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Today’s ever improving audio standards, and increasingly 
technical and creative acoustic applications, require preci¬ 
sion realtime acoustic measurements and documentation 
more than ever before. 

Whether your application is home theater, cinema, 
church, or stadium installations, the pcRTA has powerful 
features and solutions for you. T he pcRTA gives you affordable laboratory pre] 

sion and quality with all the power and features of 
PC-based system. Offering 4-mic multiplexing, tl 
pcRTA makes surround sound alignment and spati 
averaging a snap. Moreover it provides built-in alig 
ment curves for NC, SMPTE X/N, and mor 
Complete with ANSI filters A,B,C,D,E and a host 
other features to numerous to mention! 

PAC3 - TTlO Portable Solution If your measurement 
requirements demand portability, we've got the answer. The PAC3 
provides a serial interface to laptop or other computers, and more... LinearX Systems Inc 

Call Today for a free 
Demo Disk! 

Tel: (503) 620-3044 

7556 SW Bridgeport Rd 
Portland, OR 97224 OSA 

TEL: (503) 620-3044 / FAX: (503) 598-9258 
BBS: (503) 598-9326 / Internet: info@linearx.com 

©1995 Product and Trademark names are the property of their respective owners. 

International Dealers: AgentlnaJnterface SRL (54-1)741-1389/ AustraliaME Technologies 61(0)65-50-2254/ Austria:Audiomax 49(0)71-31-162225/ Belglum:Be 
32(0)2-736-50-00/ BrazilSDS Equipamentos 55(0) 11-887-7597/XZanadacGerraudio 416-696-2779/ Chlna:HiVi Research (852)2-556-9619/ Denmark,Finland:^ 
Ljudproduktion 46(0)8-623-08-70/ France:Belram 32(0)2-736-50-00/ Germany:Audiomax 49-71-31-162225/ Fndonesia:Ken's Audio 62(0)21-639-5806/ ltaiy:Outline 
39-30 3581341/ Korea: Sammi Sound:82(02)463-0394/ Luxembourg Belram 32(0)2-736-50-00/ Malaysia:AUVI 65-283-2544/ New Zealand ME Technologies 61-6! 
2254 Norway:A&T Ljudproduktion 46(0)8-623-08-70/ Phlllipines:Dai-lchi Denshi (63)2631-6980/ Poland:lnter-Americom 48(22)43-23-34/ Singapore: AGVI 65-
2544 Spaln:Audio Stage Design 34(94)620-27-47 Sweden:A&T Ljudproduction 46(0)8-623-08-70/ Switzerland:Good Vibes Ltd 41-56-82-5020/ Taiwan:Gest>on Taj 
h tl 886-2-562-3883/ ThailandAUVI 65-283-2544/ The Netherlands:Duran Audio 31-41-80-15583/ UK(England):Munro Assoc 44(0)171-403-3808. 



Good News 
■ HALL EXPANSION 
Adam Hall USA announces the purchase of Fane 
Acoustics Ltd., a manufacturer and supplier of 
high-quality loudspeakers. Clive West, formerly of 
Precision Components and Turbosound, will focus 
on new product development and streamlining the 
company’s existing product line. Jay Peabody, 
previously the Image Communications’ General 
Manager, will expand its US operations. Adam Hall 
has facilities in England, Germany, and the US. 
Adam Hall USA, (847) 854-2492, FAX (847) 854-
2507, AHALLUSA@aol.com. 

■ KNOCK ON WOOD 
Cubicon Corporation, manufacturer of paper tube 
products, now offers veneered bases in small quanti¬ 
ties directly to consumers. Cubicon’s bases are made of a 
3/8"-thick, nine-ply material, constructed of 100% recycled 
paper, and are available in more than 75 different geometric forms. The 
units range from 6"-32" in diameter and 29'/2"-10' in length to meet 
consumers’ needs. Veneers offered include red oak, cherry, maple, walnut, 
mahogany, ash, white oak, unfinished wood, and metal or plastic laminate. Cubicon Corp., 
PO Box 28745, St. Louis, MO 63146-1245, (800) 635-3060, FAX (314) 567-0046. 

□ THIEL’S COHERENT 
SOURCE 
Thiel Audio’s latest Coherent Source® 
loudspeaker, the CS6, is a three-way 
system for home-music and video¬ 
sound use. In addition to a 12" 
passive radiator, the CS6 features 
three drivers with metal diaphragms: 
a 1" coaxially mounted dome tweeter, 
4" midrange driver, and 10" woofer. 
Its cabinet includes a concrete baffle, 
internal bracing, cast magnesium 
driver chassis, and a real-wood finish. 
Using a first-order crossover, the CS6 
achieves 4Q nominal impedance and 
a ±1.5dB frequency response at 
28Hz-18kHz. Thiel Audio, 1026 
Nandino Blvd., Lexington, KY 40511, 
(606) 254-9427, FAX (606) 254-0075. 

Reader Service #106 

■ HOW TO SCORE 
AudioControl Industrial’s HAL-30 
built-in scoring computer enhances the 
SA-3050A real-time spectrum analyzer 
by measuring frequency response and 
SPL, with both USAC (United States 
Autosound Challenge) and IASCA 
scoring. Although the computer is 
factory installed in new analyzers, 
upgrades to include the HAL-30 in 
existing SA-3050As and free calibration 
are available direct from the factory. 
A Sierra White Special Edition SA-
3050A, incorporating the HAL-100 
scoring computer and a white front, is 
also currently available. AudioControl, 
22410 70th Ave. W, Mountlake 
Terrace, WA 98043, (206) 775-8461, 
FAX (206) 778-3166. 

Reader Service #108 
Reader Service #102 

■ A SUB WITH THE WORKS 
Meniscus Audio Group presents the PSA-200 powered sub amplifier module. Designed for use with powered subwoofers and 
studio monitor designs, the PSA-200 incorporates line-level inputs and bi-polar outputs. This fully discrete module, capable of 
supplying 200W RMS into a 412 load, offers controls to adjust gain, phase, and continuous frequency. Meniscus Audio Group, 
2575 28th St. SW, Wyoming, Ml 49509, (616) 534-9121, FAX (616) 534-7676, meniscus@iserv.net. 

Reader Service #101 

■ HUH? 
Hearing Education and Awareness for Rockers 
(H.E.A.R.) is a non-profit health organization devoted to 
raising awareness about hearing loss due to exposure 
to loud music. To raise funds and educate the public to 

the dangers of excessively loud sound levels, 
H.E.A.R. launched an independent record label. 
H.E.A.R.’s albums feature songs and public service 
announcements by a variety of artists. Aided by 
individual donations and corporate affiliate sponsor¬ 
ships, H.E.A.R operates seven non-profit hearing 

centers and offers a Heamet 
website, interactive access to 
health professionals, and infor¬ 
mation on tinnitus, hearing pro¬ 
tection, and assistive listening 
devices (ALDs). Hearing 
Education and Awareness for 
Rockers, PO Box 460847, San 
Francisco, CA 94146,24-hour 
hotline (415) 773-9590. FAX (415) 
476-7113,hear@heamet. com, 
http://www. heamet.com. 

□ ROCK SOLID’S SOLUTIONS 
A division of B&W Loudspeakers, Rock Solid Sounds 
introduces the Solid Solutions series. The S100 two-
way mini-monitor includes a wide-range 4" mid/bass 
unit, 1" dome tweeter, and 100W peak power handling 
in a fourth-order vented-box enclosure. The C100 
center channel combines a pair of 4" mid/woofers and 
1" dome tweeter in a magneti¬ 
cally shielded horizontal cabi¬ 
net with a diffraction-free front 
baffle. The PB100 active sub¬ 
wooferfeatures a single 10" 
driver, on-board 70W ampli¬ 
fier utilizing MOSFET outputs, 
low- and high-level inputs, 
and built-in electronic j 
crossover. Rock Solid 
Sounds, 54 Concord St., 
North Reading, MA 01864, 
(800) 370-3740, FAX (508) 
664-4109. 

Reader Service #104 
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Good News 

C LEFT, RIGHT, AND CENTER 
The S-75 series, new from Miller & Kreisel Sound, consists of 
bookshelf, center, and LCR (left/center/right) speakers. A 
multi-channel digital monitor, the Bookshelf-75 can be converted 
from a sealed box to a vented box with the removal of a foam 
plug from its front baffle. The Center-75 center-channel speaker 
incorporates M&K’s phase-focused crossover and ferromagnetic 
shielding system. The LCR-75 monitor, although based on the 
Center-75, adds a satellite tweeter to the list of features. Miller & 
Kreisel Sound Corp., 10391 Jefferson Blvd., Culver City, CA 
90232, (310) 204-2854, FAX (310) 202-8782. 

Reader Service #103 

■ RIDE A NEW WAVE 
Now Hear This, celebrating its ten-year history, introduces its 
NewWave expandable subwoofer/satellite system. Available in 
three separate packages, NewWave offers an 8" long-throw 
subwoofer in an 11" square cabinet, a high-pass filter, and 
built-in 50W amp. Each of the three satellite speakers is housed 
in an ABS resin cabinet and includes a 314" midrange, %" soft-
dome tweeter, and magnetic shielding. Now Hear This, 535 Getty 
Ct., Benicia, CA 94510, (800) NHT-9993, FAX (707) 747-1252, 
website http://www.nhthifi.com. 

Reader Service #107 

YOU can't take shortcuts in quality 
WITHOUT LOSING PERFORMANCE 

It Pays To Use the Highest Quality Capacitors in Audio Design 
• MultiCaps & Rel Audio polystyrenes & polypropylenes in tin, 

copper & aluminum foils 
• White papers, specs, measurements & technical information 

see our web page www.capacitors.com or contact us at: 
Tel: (310) 946-8577 • Fax: (310) 944-7494 

Reader Service #69 

■ SONIC ABSORPTION 
Tekna Sonic’s in-wall Vibration Absorbers, avail¬ 
able in TF-10 and TF-5 versions, are designed 
to reduce box coloration in speakers. Intended 
as OEM versions for loudspeaker manufactur¬ 
ers and custom home installers, these vibration¬ 
control systems are utilized by NEAR’s Model 
50Me and Model 15M speakers. These devices 
consist of elasticized polymer plates, respond¬ 
ing to frequencies of 40Hz-2kHz, which convert 
enclosure energy to heat to reduce sound dis¬ 
tortion from panel vibrations. Tekna Sonic, Inc., 
442 Houser St., Ste. E, Cotati, CA 94931, (707) 
794-1512, FAX (707) 794-1513. 

Reader Service #105 

■ WIRELESS SOUND 
Sennheiser released the RS 8 and RS 6 wire¬ 
less stereo headphone systems, operating in 
the 900MHz bandwidth and three switchable 
frequencies. Powered by a BA 150 NiCad 
rechargeable battery, the RS 8 includes an 
HDR 8 stereo headphone with radio-frequency 
receiver, a T 8 transmitter with two battery 
recharging ports, and an adjustable heaoband 
and volume control. Also powered by the BA 
150, the RS 6 offers a similar HDR 6 stereo 
headphone and T 6 transmitter, a fixed anten¬ 
na, and automatic on/off switch. Sennheiser, 6 
Vista Dr., PO Box 987, Old Lyme, CT 06371, 
(860) 434-9190, FAX (860) 434-1759, website 
http://www.sennheiserusa.com. 

Reader Service #109 
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Mms):l6.3g 
\rea(Sd): 109cm 

Moving Mas 
Effective Piston 

Voice coil Length:14.5mm 
Force FactorÏBL):6.5N/A 

Linear Excursion(Xmax):5.5mm 
SUSPENSIONCOMPLlANCE:(Cms):690uM/N 

Mechanical Q Factof(Qms):5.3 
Electrical Q Fa>'tor(Qes):0.54 

Total Q Factfr(Qts):0.49 

Nominal lmpedance(Z):5l.l 
Resonance Frequency(Fs):47Hz 

Sensit ivity\(E):85dR 
Voice Coil Diameter:76 mm 
DC Resistanee(Rd):4.5Li 
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THIRD 

GENERATION 

CLASS-D POWER 

AMPLIFIERS 

Reliable, high-efficiency 
switching amplifiers have 
come of age... Turnkey 500WRMS subwoofer amp with full feature 

set... ready to drop in your enclosure. 

LGT is an OEM manufacturer of high performance audio amplifiers, either turnkey 
with a full feature set, or as pre-fabricated PCB assemblies. The high efficiency of 
Class-D is available in several configurations and output levels. Heatsinking 
requirements on all models are minimal. Contact Tern Taylor for full details and a 
developer kit. 

LGT 
©1996 LGT 

SWITCHING TECHNOLOGIES 

910 Creekside Road • BuildingA • Chaitanooga, TN 57406 • Email: acouslical@aol.com 

Tel: 423-622-1505 Fax:423-622-1485 

Reader Service m 

Builder 
The Staff 

Editor and Publisher 

Edward T. Dell, Jr. 
Regular Contributors 

Joseph D’Appolito 
Richard Campbell 
Vance Dickason 

Gary Galo 
Richard Pierce 

Robert Bullock 
John Cockroft 
Bruce Edgar 
G.R. Koonce 
Bill Waslo 

Vice President 

Karen Hebert 
Dennis Brisson Assistant Publisher 

Swain Pratt Associate Editor 

öurtney E. Howard 
Karen Chivallati 
Linda Cardone 
Diane Luopa 
Joan Ahern 
Gary Duke 

Laurel Humphrey 
Robyn Lasanen 
Doris Hamberg 

Assistant Editor 

Editorial Assistant 

Graphics Director 

Assistant Graphics Director 

Prodoction Assistant 

Production Assistant 

Marketing Director 

Circulation Manager 

Customer Service Supervisor 

Advertising Rates & Schedules 
Peter B. Wostrel 
Linda M. Guyette 

lisa DiRusso 
Ann Avery 

(603)924-7292 

Natiooal Advertising Director 

Advertising Sales 

Advertising Coordinator 

Advertising Assistant 

FAX (603) 924-9467 

The peculiar evil of silencing the expression of 
an opinion is, that it is robbing the human race; 

posterity as well as the existing generation; 
those who dissent from the opinion, 
still more than those who hold it. 

John Stuart Mill 
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About This Issue 
Many audiophiles are familiar with the Mitey 
Mike loudspeaker tester. This top-quality mike 
just became more versatile, thanks to Publio 
Morera’s simple wand modification (“Mitey 
Mike Goes Mobile,” p. 8). You’ll achieve 
portability and protection for your precious 
cargo to ensure accurate measurements. 

Don Jenkins continues to share the results 
of his driver-performance tests (“Dynamic 
Characteristics of Driver Impedance,” p. 10). 
His study determines that there’s more to 
impedance than a simple, direct measurement 
and calculation. For a meaningful value, 
you must consider other circuit characteris¬ 
tics as well. 

Just because you may have exceeded your 
credit limit at your local hardware and lumber 
stores doesn’t mean you need to produce infe¬ 
rior-looking speakers. Ken Bird offers a prac¬ 
tical construction application using mostly pre¬ 
cut lumber and off-the-shelf components, and 
without the benefit of a workshop full of 
power tools (“The Pre-Cut Speaker,” p. 16). 

At certain frequencies, wave distortion can 
be heard in conventional loudspeakers, which 
can wreak havoc with your favorite music per¬ 
formance. To determine how much of this dis¬ 
tortion is audible, Dennis Colin presents his 
study beginning on p. 18 (“Waveform Phase 
Distortion”). 

Acoustic designer Philip Newell is much in 
demand these days building control rooms/stu-
dios across Europe (including Portugal’s first 
Dolby Digital Surround film post-production 
studio). In “Monitors for Nonenvironment 
Rooms” (p. 22), he explains the special 
demands confronting today’s designers and 
describes the axisymmetric horn and monitor 
system used in rooms built with the nonenvi¬ 
ronment principle. 

Otto Doering’s restoration project of the 
classic Altec drivers is an inspiration. With a 
little modem knowledge and experience, care¬ 
ful work, and adherence to classic design, he 
demonstrates how an old-time wonder from 30 
years ago rivals the best we have to offer today 
(“The Classic Altec 604 Reborn," p. 32). 

Also in this issue, you’ll discover a useful 
software program to help you design speaker 
crossover networks (“Software Review— 
NETCALC.” p. 40). 

Speaker Builder (US USSN 0199-7920) is published every 
six weeks (eight times a year), at $32 per year, $58 tor two 
years; Canada add $8 per year; overseas rates S50 one 
year, $90 two years; by Audio Amateur Corporation, 
Edward T. Del', Jr., President, at 305 Union Street, PO Box 
494, Peterborough, NH 03458-0494. Periodicals postage 
paid at Peterborough, NH and an additional mailing office. 

POSTMASTER: 
Send address change to: 

Speaker Builder, PO Box 494 
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MITEY MIKE GOES MOBILE 
By Public Morera 

When I first began using Mitey 
Mike, my plan was only to mea¬ 
sure the response of all my loud¬ 

speakers. These included a fairly large num¬ 
ber of mildly successful, but also some very 
disastrous, modifications, creations, and 
repairs, as well as some hidden speakers that 
had escaped my wife’s spring cleaning. It 
wasn’t long before the sound of sine waves 
and warbles turned all three of our once 
affectionate cats into biting, scratching, and 
totally demonic beasts. 

When my wife threatened to move out, I 
reluctantly agreed to temporarily “can” 
Mitey Mike. I was not having much suc¬ 
cess anyway at keeping the neighbors, their 
pets, cars, kids, and low flying planes from 
disturbing my outdoor measurements. 
Then I realized that most of my nonaudio¬ 
phile friends and acquaintances also had 
loudspeakers. By presenting my interest as 
a noble attempt to assess the performance 
of their systems, I was assured an ample 
supply of speakers to measure, as well as 
an occasional free lunch. 

FIGURE I: Wand modification. 

HANDLING WITH CARE 
The front of my delicate measurement appa¬ 
ratus has two ends, the sensitive capsule and 
the plastic enclosure housing the electron¬ 
ics, neither of which would react favorably 
to the rigors of traveling to friends’ homes. 
To transport Mitey Mike, I needed a suit¬ 
able and affordable carrying case. 
Unfortunately, most commercial instrument 

cases were priced much higher than Mitey 
Mike itself. 

Measuring approximately 23", the 
microphone was too long for the molded-
plastic tool boxes readily available in hard¬ 
ware stores. I decided that the best way to 
reduce the effective length of the instru¬ 
ment was to make the wand assembly 
removable by mounting corresponding mat¬ 
ing PL-type connectors on the case and the 
end of the wand. 

epoxy to fill the small gap between the 
outer surface of the brass wand and the 
inner threads on the connector. 

In order to ensure that the connector and 
wand were concentric, I had to hold the con¬ 
nector firmly against the remaining brass 
nut. After the glue set, I removed the tape 
and the slight residue left on the connector 
body. Any epoxy remaining on the connec¬ 
tor would make it difficult to turn the 
threaded collar. 

The first step was to open up the 
plastic case housing the electronics, 
note the polarity of the wires and 
then unsolder them from the pc 
board. With the wires disconnected, 
I had to remove the brass nut on the 
end of the wand inside the case, 
along with the washers. I had 
intended to attach a PL-259 (Radio 
Shack part #278-205) by threading 
it onto the end of the brass rod, but 
the thread type and the diameter of 
the hole on the back of the connec¬ 
tor did not permit this. 

ADHESIVE SOLUTION 
My alternative in order to use the 
PL-259 connector was simply to 
glue it in place using five-minute 
epoxy (Fig. 1). Before mixing the 
adhesive, I had to cut, strip, and tin 
the wires so I could solder them to 

FIGURE 2: Connecting the wand to the case. the connector. 
The microphone was constructed 

using the blue wire (supplied) as 
the ground. By sliding back the threaded 
connector collar, I was able to fish the blue 
wire through one of the holes on the con¬ 
nector and solder it to the connector’s 
body. I then brought the yellow positive 
wire through the l/8"-diameter hollow-cen¬ 
ter contact and soldered it to the tip. Once 
the electrical connections were made, I 
carefully pushed the excess wire lengths 
into the wand as I brought the PL-259 to 
rest against the one remaining brass nut. 

I held the wand gently in a vise while 
applying the epoxy, and I protected the 
connector body from epoxy residue with a 
single turn of masking tape. With the cap¬ 
sule end facing upward, I applied sufficient 

The complete wand modification took 
me only about 20 minutes. Because of the 
close fit of the wand into the connector, as 
well as the roughness of the threaded sur¬ 
face, the adhesion is quite strong. 

Since the wand was intentionally 
grounded inside the case with the original 
mounting arrangement, I decided to make a 
small solder connection between the brass 
nut and the connector body using a 30W 
soldering iron. This allows the wand to 
remain grounded once it is mounted. 

JOINING THE CASE AND WAND 
The case requires an SO-239 (Radio Shack 
#278-201) chassis-mount connector in 
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order to accept the modified wand and its 
connector. I had to enlarge the original 
mounting hole on the plastic case and drill 
four 1/8" holes in order to mount the SO-
239 (Fig. 2). The plastic case is quite soft, 
enabling me to make the screw and mount¬ 
ing holes with a reamer. I decided to 
mount the connector on the outside of the 
case so as to cover the rough edges of the 
enlarged hole. 

Inside the case, the same polarity as the 
wand-mounted connector is observed. I 
soldered the yellow signal wire to the cen¬ 
ter terminal and the blue wire to a clean 
point of the connector body. I separated 
the blue ground wire from the large 
grounding lug that had previously been 
secured with the brass nut from inside the 
case, and substituted a small crimp-on lug. 
Once installed on one of the SO-239 
mounting screws, this lug maintains the 
electrical continuity and so properly 
grounds the wand. 

With these modifications, you’ll achieve 
an ease of deployment and protection for 
your mike equipment—not to mention 
new-found freedom to roam and protection 
against angry wives. fe 

We Buy Dead Speakers: Altec, E-V & JBL 

PEA 

1 -800-526-8879 [MasterCard 

Speaker parts & adhesives, 
cones, spiders & dust caps 

Special Closeout on rebuilt DYN 
Audio Drivers: MR 17.75, W30-100, 
W24-100, W17-75. BELOW COST! 

Refoam kits available for 4", 5-1/4", 
6-1/2", 8", 10", 12", & 15" speakers 
- only $29.95 (JBL slightly higher) 

Replacement grilles for Altec, 
B-l-C, Cerwin-Vega, JBL & Marantz 

FACTORY AUTHORIZED SERVICE: 
Advent, B-l-C, Bozak, EPI, RTR, 
Cerwin-Vega, JBL Home & Pro 

3 Way Crossovers Circuit 
Breaker Gold Plated Binding 
Posts $19.95 each! 

"SPECIALISTS IN THE ART OF SPEAKER REPAIR" 

NO CATALOG AVAILABLE-— 
CALL US FOR HARD TO FIND DISCONTINUED PARTS 
493>A^ South Mingo / Tulsa, Oklahoma / 74146 

Call today to order, 
or for your free catalog... 

1-800-543-4330 
Hours: M-F 7 a.m.~ 9 p.m., Sat. 9 a.m.- 6 p.m. EST. 

Same Day Shipping! 
In stock orders placed by 5:00 pm (YOUR TIME) 
are shipped the same day from distribution! 
centers near Reno, NV and Dayton, OH. 

MCM ELECTRONICS* 
650 CONGRESS PARK DR. 
CENTERVILLE, OH 45459 
A PREMIER FARNELL Company 

Carbon Fiber Cone Woofer Series 
Ideal for the heart of any speaker system, 
these drivers utilize one of the most rigid and 
lightweight composites available today. The 
combination of a high compliance rubber 
surround and woven carbon cone results in 
dynamic bass response and superb midrange 
clarity not found in conventional woofers. 
Available in 6Ü", 8" and 10" sizes, MCM has 
the right size for your application. 8ohm. For 
complete specifications, see your MCM catalog 
or contact your MCM Sales Representative. 

Price effective February 14. 

High Performance 
Great Looks 
Fabulous Price! Certificate No. RS#35690 

through March 31,1997 

RMS Peak Frequency Voice 
Order# Size Watts Watts Response Coil Magnet (ea.) 
55-1545 6/" 50 100 30~6KHz 1.357" 17.7oz. $24.95 
55-1550 8“ 75 150 24~5KHz 1.500” 29.9 oz. 34.95 
55-1555 10” 100 200 24~4KHz 2.000" 42.7 oz. 49.95 

C0DE:SB36 

Reader Service #11 
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DYNAMIC CHARACTERISTICS OF 
DRIVER IMPEDANCE 

By Don Jenkins 

My dictionary defines impedance as 
“the resistance met by an alternat¬ 
ing electric current on passing 

through a conductor; the ratio of the effective 
electromotive force to the effective current 
of an alternating current circuit.” This seems 
simple enough: divide the effective electro¬ 
motive force by the effective current (which 
must also be alternating) and the result will 
be the impedance. 

In Electromagnetics, Krause states that 
“the magnitude or modulus of the intrinsic 
impedance is equal to the ratio of the electric 
to the magnetic field, and the phase angle of 
the impedance is equal to 0.” The function 0 
is described in a footnote: “The dot on the Z 
indicates explicitly that the impedance is also 
a complex quantity. However, it is a com¬ 
plex function only of the phase angle 0.” 

This seems somewhat more complicated 
than the dictionary version. Maybe you can¬ 
not simply divide the voltage by the current. 
It appears you must also consider the phase 
angle. 

In calculating the impedance of a circuit, 
several considerations are necessary besides 
simply measuring the voltage and current 
and finding the quotient. You must also 
determine, at a minimum, the effective val¬ 
ues of each, numbers that may not appear on 
your voltmeter or ammeter. Also, the current 
must be alternating. 

By definition, the effective value is related 
to the power dissipated in the load. Since only 
resistance can dissipate power, the effective 
voltage and current values for AC circuits are 
relative to the power that would be dissipated 
by DC of the same magnitude. In other words, 
if an AC circuit is delivering 100W to a load, 
the product of the effective values of the cur¬ 
rent and voltage is, by definition, 100. 

CALCULATING EFFECTIVE VALUES 
The effective value of each is a time average 
of the instantaneous product of each value. 
This is the RMS value, which for constant 
results must have a duration of at least one 
complete power cycle. In the real world, the 
frequencies are always high enough so that 
many cycles are “read” by the instrument 
and RMS averaged. Can you then measure 
the voltage across a load and measure the 

FIGURE la: 30ms 2V DC pulse, time record of 50ms. 

current (using meters that claim to measure 
“true RMS values”), take their quotient, and 
declare this value to be the impedance? 
Unfortunately, the answer is both yes and no. 

You can determine the impedance magni¬ 
tude from these values, but to be complete, 
as required by the definition above, you also 
need the phase relationship, because the 
effective values are those that cause power to 
be dissipated in the resistive load. Using 
measured values, even from “true RMS” 
instruments, simply won’t do the job. 
Without either knowing the phase relation¬ 
ship of the variables, or having some direct 

measurement of the power produced (heat, 
mechanical motion, etc.), you cannot deter¬ 
mine the impedance of the circuit. It’s as 
simple as that. 

Usually, the direct measurement of power 
is difficult. Fortunately, you can use theoreti¬ 
cal circuit analysis to good advantage. 
Unfortunately, like the definition of imped¬ 
ance itself, there is first-order analysis, and 
there is detailed analysis. The basic differ¬ 
ence is in the assumption of pure sinusoidal 
currents in the circuit elements. 

For the most part, all analysis treatments 
assume a pure sinusoidal current, but not 

FIGURE I b: 30ms 2V DC pulse, time record of 100ms. 
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necessarily a single-frequency one. 
Advanced analysis techniques can handle 
sinusoidal harmonics with phase shifts, but 
such analysis is complex and not for the 
average, or even advanced, experimenter. 
When transients are in the real circuit, this 
analysis is highly complex. 

