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MyquEt ReaIJmaginary 

At last, there is a complete and affordable analyzer 
system that provides quality data suitable for real 

> Loudspeaker 
Measurement ! ± I Swt-r^F ' 

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 which is oriented towards single 
curve use. LMS handles multiple curve display and operations 
with a versatile 20 entry library database. 

✓ Curve library system for multi-curve operations 
✓ Macro programming of operation for QC testing 
✓ Standard and user selectable Frequency Ranges 
✓ Relative and Absolute PASS/FAIL Compare 
✓ Import and Export Data to ASCII files 
✓ Speaker Parameter Generation 
✓ SPL/Z Combo Conversion 
✓ Nyquist Plot Conversion 
✓ Polar Plot Conversion 
✓ Tail Slope Correction 
✓ Multi-Curve Averager 
✓ RLC Meter 

Analyzer System Specifications 
S Full Length IBM PC Slot Card. 8 Bit PC Slot 
✓ Oscillator: Continuous or Gated Swept Sine Wave 
✓ Osc Maximum Output: + l6dBm (5Vrms) 
✓ THD: 0.015 . . 20Hz-20kHz 
✓ Freouency Resolution: 200 steps/decade. Log 
✓ Filters can track Osc frequency by any ratio 
✓ SPL Measurement Range: 35-125 dB-SPL 
✓ Video graphics support VGA. EGA. CGA, HGA 

✓ Calibrated 8mm Electret Mic with Preamp 
✓ Mic Frequency Range: 10Hz-40kHz 
✓ Osc Attenuator Range: 60dB in 0.25 dB Steps 
✓ Osc Frequency Range: IOHz-IOOkHz 
✓ Dual State-Variable Filters: LP/HP/BP/BR 
✓ System Signal to Noise Ratio: 90dB 
✓ XLR Interface: Osc out. Bal Input. Mic Input 
✓ 360 Page Manual with Application Notes 

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

International Dealers Agentlna lnterfiace SRL (54-1)741-1389/ AuslrallaME Technologies 61(0)65- 1 
50-2254/ Austria Audicmax 49(0)71-31-162225/ BelglumBelram 32(0)2-736-50-00/ Brazll.SDsl 
Equipamentos 55(0)11-887-7597/ CanadaÆerraudlo 416-696-2779/ ChIna HiVi Research (852)2-556-1 
9619/ Denmark,FlnlandA&T Ljudproduktlon 46(0)8-623-08-70/ France:Belram 32(0)2-736-50-00/ I 
GermanyAudlomax 49-71-31-162225/ IndoneslaKen's Audio 62(0)21-6395806/ ltaly:Oulline snc 39 I 
30-3581341/ Korea: Sammi Sound:82(02)463-0394/ LuxembourgBelram 32(0)2-736-50-00/1 
MalayslaAUVI 65-283-2544/ New ZealandME Technologies 61 65-50-2254/ Norway:A&T I 
Ljudproduktlon 46(0)8623-08-70/ Phllllplnes:DaHchi 6326316276/ Polandtlnter-Americom 48(22)43- I 
23-34/ Singapore: AUV| 65-283-2544/ Spain-Audio Stage Design 34(94)620-27-47/ SwedenA&T I 
Ljudprcduction 46(0)862308-70/ SwiUerlandGood Vibes Ltd. 41-5682-5020/ Taiwan:Gestion Taycan I 
Inti 886-2-562-3883/ Thalland AUVI 65-283-2544/ The Netherlands:Duran Audio 31-41-80-15583/ I 
UK(England):Munro Assoc 44(0) 171-403-3808. 

Processing Operations 
The LMS software provides a host of 
powerful post processing features 
which enable the user to perform com¬ 
plex mathematical operations on curve 
data quickly and easily. 

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

L I N E A K X 
LinearX Systems lnç/7556 SW Bridgeport Rd/Portland, OR 97224 ÜSA/TEL: (503)620-3044/FAX: (503)598-92581 



■ CIRCUIT SIMULATION Good News ■ DEEP BASS SUBWOOFER 
Electronics Workbench® version 4.0 

offers true mixed-mode simulation of 

The V-75 powered subwoofer fea¬ 

tures a Headroom Maximizer II™ 

analog, digital, and mixed-mode circuit, an 80Hz speaker-level, 

electronics circuits. Users can design 

and verify circuit configurations through 

an intuitive interface which supports 

drag-and-drop techniques for adding 

parts, running wires, and hooking up 

simulated test instruments. More 

components are available in multiple 

parts bins, and over 350 real-world 

analog and digital models allow 
creation of complex circuits. 

Interactive Image 

Technologies, (800) 263-5552, 

(416) 977-5550, FAX (416) 

977-1818, ewb@interactiv.com. 

Reader Service HI07 

■ SPECTRAL ANALYSIS 
SOFTWARE 
Spectra Plus software interfaces with 

any Windows-compatible sound card to 

provide real-time spectral analysis, as well 

3 BIOCOMPOSITE 
LOUDSPEAKER 
Vision loudspeakers are con¬ 

structed from a biocomposite 

material having twice the 

density of oak. It has a 

crystalline granite appearance, 

and is available in several color 

schemes. Besides being 

environmentally friendly, the new 

material eliminates virtually all 

high-pass filter, a high-performance 

12" driver, and a two-position 

phase control switch. The internal 

amplifier is rated at 75W RMS. A 

‘filter” control allows the user to set 

the upper rolloff to any frequency 

between 50 and 125Hz. Miller & 

Kreisel Sound Corp., 10391 

Jefferson Blvd., Culver City, CA 

90232, (310) 204-2854, 

FAX (310) 202-8782. 

Reader Service #111 

O CENTER-CHANNEL SPEAKER 
The Omnisurround CC66 combines direct and Dolby surround sound. Its 

patented binaural voice coil technology spreads the soundfield, while the 

sound source remains fixed. The amount of ambient sound entering the 

sound stream is controlled by an ambisonic processor located in the 

speaker enclosure. The binaural voice coil is then fed primary and 

ambisonic surround signals. The amount of ambience can be adjusted 

with a center-channel control. Audio-Video Technologies, 60 E. Ida St., 

Antioch, IL 60002, (708) 395-6321. 

Reader Service #110 

as recording, playback, and post-processing cabinet vibrations. Additional enhance-

capabilities. Frequency response, distortion, and transfer function measurements are also 

available. The program, which supports FFT sizes through 16,384, can display, export, 

and print the time series, spectrum, phase, 3-D surface (waterfall) plot, and 256 

ments include over-sized, gold-plated, five-way binding posts, 

floor spikes, heavy internal wire, and an acrylic semigloss finish. 

Curtis Audio, PO Box 61, Lawrence, KS 66044, (913) 865-9991. 

color/grayscale spectrogram. An audio signal generator utility produces pink/white noise, 

swept sine, tones, and pulses. A math coprocessor is required. Pioneer Hill 

Software, (800) 401-3472. 

