WHAT MAKES ONE DRIVER BETTER THAN ANOTHER
SEVEN: 1999 557,00

CANADA §10.00

Speaker Builder

PUIL,
‘gx O
;?7 ey
-~
= % )
w8 4
AR WY
 Ndu
ina *

Constructing a

MIDRANGE HORN |
Building FEEDBACK e
into the DRIVER : -
Analyzing What a <
Actually )oes . -
e
/ LY,
| J)O YOU | .
N0 k -~“\_";\ _
;07 A .2dB, 8.6 .

RESURRECTING TRASHPILE SPEAKERS



More affordable than ever.

WBT - Recognized worldwide as a leader in quality and technology.

In 1985, WBT developed the first RCA type plug machined from a
single piece of metal, it also featured an adjustable locking mechanism.
Since then, WBT has continued to refine the art and science of
connection. From a single idea has developed an impressive array
of audio connectors. Today, WBT is known worldwide for the best
connectors in the industry.

3 models of Single Banana Plugs

Full line of

CE compliant connectors
Available in Topline, Midline
and Economy versions.

A new CE compliant power
bridge/binding post assembly for 7 models of Binding Posts

use with "biwired” loudspeakers. =
Including CE & Economy types.

Available in copper or silver.

WBT connectors feature:
«High Machining Tolerances
« Multi-Layer Gold Plating
«Unique Patented Designs

| NEW! 4 models of Sandwich Spades
e Teflon™ Insulation

«High Copper Alloys

All products made in Germany!

Dealer inquiries welcome!

OEM quantity prices available! 7 models of RCA type Plugs
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WBT-USA - 2752 South 1900 West - Ogden Utah 84401
801-621-1500 - Fax 801-627-6980 — www.wbtusa.com

Quality Tools and Accessories

Do you have our 12 page color catalog?
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Good News

> NEW GENERATION
Burnett Associates, North American dis-
tributor for RCM Akustik of Germany,
announced RCM's Generation Il Deto-
nation! Series subwoofer amps with
crossover, Available in both 100W/4Q2
and 150W/4Q, these amps come com-
pletely assembled and ready to mount
in the back of the subwoofer speaker
box. Features are remote control vol-
ume, variable Linkwitz-Riley LP
crossover, adjustable bass boost and
phase control, crossover bypass switch,
subsonic filter, satellite filters, auto
on/off/standby, toroidal transformer, a
solid, one-piece chassis/heatsink, and
more. Burnett Associates, LLC, PO Box
26, W. Peterborough, NH 03468, (877)
924-2383, FAX (603) 924-3392, E-mail
dear2 @prodigy.net, Website
http://pages.prodigy.net/dear/audio.
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Design Loudspeaker Boxes \
32Dt

PARTS EXPRESS CATALOG

Parts Express has released its latest
catalog, containing 284 pages of raw
loudspeaker drivers for home and automo-
tive applications as well as home theater
and home automation products, alarm
systems for home and car, test equipment,
chemicals, telephone products, wire,
connecters, instructional books and
videotapes, speaker design software,
cellular phone accessories, stage lighting,
and pro sound equipment.

You can order the free catalog from
Parts Express, 725 Pleasant Valley Drive,
Springbo-o, OH 45066-0611,
800-338-0531, www.partsexpress.com.

with Xegver Pro

Versatile passive network design soft-
ware for crossovers, filters, impedance
EQ and L-pads with DCR/ESR estimator.

with BassBox Pro

State-of-the-art Icudspeaker enclosure
design software that is easy to use and
has many professional-strength features.

SAVE $SAVE

Buy
BOTH
BassBox
and Xeover
for $199° and

(1] save $29!
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For more
information visit
us on the internet at
www.ht-audio.com
or contact us
below.

Call for a free
Cards Accepted 4-page brochure

ARISTECH
Harris Technologies, Inc

Post Oftfice Box 622
Edwardsburg, M1 49112-0622 US.A

Major Credit * Print schematics and

component lists.
* Graphs can include
box response.
* Estimate ESR & DCR.
* Parallel-series value

» Easy-to-use Design Wizard.

« inc'udes database with specs
for thousands of drivers.

* Box types: closed, vented, Bo
vented, bandpass and PR.

« Import data from CLIO, IMP,
LMS, Smaart, MLSSA & TEF.

« Plot vent “pipe” resenance.
« Create box drawings with
dimens:ons & parts lists.
« Driver test procedure.
* Include Dassive
network response.
* Handles multi-criver
& isobaric desijns.

* Design 2 & 3-way passive
crossover networks,
filters and L-pads.

= ist, 2nd, 3rd, 4th-orders.

« Impedance equalization.

« Includes database w/ specs
for thousands of drivers. calculator.

« Nin2 performance graphs. . 4

p ce graphs Tel: 616-641-5924 Four performance graphs. Color code decoder.

BassBox 6 Pro: 5129‘00' Fax: 616-641-5738 » Email: sales@ht-audio.com X-over'3 Pro: 399'00'

©1999 by Harris Technalogies, Inc, All nguis reserved woridwide. Basshex is a trademark of Harns Tech Other lrademats belong 10 Iheis respective companies. Hartis Tech reserves the night 1o make changes withoul nofice

“Plus shipping & hardling, *Plus shipptnig & handling
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O BLUMLEIN BIOGRAPHY

The Inventor of Stereo studies the life and works of one of
Britain’s most important inventors, Alan Dower Blumiein.
Blumlein produced numerous patents, breaking entirely
new ground in electronics and audio engineering. He is
also known for the “H2S” blind bombing radar. The
448-page book provides detailed knowledge of all of

his patents and the process behind them, while giv-

ing an in-depth study of his life. Included are 100

black & white photos. Available from Old Colony

Seund Lab, PO Box 876, Peterborough, NH

03458, (603) 924-6371, FAX (603) 924-9467,

E-mail custserv@audioXpress.com.

SPEAKER LINE

The TFA Series is the latest line of loudspeakers from Sine Audio Engineeing. Each system is op-
timally designed to deliver accurate, uniform and flat frequency response and perfect phase/time
characteristics at high SPLs, according to the company. They are built with components using cast
aluminum frames, Mylar® and Keviar® reinfarced cones, and edgewound aluminum voice coils. In
addition, all are compact, lightweight, and durable for efficient, easy portability. Each cabinet is
constructed with void-free cross-laminated Baltic birch piywood, dadoed jonts, and extensive inter-
nal bracing, and finished with a waterproof, scratchproof, and dent-resistant coating that adds
extra stiffness, reducing cabinet resonance. Sine Audio, W. 22™ St., Ste. B, New York, NY 10011,

(212) 243-1028, FAX (212) 243-1063, E-mail sineaudio@aol.com.
Reader Service #136

THE DRIVING FORCE IN LOUDSPEAKERS

O IN-WALL SYSTEM
Atlantic Technology’s System 10 is a high-perfor-
mance in-wall loudspeaker designed for home the-
ater and music reproduction. It is configured as a
D'Appolito array with a central swiveling 1” silk
dome tweeter, a front-pane! high-frequency level
control that can boost or cut tweeter output by 2dB,
and the tweeter is flanked by twe long-throw 612"
injection-molded graphite (IMG) woofers. These
drivers include powerful motors, high-excursion
haff-roll rubber surrounds, and magnetic shieiding.
Atiantic Technology, 343 Vanderbitt Ave., Nor-
wood, MA 02062, (781) 762-6300, (781) 762-6868,
Website www.atlantictechnology.com.

Reader Service #137

Quality, Durability, Value, Variety & Availability are a few reasons to select from one of our loudspeaker manufacturers.

Image Communications proudly supplies:

Loudspeakers

McCauley

((beyma)) EMINENCE P Advco &) Electro-Voice U

AUDIO INGINIIIINO INC

SELENILIMI

Image Communications

1801 Morgan Street
‘ m a e Rockford, lllinois 61102
815.490.4390 ¢ 1.800.552.1639

communications

Fax: 815.490.4391
A Katy Company

E-Mail: Dave_Armon@woodsind.com

FerroSound
GG o

A Katy Compeny

Amphenol

{ Formerty Alcatel Components)

(g)/w'lonw'
éa/bllome °

Industries

Connectors

N o
~ IRaweE
WALDCM AUDIO

A Katy Company [

In the world of sound, Image Communications continues to supply quality, high performance audio to professional
and custom installers and sound contractors. We continue to strive to be your key supplier with affordable pricing
impeccable response time and orders shipped within 48 hours of confirmation. Call us for a free catalag today!

Reader Service #22

Speaker Builder 7/99 5



About This Issue

For readers who have been clamoring for more horn coverage, Louis C.
McClure, Sr., offers his experimental work with horns, testing throat size in
the construction of a midrange version. “An Exponential Midrange Horn” (p.
10) provides a good tutorial on how to determine the horn parameters (throat
area, rate of flare, and so on).

In the second part of his transmission lines analysis (p. 18), A. Monk takes
a closer look—with measurements and graphed responses—at the many com-
plexities affecting system response. You'll gain an appreciation of the concept
of decomposition and the effects of fiber-stuffing density in a TL line.