INPUT CHARACTERISTICS 
It is clear that you must determine the input 
characteristics (phase and waveform) if the 
impedance value is to be meaningful. When 
the phase is input, the impedance becomes a 
complex variable, so that you cannot use 
impedance values as real numbers in calcula¬ 
tions (real in the mathematical sense). That 
is, you cannot add, subtract, multiply, or 
divide impedance magnitudes without using 
complex-value methods. 

You cannot put an impedance value of 
1 011 in series with a 1 011 resistor and 
assume it will produce either a 20Í1 resis¬ 
tance or a 20Í1 impedance. Without addi¬ 
tional data on the impedance and other cir¬ 
cuit characteristics, the resultant effect on the 
circuit is simply indeterminate. 

Impedance is also a point function. That 
is, the impedance of a circuit may vary with 
the input. (This is always true if the applica¬ 
tion requires mechanical motion.) Even with 
steady sinusoidal input, you can define the 
magnitude of the impedance as a set of 
instantaneous values. The value usually 
quoted for circuit analysis is a time-averaged 
value, based on the definition of impedance 
relative to power. 

The question now is, what relationship 
does all this have to speaker-driver use and 
applications relative to power matching and 
filter design in the driver-to-amplifier circuit? 

DRIVER INSTALLATION 
First, consider the driver installation. Driver 
impedance curves are for the most part pro¬ 
duced by a slow sine sweep over the fre-

Record length 1Ö0 ns Pulse uidth 30.G ns Haxinun Displacenent 1.012 nn 
Ratio Input to Back enf 2.23 nax dispnax 9.0 ns 
CR for neu run. 0 to EMD? | 

FIGURE 2: Computer-simulation outputs. 

quency range of interest. You can then cal¬ 
culate the impedance as magnitude versus 
frequency, and—using the known voice-coil 
resistance—express it as a complex variable 
determined by the solution of the impedance 
triangle. Through this procedure, however, 
you have really determined only the steady¬ 
state characteristics using a single sinusoidal 
frequency input. 

You have learned almost nothing about 
the transient impedance characteristics of 
the driver, and only slightly more about its 
impedance when subjected to a variable-
frequency input. Practically all matching 
filters in crossover networks are based on 
this first-order, single-frequency impedance 
characteristic. 

An understanding of the impedance char¬ 
acteristics of a driver can begin with a 

description of its various circuit and mechan¬ 
ical responses when pulsed with a constant 
direct current. Figures la and lb are plots of 
the voltage and current records of a 30ms, 
2V DC pulse. Figure la is a time record of 
50ms, while lb is the same record with a 
100ms time record, which gives a “better 
view” of the current transient. 

As you can see, while the voltage is rock 
solid at 2V input, the current is not constant. 
If the voice-coil resistance is constant over 
this time increment (30ms), why does the 
current vary? The answer is, of course, that 
the impedance—the resistance to current 
flow—is not constant. It is, in fact, changing 
with time as the driver mechanical compo¬ 
nents move. 

Figure 2 is a computer simulation of the 
same driver. From these simulation outputs. 

I o 
E 

I 70 

Maximum Impedance Ratio 

FIGURE 3a: 40ms 3V DC pulse. 

1 66 

Maximum Impedance Ratio 

FIGURE 3b: 40ms 6V DC pulse. 
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you can see how the driver cone moves and 
the impedance changes with time. Also, a 
plot of the back EMF produced by the voice¬ 
coil motion through the driver magnetic field 
shows why the impedance changes. 

BACK-EMF EFFECTS 
As the input current accelerates the driver 
cone, a resistance to this acceleration is pro¬ 
duced by the mechanical resistance of the 
cone (compliance), the weight of the acceler¬ 
ated components (mass), and the back volt¬ 
age generated by the velocity of the voice 
coil through the driver magnetic field. As the 
velocity increases, so does the back EMF, 
resulting in an apparent increase in voice¬ 
coil ohmic resistance as the back EMF 
reduces the input current. 

(The back EMF is a voltage of opposite 
polarity in this example. However, as the dri¬ 
ver motion and input voltage change with 
time, it is possible for these two components 
to add together and provide “negative 
impedance” over some parts of the cycle.) 

In this example, the voice-coil resistance 
is 7.IQ. The maximum impedance seen dur¬ 
ing this transient is 12.9Q. The “integrated” 
impedance magnitude for the complete 30ms 
pulse is 7.9Q. and the complex "integrated” 

impedance for this pulse is 7.1 + j 3.5Q. 
Having measured and calculated these three 
different values, you can now examine what 
each one means, and bring to light the inter¬ 
pretation of impedance measurements and 
quoted values. 

Voice-coil DC resistance is the actual 
value of the voice-coil winding’s resistance. 
But this value is not the impedance of a dri¬ 
ver; it is only the voice-coil resistance. 

Impedance magnitudes given as so many 
ohms must be referenced to some frequency. 
This magnitude will always be higher than 
the voice-coil DC resistance—significantly 
so near the driver resonant frequency. This 
value should be quoted as a complex vari¬ 
able, just as the 7.1 + j 3.5 number above. 
This value indicates that at the stated fre¬ 
quency, the current is not in phase with the 
applied voltage. This value is classically 
given for a driver and input system in equi¬ 
librium, and must be so for correct interpre¬ 
tation. This means that the driver mechanical 
motion and the input voltage are not chang¬ 
ing, relative to each other, over the measure¬ 
ment time. 

MEASURING OVER POWER CYCLES 
Since RMS impedance values are defined as 

power equivalents, the equilibrium measure¬ 
ment must be made over at least one power 
cycle. For most real-world cases, as noted 
above, this is always the case. Impedance 
measured in this manner, i.e., over a number 
of complete power cycles, is the integrated 
average of each point impedance value over 
the measurement time. 

For RMS voltage magnitudes, a value of 
100V RMS is, for a sine wave, a peak-to-
peak voltage value of 289.92V. A 100Q 
impedance magnitude, for a variable signal 
input, will have peak values always greater 
than the 100Q RMS magnitude. You cannot 
determine power in the circuit from the quo¬ 
tient of the squared RMS voltage and the 
impedance magnitude. 

For the nonequilibrium transient condition 
as shown by Figs. I and 2, the impedance is 
a time-variable value, and can be completely 
described only by the time record. While the 
integrated complex impedance value may 
have some utility for circuit analysis, the 
complete time history is the only true mea¬ 
surement of the impedance. 

In summary, when the impedance of a 
driver is quoted, you must note additional 
measurement conditions for the impedance 
value to be meaningful. The complex 

DC PULSE TEST 

The DC pulse test, using the impedance tran¬ 
sient, is useful as a driver-evaluation tool 
both for self-damping characteristics and for 
"balanced” assembly and design. A perfect 
driver would have a linear compliance over 
the maximum input power range, along with 
a perfectly linear magnetic field within the 
maximum power travel of the voice coil. 
The voice-coil suspension would also be 
exactly centered in the field, so that the 
acceleration force on the cone is at all times 
linear with the voice-coil current. 

By using the DC pulse-impedance 
response of a specific driver, you can evalu¬ 
ate the sum of these design parameters. 
Figures 4a and 4b are plots of pulse-imped¬ 
ance response for both positive and negative 
pulses. The first is for the driver “right side 
up,” and the other for the driver "upside 
down.” The axis of cone motion is always 
vertical in these tests. 

The reason for the two cases is that for a 
driver having a large accelerated mass, grav¬ 
ity will have some effect on the results. By 
running the test both ways, this effect if any, 
is eliminated. 

Using this test with the motion axis hori¬ 
zontal, which is the way most drivers are 
installed, puts an imbalance on the cone sus¬ 
pension that test orientation cannot elimi¬ 
nate. For most drivers, any position will 
yield the same results. The two plots shown 
here are in fact statistically the same. Only 

when the suspended mass is large will there 
be much measurable difference. 

Looking at Fig. 4a, the impedance ratio 
(IR) decreases with greater positive-ampli¬ 
tude pulses. A decrease in IR indicates a 
lower maximum cone velocity, i.e., the 
maximum velocity does not increase lin¬ 
early with current. This can be caused by 
increasing suspension compliance with dis¬ 
placement, the usual case, or by a reduction 
of the magnetic-field strength with dis¬ 
placement. 

From this test alone, you cannot separate 
the cause. Looking at the negative pulse 
series, the IR values are much more vertical. 
For an ideal driver, all points would be verti¬ 
cal, indicating linear compliance and linear 
field strength 

For this driver, the assembly perfor¬ 
mance is much better when the cone moves 
in the negative direction (actually the plus 
and minus directions are purely arbitrary). 
You can see the effect of gravity through 
understanding that the right-side-up posi¬ 
tive motion is the same direction as the 
upside-down motion. Both of these curves 
are statistically the same. For this driver, 
gravity has no effect on the range of these 
measurements. 

PERFECT PERFORMANCE 
You can judge the data repeatability from the 
±1V pulses. The lines connecting these 

points on both plots are nearly vertical, indi¬ 
cating that over this small power range the 
driver is performing perfectly. This connect¬ 
ing line also crosses the 0V axis at an IR of 
about 1.74 for both sets of data, indicating 
that the measurements have only a small 
experimental error. 

The judgement about the driver perfor¬ 
mance from these tests is that the suspension 
and coil position is not well placed. A power 
transient producing a 6V peak will see a 
maximum impedance difference of about 
6% from the high peak to the low. Can you 
hear this difference? Who knows? 

Fortunately, driver cones have the same 
“forgiving” characteristics as unbalanced 
push-pull transformer circuits, where the 
power null moves to the magnetic null— 
unlike a hard-linked mechanical suspension 
that remains nonlinear where the null is 
fixed. A suspension imbalance or misalign¬ 
ment is obviously unacceptable if the system 
"bottoms out,” that is, if the IR flattens out 
with increasing displacement. 

This may indicate that the voice coil has 
reached the limit of the magnetic field where 
additional current cannot provide additional 
force on the suspension. It may also indicate 
that the cone suspension has reached a 
mechanical limit, either as a “hard" stop, or 
because the compliance has overcome the 
force product of the voice-coil current and 
the magnetic field. — D.J 
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ORCA is bringing to you from France a whole new and exclusive line of fine drive units specifically designed 
by Kimon Bellas, ORCA, and by Gilles Brun, FOCAL SA. Why ACCESS ? 

Well think of ACCESS as "entry level", "first step". In clear, these drive units have been designed in such a way 
that any beginner using no other measuring instrument than a set of good ears should have 100% success designing 
his first system. Indeed most of these units will do great without any X-over part, or at the most with a single 
inductor. Now don't be fooled, nothing is more difficult to engineer than a drive unit that is easy to use. Experts do 
know that And expert designers will be the first ones to dive into the ACCESS caralog ! 

A.sc, think of ACCESS as "affordable". That maybe was the toughest challenge for es: to bring you this degree 
of performance and ease of use at the cost of ordinary paper cone units. We did not cut corners, we cut cost through 
good engineering. All units feature the finest hand coated paper cones (still an art at FOCAL), alloy cast frame and, 
needless to say, the legendary quality of FOCAL craftsmanship. The same hands who are making the world renown 
FOCAL drive units are making your ACCESS drive units. 

Mlakes sense to you ? Call ORCA for your catalog. It includes full description of each unit, large scale curves 
and graphs, all parameters, and two computer simulated bass response for each ACCESS «mit. 

ACCESS. 4A 

ACCESS 4B 

ACCESS 5A 

ACCESS 5B 

ACCESS 6A 

ACCESS6B 

ACCESS 7 A 

ACCESS 7DB 

ACCESS 8A 

ACCESS 8DB 

ACCESS 10A 

ACCESS 10B 

Quick, high definition 4" midrange. Wide bandwidth (up to 12 KHz !). A natural and easy match for a highly 
transparent tweeter.. You pick the frequency and you pick the slope ! 
Potent & derailed 4" midbass. Clean up to 7 KHz. Very robust low end. Ideal for mini audio-video systems and 
very small size high quality speakers. 
Efficient 5" midrange. Smooth. Superb definition. It needs a good 91-92 dB tweeïer for an effective match. Great 
for surround systems and for high quality high output 3-way designs. 
Solid 5” midbass, in the FOCAL tradition. Gentle roll-off around 4 KHzi Like most other ACCESS units, it can be 
used both ir. sealed and in vented cabinet designs. 
Efficient (92dB +) and transparent 6" midrange. A single inductor might be all you rteed to get thequintessence of 
this beautiful drive unit. 
Surprising weight in the low end, which is powerful and well defined. This little woofer does not seem to be much 
embarrassed by any signal. 
Extremely smooth 7 ' midrange/midbass. Excellent prospect for a simple efficient 2-way bass reflex, It can also be 
used ir surround systems main speakers, with or without a subwoofer. 
Outstanding 7" dual voice coil midbass. Powerful, crisp and efficient, this drive .nit will play anything your 
amplifier w ll throw with panache and relentless enthusiasm. 
Very efficient (93 dB +) 8" midrange/midbass. One of the truly rare 8" that can be csed in 2-way designs. You 
will need a very good and efficient tweeter to match this unit (at least 92 dB/W/ m' 
Outstanding 8" dual voice coil midbass. Efficient, smooth and crisp sounding it is afso capable of handling large 
dynamics and true low frequencies with the authority of a much larger woofer. 
Impact & dynamics (94 dB/W/m). If a 10" midbass can make it to the tweeter range, this is the one. Its nearly 
perfect roll-off will allow direct wiring without filtering. Rare unit for 2-way 10" designs ! 
Deep and musical 10" woofer. Ideal for medium size 3-way systems, with one c¿ the 4", 5" or 6' ACCESS 
midranges. A classic. 
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FIGURE 4a: 8" test driver motion axis vertical, right side up. 

expression should also be given, rather than 
the magnitude, and you should note the 
application of these quoted values. Filter-ele¬ 
ment design using a quoted impedance value 
should use a value representing the condi¬ 
tions of application. If the complex value is 
given, you should at least make an extrapola¬ 
tion to the frequencies of interest. 

TRANSIENT INPUT EFFECTS 
For power transients, which are the real 
application problems for audio systems, the 
impedance can change significantly over 
certain transient inputs. Balance and notch-
filter design may need to be different for var¬ 
ious types of program material. Filter-attenu¬ 
ation characteristics, when used as circuit 
modifiers with a specific driver and amplifier 
combination, will have different response 
characteristics for smooth violin passages 
than for Sousa marches. Slow-sweep sine 
inputs to a filter, driver, and amplifier combi¬ 
nation will show different impedance char¬ 
acteristics than a program source with rapid 
and high-amplitude transients. 

A detailed analysis of Fig. 2 will illustrate 
this point. When the cone accelerates for¬ 
ward as a result of the input 2V DC pulse, 
the back EMF generated by the cone’s 
increasing velocity also increases. Resistance 
to this acceleration is provided by the com¬ 
pliance of the cone, the inertia of the acceler¬ 
ated mass, and the effective reduction of the 
input current by this back EMF. 

The cone finally stops its forward accel¬ 
eration when the compliance force equals 
the effective driving current. This point is at 
the first maximum value of the back EMF, 
at which point the cone velocity starts to 
decrease and equals zero at the first dis¬ 
placement maximum (3.5ms). During this 
acceleration part of the cycle, the impedance 
will have reached its maximum when the 
cone velocity is also a maximum (maximum 
back EMF). 

For the case shown, the impedance seen 
by the driving circuit at this point is 12.90. 
Since the voice-coil resistance is 7. IQ, if you 
were to use this impedance magnitude to cal¬ 
culate the complex impedance value, the 
result would be 7.1 + j 10.8. In electrical 
terms, this would indicate an inductance 
value of 10.80. 

CLASSIC VIEW OF INDUCTANCE 
Classically, inductance is regarded as energy 
stored in a magnetic field. In the case of dri¬ 
vers, this energy is stored in the compliance 
of the cone and in the momentum of the 
cone mass. Since both of these parameters 
are constantly changing during driver excita¬ 
tion, it follows that the effective impedance 
of a driver is also changing. When these val¬ 
ues have come to equilibrium, that is, when 
the input signal and the mechanical response 
show no change relative to each other over 
continuing power cycles, then you can calcu¬ 
late the magnitude of the impedance by 
using the RMS values of measured input 
voltage and current. 

The resultant impedance value will be 
unique for this condition. In effect, the calcu¬ 
lated impedance is an RMS value. With the 
conditions quoted in Fig. 2, this value is cal¬ 
culated as 7.1 + j 3.5. This value has mean¬ 
ing only for a 30ms pulse at 2V DC. Any 
other pulse duration or voltage would yield a 
different value. 

This statement is true for all drivers. 
However, most driver specifications and 
design objectives assume that the compli¬ 
ance of the cone structure will be linear over 
the design range. This results in the imped¬ 
ance integral being unchanged by input 
amplitude. For small displacements, this is 
surely true. 

However, for large transients, this will not 
be the case. In the computer simulation used 
for Fig. 2, the compliance is input as a con¬ 
stant. When actual, nonlinear measured com¬ 
pliance data is used in the simulation, the 
impedance integral will in fact change with 
input-signal amplitude. 

Impedance always changes with tran¬ 
sients. For the case of Fig. 2, as the DC 
pulse width increases and the initial tran¬ 
sient becomes a smaller and smaller frac¬ 
tion of the total pulse width, the impedance 
approaches the voice-coil DC resistance. 

Figures 3a and 3b show actual measure¬ 
ments for an 8" driver. Obviously, the model 
outputs of Fig. 2 show very good simulation. 
By using a model, any of a set of selected 
parameters can be presented on the same 
plot. Unfortunately, that is not possible with 
a two-channnel scope. 

However it is clear that the model simu¬ 
lation is correct. In these tests, the voltage¬ 
input pulse is held rock solid with a 
90,(XX)pF capacitor across the DC bus. The 
current record is a mirror image of the 
impedance record. Compare the actual cur¬ 
rent record with the model impedance curve 
(Fig. 2). b 

FIGURE 4b: 8" test driver motion axis vertical, upside down. 
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k UNBELIEVABLE 
INTRODUCTORY OFFER! 

S19995
PLUS SHIPPING 

T #SB-390-800 ' 

INTRODUCING 

A peak Inst 
"the 

WOOFER 
TESTER™ 

Peak Instrument Company proudly introduces “The Woofer 

QUICKLY AND 
ACCURATELY 
MEASURES: 
Fs, Qms, Qes, 
Qts, Vas, BL, 
SPL @ 1W/1m, 

Mmd, Cm, and Rm 
IN MINUTES! 

Tester” Just ask any loudspeaker engineer, and they will tell that 
the only way to design enclosures of the correct size and tuning 
is to measure the Thiele-Small parameters for the actual drivers 
to be used. The reason? Manufacturers' published specs can be 

♦ 30 DAY 
MONEY BACK 
GUARANTEE 

off by as much as 50%! But until now. measuring the parameters 
yourself required expensive test equipment and tedious calcula¬ 
tions, or super expensive measurement systems ($1,200 to 
$20,000). The Woofer Tester changes all that. Finally, a cost 

♦ 1 YEAR 
WARRANTY 

effective, yet extremely accurate way to derive Thiele-Small 
parameters, in only minutes! The Woofer Tester is a combination 
hardware and software system that will run on any IBM compat¬ 
ible computer that has EGA or better graphics capability and an 

♦ SAME DAY 
SHIPPING 

RS232 serial port. The Woofer Tester will generate the following 
parameters. Raw driver data: Fs, Qms, Qes, Qts, Vas, BL, SPL 
@ 1W/1m, Mmd, Cm, and Rm. Sealed box data: Fsb and sys¬ 
tem Q. Vented box data: Fsb, ha, alpha, and Q loss. The Woofer 
Tester system includes hardware, test leads, serial cable, AC wall 
adaptor, detailed instructions, and software. Distributed exclu¬ 
sively by Parts Express, Dayton, OH. 

1-800-338-0531 
Parts 
xpress 

340 E. FIRST ST. DAYTON. OH 45402-1257 ♦ PHONE 937-222-0173 ♦ FAX: 937-222-4644 Source 
WEBSITE: http://www.parts-express com ♦ E-MAIL ADDRESS: xpress @parts-express com Code: SBM 
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THE PRE-CUT SPEAKER 
By Kenneth L. Bird 

Having only simple woodworking 
tools, I always try to design my 
loudspeaker systems around the 

dimensions of lumber available from my 
local Builders Square or other large lum¬ 
ber-supply house. This is a challenging 
part of the speaker-building game, and 
has produced some easy-to-build, fine-
sounding systems. 

The model shown in Photo / is a 7ft3 
sealed-box type designed with the simple 
BASIC program recommended by David 
Weems in his book, Great Sound Stereo 
Speaker Manual. These are large speak¬ 
ers, yet their footprint is only 13.5" x 
24", and they will fit into most rooms 
without dominating the area. They work 
best spaced 10-15' apart, and a comer 
location will give you all the bass you’ll 
ever need. 

CABINET CONSTRUCTION 
Figure 1 shows the dimensions of the 
box parts. The front and rear are com¬ 
posed of 24" x 48" pieces of %" pre-cut 
plywood panels finished on one side. The 
top and bottom pieces are also %" ply¬ 
wood, 13.5" x 24". I cut these pieces out 
myself, but your local lumber supplier 
will do it for you. 

The sides are 12" x 48" %" particle¬ 
board shelving, another ready-to-go prod¬ 
uct at most lumber-supply stores. I rein¬ 
forced the panel joints with 2" x 2" fram¬ 
ing lumber, screwed and securely glued 
with Elmer’s™ Glue. 1 caulked all the 
joints and placed a 2" x 2" brace between 
the front and rear panels above the upper¬ 
most woofer. 

DRIVERS AND CROSSOVER 
The drivers are by Madisound and are 
among the highest quality I’ve experi¬ 
enced for the money. The woofers are 
dual-voice-coil Model 1252DVCs. The 
dual voice coils are wired to achieve an 
8Í2 impedance, making crossover design 
more traditional. 

The midranges are 4.5" Madisound 
Model 5102Rs—4Í2 versions wired in 
series to produce 8Q. Each midrange is in 
its own enclosure made from round plas¬ 
tic food-storage bowls. I cut driver-clear¬ 
ance holes in the lids large enough to 

PHOTO I: The finished speaker. 

FIGURE I: Box design and dimensions. 

allow the speakers to fit, and then 
attached them behind the front-panel 
holes with Liquid Nails™. Once they 
were set, I snapped the bowls onto the 
mounted lids and then stuffed them with 
polyester fill. 

For the tweeter, I used the Motorola 
Twin Bullet piezo (Radio Shack #40-
1392), mounted between the midranges in 
MTM fashion. The treble is smoothed out 
a bit by the addition of an 8Q resistor 
across the tweeter, and the MTM arrange¬ 
ment also provides better response, with 
no serious peaks in the upper range. 

The crossover (Fig. 2) is of a conven¬ 
tional design of 6dB per octave, crossing 
at 700 and 5kHz, respectively. I used 
commercial capacitors and wound my 
own coils, using a B+K Model 878 com¬ 
ponent tester to check the values. The 878 
is a valuable tool, as it accurately mea¬ 
sures capacitance, inductance, and resis¬ 
tance. For those who want a ready-to-go 
crossover, I did test the Radio Shack #40-
1299 three-way unit, and it worked quite 
well in the system. 

1 brought all the driver wire leads out 
through a single %" hole in the rear panel 
and terminated them with the crossover in 
a plastic Radio Shack project box (#270-
224). I mounted five-way binding posts 
on the box lid and soldered them to the 
crossover input, an arrangement that 
allows an easy change of crossover com¬ 
ponents or future biwiring. 

FINAL DETAILS 
The cabinet is lined with R7 household 
fiberglass insulation, stapled to the rear 
and side walls. I mounted all the drivers 
with screws and caulking to ensure a 
good seal, and all connections were sol¬ 
dered. A set of casters on the cabinet bot¬ 
tom makes moving the unit much easier. 

ABOUT THE AUTHOR 
Kenneth Bird has been building speakers since 
1954, and was installing 12" speakers in the rear 

decks of 1958 Chevys and Cadillacs long before the 

word “autosound” was coined. Armed with a BSEE, 
and much later an MBA, he has spent much of his 
career in audio-related pursuits with such firms as 

GTE, Rockwell, and Shure Brothers. He is currently 
a product manager with MAXTEC International, mak¬ 

ers of the B&K line of test equipment. 
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TABLE 1 

PARTS LIST 

QTY. DESCRIPTION 

2 each 24" x 48" x % " plywood handy panels (front 
& rear) 

2 each 12" x 48" x %" particleboard shelves (sides) 
2 each 13.5" x 24" x %" plywood (top & bottom) 

8 each 2" x 2" x 8' framing lumber (for interior & 

comer braces) 

48 1J4" #8 wood screws 
2 tubes silicone caulking 

1 roll 6" fiberglass insulation 
1 quart Elmer’s wood glue 
2 each Rubbermaif 1.47-quart food containers 
1 quart flat black latex paint 

OPTIONAL: 
2 pairs 1 " rubber casters for bottom mounting (one 

pair fixed, one swiveled) 

FIGURE 2: The speaker crossover. 

I have yet to install grilles, although I did 
build them out of screen-door trim rein¬ 
forced with 1/8" plywood gussets. I like 
looking at the drivers, so it may be a while 
before I attach the grilles. 

The cabinet finish is up to you. I elected 
just to paint it flat black for use in my den. 
For locations that need a more decorative 
approach, you could use a veneer treatment, 
or perhaps attach speaker carpet to the sides 
and top. 

SYSTEM OPERATION 
The measured f, of the system is 28Hz, and 
a continuous 100W sine wave did it no 
harm. These speakers love pipe organs, large 
orchestral works, opera stages, and massed 
choirs, while the mid- and upper-range 
response is great for the individual instru¬ 
ments of jazz combos and big bands. 
Vocalists are right where they should be— 
center stage. 

These speakers would work well for a 

OF NOTE IN 
GLASSAUDIO 

Issue 1, 1997 
4-2 5OA Beam Tetrode Power 
Amplifier 

Distortion in Tubes 

A Differential Line Amp With 
Tubes 

The Search for Linearity: Part 2 

Vacuum Tube Electronics: 
Part 3-Electric Circuit Theory 

portable DJ or medium-sized auditorium 
system. They are examples of what you can 
achieve with minimal woodworking tools, 
dimensional lumber, and well-engineered, 
yet low-cost, drivers. 

GO AHEAD 
Ask top engineers and music lovers 
worldwide what capacitors they 
choose for their ultimate designs. 
—H—©—V—t—A—N—O 

M usiCap ® 
The most naturally revealing capacitor. 
Film and foil polypropylene construction -
optimized for fine speakers and vacuum 
tube electronics. Precision made in the 
USA. 

Values from .01 pF to lOpF. 
Listen and compare for yourself. 

UPGRADE NOW 
“ Your capacitor artistry is profound." 

Harvey "Gizmo" Rosenberg 
THE AMERICAN AUDIOMANIAC 

To order contact one of the following: 
• Welborne labs. USA 3034706585 
• Michael Percy Audio Products. USA 415-669-7181 
• A & S Speakers. USA 510685-5252 
• Handmade Electronics. USA 610-432-5732 
• American Audio Import. Netherlands 31-786510567 
• SJS Electroacoustics. England 44-1706-823025 
• Tang Hill International Ltd.. Taiwan 886-2-5813605 
• Anchor Cross Co.. Tokyo. Japon 81-3-3203-5606 
• Audio Art. Norway 47-37-09-37-20 
• Audio Kinetik Pte. Ltd.. Singapore 65-339-9789 
• Octave Electronics. West Malaysia 603-793-793-9 
• OEMs contact Hovland Company at. 

ph 209-9664377 • fox 209-9664632 

Reader Service #73 

Reader Service #72 
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WAVEFORM PHASE DISTORTION 
By Dennis P. Colin 

Did you ever wonder why that speaker 
with a precisely aligned fourth-order 
crossover sounds smooth, but isn’t 

stunning in its reproduction of drums, bass, 
guitar, piano, and bells? It could be phase 
distortion. I am not speaking of spatial phase 
distortion, such as the image smearing 
caused by excessive relative driver phase dif¬ 
ference or large spacing/wavelength ratio in 
a multiway speaker system. 