Reader Service #114 ■ THX UPGRADE 
The AV81HT amplifier has been 

upgraded to THX® and wi'l sell 

under the AMC brand. The 

O LOW-G ACCELEROMETER 
The ADXL05 single-chip, integrated, low-g accelerometer resolves minute 

AV81HT-THX incorporates a 

module with THX-approved cir¬ 

cuitry, which used in conjunction 

with Dolby Pro Logic decoding 

reequalizes movie soundtracks. 

The surround-channel informa¬ 

tion is also decorrelated to 

minimize the listener’s need to be 

in only one room location. Tie 

circuit’s timbre matching compen¬ 

sates for natural hearing charac¬ 

teristics by maintaining spectral 

balance as sound moves from 

front to rear. Weltronics Corp., 

PO Box 80584, San Marino, CA 

91108, (818) 799-6396, 

FAX (818)799-6541. 

Reader Service #115 

Reader Service #109 

■ MODEL FITTING 
PROGRAM 
Scientist® version 2.0 for Windows 

fits model equations to experimental 

data. The program incorporates ele¬ 

ments of matrix operations, symbolic 

manipulation, graphics, and engi¬ 

neering calculations into a work¬ 

sheet. New features include 

enhanced equation editing capabili¬ 

ties, graphics interaction via ‘labbed” 

dialog boxes, improved text editor, 

expanded documentation with sam¬ 

ple calculations (including a 500-

page manual), and refined error trap¬ 

ping and numerical routines. 

MicroMath Scientific Software, PO 

Box 21550, Salt Lake City, UT 

84121-0550, (800) 942-MATH, (801) 

943-0290, FAX (801) 943-0299, 

MicroMath@Delphi.com. 

Reader Service #108 

changes in acceleration (from 0 to ±5g full-scale) with 0.005g resolution. 

The device combines a micromachined sensor, modulator, demodulator, 

voltage reference, signal conditioning, amplification, and on-

command self-test circuitry on one polysilicon die The ADXL05 

was designed to simplify system complexity, improve performance, 

and reduce engineering costs in applications where tilt, inertial, 

shock, vibration, velocity, and acceleration characteristics must be 

measured. Analog Devices, Inc., 181 Ballardvale St., Wilmington, MA 

01887, (617) 937-1428, FAX (617) 821-4273. 

Reader Service #112 

■ ONE FOR ALL 
The Selective Teletransfer Unit connects to single-line telephones (landline) and 

answering machines. It selectively transfers callers to a cellphone, pager, voice 

mail, any other number, or an answering machine. The level and ability to transfer 

be made from any location by calling the device and entering the proper 

functions. Cellular and pager phone numbers are programmed into the unit, so 

they remain secret. Electronic Design Specialists, Inc., 4647 Appalachian St., 

Boca Raton, FL 33428, (800) 813-1323, (407) 487-6103. 

Reader Service #113 
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Good News 

■ THREE-WAY DIPOLE SPEAKER SYSTEM 
The Jayde three-way, floor-standing speaker system combines dipole 

technology with a vented bass enclosure. It utilizes an open baffle 

arrangement, with fabric grille used on the cabinet’s front and back so 

that music is radiated in both directions. Each dipole panel and 

subwoofer enclosure is constructed as a separate cabinet. The dipole 

panel snaps into the top of the subwoofer cabinet, and each unit is 

individually wired. Probe Audio Labs, 10223 NW 53rd St., Sunrise, FL 

O GARDEN MINI-SPEAKER 
Waterworks Acoustics announces the 
Soundscaper 1M, an all-weather speaker with 

ground-level mounting that is designed to disap¬ 

pear in any landscape plan. The tough plastic 

enclosure is sealed against the elements and 

houses a woofer that fires down, eliminating 

trapped moisture and debris. The speaker enclo¬ 

sure is removable from its buried base for easy 

prewire and installation. Sound coloration is elim¬ 

inated by positioning four tweeters so that they 

are not obstructed by the enclosure. Frequency 

response is 80Hz-20kHz ±3dB. Waterworks 

Acoustics, 3365 Fernside Blvd., Alameda, CA 

94501, (510) 522-0374, FAX (510) 769-9636. 

Reader Service #102 

O LOW-COST DIGITAL MULTIMETER 

33351,(305)749-7344. 

Reader Service #103 

■ SOUND SYSTEM FOR PC 
COMPUTERS 
The Thrifty Talker™, from SET, provides a way to 

get high-quality digital audio from all IBM-compati¬ 

ble PCs. It consists of a pass-through parallel-port 

module, self-powered amplifier module, and 

stereo headset, and it is compatible with both 

Windows and DOS software applications that sup¬ 

port audio output. This passive device does not 
interfere with other installed I/O cards such as CD-

ROM, FAX/modem, or networking systems. SET, 

Inc., 3205 SE 

Spyglass Dr., 

Vancouver, WA 

98684-3724, 

(360) 944-0333, FAX 

(360)260-1660. 

Reader Service #104 

O COMPACT DIGITAL MONITORS 
B&W Loudspeakers has released two new 

compact digital monitors, the CDM1 and COM2, 

designed for serious listeners who value tradi¬ 

tional sonic virtues, yet need speakers suitable 

for placement on a shelf or small stand. Both 

models are crafted in wood veneer, with black or 

red ash finishes available. Botn are two-way 

systems, using B&W’s vented-bcx enclosure 

design, and their linear response extends to 

30kHz. Each model is rated for use with 

amplification from 30-120W continuous output. 

B&W Loudspeakers of America, 54 Concord St., 

North Reading, MA 01864-2699, (800) 370-

3740, (508) 664-2870, FAX (508) 664-4109. 

Reader Service #101 

Speaker Builder (US USSN 0199-7929) is published every 
six weeks (eight times a year), at S32 per year. $58 for two 
years; Canada add $8 par year; overseas rates $50 one 
year, $90 two years, by Audio Amateur Publications, Inc, 
Edward T. Dell, Jr., President at 305 Union Street, PO Box 
494 Peterborough. NH 03458-0494. Second-dass postage 
paid at Peterborough, NH and an additional mailing office. 

POSTMASTER: 
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Speaker Builder, PO EJox 494 
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Fieldpiece Instruments has introduced the LT6 handheld 

digital multimeter. This DMM measures volts (AC and DC), 

indicates continuity with a beep, and tests power semicon¬ 

ductors for catastrophic failure. It works with all the other 

accessories offered by Fieldpiece for its heavy-duty line of 

meters. Optional test leads (model ADL2) that fit the LT6 

connect the accessory heads to the meter, which has both 

200mV AC and 200mV DC ranges. Currently available accessory heads include converters for AC current, 

DC microamps, relative humidity, and dual temperature. Fieldpiece Instruments, Inc., 231 E. Imperial Hwy, 

Suite 250, Fullerton, CA 92635, (714) 992-1239, FAX (714) 992- 6541. 

Reader Service #105 

TIFF. Electronics Company • 44 Pearl Pentecost Road / Winder, GA 30680 • (404) 867-6300 / 2713 (Fax) 
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Guest Editorial 
DEFINING GOOD DESIGN 

What makes a good speaker? If only 
I had known the answer to that 
question six years ago when I first 

started building my own loudspeakers, I 
would have saved myself years of experi¬ 
menting and box building. 

