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Preliminary Data Sheet

e ESOTAR speaker drivers made by DYNAUDIO are de-
; signed and manufactured with only one aim: to reach the
eff. cone area Sp 8.5 cm? t of it
moving mass My, 05g SUMRGIEOIRE SN
lin. volume displacement  Vq4 6.0 cm?3
mechanical resistance  Rpms 4.7 kgis ESOTAR speaker drivers are carefully made in the best and
lin. excursion peak t0 peak  Xmax 0.7 mm well-known DYNAUDIO tradition, not allowing any com-
ZEG GO ) oy g e W promise whatsoever: research and development. material
Frequency response 2500-22000H2z d i h
Harmonic distortion <0.6% ana CrattSmansiip
Intermodulation distortion (1000Hz) <0.05%
Magnet System:
total gap flux 421uWb
flux density 1.9 Tesla
gap energy 193 mWs
force factor BxL 52Tm
air gap volume V, 0.16 cm?3
air gap height 2.5 mm
air gap width 0.75 mm
Net weight 1.6 kg
Overall dimensions 140 x 66 mm
Power Handling:
nominal DIN 300W
music DIN 1200W
transient 10 ms 2000W
Q-Factor:
mechanical Q. 0.32
electrical Q.. 0.29
total Qus 0.15
Resonance frequency f, 500Hz
Sensitivity: (2.83V RMS)
2.5 bis 20kHz 1W/1m 92d8B
Voice Coil:
diameter d 28 mm
length h 3.2mm
fayers 2 o FACTORY DIRECT DISTRIBUTOR
inductance (1kHz) |I. 0.09 mH
nom. impedance Z. 8Q PY
L e _ IN DEPTH INVENTORY
DC resistance R. 5.2Q
e SAME DAY SHIPPING

& K Potentiometer Range'_iD_dB Rectitier BMS. Lower Lim Freq Zﬂﬂ Hz Wr Speed: 100 mm/sec Paper Speed 3 mm/sec
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Sales Waily Jr.

10615 VANOWEN ST.
BURBANK, CA 91505 (818) 508-1908

(Just South of Burbank Airport) 10 AM - 6:30 PM Mon.-Sat.
Between Vineland & Hollywood Way
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Roy Allison, President of ALLISON ACOUSTICS,
has announced the sale of the loudspeaker
company to an investor group comprised
of former executives from Acoustic Re-
search. Joining Allison, who will remain as
President of the company, are Frank
Romagnoli, Vice President of Production,
Bob Barr, Executive Vice President, and
Ron Falkenstein, Vice President of Sales.

The new investor group/management
team will combine their sales and mar-
keting expertise with Allison's engineering
skills. At Acoustic Research, as engineer of
record, Allison developed the original AR
3a and the LST, thus earning his reputa-
tion as an engineering innovator.

According to Falkenstein, ''We are con-
trolling our distribution to enable key deal-
ers to develop a protected, profitable speak-
er line. We are encouraging dealer input
on product development as well as on mar-
keting strategy. And, we are actively work-
ing to develop long-term relationships with
our dealers.”

Allison Acoustics designs and manufac-
tures loudspeakers aimed toward faithful
sound reproduction in a home environ-
ment. For further information contact: Bob
Barr, Allison Headquarters, 1590 Concord
St., Framingham, MA 01701, (508) 788-
1500; 1-800-225-4790; Fax: {508) 877-6740.

Fast Reply #ED327
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Good News

LMP (Loudspeaker Modelling Program) has
been updated to the graphics version
LMPG. This version gives superior fre-
quency response plots, compared to the
original line-printer-style output. Resolution
is 640x200 pixels for graphics-equipped
IBM PCs and compatibles (graphics card
and graphics monitor are required), and
480x300 pixels on the Apple Macintosh.
The graphics version is not presently avail-
able for other computers.

All LMP disks for the Apple Macintosh
and IBM PC sold by Old Colony (CSK-C2
and CSK-C3) now contain the graphics ver-
sion (IBM PC disks also contain the original
version for compatibility with non-graphics
systems). However, if you have previous-
ly purchased LMP for one of these two
computers, you may obtain the upgrade by
sending the following to Ralph Gonzalez,
PO Box 54, Newark, DE 19711:

1. A disk containing LMP (do not in-
clude any personal files);

2. Return postage;

3. $5 handling fee {check or MOJ;

4. Return envelope no more than 6-
inches tall, with a piece of cardboard and/or
label: Do Not Bend.

RAPID SYSTEMS has released the R414 Digital
Oscilloscope Peripheral for IBM PC/XT/AT
and compatible computers. This instru-
ment comes with hardware and software,
including source code, to turn your PC in-
to a four-channel data acquisition unit with

L te End

E

MAPID SYLIEME

Vil FEE ®

seiectable sampie rates from 1kHz to
500kHz. The hardware also allows user
selectable gain from 10mV to 320V peak-
to-peak, for 8-bit accuracy.

Features include: 8-bit 500kHz A/D con-
verter, 2048 point data memory, external
or internal analog triggering, executable
routines for waveform capture and display,
and sample program listings with a com-
plete user’'s manual.

Options include: enhanced oscilloscope
display software, spectrum analysis soft-
ware, and digital signal processing hard-
ware.

Rapid Systems also announced their new
full line of PC-based FFT spectrum analy-
zers. Covering a range of one to four chan-
nels, 8- and 12-bit accuracy and 10Hz to
10MHz, these spectrum analyzers are ap-
plicable to audio, modal analysis, vibration,
eiectronics and biological uses. Prices range
from $1,495 to $4,995.

The R414 is in stock now for $295. For
more information contact: Rapid Systems
Inc., 433 N 34th St., Seattle, WA 98103,
(206) 547-8311, TLX 265017 UR.
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AR has filled the gap in their TSW Series,
between the 610 and the 810 floor standing
speakers. The 710 is a tall, slim loudspeaker
which only requires approximately one
square foot of floor space.

The three-way design uses a 6Yz-inch
polypropylene cone midrange, %-inch ti-
tanium liquid cooled tweeter with AR's
Tetra-Helix mounting plate, and twin long-
throw polypropylene cone, 8-inch woofers.
The woofers are mounted in their own
acoustic suspension enclosure.

Also, the new AR TSW 315 loudspeaker
is a three-way system using two 6%z-inch
polypropylene cone woofers working si-
multaneously in the bass region, with the
lower woofer rolling off sooner than the
upper woofer/midrange unit. This tech-
nique is also used with the TSW 410
speaker.

These bookshelf speakers are 22 inches
high and are designed for optimum listen-
ing on 20-24-inch stands. Enclosures for
both models are black vinyl veneer with
solid hardwood top and bottom (walnut or
oak).

Suggested retail price: TSW 710, $650
each; TSW 315, $275 each. Available from
Teledyne Acoustic Research, 330 Turnpike
St., Canton, MA 02021.

Fast Reply ¥ED909
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ETON

ETON-AMERICA, Box 9274
Grand Rapids, M| 49509-0274

e 3 layer Kevlar—
Honeycomb Diaphragm
e 0% Greater Stiffness
o Cast Aluminum Chassis
e Rubber/PVC Surround
o Edgewound Ribban Wire
o All Parts Weighed and
Matched
DTB Diffraction Foam
* ETON Caps—
1% palypropylene

LAYER 3 KEVLAR

o New Metal Dome Tweeter

HEXACONOLOGY

LAYER | KEVLAR
LAYER 2 HONEYCOMSB STRUCTURE (NOMEX)

e o
= KAPTON-BOBBIN
" EDGE WOUND RIBBON WIRE
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Each subscription begins with the first issue
of the year and ends with the last issue of
the year. A sample issue costs $4 in the US,
$5 in Canada.

Subscription rates in the United States and
possessions: one year (six issues) $20, two
years (twelve issues) $35. All sets of back
issues are available beginning with 1980.
Caribbean and Canada add $4 per year for
postage. Overseas rates available on request.
NOTE: All subscribers residing the Western
Hemisphere are served by air.

To subscribe, renew or change address in
all areas write to Circulation Department,
PO Box 494, Peterborough, NH 03458; or
call (603) 924-9464 for MC/Visa charge card
orders. For gift subscriptions please include
gift recipient’s name and your own, with
remittance. A gift card will be sent.

A Note To Contributors

We welcome contributions for possible pub-
lication in the form of manuscripts, photo-
graphs or drawings, and will be glad to con-
sider them for publication. Please enclose
a stamped, addressed return envelope with
each submission. While we cannot accept
responsibility for loss or damage, all material
will be handled with care while in our pos-
session. Receipt of material is acknowledged
by postcard. Payment is on publication.

Speaker Builder (US ISSN 0199-7920) is published bi-
monthly at $20 per year; $35 for two years, by Edward
T. Dell. Jr. at 305 Union St., Peterborough, NH 03458 USA.
Second class postage paid at Peterborough, NH and addi
tional mailing office.

POSTMASTER: If undeliverable send to SPEAKER
BUILDER. PO Box 194 Peterborough NH 03458

EJ JORDAN USA announces that effective im-
mediately, all sales of Jordan ACT loud-
speaker drivers in North America will be
handled directly by Ted Jordan in England:
E] Jordan Designs UK, The DAK, Manor-
bier, South Pembrokeshire, SA70 8QR,
England; phone (011) 44-834-871-209.
Direct sales from England will offer lower
driver cost to North American buyers. All
warranty and replacement of Jordan ACT
drivers will be handled by EJ Jordan De-
signs in England, effective immediately.

EJ Jordan USA will continue to offer
basic technical backup, enclosures and
components for Jordan systems. Owners
can contact E]J Jordan USA for advice and
expediting service work. For information
please send SASE to E]J Jordan USA, Inc.,
301 N. Harrison St., Building B, Suite 252,
Princeton, NJ 08540.

Fast Reply #ED563

GOLD SOUND's 1988-89, 39-page catalog is
now available, featuring speaker kits and
components. Over 30 kits for home, car
and pro are listed. New kits include com-
pound-loaded subwoofers and symmetrical
arrayed three-way systems. Frequency re-
sponse and impedance graphs are included
for over 100 speaker components, includ-
ing diagrams and charts on crossover
components.

New electronics products include test
equipment and portable Y3-octave real-time
analyzers. New 24dB Linkwitz-Riley elec-
tronic crossovers are phase coherent, avail-
able for biamping and triamping, and op-

| tionally available with bass equalization
| and subsonic filter for sixth-order align-

ments; crossover frequency is sweepable
from 40Hz-4kHz {model 224) and
40Hz-9kHz {model 424). Level controls are
provided for left and right inputs and low
and high outputs. All crossover models are
rack mount, and have a Plexiglas cover.

Contact: Gold Sound, PO Box 141, Engle-
wood, CO 80151, {303) 761-6483.

Other new items are 6uF and 7uF, 100V
Mylar capacitors, $2 each, and JBL Speaker
System kits are priced as follows: #11,
$1,038; #2005, $1,295; #2018, $1,595; #14,
$2,088; and JBL Pro 15, $739.

Fast Reply #ED149

INFINITY SYSTEMS, INC. announces the SM 80,
the first bookshelf loudspeaker in their
Studio Monitor Series.

A compact design incorporating an eight-
inch polypropylene coated woofer, it is
enclosed in a tuned bass reflex cabinet with
a vinyl finish. A polypropylene foam one-
inch Polycell tweeter provides flat response
to 27kHz.

The SM 80 will be available at a sug-
gested retail price of $219 each.

Infinity Systems Inc., 9409 Owensmouth
Ave., Chatsworth, CA 91311, (818) 709-
9400.

Fast Reply #ED255
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If you have any questions, please do not hesitate
to contact us:
FOCAL AMERICA, INC. 1531 LOOKOUT DR.
AGOURA, CA 91301 USA

e | VOICE (818) 707-1629 ¢ FAX (818) 991-3072

S YS TEMS

A complete catalog of our drivers with full data
on each and over 30 kit designs with cabinet
plans and crossover diagrams is available for
$10 (postpaid in the US).

K2 KEVLAR® SANDWICH CONE
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ATTENTION!

Owners of Magnavox and other Philips-based
16-bit 4X oversampling Compact Disc players

IMPROVED 1988 VERSION
of Philips Digital Filter
& Digital-to-Analog Converter

IMPROVED:

* Low-level Linearity
¢ Channel Separation

* Dynamic Range
e Signal-to-noise
Available direct from Euphonic Technology
IC set contains: 1 each of TDAIS41A, SAA7220P/B,
24 & 28-pin gold, machined IC Sockets
$89.95+$500 Shipping/Handling T= &9
Credit card orders: 1-800-444-1428, Information: (203) 431-6434 |

E U PHON IC N Full upgrades and CD players available ’

19 Danbury Road
technology Ridgefield, CT 06877

Fast Reply ¥ED138 | |

RUGG ACOUSTICS

Manufacturers & Distributors
of fine quality loudspeaker products.

With close relations with Focal America Rugg Acoustics is
proud to offer Speaker Builders a much improved version
of the Focal Egg Enclosures .

Focal Audiom
professional range

e Crossover components available
e Air core inductors |
Ferrite bobbin inductors
Electrolytic caps
Polyester caps
Resistors

Call 204-623-7684

P.0. Box 1735 The Pas, Manitoba, Canada R9A 1L5

Fast Reply #ED158
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About This Issue

Reid Woodbury’'s Ms enclosure, a
fresh, and probably unique loud-
speaker format leads off our first
issue of Speaker Builder's tenth year.
If you need both channels from one
box—this is the one. Arthur Brown
has been in and out of audio for a
long time. His return and a plunge
into speaker tech makes good
reading starting on page 16.

David Long has put together yet
another simplified Thiele/Small de-
sign program on his Commodore 64,
a favorite machine whose low price
belies its capabilities (p. 22). Contri-
buting Editor Bruce Edgar is back
this time with all the news you need
about those wonderful cordless drill/
driver gadgets, as well as the fast
fasteners to go with them (p. 25).

Our French connection, Jean
Margerand, brings us Part 2 of his
elegant Delta project based on a for-
mat he calls the "Third Dimen-
sion,” beginning on page 27. And
Evan Struhl of Polydax has arranged
for a few of the no-longer-manufac-
tured Audax bass drivers to be
available to US builders who wish
to tackle the Delta (see the end of
the article for details). One of our
Swedish readers, Leif Ryden,
shares his article, written for a
British journal on how to acoustical-
ly tune large halls (p. 36).

Bob White does an excellent,
comprehensive review of Scientific
Design Software’s program for
computer-aided design of speaker
technology starting on page 42. The
second part of Peter Muxlow's
Technology. Watch column on sub-
woofers is found on page 52.

Don't miss Dick Pierce’s newest
saga of life in hi-fi land on page 70.
Dave Pitt is our Craftsman this
time. See his handiwork on page 40
plus Vintage Designs and more.
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“They Were Designed To Play Music-And Make It
SoundLﬂ<eMus1c ThisTheyDoVeryWell,
In A Most Unobtrusive Way AtA Bargain Price...

[tsHard ToImagine Going WiongWith Ensemble

Cambridge SoundWorks has created
Ensemble;™ a speaker system that can provide
the sound once reserved for the best speakers
under laboratory conditions. It virtually dis-
appears in your room. And because we market
it directly, Ensemnble costs far less than previous

all-out designs.

Henyy Kloss, creator of the dommantspeakermodds
of the ‘50s (Acoustic Research), '60s , and '70s
(Advent), brings you Ensembie, aﬁcb’nume newkwdty

.wealaersystem 2 for the *90s, available factory direct
Cambridge SoundWorks

The best sound comes in four
small packages.

Ensemble consists of four speaker units.
Two compact low-frequency speakers repro-
duce the deep bass, while two small satellite
units reproduce the rest of the music, making
it Fossnble to reproduce just the right amount

of energy in each part of the musical range
without tuming your listening room into a
stereo showroom.

Your listening room works with

Ensemble, not againstit.

No matter how well a speaker performs,
at home the listening room takes over. If you
put a conventional speaker where the room
can help the low bass, it may hinder the upper
ranges, or vice-versa.