Waveform phase distortion is delay dis¬ 
persion: various frequencies being delayed 
differently, distorting the shape of any except 
a pure sine waveform. It is also known as 
group-delay distortion. Group delay— 
defined as the negative of the phase versus 
frequency slope on linear scales—is a fair 
representation of the actual time delay 
encountered by transient events such as puls¬ 
es and signal amplitude changes. 

How much phase distortion is audible? As 
you will see, it’s a matter of degree (pun 
intended)! 

RESEARCH 
In 1971, I designed and published (JAES 
4/71) a version of the op-amp state-variable 
filter, originally for the analog ARP music 
synthesizer. By suitably combining the fil¬ 
ter’s outputs, you can realize an all-pass 
response, which has a flat amplitude-versus-
frequency response, but the phase of which 
changes by 180° from low to high frequen¬ 
cies. (This is a first-order all-pass response, 
which an ideal second-order speaker 
crossover produces.) 

Listening to electronic pulses or close-
miked percussion sounds, I could plainly 
hear the effect of two or more all-pass stages. 
The maximum effect occurred when the 
phase curve was centered around 200Hz. 
The sharp transient “click” was smeared into 
a quick but audible downward-sweeping 
“teeooup” sound! (All-pass responses delay 
low frequencies more than high ones.) 

ABOUT THE AUTHOR 
Dennis P. Colin has a BSEE from the University of 
Lowell (MA) and is currently an analog-circuit design 

consultant for microwave radios. Previously a band key¬ 
boardist and recording engineer, he has been published 

in the Journal of the Audio Engineering Society. 

In a demonstration at the Boston Audio 
Society, with orchestral recordings played in 
a large room, it required five to ten all-pass 
stages to hear an effect. But when I recently 
repeated the experiments with headphones 
and various speakers in a small, acoustically 
dry room, I found that tapping a pencil on the 
plastic lid of a towel-stuffed coffee can, 
close-miked, produced a very sharp, well¬ 
damped, repeatable acoustic transient. 

With this sound, 1 could barely hear the 
smearing effect of only one all-pass stage. 
With two stages (similar phase shift of a 
third-order crossover), the blurring and loss 
of impact were quite noticeable. With three 
or more stages, the smearing was dramatic! 
Even steady-sounding tones rich in coherent 
harmonics—such as bowed string bass and 
low horn tones—lost much of the “pulsi-
ness” that you can physically feel. 

With the phase shift centered at frequen¬ 
cies higher than 200Hz, it 
required progressively more 
phase shift to hear. But since the 
delay dispersion of an all-pass 
response is inversely proportion¬ 
al to its center frequency (90° 
point for a first-order all-pass), 
the audibility threshold was a 
roughly constant value of group¬ 
delay smearing—about 1.6 ms 
(first-order all-pass centered on 
200Hz) for sharp, dry transients. 
With the phase-shift center fre¬ 
quency moved much below 
200Hz, the audibility decreased, 
due to the ear’s reduced sensi¬ 
tivity to timing details at very 
low frequencies. 

ANALYSIS 
Note that the first-order all-pass 
phase curve in Fig. 1 is symmet¬ 
rical about the center frequency 
on a logarithmic frequency scale. 
The circuits shown have 0° phase 
at DC and approach -180° at the 
highest frequencies. If you inter¬ 
change R and C or invert the 
absolute polarity, the phase is 
+ 180° at DC and approaches 0° 
at high frequencies. 

In either case, the phase slopes down¬ 
ward as frequency increases, representing a 
positive value of group delay. (Negative 
group delay is possible, but uncommon, 
over a restricted frequency range—that’s 
why I previously described group delay as a 
“fair representation” of actual time delay. It 
usually corresponds to what is heard and 
seen on an oscilloscope.) 

PHASE DISTORTION IN 
LOUDSPEAKERS 
Most good drivers have a phase shift rea¬ 
sonably consistent with the amplitude¬ 
response rolloff. Known as “minimum¬ 
phase response,” anything that alters 
amplitude versus frequency response has a 
necessary phase shift, but with an ideal 
first-order crossover, the combined 
response has a reasonably linear phase 
curve (constant group delay). However, all-

CIRCUIT CONCEPT PRACTICAL CIRCUIT 
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pass responses are nonminimum-phase, 
and cannot be compensated for by any 
real-world circuit, since a positive expo¬ 
nential (endlessly growing) response would 
be needed in the compensator. 

Crossovers higher than first order all have 
phase or group-delay distortion (Fig. 2). For 
example, a fourth-order crossover at 200Hz 
has a delay variation of 4.8ms, plainly audi¬ 
ble with sharp transients. This audibility is 
demonstrable in scientific tests, unlike, for 
example, the "sound” of a resistor, capacitor, 
and most cables. 

From Fig. 2, it’s apparent that higher-
order crossover transient responses approach 
a "chirp” effect (used in radar), where the 
highest frequencies arrive immediately, but 
the lower ones are progressively delayed. 

Phase distortion has another audible 
effect besides time-smearing. Loud sounds 
cause the ear itself to distort (about 1% 
THD and IM at lOOdB SPL). Ask any 
musician who has heard two nearby flutes 
playing different notes; she’ll tell you she 
hears low-frequency intermodulation tones, 
known as “wolf notes.” 

Now, notice in both Figs. I and 2 that 
peak square-wave amplitudes can double, 
and then decay to the opposite polarity. 
Conversely, short but rounded pulses 
(prevalent in music waveforms) can have 
their peak amplitudes greatly reduced as dif¬ 
ferent frequency components arrive out of 
phase relative to the all-in-phase spectrum 
of a single quick pulse. Therefore, the ear’s 
natural distortion tones will be affected by 
the altered peak levels at high SPL, resulting 
in a changed sense of transient impact. 

The combination of this effect and the 
time-smearing can result in an unmistakable 
loss of realism and detail in loudspeakers 
with high-order crossovers—unless you lis¬ 
ten only to pink noise or sine waves! 

SPATIAL DRIVER OFFSET 
The distance between the two drivers 
crossed over increases the audibility of 
phase distortion: in a second- or higher-
order crossover, you hear the highs first, and 
then the lows, but the delayed lows originate 
from a different location than the highs. 

Consider a second-order crossover 
between midrange and tweeter at 3kHz, 
where the delay dispersion is only 0.11ms— 
well below the audibility threshold of about 
1,6ms with no spatial offset. I did a test on 
two speakers, an A/D/S 300 C (5" woofer, 
I" tweeter, and second-order crossover 
around 3kHz). and a Synchron SYN-519A 
coincidental unit (5" woofer with a 3/4" 
tweeter mounted inside the woofer voice 
coil). With both, I switched between a sec¬ 
ond-order and first-order crossover. 

Listening to electronic pulses (1Hz 
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square waves), I could hear a difference 
between crossovers with the spatially sepa¬ 
rated A/D/S drivers, but not with the 
Synchron. Yet the microphone scope wave¬ 
forms showed approximately the same 
crossover difference on both speakers. The 
waveforms were similar to those in Fig. 2 
(second-order vs. first-order crossover), 
except for the exponential decay due to 
low-frequency rolloff of the speakers. Also, 
I could hear the effect, though not dramati¬ 
cally, with drum sounds. 

Thus, the phase distortion or delay dis¬ 
persion of even a second-order midtweeter 
crossover can be heard in conventional 
multidriver loudspeakers, at least up to 
3kHz. Of course, the ear is most sensitive at 
this frequency. I could not hear the delay 
dispersion of a second-order crossover at 
5kHz or above. 

NOW TRY THIS 
Try this test: disconnect your speaker leads 
from your amplifier and touch them across 
a flashlight battery. The sharp click you 
hear when making the connection (as 
opposed to breaking it) is the speaker 
damped by the battery’s low impedance, 
similar to that of an amp. Listen carefully to 
this sound. You may notice a sharp high-
frequency “click,” followed very quickly by 
a low-frequency “thunk,” or the "teeoooup” 
effect mentioned earlier. 

You should perform this test in a dry¬ 
sounding room, listening up close to the 
speaker. With no phase-delay distortion, 
and with reasonably flat frequency 
response, the battery pulse should sound 
like a sharp crack with no tonality. Of 
course, it will also dramatically reveal poor 
bass damping and significant resonances. 

Fortunately, most of us don't often listen 
to flashlight batteries. But if you try this test 
with a full-range electrostatic, planar mag¬ 
netic, or well-aligned first-order system, the 
battery connection will sound like the cabi¬ 
net splitting in half. 

FIRST-ORDER CROSSOVERS 
Many so-called first-order systems "cheat” 
by inverting the polarity of one or more dri¬ 
vers. With drivers flush-mounted on the 
same plane, this usually is necessary to 
compensate for the higher phase lag (delay) 
of the lower-frequency driver, due both to 
its more recessed acoustic center and its 
larger mass. This causes a 180° difference 
between the drivers at a frequency that’s 
often conveniently near the desired 
crossover point. So, inverting one driver 
avoids the deep response notch that would 
otherwise occur. But this polarity inversion 
results in a first-order all-pass phase shift 
with its delay distortion. 

To achieve true first-order crossover 
response (no added phase distortion), there’s 
no substitute for time alignment. Also, the 
drivers must have a smooth response to at 
least an octave on either side of the crossover 
frequency, because of the shallow 6dB/ 
octave slopes of a first-order crossover. 

The best way to achieve time alignment is 
first to design the crossover, taking driver 
impedances into account; then adjust the dri¬ 
vers’ front-back separation to get the 
smoothest frequency response. (For a first 
approximation, have the voice coils in the 
same plane.) 

THE OMNI-FOCUS 
I designed and built a pair of speakers 
around the Synchron SYN-519A and the 
Focal 10" woofer, which has superb bass 
fidelity. The 2ft3 sealed cabinet top is tapered 
for time alignment and has one Synchron in 
front, directly above the woofer, plus a sec¬ 
ond Synchron in back for bipolar radiation. 
The crossovers are at 300Hz and 3kHz. 

I spent two months designing and tweak¬ 
ing the crossover, finally achieving roughly 
±4dB flatness from 30Hz-20kHz. Phase 
variation is only about ±20° from 
10()Hz-20kHz. and it reproduces a reason¬ 
ably good square wave. 

How does it sound? Well, the Synchron 
unit is not quite as flat as the best separate 
midranges and tweeters, but it is still quite 
good. However, the overall sound is excel¬ 
lent. Percussion instruments have extremely 
good impact, and the bass quality from the 
Focáis with the linear-phase crossover is 
probably the best I’ve heard. With the 
phase-coherent image the Synchrons main¬ 
tain at all angles, plus the bipolar ambience 
from the front and rear units, the realism 
and soundstage quality with orchestral 
music are excellent. 

Regarding the bass accuracy of those 
Focáis, I observed a clean, undistorted sine¬ 
wave output from a microphone with a 6Hz 
speaker input at 20W—low power, but 

to page 59 



Madisound’s Amazing Sale ► 

long, axial. $14.00 each 

long 
leads, 10 pcs for $4.00 

200 pieces Stanford 

sealed enclosure, 

500 pieces Solen 70 mfd 
Polypropylene Fast-cap, 

pieces T.l. 3mfd 
capacitor, 10%, 
32mm x 14mm 

108 pieces Vifa K10MD-19-08 4.5" Midrange, 8 
ohm, coated paper cone, rigid plastic frame, 
111mm diameter frame with a 81mm diameter cut 
out, depth of 37mm, 89dB, 60 watts IEC, Fs 180 
Hz, suitable for use in a small sealed chamber of 
about 1/2 liter for f-equencies from 500Hz to 
9KHz. You can buy like an OEM for $8.00 each! 

low 
tinned 
multi¬ 
leads, 
65mm 

140mm diameter frame 
with a 115mm diameter 
cutout, $12.00 each. 

1300 pieces Midwec 3.0 mfd 
Mylar capacitor, 400V, axial, 
19mm x 15mm x 45mm with 
long leads, 10 for $5.00. 

30,000 
Mylar 
100V, 

250 pieces Kef B200 8” 
woofer, 4 ohm, part number 
SP1238, polypropylene cone, 
rubber surround, 4mm x-max, 
32mm voice coil, 90dB, Fs 29 
Hz, Vas 87 ltrs, Qms 1.47, 
Qes .35, Qts .283, 50 watts 
nominal, F3 of 45Hz in a .9 
cubic foot enclosure with a 2" 
diameter vent x 4.2" long. A 
very special price of $22.00 
each. 

200 pieces of Stanford Acoustic CWR-165B40 6.5" 
woofer, paper cone, rubber surround, 8 ohm, 90dB, 
frequency range 48- 4KHz. Fs 37.4, Vas 55.5 ltrs, Qts 
.235, Qes .262, Qms 2.3, X-max 3.5mm, 40 watt 
nominal power, works well sealed or vented, for a low 
low price of $10.00 each. 

12 pieces Davis 20SCA8 8" Carbon fiber cone 
Woofer, rubber surround, 8 ohm, 93dB, Fs 
41.4Hz, Vas 65 liters, Qms 2.11, Qes .35, Qts .30, 
39mm diameter voice coil, 100 watt RMS power 
handling, F3 of 95Hz in .5 cubic foot sealed or F3 
of 60Hz in 22 liters vented 3" diameter vent x 5.75" 
long, cast frame, smooth response to 3KHz. Close 
out at 1/2 our cost, $30.00 each. 

100 pieces of Sammi Sound ME300B100 12” 
professional woofer, paper cone, accordian cloth 
surround 8 ohm, 100 watt nominal, 98dB, 
frequency range 48-6KHz, 2" voice coil, 50 oz 
magnet, Re 6.6 ohms, Vas 113.6 ltrs, F3 47, Qms 
6.57, Qes .276, Qts .27, all for the incredibly low 
price of $40.00 each. 

1400 pieces of 2.2 mfd Siemens mylar 
capacitor, 400V, long axial leads, 24mm x 
8mm x 42mm, ten pieces for $4.00 

450 pieces Sreco 1 ohm 50 watt 
resistor, sand cast, wire wound, 
20mm x 20mm x 90mm, stand offs 
on bottom, 90 cents each. Big 
power handling at a small cost. 

70 pieces Focal TC90Td 1" Tioxid 
titanium inverted dome tweeter, 
92mm x 92mm square flange, 
72mm cutout, 20mm diameter voice 
coil, 8 ohm, 91 dB, Fs 892 Hz, Qms 
3.37, Qes 1.18, Qts .87, Rcc 6 ohm, 
Zmax 22.8 ohm, frequency range 
3KHz to 20KHz, 75 watt program 
power handling, inductance ,08mH, 
two layer copper wire on aluminum 
former, coated foam surround, Now 
for only $35.00 each! 

67 pieces Vifa P13MG-10-04 5" Midrange, 4 ohm, 
optimized for autosound use, mineral filled poly 
cone, cast frame, very flat response to 9KHz, 90dB, 
Fs 80 Hz, Vas 5.7 liters, Qms 2.7, Qes .67, Qts .54, 
recommended for frequencies above 200Hz, 
140mm diameter frame with 115mm cutout, very 
good off axis response to 3Khz, $12.00 each 

surround, 4 ohm, 89dB, 
Fs 68.5 Hz, Vas 4 
liters, Qms 1.86, Qes 
.43, Qts .35, smooth 
response to 3KHz, F3 
of 140Hz in a 1.3 liter 
sealed enclosure or an 
F3 of 85Hz in a 2 liter 
enclosure with a 1" 
díamete' vent x 4" long, 
only $7.50 each. 

MSF-
woofer, 
magnet, 

foam 

This offer 
expires 

April 30th 
1997 

MADISOUND SPEAKER COMPONENTS 
8608 UNIVERSITY GREEN 

P.O. BOX 44283 
MADISON, Wl 53744-4283 U.S.A. 

TEL: 608-831-3433 FAX: 608-831-3771 
e-mail: madisound@itis.com 

Web Page: http:Zwww.itis.com/madisound 

50 pieces Peerless S95095 12" Woofer, part 
number 315 SWR 39 115 PPX 4L AL, 8 ohm, 
similar to 831857, polypropylene cone with rubber 
surround, 88dB, Fs 30.8 Hz, Vas 129 liters, Qms 
4.34, Qes .85, Qts .71, 39mm diameter voice coil, 
X-max 9mm, 30 oz. magnet, F3's in the mid 30's for 
sealed boxes of 3 to 5 cubic feet. $45.00 each 

8 pieces Davis 20KLV8A 8" Kevlar 
cone Woofer, rubber surround, 8 ohm, 
94dB, Fs 38.5Hz, Vas 81.7 liters, Qms 
2.94, Qes .44, Qts .38, 39mm diameter 
voice coil, 100 watt RMS power 
handling, F3 of 70Hz in 1 cubic foot 
sealed or F3 of 40Hz in 2 cubic feet 
vented 3" diameter vent x 3.7" long, cast 
frame, very smooth to 5KHz, Close out 
at 1/2 our cost, $30.00 each. 

*** INTRODUCTORY SPECIAL “* 
Black Felt by the foot. 1/8" thick x 32" wide with 
adhesive backing, velvet like texture, sold by the 
running foot, $12.00 a foot ( regular price $15 / foot) 

Acoustics 
100B20U, 4" 
Shielded 
paper cone, 

diameter, 90mm 

1050 pieces Vifa C13SG-15 5" -
semi-shielded doped paper cone woofer, a 
small bucking magnet is used to reduce the 
magnetic field of this woofer, adding an 
additional metal can over the magnets 
would probably reduce it further, rubber 
surround, 8 ohm, 89dB, frequency range of 
95-9KHZ in a .2 ft3 sealed enclosure, Fs 49 
Hz, Vas 16 ltrs, Qms 2.1, Qes .44, Qts .36, 
35 Watt nominal power, only $12 each 

300 pieces of Hi-Tech 
HT10-08 10" Woofer, 
Polypropylene cone with 
foam surround, 16 oz 
magnet, vented pole 
piece, 1.5" diameter voice 
coil, 4mm X-max, 8 ohm, 
89dB, Fs 23 Hz, Vas 163 
liters, Qms 3.32, Qes .37, 
Qts .33, F3 of 49Hz in 1.7 
cubic feet sealed or F3 of 
32Hz in 2.7 cubic foot 
vented box, 3" diameter 
vent x 7" long, a steal at 
only $26.00 each! 

100 pieces Audax 
DW6x11M 14mm dome 
tweeter, 4 ohm, 6cm x 
11cm flange, 96dB, Fs 
2050, 45 watt IEC power, 
polymer dome, ferrofluid 
cooled, use a 3.9 mfd 
capacitor for a 6dB roll off 
@ 6KHz, take them away 
for $5.00 each! 

51 pieces Vifa P13MG-
00-08 5" Midrange, 
mineral filled poly cone, 
vented pole piece, 
rubber surround, cast 
frame, smooth response 
to 8KHz, 88dB, Fs 65, 
Vas 9.6 liters, Qms 1.36, 
Qes .67, Qts .45, usable 
down to 150Hz in a small 

12000 pieces 
Panasonic 3.3 mfd 
polypropylene cap., 
10%, 200 volt, dipped 
with long leads, 33mm x 
11mm x 20mm, only 60 
cents each! 

400VDC, 5%, 
dissipation factor, 
pure copper 
stranded insulated 
50mm diameter x 



MONITORS FOR 
NONENVIRONMENT ROOMS 

By Philip Newell 

W ith the advent of the 
“nonenvironment room” 
concept in the mid-

1980s, a new problem arose for the 
designers of suitable monitor loud¬ 
speakers. With this type of room, 
the entire space is made to be as 
absorbent as possible, except for the 
front wall and the floor. By mount¬ 
ing the monitor loudspeakers flush 
in the front wall, you are effectively 
terminating them into an anechoic 
room. 

From the point of view of the 
recording engineer, the majority of 
the floor reflection will rise to ear 
level only behind the listening posi¬ 
tion, and will then be absorbed into 
the rest of the structure. What the 
design concept seeks to do is to 
remove the variability of the room 
from the monitoring by making it 
acoustically dead from the loud¬ 
speaker position. You make the 

PHOTO I : Recording studio constructed according to “nonenvironment room" principles. 

front wall and the floor hard in order to add 
life to the speech and general activity in the 
room and to create a pleasant environment 
in which to work, but without adding any 
environmental artifacts to the monitoring 
(Photo 1). 

The concept is discussed in detail in 
“Non-Environment Control Rooms,” Studio 
Sound, Nov. 1991, and more recently in the 
paper “Control Room Reverberation is 
Unwanted Noise” presented to the 
“Reproduced Sound 10” Conference of the 
Institute of Acoustics in the UK in 1994. 

ENERGY REFLECTION 
When rooms are to any significant degree 
reflective or reverberant, they reflect back 
into the listening area energy that is spectral¬ 
ly characteristic both of the surfaces from 
which they reflect, and of the on- and off-
axis responses of the loudspeakers that 
excite the different reverberant and reflective 
fields. The aim in good control-room design 

ABOUT THE AUTHOR 
Philip Newell has spent much of the last half of 1996 

designing and building control studios in St. Petersburg 
(Russia), the Ukraine, Lisbon, and Barcelona. 

is to achieve a uniform, smooth, and spatial¬ 
ly distributed total-power response, total 
power being the direct energy from the loud¬ 
speaker plus the reflected energy from the 
room. No easy electronic rebalancing of this 
response is possible if the two are not linear 
in themselves. 

Given the sensitivity of human aural per¬ 
ception, and as there is a considerable non¬ 
minimum phase content in much of this vari¬ 
ability, it is hardly surprising that so many 
room designs sound different, both from one 
another and within their own groupings. 

Indeed, in all except the “nonenviron-
menf ’ approach, there is the further problem 
that any reverberant or reflective energy 
tends to mask much of the low-level detail 
in the direct signal. The masking often has a 
greater effect than the overall level of the 
reverberant energy would suggest, since this 
energy, unlike a noise-type masking, is con¬ 
centrated in bunches around the frequencies 
in the direct signal; obviously, it is the direct 
signal that drives it. 

So in the nonenvironment situation, you 
have few reflective problems to consider. 
The obvious first choice for a monitor sys¬ 
tem would appear to be a type with a wide 

and uniform pressure-amplitude (frequency) 
response. Such a system in this kind of room 
would probably give a good account of 
itself, but in a large room, it is difficult if not 
impossible to construct systems that can 
deliver enough high-frequency energy 
before running out of steam. 

FIGURE I: Kinoshita layout—16 drivers 
above and below the mid/high horn. 
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I have referred in detail elsewhere to 
Manfred Schroeder’s “phase organ” experi¬ 
ment, in which he could make his 31-fre¬ 
quency pulse train with zero-phase relation¬ 
ship produce “notes” above the buzz of the 
train by moving any one of the frequencies 
in relative phase. But you could hear this 
only under anechoic conditions. Any reflec¬ 
tions in the auditioning room would make 
his “organ” unable to play “tunes,” by ren¬ 
dering the notes completely inaudible. 

The most nonminimum phase aspects of 
so many loudspeaker designs are the 
crossover regions, because of electrical sum¬ 
ming problems and the noncolocated dri¬ 
vers. This problem often increases in propor¬ 
tion to the number of crossover points. The 
directivity matching of multidriver systems 
is also not a trivial problem, so in the highly 
phase-sensitive rooms I’m referring to here, 
the minimum number of drivers and 
crossover points would seem to be an impor¬ 
tant prerequisite. 

a nonenvironment room. Note accommodations for the monitor loud-PHOTO 2: Building 
speakers mounted flush in the front wall. 

NO HELP 
As the room gives no help to the speakers in 
terms of added volume, the loudness in each 
part of the room must come from the direct 
drive of the loudspeakers. Consequently, if 
you drive an entire large room, you’re wast¬ 
ing 12 or 15dB of monitor power (up to 
90%) through driving entirely unused por¬ 
tions of the space. In effect, you must desig¬ 
nate the working area of such a control 
room, and then cover that area with as 
smooth a response as possible. If achieving 
this objective creates a directivity anomaly 

at, say, 50° off-axis, it is usually of no great 
significance, as nobody is likely to be doing 
any serious listening from that position. The 
room will absorb the unwanted sound; it will 
not be reflected back into the listening area 
to color the response. The important thing is 
that when you do venture towards the 
extremes of the usable area, the response 
should change only gradually as you move 
progressively further off-axis. 

In a highly absorbent nonenvironment 
room, any erratic response changes would 
be unacceptable, as every different listening 
position in the room would be subject to a 
different frequency balance, leading to a 

PRACTICAL LAYOUTS 
Certainly in the larger versions of these 
rooms, the higher sound-pressure levels 
required of the monitors—typically two to 
four times those of conventional rooms— 
have tended to dictate horn-loaded drivers 
for the midrange and high-frequency sec¬ 
tions of the built-in monitors. Such a design 
philosophy does, however, allow for the 
minimalist approach of constructing systems 
capable of high output levels and low distor¬ 
tion, yet utilizing only two-way designs— 
the single crossover point creating fewer 
phase anomalies. 

So far, the tendency in these rooms has 
been to place drivers in a single vertical 
line, either with one bass driver mounted 

SUMMING 

FIGURE 2: Horizontal mounting of moni¬ 
tor system shown in Fig. 1. At position A, all 
is weH, with symmetrical positioning allowing 
equal arrival times from the bass drivers to 
the ear. For position B, however, the path 
length and hence the arrival time of the sig¬ 
nal from the left-hand bass driver is shorter 
than that from the horn, whereas that from 
the RH driver is longer. 

great deal of confusion. Only in the “hot 
seat” would the spectral response be as 
desired, and though many hi-fi enthusiasts 
accept this in their homes, it simply would 
not do in the working environment of a 
control room, where personnel must 
inevitably move around while discussing 
the same musical balance. Such a room 
offers no smoothing of responses from 
any uniform reverberation. It is once past 
the ear, and once only. 

PHASE RESPONSE 
What does become very noticeable in 
rooms free of reflection is that the differ¬ 
ences in transient and phase responses of 
loudspeakers become much more obvi¬ 
ous. An accurate phase response is neces¬ 
sary because of its effect both on the 
attack of notes, which carries much of the 
character of the timbre, and on low-level 
signal detail, which carries much of the 
spatial information. 

below a horn, or, in larger rooms, with two 
bass drivers mounted with the horn in 
between them. Figure I depicts the latter 

FIGURE 3: In vertical format, direct paths to 
the ear are similar, but the vertical reflection 
distances are considerably different. If these 
reflections were in the horizontal plane, then 
image smearing would almost certainly occur. 
Fortunately for most, reflections in the vertical 
plane are relatively innocuous in terms of image 
stability and definition. 
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PHOTO 3: The finished room shown in Photo 2. 

FIGURE 4: Two-way monitor measured on-
axis at 2m in situ (24dB/octave Linkwitz-Riley 
electronic crossover). 

plus imprecise and ambiguous stereo 
imaging caused by the multiple path 
lengths and varying arrival times from 
the different drivers. This would be 
incorrect for all positions except those on 
a perpendicular to the center of the cabi¬ 
net (e.g., position “A” in Fig. 2). 

You would usually mount the cabinets 
flush in the front wall, with the center of 
the horn approximately 4T0" above the 
floor (Photo 2). This height is a good 
mean between the location of the ear of a 

tion; but in practice, the effects are hard to 
detect by listening. 

In some instances, you can use floor 
absorbers in the area where the direct wave 
would reflect to the ear from the floor. At 
worst, the effect produces a sharp notch 
from each bass driver, usually in the 
100-200Hz range, but this has proved to be 
of little audible consequence. In the 
midrange unit, the vertical directivity causes 
the first direct wave to strike the floor at a 
point where it bounces up below the ear and 
is absorbed by the trapping systems. 

If you were to install a loudspeaker and 
an omnidirectional microphone in a large 
anechoic chamber and place a large reflec¬ 
tive surface some feet below, you could 
measure the effect of the reflective surface 
on the overall response. If you were then to 
rotate the whole anechoic chamber through 
90° to bring the reflective surface into a ver¬ 
tical position (in effect, tipping the whole 
chamber on its side), nothing in the mea¬ 
surements would change. 