We consider the articles we publish gems, but some shine more brightly
than others. A case in point is Hans J. Klarskov Mortensen’s experimental
work on single-ended acceleration feedback (“Acceleration Feedback Sys-
tems,” p. 28).

Are you sometimes baffled by manufacturers’ driver sales sheets when se-
lecting drivers? In the second part of this “Navigating Speaker Design” series,
Mark Wheeler provides the key to help you decode these driver parameters
provided by manufacturers (“Sleuthing Driver Parameters,” p. 34).

You may be asking yourself the same question that author Jesse Knight
probes in this issue: “Do I Need a New Speaker Cable?” (p. 38). In answering
this question, he shows you how to make a 60’ length of cable that addresses
the problems of cable inductance and resistance.

Also in this issue, columnist Barry Fox reviews the recently released biog-
raphy of Alan Dower Blumlein, which details his amazing inventions of stereo
for recordings and movies, as well as ground radar in WWII (“Book Reviews,”
p. 55).

Electrostaticillfoudspeakern

Designed by Menno Vanderveen,
these impedance matching toroidal
transformers utilize the same
technology as PLITRON's acclaimed
wide bandwidth toroidal output
transformers for tube amplifiers.

Specifications z
Part Number PAT-4133-ES  PAT-4134-ES | We speciaize in audio transformers. Since 1983
Step-up Ratio 1:50 175 Piitron has supplied toroidal ransformers to
Power, Nominal 80 watts 80 watts high-end equipment manufacturess.

Input, Nominal Power 4 ohms 4 ohms

Secondary Inductance T19H 1600H |

Effective Sec. Leakage Induct. 15 mH 2mH

Primary DC Resistance 0.1 ohms 0.1 0hms

Secondary DC Resistance 190 ohms 273 ohms

Eff. Sec. Intemal Capacitance 700 pF 800 pF

-3dB Power Bandwidth, Start  35.35 Hz 35.35Hz PLITRON
AEE o o i
Resonance Freq., Mm - ;;;9 Kz 8, 601 Magnetic Drive

Qfackor 0.601 0.642 Toronto, Ontario, Canada M3J 3J
E?p: rm Bamm §62;; kHz ?6:;3:‘ e-mailtechinfo@plitron.com

i 0 iy oy 2 2T wvnge” | 1-B00-PLITRON (1-800-754-8766)
Price US / Can. s206/8284  $234/8322 | Tel. 416-667-9914 FAX 416-667-89287
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Editorial

OUT, OUT, DAMNED DOT

Nearly everyone in the North American
electronics establishment seems to me con-
tent to sit, seemingly happily and perma-
nently, between two stools. The situation
concemns the unhappy choice Michael Fara-
day made in choosing a quantity for that re-
lationship between two layers of metal sep-
arated by nearly any dielectric that we refer
to as capacitance. We refer to these units as
microfarads, which isn’t exactly the way it
is with capacitance. Faraday’s farad is very,
very large in relationship to the compo-
nents we normally use.

The microfarad is actually one millionth
of a farad: 10 farads. Notice the minus
sign before the exponent, which means
that the number is smaller than one. We
represent the micro with the 12" lower-
case letter of the Greek alphabet, the p,
which is equivalent of our “m.” We do not
use the “m” for micro because it has al-
ready been taken by the next less small
mathematical quantity, the thousandth, or
milli (10%). Which is why when writing
about microfarads we do not designate a
capacitor as being 40mF. Unless we mean a
40,000pF device. We don’t generally do
that since we seem to have this passionate
devotion to the little Greek p and its deci-
mal derivatives.

At least in North America we do. We also
have a positive, abhorrent aversion for the
perfectly respectable mathematical repre-
sentation for numbers which are in the bil-
lionths, namely the nano. No, we would
rather resort to the creaky, circumambulat-
ing, ditsy business of slicing up micros with
decimals. What sense decimals make when
talking about billionths escapes me. It is e¢i-
ther laziness, ignorance, the herd instinct,
or perverseness, take your pick.

Any quantity of farad slices that come in
billionths can be designated as nanofarads.
These are units which are 10°. The whole
extent of decimated farads in this range,
from 0.001pF to 0.999uF, is more properly
and easily designated as 1nF to 999nF. The
most often used O.1pF as a bypass for op
amps is far more easily written 100nF-
same number of characters, and without
the Greek letter (Alt 0181, on your com-
puter keypad).

Fortunately North American electronics
practitioners have made some small
progress in the last three or four decades or
$0 since we have, at least, abandoned “ppF”
as a way of designating picofarads. Pretty
generally we have accepted the fact that a
trillionth of a farad (10'!2) is properly re-
ferred to as a pico. Thank goodness we

have graduated from referring to these de-
vices as accumulators or condensers,
which we did for decades (shades of the
Leyden jar).

Another major problem with this lazy
decimation habit is the fragility of the little
dot required for decimals. Some, who are
obviously afraid the little decimal will get
lost in the nineteenth copy of the schemat-
ic, put another zero in the lineup just to
protect the puny little thing: as in 0.001pF.
If you love redundancy, help yourself.
However, isn’t 1nF better? I submit it is not
just better, it is a lot better.

It's easier to think of these generally
used designators as three sets of threes.

Larger = P n p — Smaller
000 | 000] 000

In this simple way, you never need use a
dratted decimal—that is, unless we can all
agree on some of the larger units of elec-
trolytic capacitance for smoothing low
voltages such as a millifarad: 1mF meaning
1000pF, but that might confuse everyone.
However, we should be able to manage a
1mF, realizing that the lowercase “m” al-
ways means milli or thousandths. Then, of
course, we could move on to 1c¢F, the cen-
tifarad, or 100,000pF. This change would
be very helpful on power supply schemat-
ics where the space around capacitors is
usually limited. I'll be happy if we can all
agree to just start using the nano regularly.
Perhaps this reluctance is part and parcel
of the U.S. fear of that “foreign conspiracy”
known as the metric system, which is stan-
dard in most of the civilized world today.
But not here. It cost NASA a Mars satellite
the other day.

If you argue that decimalled farads are
like Gary Galo's (one of our regular contrib-
utors) favorite, the current flow issue, in
that the millions of textbooks have all
adopted the “mistake,” and it would be just
too expensive and difficult to start chang-
ing all the literature at this stage of our exis-
tence, then 1 do not believe the issues are
comparable. We have made the change
from the old micro-micro farad of the thir-
ties and forties. We could easily begin
changes in the books, catalogs, and spec
sheets starting in the new century. Most of

the European electronics press already has |

this style in place.

One historical note might be in order
here. We honor Faraday and other discov-
erers of electronic properties by designat-
ing such quantities with a number and the
capital letter of their surnames. Faraday's
WF, Henry’s pH and mH, Nicolo Volta's 1V
or pV. Poor Georg Ohm has the misfortune
to have a name whose capital is too similar
1o the zero, so the c¢lders resorted to the
good old Greeks again, picking the omega,
Q, to designate the ohm. When we spell
these quantitics, however, the proper use
is lowercase, which indicates that we're
talking about a quantity, not the distin-
guished person.

It is time to stop decimating the farad.
The standard math notation for these little
guantities is much more economical, ratio-
nal, logical, and also neater. These maga-
zines will continue to convert those ugly
decimals to their proper designators. |
hope you will spend some time thinking
through the change and adopt it for your-
self. —E.T.D.
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QUANTIFICATION FOR ELECTRONICS
LESS THAN ONE
TRILLIONTHS  BILLIONTHS  MILLIONTHS THOUSANDTHS  HUNDREDTHS TENTHS
PICO 1012 NANO 10°¢ MICRO10¢  MILLI 10¢ CENTI102 DECI 10!
ampere HA mA
farad  pF nF uF mF
henry pH mH
hertz
ohm
voit uv mv
watt uw mwW
ONE AND LARGER
ONES  TENS 10' HUNDREDS 102 KILO 10° MEGA 10° GIGA 10°
A
F
H
Hz kHz MHz GHz
Q kQ MQ
v kv MV
w kW MW
Note: The discoverers of these units are lowercased referenced quantities. The letter representing them is capitalized, —
except for Georg Ohm whose unit is designated by the Greek letter €2, omega.

—




he Parts Connection - Audio Definitive

Get your copy of the Definitive Parts Source

The Parts Connection Catalog zxion
VOLUME 4 & BREADBOARD SUPPLEMENT

The Parts Connection’s Catalog - Volume 4 & BreadBoard “Clearance”
Supplement are here, packed with our regular selection of high quality
component parts, tubes, wire and cable, connectors, audio books,
capacitors, resistors and more. As well, we have added dozens of new
products and expanded existing product lines on 100+ pages.

You can download a FREE copy of The Parts Connection's Catalog Vol.
4 & BreadBoard from our Web Site, OR you can order a copy for $5
postage paid, REFUNDABLE with your first order. Call, Write, Fax or
E-Mail us to place your order.
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Sovtek and many, many more. Nearly 1200 different parts in all. Prices discounted from
.!.- 25% to 78%!

Servmg Speaker Builders Since 1988.

The Parts Connection has been providing Speaker Builders with the highest quality audiophile parts for
more than 10 years. Below is a small sample of our 1000’s of available products:
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The author constructed this large-throat horn as one of two midranges for his giant bass

horn. Readers following this tutoria! will learn a lot about how to determine horn parame-

ters (throat area, rate of flare, and so on).

