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You won't believe this miracle! 
You can have the musical glories of 

Single Ended Triode sound — 

without the hassles! 

Music lovers recognize that single ended triode power amps speak a higher musical truth. The 
rich midrange bloom and the liquid trebles bring out music's natural textures, making your 
recordings sound like real live music. 

But single ended triode power amps have lots of problems. They have very limited power, so 
you can't play music loud. They restrict your choice of loudspeakers to very efficient models, 
ruling out most of today's best sounding speakers. They have limited bandwidth and high 
distortion (especially in the bass and treble). And most of them cost too much for what you get. 

SETI saves you from this dilemma. SETI gives you the musical glories of single ended triode 
sound, without the problems and limitations. 

SETI™ is the brand new Single Ended Triode InfiniCap® capacitor. That's right, a specially 
designed, uniquely constructed cap — which has the same sonic virtues as a SET power amp! 
SETI brings out the natural liquid beauty from recordings, so they sound like real live music. 
SETI actually sounds better (more musically natural) than the straight wire bypass reference! 

If you already have a single ended triode power amp, SETI is perfect for your whole system. 
Finally here's a capacitor that works with the sound of your amp, instead of working against it. 

For the rest of you, who can't abide the cost or limitations of single ended triode power amps, 
SETI is a miracle. Use SETIs throughout your system, including any good power amp, and 
your system will sound like you're using a single ended triode power amp! It's like getting a 
Single Ended Triode in a can! 

Imagine the musical beauty of Single Ended Triode sound — combined with the low 
cost, high power, wide bandwidth, low distortion, and unlimited speaker choice of a 
push-pull tube or solid state power amp! A true miracle! 

You can use SETI everywhere: preamp, DAC, power amp, and speaker crossover. Then your 
whole system can work together, to reveal the natural, liquid beauty of music. Your playback 
chain is only as strong as its weakest link, so you shouldn't leave any link in your system 
sounding musically unnatural. 

Two prominent high end manufacturers previewed the new SETI, and they loved it so much 
that they're putting it in all their products. They report that SETI sounds even better than 
premium film-and-foil caps and oil-filled caps! Yet SETI costs less than these other caps! 

SETI gives you the natural liquid beauty of real live music, at far less cost 
— with any speaker, any amp, any power, and any loudness you want! 

Write to: TRT— Tomorrow’s Research Today, 408-b Mason Rd, Vista CA 92084 USA 
Fax/voice mailbox:619-724-8999 http://members.aol.com/trtwonder e-mail: trtwonder@aol.com 



Good News 

NO PLACE LIKE HOME (PAGE) 
Caig Laboratories manufactures environmentally 
safe chemical products—including ProGold, 
DeoxIT, and the CaiLube MCL line—for 
manufacturing, maintenance, and service. Caig’s 
new home page at http://www.caig.com features 
technical product information, pictures, and 
material safety data sheets. Quick e-mail access 
and the publication of a question-and-answer 
segment further accent the web site. 
Caig Laboratories, Inc., 16744 W. Bernardo Dr., 
San Diego, CA 92127-1904, (800) CAIG-123, 
FAX (619) 451-2799, e-mail caig123@aol.com. 
Internet http://www.caig.com. 

Reader Service #107 

ONE HORN'S FACELIFT 

YOU CAN'T TOP IT 
BenchTop’" Plus software, an upgrade to 
BenchTop Lite, is newly available from PC 
Instruments with a free lifetime upgrade policy. 
Functions include pulse analysis, to analyze 
pulse responses and digital communication 
signals; an FFT, to assess frequency domain; a 
phase angle meter, to analyze power distribution 
filters, gyroscopes, and other sensors; a bound¬ 
ary test function, to compare waveforms with 
limits; and Automated Test Language, to control 
instruments during testing. PC Instruments, 9261 
Ravenna Rd., Bldg. B11, Twinsburg, OH 44087, 
(216) 963-0800, FAX (216) 425-1590, 
http://www.pcinstruments.com. 

Reader Service #106 

Motorola’s Ceramic Products’ division announced a newly restyled KSN1016B horn. Its 
high-tech, bezeled appearance gives the horn a 21st century look and distinguishes it 
from imitations. Motorola, 4800 Alameda Blvd. N.E., Albuquerque, NM 87113, (505) 828-
4261, FAX (505) 821-7651. 

O ALL ABOARD THE SS-SPEAKER 
Miller & Kreisel Sound introduces the 
SS-150 Tripole1“, which 's user-selectable 
as either a standard dipole or tripole 
speaker. Idea' for 5.1 channel discrete 
digiral recordings, the SS-150 operates in 
tripole mode as a point-source direct 
radiator with a 5'A" woofer and 1" 
soft-dome tweeter as a dipole speaker, it 
offers two hign-pedormance 3V4" 
poly-cone mid-tweeters. Miller & Kreisel 
Sound Corp., 10391 Jefferson Blvd., 
Culver City, CA 90232. (310) 204-285¿, 
CAX (310) 202-8732. 

Reader Service #101 

Reader Service #102 

□ HANG IT UP 
Pictures, by Bandor Loudspeakers, are 2"-thick wall-
mounted loudspeakers encased in a solid wooden 
frame, complemented by a ceramic cabinet front. 
With a single advanced driver and 2" spun-aluminum 
cone, Pictures exhibit an impedance of 8Í2 and an 
80Hz-20kHz bandwidth. Pictures excel as rear 
speakers in four-channel or surround-sound systems, 
as extension speakers for small rooms, or in applica¬ 
tions requiring moderate listening levels or extreme 
bass extension. Bandor Loudspeakers, 11 Penfold 
Cottages, Penfold Lane, Holmer Green, BUCKS, UK 
HP15 6XR. phone/FAX (+44) 1494-714058. 

Reader Service #109 

The Industry's Finest Connectors. 

TIFF- Electronics Company • 44 Pearl Pentecost Road/Winder, GA 30680 • (770)867-6300/2713 (Fax) 

Reader Service #72 
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Reader Service #69 

Segmented Capacitor: This old design 
now appearing as a "new" audio cap 
seems to offer multiple sections. But 
there are important differences 
between this and the patented, true 
multiple-bypass MultiCap. 

Design: The segmented cap is de¬ 
signed for "fail safe" AC power appli¬ 
cations. When one segment fails, the 
overall capacitance decreases, but the 
cap itself continues to function. When 
all the segments have failed, the cap 
must be replaced. 

Construction: The segmented cap is a 
I metalized-film design, constructed of j 
I extremely thin aluminum applied in | 
equi-distant strips to the dielectric. 
This is then wound into a capacitor of 
random-value segments. 

Result: (1) Multiple internal resonances 
at random frequencies = increased par-
asitics = audible distortion. 
(2) Poor quality materials, not 
designed for audio use, invite shorts, 
increase ESR, greatly decrease both 
performance and life of the capacitor. 
(3) No film & foil construction possible. 

Patented MultiCap: The metalized and 
film & foil MultiCaps, designed for audio, 
are constructed of thick polypropylene or 
polystyrene, with a thick layer of metal. 
Individual capacitors of equal value are 

I divided off as the overall capacitor is being 
wound on a special, proprietary machine. 
Each bypass is a specific ratio of the 
desired overall capacitance. 
Result: Accuracy & musicality! A single 

] resonance, at a frequency well above 
audio range + excellent materials & 
construction = low ESR and other para-
sitics = lowest distortion & highest reso¬ 
lution. 
NOW EXCLU¬ 
SIVELY FROM 

Q: What is the difference between 
the Segmented Capacitor design and 
the patented MultiCap! 

Ä I Performance & Construction! 

Tel: 310-946-8577 Fax:944-7494 
www.capacitors.com 

Good News 

□ A BIRD, A PLANE? — 

NO. IT S A SPEAKER 
Now Hear This (NHT) intro- * 
duces the SuperOne as a 
"big brother" to its SuperZero | 
mini-monitor speaker, mcor- ' 1
poratmg two-way acoustic 
suspension, a video-shielded 
6'/' woofer, and a 1" fluid- gdÚjHgN 
cookc S' Æ8MH3 
A .a '’ n ■; ss ra’-
or .'.nite aminate the 
SuperOne handles 
25W 150W per channel. 
offers sensitivity of 86dB. and 
achieves a frequency range of 
57Hz-25kHz. Now Hear This, 
535 Getty Court, Benicia, CA 94510, (707) 747-
3300, FAX (707) 747-1252. 

Reader Service #105 

A (FLUSH) CUT ABOVE 
The 9000 Series Micro-Shear® flush wire cutters are available 
in several configurations from Xuron Corporation. Designed 
for special manufacturing and field service applications, these 
compression-type cutters incorporate cutting edges hardened 
to produce a clean, square cut with little force. Micro-Shears, 
constructed of heat-treated alloy steel, offer a choice of 
tapered or oval heads, cushioned rubber hand grips, lead 
retainers, standard or long handles. Xuron Corporation, 60 
Industrial Park Rd., Saco, ME 04072, (207) 283-1401, FAX 
(207) 283-0594. 

BEHOLD THE TITAN 
ACI’s Titan powered subwoofer is 
an enhancement to high-quality 
stereo systems. Excluding the 
cabinet, the Titan kit comes com¬ 
plete with a 12" woofer and all other 
necessary components. The pre¬ 
assembled and tested electronics 
module offers 20Hz response, 
250W RMS, and current-sensing 
feedback; as well as self-limiting 
and adjustable crossover frequency, 
volume, and phase. ACI, 901 South 
4th St., La Crosse, Wl 54601, (608) 
784-4570, FAX (608) 784-6367. 

Reader Service #108 Reader Service #104 

MAX YOUR MINI 
AudioSource’s MCSW-1 mini-component power subwoofer was designed with 
bookshelf and computer systems in mind. With a 50W built-in powered amplifier 
matched to an 8" reinforced driver, the MCSW-1 has gold-plated RCA and 
speaker-level inputs and outputs, in addition to individual controls for input level, 
crossover frequency, and phase reverse. AudioSource, Inc., 1327 North Carolan 
Ave., Burlingame, CA 94010, (415) 348-8114. FAX (415) 348-8083. 

Reader Service #103 

C OBJET D ART SPEAKERS 
In the tradition of the decorative Domain™ series 
speakers, MB Quart offers Terra ceramic speak¬ 
ers wrapped in a kiln-fired finish. Scheurich, 
Europe’s advanced ceramics producer, molds, 
glazes, paints, and fires each of Terra’s hand¬ 
crafted. free-form designs. In addition to a 
subwoofer composed of dual long-throw 6" 
woofers. Terra systems include a satellite/ 
surround speaker and a center-channel speaker 
that both incorporate a %" titanium tweeter and 
5" polypropylene woofer/midrange. MB Quart 
Electronics USA, Inc., 25 Walpole Park S„ 
Walpole, MA 02081-2532, (508) 668-8973, FAX 
(508) 668-8979. 

Reader Service #110 
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Loudspeaker 

At last, there is a complete and affordable analyzer 
system that provides quality data suitable for real 
electro-acoustic engineering purposes. The LMS system provides a 
vast array of powerful computer based features which are specifical¬ 
ly focused on the unique requirements of loudspeaker development 
and QC production testing. 

Whether your application is professional audio, consumer stereo, 
car stereo, or contract installation, LMS is the perfect tool for devel¬ 
opment and testing of loudspeaker systems. 

No other measurement pack¬ 
age today provides as many 
outstanding features and 
capabilities at such an 
incredible price! 

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

✓ Curve library system for mult-curve operations 
i ✓ Macso programming of operation for QC testing 
✓ Standard and user selectable Frequency Ranges 
✓ Relative and Absolute PASS/FAIL Compare 
✓ Import and Export Dat? to ASCII files 
✓ Speaker Parameter Generation 
✓ SPL/Z Combo Conversion 
✓ NyqaiK Plot Conversion 
✓ Polai Rot Conversion 
✓ Tall Slope Correction 
✓ Mult»C jrve Averager 
✓ RLC Meter 

Analyzer System 
I ✓ Full Length IBM RC Slot Card. 8 Bit PC Slot 
✓ Oscblator Continuous nr Gated Swept Sine Wave 
✓ Osc Maximum Oatput: + l6dBm (5Vrms) 
✓ INC* aOI5 . 20»z-20kHz 
✓ Frequency Resolution: 200 steps/decade. Log 
✓ Filteis can track Osc frequency by any ratio 
✓ SPL Measuremen Range: 35-125 dB-SPL 
✓ Video Graphics support VGA. EGA. CGA, HGA 

Specifications 
Calibrated 8mm Electret Mic with Preamp 

✓ Mic “requency Range: IOHz-4OkHz 
✓ Osc Attenuator Range: 60dB in 0.25 dB Steps 
✓ Osc Frequency Range: lOHz-lOOkHz 
✓ Dua> State-Variable Filters: LP/HP/BPYBR 

System Signal to Noise Ratio: 90dB 
✓ XLR Interface: Osc out. Bal Input. Mic Irput 
v" 360 Page Manual with Application Notes 

Call Today for a free Demo Disk! Tel: (503) 620-3044 

International Dealers Agentlna Interface SRL (54-1 741-1389 • AustrallaME Technologies 61(0)65 ¡ 
50-2254/ AustrlaAudiomax 49(0)71-31-162225/ Belgiurr:Belram 32(0)2-736-50-00/ Brnzil:SDS 
Equipamentos 55(0111-867-7597/ Canada:Gerraudio 416-696-2779/ Chlna:HiVi Research (852'2-556- ¡ 
9619/ Denmark.Finlanc:A&T Ljudproduktion 46(0)8-623-00-70/ France:Belram 32(0)2-736-50-00/ | 
GermanyAudiomax 49-71-31-162225/ lndonesia:Ken's Audio 62(0)21-639-5806, ItalyOi tline sne 39- ' 
30-3581341/ Korea: Sammi Sound:82(02)463-03S4/ Luxembourg Belram 32(0)2-736-50-00/1 
Malaysia AUVI 65-283 2544/ New Zealand:ME “'echnologies 61-65-50-2254/ Norway AGT ; 
Ljudproduktion 46(0)8^23-08-70 Phlllipines Dai-khi 632-631-6276/ Poland:lnter-Americom 48(22)43- j 
23-34/ Singapore: A(JVI 65-283-2544/ Spain: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 Geetion laycan 
Inti 886 2 562-3883' Thailand:AaVI 65-283-2544' The Netherlands Duran Audio 31-41-80-15583/i 
UK(England) Munro Asso . 44(0)171-403-3808. 

Processing Operations 
I The LMS software provides a host of 
powerful post processing features 
which enable the user to perform com-

Iplex mathematical operations cn curve data quickly and easily. 

✓ Scaling, Smoothing Curves 
✓ Minimum Phase Transform 
✓ Croup Delay Transform 
✓ Addition, Subtraction 
✓ Multiplication. Division 
✓ Frequency Div/Mul 
✓ Invert. Square-Root 
✓ dB to Lnear Conversion 
✓ Inverse-FFT 

L I N E A RX 
LinearX Systems lnc/7556 SW Bridgeport Rd/Portland, OR 97224 USA/TEL: (503)620-3044/FAX: (503)598-9258 



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 Terry Taylor for hill details and a 
developer kit. 

LGT 
C1996 LGT 

SWITCHING TECHNOLOGIES 

910 Creekside Road • BuildingA • Chattanooga, TN 37406 • Email: acoustical@aol.com 

Tel:423-622-1505 Fax:423-62 2 -1485 
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About This Issue 

Tom Perazella’s search for true low-fre¬ 
quency capabilities finally leads him 
straight into the closet, where, instead of 
skeletons, he uncovers the perfect place for 
his speaker project (“True Bass,” p. 10). 
The author relates his design, construction, 
and testing procedures, through which we 
discover how he achieves high acoustic 
output at low frequencies with low levels 
of distortion. 

Once again, software developer Bill 
Waslo demonstrates the versatility of his 
speaker-measurement programs as he takes 
a close look at cepstral analysis (“Reflecting 
on Echoes and the Cepstrum,” p. 20). We'll 
learn what this term means as it relates to 
horn measurement, and more about the 
hearing process. Bill also tests our anagram-
matical skills by introducing such terms as 
quefrency, saphe, and alanysis. 

After almost a 20-year hiatus, Mark 
Zachmann returns to speaker building to 
tackle an ambitious five-speaker project, 
which includes crossover design (“The 
Convertible Monitor,” p. 28). His versatile 
setup serves his family’s audio and audio-
for-video needs. 

What do you get when you mix two con¬ 
trasting materials such as rubber and sand? 
For German engineer Hajo Prodan, this is 
the recipe for an original cabinet material 
that combines low- and high-frequency 
benefits for high-quality acoustic sound 
(“The Opposite Moduli (OM) Speaker 
Cabinet,” p. 42). His patented panels not 
only perform well, but also promise to 
spruce up the appearance of your system. 

In addition. Voice Coil editor Vance 
Dickason reviews Visual Ears, a flexible 
program to help you with loudspeaker 
placement and listening room design 
(“Software Review,” p. 48). 

Speaker Builder (US USSN 0199-7929) is published 
every six weeks (eight times a year), at S32 per year, 
S58 for two years: Canada add S8 per year: overseas 
rates $50 one year, $90 two years: by Audio Amateur 
Corporation, Edward T. Dell, 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 
Peterborough, NH 03458-0494 
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Cover photo shows artist’s impression of a 
speaker built from Opposite Moduli (OM) 
panels. See p. 42. 
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FAX (603) 924-9467 
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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 catalog ! 

Also, think of ACCESS as "affordable" That maybe was the toughest challenge for us: 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 FCX2AL), alloy cast frame and, 
needless to say, the legendary quality of FOC AL craftsmanship. The same hands who are making the world renown 
FOCAL drive units are making your ACCESS drive units. 

Makes 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 unit. 

ACCESS 4A 

ACCESS 4B 

ACCESS 5A 

ACCESS 5B 

ACCESS 6A 

ACCESS 6B 

ACCESS 7 A 

ACCESS 7D3 

ACCESS 8A 

ACCESS 8DB 

ACCESS 10A 

ACCESS 10B 

Quick, high definition 4" midrange. Wide bandwidth (upto 12 KHz !). A natural and easy match for a highly 
transparent tweeter.. You pick the frequency and you piel the slope ! 
Potent ■& detailed 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 tweeter 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 KHz. Like most e ther ACCESS units, it can be 
used both in sealed and in vented cabinet designs. 
Efficient (92 dB -) and transparent 6" midrange. Asingle inductor might be all you need to get the quintessence of 
this beautiful drive unit. 
Surprising weight in the low end, which is powerful and well defined. This little woofer does notseem to be much 
embarrassed by any signal. 
Extremely smoo:h 7" midrange/midbass. Excellert prospect for a simple efficient 2-way bass reflex, It can also be 
used in surround systems mair. speakers, with or without a subwoofer. 
Outstanding 7 dual voice coil midbass. Powerful, crisp and efficient, this drive unil will play anything your 
amplifier will throw with panache and relentless enthusiasm. 
Very efficient (93 dB +) 8" midrange/midbass. One of the truly rare 8" that can be used 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 also capable of handling large 
dynam.es 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 K" woofer. Ideal for medium size 3-way systems, with one of the 4", 5" or 6" ACCESS 
midranges. A classic. 
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TRUE BASS 
By Thomas Perazella 

If you’ve ever tried to achieve true bass, you might think finding The Holy Grail 
is an easier task. It also depends, of 

course, on what you consider true bass. 
Parameters that come immediately to mind 
are response to at least 20Hz, low distortion, 
good transient response, and high acoustic 
power output. (For a good understanding 
of low-frequency reproduction, see Bill 
Duddleston’s article on sound reproduction 
in the catalog from Legacy Audio, 3201 
Sangamon Ave., Springfield. IL 62702, 8(X)-
283-4644, FAX 217-744-7269.) 

GOAL 
The goal for this project was to develop a 
subwoofer with flat response from 60Hz to 
at least 20Hz, acoustic levels of 1 lOdB at 
the prime listening position, and distortion 
below 10%. This would be an aggressive 
aim in a normal listening room. However, 
the room for this project is a 21' X 16' loft 
open to a lower family room of almost 
identical dimensions that in turn opens on a 
breakfast area and kitchen. The total vol¬ 
ume is therefore quite large, putting severe 
demands on the system to achieve the 
above goals. 

Another primary concern was to have an 
enclosure as unobtrusive as possible. 
Previously, bass had been provided by six 
Bozak Bl99A woofers in modified Bozak 
Symphony enclosures. Active EQ had pro¬ 
vided bass extension below resonance, but at 
the cost of higher distortion. And the large 
enclosures had to go. 

A fortunate aspect of the loft listening 
area is a carpeted closet extending the entire 
21' length of the room where the ceiling 
slopes downward, and having a volume of 
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approximately 445ft3. Using that closet as 
an enclosure turned out to be the answer, 
meeting both the volume and visual 
requirements. 

DRIVER SEARCH 
The next step was to find suitable drivers. 
The final decision, thanks to advice from 
Eric Busch, of DLC Design, was to use mul¬ 
tiple 12" woofers from Audio Concepts. If 
you have the enclosure volume, the DV 12 
woofer is a hard device to beat as far as vol¬ 
ume displacement per dollar is concerned. 
Claimed specifications are: Fs = 17Hz; 
XMAX = 10-5mm; QTS = .44; and sensitivity 
of89dB/W. 

In addition, the DVI2 provides two 8Q 
voice coils for greater flexibility. The down¬ 
side is a VAS of 380 liters. This could be a 
problem with a typical enclosure, but in a 
445ft3 closet, it was not. 

Having been discouraged with the perfor¬ 
mance of the previously considered 24" 
woofers, I ordered one DVI2 for testing. 
When it arrived, 1 was quite pleased to find 
that it exceeded its claims. The Fs was 
14.5Hz, and, although I could not easily 
measure XMAX, the total excursion appeared 

PHOTO I: The “hole in the wall” speaker. 

to be almost one inch. This is truly amazing 
in a low-priced driver. 

To generate the target acoustic levels at 
20Hz, I decided to use eight of the DV 12s. 
That resulted in over 50ft3 of closet space 
per driver, a more than adequate volume. 
The calculated Q would be .5, based on that 
space. 

1 first thought I would place the drivers 
using a mounting plate near the floor, with 
the drivers spaced to fit between the wall 
joists of the closet. However, a friend, Perry 
Sink, suggested an open-box enclosure 
placed between the joists, with the drivers 
mounted on opposite sides and the mouth of 
the box open to the room. 

According to Perry, the opposed mount¬ 
ing would tend to turn the mechanical vibra¬ 
tional energy of the drivers into tension and 
compression forces within the enclosure, 
rather than transmitting them as rocking 
movement to the closet walls. In addition, 
having two drivers on one wall facing into 

TABLE 1 

PARTS LIST 

1. One 4' X 8' sheet of %" ACX grade plywood. 
2. Two 4' X 8' sheets of 1/8" luan. 

3. Three eight-foot 1 " x 2" furring strips. 

4. Three boxes of 50 #6 x 1 %" flat-head wood screws. 
5. One box of 50 #10 x %" pan-head all-purpose 

screws (can be used for wood or metal). 

6. Three boxes of 50 #10 x 1" pan-head all-purpose 
screws. 

7. One roll of 16 GA soft steel wire. 

8. One quart of carpenter’s glue. 

9. One box of #2 common nails. 

10. One 12" Sonotube. 

11. Five 80 lb sacks of sand-mix cement (not concrete). 

12. Five gallons of floor-leveler latex masonry adhesive. 
13. One quart of primer. 

14. One quart of black paint. 

15. One tube of clear silicone seal. 

16. One box of drywall screws. 
17. Eight %" x 2" lag bolts with flat washers. 

18. One bag of plastic cable clamps for Romex electrical 
wire. 

19. One 8', 2" x 4" stud. 
20. Terminals or terminal strips to receive speake' 

cables from amplifier. 

21. One 50' spool of #18 red-stranded wire. 

22. One 50' spool of #18 black-stranded wire. 
23. %" push-on terminals for speakers (if direct-solder 

connection not desired). 
24. Solder. 



the box and the other two facing out, as well 
as connecting them in reverse polarity, 
would result in cancelling some of the even¬ 
order harmonics. This was the final concept I 
used, with two enclosures, each housing four 
DV12s (P/wto 7). 

DESIGNING THE BOX 
In order to function properly, the enclosure 
had to fit between the wall studs of the closet 
with the open mouth facing into the room 
and the side-mounted drivers facing into the 
closet. Even though opposing the drivers 
would convert most of their vibration into 
tension and compression in the walls of the 
box, I wanted to provide sufficient mass to 
minimize any remaining rocking movement. 

To achieve this mass at a low cost while 
adding rigidity, I decided to build a double¬ 
walled box with cement between the walls. I 
chose cement for its low price, its self-sup¬ 
porting nature (making the box construction 
easier), its stiffness (a help in distributing the 
tension and compression forces), and its sta¬ 
bility (a filler such as sand might settle and 
cause voids). 

I planned the %" plywood box so that the 
interior walls would fit snugly between the 
wall studs. The drivers would be mounted on 
the plywood surface and an outer shell of 
1/8" luan would serve as a form for the 
cement and to hold the input terminals. 
Small wooden blocks would space the luan 
from the plywood and hold it in position 
while 1 poured the cement. To make sure the 
cement would adhere to the box, I would 
drive #10 screws into the outside of the ply¬ 
wood and connect them with wire as a sort 
of “re-bar.” I would also use a latex-based 
masonry additive in mixing the cement to 
further enhance adhesion. 

Since this was to be a double-walled con¬ 
struction with the drivers mounted to the 
inside surface of the plywood and cement 
poured between the walls, I had to devise a 
way to seal the through holes. The perfect 
solution is to use the cardboard tubes 
designed as forms for pouring deck piers. 
Sonotube™ is one trademark name. 

I sized the plywood panels to fit between 
the studs and provide a maximum internal 
volume consistent with all ten pieces being 
cut from one 4' x 8' sheet with minimum 
waste. As a result, two sheets of luan were 
necessary because the outer shell would be 
larger than the plywood box. 

CONSTRUCTION DETAILS 
Locate the proper positions for the holes in 
the wall. Allow a spacing of one joist from 
the comers to let the end-mounted woofers 
breathe. Don’t assume that the wall joists 
will be where they should be (16" on center), 
or that they will be straight, plumb, or in any 

PHOTO 2: Plywood and luan side panels clamped for pilot-hole drilling. 

other way in conformance with good con¬ 
struction practices. 

The first step is to mark out and open the 
holes in the wall. Locate a stud in the area 
and then, using a level and square, mark the 
dry wall inside the closet with the appropri¬ 
ate dimensions. Using a key-hole saw, care¬ 
fully cut along the inside of the studs from 
the floor to the top of the opening. The 
height will be affected by the depth of any 
flooring material on the inside of the closet. 
As a rule of thumb, you are better off mak¬ 
ing the hole a little taller than needed. 
Adding a filler is easier than trying to 
enlarge a hole at a later time. 

Once you have cut a hole in the closet 
side of the dry wall, fashion a 2" x 4" header 
to fit between the two studs flush with the 
cut edge of the drywall. Glue and screw the 
header in place, effectively sealing off the 
space between the studs above the housing. 
Repeat for the other opening. Be sure to 
accurately measure the spacing between the 
studs at multiple locations up and down the 
opening. In my case, the space was not the 
same for both openings, nor was it consistent 
from top to bottom. 

The width of the speaker housing must fit 
between the narrowest spot in the opening, 
or you will spend a lot of time chiseling and 
filing. Be sure to use silicone seal where 
electrical wires or plumbing pass through 
the studs. Obviously, you should try to pick 
locations where there are no obstructions. 
The final step is to use drywall screws to 
fasten the cut sections of the drywall to the 
stud frame. 

At this point, you should decide whether 
to open the holes on the room side of the 
wall or wait until you’ve built the housings. 
For the sake of keeping my wonderful mar¬ 
riage intact. I chose the latter. 

CUTTING THE WOOD 
The parts list for building the housing is 
shown in Table 1. Construct each enclosure 
from five pieces of %" plywood and five 
pieces of 1/8" luan board, plus various mis¬ 

cellaneous pieces. It makes handling of the 
large raw sheets easier, if you have the build¬ 
ing-supply people make the initial rips of the 
4' x 8' sheets to conform roughly to the 
widths needed, and then make the final cuts 
with a circular saw yourself. 

For the plywood, have the sheet ripped in 
the long dimension to give two strips 16'//' 
wide, for the side, top, and bottom pieces. 
The remaining piece yields the two back 
panels. Dimensions are as follows, to be 
adjusted for stud spacing: 

• Four side pieces 33" H x iôW D 
• Four top and 16I/2" D x 14!/z" W 

bottom pieces 
• Two back pieces 34'/2" H x W/a" W 

The 14!/2" widths for the top, bottom, and 
back pieces assume that width as the mini¬ 
mum internal spacing between the studs. In 
practice, you may need to adjust this for 
actual dimensions. Also, allowing a space of 
1/8" between the housing and the stud open¬ 
ings will make getting the housings into 
place easier. 