Despite the fact that you could measure 
no response change, if you were to stand at 
the microphone position and remain verti¬ 
cal, your perceived sensations would be rad¬ 
ically different, depending on whether the 
reflective surface was below or to one side. 
When compared alone to the direct sound, 
the reflector to your side would be far more 
disturbing than when the reflective surface 
was below you. 

VERTICAL VS. LATERAL COLORATION 
There are two mechanisms at work here that 

FIGURE 5: Throat impedance plot of AX2 
axisymmetric horn. 

arrangement, which was the system layout 
published by Shozo Kinoshita in the early 
1980s. This layout ensures that as you walk 
around the room, the relative distance from 
each of the three drivers remains the same. 

On the other hand, Fig. 2 shows how the 
path lengths to each drive unit vary (as 
would their relative phase responses and, 
hence, coloration of the signal) if you turn 
the cabinet onto its side. In the horizontal 
layout, moving about the room produces 
constantly changing coloration of the sound. 

short person sitting down and that of a 
tall person standing up. 

PSYCHOACOUSTIC OPTIONS 
Although when standing up and sitting 
down, movement relative to the three dri¬ 
vers (as in Fig. 2) does take place, it does 
so at 90° to the effect shown therein. 
Movement in the vertical 
plane, however, has little 
or no effect on stereo 
imaging; moreover, the 
majority of people are rel¬ 
atively insensitive to col¬ 
oration caused by vertical 

anomalies. Figure 3 shows 
the typical reflections expect¬ 
ed from a hard floor. When I 
first read Kinoshita’s paper 
on this layout, I had many 
reservations. Indeed, when I 
now discuss the ideas with 
other designers, many of 
them immediately point to 
the problem of floor-reflec¬ 
tion irregularities in the 
response al the listening posi-

do not always stimulate equal reactions 
from different listeners. In the first instance, 
with the reflective surface below the loud¬ 
speaker, the reflection arrives at the listener 
from the same horizontal direction as the 
direct signal. It is then not surprising that 
the horizontal stereo imaging of the sound 
will be little disturbed. A reflection from the 

FIGURE 6: Throat impedance plot of a typical, commonly 
used rectangular horn. 

26 Speaker Builder 1/97 
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side, however, comes 
from a point that is 
laterally offset from 
the direct sound, so 
you would expect 
spatial smearing. 

The time smearing 
produced by either 
vertical or lateral 
reflection will be 
equal in both time and 
intensity. There is evi¬ 
dence, however, that 
the subsequent color¬ 
ation is not perceived 
to have equal signifi¬ 
cance. The majority 
of people show a 
greater dislike for the 
laterally produced 
coloration than for 
that which is vertical-

FREQUENCY(Hz) 

FIGURE 7: Response of a similar AX2 system through the 1kHz 
crossover region, using an electrically asymmetrical crossover. 

ly produced. 
Again, human inconsistencies do not 

make the life of a designer any easier. In 
general, however, the floor reflections are 
considered relatively innocuous. Based on 
the conclusion that floor reflections are 
largely ignored by most people, I used the 
Kinoshita concept as the basis for the moni¬ 
tor placement in my own versions of the 

20Hz, yet still continue to produce a smooth 
and linear response above 600Hz or so. The 
JBL 2235H is one of the few that can; and, 
indeed, its axial response is still respectable 
at 2kHz. The physics of cone loudspeakers 
predicts serious beaming problems once the 
diameter of the driving area reaches one 
wavelength of the highest frequency you’re 
using. For a 15" loudspeaker, this point is 

had to have an off-axis response that met the 
criteria established for these rooms. 

“Round The Horn,” an article in the 
March ’94 issue of Studio Sound, discussed 
at length the development of such a drive 
system. The combination of the TAD 
TD2001 beryllium diaphragmed compres¬ 
sion driver and the AX2 axisymmetric horn 
seemed ideally suited for my requirements. 
Certainly its axial pressure-amplitude 
response was well within the design criteria 
for monitoring purposes, and its directivity 
characteristics had been the subject of a 
paper, “Axi-symmetric Horns for Studio 
Monitor Systems,” presented to the Institute 
of Acoustics conference in 1990. 

The use of this horn fixed the crossover 
frequency, as the horn itself possessed a 
12dB/octave rolloff below its cut-off fre¬ 
quency of around 1kHz. The concept of this 
combination appealed to me both in the 
way that it naturally fell together and 
because of its simplicity. I could produce a 
total system in two-way form, with drive 
units that could respond within the design 
specification limits from 20Hz-20kHz, 
without needing any electrical contouring 
of the response. It was also based on units 
that had shown themselves capable of pro¬ 
ducing very natural and transparent sounds 
when assessed subjectively. 

new-style rooms (Photo 3). 
Any of these reflections will cause over¬ 

all frequency balance problems, unless the 
directivities of all the drive units match 
reasonably well. Reflections from any 
equipment placed in the room would also 
benefit from being timbrally neutral. 
Because I chose to use a horn as the only 
reasonable option in such a two-way, high-
output system, the facts suggest that it 
should have an overall directivity pattern 
that corresponds well with the cone drivers 
used below the crossover point. This points 
toward an axisymmetric horn as the only 
realistic choice. 

CHOICE OF COMPONENTS 
Once an appropriate layout of drives is cho¬ 
sen, anything other than a two-way system is 
difficult to realize in practice. To help out¬ 
line the actual decisions facing a designer, I 
shall use the Reflexion Arts 234 as an exam¬ 
ple of the thought processes that led to a 
practical solution to the problems. 

The two-way design tends to dictate a 
crossover point somewhere in the octave 
between 600Hz and 1.2kHz when dealing 
with this scale of loudspeaker system. 
Anything smaller than 15" for the bass dri¬ 
vers would have no chance of supplying the 
required low-frequency sound pressure lev¬ 
els. However, there is a very limited choice 
of 15" loudspeakers that can respond at 

reached at around 1 kHz. 
Ultimately, you can determine which 

15" loudspeakers to use just by listening. 
I knew from extensive listening tests 
conducted for my earlier speaker-system 
designs that there was an openness and 
smoothness about the JBL 2235H that 1 
did not find in other units. I knew of 15" 
drivers that sounded slightly deeper than 
the JBL, but I knew of none that matched 
its overall performance from the 20Hz-
1 kHz range. 

BOOSTING LOW FREQUENCIES 
In order to assist the low frequencies, I 
used two 15" bass units in parallel, 
enclosed in a 21ft3 cabinet and tuned to 
resonate at 17Hz. It would have been 
possible to support the response around 
30Hz by a higher cabinet tuning, but I 
chose 17Hz to give the smoothest ampli-
tude/phase compromise by keeping the 
cabinet resonance clear of most natural 
musical frequencies. Two 12" loudspeak¬ 
ers and a subwoofer below 60 or 70Hz 
might have been an alternative three-way 
option, but simplicity was one of my key 
design aims in the search for neutrality. 

The midrange/high-frequency unit had 
to be capable of producing over 120dB at 
one meter. It also needed to have the 
desired axial frequency response so it 
could be used without equalization, and it 

FIGURE 8: Excellent axial and off-axis fre¬ 
quency response performance of AX2 axisym¬ 
metric horn, and plots normalized to axial 
response. Felt diffraction rings around the 
perimeter can help to linearize the 7-9kHz 
region of the 70-90° performance, if required. 
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TRIED AND TRUE 
The amplification system followed my long¬ 
time tried and tested concepts of using elec¬ 
tronic low-level crossovers and multiple 
amplifiers, with the whole electronic system 
responding from DC to 100kHz to keep the 
transient accuracy, and the phase shifts well 
out of the audible ranges. The only interest¬ 
ing difference here was that although the 
system used a 24dB/octave, modified 
Linkwitz-Riley crossover, the inherent 
12dB/octave rolloff of the horn below 1kHz 
was incorporated into the overall design. 
This meant that while the electronic 
crossover had a 24dB/octave low-pass sec¬ 
tion, the high-pass section was only 
12dB/octave, allowing the horn itself to con¬ 
tribute the “missing" 12dB/octave of the 
slope (Fig. 4). 

The enclosures were approximately 2' x 
3' x 4', with the front panels being 4' high 
and 3' wide. I designed the boxes to be con¬ 
structed of two layers of %" chipboard, with 
a layer of 5kg/m* deadsheet sandwiched 
between the two adhesively bonded layers. 
Three-axis bracing helped further to reduce 
panel flexing, and the whole was lined with 
Vi" foam, glued to the side walls. There then 
followed another layer of deadsheet, and a 
final internal lining of either felt or Dacron. 
I bonded all layers with appropriate adhe¬ 
sives, and designed the cabinets for mount¬ 
ing in the heavy, dense, hard front walls of 
the nonenvironment rooms, which act as 
large baffle extensions against which the 
low frequencies can push. (For the dead¬ 
sheet, it is possible to use a 4kg/m2 roofing 
felt.) 

SUBJECTIVE & OBJECTIVE 
ASSESSMENT 
Figures 5 and 6 show the throat impedance, 
pressure amplitude, and phase responses of 
the AX2 axisymmetric horn, compared to 
the corresponding plots of a good, profes¬ 
sional rectangular horn. The superior 
smoothness of the AX2 is obvious. The 
asymmetrical 12/24dB/octave crossover as 
described above smooths the response 
through the 1kHz crossover region, as 
shown in Fig. 7. Figure 8 shows the AX2 
directivity, and clearly demonstrates the 
gradual off-axis rolloff. 

What was evident from the moment I 
first tested the systems was the ease with 
which I could adjust them to optimum 
high/low balance by the use of a known 
compact disc. Subsequent measurement 
showed that the initial setup on music was 
within a decibel of the measured optimum. 
Certainly in the horizontal sense, the sys¬ 
tems behave as coincident sources, with the 
"phantom” location of the bass-driver pairs 
being directly over the center of the 

mid/high hom. Therefore, no matter where 
the listeners are located within the room, the 
sources remain subjectively phase coherent, 
thanks to the listeners’ relative immunity 
from positional instability due to vertical 
(floor) reflections. 

For all intents and purposes, the monitors 
in the nonenvironment rooms behave like 
loudspeakers mounted in the outside wall of 
a building, pointing into a field. The fall off 
in sound-pressure level is much more rapid 
as you move away from the loudspeakers 
than you would experience in a convention¬ 
al room. The monitor systems must there¬ 

fore generate higher SPLs than normal 
usage would demand. 

OFF-AXIS PROBLEMS 
Another function of this “free-field” listen¬ 
ing environment is that while the axial 
response is all important at the listening 
position (since no room reflections exist to 
upset this response), any off-axis problems 
are heard to a potentially greater degree than 
would be the case in a more conventional 
room, where some ambient smoothing 
would exist. In other words, whereas in 
average rooms off-axis irregularities can 
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produce on-axis disturbances via the rever¬ 
berant field, in nonenvironment rooms, such 
disturbances are clearly impossible because 
there is no reverberant field. 

If a “hot seat only” priority exists in a 
nonenvironment room, then axial-response 
accuracy alone will suffice. If a “wider" cov¬ 
erage is required, while the on-axis response 
requirements remain, the off-axis response 
becomes even more demanding than in many 
conventional rooms. Under these circum¬ 
stances, an axisymmetric horn in a suitable 
overall system configuration provides a sim¬ 
ple and effective solution to what has proved 

in the past to be a considerable problem. 
What all the nonenvironment rooms have 

in common is that the monitoring is essen¬ 
tially the loudspeaker system. If you position 
equipment so that reflections are deflected 
away from the listeners and into the traps, 
then rooms of different shapes and sizes are 
capable of achieving a high degree of room-
to-room compatibility. Different types of 
monitor systems, providing they meet the 
special requirements, are not as different as 
they are often considered to be. Bad loud¬ 
speaker systems, however, are quickly 
revealed as such. 

If you 
build it, 
it will 
rock. 
TCH offers you the ability 
to combine state-of-the-
art speaker components 
to design and build 

your own custom loud¬ 
speakers. So whether 
your speakers will rock 
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has over 500 items in 
stock and ready for 

immediate delivery. 

1-800-291-0389 
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Clamps 
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($50 min. order) 

1705 Broadway, Buffalo, NY 14212 Fax: 716-892-4302 
2955 Congressman Lane, Dallas, TX 75220 
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For smaller nonenvironment rooms, I pro¬ 
duced a variant of the monitor system 
described in the previous paragraphs, using 
only one 15" bass driver and a horn. Mixes 
travel between the rooms without any subjec¬ 
tive changes in balance. Remember though, 
systems of this nature will perform optimally 
only if the drivers are kept in a vertical line. 
Placing any two-way system on its side will 
negate many advantages of directivity. 

TABOOS DISREGARDED 
Sometimes also, conventional taboos 
become irrelevant. When I designed the sys¬ 
tem described above, I was concerned at 
first that there were three signal sources at 
the crossover frequency of 1 kHz: two 15" 
loudspeakers and one horn. I thought that 
possibly 1 should curtail the response of one 
of the bass drivers above 100Hz or so, in 
order to prevent interunit interference above 
mutual coupling frequencies (above which 
the drivers would act as independent 
sources). 

In practice, however, when you are listen¬ 
ing several meters away in a large room, the 
path-length differences to the three drivers 
become an insignificant part of the wave¬ 
length. If you listen at fairly close range, the 
narrowing directivity of the bass drivers, as 
the response is taken over by the horn, 
makes it almost impossible to be in the 
direct field of all three drivers at once. After 
exhaustive listening tests, I decided to dis¬ 
pense with the planned rolloff. 

On the other hand, in a more convention¬ 
ally reflective room, the reflective surfaces 
would almost certainly in some areas be dri¬ 
ven by very different path lengths to the 
individual drivers. This would be the case 
particularly for reflections originating from 
the floor or ceiling. Do not accept without 
question truths that relate only to more con¬ 
ventional circumstances. 

STEREO IMAGING 
On the audiological aspects of such monitor¬ 
ing conditions, a few points should be noted. 
First, in comparison with normal rooms, you 
clearly notice the differences in stability 
between stereo pictures built up from pan¬ 
potted images and those from recordings 
using stereo-microphone techniques. The 
stereo-microphone images, which contain 
positional data largely from time and phase 
discrepancies, support themselves well. On 
the other hand, pan-potted images, relying 
mainly on amplitude differentials, frequently 
collapse when you are listening well off-
axis. This is exactly what should happen, but 
some who do not realize this often comment 
that the stereo can be less stable than under 
more conventional monitoring conditions. 

From within the designated listening area, 
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however, the imaging appears clearly 
defined and highly stable. It is not true that 
such rooms do not support a wide stereo lis¬ 
tening area; it is just that the width of the 
area depends upon recording technique, 
which is precisely what human audiology 
would demand. In general, as soon as people 
become accustomed to what is happening, 
everything rapidly becomes “normal” to 
them. Once the subconscious takes control 
and uncertainties disappear, the rooms 
quickly become easy to work in. 

It is clear that less acoustic confusion in 
the rooms leads to less clutter entering the 
ears. This highlights once again just how dif¬ 
ferent human perception can be from one 
person to another, and is one more reason 
why what is “right” in monitoring remains 
such a subjective, individual decision. In 
general, the more sonically neutral the moni¬ 
toring conditions, the more these aspects of 
individuality become apparent. 

CONCLUSIONS 
In principle, all good-quality loudspeakers 
should perform at their optimum in nonenvi¬ 
ronment rooms, since their responses will be 
less colored than in conventional rooms. 
When the designer is freed from the con¬ 
straints of having to take into consideration a 
reflective or reverberant environment, life is 
greatly simplified. 

The only significant additional demands 
are the need for a greater output capability 
due to the lower subjective loudness in a 
room of very low reverberation time, plus 
the greater need for excellent transient 
/phase response, since anechoic listening 
environments can highlight time/phase arti¬ 
facts that go largely unnoticed in more con¬ 
ventional surroundings. 

Experience shows that in nonenviron¬ 
ment rooms, the majority of multiband, mul¬ 
tidrive-unit systems (i.e., three-, four-, and 
five-way designs) often have difficulties in 
“knitting together” that are quite readily 
exposed when you move around the room. 
These are. however, systems that are entire¬ 
ly acceptable in many other environments. 

Nonenvironment rooms demand a great 
deal from a two-way system, and a horn of 
axial symmetry has been a great boon in the 
design of appropriate systems for them. 
This is another example of a system that 
benefits from a “waveguide” of appropriate 
design—in this case, utilizing a compres¬ 
sion driver of advanced design. 

You now have a whole range of loud¬ 
speakers using axisymmetric homs/wave-
guides, from the midfield, free-standing 
designs such as the Meyer HD2, to the 
Reflexion Arts 234 described above. 
Yamaha has also introduced a range of 
sound-reinforcement systems using wave-

guides/homs of axial symmetry. Over the 
years, some people have considered me to 
be a proponent of the use of horns, but I am 
not. At one time in my life, I was strongly 
set against their use, but occasionally I found 
myself with no other option. In almost every 
good system where I encountered them, 
their drawbacks were usually counterbal¬ 
anced by benefits. 

Small, fast-flaring horns of axisymmetric 
design appear to be able to embody most of 
the benefits, with a minimum of the draw¬ 
backs, and hence can be a useful addition to 
the loudspeaker designer’s options. The 

physical acoustics of this concept does tend 
to preclude their use below about 1 kHz, but 
it is very useful to have available a drive sys¬ 
tem that can run smoothly, efficiently, and 
with good directivity properties from 1kHz 
to beyond 20kHz. What is more, the systems 
can be highly energy efficient, and you can 
now use noncompression drivers in areas 
from which they have been largely excluded. 
It would not surprise me to see an increasing 
use of smoothly flaring “waveguides” of 
axial symmetry, as they do provide practical 
solutions to some loudspeaker-design prob¬ 
lems that have vexed us for many years. IS> 

Reader Service 4774 

Don't be»eve^'speakers-' 
listen to y° gobrIzmi 

WHAT AN UPGRADE! 

Alpha-Core 
Inductors 
deliver 

the latest 
and very best 
in crossover 
technology 

Alpha-Core's foil-wound inductors will do what others can't: 
Deliver leading edge technology 

for audio transducer and speaker crossover networks. 
Available in 12 and 14 gauge. 

No magnetic cores — eliminates saturation distortion 
BUT THERE'S MORE! 

Made with high purity copper and solid fine silver, 
inductors are constant-tension wound onto a Lexan polycarbonate tube 

with a polypropylene dielectric; mounting face is vacuum fused. 
Core inductors provide consistent values, maximum stability. 

PLAY AFTER PLAY— YEAR AFTER YEAR 
With no minimums, you may choose from standard inductor values 

or have them custom-made to your specifications. 
It's that easy to upgade! 

Alpha-Core, Inc. 
915 Pembroke Street, Bridgeport, CT 06608 
Tel: (800) 836-5920 — Fax: (203) 384-8120 

Visit Our Web: http://www.alphacore.com E-mail:alpha.snet.net 

Speaker Builder 1/97 31 



THE CLASSIC ALTEC 604 REBORN 
By Otto Doering 

When I was building a large room 
for music in a new summer home, 
1 had two Altec 604-B woofers, 

so I set out to plan an Altec system. I read 
back issues of Speaker Builder to see what I 
should do to get the best sound possible from 
these old-timers while still following the 
Altec corner-cabinet design. The whole 
process took about six months, during which 
I learned a number of valuable lessons 
(Photo I). 

HEAVY MATERIALS 
Years ago, I was fascinated with 
Wharfedale’s sand-filled enclosures, but 
decided that was too much to cope with. So 1 
went to my local lumberyard in search of 1" 
medium-density fiberboard (MDF). They 
didn’t have any, but were willing to order 
some 1 Va" MDF. Why not? I went ahead. A 
friend’s wife drove her truck to help me pick 
up the 4 X 8 sheets, and one of them slipped 
while we were loading it, mashing her hand. 
This was my first warning that I was dealing 
with a very substantial material. 

Altec’s basic design for the 606-A comer 
cabinet (featured in Speaker Builder 4/90 as 
a Vintage Design) is great. (It also follows 

construction of the face frame and mounting 
board so that I could remove the latter rather 
than the right-rear side panel. The simpli¬ 
fied design, along with some rounding of 
dimensions, probably added 5% to the inte¬ 
rior volume. 

I rough-cut all the pieces of MDF with a 
skill saw, using extreme care in measuring 
the pieces and cutting to the outside of my 
marks. Then I took them all to a friend’s 
shop and recut everything to a final exact 
trim on his beautiful giant Delta saw with an 
oversized table. 

This was the right approach, for the 
1 Va" MDF is terrible to handle in big 
sheets. When they’re reduced to 26" x 36" 
sections, you can do the precision trim¬ 
ming and cut an edge at an exact angle on 
a quality table-saw setup. At this time, I 
also cut all the braces and laid out or set up 
all the pieces to be sure everything fit. I 
found that some sets fitted together a little 
better than others, so I labeled pieces for 
speaker 1 or 2 accordingly. 

PREFABRICATION MAKES SENSE 
What I had at this point was a pre-cut unit. 
Its home was to be 800 

wagon and we took off for the summer 
place. I did not have the precision cutting 
tools available at the speakers’ final home, 
so my precutting was essential. My task on 
site was to drill, glue, screw, and otherwise 
assemble the monsters. 

If some bracing is good, lots is better! 
Following hints from various articles, I 
braced asymmetrically to avoid sections of 
panel with like frequency responses (the 
knuckle-rap test confirmed this). I added an 
asymmetric brace to the top panel, and made 
all braces and glue strips a bit oversize 
(Photo 2). 

If some screws and glue are good, more 
is better. 1 used tube after tube of Liquid 
Nails and hundreds of square-head steel 
screws. (I chose the screws after reading 
Wayland’s Wood World column on fasten¬ 
ers—SB 8/95, p. 42.) Everything had to be 
predrilled and countersunk. The 2V?" screws 
are in to stay. 

More damping is always better. The 
Altec design calls for stiff fiberglass, which 
is no longer a common material. I finally 
found some at an office-remodeling firm 
that uses it above dropped ceilings. It is 

Briggs’ basic 1948 specifications for woofer 
enclosures.) However, I decided to simplify 

miles away, so 1 loaded 
the pieces into my station 

PHOTO I : Author Doering with driver-mounted speaker. PHOTO 2: Inside the speaker with mounting boards attached. 
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wonderful for audio applications, having 
structural integrity and good damping prop¬ 
erties. The Altec design called for it on the 
floor of the cabinet, on the narrow front 
sidewalls, and as a wedge inside to break 
vertical standing waves. 1 put the stuff on 
all surfaces except the top panel, and also 
used the wedge. 

IMPROVISATION 
One impressive result of my reading was the 
identification of asymmetry as a means of 
controlling standing waves, so 1 cut the hole 
in the mounting board a few inches off cen¬ 
ter. I didn’t know what to use as gasket 
material for mounting the speaker, so I 
ended up using sheet cork. I did use a mod¬ 
em gasket in fastening the mounting board to 
the speaker box, which worked beautifully. 

I fastened the board with many T-nuts (all 
tightened within an inch of their lives) to oak 
framing integrated into the box. On the 
inside, I caulked all the joints. 1 used the best 
quality binding posts I could find to go 
through the cabinet rear, and cut the port on 
the tight side of the Altec specifications (you 
can more easily make it larger than smaller). 

TEST CONDITIONS 
I now had about $600 invested in the speak¬ 
ers and materials. The cutting required about 
two days, and it had taken four days to 
assemble the first box and three for the sec¬ 
ond. Finally, I wheeled the finished speakers 
up to their room, a two-story space measur¬ 
ing 18' X 40' (12,000ft3), with few parallel 
walls, a vaulted cruciform ceiling up to 22' 
high, few large glass reflective surfaces, a 
stiff floor, and heavy wood panelling with 
wide beveled edges to diffuse sound. 

It’s a great room, just large enough to 
have its own sound, with good diffusion 
and no apparent aberrations. My sound 
sources were a turntable and CD plus a 
small AVA rebuild of an old Dynaco 120— 
an extremely sweet-sounding small amp 
with a big heart. 

The first thing that astonished me was the 
return to extremely efficient speakers. With 
the volume on the preamp turned all the way 
down, faint sounds were still coming from 
the speakers. Quarter volume was near my 
ears’ limit, yet both amp and speakers were 

ABOUT THE AUTHOR 
Otto Doering is a Professor of Agricultural Economics at 

Purdue University. From 1959-1963, as a Cornell 
University student, he ran University Recording Service, 
making reference and master tapes. He still uses plain 
commercial-quality large-gauge stranded copper wire for 
speaker cable and commercial-quality low-capacitance 

shielded cable with high-quality plugs for interconnects. 
He agrees that many new expensive cabres do sound 

“different," but prefers neutral transmission. The money 
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loafing. Listening a bit more, it hit me—tran¬ 
sient response! In the tube era, when I would 
pore over equipment catalogs with friends, 
we always looked for transient response and 
the graph of the tone burst. This was corre¬ 
lated to magnet weight. 

I don’t know what the magnet weight is 
on the big 604s, but the total unit weighs 
over 50 lbs. (I had trouble holding them at 
times when fitting them into the cabinet.) 
Transient response is not something that has 
been talked about much in recent years, but 
the old Altees have it in spades, and it adds 
tremendously to the sense of realism. 

Finally, the cabinet actually was dead as a 
doornail! At ear-shattering symphonic vol¬ 
umes, a hand on the top panel feels little or 
no vibration or resonance. Some of this is 
just inertia, for each unit weighs slightly 
over 200 lbs. 

The sound was awesome—virtually no 
distortion at any volume I could stand. At 
one point, I really cranked it up. opened all 
the doors and windows, and my mother and 
I sat on the lawn over 100' away and listened 
to Wagner overtures—glorious sound. My 
tentative concerns about interior volume and 
port-size adjustments were forgotten. There 
have been no tweaks to see if I can make it 
sound better, for I might make it worse! 

TECHNICAL SPECS 
Using a Radio Shack meter, I found in the 
room a remarkably good ±5 or less dB from 
about 35Hz to where the meter becomes 
wuzzy just under 10kHz. 

Technical specs aside, the Altec horn is 
absolutely unforgiving with shrill CDs. The 
room cuts a little of this, but eventually I 
am going to try a small tube amp, which is 
what the speaker was designed for. The old 
Altees in the big boxes do not give me the 
imaging others say they get from new 
speakers; part of the problem may be that 
our piano is placed between them. 
However, there are some basic design param¬ 
eters—tweeter dispersion, for one—that 
prevent the old-timers from imaging as well 
as they might. 

THE MORAL 
1 have found that taking one of the great old 
speakers, using the old cabinet design that 
was carefully thought out and tested by this 
wonderful manufacturer, and adding what 
new knowledge I had gave me a marvelous 
product. Careful work also paid off, especial¬ 
ly when building large boxes. The high effi¬ 
ciency and transient response of these old-
timers are a revelation. 

Finally, this is great therapy for those of 
us who dream of being creative. You also 
get great speakers that were “digital ready” 
35 years ago. 
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Ask SB 

IMP MERGE FUNCTION 

I am using the IMP analyzer and have 
unsuccessfully tried to produce a complete 
frequency response using the merge func¬ 
tion. I guess I need a step-by-step example, 
so let me set a scenario. I am trying to devel¬ 
op a response from a ported box with a 10" 
woofer mounted in it, with the response of 
the port combined with that of the driver. 
Since it’s taking a near-field measurement, 
the SPL function is not used and the 
response is referenced to zero. After taking 
a response from the woofer, then one from 
the port, I have two frequency responses 
covering the same area on the spectrum that 
need to be summed. Do I paste the woofer 
first, then try to sum the port to it? 

Also, when calibrating, should I set the 

gain so the response lies exactly on the OdB 
line? And if so, does this mean that the fre¬ 
quency response will be in the proper spot 
vertically on the graph? If I recall correctly, 
adjusting the gain setting of the mike causes 
the response to move up and down the 
graph. I suppose I would just adjust the gain 
after the pulse is FFT’d, moving the 
response where I think OdB should be. 

