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Good News 
C WALL OF SOUND 
The Brick, River-Rock, Split-Face Cinderblock, and Weathered Stonewalls, are four speaker 
models from Rockustics. All function as inlays installed into new or existing walls, and with a 
removable faceplate, are powered by 100W rated, 6.5" Vifa drivers, and a 1 " tweeter. Each 
cabinet is custom designed and constructed with crushed stone and weatherproof, environ-
mentally-safe resins that can withstand harsh elements in all climates, including ultra-violet 
rays, heat, rain, snow, and wind. All come with a “Zero Defects” lifetime guarantee. Rockus¬ 
tics Inc. " , 15400 E. Batavia Dr., Aurora, CO 80011, (800) 875-1ROK, (303) 363-6161, FAX 
(303) 363-0011, Website www.rockusticsinc.com. 
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■ CANADIAN SPEAKERS 
Newform Research’s R645 loudspeaker is a 
beefed-up R630 with no loss of refinement. 
It is taller, more sensitive and dynamic, wrh 
greater bass impact, and features the 
Scan-Speak W15 Revelator 5" midbass. 
Also from the company is the No Holds Barred 
(NHB) 45. which is a practical version of the 
NHB Essential. It features superior drivers 
(R45 and SS W15), resulting in superior 
souna quality, and the flexibility of a much 
lower crossover point, according to the 
comoany. Newform Research Inc., PO Box 
475, Midland, Ontario, Canada L4R 4L3, 
(705) 835-9000, FAX (705) 835-0081, E-mail 
ribbon @ newform research .com, Website 

C A HOME-THEATER FIRST 
Miller & Kreisel Sound (M&K) became the first speaker manufac-

mb turer to deliver a complete THX Select home-theater speaker sys¬ 
tem, according to the company. The 750THX system is comprised 

I f ï of the LCR-750THX front speakers. Center-750THX center chan-
¿IS* nel, Surround-550THX surround channels, and Sub V-1250THX 

powered subwoofer. The design incorporates M&K's High-Fre-
I quency Prism system, which combines a mesh metal grille with a 

tweeter mounted at a 4.7 angle to optimize the speaker's imaging 

and frequency response. The system, which is used on the LCR-

'50. Center-750, and Surround-550, improves the speaker's off-

gB ■■ ano on-ax.s response by shaping a very smooth and extended flat 

high-frequency response over a wide listening window, which is d-

rec,ed towards the listening position, therefore optimizing imaging. 
Miller & Kreisel Sound Corp., 10391 Jefferson Blvd., Culver City, 

CA 90232, (310) 204-2854, FAX (310) 202-8782, Website www.mksound.com. 
Reader Service # 138 

www.newformresearch.com. 
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■ “PRACTICAL" 
READING 
Practical Acoustics, by 
Stephen Kamichik, is a two-
part study of acoustics, and 
was designed to help dispel ■ 
the mysteries of how sound 
“works.” Part 1 contains 11 
chapters covering acoustical 
waves, ultrasonics, micro¬ 
phones, speakers, and more. 
Part 2 contains eight chapters 
of projects and problem solu¬ 
tions, as well as a glossary. 
Topics include speaker enclo¬ 
sures, crossover networks, 
and surround sound, among 
others. PROMPT® Publica¬ 
tions, (800) 428-7267. 
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■ TRUE SOUND 
TRUESOUND has recently 
released the Dynamic Sound Im¬ 
provement Processor (DSIP™) for 
enhanced speaker reproduction. 
Unlike other sound enhancement 
systems, DSIP maintains the 
phase relation of signal frequency 
while enhancing bass and treble 
output, according to the company. 
Afeo from TRUESOUND are four 
products: "travel,” ‘travel luxe," 
“Universal TV,” and “Universal 
audio.” The travel products con¬ 
nect to portable audio devices and 
are adjustable to three DSiP lev¬ 
els. The Universal products include 
gold-plated connector cables and a 
UL-approved power adapter plug. 
SoundScience, Inc., (201 ) 767-
3297, E-mail contact @sound-
science.com. 

Reader Service #140 

O RAIN OR SHINE 
The WP1 weatherproof two-way loudspeaker from B&W includes 
an extended-response, aluminum-dome tweeter. Mounted via a 
specially engineered diffraction-free baffle and integrated by a 
computer-tuned, audiophile-grade crossover, these components 
ensure smooth, accurate response and wide 
dispersion, according to B&W, the product’s 
manufacturer. It features a flexibly-ad-
justable bracket that accommodates 
horizontal or vertical placement, and 
incorporates two tapped brass 
(corrosion-proof) inserts for direct fixing 
to walls, soffits, or even marine bulk¬ 
heads. The WP1 cabinet is construct¬ 
ed entirely of corrosion-proof compos¬ 
ites with impervious, powder-coated 
steel grilles, and is available in matte 
black and (paintable) white finishes. 
B&W Loudspeakers of America, 54 
Concord St., N. Reading, MA 01864-
2699, (978) 664-2870, (800) 370-3740, 
FAX (978) 664-4109. 
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Loudspeaker Design is an 4^T-
Free the artist in you with state-of-the-MT software from /^WiSTECH. 

Design speaker boxes with... 

BassBoxPro Visit us 
on the web at 

www.ht-audio.com 

Design crossovers with... 

X-over Pro 
Our website includes 
detailed information 
about BassBox Pro, 
X-over Pno and other 
audio-related stuff. 

We also provide FAQs 
(frequently asked 

questions) and tech¬ 
nical support topics. 
Licensed users can 
download free up¬ 

dates. And we provide 
links to the known 
websites of driver 
manufacturers. 

• BassBox Pro helps you quickly design many different types and 
shapes of speaker boxes. With its Design Wizard, advanced easy-
to-use layout and on-line help it is a joy to use. As many as ten 
designs can be viewed at the same time. 

• Includes a MONSTER-size d'iver database 
with the parameters of thousands of drivers. 

• Handles many box types, including closed, vented, vented with 
active filter (Be), bandpass and passive radiator. 

• Accepts designs with multiple drivers, including isobaric designs. 
Both the mechanical and electrical configuration can be controlled. 

• X-over Pro helps you quickly design passive crossover networks, 
low-pass, band-pass and high-pass filters, impedance equalization 
networks, notch filters and L-padfe. Its straight-forward layout and 
on-line help make it very easy to use. 

• Includes a MONSTER-size driver database with 
the parameters of thousands of drivers, include * * t 

hg both open back drivers (woofers) and sealed 
back drivers (tweeters). Compatible with BassBox Pro. 

• Design 2-way and 3-way passive crossovers with a 
parallel topology. Each filter can be a different 
type and have a different slope (lst-4th orders). 

• The values of individual components can be man¬ 
ually changed and the effects viewed in the graphs. 

• Impedance equalization is auai.able for the voice coil induct-ve 
neactance and the driver/box resonance peaks. 

• Performance can be evaluated with 9 • -
graphs, including 2 amplitude response 
graphs, max acoustic power, max elect¬ 
ric power, cone displacement, vent vel¬ 
ocity, impedance, piase & group delay. 

• Acoustic data can be imported fcr drivers and listening spaces. 
Both automotive ard architectural environments are supported. 

• The response of a passive network can be entered or imported 
from X-over Pro and used to display the system response. 

• Includes both driver and passive radiator test procedures. 

• Performance can be evaluated with 4 
graphs, including amplitude nespanse, 
impedance, phase & group de ay. The 
net response can be displayed in both 
the amplitude and impedance graphs. 

- The equivalent series resistance (ESR) of capacitors and DC resis¬ 
tance (DCR) of inductors cam be estimated or entered. 

• Includes additional helpful tools like a Pa-allel-Series Value Cal¬ 
culator, Color Value Decoder amd Notch Filter Designer. The Notch 

Filter Designer can calculate two types of series notch filters 
and one type of parallel notch filter. 

• Create custom printouts with box drawings & parts lists. 

• Includes a beautiful, well illustrated 204 page man¬ 
ual Available on CD-ROM or diskettes. 

//WXÍSTECH 
Harris Technologies, Inc. 

Post Office Box 622 

• Create custom printouts with parts lists & schematics. 

* Includes a beautiful, well illustrated 169 page 
manual. Available on CD-ROM or diskettes. 

BassBoxPro: $129-°°* 
Shipping & handling: USA = $7; Canada = $9: Alli otiers = $23 

Edwardsburg. Ml 49112-0622 U.S.A. 

Tel 616-641-5924 
Fax: 616-641-5738 • Email: sales@ht-audio.com 

X-over Pro: $9900* 
X»ov«r Pro is onlv $70-30 when 

purchased with BassBox Pro. 

US. dollars plus ship¬ 
ping and handling See 
details under BassBox 
Pro opposite. 

Reader Service #3 Harris Technologin. Inc All rights reserved BassBorls a trademark ol Harns. Technologies Other trademarks belong to their respective companies Harris Technologies reserves tie Xgh* to make changes without notice 



About This Issue 
Scott Vonhof leads off this issue with an interesting cabinet design. Take a 

look at his loudspeakers, which he calls the Maverick 2s, beginning on p. 10. 
They feature a very small footprint and an open bottom with an isobaric wœfer 
design. 

Musicians tend to be a tight-knit group. So, it’s not surprising that when a fel¬ 
low performer needed some speaker help, Bill Fitzmaurice came to the rescue 
with one of his folded horn designs. He calls the result the Mid Ranger (p. 16), 
which produces gixxl mid- and high-end response. 

How many audiophiles have become frustrated trying to plot precise frequen¬ 
cy-response values on logarithmic graphs? Louis C. McClure shows you an easier 
way, taking the guesswork out of this process (“Plotting 1/3-Octave Frequency-
Response Curves," p. 28). 

Who could say no to drivers in search of a home? Certainly not kind-hearted 
Philip Abbate, who quickly set about building a shelter for these orphans. The 
result is a pair of desktop speakers to accompany your computing adventures 
(“The Sammy Six Monitor,” p. 30). 

Fred Janosky shows you how to modify a B&W design for the look and feel of 
more expensive models, but well within the financial means of audiophiles on a 
budget (“An Improved Mini-Monitor,” p. 36). 
Tom Yeago had labored long and hard rebuilding the classic AR-3a (as docu¬ 

mented in previous SB issues). Now it's time for him to reap the rewards of his ef¬ 
forts, as he turns them over to reviewer Dermis Colin for listening tests and to 
Joseph D’Appolito for lab examination. Read the results in “Test Drive,” p. 42. 

Finally, Alan Ersen offers some tips on adjusting the baffle hole for driver 
mounting (“Tools, Tips, & Techniques,” p. 62). 
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LEGAL NOTICE 
Each design published in Speaker Builder is the intellectual property of its 

author and is offered to readers for their personal use only. Any commercial 
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Loudspeaker 
Measurement 

I System 

The complete and affordable analyzer system that provides quality 
data suitable for real electro-acoustic engineering purposes. The 
LMS system provides a vast array of powerful computer based fea¬ 
tures which are specifically focused on the unique requirements of 
loudspeaker development and QC production testing. 

Analyzer System Specifications 
Full Length IBM PC Slot Card, 8 Bit ISA Slot ✓ Calibrated 8mm Electret Mic with Preamp 

✓ Mic Freauency Range: 10Hz-40kHz 
Osc Attenuator Range: 60dB in 0.25 dB Steps 

✓ Osc Frequency Range: lOHz-lOOkHz 

✓ Oscillator Continuous or Gated Swept Sine Wave 
✓ Osc Maximum Output: + 16dBm (5Vrms) 
✓ THD: 0.015%, 20Hz-20kHz 
✓ Frequency Resolution: 200 steps/decade, Log 
✓ Filters can tracx Osc frequency by any ratio 
✓ SPL Measurement Range: 35-125 dB-SPL 
✓ Videc graphics support: VGA, EGA. CGA, HGA 

✓ Dual Stale Variable Filters: LP/HP/BP/3R 
System Signal to Noise Ratio: 90dB 

✓ XLR Interface: Osc out, Bal Input. Mic Input 
r' 375 Pag» Manual with Application Notes 

E I N E A K X 
SYSTEMS 

LinearX Systems Inc. 

Call Today for a free 
Demo Disk! 

Tel: (503) 612 9565 

9500 SW Tualatin-Sherwood Rd., Tualatin, OR 97062 CISA 
TEL:(503)612-9565 / FAX:(503)612-9344 / Internet: www.linearx.com 

Whether your application is professional audio, consumer stereo, 
car stereo, or contract installation, LMS is the perfect tool for devel¬ 
opment and testing of loudspeaker systems. 
No other measurement package today provides as many outstand¬ 

ing features and capabilities 
at such an incredible price! 

Sgstem Utilities and Features 
The system software provides a host of powerful utilities and 
processing features which enable the user to perform many 
complex, and tedious tasks easier than ever before, flinlike 
most other analyzer software which is oriented towards single 
curve use, LMS handles multiple curve display and operations 
with a versatile 20 entry library database. 

✓ Curveibrary system for mufti-curve operations 
✓ Macro programming of operation for QC testing 
• ✓ Standard and user selectable Frequency Ranges 
✓ Relative and Absolute PASS/FAIL Compare 
✓ Import and Export Data to ASCII files 
✓ Speaker Parameter Generation 

✓ RLC Meter 

✓ SPL/ZCombo Con: 
✓ Nyquis; Plot Conv< 
✓ Polar rot Conversi! 

✓ Tail Shpe Correct! which enable the user to perform com-
✓ Multi-C urve Averaç plex mathematical operations on curve 

data quickly and easily. 
✓ Scaling, Smoothing Curves 

Processing Operations 
The LMS software provides a host of 
powerful post processing features 

✓ Minimum Phase Transform 

OS Support: 

DOS, Wm31, 

Win95, WinNT 

Group Delay Transform 
✓ Addition, Subtraction 
✓ Multiplication. Division 
✓ Frequency Div/Mul 
✓ Invert. Square-Root 
✓ dB to Linear Conversion 
✓ Inverse FFT 

Printer/Output Formats 
LMS supports a large number of printer 
standards, and even supports numer¬ 
ous desktop publishing graphic formats 
in both B&W and color! Portrait and 
Landscape orientations in any custom 
size and aspect ratio are also posable. 
✓ IBM/Epson 8 Pin Dot Matrix 
✓ NEC. Epson. Toshiba 24 Pin 
✓ HP LaserJet. DeskJet Series Printers 
✓ HPGL Compatible Plotters 
✓ PostScript Printers- B&W.Cblor 
✓ PostScript EPS/TIF- B&W.Color 
✓ DXF AutoCAD Vector Plots 
✓ Al-Adobe Illustrator B&W,Color 
✓ TIFF, BMP. PCX Bit Image Plots 

International Dealers Australia:ME Technologies 51^5-50-2254/ Belglum:Belram 32(0)2-736-50-00/ Brazlt Top Gun 55(0)11-831 0267/ 
Canada:Gerraudio 613-342-6999/ China:MEI KA T-ading Co. €852)2-558-6134/ Denmark,Finland:A&T Ljudproduktion 46(0)8-830 905/ 
France:Belram 32(0)2-736-50-00/ Hong Kong:MEI KA Tracing Co. (852)2-558-6134/ Indonesia.Ken's Audio 62(0)21-639-5806/ lreland:Munro 
Assoc 44(0)171-403-3808/ ltaly:Outline sne 39-30-5581341/ Japan:Rey Audio 81(0)492-536490/ Korea: Marshall Elec. 82(032)653-1381/ 
Luxembourg:BeIram 32(0)2-736-5000/ Malaysäa:Novum 65-211-0129/ New ZealandzME Technologies 61-65-50-2254/ Norway A&T 
Ljudproduktion 46(08)830-905/ Russla:lnforcom (7)095-925-66*4. ScotlandMunro Assoc 44(0)171-403-3808/ Singapore AUVI 65-545-0020/ 
SwedenA&T Ljudproduction 46(0)8-830-905/ TaiwanGestion Tavcan Inti 8862-698-4661 1 Thailand:Novum 65-211-0129/ GK:Munro Assoc 

44(0)171^3806._ _ Reader Service »36 
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□n Get your copy of the Definitive Parts Source IA 

® KINGER KABLE z^UlfiO^p 

reHable 

PRISMA 

SOLEN 

BreadBoard 
NOBLE /VlultiCap 

DH LABS Vampire 

GOBRlz Discovery 

Toll Free Order Line 1-800-769-0747 
(U.S. & Canada only) 

VISA 

i«, Upgrade Kit Available 
2790 Brighton Road. Oahi Ie, Ontario, Canada L6H 5T4 TPC@sontcfron'iers.com 

( ( (905)829-5858 

The Parts Connection - The Audio Hobbyist’s Definitive Parts Source 

Wonder 
Solder 

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 1OO+ 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. 

THE PARTS 
CONNECTION 

Dual Burr Brown PCM 1704 24 Bit SMD D/A converters. 
3 Digital l/P’s, 110 Ohm AES/EBU (XLR), 75 Ohm S/PDIF 
(BNC)*, and Toslink optical. *(BNC to RCA adapter included) 

The Parts Connection’s FREE Bulletin for News, Specials, Overstock & Clearance Items! 

Published Quarterly, this issue features clearance items from Draloric, Roderstein, 

Panasonic, Solen, Philips, Siemens, Gold Aero, RAM, Ruby Tubes, Golden Dragon, 

Sovtek and many, many more. Nearly 1200 different parts in all. Prices discounted from 

25% to 78%! 

DAC 2.5 
Digital Processor Kit 
96kHz/24Bit Capable!! 

The TPC Catalog Volume 4 features new products from: 

Assemblage • Sanyo - Oscon • Nichicon Muse • Blackgate 

Jensen • Audio Cap • Exotica Cap • Elna • Valve Art • Western 

Electric • AWT • Tesla • Ei • Etc. 

Musi Cap* nichicon 
The Parts Connection Catalog 

VOLUME 4 & BREADBOARD SUPPLEMENT 

Serving 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 lOOO’s of available products: 



After his first set of speakers fell victim to an attack from his cat, this author devised a 

special design that uses a very small footprint and an open bottom with an isobaric 

woofer design. 

The Maverick 2 
By Scott Vonhof 

CABINET CONSTRUCTION 

1
 recently decided that my first 
speaker project no longer fits 
the needs of my current 
lifestyle (not to mention that 

my cat, Maverick, decided to use 
the passive radiators as his scratch¬ 
ing post, and he ruined one of the 
midrange surrounds). I desired 
something with a smaller footprint, 
since I live in a condo and have a 
35" tube TV that takes up a large 
portion of the living room. I also re¬ 
alized that my emphasis was now 
on home theater more than stereo 
sound, so I wished to be able to 
match timbre across the room. This 
is not your usual speaker with six 
walls and three holes on the front 
face. It has a semi-open bottom, 
which is used for the mounting of 
the woofers {Photo /). 

It all started about six years ago. I was 
into car audio and wished to improve 
the sound in my home stereo. I con 
ceived the novel idea of combining a 
sealed woofer system with a passive radi¬ 
ator. I had heard the arguments for and 
against sealed and ported speaker sys¬ 
tems and desired to achieve the best of 
both worlds in one package. I decided to 
use 8" Peerless drivers (831709) for the 
bass, and I didn’t care as much about the 
rest of the sound, so I just bought what¬ 
ever the sales guy recommended. 

ABOUT THE AUTHOR 
Scott Vonhof has a degree in electro-mechanical 
design, and has been interested in speaker design 
for about ten years. He makes his designs using 

Pro-Engineer software, a solids-modeling package 
that enables him to run interference checks. He 

does all his own woodworking, and finds speaker 
building a very enjoyable hobby. 

For the unit to be aesthetically pleasing, 
I wished to match the wood colors with 
some of the other furnishings in the 
room. I decided to use oak plywood for 
the cabinet and solid oak W  round 
moldings for the edges. In retrospect, if 
I were to make these again, I would use 
solid oak for the front and top panels 
and round the edges with a %" round-
over bit for the edges just prior to sand¬ 
ing and finishing. In doing so, I wouldn’t 
need to worry about the round over ex¬ 
tending down into the base and making 
a strange-looking joint that I would need 
to fill or fix in some other way. 

Table 1 is the materials list for the 

PHOTO 2: The subwoofer portion of the 
cabinet before addition of the finished 
walls. 

PHOTO 1 : The finished Maverick speaker. 

TABLE 1 

MATERIALS LIST (PER PAIR) 

1" X12" clear oak (%" x 11%" finished) 

2x 42" x 10%" (grain lengthwise) 
2x 11%"x10%" (grain lengthwise) 
4' x 8' sheet, %" oak plywood 

2x 41 >4" x 9’4'(rear) 
4x 41 %" x 11%"(side) 
4' x 8' sheet, %" MDF 

4x 21 %" x 11" (wall stiffener) 
4x 13%" x 9’4" (midrange backing 

and midrange/tweeter sub¬ 
cabinet rear) 

4x 11 " x 8’4" (shelf braces) 
8x 11 " x 9’4" (woofer separator, 

woofer mounting panel, top 
woofer sub-cabinet) 

1 " x 4" clear oak %" x 3%" (finished) 
4x 14" x 394" (side trim) 
4x_ 12" x 3%" (front and back trim) 
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The Driving Force In Loudspeakers 
Quality, Durability, Value, Variety & Availability are a few reasons to select from one of our loudspeaker manufacturers. 

Image Communications proudly supplies: 

4 mage 
|communic»tioni | 

A Katy Company 

Image Communications 
4301 West 69th Street 
Chicago, Illinois 60629 
773.884.0906 ♦ 1.800.552.1639 
Fax: 773.884.0912 
E-Mail: Dave_ArmorT®'woodsind.com 

Reader Service »22 
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Maverick 2 and Fig. 1 is a construction 
drawing. I decided to set up a cutting 
schedule before I even purchased the 
wood. This enabled me to cut all pieces 
that were the same width at the same 
time, which made for quick work, with 
only a few saw set-up changes. 

In constructing the cabinet, I aimed 
for more stiffness in the upper portion of 
the cabinet since the bottom is open. I 
decided that because the side walls were 
to have a greater surface area than the 
front, they should be made with a double 

TABLE 2 

PARTS LIST FOR SINGLE 
CROSSOVER 

1 Sidewinder 4.0mH #16 AWG iron-core inductor 

2 10OpF Bennie 100V bipolar electrolytic capacitor 

1 3i i 15 W sand-cast resistor 
1 2.5mH #19 AWG standard air core inductor 
1 1.1 mH #19 AWG standard air core inductor 

1 3.9pF Carli 150V polyester film capacitor 
1 8pF Carli 150V polyester film capacitor 

1 80 15W sand-cast resistor 
1 5pF Solen polypropylene 450V capacitor 

1 ,25mH #20 AWG standard air-core inductor 

1 2ÍJ 15W sand-cast resistor 
1 230 15W sand-cast resistor 

1 92B 3-way glass expoxy circuit board 

PHOTO 3: The side walls and shelf braces installed, 
as well as the subcompartment for the crossover. 

thickness. To do this, I used MDF only on 
the inside of the subwoofer cabinet. The 
top of the cabinet has two separate sub 
enclosures, one for the crossover and the 
other for the midrange and tweeter 
{Photo 2). 

The front panel has recessed holes for 
mounting the tweeter and midrange and 
a piece of MDF attached to the back of 
the midrange/tweeter area so there is 
more material for the screws to grab 
{Fig. 2). I chamfered the MDF on the in¬ 
side to allow for better airflow for the 
midrange. The inside wall stiffeners 
should have dado cuts {Fig. I) to accept 
the shelf braces, so the cuts should be 
%" wide and %" deep. You should glue 
all joints and then seal them with sili¬ 
cone to prevent air leakage {Photo 3). 

The last pieces I assembled were the 
three bottom panels to which the woof-

FICURE 2: Broken out view to show the 
construction details and driver placement 
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Swans //t ? kit 
un friendly performance 

Great news from Swans! 

The step beyond the limits 
SWANS 
SPEAKER SYSTEMS 

“...explicit, easy to listen to, effort¬ 
less, seamless and stunning.” 
Ernie Fisher 
Swans M1 Speaker Systems Review 
INNER EAR REPORT 
Volume 10, #3 1998 

I 0 
RT1C Tweeter F5 Bass-midrange Filter 

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

The Swans M1 speaker system is a two-way bass-reflex design. 
The front baffle is very narrow with rounded edges to reduce 
cabinet diffraction for better clarity and imaging. The internal 
panel and corner reinforcement substantially reduce unwanted 
cabinet vibrations. A flared port is mounted on the -ear baffle for 
smooth transition from the port to cabinet boundaries. This pro¬ 
vides linear bass performance and absence of port noise. The 
heavy-duty gold plated binding posts are mounted directly on 
the rear panel to enable easy cable connection. 

The 5-inch paper/Kevlar cone woofer has a rubber surround, 
cast aluminum frame and a magnetically shielded motor system. 
This driver utilizes a central phase plug to avoid air compres¬ 
sion improving frequency response and dispersion. These key 
features greatly contribute to the MVs clear transparent sound 
and effortless dynamic performance. 

The tweeter is a high-tech planar isodynamic design that 
employs Neodymium magnets and extremely light Kapton®film, 
with flat aluminum conductors. 

This unit provides an immediate and precise response to any 
transients in original signal, and gives the M1 an exceptional 
ability to reveal the true dynamics of instruments with a complex 
high frequency spectrum. 

The crossover is a second order Lirkwi:z-Riley type resulting in 
an in-phase connection of the d'ive units. The crossover fre¬ 
quency between the two drivers is 3.3 kHz and only high quali¬ 
ty polypropylene capacitors are used. Each filter has it’s own 
dedicated board mounted on a special rubber interface to 
reduce vibrations and microphonie phenomenon. The filter 
boards are spaced inside the loudspeaker with the inductors 
positioned at right angles to minimize Ure interaction. 