What Henrv K v

enry Kloss tells his friends

Ensemble is a Trademark of Cambridge SoundWorks, Inc.

Ensemble, on the other hand, takes
advantage of your room’s acoustics. The ear
can't tell where bass comes from, which is
why Ensemble’s bass units can be tucked out
of the way—on the floor, atop bookshelves, or
under fumniture. The satellites can be hung
directly on the wall, or placed on windowsills
or shelves. No bulky speakers dominate your
living space, yet Ensemble reproduces the
deep bass that 70 mini speakers can.

Not all the differences are

asobviousasour two subwoofers.

Unlike seemingly similar
three-piece systems, Ensemble uses
premium quality components for
maximum power handling, \
individual crossovers that allow
several wiring options and

Unlike satcllzle.gg%
which use a sing subwoofer;
Ensemble features separate compact bass units

Joreach stereo channel. They fit more gracefilly into
your living environment, and help minimize the effects
of the listening room s standing waves.

cabinets ruggedly constructed for proper
acoustical performance. We even gold-plate all
CONNECtOrs to prevent COrosion. An even
bigger difference is how we sell ...

The best showroom of all:
your living room.

We make it possible to audition
Ensemble the 7/ way—in your own home.
In fact, Ensemble is sold onfy by Cambridge
SoundWorks directly from the factory. Lis-
ten for hours without a salesman hovering
nearby. If after 30 days you're not happy;
return Ensemble for a full refund.

At only $499—complete with all hard-

Julian Hirsch — Stereo Review, Sept. 88

ware and 100" of speaker cable—Ensemble
costs hundreds less than it would ina
retail store.
Call 1-800-AKA-HIFI*
(1-800-252-4434)

Our toll-free number will connect you to a
Cambridge SoundWorks audio expert. He or
she will answer all your questions, take your
order and arrange surface shipment via UPS.
Your Cambridge SoundWorks audio expert
will continue as your personal contact with
us. We think you'll like this new way of
doing business.

*In Canada, call 1-800-525-4434. Audio
experts are on duty Mon.-Fri., 9AM-10PM,
Sat., Sun., 9AM-6PM Eastem Time.

r |
| CAMBRIDGE SOUNDWORKS |
154 California St., Newton, Massachusetts 02158

O Send more information and test reports.
| O Send Ensemble risk-free for 30 days, for $499*
O Send an Ensemble Gift Certificate for $499*

| I'mpayingby O check OMC O Visa O AmEx
| Acct.Number____

|
|
| — |
Signatwre |
Name .
| Address_ |
| cy Sae |
| Phone (Area Code) Number |
| FOR IMMEDIATE SERVICE: 1-800-AKA-HIFI |
MA residents add 5% sales tax
*Plus feight, Calland ask. Suite 112) |




Editorial

A Modest Proposal

Every magazine publisher has one continuous built-in, ines-
capable headache: The United States Postal Service. President
Nixon attempted to remedy the most serious structural flaw
in the system, the political "‘pork barrel” component which
tempts members of Congress to make rewards out of postal sta-
tions and jobs. Inevitably that supposed independence of the
Postal Service has been eroded by Congress. Local voter pres-
sure can still affect Postal Service administrative decisions.

Several years ago the government decided the telephone ser-
vice was, in effect, a monopoly of the American Telephone &
Telegraph Co. After an expensive and lengthy court battle, the
Justice Department forced a process called ‘‘divestiture’” on that
company with results that are very, very mixed, to say the least.
Now the telephone system under the Bell hegemony was one
of the best in the world. It was more expensive than it needed
to be, but it was the best of its kind. The effects of divestiture
are still in a shake-out period but long distance rates are going
down, and I suspect, local rates will follow in time.

The period since divestiture by the telephone people is dot-
ted with other events of note having to do with competition
in business. The airlines are now de-regulated and fares are cer-
tainly lower. The trucking business is de-regulated and the rates
there are much lower. De-regulation and divestiture are mak-
ing many large industries much more competitve than they have
been in the past.

If the telephone decision was made in the interest of the con-
sumer, why hasn't the government examined whether the mon-
opoly which the USPS enjoys is beneficial to the consumer?

During that same period we have seen the steady rise of com-
petition in the one segment of the communication business
where compelition is strictly controlled: While it is illegal to
establish a letter carrier business in this land of free enterprise,
fortunately it is not illegal to establish a parcel delivery business.
The contrast between the efficiency and profitability in the let-
ter delivery business and the parcel delivery business is star-
tling, to put it mildly. The performance of the USPS is improv-
ing to some extent, but it is permanently hampered by the in-
evitable fact that it is not a business but a bureaucracy.

The custodian at our local Post Office retired a couple of years
ago. The Postmaster requested a replacement and was sent
forms from the area administrative office that had to be filled
out to justify hiring a new one. It took him three days to com-
plete the forms, which included measuring every pipe in the
building, reporting both the length and diameter of each. After
months of delay, a part-time custodian was authorized. Obvious-
ly the pipe measurements were important in determining
whether this would now be a full- or part-time job.

Bureaucrats are traditionally not interested in profits, efficien-
cy or speed. They are interested in larger budgets and depart-
ments and in their next promotion. In business you either make
a profit or you find out why you haven't.

Those of us in publishing are keenly aware that we have a
problem with postal administration. Decisions about interpreting
the three volumes of rules which are supposed to govern mail
delivery and fees are made by local Postmasters. Their judge-
ments about the rules, and even their knowledge of them, varies

widely. They lose dozens of magazines each issue because of
ignorance, carelessness, or both, and we have no recourse. Mag-
azines are not forwarded properly, even correctly addressed
magazines are destroyed by the Postal Service and marked as
undeliverable~—often with no recompense of either the postage
to deliver them or the cost of the magazines.

And almost invariably, the subscriber considers the publisher
responsible and certainly insists that we bear the cost of replac-
ing the magazine. We do so if the Postal Service is at fault be-
cause it is cheaper to do this than argue with the bureaucracy.
As far as second class mail is concerned, we eftectively have
no recourse for magazines that are lost, stolen or destroyed in
error. Our local postal people do everything in their power to
rectify what they can, but it is evident that they fight a losing
battle and often there is nothing to be done.

I hope with this overview in mind, you will make an effort
to keep your local Postmaster informed if your mail is lost,
strays, or is stolen. And I hope that if you have not received
your magazine, you will ask first whether you have told us that
you moved, and then question your Postmaster as to why you
have not received it. He needs your feedback if he is to im-
prove his office's performance.

We have spent a large amount of money to install an effi-
cient computer system to see that your magazines are delivered
correctly. We go to great lengths to keep up with your moves
and we are one of the few publications that can and does change
addresses as little as forty-eight hours before mailing. If we
recetve a change of address request on Tuesday morning—-that
change is on your label Thursday morning in Fulton, Missouri,
where our printer mails Speaker Builder.

A growing number of people in Washington are beginning
to rethink the question of whether the government should be
running many operations that are, in fact, businesses—or should
be. The director of the Office of Budget and Management
recently suggested that the USPS, or at least some portions of
it, be sold to private enterprise. It should be glaringly obvious
that if the private sector were allowed to compete with the
Postal Service for third or second class delivery, the result would
very likely be comparable to what has happened with parcel
delivery.

If the new administration in Washington is committed to com-
petition in American business, then I for one believe it is time
the government divested itself of the Postal Service. Unfor-
tunately it is a bit late. The Democrats are in power in both
houses of Congress and are unlikely to go along with such a
proposal from the President. But the business style Postal Ser-
vice would work a lot better, and faster, even if it became
somewhat more expensive. Think about it. And pass along the
idea to your Congressman if you believe it has merit. When
Barry Goldwater was nominated for the Presidency during the
1960s a joke circulated in the form of a reply to the candidate
that went as follows:

""But Mr. Goldwater, the government has always delivered
the mail!l We cannot sell the Post Office."

It seemed like a joke then. It isn't anymore. —E.T.D.

€ Fast Reply #ED146
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M-S SPEAKER SYSTEM

ou can add this design to your "‘gee

wiz'" stack of novelty speakers. It
is based on the M-S (middle-side) stereo
miking technique, which is popular for
many reasons, but few people seem to
understand how this method realizes
stereo signals.

The secret with the singular stereo
speaker I designed is that the front driver
receives the sum of the left and right
channels, and the difference is sent to
the rear drivers, which are wired out-of-
phase, like the M-S microphone (see
"Theory''}. My original belief was that
the left and right channel program ma-
terial would hover to the left and right
of the speaker, but no such luck. I've
discovered it's similar to Lauridsen's
method (Fig. 1) for producing pseudo-
stereo from a mono source' which my
speaker does with some success. How-
ever, my single speaker does have an in-
credible sense of depth.

The M-S is my first and only speaker
construction project and I continue to
startle friends with the sound.

ORIGINAL DESIGN. I came up with
the design in 1983, reflecting that [ was
rarely positioned front and center while
listening to my stereo system, but either
working on some project, homework,
cleaning or cooking, and not positioned
optimally to hear the stereo image, often

ABOUT THE AUTHOR

Reid Woodbury is a freelance audio-for-video
{sweetening| engineer in Los Angeles, working with
sound for TV and film, and has done sound designs
for various live theaters in the US. He graduated
from the University of Missouri at Kansas City Con-
servatory of Music and also studied two years of elec-
trical engineering. He recorded recitals, concerts and
radio programs for the Missouri Repertory Theater
and the Conservatory's recording department, and
currently runs his own location classical recording
service.
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BY REID WOODBURY

being in the next room. My design pro-
duces the same acoustic energy as stan-
dard stereo, and since I am generally
economical, I figured I shouldn't pay for
more speakers than I absolutely needed.
For normal stereo I'd just wear head-
phones.

I started this project just prior to
subscribing to Speaker Builder. I'd never
built any kind of furniture and most of
the electronic projects 1'd ever finished
were kits. I modified my original design
as my reading and building experience
progressed.

DRIVER SELECTION. I chose drivers
only by specs, reputation, and by listen-
ing to similar drivers. These weren't my
first choices, and in some cases the third
or fourth choice, due to availability at the
time.

The "front" drivers use a standard
three-way design with a Thiele/Small
aligned enclosure. The recommended

Time
—.- —

+> | Delay
Monophonic
Input + -

Driver open

| on both sides

- > *

| N

Sealed enclosure. +

t

Listening
Position

FIGURE 1: Lauridsen’s method for pseudo-stereo
(from Sound Recording, p. 74).

PHOTO 1: Beauty shot of finished speaker.

enclosure specifications were supplied
by the retailer (McGee Radio & Elec-
tronics), which I found very useful and
fit closely with Bullock and White's
BOXRESPONSE program.>?

1. Eargle, John, Sound Recording, Van
Nostrand Reinhold Co., New York, 1980, pp.
73-79.

2. Bullock, Robert M., and Bob White, ‘‘Box-
Response,’” SB 1/84, pp. 13-18, 42.

3. Itook the Bullock and White program and
typed it into a powerful spreadsheet'&)rogram
which has built-in graphing (Excel™ for the
Macintosh). I've spent many hours subtly
changing a speaker enclosure's parameters
with a particular driver and studying the
numbers and frequency response graphs. I
modified the input of the program, i.e., instead
of entering the compliance/box volume ratio,
I enter just the box volume and the spreadsheet
calculates the ratio. I enlarged my enclosure
slightly and I always use the 30Hz rumble filter
in my preamp as the program suggests.
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FIGURE 2: Sum and difference circuit with low rolloff. Labels in parentheses mark connections for M-S microphone.

I chose a 10-inch woofer (Eminence
EM40WOAE) for my design because 1
thought it was the best compromise be-
tween full-sounding and tight bass. I
chose a dome midrange (Peerless
PMT51) for its smooth sound and wide
dispersion, and a leaf tweeter (Foster
E110T08) for its clarity*

The crossover is a stock second-order
design, rated at 150W, with crossover
frequencies of 500Hz and 7kHz. I chose
a wide midrange bandwidth because the
PMT51 has a much greater power rating

(120W) than the other drivers (85W and
50W, respectively).

For the rear drivers, [ tried full-range
Philips AD5061/M8, but they were not
of high enough quality, power, or sen-
sitivity. An album of Carmina Burana,
with its lush chorus, has so much out-
of-phase material I was getting distortion
from the amp trying to drive them, and
the small speakers were bottoming out.
I replaced them with two of the same
dome midrange drivers (PMT51) I used
for the front.

PHOTO 2: Finished hoard installed in EQ enclosure with an unstuffed hoard, foil side. Signal hook-up
wires are two-conductor shield (left, right, and ground).

PARTS LIST

TLO84/74s

100kQ resistors

100Q resistors

0.1uF ceramic capacitors

1.0uF nonpolar electrolytic capacitors
0.03uF ceramic capacitors

switch, DPDT

circuit board, Radio Shack #276-159
Misc.: hardware, screws, nuts, spacers, bipolar
power supply or batteries, box, RCA input and
output connectors.

S oW BN

In my enthusiasm while choosing the
drivers, I'd somehow lost the idea of
keeping the cost down. I was learning
how much is involved to make a good
sounding speaker an excellent sounding
speaker. Changing the rear drivers and
adding adjustable L-pads to the more ef-
ficient front midrange and tweeter were
two major changes.

ELECTRONIC CIRCUIT. I naively
tried to come up with a passive design
to achieve the sum and difference, but
this would have caused a tremendous
signal loss. The active circuit I designed
(Fig. 2 is simple and anyone with a lit-
tle knowledge of op amps could design
one. The op amp can be any good quali-
ty device that is unity-gain stable or
stabilized with proper compensation.

4. McGee Radio & Electronics Corp. Cata-
log, Kansas City, MO, 1983.
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FIGURE 3: M-S circuit pattern and component layout. Resistors are rectangular and capacitors are oval.

All resistors are 100kQ except where marked.

The design works well and parts are
readily available (all can be found at a
Radio Shack).

Basic Circuit. 1 added my original cir-
cuit to a parametric equalizer kit I'd built
some time before. I chose the TL084
quad op amp because it's similar to the
TLO74s which are used in the rest of the
circuit. Not very scientific, but this saved
me the trouble of building a power sup-
ply and enclosure for such a simple cir-
cuit, and 1 knew this supply would
work. I've since discovered many types
of IC op amps with faster and quieter
specs.’

I used a pre-made Radio Shack IC ex-
perimenter’s board (Photo 2 and Fig. 3)
for the project. The "difference’" circuit
in the Photo has about 10dB of gain
(330kQ feedback resistor on IClc) be-
cause the rear drivers on my speaker are
wired in series. I suggest you wire in
parallel and keep the gain at unity as in
the schematic, depending on the load
your own power amp can handle. This
is one likely cause of the amp's clipping
distortion when I was using the
AD5061s.

The circuit can be powered by any
power supply giving +6-18V, or by two
or four 9V batteries. D' Appolito’s power
supply is suitable also (SB 4/88, p. 20).®
Be sure not to connect power to the ICs
backwards, or this will fry them.

Use metal film resistors for lowest
noise. I originally used carbon resistors,
but I did hand match the values of the
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resistors around each op amp to 0.1%.
The circuit adds noise to my system, but
it is below all my program material
sources (LPs, FM stereo, my own reel-
to-reel, and digital masters).

The circuit associated with IC2 can be
eliminated altogether if you know the
output of the device feeding it, and the
connecting lines are short enough (less
than 2 feet). Inverting amplifiers should
be isolated from the "outside world"’ by
a noninverting buffer (IC2¢, IC2d—Fig.
2). In the schematic, the section within
the dotted line is shown in the photo, the
rest of the circuit is on the original EQ
board. The input buffers are identical to
the ones on the EQ board. I picked up
the signal after the input buffer on the
EQ board and returned it to the same
point after the cut in the trace. If you're
unsure where the output of the sum/dif-
ference circuit will be connected, include
the 100Q resistors and 1uF capacitor.