My next question is how to take into 
account the step of the frequency when only 
a near-field measurement is taken in the 
lower region to, let’s say, 300Hz. For exam¬ 
ple, say I have a 3-way speaker that needs 
to be crossed over at about 300Hz. A near-
field measurement gives a response to 
about 300Hz. I now must match sensitivi¬ 
ties of the midrange driver to that of the 
woofer. I can take an absolute SPL reading 
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of the midrange, but I don’t know exactly 
where to paste the woofer to it. 

I thought of importing a near-field mea¬ 
surement of the woofer into CALSOD, 
and adding a step boost to it. Would this be 
correct? 1 guess I need a step-by-step pro¬ 
cedure for developing a complete frequen¬ 
cy response of a multiway speaker that is 
ported, and where the port response and 
woofer response must be taken separately. 

Mark Giglio 
Hammond, LA 

Bill Waslo responds: 

Using Merge in IMP can indeed be difficult 
and confusing. A major problem is deter¬ 
mining the relative levels to be used when 
summing a driver and a port (or two dri¬ 
vers). A good article that discusses this 
(along with much theory on how to combine 
near-field and far-field responses) appears 
in Vol. 42, No. 6 of the ¡AES: "Simulated 
Free Field Measurements. ” by Struck and 
Temme. In short, the driver or port with the 
smaller radiating area SI should have its 
near-field level reduced by the value 20 x 
log f(S2/SI) [dB] before summing with a 
driver with larger area S2. 

With Merge, you work with one data set 
at a time, pasting or summing it into a 
Merge workspace. You must fix it into the 
workspace before getting the next data set 
to work with, or its effects on the work¬ 
space will not stay. The data sets are in 
memory (not data files), so you need to 
load each from disk (if that's where they 
are) individually, before you move them 
onto the Merge workspace. The Merge 
workspace will accumulate the effects of 
any Sum or Paste operations performed on 
it, which is how different data becomes 
combined in this progressive operation. 

You can preview the effect of a Sum or 
Paste into the Merge workspace, but after 
you choose Fix, you can’t undo the Sum or 
Paste, short of Transform Merge Clear, 
which is used for starting over. 

You can adjust the gain or delay of data 
being newly Summed or Pasted into the 
workspace (by using the Preview options), 
but not of the data already Fixed there. 
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For your example, in which you have 
two .FR2 files you want to paste together, 
the following is one way to proceed: 

1. Do Transform Merge Clear to erase 
anything you might already have in the 
Merge workspace. You can skip this if 
you 're just starting. 

2. Load in your LOWEND. FR2 file. You 
want to paste the entire data set into the 
workspace, so put Marker 2 at the high 
end of the data (around 650Hz). This is so 
you can use Below_marker 2. 

3. Choose Transform Merge Paste 
Belowmarker2. IMP will report the fre¬ 
quencies for informational purposes 
...press a key as directed. 

4. Choose previewGain and set the gain 
to position the curve where you want on 
the displayed Merge space. 

5. Choose previewDelay and set the 
delay for the desired phase curve changes 
(usually near level, hut inclined slightly 
downward—if it’s from a near-field mea¬ 
surement, it is probably OK as it is). 

6. Choose Fix. This pastes the data 
LOWEND.FR2 (the part below marker 2), 
with the selected gain and delay changes, 
into the workspace. 

7. Load in the file M1D.FR2 using ¡File 
Retrieve...]. 

8. Put marker I at the frequency that 

you want to have as the seam between the 
new data and the data that is already in 
the Merge workspace. This is so you can 
use Above _marker 1. 

9. Choose ¡Transform Merge Paste 
AboveMarkerl] and press a key, as 
requested. 

10. Use previewGain and preview 
Delay, as before. This time, the display 
will show both data sets in the workspace 
as it would look if Fix were used at this 
point. Set the Gain and Delay, as appro¬ 
priate, to properly join the data sets at the 
seam frequency (which you chose with 
marker 1 ). Since you are Pasting, the data 
from M1D.FR2 will replace all the data (in 
this case, originally from LOWEND.FR2) 
above the frequency of marker 1 in the 
merge space....if you were Summing, it 
would be added to all the existing Merge 
space data above that frequency. 

11. Fix the new data into the merge 
space to make it permanent. If you have 
more data sets to include, continue with 
them in a similar manner. 

12. If desired, print out the data in its 
current high-resolution form. 

13. Since we are done combining files in 
this example, press ¡Esc] once to back up 
to the Merge submenu which includes 
¡To_freq_resp¡. You can use this to make 

a single-frequency response data set in the 
“Acous” memory space, which can be 
saved, IFFT’d, and so forth. However, the 
data will always lose resolution at the 
lowerf requencies and will always result in 
a high sample rate equivalent data set— 
that’s why it's best to make a printout from 
the Merge display. 

14. Set Gain and Delay back to 0 to see 
the new combined frequency-response data 
set as it exists in memory (which should 
coincide with what you saw in preview). 

Your second question is "Where is 
OdB?,” and the answer is "Wherever you 
want it to be. ” Decibel notation indicates a 
level's relative value with respect to some 
reference level. For instance, 2 V is +6dB 
relative to IV, or +12dB relative to 0.5V. 
For IMP measurements of a speaker's fre¬ 
quency response, you are looking for a 
sound pressure relative to an input voltage, 
which are two different physical entities, so 
the dB reference isn't easy to define. 

There is such a thing as a defined value 
for OdB Sound Pressure Level (SPL), 
which can be a reference for the pressure. 
And a voltage level that equates to 1W into 
8Í2 is often taken as a voltage reference 
level. So you can measure "dBSPL with 
IW input, ” but then you also must specify 
the microphone distance used, because 
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sound level normally drops off with dis¬ 
tance. You must consider this and all mea¬ 
surement gains if you are using the 
“absolute SPL sensitivity” format and 
procedure in forming far-field data. 

But usually, when working with speaker 
crossover design and driver or baffle 
placement evaluation, you are concerned 
only with relative response flatness and 
don’t need to bother with all the tedious 
scorekeeping needed for SPL sensitivity 
measurement. For relative response, you 
want to see only whether the response 
varies from other parts of the response 
curve by more than some dB value (or with 
some target characteristic). So you choose 
OdB to be whatever gets you the best (most 
easily viewed) picture of the curve on your 
display, usually when most of the curve is 
centered around the line marked “OdB. ” 
The easiest way to move the curve up or 
down to accomplish this is to use the Gain 
parameter ([F8]), which adjusts the dB 
vertical placement when a frequency¬ 
response curve is being displayed. 

Your question about the baffle response 
step is not easy to answer. This effect can be 
quite problematic, as the baffle step comes 
into play quite near in frequency to where 
the floor echo usually does its damage. So if 

you remove normal room echoes in mid- or 
far-field measurements by truncation, you 
can’t see the step because your measured 
response can’t go that low; if you make a 
near-field measurement, you are too close 
to the driver to see the effect of the baffle 
edges, which are much further away. 

If you want free-field measurement of 
the step, you may either have to resort to a 
large high-ceilinged room for measure¬ 
ment, or move outside and hoist your 
speaker well above ground. Or as you sug¬ 
gest, you could also use a simulation pack¬ 
age to compute the step response. To get a 
good idea of the step trend, you could 
make a nonanechoic measurement about 
Im or so away from the speaker and apply 
smoothing to the resulting hashy-looking 
response. But you will probably also see 
the effects of all the nearby boundary 
reflections getting into the act. 

Determining a full-range anechoic fre¬ 
quency response on a single curve is usu¬ 
ally possible, but is a difficult and very 
time-consuming task. Generally, unless 
you need a full “pretty ” curve for market¬ 
ing purposes, you can make do with a set 
of separate measurements of the high, mid, 
and low frequencies, perhaps using 
Overlay to show them simultaneously. 

CORRECT EQUATION 

_ FOR Qms_ 

In Bullock on Boxes, Robert Bullock 
gives the equation 

Ray Alden’s book, Advanced Speaker 
Systems, gives on the equation as 

(pp. 19 and 20). Obviously, someone is 
wrong. I suspect Bullock’s equation is cor¬ 
rect because it gives a more realistic 
answer. But, I ask, who is correct? 

John J. Huff 
Stockton, CA 

Robert Bullock responds: 

fs should not be under the radical sign. It 
is incorrect on the worksheets (Bullock on 
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Boxes, pp. 16 and 17), but is correct in for¬ 
mula 9, p. 14. Thus. Mr. Alden’s book has 
the correct formula. 

FREELINE ADVICE 

Referring to “The Freeline: An Open-Pipe 
Transmission Line,” by John Cockroft (SB 
5/95), I have several questions. 

1.1 believe the objective of the article is 
quite clear. However, could Mr. Cockroft 
be more specific about the power handling 
of the speakers? What kind of SPL can the 
Freeline generate? My Radio Shack cata¬ 
log says that the 40-1022 has 84dB/W SPL 
and can handle only 10W continuously. 
With the modification of the cone, I bet 
that the efficiency may be even worse. 
How bad is it? 

2. What is the performance of the 
Freeline? How low can it really go? Is the 
speaker response flat? 

3. Mr. Cockroft seems to prefer the 
Simpline to the Freeline in terms of sound. 
How good is the sound of the Freeline 
compared with commercial units? Is it bet¬ 
ter or worse than the Simpline, and in what 
respect (e.g., bass extension, distortion, 
timbre, or image)? 

Bing Yang 
Houston, TX 

John Cockroft responds: 

Thank you for writing to SB and express¬ 
ing your interest in my Freeline article. As 
with most of my designs, it is intended for 
use in small apartments where high 
SPLs—by landlord decree—aren't al¬ 

lowed. From experience 1 know that my 
speakers play loud enough to excite the 
landlord resonance factor, and that is 
enough satisfaction for me. 

My sole interest is to develop a sound 
that is natural and allows listeners to 
become as spiritually and emotionally 
involved as they would with live music. 
That, of course, is probably a goal no one 
will ever totally achieve, but it is what 
keeps me going. 

Efficiency isn’t something good or bad, 
better or worse—it depends on the situa¬ 
tion. If you had to fill a great hall with 
sound, you would consider high efficiency 
good. If you had to design a system with 
greatly extended bass response, you might 
consider low efficiency good. 

My concern with efficiency is how much 
of it must I give up to obtain the bass qual¬ 
ity I desire. The quality of the music is my 
only concern. Of course, if, to achieve the 
quality, the efficiency must be so low that 
very little music is produced, then the 
quality isn’t there, and 1 scrap the project. 
Articles I submit to Speaker Builder con¬ 
tain projects that have a wide appeal. 

To give you some idea of how the 
Freeline and the Simplines sound com¬ 
pared to commercial speakers, I’ll relate a 
recent experience. A reader who lives near 
me wrote that he had purchased a pair of 
Fried Studio V systems ($3700/pr), with 
which he was very pleased. He wondered 
why my design of the Freeline was so sim¬ 
ple compared to the Frieds, and was curi¬ 
ous to hear the Freeline. 

We arranged for a mutual listening ses¬ 
sion at his home. I took the Freeline and 
my Simplines, which had by this time 

become Super Simplines /SB 1/96) with 
the addition of a tweeter. We listened to 
the Frieds first, and 1 was impressed with 
their solidity and clarity. We then set up 
the Freeline. He and I were both astound¬ 
ed at how closely, from top to bottom, the 
Frieds and the Freeline sounded in his liv¬ 
ing room. Of course, the Frieds are much 
larger and more powerful speakers, capa¬ 
ble of considerable sound around 20Hz, 
and undoubtedly could have played at lev¬ 
els that would have fried (no pun intended) 
the voice coil of the Freeline. We both felt 
the Freeline offered most of the spiritual 
and emotional involvement of the Fried 
speakers. The pitch, timbre, and coheren¬ 
cy of the two were substantially the same. 

We then set up the Super Simplines. 
Both the Frieds and the Freeline are for¬ 
ward-facing radiator speakers, so a direct 
comparison was possible. The Simplines 
are reflective speakers and sound much 
more open and airy than the other two. 
However, the bass and midrange were 
very much of the same cut. What really 
amazed me was the volume that my sys¬ 
tems put out. I think it was probably due to 
the acoustics of the living room we were 
in, with its high vaulted ceiling, hardwood 
floors, a minimum of drapery, and rela¬ 
tively unadorned walls. I kept waiting for 
the woofers to blow. Somehow they didn 't. 

The Freeline efficiency was reduced 
about 6dB by the cone modifications, mak¬ 
ing it about 78dB/W/m. For 10W input, 
that should be about 88dB. Loudspeakers 
can produce momentary peaks consider¬ 
ably higher than their ratings would indi¬ 
cate, but even so my systems are not 
designed for really loud playing. 
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Software Review 
NETCALC 

Reviewed by Jan Didden 

NETCALC crossover calculation and opti¬ 
mization. Price—US $149. Authors—Rien 
den Boer and Rolph Smulders. Distri¬ 
bution—US: ARIBA, Baroniehoeven 32, 
NL-5244 HZ Rosmalen, Netherlands, FAX 
(+31) 4192 15841; UK: The Speaker Com¬ 
pany; rest of Europe: Audio Components, 
the Netherlands. 

Anybody who has tried to design a speaker 
crossover network knows that many factors 
influence the final result. Although most, if 
not all, of the mathematical relationships are 
known nowadays, the design process still is 
lengthy and complex because of the many 
iterations resulting from parameter interde¬ 
pendencies. Therefore, this is an area ripe 
for software implementation. 

NETCALC is one such implementation 
to streamline the design process. It lets you 
enter the amplitude and phase versus fre¬ 
quency response of your drivers, your 
desired “target response,” and your choice 
of crossover configuration. The program 
then does the number crunching. It will 
either optimize the crossover components 
for a specific channel (low, low/mid, 
mid/high, high) towards a previously spec¬ 
ified channel response, or towards the total 
system target response. 

OPERATION 
In calculating the acoustic response, the 
program accounts for specified geometric 
parameters, such as interdriver distance, 
driver “depth” on the baffle, listening posi¬ 
tion, and axis. You can also specify opti¬ 
mization parameters, such as the number 
of iterations, frequency interval to be opti¬ 

mized, and the acceptable error value 
between the target response and the opti¬ 
mized response. This error value is always 
calculated as the “average value of the 
RMS of the difference between the target 
and actual réponse.” I think, however, that 
designers would also be interested in the 
maximum error values, since a close aver-
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age match to a target response is not very 
useful if there are one or two large gaps. 

During optimization of the crossover, 
you can “lock" certain component values, 
which are then not affected by the opti¬ 
mization algorithms. Alternatively, the 
program offers the option of optimizing 
the crossover network interactively. This 
works quite well. 

In this mode, the program displays the 
channel or system response, along with the 
crossover circuit and the component val¬ 
ues. You can then use the cursor keys to 
select any crossover component, and mod¬ 
ify its value by stepping through the E12 
(or E24) standard value ranges. 

During this process, the program auto¬ 
matically updates the responses real time! 
It’s quite fascinating to ramp up a parallel 
inductor value, for instance, to see the 
response straighten up. This is an excellent 
way of dividing the workload: you do the 
thinking, and the machine crunches the 
numbers. This immediate feedback also 
provides a direct, realistic feel for what is 
possible with a certain configuration. 

PROGRAM FUNCTIONS 
The program contains several “auto” func¬ 
tions, but also gives you the option to take 
charge manually, as with the automatic ver¬ 
sus interactive optimization described above, 
for example. Another example is the entry of 
driver-response data. This can be done auto¬ 
matically by “importing” a data file, which 
can be from most popular speaker measuring 
systems, such as MLSSA. MLS. TEF, and 
some European systems (Kemsonic, ATB); 
IMP is excluded, however. 

On the other hand, you can quickly manu¬ 

ally specify a response through menu 
choices on a screen display similar to a 
graphics equalizer front panel with 1/3 octave 
“slides.” It’s easy to adjust the “slides” with 
the mouse to any driver response. 

The program supports one- to four-way 
systems, and can also handle (indirectly) 
D’Appolito configurations. For the cross¬ 
over configuration, you can select from a 
list of “standard" setups such as second-
and third-order Butterworth or Linkwitz-
Riley. You can also specify an attenuator 
in a network to match driver sensitivities 
and impedance correction components. 
You produce a custom filter by interac¬ 
tively specifying parallel and series ele¬ 
ments (R, L, C) and actually “draw” the 
network on the screen. Very simple and 
very effective. 

SYSTEM REQUIREMENTS 
The program requires only modest re¬ 
sources: an XT or later computer, '/2MB, 
1MB hard disk space, and an EGA or VGA 
(or Hercules) adapter. Of course, a faster 
processor and a coprocessor speed up calcu¬ 
lations. Surprisingly, this program (with its 
$149 price) includes copy protection. 

You can install the program from the 
distribution disk to another system twice. 
If you then wish to install it on another 
system, you must “recall” (de-install) it 
from one of the first two systems. So, you 
can use the program on only two systems. 

You make selections through the pro¬ 
gram's consistent system of drop-down 
menus and dialog boxes. Graphs are clear 
and choices are available for amplitude, 
phase, and impedance responses, as well 
as off-axis responses (up to ±15°). For 

documentation purposes, you can print 
responses and crossover networks on a 
wide range of output devices. 

The program comes on a single disk, with 
a very sparse 15-page user manual, which is 
basically a short tutorial for a typical design 
cycle. It is enough to get you going, but I am 
sure there is more to the program than is 
covered in the manual. The author notes that 
he avoided a "heavy manual" to keep the 
price low. However, once you start using the 
program, questions that are not addressed in 
the manual may arise. 

For instance, you can specify a cross¬ 
over frequency for the target response and 
for each separate crossover network. What 
are the implications of this during opti¬ 
mization? Some important information 
(for example, why you should do channel 
optimization before system optimization) 
appears under “Hints” at the very end of 
the manual. The manual does include con¬ 
text-sensitive help for the menu selections. 

SUMMARY 
This program presents a surprisingly effi¬ 
cient mix of auto and manual crossover 
optimization features. It’s easy enough to 
use for those starting to explore crossover 
configurations, yet provides all the neces¬ 
sary functions for the old hand. At $149, it 
is well worth the price. The ability to 
import IMP data files and to set the error 
calculation to “peak” values instead of 
average RMS (see above) would be wel¬ 
come additions. Because of the sparse doc¬ 
umentation (which should not be a prob¬ 
lem for SB readers), a good text on 
crossover techniques would also be handy. 

to page 59 
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SB Mailbox 

AUDIO AND GENDER 

It is my opinion that the pages of Speaker 
Builder have, over the past year or so at least, 

contained too many references to "Wife 
Acceptance Factor” and similar comments 
belittling women. Although these comments 
are clearly not meant in an overtly negative 

"I'm confident that the CFAC Inductors 
provide an interesting alternative for high-
end manufacturers to consider in their 
quest for sonic truism. ” 

Vance Dickason, Editor 
Voice Coil, Nov. 94 

"The CFAC Inductor far ex¬ 
ceeds anything I have used in 
the past. " 

Arnie Nudell, President 
Genesis 

"They are, simply, the best... " 
Robert Grost, President 
Unity Audio 

For Catalog: Solo Electronics, 2462 Tripaldi Way, Hayward, CA 94545, USA. 

Tel:(510)887-8016 Fax:(510)887-1657 

Reader Service MO 

Available At: 

Miçhael Percy, CA 
A(\ll 5)669-7181 

Speaker City USA, CA 
Tel: (818)846-9921 

Parts Express, OH 
Tel: (800)338-0531 

Handmade Electronics, PA 
Tel: (610)432-5732 

The Parts Connection, ONT. 
Tel: (905)829-5858 

manner, they do little to advance the audio 
hobby, and nothing to promote increased 
acceptance of women in an overwhelmingly 
male-dominated field. 

Furthermore, publishing articles contain¬ 
ing these types of references to women 
shows acceptance of and perhaps concur¬ 
rence with a rather juvenile writing style in 
your otherwise commendable magazine. 

Speaker Builder is a one-of-a-kind publica¬ 
tion. I advertise in it, and doubtless it provides 
good value in that respect. However, in the 
interest of providing not only a decent techni¬ 
cal forum for speaker hobbyists, but also a pos¬ 
itive contribution to the image of audio engi¬ 
neers and hobbyists, I believe it is long past 
time to look harder, much harder, at your arti¬ 
cles before committing them to print. I wel¬ 
come your reply, and still more would I wel¬ 
come changes in your editorial policies. 

Philip Jones 
Owner, Driver Design 

Ed Dell responds: 

We have given a great deal of thought to the 
gender issues in the audiophile community. 
The dearth of women among audio enthusi¬ 
asts, and the ignorant prejudice among 
many, especially sales persons, regarding 
the knowledge level of women, are de¬ 
plorable and unwarranted. 

The WAF term has at least two compo¬ 
nents: aesthetic and territorial. I dislike the 
term as an affront to males, since it often 
assumes that females are the exclusive keep¬ 
ers of aesthetic issues in the home. I don't see 

I —. I 
OF NOTE IN 
Audio Electronics 

Issue 4, 1996 

A New Outboard DAC: Part 1 
The Dynamic Range Potential 
of the Phonograph 
Home Theater—A Playground 
for the Audio Amateur: Part 2 
Digital Projects for Musicians: 
Book Report 
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either gender as having a monopoly on good 
taste or design sense. Too often the enthusi¬ 
ast simply neglects the question of whether 
the new audio project is pleasing to look at. 

The territorial matter seems part of the 
American idea of the marriage relationship 
where the living room is the province of the 
female. The level of control varies from 
the exclusive "my living room ” to “our living 
room. ” 

The root of the problem is in the word 
“acceptance. " Women certainly love music 
as passionately as do men. But women are 
less often likely to be audiophiles. This rais¬ 
es a lot of questions. Is this another “guy 
thing?" Have men kept it that way, con¬ 
sciously or unconsciously? Women who try 
to get involved as audiophiles constantly run 
into the typical prejudice about females 
because they are supposed to be incapable of 
doing “mechanical or technical stuff. ” 

I for one devoutly wish there were no such 
thing as WAF. That would mean that no 
audiophile ever wanted to put anything ugly 
in the living room. It would also mean that 
both spouses would attend concerts regular¬ 
ly, discuss music, listen to recorded music 
together and decide together whether some 
balance between visual and aural aesthetic 
could be worked out in the place where the 
family listens to music. 

I cannot know what happened to the women 
who have become avid audiophiles, who love 
to solder, and get a thrill out of assembling a 
kit or building a speaker. But there are such 
people. We have published the work of one of 
them.1 We will shortly publish another of her 
pieces on how to build a toy soldering iron. 
Her rationale: she’d like to raise a son 

who will grow up to be a speaker builder. 
I believe a little thought and well-placed 

propaganda could result in recruiting many 
women as fellow enthusiasts. Failing that, per¬ 
haps your daughters and sons can be intro¬ 
duced to the pleasures of building a speaker 
with you—and eventually for themselves. 

WAF is a symptom of a cultural problem 
being discussed more and more these days. As 
one author has put it men and women come 
from different planets. This is but another 
symptom of the unresolved value issues sepa¬ 
rating them. Music is surely one value that 
can bring men and women closer together. 
There is only one thing better than listening to 
good music, listening to it with someone. And 
better yet, with someone you love. 

1. Nancy MacArthur, “Kit Report, " SB 2/95. 
p. 42. 

FIGURE CORRECTION 

In Part 3 of “A Modest-Cost Three-Way 
Speaker System” (SB 8/96. p. 34), the graph 
in Fig. 42 is incorrect. The correct figure, 
showing acoustic response of enclosure B at 
60", with third-order crossover and Audax 
tweeter, is shown in Fig. 1. 

AFTERSHOCK OBJECTIONS 

I read Philip Abbate’ s article about his 
“Aftershock Subwoofer” (SB 6/96) and 
found a few problems with it. I modeled the 
enclosure using BassBox 5.1 and TopBox, 
both with the published specs and his mea-

FIGURE I: Corrected Fig. 42 for Koonce/Wright three-way speaker article. 

That Redefines The Word. 

If you can imagine the technologies of the next 
century, imagine yourself working at Bose. Within 
our sophisticated research environment, you'll ex¬ 
perience the inventiveness, commitment, and sup¬ 
port that make this a one-of-a-kind organization. 
At Bose, you'll have the freedom to set new stan¬ 
dards with a company mat's redefined perfor¬ 
mance and revolutionized an industry. But don't 
wait to contact us, because this is not just any op¬ 
portunity - it's a Bose opportunity. 

Sr. Transducer Design Engineer 
As the lead technical member of Bose’s OEM 
automotive transducer team, conceive and 
oversee development of advanced loudspeaker 
drivers for premium, custom designed OEM 
automotive sound systems. Working closely 
with transducer research and manufacturing, 
insure the optimization of performance and 
quality of all OEM transducers, bring appro¬ 
priate new technologies into products and 
insure cost effective, manufacturable designs. 
Qualified candidates will possess a BS or 
MA in Electrical or Mechanical Engineering, 
and 5-9 years’ experience incorporating 
understanding of dynamic electromechanical 
systems, magnetics and modeling techniques 
into designs of advanced, manufactured prod¬ 
ucts. Previous experience in electromechanical 
transducers desirable, musical interest a plus. 
Job Code: TD 

Automotive Audio/ 
Acoustics System Engineer 
Function as a key member of Bose’s OEM 
automotive multidisciplinary development 
teams, with responsibility for the overall 
architecture and performance of premium 
OEM music systems. Conceive, prototype, 
tune, and guide development and inception 
of system products, working in a joint develop¬ 
ment environment with R&D groups at major 
car makers. Position requires BS in Engineering 
with 2-3 years’ relevant experience, MS 
preferred. Knowledge of analog electronics, 
transducers, and acoustics as well as musical 
interest is essential; knowledge of digital signal 
processing, automotive engineering, and power 
electronics is a plus. Job Code: SE 

Audio Product Design 
Engineers 
Positions are available in the OEM Electronics 
Development Group in the development of 
cutting edge technology automotive sound sys¬ 
tem products. BSEE required, MSEE preferred 
with experience in audio and RF circuit design. 
Experience in DSP, digital communications, 
emoedded systems, or software design helpful. 
Focus will be in developing concepts into 
high performance consumer audio products. 
Familiarity with audio systems and high density 
packaging preferred. Job Code: APD 

R&D Engineer -
Transducer Group 
We’re seeking an engineer with knowledge of 
electro-mechanical and transducer design and a 
background in acoustic theory. You will indepen¬ 
dently make decisions on engineering problems 
and methods to achieve department objectives, 
modify and extend theories, concepts, practices, 
and disciplines, and plan, organize and conduct 
large projects. Requires Bachelor’s degree in 
relevant engineering discipline, and at least 7-10 
years’ related experience. Job Code: RDT 

For immediate consideration, please forward 
your resume, indicating job code, to: Bose 
Corporation, Dept. JP-LV, The Mountain, 
Framingham, MA 01701-9168. 
Fax: (508) 766-6499 
An equal opportunity employer. 

Better sound through research. 
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sured specs, for the Altec 421-LF woofers. In 
both cases, I cannot see how the SPL or 
power capacity can be anywhere close to the 
article’s claims. 

Noting that Xmax is 1.3mm for the 421-8H 
and 421-LF (not the 13mm shown in Table 1 
of the text), TopBox predicts the maximum 
excursion-limited input power to be 50.8W at 
the tuning frequency of 25.5Hz. Maximum 
SPL also peaks at this frequency as 102dB. At 
all other frequencies (assuming a sub range of 
20-60Hz), the output is less than this, and the 
power capacity is less than 15W. This is disap¬ 
pointing for a cabinet of this size. 

The problem is the Xmax for the 421 driv¬ 
er. The underhung coil sits in a very short 
gap in order to maximize efficiency at the 
expense of low-frequency capability. It was 
optimized for full-range response and horn¬ 
loading. The vintage Altec 411-A would be a 
better choice for bass-reflex subs, since its 
Xmax is about five times greater. Modem 
woofers, especially multiple 10" or 12" ones, 
would yield even better performance, due to 
their incredible strokes. 