As a qualified engineer, I knew I needed 
some test equipment to tell me what I had 
produced, rather than rely on just my ears, so 
I invested in a Radio Shack sound level 
meter and some CD test discs with pink 
noise and third-octave warble tones. It was 
so laborious making frequency plots on 
graph paper, each one taking half an hour, 
with only enough resolution to show whether 
the plot was fairly flat or not. In building a 
three-way speaker kit, I accidentally con¬ 
nected the bass unit the wrong way around, 
but my third-octave test system did not indi¬ 
cate this. 

Then I bought some second-hand B&K 
equipment and began to make real progress 
with my speaker building, but I was restrict¬ 
ed by the smallness of the room available for 
testing. The early reflections from floor, ceil¬ 
ing, and walls masked the real response of the 
speakers. I realized that I needed a test system 
that could simulate anechoic conditions. By 
this time, I had purchased a couple of digital 
meters and, with the help of the Loudspeaker 
Design Cookbook, started to measure T/S 
parameters. 

Thank goodness the IMP came along and 
rescued me from all the drudgery and restric¬ 
tions of the past few years. Even taking an 
average of five impulses and only running on 
a 1M 286 PC with a 30M hard disk drive, I 
produced frequency plots in 25s. With the 
upgrade to the MLS version IMP/m, signifi¬ 
cant progress with crossover design and 
development became possible, and I positive¬ 
ly rushed up the learning curve when I bought 
a 486DX2 PC with 8M and a 420M hard 
drive. Now I produced frequency plots in fess 
than a second. The test equipment was cer¬ 

tainly not holding me up now. 
I produced and optimized crossovers in no 

time at all. In fact, I spent most of my time 
just changing components. I have a collec¬ 
tion of short wires with crocodile clips sol¬ 
dered at each end. I run in drivers overnight 
using a moderate level of 25Hz sine-wave 
stimulus, then after letting the driver settle 
for an hour, plot the Thiele/Small parame¬ 
ters. (For more accurate results, I use the 
closed box method to obtain VAS, as the fre¬ 
quency is raised rather than lowered when 
using added mass.) 

For reflex cabinets, the theory really does 
work when you use circular ports properly 
positioned as recommended in the Cookbook. 
On several occasions, the calculated port 
length and the actual one needed from mea¬ 
surement have been within an eighth of an 
inch...remarkable. 

With accurate and repeatable audio mea¬ 
surement and analysis systems such as 
IMP/m and the new Liberty Audiosuite, we 
can all measure the results of our speaker 
building efforts for a relatively small finan¬ 
cial outlay, less, in fact, than what we may 
have paid for our last amplifier. Now that we 
can measure the results of our efforts so well, 
what design parameters should we be aiming 
for to ensure the speaker we design is a good 
one? You will find most of this information 
in published form, but not all in the same 
place, so let me present my criteria I devel¬ 
oped after building over 30 different designs 
using a range of drivers. 

1. Flat, or nearly flat, frequency response, 
with no peaks and only small low Q dips. 
Some of my best-sounding speakers have a 
l-2dB fall from 200Hz-20kHz. 

2. A wide even dispersion of frequency 
plots either side of the speaker, at angles out 
to 90°, without the plots crossing each other. 

3. Correct phase angle. When this is 
right, the speakers “disappear” and the imag¬ 
ing becomes very precise, with no hardness 

or harshness. This is so important and is 
invariably the one fault with most manufac¬ 
tured speakers I have tested. It is easy to 
measure phase with the systems mentioned 
before, and you can adjust the crossover 
components to achieve the accurate phase. 
By reversing the connections on the tweeter 
of a two-way speaker, or a three-way speak¬ 
er’s midrange, I can achieve nulls of 30dB, 
and sometimes even as high as 45dB. (A 
fourth-order electronic crossover which 
incorporates phase correction showed me 
how correct phase affects the sound and 
imaging of a loudspeaker.) 

4. Choosing the right drivers. This is 
where some of the “art of speaker building” 
applies. Drivers do sound different, depend¬ 
ing on cone material, cone shape, amount, 
type of damping, and so forth. I prefer bass 
drivers with curvilinear doped paper cones, a 
large magnet and voice coil, and a sturdy cast 
chassis. I like soft dome midrange drivers for 
ease of integration with bass and tweeter 
units, with large voice coils for control and 
power handling. At the high end, I use only 
soft dome tweeters. 

5. Passive crossover designs that give a 
smooth and even rolloff on either side of the 
crossover point, and where possible result in 
as flat an impedance plot as possible with val¬ 
ues that do not fall below the driver DCR. 

Nearly all my loudspeakers are either 
transmission line or reflex designs. (I regard a 
transmission line as an extreme variant of the 
reflex design; its measurement characteristics 
are identical.) Of these I prefer the transmis¬ 
sion line design in which the complement of 
the drivers allows that design to be used. 
From listening tests, and torease of crossover 
design, I prefer multiple 6.5" bass drivers to 
single, larger units. 

Tony Seaford 
Marton Music 
Read Burnley UK BB12 7PL 
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Design a PWM 
switching power 
amplifier into your 
next powered audio 
product... and do it 
without R&D. 

LGT Technologies provides OEM 
power solutions for audio designers 
requiring small size, ultralight weight, 
and clean high-efficiency output. 

This Cla$s-D 200W-8Q audio amp is available OEM. 

We offer a range of power modules, with ratings of 150 to 500 watts*... 
optimized for full-range or low-frequency reproduction... with conventional 
linear power supplies or switching mode supplies. We can incorporate custom 
circuitry for your specific design onto the same circuit board... such as an active 
filter network or special processing.... all with little or no R&D expense. 

LGT Class-D amps are stable and reliable, providing low distortion, and 
excellent frequency response. Contact Terry Taylor for full details and a 
development kit with demo board. 

©1995 ASI 

*4Q 

895 Cherokee Boulevard Chattanooga, TN 37405 

Sales Agent: ACOUSTICAL^ A 
SUPPLY-—» _ _■ 1 j I I I I I 
INTE R N ATI O N A L 

r e I : 615-756-0706 Fax: 615-756-0860 
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About This Issue 
In this issue, Contributing Editor John 
Cockroft shares his latest design (“The 
Freeline,” p. 8). At first, his transmission 
line configuration, with both ends open, 
may appear a bit unusual, but it works, 
reducing pressure variations and spread¬ 
ing out any resonances inherent in the 
line. This simple construction project 
results in a speaker of smooth, detailed, 
and accurate sound. 

Horn design has always been a com¬ 
plex endeavor. But in this age of comput¬ 
ers, it needn’t be, as A.L. Senson demon¬ 
strates with his program (“Computer-
Aided Bass Horn Design,” p. 18). This 
software eliminates some of the tedious 
calculations, such as throat and mouth 
areas and back-chamber volume, as well 
as enclosure dimensions. 