BASSIC CONCERNS. An advantage of
this speaker is the summed version of
the bass is the actual program material
{see "LP Mastering'’). Turntable rumble
tends to be out-of-phase, which cancels
itself in the front driver and remains in
the rear where it can't be heard. This
does eat up your system headroom,
though, and should be filtered out. I use
the matrix circuit in a tape loop, instead
of between the preamp and power amp,
with the left channel as the front and the
right as the rear. This allows me to use

the right channel bass control to cut the
out-of-phase turntable rumble and con-
trol the balance between the front and
rear drivers.

In the original circuit, I added two
parallel .03xF capacitors to the output of
the difference amp {0.06xF) to help roll
off the bass. Calculations show the cir-
cuit to be 3dB down at 27Hz when feed-
ing a 100k load. The resistance and ca-
pacitance can be slightly smaller, de-
pending on the desired low rolloff.

CONSTRUCTION. The speaker cabinet
is constructed of %-inch particle board
{Fig. 4). I've included the entire blueprint
SO you can compare my actual design
with my description of the sound. I at-
tached the corners with Elmer’s glue and
counter-sunk cabinet screws. 1 added
cleats later, after tests with the woofer in-
stalled indicated air leaks. I lined the in-
teriors with fiberglass. I mounted all the
drivers with bathroom silicone sealant.

I designed a square port because the
area required would have been an un-
usual diameter. I've since learned the
port can be almost any diameter with a
corresponding change in port length.”

The upper chambers were for the orig-
inal 5-inch full-range drivers.

Initially I thought the speaker would
sound best in a corner. This improved
the bass response but gave the ambient
rear signal a constrained character. The
"’stereo’’ image is much wider against a
flat wall. I chose a 30° angle for the
drivers so they wouldn't be pointed dir-
ectly into the walls of a corner or, con-
versely, be too close to the line of sight
on the sides mounted perpendicular to
the front drivers. I soldered all the elec-
trical connections within the enclosure
with 16-gauge stranded wire.

LISTENING IN. This speaker seems to
work best with any source material that
has major program material coming
equally and in-phase from the left and
right channels (panned center). This in-
cludes M-S miking, stereo trio miking,
or pop music where leads and bass are
panned hard center, and backgrounds
and effects are left and right. This creates
a halo of sound around the center, let-
ting the more expensive drivers handle

5. Pennington, Terry, and Larry Winter,
"Understanding Circuit Principles,” Recording
Engineer/Producer, March 1987, pp. 60-65.

6. D'Appolito, Joseph and James W. Bock,
""The Swan IV Speaker System,'’ SB 4/88, pp.
9-21.

7. Bullock, Robert M., and Bob White, ''Box-
Response,”’ SB 1/84, pp. 13- 18, 42.




the important part of the sound. Chang-
ing the rear drivers to PMT51s subjec-
tively improves the overall frequency
response and seems to give a more even
sense of depth, possibly because the
front and rear drivers are more closely
matched.

I suggest you use a dome tweeter
rather than the E110T08. The ribbon's
dispersion is so narrow you must be
positioned directly in front to really hear
it. Otherwise it is a very nice driver with
a clean, clear sound.

One problem with playback of record-
ings made with wider spaced micro-
phones: more out-of-phase material is
present (see "'Theory'’). When the level
is balanced between the front and rear,

the front drivers will sound weak. If the
front level is increased, the image sounds
restrained.

Even though the direct sound from the
rear drivers wraps around directly to the
front, a greater spaciousness is apparent
when the speaker sits farther from a wall
or corner. Besides the initial direct
sound, you hear reflections from more
distant walls and surfaces in the room.

THEORY. I prefer minimal miking, like
a stereo pair with no highlight mikes, for
recording classical ensembles. I've also
heard of jazz bands which are recorded
with just a stereo trio (left-center-right,
LCR). Even with minimal stereo miking,
differences in sound can be great, par-
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FIGURE 4: Blueprint of enclosure. Panels were cut from ¥a-inch particle board.

ticularly recordings of classical music in
a concert hall, caused by different stereo
miking techniques, but different musi-
cians and halls add variables, also.

In designing sound for live theater
{sound effects, music and live miking),
I know speakers and their placement
must fit the miking techniques used to
record the effects or music. I've seen SB
articles on driver and speaker design, but
nothing on the program material they
reproduce. Let's review the many dif-
ferent ways sound is recorded, and
presented in the home; you can adapt
my speaker design, or any other design,
accordingly.

STEREO MIKING. Two audio cues
help us perceive direction between two
loudspeakers: relative intensity, which is
the most significant, and relative arrival
time. The sound will appear to come
completely from the right speaker when
the intensity of the right channel is 20dB
greater or the arrival time is 2Zmsec
sooner than the left. This time difference
is also known as the precedence or Haas
effect® Lowering the level in the right
speaker about 8-10dB, while delaying
the left up to about 25msec will keep the
stereo image centered, but will broaden
the image between the speakers propor-
tional to the amount of delay’ Beyond
25msec you start to hear a distinct echo.

Different stereo miking techniques,
such as X-Y, ORTF Blumlein!! and M-
S, use coincident (one microphone direct-
ly on top of the other), slightly spaced,
and widely spaced pairs; and trios.

Slightly spaced pairs use both time
delay (the Haas effect) and level differ-
ences to give localization. Widely spaced
pairs generally use omnidirectional
{equal pickup in all directions} mikes,
thercfore only the Haas effect produces
localization. The time delay is created by
the distance between the two mikes,
most apparent with sound coming from
the sides.

Coincident miking uses only level dif-
ferences for localization because there is
no delay between mikes for sound
traveling from the sides.

8. db: The Sound Engineering Magazine Dec.
1979, pp. 42-46.

9. Eargle, John, Sound Recording, Van Nos-
trand Reinhold Co., New York, 1980, pp.
41-42.

10. ORTF is a microphone setup specified
by the French Broadcasting Organization
where two cardioid mikes are at a 110° angle
and 17cm apart.

11. Blumlein or ''stereosonic'’ miking uses
two coincident figure-eight mikes at a 90°
angle.
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X-Y generally refers to a coincident or
near-coincident stereo pair of mikes,
with one panned hard left and the other
panned hard right, which can be applied
to all these techniques except M-S
{(which uses a simple electronic matrix
to derive the left and right channels).

Music in a studio is generally recorded
with a large number of single mikes and
each is assigned a position in the stereo
image by panning or adjusting only the
relative level between the two channels.
Signal delay is used only as an effect,
that is, reverberation, echo, flanging, and
chorusing.

Middle-Side. The M-S method uses a co-
incident pair, however one is a cardioid
pickup pattern mike pointed directly
toward the ensemble (middle), and the
other is a perpendicular (side-to-side)
figure-eight pickup pattern mike (Figs. 5a
and 5b); the positive lobe is usually
pointed to the left.

The electronic matrix is a simple sum
and difference, unity gain mixer. The
sum of the two mikes is panned hard left
and the difference is panned hard right.
Varying the level between the two mi-
crophones allows you to adjust the width
of the stereo image (Figs. 5c-f). The
points where the microphone pickups
are equal, or where their pattern lines
cross, indicate where a musician would
be positioned to be heard from the left
or right speaker. The negative rear lobes
which result from combining the two
mike signals, put some reverberation
out-of-phase in the stereo signal, so the
reverberation seems to come from out-
side the normal stereo stage between the
speakers.

The closer the microphone elements
are matched, the clearer the stereo im-
age; the best results are obtained with
stereo microphone where the elements
are factory matched.

Inverting the phase of one microphone
will cause the left and right signals to ex-
change outputs. This is handy if you ac-
cidently place the figure-eight mike back-
ward or hang the stereo mike upside
down.

M-S stereo (or other coincident techni-
ques) is also perfectly mono compatible.
When you add left and right channels to-
gether, the figure-eight sides cancel, leav-
ing only the middle cardioid mike signal,
as if only one mike was used. Commer-
cial FM radio also uses this matrix to
broadcast in stereo and be mono com-
patible. M-S recordings are more likely
to broadcast unscathed.

My M-S speaker matrix circuit can also
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FIGURE 5a.

a “

FIGURE 5c. FIGURE 5d.
) A\
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\ CXYy. < / :
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FIGURE 5e. FIGURE 5f

FIGURE S: Cardioid (M) and figure-eight (S) microphone pickup patterns and their resulting matrixed
patterns (L and R). Drawings are on a linear scale. The dotted arrow is the “‘on-axis” direction of the
right matrix output. The solid arrow is the performer’s physical direction from the mikes, to be heard

only from the right speaker in standard stereo.

be used for the M-S microphone matrix.
The signal from the microphones must
go through an appropriate mike preamp
before going through this matrix. This de-
sign is too noisy for professional applica-
tions, though. If there's a demand I'll
make a more esoteric design available,
but the corresponding parts may be hard
to find. In addition, I suggest you read
Walt Jung's Audio IC Op-Amp
Applications."

X-Y miking can sometimes suffer from
a "hole in the middle" effect. Performers
situated at the center of the microphones
are off-axis from both, and the recording
sounds different than the live perfor-
mance. One cure for this hole is to add

a third, center mike with its signal go-
ing equally to both the left and right
channels.

M-S miking doesn't suffer from this
problem; the middle element is pointed
toward the center. Both M-S and stereo
trio miking have the advantage of three
on-axis directions, giving a much more
pleasant recording of the concert hall
sound. While M-S requires only two mi-
crophones or one stereo mike, it does re-
quire the electronic matrix. Even though
Blumlein's method has four on-axis
directions, a soloist is still off-axis from
both microphones. Interestingly, per-
formers tend to prefer M-S, while
engineers prefer ORTF!?




LP MASTERING. I believe you can't
detect the direction of a signal source be-
low about 200Hz, except by moving
around and listening closer and farther
away from the source. The wavelength
is long enough to go around the head and
affect both ears equally. The same effect
occurs when recording with coincident
or near-coincident microphones. Also,
excessive out-of-phase bass, which on
LPs could cause the stylus to skip out of
the groove, is filtered out during disc
mastering, using an elliptical equalizer
and leaving only the in-phase bass.

Left and right (lateral) stylus motion is
center program material, and up and
down (vertical) motion is out-of-phase or
ambient material. The popular Neu-
mann system has switchable turnover
frequencies of 150Hz and 300Hz'* '°

Even on CDs, because of the miking
techniques and LP engineering habits,
the low-frequency information tends to
be the same in both channels. In regular
stereo (or P.A. setups, for that matter),
out-of-phase bass will sound weak for
the same amount of program power.
Still, I prefer stereo using two woofers.
Recordings are likely to be monitored
and adjusted with two equally full-range
speakers and then checked on one full-
range speaker for mono compatability,
rather than on an odd stereo setup with
different frequencies getting a different
number of speakers. Boosting the bass
of the front driver of my M-S speaker at
all frequencies below that of the rear
drivers (about 300Hz with the PMT51s)
takes care of this consideration, but is
not a perfect solution.

TV STEREO. Many movies are broad-
cast or released on video tape with the
original surround encoding of a Dolby
stereo optical print. The two-channel re-
cording is decoded to four channels (Dol-
by started by using a technique similar
to the Sansui QS quadrophonic matrix'®),
but, instead of speakers in the four cor-
ners of a room, the new format specifies
three speakers across the front—left,
center, and right; the surround channel
is the fourth.

Soundtracks must pinpoint informa-
tion across the front and keep the center
material in the center because phantom
center material of two-channel stereo
drifts toward you if you sit at the sides
of a listening space. The closest speaker
is louder and its sound arrives sooner.
This is not as big a problem in the home,
though dialogue and effects in stereo tel-
evision shows are kept fairly close to
center in the stereo field to keep the
sound of the on-screen action from run-

ning off the small screen. The 70mm,
six-track stereo format does not use this
encode/decode process.

When a theatrical show is mixed, the
dialogue program material is always giv-
en to the center channel; never panned
from speaker to speaker. Through psy-
choacoustics (the study of how people
perceive sound), movement, even fol-
lowing the characters across a screen,
was found to be distracting. Panning is
only used for an effect. On the set, the
action and dialogue are recorded by a
shotgun or other narrow pattern micro-
phone. If a stereo recorder is used, one
track gets the main mix and the other is
used for backup—rarely a stereo mix.
Replaced dialogue is recorded mono and
effects are recorded mono and stereo.
Room tone and other atmospherics may
be recorded in stereo after the main
"take." On the simplest stereo shows,
only the music is stereo.

The surround channel also has a very
limited bandwidth, 500Hz-7kHz."
(Matching these frequencies with the
front crossover of my speaker was un-
intentional.} Surround information is
kept to a minimum for compatiblity with
mono-only theater systems. Any bass in-
formation comes only from the front
speakers. The 7kHz low-pass filter keeps
distracting optical noise out of the sur-
rounds. You can design your own home
surround speakers with a limited band-
width, also.

The simplest surround decoder takes
the left and right recorded signals (left
total and right total) and sends them to
the left and right speakers; makes a sum
and sends it to the center speaker; and
takes the difference signal and sends that
to the surrounds. At the other end of the
spectrum, professional theater decoders
use a complex phase detection, steering
circuitry and surround-channel delay to
increase separation between speakers.
Home units fall somewhere in-between.
Interestingly, M-S recorded material is
easily encoded and decoded through the
Dolby process. The middle mike is sent
to the center speaker, matrixed left and
right to the left and right speakers, and
the surrounds are fed by the figure-eight
mike {which picks up mostly reverbera-
tion).

This mix type works well with my M-
S speaker. It's great for television or
stereo video, since sound effects tend to
run off the picture with a normal stereo
setup. For movie theater systems, re-
cordings are mixed with the left and
right speaker behind the screen, not on
each side. With the M-S speaker, the ac-
tion takes place in the center, and the

music and atmospherics take place all
around. As with the M-S microphone,
the M-S speaker has a direct center ele-
ment so center program material has an
actual driver and not a phantom com-
bination of other elements to produce
the sound.

My 13-inch color television sits com-
fortably on my speaker, but the magnets
in the speaker cause the color to change.
The sky turns red, grass turns yellow,
and faces turn green. I stacked three
large phone books under the television
and this works fine. If you're going to
add this speaker to your television, be
sure to include magnetic shielding.

OTHER IDEAS. The left and right sig-
nals don't recombine on the left and
right sides of the speaker because of
many inaccuracies, such as diffraction
problems from the recessed front panel,
and drivers not vertically aligned. I've
come up with a few possible cures you
might try, also, the best application I've
thought of for this design—a '"ghetto-
blaster.”

Front Delay. Mark Rumreich’s electronic
time delay project (SB 3/88) would be
perfect to try on this speaker.'® I agree
with his philosophy that sound from
each driver must reach the listener at the
same time for the best imaging. Try to
delay the front signal so it will reach you
at the same time as the rear signal, for
my design. The amount of delay may de-
pend on the distance between your front
and rear drivers or on the length of the
sound’s path from the rear drivers, re-
flecting off a wall, to the plane of the
front drivers. If you align the front signal
to match the reflections of a speaker sit-

Continued on page 64

12. Jung, Walt, Audio IC Op-Amp Applica-
tions, 3rd ed., Howard W. Sams & Co., In-
dianapolis, IN, 1987.

13. Cross, Lowell, "'...Assessments of Studio
Microphones,'* Recording Engineer/Producer
April 1984, pp. 120-129, and Dec. 1985, pp.
70-85.

14. Runstein, Robert E., Modern Recording
Techniques, Howard W. Sams & Co., Inc., In-
dianapolis, IN, 1974, p. 300.

15. Eargle, John, Sound Recording, Van
Nostrand Reinhold Co., New York, 1980, p.
298.

16. Blake, Larry, ""Mixing Dolby Stereo Film
Sound,"" Recording Engineer/Producer, Feb.
1981.

17. Blake, Larry, "Mixing Techniques for
Dolby Stereo Film and Video Releases,”” Re-
cording Engineer/Producer, June 1985, pp.
94-107.