The luan pieces must be larger than the 
plywood to allow space for the cement. In 
addition, you must offset the outer luan box 
214" back from the opening of the plywood 
box to allow the front edge of the inner box 
to extend into the space between the wall 
studs, to which you will fasten it. I had the 
first sheet ripped in the short dimension into 
four strips of 17 7/8" and one strip of I6I/2". 
The second sheet was ripped in the short 
dimension into three strips of 16'/2". 
Dimensions are as follows: 

• Four side pieces 
• Four top and 

bottom pieces 
• Two back pieces 

37!/2" Hx 16!/2"D 
16'/2" D x 17 7/8" W 

37 7/8" Hx 17 7/8" W 

Note that none of the side panels will be 
symmetrical once you cut the holes for the 
drivers and wiring. Be sure to mark all 
pieces as top, bottom, front, back, inside, and 
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outside. The plywood should be cut so the 
“A” side faces inside the box, with the “C” 
side facing the cement filler, since this 
results in a better mounting surface for the 
drivers. 

ROUTING THE SPEAKER HOLES 
To facilitate final assembly of the housings, 
you drill the pilot holes for the speaker open¬ 
ings through the plywood and luan at the 
same time. Clamp a side sheet of luan to a 
side sheet of plywood in the same offset 
position it will assume during final assembly 
(Photo 2). You then mark and drill the pilot 
holes from the plywood side. The holes 
should be 7" from the back and 8" from the 
top and bottom of the plywood side pieces. 
Repeat the procedure for the remaining three 
sets of sides. 

For two sets of side pieces, drill an addi¬ 
tional 7/16" hole in the top rear comer, 2" 
from both the top and back of the plywood 
edges. A piece of tubing will connect these 
two holes as a guide for running wires 
from the inside to the outside of each final 
housing. 

Once you’ve drilled the holes, separate 
the luan and plywood for routing. For the 
DV12 drivers, I drilled 11" holes in the ply¬ 
wood. Clamp the plywood and rout the eight 
holes. For the luan, select a hole size large 
enough to allow the cardboard-tube sections 
to pass through. I used a hole size of 12!4" to 
accommodate the 12" Sonotube. Because the 
luan is so thin, be sure to clamp a scrap back¬ 
up sheet to it when cutting the holes. 

PHOTO 3: Assembled plywood inner box. 
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After you finish the routing, mark and 
drill the driver-mounting pilot holes, using 
one driver as a template. If available, a drill 
press will make this job easier, as you can set 
the depth of the holes so you do not pene¬ 
trate the other surface of the plywood. If a 
drill press is not available, use a drill stop on 
the bit of your hand drill. 

ASSEMBLING THE HOUSING 
Assemble the plywood portion of the hous¬ 
ing by mounting the top and bottom plates to 
the edges of the side plates, and the back 
plate to the edges of the top, bottom, and 
sides. Before beginning assembly, drill and 
countersink pilot holes for the #6 x lió" 
wood screws. 

Drill holes along the sides of the top and 
bottom plates, front to rear, beginning %" 
from the front edge with 3" spacing. The dis¬ 
tance from the side edge should be 3/8" to 
center the holes with the mating end of the 
side pieces. 

Now drill holes along all edges of the 
back plate as follows: 12 along each side, 
starting %" from the top edge, with 3" spac¬ 
ing; and five along the top and bottom with 
3" spacing (start by centering the middle 
hole). 

Start assembling the housing by running 
a bead of wood glue along the top edge of 
one of the side panels and attaching a top 
panel with the wood screws. Run a glue 
bead along the top edge of the other side 
panel and screw the other side of the top 
panel to it. Carefully invert the assembly 

and attach a bottom panel in the same way. 
Lay the assembly front-edge-down and 
repeat the gluing and screwing to fasten the 
back panel. Repeat for the other assembly 
and allow both to dry for 24 hours. Photo 3 
shows a completed inner box from the 
mouth side. 

While the inner shells are drying, cut 52 
2"-long pieces from 1" x 2" wood. These 
will be the support spacers for the outer luan 
shell. To prevent them from splitting, drill 
pilot holes at 45° angles at each cut end for 
the nails that will attach them to the inner 
plywood shell. Also cut two pieces of 2" x 
4" to fit horizontally across the mouth of 
each housing to add rigidity. 

When the housings are dry, drill two 
holes in each side of the mouth to fasten the 
2" x 4" braces in place. Mark a center line 
from the front of the mouth to about 6" back 
on each side. The first hole should be 4" 
back from the edge of the mouth along the 
centerline, and the second Ski" back. The 
brace will then be 3" back from the front of 
the mouth along the center lines. Check the 
braces for proper fit and sand the ends as 
necessary to achieve a snug fit without 
spreading the mouth. Remove the braces, 
add glue, and reposition and screw them 
into place. 

ADDING SPACERS 
Space equally, glue, and toe-nail the spacers 
to the inner shell, with four spacers each on 
the top and bottom panels, and six each on 
the side and back panels. 

PHOTO 4: Spacers in position on the out¬ 
side of the plywood inner box. 

PHOTO 5: Support wiring on the outside 
of the plywood inner box. 
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The alignment of the spacers must allow 
the concrete to flow as smoothly as possible. 
To that end, place them so their longer 
dimensions run from front to back on the 
top, bottom, and side panels, and from top to 
bottom on the back panel (Photo 4). This 
facilitates pouring the cement with the hous¬ 
ing on its back. 

After another 24 hours to let the spacers 
harden in place, you add the reinforcing 
screws and wire. Drive #10 x 1" all-purpose 
screws into the top, bottom, back, and side 
panels so that approximately Vi" remains 
above the plywood surface to anchor the 
wire and provide more surface for the 
cement to wrap around (Photo 5). For ease 
of wiring, use nine screws each for the top 
and bottom plates, 14 each for the side 
plates, and 21 for the back plate. 

When installing the wire, make sure it 
stands up from the plywood inner housing so 
that the cement can flow all around it. 

INSERTING THE TUBE SLICES 
The cardboard tube slices are the pathways 
between the inner and outer shell. Using a 
ring size of 1%" provides a slight extension 
of the ring above the luan to allow for glu¬ 
ing. Mark off the appropriate sections and 
cut them with a jig saw. 

Place the housing with one side down. On 
the side facing up, align the Sonotube sec¬ 
tions over the holes, position a luan side 
piece and place a section of the wire-conduit 

PHOTO 7: Detail view of cardboard 
through tube. 

guide on the side where it will be used. 
Make sure all pieces fit properly, using a 
straightedge to align the side pieces with the 
edges of the spacers on the top, bottom, and 
back plates, and adjust as necessary. 

Remove the luan side panels, cardboard 
tubes, and wire conduit. Make supports for 
the speaker terminals out of pieces of 1" x 2" 
cut to size. Glue and nail the supports to the 
outside of the luan side piece where the 
wires will come through. Add glue to the 

PHOTO 6: Inner box with luan side panels 
and cardboard tubes in place. 
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PHOTO 8: Front view of completed box 
prior to pouring cement. 

tops of the spacers on one side, replace the 
luan side panel, check the alignment, and 
then nail the luan to the spacers. 

Insert and glue the wire conduit into 
place. Then run a bead of glue on the ply¬ 
wood around the holes where the Sonotube 
will make contact. Insert the tube through 
the hole down into the glue, but before the 
tube reaches the plywood, run a bead of glue 
around the tube at the luan level. Seat the 
tube and make sure there is glue all around 
the top and bottom edges so no cement will 
leak through. When cleaning up any excess, 
leave a small fillet of glue at the joints. 
Repeat for the second tube. Allow to dry for 
24 hours before doing the other side. Photo 
6 shows the side luan pieces attached, with a 
detailed view of the Sonotube placement in 
Photo 7. 

Now, glue and nail the top, bottom, and 
back luan pieces (Photo 8). Allow the com¬ 
pleted assembly to dry for 48 hours before 
pouring the cement. In the meantime, make a 
funnel out of scrap luan to help in pouring 
the cement (Photo 9). It should fit between 
the inner and outer walls and stay in place by 
itself when you’re pouring. Also cut a 3" x 
36" strip of luan to use for tamping the 
cement through the funnel mouth. 

POURING THE CEMENT 
Lay one of the housings on its back with the 
bottom facing toward the mixing pan. 
Position the funnel and shovel the cement 
into it. Use the tamping board frequently to 
get the cement into the spaces and to elimi¬ 
nate trapped air bubbles. Move the funnel as 
needed. 

Once the cement has reached the upper lip 
of the luan all around the housing, use a 
small scrap piece of luan as a float to smooth 
the surface. Repeat the process for the sec¬ 
ond housing. I let the cement set for one 
week before moving the housings, which 
will probably weigh as much as 200 lbs. 

INSTALLING THE HOUSINGS 
Since the housings will be inside a closet, out 
of sight, finishing consists of priming all 
sides with a good primer and then painting 
with a flat black latex paint. If you have not 
yet opened the wall on the listening-space 
side, do it now. With the help of some strong 
friends, move the housings into position. 
There should remain a space of about 14" 
between the cut-out drywall and the front 
edge of the luan. 

On each side of the housing mouth, drill 
two pilot holes for the 14" lag bolts that will 
go through the housing and into the wall 
studs. The holes should be approximately 
aligned with the center line of the drivers. 
Install the bolts with flat washers. 

Cut a filler of scrap wood for the space 
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under the mouth and above the floor and 
force it into place to seal that opening. If a 
filler is necessary on the top side, install it 
also. Use silicone seal all around the joints 
between the mouth and studs or fillers. 
Repeat for the second housing. 

INSTALLING THE DRIVERS 
Each driver has two 8Q voice coils that you 
connect in series to produce an effective 
16Í1 Then you connect the four drivers in 
parallel for a resultant 4Q impedance. 

For each driver, you identify and connect 
together a positive terminal on one voice coil 
and a negative terminal on the other. Be 
careful if you’re soldering the wires, since 
over-heating terminals is one of the primary 
causes of driver failure. As the impedance is 
16Q, #18 wire is more than sufficient. 
Repeat for all eight drivers. 

For each housing, you should wire the 
two drivers facing into the housing in a nor¬ 
mal polarity; that is, the red wire should go 
to the open positive terminal of one voice 
coil, and the black wire to the open negative 
terminal of the second voice coil of the same 
driver. The resulting wiring pattern for any 
inward-facing driver should be: red wire to 
the positive terminal of voice coil #1; nega¬ 
tive terminal of voice coil #1 connected with 
a jumper to the positive terminal of voice 
coil #2; black wire to the negative terminal 
of voice coil #2. 

You should wire two drivers facing out of 
the housing in a polarity opposite to those 
facing in; that is, in the description above, 
reverse the red and black wire connections. 
Therefore, a black wire is connected to the 
positive terminal, and a red wire to the nega¬ 
tive. By doing this, both sets of driver cones 
will move either into or out of the enclosure 
at the same time. 

Following the wiring convention 
described above, connect to two of the driver 
terminals appropriately color-coded #18 
wires of a length sufficient to reach the ter¬ 
minals on the outside of the housing. First 
mount the two drivers that will face into the 
enclosure, using #10 x %" all-purpose 
screws. Tighten these in a staggered pattern 
to avoid warping the frame. Next mount the 
two drivers facing out of the enclosure, using 
#10 x 1" screws because of the extra thick¬ 
ness of the front mounting gasket. 

Connect a pair of color-coded #18 wires 
to each driver facing out of the housing and 
route the wires inside the enclosure to the 
wire conduit using cable ties and mounting 
pads (Photo 10). Pass the wires through the 
speaker-housing conduit and connect the 
pairs of color-coded wires from all four dri¬ 
vers in a parallel configuration to the speaker 
terminals. Fasten the terminal assembly to 
the terminal support blocks. Fill the wire 

PHOTO 9: Funnel in place in preparation for pouring cement. 

conduit with silicone seal to complete the 
wiring. 

To connect the enclosures to the power 
amplifier, use #12 zip cord. To keep these 
leads out of the way, fasten them with plastic 
Romex clamps to the molding that runs 
along the floor, and then feed them through a 
hole in the wall. For appearance’s sake, I ran 
the wires through a wall box that was origi¬ 
nally installed for a TV coax lead, and then 
made a cover plate out of wood to dress 
everything up. 

the rubber tubing is that it will rebound a lit¬ 
tle, moving the frames slightly off the wall, 
which prevents rattling. 

INTEGRATION INTO THE SYSTEM 
Each driver in the system has its own ampli¬ 
fier, with the frequency division done by a 
custom four-way electronic crossover. I 
originally designed crossover points for the 
system at 60Hz, 400Hz, and 2.5kHz. The 
slopes are all 12dB/octave. The range from 

GRILLES 
You can produce grilles to cover the housing 
mouths by making frames out of 1" x 2" fur¬ 
ring strips and covering them with the same 
material as the main speakers. The frames 
are rectangular, with outside dimensions of 
18" X 35*/2". A horizontal cross piece in the 
middle gives additional rigidity. 

Use !4" hanger bolts to fasten the grilles to 
the wall. These are bolts with a wood screw 
on one end and a machine thread on the 
other. With the grilles held in place against 
the opening, drill small pilot holes through 
the frame into the wall to ensure proper 
alignment. Center one bolt on the top of the 
frame and place two more along each side 
strip, for a total of five per frame. 

Now drill larger pilot holes in the wall 
studs and install the hanger bolts so that !4" 
of the machine thread protrudes from the 
wall. Enlarge the pilot holes in the frames to 
15/32" from the inside, without going all the 
way through to the outside. Then prime the 
frames, and paint them flat black. Place 
small pieces of gum rubber tubing (W OD, 
14" ID) in the frame holes. The slight com¬ 
pression of the tubing as it is pressed into the 
15/32" holes provides the necessary reduc¬ 
tion of inside dimension to grab onto the 
machine threads of the hanger bolts. 

To mount the frames, align the hanger 
bolts with the tubing pieces and push until 
the frames reach the wall. A side benefit of 

PHOTO 10: View from listening area of 
installed housing, showing driver mounting 
and wiring. (The line running in front of the 
two lower woofers is an existing electrical 
conduit covered with silicone seal.) 
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60-400Hz is covered by a 10" Peerless CC 
line woofer, mounted in a sealed 2ft3 box. A 
7" Kevlar cone Eton midrange, mounted on 
an open baffle, covers from 400Hz to 
2.5kHz. Above 2.5kHz is covered by a Heil 
Air Motion Transformer mounted directly 
ibove and through the same baffle board as 
he midrange. 
The main speakers are located 9' from the 

irime listening position, and are toed in 
oward that position. The right-hand sub¬ 
woofer is 15' from the prime listening posi-
.ion, and the left sub is 16' away. 

TESTING 
Testing presented some unusual problems. 
Mever having had so much really clean low-
frequency energy available. 1 was not pre¬ 
pared for the effect it had on the house. A 
word of caution: levels in excess of 120dB at 
16Hz with low distortion can shake a lot of 
things off shelves and walls before you know 
what is happening. Don't connect a sine¬ 
wave generator and do sweeps. Things will 
fall and break, and your significant other will 
become very unhappy. 

Many thanks to Tom Nousaine, who 
spent a lot of time helping me with the mea¬ 
surements. Although I have an HP distortion 
analyzer, the thought of nulling each test 

FIGURE I: System spatially averaged response at middle position. 

frequency at high lev¬ 
els was not attractive. 
Tom dragged over his 
MLSSA to run most 
of the tests. 

We measured at 
the prime listening 
position, with dis¬ 
tances as noted above. 
The first sequence 
was to measure the 
frequency response of 
the whole system by 
ear so that it “sound¬ 
ed good.” Figure 1 
shows that above 
63Hz, the in-room 
response was approxi¬ 
mately ±4dB out to 
18kHz. Below 63Hz, there was a rise of 
another 5dB. with a maximum at 32Hz. 
Using an Orban parametric equalizer, we 
determined that a cut around 60Hz with a 
slope of 12dB/octave cleaned up the in-room 
response very nicely. Figure 2 shows the 
sub-only response before (solid line) and 
after (dotted) equalization. 

Since the active crossover has a 
12dB/octave slope, we decided to try drop¬ 
ping the crossover frequency of the sub to 

45Hz. This required simply changing a few 
resistor values in the crossover. Figure 3 
shows the result of this drop in crossover 
point on the blend of the sub and woofer at 
the listening position. The response was now 
±2.5dB from 12.2-200Hz. 

TEST-TONE BURSTS 
As exciting as this result was—exceeding 
the first goal of flat response to at least 
20Hz—we still needed to determine the 
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IEC Standard Frequencies - Hz 

FIGURE 2: Subwoofer at mid-listening position with and without 
equalization. FIGURE 3: Response after sub crossover adjustment. 

acoustic power levels that could be generat¬ 
ed before 10% distortion set in. To do this, 
we used a special CD with test-tone bursts— 
for only a few seconds—and tested with 
only one sub. The results of measurement 
(using a Bruel and Kjaer model 2209 sound 
level meter as a microphone and mike pre¬ 
amp to feed the MLSSA) are in Table 2. 

It is interesting to note that the SPLs at 
12.5 and 16Hz were set by ear to a level 
lower than those at 25 or 31.5, even though 
the ear is less sensitive at those frequencies. 

The reason for this was that at those frequen¬ 
cies, the loft was doing a lot of shaking. 
Also, at 31.5Hz, even though we used tone 
bursts, a stack of paper cups fell off a shelf in 
the main bathroom upstairs. 

A brief test at 31.5Hz using just one. and 
then both subs, showed a 5dB increase when 
the second sub was added. Therefore, you 
should add 5dB to the levels shown above to 
indicate the actual SPLs at the listening posi¬ 
tion with both subs working. You can see 
that the second goal of 11 OdB at the prime 
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listening position with less than 10% distor¬ 
tion was also exceeded. 

LISTENING 
The best way to describe the bass is that it is 
extremely dynamic and effortless. It is com¬ 
mon for some magazine editors to describe 
the bass from mini-monitors or small free¬ 
standing units as “kick-butt.” Trust me, you 
don’t understand the meaning of that phrase 
until you hear eight DV 12s working in the 
low registers. The low Q, combined with 
low distortion and flat frequency response, 
makes the bass extremely tight and well 
defined. 

Bass drums seem to roll the sound across 
the floor. Low organ notes simply move the 
air all around you. And when the frequen¬ 
cies start to increase, heaven be thanked, the 
sound does not become boomy. Pianos are 
powerful and rich without sounding muddy. 
The string bass takes on new life. All in all, 
a success. 

It is interesting to note that you don't need 
to spend mega bucks on an amplifier to drive 
the subs. Power for both subs comes from 
one old Phase Linear 400 amp that I’ve had 
for years. I reinforced the power supply by 
adding extra filter capacitors, but the amp is 
otherwise stock. That is another advantage of 
separate amps for each driver. The amps all 
have an easy job because the full frequency 
spectrum is not handled by one device, and 
there are no complex high-level passive 
crossovers to drive. 

TABLE 2 

MEASUREMENT RESULTS 

F IN HZ PEAKSPL AVG. SPL DIST. % 

10 90 86 14 
12.5 111 107 9.6 
16 116 112 2.5 
25 118 114 6.5 
31.5 118 114 6.3 
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REFLECTING ON ECHOES 
AND THE CEPSTRUM 

By Bill Waslo 

W ith great interest, I read Newell 
and Holland’s “Round the Hom” 
(SB 8/94, p. 24). This single arti¬ 

cle included a discussion of horns, an intrigu¬ 
ing application of a relatively obscure digital 
signal processing technique called cepstral 
analysis, and a reported link between the 
audible sound signature of driver types with 
a form of data measured from them. And 
beyond all that, the authors held out a very 
tempting audiophile carrot: the possibility of 
a midrange driver that can sound like a Quad 
and can play at 125dB SPL! 

Homs have always fascinated me. There 
is something very seductive in the com¬ 
plete effortlessness with which they can 
handle diverse levels, maintaining the same 
character from loud to soft. Horns also 
often provide an unusual sense of clarity. 
Since I was in the market for a mid/tweeter 
driver with relatively narrow dispersion for 
my “Focused Array” echo-resistant speaker 
concept (SB 4/95, p. 10), horns seemed like 
the natural choice. 

Unfortunately, coupled with their ability 

The discussion of cepstral analysis, 
although brief, sent me back to the comput¬ 
er. 1 had read about the cepstrum (an ana¬ 
gram of the word “spectrum”) and its use in 
speech synthesis and analysis in various 
DSP texts. Dr. Holland’s use of the power 
cepstrum for investigating drivers was a 
new wrinkle. As a developer of loudspeaker 
measurement and analysis software (IMP, 
IMP/M, and Liberty Audiosuite), I have the 
means available to combine existing and 
newly developed procedures for relatively 
easy implementation of various analysis 
techniques as they become of interest. As a 
result, Liberty Audiosuite is capable of per¬ 
forming cepstral analysis. 

A reported connection between similari¬ 
ty in cepstrum plots and similarity in sound 
character is interesting for the great 
promise of developing better drivers. But it 
also raises intriguing questions about why 
the ear might be sensitive to the kinds of 
sound characteristics that register on a 
power cepstrum plot. At the end of this 
article I offer a few conjectures, some 

and some difficulty understanding the con¬ 
cepts. But please do not assume that I am an 
expert on this subject, horns, or the theory of 
hearing. Rather, like you, I am a student of 
these topics, not a final authority. So consid¬ 
er this article as my notes. Consult the cited 
references for more concrete information. 

QUEFRENCY DOMAIN 
No, that is not a typo. The terminology sur¬ 
rounding the computation of the cepstrum 
came from an article by Bogert et al., in 
which the authors rearranged various terms 
from signal processing (spectrum, frequen¬ 
cy, phase, analysis) into anagrams (cep¬ 
strum, quefrency, saphe, alanysis). 1 The 
reason was to highlight the unusual treat¬ 
ment of frequency-domain data as if it 
were time-domain data in generating a new 
data set that had across its x-axis values 
(the quefrencies) in units of seconds, but 
which indicated variations in the frequency 
spectrum. Evidently, only the term cep¬ 
strum remains in common use, but I prefer 
to retain at least the term quefrency as a 

to sound the same at greatly differing levels 
is the horns’ reputation for not particularly 
good sound at these levels. If only horns 
wouldn’t honk like that. And if only you 
could listen to a horn-based system without 
being constantly made aware of the distinct 
existence of each horn driver. Homs are sel¬ 
dom admired for blending well. Could a new 
measurement tool help design horns which 
don’t have these unpleasant characteristics? 

analogues, and an 
hypothesis or two 
on this subject. 

DISCLAIMER 
Since cepstral analy¬ 
sis is a new subject 
to most readers, 
there will inevitably 
be many questions 

FIGURE 2: Response of same horn, without reflector. 

FIGURE 3: Sum of delayed sine-wave packets. 
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applied at the input 
at equal levels and 
phase-aligned. 

A speaker emitting 
a signal is equivalent 
to an emission of a 
collection of sine 
waves. When this 
signal bounces off an 
object, or is emitted a 
second time shortly 
thereafter by the 
speaker, two such 
sine-wave collections 
arrive at the measur-

FIGURE 4: Windowed and weighted frequency-response shape. 

reminder that the seconds shown on the 
plots don’t represent time as you might 
normally consider it. 

In simple terms, the power cepstrum is a 
measure of the periodic wiggliness of a 
frequency-response plot. IMP and Liberty 
Audiosuite users have no doubt noticed that 
the frequency-response curves of their 
speakers often have sine-wave-like ripples 
superimposed on the general shape. This will 
be particularly noticeable if the response 
measurement includes a distinct reflection 
from a wall, a grille, or a cabinet edge. 

In the example shown in Fig. 1, 1 placed 
a large cardboard reflector 12" from a horn 
tweeter prior to the measurement. An 
equivalent measurement without the reflec¬ 
tor is shown in Fig. 2. 

REFLECTION RESPONSE RIPPLES 
By Fourier’s theorem, you can mathemati¬ 
cally represent signals as an infinite collec¬ 
tion of sine waves of various frequencies, 
magnitudes, and phases. The idea of a fre¬ 
quency-response plot for a system is based 
on this concept, showing the output magni¬ 
tudes and/or phases corresponding to the 
sine waves of each frequency, if all were 

ing microphone to¬ 
gether, but offset in 
time. At each sine¬ 

wave frequency, if the pair of emissions 
arrive exactly in phase, their amplitudes add. 
If they arrive exactly in reverse phase, the 
amplitudes subtract and will even cancel 
completely if the arriving amplitudes are 
equal. Phase differences between these 
extremes will cause less intense levels of 
reinforcement or cancellation. 

The phase and amplitude of the sine wave 
resulting from the combination of two arriv¬ 
ing sine waves of identical frequency 
depends on two factors: the delay between 
the arrivals and the frequency. In Fig. 3 one 
packet of three sine waves is shown offset in 
time relative to an identical packet of three 
sine waves. In the lower part the relative 
pressure values of the waves (vertical center 
of each wave being 0) at each frequency 
have been combined to form a resulting sine 
wave at the same frequency. The arithmetic 
is done for each frequency separately. For a 
given delayed-second arrival time, the result¬ 
ing sine-wave amplitudes will vary periodi¬ 
cally with frequency, giving rise to response 
ripples (Fig. 1). 

The rate of the ripple variation appears 
to increase with frequency in Fig. 1 
because the graph is in log-frequency for¬ 

mat. Were the plot to be displayed in lin¬ 
ear-frequency format (i.e., equal number of 
hertz per horizontal inch), the ripples 
would appear at a more steady rate. 

IMP and Liberty Audiosuite view these 
variations on a log-magnitude (dB) scale, 
which enhances the sinusoidal appearance 
of the ripples. In scalar magnitude format, 
the shape would tend to look more like 
periodic notches taken out of the curve. 

If you remember that the FFT of a sinu¬ 
soidal time-domain trace results in a peak 
at the sinusoid’s frequency, you can then 
imagine that an FFT of the log-magnitude 
frequency-domain trace would result in 
peaks at the frequency-response ripple 
rates. And these rates (in units of “per 
hertz,” i.e., seconds) are related to the 
delay times between the multiple arrivals 
of echoes. We get a display of the echo or 
reflection intensity versus the delayed 
arrival time. 

This information can be used to find, via 
the reported delay times, which baffle fea¬ 
tures might be causing the most dominant 
reflections and contributing to response 
errors. Second, you can use it to evaluate, 
design, or modify drivers or horns by provid¬ 
ing a window into the way waves are 
bounced around on the cones, diaphragms, 
or horn necks. Perhaps, most importantly, 
the process of cepstral analysis may have 
some similarities to the way hearing works 
and to the sorts of sound characteristics to 
which we are sensitive. 

PROCESSING TRICKS 
My first attempt at obtaining usable results 
by merely performing an “FFT of a log-
FFT” failed. I was able to achieve a pile of 
noise at the position of a very strong echo 
delay, but nothing that could reveal any 
driver subtleties. Fortunately, reader John 
Hanley kindly supplied me with a copy of 
an earlier article by Dr. Holland, describing 
in more detail the mechanisms of his calcu-
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FIGURE 7: Power cepstrum, same scale, without reflector. 

lation of the power cepstrum.2
One major problem in a mere FFT of the 

response shape is that the abrupt changes at 
the response extremes—coming from loud¬ 
speaker overall response shapes, A/D fil¬ 
tering, noise, and AC-coupling capacitor 
effects—are strong enough to overwhelm 
any resolution of more subtle details. This 
is similar to the spectral-leakage effect that 
can occur when a time-domain data curve 
is truncated in IMP; the fix is also similar: 
use a “window” on the data to taper the 
edges to a midpoint zero. Furthermore, at 
frequencies where a driver or speaker’s 
response is weak, noise will cause signifi¬ 
cant peak-to-peak decibel variations, which 
can dominate the result. 

Since you are probably less concerned 
with response ripples where the level is rela¬ 
tively low, you can deal with this by further 
weighting the response curve via an enve¬ 
lope that emphasizes the ripples in higher 
output regions of the spectrum. Figure 4 
shows the result of performing these two 
operations on the curve of Fig. I. The gen¬ 
eral shape is centered, so the positive and 
negative halves are equal, i.e., the “DC off¬ 
set component” of the spectrum is removed. 

The shape of the general response curve 
is still strongly represented in the curve of 

Fig. 4 (remember that this 
curve corresponds to a lin¬ 
ear-frequency format pre¬ 
sentation). This shape 
might or might not be a 
result of reflections of 
very short delay time, but 
in general it is useful to be 
able to minimize the con¬ 
tribution of this shape to 
the cepstrum curve so 
finer details are not 
swamped out. 

The Liberty Audiosuite 
cepstrum facility offers an 
“hpFilter” (high-pass) 

option to emphasize the higher quefrency 
ripples and remove the more gradual 
shapes resulting from normal driver roll¬ 
offs. Figure 5 displays the result of adding 
this preprocessing to the shape of Fig. 4. 
Because of the better resolution at mid and 
higher quefrencies, I left this hpFilter on 
during the generation of the remaining plots 
in this article. 

An additional switch in Liberty 
Audiosuite allows you to select whether to 
include or ignore the “negative frequen¬ 
cies” of the source frequency-response 
data. Although negative frequencies may 
seem science-fictional (or the result of 
really good bass response), a Fourier trans¬ 
form normally provides data values for 
them. For real-world signals, these values 
are always of the same magnitude (but of 
inverted phase) as those of the correspond¬ 
ing positive frequencies, so they are nor¬ 
mally ignored in audio analysis. 