If you’re using a sound card for speak¬ 
er measurements, you should protect it 
with Bill Waslo’s latest device (“A 
Mike/Probe Preamp for Sound-Card 
Measurements,” p. 20). He shows you 
how to build your own to turn your 
sound-card/software combo into a high-
powered, practical testing system. 

Now you can build your own cus¬ 
tomized speaker stands with Duncan 
MacArthur’s precise instructions (“Four-
Poster Speaker Stands,” p. 24). His solid, 
attractive units will enhance the appear¬ 
ance, and function, of any listening room. 

Electronic networks and BBSs repre¬ 
sent a great untapped wealth of informa¬ 
tion for speaker builders. In “Mining for 
Gold on the Madisound BBS” (p. 32), 
William Hoffman uncovers a motherlode 
of useful software, and recommends 
some of the best programs available. 
In an imperfect world, Robert 

Wayland shows us how to achieve near 
perfection in accommodating irregularly 
shaped mountings for our speaker proj¬ 
ects (“Wayland’s Wood World,” p. 40). 

Plus, be sure to check out the extensive 
review of the CLIO measurement system, 
an easy, inexpensive way to test loud¬ 
speakers and room placement (“Software 
Review,” p. 44). 
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THE FREELINE: AN OPEN-PIPE 
TRANSMISSION LINE 

By John Cockroft 
Contributing Editor 

While suspended in a parachute har¬ 
ness from a 25-ton crane, 40' up 
in a 60' deep pit, with a section of 

a liquid argon transfer line hooked between 
my legs, I came to the conclusion that if 
removing one end of a transmission line 
(TL) enclosure resulted in a sonic improve¬ 
ment, maybe removing the other end would 
also help. (Good luck to the reader attempt¬ 
ing to correlate relevancy between my pon¬ 
dering and my pendulous situation.) With 
both ends of the enclosure open, the pressure 
pulses from the cone movement would 
appear to be minimized. 

Enclosure vibrations are excited by pres¬ 
sure variations caused by a functioning 
enclosed speaker cone. A considerable 
reduction of enclosure pressure is effected by 
removing one end of the enclosure, such as 
happens when a TL enclosure is used or, 
perhaps to a lesser extent, through the use of 
an aperiodic, or pressure-relief type of enclo¬ 
sure. These reduced panel vibrations lower 
competition from extraneous voices and 
allow the speaker to present a more natural, 
uncolored sound. 

INSPIRATION 
For both ends to be open, you need to posi¬ 
tion the speaker elsewhere from the tradi¬ 
tional TL placement at one end of the enclo¬ 
sure. I placed the woofer center one-third the 
distance from one end of the line. With the 
speaker asymmetrically located in relation to 
the line ends, I believed that frequency-
induced pressure irregularities might be 
spread and thus minimized. I don’t know 
whether speaker placement is a contributing 
factor. It does, however, allow you to place 
the speakers at a reasonable distance from 
the floor. 

Smoothness of sound is an attribute of this 
Freeline design, which is a hybrid TL loud¬ 
speaker system of unusual configuration, in 
that both ends of the transmission line are 
open to the atmosphere. The bass driver is 
centered at one-third the line length from the 
upper end of the TL. 

PERSPIRATION 
A couple of weeks after being lowered from 
the crane, I constructed the Freeline. The 
design attempts to: (a) reduce pressure varia-
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tions within the line; (b) spread out any reso¬ 
nances that might be inherent in the TL, by 
providing dissimilar exit lengths from the 
rear of the driver to the atmosphere; and (c) 
evaluate possible hybrid TL configurations. 

My prototype structure is a small system 
designed for apartments and other dwellings 
with small to moderate room size. The con¬ 
cept, I believe, could be used for larger sys¬ 
tems, in rooms of larger volume, just as with 
other types of loudspeaker systems. 

DIMENSIONS/SPECS 
The internal dimensions are 3' long x 5" x 
514". I used fiberfill at a density of 0.9 Ibs/ft3 
and installed a modified Radio Shack 40-
1022 4" woofer that I planned to use in an 
Octaline (SB 3/87, p. 9) and a Peerless 
K010DT I" tweeter. I simply set the Freeline 
up against the wall in the manner of the 
Simpiine (SB 2/93, p. 14) and the Unline (SB 
4/88, p. 28) and temporarily mounted the 
tweeter on the front of the enclosure just 
above the woofer. I biamped the setup with a 
Marchand fourth-order active filter, with the 
crossover set at about 2kHz. This bread-
boarded setup sounded great. 

I next tried an Audax TW 74 tweeter, 
resetting the crossover to about 3.5kHz. This 
also sounded good. Finally, I tried the pas¬ 
sive crossover that I used in my Octaline. 
Again, it sounded fine. Having satisfied 
myself that it would work, I set it in a comer 
and forgot all about it. 

A year or so had passed when I received a 
mysterious package from Larry Sharp of 
Mahogany Sound. The box contained 
Acousta-Stuf, which he had recently market¬ 
ed and asked me to evaluate. (It turned out to 
be really great.) To test the stuffing material, 
I chose the Freeline with its two open ends, 
since it was quite easy to reach inside and 
exchange the stuffing. Acousta-Stuf and the 
Freeline were very happy with each other 
and let their joy be known in the way that 
speaker systems do best. 

Once again, I abandoned the Freeline for 
a few years. 1 designed and built a folded 
version, but I wasn’t happy with it (although 
there is a recent happy sequel to that). For 
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FIGURE 2: Base plate and the location of 
the Freeline. 

the most part, the Freeline sat in corners, 
closets, and comers of closets, waiting for 
my inspiration to revitalize. 

REINVENTING THE WHEEL 
Shortly after my Simpline article appeared, I 
dragged out the Freeline with the idea of 
improving its posture. It was taller than the 
Simpline and, when angled up to the wall, 
presented a problem for careless feet, 
although it was handy for experimenting 
with time alignment of the two speakers. A 
mere change of the angle and the 
woofer/tweeter spacing was changed (I 
reached no conclusions, however). The oper¬ 
ation was achieved with ease. I merely 
pulled out a little stuffing from the bottom of 
the Freeline (so it wouldn’t get tangled in my 
sabre saw blade), and then made cuts on the 
bottoms of both side panels. The sides were 
1W shorter than the front and rear panels, 
causing two 2'/2" x 5" ports to appear at the 
sides of the Freeline when it stood upright 
(Fig- /)• 

I then glued the bottoms of the front and 
rear panels to a 9" x 1116" base plate for sta¬ 
bility. (You could perform this operation on 
the Simplines, especially if you’re squea¬ 
mish about leaning towers, and then you 
could call them the “Not-So-Simple-
Simplines.” Be sure to place the Simplines 
as far back on the base plates as stability 
allows, so the speaker will be as close to the 
rear wall as possible. This is an important 
design consideration.) 

When placed upright on the carpet, the 
Freeline was a bit wobbly. It was too light 
for the surface area of the base plate. I 
solved this by gluing four cubes of 5/8" par¬ 
ticleboard underneath the four corners of 
the base plate (Fig. 2). Perhaps spikes 
would work better, especially with high-

pile rugs (but the cubes worked for me). 
I conceived the Freeline idea about a year 

and a half prior to the idea that inspired the 
Unline article. As a result, I arbitrarily chose 
to use 0.9 lbs/ft3 for the density of the fiber¬ 
fill stuffing in the line. It was a fortunate 
choice, because it worked and made me real¬ 
ize that the Freeline is a viable design. 