18. Rumreich, Mark, ''Electronic Time De-
lay Line for Speakers,’' SB 3/88, pp. 15-21, 67.
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A STEREO SYSTEM ODYSSEY

started building speakers in 1950,
with a back-loaded horn driven by a
cheap 12-inch driver and a horn-loaded
high frequency speaker. I attempted to
utilize the room corner to extend the
low-frequency horn’s mouth opening. I
thought the design should work great,
but single frequency input came out
with 100% second harmonics at frequen-
cies below the driver resonant frequen-
cy, and nothing I tried improved this.
My friends were building speakers
also; infinite-baffle, bass-reflex (ported)
and tuned-pipe enclosures. We frequent-
ly got together to make measurements
and our group concluded the bass reflex
gave the cleanest sound and widest
range, perhaps because it had the best
driver. I continued to try to improve my
speaker but finally gave up and bought
an AR-1 in 1960. I added a stereo re-
ceiver and phono system, but never be-
lieved full stereo was worth having until
1986, when my son took me out to lis-
ten while he auditioned systems to buy.
I became hooked again. Stereo sounded
like I thought it should, rather than like
disconnected sound from two separate
boxes. After that, my son borrowed sev-
eral copies of Speaker Builder for me to
read. One issue included the BOXRE-
SPONSE article, so I set off to build
myself a stereo speaker system.

CONCEPT. My son did buy a sound
system, and this gave me the following
equipment to work with: a 35W stereo
receiver, my son's old 35W mono amp-
lifier, the stereo phonograph player and
the AR-1 speaker. In my design, shown
in Fig. 1, the receiver drives two satellite
speakers and the summing inputs to the
subwoofer power amplifier.

I planned on using the AR-1 as the
subwoofer. Its response was clean, and
extended to the low frequencies. I was
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FIGURE 1: System concept.

SUBWOOFER

SATELLITE

aware that the stereo content of music
was minimal at the low frequencies and
decided to drive the subwoofer with the
mono amplifier, using a 100 to 150Hz
electronic low-pass crossover, a part of
the new preamp that also provides the
summing and gain adjustment.

In selecting drivers for my satellites,
[ wanted the best transient response I
could find. A further objective was to de-
sign the speaker enclosure to provide the
low-frequency cutoff, to avoid a low-fre-
quency passive crossover network for the
satellite speakers. Finally, [ wanted driv-
ers capable of crossing over at 2-3kHz at
the high end. With this frequency span
available in the one driver, I believed I
would be covering the range in which the
principal music content occurs.

SATELLITE DESIGN. I proceeded to
develop the design using BOXRE-
SPONSE. I also used Max Knittel's Max-
imum Effort Software program (SB 1/83).
[ set up my Lotus spreadsheet to calcu-
late the box's physical design. I chose the
Focal 5N401 driver for the low end. It

had a free-air resonant frequency of
43Hz and a high-end response well
above 3kHz. I chose a Dynaudio D-28AF
for the tweeter. Its resonant frequency
is around 700Hz and well-damped, lend-
ing itself well to the selected crossover.
These two drivers have some of the
highest acceleration factors of all those
I could find, promising very good tran-
sient response.

[ purchased two of each and, after a
break-in period, tested them for all of the
driver design parameters. The measure-
ments were very close to the published
data. [ completed the design on the com-
puter and built the boxes. The box for
the 5N401 and D-28AF (Fig. 2) is made

ABOUT THE AUTHOR

Arthur Brown has built loudspeakers since 1948,
though inactive from 1960 to 1986. He is also a
hobbyist in electronics, primarily audio and in-
strumentation, and photography. He graduated
from Purdue in 1948 with a BS in Aero Engineer-
ing and worked in the aerospace and automotive
industries, in Controls, Instrumentation and Prod-
uct Development. Now retired, he has added the
personal computer to his many activities.
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FIGURE 2: The satellite’s initial design.

of %-inch industrial-grade particle board.
I kept all wall areas of the 5N401 enclo-
sure below 25in.2 to minimize wall vibra-
tion. This phase of adjusting the size of
the enclosure was easier with the Lotus
program. I lined the walls with Y-
inch sheet asphalt compound as damp-
ing material and added long-hair sheep’s
wool for high frequency absorption.

I mounted the D-28AF driver just
above the 5N401 in an open-back struc-
ture, which also provides space for the
crossover components. I adjusted the
volume of the boxes to get the high-pass
crossover curves to within + 1dB of each
other. I obtained a crossover frequency
{3dB down) of 110Hz with a 62.5-in.3 box
volume. The data, which I used to design
my active crossover network, is shown
in Fig. 3, with the crossover response.

I ran frequency response data on both
drivers in their enclosures in my listen-
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0.4mH
3
"4
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FIGURE 4: Crossover.
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FIGURE 3: Crossover data.

ing room using a small electret conden-
ser mike—a Panasonic P9932, purchased
from Digi-Key. The individual response
curves were quite variable when I
placed the mike 39 inches from the driv-
er {room effects and speaker irregulari-
ties, I thought). I repeated the frequency
response test with the mike within 1.5
inches of the front baffle to eliminate
most of the room effects, and obtained
smoother data.

I still had considerable variability and
elevated response from the D-28AF. 1
therefore chose to use a third-order pass-
ive crossover to be sure I could transfer
between drivers quickly and avoid super-
imposing the apparent irregularities of the
drivers on each other. My crossover at-
tenuates the D-28AF driver 5dB to bring
the two drivers to the same apparent
sound pressure level.

I also chose to use a Zobel to handle
the 5N401 driver's impedance rise. I
used a computer program, purchased
from Old Colony Sound Lab, to calculate
the component values for the crossover
and Zobel design. I developed the Zobel
design in breadboard, and then modified
the components, based on actual tests to
obtain the flattest impedance curve on
the driver.

I built the crossover and after listen-
ing, 1 thought high frequencies were
missing. I then tried the crossover with-
out the attenuation and decided the
sound was more balanced. The final
crossover design, Fig. 4, is for 2,250Hz.
All parts are high quality components
purchased from Madisound Speakers.

ALIGNMENT. My reading convinced
me I should align the drivers by time.
I tested the satellite drivers by placing
a mike in front of and at a fixed distance
from the mounting panel of each driver
and drove each speaker with a square-
wave signal. To view the square wave
to the speaker and the response of the

mike, I used a dual-channel oscilloscope
and photographed the display. From the
scope sweep calibration (msec/cm.), I
calculated the time from the square-
wave signal to the mike response and
multiplied this by 13,500 in./sec, to ob-
tain the distance from the mike to the
apparent sound source for each driver.
From the data on each driver I deter-
mined the distance between the ap-
parent sound sources.

The signals from the drivers are shown
in Fig. 5a. The D-28AF driver responded
first, then the 5N401 without the cross-
over. [ interpret this apparent 1.1-inches
to be the distance from the the D-28AF
dome to the 5N401 voice coil dome. The
distance corresponds approximately to
the measurements of the parts.

When I looked at the SN401 driver

D-28AF

L—— 11.88 in.—-l

5N401

-1 l-—].] in.

5N401 +
XOVER

|'—3.0 in,

FIGURE 5: Time delay; (a) driver response dif-
ferences and (b) matched response.
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PHOTO 1: Satellite enclosures, reworked to set back the D-28AF.
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FIGURE 6: Preamplifier.
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with the crossover network in place, 1
found the response was heavily lagged;
the apparent distance had increased to
2.2 inches, caused by the crossover. I
decided that I could set the D-28AF driv-
er back 2.2 inches or more, depending
on how I wanted to match up the two
transient responses. I chose a 3.0-inch
setback to superimpose the two curves
(Fig. 5b).

I reworked the original satellite enclo-
sures to set back the D-28AF, shown in
Photo 1, and placed ¥2-inch felt around
the drivers and on the *'shelf”” to avoid
radiating surfaces. Without the felt the
sound was alive and as evident at the
sides as at the front. There was less dif-
ference between loud and soft passages
than I expected. When I added the felt
to the tweeter and shelf, the sound stage
became more stable and had more depth
and dynamic range. I added the felt
around the 5N401 driver and the whole
speaker seemed to become transparent.

The satellites reproduce sound clearly;
[ can hear the nuances of the instru-
ments and the recording hall ambience
on the record for the first time. I judge
the satellites to be excellent sound
sources for an LEDE {live-end dead-end)
type listening room, to which I'm partial.

Photo 2 shows the crossover com-
ponents mounted in the rear of the box.
Eventually, I must build a screen to cov-
er this weird box so my wife will allow
it in the house on a permanent basis.

In my time delay exercise, a single-
order crossover may impose a less se-
vere lagging effect on the 5N401 driver
and improve the transient response of
the driver, if the drivers’ frequency
response curves are smooth enough to
allow this. I have not investigated this
idea. Please see the sidebar, Commercial
Speaker Alignment by Time, for another
application of this technique.

SUBWOOFER AMPLIFIER. To use
the AR-1/power amplifier as a subwoof-
er, I built a preamp (Fig. 6} that sums the
right and left inputs, and provides gain
adjustment and the low-pass active filter
for the crossover. The preamp uses three
sections of an LM-324 quad op amp, and
a +5V power supply. I designed the ac-
tive crossover using the specific ap-
proach described in Don Lancaster's Ac-
tive Filter Cookbook (Sams). I heartily
recommend this text for this kind of cir-
cuit design.

The first stage attenuates the signals
from the receiver's left and right speaker
connections, which reach 16.73V at
35W.; the input to the subwoofer ampli-
fier needs only 1.0V for full power. I use




|
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the gain control to adjust the subwoofer
sound pressure level to match the satel-
lite sound pressure level. The summed
signal then passes through the active
filter amplifier and a buffer amplifier
prior to going to the power amplifier.
The active filter circuit includes an ad-
justment to set the damping of the cross-
over curve.

The system sound with the two satel-
lites and the AR-1 subwoofer was very
satisfactory. I placed the satellites on
bookshelves, about 4.5 feet above the
floor (I prefer 3 feet) and 10.5 feet apart.
The sound stage is strong and stable,
5-18 feet from the satellites, in my listen-
ing room, 19-feet long. I positioned the
subwoofer on the floor between the sat-
ellites; the driver is 12 inches above the
carpeted floor.

I kept wondering, however, if I could
improve the subwoofer's performance.
I knew that the AR-1 subwoofer has very
low efficiency and was limiting the sys-
tem's maximum power. [ also thought
I could improve the transient response
of the subwoofer. I first experimented
with an Isobarik configuration by
mounting a 5N401 in front of a satellite.
This configuration extended the low fre-
quency cutoff by about 5Hz.

I used the computer to select suitable
drivers for an Isobarik, assuming that a
well-designed acoustic suspension enclo-
sure would be the proper backup for the
Isobarik. I wanted to try the Focal 10C02
driver, but I ended up buying two 8N401
drivers because I could not find my first
choice. I built the Isobarik into a new
box with the drivers facing forward. The
driver's resonant frequency was 44Hz in
the box, compared to 32Hz free air. I
operated with it for a while. It appeared
to be better in transient response than
the AR-1 and had some extended low
frequency response. It was still limiting
the system power level because I now
had to divide the amplifier power be-
tween two drivers.

I went back to the computer and
looked at a ported enclosure, a design 1
had not liked in earlier times. However,
now I could see benefits: full power to
the one driver and somewhat improved
low-frequency response compared to the
Isobarik design, using an 8N401 driver
in the same box I built for the Isobarik.
This is my current subwoofer. It has a
box volume of 2.41 ft.? and a 3-inch di-
ameter by 7-inch long port. The port is
mounted on the front panel of the en-
closure, 9 inches from the 8N401. I
made this enclosure from the same %-
inch industrial-grade particle board 1
used for the satellites, with braces to

PHOTO 2: The crossover components mounted in the rear of the box.

limit panel vibration. I applied sheet as-
phalt to the inside walls for damping. I
also attached felt across the face of the
enclosure except the driver and tube
openings.

The overall system frequency response
is shown in Fig. 7. I measured this data
with a Radio Shack sound pressure
meter (No. 33-2050); typical calibration
curve shows a rise of 6dB, starting above
3kHz, peaking in the 7-8kHz region, and

a rapid fall-off from there. Therefore, I
conclude the high frequency data is re-
flecting the sound pressure meter re-
sponse and is probably reasonably
smooth. I believe the dip in the subwoof-
er response at 40Hz is the crossover be-
tween the port and the cone output, and
might be eliminated by resizing the
enclosure.

I measured the satellite data with the
sound pressure meter 9 inches in front
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| PHOTO A: The modified speaker without its grilie
| cloth.

The speaker system my son purchased—
an AR-30, Connoisseur Series—is a two-
"| way type, with a 10-inch woofer, cross-
|| ing over to a l-inch dome tweeter at

1.8kHz through a second-order cross-
l' over. The enclosure is intended for ver-
I tical mounting with the tweeter just
| above the woofer driver, both mounted
|| flush to the front panel. The front panel
| has rounded edges but no other treat-
| ment except the grille cloth.

The frequency response is specified as
46Hz-22kHz, with a Q of 1.1. In the
audio showroom these speaker gave the
Lbest balance and non-imposing perfor-

! Commercial Speaker Ahgnment By Time
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FIGURE A: Effect of alignment by time on the AR-30.

mance of any in my son's price range.
In his home, however, he heard more
bass boom than he liked for the music
he played. He also was not happy with
the imaging or clarity of the sound.

I had just finished aligning my
satellites. My son had heard them and
thought they were great. I suggested we
could do the same for his AR-30s, using
an extension to move the woofer forward
of the tweeter, by the amount we wished
for the alignment. We also anticipated a
second benefit; that the extended cab-
inet's added volume would reduce the Q
of the system and extend the frequency
response.

We made frequency response, imped-
ance and time delay measurements on
the speakers as they came out of the box.
The data suggested that the displacement
of the two drivers should be three inches.
Note that the 10-inch woofer has a deep-
er cone and its apparent sound source is
physically farther from the tweeter
dome, compared to my satellite. But
since the system uses a second-order
crossover, the lag-time is less and thus,
the combination resulted in a 3-inch time
delay, the same displacement as my
satellite.

I built 3-inch extensions for the woof-
ers, using mounting brackets so we could
use the same T-nuts on the cabinet
originally used for mounting the woofer
(Photo A). We could reverse ourselves if
we did not like the new sound. Once in-
stalled, we added Y2-inch felt around the
tweeter and on the shelf to improve the
imaging. We tried felt on the edges of the
woofer extension with no clear gain in
sound performance, and later removed it.

We ran the frequency response, im-
pedance and alignment tests on the mod-
ified speaker. The time delay measured
as planned. The resonant frequency !
shifted to 51Hz from 57Hz. The frequen-
cy response is shown in Fig. A and shows
a - 3dB frequency of 38Hz, compared to
46Hz before the modification. The rise
due to the damping was the same. Listen-
ing to the modified speaker, however,
the boom seemed to be less evident,
perhaps because the rise in the modified
speaker is extended over a wider fre-
quency range. The sound was crystal
clear, without the muddiness that was
apparent on some types of music. The
modified speaker appeared to be sig-
nificantly better. .
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FIGURE 7: System response.
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of the enclosure, between the drivers.

For the subwoofer, I placed the sound
pressure meter at 9 inches, but more in
front of the tube than the speaker. I
found no difference in the dip in the
curve or in the level and shape of the
8N401's signal as I moved the mike
around. I found the sound pressure
higher from the tube with the mike more
in front of the tube. I thought this data
might be more representative of the
sound going into the room.

The sound from the subwoofer "'sup-
ports" the stereo signal and the dip is not
noticeable in the concert and jazz music
I play, or in voice programs on FM. I

Continued on page 64
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As the inventors of surround we continue to
expand the limits of reproduction with our
sixth generation PRO ® PLUS™ technology.
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Complex program material causes loss of
separation and collapse of the soundfield in
other logic steering processors.

Fosgate's proprietary high-speed digital steer-
ing logic auvtomatically and inaudibly shifts
attack and release times to maintain maxi-
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A T/S DRIVER PROGRAM

computer can greatly decrease the

amount of time spent crunching
out a series of mathematical equations,
compared to using a hand-held calcula-
tor. The following program, which I
wrote for the Commodore 64, will make
the job of determining the Thiele/Small
parameters of raw drivers much easier
and faster.

