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MITEY MIKE
MEASURES
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3 Layer Keviar—
Honeycomb Diaphragm
HEXACONE

70% Greater Stiffness
Cast Aluminum Chassis
Rubber/PVC Surround
Edgewound Ribbon Wire

All Parts Weighed and
Matched

DTB Diffraction Foam

ETON Caps—
1% Polypropylene

New Metal Dome
MID-RANGE

KIT VELOCE 550

W e

DTB
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Eg If you have any questions, please do not hesitate to contact us.
:

A&S SPEAKERS

3170 23rd St

San Franciso, CA 94110
(415) 641-4573

FAX: (415) 648-5306

AUDIO CONCEPTS
901 S. 4th St.
LaCrosse, WI 54601
(608) 784-4570
(800) 346-9183

MADISOUND

8608 University Green
Box 4283

Madison, WI 53711
(608) 831-3433

FAX: (608) 831-3771

MENISCUS

2442 28th St., SW
Suite D

Wyoming, MI 49509
(616) 534-9121

FAX: (616) 534-7676

ETON DEUTSCHLAND, Phone 47 91 2078, FAX 47 91 2070

SOLEN ELECTRONIQUE INC
4470 Ave. Thibault
St.-Hubert, QC

Canada J3Y 779

(514) 656-2759

FAX: (514) 443-4949




ERRATA

I noticed what obviously must be a draft-
ing typo in Speaker Builder 4/90, p. 39, Fig.
4, the crossover circuit.

The junction of C64 and R67 should be
connected to the junction of R64 and R66.

Burt Cossey
Hesperia, CA 92345

VAPOR CAPACITOR

[ just read the article "'A Balanced Line
Design'’ by Alan Watling (SB 3/90), but
am unable to locate C1, C2 0.0uF ceramic
discs.

Can you tell me where I might find com-
ponents of this magnitude? I'm sure their
quality would be unexcelled.

Rocco Santori
San Francisco, CA 94119

I wish we knew where to find them, as
well. But look no further. There is at this
writing no such animal, and what you
read was a typo. Cl and C2 in Fig. 1 are
0.01uF ceramic discs.—Ed.

THEORY vs. PRACTICE

Mr. Ricart's active loudspeaker {SB 4/90)
is very well-conceived, with excellent
coverage on choices of drivers and op
amps. I hope to see more articles like this
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FIGURE 1: Add a switch to short the capacitor.
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which detail the concerns and compro-
mises confronting the amateur speaker
builder.

My question regards diffraction loss
compensation (or lack of it) for the mid-
range enclosure. Mr. Ricart notes the loss
occurs below the 450Hz cutoff for his 9~
baffle width. Yet, the D' Appolito SWAN
IV satellite begins its loss at 850Hz with
a similar baffle width.

How are diffraction loss and enclosure
width related? I previously believed their
loss would begin at the half-wavelength
dimension, or about 750Hz in this case.

Matthew Honnert
Carol Stream, IL 60188

Fernando Ricart replies:

Mr. Honnert's letter raises an interesting point. In
theory, a loudspeaker radiating into free space suf-
fers an output loss with decreasing frequency when
compared to a loudspeaker radiating into a hemi-
sphere. This loss begins at a frequency with a %
wavelength equal to the smallest baffle dimension
and approaches 6dB at low frequencies. In prac-
tice, radiating into free air is rarely achieved due
to the surrounding boundaries, therefore the actual
loss is somewhat less than the theoretical maximum.

It is difficult to place a loudspeaker the size of
mine, and with as many wires connected to it, out
in the middle of the room. Therefore, design work
took place about one foot from the back wall. In
this position, %-octave pink noise measurements
with the midrange operating at full range show a
relatively flat output to about 500Hz and falling to
around 2dB below reference at 250Hz.

These curves led me to ignore diffraction com-
pensation for this design. They were also the main
factor in keeping the crossover frequency at 450Hz.
For designs such as the SWAN or the Linkwitz with
their 200Hz and 100Hz, respectively, crossover fre-
quencies, this effect cannot be ignored. I also believe
the SWAN's designer intended his loudspeaker to
be used away from walls since this is the way I
heard it demonstrated at a hi-fi show two years ago.

Those who wish to use compensation with this
design can do so by adding op amp #8 to the
Linkwitz board and use the circuit {Fig. 1} as a star-
ting point. If this circuit is introduced, the output
to the midrange will be out-of-phase relative to the
woofer and tweeter. Therefore, the midrange's
polarity must be inverted when connected to the
amplifier. I recommend adding a switch to short
the capacitor in the circuit, and cancel the equaliza-
tion to allow comparison.

Cover Acknowledgment

I would like to note an acknowledgment
for the SB 5/90 cover photo. I'd like to
thank my brother, Steve Schwefe!, for
lending me his medium format camera,
tripod, and light metering equipment.
And for his invaluable pointers on proper
photographic technique, without which,
the fine detail of this photo would not
have been possible.

Also, a note of thanks to the staff of SB
for the fine job with processing and blow
up. When I look at the photo, I want to
get out my Phillips screwdriver and start
dismounting the drivers!

Bill Schwefel
Jackson, WI 53037

THREE-WAY
CORRECTIONS

I wish to note the following corrections
to my ''Modular Three-Way Active Loud-
speaker'’ article (SB 4/90).

1. On amplifier 6b {Fig. 4) there should
be a node between C64, R67, R66, and
R64, not a jumper.

2. In Fig. 5 there should be a node be-
tween C102, R104, R105, and R102, in-
stead of a jumper.

3. In the Table above Fig. 5, F; should
be above Hz and not above Q.

4. Audio Concepts has significantly
changed specifications for the AC12
woofer. The following circuit changes,
therefore, are necessary in the table:

C101
C102, 103
C104
R101, 102
R103, 104
R105, 106

0.33uF
0.056uF
0.154F
24.9kQ
17.4kQ
54.9kQ

The unequalized resonance (f.) is now
46Hz. The new equalized F; is now
32Hz with 7dB of boost. The diaphragm's
moving mass seems significantly lighter
than previously specified.

Continued on page 73
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Editorial

WHEN ALL ELSE FAILS, LITIGATE

In a world where the achievement of peace seemed at
last possible, and where, the communistic world has gen-
erally renounced an economic ideology which was the
basis for forty years of "'cold war,"" it is depressing to con-
sider the spectacle of some of America's largest technical
companies engulfed in a orgy of legal suits and counter-
suits. It would almost appear that since we cannot engage
in dropping atomic bombs on enemies, US high tech com-
panies, as an alternative, are attacking each other on
grounds of patent infringement.

Lotus Development is suing Borland International,
Microsoft and Apple Computer are suing each other over
something many people suspect they both originally bor-
rowed, without permission or royalties, from Xerox. In-
tel and Advanced Micro Devices, Motorola and Hitachi
have been involved in suits.

[ find it curious to reflect on the relative merits and short-
comings of the economic systems of state capitalism and
private capitalism. The first lacks enough self interest
(grced) to work and the latter is now severely threatened
by an overabundance of the same commodity. We have
been through a decade of loosening restraints on how
private capitalistic enterprises function in this country.
On balance we find ourseclves with a corrupted and
discredited banking system, a more and more heavily
burdened class of very poor and a growing class of super
rich.

[ cannot refrain from noticing, since we are faced with
a possible 23% increase in second class postal rates next
February, that we are still attempting to operate the US
Postal Service with a system of management thoroughly
discredited by the USSR's abandonment of state cap-
italism. I certainly hope someone finally notices that it
is impossible to run a busincss with a bureaucracy.

It is difficult to escape the conclusion that decisions
about US business are made purely on considerations of
profit, nothing else. The end result will be what we are
already seeing, unbridled agressiveness and greed. The
people who use these companies’ products will not
benefit from legal hassles, and if we realize that a grow-
ing portion of what we pay for products must pay legal
and lawyer's fees, we ought not to be too happy about
the situation. Lawyers are a lot like fire hydrants, neces-
sary in emergencies, but fire prevention is a better
answer.

It is important to differentiate here between those who
sue in response to outright theft of ideas, and those who
do so to retain exclusive right to patents which by law
ought to be shared on some sort of royalty basis. If AT&T
had refused to license others to make transistors where
would we be today? If Lotus can keep exclusively for it-
self the "look’’ of the spreadsheet interface, then every
spreadshcet user will be inconvenienced merely to push
profits at Lotus ever higher.

Anyone who lifts his or her head for a few minutes to
survey the world economic scene will realize that
American businesses could hardly pick a less appropriate
time for fighting with each other.

The situation now developing in our country has,
classically, bred revolution. I doubt we will have mobs
in the streets, although there are some cities where this
has happened in our recent memory. It is not outside the
realm of possibility it could happen again. But the more
subtle and pervasive cffect is a general sense among most
people of sad cynicism about business generally, as well
as deepening disenchantment with government and
politicians generally. And the level of helpless anger
seems to me more evident in more people every day.
Agressive rudeness seems more pervasive. Just note how
many more people are running red traffic lights.

I believe a large part of the economic "'slowdown,"” that
euphemism we are using instead of talking about a reces-
sion, is due to lack of confidence by the consumer. Times
are bad because people generally are discouraged, fright-
ened or both. That miasma is causing what we fear.

America has the strength and power to do wonderful
things. But we won't do them if the profit-oriented man-
agers make all the decisions. We won't do them if every
person's goal is self preservation.

The best example I know of is IBM's decision to use
the Intel 8088 microprocessor as the basis for their new
personal computer's operating system. Programmers who
understand instruction sets of the available central proc-
essing units will tell you, most of them without frothing
at the mouth, that the choice was a disaster. Several other
chips would have been better choices. But the decision
at IBM was not made by the technical staff, it was made
by the business types. The fact that the installed base of
IBM and IBM-type clones based on Intel’s line of pro-
cessors is now in excess of 22 million bears almost no
relation to the processor. The power and influence of the
IBM name has sold the machine to business and in-
dividuals. But the machine could be far, far better in the
opinion of most people, with Motorola's 6800 or 68000
series in it.

Somewhere in the capitalist mixture we need the en-
thusiast, the drecamer, the person who reaches into the
unknown just out of curiosity. Many of you say nice
things about this publication and how much you enjoy
it. Very little of the credit for its existence is rightfully
mine. Most of it belongs to the authors who make it possi-
ble. They are the dreamers, the curious, searching for
answers to the puzzles, for ways around the obstacles,
for better and casier answers. Unless that ingredient can
find its way back into capitalism'’s future, in balance with
intelligent, prudent, and humane managers, capitalism
has no better future than did communist economics.

—E.T.D.
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Exclusively from

Watters Sound Wave (C0(214)991-6994
4320 Spring Valley,Dallas TX 75244
Orca,Dsgn & Mfg Corp.(818)707-1629
1531 Lookout Dr. Agoura CA 91301

INFRA-BASE

TEKTON 21

6 in. diam VC

The TEKTON Infra-bass drivers
are uniquely featured to offer true
extension below audibility. Uncom-
promising design in collaboration
with Kimon Bellas called for ma-
chined steel motor assemblies, mas-
sive cast frame and immense mag-
net structure.

High power (over 1.2 KW at 20 Hz)
and long throw ( close to 1 in. each
way) guarantee the deepest and
tightest bass available anywhere
today.

TEKTON 18
5 in. diam VC

Tm to Orca Dsgn & Mfg Corp.
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ings, and will be glad to consider them for publica-
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envelope with each submission. While we cannot
accept responsibility for loss or damage, ail mate-
rial will be handled with care while in our pos-
session. Receipt of material is acknowledged by
postcard. Payment is on publication.
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About This Issue

This largest issue ever of Speaker
Builder leads off with the test device
every speaker builder dreams about.
Where do you find a cheap way of
measuring response of your new
design? Bruel & Kjaer will sell you
a nice one for several thousand if
you are willing to stand in line for
their hand-made units. As usual,
one of our clever, hard-working
editors comes to our rescue. Joe
D’Appolito’'s Mitey Mike adorns
our cover this time—and the photo
is his daughter Nina's work. You
can build your very own version

of the Mitey Mike for under $50

{p. 10).

Next, Matt Honnert shows us
how to try symmetrical loading for
those woofers back in the trunk or
the hatch {p. 20). Contributing
Editor G.R. Koonce unlocks the
mysteries of how to use a low Qg
driver in vented boxes (p. 23).
Another of our Contributing Edit-
ors, Bob Bullock, introduces his
new software BOXMODEL begin-
ning on page 26. It does lots of
new tricks, including vented, closed,
and passive radiator models.

Tom Nousaine, like many
readers, builds systems for friends.
He shares one such project which
he calls 8 x2s, starting on page 38.
Reviews abound this time: Gary
Galo looks at Audio Concepts’
Sapphire II kit, Jim Frane
measures effects of Radio Shack's
foam grilles, and Dave Davenport
revisits Focal's Egg.