FOLDING THE WHEEL 
After reading Darin K. Johns’ article (“A 15” 
Transmission Line Woofer,” SB 7/94, p. lOi, 
I experimented with the folded Freeline that 
I briefly mentioned earlier. Mr. Johns 
referred to a slight midbass boominess in the 
woofer response that he eventually eliminat¬ 
ed with additional stuffing. 

The folded Freeline had a similar, but 
probably more aggravated, problem, which I 
attributed to configuration. I folded the line 
so the open ends were adjacent to one anoth¬ 
er. I decided it was a matter of mutual 
coupling. Despair and other activities led to 
the creation of another long-term closet 
inhabitant. 

Mr. Johns’ comments got me thinking 
again. This time I had the benefit of my 
Unline thoughts. I also decided that maybe 
the Freeline was functioning as two shorter 
TLs in parallel. 1 began to view the Freeline 
as an Unline in parallel with a Microline (SB 
5/89, p. 28). 

With this in mind, I restuffed the folded 
Freeline as a Microline and as an Unline 
There was an immediate sonic improvement. 
Thank you, Mr. Johns (and Audio Amateur 
for publishing the article). 

Following that happy experience, I 
restuffed the upright Freeline. 1 eventually 
(based upon listening tests) ended up with 
stuffing densities of about 1.2 lbs/ft3 for the 
upper line and about 0.9 lbs/ft3 for the lower 
one. I again used Acousta-Stuf, which is an 
excellent damping material, but fiberfill pil¬ 
low stuffing also works very well. If you 
stuff the line as above and place the rear of 
the line (not the base plate) about 3” from the 
rear wall and away from comers, and you 
use the speaker complement which I shall 
prescribe, a marvelous natural bass extension 
for a 4” speaker, and a smooth clarity in the 
higher regions, will result. 

NEW, OLD DRIVERS 
Originally, I used one of the old Radio Shack 
40-1022 speakers in the initial testing of the 
Freeline, but they are no longer available. 
Radio Shack has initiated at least two 
changes of these speakers, the latest one 
involving a considerable change of design. I 
did not know whether the current version of 
this speaker would still be suitable for use in 
the Freeline. I decided to try it because of its 
widespread availability to many SB readers 

and because, in the past, there was a great 
consistency from unit to unit. (I guess I also 
was curious and needed to determine if I 
would be able to make things work.) 

The current 1022s have a higher resonant 
frequency and a higher QTS than the models 
of the past. The cone is different, with ribs as 
opposed to the smooth cone of yesteryear. A 
fiber gasket beyond the outer edge of the sur¬ 
round protects the surround if the speaker is 
placed face down (as when you solder the 
leads). 1 suppose the gasket is for mounting 
the speaker on the rear of a panel, but I can¬ 
not imagine who would choose to do that. 

Because of the higher QTS of 0.45, as 
compared to 0.35 of the older models, I was 
more conservative about adding mass to the 
new model, in spite of the fact that the new 
one had an fs that was 30Hz higher than its 
predecessor. I added 5g of lead in the form 
of nine B-B-sized, split-shot fishing sinkers. 
I slit them in half so they fit around the dust 
cap/cone joint very nicely (Fig. 3). 

I brushed a coat of full-strength white 
glue onto the cone and dust cap, leaving a lit¬ 
tle puddle of the stuff around the joint at the 
base of the dust cap. Perform this operation 
after the speaker is installed and the enclo¬ 
sure is speaker-face-up on a kitchen stool or 
table top. While the glue is still wet, pick up 
the pieces one at a time with tweezers, or a 
pair of needle-nose pliers, and place them 
around the base of the dust cap. The fiat side 
(the split side) faces the dust cap dome. The 
round part (the half ball) is on the up side, 
and the little tail rests down on the cone just 
below the first cone rib. 

Space the pieces as best you can for 
appearances. When the glue is dry, apply 
another coat of full-strength glue to the cone 
and dome. Again leave a pool of glue at the 
dust cap/cone joint—just broad enough to 
reach the base of the first cone rib. The little 
tails of the lead will be covered. Only the 
balls will show above the glue ring. Allow 
the glue to dry in a warm area (68-70°); 
otherwise, the glue pool may remain milky 
and take longer to dry. 

FIGURE 3: Showing the disposition of the 
18 halves of split-shot B-B fish sinkers (see 
text) to the cone/dust cap junction of the 
woofer, to add mass. 
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INITIAL TESTING 
The speaker didn’t sound bad when I first 
listened to it in the Freeline, but 1 determined 
something was lacking in the lower, founda¬ 
tion end of the response. I finally corrected 
this by adding some series resistance to the 
positive leg of the woofer circuit to raise the 
speaker QT (making it a better match to the 
Freeline). 

You have probably read that adding more 
than an ohm to a woofer circuit causes dete¬ 
rioration of the sound. This may be true in 
some circumstances, but in this case and 
with the Simpline, let me assure you that no 
such deterioration occurred, even though I 
used 10O in the Simpline and 8Q in the 
Freeline. (In the Simpline a capacitor paral¬ 
leled the series resistor to also shape the tre¬ 
ble response.) I determined the value of both 
these resistors through many hours of music 
and voice material listening. 

The tweeter is a current Radio Shack 1" 
dome tweeter (the 40-1276), and an excel¬ 
lent companion for this modified woofer. As 
with the Octaline, I was able to make use of 
a very simple crossover with fine results 
(Fig. 4). 

I designed the Freeline, like most of my 
systems, for apartment or small-room use. It 
will play loud enough to satisfy most listen¬ 
ers, but it is not for those who wish to break 
leases with a sonic barrage. Its smooth, open, 
and detailed sound, coupled with its accurate 
musical timbre, makes the Freeline a very 
joyful speaker. 

CONSTRUCTION 
Building the Freeline is about as simple as it 
gets. If you build the prototype version (the 
one that leans), you simply assemble four 
sides and cut two speaker holes. The upright 
version is almost as simple. Cut the two 5" 
sides so they are 2'/2" shorter than the other 
two sides. Then cut a base plate board (this 
requires only one cut from one of the scrap 
pieces, for each Freeline) and the eight 5/8" 
cubes (or whatever you plan to use for 
Freeline feet). If you don’t have a saw, most 
lumber companies will make the cuts for a 
modest fee. 

The handiest material, and the easiest to 
work with, is particleboard shelves (4' long x 
11W wide x 5/8" thick). For a stereo pair of 
Freelines, you’ll need four of them. 

Cut 1' from one end of all four boards, 
leaving them 3' long. Rip off a 5" section 
down the length of all 3' boards. Cut off 1W 
from one end of these four 5" wide boards 
(note: for the leaning version of the Freeline, 
don’t make the 2W cuts). At this point you 
have four side pieces, 5" wide and 33*/2" 
long, and four front or back pieces óló" wide 
(minus the width of the saw kerf) and 36" 
long, if you are building the upright version. 