I also present a program, CLOSED
BOX, based upon OPTIMUM BOX (a
vented box program| that determines the
response of a driver in a sealed box. Ad-
ditions to OPTIMUM BOX will be given
that are used in CLOSED BOX to help
make using it, along with T/S DRIVER
PROGRAM and BOXRESPONSE, a
more complete and interactive package.
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FIGURE 1: (a) Circult 1, 12dB/octave; (b) Circult 2,
24dB/octave.
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BY DAVID LONG

A SHORT HISTORY. The low-fre-
quency response of a driver-box combin-
ation can be shown to be the same as a
high-pass electrical filter (Fig. 1). A
closed-box response (Q;c = 0.707) rolls
off at 12dB/octave (second-order filter)
and a vented box rolls off at 24dB/octave
{fourth-order filter).

If you place a driver in a closed box
that is smaller or larger than “optimum,”
then the Qi of the system changes. As
Fig. 2 shows, a system with a high Q.
will have a large peak in the bass
response and will probably sound
"boomy." A low Q. will have reduced
bass output and may sound thin.”’ By
adjusting the box volume you can obtain
any number of Q,c values. A Q; of 0.707
is considered '‘optimum’' because the
-3dB point has decreased as low as
possible in a closed box.'

By placing the same driver in a vented
box, the —3dB point will be lower, but
at the expense of a larger box. Some
closed-box alignments, however, with a
Qs below 0.707 would require a larger
box than a vented system (see the sam-
ple driver later in the article).

To know what size enclosure to build
for the best performance with any given
driver, you must measure the electrical
and mechanical parameters of the driver
Qe Om, Q1 Vas, and so forth). Methods
for measuring these parameters were
first introduced by L.L. Beranek and J.F.
Novak back in the 1950s.> A.N. Thiele
published the most detailed work de-
scribing the driver/vented box, low-fre-
quency response and the mathematical
equations that are involved.’> Richard
Small further refined Thiele's work and
went on to publish a series of papers
describing the response of a driver in a
closed box.* Thus, Thiele and Small are
the most well-known of a number of
people who have contributed to our

knowledge of box/driver-as-filter theory.

For a more complete and updated
method of driver measurement, [ highly
recommend the fine articles written by
Robert M. Bullock that have appeared in
previous issues of Speaker Builder,® and

1. Knittel, Max and Rod Rees, '"Manrique
Response,”’ SB 3/81, pp. 38-39.

2. Beranek, L., Acoustics, McGraw Hill,
1954.

3. Thiele, A.N., ""Loudspeakers in Vented
Boxes,'’ JAES, May-June 1971.

4. Small, R., ''Closed-Box Loudspeaker
Systems,’’ Part 1-2, JAES, Jan.-Feb. 1973.

5. Bullock, R., ""Thiele, Small and Vented
Loudspeaker Design,’" SB 4/80, 1-3/81, 1/82.

y -Qre = 707
Qrc = 5
-10 I : | e
L A C—
FC
EXAMPLE DRIVER
QTC
S 707 ]! 1.6
FC= 27.7 39.2 55. 4 88.7
F3= 43 39.2 43.5 56. 8
VB= 5.56 1.73 73 26
PEAK= O o] 192I5) 4.5
FREQ= - - 78.3 98. 8

FAGURE 2: Driver bass response In a closed box that
is smaller or larger than *‘optimum.”




DRIVER ID # 77 DRIVER FROM TABLE 1
DRIVER D.C.RESISTANCE?? 4.3
CALIBRATION RESISTOR DCR?7? S
CONSTANT VOLTAGE OUTPUT?? (
FREE AIR RESONANCE?? 20.5

CURRENT IN AMPS AT FS7?77 .003

Il= 8.3926907E-03 AMPS
FREQ. BELOW FS WHERE I
FREQ. ABOVE FS WHERE 1
F'S= 20.5932028 HZ

IS F'S OK (Y N?7 Y
VAS CALCULATIONS
1=CLOSED BOX, 2=ADDED MASS? 1

BOX RESONANCE (FC)>?7? 35.3

CURRENT IN AMPS AT FC?? .005

I2= .0107832773 AMPS

FREQ. BELOW FC WHERE I=I2 ?(FL)>7? 24.2
FREQ. ABOVE FC WHERE =12 ?(FH>? 52.3
F'C= 35.58 HZ

IS F'C OK (Y ,N)?? Y

TEST BOX VOLUME=(FT3)7?7? 2

DRIVER RADIUS IN INCHES=? 4

AMP RESISTANCE =7 .1

XOVER RESISTANCE=7? .35

1
1

(XN

1 7(F2)? 3a.

[OUTPUT

DRIVER FROM TABLE 1

RE = 4.3 OHMS RG = .1 OHMS

FS = 20.5 HZ RX = .35 OHMS

IM = 3E-03 AMPS Z = 33.333 OHMS
F1 = 12.4 HZ

F2 = 34.2 HZ MD = 67.51 GR
F'S= 20.59 HZ CMS= 8. 93E-04 M/N
QM = 2.63010173 VAS= 4.6116 FT3
QE = .389532862 EFF= 2.754E-03
QT = .339283123 SPL= 86.4 DB
QES= .430297929 LOSSES=-.86 DB
QTS= . 369797234 SPL= 85.54 DB

ANOTHER DRIVER?(Y,N)? N

FIGURE 3: T/S DRIVER PROGRAM input and output diplays using the sample driver.

The Loudspeaker Design Cookbook by
Vance Dickason.

If you want to get into the 'nitty-
gritty’’ of loudspeaker design, purchase
Loudspeakers (Vols. 1 and 2} from the
Audio Engineering Society (AES), 60 E.
42nd St., New York, NY 10165; mem-
bers—$27, nonmembers—$30, each.
Both volumes cover over 30 years of de-
sign and should be a valuable reference,
with articles by famous authors and lots
of mathematical equations.

T/S DRIVER PROGRAM. When

measuring the T/S parameters, the test
setup requires that you use the CON-
STANT VOLTAGE test method as de-
scribed by Bob Bullock,® and when
determining the Vas of the driver, you
are limited to using either the SEALED
BOX or ADDED MASS method as
described by Joe D' Appolito.” {Note that
if you choose the ADDED MASS meth-
od, your frequency counter must be able
to resolve down to 0.1Hz for accurate
measurements.

Wherever possible, I have tried to use
the "'standard” symbols that have be-

come the norm in describing driver pa-
rameters (Q., Qi Qis, and so on), but
because the computer sees data dif-
ferently, I have substituted slightly al-
tered versions to let the program run
properly. This in no way affects the ac-
curacy, and in the final output screen,
all values revert back to “‘standard.”

The program starts by asking you the
driver name, driver resistance, value of
the calibration resistor, constant voltage
output, driver free-air resonance, and the
current output at Fs. Note that you can
use the value for the calibration resistor
and constant voltage output that your
test setup requires.

The program then displays on your
screen the value of I1 in amps so you can
then proceed to measure F1 and F2 (Fig.
3). The program will calculate F’s and
ask if the value is satisfactory. (F’s should
be within 1Hz or 2% of Fs) If F’s is not
satisfactory, recheck your test methods
and try again.

The program then goes to the Va5 de-
termining portion; you choose either the
SEALED BOX or ADDED MASS meth-

6. Bullock, R., "'Thiele, Small and Vented
Loudspeaker Design,” SB 4/80, 1-3/81, 1/82.

7. D'Appolito, J.A., "More Driver Tests,” SB
4/82, pp. 41-44

100 PRINT "iisisirisyeinleleipl TAB(Q) ">

110 PRINT TAB(9)"x T/S DRIVER LIH
120 PRINT TAB(9)"x PARAMETERS USING ="
130 PRINT TAB(9)"¥ THE CONSTANT
140 PRINT TAB(9)"§ VOLTAGE METHOD
150 FOR PAUSE = 1 TO 7000:NEXT:PRINT"M

580 INPUT "1IS F’'C OK (Y ,N)?";L$
590 IF L$="N" THEN GOTO530
00U QA=SYRURF3*FL *FH)/ (FH-FL)

610 QB=QA/(RP-1)

620 INPUT “TEST BOX VOLUME=(FT3)"7" VT
630 INPUT “DRIVER RADIUS IN INCHES=";IN

160 REM A PROGRAM BY DAVID LONG

170 GOTO190

180 PRINT CHR$(147)

185 REM DRIVER DATA INPUT

190 INPUT "DRIVER ID # ?";D$

200 INPUT "DRIVER D.C.RESISTANCE?";RE
210 INPUT “CALIBRATION RESISTOR DCR?";RC
220 INPUT "CONSTANT VOLTAGE OUTPUT?";VO
230 IC=VO/RC

240 IE=IC*RC/RE

250 INPUT “FREE AIR RESONANCE?";FS

260 INPUT “CURRENT IN AMPS AT FS?";IM
270 Z=IE*RE/IM

275 Z=INT((Z*1000)+.5)/1000

280 RO=IE/IM

290 I1=]E/SQR(RO)

PRINT "I1=";I1;"AMPS"

INPUT “FREQ. BELOW FS WHERE I=I1 ?(F1)";F1
INPUT "FREQ. ABOVE FS WHERE I=I1 2(F2)";F2
FO=SQR(F1*F2)

REM DRIVER ONLY,L QM, QE, AND QT
QM=SQR(RO*F1*F2)/(F2-F1)

QE=QM/ (RO-1)

QT=QM/RO

PRINT "F’'S=";FO; "HZ"

INPUT "IS F'S OK (Y ,N)?";K$

IF X$="N" THEN GOTO310

PRINT "VAS CALCULATIONS™

INPUT "1=CLOSED BOX, 2=ADDED MASS";AB

IF AB=1 THEN GOTOQ480

INPUT "FSAM=?";FM

435 REM FSAM IS RESONANCE OF DRIVER WITH MASS (GR) ADDED TO CONE
440 INPUT "ADDED MASS IN GRAMS=7?";GR

4%0 MS=GR/1000

460 CMS=((FS+FM) *(FS-FM))/ ((FST2)*(FMT2))*((1/(39.478418%M5)))

470 GOTO680

47% REM CLOSED BOX VAS MEASURMENTS IN A BOX OF KNOWN VOLUME(VT)
480 INPUT "BOX RESONANCE (FC)?";FC

490 INPUT "CURRENT IN AMPS AT FC?";IN

500 RP=IE/IN

510 [2=IE/SQR(RP)

520 PRINT "I2=";12;"ANPS"

530 INPUT "FREQ. BELOW FC WHERE [=12 ?(FL)";FL

INPUT "FREQ.
FD=SQRCFL *FH)
FD=INTC(FD*100)+.5)/100
PRINT “F 'C=";FD;"HZ"

ABOVE FC WHERE I=12 ?(FH)>";FH

FIGURE 3b: Program listing.

SD=(3 1415927*INTZ)/ 1550

0 VAS =VT*(((FC*QB)/(FS*QE})-1)

VAS=INT((VAS*10000)+ 5)/10000
CMS=VAS/({1. 39ES53SDT2) *35. 31)
GOTO710

INPUT "DRIVER RADIUS IN INCHES=";IN
SD=(3. 1415927%INT2)/ 1550

VAS=(1. 39E5*"MS35DT2) *35 31
VAS=INT((VAS*10000) +. 5)/ 10000

REM COMPUTATION OF DRIVER EFFICIENCY
NO=(VAS/QE)*(FST3)+2. 7E-8
NO=INT((NO*1000000) +. 5) /1000000

REM DRIVER SPL REFERENCED TO 1 METER
SPL=(LOG(NG)/LOG(10))*10+112
SPL=INT((SPL*100)+.5)/100
RA=SQR(SD/3.1415927)
CMS=INT((CMS*1000000) +.5)/1000000
INPUT "AMP RESISTANCE =";RG

INPUT "XOVER RESISTANCE=";RX
MD=1000/((39. 47*CMS) 3FST2)
MD=INT((MD*100)+.5)/100

REM XOVER AND AMPLIFIER LOSSES
DL=20*LOG(RE/ (RE+RG+RX))/LOG(10)
DL=INT((DL*100)+.5)/100

REM DRIVER SPL WITH XOVER AND AMP
CA=DL +SPL

REM DRIVER QE’S AND QTSC(EFFECTS OF
QS=C((RG+RX+RE)*QE)/RE
QU=(QS *QM) 7/ (QS +QM)
FO=INT((FO#*100)+.5)/100

PRINT CHR$(147)

PRINT D$

PRINT" *
PRINT ™
PRINT “FS
PRINT "IM
PRINT "F1
PRINT "F2
PRINT "F'S
PRINT QM

AT 1 WATT INPUT

LOSSES

XOVER AND AMPLIFIER)

“;RE; "OHMS" TAB(21) “RG =",RG;"OHMS"
FS;"HZ" TAB(21) "RX =";RX; "OHMS"
IM; "AMPS" TAB(21) "Z =",Z;"OHMS"
F1;"HZ"

F2;"HZ" TAB(21)
FO; "HZ" TAB(21)
QM TAB(21) "VAS
PRINT "QE =";QE TAB(21) “EFF
PRINT * QT TAB(21) "SPL=
PRINT ;QS TAB(21) "LOSSE
PRINT ™ TAB(21> "SPL=";CA;"“DB"

“MD =";MD
“CMS=";CMS;
" VAS; "FT3"

1000 PRINT ™
1010 INPUT "ANOTHER DRIVER?(Y,KN)";BS$
1020 IF Bs$="Y" THEN GOTO180
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71 A=V/VB
72 H=FB/F

90 PRINT “VB=";VB;"FT3"*  ““ALPHA=";A
160 PRINT"FB=";FB;"HZ""* _ ““H=";H

FIGURE 4: OPTIMUM BOX added lines.

od. (Please refer to the references at the
end of this article for more information.}
The rest of the Va portion is self-
explanatory.

The final display screen will show, in
addition to the usual parameters, the ef-
fects of amplifier and crossover losses on
the driver (Qe, Qr Qe Qis and SPL),
driver impedance at Fs, the driver's
moving mass (Mwmp), the driver's suspen-
sion compliance (Cus}, and efficiency (n}.

CLOSED BOKX. This program was cre-
ated to complement OPTIMUM BOX
and BOXRESPONSE software from Old
Colony Sound Lab, disk SBK-E3CD. Like
OPTIMUM BOX, CLOSED BOX will
calculate the box size, tuning frequency
{(Fc), and —3dB down point. One of this
program'’s advantages is that it allows

CLOSED BOX VOLUME

ENTER FS(HZ),QTS,QTC, AND VASCFT3)
7 20.5,.3697,.5,4.6116

OPTIMUM BOX VOLUME

VB= 5.56207249 FT3 ALPHA= . 829115408
-3DB DOWN POINT
F3= 43.0786672 HZ
BOX TUNING FREQUENCY
FC= 27.7251826 HZ
AGAIN (Y OR N)>?
? N
MAXIMUM MAXIMUM
POWER INFINITE
RELATIVE INPUT BAFFLE
FREQ RESPONSE IN RESPONSE
IN HZ IN (DB) WATTS IN (DB)
xxXX% EXEEKKEEK EEXEKEX EXXKKKER
5 -30.03 2.25 59. 59
10 -18.78 2.7 71.63
15 -12.9 3.53 78.68
20 -9.31 4.89 83. 68
25 -6.96 6. 95 87.55
30 -5. 36 9. 96 90. 72
35 -4.23 14. 22 93.4
40 -3.41 20.07 95.72
45 -2.79 27.92 97.76
50 -2.33 38.22 99. 59
55 -1.97 51.49 101. 25
60 -1.68 68. 28 102. 76
70 ~1.26 100 104. 83
80 -.98 100 105. 11
0 -.79 100 105. 31
100 -.64 100 105. 45
150 -. 29 100 105. 81
200 - 17 100 105. 93

RAGURE 5: CLOSED BOX display with BOXRESPONSE
output.

