfield, Mass. Printed in the U. S. A. by the Ben Franklin Press, Pittsfield, Mass. Copyright
1956 by Audiocom. Inc. The cover design and contents of Audiocraft Magazine are fully protected
by comyrights and must not be reproduced in any manner.,



The Grounded Ear

Electrostatic Loudspeakers

The coming year may well go down in
hi-fi history as the year in which elec-
trostatic speakers began to offer elec-
tromagnetic speakers serious competi-
tion. True, we have had electrostatic
rweeters for about two years now, but
they are not yet being produced and sold
in great enough quantitics to be a
serious factor in the total market. Now,
the promised arrival of electrostatic
speakers which cover the full range pre-
sages both more rapid development and
exploitation of the principle and much
wider acceptance by the listener.

By far the most interesting (pos-
sibly because it has been widely pub-
licized) and promising development is
the system developed by Peter Walker
of the British Acoustical Manufacturing
Company, whose Quad amplifiers have
enjoyed a fine reputation here as well
as abroad. This electrostatic speaker
covers the range from 40 to 14,000
cps and, so we are told, will actually
go up to 20 Kc in the production
model t6 come. Its performance is re-
ported to be phenomenally good and
unprecedentedly free of coloration. It
is expected to sell for somewhere be-
tween $150 and $200. Purportedly,
the range could be extended downward
at the bass end with a considerable in-
crease in size. In other words, we have
here the first commercial electrostatic
speaker system capable of covering the
entire audible range and requiring no
additional motor-driven units.

Although Mr. Walker, who has ap-
parently achieved what nobody else has
come close to doing, is not giving out
the secret which makes this performance
possible, it is a safe bet that whether
he shares his secrets or not, others will
achieve similar results, and that we will
soon have the opportunity to choose
between several types of full-range elec-
trostatic speakers. This will have an
impact which the electrostatic tweeter
alone could not hope to manage; for,
while the virtues of the electrostatic
design are great in tweeters, the tweeter
range does not determine alone the
realism of high-fidelity reproduction.
On the other hand, if the full-range
electrostatic speakers do, in fact, possess
their theoretical virtues, they will offer

4

the promise of so great an improvement
in the middle and bass ranges that
they cannot help winning great accept-
ance.

The eclectrostatic tweeter is an elec-
trically driven mechanical device, like
the ordinary diaphragm speaker. The
difference is that in the electrostatic
speaker there is one less link in the
chain of mechanical transducers. 1n con-
ventional clectromagnetic speakers the
clectrical energy first actuates a motor
which, in turn, drives the diaphragm
that moves the air. In the electrostatic
speaker the electrostatic ficld, changing
with variations in the electrical stimulus,
produces the diaphragm movement
without any intermediary devices. Elim-
ination of the intermediate motor re-
duces some of the nonlinearities which
characterize the diaphragm speaker.

The relatively large cone of the dia-
phragm speaker is driven from a single
point; unless the cone is made so stiff
that it responds as a rigid piston, the
single-point  drive produces unequal
movements of different sections of the
cone at different frequencies. On the
other hand, if it s so stff that it
radiates as a pure piston, it is almost

impossible for it to respond with equal
linearity to all frequencies and it be-
comes a narrow-range fadiator. Thus,
it is extremely difficult and probably
impossible to design a motor-driven
cone speaker which is completely linear
throughout the entire audible range,
and this has led to systems with two or
more separate cones, each designed to
be linear over only a portion of the
range. This, in turn, has brought on
other difficulties, chiefly those of obtain-
ing good balance between the various
sections of the system, of achicving
complete  homogeneity of sound, of
avoiding reproduction coloration at vari-
ous points in the range covered, and,
tinally, of maintaining an illusion that
the entire spectrum is originating in the
same place.

In contrast, the diaphragm of the

by Joseph Marshall

clectrostatic speaker is driven uniformly
over its entire area and should, theoreti-
cally, be equally linear at all frequencies
within its range. There exists the pos-
sibility of a single radiator covering
the whole spectrum; this should elim-
inate or minimize the difficulties listed
for multirange electromagnetic systems,
and lead to reproduction that should
be much more homogeneous in every
respect.

Finally, and this is very important,
the motor-driven speaker diaphragm
has a relatively great mass. It has,
therefore, high inertia which leads to
scrious problems of starting torque and
overshoot damping. It takes consider-
able force to start the large mass of the
cone and its drive mechanism moving,
and it takes a high amount of damping
to prevent the momentum acquired by
that large mass, once under way, from
exceeding the movement called for by
the stimulating signal. On the other
hand, the electrostatic speaker has very
little mass; it requires much less damp-
ing and the damping is easier to apply.
Indeed, in present versions the damping
is provided electrically by making the
diaphragm work against strong elec-
trostatic fields established on both sides
of the diaphragm by the so-called “bias”
voltage. Even the present electrostatic
systems, then, which are pioneer efforts,
approach ideal damping and therefore
should have much lower hangover and
less coloration of the sound.

Now these are theoretical advantages.
Despite the highly favorable initial re-
ports, it remains to be seen how closely
the actual wide-range systems approach
the theoretical ideals, and how long it
will take them to achieve a perfection
sufficient to indicate a clear-cut superi-
ority over present diaphragm speakers—
which, in many cases, are so good that
the average listener will be hard put
to discern any improvement.

Meanwhile, putting aside speculation
on the fate of conventional speakers and
whether the electrostatic will replace
them entirely, 1 am intrigued by the
cffect the growing use of electrostatic
speakers is likely to have on the design
of amplifiers and other components.

To begin, let me point out the pos-
sibility that the use of electrostatic
speakers with many present amplifiers

AUDIOCRAFT MAGAZINE



may lead to trouble. Electrostatic
speakers represent a capacitive load,
while electromagnetic speakers represent
a primarily inductive load. Amplifiers
with high feedback factors are likely to
behave quite differently with a capac-
itive load than with an inductive one.
Very few amplifiers can stand capac-
itive loads of more than .05 pfd, and
most will go off into oscillation at
supersonic frequencies with 2 much
lower capacitance. Even if there is no
outright oscillation, the ringing may
become severe. Addition of an elec-
trostatic tweeter, or replacement of an
electromagnetic system with a full-range
electrostatic, may accordingly necessitate
adjustment of the feedback loop; I
would be careful to check loop stability
when adding an electrostatic speaker.

This need not pose any problem at
all, however, with amplifiers designed
specifically for use with electrostatic
speakers; in fact, the usc of electro-
static speakers provides considerable
hope for better amplifiers. For one
thing, being better damped, electrostatic
speakers will not require so much
damping by feedback, or none at all
For another, electrostatic speakers are
high-voltage, high-impedance devices,
while electromagnetic speakers are low-
voltage, high-current, low-impedance
devices. Electrostatic speakers may make
the use of cutput transformers unneces-
sary. Although this would be tough on
manufacturers of ouput transformers, it
would greatly simplify the design, con-
struction, and cost of amplifiers; good
output transformers are not only cx-
pensive and difhcult to produce, but
even the best of them limit the amount
of stable feedback that can be used.
At present, even the Walker speaker
comes with a coupling transformer for
use with conventional amplifiers, burt,
unless I'm very wrong, there will come
a day of amplifiers with resistance or
impedance coupling direct to electro-
static speakers.

So far, electrostatic speakers, whether
tweeters or full range, have been de-
signed as direct radiators. It does not
necessarily follow that all electrostatic
speakers in the future will be direct
radiators. Once the problem of making
electrostatic speakers work at all is
solved, I expect to see a great deal of
experimentation in adapting electro-
static drivers to horns and other forms
of indirect radiators, as well as sup-
pressing or using morc effectively the
back radiation of balanced electrostatic
speakers. That back radiation is prob-
ably going to causc trouble in some
locations unless it is controlled in one
way or another.

I see in the coming of the clectrostatic
speaker not only a serious challenge to
the cone speaker, but also a stimulus to
development of a high-fidelity art along
unfamiliar roads.
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get custom quality at low cost in

ALLIED’S own HIGH FIDELITY

Knight-Kkits

KNIGHT-KITS give you the last word in
HI-F1 design, performance and value...and
they're easy to build from crystal-clear man-
uals featuring *'Step-and-Chek' assembly
Save money—get true Hi-Fi quality with these
custom-designed KNIGHT-KITS.

BUILD THE BEST...AND SAVE!

knight-kit LINEAR DELUXE
25-WATT BASIC HI-FI
AMPLIFIER KIT

Model $-755 $44"‘;0

Williamson-type Circuit
Printed Circvit Baard
Chrame Plated Chassis

Designed to satisfy the most critical listener. Intended for use with tuners incorporating built-in

preamp or with separite preamp. Uses latest Williamson-type circuit

Has potted, matched

transformers. Output: Maximum. 45 watts: undistorted, 25 watts. Frequency response: 10.5
db, 10 1o 120,000 cps. measured at 20 watts. Harmonic distortion is only 0.15% right up to 30

watts. Intermodulation is only 0.27*, at 17 watts and only .5

at 20 watts, using 60 ¢ps and

7 ke, 1:4 ratio. Hum level is 85 db below rated output. Output impedance, 1, 8, 16 ohms. Uses
two 12AU7's. two 5881 s, and a 5V4G. Printed circuit is utilized in voltage amplifier and phase
inverter stages. Has output tube balancing control, variable damping control, and on-off

switch. Handsome chrome-plated chassis, 147 x 9" x 2”7 Overall height
parts, tubes and construction manual. Shpg. wt., 27 lhs.

Model §-755. Basic 25-wurt Hi-Fi Linear-Deluxe Amplifier Kit. Net
5-759. Metal enclosure for above amplitier. Black finish. Shpg. wt., 314 Ibs. Net

Enclosure
Available I

Jludd
A

knight-kit
10-WATT HI-FI AMPLIFIER KIT

Model 5-753
$235° amplitier to full output. Re-
sponse 1 db, 30-20,000
cps at 10 watts. Harmonic distortion less
than 0.5 at 10 watts. Intermodulation is less
than 1.5 at full outpur. Controls: On-off
volume, hass, treble. Input for crystal phono
or tuner. Chrome-plated chassis is punched to
take preamp kit (see below) for magnetic car-
tridges. Matches 8 ohm speakers. Shpg. wt.,
14 Ibs. Complete; ready to build.
$23.50

Model $-753. Amplifier Kit. Net

r

Chrome
Chassis

Famous for wide response
and sinooth reproduction at
low cost. Only 0.5 volt drives

Complete with all

$44.50

. $4.25

Enclosure
Available

Chrome
Chassis

knight-kit
20-WATT HI-FI AMPLIFIER KIT

Model S-7 True Hi-Fi for less! Re-

el 550 sponse, + 1db, 20 to 20,000
s 75 cps at 20 watts. Distortion,
1% at 20 watts. Hum and
noise level: Tuner input, 90
db below 20 watts; magnetic phono, 72 db
below 20 watts. Sensitivity: Tuner input, 0.6
volt for 20 watts output; magnetic phono,
.007 volts. 4 inputs: Magnetic phono, micro-
phone, crystal phono or recorder, and tuner.
Controls: Bass, Treble, Volume, Selector with
compensation positions for 78 and LP records.
Handsome chrome-plated chassis. Shpg. wt.,
23 1bs. Complete; ready to build.

Model 5-235. Preamp Kit for above. Net $3.10 Model $-750. 20-Watt Kit. Net $35.75
$-757. Enclosure for above. Net $3.95 $-752, Chrome control panel. Net -$1.40
ALL PRICES NET F.0.B. CHICAGO $-758. Enclosure for above. Net .$4.15%
ORDER FROM ALLIED RADIO
[ 2, [ d

Qwmnicol HERL Contan s

R SHEN TR B TR RN W D g . 36'h

FREE ALLIED RADIO CORP., Dept. 89-Ks YEAR

_) 100 N. Western Ave., Chicago 80, IIl.
ALLIED’S . .

1957 ; Ship the following: S -
CATALOG . b enclosed

Send for this 356-page value-packed
catalog covering everything in Elec-
tronics. Complete sections featuring

warld's largest selection of Hi-Fi Name
companents and music systems,

many more famous KNIGHT-KITS, Address—
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NEW STROMBERG-CARLSON LINE

Stromberg-Carlson, a division of General
Dynamics Corporation, is offering 2
complete new line of Cusrom Four Hun-
dred high-fidelity components and cab-
inets for fall delivery.

A new style note has been introduced
for all amplifiers in the line — a bonded
vinyl case in tan, flecked with brown.
which ofters a linenlike finish guaran-
teed against mars, burns, or stains.

Some of the items in the new ling, and
their specifications as supplied by the
manufacturer, are:

The Model AR-411 amplifier: 10 wartts
at less than 1% total harmonic distortion;
peak power-handling capacity to 15
watts; frequency response of 15 to 25,000

G . -
Stromberg-Carlson AR-411 amplifier.

cps; hum and noise level 8o db below
rated output with controls at listening
level; bass control provides 15 db boost
and 15 db droop at so cps; treble control
provides 10 db boost and 15 db cut at
10,000 ¢ps. The unit has four inputs:
magnetic phono. radio tuner, tape, and
auxiliary. Output taps are for 4. 8, and
16 ohms. Dimensions are 3% in. high
by 13 in. wide by 7 in. deep.

AR-419 amplifier.

The Mode!/ AR-419 amplifier: a peak
power-handling capacity of 40 watts,
with less than 1% total harmonic distor-
tion at 20 watts; frequency response of
15 to 25,000 cps; hum and noise level 8o
db below rated output with controls at
listening level; bass control provides 15
db boost and 15 db droop at so cps;
treble control provides 10 db boost and

6

15 db cut at 10,000 cps. The unic has
four inputs: magnetic phono, radio
tuner, tape, and auxiliary. Output taps
are for 4, 8, and 16 ohms, and there is 2

AE-426 preamp-control unjt.

rape-output jack. Dimensions are 4% in.
high by 14 in. wide by 9% in. deef.
The Model AE-426 preamplifier: fre-
quency response of 10 to 100,000 Cps
= 1 db; bass control provides 15 db
boost and 15 Jdb droop at so cps; treble
control provides 15 db boost and 15 db
cut at 10,000 cps; brilliance contrel pro-
vides sharp treble cutoff; contintously
variable turnover and de-emphasis con-
trols for magnetic phono output. The
unit is AC operated with DC on the tube
filaments, and is equipped with tape
output and input jacks. Dimensions are
3 in. high by 14 in. wide by 8 in. deep.
The Model AP-428 power amplifier:
peak power-handling capacity is so
watts; frequency response is 10 tO
32,000 cps; hum level is better than 8o
db below rated output; output voltage
regulated within 2 db variation from no
output to full load; distorrion is less

AP-428 power amplifier.

than 2% at 25 watts, and well under 1%
at 20 warts output. The unit has 4-
8-, 16-, 150-, and 6oo-ohm output taps,
and 8-VU output taps for tape recorders.
Dimensions are 8% in. high by 16 in.
wide by 7 in. deep.

The Model SR-402 radio tuner: fre-
quency response on FM from 20 to
20,000 cps with less than 1% rotal
harmonic distortion; temperature-com-
pensated oscillator circuits prevent drift

on both FM and AM; sensitivity is
1.5 uv for 20 db quieting. The unit has
a two-position selectivity control on AM,
and automatic frequency control is
provided on FM. Dimensions are 5%
in. high by 12% in. wide by 9% in. deep.

The Mode! SR-403 radio tuner: fre-
quency response on FM is 30 to 15,000
cps; sensitivity on FM is 10 uv for 30 db
quieting; loud room-volume harmonic
distortion is 1%. Oscillator circuits are

remperature compensated to prevent FM
and AM drifting. The unit has outputs
for audio amplifier and tape recorder,

%

5 se &
SR-402 FM-AM tuner.

and meets all FCC requirements for spuri-
ous radiation. Dimensions are 6 in.
high by 12 in. wide by 9 in. deep.

The Model SR-406 radio receiver: peak
power output is 32 watts; total harmonic
distortion at 20 watts is 1%; sensitivity is
s uv for 30 db quieting on FM. The
unit meets all FCC requirements for
spurious radiation. It has microphone,
crystal phono. magnetic phono, and aux-
iliary inputs; and tape recorder output
jack and output taps for 4, 8, and 16
ohms. Bass control provides 15 db
boost and 10 db droop at so cps.
Treble control provides 10 db boost and
ts db cut at 10,000 cps. Dimensions

SR-403 FM-AM tuner.

are 8 . high by 16 in. wide by 13 in.
deep.

The Mode! SR-407 radio receiver:
peak power output is 15 watts; total
harmonic distortion is 1% at loud room
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volume; sensitivity is 8 uv for 30 db
quieting on FM. Bass control provides
1o db boost and 15 db droop at so cps.
Treble control provides 15 db boost and
10 db cut at 10,000 cps.  The unit has a

tape-recorder output jack and meets all

FCC requirements for spurious radiation.
Qutput taps are for 4, 8, and 16 ohms.
Dimensions are 6% in. high by 13% in.
wide by 9!l in. deep.

The Model RF-460 8-inch speaker: fre-
quency response of 50 to 13,000 cps;
power-handling capacity of 12 warts of
program material. Heavy Alnico V

magnet provides high flux density in gap.