Part 1

An Exponential Midrange Horn

By Louis C. McClure Sr.

ecently, I needed a midrange

horn capable of generating suf-

ficient output to match a large

bass horn I had built, and I in-

tended the entire unit to be horn loaded.

The bass horn has a 12”-deep cavity in

front, in which I planned to install the

midrange. However, the 12” depth limit-

ed the overall length of the midrange

horn to a maximum of 8”, since I also

needed to fit the driver and rear cham-
ber, which is 4” deep, into this cavity.

DESIGN-FREQUENCY CHOICE

I performed a frequency-response check
of the bass horn, and found that it had a
mass rolloff at 390Hz. Therefore, I initial-
ly chose to make the design (cutoff) fre-
quency of the midrange horn 200Hz.

I located a 6%4” driver (the MCM 55.
1585) that seemed well-suited to my
needs. It is similar to the Focal Audiog
7K, with a frequency response o
100Hz-14kHz, a Qg of .55, a Qy of .58,
a V, of .23ft3, an F of 111Hz, and an
SPL of 94dB/W/m. It also has a woven
Kevlar® cone, a corrugated surround,
and a phasing plug, and it sells for
$49.95.

I planned to use a square-horn format,
with a throat area approximately equal
to the square of the maximum diameter
of the surround. Since this diameter is
5.5”, the throat area is 30.25in?.

My calculations for a horn with this
throat area and a design frequency of
200Hz showed that the required length
of the horn would be 12.2”, and the
minimum mouth area 287in2. Adding
the 4” minimum depth of the rear cham-
ber to the calculated length of the horn
made it 4.2” too long to fit into the 12”-
deep cavity.
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the formulas as given in the Audio Cy-
clopedia for exponential horns. Techni-
cally, mine is not a horn, but a direc-
tional baffle. The difference apparently
is that the throat of a baffle is equal to
or larger than the cone or diaphragm
of the driver. However, I shall refer to
the device as a horn in this article.

The requirements for my hormn were as
follows:

¢ maximum length, throat to mouth, 8”;
» design (cutoff) frequency, 250Hz.

HORN DESIGN

Following are the steps for calculating
the dimensions and contour of the
horn:

1. Determine the flare constant,
“M”. Using the formula M =
4nF/13,548, (where F is the cutoff fre-
quency), M = 0.2318866.

PHOTO 1: Frontal view of the horn,
mounted on an adjustable rear chamber. 2. Determine the initial throat area,
S,.
A'. As described previously, I chose
to make the throat area equal to the
square of the diameter (5.5") of the
driver surround I planned to use,
and this I calculated to be 30.25in2.
B. If you prefer to make the throat
area in accordance
with the formula for a
restricted throat, you
may use the formula S
=.8x Fg x Qg x V¢ for
your driver. My driver’s
Fgof 111Hz, Qg of .58,
and V¢ of .23ft> would
produce a throat area
of 11.85in2,

One of my objectives

Hence I was forced to in-
crease the design frequency of
the horn to 250Hz, which, with
the throat area of 30.25in?, re-
sulted in a horn length of 7.8”
(Photos 1 and 2). The rear
chamber is 4” thick overall,
which is the minimum thick-
ness required to accommodate
the driver. With these given pa-
rameters and space limitations,
I proceeded to design and build
this midrange horn.

To design the horn, I used

PHOTO 2: Side elevation of
the hom.



in designing and building this large-
throat horn was to determine the effect
of throat size on the tonal quality of the
sound.

Regardless of the throat size you
choose, the design procedure is the
same.

3. Determine the minimum cross-sec-
tional area of the horn mouth. To
properly reproduce the design frequen-
cy of the horn, each side of the square
mouth should be equal to % wavelength
of the design frequency. (As mentioned
previously, for my design I assumed a
square-horn format.) For a circular for-
mat, use the diameter of the mouth to
calculate the cross-sectional area to de-
termine design frequency.

In my case, the design frequency was
250Hz. The wavelength of 250Hz =
13,548/250 = 54.192”. One-quarter of
this (54.192/4) = 13.55” on each side,
and 13.552 yields the minimum mouth
area of 183.6in?.

4. Determine the cross-sectional
area (S,) of the horn from the
throat to the mouth in %” incre-
ments. (Alternatively, you may use %",
17, or any other convenient increment.)
The formula for determining S, at a
given point x inches from the throat is:
S, = log. (M x x) X S, where §, is the ini-
tial throat area.

To use this formula, proceed as fol-
lows:

A. Use the value M (0.2318866 in my
case) as determined in step 1.

B. Multiply M by the distance (in inch-
es) from the throat. If you used %4” incre-
ments, you would multiply M x %” (or
.75”). In my case this would equal
0.2318866 x .75, or .1739.

C. Using your scientific calculator,
find the natural log (log.) of .1739,
which is 1.1899544.

D. Multiply 1.1899544 x the initial
throat area, S,. In my case, I used %" in-
crements, because this corresponded
with the thickness of each layer of the
core. This gave a throat area of 30.25in?,
which produced an area of 35.996in? at
34" from the throat (toward the mouth). [
rounded off the area to two significant
figures, giving a cross-sectional area of
36.00in?.

E. Continue this process for each %"
increment from the throat until the
cross-sectional area equals or exceeds
the value obtained in step 3. (In my case,
at 2 minimum of 7.8” from the throat,
the cross-sectional area is 183.6in2.)

1 suggest that as you calculate the

TABLE 1 ]
CROSS-SECTIONAL AREAS
DIST. FROM THROAT CROSS-SECT. $Q. ROOT % OF SQ. ROOT AREA
(INCHES) AREA (INCHES?) OF CROSS-SECT. OF CROSS-SECT. AREA
0 30.25 55 2.75 ‘
75" 36.00 6.00 3.00
1.5” 42.83 6.54 3.27
2.25" 50.97 714 357
3.0 60.65 7.79 3.89
3.75" 7217 8.50 425
45" 85.88 927 4.63
5.25” 102.20 10.11 5.05
6.0” 121.61 11.03 5.51
6.75” 144.71 12.03 6.02
75" 172.20 13.12 6.56
8.25" 204.91 14.31 7.16
9.0” 243.83 15.61 7.81
0.00" < 5.50% >
0.75 < 6.00 >
1.50 < 6.54
2,25 7.14
3.00 7.79
3.75 8.50
4,50 9.27
5.25 1011
6.00 11.03
6.75 1203
7.50 —— 1342
8,25 — 14.3
9,00~ 1561
CROSS-SECTION B-01327-1

OF AUTHOR'S HORN.
(Vertical Side Elevation)

FIGURE 1: The vertical side elevation for the large-throat midrange exponential hom.
1 used %" increments in the vertical height (not to scale). This corresponds to the
thickness of ¥%:” MDF, and also to the increments used to calculate the dimensions in
Table 1. 1 shortened the horn to 8" to fit into the cavity in the bass horn.
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FIGURE 2:

15.61 —

Verticd Side Elevation

Author's Hom B-01327-2

Vertical side-elevation with center line.
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cross-sectional areas for your case, you
also prepare a table of these similar to
Table 1, as determined in steps 1-4. This
table will be useful later when you deter-
mine the measurements and contour of
the horn, as shown in Figs. 7 and 2.

SIDE-ELEVATION DRAWING

Figure 1 represents the vertical side ele-
vation of the horn, which you can use to
determine the overall sizes of the layers
to be made, and the angles at which to
cut the edges.

To plot the side elevation, or contour,
of the horn, T used a large sheet of 4"
quadrille-ruled paper. In order to make
the dimensions of the horn compatible
with this graph paper, I used decimals.

I began by drawing a vertical line
down the center of the sheet (C/L in Fig.
2). Then I drew 13 horizontal lines 34"
apart, from near the top of the sheet to
the bottom. These lines represented the
top and bottom sur-
faces of the layers of

You will use the vertical side-eleva-
tion drawing (Fig. /) later for determin-
ing the overall size of each layer and the
proper angle for cutting the edges of
each. I also used Fig. 1 to make a pat-
tern for building the gluing and assem-
bly jig, which I'll describe later.

CONSTRUCTING THE CORE
The core is required for holding the sides
of the horn in position for assembling
and gluing. Refer to Table 1 for the di-
mensions for cutting individual layers of
the core. Use the dimensions listed in
column 3 to cut out the blank layers for
the core. Cut out a blank square for each
layer, beginning with the largest (the
mouth) and continuing up to the small-
est (the throat). This also results in the
most efficient use of the material.

I used 3” MDF for making the core,
since it is uniform in thickness, flat, easy
to work, and economical. It also lent it-

PHOTO 3: Measuring the angle for cut-
ting the edges

of the layers of the cc

using a parallelogram-type protractor. =

MDF material used to build the core that
served as a mold for the horn.