MANUFACTURERS’ SPECIFICATIONS

Driver 10’ diameter (8"’ nominal)
R 40

Fs 22Hz

Xmax 0.125" peak

power 100W

you to find the -3dB point, regardless
of the Qs of the enclosure; previously I
had to look up the -3dB point on a
chart, which had no provision for in-be-
tween Q. values. Do not try to input an
impossible alignment {Q,. smaller than
the driver Q).

Unlike OPTIMUM BOX, this program
will output the compliance ratio (A} so
that you will have the data on hand
when you run the alignment through
BOXRESPONSE.

Similarly, I have added more data lines
to OPTIMUM BOX so that it will out-
put the compliance ratio (A} and the tun-
ing ratio (H). This makes data transfer
to BOXRESPONSE easier. Note that OP-
TIMUM BOX assumes the box loss fac-
tor (Qu) is 7. If your system measures dif-
ferently, then you may prefer to use the
design tables by Bob Bullock.?

If you already own BOXRESPONSE,
which includes OPTIMUM BOX, then
add only the part of the lines I have in-
cluded (Fig. 4} that are underlined.

Table 1 lists a sample driver used to
demonstrate T/S DRIVER PROGRAM.
Also shown are the input and output
screens of the program (Fig. 3), and the
screens of CLOSED BOX, OPTIMUM
BOX (the revised version}, and the out-
put of BOXRESPONSE, all using the
sample driver (Figs. 5 and 6} .

In the example for CLOSED BOX, the
Qc is critically damped (.5} and actually
requires a larger box than when the
driver is placed in a vented box (Qr=7).

BOXRESPONSE confirms that the
alignments above are in close agreement.
Note that BOXRESPONSE® does not
take into account crossover and amplifier
losses so that the last column {maximum
infinite baffle response in decibels} will

10 PRINT “iiem ¥ CLOSED BOX VOLUME ®aise
20 PRINT “ENTER FS(HZ),QTS,QTC,AND VAS(FT3)

30 PRINT

40 INPUT F,Q,QT,V

50 PRINT

€0 A=((QT/Q)T2)-1

70 FC=F*SQR(A+1)

80 F3=FC*SQR(((1/QTT2-2)+SQR((1/QT12-2)12+4))/2)
85 VB=V/A

90 PRINT “OPTIMUM aox VOLUNE
100 PRINT “VB=";VB;

110 PRINT
115 PRINT
120 PRINT
140 PRINT
150 PRINT
160 PRINT
170 PRINT
180 PRINT

“*ALPHA=";A

*~-3DB DOWN POINT"
“F3=";F3; “HZ"

“BOX TUNING FREQUENCY"
“FC="; FC; "HZ"

190 PRINT "AGAIN (Y OR N)?*

200 INPUT C$:IF C$="Y* GOTO 10

FGURE 5b: Program listing.
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OPTIMUM BOX VOLUME

ENTER FSCHZ), QTS, AND VAS (CU FT)
? 20.5,.3697,4.6116

OPTIMUM BOX VOLUME
VB= 3.97805527 FT3

ALPHA= 1.15925991
3DB DOWN POINT
F3= 21.4653502 HZ

BOX TUNING FREQUENCY

FB= 21.0833028 HZ H= 1.02845379

MAXIMUM MAXIMUM
POWER INFINITE
RELATIVE INPUT BAFFLE
FREQ RESPONSE IN RESPONSE
IN HZ IN (DB) WATTS IN (DB)
xXXXX KXERXREER EXXXKEE AEEEEE KK
5 -49.8 .76 35.09
10 -26.26 1.26 60. 86
15 -12.68 3.39 78.71
20 -4.4 45.03 98. 23
25 -1.36 19.53 97. 64
30 -.74 12.92 96. 47
35 -.61 14.93 97.23
40 ~.54 19. 66 98. 5
45 -.48 26.71 99. 88
50 -. 43 36.31 101. 27
55 -.38 48.91 102. 61
60 -.34 65.03 103. 89
70 -. 27 100 105. 83
80 -.22 100 105. 88
90 -.18 100 105. 92
100 -. 15 100 105.95
150 -.07 100 106.03
200 -.04 100 106.06
VENT DIAMETER (IN.)? 3
VENT AIR SPEED MACH NO. .0488
VENT TUBE LENGTH (IN.) 8. 62

FIGURE 6: OPTIMUM BOX display with BOX-
RESPONSE output.

not be correct unless you subtract the
"losses="' value in the T/S DRIVER
PROGRAM from that column. For ex-
ample, in the T/S DRIVER PROGRAM
output screen, LOSSES =0.256dB should
be subtracted from every number listed
in the last column of BOXRESPONSE.
Also notice that in the example for T/S
DRIVER PROGRAM, I1=28.6602540E -
03, is the same as 0.00866025404 (E - 03
means you must move the decimal point
three places to the left}. The same applies
to EFF and IM in the output screen.

CONCLUSION. I hope you find these
programs useful in your search for the
"perfect’ loudspeaker low-frequency
alignment. »

The programs this article describes
are available on a Commodore 64-
format disk, 5%", SS/DD; available
through Old Colony Sound, PO Box
243, Peterborough, NH 03458, (603)
924-6371; FAX: (603) 924-9467; price
is $25. This disk includes programs
for Qra, Qrc and room resonance.

8. Bullock, R., '"Thiele, Small and Vented
Loudspeaker Design,"’ SB 4/80, 1-3/81, 1/82.

9. Bullock, R. and Bob White, '‘Box-
response,’’ SB 1/84, pp. 13-18.




THE CORDLESS REVOLUTION

robably the one tool I could not get

along without is my cordless screw-
driver. Three years ago a neighbor lent
me his and told me, "'be careful, it's ad-
dictive.” He was right! I've used it to
literally replace my hammer and screw-
driver for most projects. My collection
of cordless screwdrivers has now grown
to three.

BACKGROUND. If you purchased a
cordless drill 5-10 years ago, you were
probably disappointed by its wimpy per-
formance and long recharging time. How-
ever, over the years, battery recharging
time has dropped from 16 hours to one
hour. The driving power has also im-
proved with the higher capacity NiCad
batteries.

So what is the effect on the individual
speaker builder? The cordless screwdriv-
er allows you to build boxes with tight
butt joints, that won't pull apart as do en-
closures built using nails. Construction
time for prototype boxes is reduced. Jigs
are easily constructed. I built most of my
bass horn projects with screws only and
without glue, except for the back
chamber.

CHOOSING A CORDLESS. Occasion-
ally you see the $20-$30 cordless screw-
driver on special at the local hardware
store or on television. Don't waste your
time on one. They simply don't have the
power to drive screws into wood. They
are great for screwing machine screws
into threaded holes such as found in
electronic equipment. The smallest tool
in Photo 1 is a good example of this class.

The price threshold for a cordless
screwdriver suitable for speaker construc-
tion seems to be about $100. The middle
screwdriver in Photo 1 is a good example.
1t is made by Skil, but marketed by Sears
in their professional tool line. The Sears

BY BRUCE EDGAR
Contributing Editor

Professional screwdriver served me well
for three years but developed a problem
of gear jump which eventually caused
failure of the low-speed gear. Because
Sears had discontinued that model, I had
to replace it. I eventually settled on the
top of the line Skil "Top Gun'’ cordless
screwdriver which I was able to buy for
$150 at a tool discount store. Recently I
saw this model on sale for a little over
$100.

Another feature of the pro class of
cordless screwdrivers is a Jacobs chuck
and a high speed gear for drilling. How-
ever, I would not consider the cordless
drill/screwdriver as a true dual tool be-
cause it takes time to change bits, unless
you have an interchangeable bit system.
When my Sears machine stripped its low
speed gear, it became my cordless drill
since its high speed gear was still func-
tioning. Now I can drill and screw with-
out having bothersome electrical cords
all over my floor and project. My con-
struction efficiency is greatly improved.

The Skil Top Gun, as well as many
high quality models, comes with two
batteries. You might think the extra bat-
tery is a luxury, but the NiCad batteries
will give warning of a needed recharg-
ing only a few screws before the battery
is completely drained. If your reserve
battery is ready, a quick interchange will
allow you to continue working. With the
Sears machine, I only had one battery
which seemed to run out at the most in-
opportune times. So if your choice of
cordless screwdriver has only one bat-
tery, order another one for efficient
operation.

Makita's machines, such as their mod-
el #6093DW, are comparable to the Skil
models. Again, you should consider
spending more than $100 to ensure ob-
taining a cordless machine rugged
enough for furniture or speaker building.

SCREWS. The wide availability of the
wallboard screw has propelled the cord-
less revolution (Photo 2, the one with

PHOTO 1: The author's collection of cordless screwdrivers.
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small threads}. This screw is designed to
penetrate a wall board and screw into a
2 by 4 stud {wood or metal} without drill-
ing a hole. The wallboard screw is heat
treated for hardness and has a black
phosphate coating. They come in a varie-
ty of lengths, from 1-3 inches. I use the
1-inch screw for attaching drivers and jig
building. The 2-inch screw can be used
for fast butt joining of underlayment par-
ticle board without drilling holes.

For serious horn building 1 use a
hardened furniture screw or "‘grippit"
{Photo 2) which has larger blades on the
shank. When screwing plywood or par-
ticle board together, wallboard screws
will strip their threads if you are not
careful, but the grippit type will clinch
the joint almost airtight.

TIPS. While the versatility of the cord-
less screwdriver is impressive, a few
warnings should be noted. If you don't
predrill your holes, you will encounter
some splitting. I always predrill for the
furniture screws. But you should experi-
ment with your favorite materials.
The bugle head Phillips-head screw
seems to be the industry standard, but
the square-drive screw head offers ad-
vantages in power transmission to the

screw. If your screwdriver tends to jump
out of the Phillips-head groove, you must
learn to hold the screwdriver directly in
line with the screw shank while apply-
ing pressure.

Another helpful tip is to have a variety
of different screwdriver lengths to poke
into those hard to reach areas. Also, see
if your hardware store carries hardened
bits, which tend to stay better in Phillips-
head slots and won't wear as badly as
unhardened ones.

CONCLUSIONS. The cordless revolu-
tion has changed my way of speaker
building, and I'm sure it will change
yours after you try a cordless tool. A re-
cent Los Angeles Times article mentioned
the television and movie industries use
cordless drills and screwdrivers almost
exclusively in building and tearing down
sets. Similarly, I now reuse the plywood
from my prototype enclosures by just
unscrewing them, rather than sawing
them up for scrap.

The cordless power tool market has
reached up to $200 million and promises
other useful tools. Hmmm—that cordless
saw looks inviting.

ADDENDUM. As I was finishing this ar-

INTRODUCING . . .

HIGH RESOLUTION
RECORDING TAPE

OLD COLONY SOUND LAB AUDIO CASSETTES 10/$29

PURE CHROME
90 minute length
wide dynamic range
high MOL
“SHAPE MARK X' shell
stainless steel pins
graphite slip sheets
Norelco style clear box
self-stick labels
index cards

Postpaid USA

OLD COLONY SOUND LAB
PO Box 243

Peterborough, NH 03458

Phone orders MC/VISA only

(603) 924-6371
or

O Check / MO [ MasterCard / VISA
MASTERCARD OR VISA NO EXP
NAME
STREET AND NO
CcIry ST ZiP

(603) 924-6526
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PHOTO 2: Left, the hardened wallboard screw; right,
the hardened furniture or grippit screw.

ticle, magazine surveys of cordless screw-
driver/drills appeared in Consumer Re-
ports, (August 1988, p. 522} and Fine
Woodworking (Sept.-Oct. 1988, p. 52}.
The Consumer Reports' survey recom-
mended the top-of-the-line Skil and Ma-
kita models I noted in this article. Fine
Woodworking offered pros and cons on

| various professional models and gave test

results for the number of holes drilled/
screws driven per battery charge. Most
models tested averaged 100 holes drilled
or screws driven. Both articles mentioned
a budget model, the Sears #11132, which
gave very good performance (the highest
rank in the drilling/screwing test) for a
lower price ($70 list, $50 on sale, with
one battery). »

SOURCES
Trend-lines

375 Beacham St.
Chelsea, MA 02150

Equality Screw Co.
PO Box 1645
El Cajon, CA 92022

{The hardened furniture screw that is typically
not found in hardware stores. Trend-lines offers
small quantities of screws for reasonable prices.
Equality caters more to the buyer interested in
orders greater than $35. Smaller orders have a
$5 service charge tacked on. However, I use the
Equality screws almost exclusively and have
found them to be very high, commercial grade

quality )




Part 11

THE THIRD DIMENSION:

THE SYMMETRICALLY LOADED DELTA

riefly, the symmetrically-loaded

driver principle involves placing a
woofer inside an enclosure, one face
loaded by a closed box, the other by a
vented box. The sound is emitted
through the vent only. The frequency
response is identical to that of a pass-
band system. For a given driver, the
reproduced range of frequencies and the
sensitivity of the system depend on the
two cavities' volumes and the vent-
tuning frequency. For more details refer
to the first part of my article (SB 6/88).

SPECIFICATIONS. My aim was to de-
sign an aesthetic shape and I wanted
reasonable volume, to reproduce the
bass frequencies at significant sound
levels with the greatest impact possible.

For the bass section, my favorite
speaker retailer advised me to choose a
Polydax HIF12EB, 12cm (4.8-inch)
diameter driver. Its major qualities are
a low Fg/Qq ratio of 130Hz which in-
volves a possible low cutoff frequency,
a high efficiency level (92dB) and an ex-

BY JEAN MARGERAND

cellent accelerating factor, T, of 1,500. (I'
is the ratio of BL by Mms, the moving
mass). The greater the I', the better the
transient response. For 12cm-diameter
drivers, the I' varies from 800 to 1500.
Also, this driver is inexpensive, $20 each.
For the midrange driver, I selected the
“standard’’ model Fostex FE103 {the
“sigma'' model is designed for better
bass reproduction, which is not our con-
cern for this driver in my design). This
driver is characterized by its extraor-
dinary resolution capability (see Fig. 8).
For the high-end reproduction, I use
a well-known unit, the Polydax TW51A.
For the low frequencies, I chose the
symmetrical-loading principle, which
will draw the best performance from this
small diameter bass driver, with greater
power handling than a vented box. The
Polydax HIF12EB manufacturer’s spec-
ifications are:
Fs, 56Hz;
Qr, 43;
Vas, 15.9 liters;
SPL, 92dB W/M.

1 64
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FIGURE 8: Midrange specs for the Fostex FE103: Fs, 80Hz; Qys, 0.35; V., 5.21; SPL, 89dB.

For the bass section design, I follow
the procedure of Philippe Augris and
Dominique Santens, the authors of the
symmetrically-loaded system theory.

A. for the choice for the value of S, 1
decided to push the frequency response
toward the low range as much as I could,
and accept a 1.25dB frequency response
modulation. I chose a value of $=0.5.

B. To calculate the front compartment
volume:

VE=(2 x § x Q1) x Va
{2 x 0.5 x 043> x 15.9; so Vr=2.94 liters.

C. For the choice of the —3dB low
cutoff frequency Fy, I chose 37.5Hz. For:
Fs/Q1=56/.43 =130.23Hz;

Then
Fe / (Fs/Qr) =0.2879

D. For the value of Q'r {see Table 3,

Part I}, we find:
Fi/[Fs/Qr) =.2867, .2879, .3010;
and
Q't =.6683, x, and .6879.

You interpolate for x: Q't =0.6699.

E. For the calculation of the -3dB
high cutoff frequency, Fu;

where §=0.5, and (bandwidth)
AF/(Fs/Q7)= 1.27115;

Bes ., BL o AF
FJQr FJ/Qr FJ/Qr

0.2879+1.27115=1.55905;

SO

Fu =1.55905 x Fs/Qr =203.4Hz
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F. To determine the back and total
volumes, Vg and Vr:

v,,=v=s_2
Q) _
(Q]) 1

Vi =Vr + Vg =294 + 11.13 = 14.07 liters.