All the boards for the leaning version will, of 
course, be 36" long. 

The upright version requires a base plate 
for stability. You can easily make this from a 
piece of the 1 \'/i" x 12" scraps. Simply cut 
the 12" length to 9" and then repeat this step 
on another scrap for the other Simpline. 
Carefully cut the 5/8" cubes. If you are 
unskilled or inexperienced at using a table 
saw, I suggest you use something else for the 
feet. Use %"-20 x 1'4" long, hex-head 
machine screws, placed in '4" holes drilled 
about 1" in from the comers. With two nuts 
for each screw, they can be adjusted for lev¬ 
eling (Fig. 2). 

On one of the 6'4" wide boards, measure 
I’ down from the end and draw a line across 
the board at a right angle to its sides (Fig. 5). 
Make another mark 4-7/8" above the first 
cross line. Draw a line across the board par¬ 
allel to the first one. Now draw a center line, 
parallel to the side edges of the board that 
intersects the two previously drawn cross 
lines and extends several inches above and 
below the lines. 

HOLELY ORDERS 
Set your compass to a radius of 1 -13/16" and 
scribe a 3-5/8" circle with the compass point 
on the intersection of the center line and the 
lower cross line. Make the compass lines 
heavy enough so you can easily follow them 
when you are cutting with a sabre saw. This 
first circle is the marking of the woofer hole. 

For the tweeter hole, set your compass to 
a 1-7/16" radius, scribe a 2-7/8" circle with 
the compass point set on the intersection of 
the center and upper cross lines. On the 
upper cross line, mark one point W  to the 
left of the center line and one point P/2" to 
the right of that line. Center-punch these two 
marks (or hammer a small nail hole) as a 
guide for the drill. These are the center 
points of W diameter clearance holes for the 
tweeter lead connectors. 

Use a ló" wood bit. If you need to use a 
twist drill, make a small pilot hole, say 1/8" 

FIGURE 4: The crossover and woofer QT 
adjusting circuit. 

in diameter, to guide the larger drill. Drill 
these holes, which will be useful to guide the 
sabre saw around the cut, before you cut out 
the tweeter hole. Use a new wood blade, 
which is much easier to guide through the 
binding material in particleboard. Cut the 
holes with the saw blade just touching the 
inner side of the pencil mark. 

On the lower cross line, mark a point '4" 
inside the intersection of the 3-5/8" circle 
(Fig. 5), center-punch it, and drill a *4" hole 
(as per instructions above). This is the start¬ 
ing hole for the saw. Cut out the woofer 
hole. With sandpaper, a rasp, or a rat-tail file, 
break the corners of the circle edges (i.e., 
bevel the comers a little bit). Position the 
speakers in the holes, or enlarge the holes 
until they fit nicely, without binding, espe¬ 
cially around the tweeter connectors, which 
are fragile. Make sure there will be enough 
room for the connecting wires when they are 
installed. 

A nice touch is to make about a W  bevel 
around the back of the woofer hole to pro¬ 
duce more space for the sound to enter the 
line. The system will still work without the 
bevel, or with a smaller one. 

When the holes arc correct and lightly 
sanded, brush a coat of white glue around 
them on the front face of the board, out to a 
distance of about 1". This helps produce a 
good surface to seal the speakers in place. 
Repeat these steps for the second front 
panel. 

ASSEMBLY 
You should preglue all joints by brushing 
both surfaces with a coat of glue and allow¬ 
ing it to dry before putting the structure 
together (with more glue, of course). Use 
white glue, which you will use to modify the 
woofer and is excellent and inexpensive for 
this type of work. 

Start assembly with the back panel. 
Attach the two side panels to the back panel. 
As with most of the enclosures I’ve built 
over the past several years, I use only glue in 
construction, mainly because I live in an 
apartment and don’t wish to annoy my 
neighbors. Some jigs, fixtures, and weights I 
found at a flea market make it reasonable for 
me to do this. 

Most of you may prefer to use nails along 
with the glue. If so, I suggest P/2" finishing 
nails about every 6" or so, starting about 1" 
in from the ends. The glue supplies the 
strength and seals the enclosure. The nails 
mostly help with the alignment and eliminate 
movement while the glue dries. If you are a 
novice builder, refer to my Simpline article 
(SB 2/93), which details the construction of a 
similar enclosure. 

After fastening both sides to the back 
panel, allow the glue to dry. Then add anoth-
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panel. 

er coat to both joints for added strength and a 
good seal. 

CROSSOVER 
The original Freeline was an experimental 
enclosure, with the speaker wires merely 
coming out the top of the line and trailing 
down the back. The crossover was external 
for easy access. You may prefer a more 
sophisticated design with some sort of termi¬ 
nation to hook your amplifier wires. Several 
types, such as five-way binding posts and 
push-button, are available, but you may have 
your own preferences. You could simply run 
the wires out one of the bottom ports, or drill 
a small hole on the back panel a couple of 
inches above the base plate and snake the 
wires out that way. You could solder a cou¬ 
ple of banana jacks to them and use banana 
plugs on the amplifier wires. 

It is a good idea to mount the crossover 
elements on the upper end of the back panel 
for easier access (simply pull out the stuff¬ 
ing). You could run the input wires to the 
crossover down to the terminals at the 
bottom (or to the little hole drilled at the 
bottom), then from the crossover to the 
speakers. 

The crossover consists of only three ele¬ 
ments: a 3.3pF capacitor, a 10Q resistor, and 
an 8Í2 L-pad. Another 80 resistor is includ¬ 
ed, but it isn’t part of the crossover system, 
although it makes sense to group these parts 
together (Fig. 4). I wrote about it earlier 
when I mentioned matching the woofer QT 
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to the Freeline. (Actually, this system isn’t 
really a crossover; it’s simply a high-pass fil¬ 
ter, which is only half a crossover, the half 
that allows the tweeter to relax and kick back 
when it’s feeling low. In the case of the 
Freeline the woofer takes care of itself.) 

A Mylar® (polyester) film capacitor 
worked well for the 3.3pF high-pass. You 
could use a polypropylene type, but I don’t 
recommend a nonpolarized electrolytic 
capacitor (such as the one that came with my 
tweeter). If you can’t find a 3.3pF, try three 
1 pF capacitors in parallel. After I listened to 
this configuration for several days, it sound¬ 
ed just as good as the 3.3pF capacitor. 

You can glue the resistors and 
capacitor(s) to the inside of the rear panel 
with RTV silicon rubber, an adhesive caulk 
such as DAP Qwik Seal (my favorite), or hot 
glue. If you use 5/8" particleboard, the Radio 
Shack 25W, 8Q L-pad's shaft will be just 
long enough to reach through, if you leave 
out the escutcheon plate, the extra nut, and 
the washers. 

WIRING 
After the crossover elements are in place and 
the adhesive has dried, proceed with the 
wiring. Use only rosin-core electronic solder. 
I used 16-gauge zip cord. 