For each of the distances shown in
column 1 of Table 1, | measured with a
pair of dividers the values shown in the
fourth column (% the square root of the
cross-sectional area), and marked off
these distances on the appropriate hori-
zontal lines of my drawing to the left
and right of the center line. This proce-
dure ensures symmetry about the verti-
cal axis. I then connected the points on
the horizontal lines with straight lines,
because this made it easier to measure
the angles when I cut each layer of the
core. This defined the contour of the
core and the dimensions of each of its
layers.
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self perfectly to my initial calculations for
the area of the cross-section of the horn
and the vertical side-elevation drawing
(Fig. 1), so that the %" thickness of the
MDF corresponded exactly with the di-
mensions in Table I and Fig. 1.

After cutting out the square layers,
refer again to Fig. / to determine the an-
gles at which to cut the edges of each
layer. You can use a parallel-type protrac-
tor to measure the angle of the edges
from the vertical side-elevation drawing
(Photo 3). Then transfer each angle to
the table saw (Photo 4) to cut that partic-
ular layer. Measure the overall width and
angle of each layer very carefully. All four
sides of each layer should be cut at the
same setting of the table saw for both

the layer width and the angle of the
edge.

After cutting all the layers, stack and
align them carefully, with the largest
layer on the bottom, and the smallest on
top. I fastened them together using 1%”
long nails, but you can glue them togeth-
er if you prefer. This completes the con-
struction of the core.

As an aside, you could also use the
core as the basis for building a form for
molding a fiberglass, plastic, or concrete
horn. However, you would need to
cover the outside of the core with a thin
sheet of metal and seal it.

GLUING AND ASSEMBLY JIG

The gluing and assembly jig is necessary
for laminating together the individual
panels of the hom. The jig forms the cur-
vature of the side panels and holds them
in position while the glue is drying (Fig.
3 and Photos 5 and 6).

PHOTO 4: Transferring the angle
to the table saw.

You can make the jig from three short
pieces of 2” x 4” stock and one 2” x 6” or
2” x 8" piece. In discussing the vertical
side-elevation drawing (Fig. 1), | men-
tioned that you could also use it as a pat-
tern for making the jig.

I made a template using the contour
of one side of Fig. 1 as a pattern, and
transferred this form to a thin sheet of
aluminum, cutting out the pattern with a
pair of tin snips. I made the template ap-
proximately 2” longer than the side of
the horn, from the throat to the mouth.

I placed the template on a piece of
2 x 4 material, aligning the straight edge
with the straight edge of the 2 x 4,
marked out the pattern on the 2 x 4, and
cut out three pairs of these concave and



Swans /7 kit

Great news from Swans!

New beautifully cabinets for Swans M1 kits
are available in three finishes: piano black,
solid walnut and rosewood veneer.

Totally irresistible!

The Swans M1 speakef system i a two-way bass-reflex design.
The front baffle is very narrow with rounded edges to reduce
cabinet diffraction for better claety and imaging. The internal
panel ang corner rainforcernent substantially reduce unwanted
cabinet vibrations. A flared port is mounted on the rear baffie for
smodth transition from the port to cabinet boundaries. This pro-
vides inear bass performance and absence of port noise. The
heavy-duty god plated binding posts are mounted directly on
the rear panel to enabie easy cable connection.

The 54nch paper/Keviar cone wooler has a rubber surround,
cast quminum frame and a magnetically shielded motor system
This driver ufilizes a central phase plug to avoid ar compres:
sion, limproving frequency response and dispersion. These key
features greatly contribute fo the M1’s clear transparent sound
and effortless dynamic performance.

The tweeter is a high-t6ch planar isodynamic design that
employs Neodymiurh magnets and extremely light Kapton®film,
with flat aluminum conductoes:

This \ynit providés an imnediate and precise response to any
transiends in original signal, and gives the M1 an exceptional
ability tc reveal the-trye dynami’§ of instruments with a complex
high frequency spectrurh.

The ¢rassover 1s a second order Linkwitz-Riley type resulting in
an in-phase connection of the drive units. The crossover fre-
quency between the Wb drivers-is 3.3 kHz and only high quali-
ty wropyler® capacitors are used. Each fiter has it's own
dedigated board moguzd on a special -ubber interface to
reduce vibrations and microphonic phemomenon. The filter
boards are spaced imside the loudspeaker with the inductors
pasitiored at right angles te minimize the interaction.

Swans M1 kit includes:

- 2x F5 paper/Keviar bass-midrange drivers.

- 2x RT1C isodynamic tweeters with sealing gaskets,

- 2x daditated tweeter crossovers,

- 2x dedicated bass-midrange crossovers,

- two flared ports,

- wo pairs of heavy duty gold plated terminals.

The drawings of the cabmet shown here represent general
dimensions required for optimum bass performance. Rounded
corners are advisable as they improve imaging and clarity.
Actud finish and appearance is a matter of personal taste.

Price’ $410 delivered without cabinets;
$660 delivered with cabinets
Warranty 3 years. We accept VISA.

Loudspeaker
with room friendly performance
“...explicit, easy to listen to, effort-

less, seamless and stunning.”
Ernie Fisher

Swans M1 Speaker Systems Review
INNER EAR REPORT

Volume10, #3 1998
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convex formers on my band saw. I kept
each set together, labeling them A, B,
and C. When gluing the pieces of panel-
ing together (see the next section), I
took care to keep each matched pair of
formers together, as well as aligning
them end-wise.

I made a base for the formers from a
piece of 2” x 8” material, approximately
2” longer than the width of the horn
mouth. I positioned the concave por-
tions of the formers at right angles to and
centered upon the base, and nailed each
one in place. This completed the con-
struction of the jig.

ASSEMBLING THE HORN

Each side of the horn consists of three or
more thin sheets of plywood glued to-
gether in the jig. The sides are curved,
rigid panels, corresponding to the cur-
vature of the core on which you will as-
semble them. I recommend forming the
sides of at least three thicknesses of 14"
plywood, or four layers if they are thin-
ner. Generally, the more layers you use,
the less the tendency to “spring back”
when you remove them from the jig.

When cutting the pieces of ply-
wood, be sure to cut the material so
that the grain of the outside surface of
each piece is parallel to the mouth of
the horn. Failure to do this may result in
breaking the pieces when they are
clamped into the jig, or in excessive
spring-back when they are removed
therefrom. (Experience is such a won-
derful teacher!)

Cut the pieces of plywood approxi-
mately 2” longer than the width of the
mouth of the horn, thus providing suffi-
cient length to overhang the ends of the
adjacent panels when placed on the
core. Also, cut the panels approximately
1” wider than the length from the throat
to the mouth of the core, along the side
of the horn. You can take these measure-
ments directly from the core assembly.

You will need six C clamps to hold
the panels in the jig. Be sure you have
these on hand before you start to glue
the panels (Photo 6).

APPLYING THE GLUE

Assuming your sheets of plywood have
a finished side, turn that side of the first
piece toward the core. Apply glue to
the back of this piece, and then place
the second piece over the first. Again,
apply glue to the second sheet, and
place the third on top of the first two.
Whether you are using three or four
pieces, be sure to place the finished side
of the last sheet upward, since this will
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FIGURE 3: Gluimg and assembly jig.

PHOTO 5: The gluing
and assembly Jig.

become the outer
face when the horn is
completed.

Align the edges of
the newly glued pan-
els and secure them
in position with a
small wire nail driven
through the center of
each end to prevent
them from slipping or
shifting with respect
to each other when
you place them in the jig. Center the
glued panels on the jig, and place the
convex sections of the jig on top, imme-
diately above and aligned with the con-
cave sections below.

Attach a C damp to each end of the
center set of formers, and tighten slight-
ly. Then apply clamps to the ends of the
other pairs of formers, tightening them
(and the first pair) incrementally and
firmly to prevent buckling of the panels.

If you have only one jig, this would
be a good time to take a long break to
go fishing, golfing, or do something else.
Don't try to rush the process! Let the
glue dry thoroughly before removing
the panels from the jig. I recommend 24

(O CONVEX MEMBER
@ CONCAVE MEMBER
@ BASE

i PER PATTERN

@ -
e

GLUING AND ASSEMBLY JIG

B-01327-3

|

‘_

I
if'

PHOTO 6: The gluing and assembly jig in use.

hours for each panel. Repeat this whole
process for each of the three remaining
panels.

After the first panel has dried. remove
it from the jig. Turn the core assembly
upright (mouth downward) and place a
14" spacer beneath its mouth to allow %”
overhang of the panels at the mouth.
Trim off this excess after you assemble
the horn.

ATTACHING PANELS TO THE CORE

There will always be a slight amount of
“spring-back” when you remove the pan-
els from the jig. When attaching the pan-
els to the core, I used three wood
screws, #8 x 114" long. to secure them. I



NHT 1259

High Performance 12" Woofer

Madisound Speakers is pleased to offer the Now Hear This custom made woofer.
The unique characteristics of the NHT 1259 allow it to be used in relatively small
sealed enclosures, producing deep and accurate bass to 25Hz. The large voice coil and
long excursion insure that this woofer will provide superior transient response with ex-
ceptional power handling. The bumped backplate and raised spider prevent bottoming
at maximum excursions; the heavy cast frame minimizes energy transfer to the enclo-
sure; and the polypropylene cone with rubber surround promise long term durability in
any environment. This woofer is an exceptional choice for any high-end home or auto-
sound system and can also handle the most demanding A/V system.
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put the first screw in the center of the
panel, midway from the throat to the
mouth, and centered end-to-end. 1
screwed this in snugly to pull the panel
firmly against the core. Then I placed an-
other screw above the first, toward the
throat, and a third in line below these

Suara

Kit KO8T20
$160/Pr.