In the crow eating department,
Contributing Editor Bruce Edgar
will tell you about his latest adven-
ture with a horn throat that he
thought worked one way but
which, alas, works differently.

_.
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Now Available by Popular Demand! [————— "

BULLOCK ON BOXES | Butock

BY ROBERT W. BULLOCK III

. . K > A
with Robert White K o
| Dt 1N /,"
Since 1980, readers of Speaker Builder magazine have , 3 E’ | N g )
delighted in the scope and clarity of Bob Bullock’s explana- ; sd " "
tions of vented-box loudspeaker systems. Now, for the first { £y | |l r
time, these articles have been collected into a single in- f' e ,’
valuable volume: BULLOCK ON BOXES. [ L | ;
[ S
This book is an easy-to-read guide to designing and build- i /;2' ,’
ing vented-box systems based on Thiele/Small models. , |1 '
And in addition to the background theory and descrip- | | 1= :xdn:::ig ‘:'1 X

tions of the models, BULLOCK ON BOXES carefully
covers a host of related information drawn from nu-
merous resources. Computer modeling, as demon-
strated by the authors’ BOXRESPONSE and BOX-
MODEL programs, is also explained in clear detail.

A professor of applied mathematics at Miami Univer-
sity {Ohio} since 1966 and long-time hands-on speaker
buff, Dr. Bullock brings an unparalleled range of ex-
perience to the pages of BULLOCK ON BOXES. Fully
indexed and referenced, with glossary, bibliography, and
more than 100 illustrations, BULLOCK ON BOXES is
a practical handbook and lasting reference indispensable
to every serious speaker builder. Order yours today!

CHAPTERS: e T/S Calculator Programs
* Thiele, Small, and Vented (TI-58/59, HP-67/97)
Loudspeaker Design * BOXRESPONSE: An Apple

* Determining Design Program for the Thiele/

Parameters for Your Small Models
Loudspeaker * Realizing BOXRESPONSE's
¢ Fine Points of Vented Potential

* BOXMODEL: An Aid to
Woofer System Design
¢ Correspondence & Updates

Speaker Design
¢ Alternative Alignments
(incl. Fourth Order)

| by Robert White

BKAAS8 1990, 8%2"x 11"

1 $10.95

SPECIAL OFFER: For a limited time only, purchase
BULLOCK ON BOXES and receive your choice of software
package below at $5 off the regular retail price. Order

BKAAS8/S.*

*Because of taxation requirements, software not available to residents of CT.

SOFTWARE PACKAGES AVAILABLE (Sale Prices Shown):
BOXRESPONSE $20
Apple (not Mac) #BOX1A5 Commodore #BOX1C5
IBM #BOX1B5 Comm. Cassette #BOX3CC
BOXRESPONSE WITH GRAPHICS $45
IBM only #BOX2B5G
BOXMODEL WITH GRAPHICS $45
IBM only #MOD3B5G
OTE: In general, BOXRESPONSE automatically generates alignments for a given driver

N
LOXMODEL does not do this, but instead compares up to four given alignments
simultaneously. Both programs display various performance aspects of passive-radiator or

vented-box systems.)

] CK J MO 1 MC/VISA

NAME

STREET & NO

Ty STATE zIP
EXPIRE

MC OR VISA NUMBER

OLD COLONY SOUND LAB
PO Box 243, Dept. B90
Peterborough, NH 03458-0243
(603) 924-6371 / 924-6526
FAX: (603) 924-9467

Answering machine for credit card orders only:
before 9:00 am, after 4:00 p.m. and weekends
Have all information plus MC/VISA available

[] YES! Please send me ___ BULLOCK ON

BOXES at $10.95 each! BKAA8 §____
[l SOFTWARE, TOO! Please send me

one BULLOCK ON BOXES at $10.95 BKAA8/S

PLUS my choice of software package

# at only § ! BKAAS8/S

POSTAGE AND HANDLING (see below)

TOTAL ORDER $

POSTAGE AND HANDLING:
U.S.—Book only: $1.75 first book, 50¢ each additional.

Book plus software: $2.25.
Canada—Book only: $4.50 first book, 50¢ each additional.
Book plus software: $5.00.

Other—Add 20% to order.
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MITEY MIKE:
TESTING

FOR LOUDSPEAKER

"I often say that when you can measure
what you are speaking about, and express
it in numbers, you know something about
it; but when you cannot express it in num-
bers, your knowledge is of a meagre and
unsatisfactory kind; it may be the begin-
ning of knowledge, but you have scarcely,
in your thoughts, advanced to the stage of
Science....”

—Lord Kelvin

ou have just completed your latest

loudspeaker project, and you begin
listening to it with great anticipation. As
initial impressions fade, you are left with
the growing realization that your newest
jewel is ''too bright,"" or “too forward,"”
or "bass heavy,” or...well, something is
wrong.

Your ears, as wonderful (dare I say
golden) as they are, cannot quite pin-
point the magnitude or the location of
the problem. A good microphone could
help isolate the problem, but it's too ex-
pensive. Days and perhaps weeks of
tweaking lay ahead. If the preceding
scenario sounds familiar, read on. We
may just have the answer.

TEST MIKES. Of course, our ears must
be the final judge of a loudspeaker sys-
tem'’s quality, but ability to make ac-

ABOUT THE AUTHOR

Joseph D’Appolito, SB contributing editor and
author of many papers on loudspeaker system de-
sign, holds several degrees in electrical and systems
engineering, including a PhD. He currently de-
velops acoustic propagation models and advanced
sonar signal processing techniques at an analytical
engineering services company in Massachusetts.
A long-time high-end audio enthusiast, he also
designs high fidelity loudspeaker systems for Focal
America and private label retailers in the US and
Europe.
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BY JOSEPH D’APPOLITO
Contributing Editor

curate acoustic measurements during the
system design phase, and final system
tuning is invaluable. Manufacturers’ re-
sponse curves for drivers must be used
with care. They often comprise the aver-
age of many drivers, and may not be
representative of your particular samples.

These response curves are often ob-
tained with the driver mounted on a
large open-backed baffle (e.g., an IEC
standard baffle). The frequency response
of that driver in your cabinet may be
very different, due to different baffle
areas, edge treatment, or enclosure vol-
ume. Once your system is assembled,
correct crossover network operation and
proper level matching of the various
drivers must be confirmed, a process
best done by direct acoustic measure-
ments.

A good microphone is at the heart of

PHOTO 1: Mitey Mike mounted on a camera
tripod.
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FIGURE 1: Mitey Mike calibration curves. (a) Cartridge #1, (b) Cartridge #2.




TABLE 1

MITEY MIKE SPECIFICATIONS

Response + 1dB, 20Hz-10kHz
(rel. 1kHz) +2dB, 10kHz-20kHz
-3dB @ 3Hz and 25kHz
Sensitivity 39mV/Pa, +2dB
Max Undistorted
SPL < 120dBA
Wideband Noise
Level > 42dBA
Power

Consumption  5mW typ / 7mW max.

any acoustic measurement system. What
constitutes a good microphone for loud-
speaker testing? The four key require-
ments, in my opinion, are:

¢ Flat free-field frequency response;

¢ High, undistorted SPL capability;

* Good measurement repeatability;

¢ Long-term stability.

To meet frequency response accuracy
requirements for contemporary loud-
speaker systems, a test mike should have
a free-field frequency response of at least
20Hz to 20kHz. Minimally, the frequen-
cy response between 20Hz and 10kHz
should be within +1dB. Above 10kHz
relax this requirement to +2dB. Of
course, the more nearly flat the better.
"Free-field”’ means the microphone's
presence should not change the pressure
field it is measuring. That is, the micro-
phone should measure the SPL that
would exist at the point of measurement
if the mike were not there.

SMALL AND STABLE. This means the
microphone cartridge diameter must be
small compared to the shortest wave-
length measured. For our purposes, the
diameter should be no more than %2”,
and preferably closer to %”. Assessing
loudspeaker power response and distor-
tion requires a test mike which can han-
dle SPLs of 120dB, or more, without
distortion.

Repeatability refers to the variation of
microphone characteristics from turn-on
to turn-on. We wish to make a set of
measurements one day, and be able to
repeat those same measurements on
another day. Of course, atmospheric
conditions, {temperature and humidity)
affect measurement repeatability. Short-
term repeatability should be on the order
of +0.3dB.

Long-term stability refers to a mike’s
aging traits. There may be long periods
when a microphone is not in use, sitting
on a shelf under varying temperature
and humidity conditions. A good micro-
phone’s characteristics won't change
after long shelf periods. Long-term fre-

quency response stability should also be
+0.3dB.

NOISE AND DOLLARS. One micro-
phone characteristic missing from my list
is self-noise level. Top-quality recording
and laboratory test mikes have noise
levels of 15dBA or less. Since loud-
speaker testing is generally conducted at
reference SPLs of 90dB or more, noise
levels of 40-45dBA can be tolerated.
If your budget is unlimited a laboratory
grade microphone from Bruel & Kjaer is
yours for $3,000 and up. Mikes from
ACO are in the $1,200-$1,500 range.
Below lab grade, fine test and measure-
ment microphones from Neutrik and
Josephson Engineering are available for
about $200-$250. All require additional
amplification and/or power supplies, add-
ing to their cost. Incidentally, all these
mikes are omnidirectional.
Surprisingly, most recording and pub-
lic address mikes, even expensive ones,
are unsuitable for loudspeaker testing,
rarely meeting the frequency response
requirement. This is especially true of
directional mikes (cardioid, hypercar-
dioid, and so forth) which display a low-
frequency proximity effect. Directional
mikes’ low-frequency response depends
upon the sound source's size, and its
distance from the microphone.

ENTER MITEY MIKE. For several
years Panasonic has manufactured a
small back-electret, FET buffered, omni-
directional microphone cartridge (WM-
063T). I purchased 10 cartridges four
years ago, and tested them against a lab
grade mike I had on loan. The capsules
had amazingly flat response, and differed
by no more than 1dB below 10kHz from
unit to unit. All met our frequency
response specification.

Figure 1 illustrates two typical error
response curves for the complete micro-
phone system, including cartridge and

TABLE 2

MITEY MIKE OUTPUT VOLTAGE vs
SOUNO PRESSURE LEVEL

OUTPUT VOLTAGE

SPL (d8) RMS mV dBm
120 775 0
110 245 -10
100 77.5 -20

90 24.5 -30
80 7.75 - 40
70 2.45 ~50

supporting electronics. The curves dem-
onstrate differences in frequency re-
sponse of a loudspeaker, as measured by
a reference mike (Neutrik Type 3882,
Ser. No. HF883), and two WM-063T car-
tridges installed in Mitey Mike. Cartridge
1 has a frequency response within 1dB
of the reference mike throughout the
audio range. Cartridge 2 shows more
peaking above 10kHz, but well within
desired specifications. Cartridge 1 is ex-
ceptional, while cartridge 2 is more
typical of what you can expect from
Mitey Mike. Generally, the cartridges
show an elevated response of 2dB or so
above 12kHz.

Table 1 lists expected performance
from the complete Mitey Mike system.
Periodic testing over the past four years
has produced worst case deviations from
the original 1dB curves. The RMS devi-
ation is less than 0.5dB, including errors
from all test chain sources {mikes, am-
plifiers, sound source, meters, test oscil-
lator, and environmental conditions),
and implies even better long-term stabil-
ity for the mike.

The Panasonic cartridge does, how-
ever, have two problems. First, its self-
noise level is somewhat high at 38dBA.
More importantly, its sensitivity changes
with supply voltage. In Table 1, sensitiv-
ity is listed at 39mV per Pascal (Pa). A
Pascal is a unit of pressure in the SI
system equal to one Newton per square
meter. In more familiar terms, this

O
9-12VvDC
CONSTANT
CURRENT
SOURCE
BUFFER
ouTPUT
MIC
CARTRIDGE
< @ & —0
GROUND

FIGURE 2: Functional diagram for Mitey Mike electronics.
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FIGURE 3: Schematic diagram of Mitey Mike electronics.
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Resistors marked with asterisk should be at least + 5%, all others + 1%.
All polarized (with +) capacitors are tantalum types, to conserve space.

See text for alternatives to IC1 and IC2.

means the cartridge will put out 24.5mV
at an SPL of 90dB. At a nominal capsule
supply voltage of 3V, sensitivity changes
about 3dB per volt. Therefore, a 0.1V
change in supply voltage causes the mike
output voltage change to exceed our
short-term repeatability goal.

These problems aside, clearly the
Panasonic cartridge can form the basis
for a very good test and measurement
microphone. Let's see what it takes to
get there.