Regarding the differences in the measured 
parameters versus Altec’s published specs, at 
first I figured that the magnets had lost some 
strength over time, which is normal (espe¬ 
cially for woofers that were overdriven and 

blown). But then I recalled that the 421 
woofers used ferrite magnets (not Alnico), 
which last virtually forever and cannot be 
degaussed in use. The differences in parame¬ 
ters are probably due to aftermarket voice 
coils, spiders and cones—those old Altees 
have not been built in many years, and most 
original parts are likely long gone. 

Matthew Honnert 
Alumapro Metal-Cone Speakers 
Addison, IL 60101 

Philip Abbate responds: 

Thank you for the opportunity to respond to 
Mr. Honnert's letter. I am delighted to have 
an objective technical critique, for one rea¬ 
son 1 published the memoir of this project 
was for validation. Speaker Builder articles, 
Vance Dickason ’s book, some old test equip¬ 
ment, and my ears were the only resources I 
had on which to base my decisions when 1 
designed and built Afiershock. Luckily, I did 
not realize that I was off by a misplaced dec¬ 
imal point in my conversion from inches to 
mm for Xmax when 1 ran the first Boxmodel 
plots. I may have erroneously concluded that 
the Altec 421-8Hs my friend gave me would 
not make a satisfying subwoofer. 

I spoke to Steve Upchurch at University 
(Altec) again to verify the Altec specs. It 
turns out that Altec used both ferrite and 
Alnico during the life of the product, and 
mine is ferrite. He was unable to help me 
with details on Xmax, but he told me how the 
Altec engineers designed the 421 series for 
rock-and-roll bass guitar while Small and 
Thiele were still in diapers. Their only crite¬ 
ria for the 421s were that they played loud, 
sounded good, and didn ’t break. 

The specs Steve gave me were measured 
once, on only one speaker, to satisfy the 
curiosity of an engineer. According to Steve, 
the 421 specs, other thanfi were never pub¬ 
lished. I wondered myself if my measure¬ 
ments were in error, but now I suspect 
Altec’s, too. 

My curiosity is piqued. I was just looking at 
the speaker cones moving way in excess of 
0.05" without distress or obvious distortion. I 
had a blown 421-A, which is identical to the 
421-8H except for the basket shape, so I dis¬ 
sected it. I am not sure whether this speaker 
had original Altec parts because, although the 
voice-coil is edge wound, the wire is copper 
rather than the aluminum I recall in the 421s. 

The top plate (gap) is 10mm and the voice 
coil windings are 8mm. The Xmax would 
therefore be 1mm. The geometry has a 10:1 

C>O YOU KNOW WHERE THESE 
PEOPLE ARE GOING? 

To Tell A Friend. 
Do you know someone who shares your interest in do-it-yourself? 
If you do, we'd like to send them a sample of Speaker Builder. 
Fill out the form below and fax or mail it to us, we'll take care of the rest. 

YES! I know someone who'd like to receive a complimentary sample 
of Speaker Builder. Here's the information: 

COUNTRY COUNTRY 

NAME NAME 

STREET & NO. STREET & NO. 

CITY STATE ZIP CITY STATE ZIP 

Speaker Builder 
PO Box 494, Peterborough, NH 03458-0176 USA 

PHONE: 603-924-9464 Fax: 603-924-9467 (24 hours a day) E-mail: audiotech@top.monad.net 
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gap-to-Xmax ratio. Dickason analyzes the Bl 
responses with respect to air gap-to-Xmax 
ratios in the first chapter of the Loudspeaker 
Design Cookbook. He concludes that the 
higher the ratio, the slower Bl drops off as the 
voice coil travels out of the gap. This may 
explain why, when I connect a 9V battery to 
the 421, the cone deflects +5 mm. 

1 put a second 9V battery in series with the 
speaker to see how much further the cone 
would move. Lo and behold, a static like 
sound emanated. I suspect this noise is caused 
by the cone assembly free-wheeling out of the 
gap from inertia, and then springing back in, 
only to be pushed out again. The distance 
from the top of the pole piece to the bottom 
plate is 30mm, which may explain why I get 
such a long throw without bottoming out. 

Mr. Honnert is right; the speaker can take 
only about 15W before the voice coil rides 
out of the gap and causes an excursion-limit¬ 
ed distortion. The power is so low probably 
because of the lOdB, 20Hz, 6th-order equal¬ 
izer. 1 am not surprised that the excursion 
limiting has not bothered me, because the 
meters on Aftershock’s power amp rarely 
reach an average of 10W per channel with 
the system playing music at a nominal 90dB. 

1 listened to Aftershock alone with the amp 
peaking at 140W per channel as measured 

with a scope. On kick-drum and other per¬ 
cussive impulses, I heard a noise shifted to 
higher frequencies. This noise is masked 
when the rest of the system is playing. With 
the Isobarik configuration and Boxmodel, I 
am still confused as to what 1 should use for 
power input. If 15W, is it 15Wper voice coil, 
or 7.5W per voice coil? I believe it is 15. 

Since writing the article, I have built sev¬ 
eral more speaker projects and moved to 
Georgia, where there are no earthquakes. 
Aftershock is now the low end of a triamped 
dedicated stereo system located in a 15' X 
14 listening room on the concrete floor of 
my basement. The crossover and amp remain 
the same, but the top-end breakpoint for 
Aftershock is now 40Hz. Frequencies above 
that are handled by a revived vintage JBL 
LE14, which crosses over electronically at 
100Hz to a Focal 7V513, and then passively 
at 2.2kHz to a Focal T90TDX. Aftershock sits 
4 out in the room midway between the left 
and right speakers, with the back of the 
exposed Altec facing me. 

I used the same method I detailed in the 
article to find a reinforcing node location. 
This system ’s output for the listening position 
is IdB less than that of Aftershock for the lis¬ 
tener in the same position. The Stereophile 
test CD2’s lowest 1/3-octave warble tone 

still produces a reading of 108dB on my 
original unweighted Radio Shack sound¬ 
pressure-level (SPL) meter. Aftershock’s 
acoustic and musical output has been any¬ 
thing but disappointing. My audiophile 
friends agree. 

The seating area in the home theater is 
now about 15 away and one floor removed 
from Aftershock. 1 have a 12" powered sub in 
the theater room. When I want to wow my 
friends, I pipe the theater signal downstairs 
to Aftershock. The sensation upstairs is awe¬ 
some. I still recommend that if you're 
inclined to revive an old stage speaker, you 
do a little experimenting similar to mine 
before you buy a new driver. You may be 
pleasantly surprised. 

XVR-1 PC BOARDS 
AVAILABLE 

Thank you again for the opportunity to share 
our work on the XVR-1 Electronic Crossover 
Platform (SB 2/96. p. 18). 

Since publication of that article, we have 
received many notes about it from all over 
the world. We are happy to report that many 
have successfully constructed the XVR-1, 

HIGH PERFORMANCE ELECTRONIC CROSSOVER NETWORKS 
THESE COMPONENTS AVAILABLE FULLY ASSEMBLED OR AS KITS 

XM9 Crossover Network • 24 dB/octave 
slope • fourth-order constant-voltage 
design • Outputs in phase • Low noise • 
Controls on circuit board or panel • 
Settable crossover frequency from 
20-5,000 Hz. 

XM16 Crossover Network • 48 dB/octave 
slope • Eighth-order constant-voltage 
design • Outputs in phase • Low noise • 
Controls on circuit board or panel • 
Settable crossover frequency from 
20-5,000 Hz. 

XM26 Tube Electronic Crossover provides 
smooth tube audio, fourth-order design, 24 
dB/octave slope, for both channels. 
Includes time-delayed power supply for 
long tube life and no transients during 
power-on/power-off. Plug-in frequency 
modules set crossover between 20 and 
5,000 Hz. Quality components throughout. 
(Shown with cover removed.) 

PS24 Open Frame Power Amplifier 
Power supply with toroidal power 
transformer, rectifier, and one or two 
PM21, PM22, or PM23 (MOSFET) Power 
Amplifier Modules —all in one compact, 
power package! 

PM21 and PM22 Power Amplifier Modules 
provide 75 watts RMS into 8 ohms • Com¬ 
plementary Darlington output stage • Inte¬ 
grated-circuit driver circuit • Over-current 
and over-temperature protection • Class A 
or Class AB operation. (PM22 shown.) 

WRITE NOW FOR FREE LITERATURE ABOUT THESE AND OTHER MARCHAND PRODUCTS 
SEND YOUR NAME AND ADDRESS TO: MARCHAND ELECTRONICS, INC. 

P.O. Box 473» WEBSTER, NY 14580« PHONE (716) 872-0980« FAX (716) 872-1960 
Web Page: http://www.marchandelec.com E-mail: phil@marchandelec.com 
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either from the article or from the complete 
kit we offered. We even learned that XVR-1 
is being used not only for home-audio 
biamping, but also for professional and live-
sound applications. 

Several readers have asked us about 
obtaining PC boards and other components 
to build XVR-1. Up until recently, we had 
few boards to spare, since they were all need¬ 
ed for the complete kit offering. We are now 
pleased to say that you may obtain the boards 
separately, and, due to economies of scale, 
we have reduced the cost of a complete 
XVR-1 kit. We hope that this will encourage 
more of you to build biamplified loudspeak¬ 
er systems using XVR-1. 

Readers interested in XVR-1 PC Boards, 
components, or complete XVR-1 kits should 
contact Audio Arts, RD 2, Box 3502, 
Wernersville, PA 19565, (610) 693-6740, 
or E-mail at audioarts@prodigy.com for 
more information. 

Fred Janosky 
XVR-1 Designer 

DV12 WOOFER WIRING 

I enjoyed tremendously Tom Perazella’s arti¬ 
cle describing his subwoofer project (“True 
Bass,” SB 5/96, p. 10). I also plan to use Audio 

Concepts’ DVI2 dri¬ 
vers in an Isobarik 
alignment, with a pair 
of drivers face-to-
face, but 1 am unsure 
of the wiring that will 
make it come out as 
an 8Q system. Please 
indicate the correct 
driver wiring per cab¬ 
inet. And do continue 
writing about such 
excellent projects, as 
it makes my Speaker 
Builder subscription a 
terrific investment. 

Bert Lopez 
Wesley Hills, NY 

Thomas Perazella 
responds: 

Thanks for the kind 
words on my article, 
"True Bass.” I'm 
glad you enjoyed it, 
for it has been one of 
my most rewarding 
projects. 

When using the 

FIGURE I: Wiring the two coils on each driver in series and then 
the drivers in parallel. 

FIGURE 2: Wiring the two coils on each driver in parallel and then 
the drivers in series. 
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DV12 woofer, since it has two voice coils of 
8Í2 each, you have the choice of using the dri¬ 
ver as either a 4Í2 or I6Q device. However, 
you can also leave one coil open, short one 
coil, put a variable resistor in series with one 
coil, or put a variable resistor in series 
between one coil and the amplifier, all with 
various effects on driver parameters. For this 
discussion, I will assume you use the more 
conventional series or parallel connections, 
and that you will not use the separate voice 
coils to sum two signals. 

Your arrangement, with the two woofers fac¬ 
ing each other, requires that you wire the driv¬ 
ers out ofp hase with each other. To achieve the 
8Í2 impedance you desire, you can 1) wire the 
two coils on each driver in series and then wire 
the two drivers in parallel (Fig. 1 ), or 2) wire 
the two coils on each driver in parallel and then 
wire the two drivers in series (Fig. 2). 

Both the above methods will result in an 
8Í2 impedance. I prefer to use the first 
because I don't like to wire drivers in series. 
In the first case, although the coils are wired 
in series, they are physically tied together 
and behave as though they are one 16Í2 coil. 
In the second case, the two drivers are wired 
in series to get an 8Í2 impedance. The sepa¬ 
rate drivers will almost certainly have differ¬ 
ent characteristics and not behave the same 

at all frequencies and power levels. 
Another way to look at the first case is to 

visualize two 16Í2 drivers driven in parallel 
from an amplifier. Each driver is directly con¬ 
nected to the amplifier, with only the cable 
and amplifier-output impedance to interfere 
with driver control. 

In the second case, you have two 4Í2 driv¬ 
ers in series being driven by an amplifier. 
Each driver is connected to the amplifier with 
the cable, with amplifier-output impedance 
and the other driver impedance in series. Also 
remember that the driver impedance is nonlin¬ 
ear and that drivers act as both motors and 
generators, further complicating the issue of 
damping and driver control. 

I hope this information helps you with 
your project. Good luck and have fun! 

TAKING EXCEPTION 

I read with great interest the “Tools, Tips, & 
Techniques” column by John Day (SB 6/96). 
Mr. Day has a number of interesting com¬ 
ments on wire and cable. 

One statement he makes is on capacitive 
discharge. Capacitance between conductors 
is determined by the dielectric constant (DC) 
of the insulation material. While he claims 

driver design limited 
L quality american-wade loudspeakers 

Premium drivers for stage, 
studio and critical listening. Ask 

for them by name. 

V5/12R 5-1/4" midbass for 
compact vented two-way 

systems 

V6/20 6-1/2" midbass for high-
power three-ways, vented two-

way systems and arrays. 

HOVR-6 professional 6-1/2" 
midrange for high-output stage 
systems and home theater. 

U10/30 10" guitar/PA speaker 

Driver Design 
The American Alternative 
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ME*NIS«CUS 
MENISCUS AUDIO GROUP 

(616) 534-9121 
fax (616) 534-7676 
meniscus@iserv.net 
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that Teflon® is the lowest, that is not strictly 
true. Teflon® has the lowest dielectric con¬ 
stant of any plastic in its solid form, but there 
are other plastics which can be chemically 
foamed, or foamed by gas injection. Foam 
insulations have much lower dielectric con¬ 
stants, and lower capacitance. 

LEARN 
Speaker Reconing 

Recone your own speakers 

Save Money, Make Money 

NO MORE SECRETS 
This comprehensive video has taught 
hundreds to perform this task and now 
you can learn too. WVS also supplies 
parts. 

Phone: 219-424-5463 

Order, Visa, MO Ft. Wayne, In 46808 

$39.95 
Check, Money 

WVS 
1502 N. Harrison 

Reader Service ¿66 

Many Belden cables are made with 
foamed insulations. All our digital-audio 
cables, such as the 1800/A or our new flexi¬ 
ble 1800F, use foamed insulations. And all 
our digital-video coax cables, such as the 
1694A, 1505A, or 1865A. have foamed inte¬ 
riors. We have twisted-pair designs as low as 
8.5pF/ft (part 9688). You can obtain a short 
sample by calling 1-800-BELDEN-l. 

Mr. Day also talks about the impedance of 
speaker cable, and I believe that here, too, he 
may have gone astray. The critical nature of 
a cable’s impedance is related to the wave¬ 
length of signal that travels over that cable. 
At very high frequencies (hundreds of mega¬ 
hertz), where wavelengths are short, the 
impedance is a critical number. But at audio 
frequencies, the wavelengths are extremely 
long. The electrical wavelength of 20kHz is 
15,000 meters (48,750 feet). 

This is so much longer than any cable you 
are likely to run that its impedance has no 
measurable effect. Only the phone company 
is concerned with these numbers, for it does 
run telephone lines many thousands of feet, 
and therefore needs to compensate for even a 
slight mismatch. 

Impedance is a complex subject. The for¬ 
mula for impedance takes into account mag¬ 
nitude and phase of a signal. At audio fre¬ 
quencies, the phase is negligible, in effect 
making the magnitude components (i.e., the 
resistance) the impedance of the cable. But, 
of course, the resistances are cumulative. 
Eight ohms of resistance in your wire would 
cut your power to an 8Í2 speaker in half. Not 
a very good deal. 

The major effect in speaker cable is resis¬ 
tance, which has been well documented to 

affect a number of criteria, most importantly 
slew rate, also called “damping factor.” In 
fact, the damping factor, which is the imped¬ 
ance of the speaker divided by the output 
impedance of the amplifier, can be dramati¬ 
cally affected by wire resistance. That’s why 
big wire sounds better than small. 

Finally, Mr. Day goes through a laborious 
exercise of combining plenum Category 5 con¬ 
ductors to “get to 8Q impedance." Even if his 
technique was correct, you could use non¬ 
plenum wire, such as Belden 1583A. which is 
less costly. It has the same capacitance as the 
plenum Category 5. Both must meet the same 
industry specifications. Also, the impedance of 
a standard Category 5 (or any other category of 
cable) is 100Q, not 75Q, as the article stated. 
This is also an industry specification. 

The article continues with a description of 
combining conductors to “get to 8Q imped¬ 
ance.” However, you cannot just combine 
wires to change impedance; it is not like 
combining resistors. I guarantee that the 
resulting capacitance (and inductance) of 
combined pairs will be some very different 
number from what you’d get by simply 
adding or dividing them. 

The capacitance of a pair is determined by 
the space between the wires and the dielectric 
constant of the material used on them. But the 
space between pairs is air, and as the cable is 
bent, this space changes. So, in fact it is impos¬ 
sible to predict the resulting capacitance, and, 
therefore, the resulting impedance. 

On the other hand, combining conductors 
and figuring out the equivalent gauge size is 
easy. Simply add up the circular mil area 
of the conductors involved. For 24 AWG 
Category 5 wires, this is 404 circular mils. 
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Eight of them are therefore 3232 circular mils, 
very close to 15 AWG (3260 circular mils) as 
Mr. Day claims. So, lest you think I offer 
nothing but negative suggestions, I do agree 
with that! 

I think he’s also a bit off in pricing. Our 
list price for 1,000' of plenum Category 5 is 
$290. Non-plenum Category 5 is only $120 
per 1,000'. Maybe your readers should be 
calling their local Belden distributor! If they 
can’t find one in the phone book, they can 
check out our Distributor Locator on our 
Web Page, www.belden-wire.com. 

Thanks for your always excellent magazine. 

Stephen H. Lampen 
Technology Development Manager 
Belden Wire and Cable Co. 
Richmond, IN 

LOVE THAT BOOM! 

I just received SB 7/96 and read the article by 
Charles Pike, “9Hz in a Barrel." What a won¬ 
derful and unusual idea he had! This is the sort 
of article I prefer to see in the magazine. I liked 
it so much that I will build one or two of these 
speakers for my media room, currently under 
construction. If we audiophiles put them in our 
cars, we could blow out those other drivers who 
are so proud of their “boomers." I am also inter¬ 
ested in model railroading and have a Diesel 
sound generator that produces the sound of an 
Electro Motive SD-40 locomotive. Hmmmm, 
the possibilities! 

Warren Bain 
Bristow, VA 

OPEN-BAFFLE SOLUTION 

Some rooms are worse than others, but all 
have a devastating effect on the sound we 
hear from our hi-fi systems. If you have a test 
CD, just play the track containing the sine¬ 
wave sweep and listen to the enormous peaks 
and troughs in the sound level as the fre¬ 
quency rises from 2O-35OHz, the range over 
which the room has the greatest effect. As 
well as this unevenness in the response, the 
peaks in the low frequencies have a masking 
effect on mid and high frequencies, causing a 
loss in clarity and imaging. And the response 
off-axis will likely be even worse, giving a 
change in the tonal balance you hear. 

One partial solution is to listen in a room that 
is much larger, to lower the frequencies and the 
effect where the room problems appear. But the 
problems of the off-axis tonal balance will still 
occur with conventional speakers, because they 
radiate sound below about 300Hz, depending 
on baffle size. Another partial solution is to use 

miniature loudspeakers with very little low, 
mid, or bass output, and so avoid the problem 
altogether. That’s what I do in the kitchen, 
where I use a little tranny, but that’s not hi-fi. 
Unfortunately, we cannot make massive 
changes to our rooms, so we have to look else¬ 
where for a solution. 

Fortunately, there is a solution to the prob¬ 
lems of getting accurate reproduction in the 
normal-sized, conventionally constructed 
living rooms most of us live in. You need a 
speaker that radiates a lot less sound off-axis, 
to reduce the reverberant sound level and 
hence lower the effect of the room acoustics; 
a speaker that has the same response shape 
but is lower in level off-axis. 

You can achieve all this with a properly 
designed open-baffle loudspeaker, that is, 
one having an open baffle down to the low¬ 
est frequencies. The reverberant sound 
diminishes to just one-third of the level of a 
conventional box speaker. You also lose the 
colorations caused by internal acoustic and 
box resonances. You gain clarity, openness, 
and better imaging, and, with well-recorded 
material, the speakers just disappear. 

I can now play and enjoy recorded mater¬ 
ial with a lot of bass, and hear it not only at 
the correct level but also in every detail, 
down to the lowest notes without false 
emphasis. Sounds like magic, but it is true 
and confirmed by measurements. The in-
room response using pink noise with third-
octave analysis is very flat, without those 
nasty peaks and troughs that conventional 
speakers give. 

I only wish I had discovered the properties 
of open-baffle loudspeakers seven years ago 
when I started to design, build, and develop 
speakers as a hobby. Then I could have 
avoided spending money on many of the 60 
or so designs I constructed. On the other 
hand, I would not have gained all that expe¬ 
rience in developing crossovers and finding 
the best ways of measuring the speakers I 
have built. I am so pleased with the sounds 
from the open-baffle loudspeakers that I 
think I will never again build any other kind. 

This is not any pioneering effort on my 
part. The theory and the factors involved 
were all published in an AES paper by 
Siegfried Linkwitz entitled, “Development 
of a Compact Dipole Loudspeaker,” AES 
reprint #3431(N-5), Oct. 1992. All I have 
done is to prove and endorse the work that 
Mr. Linkwitz did. 

Tony Seaford 
Burnley, Lancs., England 

OF METAL DOMES 

I read Ralph Gonzalez’s “A Revised Two-
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Way Minimonitor” (SB 3/94) with some inter¬ 
est, as I am considering renovating a dead pair 
of Smaller Advents and have a spare pair of 
Dynaudio 17W75 woofers. First, you did not 
actually contrast the sound of the Elac-
equipped speakers with the original D28 setup. 
Granting that preferences are subjective and 
audio memory fallible, what do you believe is 
gained—or lost—by switching to a metal 
dome? Do you think these quality changes 
would be apparent with a less expensive metal 
dome? Have you any experience or anecdotes 
to relate regarding using the SEAS/MB/Vifa in 
this or a similar application? 

Hugh Stevenson 
Petaluma, CA 

Ralph Gonzalez responds: 

First a disclaimer: audio memory certainly is 
fallible, and it has been several years since 1 
contrasted the Elac tweeter with the Dyn¬ 
audio D28af in my minimonitors. Moreover, 
this comparison was rudimentary—no dou¬ 
ble-blind panel tests! 

As 1 recall, the Elac tweeter sounded more 
detailed and "lush " than the D28. At low vol¬ 
ume levels, the D28 seemed to make the over¬ 
all sound too "tinny. ” / recall that D28afs 

have a mild peak around 12 or 14kHz, but on 
the other hand my subjective comments could 
also be attributable to different frequency¬ 
response interactions between the respective 
tweeters and the crossover. 

1 haven't done an extensive comparison 
between metal domes, and in particular, I'm 
not familiar with any drivers that are less than 
three years old. 1 obtained very nice results 
from the inexpensive SEAS 19-TAF/G (their 
W metal dome using a phase plate instead of 
a protective screen). This driver had an excep¬ 
tionally smooth and "high-end" sound quali¬ 
ty. However, it may not be suitable for com¬ 
bining with the DYNA 17W75 woofer, be¬ 
cause this woofer should be crossed over no 
higher than about 2.5kHz. That's a risky 
proposition for a 3/f tweeter unless you use a 
well-integrated high-slope crossover. 

DISTORTION FACTORS 

This letter concerns Roger Russell’s article. 
"Quality Issues in Iron-Core Coils." (SB 6/96). 

My interest was initially aroused because 1 
supposed that he was going to show how the 
performance of a first-order, low-pass filter is 
influenced by the design of its inductor, and 
by power levels. Instead, he reported on the 
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distortion products appearing at the resistor 
terminals, and asserted that this is caused by 
something he calls "coil distortion,” as if it 
were an inherent characteristic of a coil, such 
as inductance, resistance, “Q,” and so on. 

A coil is, however, a passive element, inca¬ 
pable on its own of causing distortion. What it 
may do, when connected to an active element, 
is to cause this now active system to exhibit 
undesirable behavior. A fair conclusion is that 
this happens because the active element is 
intolerant of the passive element. This leads 
me to suggest that what Mr. Russell has 
demonstrated is that his amplifier is very load 
sensitive, much like many amplifiers, espe¬ 
cially single-ended triode units. 

Incidentally, the voltage required to deliv¬ 
er a given amount of power to the load resis¬ 
tor is not, as he states, the square root of the 
product of power times the resistance, 
because this implies that the full value of the 
amplifier voltage appears across the resistor. 
At 254.68Hz, for example, the 5mH induc-
tor/8Q resistor combination will produce a 
voltage across the resistor that is 0.707 times 
that at the amplifier terminals. From this, the 
voltage/power relationship can be shown to 
be the square root of twice the product of the 
power and resistance. 

It would be interesting if Mr. Russell would 
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present another set of curves illustrating the 
behavior of the first-order filter, more specifi¬ 
cally, a plot showing the ratio of the funda¬ 
mental of the voltage across the resistor to the 
fundamental of the voltage at the amplifier 
terminals versus various power levels. 

David J. Meraner 
Scotia, NY 

Roger Russell responds: 

Mr. Meraner seems to be questioning the 
internal impedance and distortion of the 
amplifier and its effect on the measurements. 
This is a good question. The damping factor 
for the amplifier 1 used is 40. which corre¬ 
sponds to an internal impedance of 0.2 fl. 
The amplifier distortion is rated at 0.005% 
at any power level from 250mW up to rated 
power. The quality of this amplifier greatly 
exceeds the minimum that is needed to make 
the coil-distortion tests. Most amplifiers will 
work well. 

The voltage across the load resistor repre¬ 
sents the current flowing in the circuit. To 
simplify, you can think of the amplifier as a 
generator with a series resistor of 0.2 fl prior 
to the output terminals. The same current 
flows through the amplifier, iron-core coil, 
load resistor, and hookup wire. Whatever 
array offundamental and harmonics appears 
across the load resistor will also appear 
across the internal resistor in the amplifier, 
but at reduced amplitude. However, the iron-
core coil in this circuit is the nonlinear ele¬ 
ment. If the amplifier had been sensitive to 
inductive loads, distortion would have shown 
up in the air-core-coil test shown in Fig. 15. 

Mr. Meraner would like to see the same 
current in the load resistor at all frequencies, 
as if the amplifier were a constant-current 
source. However, most power amplifiers are 
excellent voltage sources. Perhaps the curves 
should be more clearly labeled "Amplifier 
Output Power Re: 8Í1 ” 

In the crossover passband, about 95-99% 
of the amplifier voltage appears across the load 
resistor. The loss is due to crossover coil DCR. 
The same ejfect occurs at a woofer voice coil 
for a speaker system using a passive crossover. 

At 250Hz, the reactance of the crossover 
coil is almost 8 fl making a total load imped¬ 
ance of almost 16 fl Less current is flowing 
compared to an 8Í1 load. The same current 
reduction occurs in a woofer noise coil when 
a crossover coil is used. The current does not 
stay constant as frequency increases. By 
doing the tests this way, a better comparison 
can be made with what actually happens in a 
speaker system. 1 feel this is a more realistic 
and useful approach for the reader than sim¬ 
ulating the conditions of a constant-current 
amplifier. 
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If response curves were made for a first-
order network to show differences between the 
various coils, they would he very similar to the 
differences between coils G and H shown in 
Figure 19. This is a maximum of 0.5dB. Most 
of the curves would literally be on top of each 
other. If the load impedance is higher, as 
shown in Fig. 20, there will be essentially no 
noticeable loss (the DCR will be extremely 
small compared to the total impedance). 