11 high
performance
kits from $67/Pr.

Wide variety of
raw drivers with
complete specs.

1-888-3-Speaker
http://www.Speakerpage.com

N
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two, toward the mouth. These screws
hold the panels firmly in place for trim-
ming and fitting.

After installing the first panel and se-
curing it in place, T used a utility saw to
trim the excess from each end. Then I
used a fine-tooth wood rasp to trim the
ends flush with the adjacent sides of the
core (Photo 7). You must trim the ends
flush with the adjacent sides of the core
assembly to ensure proper fitting at the
corness of the horn. Take your time
when fitting these panels—remember
that haste makes waste!

After the next panel has been formed
and dried, install it on the opposite side
of the core from the first panel, attach it
as before, and trim and file off the excess
in the same way.

Install the two remaining panels in the
same manner, with the first two still in
place. Trim the excess, and file flush
with the outer surfaces of the two origi-
nal panels. After the trimming is com-
pleted, the corners should fit snugly with
no gaps between the panels.

FINAL STEPS

Remove the last two panels that you in-
stalled. Apply glue to the edges of the
two original panels, and then reinstall
the last two. Be careful not to allow glue
to get onto the care! A strip of masking
tape applied to the core is useful to pre-
vent this.

After gluing the panels in place, I used
wire nails to fasten their corners together.
Be careful to avoid placing the nails
where they might interfere with trim-
ming the excess from the mouth or
throat later on.

PHOTO 7: Using a fine-tooth rasp to trim the
ends of a side panel mounted on the core
assembly.

PHOTO 8: The completed core (left) and
the horn produced using the core.

Allow the horn to dry for 24 hours
before removing it from the core assem-
bly (Photo 8). Before removal, mark
around the inside of both the throat and
the mouth of the horn where the core
and horn meet. Also place a %" spacer
along the outside of the mouth, and
make a mark around the mouth as a
guide for trimming the edges of the
horn mouth.

Now remove the screws from the
panels, and lift the completed horn from
the core. Trim the throat and the mouth
as required.

To mount the horn on the rear cham-
ber, I cut out an 8 x 8” x ¥2” collar,
traced the pattern of the outside of the
throat on the collar, and cut a hole in its
center to fit over the outside of the
throat. Then position the collar flush
with the outside of the throat and glue it
in place.

This completes the construction of
the exponential midrange horn. Finish it
as you please by sanding and applying
stain and varnish to the outside. You can
fill the holes in the sides with paintable
putty and sand them smooth.

You can now admire your handiwork.
I think youw’'ll agree that it was an interest-
ing project, and if you are happy with
the sound and wish to use it in a stereo
system, you can start all over and build
another! However, most of the work has
already been done: you have already
made the calculations, the side-elevation
drawing, the core, and the gluing and as-
sembly jig. Have fun!

In Part 2, I will describe another homn
built according to the conventional for-
mula, with a smaller throat area. ]
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The second part of this series on transmission lines takes a close look at driver response

and the factors that affect performance in a TL system.

Part 2

TraIISIIIiSSiOII lilles: The Real Story

By A. Monk

he TL’s system (Im) response is

complex both in magnitude and

in phase. Figure 13 shows the

slope, peaks, and nulls that de-
fine the system, and each wiggle has a
meaning. Change the line length or the
fiber in the line, and the signature
changes. The quantity of interacting vari-
ables is the reason it is so difficult to de-
fine a mathematical model for the TL. To
cut this Gordian knot requires a new
view of the TL, not as a linear extension
of the response of a piston driver, but of
decomposition.

DECOMPOSITION

By decomposition, I mean the view that
the TL’s system response is composed of
two separate signals: the near-field
woofer response and the TL's terminus
near-field response. This in itself is not
very revolutionary. However, if you as-
sume the two signals can be viewed in
isolation, you have cut the knot of com-
plexity. The signals must be defined as
vectors—phase and magnitude compo-
nents—and the TL's system response as a
vector summation.

[ shall next attempt to validate the as-
sumption of decomposition. As a first
step, consider how a dynamic driver acts
in a TL line. If for the moment you ig-
nore the driver’s phase component and
look at the magnitude-versus-frequency
response, you are back in familiar territo-
ry. Driver response is defined by the T/S
parameters and constrained by the enclo-
sure volume, resulting in an alignment.
The same holds for the TL, and this is
shown in Fig. 14 as computed responses
overlaid with measured data.

The graph is a small-signal simulation
of a driver for a closed box Q. = 0.707
alignment versus a critically damped,
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Q¢ = 0.50 alignment. The dashed line is
the response of a KEF B110 driver in a
0.914m line.

Note that the measured data and the
Q¢ = 0.50 alignment data have very sim-
ilar responses; they differ only in the low
end of the attenuation slope. This is an
indication of the large-signal nonlinearity

problem?3 that has profound implications
for modeling the TL as a linear-phase pis-
ton-driver model, but for the present dis-
cussion, it can be swept under the rug.
Figure 14 shows that the TL woofer’s
response is equivalent to a critically
damped system, and that you can use a
PC driver-simulation program to predict

FIGURE 13: TL
0.914m system
response; D, = 5N
8; Dacron /
HoloFill Il fiber. /
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the applicability of a specific driver for a
TL design.

So you can use the data of Fig. 14 to
do a first cut at a TL design using the KEF
B110 driver. At 64Hz, the attenuation
slope is ~ —10dB, and assuming that you
can realize a terminus gain of about
10dB, you can compute the line length
of 1.7m by using the TL’s F, equation. At
90Hz, the necessary gain for a 0dB sys-
tem response would be 5dB, and the line
length 1.2m.

Referencing the impedance data, it is
evident that the Fp was shifted lower in
frequency, so you can adjust these line
lengths to approximately 1.4m for Fp =
50Hz, and 0.96m for Fy, = 70Hz.

This last figure is quite close to the
measurement for a TL = 0.914m line.
Please note that I made a lot of assump-
tions in deriving this result: fiber charac-
teristics at the Fy frequency, phase linear-
ity for the driver, and TL line-terminus re-
sponse for the line length. Any of these
can drastically change the result.

PURE NUMEROLOGY

As a contrast to the above derivation,
consider the following equation that sup-
posedly relates the driver’s cone area and
T/S parameter Qg to the TL’s parameter
of cross-sectional area to define the stuff-
ing density. In his TL design book,* Larry
Sharp gives a formula that relates driver
Q to the line-stuffing density:

De = (Al! XQ.(S),gS
Si= -
Sp

No proof is offered for its validity, and
if you assign variable values to the quan-
tities, the results are logically incompati-
ble. This is pure numerology, with no re-
lation to acoustic physics.

I have shown the empirical derivation
of driver-type computability with a line
length. First you compute the driver’s Q.
= (.5 response from its T/S parameters.
Then, noting the frequency where the at-
tenuation slope crosses the —10dB mark,
you define the Fy limit. The terminus vec-
tor sum, with the driver’s magnitude/

phase at the —10/-8dB mark, will result in
a 0dB relative level when the fiber mass is
optimized. At Fy, response is much more
complex than the rather simplistic formu-
la in Q&E TL Design suggests.

The important point to realize from
this discussion is that the TL woofer’s re-
sponse is equivalent to a Q¢ = 0.5 align-
ment, i.c., a critically damped system.
This is why the TL has good transient-re-
sponse characteristics, as was shown by
Bailey’s pulse data. A second point is that
to define a mathematical model of a TL,
you can use the gain and phase data
from a PC simulation for a critically
damped system to define the driver’s
near-field response.

The basics of a TL (as shown in Fig.
15) consist of the woofer response, the
terminus response, and the combined
system response. [ have added the interi-
or response to examine the assumption
that the back of the woofer’s response
has some relationship to that of the line
response.

[ have previously stated that you can
understand the TL system response (1m)
only as a vector sum of the woofer and
terminus responses. Instead of going into
the mathematics, I'll use the experimen-
tally measured data at the Fy frequency
to illustrate this concept. This will also
make it obvious why phase information
is crucial in a TL design, and why you
must use a measured parameter instead
of a computed value.

THE WOOFER NEAR-FIELD RESPONSE
Figure 16 shows the phase and magni-
tude response for the KEF B110 driver in
a 0.9144m line. The phase plot is quite
linear from 10-300Hz; however, the
slope’s starting angle is about +10°, and
this value is very much driverlevel and
magnetic-circuit-design dependent.

Note that for Fy = 65Hz, the phase
angle = -92.4°, and the magnitude =
—06.4dB. This defines the woofer vector at
Fg. Note that the phase data is measured,
and to relate it to the PC-simulation data,

Interior
response

Wavelength

FIGURE 15: The TL model.
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you must do a Hilbert transform. Figure
16 also shows that every point of the
woofer’s response must be viewed as a
complex number composed of magni-
tude, as shown in the bottom graph, and
phase as shown in the top one. This is il-
lustrated in Fig. 17.