MIKE ELECTRONICS. Figure 2 is a
functional diagram of the microphone
electronics. The mike is battery-powered
to avoid problems and circuit complica-
tions associated with phantom or remote
powering. To reduce battery size, and at
the same time extend battery life, I
placed my emphasis on low-power de-
sign, setting a current drain goal of one
milliamp or less. With test sessions last-
ing four hours or more, I didn't want to
be concerned with battery life.

The electronics consists of a constant
current source and resistor forming a
micropower voltage reference, a micro-
power op amp buffer powering the mike
cartridge, and a low-power op amp buf-
fer/gain block. The combination draws
550uA from a 9V battery, and can drive
50 feet of shielded cable with no loss in
frequency response. Complete specifica-
tions for Mitey Mike are in Table 1.

POWER STUFF. Figure 3 is a schematic
diagram of the microphone electronics.
At the time I began this project, no in-
expensive micropower voltage refer-
ences were available. However, a three
terminal current source, the LM334, sup-
plies a current directly proportional to
temperature, and as such is the basis for
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a very accurate solid state thermometer.
A few extra parts converts the LM334
into a constant current source. Passing
that constant current through a temper-
ature-stable resistor results in constant
voltage.

Referring to Fig. 3, resistor R1 sets the
LM334's current output level. Diode D1
and resistor R2 temperature-compensate
the LM334. Most of the LM334's bias
current passes through R1, but about
10% of it is pulled off by R2. As
temperature increases, voltage across D1
drops, causing current through R2 to fall,
thereby decreasing the LM334 bias cur-
rent. If R2 is properly selected, the bias
current decrease will be just enough to
keep the LM334 output current constant
with changing temperature.

R1 and R2 were selected to produce
a 30pA constant current, resulting in a
constant 3.0V across the 100k resistor
RS. C1 reduces reference voltage noise
generated by the LM334's noise current.
IC1 operates at unity gain to buffer refer-
ence voltage, and power the mike car-
tridge. This PMI OP-90 op amp supplies
output currents up to SmA, while draw-
ing a quiescent current of only 16uA.
Unfortunately, micropower op amps
tend to be noisy. R4 and C2 filter the
mike cartridge supply voltage; R5 is the
WM-063T's load resistor; C3 serves as
a DC blocking capacitor while coupling
the AC mike output to IC2.

WHOSE AMP? IC2, an Analog Devices
AD548 op amp, amplifies the micro-
phone output, and provides the low-im-
pedance, high-current capability required
to drive long shielded lines. This op amp
has a full power bandwidth of 70kHz in
this application, while drawing only
160uA quiescent current. Resistors R7

TABLE 3

MITEY MIKE PARTS LIST

RESISTORS

All resistors + 1% metal film unless otherwise
specified.

R1  4.32k

R2 37.4k

R3 100k

R4 1k

RS 2.74k

R6 33.2k

R7 510k 5% carbon film
R8 620k 5% carbon film
R9 3.65k

R10 18.7k

R11 150

R12 100k

CAPACITORS

All capacitor values are in microfarads, and are
bead tantalum unless otherwise specified.
C1 1.0

c2 100/6V

C3 33

C4  22/6V

Cs 226V

C6 68pF NPO ceramic
c7 10

c8 4710V

C9 0.1 metalized film

ICs AND SEMICONDUCTORS

IC1  OP-90 Precision Monolithics
IC2 AD-548 Analog Devices

IC3 LM334 National

D1 1N4148

Microphone Capsule:
Panasonic WM-063T available from Digi-Key,
Thief River Falls, MN 56701-0677.

and R8 set the DC operating point for IC2.
C4 filters the bias voltage and shorts any
power supply noise voltage to ground. R7
and R8 have been adjusted to obtain sym-
metric clipping from IC2, thereby max-
imizing its output swing at a supply
voltage of 9V. R9 and R10 set the AC gain
of IC2 t06.12, while C5 returns the IC2's

Continued on page 14



The Recipe for the Finest Spealkeers ...

The Xennon 3-100 resembles a traditional 3-way
system; but its awesome power and precise repro-
duction soon makes the listener compare the
Xennon to the very best systems in the world. As
with all Dynaudio products, it is the dynamic range
that makes the first favorable impression; other
speaker systems play loud, but only Dynaudio can
reproduce all output levels with an identical sonic
balance and no evidence of compression. The
Xennon 3-100 is a good choice for the listener who
listens to large symphonic works but also wants
the intimacy of small ensemble pieces.

The Xennon 3-100 is available in kit form with
cabinets for under $1000. Drivers, cross-
overs and plans are available for under $700.

The MYRAGE is a superlative system. It has mul-
tiple chambers with two 100 mm voice coil woofers,
two advanced three inch dome midranges, and the
legendary ESOTAR limited production high fre-
quency transducer. The bass is awe inspiring;
vocals are silky; the imaging is well defined. The
dynamic range can approach 125 db, yet the
MYRAGE responds effortlessly. 1f you wish to own
the best, and you want the satisfaction of assisting
in the creation, the MYRAGE is the system for you.

The Myrage system is available in kit form with
cabinets for under $1700. Drivers, cross-
overs and plans are available for $1300.

The IMAGE Il is a state of the art system designed
especially for audio enthusiasts who have space
limitations or budgetary restraints. If you are
willing to give up a half octave of the the deepest
bass (from 35 to 50 Hz), you may experience the
wonder of Dynaudio for a price so modest it
borders on the miraculous. With the IMAGE II,
you have superb imaging, a result of precise phase
and time delay, refined in a very sophisticated 12
element filter. The dynamic range and lack of
compression will startle you. After assembly, you
will enjoy the overall smoothness and clarity which
has earned Dynaudio drivers a world-wide reputa-
tion for excellence.

The Image Il is available in kit form with
cabinets for under $500. Drivers, crossovers
and plans are available for under $350.

Begins with the Finest Ingredients

E— y

Model D28AF
Diameter mm 110
Voice Coil Diameter mm 28
Frequency Range Hz 1.8K—20K
Resonance Freq. Hz 700
Sensitivity 1w/1m db 91
Power Capability DIN w 300@3K

=

. =

Model 24W100
Diameter mm 240
Voice Coil Diameter mm 100

Frequency Range Hz 35—3K
Resonance Freq. Hz 32
Sensitivity 1w/1m db 90
Power Capability DIN w 120

17W75 Esotar T330
17 140
75 28
45—3.5K 1.8K—22K
42 800
89 91
150 300@3K

D21AF 15W75
110 145
21 7%
2.5K—30K 60—5K
600 55
91 88
600@5K 120

DS2AF 30W100
145 300
54 100
600—7K 25—900
350 24
91 91
200@800 450
D76AF Variovent
145 Aperiodic damping device.
75 Used for sealed box
500—5K alignments to lower system
180 Qte, effectively allowing the
88 use of a smaller box.
Diameter 125mm.
180@600

Available from your
Dynaudio Specialist:

Madisound Speaker Components
8608 University
Box 4283 Madison WI 53711
Phone: 608-831-3433
Fax: 608-831-3771

Green
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PHOTO 2: Microphone cartridge, wand and
electronics board.

Continued from page 12

gain to unity at DC so that its DC
operating point is solely a function of the
bias divider resistors R7 and R8.

At first glance, a 6.12 gain for IC2 may
seem a bit odd. Mitey Mike is designed
for use with wideband AC voltmeters
having calibrated dB scales. It is com-
mon practice to set these meters’ 0dB
reference point to a voltage correspond-
ing to one milliwatt into 6009, i.e.,
0.775V. When referenced to this power
and impedance value, voltage and power
ratios expressed in decibels (dB) are
given the special suffix 'm"’, i.e., dBm.
With a 6.12 gain, a 0dBm reading cor-
responds to an SPL of 120dB. Meter
readings and their corresponding SPLs
are listed in Table 2. As you can see, the
odd gain of 6.12 provides a direct and
convenient correspondence between
meter readings and sound pressure levels.

If the PMI OP-90 and the Analog
Devices AD548 are not available, you
may substitute TLO61s for both ICs with
no sacrifice in performance. Current
drain will increase, however, to about
750uA. If you don't mind the extra drain,
you can make the board smaller by us-
ing the dual TL062. As an alternative to
the PMI OP-90, use one of the program-
mable "LINMOS" CMOS op amps from

HOT
(+)

GROUND
(=)
FIGURE 4: Microphone cartridge terminals.
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Texas Instruments. The TLC271 pro-
grammable op amp draws only 50uA
quiescent current in the ''medium’’ bias
mode with noise specs just a little worse
than the OP-90.

MIKE CONSTRUCTION. The com-
pleted microphone measurement system
is shown in Photo 1. As I mentioned, our
mike's presence must not disturb the
sound pressure field we are trying to
measure. The microphone cartridge must
not only be small, its supporting struc-
ture must not produce undesirable reflec-
tions, which could cause measurement
errors. I lacked the facilities to construct
a streamlined case for the microphone.
I chose to distance the cartridge from the
electronics package by mounting it in the
end of an 18” wand, assembled with rigid
brass tubing available at hardware stores
and hobby shops.

Look at Photo 2 before reading how the
wand is put together. First we must solder
appropriate leads to the cartridge. With
a diameter and length of only 6mm, the
cartridge is small, difficult to handle, and
easily damaged. The easiest way to hold
the cartridge while soldering wires to it
istodrill a %" hole in a %" thick piece
of plywood or Masonite and place the car-
tridge in the hole with the solder pad ter-
minals facing upward.

Next, take two 30” lengths of #24 AWG
hookup wire, one black, and carefully
twist them together. After tinning the
wires, solder them to the cartridge pads
using a conical tip in a soldering iron of
no more than 25W. Solder the black wire
to the ground terminal pad, the one that
connects to the cartridge case (Fig. 4). Slip
a 1" length of %" diameter heatshrink
tubing over the cartridge body and wires.

Then apply heat only to that portion of
tubing covering the wires. Be careful not
to heat the mike cartridge. The heatshrink
tubing electrically isolates the mike car-
tridge from the conductive brass wand.
Photo 3 shows the cartridge, with wires
connected to it.

TEST AND TUBE. It's a good idea now
to test the cartridge before continuing.
Use Fig. 5's test circuit. Connect an os-
cilloscope with a sensitivity of at least
0.1V/cm or sensitive AC voltmeter to the
indicated output terminals. Whistle
loudly into the mike. You should get a
strong indication on either the scope or
the meter.

You need two brass tubes to build the
microphone wand if you can find only
the common 12" lengths in hobby shops
and hardware stores. These are available
in graduated diameters. I used one with

PHOTO 3: Complete microphone electronics
package.

an outer diameter (OD) of %" and
another with a %,” OD. Cut an 8" length
off the larger diameter tube and carefully
deburr the cut end.

Place a small amount of soldering flux
on one end of the smaller tube, and in-
sert it into one end of the larger tube to
a depth of 1”. Heat the joint with a
25-50W iron and flow rosin core solder
into the joint. Wipe away any excess and
let the assembly cool.

The cartridge leads now can be in-
serted into the larger tube's open end,
and fed through to the opposite end. The
cartridge should be held in place with
silicone rubber glue at the large end of
the wand. Although not necessary, you
may wish to fill the entire wand with
silicone rubber to damp sound-induced
vibrations. First feed the twisted pair of
microphone cartridge leads through the
wand, leaving the cartridge dangling at
the end of a few inches of lead. Then fill
the wand with damping glue, and pull
the leads through so the catridge fits
snugly in the end of the wand. Photo 3
shows a completed microphone wand.

ELECTRONICS PACKAGE. I mounted
Continued on page 16
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FIGURE 5: Microphone cartridge test circuit.
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Continued from page 14

the microphone electronics in a Radio
Shack plastic project case {Cat # 270-222)
which 1s 4%” x 2%6” x 1%6”. The brass
wand supports not only the microphone
cartridge, it also shields the microphone
leads. The wand support bushing, a %”
ID threaded bushing, is mounted in the
center of one end of the case. Place a
solder lug under the bushing nut, and
use it to return the brass wand to
ground.

If you do not have a %” ID bushing,
a ¥%” phone jack will work just as well.
Remove all lugs and tines from the jack
assembly, except the ground lug which
you can use to ground the wand. At the
other end of the case are an output jack
and a minjature on/off toggle switch. I
glued a %4”-20 tee-nut to the bottom of
the case so I can attach the mike to a
camera tripod {Photo 1).