Swans Ml kit includes: 
- 2x F5 paper/Kevlar bass-midrange drivers, 
■ 2x RT1C isodynamic tweeters ‘with sealing gaskets, 
- 2x dedicated tweeter crossovers. 
- 2x dedicated bass-midrange crossovers 
- two flared ports 
- two pairs of heavy duty gold plated te-minals. 
The drawings of the cabinet shown here represent general 
dimensions required for optimum bass performance. Rounded 
corners are advisable as they improve imaging and clarity. 
Actual finish and appearance is a matter of personal taste. 

Price: $410 delivered without cabinats. 
$660 delivered with cabinets. 

Warranty 3 years. We accept VISA. 

SPECIFICATIONS 
Frequency response 
(1m,half space) 
Sensitivity. 1W/1m 
(100Hz-8kHz averaged) 
Nominal impedance 

60Hz-35kHz,±2dB 
55Hz-40kHz.-3dB 
86 dB 

8 ohms 
(7.2 ohms minimum at 250 Hz) 
Power handling 50W nominal, 

90W music 
Dimensions,HxWxD 310x180x250 mm 

Amplifier requirements: 
30W recommended minimum. 

for more info please 

Call: (905)-889-7876 

ACOUSTIC TECHNOLOGY 
INTERNATIONAL INC. 

15 WEST PEARCE STREET UNIT 243. 
RICHMOND HILL 

ONTARIO L4B1H6 CANADA 
Tel: (905)-889-7876 Fax: (905)-889-3653 

www.dulcet.com 
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ers mount, the spacer to separate them, 
and the back panel. I needed access to 
the inside of the cabinet, so I decided to 
use closed-cell foam weather stripping 
and screw the back panel onto the as¬ 
sembled cabinet. If you do this, make 
sure the screws are on the outside of the 
weather-stripping; otherwise, you would 
no longer have an airtight seal. 

Both sub-cabinets are sealed with sili¬ 
cone caulking and filled with polyester. 
Each speaker cabinet has about % pound 
of fill for the woofers, and the midrange/ 
tweeter sub cabinet has about a 14 pound 
(Photo 4). 

I decided to make the bottom trim 
pieces out of solid oak, forming them to 
match some of the other furniture in the 
room, but this has another purpose. The 
shape allows the air to flow from the bot¬ 
tom of the woofers, and having the 
speakers on carpet filters out a little 
more noise that the isobaric configura¬ 
tion normally hushes. 

I sanded and stained the cabinets, and 
then added three coats of varnish to give 
them a shine. They blend in well with 
the other wood colors in the living room 
(Photo 5). 

DRIVERS AND CROSSOVER 
I knew that the Panasonic Leaf tweeters I 
had chosen to use six years earlier were 
out, because I tried to get more, but 
found out they had not been manufac¬ 
tured for over three years. After looking 
at current designs on the market, I decid¬ 
ed I liked the sound of the metal-dome 
tweeters over the soft-dome versions. So 
I decided to use the Vifa D25AG-35. a 1" 
aluminum dome, based on the recom¬ 
mendation of a friend. 

I also liked the quick sound of cones 
made from lightweight materials such as 
Kevlar and carbon fiber for the mid-
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range. Since I had wished to replace the 
midranges on my current speakers be¬ 
fore I even got into the new design, I 
chose the Audax HM170C0 6.5" so I 
could swap it with the old Driver De¬ 
signs 6.5". I immediately noticed a 
marked improvement in sound image 
and quality with the more expensive, 
lightweight Audax. I decided that for my 
new design the 93Hz I could get from 
the Audax drivers in a sealed box would 
work fine with the woofers, so I chose 
that instead of the 60Hz or lower I could 
get in a ported configuration with a larg¬ 
er compartment. 

I knew I wished to use the 8" Peer¬ 
less drivers I would take out of the old 
design, and since I had two for each 
side, I decided to use them in an isobar¬ 
ic configuration with a sealed box, giv¬ 
ing me a respectable 39Hz at the lower 
Fj. I found that at a Qtc of .707, the box 
size was just over 1ft5.1 decided I could 
do quite a bit with this in a small foot¬ 
print. I was trying to figure out how to 
use the isobaric design and not have a 
really strange looking cabinet. I didn’t 
wish to have a magnet structure hang¬ 
ing out of the cabinet, and I thought it 
would be great if I could hide the 

woofer altogether. 
I gave Madisound all the specifications 

for my design and the drivers, and they 
designed a crossover for me (Fig. 3). 
Since I am not good at soldering, I let 
them make the crossovers as well. Table 
2 is the parts list. I was very happy with 
the crossovers’ appearance. They were 
mounted on a large circuit board and 
were very heavy, especially when com¬ 
pared to those taken out of my original 
speakers. Going from a first-order to a 
third-order crossover requires the addi¬ 
tion of many more components than I 
thought. Figures 4-6 show the predict¬ 
ed LEAP measurements Madisound sent 
me for this crossover design. 

CONCLUSION 
I am very happy with the project as a 
whole. The sound quality and the fit and 
finish in the room meet my criteria 
(Photo 6). The first time I hooked them 
up and started cranking the volume, my 
wife said she really noticed the differ¬ 
ence in sound quality from the old de¬ 
sign. The bass is much tighter and does 
not have a tendency to resonate 
through the house as much as before. 
The midrange is cleaned up by the use 

of the third-order crossover, so it does 
not jump all over the place, distorting 
and bottoming-out, and the tweeters are 
nice and smooth. 

I do not have test equipment, so I can¬ 
not tell you what the actual frequency re¬ 
sponse is or produce waterfall plots. I am 
now working on the design of a pow¬ 
ered subwoofer and a shielded center 
channel with the same drivers as the 
sides. For the future when I move into a 
house, I have several ideas for making di¬ 
pole surrounds for the back, using the 
same drivers. For now, the in-wall Radio 
Shack speakers will work just fine. 

FRONT 

Order #50-6281 Fits into O'/i" X 7X" cut out 

BACK You must provide code when ordering 

Prices effective from June 30 to August 13,1999 

CENTERVILLE. OH 45459 
A PREMIER FARNELL Company 

For over 20 years, MCM has been a leading supplier to audio enthusiasts, 

professional autosound installers and repair centers. Our broad selection, 
competitive prices and huge inventory make us the best source for speaker 

components. Discover the MCM Difference, Call today for your free catalog 

Sub-Woofer jyTff 
Power Amp Module 
• Provides 150W/200W RMS/peak @ 4ohm 

• 60-160Hz continuously variable 12dB crossover 

• Motorized gain and crossover control with I.R. remote 

• Speaker level input with satellite outputs 

• RCA type line in/out 

• Auto power on 

FREE^ 
ITERATUR, 

MCM Electronics 

NEW 

I5-A22T2 1'2 

CODE: SB55 

SOURCE CODE: SB55 

The Comprehensive Source For All of 
Your Electronics (and Speaker) Needs! 

Over 200 Different Woofer Types 

Pre-assembled Crossovers and Crossover Components 
Enclosure Design Reference Books and Software 

Reader Service Hi 
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This author designs a cabinet to meet the special needs of a fellow musician. Besides ad¬ 

dressing weight and size matters, the resulting PA system produces just the right sound. 

The Mid Ranger 
By Bill Fitzmaurice 

I
 recently received a most unusual re¬ 
quest. A bass playing acquaintance, 
Tim, wished to have a new cabinet. 
He was satisfied with the tone of 

his current rig, but it had three short¬ 
comings: too big, too heavy, and not 
loud enough. A 4 x 10" T/S box, it was 
somewhat over 6ft3, weighed 72 lbs, and 
had an average SPL per watt of 98dB. 

I let him take my Snail (SB 6/97) out 
on a gig. His response: “Nice size, but 
too heavy, and too much bottom end.” I 
figured that he didn’t really desire less 
bass, but needed more midrange and top 
end, so I let him try my Siamese Snail (SB 
2/99). His reaction was, “Good pop, and 
the weight’s not bad, but it’s too big and 
still has too much bottom end.” 

BITING MIDRANGE 
Complaints from bass players about hav¬ 
ing too much bottom are rare, so I went 

to see his band. They turned out to be a 
funk act; his style was almost all “slap 
and pop”; his sound had very little first-
octave fundamental content, but lots of 
biting midrange. I then took his cabinet 
home to test its response. 

Like most cabinets using MI 10s (low 
Q, high Fs), its response died below 
100Hz, with practically no capability 
below 60Hz. Moreover, to achieve his 
preferred tone, Tim would run his amp’s 
bass tone control flat, but boost both his 
midrange and treble pots to full. It was 
no wonder he didn’t care for the round 
bass tones my Snails gave him. What he 
wished for was a super-efficient mid¬ 
range box. 

The logical choice would have been a 
straight horn cabinet, with an Fh over 
100Hz, using a 10" or 12" MI driver, per¬ 
haps with a tweeter for the high end. 
The problem with a straight horn would 

PHOTO 1: The completed Mid Ranger. 

be that even a fairly short horn two feet 
long would require a box at least 30" 
deep. That problem could be solved 
with a folded horn, but the folding con¬ 
figuration would kill the high end, right? 

Wrong! If you’ve been reading my 
Snail series you know that folded horns 
can give good mid- and high-end re¬ 
sponse. For Tim’s dream cabinet I pulled 
out all the stops, using every trick I’d 
learned in building the various Snails to 
give him maximum midrange and high 
end (Photo I). First, I chose a 12" EVM 
model 12L for the woofer, since its nomi¬ 
nal range of sol lz-6klIz with KXklB sen¬ 
sitivity and 200W rating fits the require¬ 
ments (you may substitute another 12" 
or 10" MI driver with specs close to QK 
of .25, of 2ft3, Fs of 55Hz, and high 
frequency rolloff Fs of 5kHz). 

Around this driver I designed a cabinet 
using the dual path configuration of the 
Siamese Snail. Splitting the horn into two 
halves minimizes cross-sectional dimen¬ 
sions, limiting phase-cancellation effects. 
To keep the cross-sectional size even 
smaller, two braces divide each horn in 
half, right to the mouth openings. At the 
throat, separate paths for the front wave 
and the duct outputs shrink throat cross 
sections even further. A rapid flare on 
the front-wave throats gives better load¬ 
ing of highs; conversely, a slow flare on 
the duct’s throats provides better low-
frequency loading. Having only two 90° 
bends in the horn path minimizes high-
frequency losses and phase cancella¬ 
tions, as do the curved surfaces of the 
throat choke and comer reflectors. 

Finally, since all these measures still 
give only a bandwith up to about 4kHz, I 
incorporated a Motorola Twin-Bullet 
piezo tweeter (model KSN 1177), 
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mounted coaxially, as well as swing-
away doors on the cabinet front. Think 
of the effect of these doors as similar to 
that of the books on either side of a true 
bookshelf speaker: the panels create a re¬ 
flective surface that minimizes diffraction 
and phase-cancellation effects as the 
wave leaves the horn mouth, both 
smoothing overall response and, at many 
frequencies, improving sensitivity. As a 
plus, these doors, when closed, protect 
the cabinet innards, especially the tweet¬ 
er, from the elements during transit to 
and from the gig. 

point on the first line down 
11" from the top edge, and 
points on each succeeding 
line at, respectively, 816", 
6%", 5%", 4S/1«", 316", and 
3M)". Into each point drive a 
finish nail, leaving at least 16" 
of the nail exposed. 

Cut a ‘/¿"-wide sliver of %" 
plywood about two feet 
long, and bend it into place 
along the nails, securing its 
bottom edge with more 
nails; trace both the top and 

TABLE 1 
PARTS LIST (REFERENCED TO DRAWINGS) 

All sizes approximate, all parts except as noted 14" plywood. 
18"x19" 

22"x18" 
18"x14%' 

1. Top, bottom 

2. Sides (2) 

3. Baffte 
4. Hom braces 

5. Driver spacer 

6. Throat choke 
7. Hom plates 

8. Comer reflectors 
9. Tweeter baffle 
10. Th. oat reflector, long (2) 
11 .Throat reflector, short (2) 

12. Hom dividers 
Café doors 

see text 

13" x 13" (14" plywood) 
9" (4" PVC pipe, halved lengthwise) 

1814" xirw (%" plywood) 
17 W  (4" PVC pipe, quartered) 
614" X 4" 
2"x12" 
Z'x4" 

see text 
23" X 9 Tie" (not shown in diagrams) 

SUPPLIES: 
EVM-12L driver (or equivalent): Motorola KSN1177 

driver; drywall screws: construction adhesive: 2" PVC 
pipe (ducts. 2" X 5"); Tie" T-nuts with Allen-head bolts; 
convoluted acoustic foam and spray adhesive; hot-melt 

glue; 14 or 16ga zip cord; paint, carpet, vinyl, or laminate 

exterior finish material; protective comers or edging; 
piano hinges; cabinet catches; castors; handles: input 
jack with mounting hardware. 

Cost of cabinet built as described, with paint finish: $300. 

fie thickness. In one side, cut a triangular 
access hole, the cut lines for which are 
curving lines bisecting the tracings of the 
horn braces and a straight line %" inside 
the baffle, with the intersections of the 
lines rounded to a smooth curve (Photo 
3). Cut this panel out with a sabre saw, 
starting with a plunge cut. 

PHOTO 2: Forming the horn-brace and divider patterns. THE BAFFLE 
Cut the baffle to size, the ends cut at a 

INITIAL CONSTRUCTION STEPS 
I achieved light weight by constructing 
the cabinet primarily of 16" plywood (all 
parts dimensions depend on the actual 
measured thickness of the material 
used—see Table 1 for parts list). You may 
use thicker materials if you wish, at a 
penalty for weight, adjusting parts di¬ 
mensions accordingly. 

Secure all joints with drywall screws at 
least every 6", along with construction 
adhesive applied liberally to ensure air¬ 
tight joints. Use screws of both 1" and 
1W length, using the longer screws 
wherever possible without penetrating 
outer walls. All screw holes should be 
pilot drilled and deeply countersunk. You 
will achieve the most accurate joints if 
you first glue up the parts, clamp them, 
and then screw them into place. 

The first step is to create the pattern 
for the horn braces and dividers. Cut a 
piece of plywood 17" x 1116"; draw on it 
a vertical line 16" from its left edge, fol¬ 
lowed by five lines at 3" intervals, and a 
final line 16" from the first, 16" from the 
right edge of the board (Fig. I) Mark a 

10° angle to match the taper of the horn 
bottom curves of the sliver onto the ply¬ 
wood (Photo 2). Remove the sliver and 

plate. Draw on the baffle vertical and 
horizontal bisecting reference lines, fol-

the nails, and cut along both 
traced lines. Trim off the 16" 
of selvage from both edges of 
the patterns; trim 16" of sel¬ 
vage from the lower edge of 
the lower pattern. Make a 
copy of the upper pattern, 
which is for the horn di¬ 
viders. Now trim the lower 
pattern (for the horn braces) 
to a 116" width, and then du¬ 
plicate it seven times, for a 
total of eight braces. You 
may cut these from 16" ply¬ 
wood, or from thicker lum¬ 
ber if desired. 

Cut the two sides, each 
measuring 22" x 18". Draw 
on them the location of the 
baffle, and then use the pat¬ 
tem to trace the locations of 
the horn braces. Trim the 
ends of the horn braces 

MID RANGER (SIDE VIEW) 

where they intersect the baf¬ 
fle to accommodate the baf-

FICURE 1: Dimensions and placement of parts related 
to one side. 
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PHOTO 4: Baffle subassembly. 

tors arc both cut at a angle. Round 

SUSPENSION 

CONE 

BAFFLE 

MID RANGER (BAFFLE VIEW) 

SUSPENSION 

CONE 

BAFFLE 

FRAME SPACER FOR CONE CLEARANCE 

1 

-DIMENSIONS IN INCHES-

PHOTO 5: Baffle with drive spacer. 

DRIVER 
FRAME 

DRIVER 
FRAME 

FIGURE 3: Baffle channel 
and frame spacer to 
ensure cone clearance. 

BAFFLE CHANNEL FOR CONE CLEARANCE 
ICHANNEL SIZE 1/8" X 3/4") 

lowed by the rest of the parts and hole 
locations (Fig. 2). Center the driver on 
the panel, marking the hole locations for 
the driver mounting bolts. Drill the holes 
and install T-nuts, countersinking the 
heads so that they lie flush with the 
panel. Cut the driver hole, using a ^"ra¬ 
dius router bit to round over all edges 
not mated with reflectors, inside and 
out, and cut the holes for the ducts. 

The mating ends of the throat reflec-

FICURE 2: 
Parts and 
hole locations 
on the baffle. 

over the exposed ends of the longer 
pieces, and cut the ends of the shorter 
pieces that mate the cabinet sides at 34° 
angles {Photo 4). Install these parts, fill¬ 
ing any voids in the joints with extra ad¬ 
hesive. To prevent the cone edge from 
hitting the baffle in long excursions, you 
may rout a circular channel into tlx- baf¬ 
fle, %" deep (Fig. J). Alternatively, you 
may cut a spacer from !4" plywood at¬ 

taching it to the 
baffle prior to 
drilling the driver 
bolt holes (Photo 
5). A spacer must 
be used should you 
decide to substi¬ 
tute a 10" driver 
for the 12". 
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APIOOGO 

or 

Sensitivity lUg - dB SFLzmU IB.IB ocllleql 

perhaps a computer speaker. 

• 84.5 dB efficiency 
• Coated paper cone 
• Rubber surround 
■ Good response to 4kHz 
• Polymer chassis 
• Price Each $24.75 

Polymer Chassis 
Shielded Magnet 

Woofers 

Shielded 4” coated paper cone 

The AP100GO is designed for uses 
where a magnetically shielded 
speaker is needed. This driver is a 
good choice for any A/V applica¬ 
tion. Use it in a center channel ~ 

AP100Z0 
Shielded 4” HDA Aerogel cone 

The AP 100Z0 is a shielded magnet 
speaker for use in audio video ap¬ 
plications. The small size of this 
driver makes it an ideal choice for a 
center channel speaker or com¬ 
puter speaker. 

• 84.7 dB efficiency 
• HDA Aerogel cone 
• Polymer chassis 
• Rubber surround 
• Decorative flange 
• Good vented or sealed 
■ Price Each $27.00 

Technical Data Symbol Value Unit 
Nominal Impedance Z 6 Q 
Resonance Frequency Fs 75.7 Hz 
Power Handling (IEC) P 30 W 
Sensitivity (1W/1m) E 84.5 dB 
Voice coil Diameter 0 25 mm 

Minimum Impedance Zmin 6.2 Q 
DC Resistance Re 5.7 Q 
Voice Coil Inductance Lbm 0.49 mH 
Voice Coil Length h 9.4 mm 

il Former Alum. 

J Number of Layers n 2 
Magnet Weight m 0.205 ■= 
Flux Density B 1 T 
Force Factor BL 3.92 NA’ ' 

Height of Magnet Gap He 4 mm 

Linear Excursion peak Xmax 2.7 mm 
Suspension Compliance Cms 949 nm/N 
Mechanical 0 Factor Qms 2.53 
Electrical 0 Factor Oes 0.78 
Total Q Factor Qts 0.60 
Moving Mass Mms 4.66 9 
Effective Piston Area s 50.27 cm2

Equivalent Air Volume Vas 3.37 ltrs 
I Mass of Speaker_ M 0.5 JJ 

Technical Data Symbol Value Unit 

Nominal Impedance Z 6 fl 

Resonance Frequency Fs 64 Hz 
Power Handling (IEC) P 30 W 

Sensitivity (1W/1m) E 84.7 dB 

Voice coil Diameter 0 25 mm 

Minimum Impedance Zmin 6.1 Q 
DC Resistance Re 5.7 Q 
Voice Coil Inductance Lbm 0.45 mH 

Voice Coil Length h 9.4 mm 

Former Alum. 

Number of Layers n 2 
Magnet Weight m 0.205 k9 
Flux Density B 1 T 

Force Factor BL 3.99 NA' 
Height of Magnet Gap He 4 mm ¡I 
Linear Excursion peak Xmax 2.7 mm 

Suspension Compliance Cms 1329 pm/N 

Mechanical 0 Factor Qms 2.16 

i Electrical 0 Factor Qes 0.63 
J 

Total Q Factor Qts 0.49 
Moving Mass Mms 4.65 9 
Effective Piston Area S 50.27 cm2

Equivalent Air Volume Vas 4.72 -s 
Mass of Speaker_ | M 1.7 3 

J 

AP130Z0 
Shielded 5 %” HDA Aerogel cone 

The AP 130Z0 is a shielded magnet 
speaker for use in audio video ap¬ 
plications. F3of 100Hz in a sealed 
enclosure or 60Hz vented. Fre¬ 
quency response to 3kHz. 

• 87.4 dB efficiency 
• HDA Aerogel cone 
• Polymer chassis 
• Rubber surround 
• Decorative flange 
• Good bass in small vented 
enclosure 

• Price Each $28.90 

II 
Technical Data Symbol Value Unit 

Nominal Impedance Z 6 Q 
Resonance Frequency Fs 57.6 Hz 
Power Handling (IEC) P 40 W 
Sensitivity (1W/1m) E 87.4 dB 
Voice coil Diameter 0 25 mm 

Minimum Impedance Zmin 5.7 Q 
DC Resistance Re 5.2 Q 

Voice Coil Inductance Lbm 0.4 mH 

Voice Coil Length h 10 mm 

Former alum. 

Number of Layers n 2 
Magnet Weight m 0.35 s 
Flux Density B 1 T 
Force Factor BL 4.72 NA' 

Height of Magnet Gap He 5 mm 

Linear Excursion peak Xmax 2.5 mm 

Suspension Compliance Cms 1113 pm/N 

Mechanical Q Factor Qms 1.48 

Electrical Q Factor Qes 0.57 
Total Q Factor Qts 0.41 
Moving Mass Mms 6.86 g 
Effective Piston Area S 83.32 __2 cm 

Equivalent Air Volume Vas 10.85 ltrs 

I Mass of Speaker M 1.18 k9 

AP170Z0 
Shielded 6 '/i” HDA Aerogel cone 

The AP170Z0 woofer is designed 
for use in any audio /video applica¬ 
tion. The frequency range is from 
55Hz (vented) to 3kHz. This 
woofer can also be used sealed for 
an F3 of 90Hz. 

• 87.4 dB efficiency 
• HDA Aerogel cone 
• Polymer chassis 
• Rubber surround 
• Decorative flange 
■ Price Each $31.50 

Il 1
Technical Data Symbol Value Unit 

Nominal Impedance Z 6 Q 
Resonance Frequency Fs 48.5 Hz 

1 Power Handling (IEC) P 60 W 

Sensitivity (1W/1m) E 89.3 dB 

Voice coil Diameter 0 30 mm 

Minimum Impedance Zmin 6 n 
DC Resistance Re 5.3 Q 
Voice Coil Inductance Lbm 0.74 uH 

Voice Coil Length h 12 mm 

Former Aium. 

Number of Layers n 2 
Magnet Weight m 0.555 kfl 
Flux Density B 1 T 
Force Factor BL 5.76 NA’ 

Height of Magnet Gap He 6 mm 
Linear Excursion peak Xmax 3 mm 

Suspension Compliance Cms 996 pm/N 

Mechanical Q Factor Qms 1.61 

Electrical Q Factor Qes 0.5 
Total Q Factor Qts 0.38 
Moving Mass Mms 10.82 9 
Effective Piston Area S 132.73 cm2

Equivalent Air Volume Vas 24.65 ltrs 

I Mass of Speaker_ M 1.05 

www.audax.com 

Madisound Speaker Components, Inc. P.O. Box 44283, Madison, Wl 53744-4283 USA 
Tel: 608-831-3433; Fax: 608-831-3771; Email: info@madisound.com; Web Page: www.madisound.com 



Attach the baffle to the cabinet side 
containing the access hole, along with 
two horn braces and a piece of plywood 
IVi" by about 12", which forms the 
flange for attaching the access panel. Fit¬ 
ting the driver through the access hole is 
a tight squeeze, so you must trim the 
flange somewhat with a sabre saw to 
allow the driver frame to go through 
{Photo 6). 

Now fasten the second side to the as¬ 
sembly, along with two 18" lengths of 
scrap wood that act as temporary braces 
to keep the cabinet square. Cut the 
tweeter baffle to size, including the 
mounting hole. Install two horn braces 
on the second side, and fasten four 
braces to the baffle and the tweeter baf¬ 
fle, spacing them 6%" apart (314" off the 
baffle center). It is very difficult to secure 
the tweeter baffle with screws, so glue 
it, clamp it, and let the adhesive set 
overnight {Photo 7). 

PHOTO 7: 
Gluing the 

tweeter 
baffle; note 
temporary 

18 squaring 
braces 

attached to 
sides. 

ATTACHING THE HORN PLATES 
Cut two pieces of %" stock into 1" x 1" 
blocks to fill the area of the point of the 
horn on either side of the tweeter. Se¬ 
cure them with adhesive and screws, 
sanding them and the tweeter baffle to 
match the contour of the horn braces 
{Photo 8). Use %" plywood for the horn 
plates, but before cutting them out, flex 
the plywood sheet to determine the 
more flexible axis for bending to shape. 

PHOTO 8: 
1"xl" blocks 

at the horn 
point 

PHOTO 6: Baffle assembly attached to side with access¬ 
hole flange installed. 
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The Sound of Perfection. . 

Morel Ltd. - Solo manufacturers of Morel loudspeaker 

drive units since 1975. Morel's commitment to perfection ensures 

stringent supervision of every component. Because customer service 

is always a priority. Morel maintains a flexible response capability 

that enables OEM products, including a wide range of specially designed 

car loudspeakers, to be designed and tailored to the individual customer. 