Table 2 shows the phase angle’s de-
pendency on the fiber mass, and Figure
17 shows the graphic representation of a
single point of the data in Fig. /16 as a

THE TERMINUS RESPONSE
The near-field terminus response in Fig.
19 is given for a line-stuffing value close
to optimum. If you compare Fig. 19 to
Fig. 7 (Part 1), you see the drastic
change that fiber produces in the termi-
nus response. | will discuss later the de-
tails of the progressive change in the
bandwidth.

Note that for Fg = 65Hz, the phase
angle = +13.9°, and the magnitude =

+14.9dB. This defines the woofer vector
at Fy. To see the dependency of the
phase on the fiber mass, look at Table 3.

Figure 18 shows how the single vec-
tor representing the near-field woofer is
added to the vector representing the ter-
minus response to form the vector of the
TL’s system response.

I hope you can appreciate that the
concept of decomposition defines the
TL’s complexity as a rather simple vector

vector:

TABLE 3
Vi=m; +a,
FREQUENCY D:q MAGNITUDE PHASE

Thus the magnitude and phase angle ggn; ?200 :}ggg t;372 :::{g’::::::
can be viewed as a continuum of vector 65Hz 16.0 +15dB —162° way past optimum
ArTOwWS.

Such a continuum forms an array des-
ignated by capital letter V (nl:n2), with
the numbers in parentheses defining the " S FIGURE 18: Vec-
size of the array. The mathematical ma- 3 - ,.,,/’” ———== tor representa-
nipulation of this representation of the E Magnitude A L tion of woofer
data as a complex number array defines g — a \ and terminus
the matrix computation. For a single - — near field at F,.
point, this is graphically illustrated in Fig.
17. The addition of the near-field woofer
and terminus responses is thus a process R —
as illustrated in Fig. 18.
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TABLE 4
SAMPLE CODE SEGMENT
V{l:np,3) = A(l:np,5)./sin(A(1l:np,12).x(pi/180)); calculates V2
(scaled phase)
X(l:np,2) = V{(1l:np3).xcos{A(l:np,3).x(pi/180)); calculates the
x-component
V(l:np,4) = V(1l:np2) + V{(1l:np,3); V3=V1+V2
X{(l:np,3) = X(1:np,1) + X(1l:np,2);
V(l:np,5) = sqrt((v(l:np,4).2) - (X(1l:np,3).2)); V3 magnitude
TABLE 5
Dy LF -3DB HF -3DB NOTES
1.0 35Hz 120Hz LF —3dB ignoring the peak
6.7 32Hz 120Hz
12.0 18Hz 120Hz
A A i I =
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summation. At the same time, it defines
the fundamentals of a mathematical
model.

The mathematics of computing the
TL’s system response requires a matrix
format wherein the vector array is desig-
nated by a capital letter and the variables
by small letters. Since each vector array
can contain about 1000 data points and
each TL vector is a product of another
vector, the number crunching is formida-
ble and requires a computer. The sample
code segment in Table 4 shows it is a
very simple mathematical process. The
code describes what the TL does acousti-
cally. The result is shown in Fig. 13, the
TL system response at 1m.

THE TL SYSTEM RESPONSE

Figure 13 shows a typical TL line re-
sponse for an optimally stuffed line. The
magnitude at Fy is close to 0dB, indicat-
ing that the function of gain/phase at Fy
of the near-field woofer response is
matched by that of the terminus, and
that the vector sum can result in a 0dB
gain at Fp. Marker #2 is near the null as-
sociated with the first harmonic. If the
woofer’s Q¢ = 0.5 response had extra
gain, then you could increase the Dy
value to minimize the nulls associated
with the TL’s system response. An alter-
native is to use a Helmholtz resonant cav-
ity tuned to the first harmonic.

I will briefly touch upon these varia-
tions later on in the article. They are very
technical implementations that go be-
yond the basic TL design concepts.

Figure 20 shows the typical effect on
system gain when D, > optimum. As
the terminus phase shifts past the opti-
mum angle, the gain at Fp drops. But
also note that the harmonic peak/null re-
sponse decreases, since the attenuation
has increased for the higher frequencies.
The one exception is the sharp -5dB
null at about 130Hz, the shifted phase
transition.

In the following section I'll examine
the response variations for the terminus
versus stuffing density. This then leads to
the exploration of the heart of the TL—
the fiber characteristics that define the
phase changes documented in the previ-
ous section.

INTERIOR LINE RESPONSE

Before considering the variations with
Dg of the terminus response, I would
like to clear up a misconception. Most
amateurs would assume as self evident—
since the woofers’ back response is that
of the front (Fig. 15) with a 180° phase
difference—that the signal at the top of



the line would be some facsimile of the
near-field woofer response. ‘r

The TL throws you a curve, however,
showing how dangerous “self-evident”
assumptions are. For the unstuffed line,
the interior response as shown in Fig. 21
is that of a resonant cavity with clearly
defined harmonic structure. As the line- w
stuffing density is increased (Fig. 2.2), the !
line-length harmonics are attenuated,
and two characteristics of the interior re-
sponse are defined: the high-frequency '
slope knee is a constant defined by LiA, ’
and the LF -3dB slope point shifts lower |
in frequency. Figure 23 shows the trend
for Dy = 12. Also sce Table 5.

Froquancy Pasconss Fas [a:
FIGURE 22:
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From the data of Figs. 2/-23, it is ob- [
vious that the interior of the TL line’s re-
sponse is not a facsimile of the woofer, !
but a resonant phenomenon, and that
the woofer acts only as an energy source
to excite the line resonance. In short, the
interior response tends toward a pres- I
sure-type phenomenon. !

|

TERMINUS LINE RESPONSE s
The terminus response (Figs. 24-27) is
considered from the unstuffed line up to
and slightly past the optimum. The re-
sponse is that of a bandwidth signal. the
low end of which is defined by the line [
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length, while the high c¢nd approaches
an approximately three-octave-wide
—3dB point.

Note that the phase is quite linear in
the region of Dyg >1 to slightly above op-
timum for the specific TL line length, as
is the gain bandwidth curve. As the fiber
density increases past the optimum. as
shown in Fig. 27, the phase exhibits a
nonlincarity in phase change, a cusp-
type discontinuity.

You should by now have a good un-
derstanding of the signal characteristics
of the TL and the relationship of line
length to the %A resonant frequency F.
This should allow you to consider the
question of the !zlambda and 3s-lambda
linc as presented in Table 4.2 of the
Loudspeaker Design Cookbook.

Suppose vou have a friend who
comes along and states: “1 have read that
the %A system is better than the YA de-
sign. Bobby, who is an expert in TL de-
sign, says that the 354 is more efficient
and that I can make the line scem short-
er just by stuffing it more. He has read
that the “hybrid TL' does this all the
time. Bobby helped me design my sys-
tem for 10.6° (3.3m) for an 80Hz re-
sponse, but my RS meter shows the re-
spons¢ down by about 10dB at 80Hz. 1
was hoping you could look at it with
vour fancy MLS measurements and tell
me what's wrong.”

He hauls a 10.6-long TL into my living
room for measurements. I suggest that
we should try to define the resonant fre-
quency of the line by measuring the un-
stuffed line. On opening the TL T find
the line has blocks of egg-crate toam for
stuffing. He explains that since ancchoic
rooms usc¢ the stuff on their walls, he
thought it would be good for killing the
high frequencies in his TL. Paraphrasing
Alice In Wonderland, things are getting
stranger and stranger.

On measuring the unstuffed line, we
get a slope knee at about 26Hz, and har-
monics at 52Hz, T8Hz, 104Hz, 130Hz,
and so on. | show him the results and
explain that the 3.3m line has a reso-
nance frequency, F = 26Hz, and that
the second-harmonic peak is at about
80Hz. his supposced tuning frequency
for the 334 line. Thus the 10.6° line is act-
ing as a 4A, not a *A line. My former
fricnd becomes very angry, saying that
Bobby the TL expert designed his TL as
a 3. and therefore my measurement
must be wrong.

Well, the moral of this story is that
you should not belicve evervthing that
vou rcad, and the only expert you
should believe is Mother Nature. The



analogy of the musical instruments (in

J1TwPasdiv

Part 1) showed that the TL line has a

natural resonance frequency that is YA, FIGURE 28:
and though you may mathematically cal- TL step
culate ¥2- or ¥-wavelength line lengths, response.

the acoustic physics do not change; the
TL line has a resonant frequency defined
by YA.

TRANSIENT-RESPONSE
CHARACTERISTICS

The transient response of a speaker is
quite difficult to define. When you hear
it, you know it, but it is difficult to mea-
sure, since no single phenomenon de-
scribes it fully. It is usually defined as nise
and fall time for a square pulse, but since
speakers are imperfect transducers, they
have difficulty reproducing a pulse.

chi
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Figure 28 is the step response for a response.
time-adjusted TL. The rise time is that of
TABLE 6

PEAK D GAIN AT PHASE LF -30B HF —30B PHASE e b

FREQ. Fa TRANS | . 0.5ms/div.