The microphone electronics are in
Photo 3. 1 didn't draw a printed circuit
layout. The circuit is simple, however,
and easily laid out on a 3” length cut
from a Radio Shack experimenter
printed circuit board (#276-170). The sug-
gested component layout is given in Fig.
6. Note many resistors are mounted on-
end to save board space. All electrolytic
capacitors use bead tantalums to con-
serve board space. I used sockets for IC1
and IC2. The recommended 9V alkalin
battery is held with a Radio Shack bat-
tery clamp.

TESTING, TESTING. The circuit is
straightforward, and rarely needs special
trimming or adjustment. The first time
you power up, however, check a few
critical voltages to ensure everything is
working correctly. First check the out-
put of IC1’s voltage, pin 6. It should be
2.8-3.2V. Outside these limits, check the
voltage across R5 with a high impedance
voltmeter for proper operation of IC1.

Voltage across R5 should be the same
as that at pin 6 of IC1. If IC1 is working
correctly and voltage is still low, Rl's
value may be decreased slightly to in-
crease LM334's output current. Simi-
larly, if the voltage is too high R1 should
be increased. Voltage across the mike
cartridge should be 1.8-2.2V, depending
on the amount of current it draws. Of
the 10 units I measured, mike current
was 150-300pA. Finally, with a 9V sup-
ply, the DC level at IC2's output should
be 5V.

USING MITEY MIKE. One could
write a book on loudspeaker response
measurement techniques. I'll stick with
two procedures you can use in your
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listening room, namely, near field and
one meter frequency response measure-
ments. You will only need a wideband
AC voltmeter with dB scales, a power
amp to drive the loudspeaker, a warble
tone oscillator such as that Dick Craw-
ford described, (TAA 1/79) and, of
course, Mitey Mike. More on the reason
for a warble tone oscillator later.

There's a widespread belief among
audiophiles, and even experts, you can-
not make accurate response measure-
ments in typical listening rooms. It's not
necessary to hang your latest creation 25
feet in the air, or bury it in the back yard
with its baffle flush with the ground, to
get good data. Understanding room lim-
itations, using the right instrumentation,
and keeping your microphone relatively
close to the drivers you are measuring,
can produce very good results.

DRIVER
DIAPHRAM

B N
MICROPHONE

I —

FIGURE 7: The near field frequency response
measurement technique.

Let's talk a little about room acoustics
first. At low frequencies where wave-
lengths are comparable to room dimen-
sions, standing wave modes are widely
and irregularly spaced in frequency, pro-
ducing gross variations in loudspeaker/
room response. At higher frequencies,
where wavelengths are much smaller
than room dimensions, standing wave
distributions are very dense in fre-
quency—numerous and very close to-
gether. Under these conditions, loud-
speaker/room interaction is smooth as
long as speaker and microphone are far
from reflecting surfaces.

TERMS & TECHNIQUES. In technical
terms, the low-frequency region is refer-
red to as the ''discrete standing wave"’
region because standing waves are
widely spaced and easily observed. The
high-frequency region is called the "'sta-
tistical standing wave'' region, because
standing waves are so numerous and so
closely spaced in frequency they are bet-
ter described by a statistical distribution
than by a direct enumeration. In typical
home listening rooms with volumes of
approximately 2,500 ft? the transition be-
tween discrete and statistical standing
wave regimes occurs somewhere be-
tween 300-400Hz. Below 400Hz, I use
the near-field technique. Above 400Hz,

I prefer one meter measurements.
I should define the term ''near field"”
before proceeding. It's most easily de-
Continued on page 18
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Continued from page 16

fined, perhaps, by saying what it is not.
In a driver's far field sound pressure
level falls off inversely with distance,
and the driver looks like a point source.
As the distance between the microphone
and the driver shrinks compared to the
driver diaphragm diameter, the axial
sound pressure distribution at higher fre-
quencies varies rapidly, because sound
pressure contributions from different
parts of the diaphragm arrive at the
microphone with differing phases.

The distance from the driver where
the transition between near field and far
field response occurs is a function of
driver size and frequency. For all mid-
range and tweeter drivers, and for most
woofers, you are well into the far field
at one meter.

We use the near field measurement
technique to overcome the effects of low-
frequency discrete standing waves. D.B.
Keele describes this technique in his ex-
cellent paper.! I shall only highlight his
approach here. Referring to Fig. 7, place
a microphone very close to the driver
diaphragm's center (less than 2"}, so the
sound pressure level produced domi-
nates any energy which has been re-
flected from room boundaries. Keele
shows that a direct mathematical rela-
tionship exists between near field sound
pressure and the half-space far field ane-
choic response.

NEAR AND FAR. Near field measure-
ments produce the true anechoic re-
sponse of a driver for frequency wave-
lengths which are long, compared to the
diaphragm'’s diameter. Pressure waves
created at the cone’s outer edge must
travel a longer distance to reach the
microphone than those coming from the
cone center. They may, at higher fre-
quencies, arrive out of phase causing
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near field response cancellation not ob-
servable at normal listening distances,
that is, in the far field. Equation 1 gives
a practical upper-frequency limit to the
near field technique in terms of driver
diameter

faax > 4300 / D (1)

where fjux is in hertz and the driver
diameter, D, is in inches. For a typical
12" woofer with an effective cone diam-
eter of 10”, the upper-frequency limit is
430Hz. Equation 1 shows near field
measurements are valid throughout the
entire discrete standing wave frequency
range for woofers of 12" diameter or
less. The near field technique is not
limited to woofers. For a typical 5” mid-
range driver with an effective cone
diameter of 4”, near field response meas-
urements are valid up to roughly 1kHz,
while 1” tweeter's can be made out to
4kHz.

Although you can use the near field
technique with midrange and tweeter
drivers, it does not yield a driver’'s one
meter sensitivity directly. Thus, it's not
as useful as one meter measurements for
matching driver levels. Since midrange
and tweeter units operate exclusively in
the statistical standing wave regime, you
can make reliable far field measure-
ments at microphone/loudspeaker separ-
ations of one-half to one meter.

PUT IT WHERE? When making far
field measurements, place the driver or
loudspeaker system as far as possible
from reflecting walls, while ensuring the
distance from any two or more walls is
not identical. Dominant reflections will
be from the floor. Above 300-400Hz,
you can eliminate these reflections by
placing thick fiberglass bats on the floor
between the speaker and the micro-

phone. Any residual room effects irreg-
ularity can now be smoothed out using
the warble tone test signal to average
through the ripples.

I have not distinguished between in-
dividual driver testing and system test-
ing. Individual driver testing is simpler
because the driver axis is clearly defined,
and microphone placement relative to
that axis is unambiguous. Because of the
separation between multiple drivers,
however, path lengths between each
driver and the test mike will be different.
System response will change, often dras-
tically, with mike location. In system
testing, one must define the listening
axis, and the location along that axis
where response is measured.

Systems with widely spaced drivers
may not integrate well at one meter. Un-
fortunately, if the mike is placed much
farther away from the system under test,
the ratio of direct to reflected sound will
decrease, and wall, floor, and ceiling re-
flections will begin to distort the meas-
ured response. Under these conditions
I have found system response often can
be more accurately predicted with a
computer program, such as LMP, CAL-
SOD or XOPT, than it can be measured.
Individual driver responses, including
the effect of their crossover, are meas-
ured and used with one of the programs
to compute system response on any de-
sired axis.

RESPONSE MEASUREMENT. TI'll
conclude with two examples. If you have
ever tried measuring the subwoofer's
frequency response in your listening
room with conventional techniques, you
know it's an impossible task. However,
near field measurements are a piece of
cake. Figure 8 shows the ARIA TEN's

Old Colony Sound will offer several
kits in relation to this article.

A full kit of all parts with an etched
circuit card, box, single-piece wand
and microphone will be available.
Those who wish to be notified of
availability date for this kit please use
Fast Reply #170. The kit will be avail-
able with a calibrated capsule at an
additional charge. Those interested in
circuit cards only, please use Fast
Reply #178.

Crawford's Warble Tone generator
with a power supply, complete kit of
parts, board, and a punched, painted,
and silk-screened case also will be
available. The generator will be offered
at a special price in combination with
the D’ Appolito Microphone kit. Those
interested in the Warbler kit please use
Fast Reply #184.
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FIGURE 9: The Signature 717 frequency response; (a) One meter response; (b) Combined near

field and one meter responses.

near field response to a swept Ya-octave
warble tone. The ARIA TEN, which I
designed for Focal America, is a sixth
order band-pass subwoofer in which all
radiation comes out of a slotted port.

I obtained the measurement by plac-
ing Mitey Mike at the port exit's center
in line with the enclosure's outer wall.
The plot shows a smooth anechoic re-
sponse with 3dB down points at 24 and
82Hz. Above and below these points,
response falls off at 18dB/octave. Inci-
dentally, the measured near field re-
sponse agrees perfectly with computer
model predictions.

Figure 9 shows the Signature 717's fre-
quency response, a compact, stand
mounted system designed for A&S
Speakers of San Francisco. The data for
Fig. 9a were taken at one meter in my liv-
ing room using a swept Ya-octave warble
tone. Notice the response data are quite
smooth down to about 400Hz, where the
first room induced response dip, a mild
floor dip, occurs. A second, more pro-
nounced dip is seen at 160Hz, so 400Hz
seems to be the lower limit for one meter
measurements in my living room.

Data below 400Hz was obtained via a
slight modification of the basic near field
approach. The Signature 717 uses two
closely spaced 7" mid-bass drivers in my

3/2 geometry. To get the contribution
from both drivers simultaneously, the
loudspeaker was placed on 2” spacers
facing downward on a concrete floor.
This created an acoustic center on the
floor between the two drivers. I placed
Mitey Mike at the center point and took
a frequency response to get the dual mid-
bass driver's contribution to the overall
curve from 400Hz downward. This pro-
cedure is sometimes referred to as the
“ground plane'’ approach.

Finally, I placed Mitey Mike at the
center of the rearward firing port to get
its contribution. All three curves are
shown in Fig. 9b. Notice the near field
woofer response has a deep notch at
42Hz, which is the box tuning fre-
quency. At this same frequency, the port
output has reached a maximum (I guess,
the bass reflex principle really works.)
Port and woofer contributions are equal
at about 80Hz. Figure 9b shows low-end
port response, and therefore the low-end
system response, is down 3dB relative
to 1kHz at 36Hz. ()
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Only One.

Now you need only one microphone to
cover a whole range of tasks. The
Josephson C-602 has our new vacuum-
deposited gold condenser capsule with
selectable omni and cardioid directional
patterns. Select bass rolloff or flot response
for close-up or far field use. The wide
dynamic range and very low noise make it
suitable for all kinds of sound environments.
The $400 price makes it suitable for oll kinds
of sound budgets. lt's made in Germany by
MB Electronic, famous in European
broadcast, recording and film studios since
1966. Hear it at your favorite pro audio
dealer, or call us for more information.

JOSEPHSON ENGINEERING
3729 Corkerhill,

San Jose, Calif. 95121

(408) 238-6062

Fast Reply #XE320
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SYMMETRICAL LOADING
FOR AUTO SUBWOOFERS

BY MATTHEW HONNERT

was enthused with Jean Margerand's

article, "'The Third Dimension: Sym-
metrically Loaded,” (SB 6/88) and have
designed and built several versions for
automotive use. My development work,
and on-the-road experience may help
fellow speaker builders.

Symmetrical loading offers many auto-
motive advantages, such as:

1. High-power handling capacity using
relatively small drivers. Reduction in
cone excursion and distortion this load-
ing technique offers, allows reduction in
driver and enclosure size.

2. Minimal (or no) crossover require-
ments. The 12dB/octave acoustic roll off
is adequate for most automotive applica-
tions due to occupants’ proximity to the
speakers. An electronic, even passive,
crossover is helpful but not necessary. In
most basic systems, the subwoofer is
simply wired in parallel to the main full-
range speakers.

3. Compact size and flexible dimen-
sions. Low-profile or irregularly shaped
enclosures can be built for any hatchback,
sedan, or van.

4. Cost. Small drivers and enclosures
are generally inexpensive. A simple cross-
over network reduces cost even more.

I recently built two subwoofers, one
for a mini-van, the other for a hatchback
coupe. Both use dual 6” woofers, yet
design parameters and installation were
unique.

For the Voyager Van, dual Peerless
TP165F drivers occupied a common

ABOUT THE AUTHOR

Matthew Honnert has a BSEE degree, and is Senior
Applications Engineer at Syntronic Instruments,
Inc., a manufacturer of precision deflection yokes.
He has designed and built more than 60 speaker
systems, including Strathearn and Swan IV deriv-
atives, over the past 20 years. He is married and
has two young sons.
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PHOTO 1: The assembled enclosures. Finishing touches are up to the builder.

back chamber, with a single 3%2” 1.D.
duct venting the front chamber. It is
driven by an 80W bridged amplifier via
a 140Hz Linkwitz-Riley low-pass filter.
Covered in matching carpeting the en-
closure resides under the middle bench
seat for near-factory-look.