The Model RF-465 15-inch speaker is a
coaxial speaker wirh Omega M-Voice
Ring horn-loaded 2¥4-inch tweeter and
separate 15-inch law-frequency woofer
with moisture-resistant cone.  Frequency

SR-407 FM-AM receiver.

response is 30 tO 20,000 CpS; power-
handling capacity is 35 watts of program
material. Angle of coverage is bertter
than 9o°. A brilliance control provides
variable conuol of high-frequency re-
sponse. Total magnetic flux at voice
coils is 20,000 gauss.

The Model RF-466 15-inch speaker is a
coaxial speaker which will handle 32
watts of program material. Frequency

ECC eguipment cabinet.
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response is 30 to 15,000 cps. Angle of
coverage is better than 100°. The 15-
inch low-frequency cone is moisture re-
sistant and has a 2-inch voice coil and
20-0z. Alnico V magnet. The 3-inch
high-frequency unit has a %-inch voice
coil and a 1%-0z. Alnico V magnet.

The Mode/ ECC equipment cabinet is
provided with special, precut panels de-
signed to accommodate any Stromberg-
Carlson  receiver or tuner/amplifier/
record-changer combination. The care-
fully selected cherry woods and venecrs
are satin finished in a natural cherrv tone.
The doors are of solid cherry. A lift lid
permits readv access to the phono com-
partment. Dimensions of the cabinet
are 324 in. high by 3334 in. wide by
1634 in. deep.

SCC loudspeaker enclosure.

The Model SCC speaker cabinet is
tushed to macch the Model ECC equip-
ment cabinet. The speaker enclosure is
designed to accomodate any Stromberg-
Carlson 8- or 12-inch high-fidelity
speaker. Dimensions of the Model
SCC speaker cabinet are 32% in. high by
20 in. wide by 16% in. deep.

BRENELL 3-SPEED TAPE DECK

The Brenell Mark 1V, recently intro-
duced by Fenton Company, supersedes
the former Mark II tape deck, and is said
to incorporate many improvements over
its predecessor. The Mark 1V is avail-
able with either a pair of upper-track

For more information about any of {
the products mentioned in Audio-
news, we suggest that y0u make use
of the Product Information Cards
| bound in at the back of the magazine.

Simply fill out the card, giving the
name of the product in which you're
interesied, the manufacturer’'s name,
and the page reference. Be sure to
put down your name and address
t00. Send the cards to us and wée'll
send them along to the manufacturers.
Use this service; save postage and
the trouble of making individual in-
quiries to a number of different
addresses.

monaural heads (1 R/P and 1 Erase).
four pressure pads, and mounting holes
for two additional heads as the Model
BREN IV; or with four staggered stereo
heads already mounted (one pair upper

2 B
Brenell-Fenton Mark IV tape deck.

and one pair lower track) as Model
BRENIV/B. The BREN IV is priced at
$96.50 audiophile net, and the BREN
IV/B is priced at $114.50 audiophile
net. The recordist may start with the
monaural deck and later obtain ad-
ditional heads which are available a
$9.50 each for conversion to stereo or
sound-on-sound recording.

The Mark IV has three independent
motors (capstan. feed, and take-up), and
instantaneous mechanical braking. Al
braking, switching, and pinch-roller
operations are positively interlocked in

Mark IV with head cover removed.

two control knobs: the left for FAsT
FORWARD and REWIND; the right for
RECORD /PLAYBACK and OFF.

The novel speed-selection mechanism
consists of a precision-ground capstan
and a 2:1 ratio screw-on sleeve per-
mitting either 3% and 7%, or 7% and 15-
ips operation. To operate on either of
these selections, the rubber belt can be
placed either on the slow or fast grooves
of the double-stepped flywheel and
motor pulley assembly.

Three-motor drive section of Mark IV.

The Brenell Hi-Fi heads are mu-metal
shielded to eliminate Go-cps hum and
meet all NARTB requirements. Ac-
cording to the manufacturer, wow and
flutter are less than o.2%, and frequency
response is 50 tO 12,000 Cps at 7%z ips,
and 30 to 15,000 Cps at 15 ips.



You can enjoy savings without
N sacrificing quality—if you “build-it-yourself™
and eliminate labor charges; and if

. you buy direct from the manufacturer and

eliminate extra profit.

Here’s what you get:

High-fidelity amplifiers, tuners, and speakers that you assemble vourself,

from the step-by-step instructions furnished. You get, top-quality parts at lower
cost through Heath mass purchasing power. You get the equivalent

MODEL BC-i of systems costing approximately twice the Heathkit price.

MATCHING CABINETS

The Heathkit AM tuner, FM tuner,
and preamplifier kits may be stacked
one on the other to farm a compact
“*master control’’ for your hi-fi system.

pey | mmmm0C

FM-3A ;@6

WA-P2 MODEL WA-P2

MODEL W-5m MODEL W-3m

HVEVEE;S Heathkit®ls FUN TO BUILD:

Instructions are complete, and our amazing step-by-step method, tied-in

MODEL FM-3A

with large pictorial illustrations, guide the beginner through each stage of assembly.
If you can follow directions you can succeed, and can build
high-fidelity equipment you will be proud to show off to your family and friends.

Here’s the proof:

Thousands of Heathkits have been built at home by people just like yourself,

and you should treat yourself to this same experience by dealing with the
world’s largest manufacturer of top-quality electronic kits for home and industry.
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Heathkit Model FM-3A High Fidelity FM Tuner Kit

Features A.G.C., and stabilized, temperature-compensated oscillator. Ten
uv sensitivity for 20 DB of quieting. Covers standard FM s 95*
band from 88 to 108 mc. Ratio detector for efficient hi-fi 26 .
performance. Power supply buiit in. Illuminated slide rule  wii cabiner)
dial, Pre-aligned coils and front end tuning unit. Shpg. Wt. 7 Lbs.

Heathkit Model BC-1 Broadband AM Tuner Kit

Special AM tuner circuit features broad band width, high s 95*
sensitivity and good selectivity. Employs special detector 26 G
for mintmum signal distortion. Covers 550 to 1600 kc. RF  \wim cabinet)
and IF coils pre-aligned. Power supply is built in. Shpg. Wt. 8 Lbs.

Heathkit Mode! WA-P2 High Fidelity Preamplifier Kit

Provides 5 inputs, each with individual level controls. Tone controls pro-
vide 18 DB boost and 12 DB cut at 50 CPS and 15 DB boost and 20 DB
cut at 15,000 CPS. Features four-position turnover and $2115*
roll-off’ controls. Derives operating power from the main .
amplifier, requiring only 6.3 VAC at | a. and 300 VDC  (with Cabineh)
at 10 ma. Shpg. Wi, 7 Lbs.

Heathkit Model W-5M Advanced-Design High Fidelity Amplifier Kit
This 25-watt unit is our finest high-fidelity amplifier. Employs KT-66 out-
put tubes and a Peerless output transformer. Frequency response = [ DB
from 5 to 160,000 CPS at one¢ watt. Harmonic distortion $ 75
less than 19, at 25 watts, and IM distortion less than 59 .
1% at 20 watts. Hum and noise arec 99 DB below 25 watts.  spoq. wi. 31 ths.
Output impedance is 4, 8 or 16 ohms. Must be hecard to Express Only
be fully appreciated.

MODEL W-5: Consists of Model W-.5M above plus Model shpg. wr. 38 Lbs.
WA-P2 preamplifier, $81.50* Express only

Heathkit Model W-3M Dual-Chassis High Fidelity Amplifier Kit

This 20-watt Williamson Type amplifier employs the famous Acrosound
Model TO-300 *‘ultra linear” output transformer and uses 5881 output
tubes. Two-chassis construction provides additional flexi-

bility in mounting. Frequency response is = 1 DB from s 75
6 CPS to 150 kc at 1 watt. Harmonic distortion only 1% 49 Py

at 21 watts, and IM distortion only 1.3%, at 20 watts. Out- g0 wy. 29 Lbs.
put impedance is 4, 8 or 16 ohms. Hum and noise arc 88 Express only
DB below 20 watts.

MODEL W-3: Consists of Model W-3M above plus Model sppg. wt. 37 Lbs.
WA-P2 preamplifier. $71.50% Express only

MODEL W.4AM - MODEL A-98

HEATHKIT SPEAKER SYSTEM KITS

These speaker systems are a very vocal demonstration
of what can be done with high-quality speakers in en-
closures that are designed especially to receive them.
Notice, too, that these two enclosures are designed to
work together, as your high-fidelity system expands.

Heathkit Model $S-1 High Fidelity
Speaker System Kit .
Employing two Jensen speakers, g
the Model 8S-1 covers 50 to ¢
12,000 CPS within = 5 DB. It |
can fulfill your present needs,
and still provide for future ex-
pansion through use of the SS-
1 B. Cross-over frequency is 1600 CPS and the system is rah.d
at 25 watts. Impedance is 16 ohms. Cabinet is a ducted-port
bass-reflex tvpe, and is most attractively

styled. Kit includes all components, pre-cut $399.5
and pre-drilled, for assembly. Shpg. Wt. 30 Lbs.

Heathkit Model 55-1B Range Extending
Speaker System Kit

This range extending unit uses
a 15" woofer and a super-
tweeter to cover 35 to 600 CPS
and 4000 to 16,000 CPS. Used
with the Model SS-1, it com-
pletes the audio spectrum for
combined coverage of 35 to
16,000 CPS within = 5 DB.
Made of top-quality furniture-
grade plywood. All parts are
pre-cut and pre-drilled, ready
for assembly and the finish of
your choice. Components for
cross-over circuit included with = A5 ’
kit. Power ra- —

ting is 35 watts, 59995 LN
impedance is 16
ohms.

Shpg. Wt. 80 Lbs.

MODEL A.7D - MODEL XO-1

Heathkit Model W-4AM Single-Chassis High Fidelity Amplifier Kit
The 20-watt Model W-4AM Williamson type amplifier combines high
performance with economy. Employs special-design output transformer
by Chicago Standard, and 5881 output tubes. Frequency

response is = | DB from 10 CPS to 100 ke at | watt. Har- g 75
monic distortion only 1.5%, and IM distortion only 2.7, 39 .

at this same level. Output impedance 4, 8 or 16 ohms. s$hpg. Wt. 28 Lbs.
Hum and noise 95 DB below 20 watts.

MODEL W-4A: Consists of Model W-4AM above plus Model  Shpg. wt. 35 Lbs.
WA-P2 preamplifier. $61.50* Express only

Heathkit Model A-9B 20-Watt High Fidelity Amplifier Kit

Features full 20 watt output using push-pull 6L6 tubes. Built-in pre-
amplifier provides four separate inputs. Separate bass and treble tone
controls provided, and output transformer is tapped at 4, 8, 16 and 500
ohms. Designed for home use, but also fine for public s 50
address work. Response is = | DB from 20 to 20,000 35 5
CPS. Harmonic distortion less than 1%, at 3 DB bclow Shpg, Wt. 23 Lbs
rated output. ’

Heathkit Model A-7D 7-Watt High Fidelity Amplifier Kit

Qualifies for high-fidelity even though more limited in s 65*
power than other Heathkit models. Frequency response is Ia .

= 115 DB from 20 to 20,000 CPS. Push-pull output, and gppg. wr. 10 Lbs.
separate bass and treble tonc controls.

MODEL A-7E: Same, except that a 12517 permits preampli- $20.35*
fication, two inputs, RIAA compensation, and extra gain. Shpg. Wt. 10 Lbs.

Heathkit Model XO-1 Electronic Cross-Over Kit

Separates high and low frequencics electronically, so they may be fed to
separatc amplifiers and separate speakers. Selectable cross-over frequencies
are 100, 200, 400, 700, 1200, 2000, and 35,000 CPS. Separate level control
for high and low frequency channels. Minimizes inter- $ 95
modulation distortion. Attenuation is 12 DB per octave. 18 .
Handles unlimited power. Shpg. Wt. 6 Lbs.

OCTOBER 1956

*Price includes 109% Fed. Excise tax where applicable.

HOW TO ORDER:

It's simple—just identify the kit you desire by its model
number and send your order to the address listed below.
Or, if you would rather budget your purchase, send for
details of the HEATH TIME-PAYMENT PLAN!

A Subsidiary of Daystrom, Inc.

BENTON HARBOR 18, MICHIGAN

Werite for
Free Catalog

HEATH C O MPANY A Subsidlary of Daystrom, Inc.

BENTON HARBOR 18, MICHIGAN

Please send Free HEATHKIT catalog.

HEATH COMPANY

\O



NE of the busiest power tools in

today’s cabinet shop is the jointer,
whose basic function is planing or
smoothing wood. It gets its name from
the purpose for which it was primarily
designed — squaring and  smoothing
edges of boards to make perfect joints
when glued together. Although planing
edges, ends, and surfaces is still its
most common operation, the jointer
can deliver many other cuts such as
rabbets, bevels, chamfers, tenons, and
tapers.

The jointer (Fig. 1) is an outgrowth
of the hand plane, inverted and with the
plane iron replaced by a rapidly rotating
cutterhead containing three or more
blades which shear off bits of wood
and leave an extremely smooth surface.
Unlike the hand plane, the bed of the
jointer is divided into two separate
tables — the front or infeed table and
the rear or outfeed table. In many
jointers both tables can be raised or
lowered; in others only the front table
is adjustable, the rear table being sta-
tionary. In use, the position of the
front table is determined by the depth
of the cut to be made, while the rear
able, which is usually set level with
the blades, supports the newly planed
portion of the wood as it leaves the
knives.

The fence, which guides the work as

Basic Power Tools, Par: V

i is being fed through the machine,
can be tilted to a 45° angle either way
for bevel cuts. The fence is higher than
that of a circular saw to facilitate
handling of wider stock without danger
of tipping sidewise. Incidentally, danger
is a word to keep in mind always when
operating a jointer; it can be the most

CUTTER DEPTH
BLADE ~ OF, CuT

[Mrear
| TABLE
UTTER HEAD

Fig. 2. Board is pushed toward the left.

TABLE

~—

—

dangerous machine in the shop. Use
the guard —don’t remove it except
when necessary for certain cuts such as
rabbets and some tapers. The guard can
be taken off all too easily, but, regard-
less of your practice with other machines,
this is one tool you must learn to oper-
ate with a guard.

Rear Table Adjustment

The most important adjustment on the
jointer is that of the rear table in
relation to the cutterhead. To per-
form accurately, the rear table must
be exactly level with the knives in
the cutterhead, as shown in Fig. 2.
If the rear table is higher than the

Fig. t. Primary functions of the jointer are smoothing and squaring board surfaces.

REAR TABLE

'

RABBETING
LEDGE

D-12228
Courtesy Rockwell Mfg. Co., Delta Power Tool Div.

#

. PRINCIPAL PARTS
OF THE JOINTER

-

FENCE
CONTROL
HANDLE

TABLE
ADJUSTING
HANDLE

knives, the work will be cut ou 4
taper; if the rear .table is lower than
the knives, the work will be uneven and
gouged at the end of the cut. Once the
alignment is set perfectly with the
blades, the rear table is locked in posi-
tion and is not touched egain until
further adjustment is required after
sharpening the knives or after the table
has been lowered for chamfering or
some other special operation.

The setting of each blade at the
proper height can be accomplished by
using a straightedge at least 10 in

Courtesy Rockwell Mfg. Co., Delta Power Tool Div.

Fig. 3. Using a magnel to adjust blades.

long, or with a magnet. If a straight-
edge is used, place it near one edge of
the rear table, overlapping the cutter
head. Raise the end of the blade until
its cutting edge touches the straightedge.
Move the straightedge to the other side
of the table and raise that end of the
knife until the cutting edge touches.
Turn the locking screws slightly t
secure the adjustment and then rotate
the cutterhead slowly by hand to check
the setting. If properly set, the cutting
edges will barely touch the straightedge
and will not move it nor raise it. Use
the same procedure to set the other blades
and, turning the cutterhead slowly by
hand, check all three blades before a
final tightening. Even after the locking
screws are tightened, it is a good idea
test the setting again before operating
the machine.

Using a strong magnet instead of a
straightedge simplifies the setting of the
jointer blades (Fig. 3). The magnet
is placed on the rear table extending
over the cutterhead opening, gripping
each blade and holding it accurately in
position until it is fastened. After each
knife has been set and locked tightly in

AUDIOCRAFT MAGAZINE



Courtesy Rockwell Mfg. Co., Delta Power Tool Div

Fig. 4. Tilt meckanisms for the jointer
fence: Delta (top) and Atlas (bottom).

the cutterhead, check the setting for
accuracy by starting the machine and
pushing a piece of scrap wood slowly
over the knives. It should slide smooth-
ly over the surface of the rear table,
meeting the table level perfectly with-
out being above it or below it and
without bumping the edge.