=11.13 liters

G. Tuning frequency of the vent:
Fo =Q'r x Fs/Q1 =87.24Hz.

H. Vent dimensions—for the chosen
diameter:

Dv=5cm;
Sy =19.63cm?

the tuning frequency
Fo=87.26Hz
the front volume

Vi=2.94 liters
L~=3x10“x5~_0.9‘(§
VF X Foz

so Ly =22.3cm.

I. Sound Pressure level (SPL}):

vy

- -

R TR W | L TN ST m——
BT T s e

£ PHDTD 1: The essential components.
Q'T =.6683, .6699, .6879;
and the interpolation gives you:
SPL(dB) = -7.0, y, and -6.5; =-6.9
The SPL is 6.96dB lower than that of a
TABLE V conventional enclosure (closed or
vented).
DELTA SYSTEM ALIGNMENT Obviously, the pressure level of just a
— single 4.7-inch diameter driver is limited
in the 30-40Hz range. To keep the tran-
HIF1ZEB (1) series parallel con. sient quality of small drivers and in-
Fs (H) b . crease pressure output, I decided to use
Qr .43 43 f inch di dri Th I
Vs (liters) 15.9 63.6 our_4.7-mc_ lameter drivers. Thus,
S 5 5 obtain a 10-inch diameter driver equiva-
Q' -6699 6699 lent surface. And yet, unlike one disad-
EO (:Z) 8377-256 8377~256 vantage of a multi-driver system, the out-
F:{ ((sz)) 203.04 203.04 put in the lower range forms its coheren-
SPL (dB) ~6.96 _.96 cy inside the enclosure. For the listener,
Vr (liters) 2.94 11.76 the bass emits from a single source—
gn (liters) 11.13 44.52 virtual bass cone of the vent. Further-
DT (((':'tme;s) 14507 5?'58 more, in a push-pull configuration, by
L. (cm) 203 223 reversing two drivers (two with coil up,
Max. output PAR PAR +12dB
Orivers 2 Drivers 2 Drivers 4 Drivers
Connections 1 Driver in Paraliel in Series in Series Parallel
Power Sensitivity
dBNW/M So=92 S.+3 So+3 So+6
Voltage Sensitivity
2.83V input (dB) So=92 S, +6 So+0 S.+6

28 Speaker Builder / 1/89

two with coil down}, the nonlinear dis-
tortion is diminished.

As Table V shows, using four drivers
instead of one involves no change for the
values of S, Fi, Fu, Q'r, Fo, or Ly. How-
ever, the vent area and all the volumes
are multiplied by four, so: Vg =11.76
liters, Vs = 44.56 liters, V1 =56.32 liters,
and Sy = 78.52 cm’.

The alignment calculations predict a
—6.96dB attenuation for one driver. The
four series parallel connected bass driv-
ers bring a +6dB power or voltage sen-
sitivity. The final result isa —0.96dB at-
tenuation. An interesting result is a
+ 12dB increase for the maximum acous-
tic output when you use four woofers in-
stead of one (Table V).

DESIGN. To incorporate my desired
acoustic result and aesthetic design, I
chose a slim, elegant octagonal column
(Fig. 9). The outer dimensions are 28 by
28cm and 105cm high, with beveled cor-
ners to improve the diffraction factor and
aesthetics.

On the Delta's front baffle I place the
midrange at the top; the tweeter at ear
height (sitting}); and the bass vent at
60cm, to avoid ground reflections. The




Madi dP t
Madisound's Phoenix is a flawless 3-way speaker system. A 3-way requires four elements: deep bass, clear midrange, precise
high frequencies, and a seamless crossover. We started out with the Madisound 10208 woofer. This is a proprietary
polypropylene woofer optimized for low bass in a moderate sized enclosure. The Phoenix has an f, of 36hz, with a Qtc of .65
(adjustable from .5 to 1.0). Using this kind of woofer gives a very tight, bass with no boominess. We chose the Peerless 1615
(TO105F) midrange for its efficency and clarity. The Vifa D20TDOS ferrofluid tweeter is exceptionally smooth and clear
without losing its high end extension. The crossover is the key to this system. Tom Roberts, our chief engineer, spared no
expense on this design. By a series of listening tests, precise measurement with our new Audio Precision test equipment and
adhering to an uncompromising design philosphy, he has come up with a filter design that is frequency, phase, and impedance
correct. This Kit is easy to assemble. The cabinet is finished and pre-cut for the drivers. The crossover is assembled, and the
grill cloth is stretched on the frame which attaches easily with snap-on headlocks provided. The assembly does require
soldering ability.
impedance 8 Ohms nominal Cabinet Edges Solid Oak Quarter Round
Sensitivity 88 db Oak Wood Veneer, Clear Stain Finish
Power Required 40 to 200 Watts 14.5" x 25" x 12"
Frequency Range 35 - 20K Hz +/- 2db
Crossover 18 db, impedance compensated, min. imp. 4.6 ohms at 190 hz
ChateauRoux polypropylene capacitors on tweeter section
Price $600 /pr
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FIGURE 9: General view of the Defta.

right enclosure is a mirror image of the
left one. In the back panel, a removable
trap door (P) leaves access to the woofers
and the crossover.

Three partitions (H, I and ] inside the
enclosure create, with the back panel, a
11.76-liter (V§) compartment (Fig. 10),
which communicates with the outside
through a vent. I mount the four woofers
and the vent on the angled partition (I}.
The rest of the inner volume, except the
separate midrange enclosure, represents
the closed volume, Vg (44.52 liters). You
may notice that the "front' volume, Vg,
as mentioned in the theory, is located in
back. This particular construction is due
to the required vent length of 22.3cm.
Finally, the woofers' mounting panel is
not parallel to any enclosure wall to
avoid standing waves.

CROSSOVER. I believe simple is beau-
tiful, regarding crossover components.
For the acoustic cutoff frequency, a
12dB/octave slope on each side of the
203.04Hz bass-midrange, 1 use, on one
hand, the principle of the symmetrical
loading, and on the other hand, a closed-
box midrange enclosure. The required
midrange enclosure is only .48 liters, and
yields a 1.21 Qrc and a 1.33dB ripple.

To be on the safe side, I design a much
larger midrange enclosure with a 3.77-
liter internal volume, to give me full free-
dom for future modifications. I place
polystyrene blocks (3-liter equivalent
volume} in the enclosure and, subtrac-
ting the 0.1-liter volume occupied by the
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FAGURE 10: Defta system—front and side view.
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PARTS LIST FOR A PAIR OF DELTA

« Particle Board

>
m
(@]
(w]

rX ovex mm

* Hardwood

ZO0MWIDOR

DESIGNATION

Wide panels

Narrow panels

Top and bottom panels
Horizontal partitions

Angled partition

Trap door

Midrange driver enclosure walls

"

Enclosure base

Trap door brace

Brace plate

Brace

Triangular section molding
Square section molding

» Wild Cherry Veneer Cabinet Quality

sheets

DIMENSIONS (in cm)

103.0 x 19.4 x 1.23

103.0 x 6.0 x 1.23
28.0 x 28.0 x 1.23

25.6 x 25.6 x 1.23
44.8 x 25.6 x 1.23
20.0 x 11.0 x 1.23

16.7 x 16.7 x 0.8
16.7 x 15.4 x 0.8
15.4x 154 x 0.8

19.0 x 3.0 x 3.0
16.5x4.0x 20
8.0x45x0.6
7.5x25x25
1070x 1.8 x 1.8
16.4 x 1.8 x 1.8

280 x 30 x 0.3

QUANTITY
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midrange basket, I arrive at the neces-
sary volume.

I connect the bass drivers in series
parallel to maintain a final 8Q im-
pedance. I used a well-known low-cost
tweeter, the Polydax TW51A, but you
can use a more sophisticated driver, such
as the Focal T120 or KEF T27.

For the midrange and tweeter separa-
tion I have chosen a simple 6dB/octave
slope crossover network because of the
excellent linearity of the two drivers. The
cutoff frequency is 7kHz. For best re-
sults, I compensate for the midrange and
tweeter impedance rise around 7kHz.
The midrange impedance varies from
5.9 to 6.1 in the 5kHz- 20kHz range;
and for the tweeter, I obtained a varia-
tion from 4.0Q to 4.3Q in the 2kHz-
15kHz range?**

CONSTRUCTION. First, cut the wood
pieces as shown in Figs. 10-12. For the
narrow side pieces (E}, you must cut the
edges for the 45° angle. Then, you must
cut partitions (H, I and ]} as precisely as
possible.

If you do this initial work carefully,
what follows will be very easy. For the
top and bottom pieces (F, G} do not
break the corners yet. Drill the holes in
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PHOTO 2: Initial assembly—the ‘“‘heart of the system.”

the front face (A) for the midrange
(9.3cm), tweeter {4.7cm) and the vent
{10cm). Remember the left enclosure is
a mirror image of the right one. On par-
tition J, drill four holes for the bass
drivers (1lcm) and one for the vent
{10cm). In the back panel, cut the open-
ing for the rectangular trap door and for
the circular, push type speaker wire ter-
minals. Of course, you must adapt the
aperture dimensions if you modify the
speakers or the terminal types. Chamfer
the inner edges of the drivers’ holes.
The first assembly is this construc-
tion's key element, so I suggest you fol-
low my recommendations exactly. Lay
the right side panel (C) on your work
table and draw on the panel the locations
of partitions H, I and ]. On panels H and
I, draw the partition (J} edge location.
Chamfer the edges of panel | (small
sides), for the correct angles between this
panel and partitions H and I. Assemble,
temporarily without gluing, partitions H,
I and ] and position this on panel C at
the places noted by the pencil drawing.

Hold this preassembly with small nailed
wood blocks.

Once all is stable and solid enough I
suggest you try to preassemble (without
gluing) the sides, and the front and back
panels to check whether they fit well to-
gether. First cut two squares 10 by 10cm,
3-4cm thick. Cut each square to form
triangles with 45° angles. These devices
will be used as follows. On each side of
panel C, place panel E, and support these
pieces with the triangular blocks. Then
position the front and back panels, the
two remaining panels (E) and finally the
other side panel (D). Now, if you dis-
cover any gaps, file a side of pieces H
and . On the other hand, if there is not
enough room, file an edge of a panel (D,
for example).

Disassemble the construction. Now
glue and nail pieces C, H, I and ], for
final assembly of the heart of your en-
closure (Photo 2). Apply a silicone bead
on all inside joints to ensure the enclo-
sure is airtight.

Solder a 1.5m speaker wire to each of

PHOTO 3: The partitions with the cutouts for the four
woofers and vent.

the four bass drivers, the midrange and
the tweeter, and to the flush mount,
push-type speaker wire terminals. Mark
the positive wires with red masking tape.
Mount the four bass drivers on the par-
tition (J) with screws and a large amount
of silicone around the baskets. Install
two drivers with the coil facing the front,
and two with the coil facing the rear.

FRONT

3q18

NAILS BACK

RAGURE 12: Assembly details.
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PHOTO 4: The intemal configuration showing the
midrange enclosure and vent. Initiaily, the author in-
stalled fiberglass in the front volume section, but later
obtained better results by removing it.

Drill a small hole {1.5cm) in the middle
space between the drivers to feed the
wires through. Glue and nail two nar-
row panels (E) on each side of panel C.
The angle between the surface of panel
E and the nail is 45° (Fig. 12a).

Build the midrange enclosure (K, L, M)
as shown in Fig. 12b. Drill a 0.8cm-
diameter hole on a side panel (L} for the
speaker wires. Position the box to the
front face, assemble R and S and posi-
tion it to the rear of midrange box.

Next, glue and nail the two bracings
(Q) on the removable trap door, P (Fig.
12¢). The outer face edges of panel P
must be chamfered.

Cover every wall of the enclosure with
fiberglass, including top and bottom (F
and GJ. You do not need to install fiber-
glass in the cavity, Vg, or in the vent.

Place the front panel (A} in position.
Glue and nail the support (R] for the mid-
range box on the back panel. Position the
vent, ensuring air tightness by a circular
silicone bead on panels A and ].

Then, place some fiberglass in the
midrange box and mount the midrange
driver after you pass the midrange wires
through the hole in panel L. Use a 2m

v

A

MIDRANGE R1

TWEETER R2

T\

+

L

R e B

-Pa

FIGURE 13: Deita system crossover.

o

PARTS LIST It

CROSSOVER

DESIGNATION
Capacitor

Coil

L-pad attenuator

e o o N < X

* Miscellaneous Parts (dimensions in cm)

Impedance compensating resist. 7Q
Impedance compensating resist.
Impedance compensating cap.
Impedance compensating cap.

VALUE

4.02uF
0.19mH
8Q

QUANTITY

11Q
8.75uF
16.0uF

MRONNDNNDNND

2 A Vent, inner diameter 10.0, length 25.0

8 Casters, 5cm in height
2 Black grille cloth, 107.0 x 22.0
12 Gritle fasteners, male and female
500 Flat head nails, L = 2.5

roll masking tape

Wood glue

container of white silicone
gasket material

black paint bomb
fiberglass roll

P g |

o Electrical Components

T Polydax HIF12EB-8Q woofers
U Fostex FE103-8Q midranges
\'% Polydax TW51A-8Q tweeters
W

Circutar flush mount

16-gauge stranded insulated wires (a 10m long roll)

NN

diameter 7.5

Push-type speaker wire terminals 2

length of wire (which will be later con-
nected to the crossover).

Mount the tweeter. Solder all the con-
nections between the speakers and the
terminals according to the crossover
scheme (see Fig. 13). Due to the very
simple network, you can build it with or
without a crossover board. You must at-
tach the L-pad on the inner face of the
trap door, P, so that the axis goes out of

the enclosure. You can modify the cross-
over if you wish. This one works well
and is simple. Remember that the cavity
volume, VE, is critical and every sup-
plementary component installed in the
compartment will diminish the volume
and modify the alignment. If you wish
to have access to the filter {by the remov-
able trap door) you must pass all the
wires coming from the various drivers
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RGURE 14: Grille frame construction.

and from the terminals through the
1.5cm-diameter hole in panel J, and
solder all the connections there.

Now assemble panel (E} along the
front face (A) and also a side panel (D}.
Install the last panel (E). Don't forget to
glue and nail the back panel to the
midrange enclosure brace (S and R).

Install the circular flush mount push-
type speaker wire terminals on the back
panel (B}. Position the trap door. Screw
the battens {Q) on panel B. Ensure air
tightness with a silicone bead.

Nail two battens {L} which constitute
the enclosure base, unless you prefer to
use casters. You can also use this space
to place the filter. It is a matter of taste.
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RGURE 15: Frequency response of the bass section.

For the finish, I use cabinet-quality
wild cherry veneer. Figure 14 gives you
the grille frame dimensions.

HOW DOES IT SOUND? The bass is
there, and in just the right amount. I am
however, impressed by the bass depth,
particularly considering the enclosure
volume is less than 60 liters and the
drivers are inexpensive. The Delta per-
forms admirably on all types of music
but particularly well with recordings of
large orchestras. I detected no significant
overhang on drums and other percus-
sion. The acceleration is fantastic and the
bass sound extinguishes at once. The
Delta is exceptionally clean and images
well. Finally, I am able to listen for long
periods without fatigue.

DRIVERS. The HIF12EB, manufactured
by Audax in France, is not available in
the USA. I believe the Fostex FE103 and
the TWS51A are available in the USA.
Anyway, two drivers stores in Paris are
ready to sell to American clients. The
price, without shipping cost, would be
around $20 for each HIF12EB, $40 for

TABLE VI

ALTERNATIVE ORIVERS FOR HIF12EB*

ALIGNMENT
PARAMETERS VENT
SPL (dB) D. L

S Q'r FL (Hz2)  Fu (Hz2)  Fo (H2) atten. {cm) (cm)
Polydax
R:F13FSM  0.537 0.6047 35.21 189.66 81.72 -15 9.1 21.4
Peeriess
T0 125F 0.574 0.6345 36.96 162.72 77.55 +0.49 8.6 21.5
KEF B110
SP1003 0.565 0.5507 28.78 168.35 67.51 -2.26 7.6 22.5
Focal
SN4A11 0.775 0.4361 34.26 119.95 64.10 -0.80 7.0 21.1

*Values based on 4 drivers, series parallel connected.