I was less concerned about size in my
VW Scirocco commute car, but I wanted
good performance and low cost. Twin
Becker 906A171 drivers are mounted in
separate back chambers, cones mounted
push-pull. The common front chamber
vents to the top through dual 3” ducts.
The enclosure is long and sloped to fit
directly behind the back seat. Originally,
I amplified this design as a stereo sub-
woofer, each woofer in parallel with its
respective full-range main speaker. For
more power and flexibility, I now drive
it in mono with a bridged 50W amp via
a dash-mounted electronic crossover.

Comparing the two designs yields some
interesting notes. Both are tuned to about
the same center frequency with equiva-
lent bandwidths of 40-170Hz. The van
system, admittedly less efficient, seems
more strained even with the larger power
amp. The VW system '‘pressurizes'’ the
vehicle with solid bass. On-the-road ex-
perience and bench testing yielded prac-
tical guidelines for high performance, and
low-cost, automotive designs:
® Use woofers with moderate or low
f/Qr values, under 100 if possible. A
low V¢ will also reduce box size and/or
allow a higher efficiency design align-

ment. Small woofers with small magnets
and loose suspensions work well, and
cost less.

¢ Try using woofers with long mechan-
ical excursion limits. The Peerless drivers
I used, as well as Dynaudio and others,
tend not to bottom out when overdriven.
Their excursion peaks at some limit, but
no rapping sound occurs. I have suc-
cessfully used other drivers that do bot-
tom, but you'll appreciate the extra
margin, especially with some power am-
plifiers which pulse the woofers at turn-
on or turn-off.

¢ Duct diameter is important, and must
be considered for its effects on annoy-
ing wind noise and ultimate sound-level.
I use the formula:

Minimum Area (inches} = 0.02
x Vent Freq. (Hz} x Cone Displacement (in3)

For typical tuning frequencies and
drivers, see minimum vent diameters
(Table 1).

You will find it is often difficult to design
the minimum vent diameter into com-

TABLE 1
CONE VENT VENT
WOOFER DIs. FREQ. DIA.
6" 6 in3 60-80Hz 3”
8” 13 60-80Hz 4.5"
10" 25 50-70Hz 6"
12" 42 50-70Hz 2 x 6"
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FIGURE 1: The finished pieces with speaker and vent apertures.

pact enclosures. For best results, even a
6" woofer requires a front chamber of
more than 0.25 ft3 for a manageable duct
length. If you use dual drivers, dual
ducts (or equivalent duct area) must be
engineered as well. It is likely drivers
with large magnets, or small equivalent
air volumes (V4 will perform best with
higher "'S'" alignments.
¢ Power bandwidth influences effi-
ciency, and power handling. I usually set
f, at 40Hz as a start, knowing that typi-
cal program music has little energy below
that. It's fruitless trying to reproduce
lower frequencies in a moving vehicle.
Cone excursion, however, dramatically
increases beyond half-power frequencies
f, and fy. Smaller drivers, and short-
throw voice coils, can be coaxed into high
power applications by setting f; con-
siderably lower, perhaps 30Hz, since im-
proved cone loading reduces cone excur-
sion in the useful frequency range. Effi-
ciency will suffer, but amplifier power
is getting cheaper nowadays.
¢ For automotive applications, the up-
per half-power frequency, fy, can be
significantly higher than in quality home
systems. A vehicle has many surfaces
close to the subwoofer, and even at
180Hz, a rear mounted subwoofer isn't
readily detected unless it is 8-10dB
louder than the fullrange speakers.
When used without a complementary
low-pass filter (crossover network), I
would limit fy; to about 140-150Hz,
with a filter, 180-200Hz is satisfactory.
A simple series inductor is useful in
crossovers when the subwoofer is to be
strapped (in parallel) across the full-range
amplifier outputs. The 6dB slope is mild,
yet it reduces wasted power at frequen-
cies above fj;. Series resistance must be
accounted for in subwoofer design, yet
low-impedance power amplifiers may
enjoy the reduced load.

I prefer electronic crossovers for vari-
ous reasons. They improve system clar-
ity by relieving the full-range speakers
from the low frequencies; they allow
easy balance adjustments between sub-
woofer and full-range speakers; and they
increase sound levels dramatically, even
with relatively small power amplifiers.

The latter results from summing the
amplifier voltages. Assuming the mid-
point of acoustic power is about 200Hz
in a moving vehicle, if we use two simi-
lar power amps via an electronic cross-
over (for frequencies above and below
this) we essentially double available am-
plifier output voltage to the total system.
Since power is proportional to voltage-
squared, we quadruple to equivalent
power. This 'totem poling'’ of amplifier
voltage swings often allows multi-amped
systems to outperform larger single-amp
systems. Even using a simple low-pass
only filter (as found in accessory equal-
izers), you still get balance control and
significantly improved clarity. The full
high-pass/low-pass filters are icing on the
cake.

A LOW-COST DIY DESIGN. I've eval-
uated drivers from Polk, Radio Shack,
Peerless, Becker, Focal, Dynaudio, and
Universal. The Dynaudio is good, very
costly, and has a fairly short linear ex-
cursion. The Becker is also very good,
if you can find one. The others, except
the Radio Shack, have too high an {J/Q;
for efficient and practical design. We'll
use the Radio Shack 40-1011. The cost
is reasonable and it is widely available.

After several hours of break-in, the
Theile parameters were considerably dif-
ferent from those Radio Shack adver-
tised. This is not surprising, but I hope
my test speakers are representative of
those found nationally in stores. Meas-
ured versus advertised parameters were:

RADIO SHACK 40-1011

PARAMETER TESTED ADVERTISED
f 36 50Hz
Or 0.35 0.6
Vas 1.7 26 ft3

For the enclosure parameters, I selected
a moderately sized enclosure:

Vz; = 870 in
Vi = 582in?
VENT = 3" 1.D. x 9.1" long

SUIT THE SPACE. This design pro-
vides cutoff frequencies at 42 and 140Hz,
with a relatively high efficiency of
-2dB. All dimensions are for a single
driver, and must be doubled for dual
drivers (use two of the specified vents).
A stereo design results from attaching
together two identical enclosures.
Many dimensional ratios will suit the
available space simply by adding Vg
and V; together (the volume of the vent
has already been factored into Vi, and
dividing the key dimensions. Since the
drivers are about 7" in diameter and the

PHOTO 2: The vent can be made from materials such as cardboard, phenolic, or plastic.
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vent requires about 12” internal space
(vent length plus one vent diameter), 1
will arbitrarily use internal dimensions
of 7:12:17.25”. Allowing %" for the in-
ternal partition, the inside dimensions
are about 7:12:18" Additional volume for
the driver isn't necessary, as it is close-
ly offset by the mounting aperture in the
partition.

Use the following cutting list for each
enclosure:

QTY. SIZE
3 7" x 12"
2 7" x 19.5”
2 13.5” x 19.5”

These sizes are based on %” plywood or
particle board. Using thinner material,
calculate a revised cutting list. Figure 1
illustrates the finished pieces with
speaker and vent apertures. The vent
duct can be made from materials such as
cardboard, phenolic, or plastic. If the I.D.
is 3" as specified, the enclosure's tuned
frequency will be near 75Hz.
Assemble the enclosure's sides first, all
pieces of 7” width. For the simple butt
joints, I suggest a heavy adhesive such
as paneling cement ("'Liquid Nail"'} for its
gap-filling feature and strength. Use nails
or screws as well, since the adhesive
requires overnight curing. The driver
mounts in the larger aperture between
the two chambers, while the vent is in-
stalled in the smaller chamber (Fig. 2).
The driver should be bolted or screwed
in place, the magnet side facing the larger
back chamber. Now the vent can be
glued with panel cement or caulking, its
end flush with the outer panel surface.
Next, install a side panel (132" x
19%2"). Bring the speaker terminals out
before adding the last panel. A simple
“zip cord’’ or a more elaborate feed-

SRR

through can be used. Toss in a handful
of fiberfill in the rear chamber, and seal
down the last panel. A felt gasket works
well if you opt for a removable panel).

Now is a good time to test the sub-
woofer for buzzes or air leaks. Connect
it to an amplifier and play some heavy
music. You won't hear much, but caulk
any leaks.

Finishing cosmetics are up to the
builder. I suggest paint to seal the wood.
Automotive ({non-backed) carpeting is
easy to install with spray contact cement,
and looks "‘factory."”

This system's efficiency is slightly
lower than typical automotive full-range
speakers, making a simple parallel con-
nection less than exciting. Satisfactory
connections, in order of preference, are:

1. Separate monaural (or bridged
stereo) amplifier and electronic crossover
with adjustable gain control. Depending
on the main full-range speaker's band-
width, a low-pass only filter may be ade-
quate for the subwoofer. Maximum vol-
ume is available if high- and low-pass
networks are used. Gain control at-your-
fingertips is recommended for exploring
music's hidden lower frequencies.

2. A main power amplifier with op-
posite phase outputs simultaneously can
drive main and subwoofer speakers,
with close balance and good output.
Some power amplifiers, such as Alpine
and Rockford-Fosgate, have one channel
inverted from the other, allowing you to
connect the subwoofer across its '‘plus"’
terminals, and full-range speakers across
their respective stereo outputs. This
drives the woofer with twice the normal
voltage, raising its relative output by
3dB, and more nearly matching the full-
range main speakers.’ Additional cross-
overs aren't necessary. A passive low-
pass network may be added to the sub-
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FIGURE 2: The driver mounts in the larger aperture between the two chambers.

PHOTO 3: The rear chamber stuffed with
fiberfill.

woofer, if wished, for reasons outlined
earlier.

3. A standard stereo power amp can
drive both full-range speakers and parallel
stereo subwoofers, but requires an L-pad
for the full-range speakers to match their
sensitivities to the subwoofers.’ Fortu-
nately, most automotive speakers are
overdamped, and not greatly affected by
the L-pad’s series resistance. For best
results, the amplifier should have at least
40W per channel and low-impedance
(high-current) capability. As noted above,
a passive low-pass filter at about 150Hz
would be a worthwhile enhancement.

I believe symmetrical loading provides
an ideal, and cost-effective way to install
a quality subwoofer into your vehicle. SB
readers experimenting with the tech-
nique are sure to find a rewarding con-
struction project, as well as obtaining very
healthy bass performance. »

Addendum

The problem of weak bass in my van
system has been linked to inadequate
enclosure rigidity. The symmetrical-
loading technique generates tremendous
internal pressure and requires a
minimum panel thickness of %”. {My
van system used %" for low profile.) The
pressure also blew out the foam sur-
rounds on my Becker drivers. I now
recommend the woofers be rear-
mounted when possible.

The van now utilizes a single Seymour
Sound 8” woofer, instead of the original
dual 6” Peerless drivers. Power capac-
ity is not as high, but efficiency is bet-
ter, and sound quality is equivalent.
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IMPROVED VENTED BOX
WITH LOW Qrs DRIVERS

n ''The QOB; Vented Box Is Best,”” (SB

5/88) I expressed my preference for
the sound of QB; aligned Vented Box
(VB) speaker systems, and why they
might offer superior performance. I had
a problem finding drivers which offered
a sufficiently low — 3dB cutoff frequency
(F5) to make a worthwhile system. Small
woofers, say less than 8”, commonly
have a Qq sufficiently low (below 0.4)
to provide QB; alignments. It's impor-
tant with small drivers to move F; as
low as possible for acceptable system per-
formance. The last couple of years I've
accomplished this by deviating from
classical alignments to enhance F, per-
formance. The results have been very
satisfactory.

A caveat: I have no design equations.
It is purely trial and error. One require-
ment is the ability to plot a VB system's
response. I have computer programs
which do this, almost a necessity as

BY G. R. KOONCE
Contributing Editor

TABLE 1

PERFORMANCE COMPARISON

Oriver Vg (ft2 Fs (H2)
Large— 3.08 19
Figures 4.00 19
#1 & #2 6.00 19
Small— 0.138 62
Figures 0.200 62
#3 & #4 0.400 62

F; (H2) Fg (H2) Align.
35.7 28.6 QB;,
32 30 Mod
27 28 Mod

101.9 84.1 QB;
88 80 Mod
72 77.5 Mod

numerous plots are required. Review Old
Colony's offerings to see if software to
graph VB response is available. The equa-
tions to determine VB's response are
shown in the sidebar. I must, unfortu-
nately, leave the problem of plotting VB
response to the reader.