Make the speaker leads long enough so 
about 8" will extend beyond the speaker 
mounting holes. Next, run the speaker input 
lines down to the terminations, or to the little 
drilled hole I mentioned previously. Leave 
enough slack in these lines for about an inch 
of the stuffing between the lines and the back 
panel to prevent the lines from vibrating 
against the panel during bass passages. 

STUFF IT 
With the wiring completed, except for the 
actual hookup of the speakers, start placing 
the stuffing material. Lay the enclosure on its 
back and, with two blocks or books under¬ 
neath it to allow room for the L-pad knob, 
draw a line across the inside back panel, T 
down from the top of the back panel. Place 
310 oz of polyester fiberfill pillow stuffing or 
Acousta-Stuf above this line and 5% oz 
below it. 

A beam balance scale, or perhaps a postal 
scale, makes measuring the stuffing fairly 
easy. You will probably need to weigh sev¬ 
eral portions and add them together. 
Absolute accuracy isn’t required (these 
hybrid TLs appear to be quite forgiving), but 
try to come close. 

Place the lower amount (514 oz) of stuff¬ 
ing in the enclosure after pulling apart any 
tight knots and clumps. Lay it in as evenly as 
you can. You should lift up the wires to the 
terminals on the back panel and place an 
inch or so of the stuffing under them to iso¬ 

late them from the enclosure walls. For now, 
you can bring the loose speaker wires up into 
the upper part of the enclosure. 

Fill the upper part of the line after you 
fasten the front panel in place. It is easy to 
reach in and dress the speaker wires after 
mounting the speakers, and the upper part of 
the line is short enough to easily reach in and 
place the stuffing. 

MAKING UP THE FACE 
Before attaching the front panel, be sure to 
preglue all the surfaces. But first, press down 
the stuffing along the edges where you will 
apply the glue, so the fibers won’t interfere 
with the joint. Also, place newspapers under 
the enclosure to catch the drippings. 

Then place a rather massive glue bead 
(about %" wide) along the upper surfaces of 
the two sides. (Before doing this, you should 
remove the enclosure, still on its back and 
blocked up, to a place sturdy enough to 
allow the pounding of nails, which you 
should have driven partway through the front 
panel. Drive the four corner nails deep 
enough so the points just show through the 
back of the panel, flush with the surface.) 

Carefully place the front plate (make sure 
the speaker holes are on the upper end) 
by lining up one edge and the top with 
one of the sides and holding it in place while 
you drive the comer nail in about halfway. 
Check the alignment of the front and side 
panel at the other end of the side panel (the 
port end) and drive in that nail halfway. 
Repeat this process for the other side of the 
front panel. 

When everything is lined up, drive in all 
the nails on the front panel and wipe off the 
excess glue with a damp paper towel. Wipe 
the inside of the line to where it is free of 
stuffing. The lower part must fend for itself. 
(After the glue has dried, brush some glue 
over the outside joints of the enclosure and 
the inside joints on the upper T.) 

SECURING THE SPEAKERS 
Return the enclosure to its face-up position. 
Set the speakers in place. Mark the location 
of the mounting holes and punch the hole 
centers to provide a starting indentation for a 
1/16" drill and a pilot hole for the #6 x %" 
panhead sheet metal screws to secure the 
speakers. 

Place a bead of sealing material, such as 
Mortite, around the back of the speaker 
mounting flange and press it down so it 
won’t fall off when you hold the speaker 
face up. Make sure you carefully knead 
together the ends of the bead to prevent leaks 
at the joint. Also be sure the bead is on the 
inside of the mounting holes. 

Place the woofer face down on the front 
panel at the edge of the woofer hole, with the 
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wire-connecting terminals facing the hole. 
Plug in your soldering iron. (I recommend a 
pencil soldering iron of about 3O-35W, with 
a 1/8" chisel point. Be sure you tin the point 
correctly, according to the manufacturer’s 
instructions.) Strip about 3/8" of insulation 
from the speaker leads and twist the leads 
tightly between your fingers. 

Tin these ends and the connecting lugs on 
the speaker, leaving excess solder on the 
parts. Bring the lead that comes from the 80 
resistor to the positive (marked +, or red 
spot) connector on the woofer. Grab the lead 
with a pair of needle-nosed pliers, about an 
inch behind the tinned lead. Twist your wrist 
so the end of the lead is pointing downward 
(the speaker is upside down). 

Bring the tinned lead into contact with the 
tinned connector and hold it there. Now with 
the soldering iron in your other hand, place 
the tip so it contacts both the lead and the 
connector. If you provided enough excess 
solder on the parts, a smooth fillet of solder 
will form at the joint. Remove the soldering 
iron and hold your hand very still until the 
joint solidifies. Now do the other wire. 

With the wires soldered in place, recheck 
the bead of Mortite for damage and the seal¬ 
ing surface of the front panel for dust. Lift 
the speaker and, pivoting around the edge 
closest to the woofer hole, turn it face up. 
With the wires going neatly into the woofer 
hole, carefully center the speaker so the pilot 
holes are directly under the speaker mount¬ 
ing holes and gently lower the speaker into 
place. 

When driving the mounting screws, pro¬ 
tect the speaker cone with your hands or lay 
a magazine across the cone. Screw the heads 
down to the face of the speaker flange and, a 
quarter of a turn at a time, turn one screw 
and then the one opposite it. Finish the two 
other screws in the same manner. 

Continue this process until the speaker is 
firmly in place, but not so tightly it distorts 
the flange. The Mortite provides a good seal 
without being completely compressed. If any 
of the Mortite should extrude beyond the 
flange, remove it with the screwdriver tip. 

Repeat this step with the tweeter, allowing 
enough space so the fragile tweeter connec¬ 
tors are not compressed against the front 
panel. If you need to refile the hole, be sure 
there is no dust on the sealing surfaces when 
setting the tweeter in place. Place the final 
3'4 oz of stuffing into the top end of the line, 
as evenly as possible, around the wires in 
such a way they don’t vibrate against the 
panel or each other. 

SPEAKER SETUP 
Now you can listen to your Freeline. Place it 
about T from the rear wall and away from 
side walls and then tip it backward until the 

TABLE 1 

FREELINE PARTS LIST (for a pair) 

QTY DESCRIPTION 

4 4’ X 1 l'/a" X 5/8" particleboard shelves (or equivalent) 

1 24 oz bag of polyester fiberfill pillow stuffing (17% oz actually required) 
or Acousta-Stuf 

2 Radio Shack 40-1022 4" woofers (the current model, with the ribbed cone) 
2 Radio Shack 40-1276 1 " dome tweeter 

2 25W, 8Q mono L-pad Radio Shack 40-980 (or equivalent) 

2 3.3pF polyester (Mylar) film capacitors, or six 1 pF (see text), Radio Shack 
272-1055 1pF caps OK. Don’t use electrolytic. 

2 5W or 10W, 10Q wire-wound resistor, Radio Shack 271 -132 OK. 
20W, 8Q wire-wound resistor, Radio Shack 271-120 OK. 