But in forming the power cepstrum, 
inclusion of negative-frequency data 
strongly affects the graph. I usually choose 
not to include them, as their effect seems to 
complicate efforts to relate the features of 
the plot to physical parameters, which is 
already a challenging task in most cases. 

Figure 6 shows the end result of per¬ 

forming cepstrum analysis (using the 
hpFilter and neglecting negative frequen¬ 
cies) on the curve of Fig. I. As stated earli¬ 
er. I originally measured the response for 
this using a large reflector to introduce a 
strong intentional echo into a measurement 
of a short axisymmetric tweeter horn. 
Compare the cepstrum of Fig. 6 to that in 
Fig. 7. which is the equivalent cepstrum for 
the no-reflector data of Fig. 2. The peak 
due to the reflection(s) is very prominent. 

HORN EFFECTS 
With the cepstral-analysis facility now 
functional within Liberty Audiosuite, it 
seemed appropriate to investigate horn 
behavior. The price of the AX2 horn and 
driver, described in the Newell and 
Holland article, was unfortunately too rich 
for my budget. Besides, like many speaker 
builders, I prefer the DIY approach. 

The horn I used is a 6-inch-diameter. 
axisymmetric, homemade fiberglass affair, 
fabricated on a mold lathed from maple 
hardwood and generously waxed. I cut and 
drilled a round piece of fiberglass printed 
circuit board (with the copper removed) to 
mount a 1" Audax titanium dome tweeter. I 
added a 1.1" hole to clear the dome and 
serve as the horn throat, which 1 sanded 
and placed onto the horn mold. Then I 
applied resin-soaked fiberglass cloth in 3" 
X 0.5" strips, covering the entire bell with a 
thick layer and bonding the driver mount 
board to the horn. 

When this hardened, I pried it from the 
mold, sanded it, and painted it with a black 
polyurethane paint. While more than an 
afternoon project, the operation was not as 
difficult as you might imagine. The resulting 
tweeter has proven very satisfactory in lis¬ 
tening tests, and I used it to provide the high¬ 
er frequencies in my prototype 9dB enhance¬ 
ment Focused Arrays speaker system. 

When operated as a direct radiator, the 
tweeter had a somewhat rising on-axis 

FIGURE 9: Power cepstrum of dome tweeter at increased 
display gain. 
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FIGURE 12: Voiced “aahh” at 400Hz pitch. tions are indeed 
audible and harmful 

FIGURE I I: Power cepstrum of dome, 
with 1-inch-high reflector 4" from center. 

DIRECT-RADIATOR REFLECTIONS 
With the tweeter centered in the same loca¬ 
tion of an identical cardboard baffle board as 
for the horn measurements, I measured the 
direct radiating response at the same distance 
from the baffle (Fig. 8). Figure 9 shows the 
cepstrum of the direct-radiator measurement. 
Note that the scale of this plot is altered to 
utilize a display gain of 10, to better show 
the cepstral features. Figure 10 displays the 
power cepstrum at the same scale for this 
driver with the horn attached. 

The direct radiator’s cepstrum shows 
more and stronger apparent reflections and 

response, but in the 
horn, it had a falling 
response. For the 
measurements pro¬ 
vided here, the horn-
loaded implementa¬ 
tion is flattened by a 
simple resistor-capac¬ 
itor network. For all 
cepstrums, I first 
gain-adjusted the re¬ 
sponses so the main 
flat-response regions 
of the spectrums were 
near the OdB line (the 
Liberty Audiosuite 
cepstrum analysis 
applies the decibel 
display gain before calculating). 

at greater delays or higher quefrencies. 
Remember that the horn used is a short 
axisymmetric unit, not the more usual rec¬ 
tangular type that might generate, rather 
than suppress, reflection-induced ripples. 
Because of the tweeter dome’s small size, 
which couldn't easily support long delay 
times, I hypothesized that some of these 
reflections might be coming from the baffle 
edges. Holland suggests that some of the 
cepstral features may be due to resonances 
and mechanical mismatches in a driver’s 

to fidelity, a good case could be made 
against achieving wide dispersion. If reflec¬ 
tions are to be avoided, it would seem wiser 
to direct energy toward a fixed listening 
position and avoid spraying the edges of the 
cabinet or the listening room with sound 
energy. 

To test the dispersion theory for my 
tweeters, I taped a rectangular 9V battery on 
the face of each baffle 4" from the tweeter 
center, to serve as a small reflector. For the 
horn-loaded version, the reflection was not 

Reader Service #80 

visible in the cepstrum plot, which was 
essentially identical to the measurement 
without the reflector. For the direct-radiator 
version (Fig. 11), the reflection off the bat¬ 
tery’s case is clearly visible (in comparison 
to Fig. 9) as a larger spike in the cepstrum. 

CAN YOU HEAR A CEPSTRUM? 
If, as reported by Newell and Holland, the 
cepstral data is a significant indicator of the 
perceived character of a speaker, what 
could be the biological reason or explana¬ 
tion for this? It would certainly add to the 
plausibility of the idea if there existed a 
survival-related benefit to cepstral sensitiv¬ 
ity and a physical means by which cepstral 
information might be perceptible. 

The key may be in the nature of the 
human voice. Our ears are well-adapted 
toward discerning the sonic character of 
voices. While the consonants of speech are 
usually transient and of single-burst charac¬ 
ter, vowel sounds (and tones sung by a 
singer) are formed by repetitive emission of 
pulses into the vocal tract.3 The emitted 
pulses will be wideband in nature, and the 
vocal tract will impart a frequency shaping 
to the overall output. But notice that this is 
again a short-term multiple emission of 
spectra (sinewave-packets) similar to what 
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may result from multiple reflections of 
broadband signals. 

The vowel sound or sung tone will con¬ 
tain much harmonic content. It requires no 
stretch of the imagination to perceive the 
periodic nature of a spectrum display con¬ 
taining coarse harmonic tones (Fig. 12 
shows my voice at a pitch of about 4(X)Hz), 
resulting in the power cepstrum of Fig. 13. 
Note that there is relatively little signal actu¬ 
ally at 400Hz, although this was the intend¬ 
ed and apparent pitch (perhaps a result of 
nearly nonexistent singing ability). On the 
other hand, a single 400Hz windowed sine 
wave (Figs. 14 and 15) has little significant 
cepstral response (which, interestingly, 
occurs at twice the sine wave's period). 

Sometimes an harmonically rich tone 
can actually be missing the fundamental, 
but still be distinctly "heard" by the ear.4 
The fundamental is not only the lowest 
tone present in an harmonic series, but it is 
also the frequency spacing between the 

many harmonic multiples, which would 
appear as a cepstral peak whether the fun¬ 
damental were truly present or not. Note 
also that cepstral analysis is essentially 
immune to phase response, as many tests 
indicate the ear may be. 

be useful to know how far you. a prey, or 
an enemy may be from a boundary or 
escape route. The quantity and distribution 
of delayed reflections could give clues to 
how far away an unseen sound source may 
be behind you. The audibility of reflections 

ECHO DETECTION 
People are known to be sensitive to 
echo content in an acoustical environ¬ 
ment. A listener may not be able to 
make a blindfolded identification of 
brands of speakers in a room into 
which he has been led, but he would 
very likely be able to, while blindfold¬ 
ed, estimate fairly well the size and 
wall placement of the room itself (per¬ 
haps the basis of an interesting experi¬ 
ment if anyone is in need of a research 
project). 

There are some plausible biological 
and survival-related reasons for such 
hearing abilities. In darkness, it could 
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is easy to demonstrate even without test 
equipment. Read this sentence out loud in 
the middle of a room and then repeat it 
within 2' of a wall or table surface; a sound 
difference is unmistakable. 

The idea that biological apparatus could 
be able to extract spatial information from 
detected echoes is not far-fetched Bats 
have such well-developed echolocation 
that they use it in preference to vision. 
Perhaps a scaled-down version of this abil¬ 
ity in people is the source of some of the 
unconvincing sound fields often reported to 
be coming from hi-fi systems. With all the 
reproduced signal coming from one of two 
sound points, a 20-piece orchestra could 
give a loudspeaker-induced echo pattern 
indicating that all of its 20 pieces are at the 
same spacings from the cabinet edges or 
from your walls! 

Another proposed experiment (for those 
better equipped with hardware): Configure 
a general-purpose digital signal processor 
as a filter to introduce response variations 
to recorded music, to be auditioned via 
headphones. If the ear is indeed sensitive to 
cepstral content, then the presence of the 
filter, for the same slight peak-to-peak 
decibel variation, should be more audible 
when the variations are periodic (in fre¬ 
quency) than when they are random as a 
function of frequency. 

ULTIMATE REVERSE ENGINEERING 
Given good reasons why—and some evi¬ 
dence that—our hearing is sensitive to 
cepstral content, how might such process¬ 
ing be accomplished? Probably there is no 
internal A/D converter or two-tiered FFT 
process running in our brains to form the 
time-domain waveform, the frequency 
response, and then the cepstral response. 
How then might "periodic wiggles in the 
spectrum” be detected? 

In a fascinating and highly recommended 
article4, Robert H. McEachern describes a 
system of human hearing, based on banks of 
bandpass filters (the ear is known to use sen¬ 
sitive hairs placed along a resonant structure, 
providing multiple-tuned bandpass charac¬ 
teristics). By comparing the ratios of the log¬ 
magnitude of energy detected in two such 
adjacent bandpass structures, both frequency 
and level can be accurately determined. 

By doing this between multiple filter 
pairs tuned to different sets of center fre¬ 
quencies, multiple detections of an input 
are accomplished. This scheme is particu¬ 
larly well-suited for detecting harmonically 
related tones and matching them via their 
similarly scaled frequency modulations to 
recognize them as coming from a single 
source. Thus, a voice can provide the ear 
with wideband-redundant information to 

provide immunity to interference: If one 
set of tones is masked by interference or by 
the cancellation effects, duplicate informa¬ 
tion content is obtainable via one of the 
other harmonics. This works even if the 
fundamental is missing entirely. 

Furthermore, by this matching, multiple 
sounds can be sorted and differentiated (as 
in the “cocktail party effect”) by recogniz¬ 
ing the harmonic sets. McEachern hypoth¬ 
esizes that the ear may use this sensing 
and evaluation scheme using vowel tones 
(relatively narrowband) to sort out "chan¬ 
nels” (frequency ranges) to be emphasized 
or desensitized in reception and interpreta¬ 
tion of the wider band consonants, which 
carry the bulk of speech information. 

This ability to detect and sort harmoni¬ 
cally related tones seems very similar to 
the requirement for detecting ripples in a 
broad spectrum modified by echoes. In 
both cases, periodic log-magnitude 
changes in spectrum as a function of fre¬ 
quency, similar to cepstral data, are key. 
The separated frequency peaks caused by 
reflection of a broadband signal would not 
carry the common frequency modulation, 
which would allow the ear to group the 
peaks together. But a hearing mechanism 
that identifies nongrouped periodic spec¬ 
trum peaks for purposes of detecting inter¬ 
ference might also further use such an 
ability for extracting information about the 
space around a sound source. 

I don’t doubt that, at some level, echo 
patterns present the ear with clues about the 
three-dimensional environment in which a 
sound field exists. Whether this characteris¬ 
tic is best identified and analyzed in terms of 
a power cepstrum or by some other tech¬ 
nique has yet to be determined. But repro¬ 
ducing the echo patterns of an original 
recording environment, and not that of the 
listening room (or those generated by loud¬ 
speaker cabinets or mimicked by driver col¬ 
orations), is an area of speaker design likely 
to keep many of us busy for a while. 
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THE CONVERTIBLE MONITOR 
By Mark Zachmann 

PHOTO I: Author’s completed speaker 
system. 

I recently found myself with some time on my hands and decided to build some 
speakers, which I had not done since the 

late ’70s. 1 began by reading Audio and 
Stereo Review, looking for advertisements 
for speaker drivers. I also immersed myself 
in Speaker Builder, buying the last four years 
of the magazine, bought a copy of The 
Loudspeaker Design Cookbook, and got a 
few catalogs from companies such as A&S 
and Madisound. (Madisound. by the way, 
gets major kudos for including manufac¬ 
turer’s spec sheets in all of their 
driver inventory.) 

I read through SB hoping for some com¬ 
parative evaluations of drivers and wanting to 
see if anything leapt out at me as great—thus 
obviating the need to design crossovers and 
pick drivers. Unfortunately, the answer was 
no on both counts. Hence, this article. I also 
thought that readers might appreciate a more 
detailed discussion of start-to-finish construc¬ 
tion from a novice—1 certainly would have. 

I call my speakers monitors because they 
are really too large to be minimonitors, and 
they have full extension from a video stand¬ 
point. They’re convertible because they actu¬ 
ally can operate both as bass-reflex and as 
acoustic suspension. I configure the rear pair 
in a video system as bass-reflex, which has a 
full-range response for video. I run the front 
speakers as acoustic suspension, with a sub¬ 
woofer for full-bass response. This provides 

FIGURE I : Anechoic frequency response of speaker and subwoofer suspension alignment. 

nearly perfect timbre matching, while also 
giving a more taut and much more extended 
bass for the front speakers. 

INTENT 
1 must admit that nowadays I spend as much 
time watching movies as listening to the 
stereo, so I wanted a five-speaker system for 
surround sound. My constraints were: 

• All five speakers had to fit in a smallish 
( 12' X 15') viewing room. 

• The speakers had to sound great, although 
I planned for a subwoofer, and so allowed 
limited bass. 

• Wide dispersion was necessary to accom¬ 
modate more than one person in the lis¬ 
tening room. 

• 1 wanted the speakers to be usable for 
front/rear and center channels, so that the 
timbre wouldn’t change as the various 
speakers came into use during a movie. 

• I preferred to use real wood in construc¬ 
tion—not MDF or plywood. 

• The speakers should be essentially flat 
90Hz-16kHz (preferably down to 70Hz 
for movie soundtracks in the rear chan¬ 
nels and center channel). 

END RESULT 
I ended up with four speakers (two mirror 
pairs) and one subwoofer (Photo 1). The 
center speaker is still to be done. They are all 
two-way designs, made from the Focal 
6K412L bass-mid and the ScanSpeak 
D2905/9000 tweeter. 1 designed the enclo¬ 
sure to be usable both as a bass-reflex (for 
the rear and for subwooferless operation) 
and as an acoustic suspension (for the front, 
when used with a subwoofer). The sub¬ 
woofer is an acoustic suspension using the 
NHT1259 12" driver (allegedly the same as 
in the NHT3.3 speaker). 

The two-ways are ±3dB from 60Hz to 
20kHz, used as bass-reflex (with one or two 
minor artifacts) and similarly flat down to 
about 100Hz used as acoustic suspension, 
while the subwoofer is down 6dB at 27Hz. I 
measured with either an LMS test system or 
an 1MP/M with handmade microphone. In 
either case, measurements were ±ldB. 

To my ears, these units are dynamite. The 
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two-ways suffer from shriek at very high vol¬ 
ume levels, partly due to crossover choice 
(more on the trade-offs later), but otherwise 
the sound is wonderfully clear and timbrally 
accurate. When the speakers are configured 
as bass-reflex, the bass seems less well-
defined, but the extension increases and the 
power and timbrai accuracy remain (and. the¬ 
oretically. distortion decreases). 

Meanwhile, the subwoofer can noticeably 
shake my house with reasonable articulation! 
Figure I shows the subwoofer response. 
Note that it does not include the crossover. 
Adding a 12dB/octave crossover at 75Hz 
completes the picture and produces a very 
flat response. Luckily the “subwoofer out” on 
my Adcom GTP-600 uses exactly that elec¬ 
tronic crossover, so I did not build another. 

If you decide to build these speakers, real¬ 
ize that they are expensive. The drivers for 
two speakers cost about $450 (including sub¬ 
woofer), and the crossover adds probably 
another $150, assuming you use first-rate 
components. You can use substitute drivers 
to lower the cost substantially, but fidelity or 
power handling may suffer, and the 
crossover will need to change. 

Throughout this article I’ll discuss trade¬ 
offs and what perhaps could have been done 
differently, since speaker building is an ail of 
compromises. 

TEST EQUIPMENT 
If you plan to build speakers from scratch, it 
is absolutely vital to get the best test equip¬ 
ment you can afford. Most manufacturers’ 
specs are approximations, impedances in par¬ 
ticular, and proper crossover design requires 
a good testbed. I ended up spending more for 
the test equipment than for the speakers. 

1 recommend that you consider getting an 
IMP/M from Old Colony Sound Lab (PO 
Box 243, Peterborough, NH 03458-0243, 
603-924-6371, FAX 603-924-9467). 1 built a 
microphone using the capsule that came with 
it, and tested it against a calibrated LMS 
microphone. Error was on the order of ±ldB 
throughout the range (except above 15kHz, 
where it increased to -3dB). I highly recom¬ 
mend the IMP/M, especially as a frequency¬ 
dependent impedance tester. 

If you can’t afford the IMP/M, I urge you 
to use good-quality drivers and measure their 
impedance versus frequency (in and out of 
enclosure) carefully. You can get by with a 
test CD, a good AC volt/ohmmeter, and 
some 10W resistors. It’s fairly easy to read a 
free-air impedance chart for a known driver 
and infer that unit’s variation from spec. The 
box-enclosed driver’s impedance can tell 
you whether there are air leaks, whether the 
inside volume is within spec, and if the port 
(if bass-reflex) is functioning and tuned 
properly. You merely can't measure the fre¬ 

quency response for reliable results. 
When building the crossover, pretest all 

coils and capacitors. My audiophile capaci¬ 
tors tended to have a consistent bias down¬ 
ward—within spec, but annoying. In one 
case, I actually received inductors that were 
25% greater in value than specified (and 
labeled), and it cost me a day of tweaking 
crossovers and tearing my hair out before 1 
realized what was happening. 

TEST SOFTWARE 
As the project progressed, I relied on the 
following software: 

• LMP: this is a nice program for design¬ 
ing bass enclosures. It did a good job of 
picking port size for the speaker and 
estimating response based on a simple 
crossover. I downloaded the shareware 
version from the Madisound BBS. 

• SPICE: I used this a lot in the tuning 
stages. I modeled the drivers (using stan¬ 
dard techniques) and added crossovers to 
see the end result, visually adding the dri¬ 
ver irregularities. I downloaded the share¬ 
ware version from CompuServe. 

• SpeakerCalc: this is a great little calcu¬ 
lator for speaker work. 1 wrote a few 
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macros for it to find resonant frequency, 
impedance of a cap/inductor at a frequen¬ 
cy, and Q of a resonant circuit. It let me 
see numerically what SPICE was showing 
me graphically. I downloaded my copy 
from the Madisound BBS. 

Although I used the shareware versions 
of most of these products, I strongly rec¬ 
ommend their commercial counterparts. 
SPICE’s shareware version runs out of 
nodes, and the shareware version of LMP 
is not as flexible and easy to use as the 
commercial version. 

SELECTING DRIVERS 
Selecting drivers was without a doubt the 
most difficult and confidence-shaking 
aspect of the work. Since I had neither the 
time nor resources to test all of the drivers 
on the market, I was forced to explore dri¬ 
vers indirectly, by reading reviews and 
examining kits of speakers that use them. I 
ended up with drivers I’m happy with, but 1 
don’t feel I made the decision on the basis 
of full information. 

After poring over kit specs for a while, it 
became clear that an 8" driver would not 
have a wide enough dispersion near the 

crossover (assuming a 1" or smaller tweeter). 
It would also require cabinet sizes verging on 
the unacceptable. On the other hand, a 5" dri¬ 
ver would not have enough bass to be really 
appropriate for a video system and would 
also have trouble driving enough volume. 

Most movie sound encodings go down to 
70Hz in the rear channel, and 1 didn’t plan to 
put a subwoofer on the back. Thus, the sys¬ 
tem pretty much needed to be a 6.5" or 7" 
bass-mid with a tweeter. I considered the 
Focal and Eton 7" drivers, but their response 
just didn't look flat enough. 

After a few days of intense eyestrain try-
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TABLE 1 

SCANSPEAK D2905-9000 
SPECIFICATIONS 

Style Cloth dome 

Re 4.9 
Fs 800Hz 

Sensitivity 90dB/W/m 

Qts 0.5 
Lg 0.38mH 
XMAX ±0.5mm (linear), ±1,5mm (max) 

Moving mass 0.4gm 
VC diameter 28mm 

VC height 3.5mm 
VC Aluminum 
Air gap height 2.5mm 
Force factor 4.6Tm 

Max power 150 continuous, w/12dB/oct @2.5kHz 

TABLE 2 

SCANSPEAK PUBLISHED vs 
ACTUAL SPECS 

PUBLISHED #1 #2 #3 #4 

Re 4.9 5.69 5.71 5.53 5.86 
Fs 800 839 906 956 915 
0TS 0.5 0.45 0.55 0.51 0.56 
ZWAX n/a 11.95 12.9 11.01 12.99 

Woofer Crossover 

Tweeter Crossover 

FIGURE 2: Crossover scheme. 
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850108 5" CSX WOOFER $47.00 

^ecrleöö 

High quality 5" woofer with Peerless 

"Sandwich" cone and heavy mag¬ 

net. This CSX woofer is supplied 

with a short circuiting ring in the 

magnet system to provide excellent 

linearity and low distortion. It is 

suitable for use as a high-end mid¬ 

range or as a woofer in a small 

2-way system or MTM design. With 

an f3 of 96Hz in a 4 liter sealed 

enclosure, it would perform well 

where a small satellite speaker is 
needed. 

Znom 

Zmin 

Re 

Le 

fs (free air) 

fs (baffled) 
Qms (free air) 

Qes (free air) 

Qts (free air) 

Mms (free air) 

8.0 ohm 

6.6Q@345Hz 

6.1 ohm 

0.9 mH 

48.0 Hz 

47.1 Hz 

1.78 

0.42 

0.34 

10.0 g 

Cms 

Sd 

BL 

Vas 

Xmax 

Sensitivity 
2.83V/ 1m 

Longterm Max 

System Power 

Magnet weight 

1.09 mm/N 

91 cm2

6.6 N/A 

12.5 ltrs 

4.5 mm peak 

87.5 dB 

110 W 

0.4 kg 

850122 6.5" CSX WOOFER $61.00 
High quality 6.5" woofer with Peer¬ 

less “Sandwich" cone and heavy 

magnet. This CSX woofer is sup¬ 

plied with a short circuiting ring in 

the magnet system to provide ex¬ 

cellent linearity and low distortion. 

It is suitable for use as a satellite in 

a 1/2 ft3 sealed box or as a stand 

alone system in a 2-way or MTM 

configuration. This woofer has a 

smooth response out to 3kHz and 

has the ability to get down to 40Hz 

in a vented enclosure. 

Znom 

Zmin 

Re 

Le 

fs (free air) 

fs (baffled) 
Qms (free air) 

Qes (free air) 

Qts (free air) 

Mms (free air) 

8.0 ohm 

6.5Q@230Hz 

6.1 ohm 

1.3 mH 

38.0 Hz 

36.8 Hz 
2.22 

0.53 

0.43 

17.8 g 

Cms 

Sd 

BL 

Vas 

Xmax 

Sensitivity 

2.83V/ 1m 

Longterm Max 

System Power 

Magnet weight 

0.99 mm/N 

143 cm2

7.0 N/A 

27.7 ltrs 

5.5 mm peak 

86.5 dB 

150 W 
0.54 kg 

850136 8" CSX WOOFER $70.00 
High quality 8" woofer with Peerless 

“Sandwich" cone and heavy mag¬ 

net. This CSX woofer is supplied 

with a short circuiting ring in the 

magnet system to provide excel-

p*- lent linearity and low distortion. 

The smooth extended response 

makes this driver ideal for 2-way 

systems with good bass response 
to 45Hz. 

peerless 
Znom 

Zmin 

Re 

Le 

fs (free air) 

fs (baffled) 

Qms (free air) 

Qes (free air) 

Qts (free air) 

Mms (free air) 

8.0 ohm 

6.6Q@ 188Hz 

5.9 ohm 

2.6 mH 

28.2 Hz 

27.4 Hz 

3.50 

0.29 

0.27 

30.5 g 

Cms 

Sd 

BL 

Vas 

Xmax 

Sensitivity 

2.83V/ 1m 

Longterm Max 

System Power 

Magnet weight 

1.04 mm/N 

235 cm2

10.4 N/A 

79.7 ltrs 

4.0 mm peak 

89.5 dB 

150 W 

0.68 kg 

850146 10" CSX WOOFER $98.00 
High quality 10" woofer with Peer¬ 

less “Sandwich" cone and heavy 

magnet. This CSX woofer is sup¬ 

plied with a short circuiting ring in 

the magnet system to provide ex¬ 

cellent linearity and low distortion. 

This woofer is suitable for use in 

either sealed or vented enclosures. 

In a 3 ft3 vented enclosure, you can 

have a flat bass response down to 

30Hz. The 9mm X-max will a as-

^ccrlcsö sure a tight and controlled bass in 

the lower frequencies. 

Znom 

Zmin 

Re 

Le 

fs (free air) 

fs (baffled) 

Qms (free air) 

Qes (free air) 

Qts (free air) 

Mms (free air) 

8.0 ohm 

6 2Q@130Hz 

5.5 ohm 

2.9 mH 

22.6 Hz 

21.9 Hz 

2.56 

0.40 

0.35 

51.9 g 

Cms 

Sd 

BL 

Vas 

Xmax 

Sensitivity 

2.83V/1m 

Longterm Max 

System Power 

Magnet weight 

0.96 mm/N 

330 cm2

10.0 N/A 

144.4 ltrs 

9.0 mm peak 

88.2 dB 

200 W 

0.87 kg 

Madisound Speaker Components; P.O. Box 44283, Madison Wl 53744 USA; Tel:608-831-3433 Fax:608-831-3771 
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ing to read specs (and wondering how real 
they were), I finally settled on the Focal 
6K412L 6.5" midbass and the ScanSpeak 
D29O5 tweeter. The midbass was in none of 
the speaker designs I examined (maybe 
because it was new), but 1 preferred a high-
tech midbass using some nonpaper material 
for improved transient response. 

I also prefer a soft-dome tweeter, and the 
D29O5 was used in SB 5/93 in a nice two-
way with an 8" woofer, as well as in the 
Signature 717S (a D’Appolito MTM 
design). In fact, the driver sizes are relative¬ 
ly standard, so you can physically substitute 

other drivers with little difficulty. For exam¬ 
ple, I’ve been told the Focal 6V412 is a very 
nice driver. 

THE TWEETER 
The ScanSpeak D2905-9(XX) is a soft-dome 
tweeter using a fabric dome coated with a 
sticky substance. The published specs for the 
tweeter (Table I) are very good. It seems to 
be able to take a lot of power without hic-
cuping. A number of times I have driven the 
speakers extremely loudly, and the woofer 
always complains first. 

The D2905 does, unfortunately, suffer 

Liberty Audiosuite v.(2) 

■ vr • irr - • — »■sr wïixmI» 
Cal »M irr« Motarfal 

Enthusiastic users worldwide know what 
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export 
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from a serious flaw: the soft dome is 
extremely sticky. I bought four of them at 
$54 each and then found the hard way that 
all sorts of things would stick to the dome 
(such as a piece of metal shaving from the 
screw hole). I love their sound, but they need 
some time to dry out and let dust stick to 
them. If you use them, avoid placing them 
near fireplaces, and don’t put them under 
hanging plants. I strongly recommend a baf¬ 
fle. Someone ruined one of my tweeters by 
pressing a plastic bag lightly against the 
entire surface, and the dome’s coating came 
away with the plastic when I peeled it off. 

I really like soft domes, and these sound 
excellent. They also measure ±l.5dB from 
2-17kHz (±2dB 1.2-20kHz)! I picked these 
drivers because I saw them in one or two 
good-looking designs and products, and 
because their published specs were out¬ 
standing. As for variance among samples, 
however, the news was not so good (Table 
2). My four samples were all over the map 
in impedance and particularly in resonance 
(spec is 880Hz). 

One of the tweeters (I believe it was sam¬ 
ple 3) had a very pronounced impedance 
hump at about 2kHz. I retested a couple of 
times to make sure of this, since it usually 
indicates an error somewhere in the tweeter. 

TWEETER TESTS 
After testing the 2905s on a large baffle, I 
was satisfied that they would do the job 
(despite some misgivings about their sticki¬ 
ness). Their frequency response was virtual¬ 
ly identical to the published (nearly ruler¬ 
flat) response, except that the knee of the 
response for each driver was at its resonance. 
Everything I’ve seen indicates that driver 
variance is expected and usual, so 1 would 
either need to build a crossover with toler¬ 
ance for the variations, or custom-fit each 
crossover to the drivers. 

By the way, if you wish to pretest your 
tweeter’s frequency response, you must 
mount it recessed (flush) into a large 
panel. (I used an 8' x 8' with a hole cut 
out of the middle.) This acts like a half¬ 
wave device (infinite baffle), and you get 
essentially anechoic results. 