»ï 
morel 

US and international manufacturers and wholesalers, please contact: 
Morel Ltd., Ness Ziona, Israel, 
Tel: +972-8-930 1161, Fax: +972-8-930 1312 
Email: morelint@netvision.net.il. web: www.morel.co.il 

USA local dealers, please contact: 
Morel Acoustics USA, Tel: 61 7 277-6663, Fax: 61 7 277-2415 

ANOTHER 
MOREL INNOVATION 
FOR SUPERIOR 

Sound Quality. 
The Hybrid™ drive unit (patent 

pending) is a magnetic system 

which combines two types of 

magnets, neodymium and ferrite, 

creating a motor of tremendous 

power with negligible magnetic 

stray field that offers its customers 

additional speaker ability with 

extraordinary sound efficiency. Its 

compact size and cost effectiveness, 

together with its fast transient 

response and its greater efficiency 

makes the Hybrid suitable for high 

quality applications and for 

AV systems. Morel's unique Hybrid 

system controls the voice coil 

inductance allowing it to command 

the loudspeaker's roll off frequency 

curve, thus producing a smoother 

frequency response for easier 

crossover design with fewer 

components. 

Available in 4, 5, 6, 8, and 10" 

diameters for home and car 

applications. 

Reader Service »1 



Cut away just enough of the plywood 
from where the tweeter will be located 
to make screw positions easy to deter¬ 
mine, and install the first plate, attaching 
it first to the baffle. Pull the plate gradual¬ 
ly into shape against the braces, while 
driving rows of screws across it every 
three inches (Photo 9). Sand the plate’s 
leading edge to match the contours of 
the remaining exposed braces, and in¬ 
stall the second horn plate (Photo 10). 

Sand—first flush, and then to a slight ra¬ 
dius—the joints of the plates where they 
meet each other, the baffle, the tweeter 
baffle, and the exposed braces next to the 
tweeter baffle (Photo 11) Remove the 
temporary squaring braces, and install the 
top and bottom panels (Photo 12). 

You must trim the horn dividers 
lengthwise a few inches so they will not 
extend past the tweeter opening; also, 
round over their leading and trailing 

pipe, inverted, over the 
saw table, again using a 
stabilizing piece of ply¬ 
wood to set the distance 
to the rip fence (Photo 
15). In similar fashion, 
complete the quartering 
process, this time with the 
PVC half-moon screwed to 
the plywood stabilizer on 
its newly cut flat edge 
(Photo 16). 

Glue the comer reflec¬ 
tors and throat 
choke in place 
with hot-melt, 

holding them in proper align¬ 
ment until the glue has set. Cut 
tlte choke on both ends at 10° to 
match the angle of the throat re¬ 
flectors across the baffle. In both 
cases, cut the PVC slightly (Vis") 
shorter than the opening size, 
filling the void with hot-melt. 

Drill a W  hole through the 
baffle into one of the duct 
throats. Line the driver chamber 
with acoustic foam, and install 
both the woofer and the tweet¬ 
er. The woofer clearance is ex¬ 
tremely tight, and you can drive 
the mounting bolts only by feel, 
with a short-shafted tool. To facil¬ 
itate this, use Alien-style socket¬ 
head bolts and an Allen wrench. 
Tlie tweeter is simply screwed in 
place, using weatherstrip on its 
flange for an airtight seal. Feed 

about 18" of 14 or 16ga wire through the 
hole in the baffle to wire the woofer, 
sealing the hole over on both sides with 
hot-melt (Photo 17). Wire the tweeter in 
parallel, but out of phase (negative-to-
positive and vice versa), to the woofer. 

Cut two 5"-long ducts from 2" PVC 
pipe and glue them in place on the baf¬ 
fle, using hot-melt. Mount the jack of 
your choice to the cabinet back, and 
wire the jack, but do not yet attach the 
back to the cabinet (Photo 18). Using V4" 
X %" neoprene weatherstripping, rim the 

PHOTO 12: The cabinet after attaching the top 
and bottom. 

edges. Attach the dividers to the 
assembly, driving screws from 
tlie inside of the driver chamber 
and from the outside of the top 
and bottom, using extra adhesive 
to fill all gaps in the joints with 
the horn plates (Photo 13). 

PVC-PIPE PARTS 
Four-inch PVC (schedule 40) 
pipe is used for the curved parts, 
quartered for the corner reflec¬ 
tors, halved for the throat choke. 
You can easily cut it on a table 
saw, provided you first screw it 
to a piece of plywood, which 
prevents it from rolling around 
(Photo 14). You can eliminate its 
tendency to close down on the 
saw blade by setting the blade 
height to cut not quite all the 
way through the pipe, finishing 
the job with a utility knife. 

To achieve a perfectly quar¬ 
tered piece with chamfered 
edges, first run a halved piece of PHOTO 11 : The completed horn assembly. PHOTO 13: The horn dividers in place. 
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DRIVERS 

AIRBORNE 

AUDAX 

DYNAUDIO 

ETON 

MOREL 

PEERLESS 

SCAN-SPEAK 

SEAS 

COMPONENTS 

HARDWARE 

IAUDIO 

Name: Payment Method 

Address 

CUSTOM 
3 VISA □ Mastercard State/Prov COMPUTER AIDED 

CROSSOVER AND Zip/Postal Code Card No: 

CABINET DESIGN 
Card Expiry Date 

Email 

HOW TO BOOKS 

With your order we will also throw 
in our components catalog FREE -

it's full of a wide selection of speaker 
hardware and crossover parts. 

BINDING POSTS. GRILL 

FASTENERS, PORT 

TUBES AND TRIM 

RINGS, PAN HEAD 

SCREWS. SPIKES 

AND TEE NUTS WITH 

ALLEN HEAD BOLTS 

AND PLENTY MORE... 

POWER RESISTORS. 

L-PADS, CABLE. 

ABSORBING AND 

DAMPING MATERIALS. 

GOLD SPEAKER 

TERMINALS, GOLD 

BANANA PLUGS AND 

SOLEN HEPTA-LITZ 

AND STANDARD 

INDUCTORS AND 

CAPACITORS - THE 

CHOICE OF MANY 

HIGH-END SPEAKER 

MANUFACTURERS. 

Fax 450-443-4949 or mail this coupon today, 
or call with your request, 450-656-2759 

L J Payment Enclosed - Check or Money Order 

Order the 1998 Solen catalog - containing 
a wide selection of quality drivers - with 
complete manufacturer's spec sheets, as 
well as applications in detail on woofers, 
with predicted response in different sealed 
and vented enclosures. It is a valuable/ 
resource that will flush out the possibilities 
in your designs. 

When designing a loudspeaker, the initial 
driver considerations and final driver choice 
can make or break a project. To ensure your 
success - you want the most complete 
information and specifications at your finger 
tips - the 1998 Solen catalog. 

SOLEN INC Tel: 450.656.2759 
Fax: 450.443.4949 

Email: solen@solen.ca 
WEB: http://www.solen.ca 

Reader Service 024 

4470 Avenue Thibault 
St-Hubert, QC 
Canada J3Y 7T9 



flange of the access hole (Photo 19), and screw the access panel 
in place, with screws placed at least every 4". Hook the cabinet 
up to an amp, and test it with a 30Hz tone from either a genera¬ 
tor or test CD, listening and feeling for any leaks in the chamber, 
and sealing any you find with hot-melt. Once it’s verified tight, 
attach the back, using plenty of adhesive, especially on the PVC 
parts, which cannot be screwed. 

Either sand or rout all exterior joints flush, rounding them if 
desired. Apply your finish of choice, casters and handles, and ei¬ 
ther protective comers or aluminum edging (Photo 20). If you 
wish to add cate doors, cut them from W plywood and attach 
them to the cabinet with piano-style hinges. Use kitchen-cabinet 
catches (Photo 21), the type that have no moving parts that 
might vibrate, to lock the doors shut for transport (Photo 22). 

PHOTO 17: Woofer in place. 

PHOTO 18: Ready to attach the back. 

PHOTO 19: Ready to install the access panel. 
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ZALYTRON 
YOUR ONE STOP SHOPPING CENTER 

The new Designer Series from 

AUDAX 

Heard of them? 

I bullt them! 
When Audax needed 
cabinets built for an exhibition 
they commissioned Zalytron 
to build the cabinets. 
As shown in their ads.When 
time ran short they had me 
wire them too. Thus I became 
the first person to audition the 
new Designer Series. 
From the moment I heard 
them I liked them and told 
Joe D'appolito that he did a 
wonderful job designing 
them. Of course the Heavy 
Duty Cabinets I built also 
make the system sound even 
better. Never under estimate 
the improvement of an extra 
thick cabinet. Audax specifies 
thinner cabinet walls on their 
plans but I expanded out on 
their plans. Spend the extra 
money on Zalytron custom 
made cabinets they make a 
big difference. 

FRONT SPEAKERS 

$256 Pair 
FOR PARTS KIT 

CABINETS $275 EACH 

CENTER SPEAKERS 

$208Ea=h 
FOR PARTS KIT 

CABINETS $325 EACH 

SURROUND SOUND 

S1 62 Pair 
FOR PARTS KIT 

CABINETS $175 EACH 

ZALYTRON INDUSTRIES CORP. 
469 JERICHO TURNPIKE, MINEOLA, N.Y. 11501 

TEL. (516) 747-3515 FAX (516) 294-1943 
Our warehouea is open for pick-up 10 AM to 6 PM daisy. Saturday 10 AM to 5 PM 

UPS orders shipped same day • Mln mum order $50.00 

Call or Write for our latest catalog mailed FREE In the USA. Canada $5 P&H, Worldwide $10 P&H 
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SATISFACTORY CONCLUSION 
When I delivered the finished Mid Ranger 
to Tim, he was thrilled, both by the com¬ 
pletely unique look of the cabinet and its 
penetrating tone. At less than 5ft} and 58 
lbs, it’s easier to lug around than his old 
cabinet, while its average sensitivity 
(100Hz-6kHz) of 106dB/W gives him the 
power he craves. In fact, the box is so 
powerful from 15()Hz to 1kHz (109dB av¬ 
erage) that he no longer needs to boost 
his amp’s midrange beyond flat to get his 
desired tone (Fig. 4). With the extended 
range given by the tweeter, he now 
cuts—instead of boosting—his treble tone 
control by lOdB; hence, his amp’s direct 
out to a PA no longer has a shrill top end 
that would need to be padded down at 
the board’s EQ. 

Beyond slap and pop bass, this cabinet 
also performs well in a more traditional 
style of playing if amp EQ is cut at 250Hz 
and boosted at 60Hz. It also makes a fine 
high-power PA mid-bass when construct¬ 
ed only with the woofer, having an out¬ 
put capability (132dB/2OOW/l 50Hz-
1kHz) unmatched by any commercial 
unit of which I am aware. 

that the multiple tweeters would form a 
vertical array. 

Finally, for home stereo—forget about 
it! Unless, that is, you’re Mark McGwire, 
and the home you want to fill with 
midrange is Busch Stadium. fe 

For a two-way system, coupled with a 
sub, you can achieve reasonably flat re¬ 
sponse all the way to 20kHz by substi¬ 
tuting for the single twin-bullet four Mo¬ 
torola KSN-1165A tweeters, which 
work down to 1.8kHz, lengthening the 
tweeter baffle as needed. This configura¬ 
tion would also require a 4£2 20W resis¬ 
tor wired in series between the tweet¬ 
ers and the woofer to maintain a mini¬ 
mum 4£2 load; also, you would need to 
rotate the cabinet orientation 90° so 

A patent application has been submitted by the 
author for Vented Throat Horn Loaded Speaker 
cabinets. Designs using this concept are of¬ 
fered to readers for their personal use only. 
Any commercial use of said designs or of said 
concept without licensing agreement with the 
author may constitute an infringement upon 
the author’s patent protection rights. 

Speaker Builder 
Encourages reader feedback 

in the form of letters, 
queries, and comments. 
Send correspondence to: 

Speaker Builder 
Editorial Dept., PO Box 876 
Peterborough, NH 03458 

FAX (603) 924-9467 
E-mail: editorial@audioXpress.com 

Be sure to reference the issue, title, 
author, and page number of the article or 
letter in question; and, if you request a 
response, please include a self-addressed 
envelop (or FAX number and E-mail 
address, as applicable) with a loose stamp 
or postal coupon. Also, be sure to include 
your name and address. 

All letters will be considered for 
publication unless you indicate otherwise. 
However, submission does not guarantee 
publication. 

Speaker Builder reserves the right to 
edit letters for length and clarity. Letters 

should be brief and to the point. 
PHOTO 20: Almost finished. PHOTO 22: Ready for travel, come rain or shine. 
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This author's conversion of logarithmic displays represents an easier way to plot response 

points on a graph. 

Plotting Vs-Octave Frequency-
Response Curves 
By Louis C. McClure 

T
his article shows you a fast and 
easy way to plot Vá-octave fre¬ 
quency response curves. Of 
course, everyone is familiar with 

the traditional semilogarithmic ruled 
paper that is normally used to plot re¬ 
sponse curves. It usually has four loga¬ 
rithmic cycles on the horizontal, or x-
axis, and is ruled linearly on the vertical, 
or y-axis. (If you have difficulty finding 
this paper, look in the larger office-sup-
ply or stationery stores.) 

However, when you try to plot 16-oc-
tave frequency-response curves on such 
paper, you quickly see that many of the 
frequencies do not fall exactly or even 
approximately on the vertical lines of the 
paper. Therefore, you must do a lot of in¬ 
terpolating. 

THE LOGARITHMIC-SCALE PROBLEM 
Recently I constructed a homemade 
semilogarithmic graph form to see if I 
could find an easier way to graph fre¬ 
quency-response curves for my horn. I 
began by listing the whole numbers from 
2 to 10 with their respective logarithms, 
rounding the mantissas to three decimal 
places (Table 1). (If your memory of 
high-school math is dim, see the sidebar, 
“More About Logarithms.”) 

Using a sheet of square-ruled paper, 
with ten divisions per inch, I drew a rec¬ 
tangular grid 7" long (x-axis), and 214" high 
(y-axis). This made each logarithmic cycle 
2" long—much easier to plot, since each 
square represents 0.05" on the x-axis. 

I placed points on the x-axis represent¬ 
ing the mantissas of the logarithms of the 
numbers from 2 to 10, and duplicated 
this scale a little more than three times to 
cover the logs of numbers from 1 to 
1,000. I then drew vertical lines upward 
from each point, and horizontal lines at 
Mt" intervals from the base line to the top 
of the grid, thus completing a usable 3bi¬ 
cycle semilogarithmic graph (Fig. /). 

The fun began when I started to plot 

TABLE 1 

LOGARITHMS OF WHOLE 
NUMBERS 

NUMBER 

2 

3 
4 

5 

6 
7 

8 

9 

10 

PLOT AS: 

0.3 

0.477 

0.6 

0.7 

0.778 

0.845 

0.9 

0.954 

1.000 

LOGARITHM 

0.30103 

0.47712 

0.60205 
0.69897 

0.77815 
0.84509 

0.90308 
0.95424 

1.00000 

the Vá-octave frequency responses on the 
graph. As mentioned previously, the 16-
octave frequencies do not correlate very 
well with the logarithmically ruled 
paper, so it was necessary to do a lot of 
interpolating. In fact, about half of the 16-
octave frequencies do not even closely 
coincide with the vertical lines on the 
logarithmic graph. 

A BETTER WAY 
At this point, I got the idea of examining 
the logarithms of the 16-octave frequen¬ 
cies. I listed these (Table 2), again 
rounding off the mantissas to three 
places, and then saw that I could round 
all the mantissas throughout the entire 
Vá-octave frequency spectrum to the 
nearest tenth with a maximum error of 
only 0.004, or O.4%! 

Since the maximum deviation of the 
actual mantissas from the nearest 0.1, 
0.2, 0.3, and so on, was so insignificant, 
it was obvious that I could lay out a 
graph with equally-spaced horizontal di¬ 
visions and label each successive vertical 
line with the actual Vá-octave frequency. 
1 therefore constructed another grid, this 
time using 14" x 14" square-ruled paper 
(often called “quadrille-ruled”). I made 
this graph 33 divisions long (x-axis), 
since there are 31 frequencies in the Vá-

ABOUT THE AUTHOR 
Louis McClure, alter WWII service in the US Army Air 

Corps and graduation in 1949 from Central Technical In¬ 
stitute in Kansas City, enjoyed a long career as an elec¬ 

trical engineer with RCA, Hughes Aircraft, North Ameri¬ 

can Aviation, and US Borax and Chemical Co. Develop¬ 
ing an interest in audio in the early '50s, he has built 

many horn-type loudspeakers, and continues to do so in 

retirement. Out of an avocational interest in mobile 

homes, Mr. McClure pursued research that resulted in 
his being awarded two patents, and he has written ex¬ 
tensively about mobile homes, including magazine arti-

cles and a book. How to Build Low-Cost Motorhomes. 
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octave frequency list, and ten divisions 
high on the y-axis (Fig. 2). 

Beginning at the left end of the x-axis, I 
labeled each successive vertical line with 
the successive */3-octave frequencies. 1 
saw 1 could also label the right vertical y-
axis scale as ohms for plotting impedance. 

Tlte next logical step was to plot the 
Vb-octave response of my horn on my 
new graph. Believe me, it was a breeze! 
Each Vb-octave frequency corresponded 
almost exactly with the vertical line rep¬ 
resenting the logarithm of that frequen¬ 
cy. I doubt that anyone could plot a loga¬ 
rithmically ruled frequency-response 
curve more accurately. Also, how much 
accuracy is really required? 

TABLE 2 

LOGARITHMS OF /a-OCTAVE 
FREQUENCIES 

’A-OCTAVE LOGARITHM PLOT AS: 
FREQUENCY 

16 1.204 1.2 

20 1.301 1.3 

25 1.398 1.4 

31.5 1.498 1.5 

40 1.602 1.6 

50 1.699 1.7 

63 1.799 1.8 

80 1.903 1.9 

100 2.000 2.0 

125 2.097 2.1 

160 2.204 2.2 

200 2.301 2.3 

250 2.398 2.4 

315 2.498 2.5 

400 2.602 2.6 

500 2.699 2.7 

630 2.799 2.8 

800 2.903 2.9 

1.000 3.000 3.0 

1,250 3.097 3.1 

1,600 3.204 3.2 

2,000 3.301 3.3 

2,500 3.398 3.4 

3,150 3.498 3.5 

4,000 3.602 3.6 

5,000 3.699 3.7 

6,300 3.799 3.8 

8,000 3.903 3.9 

10,000 4.000 4.0 

12,500 4.097 4.1 

16,000 4.204 4.2 

20,000 4.301 4.3 

Please don’t let all this talk about loga¬ 
rithms and such discourage you from 
using this method. Many people enjoy 
knowing the logic behind the method, but 
it will work just as well for you whether 
you understand logaritltms or not. 

THE ADVANTAGES 
This approach has several advantages 
over the conventional semilogarithmic 
method. First, it is much faster; second, 
it is much easier; third, it is probably 
more accurate; fourth, 14" square-ruled 
paper is more readily available than 
semilog paper; fifth, it is easier to inter¬ 
pret accurately; and sixth, it is more 
economical. 

Now, when I wish to make a Và-octave 
frequency-response plot or an imped-

The common logarithm of a given number is 
actually the exponent of the power of 10 that 
corresponds to that number. Quite obviously, 
then, to provide equivalent powers of 10 for 
all numbers, almost all logarithms will be deci¬ 
mal fractions. In fact, all the numbers you find 
in the body of a table of common logs are just 
the fractional parts of the exponents. These 
are called the mantissas (derived in higher 
mathematics by means of infinite series). The 
whole-number part of the log (called the char¬ 
acteristic) you must supply according to 
where the number you are working with lies 
on the scale of the powers of the base 10. A 
table of some integral powers of 10 should 
make this clear: 

104 = 10,000 
103 = 1,000 
102 = 100 
101 = 10 
10° = 1 
10“>= 0.1 
10’2 = 0.01 
10-’= 0.001 
10-4 = 0.0001, and so on. 

Take the number 5040 as an example. If you 
look this up in a table of four-place logarithms, 
you find tlte mantissa is 7024. But to this frac¬ 
tional part of tlte log. you must add the integral 
part by seeing that 5040 lies between 1,000 

anee plot of a speaker system, I use this 
method exclusively. However, I wish to 
caution you that it will work only for full¬ 
octave and Vb-octave response plots, not 
for ' ¿-octave plots. 

This is no great disadvantage, howev¬ 
er, since when you plot the frequency 
response of a speaker system in Vb-octave 
increments, you obtain more points. 
'Ibis in turn gives a higher resolution of 
the speaker response, and the resulting 
curve is more realistic. Please feel free to 
make copies of this full-octave and Vb-oc-
tave response graph for your own use if 
you so desire. 

It is my sincere hope that this method 
will be helpful to you for use in your 
own projects, as it has been for me. Be¬ 
lieve me, it works. Try' it—you’ll like it! 

and 10,000, or between 103 and 104. There¬ 
fore, the characteristic is 3, and the full loga¬ 
rithm is 3-7024. Ibis is normally written as log 
5040 = 3-7024. In exponent form, tlte equiva¬ 
lent notation is 103 7024 = 5040. 

Now, suppose your number is 5.04. In 
looking this up in the table, you pay no atten¬ 
tion to the location of the decimal point, but 
only the sequence of digits 5-04. You will find 
exactly the same mantissa, 7024. You then 
supply the characteristic, which is 0, since the 
number is greater than 1 (10°) but less than 
10 (101). You write log 5.04 = 0.7024. 

As a final example, if your number is 
O.OO5O4, you again enter the table with the 
digit sequence 5-0-4, find the same mantissa, 
7024, and add the characteristic, this time 
-3- But this does not mean the logarithm is the 
negative number -3-7024 (logarithms are 
never negative). It really means -3 + .7024, 
since your number is greater than 10‘3 but 
less than 10-2. When you have a negative char¬ 
acteristic, remember that it simply means a 
negative exponent, indicating a fraction be¬ 
tween 0 and 1. Normally, you would write 
this characteristic as 7 - 10 (= -3), sandwich¬ 
ing the mantissa in between: log O.OO5O4 
= 7.7024 - 10. (The -3 characteristic could 
equally well be expressed as 17 - 20, or 27 
- 30, and so on.) If your calculation involves 
negative numbers, you simply affix the correct 
sign to the answer according to the rules for 
multiplication or division of signed numbers. 

The way you determine the characteristic 
according to the powers of 10, coupled with 
the fact that the mantissa is always identical 
for the same sequence of digits, should help 
to clarify the cycles of die logarithmic scale 
on the x-axis in Fig. I. The spacing (the scale 
of mantissas) is always the same within each 
cycle, whether from 1 to 10, 10 to 100, 100 
to 1,000, and so on. A careful examination of 
the log table of mantissas also explains the 
“squeezing” that appears within each cycle 
of the log scale. 

1/3 omQootnoooooSSgomSoooc-ooo Octavp _ oin^-oocnoocxtooin^-oocrioocMtDojn^-oocooocNtoo 

FIGURE 2: Full- and 1 ¿-octave frequency-response linear graph form on W x W 
square-ruled paper. 

MORE ABOUT LOGARITHMS 
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Life is too short to spend countless hours glued to your computer monitor without music. If 

you want low level, listenable sound, with a holographic soundstage on your desk, this de¬ 

sign will not disappoint. 

The Sammv Six Monitor 
By Philip E. Abbate 

PHOTO 1 : Completed speakers on author's desk. 

I
 could not figure why my audio 
buddy Sam Papadas was so interest¬ 
ed in the Focal tweeters in my 
home-theater speakers. I knew he 

was a soft-dome dude, but he interrogat¬ 
ed me as though he were considering 
using the old-style rubber-surround Focal 
T90s himself. This was very clear when 
he bequeathed me two pairs of Focal 
T90ti-02 tweeters and one pair of Vifa 
P17WJ-00-08 midbass drivers that were 
collecting dust under a dresser at his 
house. Were there any strings attached? 
Oh yeah-I must build a box and 
crossover, and then subject them to his 
scrutiny. I accepted the challenge. 

I wished to build another set of small 
near-field monitors to listen to during my 
increasingly long hours at work. I had 
some minor concerns about this driver 

but my crystal ball had a faint image of a 
bandpass passive sub supplying the bass 
foundation for this project. The sealed 
box would protect the midbass driver 
from overexcursion at the low frequen¬ 
cies without a detail-robbing series 
crossover capacitor. An added benefit of 
no bass was that my office mates would 
not be bothered much. The factory-spec¬ 

ified Thiele/Small (T/S) parameters dif¬ 
fered significantly from the T/S parame¬ 
ters I manually measured using the volt¬ 
age-divider method. Neither set of mea¬ 
surements would take me far from my 
goal, as Fig. i shows. 

PUTTING THE PIECES TOGETHER 
I was happy to get more use from my 

complement. First and foremost were the 
nonshielded drivers affecting the moni¬ 
tor. That turned out not to be a problem 
with my 17" Hitachi monitor at home 
{Photo 1) or the LCD on my laptop at 
work. My next concern was the sensitivi¬ 
ty mismatch, the tweeter being much 
more sensitive than the midbass. That’s 
what they make resistors for, right? 

DESIGN BEFORE YOU CUT 
After many sleepless nights of playing 
with BoxModel, I froze the design for a 
12-ltr sealed box with an fc of 72.9Hz. I 
could have squeezed more low bass out 
of those drivers with a ported design, 

I would like to thank Sam Papadas and Ed Scruggs 

of Audio Solutions for the raw drivers and use of the 

AudioControl analyzer. I’d also like to thank Bill 
Waslo for LAUD, and G.R. Koonce for sharing his 
knowledge on how to use it 

MACH III® E RESPONSE 

FREQUENCY tttz) 

FIGURE 1: BoxModel predictions. 
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T90 router template. I recess the drivers 
into the front baffle before cutting it out 
from the uncut piece of %" MDF stock. 
It's easier to clamp the uncut stock to 
the bench, and I have ample room to 

clamp the router over the place where 1 
wish to make the recess. What’s more, if 
I make a mistake, I can just redo the re¬ 
cess in another place and then cut the 
stock differently. I can use the spoiled 

spot on the inside of the box, or just 
hack it off. Hey, this isn't mass produc¬ 
tion; we are craftsmen, right? 
The Sammy Six 133ZTH x 83/i"W x 

11"D boxes are butt-jointed and glued. I 

SOLEN INC 

CALL TO ORDER THE 1998 SOLEN CROSSOVER 
COMPONENT CATALOG FOR $8.00 PACKAGED 
WITH THE COMPREHENSIVE 1 998 SOLEN 
SPEAKER DRIVER COMPONENTS CATALOG 

CROSSOVER AND SPEAKER PARTS 
Meta ized Polyester Capacitors, 1.0 pF to 47 pF. 160 VDC, Non Polar 
Electrolytic Capacitor, 22 pF to 330 pF, 100 VDC, Power Resistors 
1O W, 1 .0 O to 82 Q, 8 O L-Pads plus all the hardware and supplies 
to complete any speaker project. 