TURN OF THE SCREW 

Bob Wayland’s excellent article, “Screws and 
Other Fasteners" (SB 8/95), is one of the best I 
have seen in any consumer publication. I would, 
however, like to clarify three of his statements. 

He states that “sheet-metal, or tapping 
screws, have about 10% greater withdrawal 
resistance than other types of the same 
size....” This is true of normal hardware¬ 
store-variety screws, but not for the deep 
“particle board” threads found on most 
Square Drive screws. In fact, tests prove the 
deep threads provide significantly greater 
withdrawal resistance than the Type-A tap¬ 
ping threads used on sheet-metal screws. 

The rather casual mention that “using soap 
or glue—or even better, beeswax—to facili¬ 
tate insertion has little effect on the withdraw¬ 
al resistance" may lead readers to believe that 
soap is a suitable lubricant. Because soap is 
hygroscopic (attracts moisture), soaping 
screws can lead to severe corrosion and, per¬ 
haps, fastener failure. Beeswax, paraffin, or 
even non-silicon-containing paste waxes are 
vastly superior lubricants. 

Finally, the comment that “a tapered drill 

produces a pilot hole that profiles the shape of 
wood screws, thus increasing their load resis¬ 
tance" is only partially true if the screws them¬ 
selves are tapered. Today’s manufacturing 
processes produce screws that are tapered only 
at the tip, with straight shanks. Using a straight, 
brad-point, or standard-point drill bit produces 
an ideal pilot hole for most modem screws. 

These are perhaps nit-picky comments, 
but I believe the overall excellence of the 
article justifies these minor clarifications. 

James C. Ray, President 
McFeely's Square Drive Screws 

Bob Wayland responds: 

Mr. Ray makes some interesting points. The 
remark that his company’s Square Drive 
screws ' withdrawal resistance is higher than 
that of Type-A tapping screws may be true. 
Until I have seen results from an independent 
testing laboratory, I don’t believe that I 
should recommend his screws to our readers 
over other brands. 

The remarks about the hygroscopic prop¬ 
erties of soap should be put in proper per¬ 
spective. If the screws are made of bare steel, 
there is a possibility that some rusting might 
occur. However, there are a number of other 
considerations that the speaker builder 
should keep in mind. Most modern screws 
are coated with rust-resisting compounds or 
are made from non-rusting materials, e.g., 
stainless steel. The Encyclopedia of Wood 
also recommends the use of soap, I suspect 
because it realizes the advantage of using 
soap far outweighs the small problems Mr. 
Ray mentions. Personally. I like a 50/50 mix¬ 

ture of tung oil and beeswax as a lubricant 
applied to the first third of the threads. 

Mr. Ray ’s remarks about tapered drill holes 
for tapered screws is misleading. Speaker 
builders usually buy screws from the local 
hardware store. My experience has been that, 
aside from some drywall and a few "particle 
board" specialty screws, the modem wood 
screws are tapered. If the screw you are using 
has a straight shank, of course you should use 
a straight-shank standard-pointed drill bit. I 
doubt that using a brad-pointed drill bit for the 
pilot hole will improve a screw's load resis¬ 
tance. My remarks are in no way a criticism of 
McFeely's Square Drive Screws, which 1 think 
are very high quality and deserve the speaker 
builder's consideration. 

SEEKING ALTEC 
412C ADVICE 

I wonder if you have any information on the 
Altec 412C speaker. I am planning to use it 
with a Lineaum Tweeter like those in the 
Radio Shack LX5 speakers. If anyone has 
done such a project, I’d appreciate their advice. 

Is there any chance of my using an Altec 
515B as a woofer for that type of system? I 
understand that both drivers require a port, so 
it could be a complicated enclosure. 

Please advise if you can assist me. 

John Gresh 
JSG <clash@redrose.net> 
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Tools, Tips & Techniques 

SPIKES 

By now, everyone knows that spiking your 
speakers and/or stands can improve the sound 
quality of your system. Your speakers will sit 
more solidly and squarely on the floor and 
will not rock as they would on carpet. 
Commercial spikes will work, but speaker 
builders who like doing everything for them¬ 
selves can make these with a minimal num¬ 
ber of tools and materials. 

For our purpose, a spike is a hard piece of 
material, usually metal, that is long enough 
to penetrate carpet or directly contact the sur¬ 
face on which the speaker rests. The spike 
can be a nail of sufficient diameter to support 
the load without bending. The nail is force 
fit, pressed into the “foot,” cut, and filed 
flush on the top or back side. You can attach 
the foot to the stand with double-stick carpet 
tape (Fig. 1). 

CONSTRUCTION 
First, cut the feet from your choice of mater¬ 
ial approximately 114" square and 14" to 3/8" 
thick. The harder the material, the thinner the 
foot can be. For example, acrylic and alu¬ 
minum can be 14" thick, while wood should 
be at least 3/8". You’ll need four feet (or 
maybe three if the base is large enough) for 
each stand and one extra for testing to get the 
right fit. Sanding or routing the wood edges is 
a nice touch, but not necessary. 

] 5

INSTALLATION 

FIGURE I: Spike installation for your 
speaker or stands. 

HOLE PATTERNS 

FIGURE 2: Hole patterns (centered, off-
center, and slotted for aluminum). 

Next, obtain some nails. For my 30-pound 
speaker/stand combination, I used tenpenny 
nails which proved strong enough. After the 
manufacturing process, the nail’s point is 
slightly larger than the shaft, so it needs to be 
reduced and smoothed to obtain the proper 
fit. Otherwise, the hole will be too large and 
the spike will fit loosely. You might consider 
knocking off the sharp point of the nail, since 
sharpness is not a real concern for this high 
pressure area. 

Drill a hole—with a drill press if avail¬ 
able—through the center of the foot about 
0.001-0.003" smaller than the nail diameter. 
Or, you could drill your hole off-center close 

to a comer for maximum footprint size and 
more stability with small stands. But be sure 
to leave a distance of at least three diameters 
of the nail to any edge to maintain structural 
integrity. 

The nail must fit tightly. My tenpenny nail 
measured 0.128", so I used a 0.125" drill bit. 
This worked fine for acrylic, but for alu¬ 
minum I had to cut a slot starting from one 
side of the foot and continuing through the 
hole and a little past so the material could 
“spread” slightly when the nail was tapped 
through (Fig. 2). 

INSTALLATION 
To ensure the spike lengths are the same, use 
a piece of scrap wood the thickness of the 
length of the spike (in my case, %"). Drill a 
hole in the scrap piece a little larger than the 
spike diameter. Position the hole in the foot 
over the hole in the scrap and tap the nail 
through until it makes contact with the sup¬ 
porting surface, such as a drill press table. 
Cut off the excess nail close to the foot top 
and file flush. Or, instead of filing the nail 
flush, face it off using a lathe. Do this with all 
the pieces. 

Stick a piece of double-stick carpet tape on 
the top of the foot. The foam-type tape may 
work, but the mating surfaces won’t have 
solid contact. Trim as required using scissors 
or a knife. 

Position and press the feet on the stands. 

cha 

ANTIQUE ELECTRONIC SUPPLY tubes parts books supplies 
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We’re so sure you'll love 
our Square Drive Screws we 
will practically pay you to try 
them. Return this ad with $5 
and we’ll send you our famous 
‘Try-Pack” Sampler of 100 

¿ screws (25 each of #8 x 5/8,8x1-
1/4, 8 x 1-1/2 and 8 x 2), a driver 

/) bit for your drill, our catalog listing 
350 types of Square Drive screws, 

/ and take $5 off your first order of 
$25 or more, or $10 off your first 
order of $50 or more! (Limited time 
offer. Available in USA only.) 

Our Samples Are Better Than 

FREE! 

“We tried a box of 1-3/4" #8 prelubricated flat 

heads with nibs from McFeely’s, which quick¬ 

ly became our favorite fastener." Speaker-

Enclosure Screws, Robert J. Spear and 

Alexander F. Thornhill, Speaker Builder, 2/94 

C 199® Mcfeety $ AM Rights Reserved 

PO Box 11169 • DeptSB6F 
Lynchburg • VA • 24506-1169 
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Exclusive 
Distributor of 

Acoustic Research 
& 

NHT Parts 

Knht 
Complete in-house service: 

We can test and “bring back to life" 
AR and NHT speakers and equipment 

using original components. 

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

Hopedale, MA 01746 
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Flip the stands over and set them in place. 
You may need to rock or wiggle them a 
little so they penetrate the carpet and contact 
a solid surface. 

With the variety of materials available 
and a little ingenuity, you can create some¬ 
thing unique and functional. But best of all, 
it’s homemade. 

Ron Gallus 
Vacaville, CA 

THIRD-ORDER CROSSOVER 
FOR VMPS SUBWOOFER 

When 1 changed the satellite speakers I used 
with my VMPS Smaller Subwoofers to 
Mach 1 Acoustics M-Twos, I found that 
there was too much overlap between the 
speakers to provide good imaging. The pas¬ 
sive crossover supplied with the VMPS was 
billed by the manufacturer as a quasi-sec¬ 
ond-order design. 

One immediate recourse was to use the 
M-Twos by themselves, retaining the VMPS 
as stands for them, but as the M-Twos lack 
the lowest octave, I went in quest of a fix to 
the VMPS so they would again be usable. I 
studied several books seeking information 
about crossover design, and found The 
Loudspeaker Design Cookbook (LDC)1 to 
have the most complete information about 
third- and fourth-order network design. 

THIRD-ORDER COMPROMISE 
I selected a third-order network (18dB per 
octave) as the best compromise between a 
fast rolloff and maintaining sensitivity. The 
third-order network described in the LDC 
has a Butterworth filter response with a Q of 
0.707. According to this reference, it is both 
a constant-power crossover (maintaining flat 
power transfer) and an all-pass crossover 
(maintaining flat frequency magnitude). 

I chose to omit the original L-pad attenu¬ 
ator from the new VMPS crossover, as the 
sound without it had 

f = 150 
RL - 8 

L2 = .2387 RL = .2687 (8) = .0127H = 12.7 mH 
— f 150 

L3 = .0796 RL - 0796 ¡8) = .0042H - 4 2 mH 
I -TOT 

FIGURE I: Schematic and calculations for 
third-order design. 

shows the formulas and calculation results, 
as well as the schematic for the new cross¬ 
over. I used some capacitors and inductors 
taken from the original VMPS crossover and 
purchased some others from Parts Express 
and Radio Shack. 

I originally planned to fit the crossovers 
into metal kit boxes outside the enclosure, 
but as I accumulated parts, it became evident 
that the components’ sizes precluded that 
plan. Instead, I mounted the parts to a piece 
of pegboard using silicone rubber and wire 
ties (Photo 1). Note that the inductors are 
installed at right angles to one another to 
minimize the likelihood of mutual induc¬ 
tance. This is addressed in detail by Mark 
Sanfilipo.2

I then mounted the pegboard, with com¬ 
ponents installed, to %" plywood, using sili¬ 
cone rubber and drywall screws. I fastened 
the completed crossovers to the inside sur¬ 
face of the cabinet side walls, again using sil¬ 
icone rubber and drywall screws. 

NEW BINDING POSTS 
The original crossovers had been mounted 
on the inside surfaces of plastic inserts that 
also held the binding posts for connecting the 
speaker wires from the amplifier. To replace 
these, I cut two %" 6" x 9" boards, drilled 
holes for the binding posts %" on center, and 
installed new, longer posts. I fastened these 
new boards to the inside surfaces of the back 

more clarity than with 
it, and 1 didn’t think 
attenuation was need¬ 
ed with the M-Twos. 

The LDC shows 
formulas for third-
order components for 
a two-way network, 
but as this crossover 
was to be for one loud¬ 
speaker, and not a 
two- or three-way sys¬ 
tem, the values for 
capacitors Cl and C2 
and inductor LI were 
not needed. Figure I PHOTO I: Crossover mounted on pegboard. 
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fied the polarity and 
functioning of the 
system using a 1.5 V 
battery to apply volt¬ 
age to the binding 
posts. This check 
ensured both electri¬ 
cal continuity of the 
circuits and that the 
systems had the same 
correct polarity, i.e., 
that the cones moved 
outward when a posi¬ 
tive voltage was 
applied to the positive 
(red) binding posts. 

I reinstalled the 
fiberglass batting I 
had removed, keep¬ 
ing it away from the 

PHOTO 2: Crossover placement in cabinet, 

walls of the cabinets, covering the openings 
in which the former plastic inserts were 
mounted (Photo 2). I applied a bead of sili¬ 
cone rubber around the peripheries of these 
openings and used drywall screws to fasten 
the boards to the cabinet back walls. 

While the drivers were out of the cabinets, 
I also applied a bead of silicone rubber 
around the inside seams of the cabinets and 
around the passive radiator juncture to the 
cabinet (Photo 3). 1 did this to minimize the 
possibility of air leaks through the cabinet, 
which, when they exist, can degrade sound 
quality. 

I wired the 12" drivers to the new 
crossovers, using 12ga. stranded copper wire 
with clear plastic insulation, and then veri-

passive radiators. I 
also plugged all of 

the speaker mounting screw holes in the 
front baffle with sections of match stick 
coated with yellow wood glue. 

REINSTALLING THE DRIVERS 
When I reinstalled the drivers, I applied a 
bead of Mortite™ flexible caulking rope to 
the sides of the driver flanges that would be 
in contact with the front baffle. When setting 
the drivers in place on the front baffle, I 
rotated them a few degrees from their former 
orientation so that I would have new baffle 
material into which to drive screws. 

I installed the drivers using 1" dry wall 
screws, tightening them in a diametrically 
opposite pattern, going back and forth across 

to page 59 

PHOTO 3: Passive radiator, crossover, and caulked cabinet seams. 

PREMIUM 
CROSSOVER NETWORKS 

POWER nDBPASSfVE 

YOU’VE DESIGNED BUILT AND LOADED 
YOUR ENCLOSURES 

WITH HI QUALITY SPEAKERS. 
YOU HAVEN’T SPARED ANY EXPENSE, 
YOU'VE SPENT TIME AND MONEY 

LET CROSSTECH AUDIO’S 
PREMIUM HI POWERED 
CROSSOVER NETWORKS 

FINISH OFF THE JOB 
DO IT YOUR WAY. THE RIGHT WAY! 

O/STO/M FREQUENCIES NOTA PROBLEM 

\CROSSTECN AUDIO INC. 

30 Francine Lone Staten Island N.Y.10314 

Phone (718) 370-8399 Fox (718) 370-8297 

Reader Service #85 

Damping Material 

Reader Service #81 

speakers by reducing cabinet resonance and 
baffle diffraction. Transform the acoustics of 
your listening room. Make your car whisper quiet. 
Goodyear Acoustasheet will do all this for only 
$2.48 per sq. ft. (10 min.) plus $5 handling. 
It’s a 4' wide, lib. per sq. ft. loaded vinyl with 
%” acoustic foam lamination. 

Gasoline Alley, L.L.C. ' 
1700 East Iron, Salina, KS 67401 
1.800.326.8372 ? 
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Book Report 

Build Your Own High-End Audio 
Equipment, compiled by Elektor Electron¬ 
ics, is available as part #BKEE38 for 
$29.95, plus $7 s/h in the US, from Old 
Colony Sound Lab, PO Box 243, Peter¬ 
borough. NH 03458, (603) 924-6371, FAX 
(603) 924-9467. 

In May of 1964,1 bought my first copy of 
Popular Electronics, which in those days was 
the place to go for construction articles on all 
kinds of neat projects. In many ways it was 
the continuing historical journal for the art of 
electronics. November 1965’s cover story, 
for example, was “Transistors Take Over Hi-
Fi.” 

Later came construction articles for an 
electronic calculator (no gears or ratchets!) 
and the first personal computer sold in sig¬ 
nificant quantities. PE introduced the univer¬ 

sally respected Ampzilla hi-fi amplifier as a 
construction project. And so it went, until 
people's interests gradually wandered else¬ 
where and the magazine was no longer a 
meeting place for electronic hobbyists. 

It goes without saying that the Audio 
Amateur publications have taken up the 
audio end of the hobby. It seems that the 
Elektor magazine has laid claim to all other 
miscellaneous audio projects. A look at 
Elektor' s back issue listing uncovers all sorts 
of interesting topics, including hi-fi. 

CONTENTS 
Elektor s new book, Build Your Own High-
End Audio Equipment, neatly compiles a 
series of audio construction projects. The 
cover includes those subjects that the basic 
audiophile would clearly like to know about: 
“...construction projects for solid-state and 

valve preamplifiers, active crossover filters, 
an active subwoofer, a mono/stereo compres¬ 
sor, and a headphone amplifier.” 

Perhaps, then, you would expect to find a 
nice discrete phono stage or line driver 
included? Or, certainly, a single-ended triode 
amp, since everyone’s building one these 
days. And, of course, a pair of mini-monitor 
speakers, which are also quite common. 
Surprisingly, none of the above appears in the 
book; and, there are no tubes, either. 
Apparently, Elektor decided to eighty-six the 
“nasty" high-voltage stuff. 

What you will find is a tidy collection of 
construction projects for what would be con¬ 
sidered the exotic high reaches of the gener¬ 
al-interest market. Where the standard audio¬ 
phile routine seems to require stripping hard¬ 
ware designs to their most elemental form, 
this volume presents beautifully designed, 

SOLEN CROSSOVER COMPONENTS CATALOG 

HEPTA-LITZ INDUCTORS 
Air Cored Inductors, Litz-Wire Perfect Lay Hexagonal Winding 
Values from .10 mH to 30 mH 
Wire Sizes from 1.3 mm (16 AWG) to 2.0 mm (12 AWG) 7 Strands 

STANDARD INDUCTORS 

Air Cored Inductors, Solid Wire Perfect Lay Hexagonal Winding 
Values from .10 mH to 30 mH 
Wire Sizes from 0.8 mm (20 AWG) to 2.6 mm (10 AWG) 

FAST CAPACITORS 

Fast Capacitors, Metallized Polypropylene 
Values from 0.10 pF to 300 pF 
Voltage Rating: 630, 400, 250 VDC 

SOLEN INC. 
4470 Ave. Thibault 
St-Hubert QC J3Y 7T9 Canada 
Tel: 514-656-2759 Fax: 514-443-4949 

CROSSOVER & SPEAKER PARTS 

Metalized Polyester Capacitors, 1.0 pF to 47 pF, 160 VDC 
Non Polar Electrolytic Capacitors, 22 pF to 300 pF, 100 VDC 

Power Resistors 10 W, 1.0 LI to 82 ii, 8 if L-Pads, 
Gold Speaker Terminals, Gold Banana Plugs, Gold Binding Posts, 
Crossover Terminals, Port Tube &Trim Ring, Grill Fasteners, 
Car Speaker Grills, Screws, Nylon Ties, Speaker Books, Etc. 
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thoroughly thought-out, fully featured appa¬ 
ratus, which generally use op amps and the 
occasional integrated power-amplifier mod¬ 
ules. There are, for instance, three preamp 

projects, starting simply and expanding at 
each subsequent level. 

Preamp I is a stripped version with a 
rather nice jack panel/circuit board/rotary 
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switch assembly. Long shafts on the input 
selector switches run to, and through, the 
front panel. This is a board I would use. 
Preamp II adds a phono stage with several 
switchable cartridge loads, multiple dual¬ 
input transistors with LED-controlled cur¬ 
rent-source bias, and a DC servo. Inputs are 

Everyone’s going ape over our SETI 
and Signature capacitors, Wonder Wire, 
& Wonder Solder UltraClear. Share the 
excitement; ask for info & cap compari¬ 
sons by users. Our new breakthrough: 

Tnbistor 
This revolutionary new device combines 
the practicality of solid state with the 
natural musicality of tubes, giving you 
the best of both worlds. TiibiMorM are 
direct replacements for all solid state 
devices - including rectifiers, regulators, 
etc. in tube circuits, and also all DAC 
and digital chips. TubiMiorw eliminate 
the brittle glare and thin coldness of 
solid state, so music sounds warm and 
natural. With the glare gone, you’ll hear 
more musical information. We can make 
replacement TnbiNiorw from existing 
solid state devices, so we can convert 
OEM PC boards or end user finished 
products to TablNfem. 
TRT 408 Mason Rd, Vista CA 92084 

Voice mail/fax: 619-724-8999 
Reader Service AI54 

BassBo for Microsoft 
WINDOWS 

fast and accurately 

with BassBox software. 

Uses both Thiele-Small 

f^QrK Vas, qo) and 

rjedfro-Mechanical 

(Qis, Qms, Cms, Mms. 

Rms, BL) parameters with 

equal ease. 

Design low-treq^ncy 

loudspeaker enclosures 

Box Design Software with huge 
loudspeaker database. 

♦ Easy to use 

♦ On-line help 

♦ Hl-res mode 

♦ Low price 

Design Types: 

Optimum Verted 

Extended Bass 

Custom Vented 

Band-Pass with 
Double or Tuple 
Chambers 

Passive Radiator 

Optimum Closed 

Custom Closed 

All designs can use 
multiple woofers 
(including Isobaric) 

Design Options: 

Small and large-signal analysis. 

Examine one loudspeaker in 
several different boxes or... 

Examine several different 
loudspeakers in the same box. 

6 graphs: normalized amplitude. 
2.83-V amplitude, acoustic 
power, impedance, phase and 
group delay. 

Advanced vrnt calculator. 

Advanced box dimension 
calculator W 18 volume shapes. 

Accepts loudspeaker measured 
acoustic response. 

Accepts automobile or listening 
room Interior acoustic response. 

Use English or metric units. 

Save and recall designs. 

Built-In Test Procedures: 

Test and calculate loudspeaker parameters' 
Test and calculate passive radiator parameters' 

•Requires tis'c test equipment sine wave generator frequency counter, 
power amplifier. 1 kohm resistor, voltmeter, ohmmeter test box 

i wademanr ^ams Technologies Other Trademarks are the property of their respcrve companies Computer and loudspeakers qqi included Copynght © 1996 Dy Harns Technologies All rights reserved work 

$99.00 
plus $6.00 S&H 
(Canada. *$7 00) 

(Overseas: *$13 00) 

Tel: 616-641-5924 
Fax: 616-641-5738 
Email: 72874.5140CompuServe.com 

Harris Technologies, Inc. 

P.O. Box 622 
Edwardsburg. Ml 
49112-0622 U.S.A. 

Also available: 
X’over 2.1 passive cross¬ 
over program for Windows. 
X«over calculates the component values 
for 1st. 2nd, 3rd and 4th-order 2-way 
and 3-way networks, load compensat¬ 
ing networks and L-paOs Regular price: 

$39. ($29 if purchased win BassBox.) 

Minimum System Requirements: 
MS-DOS 5 0. Microsoft Windows 3 1 & 
compatible computer (386 or better CPU 
with at least 4 MBytes of RAM). 7 5 MBytes 

of free hard disk space 1 44 MByte 35* 
disk dnve and mouse 

Harns Technologies reserves the right to 
make changes without pnor notice 
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ADVERTISE IN 
PERFORMER’S 
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Does your product line 
include, power & pre-amp 
tubes, transformers, 
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pages of Performer's 
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Reach new and motivated 
customers by joining us as 
an advertiser in our next 
exciting issue . 

For more information contact 
Peter Wostrel at: 

(800) 524-9464 (US) 
Voice (603) 924-7292 
Fax (603) 924-9467 

Space closing 3/21/97 for issue 3/97 

relay-selected, and the power supply has 
extra transistors to improve the performance 
of the already passable LM 317/337 regula¬ 
tors. Preamp III is even more intricate. 

GADGETS GALORE 
The reader is encouraged to use high-quality 
parts, and these projects require the use of 
many. Op-amp types are discussed as they 
relate to the various positions and functions in 
the circuit. This displays a level of awareness 
that is not universal among designers, and 
provides good insights regarding the process¬ 
es involved in these choices. By the time you 
come to Preamp III, Elektor considers the 
AD712 op amp, which was praised not too 
long ago by audio heavyweights Walt Jung, 
John Curl, and Richard Schram (Stereophile, 
September 1994, p. 189). 

The power-amplifier section contains 
some promising circuits, including a sleek 
and trim 60W MOSFET. In Power Amp II. 
the circuit is upgraded to a 90W IGBT con¬ 
figuration. The top-of-the-line is a 200-
Watter using bipolar outputs and elaborate 
protection circuitry. A mono chassis for this 
amplifier contains four circuit boards. If you 
build a pair of these machines, you've really 
accomplished something. 

The book continues with headphone amps 
with three circuits, each optimized for a par¬ 
ticular interest: niftiness (pushbutton volume 
and balance controls), audiophilia (a mini 
power amplifier with very upscale specs), or 
cuteness ( a circuit board barely bigger than 
the input and output jacks mounted thereon). 
There is discussion about Dolby surround¬ 
sound and a project surround-sound decoder 
with integrated power amplifiers for center 
and surround channels. An active three-way 
speaker system using an internal electronic 

crossover and a combination of discrete and 
integrated amplifiers is presented. It includes 
a Linkwitz “bass correction network” with 
equations for your adaptation elsewhere. 

Loudspeaker driver specifications for this 
vented cabinet consist of “Woofer, 100W, 
200mm, 4Q”—a rather scant set of specs for 
an audiophile project, but par for the majori¬ 
ty of happy amateurs who do put speakers 
into boxes. 

WORTH A LOOK 
More promising, perhaps, for those craving 
precision, is an “Active Phase-Linear 
Crossover Network.” While it uses 13 op 
amps per channel, the waveforms in scope 
photos are certainly in-phase. Nonetheless, 
some summed-pulse or square-wave pictures 
should have been provided. The “Active 
Mini Subwoofer” is a pretty involved project, 
but it looks like a welcome addition to the 
many systems currently using mini-speakers. 

Although the loudspeaker driver make 
and model are not specified, a set of driver 
parameters assists you in choosing a prop¬ 
er woofer. The book closes with a discus¬ 
sion of hardware and software test instru¬ 
ments and the circuit board patterns for the 
book’s projects. 

So, finally, is the book worth it? I’d say 
so. It contains some circuits you'd probably 
like to see, and some very useful circuit¬ 
board functions to incorporate into your own 
projects. It is worth mentioning that the book 
is beautifully made, with clear print, bright 
paper, supple binding, and lots of photos of 
very nicely made gear. Even if your tastes 
run to more esoteric projects, it is worth¬ 
while looking at comprehensively designed 
home projects that resemble top-notch com¬ 
mercial equipment. 

Use this convenient list to request the products and services 
that you need fast. Don't forget to mention Speaker Builder! 
COMPANY PRODUCT FAX 

Acoustic Technology Inf 1 Hi-End Drivers 1-905-475-8226 
Antique Electronic Supply Tubes, Transformers, Books, More! 1-602-820-4643 
Driver Design Limited V5/12R, V6/20. HOVfí-6 1-510-370-1941 
Gasoline Alley L.L.C. Acoustasheet 1-913-827-9337 
Goertz Goertz Inductors 1-203-384-8120 
Harris Technologies BassBox and X'over 1-616-641-5738 
Hovland Company MusiCap Film & Foil Capacitor 1 -209-966-4632 
Kimber Kable Speaker cables, interconnects, etc. 1-801-627-6980 
LinearX Systems, Inc. Unique & Hard-To-Find Accessories 1-914-246-1757 
Meniscus DV-12 1-616-534-7676 
Morel Acoustics USA Loudspeaker Drivers, Car Speakers 1-617-277-2415 
Mouser Electronics Free Electronic Components Catalog 1 -817-483-8157 
Solo Electronics CFAC Inductor 1-510-887-1657 
Sound Clearing House Speaker Drivers 1 -541-343-3112 
Technologie MDB Focal, Cabasse, Kits 1-514-635-7526 
The Parts Connection Crossover Parts 1-905-829-5388 
True Image Audio WinSpeakerz & MacSpeakerz 1 -619-480-8961 
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Phase Distortion 
from page 20 

enough to make the door to the room vibrate. 
But I have a pair of Linaeum minispeakers 
with their highly acclaimed 360° ribbon 
tweeter and first-order crossover. With vio¬ 
lins and some horns, I think they sound a lit¬ 
tle better than my home-builts. (Don’t you 
hate that?) 