Adjusting the Fence

The fence of a jointer must be ad-
justed to hairline perfection to insure
doing the best work. While proper
adjustment is made at the factory, con-
tinued use of the machine makes even-
tual readjustment necessary. Start by
setting the fence exactly perpendicular
to the table, using a try square for
this purpose. Then set the adjustable
pointer to zero on the tilt scale. If the
pointer has automatic stops for zero
and 45° positions, check to see if they
are now in alignment with the tilt scale
and adjust them if necessary. Various
devices on the fence-tilting mechanism
permit flexibility of setting for the
desired angle and position on the table
(Fig. 4).

Jointing an Edge
Planing the edge of a board is the
simplest and most common operation
of a jointer (Fig. 5). Approximately
lg in. or less should be removed in
any one pass over of the cutterhead. The
fence is the principal means of guiding
the stock and should be set carefully
at right angles to the table. The stock

Continued on page 44
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Only planned high fidelity

can give you true high fidelity!

Putting together a hi-fi system for your
home can be simple—and it probably
will cost a lot less than you think!
Here at MusiCraft we offer the kind
of information and guidance that will
help you get started right and avoid
mistakes.

As you may know, possible combi-
nations of components are practically

limitless. We're happy to help you
choose what will best suit your home
and your budget. You can start small
and add as you wish.

Stop in at MusiCraft soon or write
us for further information. Let us help
you plan the kind of high fidelity
system that will give you frue high
fidelity.

Send your name and address if you would like to be on our mailing list for our
announcements. Would you like a free copy of ‘‘Understanding High Fidelity”?

If you want to ‘‘build-it-yourself’’ and save—MusiCraft
has a complete line of component parts in stock. The

step-by-step directions are easy to
follow—and you can feel free to call

on us for any technical assistance

48 East Oak Street * Chicago 11, lllinois * DElaware 7-4150

Lowest Prices

Largest Component Selections -

Complete Custom Installation Service
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What Not to Service

A general series on home servicing of
high-fidelity equipment is hardly com-
plete without mention of several units
which can play important parts in a
complete installation: such units as AM,
FM, and TV tuners, and the tape rc-
corder.

These have not been mentioned be-
fore because, in my experience, they
are potentially the most troublesome
units with which the home enthusiast
must deal. The maintenance of tape
recorders in the home, difhcult as it is,
has been capably dealt with elsewhere in
this publication. Which leaves tuners,
and therein lies a problem — because 1
can only tell you that these are units you
should not try to service, unless you
have the equivalent of a service labora-
tory and the knowledge to use it prop-
erly

Many tuners of all sorts are brought
to me for repair every year, and the
service bills on most of them are¢ in-
creased because the owners tried to fix
them beforehand. Let me illustrate.

There is the man who walks in carry-
ing his precious FM tuner, which is
several years old and obviously falling
apart. He wants the tube that will make
it work again; it was perfect until the
night before, and it must be only a tube.
On casual inspection it appears that he
has been playing with the little screws
accessible through holes in the tops of
the IF cans — the trimmers —and most

SOUND SERVICING

by Irving M. Fried

of them are now mangled beyond repair.
It is also apparent that several tubes
have been replaced at various times, al-
ways without the minor touchups that
are required for best performance in
tuners.

This gentleman, whether he is willing
to face realities or not, has let himself
in for a stiff repair bill. The following
service work must be done on his tuner:

1) The high-voltage supply must be
gone over. You can't align a tuner un-
less the B4 is within manufacturer’s
specifications.

2) All tubes must be checked and
replaced with ones that will function
properly in each particular location. For
instance, a tube may work in one socket
location, and be useless in another; only
a real alignment can tell which tubes
they are.

3) Complete alignment, from scratch

a process that, properly carried out,
can take several hours.

Nexe illustration: someone brings in
an expensive AM-FM tuner of which
he is very proud. It seems that the tuner
had been worked over by a friend in
the physics lab at the university, who
knew all about these things. Or he had
taken it to the corner radio shop. Well,
it was working again, but he noticed a
slight noisc at times.

Quick inspection reveals that, again,
the litcle trimmers have all been turned
in various directions. There are signs
of tube changes. Underneath, someone
has been resoldering connections,

1t's not bad, but wait’ll you get a load of this!
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probing at wires, and trying anything
on general principles. This man, too, is
in for a rude surprise, when he learns
the size of the estimated bill.

Next illustration: someone arrives
with an incxpensive tuner which he just
bought as a "bargain”. He explains care-
fully to you that it must be perfect,
since it came in a sealed carton; he
simply wants the tube that will make
it separatc stations, and doesn’t want to
take the time to get it where he bought
the tuner. You can imagine his surprise
when he is told that the unit is com
pletely out of alignment, and necds
factory rebuilding.

These cases are described merely w0
illustrate how troublesome tuners of all
sorts can be, particularly if they have
never been properly tested prior to sale,
or if well-meaning amateurs have dis
turbed the delicate balance of adjust.
ments.

In other words, the best way for you
to service your tuner is to return it to
the factory, or bring if to responsible
experts who will stand behind their
work. Why should this be so, when
other parts of the home music system
can be worked on at home? And why
is a tuner more critical than a radio
or TV set, which radio servicemen fix
with no trouble?

First, the high-hdelity tuner s a del:
cate complex of wires, capacitors, re
sistors, and other parts. In certain parts
of the circuit movement of a critical
component as little as 1/32 in. can put
the set out of alignment and render it
completely unstable or insensitive. Ad-
justments are so many, and so unpre
dictable in aural effect, that proper test
instruments are absolutely necessary to
make them.

Second, a malfunctioning tuner is
much more obvious than the poorly
operating radio or TV set—at least
by the standards of the owner, who ex-
pects the tuner to give high-quality
results rather than just a picture of
some sort, or a noise of some sort.

Therefore, tuner repair, if it is to
be satisfactory, must be done by an ex
pert. He can, for instance, determine
rapidly that a tuner may not be sensi-
tive because of original construciion
defects, and advise you not to waste
your money on repair work. The ex
pert will be careful just how he probes
around in the wiring underneath, and
just what tubes he interchanges. He
will be¢ honest, and tell the man with

Continued on page 55
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I F you want the finest...it’s

Fleetwood Custom Television

Fleetwood is the professional’s television system. Its picture is clear and
bright like those seen on TV Network monitors . . . also made by Fleetwood.
Designed to the custom standards of your hi-fi equipment, Fleetwood supplies
audio power for a speaker and has separate high fidelity audio outputs to connect
with your sound system.

Fleetwood is available with full electronic remote controlled tuning. Tuner may
be operated 40 feet or more from the picture chassis. Both remote (2 chassis)
and non-remote Fleetwoods will operate 21, 24 or 27-inch rectangular picture
tubes. Tuner in Super Cascode type and is 1ead11y adapted to UHF. Four L.F. stages
provide four megacycle band width. Your Fleetwood can be housed in
many ways in a bookcase, built into a wall,
in a room divider . .. or the way it

makes a hit with your wife,

in a Fleetwood cabinet. This beautifully
designed, modern cabinet comes unfinished
in kit form. All glueing and sanding are
done by the factory. You can assemble it
easily and quickly with a screw driver.
The Fleetwood cabinet is made of
sturdy three-quarter inch plywood.
Edges of the top have been turned so
that the top grain continues across
the edge giving a fine furniture
appearance.

Flectwood chassis — remote or
non-remote — side mounts on a
removable board.

A free booklet of installation
ideas will be sent on request.

9 [E Efw OO(Z

Custom television crafted by CONRAC,

Department G, Glendora, California

Conrac is the Canadian name for Fleetwood * Export Division: Frazar & Hansen, Ltd., 301 Clay St., San Francisco, California * ©Conrac, Inc., 1956
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O anyone who has always used a

high-impedance microphone and
has obtained excellent results with it
from all kinds of program material, the
additional expense involved in “going to
low impedance” may make it seem com-
pletely idiotic.

“Why,” he is likely to ask, “would
anyone in his right mind spend from
$10 to $50 in addition to the cost of
his microphone, just so he can run the
mike cable at low impedance?”

There are probably three good rea-
sons why people use low-impedance
mikes with nonprofessional equipment,
and these reasons happen to be the
same ones which prompt professional
users to standardize on low-impedance
microphones.

First, and perhaps most important,
1s the matter of flexibility. A low-
impedance microphone can be used with
several hundred feet of interconnecting
cable between it and the recorder with-
out either signal losses or severe hum
pickup. A  high-impedance mike,
though, will have serious hum inter-
ference if long cables are used with
it, and the higher the impedance, the
worse will be the hum. Also, the higher
the impedance of a dynamic or con-
denser microphone, the greater will be
the high-frequency loss for a given
length of cable. Taking 25,000 ohms as
a typical high-impedance value, a cable
60 :c long will drop the response at
10000 cps by more than 10 db—2
dcfinitely audible loss.

Crystal microphones, though, do no
behave in this fashion because they are
purely capacitive to begin with. When
the output of a crystal microphone is
shunted by the additional capacitance of
a long interconnecting cable, the cable
simply forms a frequency-insensitive
voltage-dividing capacitance with the
microphone, reducing the output over
the entire frequency range. So far as
response is concerned, a crystal micro-
phone should perform much better than
a high-impedance dynamic when both
are used with very long cables. Un-
fortunately, though, the higher imped-
ance of the crystal type makes it more
susceptible to hum pickup in the cable,
so it boils down to a matter of per-
sonal taste — whether you find hum
more or less offensive than high-fre-
quency loss.

So much for hum and losses; let’s

14

J. Gordon Holt

consider another angle: quality. In the
low-to-medium price range, competi-
tive microphones are likely to be com-
parable in quality whether they are
supplied for low or high impedance.
But in the top-quality brackets (where
most of us can’t afford to dabble around
anyway), the best microphones also
happen to be low-impedance units. This
is not because lo-Z mikes are inherently
of better quality than hi-Z ones, but
simply because professional mikes are
made for professional users, all of whom
prefer to use low-impedance circuits
for the reasons mentioned earlier.
Professional tape recorders are in-
variably supplied with low-impedance
microphone  inputs; nonprofessional
equipment, rarely; and strictly home-
entertainment types, never. The main
reason for this is economic; it costs
much more to equip a recorder with
a lo-Z mike and input-matching trans-
former, and the less ambitious a given
recorder may be, the more competi-
tion it has in its own price field. To
a recordist who simply wants a ma-
chine to preserve baby’s first bubbling
attempts at self-expression, the addi-

tional cost of a low-impedance micro-
phone and input transformer would
be just cause for him to choose a dif-
ferent recorder that was less expensive.
But to someone who uses his recorder
for musical or more ambitious speech
recording purposes, the ability to get
a high-quality signal through a long
mike cable is a definite advantage, and
if he intends to do much recording
on location, he should either own low-
impedance equipment or should con-
vert his recorder to lo-Z.

This conversion involves providing a
50- to 500-ohm impedance from the
microphone, and the addition of an-
other matching transformer at the re-
corder’s input, to match this impedance
to the input preamplifier tube’s high-
impedance grid.

If the microphone is presently a hi-Z
unit, a hi-Z-to-line matching trans-
former will be required at the micro-
phone end of the chain. This trans-
former can be located conveniently at the

end of the mike’s integral output cable
(as long as this is short enough to
prevent losses in itself ). Then the cable
between the mike and recorder must
be three-conductor, with two inner con-
ductors and the shield. The inner con-
ductors carry the signal and are bal-
anced with respect to the cable shield,
thus tending to cancel any slight hum
that might be picked up in the cable.
At the other end of the cable, just
before the recorder’s input jack, the
second matching transformer must be
inserted, with its primary winding
strapped to match the secondary im
pedance of the first transformer.

These transformers should, needless to
say, be of the highest quality that one’s
finances will stand. Several very good
units are available which can be con-
nected in series with the cable by
means of interconnecting plugs, thus
greatly simplifying their installation.
More ambitious types (at higher
prices) are designed for chassis mount-
ing, and may be either attached to the
recorder itself, or allowed to sit out
in the open with the cables taped w
their cases to prevent bending and
twisting at the soldered connections.

If the microphone that is to be used
happens to be a lo-Z type, or if the
purchase of a lo-Z mike is planned in
the near future, this will materially re-
duce the cost of converting to low im-
pedance, since it is only necessary to
buy one transformer for use at the
recorder end of the cable.

The impedance of the input-trans-
former primary should, as before, ex-
actly match the nominal output imped-
ance of the microphone, otherwise
response linearity will suffer. Also, the
input transformer at the recorder may
have to be oriented with respect to the
recorder to reduce hum pickup to a
minimum. Strong AC magnetic fields
are radiated from recorder motors and
power transformers, and if some care
is not taken to orient the input trans
former correctly, this field may induce
appreciable hum into it.  Highl
shielded input transformers will reduce
this interference materially, but it mav
still be necessary to orient them for
lowest hum.

When connecting an input trans-
former to the recorder’s input jack the
existing grid resistor in the recorder
should be clipped out of circuit, if its
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resistance is less than 1 megohm. Most
input transformers (and microphones)
are designed for use into an unloaded
grid, and an additional resistive load
will often roll down the high-fre-
quency end.

On the other hand, a few micro-
phones, notably some condenser types,
do require resistive termination at
either the primary or secondary of the
input transformer. Where this is so,
the termination should be added at the
microphone rather than in the recorder,
so that the input termination will still
be correct for other microphones.

All this is likely to cost some money,
no matter how simple is the complete
conversion. But the expense is well
worth while in terms of the improved
sound quality obtainable in location
pickups. The difference between hi-Z
and lo-Z through long cables is immedi-
ately noticeable on all but the most un-
ashamedly lo-fi tape recorders, and may
well make the difference between a good
recording and a mediocre one.

Two More Microphones

Several months ago I made some fa-
vorable comments about a moderately
priced, high-quality ribbon microphone,
the Fenton B&O-50. Since then, two
more have come along that are defi-
nitely worth attention.

The less expensive of the two, the
Reslo Celeste, is a British ribbon unit
that also, by chance, happens to be dis-
tributed by the Fenton Company. It is
quite small, as quality ribbon units
go, and has several unusual if not
unique features. It is the only ribbon
microphone I know of with replace-
able “ribbon cartridges”. The ribbon is
mounted on a frame of Bakelite which
can be removed easily and replaced with
another, should anything happen to the
original one. There’s no denying the
value of this, because even though it
may be a fairly easy task for one with
_steady hands and steel nerves to replace
the ribbon in a typical velocity mike,
it is practically impossible to adjust the
tension of the ribbon to its optimum
value without the use of precision
measuring instruments. The frequency
response, then, is likely to be subtly
changed each time the ribbon is re-
placed. The replaceable ribbon assembly
in the Reslo eliminates this possibility.
Really ingenious, and 1 don’t see why
no one did it long ago.

The mike itself is equipped with an
on-off switch at the bottom of the case,
and its directivity is essentially the
typical velocity bidirectional (figure-8)
pattern. I say “essentially” because the
Celeste microphone has provision for
the addition of internal baffling pads
which modify the polar pattern and/or
the frequency response. More about
these in a2 moment.

Continued on page 51
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Siercophonic Soun
WITH NEW@&Q 3-SPEED

TAPE RECORDER

-

:,1\ YR
S IV L/ ...YOU NEED NOTHING ELSE
EXCEPT YOUR RADIO, TV OR AMPLIFIER

Bell, famous name in Hi-Fidelity, offers plenty that’s new and
STEREO too, in this inexpensive, easy-to-operate Tape Recorder.

® TRUE FIDELITY
... 30-12,000 cycles

® THREE SPEEDS ’
7V, 3%, 1% ips 4

¢ DUAL TRACK RECORDING -
|

... Monavural only

e PLUS STEREO PLAYBACK
. staggered (offset) heads

® RECORDED STEREO TAPE

. with each recorder

® ALL FOR ONLY $189.95
slightly more in West

Model BT-76

Bell's new BT-76 Tape Recorder is equalized, pre-amplified signals from
masterfully engineered, ruggedly built  Head #1 into Recorder Amplifier
and handsomely cased, with outstand-  from Head #?2 into any Radio, TV.
ing features usually found only on ex-  or other amplifier system equipped
pensive professional equipment. As  with phono input (connecting cable
a recorder, or when used for either furnished), guaranteeing true Stereo-
Monaural or Stereophonic playback, it  phonic Sound. Now being demonstrat-
is a magnificent instrument. ed at leading Department Stores and
Its staggered (offset) heads feed Hi-Fidelity Dealers. Now hear it now!

OTHER BELL TAPE RECORDERS AS LOW AS $139.95

MODEL BTK-1—Conversion Kit—To add Stereophonic Playback to any RT-75
when desired. Includes second head, pre-amp, hardware, simple instructions, $16.95

MODEL RT-75—Tape Recorder—Same as BT-76, above, identical appearance
and operation but without Stercophonic playback $174.95

MODEL RT-88—Tape Recorder—Two speeds, Piano-Key controls, three sepa-
rate motors, True Fidelity, Dual Track Recording, Lightweight. $139.95

Prices shown subject to change; are slightly higher West of the Rockies.

BELL SOUND SYSTEMS, Inc.

A SUBSIDIARY OF THOMPSON PRODUCTS, INC,

; v
557 MARION ROAD  COLUMBUS 7, OHIO S
Bell Tape Recorders are sold by leading Department Stores and High
Fidelity Sound Dealers everywhere. Write . . . we'll send you /
complete literature and your nearest dealers’ name. 7



COMING

To Your City . ..