SOLEN FAST CAPACITORS 
Fast Capacitors, Metalized Polypropylene 
Values from 0.10 pF to 330 pF 
Voltage Rating: 630, 400, 250 VDC 

SOLEN HEPTA-LITZ INDUCTORS 
Air Cored Inductors, Litz-Wire Perfect Lay Hexagonal Winding 
Values from .10 mH to 30 mH 
Wire Size from 1.3 mm (16AWG) to 2 6 mm (10 AWG) 7 Strands 

Tel: 450.656.2759 
Fax: 450.443.4949 

>-4 
COMPONENTS: 
SOLEN HEPTA-LITZ 
AND STANDARD 
INDUCTORS AND 
CAPACITORS • THE 
CHOICE OF MANY 
HIGH-END SPEAKER 
MANUFACTURERS. 

SOLEN STANDARD INDUCTORS 
Air Cored Inductors, Solid Wire Pe-fect Lay Hexagonal Winding 

Values from .10 mH to 30mH 
Wire Size from 0.8 mm (20AWG) to 2.6 mm (1O AWG) 

Email: solen@solen.ca 
WEB: http://www.solen.ca 

447C Avenue Thibault 
St-Hubert, QC 
Canada J3Y 7T9 

Solen crossover components -
used by the most discriminating 
loudspeaker manufacturers. 

HARDWARE: 
POWER RESISTORS. 
L-PAOS, CABLE. 
ABSORBING AND 
DAMPING MATERIALS. 
GOLD SPEAKER 
TERMINALS. GOLD 
BANANA PLUGS AND 
BINDING POSTS. GRILL 
FASTENERS. PORT 
TUBES AND TRIM 
RINGS. PAN HEAD 
SCREWS. SPIKES 
AND TEE NUTS WITH 
ALLEN HEAD BOLTS 
AND PLENTY MORE... 
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routed a %" round-over on all but the 
bottom edges and used 3M® spray adhe¬ 
sive and staples to attach W carpet pad 
to the back top and sides inside the cabi¬ 
net (Photo 2). The carpet pad damps 
cabinet-panel vibration. I also stapled bat¬ 
ting, obtained from Wal-Mart ’s sewing 
department, to the back of the cabinet 
for absorption. 

Before I painted the box, I rubbed a 
diluted coat of water-based wood putty 
into the rounded-over and rough MDF 
edges. I found that after a light sanding, 
the wood putty keeps the end cuts from 
soaking up the paint faster than the mill-
finished parts. After two brush coats of 
acrylic OOP’s paint dried, I finished it off 
with a clear coat of water-based 
polyurethane for protection. Three stick-
on rubber feet keep this small speaker 
from walking off the desk. 

I used a four-terminal barrier strip on 
the rear of the box to connect the tweet¬ 
er and woofer to the outside of the 
sealed box. This configuration (Photo 3) 
makes it easy to connect the computer 
or the crossover to the drivers during 
measurement and tweaking sessions. It is 
also easy to disconnect the tweeter and 
woofer for individual driver measure¬ 
ments. I used tie-wraps to fasten the final 
crossover components to a piece of peg¬ 
board, which is fastened to the back of 
the box with two drywall screws. I can 
then easily tweak away without having 
to open the box. When I give the speak¬ 
ers away, I will put the crossover inside. 

NEW TOOLS OR NEW TOYS 
This project was my first using LAUD 
and LspCAD. Both are available from Bill 
Waslo at Liberty Instruments (PO Box 
1454, West Chester, OH 45071, Tel/Fax 
513-755-0252, E-mail bwaslo@one.net), 
and both installed and ran perfectly on 
my 486/120 Windows 95 machine. 

1 bought LAUD primarily to be able to 
home in on problems by measuring what 
I’m doing. I also bought it to make pro¬ 
fessional graphs like Fig. 2, the spliced 
frequency-response graph. LAUD is just a 
toy unless you use it correctly. With skill 
and discipline, it can become your most 
valuable tool except for your ears. 

But how do you identify measure¬ 
ment problems? Correlation, or the lack 
thereof, is a good starting place. I found 
that LAUD could make some pretty nice 
graphs, even when there is no sound 
coming from the speaker. A little corre¬ 
lation with the ear in this case can go a 
long way to keep you from fooling your¬ 
self. I was suspicious of what I actually 
measured in Fig. 2 when I calculated 
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the Qtc (the Q of the closed box). (See 
sidebar.) 

PRELIMINARY DRIVER 
MEASUREMENTS 
I used LAUD to measure impedance and 
frequency/phase response of the tweeter 

and woofer while they were mounted in 
the enclosure. My fear that LAUD’s maxi¬ 
mum-length sequence (MLS) signal would 
blow the tweeter did not undermine my 
eagerness to measure it. I just hooked the 
amp across the tweeter and let ’er rip If 
you are more paranoid about obliterating 

a tweeter than I am, you could put a 10pF 
cap in series with it, which limits the low 
frequencies going to the tweeter. Placing 
the CAL probe on the tweeter’s hot lead 
will zero out the lOpF first-order filter. 

I used LAUD to measure the (T/S) pa¬ 
rameters of the free-air (Fig. 3) and 
closed-box woofer systems. No more te¬ 
dious measurements and calculations re¬ 
quired. These were closer to the manu¬ 
facturer's specs, but many parameters 
still varied more than 20%. Proper disci¬ 
pline in setting up the tests is mandatory 
if you wish consistent results. 

This was tricky, since I did not expect 
little things such as how I was holding 
the speaker to change the results as wild¬ 
ly as they did. I finally suspended the driv¬ 
er in the middle of the room and used the 
added-mass method to extract VAS. Since 
it took only a minute or so to measure 
the T/S parameters with LAUD. I used it a 
lot. The specs were pretty consistent 
from minute to minute, but they varied 
somewhat from day to day. I finally dis¬ 
covered tlte cure: measure Re with a mul¬ 
timeter and enter it manually into LAUD. 

I was having a devil of a time making 
the LspCAD crossover-modeling pro¬ 
gram give me reasonable results until 1 
read G.R. Koonce’s “An ‘IMP’ortant 

AudioControl Industrial 

Measurement 
Microphones 

• Josephson Technology 

cost effective alternative to 
H metal diaphragm lab mies 

• critically conditioned for 
minimal temporal drift 

6mm condenser capsule with 
3.5 mm polyester diaphragm 

24 to 48 volt phantom powered 

individual calibration data with each 
microphone 

C-550 $480 each, C-525 $580 each 

For More Info 
22410 70th Avenue West • Mountlake Terrace. WA 98043 • Phone 425-775-8461 Fax 425-778-3166 

e-mail: info@audiocontrol.com • Internet: www.audiocontrol.com 

Sound Card 
Mic Pre Amp 
excellent for 
sound card and 
other computer 
based analyzers 

includes calibrated 
microphone 

2 channels in plus line in 

pink noise and 94 dB SPL calibration LED 

battery powered, more than 10 hours on 9 
volt battery 

compact, 5” x 6.75” x 1.35” 

MP-200 $349 each 
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Question” (“Ask SÄ,” SÄ 6/98). It seems 
that the frequency/phase files work 
much better in LspCAD if I first use the 
Hilbert phase-shift transform in LAUD. I 
loaded the T/S parameters into LspCAD’s 
crossover program, then linked LAUD’s 
Hilbert-transformed, ASCII impedance 
and frequency/phase response files for 
both tweeter and midbass drivers into 
the program. I came up with the 
crossover in Fig. 4 after much real and 
computer tweaking. 

HEARING IS BELIEVING 
The IAUD frequency-response graph in 
Fig. 5 is the composite of a nearfield bass 
measurement spliced to a Im on-axis 
measurement at about 700Hz. Declaring 
the OdB line as the reference point, sev¬ 
eral anomalies are obvious. First and fore¬ 

most is the nasty 5dB peak around 
15kHz. It is a resonance in the tweeter, 
as is the 8kHz dip. They are obvious on 
the raw tweeter measurements and the 
waterfall plot in Fig. 6. Response evens 
out as you move off axis, but the dip at 
3kHz is a crossover artifact. 

I can practically flatten out the -3dB 
valley by raising the value of L32 to 
.4mH, or in steps, assigning values of 
,2mH, 22mH, and .27tnH. I prefer the 
sound of the 15mH and 2mH chokes. 
This inductor need not be anything 
fancy. It only shorts out the residual low 
end that made it through the first capaci¬ 
tor, C31. A 22-AWG air-core will work 
just fine. Use all the money you save to 
buy CFAC inductors for the midrange. 

The final departure from zero is the 
150Hz, 2dB bump and gradual 12dB per 

octave acoustic rolloff at the bottom end 
of the graph. The bump looks like a high-
Q ripple caused by a box that is on the 
small side. It is not evident in free-air 
driver measurement. The 6" actually has 
a rising response above 1kHz in free air. 
The cause is a subject of heated debate 
on audio night. My favorite theory is that 
the bump results from the LP crossover 
on the top end of the 6" combined with 
its acoustical rolloff. 

LAST MEASUREMENTS 
LAUD makes easy work of generating an 
impedance graph. What I like best about 
Fig. 7 is the low point at nearly 7Q. Titis 
means that most amps will not have 
much trouble driving it in parallel with a 
passive subwoofer. Close examination of 
the region below 100Hz, where the sub¬ 
woofer would operate, shows that the 
impedance is mostly between 1O-2OÍ2. 
These small speakers will be happy 
mated with an 8Q sub. And it needs it if 
you like bass. 

I find the bass anemic, yet listenable. 
You get the overtones of all of the bass 
when running a CD player directly into a 
power amp. If you are using an amp 
with bass shelving control, a little boost 
brings the low end to life without a sub¬ 
woofer. Either way, they play plenty 
loud for nearfield listening. They can fill 
my 12' X 12' office to a satisfying level 
with my active subwoofer, but they are 
beginning to show signs of strain when I 
push them. If you like to part}' with two 
turntables and a microphone, the Sammy 
Six ain’t where it’s at! 

LISTENING TEST 
Golden Palominos’ This Is How It Feels 
album (Restless 7 72735-2) was one of 
my reference CDs at Stereophile's Hi-Fi 
’97 and 98 shows. It was played on some 
of the industry’s most highly rated equip¬ 
ment. It is deeply textured and rich, with 
many sounds and voices. I was playing 
track 5 on this system while sitting at my 
computer when I heard the telephone 
call-progress tone. 1 thought that my 
modem was dialing my internet-service 
provider (ISP). I could not believe that 
the subtle sound was in the music that I 
must have listened to a couple of hun¬ 
dred times. Track 6 is a favorite. Lori Car-
son is multitracking her voice in a low, 
sexy, almost pornographic way. This 
speaker in the nearfield-monitor mode 
lets her voice cut through the clutter like 
a siren’s call cuts through the fog. I un¬ 
derstood more words than ever before. 

My wife Monica gave me a Walkman 
to take on the road with me, and I have 
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become seduced by the sound of the 
open-air headphones playing at a low 
level. It is so easy to hear the detail, 
while the low SPL draws you into the 
music. These speakers mounted on my 
desk come pretty close to the sound of 
my AKG k-240 headphones. The charac¬ 

ter of the sound does not change as 
much when I switch from the speakers 
to headphones as does the perspective. 
The speakers are a little more laid back, 
and of course you get the full effect of 
the soundstage. 

THE DILEMMA 
What about that 90Hz bump at the knee of 
the HP filter in Fig. A? At first glance, I would 
assume it was related. It looks like QTt of 1 
to 1.1 That does not correlate with the mea¬ 
sured Qtc or the Q rc calculated from mea¬ 
sured and factory T/S parameters. All those 
Qs are much lower. With LAUD, I measured 
QT( directly—it was in the .6 range. 1 mea¬ 
sured fs, (from the LAUD T/S-extraction 
utility), and Fc (from the LAUD system-im¬ 
pedance utility) to solve for QTS using the 
formula Ft/fs = QTC/QTS- With measured pa¬ 
rameters, Q rc is in the .55 range, and with 
factory parameters, it is less than .707. 

The bumps shown in Fig. A theoretically 
should have been -3dB. I could not get the 
measured low-end frequency response to 
match the BoxModel predictions—even 
when using improbable combinations of 
measured and factory T/S parameters in a 12-
Itr box, or severely undersized boxes! What 
was wrong? 

I instantly suspected LAUD. I double¬ 

checked the nearfield measurement with 
Sam’s AudioControl 3050 %-octave real-time 
analyzer. There was still a bump (Fig. B), but 
now it was at 150Hz. (By the way, the 160Hz 
LED is off-scale in the figure.) I went back to 
LAUD again. This time IAUD was not the 
same as last time. What could be wrong? Had 
I tried to measure frequency response with 
the 10Q series-resistor configuration used for 
impedance measurements? No. 

It took an entire weekend of familiarizing 
myself with LAUD and some old-fashioned 
discipline to figure out what was going on. 
Seems I was fooling myself mixing up two 
dissimilar drivers in two dissimilar boxes! 
One thing for certain, LAUD tracks the Au¬ 
dioControl 3050 dead on. After removing 
some stuffing from one cabinet and adding it 
to the other, and keeping track of which 
driver is in which box, the end result was 
somewhere between the two sets of plots. 
Both cabinets' fss are now within 2Hz, and 
the Qtcs are within 10%.—PEA 

the bump moved to 150 Hz 

This measurement matched 

the Audio Control 3050 

measurement taken at the 

same time and position. 

First measured data 

had a bass 

bump at 90Hz. 

2OO : 1OO 

-20 

10 20 

FIGURE A: The dilemma of the bass. 
B-1461-A 

Audio Control 30501/3 octave 
real time analyzer photograph 

2dB per division 

3 315 40 50 60 80 100 125 150 200 250 315 400 500 630 800 1K 1.25K 1.6K 2K 2.5K 315K 4K 5K 6.3K 

FIGURE B: 
AudioControl 
analyzer con¬ 
firms LAUO-
the bump is 
there. 

Damping Material 

TYPICAL TRANSMISSION LOSS 

Improve the imaging and clarity of your speakers by reducing cabinet resonance and 
baffle diffraction. Transform the acoustics 
of your listening room with bass traps. Make 
your car or studio whisper quiet. Coustasheet, 
a .083" thick, 1 lb. per sq. ft. loaded vinyl, will 
do all this for only $2.98 per sq. ft. (12 min.) 
plus $5 handling. 

FREE SHIPPING in USA 
Build $538.00* bass 

traps for only $75.00** 
Bass traps can do more to tighten the sound 
and smooth the bass response in your lis¬ 
tening room than other devices that cost 
several times more: equalizers for example. 
With Coustasheet you can tune the trap to 
your problem frequency band and adjust 
the width of that band. A Coustasheet bass 
trap can absorb lower frequencies too. They 
work by vibrating with the standing waves 
that cause huge peaks in in-room bass 
response, absorbing the excess energy. 
Booklet with plans $10.00 or FREE with 
32sq.ft. Coustasheet order. 

’List price of 8sq. ft. bass traps made by 
RPG, Inc. 

’’Typical cost of materials to build traps with 
enclosures similar to RPG’s. Build them into a 
room without enclosures for only $55.00. 

Gasoline Alley, LLC. 
1700 East Iron Ave., Salina, KS 67401 
1-800-326-8372 or 1-785-822-1003 

Fax: 1-785-827-9337 
E-mail: morrison@midusa.net 
Web: www.gasolinealleyllc.com 
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This author's plan (replacing the shell, damping material, and some electronic components) 

for modifying a pair of small commercial speakers-B&W's DM302s-resulted in improved 

appearance and performance. 

An Improved Mini-Monitor 
By Fred Janosky 

O
ne day many months ago I 
was shopping for a small 
pair of loudspeakers to use 
in my office with my old, 

but rebuilt and modified, Advent 
Model 300 receiver. While I’m a speak¬ 
er builder at heart, on this occasion I 
did not have time to design and build 
from scratch. While cost was also a ’ 
factor, it makes no sense to listen to " 
music all day on speakers that aren’t 
pleasing. 

LIKE AN OLD FRIEND 
The Advent Model 300, with me since 
the 1970s and now bom again, is still 
a pretty decent audio component 
even though it’s not in the same 
league as my serious audio gear. In its 
lifetime, it spent time with me at col¬ 
lege, at home, and even with my then 
future wife, not to mention all the 
traveling we did together (both my 
wife and Advent!). 

It did duty as a preamp and later as a 
phono preamp in ever-growing audio 
systems. Once, for a short time, it even 

The author's modified DM302 with grille removed. 

tion, as well as extended, dynamic re¬ 
sponse. I took a pair home. 

cient damping material to absorb 
the rear wave. 
One particular lunch hour 

while visiting a friend’s audio 
shop, I noticed something new: 
the B&W DM302. Let me admit 
that I’ve always had a fondness 
for B&W’s designs. Before listen¬ 
ing, my first thought was that 
the DM3O2s would probably 
cost a small fortune. Nope— 
$25O/pair retail. But at that 
price, were they merely capital¬ 
izing on the fine B&W name? 

It took but a few seconds of lis¬ 
tening for me to realize that I was 
onto something special. I listened 
some more. Are these really that 
good, or am I dreaming? A quick 
comparison to another small, fa¬ 
vorably-reviewed loudspeaker 
system quickly revealed the 
DM3O2’s general lack of ■‘boxi¬ 
ness,’’ fine imaging, and defini-

components traded for the elusive ulti¬ 
mate audio system. 

But now I simply needed a reasonable 
drove a set of the renowned LS3/5a BBC 
monitors and even high-output “party’’ 
speakers-extreme ends of the speaker 
spectrum. As a long-time, go-anywhere-
music-is-needed unit, it is no wonder that 
this versatile little receiver outlived so 
many of my costlier higher-end audio 

ABOUT THE AUTHOR 
Fred Janosky is Product Manager at Wireless Technolo¬ 
gies for GPU Telecom Services in Reading, Pennsylva¬ 

nia. Trained as an electrical engineer, his past includes 
ownership of an audio shop, work at a nuclear power 

plant, and later various engineering positions for GPU 

Energy. Fred enjoys music, biking, computers, hiking 
and traveling with his wife Mary and son Thomas. 

set of small speakers for my little Model 
300. By this time, 1 had spent more than 
a few lunch hours listening to small 
speakers under favorable or not-so-favor-
able conditions in both mass-merchan¬ 
dise and specialty audio stores. 

Frequently, one common problem 
emerged: an aberration that can best be 
described as "boxy” sound. Having con¬ 
structed many small speaker systems, I 
am aware of the difficulty in eliminating 
such coloration. Because of the problem 
of controlling a driver’s rear energy in a 
small space, small boxes are especially 
susceptible. There simply may not be 
enough volume to accommodate suffi-

A LOOK UNDER THE HOOD 
As with any new piece of equipment and 
especially loudspeakers, I must check 
everything out. The DM3O2’s enclosures 
are disassembled by removing six screws 
located deep in the rear panel. (A long 
#1 Phillips-head screwdriver is required.) 
You can then pull away the front and 
rear panels after disconnecting wires 
from the tweeter and woofer drivers. I 
recommend that you note the wires’ col¬ 
ors and terminal connections for future 
reassembly. 

Upon close inspection, what B&W 
provides for the money is exceptional. 
Probably the most interesting and unique 
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part is the cast-molded 
one-piece rear panel that 
B&W calls "Prism.” 
Made of strong plastic, it 
features internally 
spaced wedges, resem¬ 
bling those of an ane¬ 
choic chamber, to break 
up standing waves. Titis 
panel has six "arms” that 
connect to the front 
panel so that the top, 
bottom, and sides—a 
unit made of parti¬ 
cleboard—fit between 
the front and rear pan¬ 
els. The crossover is lo¬ 
cated on the rear panel 
along with the input 
binding posts (Photo 1). 

The front panel, also 
cast-molded, is cleverly 
designed as well. Made 
of similar strong plastic, 
the baffle is tapered for 

minimized diffraction. The grille is de¬ 
signed to complement the baffle, main¬ 
taining the smooth, tapered antidiffrac¬ 
tion characteristic. Included in the mold¬ 
ed baffle is a rectangular port. The front 
panel with its clamped rear-mounted 
drivers makes for a stiff, solid baffle as-
sembly (Photo 2). 

Having built speaker systems for a 
number of years, I admire the elegant, 
well-engineered enclosure system and 
overall synergy of the entire implementa¬ 
tion. The molded plastic front and rear 
panels simultaneously lower cost and 
greatly contribute to system performance 
while being elegant in form and function. 

Ilie particleboard “shell” (top, bottom, 
and sides), covered with the now com¬ 
mon black embossed vinyl veneer, is ac¬ 
curately premachined with grooves to 
grip and position the front and rear pan¬ 
els. A precision V-groove machining 
process allowed the original enclosure to 
be manufactured from a single piece of 
material and then folded together to form 

PHOTO 1 : View into the new MDF enclosure with baffle removed. 
Note the matrix rear panel and stock crossover assembly. Damping 
panels were added, and electrolytics were changed to polypropy¬ 
lene. The Zobel network was mounted on the tweeter. 

• DIY Kits • Drivers 
• Inductors 
• Capacitors 
• Resistors «Wire 
• Solder • Spikes 
• Binding Post 
• Fasteners 
• Dampening 

material 

FOCAL 

\ AEON 
C F A C 
INDUCTOR 

We have several kits available and many new ones on the way. We have kits designed 
for everything from tube amplification to home theater. We can also assist you in your 
ow n designs w ith driver selection, cross-over components, enclosure design, or even 
testing in our anechoic chamber. Call us with your needs or questions and we’ll help. 

GR Research 
2412b 10th St. 

Wichita Falls, Tx. 76309 

Ph.940-723-7900 
fax 940-723-2266 
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the enclosure shell. Almost all mid- and 
lower-priced speaker enclosures are now 
manufactured with this economical and 
efficient process. 

I have only a minor gripe about the 
DM302 implementation: the use of rela¬ 
tively thin particleboard and vinyl finish. 
Most speaker builders I know would 
opt for a real wood finish and thicker 

panels. At this price and with the result¬ 
ing fine performance, however, I 
shouldn’t complain. 

DRIVERS AND CROSSOVERS 
The DM302 uses fine drivers. A 1" soft-
dome tweeter with a slightly flared face¬ 
plate fits precisely into the baffle, elimi¬ 
nating steps and edges that cause re¬ 

sponse ripples. A 5" woofer 
with doped-paper cone, 
rubber surround, heavy¬ 
gauge stamped steel basket, 
large magnet, and long-
throw motor makes for a re¬ 
ally fine small woofer 
{Photo 3). 
The crossover, working 

at 3kHz, has higher-order 
slope rates, another design 
aspect that is rather unusu¬ 
al for a low-cost speaker 
system. While I did not 
measure acoustic rolloff 
rates, judging by the circuit 
configuration. I’d expect it 
achieves a 24dB/octave 
acoustical rate. Most impor¬ 
tant, the drivers audibly in¬ 
tegrate very well with each 

PANELS 
13-1/8x7-79/32 (x4) 
7-7/8x7-19/32 (x4) 

FIGURE 1: Enclosure panel detail. 

•NOT DRAWN TO SCALE 

B-1377-1 

other. It is obvious that B&W took the 
time to properly design the crossover, a 
critical component. 

The capacitors are very tight-tolerance 
electrolytics. Air-core and iron-core induc¬ 
tors and a cement-cast resistor constitute 
the rest of the crossover components. 

GREAT EXPECTATIONS 
Setting up the DM3O2s with my Model 
300 in a spare bedroom produced rather 
amazing results. I listened to several 
recordings and was always pleased with 
the overall presentation. It seemed that 
the receiver and speakers were a fine 
match, especially as the DM3O2’s high ef¬ 
ficiency made the small receiver sound 
more powerful. 

Considering the cost of the system, 1 
could not fault the performance except 
possibly for the highest frequencies, 
which had a slight tendency toward 
brightness. A small tweak of the treble 
control provided the cure. I noted that 
the DM3O2’s response accentuates 
midrange presence. My Model 300 has a 
laid-back-sounding midrange, so the pair 
complemented each other nicely. 

As time passed, I wondered how the 
DM3O2s would perform with newer, 
more refined electronics. I moved the pair 
to my living room, a much larger space, 
connected them to more serious electron¬ 
ics, and played some favorite CDs. 

The DM3O2s again provided a fine 
performance. Their ability to play loudly 
without break-up is impressive, as is 
their wide dynamic range. As small 
speakers, they do have limitations, 
which you can find if you try. But under 
most listening conditions, you’d think 
they were much larger in size. 

It takes a while to become really famil¬ 
iar with any new piece of audio equip¬ 
ment. While they are fine performers, 
going beyond what you’d normally ex¬ 
pect at their price, I came to realize that 
the DM302S do have room for improve¬ 
ment. Although diminished at lower lev¬ 
els, I noticed an aberration in the upper-
bass/lower-mid area: a bit too “full” 
sounding, with a slight bit of a “glare.” 
The highs were good, but not quite as 
pristine and detailed as I’ve heard in my 
listening room. Again, brightness in the 
topmost octave was evident; switching 
in my preamp’s tone controls with treble 
control at the 11 o’clock position provid¬ 
ed some cure. Midrange balance re¬ 
mained forward. 