The basic approach examines the op-
timum QB, response for your driver to
establish net box volume (V) and box
tuned frequency (Fg). I have found in-
creasing box size and modifying the tun-

ing will drop F;, sometimes dramati-
cally. Figure 1 shows the QB; response
for a large driver with Q.5 = 0.258, F;
= 19Hz and V,5 = 12.8 {t3 in an enclo-
sure with V; = 3.08 ft? net. F;'s value
of 36Hz is disappointing for a driver with
an Fg of 19Hz. Figure 2 illustrates results
of raising the enclosure size and playing
with the tuning. Note that Vg of 6 ft3
allows an F; of about 27Hz, a great im-
provement. The penalty is a slight dip in
the response (1dB), and possibly giving
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FIGURE 1: Optimum QB; response for large driver-Vg = 3.08 ft3
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FIGURE 2: Modified responses for large driver.
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Response in dB = 20 log (R}

Computing Response of a Vented Box System

where R is linear response as follows:
{Fnj*

R =
V[(Fy - CF%4+ A)2 + F4(D F - By
Where: Fy = F/Fsg F = the frequency of interest—Hz

Driver resonance in Vz—Substitute Fg for design

Vg = Enclosure net volume—same dimensions as Vg

Fsp =
A = (Fg/ Fsg)2 Fyz = Box tuned frequency—Hz
B =A/Qp + Fg/ Qg Fss) Qps = Total driver Q
Qg = Box Q (Normally 7 is used)
C =1+ A+ Vi5/ Vg + Fg/(Qp Fsp Qrs)
V,;s = Equivalent compliance volume of driver
D =1/Qy + Fy/(Qp F®

up some QB; response advantages. The
slight dip occurs in a range where pas-
sive crossovers produce a slight peaking,
which would somewhat offset the dip.
Six ft3 enclosures are not popular these
days, but any enclosure over the op-
timum QB, volume of about three ft3
would allow reduced F; with this
driver.

Figure 3 offers a more practical applica-
tion, the optimum QB; response for a
small driver with Q5 = 0.288, f; =
62Hz and V.5 = 0.43 ft3 The system's F,
frequency is about 102Hz, making con-
struction moot. Since the QB,; optimum
V3 is only 0.138 ft3, there should be no
problem considering larger enclosures.
The larger you make the enclosure the

lower you can push F; but the more
severe the response dip. Figure 4 dem-
onstrates the performance with the en-
closure volume raised to 0.2 and 0.4 {t3
With V; = 0.4 ft3, the system has about
2dB response ripple with F, pushed to
about 72Hz. This ripple in a small driver
has not been a problem, at least in my
experience. A more conservative Vg of
0.2 ft3 shows about 1.5dB droop and an
F; of about 87Hz. Perhaps playing with
the tuning could further improve perfor-
mance. Playing with the tuning and en-
closure size makes response curve plot-
ting by hand unacceptable.

I proposed in '"The OB, Vented Box"
the “improved” performance I heard
stemmed from the fact the system cutoff

(F;) was above the two major system
resonances (Fy and f) so major system
output did not occur at these frequen-
cies. This technique is pushing down the
F; point. How do these modified sys-
tems fare in keeping resonances sup-
pressed? Table 1 lists the results for the
two driver examples. It is clear the pro-
cedure did not push F; down to f;, but
it certainly will put F; below Fy. If the
enclosure size is excessively increased
over optimum QB; then the box reso-
nance (Fg) will be in the passband. A
potential penalty is paid, not only in the
response ripple, but also in moving the
system resonances closer to the system
pass-band. This is still better than the
C, alignment, which has both fg and Fg
in the pass-band.

I have used this approach with mod-
eration on large drivers, and with excess
on small drivers. Final results in all
cases, so far, have been good. Could this
be proof the advantage of QB, align-
ment is simply the low driver Q, and
thus good woofer damping, and not in
any way related to the suppressed sys-
tem resonances? I don't know the an-
swer. I do know that systems with these
low Q drivers sound better. I will con-
tinue using them, even if I can’t explain
the perceived superior performance.

This technique enables construction of
systems with a lower cutoff frequency
with low Q drivers. They may no longer
be QB;, but they sound good. Let me
hear from any builders using this, or
similar, technique with low Q drivers.

)

System Amplitude Response - dB us Log Frequency

System Amplitude Response - dB vus Log Frequency

+18 +184
8dB1 B
j -
] ]
-10 // -10
] 1 7
oo 1
-20 r4ds)
@ 50 6@ 89 100 150 200 250 38 400 40 50 60 80 100 150 200 250 300 400

FREQUENCY IN HERTZ
FIGURE 3: Optimum QB; response for small driver-Vg = 0.138 ft3

FREGUENCY IN HERTZ

FIGURE 4: Modified responses for small driver.
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PYLE DRIVER"SPEAKERS...
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Quality Woofers, Midrange,
Tweeters and Crossovers

Xzt ¥

m Over 200 speaker models and sizes available
® Parameters available for every loudspeaker

B Recommended cabinet sizes available
for all woofers
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BOXMODEL—AN AID
TO WOOFER SYSTEM DESIGN

In 1984 1 wrote an Apple program
called BOXRESPONSE which ap-
peared in SB.! Its purpose was to allow
the Thiele/Small model of a woofer sys-
tem to be used in a practical way for the
design and analysis of either a vented-
box or a closed-box with or without
equalization.

I had wanted to include Small's pas-
sive-radiator model? as well, but this
proved to be more complicated than I
cared to deal with. I was also interested
in investigating the three box losses (ab-
sorption, leakage, port) separately rather
than lumping them together in the leak-
age loss as is done in Small’s models.
These two facts led me to derive a new
model that included all three common
box types simultaneously and the three
separate loss factors as well. The deriva-
tion of this new model was presented at
the AES Convention in 1989.3 Using this
generalized model I wrote a new version
of BOXRESPONSE for the IBM PC. This
version is currently available through
Old Colony.

Although it is a powerful program it
is rather awkward to use because of the
way data entry is handled. Also, there
is no way to directly compare more than
two alternative designs, and passive-radi-
ator system parameters are not handled
in the standard way. Because of these
and other shortcomings I have written
a new program for studying woofer sys-
tems by the Thiele/Small models. It is
called BOXMODEL and will be offered
by Old Colony. With it you can easily
compare as many as four systems at
once and data entry is extremely fast and
easy. Overall, I think it is a great im-
provement over IBM BOXRESPONSE.

If you are interested in programs of
this type mainly for calculating optimal
alignments, then BOXRESPONSE is still
the program for you. BOXMODEL does
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Contributing Editor

not support this capability. It was not in-
cluded because I wanted to make the
comparison features as convenient as
possible, and because I considered align-
ment calculation to be of only marginal
value. Why depend on somebody else’s
ideas of the ''best alignment’”” when in
BOXMODEL you have the capability
to look at any alignment and decide
whether it is appropriate for your cir-
cumstances.

The rest of this article is divided into
three sections. The first explains the
operation of the program in some detail.
The purpose for doing this is to permit
reference to the program in later discus-
sion and to allow this article to serve as
the documentation for the program. The
second part discusses two topics that
may not be so well known: passive-radi-
ator systems and acoustic losses. The last
part consists of a couple of examples
showing how the program can be used.

For the most part the symbols used in

the program for system data are those
first used by Small in his papers on box
systems. If you are a regular reader of
Speaker Builder most of them should be
familiar to you. If you are not, then you
should consult my SB series* on vented-
boxes where most of them are described.
Some symbols related to losses and
passive-radiators may be new to you, but
they are described below.

I. PROGRAM MECHANICS

MACHINE REQUIREMENTS. BOX-
MODEL is designed for an IBM PC or
compatible with at least 384K of RAM
and running DOS 2 .x or higher. The pro-
gram will run on a machine without
graphics capability, but I don't really
recommend it because the graphics pre-
sentations are extremely important in
making design decisions. The program
will recognize and use MDA, CGA,
EGA, VGA, MCGA or Hercules video

Driver Type
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M = 37.9 g Sns = 88.5 dB QBS = 7.0 Box & Equalizer
RMS = 1.02 ka/s QTS = 0.3827 f3B = 51.59 Hz

FIGURE 1: A typical display screen with no equalizer.




adapters. I believe it should also be
usable with any adapter that is capable
of emulating the high resolution modes
of these adapters, but I have not been
able to verify this. Color capability is not
necessary, but it is also highly recom-
mended.

Some of the data calculations in the
program involve many floating point
operations, so a co-processor is highly
recommended. As a matter of fact, the
program’'s number crunching on my
4.77MHz 8088/8087 combination is
slightly faster than it is on the depart-
ment's 16MHz 386 machine without a
co-processor. So, if you can possibly
swing it, a co-processor is well worth it
for this kind of application. They are
available for about $100.

To summarize, minimum require-
ments for the program are an IBM PC
or clone with at least 384K running DOS
2.x or higher. To get the most out of the
program you should have a graphics
card of one of the types mentioned
above. To avoid waits of one to two
minutes you should have a co-processor.
Color makes for a pretty screen.

PROGRAM OPERATION. The pro-
gram starts with a title screen. Hitting
any key will take you to the main work
screen for the program. This screen is
divided into two windows as shown in
Fig. 1. All of the data entry you {the user)
do occurs in the top window called
"DATA ENTRY." The bottom window
is called "MISCELLANEOUS PARAM-
ETERS" and contains various program
calculated parameters of interest. You
never work in this window.

DATA ENTRY. All units are in the
meter-kilogram-second system. If you
are used to working in the foot-pound-
second system, the HELP facility will
usually provide you with an appropriate
conversion factor.

The data entry section consists of two
menus and several data windows. The
main program menu is free form and
consists of the items DRIVER, TYPE,
LOSSES, BOX, HP EQ, KEEP, RECALL,
PLOT, PR SCR, INFO, Tmp&Pr, and
QUIT, which are always displayed, as
well as the items Eqdata and V/PR,
which appear only when needed. Items
are selected by pressing the capitalized
letter of the item. You can also move
from item to item with the Left arrow
and Right arrow keys and select an item
by pressing the Enter key. You can also
quit the program by pressing the Esc
key.

If you select DRIVER, TYPE, LOSSES,

——DATA ENTRY:

Driver Type Losses Box Hp eq Order = 2
 — al = _ [ - —/ Eqdata
|ID: Default Pr |Qas = 28.0] LVB = 20,01 1 | ——— 7
| fS = 40.0 Hz Vented ||QLS = 14.0/b—-—— Jlonr = 42.00 Hz
|VAS = 28.3 1 |[|¥Closed ! = - Dep = 0.4400 |
QES = 0.399 — L — -
|eMs = 9.350 [
RE = 6.00Q | Keep Recall Plot pr Scr Info tMp&pr
| 8D = 220.0 o’ — ﬂ
PE = 80.0W (T = 21.0 °C |
|xmx = 4.00ml |P = 750 mm Hg
L -— — —_— ) L — —
Qui
—M] SCELLANEOUS PARAMETERS—
——DRIVER———————— FC——K)X——ﬁ —8YSTEM—y
(r}s = 0.42mm/N Bl = 11.96 Tm =  62.15 Hz {38 =  40.49 Hz
MMS = 37.9 g Sns = 88.5 dB QBS = 9.3 Box & Equalizer
RMS = 1.02 kg/s QTS = 0.3827 f3B = 79.39 Hz

FIGURE 2: A typical display screen with an equalizer active.

BOX, V/PR or Tmp&Pr, then the cursor
will move into the window below the
selected item and you can either make
a menu selection in the TYPE menu or
enter new data in any of the other win-
dows. Note that one item in the TYPE
menu is marked with an >> to indicate
that it is the current selection.

To enter data, first move the cursor to
the data item you want to change by
using the Up and Down arrow keys.
Then move into the data field with the
Right arrow key. The cursor will move
to start of the data item. Then the over-
write mode is active and you can sim-
ply write in what you want. The Left
and Right arrow keys let you move to
any field position. The Space Bar and
Back Space keys delete characters. Once
you have edited to your satisfaction,
striking the Enter key will take you out
of the field and you can move on to
another field with the Up or Down ar-
row keys or move back to the main
menu by hitting the Enter key again.

If you are in a data field and have
modified it, but then decide you want to
keep the original value, hit Esc. This will
move you out of the field but preserve
the original value. If you decide you real-
ly didn’t mean to edit any of the fields
in a window, hit Esc rather than Enter
and the cursor will move back to the
main menu and all of the fields in the
window will be returned to the values
they had on entry.