76Hz 1 0dB -50 NA NA 150Hz 1

96Hz 87 -3dB +15 0Hz 150Hz 170Hz Fsaes
124Hz 12 —4dB +11 58Hz 300Hz 170Hz

155Hz 16 —4dB -162° 64Hz 300Hz 64Hz
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the tweeter followed by the response of
the woofer. A more typical step response
(Fig. 29) is that of a studio-monitor speak-
er for a step signal. The drivers are not
time-adjusted, so you see three distinct
pulses. However, it is significant that
each component has a large negative fall-
time pulse component, which is an indi-
cation of pulse-decay ringing, i.e., that
the system is not critically damped. In
Fig. 22, the woofer’s negative pulse ex-
tent is truncated, so you can’t tell what
the fall-time pulse ringing would be, but
the indication is that it is considerable.

You can simulate the low-frequency
transient response of the system by con-
sidering the response of a gated sine for
a specific alignment: vented versus a Q
= 0.707 sealed system. For the TL, the
woofer’s response loading is approximat-
ed by a Qq = 0.5, the transient response
for a critically damped closed box. Such
response data is presented in Figs.
30-35. Pay particular attention to the re-
sponse at the point where the impulse
(dashed line) stops.

Note that in these figures there is a
90° phase shift between the input
(dashed line) and the output at the
falling edge. The critically damped re-
sponse will have some overshoot for ¥4
of a cycle, then very rapidly decay to
zero. In the step response of Fig. 28, this
is represented by the negative tail.

Also note that the falling edge has a
140% negative overshoot and requires
over 1% cycles to settle. This data pro-
vides some understanding of why the
very linear impedance and the minimiz-
ing of the impedance peak of the TL data
is important.

This concludes Part 2. Using experi-
mental data, I have established the validi-
ty of the decomposition model, and also
have defined the woofer’s response and
that of the TL terminus. You have now
gained an insight into the fiber-stuffing
density effects, providing you with a
good foundation for examining what
fiber mass does in the TL line. Part 3 will
examine the fiber characteristics that
will define the optimum stuffing density
for the TL. »

REFRENENCES
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FIGURE 35: Vented-box transient response.
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Here's a postscript to an article we published a decade ago. This Danish designer presents

some groundbreaking work in the area of distortion-canceling feedback in small systems.

Acceleration Feedback Systems

By Hans J. Klarskov Mortensen

hose who take an interest in

this rather remote corner of

audio design may remember my

article in $B 1/90! in which I de-
scribe a DIY way of experimenting with
acceleration feedback in relatively small
bass systems. Since the publication of
that article, I have discussed the idea
with quite a few people, but 1 do not
claim that servo control of woofers is
the “best” in any meaning or aspect of
the word.

As [ outlined in the article, the com-
mercial success of the idea has been lim-
ited—to put it mildly. However, there are
very ambitious systems around, e.g., En-
tech’s massive VSW-1 system, and it
scems that the idea simply won’t die.
One reason for this could be that it is an
interesting technical challenge with a
certain promise.

All sorts of objections to it could be
raised, but I do not intend to discuss
them here. If you are interested, you can
read along and experiment as you
please. Sometimes the desirability of be-
longing to a club is inversely proportion-
al to the size of that club’s membership—
just to rephrase a film star’s words in
technical lingo.

THE FEEDBACK ADVANTAGE

The main advantage of feedback in loud-
speaker design is the possibility of mak-
ing a relatively small speaker play low
frequencies at reasonable sound levels
with reasonably low distortion. The
costs include added circuit complexity
and a need for potent power amps with
lots of power and voltage swing. Since
feedback in loudspeakers is worthwhile
only at low frequencies, most feedback
systems make do with two power ampli-
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tiers: one for low frequencies and the
other for the middle and high ranges.

Of course, this increases both com-
plexity and cost—though the need for
claborate passive crossover networks is
climinated. In many contexts, these
problems are very minor, and they are
casily outweighed by the improved quali-
ty of the low frequencies. There are,
however, situations when it would be
nice to make do with just one amplifier—
for example, in small PC speaker systems
or small compact monitor systems. An-
other possible customer could be the se-
rious audiophile who likes neither active
crossover networks in the very sensitive
lower-midrange frequencies nor several
different-sounding amplifiers.

After I published the article in SB
1/90—and a somewhat revised version
in the Danish magazine High Fidelity—
I was contacted by a small company
that wished to develop a very compact
monitor system, specifically one with
only a single power amplifier, but with
the possibility of manipulating the line-
level signal. Could I do that, please?
I promised to try. This is what I came
up with.

SIMPLE SINGLE-AMPLIFIER

SERVO SYSTEM

My first thought went along the lines
suggested by D. De Greef and J. Van-
dewege in their article “Acceleration
Feedback Loudspeaker”? (the schematic

- . - -
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FIGURE 1: Block diagram of De Greef and J. Vandewege's acceleration feedback sys-
tem. (Reprinted with permission from Electronics and Wireless World.)
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of their project was reprinted in my arti-
cle in $SB).

De Greef and Vandewege use just
one power amplifier for the whole sys-
tem. The serious drawback is that it re-
quires a very complicated filtering cir-
cuit that must be tailored absolutely in-
dividually to each drive unit with its ac-
celerometer. Figure 1 is the block dia-
gram of De Greef and Vandewege’s sys-
tem. Despite the very careful tailoring of
the compensation networks, it goes al-
most without saying that a lot of phase
shift and other things are more or less
out of control.

However, the feedback system is
worthwhile only below, say, 100Hz, so
the trick is to exploit its benefits in that
frequency range and prevent it from in-
terfering with the rest of the audio range.
This is to some extent what De Greef
and Vandewege did, but since ] am a
great one for simplicity in audio design, 1
went for a much simpler solution.

[ retain filtering as the first stage after
the preamp. The filter is a simple 2-way
6dB/octave electronic crossover net-
work that separates the low frequencies
from the mid-to-high frequencies. I
chose a first-order network here because

IS ELECTRONICS AND/OR COMPUTER TECHNOLOGY
YOUR PROFESSION OR HOBBY?

If so, Elektor Electronics is just the magazine for you! Since 1977, it has been
publishing construction projects at professional level as well as informative
articles about the developing world of elec-
tronics and computers.

The world of electronics is in constant flux.
What is new today may be obsolescent in a
very short time. Of course, the basics do
not change, but applications do. Elektor
Electronics is quick to respond to the
changing face of electronics and to adapt
itself to the varying needs of its readers.
It contains fairly easy as well as more
complex construction projects on a
wide variety of electronics subjects,
from audio & hi-fi through com-
puters and microprocessors to
test and measuring instruments.
Moreover, each issue contains
a FREE 16-page supplement
dealing with one subject only, such
as Microcontrollers, Audio & Hi-fi, Test &
Measurement, Computers, and others.

Make sure you are kept informed regularly about the
changing world of electronics by taking out a subscription (price, airmailed,
$US67.00 per year) by writing or faxing to

Elektor Electronics
World Wide Subscription Service
Unit 4, Gibbs Reed Farm
Pashley Road, Ticehurst
East Sussex, England TNS 7HE
Telephone +44 580 200 657; fax +44 580 200 616;
e-mail wws.subscription@virgin.net
Apart from the magazine, the company also produces software diskettes, pro-
grammed chips, printed-circuit boards, CD-ROMs, and publishes books on
electronics and computers. All these are available from
Old Colony Sound Lab
PO Box 876, Peterborough NH 03458-0876
Telephone (603) 924-6371; fax (603) 924-9467
e-mail custserv@audioXpress.com.
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it is steep enough, provided the -3dB
point is sufficiently low. A filter of this
type is also a good choice because you
can easily make it with great phase and
response accuracy.

After this simple filter stage, the mid
and high ranges are directed to a sum-
ming stage and then passed on to a con-
ventional power amp. The low-pass sec-
tion is connected to the servo loop,
which is responsible for both distortion
reduction and increased linearity in the
low-frequency range, as well as for flat-
tening out the peaks that result from an
excessively high speaker Q, as I ex-
plained in my original article.

After the servo loop, the low-frequen-
cy signal is fed into the summing stage,
the level controls of which make it possi-
ble to achieve perfect linearity around
the initial first-order filter’s —3dB point.
The advantage of this arrangement is
simply that feedback is applied only to
the low-frequency range below about
100Hz, and you need only one power
amplifier to drive the whole system.

The crossover network in the more
complete loudspeaker system can be a
conventional passive network. The
crossover frequencies of this network
have no bearing on the purely electronic
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Impedances,” IRE Transactions on Audio, July—
August, 1958.

10. Robert L. Tanner, “Improving Loudspeaker
Response with Motional Feedback,” Electronics,
March 1951.

11. Hans J. Klarskov Mortensen, “Basgengivelse—
pro et contra 3. Del,” High Fidelity, March 1993,
Kobenhavn




\.\ |
i To Poweramplifier
1 >

|
|
|
|
|
|
e A

i I !
s
70! 1% /v
Highposs A
| 47K '[
|
' 22k,1% L
Line input
z l
|
22K.1% 4{>——-‘L. = |
| |
’V\/- wowposs | AN l
47 nr 1% ‘ 1 Ak ‘ |
T | 47K |
st 1 2 § 56K
| ’ V
co s L S
: 33K —i- Y 12
From occslerometer | A » é
bulfer WA ——J-‘VV' .4 4 = 120K
i | I i \\W\—¢
>\ %1~ \ ‘ ,r——JxN.'--—l
1 L | /\), . AN e ﬁjl\\\ |
| L{ e 33K | P et AN A B |
| ] > - | 12%
Fics 2 1o e i
| LM3Ze | 3n
| 3 A ¢~[
' , l !
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manipulations of the line signal. Thus, in-
sofar as the circuitry described here is
linear with respect to the speaker sys-
tem’s actual woofer, the quality of the

speaker is all that matters. You might say
that the integrity of the speaker is un-
harmed-apart from the very slight
change of woofer parameter caused by

the tiny accelerometer. But since this in-
volves the addition of only a few grams
of extra mass to the woofer’s cone, in
most cases you can neglect it.