HIGH FIDELITY SHOWS

SEE and HEAR the latest in HIGH FIDELITY from
leading high fidelity manufacturers. ..

Don't miss these free public showings of Hi-Fi * Amplifiers — Pre Amplifiers —FM-AM Tuners
— Turntables and Record Changers — Phono
Cartridges — Microphones Music Control

Centers — Speakers.

Equipment . . . from the most economical units
for the budget-minded to spectacular home music

theatres . . . compare and enjoy them all.

*Speaker Enclosures and Equipment Cabinets —
Finished and Assembled or Do-It-Yourself Kits.

THREE FULL DAYS OF CONTINUOUS DEMONSTRATIONS
FROM 1.P.M. TO 10.P.M. FOR EACH SHOW

ADMISSION FREE

IN 1956:

*Complete Hi-Fi Systems and Components

MIAMI — October 12, 13, 14 — McAllister Hotel

NEW ORLEANS — October 25, 26, 27 — Roosevelt Hotel
DALLAS — November 16, 17, 18 — Adolphus Hotel

ST. LOUIS — November 23, 24, 25 — Statler Hotel

MILW AUKEF — January 4, 5, 6
MINNEAPOLIS — January 18, 19, 2«

IN 1957:

SEATTLE — February 1, 2 YOUR LOCAL
PORTLAND — February 15, 16, 17 NEWSPAPERS

KANSAS CITY — March 1, 2, 3 AND RADIO STATIONS
OMAHA — March 15, 16, 17 WILL CARRY
DENVER — March 29, 30, 31 ANNOUNCEMENTS

SALT LAKE CITY — April s, 6, 7
PITTSBURGH — April 19, 20, 21
CLEVELAND — April 26, 27, 28

DETROIT — May 3, 4, 5

Free Recorded Hi-Fi Concerts every hour on the hour during these shows.

OF THE LOCATION
OF THESE SHOWS

RIGO Enterprises Inc.500 N. pearborn, chicago 10, 1.
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Gentlemen:

Re "Audio Aids”, July 1956 {p. 29},
“Hi-Fi Sound From TV”. Mr. McCon-
naughey’s suggestion is not wholly prac-
tical in TV sets using the GT8 triple
diode, hi-mu triode tube as first audio
amplifier, discriminator, and AGC de-
lay. It is easy to see that removal of
this tube from its socket will result in
no sound (discriminator disabled) as
well as impairment of AGC operation.

It would be practical to tap from the
grid connection of this tube, leaving it
in its socket, but the use of this high-
impedance audio output would permit
only approximately 1 ft. of the usual
100 ppfd/fr audio cable before result-
ing in a G-db-per-octave rolloff starting
near 10,000 cps. (This restriction also
applies to Mr. McConnaughey’s meth-
od.)

The elegant technique would be to
convert the first audio stage to a cathode
follower, whose low output impedance
would permit a longer cable run.

I have also found a good reason for
the very small coupling capacitors in
the audio circuit of my TV (it has
little response below 140 cps): a hi-fi
tap ahead of the first audio stage dis-
closes much 60-cps hum. Also, a con-
denser across the output transformer
limits high-frequency response. This
TV just wasn't designed for hi-fi.

J. F. Brady
Rochester, N. Y.

A cirenst for adding a bi-fi output juck
to any low-cost “package” tupe recorder
was described on page 83 of AUDIO-
CRAFT for Jannary, 1956. This circuit
will operate satisfactorily with uny com-
mercial radio or TV set, provided 1)
the set bas a power transformer with an
isolated primary winding, 2) the fila-
ments are not in Series across the power
line, und 3) a 0.5-ufd 400-volt capacitor
is conmected in series with the 15-K
dropping resistor in the take-off net-
work. — ED.

Gentlemen:

In his article on the construction of a
miniature signal injector (July 1956),
Rufus P. Turner mentions possible dif-
ficulties with shattering and broken taps
in working Lucite. These troubles can
be overcome very casily by placing a
drop of kerosene or other light oil on
the work wherc a hole is to be drilled
or tapped. Small cracks radiating from

Continued on page 56
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EDITORIAL

ITH interest in (and addiction

to) high-fidelity sound = still
growing as fast as ever, the hi-fi equip-
ment market has now reached a sub-
stantial dollar volume and will certainly
increase quite considerably before level-
ing off. As a matter of fact, there is
no indication that it will level off for
many years vet. A natural consequence
of this rapid growth is spirited com-
petition among equipment manufac-
turers to get and keep what they con-
sider their rightful shares of the market.
New firms enter the race faster than
they can be tripped up by established
concerns. To stay in business and retain
or advance their positions, manufacturers
in this field must be—and are—as
clever and resourceful a group as any
you'll find. Their design and develop-
ment engineers are dedicated to produc
ing the most value for the least money,
and are far above average in brilliance
and ingenuity.

All this is to the benefit of us, the
consumers. We are offered an ever-
expanding variety of high-quality pro-
ducts to choose from, in both finished
and kit form. The speed of technical
progress is almost unbelievable; we have
far better products at lower prices than
we had before.

Still, it seems to us that there are
several areas of development that aren’t
receiving the attention they deserve.
First on our list is pickup cartridges.
We admit that pickup design is an ex-
traordinarily complex affair, and that the
performance of any pickup is limited
by the precision that can be obtained
at a reasonable price in the manufac-
turing process. But everyone uses a
pickup cartridge, and we should think
that the potential market would be
incentive enough for someone to come
up with an LP cartridge that would
have very high compliance, so that the
low-frequency resonance in an avcrage
arm would occur below the audible
range; very low effective moving mass,
so that the high-frequency resonance
would occur above the audible range;
good damping of both resonances;
smooth response and low distortion
everywhere between the resonances; a
damping material that would not stiffen,
work out of place, or otherwise deteri-
orate for a reasonable length of time;
reasonably high vertical compliance and
insensitivity to vertical stylus motion;
an casily replaccable stylus; mechanical
ruggedness, stability, and simplicity,
moderately high output; low sensitivity
to hum fields; fairly low impedance;
low tracking ftorce; and a price (with

diamond stylus) below $35. Some car-
tridges meet most of these specifications,
but we don’t know of a single one that
meets them all—ec¢ven if the price
limitation is deleted.

Next on the most wanted list is an
intelligently engineered medium-price
tape recorder; one that has semipro-
fessional quality potential, and a few
necessary professional conveniences, in
the $300 to $400 price range. Among
the essential features we would list
separate record and playback heads, and
separate record and playback amplifiers;
a motor used only for capstan drive,
which means at least two motors (pre-
ferably three); line and low-impedance
microphone inputs; a VU meter driven
by its own individual tube section, so¢
simply bridged across the signal line;
provision for NARTB reels; and opera-
tion at 714 and 15 ips. Electrical and
other mechanical specifications  should
be, at 714 ips, at least high enough to
assure results as good as those obtain-
able from the best LP’s played with the
best equipment. At 15 ips they should
be proportionally higher. Extreme por-
tability would be desirable but not
essential; power amplifiers and monitor
speakers aren’t necessary at all. Hot-
cakes would sell like this recorder.

Then, for the do-it-yourselfers, a truly
high-quality tape transport mechanism
(possibly with a buile-in bias and erase
oscillator), and instructions for build-
ing a suitable electronics section, could
command a price of $400 easily. The
buyer would know that its performance
could approach that of the best pro-
fessional equipment as closely as his
electronics skill permitted.

Since more and more enthusiasts are
turning to two-channel power ampli-
fication, with frequency division im-
mediately following the preamp-control
unit, this would seem an appropriate
time to market an ultrahigh-quality,
fairly high-power dual-channel power
amplifier. This should have level-control
adjustments  for cach channel and a
built-in,  variable-frequency  dividing
network. It ought to cost less than two
standard full-range power amplifiers of
the same power rating and comparable
performance, because the output trans-
formers could be designed specifically
for the limited ranges each would have
to handle.

We could go on if we had more
space, but we've illustrated our point
There is still plenty of room in this
industry for any manufacturer who will
find out what pcople want and then
make it. It's as simple as that. — R.A.
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TRANSISTORS /2. Audio Circuits

== e

by PAUL PENFIELD, JR.

Introduction

Amplification is really the heart of elec-
tronics. Before the invention of the
audion, the original triode, there was no
means of electronic amplification — tele-
phone conversations were limited to a
few hundred miles, and wireless range
was limited by the practical size of
spark-gap transmitters.

Amplification is merely the control
of a large amount of power, from a
power source of somc sort, by means of
a small amount of “signal” power. Lit-
erally hundreds of mechanical, acousti-
cal, optical, and electrical amplifiers are
known. Electronic amplifiers are the
most important in our civilization be-
cause of the ease of connecting electric
circuits of all types, and of transporting
electric encrgy over long distances at
low cost.

Electronics has grown up with the
vacuum tube as its chief amplifying
device. However, several other elec-
tronic devices which will amplify are

Fig. 1.

known to science. Engineers are al-
ways on the lookout for cheaper, lighter,
smaller, more efficient, more faithful,
and more reliable amplifiers. The tran-
sistor excels the vacuum tube in every
one of these important categories, with
only minor exceptions. Within a few
years the transistor will be the chief
amplifying device in use commercially.

What will the transistor mcan to
you? Well, that depends on who you
are. If you're the average citizen, you'll
have transistorized consumer goods in
large quantities soon. The little tran-
sistor portable radios available now are
nothing in comparison. And look for a
cheaper price, too, on the familiar elec-
tronic gadgets vou use.

If you're an engineer in electronics,
you've already run across transistors in
your work. (If not, ask your boss why
not.) If you're a hi-fi enthusiast, you
can expect transistorized hi-fi gear soon,
fully as good as present vacuum-tube
gear. If you're an experimenter or an
amateur, it's about time you started

Arvangement of atoms in a crystal of germanium. Each of four electrons in

every aton’s outer ring is coupled by covalent bond to one electron of other atom.
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I Transistor Action

playing around with transistors. They're
a lot of fun.

But whatever vour interest, you can-
not ignore transistors, since they are
here to stay in all fields of electronics
and audio. And since you cannot prof-
itably ignore transistors, vou might as
well learn about them. The series start-
ing in this issue is intended for you —
to make you familiar with the tran-
sistor as a physical device, as a circuit
element, and as a useful gadget.

RANSISTOR action is a convenient

name for the physical theory of
operation of junction transistors. It may
not be immediately apparent why a
scries on transistor audio circuits should
bother describing the theory of a tran-
sistor at all. Why not merely take the
published characteristics of any given
transistor type, and build all necessary
circuits around them? Extremely useful
results follow, as we will see later, from
considering the transistor as an unknown
linear circuit element, described com-
pletely and fully by its terminal volt-
ampere characteristics. So why bother
with transistor action?

The answer is easy: a knowledge of
transistor action gives the circuit de-
signer an intuitive feeling for how
and why the transistor acts in a given
circuit. It enables him to avoid mis-
applying his circuit theory, by stressing
the nonlinear nature of the transistor;
and it also enables him to use transis-
tors in more varied and more useful
ways. So a knowledge of the physics
of transistor action is necessary for the
circuit designer and experimenter, as
well as the person who makes the tran-
sistors. In this installment we will limit
the discussion to junction devices only.

Transistor Materials

Transistors are made from materials
know as semiconductors. These are not,
as the name suggests, merely com-
promises between a conductor and an
insulator. Rather, this class has con-
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ductivity properties which are quite un-
usual, and it is just these unusual prop-
erties that make possible the trangis-
tor.

Germanium, the most popular tran-
sistor semiconductor, can be grown by
special techniques in the form of a
large single crystal: a large chunk of
matcrial in which row upon row of
germanium  atoms are arranged in a
perfectly regular fashion. This threc-
dimensional array of atoms is called the
latrice. It is known that each germa-
nium atom neighbors f8ur other atoms;
how this is done in three dimensions
is a bit complex, but it can conven-
iently be represcnted by a diagram in
two dimensions, such as Fig. 1.

A single atom of germanium can be
visualized as consisting of a small, dense
cloud of particles known as the nucleus,
charged slightly positive, surrounded by
rings of small eclectrons some distance
away from the nucleus, each with a
small negative charge. In the outer ring
are four clectrons. The atom as a whole
is uncharged.

The reason that germanium forms a
lattice such that cach atom has only
four closc neighbors should be apparent
from Fig. 1. Each of the four outer-
ring electrons from a given atom com-
bines with an electron from a neighbor-
ing atom to form a very stable combina-
tion known as a covalent bond. Each
atom now has, effectively, the ecight
outer-ring electrons which produce max-
imum stability. Because the covalent
bond is such a strong one, germanium
crystals are quite strong.

Note well Fig. 1. It shows a few
rows and columns of a representation
of the three-dimensional crystal lattice.
Each germanium nucleus which, in com-
bination with the inner-ring electrons,
has a charge of plus four, is surrounded
by four other similar germanium nuclei.

Fig. 2.
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produces an n-type germanium crysial baving far more free electrons than boles.

All free clectrons are taken up by the
covalent bonds, leaving none extra.

This is a very simple picture. On
the surface it also looks somewhat un-
interesting, because it is so regular and
perfect. But for pure germanium the
regular pattern of things can be broken
up in a number of ways.

First, at room temperature, some of
the covalent bonds will be broken. That

—f =

l'ig. 3. A crystal of i-type germanium
forms beat- and light-sensitive resistor.
is, some clectron which should be in a
bond isn’t, but rather is floating around
the crystal somewhere. This situation,
shown in Fig. 2, means that a few
bonds lack an electron. A covalent
bond in this condition is known as a
bole, and can itself move around the
crystal, just as the cxcess clectron can.
It does this by having an electron from

When heat or light bhreaks some covalent bonds in pure, intrinsic (i-type)

germanium, a few holes and electrons are formed that drift around in the crystal.
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a neighboring bond jump into the hole,
thus forming a new hole the next bond
over. The effect of the hole’s motion is
that a hole can be considered, for all
practical purposes, as merely a posi-
tively charged particle similar to the
excess electron.

If a hole and an clectron come close
enough together, they will recombine,
leaving nothing behind. Normally, in
a given crystal, as many recombine each
second as are formed. Electron-hole
pairs ar¢ formed by temperature —
remember that, from an atom’s point of
view, temperature is merely a measure
of how much agitation and vibration
there is going on in the lattice. When
an electron is bounced out of a bond,

ELECTRON fFLOW
— _CURRENT

.__,._l‘\ b—s

Fig. s. In n-type germanium the current
carriers are mostly megative electrons.
we say that an electron-hole pair has
been formed.

A second way the nice, orderly array
of a perfect lattice can be broken up
is by means of light. Light striking a
pure germanium crystal will create elec-
tron-hole pairs just as temperature does.
Practical photocells are made utilizing
this cffect.

When a germanium crystal is pure,
and the only current carriers (holes and
electrons) present and free to move
are caused by temperature or light, the
germanium is known as ‘ntrinsic ger-
manium, or s-/ype. The resistance of a
piecc of i-type germanium depends on
the temperature; at high temperatures,
more current carriers are formed, so cur-
rent can flow. This makes the resistance
less. At very low temperatures, the
resistance 1s very high, because of the
lack of current carriers. The resistance
also varies with illumination. A chunk
of i-type germanium with a lead at
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each end (such as is shown in Fig. 3)
forms a practical photocell, whose re-
sistance dccreases with increasing illu-
mination.

Impurities
So much for pur¢ germanium. By far
more interesting properties are given
by verv, very minute quantities of im-
purities added to the germanium lattice
in certaln ways.

Fig. 4 shows what is known as n-type
germanium. Notice that it looks ex-
actly like i-type, except for a few atoms
which are not germanium but some
other substance, and for the same num-
ber of excess electrons wandering about
the crystal. Fig. 4 is very much exag-
gerated — normally, impurities in  the
neighborhood of one part per hundred
million are quite noticeable. The im-
purity used is called a donor, because
substituting one atom of it for one
germanium atom donates an extra elec-
tron to the crystal. Such materials as
phosphorus, antimony, bismuth, and ar-
senic are suitable as donors; each of
these has five loose electrons instead of
four, and an extra positive charge on
the nucleus to balance things up.

Notice from Fig. 4 that current car-
riers in the form of electrons have been
introduced into the crystal, without any
corresponding holes. If a piece of n-
type germanium is fitted with a couple
of leads, as shown in Fig. 5, it will
conduct current primarily by electron
flow. Since here we are considering
so-called conventional current, the flow
of electrons will be in the opposite
direction to the direction of current.*
This is of course because electrons are
negatively charged.

The resistance of this piece of n-type
germanium will be a measure of the
concentration of the impurities — that
is, just how dense the donors are in the
structure. And it will, at least at low
temperatures, be virtually independent of
the temperature. At high temperatures,
though, so many thermally caused elec-
tron-hole pairs are formed that the
effect of the few impurity carriers is
lost, and the resistance drops with in-
creasing temperature. The material is
now said to be intrinsic again.

Similarly, p-type germanium may be
formed bv an exactly reverse process.