I originally tested my drivers by clamping 
them to a tall tripod (“free air” I guess), but 
the results were skewed by the tweeter shak¬ 
ing and by reflections off the tripod, the sur¬ 
roundings, and the tweeter baffle edges. I 
was ready to return them until 1 decided to 
try the recommended large-panel approach; 
not only was this easier, but the results were 
totally different! 

Although the variances were acceptable, 
each of the 2905s was worse than spec. 
Other manufacturers make a number of 
products that have the same size and imped-
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anee as the D29O5, but are made from sub¬ 
stances such as aluminum, titanium, and 
(unsticky) silk. It might be worth investigat¬ 
ing these. 

TABLE 3 

FOCAL 6K412L SPECIFICATIONS 

Style 

Re 
Fs 
Sensitivity 

Qjs 
k 
^MAX 
Moving mass 

VC diameter 

VC height 

VC 
Air gap height 
Force factor 
Max power 

Kevlar sandwich cone 

6 
43Hz 
90.5dB/W/M 

0.322 
63mH 

±3.9mm 

11gm 
40mm 
13.8mm 

Copper flat 
6mm 

7.17 

90 nominal 

TABLE 4 

FOCAL 6K412L MEASURED VALUES 

Oes 
Gms 

6.22Q 
49.22Hz 
0.4 

5.21 
0.371 
1.19mH 

16.5L 

TABLE 5 

CROSSOVER PARTS LIST 

(PER CHANNEL, ALL PARTS 1 EACH) 
CAPACITORS 

C1 18pF, 200V 
C2 33pF. 100V 
C3 8|iF, 200V polystyrene or better 

C4 30pF. 200V polystyrene or better 

C5 2pF, 100V 

INDUCTORS 
L1 1.3mH, 14-gauge PW or better 

L2 0.3mH, 14-gauge PW or better 

RESISTORS 

R1 5,20W 
R2 1.6,10W 

R3 7.5,5W 
R4 50,5W 

TABLE 6 

ENCLOSURE PARTS LIST 

(TWO MIRROR-IMAGE SPEAKERS) 

Left front 

Right front 

Left rear 
Right rear 
Long sides 

Short sides 
Bottom 

Top 
Left tweeter plate 
Right tweeter plate 

Refer to 

Fig. A in 
“Construction 

Details” sidebar. 
2 (13.45-2d * 8.5) 

2(11.5-2d « 8.5) 
2(10.75x8.5) 
2 (7.4 X 8.5) 
2 (use 2 for extra depth) 

2 (mirror of above) 

Longevity of the tweeter is a consideration. 
As of this writing, I have tried replacing one 
damaged tweeter with a Vifa 1" model. Vifa 
makes a number of tweeters that are physical 
substitutes and electrical near-substitutes for 
the ScanSpeak. Audibly, the Vifa tweeter is a 
very close match, although it is rated at only 
one-third of the ScanSpeak’s power. 

THE BASS-MID 
One reason I selected the Focal 6K412Ls 
midbasses is that the technology fascinated 
me (Table 3). They incorporate a Kevlar® 
sandwich approach, with a low-density but 
high-stiffness filler between two layers of 
Kevlar sheet. Upon trying one, I was really 
impressed by the driver and determined to 
use it. Not only was it one of only two dri¬ 
vers I could find that was even close to my 
requirements, but I also found a number of 
reasonable-looking designs using other Focal 
drivers. 

As advertised, the Focáis come with ane¬ 
choic frequency-response charts. Unfortun¬ 
ately. the scale markings for the standard 
chart-recorder output aren't labeled, so you 
can’t really tell whether the driver is ±2, ±4, 
or ±6, or how large the humps are. At least 
the four sets were approximately the same 
shape, so the drivers were well matched. 1 
later bought two more 6K412Ls (for the cen¬ 
ter channel) from the same shop. This pair’s 
frequency-response charts were substantially 
inferior to those of the first two pairs—obvi¬ 
ously a different production run. 

I tested the Focal impedances, but there’s 
no need to comment on them other than to 
note they were pretty much right on (except 
for a slightly high, albeit consistent, resonant 
frequency). I did not test the Focáis in a large 
baffle, because large for them would be 80' x 
80', a size my local Home Depot does not 
stock. I tested them in free air. simply as a 
quick check of integrity. An impedance test 
is just as good a descriptor of quality, and 1 
knew the enclosure would substantially alter 
the measured frequency response. 

The Focáis sound very immediate—the 
transients seem sharp and well defined. My 
only real worry is that because I'm using 
relatively low-order (second) crossovers, 
the woofers will tend to shriek at high-vol-
ume levels. I tried a fourth-order crossover, 
but didn’t like the sound (see the crossover 
section). Anyway, to define high-volume 
levels, I drive each speaker with 200W 
amps in a very large living room (about 
8,(XX)ft3). 

THE WOOD 
Convinced that I wanted to use an exotic 
wood. I ventured to my local exotic-wood 
place, which carried only two types of wood 

in sizes sufficient for a speaker: mahogany 
and wenge. I ruled out mahogany (not very 
interesting) and settled on the wenge, which 
is a very dense, dark wood that splinters if 
you look at it cross-eyed and wears out sand¬ 
paper and saws at an amazing rate. It tends to 
abrade your skin (always wear gloves), and 
routers chew it up. Finally, because it is so 
dense, it has a sharp acoustic resonance that 
is difficult to tame at a high frequency. 

Crafting the four enclosures took fully 
three weeks and tired me out physically 
(partly due to my having a limited set of 
tools). Nevertheless, the final result is strik¬ 
ing, with a beauty unattainable with other 
materials, and it does sound good. One of 
my most important discoveries in using this 
hardwood was that driver vibrations are 
transmitted throughout the speaker cabinet. I 
finally tamed this by switching to Norsorex 
gaskets, which seem to dampen vibrations 
from the driver. If I had it to do again, would 
I use an exotic wood? Maybe I’d use a softer 
wood that was easier to work, but there’s no 
doubt that MDF and a veneer (or paint) 
would suffice. 

THE ENCLOSURE 
Once I had selected and tested the drivers, 
the next step was to determine the enclosure 
volume (system Q) and the port size, if so 
aligned. 1 built four different enclosures— 
three sealed boxes and one ported type—out 
of high-density fiberboard (HDF), easily 
obtainable nearby. Two speakers had the 
same volume, with the driver holes on differ¬ 
ent sides to determine any frequency differ¬ 
ences caused by wall reflections and baffle 
radiation. This also let me determine the Qs 
of the drivers more exactly by using two 
measurements (sealed and free air). I then 
built a closed box of approximately the opti¬ 
mal volume for the driver to make sure I had 
calculated correctly and that the Q would 
appropriately drop to the design value once 
the enclosure was stuffed with wool. 

Here are some cautionary comments on 
prototyping boxes: 

• Air Leaks: First, I wasted oodles of time 
due to air leaks. To avoid them, use Fun-
Tak™ or Blue-Tak™, a gasket-sealing 
material (available at crafts or hardware 
stores) that looks like modeling clay, but 
never hardens. Also, always seal the joints 
thoroughly with glue and a second inner 
layer of silicone. Even in a prototype, air 
leaks can ruin the measurements. 
Whenever I had leaks, I also noticed that 
the impedance chart would allow a 
“glitch” or peak at the free-air resonance 
of the driver. 

• Flushing: Failure to position the driver 
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flush with the enclosure also causes fre¬ 
quency irregularities (especially with 
tweeters) and a height irregularity at the 
driver baffle size, so look for resonances 
there (e.g., about 2kHz for a 6" driver). 

• Beveling: The edges of the enclosure also 
cause noticeable changes in frequency 
response. I think this is due to a gentle 
drop-off in edge length, detuning the dis¬ 
tance from the driver to the edge of the 
speaker. Look for irregularities at wave¬ 
lengths that are multiples of front-baffle 
widths. These seem to widen and decrease 
in intensity with beveling. 

One of the reasons my speakers are a bit 
too small in volume is that during testing I 
stuffed the enclosure with wool, decreas¬ 
ing the Q. For a bass-reflex design, adding 
wool simply increases the loss of the 
enclosure. Adding series resistance (e.g., 
crossover coils) can also increase the 
required volume. Hence, if you are 
designing for bass-reflex, don’t stuff the 
cabinet during volume analysis, and con¬ 
sider building it oversize. 

Except for building them out of that 
incredible hardwood, my completed 
speakers were virtually identical to the 

THE WORLD'S 
MOST RESPECTED 
HI-FI MAGAZINE 
SUBSCRIBE TODAY AND GET 
THE NEXT 12 ISSUES FOR 
$65.00 USA $75.00 CANADA 

Please send me the next 12 monthly issues of Hi-Fi News and record Review from 
the next available issue. 

Mr/Mrs/Miss/Ms___ 
Address_ 

_Apt#_ 
City ____ 
State__Zip-
METHOD OF PAYMENT 
□ Check enclosed (US dollars and drawn on a US bank) 
□ Please charge my □ Visa □ Mastercard □ American Express 

Account No.  _Exp.date_ 

Signature__Date_ 
□ Please bill me 

Return to Hi Fi News & Record Review, PO Box 384, Avenel, NJ 07001 

FOR FASTER SERVICE USE YOUR CREDIT 
CARD AND CALL TOLL FREE 

S 800-688 6247 AA41 

last prototype. The most important 
change was decreasing the radius of the 
port to reduce its length so as to lessen 
audible ringing at the tube-resonant fre¬ 
quencies. The original tube resonance 
was both detectable and extremely annoy¬ 
ing if excited just right. 

• Baffle Diffraction: This is caused by 
sound wrapping around the baffle up to a 
certain frequency (so only half of it reach¬ 
es you), after which it all bounces off the 
baffle toward the listener. The frequency 
at which this begins to happen is near one-
half the wavelength determined by the 
width/height of the front baffle (e.g., 
assuming sound travels 1,000ft/sec, a baf¬ 
fle that is 1 ' across would cause a response 
rise at around 500Hz). On a frequency¬ 
response chart, this is visible as a 3-6dB 
rise that begins near the bounce frequency. 
Worse yet, the rise is directional, and 
becomes inaudible off-axis. You can help 
this by minimizing the dimensions of the 
front baffle. 

• Reflections: I think reflections off the inte¬ 
rior speaker walls are audible as loss in 
definition and are a weird intermodulation 
distortion (not to mention clear frequency¬ 
interference effects). Particularly with a 
port, the sound just bounces off the back 
(if a front port) and then right out the port. 

FINAL DESIGN DECISIONS 
• External Crossover: I decided to use an 

external crossover because 
1. it requires less hardwood, as the 
crossover volume can be in an MDF box 
elsewhere; 
2. it shields the crossover from the driver 
magnetic field and vice versa; 
3. it allows the crossover to occupy a larg¬ 
er area, which then minimizes crosstalk 
between coils; 
4. it allowed me to seal the speaker and 
still be able to tweak the crossover; 
5. the crossover could be active. 

• Separate Woofer/Tweeter Enclosures: I put 
the tweeter in its own baffle so the tweeter¬ 
baffle shape could be independent of the 
woofer-baffle shape and I could pulse-align 
the tweeter and woofer. The tweeter baffle 
rests on two small wood blocks on the top 
of the woofer enclosure and is braced with 
a single long piece of wood extending to 
the rear of the top. I pulse-aligned it empiri¬ 
cally, using the IMP/M time display to line 
up the pulses. 

• Enclosure Size and Volume: I tried to con¬ 
struct the enclosure so it would be virtual¬ 
ly perfect for a reflex alignment that 
would get me down to 55Hz or so with 
low ripple. I did this interactively with a 
computer program after analyzing the driv¬ 
er. I assumed that stuffing would lower the 

36 Speaker Builder 5/96 



Q a bit, but this really wasn’t true, so the 
box is a bit smaller than optimal, but the 
enclosure works by accepting a longer 
tube and a slightly higher cutoff than the 
driver is capable of (in this case I tuned it 
to xxxHz versus a possible yyyHz with a 
larger box). In fact, this is a nearly opti¬ 
mal box size for the sealed alignment, so 
it doesn't really bother me. If you had a 
larger box, you could use a wider tube 
(theoretically a feature) and the Q of the 
system could be a bit lower, improving 
the sound. 
The wood I used determined some of the 

enclosure sizing. It was exactly wide 
enough for the speaker (what a coinci¬ 
dence!). Also, it was so difficult to work 
that I was unwilling to slope the back of 
the enclosure outward, something I am 
convinced will microscopically improve 
the speaker’s definition. 

• Port Size: I determined the port length 
algorithmically and then hand-tuned it 
experimentally to the desired frequency. 
At first I used a 2" port (per spec for the 
power I was expecting to pump through 
it), but the necessary length (around 6") 
was hard to fit into the box and caused 
audible ringing. I changed to a 1.5" port 
(only 2.75" !ong) and carefully flared the 
ends and the hole in the wood (to reduce 

wind noise), and it seems to work great. I 
may have heard wind noise at extreme 
volume levels, but it’s difficult to tell 
because of stress to my ears at those levels. 

• Baffle Size and Shape: The baffle for the 
woofer was as skinny as possible (to move 
that 6dB diffraction bump higher in fre¬ 
quency). The shape was a function of the 
desired wall slopes (to avoid acute angles 
between walls) as well as a woodworking 
requirement to keep one wall at a 90° 
angle. I arrived at the height via volume 
and golden-ratio considerations. By mak¬ 
ing the sides nonparallel, I could reduce 
the baffle width as well as side-to-side 
reflections. 

FINAL ENCLOSURE 
With all the above in mind, the measured 
values (from the IMP software, given 
free-air and sealed-impedance curves) for 
the 6K412L are shown in Table 4. 
According to LMP, the optimal zobe: for 
this is 30.8pF with 7.8Q, and the optimal 
box sizes for this set of data (assuming a 
series resistance of 0.3Q due to inductor 
and wiring) are: 

Closed: 8 liters for the closed box with a 
Qtc of 0.70 and an f3 of 86.7; or, using my 
value of 10.5L, this gives a Q of 0.62 and an 
f3 of 90.7 for a slightly overdamped align-

Our Samples Are Better Than 

WREE! 
We re so sure you'll love 

W / our Square Drive Screws we 
• I will practically pay you to try 
M ( them. Return this ad with $5 
Et J and we’ll send you our famous 

/ “Try-Pack” Sampler of 100 
» 1 screws (25 each of #8 x 5/8,8x1-

J 1/4, 8 x 1-1/2 and 8 x 2), a driver 
r J bit for your drill, our catalog listing 
i 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.) 

"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 

© 1996 McFeeiy s An Rights Reser.*. 

CMcFEELY'5 
Square drive screws 
PO Box 11169 • DeptSB6F 

Lynchburg • VA • 24506-1169 

Reader Service If 11 

Look to MCM for all your electronics needs. Items including 
the latest test equipment, repair parts, tools, over 10,000 
semiconductors, speakers and accessories, over 25,000 

L items in all are stocked and ready to ship. 

Speaker Component Source 
MCM Electronics leads the industry with one of the 
largest lines of speaker components available. Our 
woofers alone include over 150 models from names like 
ElectroVoice, Pyle, Eminence, and our exclusive MCM Audio 
Select. Regardless of the sound application, MCM can fill 

k your needs. 

8" Rubber Surround, Poly Woofer 
70/100W RMS/Peak Capacity, 
30-3.5KHz Response! 

mein MCM ELECTRONICS® 
650 CONGRESS PARK DR 
CENTERVILLE. OH 45459-4072 

A PREMIER Company 

#55-1190 

».,,‘12.95 
Price effective August 14 through 

September 27.1996 C0DE:SB32 I 
RC/11 
Premier Distributor 

Authorized Original Parts Distributor 

Panasonic 
Hussar / Technics 

Hours: M-F 7 a m.- 9 p.m.. Sat. 9 am- 6 p.m. EST. 

Serving you coast to coast from distribution centers near Reno. NV and Dayton. OH. 

Order Tbll FREE... 

1-800-543-4330 

Speaker Builder 5/96 37 



ment when used standalone, although good 
with a crossover. 

Ported: 12 liters with a 3" length of 1.5" 
diameter port tuned to 52Hz. Note that if you 
assume 0.5Q of series resistance, the ported 
results change to 15 liters, with 2.59" of 
1.5"-diameter pipe tuned to 50Hz. so series 
resistance (mainly the series inductor in the 
bass crossover) really is important in getting 

the tuning right. If you compare the two 
LMP response curves for 0.5Q, you see that 
15L (optimum) produces an f3 of -49Hz, 
while 1 IL produces an f3 of ~55Hz, so it 
isn’t a big deal to me either way, given my 
70Hz spec (and 15L is noticeably larger). 
Note that the 14ga 1.3mH coil is rated at 
0.27Q, so I recommend good soldering and 
large gauge (at least 12) speaker wire. 

FIGURE 3: Drivers in enclosure, no crossover. 

LOOKING BACK 
If I had it to do again, I would probably: a) 
make the enclosure about 15% larger (to 
allow for a lower Q and a shorter port) by 
sloping the back wall down and away, thus 
further reducing rear reflections and the 
internal box resonances caused by the rear¬ 
wall distance being similar to the average 
side-wall distance; b) somehow reduce the 
distance between the tweeter and woofer to 
improve the vertical characteristics. 

I am happiest about: a) the Time 
Alignment® of the tweeter and woofer, 
which simplifies crossover design and appre¬ 
ciably improves the sound quality; b) the size 
of the speakers, which is just right for stand 
mounting—and they are very attractive; c) 
the small enclosure that gives them excellent 
dispersion; d) their overall awesome sound. 

1 am unhappiest about: a) the l-2dB peak 
at about 700Hz, which I think is caused part¬ 
ly by front-back reflections (correctable) and 
partly by compensating for the diffraction 
bump (a trade-off with the lowish Q 
crossover’s better transient response). 
Although I derived a crossover that removed 
the peak (while lowering response below 
700Hz), I didn’t like its effect on music—it 
sounded too lean. 

THE CROSSOVER 
Designing the crossover and tweaking it for 
best sound actually occupied most of my 
time in building the speaker. I estimate I 
spent about two to three months prototyping 
and then building the enclosure. I then spent 
another nine months designing, building, and 
tweaking the crossover. 

In designing the crossover, I started off 
with a textbook fourth-order design. As 
expected, this didn’t work so well. The 
response at crossover point was irregular and 
changed all over the map with the vertical 
position of the microphone. 

I finally ended up with a second-order, 
low-pass filter for the bass-mid and a quasi-
third-order, high-pass filter for the tweeter. 
When interacting with the tailed-off low-end 
response of the tweeter and the tailed-off 
high-end response of the woofer, this 
worked out close to a fourth-order acoustic 
filter. The modification to the low-pass filter 
incorporates a bit of peaking in the lower tre¬ 
ble ranges (around 3OO-5OOHz) to minimize 
the baffle diffraction effect and to correct for 
driver irregularities. 

Figure 2 shows a schematic of the final 
crossover. Table 5 contains the parts list 

The power and voltage ratings are 
approximate. You could almost certainly 
scrimp on some of the wattages and some of 
the voltage ratings, but why bother? You 
could also use a less expensive coil for L2, 
but that would affect the Q of the filter. 
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RESPONSES 
The main points of interest in Fig. 3 are the 
rising frequency response of the woofer 
(caused primarily by baffle effects) and the 
rather large dip in the tweeter response at 
4kHz. As far as I can tell, the tweeter dip is 
caused by bounce off the top of the enclo¬ 
sure. which will be directional and rather 
benign, albeit measurable on-axis. The 
raggedness in the tweeter response is also 
caused by imperfect flushing of the tweeter. 

Note that when I tested the tweeter on an 
infinite baffle, the response was nearly a 
ruler-flat 2-20kHz. Since the final frequen¬ 
cy-response chart reflects these irregularities, 
you should actually be able to get rid of that 
3-4kHz dip just by better affixing the tweet¬ 
er. Also, note that the tweeter is more effi¬ 
cient than the woofer, hence the dropping 
resistor in the tweeter crossover. 

Figure 4 is a graph of the response curve 
of the crossover elements (into the drivers). 
I've manually flattened the tweeter phase 
response below 300Hz, since the response is 
down so far that the phase calculation jitters 
all over the chart. 

In this crossover, note that: 
1. The response is 180° out of phase from 

20kHz to 4kHz, dropping to about 90° at 
2kHz. and then to 60° below 1kHz. This 
adds more or less correctly to the phase vari¬ 

ations caused by the drivers. 
2. Both sides of the crossover have a fair¬ 

ly gentle slope. This makes the delay curves 
smooth, which I think improves the sound. 
In no cases are the Qs of a very high level. 
One of my early attempts to produce a flatter 
response with a high-Q crossover sounded 
terrible, as though some of the bass was in a 
tunnel. Perhaps that was subjective, but it 
was after the high-Q filter sounded so badly 
that I did the relevant research to explain it 
objectively as time-delay distortion. 

3. You must use a high-quality inductor 
for the 1,3mH in series with the woofer. I 
used a perfect-wound, 14-gauge copper coil, 
which is the most resistance I’d want in that 
inductor. Also, use low-impedance (14-
gauge or larger) speaker wiring to achieve 
the best bass response. I first used 8-gauge 
monster wire, which was impossible to sol¬ 
der and route. 1 ended up using 16-gauge 
hookup wire within the crossover. 

In the acoustic response of the drivers in 
the enclosure without any crossover (Fig. 5), 
there are really three areas of minor concern: 

1. At 750Hz, there is a 2dB peak at a 
moderately high Q. I’m not sure what causes 
this, although I believe both the driver (the 
bass-mid) and the enclosure are responsible. 
It does not seem very audible, and it is the 

worst artifact in the frequency chart. This 
area also has more average energy than later 
in the frequency-response chart, but that is 
intentional. 

2. At 1.2kHz and 1.9kHz, there are 2dB 
dips. These are quite narrow and, to my 
mind, very difficult to notice. 

3. Between 4-5kHz there is a ~3dB dip in 
the response. I believe this is caused by 
bounce from the tweeter off the top of the 
midrange enclosure (something measurable 
that does not seem audible) and by bounce 
from the tweeter edge, where I have not yet 
dared to produce a flat surface (by permanent¬ 
ly sealing the edges!). In any case, this artifact 
does make the sound a teeny bit less "warm.” 

CROSSOVER TIPS 
Before settling on this crossover, I tried a 
number of others, keeping in mind the fol¬ 
lowing: 

1. Always check your solder joints before 
measuring a speaker/crossover. 

2. Worry about alligator clips (if you 
are clipping a prototype), because the 
impedance at the alligator jaws can audi¬ 
bly (and measurably) affect your frequen¬ 
cy response. 

3. Don’t assume your amplifier is flat. 

First, I tried a standard fourth-order LR 

SOLEN CROSSOVER COMPONENTS CATALOG 

HEPTA-UTZ 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 Q to 82 if, 8 Q L-Pads, 
Gold Speaker Term nais, 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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crossover, which seemed to work from an 
electrical point of view, but the SPL mea¬ 
surements from the drivers were junk and 
I scrapped it. 

I then tried to produce an acoustic 
fourth-order L-R using my measurements. 
I started by downloading a Basic language 
crossover optimization program from one 
of the audio BBSes. This program crashed 
constantly, so I ended up putting in a few 
hours to make it run reliably and to get the 
arithmetic right and the output in a usable 
format. All of this work produced a four-
element (per driver) crossover that did 

indeed correct the peak in the response 
around 700Hz, but it sounded like 
garbage. 

I decided that it was using a high-Q, sec¬ 
ond-order filter to correct the peak, and that 
the ringing and group-delay changes this 
caused were both measurable (via my IMP 
subsystem) and audible. Out went the fourth¬ 
order attempt. Worse yet, the optimization 
algorithm had some serious problems, so I 
eliminated it also. 

After several attempts at a crossover, 1 
ended up with the current design, which 
produces almost exactly the correct 

response, using low-Q, low-order filter 
sections with a minimum of both compo¬ 
nents and series resistance. The tweeter 
has enough protection to absorb lots of 
power, while the woofer has some shap¬ 
ing for better response. All told, it was the 
best 1 heard. 

Despite my criticisms of the crossover, 
the final response curve compares well 
with high-end speaker-response curves. 
Sure, there are a few things that could be 
done to tweak the response (and I may try 
those), yet the overall result is commer¬ 
cial-!- quality. 

CONSTRUCTION DETAILS 

Don’t forget that left and right speakers 
are mirror images of each other (this 
includes the tweeter baffle). Also, prepare 
the wood carefully before gluing it 
together. I built the enclosures out of 
solid 1-1/8" wenge boards that were 
irregular in depth (ranging from 1" to 
114"); hence, some of my measurements 
were ad-hoc. 

The front set of plates in Fig. A obvi¬ 
ously pertains only to the left speaker. 
The right speaker is a mirror image. Since 
the speaker uses butt joints, you just need 
to cut the pieces to size and then make 
sure they fit together before attaching 
permanently. In addition to these two 
front plates, you will need two sides, a 
top, a bottom, and one back plate per 
speaker. The back plate is identical to the 
front (although if you use single-finished 

stock, also finish the back of the back 
plate). Cut the two sides appropriately to 
fit the speaker (11.5" and 13.46" long, 
respectively, and about 9" deep; 1 used 
8.5"). The top and bottom are then obvi¬ 
ous (Table 6). 

If you use MDF rather than the incred¬ 
ibly hard wood I found, I strongly recom¬ 
mend some additional bracing, and also 
suggest using two layers of MDF for the 
front panel. I ran a brace from the front to 
the back and from side to side after glu¬ 
ing the boxes together. I also strength¬ 
ened the tweeter panel with a long brace 
to the rear (see Photo I). 

The tweeter enclosure consists of two 
pieces of wood glued together, with an 
appropriate hole cut through the middle. 
You then mount it onto the top of the 
woofer cabinet using two cubes (about 
%" on a side) and a long brace (about 8") 
from the tweeter to the back of the cabi¬ 
net top. You can do this last. It should be 
aligned perfectly straight with the front of 
the cabinet and recessed to get the phase 
right. This doesn’t need to be perfect. 

RUNNING WIRES 
I ran wires from the tweeter plate down 
through the woofer box and then back out 
through five-way posts on the top-back of 
the box. This looks neat, but frankly the 
extra holes in the enclosure for the tweeter 
cable are tough to drill and seal correctly. 
You are welcome to run them directly from 
the tweeter to the five-ways. 

I have two pairs of five-way binding posts 
on the woofer—one pair for the tweeter and 
one for the woofer. The crossover requires 
this. Also, don’t scrimp on the speaker’s 
five-ways; you need a low-resistance con¬ 
nection there, or the crossover will not work 
well. 

I used silver-based wonder solder for all 
solder joints. That’s really not necessary, and 
the silver has very little mechanical strength. 
If you do use silver solder, it should not be 

used as a glue. I like the fact that the melting 
point of silver solder is lower, so compo¬ 
nents don’t heat up as much. Those large 
crossover capacitors, in particular, seem 
somewhat heat sensitive. 

Before assembling the pieces, rout some 
free space inside the top so you can put the 
binding posts on top of the speaker. My five-
ways were not deep enough to fit through 
the top, so I routed an area for them. As an 
afterthought, it works OK (and adds some 
protection to the posts, which become 
recessed), but it doesn’t look very well. 

Also before construction, rout a port-tube 
hole, which should be just large enough for 
the tube in the rear of the front plate and 
match the inner diameter of the tube for the 
front. After construction, you can rout a seri¬ 
ous flare in the front (Fig. B). 

When you build the box, glue the port 
tube with a silicon glue/sealer by rubbing 
glue on the outside of the tube and sliding it 
into the hole (without getting glue in the 
port itself, or in the 1,5-inch-wide front part 
of the hole). I routed an area a bit too large, 
so I just bought some felt, inundated it with 
silicon sealer, and wrapped it around the 
port tube until it just fit in the hole. Then I 
very carefully slid in the wrapped port tube. 
This worked perfectly with plenty of sili¬ 
cone. — MZ 

Inside of 
enclosure 

► Cut to outer 
diameter of pipe 

► Cut to inner 
diameter of pipe 

• ► Flare with router 
after drilling holes 

Outside of 
enclosure 

FIGURE B: Hole construction for 
enclosure. 
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ANNOUNCING 

LIBERTY AUDIOSUITE VERSION 2! 
ALL the POWERFUL Features of LAUD Version I 

• MLS 
• Gated sine 
• Complex impedance measurements 
• Energy-time curves and RT60 
• Total harmonic distortion 
• Step response 
• Individual distortion products 
• FFT spectral analysis 
• Spectral reflection analysis 
• Floating markers 
• Thiele/Small parameter extraction 
• Full hardware/software 

integrated design 
• Inductor/capacitor measurement 
including dissipative component 

• Dot-matrix and laser printer support 

• Bitmap file generation capability 
• Savable/retrievable system 
configurations 

• 14 sample rates including 48kHz 
• ASCII data export capability 
• Cumulative spectral decay 
(waterfall) analysis 

• Built-in Help facility 
• Comprehensive graphical 
user interface 

• DOS or Windows compatibility 
• Fully scaleable plots 
• Hardware protection from high levels 
• Microphone magnitude and phase 
response calibration correction 

• Hundreds of satisfied users worldwide 

..   i 
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FTT and RTA spectrum analyzer screens. 