Save $4005%

by building your own Cavendish® active reference system, comprised of a pair of loudspeakers,
each of which contains:

One Manger° full-range sound transducer. Mangers are simply the best. Operating from 170Hz to 33kHz as a true point source bending
wave driver, the Manger is renowned throughout Europe for its utterly natural sound and transient perfection. Two decades and millions of dollars of
research have “built-in ** perfection into these drivers. Rise time only 0.014 milliseconds; ringing is non-existent; waterfall plots unmatched; dispersion
carefully controlled. These drivers have no audible timbre of their own, reproducing original events with unmatched precision. The Mangers are located in
a head unit which can be swiveled and tilted to achieve desired alignment, or which can be detached from the subwoofer section for wall mounting for home
theater.

A pair of purpose-built 10” subwoofer drivers operating from 170Hz to the inf-asonic region. Although they operate in total volume of only
40 liters, these drivers’ 19 Hz resonance, lasge magnets, and robust construction allows them to generate prodigious amounts of controlled, dynamic bass
with superb transients. The drivers operate on opposite sides of a sealed enclosure, joined together by a bracing system designed to cancel inertia effects for
an extremely quiet box. They are located near the floor for predictable room gain and extension to nearly 20 Hz. at full volume.

One Cavendish® dual amplifier/active crossover combo unit. The units feature RCA(unbalanced) and XLR (balanced) infout for dais
chaining for lurge venues or home theater as well as speaker level inputs, a large toroidal transformer, dual precision level controls for bass and treble,
separate rectifier/regulator sections for each amplifier, and 2 x 200 W of amplification per loudspeaker. Crossovers are 3rd order. with each unit
specifically designed to complement the Manger / woofer combination, yielding excellent frequency and phase response. Bandwidth is 10bkHz, full power
THD 0.001%. input impedance 10kohms, S/N ratio 1 10dB, input sensitivity 500mV. Finished in high gloss black with white lettering.

Kit plans and instructions for building what is easily the most sophisticated DIY system on the planet. Your system will
feature Manger's legendary transparency on a fully adjustable mount, dual 10™ air movers in the bass, and 400W of amplification/box in an easy-to-build
(mo crossover wiring required!) shape designed to match both traditional and modem décor.

The Cavendish™ will be shown to dealers in finished form at the 2000 WCES in Las Vegas. You can save nearly 60% of
M.S.R.P. by buying in kit form directly from us. For more information about it now please contact us at:

B&R Acoustique  Toll-free (888) 825-8888  Fax(450) 635-7526 www.techmdb.con  E-mail: techmdb@MSN.co
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FIGURE 4: Low-frequency per-
formance of the experimental
single-amplifier acceleration
feedback woofer section.

A PRACTICAL EXPERIMENT
Unfortunately, the project never reached
completion. The company that had re-
quested the design went bankrupt, or
perhaps lost interest, but before that, 1
did manage to set up a small experiment.
I used a ScanSpeak 21W/8554 drive unit
in a 22-tr cabinet.

For the initial electronic crossover net-
work, I chose a -3dB point at around
130Hz. This means that the range in
which the servo system is active is very
small indeed, thus making the filtering
and control of the inevitable phase shift
much easier to handle. A problem in all

feedback systems is high-frequency
phase shift: if there is too much, it ren-
ders the system unstable. In my own de-
sign, these problems occurred around
250Hz, and needed quite careful atten-
tion. My experimental circuitry is shown
in Fig. 3.

RESULTS

Figure 4 shows the low-frequency per-
formance of the experimental setup,
measured “by hand” with a Bruél &
Kjaer condenser measuring microphone.
(This was before computer-based sys-
tems became economically possible for

amateurs.) For more details, consult the
Further Sources box. <)

COPYRIGHT ]

To the best of my knowledge this approach to
single-amped feedback systems is new, so if you
would like to use it commercially, please contact '
me at Hans.klarskov@skolekom.dk.

B

REFERENCES
1. Hans J. Klarskov Mortensen, “An Accelerafion Feed-
back System,” SB 1/90.

2. D. De Greef and J. Vandewege, “Acceleration Feed-
back Loudspeaker,” Electronics and Wireless World,
September 1981.

The book to start you on tl.ze .exciting
and fulfilling voyage to building your
own audio electronics!

mme JOY OF

i f
You love building speakers, now you can go further—into the world o

audio electronics.

' i ocess
THE 'OY OF Never soldered before? ...Don't worry, Hansen explains the pr
s d the potential pitfalls. o .
' ELECTR°N|C B i i timidating world begins
e By Charles Hansen - Hansen's easy approach to this sometimes Inti

i i j ks you through every
Starting with a project, Hansen w?l even
g?en[;ft(:)nl?lt:ilzdii?alsirgnple speaker overload indicator. Even the circuit

m M board for the project is included.

Q\\\ |

i es

" You'll learn to read schematics, how to build more con;glex dei:(\i';cm

and how to check their performancg. Nehxt. :tt::r;; :tﬁ?men{sgnl:a Lo

; .
ildi i kplace and gatner

building an electronics wor ; L

Best of all, Hansen lists every source og sz};t:il;O(l)ll:, clgflocrlrl?;;ovr:i e

lies the amateur needs to succeed. ! , he ¢ s

;‘iﬁﬁam. short introduction to electronic theory—and where 10 g

from there if you wish.

Call 1-888-924-9465 to Order

Visit Us On-Line at www.audioXpress.com

1999, 8” x 10 %", softbound, ISBN 1-882580-24-9. Shipping wt. 11b. *SHIPPING & HANDLING: $6.00
in Ué; $7in Canada $10.25 all other surface; $16.25 all other air.

BKAA52

19.95?,

0Old Colony Sound Laboratory, PO Box 876 Dept. B9, Peterborough, NH 03458-0876 USA Phone: 603-924-9464 Fax: 603-924-9467 E-mail: custserv@audioXpress.com

32 Speaker Builder 7/99



ARIZONA

Arizona Audiophile Society
Attn.: Member Chairman

PO Box 13058, Scottsdale, AZ 85267
(602) 417-0223

CALIFORNIA

Bay Area Audiophile Society
Dennis Davis

(415) 381-4228

E-mail bluedeer@a.crl.com
San Diego Audio Artisans
Wendell

(619) 538-6946, evenings
Tube Audio Enthusiasts
John Atwood

65 Washington St. #137

Santa Clara, CA 95050

FAX (408) 985-2006

West Valley Audio Society
Barry Kohan

(805) 375-2629

COLORADO

Colorado Audio Society
1941 S, Grant St., Denver, CO 80210
(303) 733-1613

CONNECTICUT

Connecticut Audio Society
Charles King

PO Box 116, East Berlin, CT 06023
(860) 665-2881

James Addison

171 Hartford Rd. A-7

New Britain, CT 06053

FLORIDA

Gulf Coast Audiophile Society
John R. Chait

5746 S. Lockwood Ridge Rd.
Sarasota, FL 34231

{813) 925-1070

Tampa Bay Listening Society
Mike Vans Evers

1250 E. Hilisborough Ave.

Tampa, FL 33604

(813) 239-0700

FAX (813) 239-0805

GEORGIA

Atlanta Audio Society, Inc.

John Morrison/Chuck Bruce

1160 Cumberiang Rd. NE

Atlanta, GA 30306

(770) 491-1553/(404) 876-5659
E-mail chucksaudio@mindspring.com

ILLINOIS

Chicago Audio Society

Brian Walsh

PO Box 313, Barrmgton, IL 60011

(708) 382-8433

E-mail sysop@nybble.com

Prairie State Audio Construction
Society

Tom

20 Wildwood Tr., Cary, IL 60013

(708) 248-3377 days/(708) 516-0170 eves.

INDIANA

Tube Sound

¢/o William Schumacher
5417 Armstrong Ct.
Indianapolis, IN 46237-2318

LOUISIANA

New Orleans High End Audio
Society

PO Box 50231

New Orleans, LA 70150-0231

iMASSACHUSETTS

The Boston Audio Society

David Hadaway

PQ Box 211, Boston, MA 02126
(603) 899-5121, FAX (603) 899-6415
E-mail dbsystems@ibm.net

Website http//home.att.net/~bostonaudio/
{WASHINGTON
Southeastern Michigan Woofer and !

MICHIGAN

Tweeter Marching Society

PO Box 721464

Beridey, M| 48072-0464

(248) 544-8453

E-mail djcarist@oakland.edu

Website www.concentric.net/~amyk/
smwtms.htm

MINNESOTA

Audio Society of Minnesota
PO Box 32293, Fridley, MN 55432
(612