*Mr. Penfield chooses to use the conventional con-
cept of current that of positive charge flow
rather than that of electron flow. In his words:
“The whole argument for electron current direction
seems to me to rest on the fact that charge is car-
ried in metallic circuits and vacuum tubes by elec-
trons. Technicians and engineers have not often
run into cases where positive particles carry charge
to form current. The transistor is, of course, such
a case holes as well as electrons carry current.
There is, therefore, no advantage to considering
election direction here. With the growing import-
ance of solid-state devices, the need for considering
electronic direction will diminish, and almost cer-
tainly, if any unanimity is reached, it will be with
conventional current.”

In this series of articles, therefore, current will be
assumed to flow from the positive to the negative
terminal in the external circuit of any voltage
source. AUDIOCRAFT will, with this exception,
continue to refer to current as electron flow.
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Fig. 6.

crystal, p-type germanium is formed.

Fig. 6 shows p-type germanium which
has been contaminated with accepror
impurities, so called because each atom
of the material accepts an cxtra electron
from the lattice, leaving it short an
electron. Typical acceptors are indium,
aluminum, gallium, and boron — metals
with three free electrons.

The effect of having an acceptor atom
substituted for a germanium atom is
the introduction of a number of holes
without any excess electrons. If a piece
of p-type germanium is fitted with two
leads, as in Fig. 7, the resistance will

HOLE FLOW
CURRENT

s A

Fig. 7. Conduction by bhole flow occurs
in direction of conventional current.

be a measure of the number of acceptor
atoms introduced, and will be roughly
independent of temperature. Of course,
at high enough temperatures, intrinsic
conduction will again take over, and the
resistance will drop further.

In Fig. 7, conduction is primarily by
means of positively charged holes. Since
the direction of conventional current is
taken to be the same as the direction
positive charge moves, current direction
coincides with the way holes actually
move.

Table 1 shows the important prop-
ertics of all three basic types of ger-
manium, arranged for easy comparison.
It may be useful in what follows to
refer back to this table when necessary.

TABLE 1
n-type p-type i-type
Impurity  Donors Acceptors None

Charge on

Impurity  Plus Minus

Carriers Electrons Holes Both
Charge on

Carriers Minus Plus

CCEPTOR

If trace of acceptor element, /Jaz'mg three ouler-riug electrons, is added to
Current carriers are mostly positive holes.

So far we have discusscd some of
the properties of i-type, n-type, and
p-type germanium. Also we have talked
about the effect of light and temperature
on germanium; both tend to form elec-
tron-hole pairs.

Junctions and Rectification

Useful devices can be made by placing
different types of germanium next to

Fig. 8. p-n junction forms crystal diode.

each other. For example, consider Fig.
8, which shows a crystal diode. Half
is n-type, and half p-type germanium.
The surface between the two regions
is known as a p-n junctson. Its proper-
ties are very important.

Suppose our p-n junction device is
connected to a battery of the polarity
shown in Fig. 9. In that case, the posi-
tive terminal of the battery will try to
attract electrons and repel holes. Since
it is connected to the n-region, it will

SMALL CURRENT

f I}

- o

Fig. 9. Very little current flows when
a p-n junction diode is reverse-biased.
attract the electrons out of this side of
the crystal; the ncgative terminal ot
the battery will sweep the other side
clean of holes. The result is that the
crystal, or at least that part of the crys-
tal ncar the junction, will be stripped
of current carriers. Without any cur-
rent carriers, no current can flow; the
battery current is quite small, and the
device (which is just a common junc-
tion diode) is said to be biased in
reverse.

Of course a small amount of current,
known as leakage current, does flow.
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This is caused both by c¢lectron-hole
pairs formed near the junction and by
surface effects, which we won’t go into
here. The amount of current is deter-
mined by the rate of creation of these
clectron-hole pairs, which is itself a
measure of the temperature of the
junction. So, as is well known, the
reverse leakage current of a germanium
diode is strongly temperature-depen-
dent. In addition, if the junction is
illuminated, light-caused carrier pairs
will be formed and will enable a cur-
rent to flow. When a small amount of

LARGE CURRENT

Fig. 10. Forward bias gives high current.

light strikes the crystal near the junc-
tion, an electron is thrown out of a
bond somewhere, forming therchy a
carrier pair—a hole and an clectron.
The electron drifts off toward the n-
region under the action of the battery,
and the holes goes the other way.

By using this photo current properly,
a reversely biased junction diode can be
made into a small, cheap, efficient pho-
tocell.

Now consider the same diode, only
with the battery terminals reversed. Fig.
10 tells the story. The positive terminal
of the battery repels holes from the end
of the p-region where it is connected,
and similarly electrons are repelled away
from the n-type end. The result is
that they are pushed toward each other,
and so come together and recombine
somewhere in the center of the diode.
These, of course, are replenished by more
carriers from the battery — electrons
from the wire connecting the battery
to the n-region, and holes from the
electrons leaving the p-region at the
battery end. Current continues to flow

—F

c—————ﬂ___o

Fig. 11. Symbol for crystal diode points
in the direction of easy current flow.

so long as the battery is connccted, and
the voltage drop across the diode is
rather small. In this condition, the
diode is said to be biased in the for-
ward dircction.

Fig. 11 shows the standard symbol
for a diode. The direction of the arrow
is the samc as the direction of easy
current flow. Try to push current buack
against the arrow, and you run into
trouble. But try to push current with
the arrow, and you're in business. Con-
ventional current direction  (plus to
minus) is assumed, of course.

A device selective of current direc-
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tion, like this, is called a rectifier. Junc-
tion diodes ar¢ in wide use as recti-
fiers, in everything from TV sets down
to massive industrial power control cir-
cuits.

In summary on diodes, then, a large
current can flow through a diode in
one direction: the forward direction.
When the battery is reversed, however,
very little current flows, Dbecause the
region close to the junction lacks cur-
rent carriers. What current docs flow
may be thermally caused (leakage cur-
rent), light caused (photo current), or
caused by any mechanism which can
inject carriers in the region near the
junction. We will soon see¢ that it is
not too hard to inject carriers electrically
into such a region from elsewhere, and
this is the basis of transistor action.

Junction Transistors

Consider the arrangement shown in
Fig. 12. Here we have what appears
to be two junction diodes, placed back
to back. The¢ middle n-region is quite
thin—only a few thousandths of an
inch thick. Let's see how, in general
terms, such a device can be made useful.

Suppose, as in Fig. 13, we bias the
right-hand junction in reverse, so that
litle or no current flows. Now we

n

Fig. 12. Transistor has two junctions of
dissimitar types of germanium crystals.
have merely a diode — what current
does flow must come from one¢ of threc
sources, as we saw a few paragraphs
ago:
(1) Thermal agitation producing
leakage; or (2) Photocurrent caused
by junction illumination; or (3) In-
jection of current carriers into the re-
gion of the junction from another
source.

Transistor action is based on the last
method of obtaining current through
that right-hand reversely-biased  junc-
tion. The left-hand junction is biased
forward, and it performs the function of
delivering carriers to the region of the
reversely biased right-hand junction.

As you may have guessed, Fig. 12 is
really a p-n-p junction transistor. It
i1 @ p-n-p transistor because that is the
way the various regions are arranged,
starting on the left. The left-hand ter-
minal is the emitter; its function is to
emit current carriers into the middle
portion, which is known as the base.
The right-hand portion, which collects
these carriers, is appropriately known
as the collector. Referring again to
Fig. 13, let's see how the p-n-p junction
transistor works.

Battery B, is connected between the
collector and the base in such manner
that the collector junction (on  the

right) is reversely biased. The only
collector current that flows now is caused
by thermally generated carrier pairs
created close to the collector junction,
and so long as the collector voltage is

Fig. 13. Normal current flow and biases.

more than a few tenths of a volt, this
current will be independent of the
collector voliuge.

Now the emitter is hooked up to a
battery in such a way that the left-hand
junction is biased forward. (The rcader
should be able to verify in his own
mind that the polarities of the two
batteries in Fig. 13 are correct to bias
this p-n-p transistor.) Current flows
through this junction between the
emitter and the base. If the transistor
is made properly, almost all this cur-
rent will be in the form of holes from
the ¢mitter, very little as electrons from
the base. These injected holes will
travel right through the base into the
collector, if the basc thickness is small.
Very few will recombine with electrons
in the base.

Neglecting secondary effects, this is
transistor action. And here is all there
is to it—a control of current through
a reversely biased junction by means of
injecting current carriers from a third
clectrode (the emitter).

Lots of material has becn written
complicating the matter, but in its sim-
plest form transistor action is very casy
o understand. If the reader has got
this far understanding what was said,
he understands transistor action. He
may not see immediately how and why
this sort of action is useful, but he un-

n
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Fig. 14. Transistor currents stated in
terms of leakuge and emitter currents.

derstands the basic physics of transis-
tors.

Going back to Fig. 13, consider the
collector junction reversely biased, and
the emitter junction conducting. Now
in fact not all the emitter current tlows
right through the base into the col-
lector; a few of the holes injected into
the base will recombine with electrons
there. These recombinations account for
a small base current which must flow
because of the emitter current. Let us
say that out of every 50 holes coming
from the emitter 49 reach the collector

Continued on page 42
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The Acousti-Magic Enclosure

BECAUSE a loudspeaker's perform-
ance is so closely related to the
enclosure in which it is used, an en-
closure is often designed specifically
for one speaker or one type of speaker.
Such an enclosure may be quite un-
suitable for another spcaker. Still, loud-
speakers are being improved constantly,
just as other audio components are,
and they are being bought to replace
older models; further, people buy more
expensive speakers to replace budget
models they started with. They are not
anxious to buy new enclosures along
with the new speakers, but very often
they have to.

A manufacturer of kit enclosures, par-
ticularly when he does not supply loud-
speakers to go with them, is accordingly
in a difficult position. If he markets
a rear-loading horn, tfor instance, it
won't work well with bass-heavy speak-
ers; a bass-reflex enclosure must be

Fig. 1. A cutaway view of Acousti-Magic.
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tuned to the speaker for good results;
an infinite-baffle enclosure is fine, but
only with speakers having low resonance
frequencies. The ideal enclosure kit is
one that will work well with any loud-
speaker, so that it can be used with
anyone's present speaker and with
any other that he is likely to buy later.
This is why Acoustical Development
Corporation chose the acoustical laby-
rinth design for its Acousti-Magic en-
closure kit.

The acoustical labyrinth, developed
originally by Stromberg-Carlson, utilizes
the broadly tuned antiresonance of a
closed quarter-wave air column to damp
loudspcaker cone motion at its natural
bass resonance frequency. Center fre-
quency of the column resonance occurs
at about 35 cps; if this is below the
speaker’s frce-air resonance frequency
and it will be in most cases — the
speaker resonance will actually be low-
ered slightly, improving the bass re-
sponse. A cutaway diagram of the
Acousti-Magic construction is given in
Fig. 1.

The labryinth also forces the back
wave of the speaker to travel 120 in.
before it reaches the front of the cone.
This is a half-wave length at 56.5 cps,
and it produces bass augmentation in a
fairly broad range around that fre-
quency. Since the labyrinthine column
walls are heavily lined with thick felt,
frequencies much higher than that are
trapped and absorbed, so that they can-
not get through to produce cancellation.

Acousti-Magic kits are available in
oak at $64.75 and in mahogany at
$59.75. These prices include cut,
sanded, and ready-to-finish top, bottom,
and side panels in the chosen vencer ply-

Sides are assembled with steel braces.

wood; matching hardwood base mem-
bers, also sanded and ready to finish;
internal baffle boards, cut to size and
drilled; steel angles with which joints
of the top, bottom, and sides are secured
internally; a speaker mounting board cut
to size and drilled, and with speaker
holes cut to fit your speaker components;
nuts, bolts, and screws as required, with
some to spare; strips of adhesive-backed
veneer to cover the plywood edge grain;
a snap-in grille-cloth frame with grille
cloth installed; a squeeze-bottle of glue;
felt cut to the required lengths; a can
of calking putty; and an elaborate, well-
illustrated assembly manual with step-
by-step instructions.

All wood parts are high-quality ply-
wood 34 in. thick — except for the two
base pieces, which are of solid hard-
wood 1lg in. thick. Screw cleats are
already installed on all pieces, and all
sctew holes are drilled. Standard wood
screws are not used; instead, the long
truss-head machine screws supplied are
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A fromt view with two baffles in place.

turned into T-nuts that are already in-
stalled on the screw cleats. The only
exceptions are at the joints of the top,
bottom, and side panels, where short
machine screws driven into preinstalled
anchor nuts hold the internal steel angle
braces; and during attachment of the
base pieces, for which small standard
wood screws driven into drilled holes
are used. The truss-head machine screws
and T-nuts are the cleverest idea in kit
construction I've yet encountered: they
are very much easier for the builder to
use, and are far more secure than wood
screws.

Four sides of the enclosure are suit-
able for finishing, and the base pieces
can be installed either on a long side
or a short one. Inner edges of the base
pieces are covered with thin strips of
plastic material, so that they will not
scratch the finished surface. At the front
of each base piece is attached a brass lip
that fits over the front edge of the
cabinet and is screwed into place be-
tween the bottom panel and the grille-
cloth frame; at the back, each base
piece is secured by screwing a piece of
thin plywood to its back edge, and then
screwing this to the back panel. Thus
the enclosure can be used with the long
or the short dimension horizontal, and
since installation of the base to any
panel does not mar its finish, the low-boy
installation can be changed to high-boy
(or vice versa) as desired.

Construction Notes

Lock-miter joints are used for the out-
side panels; these fitted perfectly, as did
every other panel. Alignment of screw-
holes with nuts was made easily in every
case. It wasn't even necessary to trim
the felt. The result of such precision is
that it is literally possible to assemble
this enclosure with nothing more than
a medium-sized screw driver and a tack
hammer. (The hammer and a supply
of V4-inch carpet tacks are needed to
fasten the felt to the inner panels.)
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The manufacturer suggests that the
enclosure be completely assembled with-
out glue first, for a two-week trial
period. If there is any cause for dissatis-
faction, it may be returned during this
period for a full refund—a roll of
packaging tape is even included for re-
packing the kit! This is certainly an
unusual guarantee, but we doubt that
there will be many who take advantage
of it. In any case, we recommend also
that a trial assembly be made before
any permanent bonds are made with
glue; the illustrations are perfectly
clear, all the panels are marked, and
the instructions are rather complete,
but it is always possible to make a mis-
take. You don’t have to install the felt
during this trial run either. It should
take about an hour extra for this, but
it will be time well spent. Photographs
illustrating this article (with the ex-
ception of that showing the enclosure
after finishing) were taken during our
trial assembly.

Following are some notes we made
as we went along. Most would be ob-

Same construction stage, seen from back.

vious to the builder on some reflection,
but listing them may save him a litcle
time.

Step 5. Baffle number 3 (marked
B-3) is inserted between the glue blocks
at the very edges of the side panels and
the second set forward — not above the
second set. It is positioned with the
small odd hole (that for the speaker
lead) at the bottom and to the right,
viewed from above.

Step 7. The piece of felt referred to
here 1s the one 18 in. long.

Step 8. Use the 80-inch length of
fele here.

Step 11. Since our avocations do
not include window glazing, we found
it difficult to apply the calking putty —
it stuck to our fingers much better than
to the joints we were trying to calk.
We were finally able to do it by knead-
ing the compound between our palms
until it was very warm; then, holding

a ball of this by-now limp and oozy
stuff in the fingers of one hand, forcing
it into the joint with the middle finger
in a continuous motion along the in-
tersection of the panels. We believe
that other non-glaziers will do better
with the rope putty that is used for
sealing cracks in old houses, such as
Mortite, or with a calking gun.

Step 13. The 70-inch piece of felt
should be used.

Step 14. Keep baffle number 2
jammed as far as it will go toward the
top panel while tightening the first
screws on each side. This will make
it easier to secure an air-tight seal.

Steps 20 and 21. It may be easier to
change the order of these steps, par-
ticularly if you haven't a long speaker
lead. Also, when attaching the speaker
lead to the back panel, use the 1V5-inch
screws—not the 2-inch ones. You'll
need those later to attach the base
pieces.

Step 24. When applying the wood-
tape edging, cut the strips ever so
slightly too long. We found that they
shrank about 1/64 in. when they were
ironed into place, possibly from being
dehydrated by the heat.

Total assembly time, including the
trial run, was 5 hours.

To finish the enclosure you’ll need
some flat black paint and a brush for
it, in addition to your other finishing
materials. The paint is applied to the
speaker panel and to other exposed
surfaces behind the grille cloth, so that
they will not be visible through the
cloth. Don’t forget to paint the heads
of the screws that will hold the speaker
panel in place, if you elect to paint
the panel before installation. We did;
they gleamed brightly; we had to re-
move the grille frame later and paint
the screws.