NEW LAUD2 NOW 
AVAILABLE FOR ONLY $369! 

ORDER #SOF-LAU 
ALSO, UPGRADE from LAUD I now only $100!* 

MORE FEATURES PER DOLLARTHAN ANY OTHER 
MEASUREMENT SYSTEM IN THE WORLD! 

'Provide original invoice number or return original disk 
PLEASE NOTE: Many measurements will require good-quality test probes, various long cables and/or 
adaptors, a measurement-quality mic and mic preamp (for acoustical measurements), and/or a power 
amplifier (for speaker work). 

ALSO AVAILABLE: 

AKW-5MPPA 

AKW-5MPP 

Assemoled and tested Liberty Instruments mic/probe preamp; 12" S169.95 
brass wand with calibrated mic cartridge, calibration disk and 
printout; test probes set 
Unassembled above S129.95 

#LIBCARD-E Echo DSP sound card with software and manual 5179.00 

#LIBMIC Beautiful high end 10-1/8" nickel-plated brass wand includes 5129.00 
calibrated mic cartridge, calibration disk and printout, custom 
mic clip/holder, 90-day warranty, free recaí after one year. 
Requires 1.5V-10V as supplied by IMP or KW-5MPP(A) 

MASTERCARD • VISA • DISCOVER • AMEX 
Check/money order tn US funds drawn on US bank 

SHIPPING: In USA, arid 3.5% of order plus $2 

Other surface, add 7% plus $2 

Other air, add 14% plus 2 

OLD COLONY SOUND LABORATORY 
PO Box 243, Dept. B965 

Peterborough, NH 03458 USA 

Tel. 603-924-6371 
Fax 603-924-9467 

Requires 386+; at least 4mB RAM; l/GA or SUSA; mouse; PSA DSP-
type sound card—ALL OTHER TYPES OF SOUND CARDS WILL NOT 

FUNCTION WITH LAUD ATA LL. ECHO DSP sound card RECOMMENDED. 

PLUS NEW 
REALTIME ANALYZER 
• 1/3 and 1/6 octave • Data save/retrieve • Normalize or 
Cascade to second data set • A,B,C weighting • Pro¬ 
gressive position-to-position power averaging for total 
in-room response analysis 

“SCRIPT” PROCESSOR 
• Create text file programs that LAUD2 can execute as 
customized measurement sequences 

• Built-in “Easy Scripts” provide simple guided perfor¬ 
mance of most-used measurement processes, such as 
quasi-anechoic, waterfall, Thiele/Small extraction, etc. 
• Use LAUD2 before even reading the manual, yet still 
have the full versatility and functionality of an engineer¬ 
grade, high-quality measurement instrument 

• Create custom scripts 

• Include “radio button" options for custom variations 
on a script 

• Make script execution dependent on measurement 
results 

• Display on-screen pop-up bitmap illustrations to 
make measurement sequences extremely easy to 
follow 

• Comprehensive features for production control assure 
performance and uniformity in audio manufacturing 
environments. Includes Pass/Fail acceptance for fre¬ 
quency response, impedance and distortion, with easy-
to-indude Limit Data Files 

MERGE FUNCTION 
• Sum, paste, or mathematically combine frequency 
response data from any sample rates 
• Graphically edit curves by drawing in sections of mag¬ 
nitude and/or phase 

AUTOMATIC INPUT LEVEL SETTING 
• Let your computer adjust the gains for optimum dynam¬ 
ic range 
• Even let LAUD2 set your time domain markers to frame 
anechoic portions of measurements 

AUTOMATIC DISPLAY SCALING 
• Let your computer also adjust the data sensitivity or off¬ 
set for best on-screen presentation 

DATA FILE SAVE AND RETRIEVE 
• For harmonic distortion and real-time analysis, as well 
as for frequency response, impedance, impulse 
response, etc. 



THE OPPOSITE MODULI (OM) 
SPEAKER CABINET 

By Hajo Prodan 

My interest in speakers goes back to 
the early 1960s, when I installed 
some crude music systems into so-

called jazz cellars that were much in vogue 
at that time. In 1988, 1 tried to improve 
speaker cabinets by pouring some from ordi¬ 
nary concrete. The results were rather poor, 
but it made me think more deeply about 
rigid-body acoustics. 

From more experiments, I learned that 
cabinets made from very hard materials, 
such as marble, were good in the bass 
region, but exhibited problems in the mid 
and high ranges. Boxes made of softer mate¬ 
rials, such as heavy cardboard (Photo I) or 
bituminous fiber board, performed poorly in 
the bass area, but fine in the higher 
frequencies. 

BLENDING OPPOSITES 
One day it occurred to me to try joining two 
contrasting materials with modem grouting 
compound. I consulted Physics for Scientists 
and Engineers, by Raymond A. Serway, 
and a British science data book to learn 
more about density, expansivity, tensile 
strength, Young’s modulus, the speed of 
sound, and other information having to do 
with solids. 

I found out that diamond on one side 
and rubber on the other could be the 

ABOUT THE AUTHOR 
Hajo Prodan is a free-lance engineer from Germany. 

During the last 15 years, he has been involved in elec¬ 

tronic workshops, communications systems, and radio 

broadcasting in countries such as South Korea, 

Indonesia, Peru, and Sri Lanka for Deutsche Welle 
(voice of Germany). His current activities are mainly 

room acoustics and international technical consulting. 

right partners. Since I 
could not afford dia¬ 
monds, I chose quartz 
sand as a substitute 
because it has a very 
high Young’s modu¬ 
lus and a high rate of 
sound transmission. In 
contrast, rubber shows 
a low Young’s modu¬ 
lus as well as a very 
low speed of sound in 
a thin specimen. 

A nearby tire-recy¬ 
cling plant provided a 
free sack of granulated 
vulcanized rubber. As a 
grouting compound, I 
chose an epoxy resin 
that is normally used 
for general building 

PHOTO I: Testing a cardboard speaker (right). 

repair. I mixed the epoxy concrete with 
quartz sand, granulated rubber, and ilmenite 
(FeTiO,) powder, the last ingredient serving 
as a weight-control additive. 

The basic formula for 1kg of the mix was 
431g of oven-dried quartz sand, 72g of the 
granulated rubber, 104g ilmenite, and 393g 
of epoxy resin (two components). You can 
omit the ilmenite, but you must then replace 
it with 98g of quartz sand. 

PANEL TESTING 
The mixture of the ingredients made a nice 
dough, which I poured into a waxed flat 
form. After three days of curing, I had a 
panel that was ready for testing. I named it 
the Opposite Moduli (OM) panel (Photo 2). 

The first comparative tests revealed that 
this was a kind of eureka event. The effect of 

PHOTO 2: Artist’s impression of an ON 
box. 

FIGURE I: Panel effects. 
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N fc W 4 F N S 0 R CORPORAT 

8" 8CSC 20oz. 1.5” 4 50 $22.25 $20.20 $19.50 $17.95 
Great replacement for Fender Champ, Peavey or any other small size amp. Very efficient! 
10" 10CS 2402. 1” 8 50 23.50 21.50 20.45 19.25 
Excellent replacement/upgrade for Fender Princeton, Vibrolux, Concert & Super Reverb. Small dust cap. 

10" 10ALP Alnico 1” 8 20 35.00 33.00 30.85 29.25 
Vintage design with paper voice coil former... Just like old Jensen. 
10" 10ALK Alnico 1" 8 35 34.75 32.75 30.85 29.25 
Vintage design with Kapton coil former. Just like 10ALP but with improved power handling. 

10" 10DF 56oz. 2.5” 8 150 61.75 56.25 50.50 46.25 
Edge wound voice coil in heavy cast frame with gold plated push terminals. Great for PA. Similar to Electro-Voice 
EVIOL. 

12" 12TS 2402. 1.5” 8 60 26.60 24.60 23.60 21.95 
Classic American tone. Excellent general replacement. Used by Fender, SLM, etc. 

12" 12BR8 3802. 1.75” 8 80 35.90 30.90 29.70 27.50 
Sounds exactly like vintage Celestion. Has a “British” cone. Super upgrade for any amp! 

12" 12LS16 38oz. 1.75” 16 80 35.90 30.90 29.70 27.50 
Beyond cool replacement for Marshalls™. “Classic Rock" sound. Like I2BR8 above except 16 ohms. 

12” 12ALP Alnico 1" 8 20 39.50 35.50 33.50 31.50 
Absolutely vintage! Paper voice coil former. Perfect for Tweed Deluxe, Ampeg Jet, etc. 
12" 12ALK Alnico 1” 8 35 39.50 35.50 33.50 31.50 
Just like 12ALP but with Kapton voice coil former for higher power handling. 

12" 12DF 8002. 2.5" 8 150 73.00 66.00 59.75 55 50 
Ed^e wound voice coil in heavy cast frame.Gold plated push terminals. Great for PA. Similar to Electro-Voice 

15" 15CB 40oz. 2.5" 8 100 36.00 32.70 31.30 30 50 
Super replacement for bass amps and PA cabinets. Perfect for Ampeg B15 (Portaflex). 

15" 15CG-8 5602. 2.5” 8 150 53.50 48.40 43.85 40 35 
Great upgrade guitar speaker with ultra lush sound and wide dynamic range at all frequencies. 

15CG-16 56oz. 2.5" 16 150 58.50 53.50 48.00 44.00 
Same as above but 16 ohms. Great for Leslie cabinets. 

-«Ç&15" 15SB 9502. 3" 8 200 79.00 73.00 67.00 62.00 
’i**” High power bass speaker. Tight low end. Great in any cabinet design. 

15” 15DF 8002. 2.5" 8 150 77.25 69.25 62.25 58.25 
Edge wound voice coil in heavy cast frame with gold plated push terminals. Great for PA. Similar to Electro-Voice 
EVI5L. 

15” 15XF 10902. 4" 8 300 128.00 115.00 106.00 99.00 
Edge wound voice coil in very heavy cast frame with gold plated push terminals. Super highest power rating and 
sound reproduction for ultra high-end power PA systems. 
DRIVER 8DB 3402. 2" 8 40 33.75 30.50 29.25 28.00 
Worlds most popular driver. Bolt on mounting. 

DRIVER 80S 34oz. 2" 8 40 33.75 30.50 29.25 28.00 
Same as above driver except with threaded mount. 1 3/8-18 thread. 

DRIVER 16DB 3402. 2” 16 40 33.75 30.50 29.25 28.00 
Same as 8DB except 16 ohms. Bolt on mount. 

DRIVER 16DS 3402. 2” 16 40 33.75 30.50 29.25 28.00 
Same as 8DS except 16 ohms. Thread mount. 

DIAPHRAGMS 8DIAS-8ohm 16DIAS-16ohm 18.00 16.25 15.25 14.55 
Replacement diaphragms for above drivers, as well as many others (Fender, Sunn, etc.) 

$75.00 MINIMUM ORDER MASTERCARD/VISA ACCEPTED 

EMINENCE SPEAKERS 

Eminence has been original equipment speakers for almost every high 
quality guitar amp manufacturer in the world! 
IZE MODEL MAC VOICE.COIL OHMS WATTS 1PC 4PCS 1OPCS 25PCS 

20 Cooper Square. New York City. NY 10003 • ( 212) 529 0466 • 1500 633 5477 « Fax ( 212) 529 0486 



panel under test 

testbox 

FIGURE 2: Testbox. 

the panel in acoustic terms was much better 
than I expected. 

The explanation of the sound-energy 
absorption effect is as follows (Fig. I). Basic 
acoustic theory holds that a sudden change in 
the properties of a compressible medium 
alters the speed of sound, resulting in a 
refraction or change of direction of wave 
travel. It follows that hard/soft variations 
occurring continually within a rigid body 
will cause multiple changes in speed, imped¬ 
ance, direction, and phase. As there remains 
no dominant direction of wave travel, it 
becomes “lost” inside the body, and the 
energy is absorbed at maximum. 

In a long sequence of comparative mea¬ 
surements, I checked all conceivable kinds 
of speaker-cabinet materials, including nat¬ 
ural wood, particleboard, glass, plastic, 
metal, natural stone, concrete, sandwich pan¬ 
els, and designed OM panels. 

I performed the measurements using the 

PHOTO 3: Test setup for vibration measurements. 

following equipment (Photo 3): 
vibration transducer (Kemsonic 
1628), precision preamp (home¬ 
brew), sine-wave generator 
(Hameg HM 208), distortion 
meter (Hameg HM 8027), a 
computer-based audio test sys¬ 
tem (Kemsonic AMS PC 1656), 
and a testbox (home-brew). 

The testbox was a massive, 
double-walled cabinet, poured 
from concrete, with dimensions 
of 380mm x 620mm x 380mm 
and weighing approximately 
40kg (Photo 4 and Fig. 2). The 
top consisted of the panels 
under test—all of them the same 

sound transmission loss (TL in dB) versus mass per unit area (g/cm2) 

FIGURE 3: Graphing the different materials tested. 

size: 300mm square. For absolute tight¬ 
ness, I used two thin, soft PVC gaskets and 
a fitting high-quality plywood frame. The 

torque of the bolts was measured and bal¬ 
anced by a torque wrench to achieve equal 
conditions for each panel. 

PHOTO 4: Testbox and test panels. 
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PHOTO 5: OM speaker box. 
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In-Wall Speakers From Madisound 
We are proud to offer the WS006 speaker system for in wall mounting. We have tested this system in our anechoic chamber 

using Audio Precision, and the resulting crossover design offers a smooth response and flat phase response. We then tested this 
system in several of our homes and we were amazed at the sound quality of a speaker in this price range. At the time of this 
printing, we have yet to hear an unfavorable response to this speaker. 

The WS006 is a complete system consisting of a Polypropylene 17 cm (6.5") woofer, a poly dome 25mm tweeter, a 12dB 
crossover filter, housed in a sturdy baffle with an attractive metal mesh grill and beveled frame. The frame and grill come in 
white and can be painted to match your decor. The speaker can be mounted easily by cutting a hole in the wall, angling the 
mounting bracket through the hole, and tightening the screws to sandwich the drywall between the frame and mounting bracket. 
We also have a kit for installing a frame in the wall before drywalling, then screwing the speaker directly into the frame. 

Outside measurement is 8 5/8" x 12 1/16" with a depth of 3" and is designed for easy installation in between 16" O. C. 2x4 
stud walls. Cut out size is 7 3/8" by 10 3/4", a template and thorough instructions are supplied. 

Whether you are an experienced installer who is trying to find a way to give your clients a better system and still have some 
margin left for you, or you are a hobbyist who is building or remodeling and wants access to quality audio installation products, 
the WS006 is what you are looking for. 

Specifications: 
Impedance 
Frequency Response 
Power Handling 
Sound Pressure Level 
Resonant Frequency 
Woofer 

Tweeter 

Crossover Frequency 
Speaker Weight 

8 ohms 
55 to 20K Hz 
40 Watts Norn. 
90dB 
50Hz 
6.5" Polyprop., 1" VC 
1 Ooz magnet 
1 " soft dome, 
6oz magnet 
3000Hz @12dB 
69.68OZ 

Price per pair: $140.00 New construction kit: $10.00 

Madisound’s Synchronous In-Wall Speaker 
Madisound is pleased to introduce the WS008A synchronized in-wall 

speaker system. You will not find this type of sound quality in a conventional 
in-wall speaker. The 1 " aluminum dome tweeter is mounted at the base of the 
woofer cone, bringing the voice coils into alignment. This type of configura¬ 
tion creates a point source, allowing the listener to hear the music from both 
the woofer and tweeter, in exactly the same point in time. This speaker has 
good imaging throughout the room, without having to be a “sweet spot”. Just 
because you are going to hide your speaker in a wall, doesn’t mean you need 
to compromise on the sound. 

The WS008A is constructed from a one-piece baffle and chassis to reduce 
vibrations. The woofer has a mineral filled polypropylene cone with a rubber 
surround and high temperature Kapton voice coil. The tweeter is a 1" Alumi¬ 
num dome with a Neodymium magnet and ferrofluid cooling. The crossover 
is 24dB per octave, with polypropylene capacitors in the tweeter circuit for 
greater clarity. 

The WS008A is easily mounted in existing drywall, or we have kits for 
framing in on new construction before drywalling. The frame and grill are 
white and can be easily painted to match your decor. 
WS008A: 8Q impedance, 89dB sensitivity, 35-20KHz frequency response, 

2.8KHz x-over, 3.8" depth. Cutout 210mm2. Price per pair: $220.00 New Construction Kit: $18.00 

Clip and Save Coupon 
Take an additional discount of 15% on the WS006 or WS008A 

In-wall speakers. Just send in this coupon or mention this ad to 
receive your discount. Offer does not apply to dealer or OEM 
pricing. Offer good until December 1, 1996. 

MADISOUND SPEAKER COMPONENTS 

8608 UNIVERSITY GREEN 

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

TEL: 608-835-3433 FAX: 608-831-3771 
e-mail: madisound@itis.com 

Web Page: http:/www.itis.com/madisound 
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TABLE 1 

CHARACTERISTICS OF SELECTED 
PANEL MATERIALS 

RANK MATERIAL THICKNESS 

1 OM 16 

2 glass 15 
3 OM 7.8 

4 polyurethane 16 
5 MDF 19 

6 MDF 22 

7 particleboard 22 
8 particleboard 19 

9 acrylic sheet 16 
10 MDF 16 

11 marble 16 

12 hard PVC 15 
13 slate 16 

14 particleboard 16 
15 ceramic 15 

16 concrete 16 
17 polyethylene 16 

18 steel 15 

PF 

9.52 

6.93 

6.19 

6.03 
5.47 

4.83 
4.67 
4.49 

4.21 
4.21 

3.66 

3.36 
3.03 

3.00 
2.41 

2.35 

1.36 
0.17 

Note: The extremely poor performance of steel is due to a 
very high Q at resonance. 

TEST RESULTS 
The newly designed OM panels turned out 
to be the winners in all categories: wideband 
transmission loss, decay time, distortion, and 
resonance Q. As you can see in Fig. 3, there 
was a gap in mass per unit area between 
wood and plastics on the one hand, and con¬ 
crete, stone, and ceramic on the other. OM 
material closes this gap in high-quality 
acoustic terms. 

For a better understanding and overview 
of the test results (Table I), 1 introduced a 
so-called P-factor (PF), which squeezes the 
important readings into one number: PF = 
T| /EDF, where T, = transmission loss, nor-

PHOTO 6: Enclosures being manufactured. 

malized in dB/(gram/cm2); EDF = energy 
decay factor (Qhj x TD x V pp ); Qh| = Q at 
highest resonance; TD = decay time in sec¬ 
onds; and Vpp = volts peak-to-peak at Qhj 

frequency. 
Speaker boxes made by the OM tech¬ 

nique sound neutral and natural (Photo 5; 
Photo 6 shows these boxes being assem¬ 
bled). The bass is dry and tough due to 
rigidity and the absolute air-tightness of the 
cabinet material. In the fundamental tone 
range, sound reproduction is of very high 
fidelity, thanks to the best possible stiffness¬ 
ductility ratio. The presence and brilliance 
ranges are crystal clear and very lively, due 
to widely spread resonance energy in the 
cabinet’s walls. Finally, treble tones are free 
and airy, because there are no “eigen-
sounds” from the speaker cabinets. 

As an interesting side effect of the testing, 
particleboard peaked at 22mm of thickness, 
whereas MDF peaked at 19mm. This means 
that there is no reason to use cabinet walls 
made from 38mm particleboard; 22mm is, 
acoustically, the better choice. This is due to 
the pressure applied during the production 
process of the particleboard—at least in 
Germany. It may be different in the US. 

I hope that my work helps lead you to 
new ideas and better speaker cabinets. 

Note: After a lengthy period of experi¬ 
mentation. I obtained both German and US 
patents for the OM technology and OMAC-
PRO (Opposite Moduli Acoustic Compound 
for Professionals). The use of my OM tech¬ 
nique for your private purposes is free of 
restrictions; for commercial use, however, 
please contact me. 

Copyright © 1996 by Harris Technologies All rights reserved 

Includes a large driver database 
with thousands of drivers. 

of Hams Technologies Other trademarks are the property of their resaective companies Computer and loudspeakers not included. 

Design Options: 

Small and large-signal analysis. 

Examine one loudspeaker in 
several different box» s or... 

Examine several different 
loudspeakers in the same box. 

6 graphs: normalized amplitude. 
2 83-V amplitude, acoustic 
power, impedance, pnase and 
group delay. 

Advanced vent calcu ator. 

Advanced box dimension 
calculator w/18 volume shapes. 

Accepts loudspeaker measured 
acoust c response. 

Accepts automobile or listening 
room interior acoustc response. 

Use English or metric units. 

Save and recall designs. 

Built-In lest Procedures: 

Test and calculate loudspeaker parameters" 
Test and calculate passive radiator parameters* 

' Requires tvsic test equipment sine wave generator, frequency counter, 
power amplifier, 1 kohm resistor, vol meter ohmmete test box 

♦ Easy to use 

♦ On-line help 

♦ Hi-res mode 

♦ Low price 

Design Types: 

Optimum Vented 

Extended Bass 

Custom Vented 

Band-Pass with 
Double or Triple 
Chambers 

Passive Radiator 

Optimum Closed 

Custom Closed 

All designs can use 
multiple woofers 
(including Isobaric) 

BassBo: 
Design low-fri 

r DLj paramerers with 

equal ease. 

loudspeaker enclosures 

tast and accurately 

with BassBox software. 

Uses both Thiele-Small 

Vas. i/o) and 

^etlro-Mechanical 

(Qis, Qms, Cms, Mms, Rms, 

for Microsoft 
WINDOWS $99.00 

plus $6.00 S&H 
(Canada: +$7.00) 

(Overseas +$13.00) 

Tel: 616-641-5924 
Fax: 616-641-5738 
E-Mail: 72674.514rt CompuServe com 

Harris Technologies. Inc. 

P.O. Box 622 

Edwardsburg. Ml 

49112-0622 U.S.A. 

Also available: 
X»over 2.0 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 compensating 
networks and L-pads Regular price: 

$29. ($19 it purchased with BassBox ) 

Minimum System Requirements: 

MS-DOS 5 0. Microsoft Windows 31 & 
compatible computer (386 or better CPU 
with at least 4 MBytes of RAM). 7 5 MBytes 
of free hard disk space 1 44 MByte 3 5’ disk 
drive and mouse 

Harris Technologies reserves the right to 
make changes without pnor notice 

Reader Service n 
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AHON 250 VDC 5% FINE CAP 
Metallized polypropylene capacitors for loudspeaker passive network. 

Another brand of metallized polypropylene capacitors ? Well, not ex¬ 
actly ... At Orca we have been thinking for a while about how to make 
polypro caps more affordable for a larger number of speaker builders, 
people who use caps only for speaker passive X-over network. We thought 

that it would be tremendous if we could offer a line of polypro caps that would 
be so affordable that people would have no reason to use cheap mylar, as they would 

be able to get for not much more money a much much better cap. As you know, even 
extremely powerful solid state amps (we are talking KW here) can barely produce rail voltage 

higher than 60 V. So it is safe to assume that a 100 VDC cap would be a pretty robust cap to use in a passive 
loudspeaker network. So to be really safe, we decided to make all the AXON cap of our FINE CAP basic line 250 
VDC. Now that's about where the compromises start and stop. On the other hand for example, you may or may 
not know that when a cap value is said to be 10.0 pF with 5% precision, it means that the manufacturer of caps sets 
its winding machine to 9.7 pF and then produces this series with 2% tolerance (not very difficult with numeric 
controlled winding machines). The result: the manufacturer saves more than 3% in material, the precision is 
respected, but chances are all your caps will measure on the low side ! Orca made the special arrangement that all 
the AXON caps were to be wound with 5% precision with the target value set at exactly the nominal value. That 
means now, as most of you do, and rightly so, expect, that you should find a much greater proportion of caps very 
close to exactly 10.0 pF, if not 10.0 pF exactly! As for the rest, we could display here all sorts of figures and graphs 
that would only makes sense to 1% of our customers, but what for ? We can simply tell you this is the first polypro 
cap at a price closing on mylar caps. It is made by the same company that makes all our high voltage and very 
high voltage SCR caps, as well as our film and foil caps. Some of the best loudspeaker manufacturers have already 
made that easy choice. Now see for yourself and ... let your ears make the call. 

Value Diameter Length SRP Value Diameter Length SRP 
pF mm mm US$ pF mm mm US$ 

1.0 11 21 1.23 12.0 25 33 3.56 
1.5 12 22 1.44 15.0 25 38 4.18 
1.8 13 22 1.49 20.0 29 38 5.16 
2.2 15 22 1.58 24.0 29 43 5.98 
2.7 14 25 1.67 30.0 32 43 7.30 
3.0 15 25 1.73 33.0 32 48 7.74 
3.3 16 25 1.78 41.0 35 48 9.32 
3.9 16 25 1.83 50.0 37 53 10.96 
4.7 18 27 1.96 51.0 37 53 11.16 
5.6 18 30 2.10 56.0 39 53 12.00 
6.0 19 30 2.20 62.0 39 53 12.98 
6.8 20 30 2.33 75.0 43 58 15.12 
8.0 20 33 2.91 82.0 45 58 16.28 
8.2 21 33 2.97 91.0 47 58 17.50 
9.1 22 33 3.08 100.0 49 58 18.76 
10.0 23 33 3.23 120.0 51 63 21.98 
11.0 24 33 3.38 130.0 54 63 23.38 

STOCKING DISTRIBUTORS: OEMs & EXPORT NOW AVAILABLE: 
W.A.R. AUDIO AUSTRALIA Contact Kimon Bellas FILM / FOIL 630 VDC CAPS for 

tel:(6l)-9-242-5538 fax:(6l >9-445-2579 or John Sangalll electronics and bypass from 
SPEAKERS ETC... tel: (818) 707 1629 0.1 pF to 1.0 pF. 

tel: (602) 272 6696 fax: (602) 272 8633 fax: (818) 991 3072 POLYPRO ULTRA HIGH 
TECHNOLOGIE MDB ORCA VOLTAGE 

tel: (514) 526 8851 fax: (514) 443 5485 1531 Lookout Drive 1200 VDC 20 pF 
ZALYTRON INDUSTRIES Agoura, CA 91301 for power supply & tube 

tel: (516) 747 3515 fax:(516)294 1943 USA electronics 



Software Review 
VISUAL EARS 

Reviewed by Vance Dickason 

Visual Ears. KB Acoustics. PO Box 50206, 
Eugene. OR 97405. (541 ) 935-7022. Visual 
Ears is available from Old Colony Sound 
Lab as #SOF-VER1W3G for $89.50 plus 
$5.13 S/H in the USA. A demo version is 
available for $5 plus shipping of $2.35 USA, 
with the $5 price deductible from a later pur¬ 
chase of the full package. 

I reported on “The Listening Room” pro¬ 
gram from Sitting Duck Software in the May 
1990 Voice Coil. Since that time, the pro¬ 
gram's DOS version has undergone 
several iterations, but it has never been 
released as a Windows program. Recently, 
Sitting Duck combined efforts with another 
programmer and mathematician to form 
a new company, KB Acoustics, to market an 
improved Windows version of “The 
Listening Room," renamed “Visual Ears.” 

Visual Ears is written in Windows Visual 
Basic, and the single 3.5" floppy contains 
about 7O8K of code. The program lacks an 
install routine, so you must create a directory 
and copy the files to the hard drive. The com¬ 
pany supplies a bitmap ICON file, so you can 
readily set up the software in your Windows 
program group. 

Figure 1 shows the basic opening screen. 

which is divided into four sections: a room 
diagram showing placement of the various 
loudspeakers and the listener (upper left), the 
coordinates of the speakers and the listener 
(in inches or centimeters) relative to the floor 
and left and front walls (lower left), a stand-

choose between English or metric units. You 
can configure VE for both single full-range 
speakers or separate subwoofer and satellite 
systems. The program also accounts for sur¬ 
round-sound speakers, but does not require 
their dimensions. 

ing-wave graph (upper right), and a boundary 
reflection graph (lower right). 

Two main menus for setting up any given 

Figure 3 shows the Speaker Parameter 
menu, which is displayed by clicking on the 
Speaker icon. VE is quite flexible and will 

room and speaker sit¬ 
uation are available. 
First, enter the room 
dimensions by click¬ 
ing on the icon to dis¬ 
play the menu (Fig. 
2). You can config¬ 
ure dimensions only 
as square or rectan¬ 
gular rooms (future 
versions promise 
to handle L-shaped 
rooms); however, the 
program can simulate 
simple cathedral ceil¬ 
ings. A menu switch 
indicates the pres¬ 
ence of carpet in the 
room, and lets you 

FIGURE 2: Room dimensions menu. 