I was not overly impressed with the 
results of performing the “knuckle test” 
(knocking on the sides of an enclosure) 
on the particleboard side panels. The re-
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TABLE 1 
PARTS LIST 

Felt Tweeter Rings (2) (from Madisound)— 

for experimenting; not required 
Fiberglass insulation (as necessary)— 

use 1 %" on rear, top, and side panels 

%" preveneered MDF, 9" x 8' machined and 

assembled to specifications 
Polypropylene film capacitors, 2 each: 4.7pF 

and 10pF, 2% 

Mylar film 2pF capacitor and series 5Q 10W resistor 
across tweeter 

#1 Phillips-head extra long screw driver. 

Husky #90044 (from Home Depot) 
Yellow wood glue 

Strip caulking (optional, but recommended) 

Strap clamps to hold panels while glue sets up 
’A" latex-backed carpet and adhesive (optional for 

side-panel damping) 
Your choice of wood stain and finish 

suiting “knock” impulse sounded as 
though it might be related to the same 
frequency range in which I heard the 
“fullness” noted earlier. This made me 
wonder if performance would improve if 
I substituted a more rigid shell for the ex¬ 
isting thin particleboard unit. An im¬ 
proved shell could also provide a fine 
real wood finish instead of the stock 
black vinyl. 

Although it was some time later that 1 
read Stereophile’s review (Vol. 20, nos. 

10 and 12) of the DM302, I 
learned of its selection of 
the DM302 for a special Ed¬ 
itor’s Choice Award. The 
review provided measure¬ 
ments, subjective and ob¬ 
jective evaluations, and 
useful input, while encour¬ 
aging ideas for a modifica¬ 
tion plan. 

COMMITMENT 
With more passing of time, 
and after some mental 
wrangling, I decided to 
make a new enclosure 
shell for the DM3O2s. The 
DM3O2s appeared to be 
ideally suited for such an 
undertaking, and my cu¬ 
riosity was getting the bet¬ 
ter of me. 

Increasing the shell 
thickness meant having an 
exposed front edge, since 
the front and rear panels 
were designed to com¬ 
pletely cover the original 
particleboard shell. A wider front edge 
should maintain the taper of the cast 
baffle so as to destroy neither antidif 

fraction properties nor appearance. If I 
chose preveneered 3Zi" MDF for its 
acoustical properties, the tapered edge 

From B&R Acoustique, the people who brought you. 

From Germany 

The most truthful drivers on 
the planet 

ER 
• Full-range 170Hz to 

33kHz. simple 6dB 
crossover 

• The best step response of 
any dynamic driver, 
including ribbons, for 
incredible transients 

• True point source and 
linear phase 

• 90.5 dB 2.83V, Im and 
!400w/lm sec. 

• 4 or 8 ohms +2.-0.5 
ohms 200Hz-20kHz 

• less than 2 inches thick. 
8-10 liter box 

• No audible colorations 

now come excellent full-range drivers by 

E.J. Jordan 
Midrange/twecters 
• 2” - 500Hz-20kHz 

• 2.5” - 200Hz-20klIz 

Full-range - ideal for 
center channel 

• 4” - 90Hz-20kHz 

Superb woofers: 

• 5” - 60Hz-4kHz 

• 6” - 50Hz-10kHz 

from England 

The best metal-coned drivers on 
the planet, and affordable, too. 

The new JX series 
features improved 
linearity and power 
handling. 

and new speaker design software by Marc Bacon, encompassing the widest range of speaker building information of any software suite 

EasySPEAK- S69.00 
• Bass design ( 17 programs) 

• Box design, including internal modes, panel 
bending, composites and more 

• Crossover design, including response shaping 

• Much more... 

EasyROOM - $49.00 
• Room modes and reverberation 

• Diffuser design - save SSS and get great sound 

• Absorber design - many types 

• Bass boundary augmentation 

• More... 

EasyTEST - $69.00 
Designed to be the companion to d’Appolito’s 
“Testing Loudspeakers" book. Contains every 
important formula in the book »o provide instant 
answers to dozens of “what-if ’ scenarios 

Foil-free (888) 825-8888 Fax (450) 635-7526 www.techmdb.com E-mail: techmdb@MSN.com 
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SPECTRA 
Dynamics 

DEFLEX 

PANELS 
The simplest and most cost effective way 

to upgrade your existing system 

Place the flexible 
Deflex panel thru' the 
speaker cut out and 
stick to the inside of 
the cabinet using 

Now sit back and 
listen to the extra 
detail in sound, and 
far less distortion 
when played loud 

Once you have 
gained access to the 
inside of the cabinet, 
remove foam and/or 
wool damping from 
the inside of the 
speaker (if fitted) 

You need at least 2 
Deflex panels for a 
pair of small bookshelf 
speakers, 4 panels for 
a pair of Tannoy 6's. 
and at least 6 panels 
for larger cabinets 

What the experts have to say... 
"...a marked improvement was obvious from the first few 

bars of REM's Automatic for the people album..." 
Hi-Fi News & Record Review - Marchi994 

"...Deflex panels seemed to give greater tightness and 
control, improved internal clarity, and pitch definition -

all without deadening the sound in any way..." 
Audiophile - January 1994 

"...the result was sharper imaging, wider dynamics 
and a more natural sound..." 

CHOICE VERDICT 
Sound Quality MUH 
Value for money HHU 
Hi-Fi Choice - January 1994 

"...But one things for sure the Deflex panels are 
no gimmick. They work. . ." 

Audio Video - November 1994 

Some Of Our Other Products: 
‘MIT MultiCaps... Better selection and 
the best prices anywhere! 
‘InfiniCap, Solen, SCR/ASON, Rel-Cap, 
etc., premium grade film capacitors. 
‘Kimber, Cardas, MIT, XLO, Acrotec, 
ultra high performance chassis wires. 
‘Non-inductive wirewound and power 
resistors from Mills, Caddock, others 
‘SOLO Copper Foil Air Core Inductors 
for no-compromise crossover designs. 
‘Cardas, Edison Price, Vampire, XLO, 
binding posts, banana plugs, etc. 

Send for FREE catalog today! 

MICHAEL PERCY AUDIO 
P.O. Box 526 

Inverness, CA 94937 
(415) 669-7181 Fax (415) 669-7558 
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would require a method to hide the ex¬ 
posed edge. 

Considering the rear Prism panel, I 
would make the new shell to cover the 
exposed side portion for better appear¬ 
ance and precise fit. Hence the shell pan¬ 
els would need to be about %" deeper 
externally while maintaining the internal 
dimensions (Photo 4). 

Producing the factory shells required 
precision machining techniques. Thicker 
replacement shells with real wtxxl finish 
are even more involved, considering the 
requirements. Precise measurements, 
finely adjusted power equipment with 
sharp blades, and patience and care are 
absolute musts. 

Figure 1 shows front- and rear-panel 
edge-machining detail for the enclosure 
shells. Since the new enclosure has an ex¬ 
ternal depth of 7%", you can initially ma¬ 
chine one long panel of 8'. The top and 
bottom panels are 7l/s", while the side 
panels are 13%". With joints cut at 45°, 
you can glue together and align the new 
panels squarely by inserting the front and 
rear plastic panels and using two strap 
clamps until the glue dries. 

CLEAR IMPROVEMENT 
With the new MDF shells completed, the 
“knuckle test” produced better results 
than the first time. To further improve 
panel damping, I bonded %"-thick latex-
backed carpet (approximately 6" by 9") 
to the side panels. This gave still better 
results. (Now is an appropriate time to 
stain and finish the shells.) 

The original shells use a nibber gas¬ 
ket, placed in channels cut in the edges, 
to provide an air-tight seal with the plas¬ 
tic baffle and rear panels. You can easily 
remove this gasket material from the 
original shells and use it again with the 
new ones. As an alternative, and I rec¬ 
ommend this, you can place strip caulk¬ 
ing in the edge channels to provide a 
seal and bonding. 

After reassembly, I conducted more 
listening tests. To my ears, performance 
had improved. The bass had more depth 
and extension. Yet, some areas remained 
requiring attention. I made several trips 
carrying the speakers, now noticeably 
heavier, between my workshop and lis¬ 
tening room to perform and then vali¬ 
date incremental modifications. 

I next focused on improving HF per¬ 
formance. I substituted polypropylene 
capacitors for the two electrolytics (4.7 
and 10pF) in the tweeter crossover, and 
these required break-in time. Transient 
detail audibly improved. I placed a felt 
tweeter ring around each tweeter. To 

my surprise, HF performance seemed to 
improve somewhat, but the off-axis re¬ 
sponse seemed less desirable—the sound 
was too “dead.” Eventually I removed 
the felt rings. In time, I realized that the 
rising response in the last octave did not 
suit me. I added a series network of 2pF 
and 5Q across the tweeter. This RC net¬ 
work not only flattens the tweeter’s ris¬ 
ing impedance, but reduced power to 
the tweeter at higher frequencies to help 
level its rising response. The upper-end 
response became more pleasing, with no 
loss of detail. 

DAMPING EXPERIMENTS 
I spent time experimenting with damp¬ 
ing material, eventually replacing the 
original poly-fill batting with fiberglass, 
and later adding more fiberglass, PA" 
thick, along the inner surfaces of both 
sides. This almost entirely eliminated the 
upper-bass “over-fullness” as well as the 
“glare” noted earlier. 

This is an area where experimentation 
is required. Many small monitors seem to 
be designed with a slight rise in upper 
bass to produce a “large” sound. While I 
prefer a flatter upper bass, you may pre¬ 
fer the “warmer” sound resulting from 
some upper bass boost. The additional 
fiberglass also helped prevent mid fre¬ 
quencies from escaping from the front¬ 
mounted port, while low bass remained 
quite robust for a small system. 

During the modification process, as 
one area improved, others needing im¬ 
provement seemed to stand out all the 
more. This makes the process time-con¬ 
suming and sometimes tedious, but inter¬ 
esting and necessary. You may be tempt¬ 
ed to go further and replace the remain¬ 
ing crossover components with costlier 
devices, but I’d generally discourage 
doing that without evaluating the results 
achieved thus far. 

Changing inductors might change se¬ 
ries resistance, affecting the Q factor and 
overall system performance. Physically 
larger inductors would also pose greater 
placement problems if electrical interac¬ 
tion is to be minimized. Yet, I would still 
encourage you to experiment appropri¬ 
ately in tweaking any design for best re¬ 
sults in your own application, especially if 
advanced measurement and analysis tools 
are available. 

One potential improvement dealing 
with rear panel damping remains. I’d 
opt for a better-damped rear panel. 
What’s needed, however, is a form of 
dense rubberized material for filling the 
rear panel’s prism wedges from the out¬ 
side of the cabinet. Ideally, this material 
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would pour into the wedges and then 
set itself up to remain in place, yielding 
improved knuckle test results. I’m still 
searching for such a material. Let me 
know if you’ve found a material that 
meets these requirements. 

THE FINAL RESULT 
By now, I was pleased with the modified 
B&W DM3O2s. Listening tests were fad¬ 
ing into pure musical enjoyment. Voices 
took on a higher level of realism, clarity, 
and detail; imaging and spaciousness 
were awesome, and the sound had a bet¬ 
ter spectral balance. When I used the 
system with various components, differ¬ 
ences in electronics were very notice¬ 
able. The bass seemed to go deeper than 
before, often making listeners think 
much larger speakers were playing. Con¬ 
sidering bass response and overall per¬ 
formance, I found that the use of very 
sturdy, well-anchored stands is impera¬ 
tive if the DM3O2s are to perform at 
their best. 

Do they have a music preference? I’ve 
long held to the belief that reasonably ac¬ 
curate speakers with flat response are 
likely to sound good with the widest va¬ 
riety of music. Yet I admit that many of 
the speakers I’ve used, including some 
highly respected expensive commercial 
models and some I’ve constructed, have 
sometimes favored one musical genre 
over another in my listening room. This 
is true of my modified DM3O2s. While 
they give a pleasing performance on al¬ 
most all material, they really come alive 
with complex, well-recorded classical 
music, as well as recordings made in inti¬ 
mate acoustical venues. 

The modified DM302s are a great find 
whether you’re on a budget or not. Pos¬ 
sibly their greatest achievement, like 
many costlier high-end speakers, is their 
ability to convey exceptional imaging 
and sense of space. As a bonus, the “little 
boxes" now look and feel like more ex¬ 
pensive speakers, with their real wood 
finish and additional heft. While I'm obvi¬ 
ously pleased with the modified DM3O2s 
and probably somewhat biased, they pro¬ 
vide musical enjoyment far beyond the 
money invested. 

Interested readers may contact Audio 
Arts concerning availability of precision-
machined, W  preveneered unfinished 
oak MDF panels with tapered, hardwood 
front edges. Panels have lock-miter joints 
for easy and accurate assembly. Eight 
panels are provided to make a pair of 
shells for the DM302 speakers. E-mail au-
dioarts@enter.net or write Audio Arts, 
RD2, Wernersville, PA 19565. 

BIG IMPROVEMENTS 
NOW COME IN SMALL PACKAGES. 
INTRODUCING FERROFLUID 

RETROFIT KITS. 
Now OEMs who have already enhanced 

speaker performance with FerroSound can add 
ferrofluid packets to their retrofit kits. 

These small, convenient packets enable ser¬ 
vice centers and retrofitters to apply ferrofluids 
correctly into replaceable diaphragms in the 
field. Results: fewer problems and more profits 
all along the line. 

Each kit contains the right amount and 
type of ferrofluid for your speaker, a wicking 
cloth to extract remaining fluid, instructions, 
and a material safety data sheet. So add per¬ 
formance and profit to your speaker retrofits 
by calling FerroSound today at 603/883-
9800 —or fax 603/883-2308. 

ô FerroSound 
The Solution Is Loud And Clear' 

Ferrofluidics Corporation, 40 Simon Street, Nashua, NH 03061 

© 1997. FerroSound and related graphic are registered trademarks of Ferrofluidics Corporation 
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Precision Acoustic Measurements 
Require Precision Microphones 

PS9200KIT™ $1650 USD 
A complete IEC and ANSI traceable Type 1 Measurement 
Microphone System 2 Hz to 40 kHz, 15 dBA to 160 dBSPL 

*V2 inch capsule *4012 Preamp *PS9200 2 Channel PS 
*AC adaptor *WS1 windscreen *SC1 die cut storage case. 
Options: 51 IE Calibrator; 1 & ’4 inch mies; and Gain for 

DRA’s MLSSA and other board level products. 

ACO Pacific, Inc. 
2604 Read Ave. Belmont, CA 94002 USA 
Tel: (650) 595-8588 FAX: (650) 591-2891 

e-mail acopac@acopacific.com 

ACOustics Begins With ACO IM
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Product Review 
TOM YEAGO'S REBUILT AR-3« 

This classic three-way 
with 12" (or so) sealed-

box woofer, dome mid, 
and dome tweeter needs no 

introduction; neither does the massive 
rebuilding effort by Tom Yeago, pre¬ 
sented in great detail (SB 6/97-3/98). 
The cabinets look beautiful—massive 
and well constructed, a nostalgic delight 
to these eyes. 

LISTENING TEST SETUP 
My equipment includes a Nakamichi AV-
1 receiver (100/ch), Yamaha CDC755 
CD changer, Yamaha KX-W592 cassette 
player, and Miracord turntable with 
Shure R700E cartridge. 

The listening room is approximately 
20' X 18' X 8VY (=3OOOft3), and is mtxler-
ately damped with large stuffed chairs 
and couch, 10' front-wall drapes, and full 
carpet. Rear and side walls are reflective, 
but dispersed by doorways and a stair¬ 
well. The wood floor is rigidly support¬ 
ed. The room sounds very good with 
speakers, including the two-way Linaeum 
with 360 ribbon tweeter (Radio Shack 
Optimus Pro-LX5), the classic A/D/S 

TABLE 1 
SOURCE MATERIAL 

LPs 

The Blue Danube, Ormandy, Philadelphia Symphony 
Orchestra—Columbia MS6217 

Mozart Symphony No. 36, Istvan Kertesz, Vienna 
Philharmonic Orchestra—Super Analogue Disc, 

KIJC9128 

Blues, Ballads, and Jumpin'Jazz, Lonnie Johnson and 
Elmer Snowden—Analogue Product APR 3001 

CDs 

Ocean Front Property, George Strait, MCA 
MC AD-5913 

Natural High, The Commodores—Motown MCD 08014 
MD 

Rhapsody in Blue, Gershwin—Mercury 434341-2 
Tango, Julio Iglesias—Columbia/Sony CK67899 
Marches in Hi-Fi, Fiedler, Boston Pops Orchestra— 
RCA 09026-61249-2 

Two Fisted Mama. Katie Webster—Alligator ALCD4777 
Stradivarius on Gold—Cisco GCD 8001 

CASSETTES 

Blue, LeAnn Rimes—Curb D4-77821 
Toccata and Fugue in D Minor, Bach, Virgil Fox 

By Dennis Colin 

300C mini-monitor, and my home-built 
bipolars with 10" Focal woofer and coin¬ 
cident mid/tweeters. 

I placed the modified AR-3«s on 9" 
stands, as Mr. Yeago recommended. 
They were about 3' from their rear-facing 
(front to the listener) wall and 5' from 
the side walls. 

FIRST IMPRESSIONS 
• Very good sound on the strings and 
horns of The Blue Danube, excellent vi¬ 
olin sound. (See Table 1 for recordings 
used.) 
• A frequency imbalance or resonance 
that imparts a somewhat hollow, mega-
phone-like quality to voices; also a col¬ 
ored upper bass effect. 
• Very good deep bass, both clean and 
powerful. 
• Very good on pipe organ. 
• Excellent dispersion; the sound is re¬ 
markably consistent all around the room. 
• Nice, full, natural stereo imaging, due 
to the foregoing. 
• Good power handling; one woofer bot¬ 
tomed out only once when I clipped the 
100W/ch amp on an 18Hz organ tone— 
but the room shook long before that vol¬ 
ume level! By the way, I heard no 18Hz 
distortion except for the overload. 

SPECIFIC RECORDING IMPRESSIONS 
1. The Blue Danube—very good except 
mid-bass; excellent imaging. 
2. Rhapsody in Blue—good reproduction 
of midrange and treble, somewhat 
“tubby” with bass instruments. 
3. LeAnn Rimes, whose voice is haunt¬ 
ingly musical and naturally recorded, 
sounded “hollow” on the AR-3«s. 
4. Lonnie Johnson’s acoustic guitar had 
less natural “snap” compared to the 
other speakers. 
5. George Strait (very clean country band 
recording)—very nice guitars and violin, 
bass and drum detail somewhat lacking, 
voice somewhat hollow. 
6. Toccata and Fugue in D Minor— 
very’ nice, full, deep, clean pipe-organ 
reproduction. 

7. Marches in Hi-Fi—excellent strings 
and horns, outstanding imaging. 
8. Stradivarius on Gold—I heard a buzz 
on one fairly high-pitched violin note, 
played moderately loud. I think it came 
from the midrange driver on one speaker 
(the same one sent for measurement). 
Prior to the buzz, I heard a resonant em¬ 
phasis at this note’s frequency. 

COMMENT 
My memory of the original AR sound 
dates back to 40 years ago, when my fa¬ 
ther owned a pair of AR-2s. But, I think 
the sound of Tom Yeago’s redesigned 
AR-3«s compared fairly well with the 
originals, but with much more power¬ 
handling ability, and better ultra-low fre¬ 
quency accuracy (the latter, I think, due 
to F3 and Q of 35Hz and 0.5, as com¬ 
pared to the original 42Hz and 0.9). 

I experimented with the mid and 
tweeter level pots; they didn’t change 
the basic sound quality much. Overall 
balance sounded best with them up full, 
so that’s where I left them. Note that the 
original AR-3«s were flat (on-axis, ±2dB 
or so from 42Hz-20kHz) with the pots 
up full. AR recommended a mid setting, 
with gently falling high-frequency re¬ 
sponse, to “simulate the absorption of a 
concert hall,” but this is contrary to their 
own (correct) assertion that you judge 
instrument tonality' based on first-arrival 
(direct on-axis) speaker sound and about 
the first 50ms of reverberant decay (the 
“Haas effect fusion time”). 

I believe these speakers can benefit 
significantly from a crossover redesign 
and real-time analyzer. Since these units 
were designed for consistent reproduc¬ 
tion on- and off-axis, a single mike posi¬ 
tion, say 5' on-axis, should yield measure¬ 
ments that correlate well with sound. I 
think that the modified drivers have dif¬ 
ferent enough relative sensitivities (and 
possibly impedances) to cause crossover 
anomalies. Or, particularly considering 
the violin note-resonance and buzz, the 
midrange driver may need more mechan¬ 
ical damping. 
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SUMMARY 
These speakers are rock-solid rugged, 
handle high power without noticeable 
distortion down to at least 18Hz, and 
have very good deep bass response, and 
smooth, extended highs. 

I think some crossover or midrange 
driver work can change these good-old 
AR-3«s into state-of-the-art units, even 
by today’s standards. This speaks well 
for a product originally designed 40 

cy range, an impedance minimum of 
5.90 occurs at 90Hz. 

The peak of 12.4Q at 300Hz is due to 
a parallel resonance formed by the inter¬ 
action of the low- and high-frequency 
crossover networks. Impedance magni¬ 
tude falls below 30 above 5kHz. Imped¬ 
ance phase lies between +46° to -52° 
over the full-frequency range. This may 
be a difficult load for some tube amps. 

Before making frequency-response 

tests, I needed to determine an appro¬ 
priate reference axis for those tests. It is 
common practice today to align all driv¬ 
ers vertically for the most uniform hori¬ 
zontal coverage. The tweeter is usually 
placed at ear height for a seated listener. 
In this case, the tweeter axis is the ap¬ 
propriate test axis. The three AR-3« 
drivers are arranged on the baffle to fill 
the available space. There is no obvious 
design axis. I chose the midrange driver 

years ago, and for Mr. 
Yeago, who meticulously 
rebuilt these drivers with 
today’s materials. 

TESTING THE 
AR-3a 
REBUILD 
By Joseph D’Appolito 

I ran a series of impedance, 
frequency response, and 
distortion tests on the AR-
3« rebuild by Mr. Yeago. 
Figure 1 is a plot of the sys¬ 
tem impedance magnitude 
and phase. The impedance 
magnitude peak at 33-1 Hz 
indicates the system’s 
closed-box resonant fre¬ 
quency. In the low-frequen- FICURE 2: Frequency response on midrange 

axis at 50 . Enclosure vertical. FIGURE 4: Step response. 

Manufacturer of Loudspeakers for 50 years. 

supräVox. 
9 Route de Tours 
37 150 BLERE-FRANCE 
Tel: 33 (0) 2 47 23 55 44 
Fax: 33(0) 2 47 23 50 39 
E-mail: supravox@wanadoo.fr 

SUT^VOX. 
FRANCE 

La haute fidélité Intégrale 

Traditional fabrication, 
basket in aluminum and paper cone 

Serie Mélomane 
170 medium high. 200« 19000 Hz. 101 dB *215 RTF 
64 • 60 to 10000Hz ± 2dB. • 98 dB. • 45W RMS power. 
215 double cone 60 to 19000Hz ±2dB • 98dB • 45W RMS 
power. Full range or medium use, perfect for tube amp. 285 
RTF • 35 to 8000 Hz ± 2 dB. • 98 dB. • 70W RMS power 
GN 400 A • 23 to 4000Hz • 99dB. • 120W RMS power. Al¬ 
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axis as the reference axis for the fre¬ 
quency-response tests. 

FREQUENCY RESPONSE 
Figure 2 displays the on-axis frequency 
response of the AR-3« rebuild. This 
curve is a composite of the quasiane-
choic response data above 200Hz taken 
with the microphone placed on the 
midrange axis at 50", combined with 
near-field woofer data below 200Hz to 
get the complete curve. The plot is nor¬ 
malized to Im distance to get system 
sensitivity. 

I left the midrange and tweeter level 

controls set to the levels select¬ 
ed by Mr. Colin in his review. 
Sensitivity averages 82.7dB 
SPL/2.83V/lm in the two oc¬ 
taves around 1kHz. This is 
quite low. More typical values 
for closed-box systems are in 
the range of 85-88dB. 
The low-frequency -3dB 

point is 51 Hz. Frequency re¬ 
sponse is relatively smooth out 
to 7kHz. Beyond that point, 
however, there is an 8dB peak in 
tweeter response at 8kHz fol¬ 
lowed by severe breakup modes 

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, 
SUS67.00 per year) by writing or faxing to 

Elektor Electronics 
World Wide Subscription Service 

Unit 4, Gibbs Reed Farm 
Pashley Road, Ticehurst 

East Sussex, England TN5 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. 

in the 10-15kHz region. Another view of 
this behavior is seen in the cumulative 
spectral-decay response (Fig. 3)-

The cumulative spectral decay (CSD) 
measures the frequency content of a sys¬ 
tem’s decay response following an im¬ 
pulsive input at time zero. Ideally, a loud¬ 
speaker’s impulse response should die 
away instantly. Real drivers, however, 
have inertia and stored energy that take a 
finite time to dissipate. 

In Fig. 3 the first 2.5ms of the CSD are 
shown with a total dynamic range of 
33dB. On this plot, frequency increases 
from left to right, and time moves for¬ 
ward from the rear. The first slice at 
0.00ms is the system frequency response 
shown in Fig. 2. 

The response peak at 8kHz is the start 
of a long resonant decay mode in the 
tweeter, lasting about 1.5ms. This proba¬ 
bly accounts for the etched hardness 
heard by Mr. Colin when listening at 
higher volume levels. 

Figure 4 is a plot of system step re¬ 
sponse. The initial sharp positive peak 
indicates tweeter arrival, followed by 
the more broadly peaking woofer ar¬ 
rival, about 1ms later. Midrange arrival 
time is not obvious from this plot. The 
woofer and tweeter are connected with 
positive polarity, but the system is not 
time coherent. 