Any other main menu selection will
cause a window to pop up. With KEEP,
RECALL and PLOT the window will
contain a menu. Move to your selection
with the Up and Down arrow keys and
select with Enter. To cancel the menu,
use Esc. Selecting the PLOT main menu
item will cause a menu to pop up in

which you choose how many systems
are to be displayed. After you select from
this menu there is a delay during which
extensive calculations are done. Then
another menu appears from which you
pick the type of plot you want. This
menu also has a choice to allow you to
turn the coordinate grid on and off. Plot-
ting is faster without the grid, but the
grid makes it easier to estimate values.
After a plot is done, striking any key will
return you to the plot type menu and
you can select any other type. When you
are done plotting, hitting Esc in this
menu will return you to the main menu.
As always, Enter selects an item and Esc
backs you out of the menu.

INFO. The INFO item supplies help in-
formation of a general nature. You can
page through five screens of information
before returning to the first page. You
return to the main menu anytime by hit-
ting Esc.

PR SCR. The selection PR SCR is pro-
vided for machines without a PrtScr key.
It will send the system data currently on
display to an attached printer if it is on
line. Otherwise, nothing will happen.
The window borders may look some-
what strange if your system doesn't sup-
port the IBM higher order character set,
but all of the data should be sent cor-
rectly. This PR SCR function is not ca-
pable of dumping graphics screens to a
printer. For this purpose you will need
your own utility.

TMP&PR. The Tmp&Pr selection is
provided for those who prefer to use
their own values for ambient tempera-
ture and barometric pressure. The de-
fault values are in the window when the
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gram. The other three are referred to as

FIGURE 3: A help message displayed while
window.

the cursor is on the Q; g item in the LOSSES

program starts. Changing these values
will alter entries in the MISCELLANE-
OUS PARAMETERS window only.

TYPE,LOSSES,BOX,HP EQ,V/PR.
These selections enable the necessary in-
formation about the system to be entered
and will be discussed in more detail
below. The operation of the selection HP
EQ does require a bit more explanation
though. Selecting it will cause a small
window to open. Use the Right arrow
key to move into this window and enter
the order of the equalizing filter you
want to use. Picking order O causes the
word None to appear and no further ac-
tion is necessary. If you choose 1, 2 or
3 then a second window pops up below
the menu item and the cursor is moved
into it. Here you enter the data on the
equalizer. This window will stay on view
as long as an equalizer is in use. An ex-

ample showing a second-order equalizer
is in Fig. 2. It will disappear when you
select an order 0 equalizer. Then the
word None will reappear.

HELP. The program also has a help
feature. If you are unclear about the role
of a particular menu item or data field,
move the cursor to the item and hit F1.
If there is anything I felt needed to be
said about the item, a window with a
help message will pop up as in Fig. 3. On
a color system the window will be green
with yellow text. If it doesn't tell you
what you want, then try the INFO selec-
tion. If there is no reference in either
place, then it is not worth knowing!

KEEP, RECALL. The system descrip-
tion on display is referred to as system
A for identification. As many as four
systems can be remembered by the pro-
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FIGURE 4: Small-signal response curves for the system shown in Figure 2.
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- —DATA ENTRY: R B, C and D, naturally. You can KEEP the
- Driver Type — Box Hp s c"md" =2 currently displayed system as B, C or D
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SD = 220.0 cw? i i
. soon |l - e system in tl';le location f.reed up by At[l:lz
ax = 4.00 m__J ( E7| 62 cm P = 750 mn Hg recall. In other words, if you REC .
S system X (= B, C, or D) then the action
SFIS actually is to exchange A and X.
Losses due to enclosure leakage. Typical range is R R R .
3 < QLS < 80. QLS > 99999 sets QLS = o(lossless). PLOT. The plotting setup is quite nice,
l Related to Thiele-Small QL by QLS = (fS/fB)QA. ISY I think. You can do plots for system A
r — ——any key continues - SYSTEM- e :
&S = oMz emm Bl = 11.96Tm VL = 3710 m  f35:  35.78 alone of smallsignal magnitude or
MK = 37.9 g Sns = 88.5 dB QBS = 7.0 Box & Equalizer phase, input impedance magnitude or
RMS = 1.02 kg/s QTS = 0.3827 f3B = 46.25 Hz phase, large-signal response, cone excur-

sion, and PR excursion or vent air speed
if either are applicable. If the system is
equalized, then three graphs are shown
in the small-signal magnitude plot: the
box alone, the equalizer alone and the
combined response. An example of this
is shown in Fig. 4. When large-signal
response is plotted, the sensitivity is also
plotted for comparison. Further, the
maximum excursion is plotted with the
cone excursion function. Finally, for any
large-signal graph, you are asked to set
the input power before the graph is
drawn. You can use this capability to
determine how much power can be sup-
plied before your excursion limit is ex-
ceeded. When this is determined, you
can use this power input to graph SPL
and find out how loud the system will
play without distortion.

Large-signal graphs in BOXMODEL
are not the same as they were in BOX-
RESPONGSE. In the latter program when
graphing maximum SPL, the input
power was controlled to keep cone ex-
cursions at or below X,,y. In BOX-
MODEL this is not done, so you have
to look at the cone excursion plot separ-
ately to decide whether a particular in-
put level keeps excursions below X, .
Thus the SPL plots in BOXMODEL
represent valid responses.

You can also plot system A together
with any combination of the other three
systems on the same axes. This makes
it easy to compare consequences of
various design alternatives, including
those of using the same driver in dif-
ferent box types. An example of this is
shown in Fig. 5 where A is an equalized
closed-box, B is a closed-box, C is a
vented-box and D is a passive-radiator,
all with the same box volume. If you
have sufficient color capability, each
graph will have a different color. Even
without color you can distinguish the

Continued on page 30
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The MLSSA™ (pronounced “Melissa™)
Acoustical Measurement System makes fast
and accurate measurements of drivers,
loudspeaker systems, sound reinforcement
systems and room acoustics.

The cost-effective DRA MLSSA system
consists of a custom designed plug-in card
and powerful software that install into IBM
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The software’s intuitive menu system is
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ing energy-time curves for room reflection
analysis, STI and RASTT for speech intelli-
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To learn more call or write for literature and a free demonstration disk.

INTERNATIONAL DISTRIBUTORS: Germany, Austria: Harmonic Design, West Germany, Tel +49 07042/7085, Fax +49 7042/
78411; England, Ireland, Hong Kong: Munro Associates, England, Tel +44 01-480 7121, Fax +44 01-702 3834, Sweden,
Finland: Lab Gruppen, Sweden, Tel +46 300-16823, Fax +46 300-14246; Switzerland: ANADA AG, Switzerland, Tel +41 01/810
30 22, Fax +41 01/810 43 45; Denmark: Monitor Technology, Denmark, Tel +45 66 14 59 58, Fax +45 66 14 91 81; Norway:
Ingenior Per Grov AS, Norway, Tel +47 (02) 307760, Fax +47 (02) 327743; Australia: Audio & Recording, Sydney, Tel +61 (02)
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FIGURE 5: Small-signal responses. D is Figure 1 system, C is Figure 3 system, B is Figure 2
system without equalizer and A is with equalizer.

Continued from page 28

separate graphs because each uses a dif-
ferent line style. Finally, a legend above
the graph shows the correspondence be-
tween system and line style and/or color.

WINDOW CHANGES. The data entry
section of the display changes depending
on what type of system you are work-
ing with. Figure 1 shows a passive-radi-
ator system and Fig. 3 a vented-box. Note
that the BOX window changes because
different information is required for these
types. Also, the V/PR window changes
from showing the area of the passive-
radiator to showing the diameter of the
vent. When a closed-box is chosen as in
Fig. 2, the V/PR window is hidden be-
cause it is no longer needed. Also, the
BOX window reduces to one row be-
cause only one parameter is needed.

MISCELLANEOUS PARAMETERS.
The window is just that. Any system pa-

rameter that may be of interest is cal-
culated by the program and displayed
here. The significance of most of them
is self-evident, but a few need comment.

In the list of DRIVER parameters Qqs
is the parallel combination of Qg and
Qs and Sns is the calculated sensitivity
of the driver at 1m with input voltage
VRy. This is the usual 1W/1m specifica-
tion when the load impedance is Rg, and
it usually is fairly close to manufacturers'’
spec sheet values.

The item Qpg in the BOX list is actu-
ally the parallel combination of Q,s, Q,s
and Qps. It should be quite close to your
measured value of Q,. There may be
some discrepancy because the letter S
means that these Q's are referred to
driver resonant frequency, while a meas-
ured Q; is referred to the box-vent or
box-passive-radiator resonant frequency.
More on this below.

The next item in the BOX list is f; for
a passive-radiator system, vent length for
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FIGURE 6: Cone excursions at 20W input for the systems in Figure 5.
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a vented-box or f. for a closed-box. In
a PR system fg is not an adjustable
parameter, but depends on the resonant
frequency of the passive-radiator fp,
which is adjustable. This is the reason
fg doesn't appear in the data entry sec-
tion for a passive-radiator.

The vent length for vented-boxes is
calculated from the standard formula for
one flanged and one unflanged end using
the speed of sound as determined from
the ambient atmospheric conditions
given in the Tmp&Pr window.

The final item in the BOX list is the box
cutoff frequency fg;. This cutoff applies
only to the box acting alone, whether or
not there is an equalizer in the system.
The complete system - 3dB frequency is
listed under SYSTEM and includes the ef-
fect of any equalizer. These cutoff fre-
quencies are calculated by a numerical
procedure that can go awry. If this hap-
pens then usually the phrase 'Bad value'
will appear rather than a number. Never-
theless, you should be suspicious of any
extremely small number because it prob-
ably means an untrapped bad value.
Usually this happens only when you have
specified a really wild set of parameters.
If you change to a more reasonable set,
areasonable number should reappear in
this position.

II. NEW IDEAS. Most of the system
component parameters should be famil-
iar to you from their Thiele/Small ori-
gins. The exceptions are probably the
parameters specific to passive-radiator
systems and the separate system losses.

PASSIVE-RADIATOR SYSTEMS. For
passive-radiator design the adjustable pa-
rameters are the box volume Vg, the
volume equivalent compliance of the
passive-radiator suspension V, and the
mass of the passive-radiator cone as
reflected by its resonant frequency fp.
As a practical matter for the home
builder, once a passive radiator has been
chosen V, becomes fixed. This means
that V5 and f, are the only adjustable
parameters and fp, can only be de-
creased because you can increase the
mass of the passive-radiator but you
can't decrease it. In any case, if you are
going to tackle a passive-radiator design
you should consult the article by
Koonce?® for appropriate techniques for
measuring V, and f.

SYSTEM LOSSES. Probably the least
understood data requirements are the
losses. In general, a loss is the acoustic
equivalent of a resistance. A Q number

Continued on page 32



Innovative components
for creative hands.

Whether you’re the weekend hobbyist or the serious installer,
you know where the sound comes from. Speaker builders all
over the world are choosing MTX drivers and components
because they mean better sound for your money. Consistent
specs. Superior reliability. From our famous bass drivers, mid-
ranges and tweeters to our indestructible grille kits and state of
the art crossovers, you can rely on MTX, the most installed
speakers in the world.

—T=

MTX - Makers of the world's best loudspeakers and sound components « Winslow, IL
The Mitek Group * One Mitek Plaza « Winslow, IL 61089 « 815/367-3000

Fast Reply #KE186




| T 1 1

-20 : L
10 20 40

60 B0 100 200 400

Frequency (Hz)

FIGURE 7: Figure 1 system with various loss distributions. See text for details.
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is a representation of a loss at a particular
frequency. Small identified three poten-
tial losses for vented-boxes and passive-
radiators: Q, related to the box lining or
stuffing, Q; related to air leakage from
the box, and Q; related to the vent or
passive-radiator. In his work he always
referred these Q numbers to the reso-
nant frequency fz. The problem with
this is that fz is usually a variable in
design so that these quantities would
have to be recalculated with every
system change. To avoid this problem I
introduced Q,s, Qs Qps, Which are the
three Qs related to the driver resonant
frequency. This change also allows Qg
and Q; to apply to closed-boxes where
Q4 and Q, are undefined.

You can convert from Q,, Q,, Qp to
Qus: Qis, Qps in passive-radiator and
vented-box systems with the following
formulas:

Q, = hQy
Qus = hQ,
Qps = hQp
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where h is the Thiele/Small parameter:
h = fg/f;. The quantities Q,, Q; and Qp
are not defined for closed-boxes. For
most reasonable systems, h is close
enough to 1 so that differences between
the two Q sets are negligible. Thus, in
the discussion I will use the two sets
interchangeably.

As you will recall, when you measure
system loss in a vented-box, all you
really measure is a single quantity called
Qjp defined by

1Qp = 1Q, + 1/Q, + 1/Qp (Q-EQ)

It is usually assumed that Q, and Qp
are very large for vented-boxes so that
Qp and Q, are approximately equal.
Thus, when you say Q;, = 7 for a
vented-box, this really means Qg = 7,
and box absorption and vent/PR losses
are negligible.