For the ultimate, I guess we’ll have to wait 
for someone to invent a perfectly continuous 
3'spherical electrostatic! !&> 

NETCALC 
from page 41 

MANUFACTURER'S RESPONSE 
Thank you for a thorough review, which 
gives a good idea of the concept behind the 
program. 

Please note that manual input of driver 
responses through the graphics equalizer 
screen is also possible in 1/6-octave incre¬ 
ments with the “double resolution’’ option 
[not documented in the manual—JD]. Also, 
after looking at IMP data files, I am pleased 
to report that the US version will have the 
ability to import IMP files. 

Finally, the suggestion to do the optimiza¬ 
tion relative to maximum error values instead 
of average RMS is an interesting one, which 
we will consider for possible future imple¬ 
mentation. It should be noted that the maxi¬ 
mum error values can still be determined by 
visual inspection of the graphs. 

Rien den Boer 
ARIBA Software and Hardware 

Tools, Tips & Techniques 
from page 55 

he driver. I tightened all of the screws until 
the force they applied was even, evidenced 
by both the feel of torque and the driver 
flange being parallel to the baffle surface. 

Those tasks complete, I was ready for a 
listen and for some measurements. I collect¬ 
ed the revised subwoofers in parallel with the 
satellite speakers (for a resultant nominal 
impedance of 4Í2). The sound was much 
improved, as the subwoofers’ energy was 
spread over a smaller range, with most of the 
sound coming from the satellites. The sub¬ 
woofers were evident only (as they should 
be) where low bass content was present. 

MEASUREMENTS 
1 placed a Radio Shack digital sound-level 
meter 1' in front of one subwoofer’s driver, 
on its centerline, and used 1/3-octave center¬ 
channel frequencies from the Carver 
Corporation & GRP Records’ “Amazing 
Bytes” CD (GRP-Z-9907) as the signal 
source. I turned the other amplifier channel 
off during the test. While the 25Hz level 
was the same, the 31.5-63Hz levels were 
2-3dB higher with the modified crossovers. 
Above 125Hz, the levels of the modified 
VMPS decreased more rapidly than did the 
stock unit, being down 3-4dB at 400Hz and 
high frequencies. 

REFERENCES 
1. Dickason, Vance, The Loudspeaker Design Cookbook, 
Fifth Edition, Audio Amateur Corp., 1995. 

2. Sanfilipo, Mark, “Inductor Coil Crosstalk,” Speaker 
Builder 7/94, p. 14. 

I found the calculating, designing, and 
building of this crossover modification to be 
a lot of fun, and the end result was certainly 
worth the effort with my system. 

James T. Frane 
Orinda, CA 

CAI El PLUS FREE OX ADHESIVE! 
MARKERFOAM™ ACOUSTIC FOAM 

GIANT 54” X 54” 
I Immediate 
2" Reg $29.95 Now 
S39 95 Now $29.99. 
High performance, full-size sheets of 
super high density Markerfoam EZ 

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

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

Shipping 
r $19.99 • 3" Reg. 
KILL NOISt QUICK' 

MARKERTEK JUMBO 
SOUND ABSORB BLANKETS 

Heavy-duty 72"x80" padded blankets 
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 

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

MARKERTEK BLADE TILES 
HIGH PERFORMANCE - LOW, LOW COSTII! 
America 's best acoustic tile value __ 

■ HASUIS SONEX 
AU the colors and sizes 

plus great prices; 

FRF F Amen ca 's most uniQue catalog teatunng 320 pages ot over 
F KF F 6,OX exclusive and nard-to-fmd supplies tor Pro Audio, 
I llfaa Broadcast Video, Audio Visual & Multimedia production 

MARKERTEK 
A VIDEO SUPPLY 

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

_ World Wide Web: http://www.markertek.com_ 

Reader Service #10 

Technologie 

MDß 
Affordable Excellence from Canada 
L'excellence Abordable du Canada 

Now featuring the new FOCAL Hi-Fi and Audio-visual kits, with three compact speaker kit models and a 
center channel plus four brand-new column speakers! Advanced technology including dual voice-coil 
drivers, sandwich Kevlar and Polyglass cones, flat ribbon voice coils, concave dome tweeters with phase 
plugs, tioxid domes, Axon capacitors, high-quality inductors, and more! 

Technologie MDß 
Recently relocated at: 40 Marsolet, St. Constant, Québec J5A 1T7 Phone (514) 891-6265 Fax (514) 635-7526 

Reader Service Fl 8 
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ARIZONA 
Arizona Audiophile Society 
PO Box 13058, Scottsdale, AZ 85267 
Paul Christos, (602) 971-3979 
CALIFORNIA 
Tube Audio Enthusiasts 
65 Washington St. #137 
Santa Clara, CA 95050 
John Atwood, FAX (408) 985-2006 
Greater South Bay Audiophile Society 
Larry Fisher, (310) 599-6579 
Dave Clark, (310) 427-4207 
San Diego Audio Artisans 
Wendell, (619) 538-6946 eves. 
Los Angeles Loudspeaker 
Designers Group 
Geoffrey, (213) 965-0449 
Eduard, (310) 395-5196 
West Valley Audio Society 
Woodland Hills, CA 
Barry Kohan, (818)225-1341 
Bay Area Audiophile Society 
Dennis Davis, (415) 381-4228 
Westside Speaker Builders 
Cupertino, CA 
Phil Terzian, (408) 446-1336 
FAX (408) 446-4527 
COLORADO 
Colorado Audio Society 
1941 S. Grant St. 
Denver, CO 80210 
(303)733-1613 
CONNECTICUT 
James Addison 
171 Hartford Rd., A-7 
New Britain, CT 06053 
Connecticut Audio Society 
PO Box 116, E. Berlin, CT 06023 
Charles King, (860) 665-2881 
FLORIDA 
Gulf Coast Audiophile Society 
5746 S. Lockwood Ridge Rd. 
Sarasota, FL 34231 
John R. Chait, (813) 925-1070 
GEORGIA 
Atlanta Audio Society, Inc. 
4266 Roswell Rd. N.E., K-4 
Atlanta, GA 30342-3738 
Chuck Bruce, (404) 876-5659 
John Morrison, (404) 491-1553 
ILLINOIS 
Chicago Audio Society 
PO Box 313, Barrington, IL 60011 
Brian Walsh, (708) 382-8433, 
E-mail sysop@nybble.com 
Prairie State Audio Construction Society 
20 Wildwood Tr., Cary, IL 60013 
Tom, (708) 248-3377 days, 
(708) 516-0170 eves. 
INDIANA 
Tube Sound 
c/o William Schumacher 
5417 Armstrong Ct. 
Indianapolis, IN 46237-2318 
LOUISIANA 
New Orleans High End Audio Society 
PO Box 50231 
New Orleans, LA 70150-0231 
MASSACHUSETTS 
The Boston Audio Society 
PO Box 211, Boston, MA 02126-0002 
E. Brad Meyer, phone/FAX (617) 259-9684, 
E-mail 72365.75@compuserve.com 
MICHIGAN 
Southeastern Michigan Woofer and Tweeter 
Marching Society 
PO Box 721464, Berkley, Ml 48072-0464 
(810) 544-8453, 
E-mail aa259@detroit.freenet.org 

CLUBS 
MINNESOTA 
Audio Society of Minnesota 
PO Box 32293, Fridley, MN 55432 
(612) 825-6806 
MISSOURI 
Greater Osage Thermionic 
Warming Group 
7454 E. Fox Trot Ln. 
Rogersville, MO 65742 
James Guillebeau, (417) 889-3355 
NEW JERSEY 
New Jersey Audio Society 
209 Second St., Middlesex, NJ 08846 
Frank J. Alles, (908) 424-0463 
Valerie Kuriychek, (908) 206-0924 
NEW YORK 
The Audio Syndrome 
Nassau and Suffolk counties 
Roy Harris, (516) 489-9576 
Catskill and Adirondack Audio Society 
PO Box 144, Hannacroix, NY 12087 
(518) 756-9894 
Daniel Phinney 
29 Brian Dr., Rochester, NY 14624 
(716) 594-8118, 5-9 p.m. EST 
Long Island/Westchester County 
Publio Morera, (516) 868-8863 
New York Audio Society 
136-69 71 Rd. 
Flushing, NY 11367 
Robert Kreisler, (718) 544-1222 
Western New York Audio Society 
PO Box 312, N. Tonawanda, NY 14150 
Denny Fritz 
The Gotham City Audio Society 
c/o David Schwartz, President 
375 11th St. 
Brooklyn, New York 11215 
(718) 788-0917 
NORTH CAROLINA 
Piedmont Audio Society 
1004 Olive Chapel Rd., Apex, NC 27502 
Kevin Carter, (919) 387-0911 
TENNESSEE 
Memphis Area Audio Society 
8182 Wind Valley Cove 
Memphis, TN 38125 
J.J. McBride, (901) 756-6831 
TEXAS (Sweetwater) 
Rick, (915) 676-7360 

UTAH (Salt Lake City) 
Wasatch Audio 
Edward Aho, (801) 364-4204 
WASHINGTON 
Pacificnorthwest Audio Society 
Box 435, Mercer Island, WA 98040 
Ed Yang, (206) 232-6466 
Gill Loring, (206) 937-4705 

Vintage Audio Listeners and Valve 
Enthusiasts 
1127 NW Brite Star Ln., Poulsbo, WA 98370 
(360) 697-1936 
ARGENTINA 
Buenos Aires Audio Club 
Rincón 476 
1081 Buenos Aires 
Willy Pastrana, (011 ) 54-943-0007 
Figaro 
Esparta 1680 5000 Res. 
Olivos Cordoba 
Esteban Bikie, (011) 54-51-684251 
BELGIUM 
West Europe Lowther Club 
Avenue Plissart, 16 
1040 Brussels 
Victor Meurisse, FAX (011) 32-2-736-7394 

BRAZIL 
Audio Club de São Paulo 
c/o Mr. Valter Medina 
Av. Ver. José Diniz 3135 cj 92 
Campo Belo 
São Paulo, SP 04603-020 
(011) 530 1472, FAX (011) 530 8465 
E-mail techmark@dialdata.com.br 
CANADA 
Montreal Speaker Builder Club 
4701 Jeanne Mance 
Montreal, PQ H2V 4J5 
Andrew McCrae, (514) 281-7954 
Toronto Area DIY Speaker Club 
Michael Mansor, (416) 626-9132 
E-mail james.lcr@sympatico.ca 
CHILE 
Christian Bargsted 
Los Gomeros 1542, Vitacura, Santiago 
(011)562-538-0638 
FRANCE 
Sound Reinforcement Club of Paris 
11 rue de la fontaine du but 
75018 Paris 
Laurent Bonnet 
Phone/FAX (011) 33-1-42-23-71-47 
GERMANY 
ESL Builders Group 
Gunter Roehricht 
Bühlerstr.21 , 71034 Böblingen 
Profi Club Visaton 
Visaton Lautsprecher 
Ohligser Str. 29-31 
42781 Haan 
Bettina Schaaf, (011) 49-2129-522-0 
FAX (011) 49-2129-522-10 
INDONESIA 
Silo Ultac Audio Society 
PO Box 6567 / SMS 
Semarang 50065 
FAX (011) 62-24-603595 
Tube Audio Enthusiasts 
Ignatius Chen, (011) 62-22-213277 
FAX (011) 62-21-3868074, 
ISRAEL 
Audio Center 
c/o Kobi Cohen 
11, Hayey Adam St. 
Tel-Aviv 67499 
FAX (011) 972-3-696-5054 
E-mail audio_c@inter.net.il 
NETHERLANDS 
Audio Vereniglng Midden Nederland 
Brinkersweg 16, 8071 GT Nunspeet 
B. Doppenberg, (011) 31-3412-57848 
SOUTH AFRICA 
Hi-Fi Club of Cape Town 
PO Box 18262, Wynberg 7824 
Chris Clarke, FAX (011) 27-21-7618862, 
E-mail chrisc@iaccess.8a 
TURKEY 
Istanbul Hl Fl Club 
Adnan Arduman, (011) 90-216-310-44-70 
FAX (011) 90-216-343-42-01 
UNITED KINGDOM 
London Live DIY Hi-Fi Circle 
Brian Stenning, (011) 44-181-748-7489 

If your club is not represented or if you are interested 
in starting up a dub, simply send the information 

(club name, contact person, address, and 
phone/FAX number) to: 

Audio Amateur Corporation, Clubs 

P0 Box 494, Peterborough, NH 03458 

FAX (603)924-9467 



Classifieds 

TRADE 

ELEC7R057A7IC 
KITSAP ARTS'‘"TRADE SECRETS^ 

save $$$ building, repairing, modifying ESLs 
CATALOG/START-UP MANUAL-$5.OO 
XOAVID LUCAS'^ 

924 HULTON ST. OAKMONT. PAI 5139 

INFINIPAINT uses elements with low-velocity 
electron orbits. Ordinary paint smears your 

paintings by 1,000,000:1; blue $17/tube, red 
$34/tube, yellow $78/tube. WET LABS. PO Box 
112211, Ivory, DE 19911. 

STATE-OF-THE-ART PASSIVE CROSS¬ 
OVERS featuring Hovland MusiCaps. Software 
available, free design guide. ALLPASS TECH¬ 
NOLOGIES, INC., 2844 Charmont Dr., Apopka, 

FL 32703-5972, (407) 786-0623. 

WELBORNE LABS 
200 PAGE CATALOG and DESIGN MANUAL OF 
HIGH QUALITY AUDIO KITS and SUPPLIES!!! 

We've got Vacuum Tube and mosfet Amplifiers, Linestages 
Phonostages, Active Crossovers, Power Supplies. AC Line 
Conditioners and many other Audio Kits and Schematics 

Parts and Supplies 
Hovland MusiCaps, Kimber Kaps, MIT MultiCaps. Solen 
WIMA and Wonder InfiniCaps: Caddock. Holco, Mills and 
Resista resistors: Golden Dragon. NOS RAM Labs, Sovtek 
and Svetlana tubes. Cardas. DH Labs, Kimber Kable 
Neutnk, Vampire and WBT connectors and wire: Alps, Noble 
and stepped volume controls, Enclosures, Books and other 
Supplies for DIY'ers. International Orders Welcome Fer our 
Catalog and Manual, send S12 (US/Canada) $18 
(International) or call (303) 470-6585, fax (303) 791-5783 or 
e-mail to wlabs@ix netcom com with your Visa/Mastercard 

WELBORNE LABS 
P.O. Box 260198, Littleton, CO 80126-0198 

Visit our Website for more info: http://www welbomelabs com 

ELECTROSTATIC electronics, transformers, 

Mylar®, information. From author ROGER 

SANDERS. (505) 759-3822. 

FINALLY! HIGH COMPLIANCE CLOTH SUR¬ 
ROUNDS I will replace rotted foam with a life¬ 

time guarantee; most woofers. LINEAR SUR¬ 

ROUNDS. (541) 488-5576. 

HIGH END AUDIO 
Equipment • Parts «Manuals 
Buy-Sell-Trade-Repair 

Since 1979 
HUGE Inventory, FREE list! 

Audio Classics, Ltd. 
8-5 M-F 607-865-7200 

Fax: 607-865-7222 
E-mail: info@audioclaasics.com 

See our list at: www.audioclassics.com 
PO Box 176SB, Walton, NY 13856 

CUSTOM TERMINAL BOARDS: easy to 

design, superior to printed circuits, point-to-point 
wiring. Send $5 for information and design kit. 

We build to your specifications. WYETECH 
LABS. 1662 St. Bernard St., Gloucester, ON 

K1T 3P7, CANADA, (613) 526-5390, FAX (613) 
526-5797. 

BI-AMPING??? 
New low prices on the XVR-1 Crossover 
Platform! (See article in SB 2/96.) Kits, 

assembled units, & PC boards available. 
Audio Arts 

RD2 Box 3502, Wernersville, PA 19565 
(610) 693-6740 • audioarts@enter.net 

FOR SALE 
Pair SoundLab “A1” electrostatic speakers, oak/ 
black, excellent, $2,950 (can’t ship); SoundLab 
“B-1" electrostatic subwoofers, $1,195 each, 
excellent (can’t ship). Bill Donnally, 44 Miller 

Dr., Boonton Twp., NJ 07005, (201) 334-9412. 

Pair Shallco mono 32-position 10k ladder atten¬ 

uator; pair Roederstein resistors $85; pair 

Monarch Audio digital interface processor, $75; 
0.5M Have Digiflex Gold ASE/EBU digital cable, 

never been used, $58 each, asking $35 each; 

pair Tango output transformers, ($1,200) asking 

$850; Borbely Audio One Pair All-Cascode line¬ 
amp kit, new, not assembled, ($200) asking 

$125. Ashby, (954) 723-5225. 

Cary SLA 70B Signature Amp, 60W/channel, 

oil caps, black, ($1,850) $1,350. ProAc Studio 
100 monitors, oak, target stands, ($1,625) 

$1,250. Focal 7K011-DBL drivers, kit plans, 
($175) $130. Call Mr. Willes, (800) 227-6121, 

weekdays. 

Seeking a good home: matched pair Eclipse 
W6518R woofers (unused), $45; Adcom ACE-

515 power-line conditioner, $100. Duke, (504) 

486-7943. 

Pair Focal 8K516 matched Kevlar long-throw 

high-performance woofers, new in original car¬ 

ton, $180. Fred, (610) 693-6167. 

SEAS P11RC woofer, 4/$60; SEAS P21RF/P 

woofer, 2/$60; Audax carbon fibre 5'A" woofer, 
2/$60; Audax shielded titanium tweeter, 2/$40; 

pair Woodstyle mini-monitor cabinets, $40: pair 
black subwoofer cabinets, $125. Rick, (919) 

662-5253, 7-11:30 p.m. (EST). 

Pair Lowther Accousta 90s, mint, $850; pair 
Tannoy Berkeley 15s, mint, $1,750; pair 
Tannoy DMT System 12, excellent, $1,500; pair 

Tannoy SRMIS, near mint, $1,000; pair Tannoy 

DMT8, mint, $500; pair AR9LS, mint, $1,200; 
pair JBL C-37, mint, $750; JBL D38 (single) 

excellent, $300; pair Boston Acoustics A-150. 

mint, $400; pair KLH6, excellent, $350. Heeriein, 

(314) 579-0088. 

Pair Altec 515E-16 (recommended in Stronczer/ 

Sound Practices article), $450; pair Altec 
288KA, $450; 828 cabinets, 805B horns; pair 
Altec 421-8LF for “Aftershock" subwoofer, $375; 
pair JBL 2425 drivers, $275; pair 2344 bi- radial 

studio monitor horns, $175; pair Community 
PC494 2" horns, $200. Kent Elliott, phone/FAX 
(913) 677-1824, E-mail KentElltt@aol.com. 

Four (very large) Solen caps: PB 10,000 MKP-

FC, 100pF, 400V DC; $50 for all. Altec 291-8A 
horn drivers; Community horns for 2" JBL or 

Altec drivers; Altec 16" 421 woofers; Pioneer 
Spec I, II, and IV preamp and amps; CTF 1000 

cassette deck; rack-mount for Pioneer CLD-99 
laser/CD player. David, (914) 688-5024. 

WANTED 
Old comer speakers, coaxials and triaxials. 

Altec 601,602, 604, 605, 515. Homs 805,1005, 
1505, 329A. Jensen G-600, G-610. JBL-375, 

2440, 150-4C. Tannoy 15" coaxial. Sonny, 
(405) 737-3312, FAX (405) 737-3355. 

Pair Dynaudio M-560D Esotar midranges; pair 

Dynaudio D54AF mids, and D21/2 tweeters. Bill 
Donnally, 44 Miller Dr., Boonton Twp., NJ 

07005, Phone (201) 334-9412. 

SILVER SONIC 
High Performance Audio Cables 

You can afford the best! 

Silver Sonic T-14 Speaker Cable 

Silver Sonic BL-1 Series 2 Interconnect 

NEW Digital cables now available!! 

Available from: 

Meniscus Audio Group (616) 534-9121 

Welborne Labs (303) 470-6585 

Audio Concepts (608) 784-4570 

A&S Speakers (510) 685-5252 

Manufactured by: 

D.H. Labs 

P.O. Box 31598 

Palm Beach Gardens, FL 33420 
(561)625-8998 (phone/fax) 
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Reading Room 

Speaker Builder regularly receives audio¬ 
related literature—catalogs, newsletters, 
books, and other publications—covering 
products and topics of interest to readers. 
The following is a compilation of recent ref¬ 
erences and titles: 

The Audio Revolution™ 
An informational magazine on the Internet 
designed for audio enthusiasts. 
http://www.audiorevolution.com 

B+K Precision Catalog 
Engineering specification guide of the com¬ 
pany 's test instruments. 
B+K Precision 
6470 W. Cortland St., Chicago, IL 60635 
(312) 889-1448, FAX (312) 794-9740 

Crutchfield Catalog 
Car stereo and home audio/video products. 
Crutchfield 
1 Crutchfield Park, Charlottesville, VA 
22906 

(800) 955-3000, FAX (800) 388-9756 

Digi-Key Catalog 
450 pages of more than 1,900 new electron¬ 
ic components from over 20 manufacturers. 
Digi-Key Corporation 
701 Brooks Ave. South, Thief Falls, MN 
56701-0677 

(800) 344-4539, FAX (218) 681-3380 

The Electrostatic Loudspeaker Design 
Cookbook 
Reference book for building electrostatics 
by audio veteran Roger Sanders. 
Old Colony Sound Lab 
PO Box 243, Dept. B95, Peterborough, 
NH 03458 

(603) 924-6371/6526, FAX (603) 924-9467 

Fair Radio Sales Catalog 
Lists company’s offerings of electronic sur¬ 
plus equipment. 
Fair Radio Sales 
1016 E. Eureka St., Lima, OH 45802 
(419) 223-2196, FAX (419) 227-1313 

Jameco® Electronic Components/Com-
puter Products #964 
Catalog of electronics-related components. 
Jameco® Electronic Components/Computer 
Products 

1355 Shoreway Road, Belmont, CA 94002 
(800) 831-4242, FAX (800) 237-6948 

Jensen Tools 1996 Master Catalog and 
Winter Supplement 
The latest tools and test instruments from 
leading manufacturers. 
Jensen® Tools, Inc. 
7815 South 46th St.. Phoenix, AZ 85044 
(800) 426-1194, FAX (800) 366-9662 

Legacy Audio 1996 Reference Cuide 
48-page booklet of the company ’s speakers, 
surround sound processors, and amplifiers. 
Legacy Audio 
3021 Sangamon Ave., Springfield, IL 
62702 

(800) 283-4644, FAX (217) 744-7269 

McFeeley’s Catalog 
Woodworking tools, supplies, and plans. 
McFeeley’s Square Drive Screws 
1620 Wythe Rd., Lynchburg, VA 24506 
(800) 443-7937, FAX (800) 847-7136 

MCM Electronics Catalog 
Free catalog that includes project acces¬ 
sories, semiconductors, connectors, test 
equipment, and computer products. 
MCM Electronics 
650 Congress Park Dr., Centerville, OH 
45459-4072 

(800) 543-4330, FAX (513) 434-6959 

Morel® Auto Fidelity Loudspeaker 
Brochure 
A listing of Morel ’s many loudspeaker drive 
units and systems, and the specifications for 
each. 
Morel Acoustics USA 
414 Harvard St.. Brookline, MA 02146 
(617) 277-6663, FAX (617) 277-2415 

Mouser Catalog 
Free catalog of products from over a hun¬ 
dred leading electronics manufacturers. 
Mouser Electronics 
958 N. Main St., Mansfield, TX 76063 
(817) 483-4422, (800) 992-9943, FAX 
(817)483-0931 

MuSICA Research Notes 
Newsletter reporting on scientific findings 
about music. 
Dr. Norman M. Weinberger 

Center for the Neurobiology of Learning & 
Memory 

University of California, Irvine, CA 92717 

Parts Express 1996 Catalog 
Free catalog featuring semiconductors, 
CATV and VCR repair parts, test equip¬ 
ment, raw loudspeaker drivers, and audio 
accessories. 
Parts Express 
340 E. First St., Dayton. OH 45402 
(800) 338-0531, (513) 222-0173, FAX 
(513) 222-4644 

SESCOM Catalog 
Audio accessories, including chassis, 
adapters, transformers, and amp designs. 
SESCOM, Inc. 
2100 Ward Dr., Henderson, NV 89015 
(702) 565-3400, FAX (702) 565-4828 

Solen Catalogs 
Three catalogs on speaker components, 
crossover components, and car speakers. 
Solen, Inc. 
4470 Avenue Thibault, St. Hubert, QC, 
J3Y 7T9 

(514) 656-2759, FAX (514) 443-4949 

The SuperCables Cookbook 
Do-it-yourself book in cable designs, rang¬ 
ing from simple and cheap to complex and 
expensive. 
Vacuum State Electronics 
PO Box 6905, San Rafael, CA 94903-0905 
Phone/FAX (415) 492-0728, E-mail: 
FspiritEd@aol.com 

Welborne Labs Catalog & Design Manual 
Audio components and supplies for the hob¬ 
byist and small manufacturer. 
Welborne Labs 
971 E. Garden Drive, Littleton, CO 80126 
(303) 470-6585, FAX (303) 791-5783 

We invite manufacturers and publishers to 
send releases for this column to: 

Speaker Builder 
Reading Room 
PO Box 494, Peterborough, NH 03458 
FAX (603) 924-9467 b 
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LA PASSION DU HAUT-PARLEUR ^P^FtS 
ALj DA X & 

Par's Express carries over 50 
different Audax products, 
in stock and ready to ship! 
Audax has more than sixty 
years experience in designing 
and producing high quality 
woofers. They make exten¬ 
sive use of very sophisticated 
loudspeaker software that 
measures the transducer 
through F.F.T analysis. This 
has helped them to develop a 
new cone material called High 
Definition Aerogel. These 
exciting drive units from 
Audax incorporate a new 
breakthrough in loudspeaker 
cone technology. The cone is 
made of a unique acrylic poly¬ 
mer gel with a blend of Kevlar 
and carbon fibers embedded 
into it. This results in an ultra 
light and extremely rigid cone 
that produces outstanding 
ciarity, precise imaging and 
unequaled sonic definition. 
Developed for no compromise 
high end designs, these dri¬ 
vers feature a die cast Zamak 
chassis, venting under the 
spider for superior transient 
response, high compliance 
rubber suspension, edge¬ 
wound copper voice coil on a 
fiberglass reinforced Kapton 
former, phase plug, and gold 
plated terminals. The results 
of this technology, combined 
with careful subjective 
acoustical evaluation, are 
seme of the finest 
bass/midrange units produced 
in the world today. Parts 
Express is proud to offer you 
these outstanding drivers. 
For more information on our 
entire line of Audax products, 
or to order your copy of our 
free catalog, call our sales 
staff toll free today. 

FREE CATALOG 
CALL TOLL FREE 

1-800-338-0531 

Visit Our Website! 
http://www.parts-express.com 

♦ Play the Audio/Electronics Trivia Contest 
♦ Get on the Interactive Audio Talk Forum 
♦ Check out our Closeout Bin 
♦ Electronics Industry Search Engine 

(Add your own link) 

Source 
Code: SBM 

340 E. FIRST ST., DAYTON, OH 45402-1257 

PHONE: 937-222-0173 ♦FAX: 937-222-4644 

WEB SITE: http://www.parts-express.com 

E-MAIL ADDRESS: xpress@parts-express.com 

HIGH DEFINITION AEROGEL DRIVERS 



For Further Information Please Contact: morel 
acoustics usa 

Typical Double Magnet Woofer Cross Section 

414 Harvard Street 

Brookline, MA 02146 

Tel: (617) 277-6663 

FAX: (617) 277-2415 
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