Our kit was in oak, and it was
beautifully grained. We used a finish-
ing kit from Yield House, consisting of

Continued on page so

Third internal baffle is now installed.
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part 11: Treble Response; Definition

LISTENING FOR QUALITY

Treble Response

Distortion can fool the car at the high
end of the frequency range just as it
does at the low end. In fact, the in-
experienced listener almost invariably
mistakes distortion for good high-fre-
quency response; it takes considerable
experience before onc is able to tell
the diffcrence immediately. Distortion
can incrcase the apparent volume of
sound at the high end and even extend,
in some cases, the apparent bandwidth.
Take, for example, a recording which
cuts off at 10,000 cps; play it back
on a system with high distortion, and
you obtain a whole spectrum of sounds
above 10,000 cps. What makes it
especially difficult not to be fooled by
this effect is the fact that the sounds
above 8,000 cps resemble sqeaks, chirps,
hisses, and other noises more than
musical tones. Accordingly, it takes a
musically knowledgeable ear to distin-
guish between what we might call a
natural sound above 10,000 cps and
a purely artificial onc¢ produced by dis-
tortion.

When a distorting system emits a
lot of high-pitched sounds, then, it is
natural to conclude that the system has
a wide bandwidth. And so, in fact, it
does; for if it could not reproduce
the sounds above 10,000 cps, whether
they might be natural or the products
of distortion, we could not hear them
at all. Therefore, onc possible test for
wide treble response, especially  in
loudspeakers, is to generate a lot of dis-
tortion (or emphasize it by extreme
treble boosting) and listen for the prod-
ucts of distortion. In this respect,
those demonstrations at audio shows
in which the treble is turned up do
have a certain value, however painful
they may be to the critical ear.

Clearly, it isn’t how much treble but
the quality of the treble you hear which
is indicative of the quality of a system.
An additional difficulty in  judging
treble response is that the treble re-
spons¢ of the human ear varies with
the individual and with age. Young
ears can detect frequencies up to 20,000
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cps and even bevond, but the response of
most mature ears slopes off severely
beyond 12,000 cps and cuts off entirely
at some point bevond this. Moreover,
the curve of any individual's hearing
apparently may vary to some degree
from day to day. Obviously, before
attempting to judge the response of a
system, onc¢ should determine, at least
roughly, the response of one’s own
ears. Given an amplifier with a speaker
system which covers the spectrum uni-
formly to some point between 15 and
20 Kc, the ear’s sensitivity can be
established roughly by listening to the
reproduction of an audio generator as
it is swept slowly from 10 to 20 Kc
at a fairly constant volume level, and
marking the point at which the signal
scems to die out completely.

It is a simple matter with almost any
normal car to establish response up to
around 10,000 cps. Voices provide ex-
cellent material for testing response be-
tween 5,000 and 10,000 cps because the
sibilants which accompany such sounds
as that of the consonant “s” and the
combinations “sh” and “ch”, the ex-
plosive hiss which accompanies the
letters "¢” and "d”, and many other
sounds incidental to speaking, fall into
the range between 5,000 and 10,000
cps. The wider and flatcer the band-
width of a svstem the more natural the
voices will seem.

The best musical test material for
treble bandwidth is provided by the
high-pitched percussives — the triangle,
castanets, bells, celeste, cymbals, brushed
trap drums, and so on; there is no
lack today of recordings containing
such material. But the mere fact that
one can hear the sounds of these in-
struments is not very significant today.
If this were the only criterion, it would
weed out only the cheap table-model
radios and phonographs. Every so-
called high-fidelity system, even the
cheapest mass production job, has suf-
ficient bandwidth to reproduce most of
the components of such sounds. The
real quality of the treble response, par-
ticularly the flatness above 10,000 cps,
has to be judged rather indirectly.

Assuming that you hear all these in-
stcruments, the first criterion of quality
is cleanness. Such instruments as the
triangle, the metal bars or tubes of
the xylophone, celeste, and glocken-
spiel are precisely tuned. The tone is
established by their physical dimensions
and this can be adjusted precisely by
grinding or polishing. For that reason,
and because the resonant elements are
homogeneous, the harmonic structure
of thes¢ instruments is usually relatively
precise. Therefore, the tone of a good
triangle or celeste is clean and pure
as compared, for example, with that of
a horn in which the quality of the tone
is determined by several variables, in-
cluding the precision of the playing
and the intensity of the wind, and
which has a much more complicated
harmonic structure. Indeed, the tones ot
the triangle, bells, and celeste are among
the purest in an orchestra.

You can verify this for yourself if
you take a fine water goblet and strike
it with a knife or fork. Whatever the
value of the tone in the musical scale,
vou will note that it is nicely clean and
pleasant. On a poor system with a
wide bandwidth but high distortion, or
a peaked response curve, the sounds of
the bells, triangles, and celeste are not
clean. They are surrounded by sharp
whiskery spikes of sound, a fuzziness,
and a rather unpleasant jangle. On the
other hand, on a system in which the
treble slopes scverely beyond 10,000
cps, the tone is dull, lacking luster and
brilliance, just as if the glass had been
damped lightly with a finger. The nat-
ural tones of triangles, bells and similar
instruments are much less strident than
those we hear in most hi-fi demon-
strations. Stridency is the result either
of frequency distortion by overboosting,
which changes the harmonic structure
and emphasizes the high-order harmon-
ics; or peaked response, which also al-
ters the original harmonic amplitude
relationship; or of harmonic and/or in-
termodulation distortion, which adds
components to the sound that not only
change the harmonic pattern but depart
entirely from the harmonic scale. When
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listening to the highs of triangles and
bells, then, listen for a brilliant tone
but a clean one, without fuzziness or
stridency.

In today’s high-fidelity systems, the
flatness of response above 10,000 cps
is best determined by transient response
and definition. The most easily available
transients are those produced by hand
clapping, finger snapping, tap dancing,
heel clicking, etc. Recordings of Spanish
flamencos  provide excellent examples.
The transient sounds are single pulses,
not periodic wave forms. They may have
a slight echo from room reverberation,
but invariably they arc single, sharp
pulses of sound. The drumiming of
snare drums, temple blocks, and wood
blocks also provides excellent transients
of this type. These arc usually series of
pulses and, especially when the bursts
are rapid, provide an excellent test.
Again the sharper and more distinct the
individual blows, the better the tran-
sient response; therefore, the flatter the
response in the treble end (see also
the scction on transient response, to
follow).

We have paid little attention to the
middle-range respons¢ because with
modern hi-fi equipment it can be pre-
sumed to be quite flat, and any depar-
tures from flatness in this region will
affect the naturalness which we shall
consider later.

Distortion

Low distortion is without doubt the
most important single quality of a hi-
fi_ system. Our success in producing
c¢quipment without significant distortion
accounts very largely for the acceptance
today of high fidelity, just as the rela-
tively high distortion of older equip-
ment accounted for the resistance to
it. As we have seen, distortion, or lack
of it, plays a large part in determining
an acceptable bass and treble response.
It has equally important effects on
definition, transient response, natural-
ness, and fatigue factor.

In most of today’s quality ¢quipment
the total distortion at normal listening
levels in the home, including that con-
tributed by the loudspeakers, seldom
exceeds 2 or 39 average. Few cars are
skilled and sensitive enough to distin-
guish directly as distortion values below
the 3% point and, in consequence, it is
quite unsafe to depend on the ear be-
low that point. If you listened for
distortion as such, the system with 14 %
might well sound very much the same
as one with 39%. Yet the difference
in over-all quality may be very marked,
as cvidenced in greater naturalness or
better definition. Listening tests for
audible distortion will eliminate only
the poorest equipment. Certainly, if
there is any audible distortion at all,
you can pretty safely assume that some-
thing is wrong.
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The best test for low-level distortion
(not quite sufficient to hear, but sus-
pected) is to listen to so-called dis-
sonant modern music or progressive
jazz. Very little of this music is really
dissonant in the musical sense; it merely
flirts with dissonance. The composer
txperiments, as it were, with very subtle
harmonies to see how close he can
come to outright dissonance without
actually producing it. Aaron Copland
is especially clever in this cliff-hanging
performance. Although the result is
very different from the rather mellow
harmonies of Beethoven (which were
considered dissonant in  his day),
analysis shows that most of it fits into
the subtler forms of harmonic patterns.
Whatever one may think of it as music,
it does provide excellent tests for dis-
tortion because, if the harmonic pattern
as written is modified even slightly by
distortion, it will be unpleasantly dis-
sonant. Almost any of Copland’s music
is excellent for this purpose, particularly
El Salon México. On a system with in-
significant distortion the sound, though
never mellow, is interesting and not
unpleasant; but on a system with con-
siderable distortion the subtle harmonies
are transformed into harsh, strident dis-
sonances, unpleasant and even painful.

Progressive  jazz flirts with  disso-
nance even more outrageously and not
infrequently is seduced by it. The high-
fidelity recordings of such jazz therefore
offer some delicate tests of distortion.
It is significant that recorded progressive
jazz did not achieve any real popu-
larity until recording techniques and
reproducing equipment were improved
sufficiently to reproduce it without add-
ing to the dissonance.

There is one kind of distortion which
is likely to be all too evident even on
superb systems — that produced by an
overdriven phonograph pickup. This
can be recognized by the fact that it
is invariably accompanied by equally

audible needle chatter. Fortunately,
L5
(
=4~

these units have been improved in their
ability to track highly modulated
rooves.

As a matter of fact, phonograph re-
production even when the best pick-
ups and records are used is almost
certain to have at least 5% IM (equiv-
alent to between 1 and 2% harmonic)
on the average peaks and more on the
extremes. Most of this is on the record.
The same is likely to be true of radio

broadcasts. Standards of the broadcast
and recording industries (once the
highest in the audio field), although
they ar¢ being improved, are far be-
hind those of high-fidelity reproducing
equipment. It is well to make sure,
therefore, that the distortion one hears
is not on the record. This can usually
be verified simply by reducing the vol-
ume level — if distortion disappears or
is less evident, the fault is most prob-
ably in the amplifiers or speakers. Try
also other rccords which develop the
same loudness; if these have less or no
distortion, the chances are that the first
record is to blame.

Definition

A sound system with good definition
will permit distinction among the fine
details of sound, individual components
of a chord, the individual instruments
of an orchestra, or voices of a choir.
A system with poor definition will blend
or fuse the individual elements into a
single indistinct sound. Low distortion,
of course, is essential for good defini-
tion. Every information system in-
cluding the ear has a limit of resolu-
tion — it can discern so many elements
and no more. If the individual elements
are compounded or multiplied by dis-
tortion, they become too numerous to
be resolved. Transient response and
freedlom from generated transients such
as hangover, ringing, and motorboating
are also extremely important. A little
hangover, for example, can reduce the
definition of a system very seriously.
Because definition is a function of
so many qualities, tests for definition
provide one of the best and most severe
checks of over-all quality. In fact, if 1
were limited to a single test, the defini-
tion test would be the one I would
choose; and the difference between
superb and merely good systems is al-
most invariably a difference in defini-
tion. Until recently it was not con-
clusive because recordings themselves
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had such poor definition that almost
any playback system was superior. But
most of today’s good-quality recordings
have excellent definition and some
furnish material for really critical tests.

A favorite passage for testing defini-
tion is the final movement of Copland’s
Third Symphony. The opening is a
fanfare played by drums and brasses.
The fanfare is tvpically Copland; the
harmonies of the horns playing to-
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gether are exquisitely sophisticated. The
brasscs are punctuated by drums and
tympani whose amplitudes rise as the
fanfare develops. On a fine system it
is possible to distinguish the separate
horns, and almost to count them. The
fanfare never resolves into anything
even remotely resembling a single tone,
or even the complex single tone of the
mutant stops of an organ. The music
should sound rather as a comb Jlooks;
that is, the separate tones of each in-
strument and the individual character
of each instrument should be audible,
just as the teeth on a comb are visible.

The complex counterpoint of Bach
and some modern composers also pro-
vides tests of definition. It should be
possible to follow each voice in the
counterpoint and to distinguish between
all of them. Unison choirs of similar
instruments are very good also; the idea
is to distinguish the blend into its
component individuals.

Actually, tests of definition are simple
and clear. By and large a system either
has it or it hasn’t. If it has, it will
be clean, bright, and full of wonder-
ful detail, if it hasn’t, it simply will
not be comfortable to listen to over
the long run, regardless of how much
bass or how much high-high response
it has. The critical point for definition
is in the bass end because it is here
that the transient stability is likely to
be poorest. Since most bass tones have
a relatively high amplitude, they are
most likely to trigger a system into
hangover or outright instability, and
thus degrade the definition.

Transient Response; Stability

Transient responsc¢ has two aspects. On
the one hand it involves the ability to
reproduce transients or transientlike
wave forms without modifying them.
On the other hand, it involves freedom
from generating transients within the
system. Strictly speaking, a transient
is a nonrccurrent and unsymmetrical
phenomenon.  Still strictly speaking,
pure transients are as rare in nature
as pure sine waves; most sound waves
are mixtures or complex forms con-
taining both periodic and transient com-
ponents. Thus, the blow of a hammer
on a block of wood produces a sound
which is Jargely a transient, but not
entirely so. Both the material of which
the hammer is made and the wood
have natural resonances and these, when
excited, produce a sound which has
both periodicity and symmetry, and this
sound is added to the single burst of
transient sound produced by the meet-
ing of wood and hammer.

On the other hand, music which
is predominantly periodic and sym-
metrical also has transient components.
The characteristic features of transicnts
are these:

(1) The sound reaches its peak in
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an extremely short interval. The sound
of the hammer blow may take only a
few microseconds to build up from
nothing to its peak amplitude. The
frequency involved is extremely low,
yet the reproducing system must be
capable of handling very short time
constants to reproduce the leading edge
of the wave form. That means that it
must possess good high-frequency re-
sponse. The leading edge of a transient
may be so steep that only a system
capable of reproducing a 20,000-cps
sine wave without modification has a
short enough time constant to reproduce
it.

(2) The frequency or recurrence
rate of transients is extremely low. As
a matter of fact, strictly defined, a
transient has no recurrence rate and
therefore no frequency. What we might
call “audio transients” usually have a
recurrence rate which falls somewhere
between zero and some fraction or
number of cycles per second. Perfect
reproduction would therefore require a
low-frequency response  which ap-
proaches zero cps. The actual transient
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should not be confused with the sound
which accompanies it and which may
have a fundamental frequency anywhere
within the audible range or above it
this sound is a companion and a result
of the transient but it is not the tran-
sient itself and entire.

Clearly, what we want in an ampli-
fying system is the ability to reproduce
faithfully the transients which ac-
company the music or generate noise
incidental to the music. What we don’t
want is to have these transicnts generate
any other kind of noises as they pass
through the system. Each is extremely
difficult to achieve and both simultane-
ously are almost impossible. And we
have to compromise for the best pos-
sible reproduction of transients with the
least possible generation of sound by
the transients in passing through the
system. A system of infinite bandwidth
and complete flatness with no internal
resonances of any kind would have a
perfect transient response. Since high-
fidelity systems, even the very best,
have finite bandwith and, as yet, cannot
avoid resonance somewhere in the chain,
their transient response cannot be per-
fect. Fortunatcly, the transient response
of the ear is by no means perfect either;
so long as the transient response of the

system is substantially better than that
of the ear, the ear will probably not
be able to recognize the small defor-
mations of the reproducing system.
Even this, however, is a large order and
one which few, if any, systems can
really fill.

A littler reflection will indicate that
testing transient response need not be
as complicated as this explanation. The
perfect trapsient would have instan-
tancous ris¢ and instantaneous discharge
time. No electronic, much less me-
chanical system, can have such rise and
discharge time. Therefore, the leading
and final edges and the top will have
some tilt; but the more perfect the
system, the less the tilt. It is clear
that the shorter the rise and decay
times, the greater the number of such
transients per second or minute the
system can reproduce cleanly and dis-
tinctly. Therefore, one excellent test
is to feed the reproducing system with
pulses of increasing rapidity or fre-
quency and determine the point at
which the pulses blend into each other
instead of remaining distinct.

A rapidly rolled snare drum provides
just about the closest equivalent in
music to rapid pulses and, therefore,
represents an excellent test of transient
response. The better the system in this
respect, the more clearly the separate
rebounding blows of stick on drum
will be evident. Another similar phe-
nomenon is the sound of piano keys
hitting bottom when they are rapidly
trilled at the treble end. Beethoven’s
Emperor concerto provides many oppor-
tunities for the production of such rapid
pulses, and many recordings preserve
them with good enough transient
quality to provide a fair test. Castanets
also produce a rapid series of sharp
pulses approaching the limit of the ear
in their frequency rate. In all these
cases, the more distinctly the most
rapid series of such pulselike sounds
are reproduced, the bertter the tran-
sient response.

The other condition for accurate re-
production of transients is that the
audio system must not be triggered by
the transient into producing accompa-
nying or resulting transients in the form
of thumps, hangover, ringing, blocking,
or even momentary motorboating. Be-
cause transients usually have very high
amplitudes well calculated to stimulate
some portion of the reproducing system
into a howl of protest, this is even
more difficult to achieve. The instability
usually occurs at one extreme or the
other of the frequency response, simply
because it is at the extremes that sound
systems are most nonlinear and some-
times resonant. And the effects are
most noticcable at the low-frequency
end when 1t is excited by high tran-
sientlike bursts of bass tones, such as

Continued on page 53
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Designing Your Own Amplifier

by Norman H. Crowhurst

Part V: Feedback Amplifiers

HERE are so many matters to con-

sider in the design of a feedback
amplifier that discussion of them will
get rather confusing unless we use a
practical amplifier for illustration. In
this article let us work with the sche-
matic diagram in Fig. 1, which shows
the outline of a circuit with the com-
ponents identified by numbers, and com-
plete the design of this feedback ampli-
fier step by step, filling in the values
as we determine them. In this way we
shall be sure to cover the practical prob-
lems that have to be solved.