FIGURE I: Opening screen for Visual Ears. FIGURE 3: Speaker parameters menu. 
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FIGURE 4: Result of relocating subwoofer on right wall. FIGURE 5: Home-theater setup including surround-sound speakers. 

simulate two-way and three-way speakers, 
with single driver per frequency configura¬ 
tions, or D’Appolito MTM-type configura¬ 
tions, and separate satellite and subwoofer 
systems. You can specify low-frequency 
rolloff between 25-99Hz for either second-
order sealed boxes (the software will ask for 
the box Qæ) or fourth-order vented enclo¬ 
sures. You must also specify crossovers in 

the 50-400HZ region with a choice of 
12/18/24dB/octave for high-pass networks 
and 6/12/18/24dB/octave low-pass networks. 

As the designs become more complex, 
the program requires additional data about 
driver placement. For MTM two-ways, VE 
asks for the vertical separation of the two 
woofers. For three-way speakers, it requests 
the vertical distance between woofer and 

mid, as well as the horizontal displacement 
if the drivers are offset (not centered), and 
whether the offset (if any) is to the inside or 
the outside of the two-speaker array. When 
you select the satellite and subwoofer con¬ 
figuration, the program asks for the number 
of subwoofers and the sensitivity of the sub 
in relation to the satellite (0 to -9dB). For 
home theater, the program has an option 

MENISCUS 
CAPACITORS -

■ Solen Poly. 
■ MIT Poly. 
■ Filin types 
■ NP Elec. 

INDUCTORS -
■ Air Cored 
■ Super Ferrite 
■ Steel Laminate 
■ Ferrite 
20-14 ga. OFC 

RESISTORS -
■ Wire wound 
■ Lyuk 

5 -25 Watt 

ACCESSORIES -
■ Terminal cups 
■ Gold pots 
■ Spkr. Cabinets 
■ Wire & ends 
■ Grille materials 
■ Black screws 
■ Port tubes/trim 
■ Spikes & cones 
■ Damping materials 
■ Design books 
■ X-over & box 

design support 
■ Sub woofer Amps. 
■ Custom in-wall 

systems. 

SPEAKERS -

AUDAX 
AUDIO CONCEPTS 
DYNAUDIO 
ECLIPSE 
ETON 
LEGACY 
MADISOUND 
SCAN SPEAK 
SWAN 
VERSA/TRONICS 

VIFA 

MENISCUS AUDIO GROUP 
2575 28th St. S.W. 
Wyoming, MI 49509 
phone (616) 534-9121 
fax (616) 534-7676 

E mail memscus@iserv.net 
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to add two left/right surround speakers. 
Once you have correctly specified all the 

room and speaker data, you can then experi¬ 
ment with different locations and placements 
in the room to see the resulting standing 
waves and boundary reflection problems. 
The process is simple and quick; you move a 
speaker on the room grid for immediate 
results. Simply click on the speaker and drag 
it to the new location. You can do this for 
each speaker or for the pair. 

The room dimension readout area below 
the room grid shows the included angle from 
the listening position to the two main 

left/right speakers—46° in this example. You 
can also relocate speakers by clicking on the 
speaker and then the scroll arrows to step the 
speaker horizontally and vertically (with 
selectable step speeds). The right scroll arrow 
adjusts the height above the floor for the 
selected speaker (or the listener location). 

The results are displayed in both the curve 
in the boundary reflection graph and the 
length/width/ height hash marks in the stand¬ 
ing-wave graph. The dashed lines on the 
standing-wave graph represent the “target 
area” for standing wave relative to SPL. This 
changes depending on the nature of the 

service \’sar - vas \ noun 
- The occupation of performing work or functions 
that benefit and contribute to the welfare of others. 

see Mouser Electronics 

66,341 Products 

126 Manufacturers 

All Orders Ship Same Day 

■ Passive Components ■ Semiconductors 
■ Electromechanical ■ Connectors/Cable 
■ Surface Mount and Through Hole 

TRONIOS http://www.mouser.com 
sales@mouser.com 

P*»- . 
958 North Main St., Mansfield, TX 76063 

USER 800-992-9943 
1 FAX: 817-483-0931 

Call for your 

FREE 332 

page catalog 

TODAY! 
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room—live, average, or dead (the live target 
is above and the dead target below the aver¬ 
age target displayed in Fig. 3). The goal is to 
get as many of the length modes into the tar¬ 
get area as possible; however, you must con¬ 
sider a number of different criteria, some of 
which are discussed in the program docu¬ 
mentation. 

Figure 4 shows the result of moving the 
subwoofer location from the comer to along 
the right wall. You’ll note the change by 
comparing it with the boundary graph in Fig. 
1. Left and right speakers are displayed indi¬ 
vidually, but in this case both curves nearly 
overlap (incidentally, the program assumes 
an anechoical ly flat speaker), so the differ¬ 
ences are not apparent. Figure 5 adds the sur¬ 
round speakers to the mix. The change to the 
standing-wave graph wasn't really enormous, 
but their SPL in regards to boundary effects is 
shown as a separate curve. 

VE can hold four separate room setups, 
which you can print out (Fig. 6). The pro¬ 
gram is fun to use and, from my experience 
with the previous DOS version, reasonably 
accurate. Price is $89.50 plus $3 S&H ($6 

Set Up One Left Wall Front Wall Floor 

Listener 136 75 39 

Left Woofer 

Right Woofer 15 HO 6 

Left Speaker 41 35 40 

Right Speaker 42 115 40 

Left Surround 268 4 33 

Right Surround 268 145 33 

FIGURE 6: Sample room setup display. 

overseas air). The program requires either 
Windows 3.1 or Windows 95 and a mouse. 

DEVELOPER'S RESPONSE 
We appreciate Vance Dickason's favorable 
comments on Visual Ears, but have two 
points to clarify. 

Visual Ears is not an improved, renamed 
Windows version of The Listening Room. 
Although the two programs are similar in 
intent, Visual Ears is a newly conceived and 
considerably more comprehensive effort 
written from the ground up in the C pro¬ 
gramming language. Visual Basic was used 
only to create the user interface and provide 
a link to the 32-bit C code. 

Also, we would like to add that slanted, as 
well as cathedral, ceilings are handled by the 
program. 

Bill Fitzpatrick 
KB Acoustics 
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BHK UTILITIES DISK 
By electrical engineer and audio design¬ 
er Bascom H. King. Handy disk tackles 
dB o ratio, input and output R; loaded 
potentiometers; unloaded voltage 
div ders; RC network relationships; sec¬ 
ond order active filters; parallel resis¬ 
tors; RL network relationships; Watt 
(P,E,I,R) relationships; frequency 
response generation; 12dB/octave 
crossovers; Ohm’s Law; and frequen-
cy/period relationships. Windows com¬ 
patible. IBM 3.5” DS/HD only. 

#SOF-BHK .$19.95* 

V.2.0 

S69.95 #CDSA1 

S49.95 
#SOF-ABO2 Windows 95 .S49.95 S39.95* EACH CD 

nr $24.95* each 

$15.95* each 

Filter Workshop band-reject filters graph. 

$169.95 #CDSA2 

MORE SOFTWARE 
$19.95 

$79.95 #SOF-FWK 

BRAND NEW BOOK! 

are 
the 

X 11,205pp. 

#BKAA40 

PO Box 243, Dept. B965, Peterborough, NH 03458 

Tel. 603-924-6371, 603-924-6526 Fax 603-924-9467 

OLD COLONY 
SOÜND LAB 

one negative regulator. 
#PCBY-3 Youtsey Anti-Jitter Board 
(Speaker Builder 3/96). 

#CDJA1. Audio Test. 91 test signals for home 
and lab use. 
#CDJA2 Impact. 26 tracks range from "old 
Japanese bell bonsho in the deep mountains" 
to Ferrari 512BB. Also audio system check (L, 
R, in/out of phase). 

#CDJA3. Impact 2. 18 tracks cover musical 
instruments, vocals, and chorus. 

#CDJA4. 3-Dimensional Sound. 31 tracks 
include rice cracker crunching and Jap-anese 
folk dance. 
#CDJA5. High Resolution Master Sound. 20-
bit digital recording of seven musical pieces, 
plus 16-bit version of six musical and fifteen 
audio check features. 

#CDJA6. Music Reference for Listening 
Room. 11 musical tracks, 48 audio check. 

#CDJA7. Super Bass Sound. 9 musical 
tracks, 2 sound effects (fireworks and 
Japanese traditional drums), 25 test signals. 

only. SPECIFY Windows 
Windows 95 version. 
#S0F-AB01 Windows 3.x. 

MODES FOR YOUR 
ABODES 
SOFTWARE FOR WINDOWS 
Modes for Your Abodes by Joseph 
Saluzzi is a simple yet powerful program 
that provides you with a given room’s 
modal frequencies. In addition, it calcu¬ 
lates standard deviations and mode 
spacing, and detects the number of 
coincidences. User-friendly, intuitive, 
and easy to use, featuring on-line and 
context-sensitive help; glossary; fast 32-
bit code (Windows 95 version); MS 
Access 95 database engine that creates 
databases automatically and transpar¬ 
ently; thirteen view screens; and high-
quality Crystal Reports output of mode 
and overview tables. IBM 3.5” DS/HD 

MENT 
TESTS 
These discs 
tools to aid 

AUDIO AMATEUR 
POWER AMP PROJECTS 
This new handbook features 26 of the 
best articles on power amps as they 
appeared in the pages of Audio ¡ 
Amateur from 1970-1989. Authors from i 
six different countries offer an array of [ 
designs to provide almost any high- I 
quality audio power needed by the 
resourceful amateur who prefers the ; 
pleasure of building his or her own. [ 
Predominately solid state. 1996, 8-1/2 j 

PRINTED CIRCUIT BOARDS 
#PCBD-3A/B. Didden Super Regulators (Audio 
Amateur 3/95). Each PCB consists of one positive and 

PROSONUS 
STUDIO REFERENCE 
DISC 
Developed especially to allow high-quality 
test and evaluation procedures to be made 
easily and quickly, this CD contains 62 indi¬ 
vidual bands of test signals. Some bands 
also contain individually addressable Index 
Points, so that families of test signals can be 
accessed individually by keying in the 
appropriate track and index numbers on 
your CD player or its RC unit. This feature 
also allows you to play tracks in any order or 
to repeat tracks. Includes L/R test, piano 
chord, 88-note piano scale, loudspeaker 
polarity test, sine waves at each octave cen¬ 
ter, pink and white noise, impulse clicks, 
much more. 

PROSONUS 
INTELLIGIBILITY AND 
MEASURE¬ 

FILTER WORKSHOP 
FOR WINDOWS V. 1.01 
This program by Frank Ostrander combines 
a useful set of passive network 
design tools with an instructional 
resource for network design. 
Calculations include design of at¬ 
tenuation networks (L-pads); high-
and low-pass filters; shelving net¬ 
works (both high- and low-pass); 
band-reject filters; inductor winding; 
and impedance correction net¬ 
works. Determines component val¬ 
ues based on resistive termination 
as opposed to complex driver SPL 
and impedance load functions. 
Straight-forward and easy to use. 
“Undoubt-edly one of the best 
(resistance-based) network calcula¬ 
tors I have seen”—Vance Dick-
ason, editor, l/o/ce Coil. IBM 3.5” 
DS/HD only. 

JAPAN AUD 0 
SOCIETY TEST 

CDs 

3.x or 

NEW SOFTWARE-
NEW TEST CDsC^ 

which must project - - y t J 

English speech with a highly ac¬ 
curate reception rate by listeners, 

i I Through the use of modified rhyme tests 
and both male and female talkers, they 
give the user a repeatable, trans¬ 
portable, standard comparison of 
speech intelligibility for use anywhere 
needed. Other test stimuli are also 
included on the disc, and the package 
also contains printed copies of the tests 
for recopying and distribution to the lis¬ 
tener groups. 2-CD set. 

SHIPPING: 
Add 7% USA 14% Other Surface 25% Other Air 

HANDLING: Add $2 per order 

• MC • Visa • Discover • Check/money order US $ US bank < 

sound engineer in 
the evaluation of 
sound reinforce¬ 
ment systems 



SB Mailbox 
DO NOT CLONE 

Readers should note that the design used in 
Michael Hildebrand's Adria (SB 3/96, p. 24) 
is for personal use only. Any reproduction of 
this for commercial purposes is an actionable 
offense. 

DIFFERING DATA 

I was thinking of building a relatively small 
stage/PA speaker for my band—one with 
enough bass extension that our bass player 
could plug directly into the mixing board and 
be heard through the PA system if necessary. 
After looking through a few catalogs, I decid¬ 
ed that the Swan 305 would make a good 
choice for the woofer section of the PA 
speaker because it offers long XMAX and 

good power handling and is cheap enough 
that I could buy four (or more) without a 
major investment. 

I have both Boxmodel (v. 3.0) and 
Topbox (v. 2.2), which I bought because 
they have non-overlapping capabilities (one 
provides driver-excursion curves; the other 
does bandpass box modelling). Their predic¬ 
tions for box volumes for the Swan 305 dif¬ 
fered substantially, however. When I entered 
the necessary parameters (for a single driver) 
into Boxmodel, it calculated Vb = 66.181, 
max. SPL = 113dB, and F3 = 35.71 Hz (vent¬ 
ed box), whereas Topbox calculated Vb = 
1441, max. SPL = 112dB, and F3 = 25.5Hz 
(vented box). 

After much puzzling, I discovered that 
part of the reason that Boxmodel and Topbox 
gave me such different answers regarding the 
Swan 305 was that I was comparing very dif¬ 

Use this convenient list to request the products and services that 
you need fast. Don't forget to mention Speaker Builder! 
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Speaker Works, Inc., The Versatronics (602) 230-8533 
True Image Audio WinSpeakerz & MacSpeakerz (619) 480-8961 

ferent drivers. The Swan 305 specifications 
in the database that comes with Boxmodel 
are quite different from those listed in the 
May '95 version of the Madisound catalog. 
In particular, the electrical Qs are much dif¬ 
ferent (0.34 versus 0.4). 

I ran the calculations in Boxmodel again 
using the catalog specifications and got Vb = 
126.691 and F3 = 27.2Hz (max. SPL 
unchanged). These values are much closer to 
those produced by Topbox (1401 and 
25.5Hz), but are still far enough apart that I’d 
like to know what’s different about the mod¬ 
els the two programs use that results in their 
not producing the same values when they’re 
given the same input. Could Dr. D’Appolito 
help me out here? 

Jay Doherty 
mhcarter@ix.netcom.com 

Contributing editor Joe D 'Appolito responds: 

Mr. Doherty compares designs he gets with 
Boxmodel and Topbox loudspeaker-design 
programs when using parameters for the 
Swan 305 loudspeaker and asks for a possi¬ 
ble explanation for the differences he gets. I 
assume both programs are using the same 
driver parameters: for Boxmodel, Vb = 
126.7 and Ft = 27.2; for Topbox, Vb = 140 
and F3 = 25.5. 

Both Boxmodel and Topbox accept free-
air driver parameters as input data. When 
such parameters are measured in free air, 

Technologie 
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there is essentially no acoustic loading on 
the diaphragm. When placed in an enclo¬ 
sure, however, there is an increased mass 
reactance loading on the cone, because the 
front and back waves are now isolated 
from each other. Air particles in the imme¬ 
diate vicinity of the cone tend to move with 
the cone, thereby increasing its effective 
mass. This increase in mass loading lowers 
driver-resonant frequency in the enclosure 
relative to its free-air value and raises its 
electrical Q. 

Topbox computes the mass reactance 
loading, corrects fs and QE, and computes 
an optimum enclosure for the corrected 
parameters. To the best of my knowledge. 
Boxmodel does not make this correction. 
Assuming both programs are aiming for a 
quasi-Butterworth alignment, Topbox will 
generally give a larger box volume and a 
lower tuning frequency. The mass reactance 
loading is a significant factor for the larger 
woofers. For 12" and larger drivers, this 
loading can be as much as 10% of the driver 
cone mass. 

PRAISE THE XVR-1 

I very much appreciated Fred Janosky’s arti¬ 
cle on building the XVR-1 crossover (SB 
2/96). I built it in one weekend, with the 
e-mailed help of the author, who gave me 
some component values I could not figure 
out myself. 

More importantly, this is a superb-sound¬ 
ing piece of equipment. It lives up to every¬ 
thing the author says in the original article, 
with simplicity and elegance. 

I would also like to thank the proprietor of 
Meniscus, who first suggested a year ago that 

I try a Dynaudio woofer in a cabinet design 
for which he sent me the plans. These subs 
really kick! 

I am using the XVR-1 in a system made 
up of the subwoofers, a pair of Klipsch KT-
LCR shielded satellite speakers, a former 
Dyna Stereo-70 modified to do 15W/ch in 
triode configuration, and a B&K 100W/ch 

amp for the woofers. The Dyna really sings 
now, since it is freed from having to push 
those 15W into the below-80Hz region. 

I built the XVR-1 with “standard" 80Hz 
third-order slopes for the lows (plus some 
“custom EQ," +6dB at 32Hz), but with 
second-order filters at 80Hz for the highs. 
The Klipsch speakers (rated at 92dB effi-
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ciency) are quite good down to 40Hz by 
themselves. 

I also installed a pair of 0.047 capacitors 
into C27, and a quick listen tells me they are 
beginning to roll off somewhere around 
lOOHz with the tube amp. I will investigate 
that more later. 

The best part is that I have achieved what 
I originally set out to do, which is create a 
system that has something near the dynamics 
of pro-sound speakers (I have some experi¬ 
ence in that area), while retaining the detail 
and clarity of home “high-end” stuff. 

Larry DiGioia 
larryd@interramp.com 

Fred Janosky, XVR-I designer, responds: 

We have received many favorable comments 
from SB readers all over the world. Many of 
them mentioned that XVR-I is exactly what 
they need for their biamplified loudspeaker 
projects. We are very pleased to make a use¬ 
ful contribution to the speaker-building/ 
audiophile community. 

Because of the substantial investment we 
made for professional CAD work for the 
XVR-1 printed circuit board design and lay¬ 
out, we have chosen not to supply the board 
foil pattern. We believe that the article gives 

much usefill design and application informa¬ 
tion, while offering readers a source for a 
complete kit at a very reasonable price for 
XVR-I's high level of quality. 

AIRR ON A POWERMAC 

In Julian Bunn’s article, “AIRR: Anechoic 
and In-Room Response Measurement” (SB 
8/94, p. 10). the amplifier is connected both 
to input and output on the soundcard. Is the 
input needed when using the AIRR? With 
games that use SoundBlaster, I think it will 
work if I can manage with one microphone 
input and one line output, but if I need a sec¬ 
ond input, I am in trouble. 

I bought the Mac SLM and found it near¬ 
ly useless for frequency measurement. The 
graph is very small. It is not scaleable, nor can 
you limit it to a portion like 20-200Hz. The 
only way to export it is with a screen dump! 
And worst of all, you get only the graph—no 
numerical values are available. Even share¬ 
ware programs like Spectrogram also provide 
the results as a textfile, which can then be 
opened by Deltagraph, CricketGraph, or 
whatever. So now I am thinking of using 
SoftWindows and AIRR. Please advise. 

Thomas H Eberhard 
Stockholm. Sweden 

...if you value musical involvement over sonic fireworks, the 
C/BD 2000 should be at the very top of your “must audition" list. 

- Robert Harley on the C/BD-2000 Belt Drive CD Transport. 
Stereophile, May 1996. 

Vol. 19 No. 5 

...if you buy any $2.000 converter without first auditioning the Parasound, 

you'll never know just how much musical performance is possible at this price. 

- Robert Harley on the D/AC-2000 Ulrta D-A Converter. 
Stereophile, April 1996. 

Vol. 19 No. 4 

(
Just a reminder that most 

Parasound dealers will be open 
by 10:00 a.m. tomorrow. 

PARASO U N D 
950 Battery Street • San Francisco, CA 94111 

(415) 397-7100 • Fax (415) 397-0144 
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Dr. Julian J. Bunn responds: 

The SoftWindows products from Insignia 
Solutions run on a Macintosh computer and 
emulate a PC running Microsoft Windows. 
After making a study of the available docu¬ 
mentation from Insignia on their Web server 
(http://www.insignia.com/), it appears to me 
that support for PC applications that require 

a SoundBlaster-compatible card is limited to 
those written for the Windows sound system. 
AIRR is a DOS application that makes direct 
use of DMA and DOS interrupt vectors to 
access the SoundBlaster card. 

SoftWindows is thus unlikely to be capable 
of running AIRR in an emulated Windows 
DOS-box. Ify our heart is set on a PowerMac, 
then you may want to consider buying a DOS 

compatibility card that plugs into the 
PowerMac and then allows you to switch 
between the two native operating systems. 
You could then insert a SoundBlaster card in 
a vacant slot on the compatibility card. 

The AIRR diagram to which you refer 
shows connections from the SoundBlaster 
card to an amplifier. These connections are 
only necessary ifyou wish to measure the fre¬ 
quency response of the amplifier itself (per¬ 
haps to subtract that response from that of 
the loudspeaker). Otherwise, and in the vast 
majority of cases, all you need is a connec¬ 
tion from your microphone to the mike sock¬ 
et on the sound card, and a connection from 
the line-out socket on the sound card to the 
loudspeaker under test (the SoundBlaster 16 
is quite capable of driving most loudspeakers 
directly to the required levels). 

Since the AIRR article was published, sev¬ 
eral improvements have been made to the 
software, and I would like to take this oppor¬ 
tunity of describing them briefly. The im¬ 
pulse-generation and response-measurement 
method now uses DMA, which allows guar¬ 
anteed sampling rates from 8-44kHz regard¬ 
less of the CPU speed of the PC. You can now 
directly select the DMA sampling rate 
required, which is useful, for example, when 
measuring response at lowerf requencies. 

The time-domain data can now be convo¬ 
luted with a half-Hanning window, which 
reduces aliasing effects. A new display is 
available that plots the phase of the system 
response, and this can be adjusted with a 
user-specified delay. 

A new format for the output data file 
includes the phase information, and this for¬ 
mat is now understood by the latest version of 
CALSOD. Finally, some cosmetic improve¬ 
ments have been made to the Waterfall plot 
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This comprehensive video has taught 
hundreds to perform this task and now you 
can learn too. WVS also supplies parts. 

Phone: 219-424-5463 / Fax: 800-997-3266 

$39.95 WVS 
Check, Money 1502 N. Harrison 

Order. Visa, MC Ft. Wayne, In 46808 

Reader Service #66 

and the appearance of the AlR R display. 
Several people have asked me about plans 

for a Windows or MLS-capable version of 
AIRR. I have no current plans for a Windows 
version, but AIRR does run perfectly well in a 
DOS box under Windows95, and an MLS ver¬ 
sion is currently in the final stages of devel¬ 
opment. It uses a software trick to get around 
the apparent lack of simultaneous play-and-
record on the SoundBlaster 16-bit cards. 

Dr. Victor Staggs responds: 

The graphs from Mac SLM are many times 
larger than the tiny ones provided by some 
of the analog measurement equipment of the 
past, which were only about 2" x 4". It is the 
largest size that will fit on a PowerBook® 
screen and still leave room for the controls. 
If you need to scale it, you can save a screen 
snapshot, open it in SimpleText, and cut out 
the part you want. Then you can paste it into 
MacDraW®, ClarisDraw®, ClarisWorks®, 
or any other graphics program, and scale it 
to your heart's content. I have tried this, and 
it works. 

! kept Mac SLM 's plot to a fixed size to 
avoid some very complex programming and 
because it draws in real time, which most 
other graphics programs do not. The fre¬ 
quency range is not changeable because the 
resolution is determined by the octave band 
resolution and by the length of the measure¬ 
ment period, and expanding the scale will not 
produce more detail. Choosing a low sam¬ 
pling rate will increase the sampling period 
and the low-frequency resolution, and then 
you will see more detail and be able to 
expand it and edit it as above. 

When you push the Save button on the con¬ 
trol panel, Mac SLM does save the numerical 
data. The file is in ASCII format, the creator 
is ORBs (note the mixture of upper and lower 
case), and the file type is SPCT. There are 
utilities (such as ResEdit) for changing the 
file type to TEXT. You can edit this file with 
SimpleText and then import it into MathCad® 
or a compatible spreadsheet program and do 
whatever you wish with it. If there is enough 
demand, I can add an option to Mac SLM to 
save the file as TEXT. 

The first line of the file contains the name 
you have given it and the number of fre¬ 
quency intervals. Then there is a table of two 
columns, with the center frequency of each 
band in the first column, and the spectrum 
level in the second. This format is observed 
even if you display the spectrogram in spec¬ 
tral-density form in Mac SLM. 

I use the data in my own software that 
makes least squares fits to it. This second 
program is not truly user-friendly, and I have 
no plans to offer it for sale. However, I do 
have an oscilloscope program running, and 1 

CAI El PLUS FREE OALE. ADHESIVE! 
MARKERFOAM” ACOUSTIC FOAM 

GIANT 54” X 54” 
I Immediate Shipping | 
2" Reg. $29.95 Now $19.99 • 3” Reg. 

$39.95 Now $29.99. KILL NOISE QUICK! 
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 4 is proven in studios world¬ 
wide. Request Foam Buyers Guide/Catalog, specs 4 free samples today. 

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 

MARKERTEK BLADE TILES" 
HIGH PERFORMANCE - LOW, LOW COSTtl! 
America ’s best acoustic tile value 

only from Markertekl 

$3.49 per tile, 16"x16"x2", charcoal or blue 
$4.49 per tile. 16"x16"x3", charcoal or blue 
$5.49 per tile, Iß-xie-x^, charcoal. 

MARKERSTIK' FOAM ADHESIVE 
FREE with any foam purchase in this ad! 
Limited offer. A $4.00 per tube value. 

ÍÍ1B1LS11B 
SUSUMU 

SONEX 
All the colors and sizes 

plus great prices! 

FRF F Amenca’s most unique catalog featuring 320 pages of over 
pUpb 6.000 exclusive and hard-to-find supplies for Pro Audio. 
I Broadcast Video, Audio Visual & Multimedia production. 

MARKERTEK 
Ovídeo 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 

"The Best of Both Worlds" 

Module 15 
(Cover not shown) 

HIGH END AUDIO 
A HOME THEATRE 
NEW RIBBON 
TECHNOLOGY 

(AC-3 Ready) 
Provides openness, trans¬ 
parency and smoothness 
over a wide bandwidth. 
Mid and high modules, 
custom Ribbon kits for 
subwoofers, full range 
speakers and subs at 

FACTORY DIRECT PRICES. 

Internationally acclaimed by experts who say: 
"...treble, extremely smooth, transparent, quick and dean." 
"...soundstage illusion is near state-of-the-art. period." 

Bob Bottman. Bound For Sound. 4A 1994 
"beautiful y clear midrange and an uncanny tonal balance. 
make these speakers exceptional." '...high end (not high pnce)..." 

Ernie Fisher. The Inner Ear, Vol 6. #2 

"The clarity of the ribbons was immediately noticeable... 
" "...imaged superbly, both with audio and video sources..." 

Tim Parker. The Sensible Sound. Summer 1995 
"...great openness and immense dynamics..." "...with no 
coloration whatsoever..." 

Andrew Marshall. Audio Ideas Guide, Fall 1995 

For complete details and expert reviews, call or wnte: 

Newform Research 
P.O. Box 475, Midland, Ontario L4R 4L3 Canada 

(705) 835-9000 • Fax (7C5) 835-0081 
http://www.barint.on.ca/newform/ 

Sold factory direct with 30 day trial, money back guaranty. 
5 year manufacturers warranty 
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Digital Storage Oscilloscope 
For $189.95??? 

And much, much more! 
O-Scope I turns PC-ATs into DSO,Spectrum 

Analyzer, Frequency Counter, DVM. DC-50KHz 

Actual O-Scope I Captured Signals 

For Orders and Inquiries Call: 1-800-980-9806 
For Technical Assistance: 1-713-777-0401 

Allison Technology Corporation 
8343 Carvel, Houston, TX 77036 
FAX and BBS 1-713-777-4746 

hope to add anechoic and impedance-mea¬ 
surement capability to the program suite. 
These will be PowerMac®-only applications. 
An integrated measurement and design sys¬ 
tem would be ideal, but it has too large a 
development overhead. 

SOFTWARE SEARCH 

I am looking for software, or developed 
templates, for calculating the throat acousti¬ 
cal impedance and reactance characteristics 
of exponential horns of finite length. I am 
also interested in the same information for 
Hypex horns for “T” constants of 0.5 to 1.1 
use Mathcad and Excel 4.0 on my Mac 
computer. 

Either of these programs can do the calcu¬ 
lations I need, but I face two problems: 

1. I don’t know how to simplify with confi¬ 
dence the generalized horn equations by 
Harry F. Olson, (Acoustical Engineering, 
1964). For example, Olson’s equations 
numbered 5.12 and 5.80 through 5.85 
have me buffaloed. When I try to use 
them to achieve impedance traces shown 
by Olson for specific horns (e.g., Sec 
5.28, Fig. 5.1 ID), my figures are wrong 
by several hundred percent. 

2. I have difficulty overcoming the learn¬ 
ing curve associated with using 

Mathcad. Attempts to query Mathsoft 
(copyright owner of Mathcad) on the 
availability of templates have proven 
unproductive. 