Driver time offset is examined with 
greater precision in Fig. 5, which is a 
plot of excess group delay versus fre¬ 
quency referenced to the tweeter’s 
acoustic-phase center. 1 In a time-coher¬ 
ent system this plot would be a flat line. 
Above 10kHz excess group delay is es¬ 
sentially zero, as it should be, since it is 
referenced to the tweeter in this fre¬ 
quency range. The curve rises below 
2kHz to a peak of 1.1ms at 500Hz and 
then falls to a level of 0.6ms below 
200Hz. 

The relatively flat region between 2-
10kHz indicates that the tweeter and 
midrange acoustic phase centers are 
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aligned. This is a direct consequence of 
the 6dB/octave crossover used between 
the tweeter and midrange, and it is also 
why you see no distinct midrange arrival 
peak in Fig. 4 The B2 50()Hz crossover 
causes the peak at 5(X)Hz. Below 2(X)Hz 
the woofer is delayed relative to the 

tweeter/midrange pair by 0.6ms. The 
sharp peak in excess group delay at 
14kHz is caused by the previously dis¬ 
cussed tweeter breakup, which pro¬ 
duces a rapid build-up in tweeter phase, 
as in the excess phase plot (Fig. 6). 

SYSTEM POLAR RESPONSE 
In use, you can place the AR-
ia horizontally on a bookshelf 
or vertically on a stand. For this 
reason, horizontal polar re¬ 
sponse data was taken over 
±60° in both orientations. I 
placed the microphone on the 
midrange axis at a distance of 
50". All off-axis plots are refer¬ 
enced to the on-axis response 
that appears xs a straight line at 
0.00°. Thus, the curves show 
the change in response as one 
moves off-axis. 
Figure 7 is a waterfall plot 

of polar response in horizon¬ 
tal orientation taken in 15 in¬ 
crements from 60 left to 60 
right when facing the speaker. 
Frankly, these curves are a 
nightmare! The odd place¬ 
ment of drivers coupled with 
the deeply recessed baffle 
causes all kinds of diffraction 
and interference problems. Di¬ 
rect-field spectral balance will 
change markedly as one 
moves off-axis. 
Figure 8 is the waterfall plot 

of polar response taken in the 
vertical position. These curves 
also show extreme off-axis vari 
ations in response. 
The poor off-axis response 

will degrade imaging, but not 
necessarily perceived frequen¬ 
cy response. The polar re¬ 
sponse data measures only the 
direct-field response. Howev¬ 
er, the perceived spectral bal¬ 
ance of a loudspeaker is a 
function of both direct and re¬ 
flected sound. All sound arriv¬ 
ing at the listener’s ears with¬ 
in the Haas fusion zone 
(5-40ms) will go into the sub¬ 
jective assessment of a loud¬ 
speaker’s frequency response. 
In this regard, Figs. 7 and 8 

may present an unfair view of 
the rebuilt AR-3«’s perfor¬ 
mance. The original AR-3 was 
designed for uniform power re¬ 
sponse. In semireverberant 
rooms, power response is a 
good measure of perceived 

log Frequency - Hz 

V(cursor) - Y(narker) - -342.2H9 S-01340-6 

FIGURE 6: Excess phase. 
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tsw.iiwa «o .no. s» S-01340-7 

FIGURE 7: Polar response-horizontal position. 

FIGURE 8: Polar response-vertical position. 

log Frequency - Hz S-01340-9 

FIGURE 9: Power responses. 

spectral balance and is determined by av¬ 
eraging the polar response data over the 
full range of 120 . 

Figure 9 shows three different aver¬ 
ages. The “horizontal" and “vertical” 
curves are averages of the data shown in 
Figs. 7 and 8, respectively. The “all’’ curve 
averages both. All averages fall within a 
±2.5dB envelope out to 9kHz. In this 
range, power response is quite accept¬ 
able. Above 10kHz response shelves 
down about 5dB. 

DISTORTION TESTS 
1 ran harmonic distortion tests at an aver¬ 
age SPL of 90dB at Im. Figs. 10 and 11 
show second- and third-harmonic distor¬ 
tion levels in dB SPL versus frequency in 
'/s-octave steps. 

I also plotted system frequency re¬ 
sponse on these figures, with worst-case 
distortion levels shown in the upper left¬ 
hand comer of the graphs. This distor¬ 
tion level occurred at 70Hz. Above 
100Hz distortion fell below 1% on aver¬ 
age, although there were occasional blips 
of second harmonics into the 2-3% 
range. Above 2kHz, harmonic distortion 
tends to be higher than you have seen in 
most of my earlier test reports. 

In the intermodulation distortion test 

HEAP FOP VOUPSELF 

The film capacitors chosen by many 

highly acclaimed manufacturers for 
use in their very best designs. 
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MusiCap ® 
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from .01 to lOpF. Precision made in USA. 
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• Welborne Labs 3034706585 
• Madisound Speaker Components 608-831 -3433 
• The Parts Connection 800-769-0747 
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• Anchor Cross Co,Tokyo, Japan 81-3-3203-5606 
• Trevor Lees Audio. Australia 613-9853-2315 
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FIGURE 11: Third-harmonic distortion. 

FIGURE 12: Woofer intermodulation distortion. 

FIGURE 13: Midrange intermodulation distortion. 

results (Figs. 12-14), 
two nearby frequencies 
are input to the speak¬ 
er. Intermodulation dis¬ 
tortion creates output 
frequencies that are not 
harmonically related to 
the input and are much 
more audible and an¬ 
noying than harmonic 
distortion. Let the sym¬ 
bols f, and f2 represent 
the two frequencies 
used in the test. Then a 
second-order nonlin¬ 
earity will produce in¬ 
termods at frequencies 
of f, ± f2. A third-order 
nonlinearity generates 
intermods at 2f( ± f, 
and fj ± 2f,. 
I examined woofer 

intermods first by in¬ 
putting 300 and 400Hz 
signals at equal levels. I 
adjusted SPL with the 
two signals to 90dB at 
Im. The two longest 
lines in the rebuilt AR-
3« output spectrum 
(Fig. 12) represent the 
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input signals. The pri¬ 
mary distortion products and where 
they come from are: 

200Hz = 2 X 300 - 400 (third-order) 
500Hz = 2 X 400 - 300 (third-order) 
700Hz = 300 + 400 (second-order) 
l(MX)Hz = 2x300 + 400 (third-order) 
1100Hz = 300 + 2 x 400 (third-order) 
1300Hz = 3 x 300 + 400 (fourth-order) 

Total intermodulation distortion at 
90dB SPL is approximately 1.4%. This 
level is higher than most other system 
tests reported in SB. The spectrum also 
shows many harmonics of the 300 and 
400Hz signals. 

I evaluated midrange intermods with 
2 and 2.5kHz signals at an SPL of 90dB 
at Im (Fig. 13). The largest intermod 
was 1.5% at 4.5kHz. However, the en¬ 
tire spectrum is rich in both intermods 
and harmonics. Again, distortion perfor¬ 
mance is poor relative to other system 
tests reported in SB. 

For the tweeter intermods (Fig. 14) I 
set the test signals to 9 and 10kHz and 
the adjusted level to 90dB SPL at Im. 
Tweeter intermods averaged 1%. Still 
another poor figure. 

WRAP-UP 
I conducted all of the above tests with the 
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grille off. Figure 15 shows the response 
of the rebuilt AR-3« with the grille on, but 
referenced to the response with the grille 
off. That is, it plots the difference in re¬ 
sponse under the two conditions. Below 

1kHz the grille has no significant effect. 
Above 1kHz, however, the grille causes 
response deviations of up to 5dB. 

In addition to uniform power re¬ 
sponse, the AR-3« was also designed to 

0 4 8 12 16 KHz 20 
SO1340-14 

FIGURE 14: Tweeter intermodulation distortion. 

be placed against a wall. Figure 
16 shows the 'A octave RTA re¬ 
sponse of the rebuilt AR-3« 
placed against the middle of 
the larger wall of a semirever-
berant listening room. Room 
modes and floor reflections 
cause significant response vari¬ 
ations below 500Hz, but note 
that bass response at 20Hz is at 
the same level as the 1kHz re¬ 
sponse. This is much better 
bass response than the ane¬ 
choic response plot of Fig. 2 
would lead you to believe. 

REVIEWER'S COMMENTS ON 
MEASUREMENTS 

1. Most of the coloration I heard is not ev¬ 
ident on the axial response (Fig. 1). But 
that resonant and distorted violin note 
agrees with the 8kHz peak, the long reso¬ 
nance at 8kHz on the CSD (Fig. 3), and 
possibly Figs. 13 and 14 (midrange and 
tweeter LMD). 

2. The “less than snappy" acoustic gui¬ 
tar transients I heard seem to correlate 
with the step response (Fig. 4), in which 
the speaker takes about 2 ms to begin a 
smooth decay. 

3. I believe the strong response varia¬ 
tions off-axis (Figs. 7 and 8) are responsi¬ 
ble for the “megaphone-like” tubbiness 
and blurring I heard. Regarding Fig. 9, 
the integrated power responses, these 
are good except for the 8kHz—and up-
region. However, I believe the ear is dis¬ 
criminatory enough to sense the various 
off-axis anomalies (Figs. 7 and 8) arriv¬ 
ing from different reflected directions, 
even though they may result in a 

smooth response when 
integrated in the mea¬ 
surement. 
After all, the ear is 

roughly analogous to a 
massive spectrum analyz¬ 
er with 4000 parallel fre¬ 
quency-filter channels, 
each with fast response 
and most with over 
120dB dynamic range— 
not to mention the brain’s 
computing power! 
4. Figure 15 shows 

about a 3dB p-p variation 
due to the grille. I did 
most of my listening with 

Jasper Audio Presents the Model 210 Metric Jig 
Jasper Audio has developed the ultimate jig for making precision speaker cutouts. You will 
be able to flush mount your speaker drivers with the professional results of a CNC machine. 
Our jigs convert your plunge router into a CNC machine for creating circular cutouts. The 
Model 210 is scaled in millimeters. The 210 will make cutouts in 2 millimeter increments from 
44 millimeters to 468 millimeters. By alternating a 6.5 and a 7.5 millimeter bit you will be able 
to graduate in 1 millimeter increments. If you are a speaker builder you must have this tool. 
You will be able to read a spec sheet and reproduce an accurate cutout with out measuring 
or calculating. All you need to know is where you want the center of your circle. The Jasper 
Circle Jigs are unique because of their accuracy and their ability to make a precision cutout 
in one pass with no trial cuts. Great for prototyping. Now Jasper Audio sells router bits for our 
jigs. We now have 4 models, the 200,210,300,400. Make circles from 1 inch to 52 inches in 
diameter. When you need to make a precision circle contact Jasper Audio. 

The Model 210 sells for $49.95 plus $6.00 shipping in the US 

If you have questions contact us toll free in the US at (877) 229-7285 
Outside of the US call (713) 781-3405 

Fax (713) 781-4021 ♦ email jaspera@flash.net ♦ Web site www.jasperaudio.com 
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the grilles off, hut noted only a slight 
worsening of coloration with them on. 

5. Regarding Fig. 16, even though my 
review was not with the speakers against 
the wall, the deep bass I heard sounded 
flat right down to 20Hz. Joe measured 
the RTA response in my review room 
(not shown) prior to taking the speakers, 
and, indeed, the bass response was not 
even down 2dB at 20Hz. 
6. I conclude that truly comprehen¬ 

sive measurements such as Joe performs 
(now even including two-tone IMD) do 
correlate well with the sound. 

Tom Yeago responds: 

Well, my course is clear. Public decency de¬ 
mands that 1 take those poor, misguided tweet¬ 
ers out behind the barn and humanely put them 
out of their misery. It goes against my frugal na¬ 
ture, but this looks like a job for a pair of Dyn¬ 
audio D-21s. 

And those distortion figures! Disaster. 
Calamity. Woe. I feel as though I’ve presided 
over a train wreck. First, there’s depression, 
then acceptance, and finally a strange fascina¬ 
tion at how I could have accomplished this. But, 
diere s some good news amongst the wreckage. 
Best to take it figure by figure. 

Figure 1: System resonance is slightly lower 

than predicted, but where did that hump at 
300Hz come from? I make no claim to under¬ 
stand network theory, but 300Hz? I could see 
640Hz. As for the top end, it looks as if 20Q 
off the bottom of each pot should fix things. 

Figure 2: Not too bad, except for that exe¬ 
crable tweeter. My crossover doesn’t look too 
bad here. I half expected to declare the 
crossover a disaster area. The textbook solution 
seems not too bad, for a change. Now, on the 
sensitivity issue, if I understand Mr. D’Appolito, 
quasianechoic simulates a boundaryless en¬ 
vironment. So if we add a boundary (i.e., as¬ 
sume the device is radiating into half-space) 
we'll get SPLs of 6dB higher, right? Doesn’t this 
bring the results in line with predictions? Not 
so fast. This might work for the woofer, but I 
expected the baffle to force the domes to see a 
half-space environment above 500Hz (the “baf¬ 
fle step”), which means 1 would expect the re¬ 
sponse to gradually shelve up 6dB in die tre¬ 
ble, which it doesn’t. 

Figure 3 Actually, this spectral-decay plot is 
very encouraging. First, let’s kill off the tweeter. 
What’s left looks pretty darn good. The decay 
plots previously published (SB 8/97, 1/98. and 
4/98) are spun out to last 3.7-4.0ms; this one 
stops at 2ms. The mid dome has dropped below 
the resolution floor at 1.27ms, only 0.94ms after 
the chirp stopped. The woofer decay drops from 
sight at 1.93ms, only 1.6ms after signal cess¬ 

ation. Not too shabby for a 12" woofer with 
’/skg of moving mass. Also, if we ignore the 
tweeter, decay is fairly orderly, without reso¬ 
nance-flagging ridges. So the woofer cone and 
dome seem to hold up structurally. 

Figure 4: Again, a better-behaved tweeter 
would improve this by cleaning up the extrane¬ 
ous (approximately 8kHz) junk. This looks like a 
pretty good midrange-tweeter integration to me. 

Figure 5: 1 don’t know enough to comment 
intelligently on this, but I wonder about the 
cause and significance of that little blip on top 
of the general trend at 5(M)Hz. 

Figure 6: Again, cannot make an intelligent 
comment. 

Figures 7 and 8: What a mess! But that’s 
what you get with a recessed baffle, sharp cor¬ 
ners, and so on. And, presumably, why the re¬ 
sponse curves of the drivers AR published didn’t 
come from the domes installed in the box, but 
in a big baffle, and why AR made a point of 
power response. I await another hideous set of 
curves when a stock AR-3« is tested. 

Figure 9: No comment. 
Figure 10: Trouble in driver city. Gobs of dis-

tortion-about ten times what I’d like. What’s 
the root? The spectral-decay plot suggests the di¬ 
aphragms themselves are okay, which leaves the 
motors. Gould it have something to do with the 
vent holes in the motor forms? Is something 
rubbing? Could it be the crossover inductors? 
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(Although I neglected to mention it in the text, 1 
wound the 1.7mH and 2.7mH coils myself and 
brought them up to spec by adding transformer 
iron to form a core. I hope 1 bungled the job, 
because the alternative is horrible to contem¬ 
plate.) One observation: on both second- and-
third-harmonic plots, there is a spike at system 
resonance plus one octave (approximately 
70Hz) and a dip an octave higher at 140Hz. 

Figures 11-14: Gloom, despair, and agony. 
Figure 15: Okay, there are better things than 

AR’s linen for the job. Let’s just call them dust 
covers, and leave it at that. 

Figure 16: I consider it a personal kindness 
that Mr. D’Appolito included this figure. There's 
some vindication for the chosen bass response 
alignment here. I’ve seen better, but I’ve seen 
worse, too. 

With all this data and Mr. Colin’s remarks on 
listening to the beasts, I’ve much food for 
thought, speculation, and eventual revision. I 
note Mr. Cohn used a country-music singer as 
one of his vocal references. I’ve noticed that the 
Nashville cats are unsurpassed at getting terrific-
sounding voices on tape. I pumped some Reba 
through the speakers just before sending them 
to Joe D’Appolito, and they sounded pretty 
good. But I’m completely prepared to attribute 
that to the well-known effect of speaker 
builders’ self-delusion. Something does seem 
amiss with the mid domes, so I must do some 
troubleshooting. Thanks to Mr. Colin for putting 
in the hours -and recording the results. 

Well, enough for this thirty-year-old design 
and my sometimes misguided renovations. I’ve 
had fun and, with this reply, had the opportuni¬ 
ty to exercise a colorful sector of the vocabulary. 
1 wish to thank Mr. D’Appolito for his labors, 
and to marvel at the restraint he displayed in 
his report. 

A NOTE ON TESTING 
The rebuilt AR-3a was tested in the laboratories o‘ Audio 
and Acoustics, Ltd. using the MLSSA and CLIO PC¬ 

based acoustic data-acquisition and analysis systems 
with an ACO 7012 %" laboratory-grade condenser mi¬ 

crophone and a custom-designed wideband, low-noise 
preamp. Polar response tests were conducted with the 

aid of a computer-controlled OUTLINE turntable on loan 
from the Old Colony Division of Audio Amateur Press. 

REFERENCES 
1. J.A. D’Appolito, Testing Loudspeakers, Audio Ama¬ 
teur Press, Peterborough, NH, 1998. 
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SB Mailbox 
CORRECTED SCHEMATICS 

The capacitor values of C1-C4 in “After¬ 
burner for Aftershock” (SB 3/99) should 
be listed in microfarads, not millifarads, 
as shown in Fig. 1. So, the values of Cl 
and C2 are 4700pF, while the values of 
C3 and C4 are 330gF. 

Also, the capacitor and resistor values 
for Fig. 1 in "Tools, Tips, & Techniques” 
(p. 59) are incomplete, but are pub¬ 
lished correctly in Fig. 1. 

MEASUREMENT 
FEEDBACK 
I have a comment on two excellent arti¬ 
cles that appeared in SR 2/99. First, 
with regard to Bruce Carpman’s 
“Frankenstein’s Speakers,” p. 8, a driver 
with half the cone area of some refer¬ 
ence will produce 6dB less output, not 
3dB as stated, assuming equal excursion 
and frequencies low enough so cone di¬ 
ameter is much smaller than wave¬ 
length. In such a case, doubling cone 
area radiates twice the air volume dis¬ 
placement, which also doubles acoustic 
pressure. This is analogous to a current 
source feeding a resistance (here the 
speaker radiation resistance, which is 
very low compared to that of the cone). 
Since power is proportional to i2R, dou¬ 
bling i (analogous to air volume veloci¬ 
ty) quadruples power, a 6dB increase. 

Second, Louis C. McClure’s bridge cir¬ 
cuit in “A Handy-Dandy Impedance Mea¬ 
surement Device” (p. 22) is very accu¬ 
rate if you’re measuring a purely resis¬ 
tive load. However, there will be signifi¬ 
cant error with reactive loads, such as a 
driver near (but not at) its resonance fre¬ 
quency, or at its high-frequency limit 
where voice-coil inductance is signifi¬ 
cant. For example, consider measuring a 
capacitor {Fig. 2). 

Vo = V| — If X = R, VO = V, = A < -45° 
R-jX 1-j 72 

Thus, if the capacitor’s impedance X 
= R, the output voltage is not half the 
input, but 0.707 Vj with a phase shift of 
-45°. So adjusting R for an output of: 

V1 

2 

will not result in R equal¬ 
ing X. Rather, R must be 
set to <5 X = 1.732 X to 
produce an output of 

Vi 

2 

thus the reading will be 
73% too high. 

There are at least two 
ways around this: with 
Mr. McClure’s circuit, 
when R is set to equal X, 
or the magnitude of any 
load (Z), the voltage 
drops across R and Z are 
equal since equal current flows through 
both. So in the previous example (R = 
X), both have a voltage drop of 0.707 
Vr Of course, the reason these two volt¬ 
ages add up to V, is that the capacitor 
voltage is shifted -45° with regard to V,, 
while the resistor voltage has a +45° 
phase shift. So the two voltages are 90° 
shifted with reference to one another. 
But by setting R for equal voltage mea¬ 
surements across R and across Z, accu¬ 
racy is ensured. Using two voltmeters 
would greatly facilitate this. 

Another way to measure complex im¬ 
pedances easily and accurately is to sim¬ 
ulate an AC current source {Fig. 3) If R 
is 100 times, for example, the highest Z 
to be measured, then 1% accuracy is en¬ 
sured regardless of phase angle. For ex¬ 
ample, R = lOkQ allows ±1% accuracy 
for impedances up to 100Q magnitude. 

7 
Vo = V,-; if R > 10014 then 

R + Z 

Vo = V. to within 1%,so|Z| = R—tol%. 
R M V, 

The disadvantage of this method is 
low output. For example, if V, = 10V 
and R = 10k, the output will be ImV 
per ohm of measured Z. But even an in¬ 
expensive Radio Shack DVM can mea¬ 
sure to within ImV, giving 1Í2 resolu¬ 
tion. Of course, the meter should be 
referenced to the input V, (or some 

fraction thereof), as Mr. McClure does, 
to “cal out” the meter’s frequency re¬ 
sponse or other errors. 

But I think the most practical method 
is to use the Handy-Dandy circuit, but 
with two voltmeters—one across the 
load and the other across the variable 
R—and adjust R for equal readings. If the 
two meters are identical, no input refer¬ 
ence is needed. 

Dennis Colin 
Bamstead, NH 
dcolin@wordpath. net 

Bruce Carpman responds: 

Thank you for taking the time to read my arti¬ 
cle in enough detail to catch this error. Dou¬ 
bling the cone area will indeed produce a 6dB 
increase in output. I will not bother trying to 
explain my reasoning for this initial mistake, 
except to say it made sense to me at the time. 

My corrected chart (Fig. 4) does remove 
some of the differences between the three driv¬ 
ers, but does not negate the final conclusions. 
The DVI 2 is still capable of playing significant¬ 
ly cleaner and louder. Too bad the original 
DVI2 is no longer available. 

Louis McClure responds: 

First, I would like to thank Dennis Colin for his 
kind and gracious remarks concerning the de¬ 
vice. It is obvious that Mr. Colin, who gave an 
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excellent dissertation on measuring compound 
impedance (resistance and reactance), is very 
knowledgeable on the subject. 

In all honesty, 1 cannot take credit for the 
principle or the theory behind the device. I 
have often used the method as described by 
Mr. Howard Tremaine (Audio Cyclopedia. 1978 
edition, p. 1513, Fig. 23:140A). However, for 
convenience, I added a few features which 
made it much easier for me to use. 

Mr. Tremaine shows a simple method to 
switch the VTVM between each side of the vari¬ 
able resistor to obtain equal voltages across the 
speaker and the variable resistor. This was 
cumbersome and time-consuming for me. By 
using a switch to simply change the meter 
input from the voltage across the speaker to 
the voltage across the variable resistor, 1 could 
work faster and easier. 

Also, I was using the same meter for both 
applications, which ruled out differences in 
meter readings due to frequency response of 
the meter. The same meter would have the 
same reading for the voltage across the speaker 
and the variable resistance. Also, by switching 
the meter between the voltage across the 
speaker and the voltage across the variable re¬ 
sistance as a final check, I ruled out possible er¬ 
rors in measurement. 

Another feature I incorporated was a selec¬ 
tor switch with 30, 60, and 9OÍ2 readings. I 
could insert this switch in series with the input 
to increase the maximum value of the variable 
resistance (actually, the L-pad) and be able to 
read the peak value of impedance at resonance 
(in most cases). This would be useful in deter¬ 
mining (approximately) the resonant frequency 
of the speaker. 

The device was not intended to be a preci¬ 
sion laboratory instrument. However, I believe 
that it is entirely adequate for the amateur 
speaker builder who may have limited equip¬ 
ment and limited funds. The impedance plot 
(Fig. 4 in my article) includes the actual plot 
points of a ó'/z" driver mounted in a test box. 

The plot points were not smoothed out as 
much as they could have been. However, 
“What you see is what you get!” 

MORE WORDS 

My personal thanks to Ed Dell for clari¬ 
fying terms we should use for electrical 
quantities ("Words, Words, Words,” SB 
2/99). Volts, amperes, farads, and hertz 
can easily be further quantified with the 
standard “multiplier” prefixes: kilo, 
milli, nano, mega, and so forth. 

My question is, why not the bel? 
What’s wrong with a CD having a dy¬ 
namic range just over 9 bels (9B)? Why 
not a phono preamp which conforms to 
the RIAA curve within a centibel (cB), 
or a millibel (mil) for purists? Being re¬ 
stricted to tenths of the root quantity-as 
is current practice with decibels—is as 
cumbersome as saying, “I just spent fif¬ 
teen dimes for a gallon of gas” or “I 
worked a ham in Burma on the 4000-
centimeter band?” 

Jim Wood 
Brea, CA 

A hearty thanks for this wonderful edito¬ 
rial! Every time someone talks about 
“dampening” his speakers, I can’t help 
but wonder why he’d care to leave his 
loudspeaker systems out in the rain? 
Such misuse of technical terminology is 
like fingernails on a chalkboard. There 
have been many times I’ve wanted to 
correct someone but chose not to, so 
you have spoken for me. Thanks! 

John Levreault 
Boxford, MA 

I concur completely with your belief 
that we could eliminate confusion by 

being more precise in expressing our 
thoughts and agree with most of what 
you propose. It might be useful to give 
further consideration to two of the 
words you discussed. 

We use the word “speaker” when we 
mean “loudspeaker,” either out of lazi¬ 
ness or an aversion to sesquipedalian ex¬ 
pression. I suspect the former motive is 
the stronger. Using the word speaker 
causes confusion when the topic, such 
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as public address systems, includes ref¬ 
erence to talking humans as well as 
loudspeakers. 

One possible solution is to use “speak¬ 
er system" whenever referring to an as¬ 
sembly that consists of an electroacoustic 
transducer and (a) another such trans¬ 
ducer, (b) an enclosure, (c) crossover el¬ 
ements, or (d) built-in amplification. 
“Driver” is acceptable when referring to 
the transducer, but over the decades that 
term has most frequently referred specifi¬ 
cally to a compression driver designed to 
be mounted on a horn. 