A good feedback amplifier cannot be
obtained by designing a reasonably good
amplifier and then adding feedback for
good measure. This approach, believe
it or not, can sometimes produce an
amplifier with greater distortion than
one that does not employ feedback. The
first thing to do is to go through the
amplifier, starting at the output, and
calculate the operating conditions for
the tubes and the maximum levels they
will handle, incorporating or allowing
for feedback as we go.

Output Stage

Let’s assume that we are designing a
good 20-warte amplifier. For self-biased
6L6’s in the outpurt stage, the tube data
manual shows the following tabulation
of operating conditions for 24 watts
output, with an optimum load of 9,000
ohms.

GLG’'s IN CLASS AB,

(Values for 2 Tubes)

Zero Maximum

Signal Signal
Plate voltage 360 v 360 v
Plate current 88 ma 100 ma
Screen voltage 270 v 270 v
Cathode resistor 250 () 250 O
Load 9K 9K
Power output — 24 w
Harmonic dist. ==— 4 o

We will assume that we shall use such
an output circuit. That sets the cath-
ode bias resistor, R17, at 250 ohms.

This 24 watts in the plate circuit will
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be mean or average maximum watts,
so the peak value will be twice this,
or 48 watts. The formula W = V?/R
can be altered to the form V —+/WR,
to determine the peak maximum-
signal voltage across the primary wind-
ing of the output transformer. This is

4/48 X 9,000 or 650. Then there
will be a peak voltage of 325 volts
on each half of the primary. We shall
need this figure presently to calculate
the inner feedback loop values of R15
and R16.

Next we move back to the grid cir-
cuit of the output stage. The total cath-
ode current of the two G6LG’s at maxi-
mum output is just under 120 ma. This
current, in the 250-ohm bias resistor
will produce a bias of 29 volts at maxi-

prove convenient, because the feedback
places extra demands on the paraphase
action, as we shall see in a moment.

Using a plate-load resistor of 100
K, with a cathode resistor of 2.2 K
and a plate supply of 250 volts at the
junction of the three resistors R12, R13,
and R14, will give a gain of approxi-
mately 13. These values will produce
3.7 volts bias with 1.7 ma plate current.
The plate current of two tubes will be
3.4 ma and the drop in the common re-
sistor, R14, will be 110 volts, from 360
to 250. This means that R14 should be
about 33 K.

Now we must digress a moment to
consider the voltages involved in the
inner feedback loop. The purpose of
this loop is to reduce the plate resistance
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mum signal, which means the peak
drive to each grid for maximum output
also needs to be 29 volts.

Drive Stage; Inner Loop

The 12AU7 tube, shown in the drive
stage, is similar to the 6SN7 except that
it happens to be of the miniature type.
In the article on the design of phase in-
verters it was found that a floating
paraphase circuit could quite successfully
provide a drive of about 29 volts to each
output tube grid with a plate supply of
250 volts. We can obtain a good safety
margin here by utilizing the plate supply
for the 6L6’s for the B-|- to the 12AU7
tube, which is 360 volts. This will

B8+3 B+4

Fig 1. Schematic for a feedback ampli-
fier, whose design is developed in the
text. The inner feedback loop nses com-
ponents C8, C9, Rg, Rro, R1s and Ri16.
Qver-all feedback loop uses R2 and Rzo.

of the output stage to a point at which
variations in output load impedance will
not cause appreciable changes in the
outer-loop feedback, thereby improving
stability under varying load conditions.
The plate resistance of the tubes is not
listed, because it varies widely over the
operating distance of the load line. A
good estimate, however, would be that
its average value throughout a signal
cycle will not vary much more than
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Fig. 2. This alignment chart is useful
for computing the performance of feed-
back loops over two stages, or using 1wo
reactances contributing to rolloff at each
end of the response. Use of a straight-
edge across the scales gives all the in-
formation necessary to evaluate either
low-frequency or high-frequency re-
sponse. Diagrams show significance of
quantities for high-frequency rollofs.

about five times the optimum load
resistance. Thus, if we can reduce this
effective ratio by 5:1, using the inner
loop, a change of load impedance from
optimum value to open circuit will only
change the outer-loop feedback by a
2:1 factor. This is an economic point
to choose: further reduction will make
unreasonable demands on the drive stage
that will not produce commensurate
advantage in the outer-loop stability;
less reduction will sacrifice much in
potential outer-loop stability.

Having scttled that we need a 5:1
gain reduction by this inner loop, we
can figurc values and voltages. A
gain of 13 from grid to plate of 12AU7
means that its grid-to-cathode swing
has to be 29/13 2.2 volts approxi-
mately. To reduce gain by 5:1, the
grid-to-ground voltage must be 5 X 2.2
— 11 volts, while the cathode-to-ground
voltage will be the difference, 8.8 volts.
To get 8.8 volts across the cathode re-
sistors, R9 and R10, from the 325 volts
on the output tube plates, the feedback
resistors R15 and R16 must be 2.2 K D
325/8.8 = 81 K. The nearest preferred
value is 82 K, which will be close
enough

A voltage of 325 across a resistance
of 82 K works out to almost 1 watt
peak dissipation, so l-watt resistors
should be used. This indicates that these
feedback resistors will absorb about 1
watt of available output, so if the out-
put transformer is reasonably good,
there should still be 20 watts left at
the secondary.

The left-hand

half of the 12AU7
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will get its 11 wvolts grid-to-ground

drive from the previous stage, but the
right-hand half gets it from the floating
paraphase junction.

The junction of the three plate re-
sistors coupled to the grid of the second
half of the 12AU7 by C5 has to produce
a swing of 11 volts to match that
of the first half; this must be produced
by having the plate current swing of
the first half greater than that of the
sccond half by a sufficient amount to
produce 11 volts swing in R14.

With our assumed plate-load resistors,
100 K, and a plate swing of 29 volts,
each tube should have a swing of about
0.35 ma. To get a swing of 11 volts
across the 33-K resistor R14, we need
a difference in swing of 033 ma. If
we choose values such that the aver-
age swing is 0.35 ma, and the difference
in swing is 0.33 ma, we will need a
swing of 0.52 ma on the first half
tube and 0.18 ma on the second half
tube. This vou can figure by algebra or
by any method vou prefer.

The first, or left-hand, half of the
12AU7 must produce 29 — 11 voles
across R12, because the 11 wvolts is
in phase with this output; the current
swing is 0.52 ma, so R12 should be
18/0.52 = 35K. 33 K at 5% would
be near enough. For the right-hand
half, the current swing is to be 0.18 ma;
the voltage swing, 29 - 11 =— 40
volts, so R13 must be 40/0.18 = 220
K. This will provide equal drive for
both output grids. The operating con-
ditions of the two halves of the 12AU7
will differ slightly, but any residual dif-
ferences can now be taken care of by
feedback, using close-tolerance values
for resistors R9, R10, R15, and R16.

Thus we have now calculated the im-
portant values associated = with the
12AU7 and GLG tubes. The grid re-
sistors, R18 and R19, can be 330 K.
This will be an approximate compromise
between shunting down the 12AU7 too
much and providing too high a re-
sistance in the grid circuits of the GLG
tube. The grid resistor, R11, can be
1 MQ), to avoid shunting to any appre-
ciable extent the 11 wvolts provided
by the difference current. We shall con-
sider R8 in the design of the 12AX7
amplifier stage.

First Stage;
Over-all Feedback

Turning to the 12AX7 data we find
that, with a plate resistor of 100 K,

a plate-supply voltage of 180 volts, and

the following grid resistor of 470 K,
cach tbe section gives a gain of 52
and a peak output of 32 volts. Since we
require only a peak of 11 volts, this
gives a margin of approximately 3:1;
distortion should be well down even be-
fore feedback is applicd. The cathode
resistor recommended with the follow-
ing grid resistor of 470 K is 2,200
ohms. This data was obtained from the
RCA tube manual. Similar information

Fig. 3. Limit chart for feedback loops in which three
reactances contribute to the rolloff of response. The ratio
is between the rolloff acting nearest the pass band of the

amplifier, and two others about equal in cutoff frequency.
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Fig. 4. Limit chart for feedback loops
in which four reactances contribute to
the rolloff at one end of the response.

could be obtained from any other
manual, although the figures may differ
a little, or data could be based on pub-
lished curves as described in earlicr ar-
ticles.

Two stages, each giving a gain of 52,
will produce a total over-all gain of
about 2,700. If the output from these
stages is to be 11 volts, the input must
be about 4 mv.

We would like o end up with a
damping factor of about 10. Therefore
we must use about 20 db over-all feed-
back, which will reduce the gain by a
ratio of 10:1 and increase the¢ damping
factor, at present approximately unity,
by 10 times. This means that we will
need to supply a signal of 36 mv peak
across R2 from the secondary of the
output transformer.

Assuming the output transformer is
designed to match from 9,000 ohms to
16 ohms, the simplest way of calculating
the voltage that should appear on its
secondary is to figure out what voltage
gives 20 watts across 16 ohms. This is
40 watts, since we are working in peak
voltages, so the wvoltage will be
V40 X 16 =25 volts, approximately.
Again working by voltage ratio, if we
have 36 mv across 2.2 K ohms, R20
will need to be 25,000/36 X 22 K —=
1.5 MQ.

This has given us all the resistance
values in the circuit except RG, which
we will consider later.

We now know that the amplifier will
be driven to full output by an input
of 40 mv peak, which is about 28 mv
RMS. This is quite a convenient input,
because it will produce full output on
some low-level inputs. We might want
to use a preamp, however, in which case
28 mv would be too small an input:
most preamps have a normal output in
the region of 1 volt. To take care of
this we can insert a preset gain control
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R1, for which a suitable value would
be 250 K.

Low-Frequency Response of
Inner Loop

Now we must tackle the question of
suitable values of coupling and other
capacitors. This is where the stability
criterion and response factors of the
feedback arrangement become impor-
tant.

First we take the short-loop feedback;
this includes, at the low-frequency end,
the coupling capacitors C6 and C7 in
the fecdback loop. There are then two
sets of reactor elements in this feedback
loop. We want to keep the response
of this section as flat as possible, and
roll it off fairly sharply at the end of
a band somewhat wider than the re-
sponse band we ultimately require.

The charts in Fig. 2 are useful in the
design of two-stage coupling arrange-
ments with feedback. They give the re-
sponse around the loop when the feed-
back is closed. To avoid any possibility
of transient effects, the response should
be not less than 6 db dowr on the scale
on the left-hand side of the center line.

We are using a feedback ratio of 5:1,
which represents 14 db. Aligning these
two points, 14 db at the left, with 6 db
in the center, we find that the rolloff
ratio on the right-hand scale has to be
almost 20. If C8 and C9 were not in
the feedback loop — that is, if the out-
put werc taken across resistors R15 and
R16 directly — then the rolloff would
be 6 db down at a frequency deter-
mined by dividing the midway fre-
quency, between the rolloffs given by
C6 and C7 and their associated resist-
ances, by the factor 2.24 (found on
the left-hand side of the left-hand scale,
opposite 14 db).

But C8 and C9 are #n the feedback
loop, and their reactance is included in
series with the resistances R15 and R16
in determining the output voltage. So,
if the low-frequency rolloff provided by
C8 and C9 is 20 times that provided by

3 4 5 67 10 20
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Fig. s. Limit chart for feedback loops
in which five reactances contribute to
the rolloff at one end of the response.

C6 and C7, the resultant loop response
would be about 6 db down at a fre-
quency 2.24 times that of the rolloff
at C6 and C7. But at this frequency the
reactance of C8 and C9 would be about
9.5 times the resistance values of R15
and R16, which means there would be
a boost of almost 20 db, added to the
loss of 6 db, producing a resultant peak
of about 14 db at this frequency.

To avoid this effect it is necessary to
have the rolloff provided by C8 and C9
operate at a frequency Jower than that
provided by C6 and C7. Then we shall
be perfectly safe, and the effective roll-
off frequency will be much lower than
that without feedback. Therefore, we
pick values of C6 and C7 to give a
rolloff at 20 c¢ps. With R18 and R19
at 330 K, the reactance of C6 and C7
should be somewhere around 330 K at
20 cps. A suitable capacitor value is
025 pfd.

Now we nced a value for C8 and
C9 that will roll off at 1/20th of this
frequency, or at 1 cps. The reactance
required is 82 K; a capacitor to give a
reactance of 82 K at 1 cps is 2 ufd.
Small tubular electrolytics can be ob-
tained with a capacitance of 2 ufd at
a working voltage of 450 volts. These
should be quite satisfactory for C8 and
C9. The signal-voltage swing at this
roint is 325 volts peak, so any leakage
current is not likely to introduce notice-
able noise in the circuit. The 14 db of
feedback over this output loop will re-
duce the effective rolloff point of CG6
and C7 by a ratio of S:1, so that now
the rolloff of these two stages will be 3
db at about 4 ¢ps.

To avoid unbalance, or phase shifts
at the low-frequency end, C5 should roll
off well below 4 cps in conjunction with
the 1-MQ grid resistor. A 0.25-ufd
capacitor gives a reactance of 1 M) at
about 0.65 cps. This should be quite
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satisfactory for this position in the cir-
cuit.

High-Frequency Response of
Inner Loop

The high-frequency end is not so simple
to cvaluate in exact terms. We can only
make a guess at it. The plate resistance
of the 12AU7 is listed at 7,700 ohms.
This will be from each plate to ground,
and the capacitance shunting this resist-
ance will be that of the stray wiring in-
cluding the coupling capacitors C6 and
C7, which are quite small physically,
and the grid input capacitance of the
GLG’s. This should not add to more than
about 50 uufd altogether, which has a
reactance of 7,700 ohms at about 400
Kec.

To comply with the no-transient-dis-
tortion condition previously specified,
we need to have a 20:1 ratio in high-
frequency rolloff frequencies. In the
output circuit, the 6L6 has a plate-to-
plate load resistance of 9,000 ohms,
which takes the form of 2,250 ohms
from each plate to ground. The plate
resistance will be about 10 times this
value, or 22,500 ohms per tube. As-
suming the amplifier is correctly loaded
with its 9,000 ohms plate-to-plate, the
impedance at each plate will be about
2,000 ohms to ground, or 8,000 ohms
plate-to-plate. This should then be by-
passed with a capacitor that will give a
rolloff at 20 Kc¢. At 20 Kc a reactance
of 8,000 ohms would be given by a
001-pfd capacitor, connected across the
primary of the output transformer.

Without feedback this would give
a rolloff of 3 db at 20 Kc. The effect
of the feedback, with the staggered roll-

Now we can procced to determine the
circuit constants for the rest of the am-
plifier to suit the 20 db feedback applied
over-all.

The reactances contributing to low-
frequency rolloff are the coupling capa-
citor C2, the coupling capacitor C4, the
pair of coupling capacitors already con-
sidered, C6 and C7, and the primary
inductance of the output transformer.
Thus the main feedback loop has tour
reactance stages that contribute to low-
frequency rolloff. This means we can
use the limit chart of Fig. 4 to determine
the ratio of rolloff frequencies to be
used (Figs. 3 and 5 are similar charts
for three and five reactance stages, rc
spectively ). These charts give the ratio
by which one cutoff frequency should be
nearer the pass band of the amplifier
than the remaining ones, in order to
determine the criterion of stability and
also the point at which peaking begins
to occur.

If we can make one of the RC net-
works have a rolloff frequency about 50
times higher than the remaining three,
we shall almost avoid peaking com-
pletely, and have a very good stability
margin. As we have already made the
output end of the amplifier look like an
arrangement with a rolloff at 4 cps, we
can procecd to make the rest of the
amplifier look like this and arrange for
one capacitor to roll off at 200 cps.

The primary inductance of the out-
put transformer should not show a loss
of more than 3 db at 4 ¢ps at low levels,
if it is not to distort at 20 cps, because
pentode tubes run into distortion quite
quickly with elliptical loads. If a high-
quality output transformer is being used
to avoid this distortion, the inductance
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Fig. 6. The complete amplifier circuit,
with circuit values and voltages shown.

off arrangement, is to increase the roll-
off frequency to about 9.5 times 20 Kc
for 6 db loss, or 190 Kc. There will
then be no detectable loss at 20 Kc.

Low-Frequency Response,
Outer Loop

We have the last two stages designed,
complete with feedback, to give rolloffs
of 3 db at 4 ¢ps and 6 db at 190 Kc.
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of the transformer should be satisfactory.

It remains to set the rolloff provided
by C4 at 4 cps also; a value of 08 ufd
will provide a slight margin for error
in tolerance.

Finally, we utilize C2 to provide the
earlier rolloff at 200 cps. C2 should
then be .0015 ufd, which gives a
reactance of 520 K at 200 cps, again
allowing a slight margin for tolerance
¢rror.