34 Speaker Builder / 1/89

the Fostex and $20 for the TW51A, or
$280 total for a pair of Deltas.

If you prefer to buy your drivers on
the American market, I list in Table VI,
alternatives to the HIF12EB. I have
chosen similar drivers, so the perfor-
mances should be almost the same. With
my personal computer-aided speaker
design program, I have calculated the re-
quired vent area and length. Of course,
I kept the cavities’ volume, Vr and Vg
unchanged. Since 22.3cm is the vent's
maximum length, compared to the en-
closure depth, I suggest you to use a
20-22cm vent.

Finally, all these drivers have a dif-
ferent sensitivity than the Polydax so you
will have to adjust midrange and tweeter
damping. I know the KEF and the HIF-
13FSM are much better quality than the
HIF12EB, but they cost twice as much.

At the last minute, I checked the
HIF12EB sensitivity, which is 88dB in
the bass range and 92dB for the mid-
range; so you must damp the Fostex
FE103 for 4dB more.

SUMMING UP. I hope this article has
been useful to the home constructor, and
I am always willing to answer questions
and assist readers who may be having
problems. I would appreciate a SASE if
you write, with two international postal
coupons, if you wish a reply.

CONCLUSION. My aim in writing this
article, is to give speaker builder en-
thusiasts the opportunity to enlarge their
design field. Two audiophile champions,
Briggs and Small, have taught us that
miracles do not exist in audiophile land.
The symmetrically-loaded system is on-
ly one way to attain some goals (frequen-
cy response, power handling, transient
response, and so on). I do not pretend

Continued on page 64




ZALYTRON

YOUR ONE STOP SHOPPING CENTER

We now have
polypropylene capacitors in stock

SERVING

e SPEAKER BUILDERS
e HOBBYISTS

e MANUFACTURERS
e SCHOOLS, ETC.

Now carrying Focal!!!

BRANDS

e POLYDAX e PHILIPS
e PEERLESS

e SIARE

e PRECISION, ETC.

ONE OF THE LARGEST INVENTORIES ON THE EAST COAST OF
WOOFERS, MIDRANGES, TWEETERS, CROSSOVERS, COILS,
CAPACITORS, WIRE, CABINETS, ALL COLORS GRILL CLOTH

-

PRECISION SPECIALS

TD 205R $21.00
TD 165R $17.00

These two models are in and
others are due!

TWEETER BLOWOUT!!!
LR10 $5.00 SR10 $8.00
Original KO10DT $12.00
TD 255F  $20.00

PHILIPS SPECIALS

n
-
—\

1"
12"
10"

4"

8"

5"

Dome Tweeter $ 5.00
Woofer $12.00
Woofer $10.00
Full-Range $ 8.00
Woofer $ 7.00
5060W $ 7.00

POLYDAX SPECIALS

X
HD
HD
HD
HD
HIF
HIF
HD

2025TSN TPX Woofer
20B25J 8" Woofer
20B25H 8" Woofer
13B25J 5” Woofer
24B45 10” Woofer
13J 5” Woofer

17H 6.5” Woofer
100HR 4 Ohm Tweeter
HD 12x9 4 Ohm Tweeter
HD 9x8 8 Ohm Ferrofluid

SPECIAL PURCHASE
SIARE 6.5” Woofer

$27.00
$ 8.00
$17.00
$10.00
$27.00
$ 8.00
$15.00
$ 8.00
$ 7.00
$ 7.00

N

\§

$10.00

OUR WAREHOUSE IS OPEN FOR PICK-UP 10AM TO 6PM DAILY, MONDAY THRU SATURDAY
UPS ORDERS SHIPPED SAME DAY ¢ MINIMUM ORDER $50.00

ZALYTRON INDUSTRIES CORP.
469 JERICHO TURNPIKE, MINEOLA, NY 11501

TEL. (516) 747-3515
FOR ALL YOUR NEEDS—WRITE OR CALL AND ASK FOR ELLIOT!

Fast Reply #ED1131




SYNTHETIC SOUND FORETELLS
GOOD LISTENING

t has been said that an art is a science

with more than six variables; and
among the sciences, that of musical
acoustics seems to be unusually com-
plicated and obscure. Not only must we
make calculations and measurements in
four dimensions—three spatial dimen-
sions plus time—but for this work to be
useful, it must be correlated with the
listener's perception.

The interrelation between musicians’
instruments and the concert hall is very
influential on their ability to make great
music, and different kinds of music de-
mand different kinds of acoustic condi-

BY LEIF RYDEN

tions. Thus, I believe the acoustic design
of concert halls is an art.

Some of the greatest of the concert
halls are quite old; the Symphony Hall
in Boston, for example, was built in
1900; the Grosser Musikvereinssaal in
Vienna, in 1870; and the Concertgebouw
in Amsterdam, in 1888. Yet despite pre-
sumed advances in our understanding of
acoustics, halls that have been built dur-
ing the twentieth century often have
been mediocre, if not outright disasters.
Not unexpectedly this has given rise to
rumors of forgotten secrets; in fact, cur-
rent research has shown that the acous-

PHOTO 1: The concert hall in Motala, Sweden contalns a multi-purpose auditorium with variable acoustics.
The cylinders on the side walls are covered by a sound-absorbing material on hatf their circumferences.
With the cylinders so positioned that the absorbent faces the auditorium, the acoustics are suitable
for theater performances where voice is the dominant sound. Turning them to present their refiecting
sides, to attain a longer reverberation time and more laterai refiections, and enciosing the stage with
a concert shell to direct sound into the auditorium, the hail becomes suitable for musicai performances.
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tical excellence of older buildings is very
much due to the constructional restraints
and architectural taste of the nineteenth
century.

The old halls were rather narrow, with
a rectangular plan-form and a high ceil-
ing, a shape usually known as 'shoe-
box." They were also richly decorated
with pillars, pilasters and statues, and
had coffered and ornamented ceilings
and a good deal of plush fabric and
upholstery. All this contributed to good
acoustics.

In the twentieth century, halls became
wider to accommodate larger audiences
and their style of architecture changed.
The rich decoration disappeared; walls
and ceilings were designed as more or
less flat surfaces. Acoustics were seldom
the equal of some older halls, yet at first
the reasons for this were far from clear.

At the beginning of the twentieth cen-
tury, science was introduced into room
acoustics by Wallace Clement Sabine,
with his concept of ''reverberation
time." This is the time required for the
sound level to decrease by 60dB after
cessation of the sound that created it.
The reverberation time depends on the
ratio between room volume and the
amount of acoustic absorption in the
room. In typical concert halls this ab-

ABOUT THE AUTHOR

Leif Ryden graduated from Chalmers University
of Technology (Sweden) with a Masters Degree
in architecture, specializing in architectural
acoustics. He has been working with research in
room acoustics and in industrial noise control, and
marketing acoustical products. He is currently a
consultant with Ingemansson Acoustics in
Stockholm, working in architectural acoustics and
sound system design. Mr. Ryden is mainly in-
terested in loudspeaker design, but his current in-
tention is to get his hi-fi system finalized, i.e., "to
stop tinkering and start listening. "’ He is a member
of the Audio Engineering Society.




sorption is mainly due to the presence
of the audience, and as the audience area
is approximately equal to the floor area,
the reverberation time is in turn roughly
proportional to the ceiling height.

As investigation continued into room
acoustics, researchers became aware of
"early reflections’'—the direct reflections
from walls and ceilings. Sound propa-
gates, within certain restrictions, in the
same way as light and it is possible to
draw "'sound rays’’ to determine how it
is reflected. In the wide halls that were
built in the twentieth century, ceilings
were designed to reflect sound into the
audience. This gave clarity and brilliance
to the sound, but little richness of tone
and little of the sensation of being im-
mersed in a sound field.

MODERN ACOUSTIC CRITERIA.
During the past 30 years new measur-
ing equipment and evaluation methods
have enabled acousticians to understand
much more clearly the criteria that lead
to good acoustics. To compare different
concert halls, to discover what factors

This article appeared originally in Veritas,
European edition, ©1986, 112 Station Rd., Sid-
cup, Kent, England.

PHOTO 2: A synthetic sound field in the anechoic chamber at Chalmers University of Technology in Gothen-
burg, Sweden. Fifty loudspeakers are placed in a hemisphere, facing to the center. The loudspeakers
can give direct sound, reflections or reverberation from any direction, and thus changing acoustic con-
ditions can be presented to a listener seated in the center of the field.

are important, is difficult, as one has to
travel great distances between different
halls and then, probably, listen to dif-
ferent kinds of music performed by dif-
ferent orchestras.

Another approach is to keep the listen-
ers seated in one position and ''bring the
halls to the audience.” This can be done
rather well by the "dummy head"’ re-
cording technique: microphones are
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Eminence
Eton
Focal

MB Quart

A&S Speakers

Audax/Polydax

Mars Electronics

Morel Acoustics

high fidelity loudspeaker components & accessories.
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Seas

Solen Electronique
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Philips
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Versa-Tronics
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Woodstyle Products
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and 51/4" and 6 1/2” KEVLAR cone drivers are now in stock.
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FAX: (415) 648-5703

A&S Speakers .
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San Francisco, California

94110 (415) 641-4573
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FIGURE 1: A ray-tracing plot of the Gothenburg Concert Hall before its modification. The four views
depict sound-ray hits for different time intervals. Each hit is shown by a dot whose tail shows the direc-
tion of incidence. The length of the tail is its projection on a horizontal surface—a vertical hit shows
only as a dot.

The sound source is at the front and to the right-hand side of the stage. The time is referenced to
the arrival of the direct sound, so that zero time in each case is dependent on the distance from the
sound source.

FIGURE 2: Perspective view of the halil.
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placed in the ears of a dummy head and
the sound is recorded through them.
When this recording is played back
through headphones, the original acous-
tics are reproduced very accurately, and
this method gives results close to those
obtained by listening in the actual
auditorium.

Dummy-head recording takes place in
closely controlled conditions. A record-
ing of music that has been made under
anechoic conditions is replayed through
loudspeakers on the stage of the hall be-
ing examined. The dummy head is
placed in those listening positions that
are of interest, and a series of recordings
made. Using the same original record,
replayed and recorded in many halls, the
dummy-head recordings are then used
for making listening tests.

In this way it has been possible to
make listening tests under reproducible
conditions, and some of the more impor-
tant factors are the following.

® Early decay time is the time, multi-
plied by six, for the sound level to fall
by 10dB. This corresponds more closely
with your sensation of reverberance than
does reverberation time.

¢ Clarity describes the ratio between
the energy during the first 80msec of an
impulse, and the energy which arrives
after that time.

* Lateral efficiency is the ratio between
energy that comes from the sides of the
hall and the total energy, again during
the first 80msec. The higher the propor-
tion of these lateral reflections the bet-
ter; in other words, the more stereo the
better.

Due to their narrow, rectangular de-
sign, the best nineteenth-century halls
give a high proportion of lateral reflec-
tions, their abundance of decorative ele-
ments gives a good diffusion of the
sound and their high ceilings give a rel-
atively long reverberation time. All this
adds up to excellent musical acoustics.

REAL AND COMPUTER MODELS.
Certainly, enough is known today about
acoustical factors to design a good con-
cert hall. However, the relation between
these acoustical factors and the physical
design and building of the hall is quite
complex. It is seldom possible to simply
calculate these acoustical properties; in-
stead designers use a variety of model-
ling techniques.

As early as the 1930s, scale models
were built of concert halls during the
design stage. Sound was then radiated in
the model and recorded. In such models,
the frequencies of the sound used must




be multiplied by the reciprocal of the
scale, so that in a 1:10 scale model 1kHz
becomes 10kHz, for example, and all
other acoustical properties must be
scaled in the same way. In the early
days, this meant that either the model
must be very large and expensive or,
with a smaller model, technical dif-
ficulties were encountered due to the
high frequencies necessary.

In recent years computer models have
been constructed by designers. Two dif-
ferent models have been developed for
use at Ingemansson Akustik, Stockholm,
the ray-tracing method and the mirror-
image method. In both, the coordinates
of the surfaces of the hall are stored in
the computer memory, and the sound
propagation then simulated in the com-
puter.

In the ray-tracing method, sound rays
are radiated from a sound source into the
hall. Each sound ray propagates through
the auditorium and is reflected at the
surfaces, according to certain rules, un-
til it impinges on the receiving surface—
the audience area—where its "hit" is reg-
istered. For each ray, the computer
stores the position of the hit, the direc-

tion of incidence and the total ray length.
Since the velocity of sound is constant,
the time delay of each hit can be calcu-
lated from the ray length.

The hits are then plotted on a plan of
the hall for different time intervals. The
energy incident on a certain surface can
also be plotted as a function of time, or
angle of incidence. In this way, we can
determine the spatial and temporal dis-
persion of the energy and the angular
dispersion of the hits. The method is
relatively simple, and is useful for a
quick overview of the problem.

In Fig. 1, the early reflections into the
auditorium are close to the end walls on-
ly. During the next interval, the reflec-
tions are dispersed throughout the listen-
ing area, except the right rear corner and
a significant ""hole" in front of the sound
source. The hole is filled with reflections
from the ceiling during the next interval,
which could cause a major echo there.

The mirror-image method is more
complicated but gives more detail. The
mirror images of the sound source in the
hall surfaces are first calculated in terms
of first-order images. Second-order im-
ages are then calculated as reflections of

the first-order images, and so on, up to
sixth-order. The direction and distance
for each image is then calculated for
each receiver position. From this data we
can calculate the factors necessary for
good acoustics, and by repeating the ex-
ercise for many receiver positions, deter-
mine the acoustic conditions of the en-
tire hall.

The mirror-image program as used by
Ingemansson Akustik may also include
control of a synthetic sound field. This
consists of 50 loudspeakers arranged on
a hemisphere, pointing to its center, in an
anechoic chamber. The listener sits in its
center and hears the sound as it should
be heard in the hall being modelled. In
this way it is possible to listen to music
“in the auditorium’’ while the actual
building is still on the drawing board. We
can store changes to the hall in the com-
puter memory, and make instantaneous
comparisons between different shapes
and proportions of auditorium.

Good acoustics is not only a matter of
technical knowledge, but also of taste and
discrimination; in this particular field, art
and science are mutually dependent.
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Craftsman’s Corner

Dual-Chamber Reflex

1 have constructed a variation of the dual-
chamber vented enclosure to use with my
Quad 63 ESL. My subwoofer serves two
purposes: to raise the center of the elec-
trostatics to ear height {for improved dis-
persion and to avoid floor reflections), as
well as to extend the bottom end of a very
good speaker—both worthwhile im-
provements.

While 1 designed the enclosure’s dimen-
sions (approximately 24 by 24 by 14 inch-
es) to match the Quad, it could easily be
used '‘as is’' with other systems, or mod-
ified to suit your particular decor or sys-
tem requirements. It also makes a great
endtable.

1 made a pair, one for each Quad, and
am very happy with the results.

The drivers are Dynaudio 24W100s in
a 2.7-ft.? enclosure. I used an automotive
undercoat and sand mixture to damp the
%-inch particle board cabinet. The front,
rear and bottom panels are 1%z-inch thick,
which I beveled to provide a more attrac-
tive enclosure than a squared-off box. I at-
tached the bottom kick base permanently,
and then used four, point-loading spikes.

These woofers successfully match the
Quads’ transient speed and low coloration.
I realize some will take this as heresy to
even propose a subwoofer) but this par-
ticular design does not detract from the
63s’ performance, and enhances dynam-
ics, bass extension and freedom from low-
frequency coloration. I do not recommend
the use of other drivers or less time-con-
suming cabinet construction without care-
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