You are to be applauded for pointing 
out the misuse and overuse of the word 
“incredible.” But I would hesitate to 
substitute another misused and 
overused term, “awesome.” Correctly 
used, awesome means inspiring an emo¬ 
tion combining dread, veneration, and 
wonder that is caused by authority or 
the sacred. I have experienced that 
emotion in the presence of loudspeaker 
systems, but it was the Faure' Requiem 
and not the engineering that induced it. 
Thank you for starting us down the path 
of elucidation. 

Mike Lamm 
Fenton, MO 

SOUND OFF 

I would like to make a couple of com¬ 
ments on the SB 7/98 article by Dennis 
Colin (“Real Backseat Bass,” p. 22). The 
first is a word of warning to those who 
would attempt to imitate Mr. Colin’s sub¬ 
woofer setup. His description of “great 
sounding bass” may mean different 
things to different people. Since most 
people have only been exposed to repro¬ 
duced (exaggerated) music, Mr. Colin’s 
bass system will not sound as “good” as 
some other reproduced (exaggerated) 
bass that they might have heard before. 

The second comment addresses those 
who truly enjoy music as natural as can 
be. The subsystem he describes is by far a 
major step toward very pleasant bass re¬ 
production inside a vehicle. His setup, 
mixed with great electronics and great 
drivers (such as the ones he uses), rivals 
the best of home setups. The results are 
wonderful and soothing bass, lots of 

literally all of the sound-off formats in 
the States and then in the UK. The vehi¬ 
cles I have built have collected over 500 
trophies, many of which for best-of-
show. Also, many of these vehicles have 
been recognized for their sound-repro¬ 
duction abilities, rather than for their in¬ 
stallation qualities. 

Many of my most recent systems have 
included woofer systems that I consider 
to offer very realistic sound reproduc¬ 
tions. I attributed the quality of the bass 
response to the fact that I allowed for a 
larger direct-to-reflected (loaded) sound 
ratio than what is common with bass 
drivers placed in the trunks of the vehi¬ 
cles. Of course, you are limited to the 
lowest possible frequency at which this 
ratio can be maintained, since the car 
offers a very small cavity. This ratio, 1 
thought, allowed for a better impulse 
and time response. The same sort of 
thing you experience when comparing 
low-reflection/high-absorption halls 
with very live ones with respect to the 
intelligibility of the human voice. 

My first experience with great bass 
came when I mounted a pair of 8" Madi-
sound woofers in sealed boxes in the 
doors of a ’93 Honda Civic. Then I was 
hooked. My own competition car, an 
’89 Nissan Sentra, started with a pair of 
Dynaudio 11" woofers mounted in an 
aperiodic enclosure in the trunk and 
ended with a pair of Morel 9" units in 
sealed boxes inside the doors. Although 
the aperiodic box system sounded very 
smooth tonally and had very little box-
induced coloration and an almost flat 
impedance response, it didn’t sound as 
good as the door-mounted woofers, 
which, on top of everything, enhanced 
the stage depth and ambiance. 

When ’96 rolled around, I went to 
work for an autosound distributor in 
Great Britain and had the opportunity to 
build a system inside of an imported ’90 
Chevrolet Astrovan. I placed two 8" 
Eton woofers in a three aperiodically 
connected chambers box on the floor in 
between the front seats. Of all the cars I 
had worked on, this was my best work 
so far, and the first vehicle that could 
truly reproduce the sense of “being 
there” when playing orchestral music. 

Unfortunately, in the autosound com¬ 
petition circuit, many sound judges 
have very questionable music refer¬ 
ences to evaluate against. For this rea¬ 
son and in order to win, I was forced to 
display large woofer layouts to affect 
their subjective psychoacoustic impres¬ 
sion. For example, the Civic had ten 15" 
woofers, and the Astrovan contained 16 

depth and ambience, low coloration, very 
little resonances, and (best of all) the type 
of bass that doesn’t call attention to itself 
and allows instruments to glow. 

For the record, I have been installing 
in-car audio systems for about nine 
years, and I soon began to compete in 
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15" woofers. But even with all these 
woofers in sight, sound judges com¬ 
mented on the lack of “extension” (reso¬ 
nant 45Hz response) as soon as they re¬ 
alized that the bass was coming only 
from the front woofers. 

Contrary to these impressions, all of 
the vehicles displayed a very smooth fre¬ 
quency response at the front listeners’ 
ear level that sloped upwards to an aver¬ 
age of +9dB at 20Hz referenced to the 
midbass level (the response was kept at 
an average of ±3 from midbass sloping 
down toward the highs). In other 
words, extension was not the problem 
at all. I cannot stress enough the fact 
that this type of bass is not for everyone. 

Alberto A. Lopez 
Jalisco, Mexico 

Dennis Colin responds: 

Thank you, Mr. Lopez, not only for your support¬ 
ive comments about my work toward natural au¬ 
tosound bass, but also for sharing your experi¬ 
ences. I especially appreciate your insight regard¬ 
ing the distorted view of naturalness held by 
those who haven’t heard, or have forgotten, the 
sound of live unamplified music. Too bad this in¬ 
cludes many autnsound “judges”! 

I have a theory about some people’s prefer¬ 
ence for boomy, resonant bass: most electric 
music, and much acoustic music, is recorded 
very dryly with little or no natural acoustic 
ambience, and often with insufficient deep 
bass. Of course, well-recorded music doesn’t 
need this artificial ‘ enhancement,'’ but as you 
pointed out, many sound judges have a very 
questionable music reference. Indeed, consider 
the type of (non) music often played by car 
stereo owners! 

A WOOLLY AFFAIR 

A few years back, a bumper sticker that 
read “Question Authority" was popular. 
Apart from healthy skepticism, such an 
attitude forced you to learn more than 
what appeared on the surface of a con¬ 
cept. Thus I admire Don Jenkins for tak¬ 
ing on the question of the change of 
speed of sound in a fiber mass (“What’s 
Really Happening in a Stuffed Line?,” SB 
7/98, p. 32) 

In my previous letter (“SB Mailbox,” 
p. 64), I avoided this central theme of 
Mr. Jenkins article and simply pointed 
out some inconsistencies in the data 
that was used to buttress the argument 
that there is no change in the speed of 
sound in a fiber mass. I hoped that Mr. 
Jenkins would draw the conclusion that 
the data presented did not prove his ar¬ 

gument. However, in his reply, he 
states, “As an aside, the test results from 
Figs. 2 and 3 also confirm that there is 
no reduction in sonic velocity due to 
wool stuffing.” This statement is wrong. 

The proof of this can be made as a 
general and a specific to the TL case. 
For the general case: Velocity is medium 
dependent. The speed of light in a vacu¬ 
um is defined as a constant, but it 
changes in a medium such as glass, re¬ 
sulting in refraction. In the quantum 
scale it can be slowed down to a 
“crawl” by chilling the medium in 
which it propagates. Thus it would be 
very strange indeed if the velocity of 
sound would not be medium depen¬ 
dent. Bradbury derives and quantifies 
such dependency as a function of fre¬ 
quency for fiberglass and wool stuffing 
mass in an open line. 

In the specific case, as applicable to 
speaker design, two types of proofs are 
possible. The direct case would be to 
use a differential measurement with an 
accuracy of microseconds, which 
would be sufficient for a limited fre¬ 
quency range of about 5O-2OOHz. Such 
a measurement was actually done by an 
amateur, L. DeMartin, for Miraflex and 
AcoustaStuff fibers, in the sub-100Hz 
range to complement Bradbury’s data 
that stops at about 50Hz. The data is 
graphic in format and can’t be present¬ 
ed here. My citation of it is that it can be 
done by an amateur. 

The indirect case considers the 
closed-box response, where Vb under¬ 
goes an apparent volume increase with 
fiber stuffing. This is the adiabatic/ 
isothermal conversion, which is fiber¬ 
density-dependent and thus also depen¬ 
dent on change of velocity in the medi¬ 
um and attenuation. 

The more graphic and easily grasped 
case is the asymptotic attenuation of the 
harmonic structure in an unstuffed TL 
line. Here the calculated harmonics are 
frequency’ shifted and attenuated in such 
a pattern that it would not be under¬ 
standable without the concept of the 
change of velocity of sound in a medium. 
Note that air has a density, 0.075kg/m5, 
and thus is frequency’ and attenuation de¬ 
pendent, just as any fiber mass. 

The data that Mr. Jenkins presented in 
his article is compromised by two limita¬ 
tions: 1) an insufficient understanding of 
the TL line response, and 2) by the type 
of experiment chosen and instrumenta¬ 
tion inadequacies. The specific case is the 
reliance on a single 50Hz frequency sig¬ 
nal. The problem here is that the low fre¬ 
quency of the line resonance for a 57.5" 

VINYL-ZYME GOLD 

Your record cleansing friend for 
the next millennium. 

Vinyl-zyme Gold is formulated 
with only natural enzymes; it 

contains no alcohol or man-made 
chemicals. V m'y\-zyme Gold 

digests oils, removing bacteria and 
fungi, leaving your grooves 

cleansed and non -attractive to 
dust, microorganisms and other 
forms of contamination. Next 
time, don’t take a bath, -zyme it! 
For records that sound like GOLD 

BUGGTUSSEL, L.L.C. 
1701 B. Vanderbilt Ave. 
Portage, MI 49024 USA 

(616)321-9660, 
klblair@iserv.net 

www.buggtussel.com 

Reader Service »20 

MAHOGANY SOUND 
The Transmission Line Specialist 

P.O. Box 9044 
Mobile, AL 36691-0044 

334-633-2054 

Acousta-Stuf 
The Very Best Damping Material For 
Speaker Systems. It Produces Deeper 

Bass, Cleaner Mids, And Greater 
Dynamic Range. Acousta-Stuf Costs 

$9.50 Per Pound UPS Paid. 

Q&ETLD 
Quick & Easy Transmission Line 
Speaker Design Booklet & LOTUS 
1-2-3 Software. Learn How To 

Design Optimizes 1/4 Wavelength 
TL Speakers. Q&ETLD Costs 

$0.95 Plus $2.05 P&H. 

Acousta-Tubes 
Round Paper Tubes For Building 
Cylindrical Speaker Enclosures. 

Please Note Our New Address 
& Area Code 

Call Or Write For A Free Catalog 

Reader Service »9 

Speaker Builder 4/99 53 



long tube will be about 59Hz and will 
propagate in the fiber medium as well as 
in the side wall of the tube. 

Thus the pickup at the end of the 
tube will be excited by both the im¬ 
pulse travelling through the fiber medi¬ 
um which will be slowed and by the sig¬ 
nal transmitted through the side wall 
which will be delayed but little. The dif¬ 
ferentiation of these signals at low fre¬ 
quencies is a difficult task. In 1976 Brad¬ 
bury was not able to obtain reliable data 
for frequencies below 50Hz. This is pos¬ 
sible today with a differential high-speed 
oscilloscope, though the case resonance 
problems persist. 

1 admire Mr. Jenkins for tackling this 
problem, since many speaker-design pa¬ 
rameters are gross simplifications ade¬ 
quate for a classroom but seriously flawed 
when applied to a real-world problem. 
Also, I believe that the only ones who do 
not fail are those who don’t try. Failure in 
an experiment is a very good teacher. 

E. Jakulis 
Avon, MA 

Don Jenkins responds: 

One of the benefits of writing articles is receiv¬ 

ing comments from readers. The most interest¬ 
ing commentary comes from readers who 1) 
don’t for a moment believe that your data is 
any good, and 2) don’t believe that you have a 
clue as to what you are doing. The second 
proposition is always debatable. In this case, 
however, the first proposition deserves some 
additional development. 

Mr. Jakulis seems convinced that wool stuff¬ 
ing in an open-ended tube, stuffed to a density 
of about 0.5 lb/ft\ will cause the velocity of 
sound transmission through the stuffed tube to 
be significantly reduced for sinusoidal frequen¬ 
cies below about 100Hz. 

To determine where we are in this discus¬ 
sion, it is appropriate to review where we have 
been, and what started this ongoing debate. In 
1965, and again in 1972, A.R. Bailey, in Wire¬ 
less World, reported his experience with trans¬ 
mission Une enclosures. In the 1972 article, in 
an unsupported statement, and as an almost 
passing comment, he wrote, “The effect of the 
filling in the pipe is to slow down the wave rel¬ 
ative to its velocity in free air. This reduction 
factor is between 0.7 and 0.8 for the recom¬ 
mended packing density.” The recommended 
density was given as 0.5 lb/ftj. 

In April 1976, the much-quoted article by 
LJ.S. Bradbury appeared in the /AES and pre¬ 
sented his theory of why fibrous materials in 
transmission lines reduce the velocity of sound 
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in the line. He made reference to not only Bai¬ 
ley but also to a series of tests at MIT in 1953 
with fiberglass-filled ducts. 

My original interest was in questioning Brad¬ 
bury’s theory. My efforts were an attempt to 
prove that a two-phase, heterogeneous medium 
of air and fiber would behave as a homoge¬ 
neous medium when evaluated by sound trans¬ 
mission theory for a gas at low pressure. These 
tests were all negative. 

1 was unable to show any reduction of 
sound velocity, relative to free air. due to the 
transmission through the two-phase heteroge¬ 
neous medium-in this case air at normal pres¬ 
sure with either wool or a synthetic polymer-
by direct time of transit measurement. I found 
that the filler modified the resonant modes of 
excited tubes, an effect that has been reported 
many times and used successfully in many 
transmission line enclosures. This led to the di¬ 
rect measurement of velocity which Mr. Jakulis 
now questions. 

The test setup is simple, yet direct. A pulse is 
fed to a free air driver, with a microphone 
placed at various distances from the driver (for 
these tests, between 1.2 and 4.5ft). I measured 
time delay between the driver pulse and the 
microphone response and recorded ten sets of 
free air times. The calculated velocity, at the 
ambient conditions in my laboratory, was 
1132.06ft/sec. The one sigma velocity disper¬ 
sion for these ten values was 0.7%. This result 
not only proves the correctness of the tech¬ 
nique, but the accuracy and repeatability of the 
measurements. 

Now for the wool filling. First, Bailev used 
wool of long fiber length. His specification was, 
“The wool should be of long fiber length and 
packed fairly loosely, about one pound to every 
two or three cubic feet...” After several false 
starts I was able to obtain long fiber wool. I 
combed and pulled until I had a filled density 
in the 3" pipe of 0.48 lb/ft\ 

Figure 1 in my letter response (SB 2/99, p. 
64) is the time record for a single pulse trans¬ 
mission through the filled pipe. Regardless of 
what Mr. Jakulis thinks, there is no delay in 
the pulse transmission time due to the wool 
filling. After over 100 tests with line lengths up 
to 117" (some with two 90° elbows), the maxi¬ 
mum velocity variation was ±1%. 

Some will say that the pulse shown in Fig. 1 
is too “sharp” and that Bradbury’s theory' only 
holds for low frequency transmission. Figure 2 
in the same letter response is a single 50Hz 
sine pulse sent down the tube. The response 
curve starts to receive the forcing wave front at 
4.4ms for a velocity the same as free air. As 
with the sharp pulse tests, 1 made about 50 or 
60 sine pulse tests using this open, wool filled 
line, at frequencies between 20 and 200Hz. 
None of these tests showed a reduction in 
wave front transmission time. 

An objection to the single pulse test is that it 
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does not allow the wool to “get in phase” with 
the forcing function. Bradbury's theory suppos¬ 
es that the wool fibers oscillate in phase with 
the compressive wave that moves through the 
air in the tube, thus simulating a homogeneous, 
compressible fluid of increased density and un¬ 
defined gamma. This is where my doubts origi¬ 
nated. Is it possible for a two-phase system, in 
this case air and wool, to have the properties 
of a homogeneous medium for the transmis¬ 
sion of a compressible wave front through the 
heterogeneous mixture? 

Figure 5 shows ten cycles at 40Hz slowly in¬ 
creasing in amplitude. This should allow the 
wool enough time to accelerate and "phase 
lock” with the free air wave front. The fact is 
that each peak, forcing to response, has the 
same displacement and is equal to the free air 
transmission time. 

If Mr. Jakulis has a problem with the experi¬ 
ment not producing the result he wishes, he can 
well question the accuracy of the instrumenta¬ 
tion used and the competence of the person 
making the analysis. The questionable variable, 
however, is the wool filling the line. I will readi¬ 
ly admit that the wool used in the experiments 
may not be up to the specific quality required to 
provide the answer Mr. Jakulis expects. 

In personal correspondence with Mr. Jakulis 
in December 1998,1 sent him a comprehensive 
report of all my tests up to that date. This docu¬ 
ment contained a complete description of the 
wool used and its provenance. The wool Bailey 
used in his 1965 tests is no longer available, at 
least not in the United States. 

In continuing tests and modeling since De¬ 
cember 1998,1 have about reached the condu¬ 
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Electronic Crossovers 
Tube 

Solid State 
Powered 

Passive Preamps 
46 Step Attenuator 
Power Amps 
100% MOSFET 

XM16 Electronic Crossover, 48 dB/Oct. 
available 2-way and 3-way 

All available as kit also 
Free Catalog: 

Marchand Electronics Inc. 
PO Box 473 

Webster, NY 14580 
Phone (716) 872 0980 
FAX (716) 872 1960 

info@marchandelec.com 
http://www.marchandelec.com 
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SALE! PLUS FREE ADHESIVE! 
MARKERFOAM “ ACOUSTIC FOAM 

GIANT 54” X 54” 
Immediate Shipping 
2 Reg 529 < Now S19 99 -3 ■■ 
S39 95 Now $29.99. KILL NOISE QUICK! 
High performance, full-size sheets of 
super high density Markerfoam. EZ 

mount. Bue or gray. Super-effective sound absorption for studios. 

Markerloam offers best value looks professional & is proven in studios world¬ 
wide Request Foam Buyers Guide/Catalog. specs & free samples today 

MARKERTEK JUMBO 
SOUND ABSORB BLANKETS 

Heavy-duty 72"x80” padded blankets 

^^¿¿4 absorb sound wherever they're hung or 
draped Fabulous for stage, studio and 

field use Top professional quality at a super 

saver price! Weight: 6 lbs. Black $19.99 

MARKERTEK BLADE TILES 
HIGH PERFORMANCE - LOW. LOW COST!!! 

America 's best acoustic tile value 

only from Markertek! 

$3.49 per tile, 16 'x16"x2", charcoal or blue 
$4.49 per tile, 16 "x16”x3", charcoal or blue 
$5.49 per tile, 16"x16 'x4 ", charcoal. 

MARKERSTIK FOAM ADHESIVE 
FREE with any foam purchase in this ad! 
Limited offer. A $4-00 per tube value. 

SONEX 
All the colors and sizes 

plus great prices! 

F RF E Americas most uni(lue c^W featuring 328 pages of over 
F MF F 6000 elusive and hard-to-find supplies for Pro Audio, 
I I Broadcast Video. Audio Visual & Multimedia production 

MARKERTEK 
^VIDEO SUPPLY 

4 High St., Box 397, Saugerties, NY (USA) 12477 
800-522-2025 • Fax: 914-246-1757 

Web: www.markertekcom • E-Mail: markertekQmarkerlekcom 
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Classifieds 
VENDORS 

akustik 
Sumh&i SPEAKER SAU 
Aluminum Woofers 

IMS NOW 
5.25" $69 $44 

6.5" $79 $53 

6.9" $79 $53 

8.0" $99 $62 

10.0" $129 $81 

RCM 

AC1HAT 
1 Ceramic 
Tweeter 
Was Now 
$69 $44 

While Supplies Last • No Rain Checks 
Please add $5.95 S/H per item 

MC/VISA/DISC/AMEX/Check/M.O. 

BURNETT ASSOCIATES 
PO Box 26, W. Peterborough, NH 03468 
TOLL FREE: 877-924-2383 
http://pages.prodigy.net/dear2/audio 

SIL VER SONIC™ 
High Performance Audio Cables 

You can afford the best! 

Silver Sonic T-14 Speaker Cable 
Silver Sonic BL-1 Series 2 Interconnect 
Silver Sonic D-110 AES/EBU Digital 

Silver Sonic D-75 Digital 

D.H. Labs 
612 N. Orange Ave., Suite A-2 

Jupiter, FL 33458 
(561 ) 745-6406 (phone/fax) 

www dhlabs-cables.com 
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Electrostatic 
Loudspeaker 
Components & 
Information 

Parts for the DIY ESL 
Enthusiast 

From: Barry Waldron's 
ESL Information exchange 

2820 Miller Way 
Placerville, CA 95667 

(530) 622-1539 
E-mail: esl@information4u.com 
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Acoustic Technology Infl Hi-End Drivers 1-905-889-3653 
Antique Electronic Supply Tubes, Transformers, Books, More! 1-602-820-4643 
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Lowthers—World’s Best Drivers 
Full range 8” drivers. NO crossover' 

Freq Resp: 3O-22K. Eff: 102 
dB/1 W. Drivers/plans: $450. 

Finished: $1050/pr. Tel: (314) 579-0088 
http://users.fastrans.net/classicaudio 

E-mail: lowthers@fastrans.net 

SOLID SILVER BINDING POSTS 
Replace a weak link in your system's signal chain. 
Most brass or copper alloy posts have only a frac¬ 
tion of the conductive capacity of silver. 
Several versions available. Individually hand 
machined. Speaker posts starting at $300.°° a set. 
Chassis -mount posts starting at S260.00 a set. 
STAGE III also offers a full line of air dielectric, silver 
audio cables, genuinely hand made, not off a 
spool, with solid silver terminations(RCAs, spades 
& bananas) providing unparalleled signal trans¬ 
mission. Custom designs possible. Affordable, fac¬ 
tory-direct prices. Call for free catalog. 

STAGE III CONCITE, ING. 
PH/FAX 212.627.5628_ 
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1999 Catalog Now Available 
Vacuum tube preamplifiers and power amplifiers, passive 
linestages, phonostages, power filters and more. 

Lowther Drivers and Cabinets 
High efficiency drivers and enclosures for low powered 
single-ended amplifiers. 

Parts and Supplies 
Hovland MusiCaps, Rei MultiCaps, Jensen paper in oils 
Kimber Kap, Solen, Blackgate & Elna Cerafines; Caddock 
Holco, Mills & Resista; KR Enterprise, Svetlana, Sovtek 
Western Electric, Golden Dragon, Ram Labs; Cardas 
Goertz, Neutrik, DH Labs, Kimber Kable, Vampire; Alps 
Noble & Stepped Attenuators. We also have enclosures 
books, software and circuits. Call for our 1999 catalog 
$10(US/Canada), $18 (International). Visa/MastercardOK. 

tel: 303.470.6585 fax: 303.791.5783 
e-mail: wlabs@ix.netcom.com 

website: http://www.welbornelabs.com 
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WANTED 
Altec horn speakers, woofers, horns, 
crossovers, 515, 515B, 515C. Horns: 805, 
1005, 1505A/B, 311-90, 329, 604, 605; 
288B/C, 288-16 G/H. Larger corner speakers 
and console speakers, Laguna, Paragon, 
Western Electric horns, woofers, drivers, parts; 
Tannoy dual concentric, Goodman, E-V Patri¬ 
cian. Sonny, (405) 737-3312, FAX (405) 737-
3355. 

Say You 
Found It In 

Speaker Builder 

\MSale 
FOR SALE WANTED 
MFA M-75 monoblocks, $850; lots of up¬ 
grades and extras, Jim, (253) 862-8140. 

Two Universal Cobraflex horns, $1 OO/pr.; one 
Universal SAHF driver, $15; two Motorola 
twin horns, KSN1177, $15/pr.; two Motorola 
KSN1151/KSN1188 horns/drivers, $50/pr.; 
two large Advent tweeters, $50/pr.; Heathkit 
AM/FM AJW30 tuner (16 tubes), $50; Heathk¬ 
it A9C 20W mono integrated amp, $50; 
ADC/RTA, $40; AR4X, $40; single Shack 
tweeters: 40-1390, 40-1281, 40-1377, 40-
1277, 40-1385, $10 ea. Dave, (518) 399-
3798. 

Heath AR-29 or AA-29 amp dead or alive; 
Hafler DH-110 stock; Phoenix P-100 phono 
preamp; Proton 440 tuner. Dave, (724) 274-
8149. 

Electrostatic loudspeaker components 240:1; 
LF transformer for full range ESL; high-volt¬ 
age resistors and capacitors, etc. Tom Rus¬ 
sell, (972) 690-9894, FAX (972) 783-2257. 

To publish yourfree personal ad in Speaker Builder, simply follow 
these guidelines: 

1. For subscribers only. Include your account number with each personal-ad submission. 

2. This service is for subscribers to sell or find audio-related personal equipment or supplies. 
Submissions not related to audio will be d.scarded. Businesses, organizations, and non¬ 
subscribers should contact the advertising department to place their paid ads in the classified 

advertising section. 

3. All personal-ad submissions must be printed out via typewriter or computer. Illegible or questionable 
submissions will be discarded. 

4. We will not be responsible for changing obvious mistakes or misspellings or other errors 
contained in ads. 

5. We will not handle any submissions over the phone. 
6. Please do not call to verify acceptance, or inquire about the status, of your submission. 

We cannot personally acknowledge receipt of submissions. 

7. It is entirely up to the magazine's discretion as to when your free ad will appear in Speaker 
Builder. 

B. Each ad submission will be used one time only. It will be discarded after publication. 

9. Maximum 50 words (no accompanying diagrams or illustrations or logos will be used). 
Submissions over 50 words will be discarded. A word is any collection of letters or numbers 

surrounded by spaces. 

10. Each submission must be clearly addressed to “Yard Sale" and the name of the magazine. 
11. Submit your ad to Speaker Builder, Yard Sale, PO Box 876, Peterborough, NH 03458. Or 

send by Fax to 603-924-9467. (Please be advised that smudged, illegible faxes will be discard¬ 
ed.) Or, by E-mail to editorial@audioXpress.com. 