Do you know of any user-friendly software 
that offers templates in attacking acoustic 
horn equations, or perhaps an individual who 
could give me guidance? Also, do you know 
of any textual source that shows a spread of 
simplified equations that were derived from 
the generalized acoustic equations? 

My interest in this area stems from having 
constructed four close copies of the 
Klipschom from the ground up. The throat 
development of the first two followed com¬ 
ments Mr. Klipsch sent to me by letter; the 
second two followed his published com¬ 
ments suggesting expansion by the square of 
the distance from the throat. Both patterns 
worked very well. My next project is to con¬ 
struct two or more non-comer horns, and for 
this I need to start with some impedance cal¬ 
culations in hand. 

H. Donn Hooker 
Tilghman Island. MD 

Contributing Editor Bruce Edgar responds: 

I am not aware of any software packages for 
the acoustic horn impedance calculations. 1 
suggest that you try to find someone local 

We’re pleased to announce an increase... in frequency, that is! 
After 27 years of high-quality DIY audio projects and articles, we’re increasing the frequency of Audio Amateur to @ 
BIG ISSUES per year! If you’ve enjoyed projects like the Zen amplifier and its family, the recent series of articles on 
regulators for high-performance audio or any of our other state-of-the-art audio information, you’ll be happy to see what 
we have in store for you in 1997. Two more issues filled with the kind of technology you’re seeking. Two more issues of 
projects for you to build! 

In anticipation of next year’s increase, we’re offering a very limited opportunity. From now until Aug. 30, 1996, you may 
purchase a six issue subscription to Audio Amateur at the low four issue price. You may also purchase a two year subscription 
(that’s 12 issues) and pay our regular two year (8 issue) rate. But you must hurry, no subscriptions at the 1996 prices will be 
accepted after the August 30th deadline. 

We’re sure you’ll be pleased with the changes we are making to Audio Amateur (soon to be known as Audio Electronics) so 
we’ve made this offer too good to refuse. Join us and experience the difference. As always, your satisfaction is guaranteed 
and you may cancel at any time and receive a refund on all unmailed issues. 

□ 1 YEAR (6 issues) $20 (after Aug. 30, 1996, $28) CANADA ADD $6 
O 2 YEARS (12 issues) $35 (after Aug. 30, 1996, $50) canada add $12 

All Subscriptions begin with the current issue. Sale price expires Aug. 30,1996. 

Payment: □ Check or Money Order DVISA □ Mastercard □ Discover REMIT IN US $ DRAWN ON A US BANK ONLY. 

CARD NO EXP DATE NAME 

STREET & NO. 

CITY STATE/PROV. ZIP/POSTAL 

COUNTRY 

Audio Amateur 
PO Box 576, Peterborough, NH 03458-0576 USA 

Phone: 603-924-9464 Fax: 603-924-9467 
E-mail: audiotech@top.monad.net 
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GO AHEAD 
Ask top engineers and music lovers 
worldwide what cdpdcitors they 
choose for their ultimóte designs. 

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 nF to KJpF 
Listen and compdre for yourself 

UPGRADE NOW 
” If you want see-thru, high definition, 

detail and listenability, try the Musicaps." 
Joe Roberts, SOUND PRACTICES. ISSUE 6 

To order contact one of the following: 
• Welborne Labs 303-470-6585 

• The Parts Connection 800-769-0747 

• A & S Speakers 510-685-5252 

• Allpass Technologies, Inc. 407-786-0623 

• Anchor Cross Co., Japan, 81-3-3203-5606 

• SJS Electroacoustics, England 44-1706-823025 

• Tang Hill International Ltd., 886-2-5813605 

• Audio Kinetik Pte. Ltd., 65-339-9789 

• OEMs contact Hovland Company at : 

ph 209-966-4377 « fax 209-966-4632 

Reader Service #73 

OVER 
$1,000,000.00 
IN INVENTORY 

BELOW 
WHOLESALE 

PRICE! 
While supplies last: 

TW60A Tweeters 

Only s3.50 each. 
Cones, voice coils, spiders, dust 
caps, whizzer cones, surrounds, gas¬ 
kets, terminals, silver lead wire, bas¬ 
kets, back plates, pole pieces, mag¬ 
net structures (demagnetized), adhe¬ 
sives, crossovers, inductors, 
L-pads, magnet wire, horns, drivers, 
speakers 6" thru 18", tweeters, cabi¬ 
net handles/corners, wire mesh 
grilles, rectangular foam grilles. 

Complete list available. 

International Sales & Engineer ng 
P.O. Box 750, Hwy 77 & FM 511 

Olmito, TX 78575-0750 

PH: 210-350-5555 

FAX: 210-350-5574 

with a math or physics background to help 
you sort out the vagaries of the equations 
For straight full size midrange horns with 
compression drivers, the impedance formulas 
seem to reproduce the experimental results. 
But it is very lui rd to reproduce the experi¬ 
mental results for bass horns, because there 
are many other factors involving folding, 
mouth size and relative location with bound¬ 
aries, structure resonances, and so forth. 

My experience suggests it is better to work 
out a practical design, construct it, measure 
the results, seek out corrective measures to 
correct deficiencies, and, in general, learn 
from your results. In each case, I've tried to 
push one design parameter beyond the 
accepted limits to see what the results are. 
whether good or bad. The understanding 
gained from an experimental approach is far 
more valuable for the individual constructor. 

CROSSOVERS, BEGONE! 

After ordering a sample copy of your maga¬ 
zine, I was able to borrow my neighbor’s 
B&W 802 speakers. A-B listening to them 
and my old JBL L44 Lancers that 1 bought at 
Goodwill confirmed what I had long ques¬ 
tioned: how come my JBLs sound so good 
with a one-element crossover and a cone 
tweeter? What am I missing? 

Well, I always knew that I was missing the 
low end, but it wasn’t much in most record¬ 
ings, especially after I boosted the bass a 
notch. I should mention that my receiver is a 
Pioneer VSX-90IS. I actually preferred my 
JBLs to the B&Ws! The difference I attrib¬ 
uted to my woofer-midrange’s lack of any 
crossover elements. 

That startling knowledge gave me the 
impetus (and courage) to rip out the cross¬ 
over in my Audio Concepts AV-1 that I had 
built two years ago. I bought the kit because, 
after all. how could I design a crossover with¬ 
out the computer programs and hours of lis¬ 
tening tests? The AV-1 never sounded right 
(muffled), and when I played Michael 
Nesmith’s “Tropical Campfires” (recorded 
in Dolby Stereo), it would flutter at some 
points even though 1 had Dolby Pro-Logic 
set on Normal. Now, the voices it reproduces 
sound natural, as though there were a live 
human being in my room! 

This experience makes me question 
whether speaker builders ever listen to their 
designs without a crossover to compare 
with their crossover design. 1 read some¬ 
where that the ability of a driver to repro¬ 
duce a single frequency is not the same as 
its ability to reproduce music consisting of 
a wide range of frequencies at once! That 
statement made sense to me, and speaker 
designers should keep that in mind. Of 
course, the consumer might feel ripped off 

MAHOGANY SOUND 
The Transmission Line Specialist 

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

334-633-2054 

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

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

$9.50 Per Pound UPS Paid. 

Q&ETLD 
Quick & Easy Transmission Line 
Speaker Design Booklet & LOTUS 
1-2-5 Software. Learn How To 

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

$0.95 Plus $2.05 P&H. 

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

Please Note Our New Address 
& Area Code 

Call Or Write For A Free Catalog 

_Reader Service #9 

Bi-amping??? 
Use the XVR-1 Platform. 

- High resolution, musically accurate. 

- 6, 12, 18dB/octave HP and LP filters. 

- Bass EQ stage for subsonic filtering 

and sixth-order bass reflex systems. 

- 1% MF resistors and PPN capacitors. 

- Large regulated lo-ESR power supply. 

- 10MHz. Bipolar/JFET gain stages with 

25 V/uS slew rate and 0.0006% THD. 

- Passive first-order High Pass option. 

- Precise Compact Electronic Crossover. 

Audio Arts 
RD 2 Box 3502 

Wernersville PA 19565 

610.693-6740 
audioarts@prodigy.com 
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Speaker Builder is on the Internet! 

Au^ioWeb 
I 5 Netscape(AudioWeb News land] 

fie Yew Go flookmari s Qpliorc E«edoij 

Goto: pHp /7www cjdioweb com^ 

NEWSSTAND | 

Au/.oWcb 

1=11 

Au/ioWeb 

CLIO: A NEW SPEAKER TEST SYSTEM 
FWEHtS 17At 

TH E LOU DSP EAK ER JOURNAL 

Nuggets from Madcsound's BBS 

« 
I About I AudtoMall | Chat | Classifieds | Directory | Newsstan¿ | Member | Paffle | Whabs New | 

wbmasier(&^chowb.com 
Copyright © 1595 CRC Internet Group. Lie 

DESIGN A HORN 
WITH YOUR PC 
THE FREELINE: 
A TINY TL 
A MIKE/PROBE 
PREAMP 
SPEAKER STANDS 
YOU CAN MAKE 
MAKING ODD-BALL 
DRIVER CUTOUTS 

ludiomif • clavfeds 

chat I directory 

www, audioweb. com 
For advertising and: editorial information, please contact: 

AudioWeb 
c/o CRC Internet Group, Inc. 

230 Sherman Avenue 
Berkeley Heights, NJ 07922 

908.464.7307 
info@audioweb. com 
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if he buys just a box with mounted drivers! 
At any rate, I now know that I prefer speak¬ 

ers without crossovers, and your articles aren’t 
so useful, since they all contain them and 
crossover design seems to be the main discus¬ 
sion topic of your magazine. After all, how 
can I build a speaker without spending a lot of 
time (and money) designing the crossover? 

William Fouste 
Beaverton, OR 

Mike Dzurko, of Audio Concepts, responds: 

It’s a big world, with room for diversity of 

opinions. If Mr. Fouste prefers speakers that 
have a big boost of energy in the upper mid¬ 
band, that is his choice. At ACI, our goal has 
been to design speakers with a natural and 
accurate sound. Most of our customers agree 
that is what we have done. But Mr. Fouste 
has given me a great commercial idea: how 
abouta "retro" line ofACI speakers that will 
sound much like the old forward-sounding 
JBLs of the '60s? Instead of spending count¬ 
less hours developing speakers with a linear 
response, I'll just throw some cones in boxes 
and away we go! For more on our latest 
designs (retro not!), we invite you to visit us 
at http://audioc.com. 

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

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

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

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

Arnie Nudell, President 
Genesis Handmade Electronics, PA 

Tel: (610)432-5732 

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

'Tin 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 

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

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

Available At: 

Miçhael Percy, CA 
15)669-7181 

Precisely DesisneuFor Precision Audio Tr¡ 
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Classifieds 

TRADE 
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. 

WANTED—ACOUSTIC TECHNOLOGY, major¬ 
ing in producing and designing high-end drivers 
and speaker systems, has immediate opportuni¬ 
ties for Sales & Marketing persons with at least 5 

years of extensive experience in the American 
loudspeaker industry. If you would like to join our 
team, send resumé to: 100 Spy Court, Markham, 

ON L3R 5H6 Canada, FAX (905) 475-8226. 

THE BEST MUSIC YOU MAY NEVER HEAR. 
Free catalog. CREATIVE MUSICIANS COALI¬ 
TION, Dept. GBM, 1024 W. Wilcox Ave., Peoria, 
IL 61604, (800) 882-4262. 

ELECTROSTATIC 
KITS v'PARTS TRADE SECRETS-^ 

save $$$ building, repairing, modifying ESLs 
CATALOG/START-UP MANUAL-$5.OO 
XDAVID CUCASE 

924 HULTON ST, OAKMONT, PA 1513 9 

ELECTROSTATIC electronics, transformers, 
Mylar®, information. From author ROGER 
SANDERS. (505) 759-3822. 

WE RE-CONE all home, auto, or pro speakers. 
Re-foam kits, parts. TRI-STATE LOUDSPEAK¬ 
ER, (412) 375-9203. 

FOR SALE 

JBL 2245H 18" woofer with 8'3" heavily-braced 
vented cabinet & EQ/bridging device that trans¬ 
forms a stereo amp into a mono amp with 
quadruple the power, response down to 20Hz, 
$800. Angel Rivera, 7804 22nd Ave. West, 

Bradenton, FL 34209-5208, E-mail: arivera 
@acomp.usf.edu, (941) 792-3870. 

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. Mr. Willes, (800) 227-6121, weekdays. 

Technics (Matsushita) leaf tweeters, EAS 
10TH400B, 2 lb magnet each. Mint condition, 

never used, $65 pair. Bill, (702) 647-2563, day 
& early evening PST. 

Dyna ST-70 with new output Telefunken tubes, 
good cosmetics and electronics, some new 
parts including quad cap, $325; ReVox A77 MK 

II, good cosmetics, cleaned and tuned, I paid 
$350, like to break even; pair Dyna MK III output 
transformers, guaranteed perfect, no rust or 
scratches, $225. Lloyd Foster, (617) 232-2887. 

2 pairs AR3a and 1 pair AR3, beautiful walnut 

cabinets, all drivers in excellent condition, best 
offer. Steve Reasoner, (614) 262-5958. 

Acoustic Monitor 4; Audio Authority Switchers; 
Athena ML 1/5/10 case; Bryston 10B; CBS STR-
140; Doutech-1000; Eico ST-70; Electro-Voice 
EV30W 30" subwoofer (NIB); Heathkit 

AD1308/1309; Infinity RS4.5; JBL B380/BX63; 
4435; KEF 107/2 Rosewood; KUBE; Klipschom; 
Nakamichi T-100 audio analyzer; Pioneer SF-

500, SF-850; RTR ESR-15; Quad ESL; VMPS 
cabinets; best offer. John Ng, (408) 737-2980. 

LMS (Loudspeaker Measurement System) by 
LinearX, new PC board with calibrated micro¬ 

phone, latest version of software (v3.6), and lat¬ 

est manual. Lists for $1,495, asking $850. Joe 
D’Appolito, (508) 470-3822. 

Gold Ribbon Concepts speakers in custom oak 
cabinets, $600; matching woofer enclosures 

with 2 SEAS 8" woofers in each, $250; Acoustat 

electrostatic direct-drive tube amps, $600; six 
Acoustat electrostatic panels, $300; NAD digital 
FM tuner, $140. Steve Bauer, 4519 Pescadero 

Ave., San Diego, CA 92107, (619) 655-8430. 

Damping MateriaF 
Acoustasheet loaded vinyl with 1/4" acoustic foam. 
One lb. per sq. ft. blocks sound 14 to 46 db. Use on 
speaker cabinets or car panels. Compare to black 
hole, etc. $2.48 per sq. ft. (10 sq. ft. min.) delivered 
USA. $5 handling/order. 
Rich Morrison (800) 326-8372 

8 am-5 pm, M-F, Central Time. Visa/MC 

Pair Altec 604-8K, $750; pair Altec 414-8E 12", 

$200; pair JBL 2425, $275; pair JBL 2415, $150; 
pair JBL 2441 (pro version of 375), $550; UREI 
6260 amplifier, 170W/8i2/channel, $500; Crown 

DC-300A amplifier, $400; BGW 7000 amplifier, 
$325. Kent Elliott, 3143 W. 46th Ave., Kansas 
City, KS 66103, phone/FAX (913) 677-1824. 

WANTED 
Altec 291-16A drivers; Altec 291-16A dia¬ 
phragms (stamped #21531); JBL 2402 “bullet” 
tweeters & diaphragms; Crown Macro-Tech 
2400 amps, dead or alive. Bob, (804) 523-0711. 

$ CASH PAIO ? 
FOR AUDIO PROJECTS*CIRCUITS*PLANS*IDEAS 
speakers«amps«preamps«electronics«xovers«mods«tips«etc 
CONFIDENTIALITY AGREEMENTS SUBMISSION PACKAGE 

S5.OO 
DAVID LUCAS 

924 HULTON ST.OAKMONT, PA 15139 

Four Dynapleat 6" square speakers as de¬ 
scribed in Speaker Builder 2/94. Clark, (503) 
288-2008, ext. 316, 7-3 (PST). 
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SIL VER SONIC™ 
High Performance Audio Cables 

You can afford the best! 

Silver Sonic T-14 Speaker Cable 

Silver Sonic BL-1 Series 2 Interconnect 
See the review in Speaker Builder, issue 4/94. 

D.H. Labs 

P.O. Box 31598 

Palm Beach Gardens, FL 33420 

(407) 625-8998 (phone/fax) 

Changing soon to (561) 625-8998 

Marchand BASSIS; LS3/5A speakers; Audio 
Source AMP-1; GeoDisc or other cartridge 
alignment tool. Angel Rivera, 7804 22nd Ave. 
West, Bradenton, FL 34209-5208, E-mail: 

arivera@acomp.usf.edu, (941) 792-3870. 

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 Internationa1 Orders Welcome For our 
Catalog and Manual, send $12 (US/Canaaa) $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 801264)198 

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

Early Norelco 8" speakers, model 9710M or 

9777; blown JBL 15" speakers; tube or solid-

state broadcast/commercial sound equip¬ 
ment—microphone preamp, mixer, equalizer, 

compressor limiter, microphones by Altec, 
UREI, dbx, White, Langevin, Fairchild. RCA, 

Gates, Collins, or others. Kent Elliott, 3143 W. 
46th Ave., Kansas City, KS 66103, phone/FAX 
(913) 677-1824. 

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@audioclassica.com 

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



HIGH-Q 

GA VERE BELGIUM 

proudly announces the appointment of 

K OLD COLONY 
? SOUND LABORATORY 

as 

NORTH AMERICAN AGENT 
for all Velleman products, including the 

#KV-K4000U 

For most of us, a high power valve 
amplifier is unaffordable. This kit changes 
that, so that now everybody can enjoy that sub¬ 
lime "valve sound." The sound of valves has yet to be sur¬ 
passed, either by transistors or by FETs. In the course of developing 
this amplifier special attention has been given to the housing so that the 
expensive valves (tubes) are on display in a way that is very pleasing to the eye. 
Ultralinear output transformers (toroidal core) are supplied with the kit. 

BEAUTIFUL 

K4000U 
STEREO VALVE 
AMPLIFIER KIT 

NOW ONLY 

$995 

Output power: 2x200W music power; 2x95Wrms Class AB; 2x15W Class A. Load: 4 
or 8 Ohms. Power bandwidth: 10Hz-60kHz (-3dB) at max output. Frequency range: 
4Hz-100kHz (-3dB ref. 1W). Harmonic distortion: 0.08% (IkHz/lW), 0.63% (IkHz/max 
output power). Signal-to-noise ratio' 102dB (A-weighted). Channel separation: 
67dB. Input impedance: 100k Ohms. Input sensitivity: OdB (0.775mVrms) at 95W. 
Damping factor: 25. Weight: 20kg. Dimensions WxHxD: 16.6x5.1x13.7 in. 

ALSO AVAILABLE: 
«KV-K4100 V I S' Jte Di jit< illy 
Controlled Preamp Kit . . .Only $395* 
#KV-K4500 Solid State Synthesized FM 
Tuner Kit .Only $395* 
#KV-K4101 Infrared Remote Control 
Kit for K4100 or K4500 .Only $75* 

□ Please send me_kit *_@ $_ $_ 

_kit #_ @ $_ _ 

‘Plus shipping: 7% USA • 14% Other Surface • 25% Other Air _ 

Handling 2.00 

TOTAL ORDER $_ 

NAME 

STREET 

CITY ST ZIP 

• MC • Visa • Discover • Check or Money Order in US S drawn on US bank • 
CARD NO. EXPIRE 

OLD COLONY SOUND LABORATORY 
PO Box 243, Dept. B965 

Peterborough NH 03458 USA 
24 Hrs.: Tel. 603-924-6371, 603-924-6526 Fox 603-924-9467 

CALL OR WRITE TODAY FOR YOUR FREE VELLEMAN CATALOG! 



Pox Humana 
THE COAX FAX 

Bp Dick Pierce 

Knock, knock! 

“Come in, Jimmy!” 

“Gosh, thanks, Mr. Wizard. What are we 
going to talk about today?” 

"Well, Jimmy, I thought we’d take a look at 
coaxial speaker cables.” 

“Wow, that sure sounds impressive, Mr. 
Wizard! What’s it all about?” 

“Well, Jimmy, a lot of folks have been talk¬ 
ing about using coaxial cable for speakers. 
And especially about matching the imped¬ 
ance of the cable to the speaker.” 

“Golly, 1 thought speakers had an impedance 
that varied with frequency, Mr. Wizard. How 
are you going to match that?” 

“Simple, Jimmy! Just pick a frequency. Now 
take that impedance and match the cable to 
that! If that frequency gives a number you 
don’t like, just choose another!” 

“But, Mr. Wizard, what about all those other 
frequencies?” 

“Well, Jimmy, someday you’ll understand as 
much as those very smart folks at Monster. 

They make wires that carry each group of 
frequencies separately!” 

“Gosh, that’s keen! But how do the frequen¬ 
cies know which wire to take?” 

“Er, well...we’re getting off the subject, 
Jimmy. Those aren't coaxial cables. Now, 
way back a long time ago, in the late '70s, 
there were coaxial speaker cables.” 

“Nooo, really? Did they have ‘stereos' that 
long ago, or just ’78s?” 

“Gracious no, Jimmy. They had the very best 
sound you could possibly get: vinyl LPs! 
And they were stereo, too. On ‘both’ sides, 
not like those grainy, etched CDs you kids 
have now. Yessir, way back then they made 
these coaxial speaker cables from folks like 
Mogami, with an impedance of about 9Í2. 
And there were also other low-impedance 
designs, too, from folks like Polk, Disc-
washer, and Audiosource." 

“Wowie zowie, Mr. Wizard! I thought all 
these fancy cable things were all new 
designs! So what happened to all these 
cables?” 

“Well, Jimmy, they tended to fry a lot of 

amplifiers back then. Those poor amps just 
couldn't handle the extra capacitance of these 
cables. So, the companies bailed out quickly 
at their lawyer’s advice.” 

“Gee, Mr. Wizard, where did you learn about 
this stuff?" 

“From reading, Jimmy. Try looking in 
Boston Audio Society Speaker around 
December ’78, March '79, or April '80. Or 
some of the articles by R.A. Greiner in the 
May '90 JAES. Even Nelson Pass had a 
good article in Speaker Builder 2/80. These 
coaxial cables are really technical sounding, 
and ‘impedance matching’ sure sounds like a 
good thing to do! You wouldn’t want to 
‘mismatch,- would you?” 

“OK, Mr. Wizard. But, you know, 1 learned 
in school that impedance matching in audio 
systems doesn’t make any sense, either for 
interconnects or speakers. ’Cause, gosh, the 
cables are soooo short compared to the wave¬ 
lengths involved. Anyway, this simple two-
wire cable I’m using works just fine, and 
costs way less, too! Gotta go! I’ve got some 
spare cash left over from not buying that 
coax cable, so I’m taking Sally to the movies! 
See ya next Saturday, Mr. Wizard!” fe> 

YOUR HELP IS NEEDED 

Last November Dick Pierce, an independent speaker consultant 
living in Pepperell. MA, and a frequent author on loudspeaker 
issues as well as a programmer of unusual capabilities, was sud¬ 
denly stricken with acute necritizing hemmoragic pancreatitis and 
underwent emergency surgery. He was transferred to the intensive 
care unit at New England Medical Center, Boston, where he 
remained in a coma for 48 days. He was hospitalized for an addi¬ 
tional two months and cared for much of the time by his wife 
Linda, who is a graduate nurse. 

Pancreatitis is an almost always fatal disease with a survival 
rate for those under 40 of 1%. Many of his friends thought sever¬ 
al times we were going to lose him. As you may imagine, the med¬ 
ical bills, even with insurance, have become astronomical in size, 
and since neither Dick nor Linda have been able to work at their 

regular pace, finances for the Pierce family have deteriorated in a 
major way. Dick is still unable to work and is slated for more 
physical therapy and possibly additional operations later this year. 

I have taken the liberty of setting up a fund at our local finan¬ 
cial institution. Granite Bank. Peterborough, in the name of Dick 
and Linda Pierce. I invite Dick's many friends and associates to 
join me in contributing as generously as you can (and every dollar 
counts) to help in some small way to alleviate their financial woes. 
Please make checks payable to Richard and Linda Pierce, c/o The 
Pierce Fund. Audio Amateur, Inc., PO Box 576, Peterborough, 
NH 03458-0576. Thank you in advance for any help you may be 
able to give. 

Ed Dell. Publisher 
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COOKBOOK 

by ROGER R. SANDERS 

Audio 
Books 

The Audio Glossary Softcover) 
1,900+ technical and subjective terms ex¬ 
plained by founder ot Stereophile magazine 
in precise yet at times humorous fashion. 
#BKAA7/H ($17.95) is hardcover edition 
#BKAA7/L ($30) : II« ted. signed, hard 
cover edition with gold-embossed cover, dust 
jacket. By J. Gordon Holt. FOT #2112. 
Softcover, 1990, 152pp 5.25x7.5, ISBN 0-
9624-1914-' #BKAA7/S $9.95 

The Electrostatic Loudspeaker 
Design Cookbook Construction advice, 
interface plans, drive requirements, power sup¬ 
ply anc crossover suggestions, as well as guid¬ 
ance tor supplemental low-frequency systems. 
Issues. ladeoffs, technical questions explored. 
By Sarders, with McClune. FOT #2119. 
Softcover. 1995, 202pp., 8.5x11, ISBN 1-8825-
8000-' #BKAA20 $34.95 

Bullock on Boxes Famous speaker 
gurus invaluable guide to designing and build¬ 
ing vented box systems based on T/S models. 
Background theory as well as host of related 
information, including computer modeling 
techniques. Originally appeared in Speaker 
Builder magazine. By Robert Bullock. FOT 
#2113. Softcover, 1991, 72pp„ 8.5x11, ISBN 
0-9624-1915-X 4BKAAS $10.95 

Loudspeaker Recipes: Book One 
Computer-aided speaker design techniques for fxur 
two-way systems. Loudspeaker Design Cookbcox 
author identifies issues, explores ompromises, ra¬ 
tional zes solutions in real projects Valuable insight 
even i‘ you don't use CAD. By Dickasor FOT #2125. 
Softcover, 1994, 112pp, 85x11. ISBN 1-8825-
8004-4 #BKAA30 $24.95 

Loudspeakers: The Why and 
How of Good Reproduction 
Easy-to-read concise introduction to audio 
basics with special attent on to loudspeaker 
characteristics. Classic t art last revised in 
1949. Comprehensive summary of early au¬ 
dio technology by acknowledged pioneer G A. 
Briggs. FOT #2110. Softcover, 1949 1990, 
88pp.. 5 5x8.5, ISBN 0-9624-1913-3. 
4BKAA5 $6.95 

Audio Amateur Loudspeaker 
Projects Collection of the25 brst soever 
articles in Audie Amateur magazineduring the 
1970s. Rich source of theory, practi x. and de¬ 
sign. Electrostatic and transmission-line 
pieces especially interesting arid useful. By the 
editors of Audio Amateur magazine. FOT 
#2101. Softcover, 1985,135pp., 8.5x11, ISBN 
0-8338-0193-i #BKAA1 $20.00 

Electrostatic Loudspeaker Design 
Ä Construction How-to book and informa¬ 
tive text gives step-by-step construction details, op¬ 
erating principles, sound parameters, performance 
considerations. Comprehensive, easy to follow, in-
tendedhr audiophiles, musicians, craftsmen, begin¬ 
ner to expert By Wagner. FOT #2131. Softcover, 1987 
1993. 243pp., 7x9.625, ISBN 0-9624-1916-8. 
KBKAA39 $19.95 

■ The Loudspeaker 
■ Design Cookbook 
■ Fifth edition of worlds best-selling 
■ loudspeaker book. How Speakers 
■ Work; Enclosures; Drivers; Crossovers; 
I Testing; CAD Software Reviews; Home 
i Theater; Car Audio; much more. By 
' Dickason. FOT #2102. Softcover, 5E 
1995, 165pp„ 8.5x11, ISBN 1-8825-
8010 i »BKAA2-V $34.95 

croo 0^^515 XEPXOOUCTIOH 

Audio Amateur Power Amp 
Projects i rofusely i lustrated handbook 
fatures 26 of best artic es on power amps 
from Audio Amateur, 1970-89. Authors from 
six countr es offer array of designs of many 
different types. Predominately solid state. By 
the editors. FOT #2132. Softcover. 1996. 
205pp. 8.5x11. ISBN 1-8825-8008-7. 
4BKAA4C $19.95 

Further information 
about any pt these prod mb+smöA 
ucts is available through pur Fax On Tap 
system. Simply dia 603-924-614« from 
your FAX PHONE and rollow instruc¬ 
tions to ask for up to three FOT docu¬ 
ment numbers from the item descrip¬ 
tions on these pages. 