To say that a loss is negligible means
that it could be removed from the model
without significantly changing the model
responses. This can be accomplished

theoretically by setting the particular
negligible loss to the value o. This can
be done in the program by entering the
largest possible value: 99999.9. The pro-
gram recognizes this as a signal to delete
that particular loss, and it will replace
the number in the loss window with oo,
For example, if you entered Q,s =
99999.9 and Qp = 99999.9 then the
program would show Q,s = o and Qs
= oo, With these values you are work-
ing with Small's original model. Most
alignment tables are based on his model,
so if you are starting with a table align-
ment, this loss setting should give you
a response based on Small's model. You
could then compare it with responses
using other values of Q,s and Q. This
would give you some idea of how the ac-
tual response might vary from the in-
tended one. When you do this remem-
ber that the value you use for Qs in
Small's alignments is really Qg so
when you change the other Qs make
sure that Qg stays the same by requir-
ing that the equation (Q — EQ) is always
satisfied.

The formula {Q-EQ) for Qg also ap-
plies to passive-radiator systems. In this
case, Q, is usually assumed to be neg-
ligible. So, a measured Qg consists of
contributions from both Qp, and Q;.
Small [2, p. 600] addresses the question
of how to measure Qg for a passive-
radiator, as well as how to allot the
measured value between Q; and Q.
His recommendation is to allot about
30-40% of the value of Qg to Q, and the
remainder to Q. It is possible that you
may know a value for the mechanical Q
of the passive radiator, Q. If so, then
you can get a reasonable value for Qpg
with

Qps = (fs/fp) Qup

The advantage of having Q,s and Qs
available for closed-boxes is not as clear
as it is for vented-boxes and passive-
radiators. The main reason is that closed-
boxes are usually filled, while the others
are lined. This probably makes Q¢ neg-
ligible and only Qs really matters. But
there is a further complication because
of the filling. As the amount of filling ma-
terial increases, the air compressions in
the box move from adiabatic to isother-
mal. This causes the net acoustic com-
pliance of the box to increase and this
tends to counteract the resistive loss. For
the details of this mechanism®

When using the model for a closed-box
it is probably best to set Q;5 = o and
work only with Qs As you decrease
Q.5 You may also want to increase Vj to

Continued on page 34



THE REALLY
BIG SALE!

Some of you were very disappointed
when you called too late for our "Hot
Summer Sale" and heard the words
"SOLD OUT"! A few of you were
downright ANGRY! Don’t let it
happen to you AGAIN! Jump on our
REALLY BIG SALE NOW!
*Quantities are limited, when these
BIG speakers are gone, they’re gone!

Choose the Sapphire, (pictured with Saturn subs), BIG brother to the Sapphire II which is
highly recommended by Gary Galo in this issue of Speaker Builder. Regular price for full
kit pair is $999 plus $99 for the pedestals. Only 30 pair of unfinished oak are left and will
be sold at $799 including the pedestals! Add $50 for shipping.

Save BIG on Saturn subwoofers with four piece modular crossover for adding to the
Sapphire or Sapphire II. The Saturn is by far the lowest priced subwoofer on Stereophile’s
recommended list. The regular price is $899 but it’s on sale now for only $699 if purchased
with Sapphires.

Save BIGGEST on the Premier System One which includes satellites, stands, outboard
passive crossovers, and dual woofer modules. Expect superb definition, imaging and clarity.
The compact, attractive woofer modules are designed to be "tucked away" and used as end
tables. Thousands heard and loved the Premier System One at the New York High-End Hi-
Fi show last April. Save $700 by building the limited edition full kits! Clear lacquered oak
full kit $1199 plus $60 shipping, black lacquered oak for $1299 plus $60 shipping. Super
BIG savings!

Continued BIG savings on the G2R, the classic 10" 3-way speaker which was well reviewed
in High Fidelity. Regularly sold at $499 a pair full kit walnut or oak, we put this speaker
on sale in the last issue of Speaker Builder for only $399 plus $45 shipping. Sales have
been so great we've decided to continue the offer for you smart Speaker Builder
subscribers until February 15. BIG, BIG, BIG!!!

*The purpose of this sale is to create much needed warehouse/production space. We reserve the right to end sale pricing when stocking
levels are sufficiently reduced. Our 30 Day money-back guarantee applies to all the above, but at these low prices buyer is liable for all
shipping charges if the speakers are returned.

Call 608-784-4570 for assistance in choosing which Audio Concepts, Inc. speaker kit to
purchase. Or call 1-800-346-9183 to place your order or request our latest literature.

AUDIO CONCEPTS, INC.

901 S. 4th St. La Crosse, WI 54601 FAX: 608-784-6367
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MMS = 152.5 g Sns = 92.7 dB QBS = 7.0 Box & Equalizer
RMS = 18.64 kg/s QTS = 0.2700 f3B = 47.14 Hz

FIGURE 9: Initial parameters for JBL 2235H based system.
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FIGURE 10: Minor parameter adjustment of JBL based system.
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FIGURE 11: Small-signal responses of various JBL based systems described in text.

Continued from page 32

mimic the behavior just described.
When you are satisfied that what you
have is reasonable, you may want to
assign a finite value to Q, to see how
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an unintended system leak would alter
the response.

One final comment on closed-boxes.
The use of a Dynaudio variovent is ad-

vocated by some as a good loading
method. I believe you can model such
a system as a closed-box with a finite
value of Qs chosen to represent the
variovent. I have not experimented with
this to verify it, but I would be interested
in hearing from anyone who does.

The real advantage of having separate
Qs in this model is that you can allocate
the total loss to three separate sources in
various ways and see how much this
changes system response. The default
values for these three quantities in BOX-
MODEL are Q5 = 28, Q;5 = 14, Qpg =
28. This gives a total loss Q of Qy =
the standard assumption. However, if
you have more than the usual stuffing
in your box and you believe the box is
quite air tight, then you may want to
assign Qus = 14, Q;s = 28 and Qps =
28. (Note that the higher the Q number,
the less loss it represents.) This still gives
Qp = 7, but with more of the loss in
the box lining rather than the box leak-
age. In this way you can investigate
various scenarios and see how much
your system response might vary from
your intended response.

III. EXAMPLES. Now that you know
something about the operation of BOX-
MODEL, I would like to present some
examples illustrating ways the program
might be used.

DIFFERENT BOXES. Lets use the
parameters given in Fig. 1 and make (B)
a closed-box and (C) a vented-box. Also,
lets take (A) to be the same closed-box
with an equalizer with Cnr = 42Hz and
Dmp = 0.44. The small-signal responses
are shown in Fig. 5. As you might expect,
the simple closed-box has the poorest
low frequency response. But the equal-
ized closed-box has the best! Even so, it
may not be the best choice. To see why,
lets look at the cone excursions at 20
watts input shown in Fig. 6. The excur-
sions of the equalized closed-box (A) are
much greater than in the other two
systems and exceed the linear limit xmax
by a fair margin over a wide band of fre-
quencies around 40Hz. Thus, it is more
likely to produce audible distortion in
this band. For a commercial system, I
would tend to steer clear of it because
it would be easier to damage the woofer.
When you plan to use an equalizer to
shape the response of your woofer, I sug-
gest you keep close watch on the excur-
sion requirements it imposes. If you use
a high Q filter, it is quite possible that
you may wind up driving the woofer
Continued on page 36
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Here are three fine quality products exclusively brought to you by Kimon Bellas. We are not talking "magic”. The only

reason these products have been selected is simply that for a minimum expense they will allow you to clearly improve-
the sonic quality of your system . Attention to details often pays off many times.

These products are in stock at the following distributors:
Big Cove Research 105 Catherine Drive, Owens Cross Road, AL 35763 Tel: (205) 881-8677

Speakers Etc... 1828 W. Peoria, Phoenix, AZ 85029 Tel: (602) 944-1878

Watters Sound Wave Co. 4320 Spring Valley, Dallas, TX 75244 Tel: (214) 991-6994 Fax: (214) 991-5016
Zalytron Industries Corp. 469 Jericho Turnpike, Mineola, NY 11501 Tel: (516) 747-3515 Fax:(516) 294-1943
OEMs: for quantity orders, please contact directly Focal America, Inc. at (818) 707-1629 or Fax: (818) 991-3072
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400 VAC/630VDC reinforced metal. polypropylene L j ::ﬂ_ A oy

(tested at 1,000 VAC ). — pdlyprop. ~ | 1 Rt A ¥

Faster rise time than lower voltage caps. 1000 i Feres ey o iy «
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Ideally suited for X-overs as well as electronics. o - ™ 104 I ———r =
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a l'ligher tel.ision winding than lower voltage film ) redlfces L o sr— T xTET ™ @ % AL

microphonics. Polyurethane filled core and encapsulation. Loss angle Tg vs freq. i) Rinsulation vs temp (C)  °°

Thick PVC Keat shrunk envelope ( not tape wrap).
14 AWG Teflon damped silver coated pure copper leads.
Dissipation factor at 20 C. 1 Khz : from .1 microF to 20 microF : Tg < 12. 10-4.

value Diuameter Length retail ¢ $ $
010 1.45 30 875 1.128 2.38 10.0 1375 1.75 4.27
0.22 1.48 39 937 1.5 ° 267 12.0 1375 2%S 4.83
0.33 1.53 4.7 1.0 1.5 2.86 15.0 1.375 25 549
0.47 1.58 5.6 1.0 1.625 3.06 20.0 1.5 25 6.10
10 625 875 194 68 1.0 © LTS 337 Any special value upon request
20 15 1.125 2.16 - 8.0 1.125 1.78 3.74

X | Precision machined spikes and inserts. A clever universal sys- :

I O_J(heh@r_OUdlC)tem to control and dr';stically reduce unwanted floor coupling.  Partin bulk suggested retail per part

Solid brass insert 1.40

(hole diam.: 10mm = 3/8)

A (hole depth: 14mm = 9/16)

| l & Black steel nut (8mm = 5/16) 0.15
Black steel single spike 1.25

(8mm X 43mm)=(5/16 X 1.11/16)

Y Chrome steel double §pike 1.85
(8mm X 30mm)=(5/16 X 1.3/16)
Solid brass protector 0385

(diam. 13mm = 1/2)

Polished brass binding posts.
Accept RCA plug or up to 4 AWG naked wire.
< Shaft is long enough for 3/4 in. wall thickness.

Suggested retail per piece in bulk: $ 4.25
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FIGURE 12: Final parameter settings for JBL system.
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FIGURE 13: Cone excursions for JBL systems.
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FIGURE 15: Vent air speeds graphs for JBL systems.
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Continued from page 34
hard enough to damage it without even
realizing it.

EFFECT OF LOSSES. Lets take the
passive radiator as defined in Fig. I but
with Qs = 20, Q;5 = 10 and Qp = 20
as the basic system and call it (D). Note
that Qgs = 5. Now compare it with the
three possible systems in which all the
loss is concentrated in one Q, keeping
Qgs = 5. In particular, let Q5 = 5, Qs
= vaPS= mbe(A’;QAS= mIQLS=
5, Qps = o be (B}; and Qug = o, Qi =
o, Qps = 5 be (C). The response graphs
are shown in Fig. 7. Notice first that
these variations in loss assignment have
only a small effect on overall response.
Also, the response of the basic system all
but coincides with that of the system
where all the loss is concentrated in
Qys. Small” remarked that this is gener-
ally true and and is one of the reasons
he chose to ignore Q. and Qps.

This information can also be inter-
preted in another way for purposes of
verifying a system. Suppose the param-
eters above are those of a system you
have measured with Q; = 5. Then Fig.
7 indicates that the model predicted
response of your system is somewhere
between the two extreme curves in that
figure. So, you can set some sort of
tolerance on the response due to varia-
tions in system loss distribution.

The graphs of the voice-coil imped-
ances for these systems in Fig. 8 are also
of interest. Notice that in system (A},
where the loss is concentrated in Q,q,
the high-frequency impedance peak is
quite short, as is the low-frequency peak
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in system {C), where the loss is concen-
trated in Q.. This looks like it could be
a signal that absorption loss or passive-
radiator loss is dominant. It could also
possibly indicate a physical problem in
the system. For example, there may be
an excess of filling material or a me-
chanical impediment to the free motion
of a passive-radiator.

WOOFER DESIGN. Figure 9 shows the
parameters for a JBL 2235H driver for
possible use in a vented subwoofer. By
subwoofer I mean a system with as
much high-output low-frequency-exten-
sion as possible. For this reason, I started
with a sixth-order quasi-Butterworth
Type 1 alignment with Q, = 7. The rele-
vant parameters are listed in the figure.

This system is kept as D. Next, I rounded
off the box and equalizer param