12. Noncompliance with any of these guidelines will result in your free personal-ad submission 
being refused for publication. 

From time to time, Speaker Suilder publishes the website 
addresses of speaker-related companies. If you would like your 
firm’s website address to appear within a future issue, submit 
the information to: , , , 

Speaker Builder 
PO Box Ô76. Peterborough. NH 0345Ô-0B76 • FAX (603) 924-9467 

E-mail editorial@audioXpre5S.com 
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SPEAKERS FOR YOUR HOME AND AUTOMOBILE 
Reviewed by Mark Florian 

Speakers for Your Home and Automo¬ 
bile: How to Design and Build a Quality 
Audio System, Third Edition, Gordon 
McComb, Alvis J. & Eric J. Evans; Prompt 
Publications; 1998; 171 pages. Available 
through Radio Shack stores as “Building 
Speaker Systems,” #621093. Also avail¬ 
able from Old Colony Sound Lab, PO 
Box 876, Peterborough, NH 03458, 
(603) 924-6371, FAX (603) 924-9467, E-
mail custserv@audioXpress.com. Part 
#BKS60, $24.95, shipping wt. 1 lb. 

Over the course of eleven chapters, this 
book covers basic sound and speaker op¬ 
eration, including systems for the auto¬ 
mobile and home-theater applications. 
Three appendices at the end are reserved 
for design equations, enclosure dimen¬ 
sion tables, and metric conversions. I'll 

describe each chapter in detail and then 
finish up by providing an overall impres¬ 
sion of the book. 

BEGIN WITH BASICS 
Chapter 1 starts off with an introduction 
to sound itself—how it travels through 
the air in waves, how distance affects 
the volume of the sound, and the vari¬ 
ous frequencies of musical instruments. 
This lays the foundation for the question 
of why speakers need more than one 
driver to reproduce the entire range of 
human hearing. The instruments are dis¬ 
played in a chart, showing their fre¬ 
quency ranges-divided into low 
(woofers), middle (midrange), and high 
(tweeters)-along with a piano keyboard 
at the bottom. The chapter ends with a 
simple description of a driver and an ex-

Millennium-
The clear path to sound perfection 

SEAS introduces the new Excel Millennium soft 
dome tweeter, a design breakthrough that redefines 
high frequency transducer performance. 

The Millennium incorporates our revolutionary 
Hexadym* magnet system and features: 

• completely open construction that eliminates all internal resonant cavities. 

• total venting of dome, surround, and voice coil into the rear chamber. 

• 500Hz resonance frequency and 1 mm linear coil travel. 

• a very low stray magnetic field-ideal for home theater applications. 

♦Patent pending. 

Available at: 
Madisound Speaker Components 608-831-3433 
www.madisound.com 

Solen Inc. 514-656-2759 
www.solen.ca 

Zalytron Industries Corp. 516-747-3515 
www.zalytron.com 

Visit the SEAS web site at www.seas.no 

planation of how it 
works. 

Chapter 2 goes 
into more detail, 
with a look at fre¬ 
quency response, 
sensitivity, damp¬ 
ing, and different 
types of distor¬ 
tion. The three 
main driver cate¬ 
gories—woofers, 
midranges, and tweeters—and how they 
differ regarding the above parameters 
are discussed next. Coaxial and triaxial 
drivers—widely used in autos—are also in¬ 
cluded. This chapter examines many of 
the factors affecting performance: 
power rating, voice coil and magnet 
size, cone material, suspension, imped¬ 
ance, and cone resonance. Finally, the 
chapter explains terms associated with a 
few of the Thiele/Small parameters. 

Chapter 3 examines the speaker enclo¬ 
sure and discusses the differences be¬ 
tween sealed and vented boxes. It offers a 
chart to help you select an appropriate 
box size for a sealed system, and includes 
several charts and tables for designing 
vented box systems. 

Chapter 4 is devoted to construction 
techniques for the cabinet: plywood ver¬ 
sus particleboard, layout and cutting of 
the various pieces, different types of cor¬ 
ner joints to use, assembling the cabinet, 
and installing the drivers. 

Chapter 5 briefly discusses different 
ways to finish a cabinet and to attach 
grille cloth to frame and fit it to the fin¬ 
ished speaker. 

Chapter 6 deals with properly wiring 
the speaker using the pre-assembled 
crossover boards available from Radio 
Shack. It also covers L-pads and their use 
in the tweeter network, and recommends 
dynamic overload protectors to protect 
the tweeter and fuses for protecting the 
whole loudspeaker. 

Chapter 7 shows you how to connect 
your new loudspeakers to your amplifier, 
and includes a basic troubleshooting 
guide, polarity test, L-pad test, and sound-
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level test using the popular Radio Shack 
sound-level meter. Speaker placement is 
also covered. 

Chapter 8 contains four construction 
projects: a single-driver compact book¬ 
shelf unit, a small two-way system, a 
large three-way floor-standing system 
(these three require a sealed box), and 
another three-way floor-standing system 
using a vented box. Each of these proj 
ects includes a full parts list, which is 
available from Radio Shack, a cutting 
guide, diagrams and measurements of 
each piece, and cabinet assembly and 
component wiring instructions. 

Chapter 9 is an introduction to car 
audio systems, with suggestions for im¬ 
provements, such as using box-mounted 
speakers, an equalizer and power ampli¬ 
fier, and a fader. Active crossovers, as 
well as woofers, mid-ranges, and tweet¬ 
ers, are also discussed. 

Chapter 10 covers specific automo¬ 
tive installations in coupes and sedans, 
hatchbacks, pickup trucks, and large 
vans/sport utility vehicles. This chapter 
includes a wiring diagram for hooking 
up an equalizer to separate amplifiers 
for the front, rear, and subs. It also 
shows how to add a portable CD player 
and different head unit. Each design in¬ 
cludes box enclosure dimensions for 

adding subwoofers, where applicable. 
Finally, Chapter 11 provides a brief 

overview of each element in a home¬ 
theater system, and offers guidelines for 
seating and speaker placement consider¬ 
ations and for wiring up the system. A 
section is devoted to using a sound-level 
meter to match levels between the 
various loudspeakers, which I highly 
recommend. 

Appendix A presents simplified de¬ 
sign equations for sealed and vented en¬ 
closures. Up to this point, the book is 
relatively devoid of equations, instead re¬ 
lying on tables and charts to simplify the 
procedure. A preface here states that the 
equations were chosen to give the best 
system performance in the home, not in 
a large environment or outdoors and 
that ‘they work best...when speakers are 
used that have between 0.3 to 0.5 
and VAS from 6 to 12.” Evidently, this 
section is for the hobbyist who prefers 
to delve a little deeper into the theory 
and explore further. 

Appendix B contains several enclo¬ 
sure dimension tables, broken down de¬ 
pending upon the size of the woofer 
and whether you choose to build a one-, 
two-, or three-way loudspeaker. By look¬ 
ing up the desired volume, you will find 
the inside dimensions for height, width, 

and depth based on the golden ratio 
(1.6:1.0:06 HWD). 

Appendix C contains conversion fac¬ 
tors for English and metric units, a pre¬ 
fix table and corresponding multiplica¬ 
tion factors, and a table of fractional di¬ 
mensions with their corresponding dec¬ 
imal and metric equivalents. 

The extensive glossary contains six 
pages of terms and their definitions and 
is followed by a complete index. 

OVERALL IMPRESSION 
This book is clearly aimed at someone 
with a budding interest in loudspeakers 
who doesn’t want any equations to get 
in the way. As such, it covers many con¬ 
cepts and terms, but not beyond a sim¬ 
ple, basic level. It’s appropriate for ju¬ 
nior- or senior-high school students who 
are interested in audio and wish to as¬ 
semble their first loudspeakers without 
a lot of shopping around to decide what 
to buy. 

But beyond that, this book is unsuit¬ 
able for those desiring more in-depth 
coverage or who are handy with a hand 
calculator. For those, I highly recom¬ 
mend Ray Alden’s excellent book, “Ad¬ 
vanced Speaker Systems,” also available 
from Radio Shack. 

finest reproduction of music. 
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STATE CITY 

issues of audio technology today. 
Written by those who use their 

Audio Electronics brings you articles 
on technologies and component 

audio systems, Audio Electronics 
explores the world of CD players, 
amplifiers, preamps, cables and 
filters. Hands-on technology for those 

who want more from their audio. 
Try a copy of Audio Electronics 

FREE for 30 days. When you choose 
to subscribe, you’ll pay just $23.00 
for six issues (one year). You save $5 
off our regular rates. If you decide it’s 
not for you, write “cancel” on the 
invoice and return it. You’re under 
no further | 
obligation. I 
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Exclusive 
Distributor of 

Acoustic Research 
Advent & Jensen 

NHT Parts 

Knht 
We can bring your speakers 
and equipment back to life 

using the original components. 

800-225-9847 FAX: 508-478-9816 
17C Airport Drive 

Hopedale, MA 01746 
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sion that what is being experienced in filled 
transmission lines-where there are two distinct 
transmission paths-is a combination of the 
complex addition of velocities in the primary 
medium (air) and the secondary medium 
(filler), the attenuation properties of the sec¬ 
ondary medium, the resonant phase combina¬ 
tions of the system, and the resonant mode 
and damping characteristic of the driver. For 
me, the proof that a two-phase heterogeneous 
medium, such as air and a material whose den¬ 
sity is several orders of magnitude greater, will 
have the same thermodynamic properties as a 
homogeneous compressible fluid, i.e., Brad¬ 
bury’s theory, remains to be delivered. (There 
is a second-order effect which also needs to be 
mentioned: the potential for the filler to cause 
reversion to isothermal compression rather 
than adiabatic. This reduction is small, for air 
0.85, and is minor when compared to the effect 
of Bradbury’s density function, which at low 
frequencies may reduce the velocity to one¬ 
fourth that of free air.) 

The next series of tests will be with Acousta-
Stuf, which may be a better material than wool, 
since its properties are easier to control. 

I have written a TL simulation program 
to design a transmission-line bass speak¬ 
er for my stereo system. This program 
requires two key quantities: the attenua¬ 
tion and velocity of sound in the trans¬ 
mission line. 

I used a 3" x 6" duct 14' long to mea¬ 
sure attenuation. The 3" inside walls 
were covered with 2"-thick Radio Shack 
fiberglass. This arrangement duplicated 
the mean conditions in the speaker’s 
transmission line. I could move an elec¬ 
tret microphone at the end of a 3' rod 
along the center of the line. 

I located a 4" speaker on the outside 
of the wide wall close to the start of the 
line and used a 45° end piece to “bend 
the sound’’ to the direction of the line. 
Losses in the remaining IT part of the 
line beyond the microphone minimized 
standing waves caused by reflections at 
the line’s end. 

I have recently used this arrangement 
to measure velocity in the line. I used 
two methods—a resonance measure¬ 
ment similar to that used by Don Jenk¬ 
ins (SB 7/98) and a second absolute 
method based on phase shift. 

For the resonance method, I uncou¬ 
pled an initial 4' section of line and lo¬ 
cated the microphone at the start of the 
line close to the speaker. I found the 
quarter-, half-, and three-quarter-wave 
resonances with a variable frequency 

generator and amplifier as a signal 
source. The microphone output was 
minimum at the quarter- and three-quar¬ 
ter-wave resonances and maximum at 
the half-wave point. 

Note that a microphone placed at the 
open end of the line would have invert¬ 
ed the results. I did this with and with¬ 
out the fiberglass and from the frequen¬ 
cy data determined the propagation fac¬ 
tor relative to the bare line. I also mea¬ 
sured with a single 1" thickness of fiber¬ 
glass. The results were in substantial 
agreement with Jenkins' findings. 

For the phase-shift method I recon¬ 
nected the 1T section of line and fed a 
sine wave to the speaker as before. This 
time I synchronized the scope to the 
square-wave output from the sine-wave 
generator. I then measured the distance 
I needed to move the mike to cause a 
given phase shift (90°, 180°, and so on). 
Figure 6 shows the calculated velocity 
for the 2"-thick fiberglass. I found the re¬ 
sults for the 1 "-thick fiberglass too scat¬ 
tered for a curve. 

The phase-shift results appear to ap¬ 
proach Bradbury’s theoretical predic¬ 
tions for the 2" case. I suggest that the 
velocity of propagation in the bare line 
is already less than that in open air, so 
that the actual velocity in the presence 
of stuffing will necessarily be less than 
that obtained by the resonance method. 

I would like to offer two observations 
based on other tests. I have noticed that 
the absorption in the fiberglass was de¬ 
pendent on orientation; that is, the ab¬ 
sorption is greatest across the grain and 
least along the grain. Also, the absorp¬ 
tion depends on how well the fiberglass 
is anchored to the inside wall of the 
transmission line. The fiberglass in my 
speakers is glued to the narrow inside 
surfaces of the line. 

Jenkins’ article was very helpful in 
pointing out the inaccuracy of the as¬ 
sumed velocities that I was using in my 
TL design calculations. 

John Mattern 
Baltimore, MD 

Don Jenkins responds: 

Mr. Mattern has provided some interesting data 
on the apparent velocity reduction in transmis¬ 
sion-line devices with various types of loading. 
His results provide another look at how the 
measurement technique produces different con¬ 
clusions about the effect of loading in the line. 

In my response to a previous letter on this 
subject (SB 2/99), I reported some additional 
tests using a direct “time of response” technique 
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to measure the sonic velocity in a wool-stuffed 
line. I concluded that there is no reduction of 
the sonic velocity due to the wool stuffing. 

My conclusion is that the apparent reduction 
in velocity being calculated is influenced by the 
technique used for the measurement and type 
of analysis made from the data. I believe that 
what is being measured is the complex addi¬ 
tion of the fundamental velocity through the 
air, some attenuated velocity through the filler 
medium, resonance phase combinations, and 
the damping and resonance characteristics of 
the driver. 

Thanks to Mr. Mattern for sharing his data 
with SB readers. 

HELP WANTED 

I’m trying to find a voice coil for a rib¬ 
bon tweeter in a pair of custom speak¬ 
ers that I own. “Manufactured Under Li¬ 
cense From the Rank Corporation, Lon¬ 
don” is the only identification on the 
back of the tweeter. The ribbon tweeter 
opening is %" x 2". The faceplate is de¬ 
signed for a wide dispersion measuring 
4%" x 4%". The frame for the voice coil 
is 3%6" x 3*14«" and has a radius on the 
top and bottom. 

Paul Blaubach 
paul@officerelief.com 

Where can I find the old loudspeakers 
that contained different colored lights, 
which were “sound activated”: bass-
blue, lead guitar-red, drums-green, 
and so on. These were popular back in 
the ’70s. I am remodeling my den into a 
“pad” complete with bean bags, beads, 
lava lamp, black light, strobe, and other 
’70s paraphernalia. 

Neal Lykins 
n. ly kins@ worldnet . att. net 

I understand that ESS Inc. is out of busi¬ 
ness. Does anyone have any plans of the 
crossover circuits and modifications for 
the ESS-AMT la bookshelf speakers? 

Peter Hoenen 
Peter_Hoenen@t-online.de 

I’m a new subscriber living in Colombia, 
South America. I’m also the happy, 
proud owner of a second-hand pair of 
old JBL Hartsfield, horn-loaded corner 
speakers, which I bought ten years ago 
and have managed to restore its wood¬ 
work and finish. I also have added a pair 
of JBL 24O5H horn tweeters to the origi¬ 
nal set, which is actually driven with 
three amplifiers and an electronic three-

way crossover, achieving excellent per¬ 
formance. 

I would like to know whether there 
are some further improvements I can 
make to these speakers, perhaps replac¬ 
ing the old 375 midrange driver with a 
recent model with titanium diaphragm, 
like the 2246H. Also, are there any liter¬ 
ature, test reports, plans or specifica¬ 
tions that I could obtain for this model? 

Jorge Padilla Mejia 
Cr. 4 #52A-65 apt. 801 
Bogota, Colombia 
South America 
Jpadilla@andinet.lat.net 

I build my own speaker boxes and fre¬ 
quently insert and remove drivers. My 
problem is that the neoprene gasket tape 
I use adheres to the baffle as well as to 
the speaker, making driver removal diffi¬ 
cult, often taking some of the baffle with 
it. Is there a gasket material that doesn’t 
become an adhesive after it is com¬ 
pressed? Is cork gasket tape available? 

Scott Elder 
793 E. Virginia 
Stayton, OR 97383 

Readers with information on these top¬ 
ics are encouraged to respond directly 
to the letter writers at the addresses 
provided.—Eds. 

From time to time, 
Speaker Builder publish¬ 
es the website addresses 
of speaker-related com¬ 
panies. If you would like 
your firm's wesite ad¬ 
dress to appear within a 
future issue, submit the 
information to: 

Speaker Builder 
PO Box 876 

Peterborough, NH 03458-0876 
FAX (603) 924-9467 

E-mail edhorial@audioXpress.com. 

Digital Storage 

Oscilloscopes 
and Spectrum Analyzers from $189. 

ATC and Pico Technology Ltd. Modules allow your PC to 
work as a DSO, Spectrum Analyzer, DVM, Frequency Counter 

Allison Products 
O-Scope Ip - Single Trace, DC-50KHz $189 
O-Scope II - Dual Trace, DC-500KHz $349 
SPECTRUM - Enhanced spectrum SW $ 39 

Pico Scopes and Loggers - Call for pricing 
ADC-100 - Dual Trace, IOOKSPS, 12-bit 
ADC-200S - Dual Trace, 20 to 100 MSPS 
Data-Loggers - 1 to 22 channels, DC-18KHz 

Allison Technology Corporation 

2006 Finney Vallet Rd • Rosenburg • TX • 77471 

Sales: 800-980-9806 
Phone: 281-239-8500 Fax: 281-239-8006 

atc@accesscomm.net http://www.ateweb.com 
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Wire and Cable 
Connectors 
Potentiometers 

www.mouser.com 

Capacitors • Diodes 
• Transformers 
Inductors • 
• Switches 
Speakers • Fuses 
• Knobs 
Hardware • 
• Equipment 
Tools 

800-992-9943 
817-483-6828 Fax:817-483-6899 

catalog @ mouser.com 

958 North Mam St.. Mansfield, TX 76063 

MOUSER 
ELECTRONICS 
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Tools, Tips, & Techniques 
THICK DRIVER-HOLE DIFFRACTION 

By Alan Ersen 

No serious speaker builder would 
mount a midbass driver behind a thick 
baffle (Fig. 1), since the undesirable ef¬ 
fects of diffraction and early reflections 
or cavity resonances would degrade the 
sound. Front-mounted or flush-mounted 
is usually considered the way to proper¬ 
ly install a driver (Fig. 2). Since there is 
an ever-growing trend to make front 
baffles thicker, it’s almost as though 
drivers are being mounted into a tunnel! 
Are cones of open-back drivers 

acoustically opaque? Almost always 
some sort of foam or stuffing material is 
used to prevent any of the interior 
sound from bouncing back out through 
the cone. But what about the sound that 
is reflected within this very short tunnel 

just behind the cone? Is this a problem? 
Is it audible? Yes, it is! 
The need is greater than most 

builders realize to treat surfaces in prox¬ 
imity to the back side of the cone. One 
solution would be to reshape the baffle 
hole inside the enclosure. This would 
be similar to what is done on the out¬ 
side of an enclosure to minimize diffrac¬ 
tion and early reflections. Shape this 
short tunnel so that sound is reflected 
away from the back side of the cone 
(Figs. 3 and 4). Or apply some sound¬ 
absorbing material, such as felt or open¬ 
cell foam (Fig. 5). Self-adhesive weather 
strip would be easy to use, and the dif¬ 
ference will be well worth it. 

NEW! Configure your “own” Kit 

Haven't found that perfect kit? Let us help you configure your own! 

1. Choose your drivers. 
2. Choose the cabinet 
3. Choose a crossover type 

Choose what you'd like and 
we'll do the rest! Full LMS/ 
L.E.A.E analysis for a proven 
design for a lot less than 
you'd think! 

Contact us for more details 
and other exciting products! 

Phone 616-534-9121 
Fax 616-534-7676 
info@meniscusaudio.com 
www.meniscusaudio.com 

MEN*IS*CUS 
MENISCUS AUDIO GROUP, INC. 

4669 S. Division Ave. 
Grand Rapids, Ml 49548 
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FIGURE I: 
Midbass 
driver 
mounted 
behind a 
thick baffle. 

FIGURE 2: 
Driver flush¬ 
mounted. 

FIGURE 5: 
Sound¬ 
absorbing 
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Dayton Loudspeaker Co.® 
The Dayton Loudspeaker Company is proud to introduce the 

Titanic 1200 Subwoofer We feel Websters definition of Titanic as "of great size, 
strength, or power"; “of or like the Titans”, perfectly describes this driver! With 

specifications like 16Hz Fs, hmm Xmax (linear), 90dB SPL (2.83V) and 350W power 
handling, we’re sure you win agree that this subwcofer is truly. Titanic! 

We assembled a team o the best speaker designers in the industry with one thought in mind ... to build the finest home theater subwoofer on the 
market! These engineers were chosen because of their expertise and pioneering desgns of long excursion, high output subwoo’ers. A cozen prototypes 
were built and rigorously tested before we were satêfied with the final design parameters. 

#295-400 

The latest state-o‘-the-ert manufacturing equipment and the finest materials available are used to ensure that each driver is built to the nighest 
standards of quality. CAD design and CNC machining allow for precision fit and close tolerance alignment to increase flux density and enhance heat 
transfer. Only the finest components are utilized: a heavy cast aluminum basket to control unwanted 'esonance. a talc-filled po.ypropylene cone to 
ensure stable, non resonant operation, Santoprene' rubber surround for extended lite and long excursion, an ultra high power vo*ce coil assembly with 
a high temperature resistant Apical® former (which is far superior to standard Kapton*). and quality, high tech adhesives to hold it all together. Steel 
parts are coated with a black high emissivity coating (originally developed 
for NASA) which improves heat d ssipation and lowers distortion. All of 
these components cost more, but are worth it! 

VISIT OUR WEBSITE 
♦ Technical Discussion Board 
♦ 24 Hour Secure On-line Ordering 
♦ Internet Specials 

www.parts-express.com 

FREE CATALOG 
CALL TOLL FREE 

SPEAKER CABINET NOT INCLUDED 

Normalized Amplitude Response (dB/Hz) Ba»» Box 5.1 
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Thiel-Small Parameters 
♦Power handling: 350 watts RMS/ 450 B 
watts max. <70106 col diameter: 2’ »Voice S 
coil inductance: 1.96 mH ♦Nominal imped¬ 
ance: 4 ohms ♦DC resistance: 3.66 ohms 
♦ Frequency response: 16-400 Hz ♦Magnet 
weight: 84 oz. ♦Fs: 16 Hz ♦SPL:90dB 2.83V/lm 
♦Vas: 9.894 cubic ft. ♦Qus 8.22 ♦Des: .42 ♦Qts: 
.407 ♦Xmax: 14.2 mm ♦Ne: weight: 
14.6 bs. ♦Dimensions: A: 12-1^”. B: 11-1/8”, 1 
C: 6-9/16”, D:6”, E: 2-3/4” 

Try it for 30 days ... If you don’t feel 
this is the best home theater 
subwoofer you’ve ever heard, we ll 
refund your money! The Titanic 
1200 is covered by our uncondi¬ 
tional 5 year replacement warranty. 

Although the 12" Titanic was designed primarily as a sealed box woofer, we 
found it is also well suited fot 4th order bandpass enclosures. One possible 
design is a 4.5 cubic foot bandpass tnat yields a frequency bandwidth of 17.5Hz -
70Hz -3dB). This design produces an output of 112dE and remains linear down 
to 28Hz at full power' _ 

You will be overwhelmed by the incredibly realistic low 
frequency that this driver will produce. We feel there is 
no other home theater subwoofer on the market to-
day (at any price) that can outperform the Titanic! 
Go ahead, put the T/S parameters into your favor- JL iff Til* 1 kJ 
ite box design software program and see for 
yourself what the Titanic 1200 can do! 

1-800^0531 
725 Pleasant Valley Dr, 
Springboro. OH 45066-1158 
Phone: 513,743-3000 ♦ FAX: 513/743-1677 
E-Mail: sales@parts-express.com 
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Twenty Years and More... 
The 1978 C.E.S. in Chicago was the very first time that Morel Acoustics USA, Inc. 
presented their product to the public. It became clear, early on, that the loudspeaker in¬ 
dustry was in need of high quality speaker drivers. Shortly thereafter we introduced 
several drivers and established the MDT-28/30 as one of the most popular and highly 
demanded tweeters on the market. 

Through the course of the years Morel brought many unique and innovative products 
to the speaker industry. The introduction of the 3" voice coil in a 5" basket, using 
hexagonal shaped aluminum wire, utilizing a double magnet system and ducted de¬ 
sign woofers and mid-basses are a few examples of the company’s breakthroughs. 
Also introduced were the Integra concept (single motor system for both the tweeter 
and woofer) and the Push-Pull 8" and 10" subwoofers (dual motor system, dual voice 
coils with a single cone). 

Integra Push-Pull Double Magnet 

Morel Acoustics USA, Inc. has come a long way since 1978. Currently, the company has 
a diverse line of exciting products which includes over 40 models of tweeters, midranges, 
mid-basses, woofers and subwoofers. Being a leader in the field of speaker design, for 
our 20th year anniversary we are scheduled to launch several new products that are sure 
to attract attention. 

Standard Hexatech 
Voice Coil Voice Coil 

Morel 
Voice Coil 

Standard 
Voice Coil 

Typical double magnet ducted woofer. 

For further information please contact: 

morel acoustics usa, inc. 
414 Harvard Street 
Brookline, MA 02446 USA 
Tel: ++617-277-6663 
Fax: ++617-277-2415 
E-mail: sales@morelusa.com 
Website: www.morelusa.com 
Product Distribution Center 
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