Does not this mean the entire ampli-
fier will now roll off at 200 cps? The

feedback provided is 20 db, so this
will extend the rolloff downwards, by
a factor of 10:1, o 20 c¢ps. The rolloff
at 20 cps will be considerably sharpened
by the fact that it is not a single re-
actance rolloff, but that by now the
other three recactances around the loop
are contributing. It is a good feature to
have a sHarp rolloff below 20 cps to
filter out fumble and other undesirable
effects.

The 12AX7 stage will give an output
of 32 volts peak successfully. The signal
handled by the first tube section is
normally only 52 )X 4 mv peak, a little
more than 200 mv. When the feedback
disappears, because of the reactance of
C2 at 20 cps, the voltage swing at the
plate of the first half of the 12AX7
will rise to about 10 times this value,
or a little over 2 volts, which is still
well within the voltage-handling margin
of the tube.

We can sce now why C2 is the best
place to put the smaller coupling capac-
itor. If C4 were used for this extra
rolloff purpose, the signal amplitude at
the plate of the second half of the
12AX7 would also be multiplied by 10
times at the bottom end of the frequency
band, and there is not enough margin
to allow for this. The signal there is
already 11 volts peak; 10 times this
would raise the signal to 110 volts peak,
which the 12AX7 should certainly not
be expected to deliver.

High-Frequency Response,
Outer Loop

Applying the same reasoning to the
high-frequency rolloff, there are four
high-impedance points that will be
shunted by different capacitance values:
the first and second plates of the 12AX7,
cach plate of the 12AU7, which is in
push-pull, and the plates of the GLG’s,
also in push-pull.

The effective rolloffs of the last two
have been modified by the inner-loop
fecdback arrangement so that both are
effectively at 190 Kc. The plate resist-
ance of the 12AX7 is quoted at 62.5
K, but for a higher operating level than
is used here. An estimate of 100 K
should be safe for this condition. The
total capacitance in the grid circuit of
the first 12AU7, with 14 db feedback
effective, should not be more than about
10 putd, which has a reactance of 100
K at about 160 Kc. This is reasonably
consistent with the pattern so far.

Applving the same method as that
used at the low-frequency end, the plate
circuit of the first half of the 12AX7
should have a rolloff at about 1/50th
of 160 Kc (raking the lower figure),
or 3.2 Kc. A capacitor to give a re-
actance of 100 K at 3.2 Kc 1s 500
pufd; this we put across the second-
stage grid resistor. With 20 db feedback

Continued on page 45
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by George L. Augspurger

and

LOUDSPEAKERS

ENCLOSURES

I111: Resonant Enclosures

N the preceding articles in this series

we have dealt with such terms as
stiffness and mass in rather offhand
fashion, but to understand the action of
tuned cavity enclosures it is essential
to have a clear picture of the analogy
between electrical, acoustical, and me-
chanical elements. Before getting in
any deeper, then, let’s review a few
basic electro-acoustic concepts.

We learned in high school physics
that any object has mass, and that mass
is associated with inertia. The greater
the mass, the more force is required to
speed it up or slow it down: witness the
emphasis  on  “horsepower-to-weight
ratio” in  automobile advertising. In

| { 1L
1AY LAY

ACOUSTIC COMPLIANCE OF RADIAT ION
CAPACITANCE CONE SUSPENSION RESISTANCE
OF ENCLOSURE

ELECTRICAL
3 SFESIOSTANCE
S VOICE COiL
& AMPLIFIER CONE MASS PLUS
RADIATION
REACTANCE

Cv.' CONSTANT VOLTAGE
GENERATOR

Fig. 1. Equivalent low-frequency circuit
of loudspeaker mounted in an enclosure.

electronic circuits a similar quality —
inductance —is  found in inductors,
which oppose any change in the cur-
rent flowing through them; and in
acoustic systems, the analogous property
i1s called inertance.

Another function of certain mechan-
ical, electrical, and acoustical elements
is that of storing energy. Mechanical
energy can be stored in a spring while
it is held compressed —energy in-
creases while the spring is being com-
pressed, and decreases if the spring is
allowed to expand. Most of us would
call this attribute “springiness”, but the
term is too ambiguous for use in phys-
ics; is a stiff, heavy spring more or
less springy than a light, supple one,
for example? Consequently the term
“stiffness” is uscd, which is clear enough,
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or, better yet, compliance. Compliance
is the obverse of stiffness, and has the
advantage of being directly analogous
with capacitance. Electrical capacitance
is a measure of the ability of charged

SUPPORT
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Fig. 2. Apparatus for
demounstrating the ef-
fects of

SPRING <4 C
J
resonance.

fa%s)

WEIGHT
oM
J
plates t store electrical energy, and
acoustical capacitance is associated with
the “springy” propertics of compressed
gas.

Resistance in clectrical circuits is
directly associated with friction in me-
chanical systems. But in acoustics we
have two types of resistance: fluid re-
sistance, or viscosity, and rudiation re-
sistance. Of all the terms mentioned,
radiation resistance is the only one
which has to do with the production of
sound waves. If all the power fed to
a loudspeaker could be dissipated in
radiation resistance, the speaker would
be 1009 efficient and a five-watt am-
plifier would shake the Hollywood Bowl.

Now let’s sce how these analogies
apply to a simple loudspeaker in an
enclosed baffle, such as that described
in last month’s article. At low fre-
quencies, the air inside the cabinet is
being alternately compressed and rare-
fied by the action of the speaker cone.
The air behaves as an acoustic capaci-
tance whose value is proportional to
the volume of the enclosure. An ad-
ditional capacitive clement is the cone
suspension of the speaker. The com-
pliance of the cone suspension plus the
acoustic capacitance of the enclosure

act like two electrical capacitors in se-
ries: the total compliance is less than
that of either suspension or air volume
alone.

The mass of the cone and the air
it moves is effectively in series with the
combined capacitance of the suspension
and enclosed air, to form a simple
resonant system. The resonance is
damped by a resistance composed of
friction in the cone suspension, vis-
cosity losses betwcen the cone and sur-
rounding air, and radiation resistance
associated with the sound waves being
produced. Also in series is the electrical
resistance of che circuit. Fig. 1 is the
electrical representation of an enclosed-
cabinet loudspeaker at low frequencies
(from Langford-Smith’s Radiotron De-
signer’s Handbook).

This all seems quite elementary, and
when 1 suggest the following experi-
ment you may feel that your intelli-
gence is being insulted. Farfetched as
it appears, however, all this is leading
up to the problem of bass-reflex en-
closure design. Most people are quite
willing to believe that a reflex system
works; they may even be able to man-
ipulate the mathematics which prove
that it works; but they are at a loss
to supply any convincing physical ex-
planation of why it showld work. If

CAPACITANCE
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Fig. 3. Elements of acoustic resonance.

you will string along with my kinder-
garten physics experiments I will try to
demonstrate this.

Let us consider a certain mass fas-
tened to a spring, as in Fig. 2. If the
upper end of the spring is held station-
ary, this forms a simple resonant system
whose frequency of oscillation depends
on the mass of the weight and the
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compliance of the spring. The system
is clearly analogous to an enclosed-
cabinet loudspeaker system (neglecting
the resistances and electrical character-
istics of the speaker) and it is also

TN

/ DRIVING
/ ELEMENT
I
) < -
N\ /
\/

Fig. 4. Resonant cavity with excitation.

analogous to a Helmholtz resonator.
Fig. 3 shows such a resonant chamber in
which the enclosed air volume supplies
the acoustic capacitance, and the mass
of the air in the tube acts as inertance.

I suggest you find a spring and
weight for vourself to be convinced that
the next step really works (I used a
pair of scissors and a long rubber
band). If you hold the spring from
the top and move it up and down
very slowly, the weight will follow the

ﬂ

DRIVING
ELEMENT

Fig. s. Reflex enclosure is a resonator.

movement of your hand quite closely.
But if you joggle the spring rapidly,
it will expand and compress while the
weight remains stationary. In the first
instance, the frequency is so low that
the inertia of the weight is negligible;
movement is transmitted through the
spring and duplicated by the weight
in phase with the driving element

100000

(vou). In the second, the frequency is

high enough that the reactance of the

spring is virtually zero compared to
that of the weight, so virtually no
movement is transmitted at all.

Hold the top of the spring immobile
for a moment and note the resonant
frequency of the spring and weight. If
you now jog your hand at precisely
that frequency, only a small motion on
vour part will keep the weight bounc-
ing up and down with considerable
amplitude — nothing surprising in that.
But you will notice that your hand (the
driving element) and the weight (the
driven element) are moving in opposite
directions; they are precisely 180° out
of phase.

The same thing happens if we in-
troduce a diaphragm into a Helmholtz
resonator to drive it at its resonant fre-
quency (Fig. 4). The diaphragm
(driving element) and the mass of
air in the duct (driven element) move
in opposite directions to sustain oscil-
lation at resonance. Notice also that
so long as introduction of a driving
element does not change the volume of
the chamber, it has no effect on the
resonant frequency of the system. The
size, mass, shape, or suspension of the
driving element may influence what-
ever is moving it, but they will not
change the action of the Helmholtz
chamber.

At frequencies above and below
chamber resonance, the acoustic cham-
ber will also behave in a way similar
to our mechanical representation. Be-
low resonance the inertance of the air
in the duct ceases to be important,
and the air moves in phase with the
diaphragm; the chamber no longer ex-
ists, so far as the diaphragm is con-
cerned. At frequencies higher than
resonance the air in the duct hardly
moves at all and the diaphragm is ef-
fectively pumping into and out of an
infinite baffle.

In practice, as can be verified with
your scissors and rubber band, these
changes take place in the space of two
octaves. Thus, if the natural resonance

Fig. 6, left.
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of such a system is 50 cps, at 25 cps the
enclosure offers practically no load at
all to the diaphragm, while at 100 cps
it acts as if it were totally enclosed.

If this acoustic circuit is redrawn so
that both driving and driven elements
are on the same side, it takes the form
of a conventional bass-reflex speaker
cabinet (Fig. 5). The spcaker cone
is the driving element and the air in
the duct is the driven element. At
the resonance frequency of the enclosure
the phase of the speaker back wave
is reversed as it issues from the port,
and is in phuse with the front wave so
far as the surrounding air is affected.
The back wave of the speaker has been
successfully added to its front radiation
at this frequency.

One more experiment with the me-
chanical representation. 1f you dunk

Courtesy Pro-Plane Sound Systems, Inc.

Fig. 8. A Pro-Plane ducted-port system.

the weight of your model in water and
set it oscillating again, the amplitude
of the movements will be much less
and they will die out much sooner.
The viscosity of the liquid changes
some of the energy to heat, and more
work has to be expended to keep the
thing going. In a Helmholtz resonator
acoustic resistance is supplied both by
the viscosity of the air in the duct and
the radiation resistance at the mouth of
the vent. The driving element has no
effect on the damping of the resonant
chamber. It will be well to remember
the following:

1) The frequency of resonance and
degree of acoustical damping in a reso-
nant chamber are independent of the

Design chart for ducted-port reflex enclosures.

Fig. 7, below. Impedance curve for properly tuned bass reflex.
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Courtesy Jensen Mfg. Co.

f

Fig. 9. Bass Ultraflex system by Jensen.

driving element. If a Helmholtz cham-
ber booms without a speaker driving
it, it will continue to boom once the
speaker is added. The speaker cannot
damp the resonant chamber.

2) The resonant chamber, on the
other hand, does damp the speaker. At
resonance the enclosure supplies a purely
resistive load to the speaker, and the
cone must overcome both its own radia-
tion resistance and that encountered by
the mouth of the port. If the areas of
the speaker cone and reflex port are
equal, at system resonance the speaker
cone area is effectively more than
doubled. This is true because the am-
plitude of air movement in the duct is
much greater than that of the speaker
cone.

Since the action of the resonant cham-
ber is not affected by its driver, you
may wonder why any attention is paid
to matching the speaker and enclosure.
The answer is to be found in the second
statcment: at its resonance point the
enclosure damps the speaker; by design-
ing the cabinet so that its acoustic reso-
nance is at the same frequency as the
speaker’s cone resonance, several advan-
tage are gained. Whereas in an infinite
baffle the cone excursions are greatest at
resonance, in a properly tuned bass-re-
flex system they are very small at this
frequency because the cone is loaded by
the high acoustic resistance of the en-
closure; thercfore, distortion is reduced.
Both sides of the cone contribute to the
acoustic output, and bass response at the
resonance frequency is about 3 db
higher than from the same speaker in
an infinite baffle. The speaker cone is
highly damped, distortion is lowered,
and transient response is improved.

These are advantages generally
claimed for the matched bass-reflex de-
sign. The bit about transient response
deserves a little comment, however. It
is true enough that the ability of the
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speaker cone to follow transients is im-
proved with the damping offered by a
reflex cabinet — but this damping is
effective over a range of a little less than
an octave, and the acoustic boom of the
Helmholtz chamber is still there — no
amount of matching will remove it. The
only way to damp the acoustic resonance
of the enclosure, if it is objectionable,
is to add viscous resistance. [ say #f it
is objectionable because the majority of
listeners prefer the “live” quality of
boomy bass so long as they are assured
by the salesman that it isn’t there.

The resonance frequency of a Helm-
holtz chamber can be changed either by
varying the volume of the enclosure
(acoustic capacitance) or the size of the
duct (inertance). The area of the
mouth of the port is generally chosen
to equal the cone area of the speaker,
since this seems to give best results.
Fig. 6 is a chart showing the relation-
ship between duct length and enclosure
volume, for several cone resonance fre-
quencies, in a cabinet designed to be
used with a 12-inch speaker.* Note that

Courtesy Altec Lansing Corp.
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Fig. 10. Altec Lansing reflex enclosure.

when computing cabinet volume the
space occupied by the speaker must be
subtracted. A 12-inch driver normally
reduces cabinet volume by 600 to 700
cu. in.

It is difficult to imagine what supplies
the acoustic inertance in an ordinary
bass-rcAex cabinet which has no duct,
but simply a rectangular port cut in
the front panel. In this case the effective
duct length is »ot the thickness of the
wood. A sort of “lump” of air extending
for some distance on each side of the
port moves as a unit, and it is this lump
which supplies the necessary inertance.
Determining the resonance frequency
of such a cabinet is largely empirical,
as some experimenters have found out
after tangling with gas laws and Bessel

* From the Radioiron Designer’'s Handbook. Data
supplied by Goodmans Loudspeakers.

functions. The best idea is to make the
port area adjustable with some sort of
sliding panel, and then tune the enclo-
sure to the speaker. Ducted enclosures
can be tuned by making the cabinet
resonate at a frequency lower than that
desired and then throwing in blocks
of wood to reduce the volume until best
results are obtained.

Reflex cabinets are tuned most easily
by running impedance curves with the
system assembled. Using a measuring
setup such as that described in the pre-
ceding article these curves can be run
quickly. Since speaker impedance below
500 cps is almost pure motional im-
pedance, the curve gives a direct in-
dication of relative cone amplitude, and
the system is tuned correctly when a
dip in impedance occurs exactly at the
resonance frequency of the speaker. The
fundamental resonance of the speaker
should be checked first in free air after
being used for awhile; don’t assume
that the manufacturer’s specification is
accurate, because cone resonance fre-
quency cannot be controlled precisely
and is likely to change significantly dur-
ing a break-in period.

A speaker mounted in a vented en-
closure will have a bass-impedance curve
similar to that in Fig. 7. When the
acoustic resonance of the cabinet is
properly matched to the speaker, the
dip between the two impedance peaks
should occur at the free-air resonance
frequency of the speaker cone and the
two peaks should be symmetrically
spaced on each side. The peaks will
vary in amplitude depending on the
dimensions of the cabinet, but for best
results they should not differ by more
than two or three db.

For a given port area a ducted enclo-
sure can be built into a smaller cabinet
than the plain vented variety. A limit
is reached at the point where the duct
incremental volume is larger than the
accompanying reduction in cabinet vol-
ume. Furthermore, the duct must be
kept fairly short because it behaves as
a tuned pipe at frequencies whose wave

Continued on page 47

Courtesy James B. Lansing Sound

Fig. 11. The James B. Lansing "Jordan”.
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XI:

T WAS demonstrated in Chapter VI*
of this series that a changing value of
current in an induction coil produces an
opposing voltage in the coil — a voltage
of self-induction — that acts to limit
whatever change in current is occurring.
This voltage can be expressed in the
equation
di
L=,
dar
where L is the coil inducrance in
henries, di/d: is the rate of change of
current in amperes per second at any

e =

A, b

Fig 1. AC sine waves applied to choke.

given instant, and e is the voltage at the
same instant acting in opposition to the
current change; ¢ is in volts, of course.

Reterring still to Chapter VI, it will
be recalled that this opposing voltage
prevented an instantaneous change in cir-
cuit current when the source voltage was
suddenly applied or removed. Rather,
the current assumed its new value in a
sluggish fashion; its terminal value was
reached some time after the source
voltage change occurred.

Now, assume that instead of DC pulses
we apply a sine wave of voltage to an in-
duc