FAX 
ON TAP 
603-924-6149 
24hrs • Ask for FOT # 

HE ELECTROSTATIC 
.OUDSPEAKER DESIGN 

ON^ 
Spxes 

Audio A«Æo Atop 

The World of POOGE Reputed acronym for P-o-
gressiverOptimization Of Generic Equipment. POOGE stands 
tor best traditions of audio tinkering. 7 articles from Audio 
Amateur magazine upgrade units such as Marantz 7C, Haller 
DH-200 Magnavox CDB650, Philips DAC960. By various. 
FOT #2'21 Photocopy. 1981-85-88-92-94-96, 110pp., 
8 5x11 4BKAA25 $24.95 

Of Mockingbirds and Other Irrelevancies 
Collection of Audio Amateur magazine editiorials on aud o, 
■he passing scene, technical and ethical issues. Contentious, 
nrophetiq, philosophical entertaining For the audiophile wno 
•funks he has everything By Publisher Edward T Dell. Jr. 
-”0T #214 Hardcover, 1993,100pp., 5.75x8. ISBN 0-8338-
0208-9 4BKAA9 $9.95 
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■ 
The Brute: Super Amplifier Stereophile magazine article photocopied by 
special permission describes construction of deluxe version of Dynaco Stereo 70 tube-
type amp, beefed op by massive power supply and equipped with metering facilities for all 
voltages. A classic. By Dell FOT #2120. Photocopy, 1966.11pp . 8.5x11 #BKAA23 $4.95 

Audio Anthology Vol. 4 34 artir les horn 
Audio Engineering, 1955-57, cover how to plan 
sound system, understand and maintain equipment. 
Solid state introduced. 12 amps and preamps. 6 loud¬ 
speakers. FOT #2106. Softcover, 19571991.144pp., 
8.5x11. ISBN 0-9624-1919-2 #BKAA3/4 $16.95 

Audio Anthology Vol. 3 Anthology of 
43 articles from Audio Engineering, 1952-55. in¬ 
cludes binaural recording techniques. 7 power amps. 
18 preamps, and 12 loudspeakers, including 4 
horns. FOT #2105 Softcover. 1955 1990.124pp.. 
8.5x11. ISBN0-9624-1911 7 #BKAA3 3 $16.95 

Audio Anthology Vol. 2 Taken from 
Audio Engineering, 1950-52.45 articles cover more 
great amp. preamp, and speaker designs, as well as 
magnetic tape recording aids. First glimpse of ar¬ 
riving stereo revolution. FOT #2104 Softcover, 1952 
1989, 124pp., 8.5x11, ISBN 0-8338-0197-X 
»BKAA3/2 $16.95 

Audio Frequency Amplifier Design 
Most campreher sive tubed power amp design 
guide available. 9 chaptss, 4 appendices cover 
Class A3 and E power amps with supplies, and 2 
preamps. From the famous research laboratories 
of tne General Eectric Company Limited. U.K. 
FOT #2126 Softcover, 1957 1994,126op. 6x9. 
ISBN 1 8825 8005-2 «BKAA31 $19.95 

Audio Anthology Vol. 6 The arrival of 
the transistor, along with stereo FM. 38 articles (lour 
2-part) from Audio (heretofore Audio Engineering). 
1960-61, cover 8 power amps, stereo theory essen¬ 
tials. tape recording guidelines, phono arm track¬ 
ing, and computers in audio. FOT #2108. Softcover, 
1961 1994,144pp., 8.5x11, ISBN 1-8825-8006-0. 

Operating Features of the Audion Rare essay first appeared in 1917 
Journal of the New York Academy of Sciences Contains very first authoritative report on 
the triode vacuum tubes capabilities. Author was inventor of superheterodyne circuit. FM 
broadcasting, much more By Maj. E.H. Armstrong FOT #2122 Softcover, 1917 1993, 
32pp., 6x95 #3KAA26$6.95 

Audio Anthology Vol. 5 18 articles 
mainly on the shift from monophonic to stereo re¬ 
production. 11 amps and preamps. 2 speakers. 2 
crossovers. From Audio Engineering, 1958-59 FOT 
#2107. Softcover. 19591993,144pp., 8.5x11, ISBN 
1-8825-8001-X #BKAA3/5 $16 95 

Killer Car Stereo: An Easy Cure for Ho-Hum Auto Sound 
Provides quick, tested methods for upgrading auto sound. Easy-to-understand, hands-on 
advice for sedans, hatchbacks, pickups By Ferguson. FOT #2109. Spiralbound, 1989, 
118pp.. 5.5x85 ISBN 0-9624-1910-9 »BKAA4 $9.95 

The Williamson Amplifier I c f 
by exclusive arrangement. Famous 1947 design 
uses excellent-quality push/pull output tubes, 
special output transformer, and highly filtered 
power supply. Unique insights into tube 
designer's problems and compromises. By 
Williamson. FOT #2111. Softcover. 19471990. 
40pp. 8.5x11, ISBN 0-9624-1918-4 
HBKAA6 $4.95 

AUDJij 
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Ultimate Auto Sound: Your 
Guide to Heaven on Wheels 
Improved, upgraded version of Killer Car 
Stereo contains twice as much total mate¬ 
rial, including updated information on sys¬ 
tem architecture, cabinet construction, 
crossovers, and installation, as well as new 
chapter on vans. By Ferguson. FOT #2129. 
Softcover. 1995.100pp.. 8.5x11, IS3N 1 
8825-8009- »BKAA37 $29.95 

Mullard Tube Circuits for 
Audio Amplifiers 
standby is complete guide to buildir ç Ij 
eleven vacuum tube power and conf-
amps, featuring fabled tour-chapter to' I1 
rial on achieving best sound with tubes ■ 
First published in 1959 by Mullard. one || 
ol Britain’s premier valve manufacturers H 
FOT #2123. Softcover I959 1993 ■ 
142pp . 8<10. ISBN 1-8825-8003-6 | 
#BKAA27 $16.95 

Principles of Electron Tubes 
favorite from 1941 first served as text tor beginners, 
today ranks as most comprehensive tube book avai I-
able. Professor covers physics of tube operation, 
topologies and classifications ol amplifiers, and lit¬ 
erally everything in between. By Reich. -0T #2127. 
Softcover. 1941 1995, 398pp . 6x9, ISBN 1-8825-
8007-9 #BKAA34 $34 95 

NN" 
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Audio Anthology Vol. 1 Provides a fas 
cinating survey of the first audio amplifiers, preamps, 
tuners, and speakers designed after the long delays 
of the Depression and WWII Features 38 of the best 
articles in Audio Engineering magazine, 1947-50. 
All volumes edited by McProud. FOT #2103. 
Softcover. 19501987,124pp. 8.5x11, ISBN 0-8338-
0195-3 #BKAA3/1 $16.95 
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NOT PICTURED Principles of Power Piactica 
gu>de to tute power amp design based 

Tube 
Books 

on simpliied method. Covers tube operation, circuit principles, amp dusses, bias, push-
pull, singfe-endsd, front end circuits. Includes complete designs using available trars'orTi-
ers. tubes 15- 4D0W dffiifns. By O'Connor FOT »2152 Softcover. 221 pi 4BKAE19 $34.95 

History of the British Radio Valve to 1940 
Useful lesojrce lor dating and identifying early British tubes in 
eludes tube data and tube equivalent tables Dovers valve develop¬ 
ment i« Englanc from 1904-1940, includes sketches of major pro¬ 
ducers. By Thowe. FOT 42136 Softcover. 1992 1994 213ap, 
8.25x1175. ISBN 0-9520-6840-0 #BKAE2 $29.95 

RCA Receiving Tube Manual 
Receiving and picture tube outline drawings 
charaderinrics, and basing diagram:;. Reprint 
ci 1959 RCA Technical Series RC-19.3y BCA. 
FOT #2139 Softcover, 1959, 384pp., 
5.375x8.376.#BKAE4 $12.95 

RCA Transmitting Tubes 
RCA manual TT-5 reprint featurs outlires, 
technical data, typical circuits. It eludes 
types up to 4kW plate rnput. By RCA. FOT 
#2145. Softcover, 3l6pp . 5.37x8 25. 
#BKAE12 $12.95 

Further Information 
about any of these prod-

Saga of the Vacuum Tube 
Evolution of tube development. Photos 
ard facts to help ir. identificaron uf pre-
1930tubes. Histories cf ranufactur-

» ers. Very complete feceuntmg of 
F thermionic vacuum tube By Tyne 
I FOT #2135. Softcover, 1977 1994. 

494po.5.5x85, ISBN »-6722-1470 
- *BKAE1 $18.95 

Tube Substitution Handbook 
Complete handbook of replacements for 
vacuum and picture tubes Accurate, up-to-date, 
with complete instructions far three sections: 
vacuum tules, picture tubes, tube basing dia¬ 
grams. By Smith and Buchanar P0T <2161 
Softcover, 1æ2. 149pp.. 6x9. ISBN 0-7906-
1036- »BKS30 $16.95 

Radio Tube Manual Data a«C 
basing d agrams on 00A through octal: 
and Jokta iS inc ude:. 2 pages on early Wf 
type. Rquint of early manual also give:, 
concise Interpretation of Tube Ratingsand 
Etefrniliou of Tube Terms (including any 
classifications). Very handy. FOT #214? 
Softcover. 1987, 39pp., 8.5x5.375. 
»BKAE8 $4.95 

Electron Tube Locator 1 2 000 different 
tube types with filameat/heater characteristics, bas¬ 
ing diagrams, and tube luretious Comprehensive list¬ 
ing ot European and Ame'ican receiving. transmitting, 
and industrial tubes also includes references to com¬ 
plete data on each. By Fathajer. -0T #2144 
Spiralbound, 1994.322pp., 8.5x11 #BKAE9 $29.95 

70 Years of Radio Tubes and Vaives 
Superb illustrions and photos help describe the hiitoT 
of the receiving tuoe and tie evolution ot the home radio 
receiver Finescurce bl tube dating and identificat ion dab. 
By Stokes FD1 #2« Softcover, 1982 1992. 243pp 
8 5x11. ISBN 0 9115- '260-0 #BKV1 $25.95 

75 Years of Western Electric 
Tube Manufacturing F ormer WE senior 
engineer covers early history of WE, complete list¬ 
ing cl all WE titles, including description, maten 
al:, equipment osed in. parameters. daes of manu-
far ture and disconttnue. Over 750 tubes. By Magers 
FOT »2140 Softcover, 1992,144pp., 825x11 ISBN 
0-9632-4401-9 #BKAE5 $19.95 

Western Electric Tube 
Data Operating characteristics, 
cuves, p dures, hard-to-tnd data for 
M unusual WE tute types (e g . 3KB. 
350B, 205D). By Western Electric. FOT 
#2141. Softcover 2E 1994. 253pp., 
8.5x1' *BKAE6 $17.95 

ucts is availabte tl-rough our Fax On Tap 
system. Simply dial 603-924-6149from 
your FAX PHONE and follow instruc¬ 
tions to ask for up to three FOT docu¬ 
ment numbers tro» the ilem descrip¬ 
tions on these pages. 

FAX 
ON TAP 
603-924-6149 
24hrs • Ask foi FOT # 

Trans’»*11*"# 
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History of Marshall (Guitar 

network: power conversion 
course on speakers, cable, tr 
FOT #2166. Softbound, 199 

Amps) 1962-1992. Detailed chronologies of vari¬ 
ous guitar amp models, their features, construction, 
aesthetic valuations. Hundreds of B/W photos. 32 
pages color, plus another 32 pages color reproduc¬ 
ing Marshall catalog pages fron the '60s. By Doyle. 
FOT #2167 Softcover. 1993,254pp.. 9x12, ISBN 0-
7935-2509-8 #BKHL2 $32.95 

The Tube Preamp CookBook aB 
Classic and exotic circuits, leedback/no teed- £&, 

builds; etc. Many diagrams, schematics, 
ideas. By Wright. FOT #2165. Spiralbound. 1995, 
128pp., 12x8.25 #BKVS1 S29.95 

Handbook of Radio, TV, Indus¬ 
trial & Transmitting Tube & 
Valve Equivalents Elaborate listings 
of commercial type equivalents; civilian, UK 
armed forces, US services wartime valves; US. 
European receiving valves; CRTs; radio, TV re¬ 
ceiving valves; professional industrial and trans¬ 
mitting valves. Index of va’ve and tube types. By 
Babani. FOT #2160. Softcover, 1974 1994, 
56pp . 5.75x8 25. ISBN 1-8988-0506-7. 
#BKRV6 $7,95 

The Audio Designer’s Tube 
Register Vol. 1 Complete electri¬ 
cal, mechanical specs for 6C4, 6C10, 
6CG7.60J8,6EU7.6K11,12AT7,12AU7. 
12AX7, 12AY7, 12BH7, 12DW7, 5751, 
6922. Each type illustrated by eleven sepa¬ 
rate graphs based on new data. Cross refer¬ 
ences also provided. By Mitchell. FOT 
#2156. Spiralbound, 1993,144pp„ 8.5x11, 
ISBN 0-9628-1701-5 #BKMC2 $17.95 

How to Service Your Own Tube 
Amp Famous manual presents intro to basic elec¬ 
tronics; components; tubes and transformers; speak¬ 
ers and enclosures; circuit basics biasing; tools, test 
equipment; schematics; troubleshooting; mods; main¬ 
tenance; much mere. By Mitchell. FOT #2155. 
Spiralbound, 1991,250pp., 8.5x11, ISBN 0-9628 1700-
7 #BKMC1 $29.95 

Rohrenverstarker IN GERMAN From 
Austria, most beautiful tube amp rook in the world. 
No specs, no tests—just 215 gorgeous 4C photos 
ot 65+ amps. Short descriotion o* each. Excellent 
12-page explanation, history of hires. tube amps. 
Appendix with addresses, tech day. By Kavsek and 
Kavsek. FOT #2146. Haricover, 1995, 167pp., 
9j625x12.5, ISBN 3-90’4-6200-7. #BKA01 
$59 95 

The Vacuum Tube Logic Book VTL Company's circuits, operat¬ 
ing hints, as well as tube parameters, diagrams; measuring setups ; inverse RIAA 

IHEAUO’O 
DESIGNER'S 

tube register 

Radio 
Valve 

Valve Amplifiers Popular practical 
guide for tube users. Theory; circuit analysis, 
active devices, basic building blocks, com¬ 
ponent technology, power supplies, power 
amps, preamps. Practice: construction, safety, 
testing, fixing. Of value to both novice and 
expert. By Jones. FOT #2148. Softcover. 1995, 
374pp., 6x9 25. ISBN 0-7506-2337-3. 
#BKB40 $39.95 

ata ntr’nnt classes: much more. Also broad dis-
nsformers. preamps digital vs. analog By Manley. 
2E, 183pp . 5.375x8 375 #BKVT1 $19.95 

Tube Amplifiers ENGLISH VERSION of 
BKAO1 FOT #2147. #BKA02 $59.95 

Manuale Hi-Fi a Valvole— 
Schemario Vols. 1 & 2IN ITALIAN.Beau-

tiful two-volume set contains wealth of invaluable, un-
M usual schematics. Main thrust of first volume is output 
F transformers, including three projects. Second volume 
I is solely a collection of 180 schematics from wide range of 
manufacturers. By Macri and Gardini. FOT #2173. Softcover, 
h993. 346pp., 8.25x11 .75 #BKIT6 $89.95 

Tube Amp " 
Book Groove Tubes classic con-
tains hundreds of pages of amp diagrams from more 

¿‘"“»A, , than Iwo dozen makers. Also mods, maintenance, his-
tory, plus color photos. We ghs more than 2-1/2 lbs.! 

’ , ByPittman. FOT #2154. Softcover, 4E1993,768po., 
5.75x8.25 #BKGT1 $29.95 

Book 3 English. European. US. 1954-56. Screened 
tetrodes and pentodes; output valves; TV CRTs; regulators, thyratrons. Also 
section on screened tetrodes and pentodes which appeared too late tor classification. By 
Babani. FOT # 2157. Softcover. 19561994,37pp., 5.75x8 25. ISBN 1-8988-0503-2. #BKRV3 $7.95 

Book 41956-60 UK, US. USSR, European, Japanese tubes Index of USSR tubes. Screened tetrodes 
and pentodes; Irequency changers; triode amplifiers; subminiature valves, tuning indicators; rectifiers: 
output valves; regulators, thyratrons; TV CRTs; diodes: more. By Babani. FOT #2158. Softcover, 1960 
1994,46pp.. 5 75x8 25. ISBN 1-8988-0504-0. #BKRV4 $7.95 

Book 5 Triode amps: subminiatures: tuning indicators diodes: regulators, thyratrons, output valves, 
rectifiers; frequency changers; TV CRTs; screened tetrodes, pentodes, heptodes. Unclassified valves; in¬ 
dex of USSR valves. CRT; 1960-63. By Babani. #FOT 2159. Softcover. 1963 1994. 44pp, 575x8 25. 
ISBN 1-8988-0505-9 #BKRV5 $7.95 

Book 1 Characteristics and base connections for 
English and US valves 1934-51. Covers frequency 
converters; screened tetrodes, pentodes; di¬ 
odes; tuning indicators; regulators, '•QÓ 
thyatrons: rectifiers; triode amps: TV sj 
CRTs: US. UK subminiatures. By Bernard ( 
Babani Ltd. FOT #2155 Softcover, 1951 
1994,54pp.. 5.75x8.25, ISBN 1-8988-0501- \ V 
6 #BKRV1 $7.95 

Book 2 Base connections from 1951-54. ' 
Also frequency converters : screened tetrodes and 
pentodes; diodes; tuning indicators: regulators % i 
and thyratrons; rectifiers; triode amplifiers; TV CRTs; \ 
subminiatures; single and twin output valves. By 1 
Babani. FOT #2156. Softcover, 1953 1994, 41pp„ ' 
5.75x8.25, ISBN 1-8988-0502-4 #BKRV2 $7.95 
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COMPLETE YOUR 

Catodici N ITALIAN. 3000* European 
and JS tubes or professional, amateur, and 

Die Moderne Mehrgitter-Rohre, 
Die Pentode IN GERMAN. Reprint of small, 
old technical handbook on pentcdes from Deutscher 
Funk-Verlag. Both original and reprint undated. By 
Thieme. FOT #2180. Softbound. 32op„ 5.75x8. 
#BKGE4 $28.95 

Die Roehre und Ihre Verwendung 
IN GERMAN. Fascinating repr nt from 1933 features 
theory and design as well as practical circuits. #55 
in Deutsche Radio-Buchere series. By Fehse. FOT 
#2177. Seftbound, 1933 1992, 112pp„ 5.5xB. 
#BKGE1 $45.95 

Rohren Codex IN GERMAN. 1951 reprint fs-
turing data on 23,000 European and American tubes. 
FOT #2181. Softbound. 1951 1994.212pp. 8 25x6 
#BKGE5 $58.95 

Vintage Hi-Fi Spotter's Guide Vol. 1 
1947-62 Copies of ads. catalog pages from 1947-
52 cover Marantz, Radio Craftsmen. Harman-Kardon, 
°ilot Scott, Dynaco, Eico, McIntosh. Fisher, Heathkit. 
more. Great source ol information, net to mention fun 
By Kiteson.FOT #2137. Softcover, 1991.80pp„ 8.5x11 
»BKAE3/1 $17.95 

Amplificatori a Valvole per Alta 
Fedelta IN ITALIAN. Tune Amplifiers for Hi-Fi. 
Reprint of 1959 Philips classic. Générai view of hi-
fi equipment problems; descriptions. c.agrams of 
tube amps, other units, including preamps and a 
mixen By Macri. FOT #2174. Softbound, 1994, 

825x1^ 

Rorforstarkare IN SWEDISH Power 
amplifiers. Text occupies 20% Remainder 
contains scores or photos, schematics, Draw¬ 
ings, spec sheets, charts. Dynaco, Marantz. 
McIntosh, et al. Great resource. By Hiraga. 
FOT #2153. Saftcover, 1986, 150pp.. 
8.25x10.625 «BKEF1 $54.95 

Rohren fur den Rundfunk IN GERMAN 
Reprint cf cki Telelunken catalog features introdu--
tinn Was is und wie wirkt eine Rohre?), theory, 
specs, ¡I usvaled acs. even old photos of inside the 
teto* y. Original unrated. By Tele!unken. FOT #217B. 
Softbounc" 1993, 47pp.. 5.75x8 25 *BKGE2 
$23 95 

Tube 
Books 

Nel Mondo delle Valvole iH ITALIAN 
World of the tube H statical overview with photos 
and diagrams, followed by numerous pages of char¬ 
acteristics, equivalences, comparisons, basing dia¬ 
grams, spec sheets By Neri. FOT #2175. Softbound, 
1992,220pp . 6.75x9.5. #BKIT8 $44 95 

Austausch Rohren Lexikon IN CHI¬ 
MAN Sj tst ¡tution/replacement info for 2500+ Ger¬ 
man. American, and British tubes. 1947 original, 
repnnt umtated. By Sprick. FOT #2182. Softbound. 
92pp.. 8.25x11.75 #BKGE6 $53.95 

NOT PICTURED 
(in English) 

Further information AUDI9 
about any of these prod- 1»»+««»™« 
ucts is available through our Fax On Tap 
system. Simply dial 603-924-6149 from 
your FAX PHONE and follow instruc¬ 
tions to ask for up to three FOT docu¬ 
ment numbers from the item descrip¬ 
tions on these pages. 

FAX 

LIBRARY OR 
COLLECTION! 

Vintage Hi-Fi Spotter’s Guide Vol. 2 
1929-1963 Supplement to volume one covers 
1929-1963 ecewers amplifiers, peamps, phonographs, 
speakers, other equipment not covered h volume one. 
Also by Krttteson FOT #2138. Softcover. 38pp . 8.5x11. 

industrial use. Standad tube daa including 
characteristics, basing. equivalents. Edited by 
Moroni and Rota. FCT #2176. Softbound, 
1995.319pp., 6x8 25 #BKIT9 $33.95 

Die Schaltungen der Radio-Rohre IN 
GERMAN Reprint of 1946 technical handbook on tubes 
from Deutscher Funk-Verlag. By Thieme. FOT #2179. 
Softbound, 48pp . 5.75x8. #BKGE3 $31.95 

ON TAP 
603-924-6149 
24hrs • Ask for FOT # 

#BKAE3/2 $17.95 



mo* 

Mastercard • Visa • Discover • Amex1

DEALER INQUIRIES INVITED 

Further information about any of fliese prod- ' VAIJDIO 
uds is available through our Fax On Tap sys- -
lern. Simply d.ai 603-124-6149 ’rem youi FAX cowkwatww 
PHONE and follow instructions In ask for up to three FOT docu¬ 
ment numbers from the item descriptions on these pages. 

The Study of Western Electric IM 
JAPANESE. Western Electre and the origin of tube am 
plifiers. Many photos, spec sheets. By Watanabe. FOT 
#2170. Hardbound, 1992, 334pp, 7.5x10.375, ISBN 
4-416-T9203-7. #BKJA3 $89.95 

The Diagrams of Japanese and 
Overseas Vacuum Tube Amplifiers 
IN JAPANESE. 1930 Io present. Very popular reference. 
FOT #2172. Í992. 300pp ISBN 4-116-19317-3. 
#BKJA5 $49 95 

•Check/money order in US funds drawn on US bank» 

All prices and availAility subjeot to change without notice. 

The Catalog of the World's Vacuum 
Tubes INJAPANESE. Fabulous find! 75% IN ENGLISH. 
Characteristcs and specs for all major types By Yamakawa. 
FOT #2169. Softbour d, 1995,636pp, 7.25x10.25, ISBN 4-
416-19500- #BKJA2 $109.95 

The Search for Musical Ecstasy Sensitive, knowl¬ 
edgeable, fearless, experienced aud-ophile's wacky yet bril¬ 
liant ramblings about his life, your life, a thousand other 
things—all infused and intetwined with an iconoclastic re¬ 
spect and reverence tor beautiful Hube) sound. Great fun. By 
Rosenberg. FÛT #2163. Softcover 1993,365pp.. 5.375x8.5, 
ISBN 1-8842-5001-7 #BKIM1 $24.95 

GE Tubes: Essential Characteristics 
Foreign-to-American tube interchangeability chart, in-
dustrial/milrtary cross reference, picture tube data, bas¬ 
ing diagrams. plus characteristics for all GE tubes, start¬ 
ing with 00A and 01A. Reprint of 1973 edition. By Gen¬ 
eral Electric FOT #2142. Softcover. 14E1973.473pp . 
5.5x8 5 #BKAE7 $12.95 

The Classic Valves IN JAPANESE. Stior En¬ 
glish s.mmary of each chapter. Origins of Vacuum Tube, 
VTs from Beginning to WWI; VT Developments, Consumer 
Demand; Age of VT Variations; Impact of VTs on WWII 
and Beyond. Hundreds of photos, diagrams, including 15 
solid [ages in color. By Chtsuka. FOT #2168. Softcover, 
1994, 288pp., 7.25x10.25, ISBN 4-4161-9403-X. 
#BKJA1 $49.95 

1OO Years of 
the Audio System 
IN JAPANESE. From Edison to digital 
audio. 1930 Io present By Yamakawa 
FOT #2171. Hardbound. 1992 

1 330pp. 6.25x8 625. ISBN 4-416 
19220-7 #BKJA4 $55.95 

K Radiotron 
Designer’s 
Handbook 
CDROM Huge lode of 

‘ tube theory and practice, 
i Self-explanatory handbook 
il in CDROM form covers 
I ë oesign and application of 

radio receivers, audio am-
in»" plifiers only. Extensive cross-references 

to other sources. Adobe Acrubat access software included Requires 
IBM 386v, Windows 3.1+. ByLangford-Smith. FOT #2134.1952 4E1996. 
1538pp. SORRY. PRINTED BOOK NOT AVAILABLE »CDRDH $69.95 

OLD COLONY SOUND LABORATORY 
P0 Box 243, Dept. B965 • Peterborough NH 03458 • USA 
24-Hr Tel. 603-924-6371 Fax 603-924-9467 

Shipping: 
Add 7% of orcter plus $2 if USA. 

14% +$2 other surface. g 

25% + $2 other aie ' 

NOT PICTURED (in English). . . 
Vacuum Tube Guitar and Bass Amplifier Theory Numer¬ 
ous schematics and diagrams highlight this easy-to-understand explanation 
a! the theory ol amplification and other related topics. By Zottola. FOT #2149. 
Softcover. 1996. 72pp . 8.5x11, ISBN 0-9332-2496-6 »BKBS1 $12.95 

Vacuum Tube Guitar and Bass Amplifier Servicing 
Safety precautions; tools and test instruments, user-serviceable problems, 
amp disassembly; preventative maintenance; dead amps; strange sounding 
amps much, much more. Also by Zottola, FOT #2150. Softcover, 1996 
104pp . 8 5x11. ISBN 0-9332-2497 4 #BKBS2 $12.95 

Great Tube Amp and Guitar Mods 50+ useful mods lot 
Fender. Marshall amps plus the guitar. Also has speaker cabinet and equip¬ 
ment tips lor the customizing musician. Includes special effects repair, sig¬ 
nal tricing; component testing, substitution, bias adjustment; lube match¬ 
ing; more. By Thompsin. FOT #2151 Softcover, 1996.154pp., 8.5x11. ISBN 
0-9332-2490-7 #BKBS3 $14.95 

Power Vacuum Tubes Handbook Entire lube technology 
world, specific attention to high powered and -frequency apps. Analyzes new 
communications, medical, and military uss; design, specs, and maintenance 
of systems using tubes; cooling; protection; more Clear, easy-to-read style. 
By Whitaker. FOT #2164. Hardcover, 1993,700pp. 6x9, ISBN 0-4423-0894 
9 »BKVN4 $99.95 
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340 E. First St.. Dayton, Ohio 45402-1257. Phone: 513-222-0173, Fax: 513-222-4644 
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Htxpress 

Reader Service #19 

arts Express is dedicated to 
bringing serious speaker builders 
the finest products currently avail¬ 
able. We have recently become a 
distributor for Linear X and now 
carry their superb loudspeaker 
design program, LEAP Version 4.5, 
plus the outstanding LMS loud¬ 
speaker measurement system. We 
are also very pleased to announce 
that Parts Express is now an autho¬ 
rized distributor for Morel 
Acoustics. Morel's unique vented 
magnet system and large diameter 
Hexatech voice coils provide 
smooth frequency response, high 
power handling, and astonishingly 
low levels of distortion. We also 
carry the high performance line of 
drivers from Audax, featuring the 
revolutionary High Definition 
Aerogel and Carbon Fiber cone 
materials. For high quality 
crossover networks, we stock Solen 
polypropylene capacitors, 14 gauge 
air core inductors from ERSE, Solo 
copper foil air core inductors, and 
Monster Cable speaker wire. Our 
software programs for enclosure 
design include BassBox 5.1, Quick 
Box from Sitting Duck Software, 
and Loudspeaker Architect 2.01 
from N.A.M.E. Call now for your 
copy of our FREE 228 page catalog 
and to get the details on these and 
many other quality products. 

SOURCE CODE: SBM 



For Further Information Please Contact: morel . Typicai Double Magnet woofer cross secbon 

acoustics usa 
414 Harvard Street 

Brookline. MA 02146 

Tel: (617) 277-6663 

FAX: (617) 277-2415 

Header Service i 