MISCELLANEOUS 

White glue, 1J4" finishing nails, 16-gauge zip cord, #6 x %" sheet metal screws (16), 
Mortite (for sealing in the speakers), DAP Qwik-Seal caulk (or equivalent), a package 
of B-B-sized split-lead-shot fish sinkers (18). 

If you plan to use machine screws for the baseboard feet, you will need: '/»"-20 x 

1%" long, hexhead (or sockethead) machine screws (8), %" nuts (8), with washers, if 
you’re fussy. 

rear comer edge docks 
up against the wall. 
Hook up your speaker 
wires, turn the L-pad 
knob fully counter¬ 
clockwise (the off posi¬ 
tion), and then back, 
clockwise, so the tip of 
the pointer travels 
about 3/8". This will set 
the knob close to where 
it should be. With this 
ultra-simple crossover, 
I didn’t allow myself 
(or you) the luxury of a 
nicely centered, cor¬ 
rectly positioned L-pad 
marker. 
One of the con¬ 

straints I placed on 
myself (perhaps fool¬ 
ishly, considering the added effort) was to 
design a system you could build from Radio 
Shack parts without compromising its sound. 
Despite their claims as a supply store, Radio 
Shack’s selection (value-wise, not quality¬ 
wise) of resistors and capacitors was dismal. 
But I still managed to accomplish my goal. 

When you are satisfied you have listened 
enough, place and center the Freeline on the 
base plate (Fig. 2). Scribe a pencil line 
around it and glue the front cleat in place. 
You can use cleats of quarter-round stock for 
a better appearance. 

When the glue has dried, turn the base 
plate over and glue on the little cube feet, or 
you can drill the ’4" holes for the '4"-20 x 
1'4" hexhead (or sockethead) machine 
screws for the alternative feet. Next, preglue 
all the surfaces involved in the mounting of 
the Freeline on its base, including the rear 
cleat, the two shorter inner cleats, and their 
mating surfaces. Push the stuffing up, or 
remove some of it to make working in that 
area easier. (Don’t forget to set things back 
in order later.) 

Set the baseboard on a firm level surface, 
on a piece of newspaper. Apply the required 
glue on the baseboard and the rear surface of 
the previously glued front cleat. Set the 
Freeline—facing the correct way (I goofed 
once, on another system!)—on the base¬ 
board, lining it up with the pencil lines and 
pressing it forward, up against the front cleat. 

Apply glue to two adjoining surfaces of 
the rear cleat. Press it into place behind the 
back of the Freeline and the base plate and 
line it up. Repeat this procedure with the two 
shorter cleats, which are placed inside, 
through the port openings. Leave the 
Freeline undisturbed for several hours (or 
overnight), while the glue dries. Then 
replace or adjust the stuffing. 

The functional part of the Freeline(s) is 

now completed. I leave the matter of appear¬ 
ance in your hands. 

Set the Freelines with the back edge of 
their base plates W  from the rear wall. 
Allow 3’ or so of space between the speakers 
and the side walls and 7-8’ between the 
speakers. In limited space they could be 
spaced only 5’ apart, but the soundstage will 
not be as wide or open. 

TUNE-UP 
As previously explained, set the L-pad knob 
pointer about 3/8" above the off position. 
Listen to your best material at that position, 
even if it doesn’t sound quite right. When 
you decide to move the knob, do so only 
about 1/16" and listen again for quite a 
while. Patiently continue with subtle move¬ 
ments. It will pay off in rich, natural, very 
detailed, balanced sound. If you go astray, 
return to the 3/8" position and start again. 

Your test listening material should include 
passages in which the full swell of the 
orchestra is crowned with brasses. If you set 
the treble too high, you will lose the full 
orchestral sense. If the treble is too low, you 
lose clarity, and the bass sounds a bit mushy 
or vaguely hollow. When you reach the right 
balance point, you’ll feel power and a sort of 
monolithic solidity (assuming the recording 
is capable of such performance). 

In real life we hear voices from a little dis¬ 
tance, so it helps to compare reproduced 
voices under similar conditions. When you 
reach the correct balance adjustment for nat¬ 
urally reproduced voices, listening to close-
miked recordings can be a great experience. 

Organ music, of the quality of the Wilson 
Audiophile recordings, is excellent test 
material. WCD-177/278, Concert and 
Recital, with James Welch, organist, is 
probably my most-used reference. The first 
seven cuts were recorded using an organ 
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FIXAI. VIETA F PHILIPS 

ZALYTRON 
YOUR ONE STOP SHOPPING CENTER 

(seasj BMi râtelier audio 
ZALYTRON PRESENTS THE NEW LINE 
OF HOME THEATER KITS FROM FOCAL 
SURROUND SPEAKER A 100 CENTER SPEAKER A 200 

KXA1 
COMPACT B 300 

Send stamped self addresed envelope for a Focal Kit Brochure showing all their new kits. 

Bass reflex with front slot-vent 
HxWxD:34cmx18cmx27cm (13.3/8” x 7.1/8” x 10.5/8”) 
Certainly a small bookshelf speaker by it size, the B 300 is a 
real size performer, thanks to its unique dual voice coil mid 
bass unit and to the special crossover designed by Focal 
which uses the second voice coil in parallel with the first for a 
natural bass extension. In a 8.5I net internal volume (0.3 cu. 
ft.), this unique arrangement provides a -3dB response at 60 
Hz! The tweeter is from the latest generation of Titanium 
dioxide concave dome tweeters with field replaceable moving 
assembly. A unique impedance adaptation device, positioned 
in front of the dome, controls its high frequency dome break 
up for an extended and sweeter, almost “silky”, treble. This 
system will play loud enought for most mid size listening 
rooms, without ever become fatiguing. All crossover 
components have been carefully selected (we use high 
quality metalised polupropylene caps). 

Bass reflex with front slot-vent 
H x W x D: 18 cm x 50 cm x 22 cm (7.7/8” x 19.3/4” x 8.5/8") 
The A200 center channel offers very low distortion, natural sound 
and high power handling, It features two 13 cm (5.1/4") midbass 
units of the same size and of the same cone technology as on 
the A 100, so that the same timbre will be produced harmoniously 
and consitently throughout your whole Home Theater system. 
The tweeter is also the same as on the A100 speaker, again to 
blend seamlessly with the other speakers. All units here are 
carefully shielded to protect your TV or your monitor from any 
magnetic interference coming from the very powerful magnets of 
the Focal units. 

Bass reflex with slot-vent 
HxWxD:31 cm x 20 cm x 12 cm 
(12.1/4" x 7.7/8" x 4.3/4") 
Don't be fooled, this is a small but 
very potent home theater two way 
unit. You can use it as a front 
and/or rear speaker in any of the 
popular surround sound systems. 
The speaker mounted on a wall 
can generate a wide range of 
frequencies with surprising power 
thanks to a few special Focal 
Features: 
•The 5N 412-DBL mid bass drive 
unit is one of the best Focal 
makes, combining dynamics 
(dual voice coil wiring) and 
natural sound. 

• The TC 90 tweeter unit is of the 
latest generation of concave 
dome units with field replaceable 
moving assembly. 

• The slot-vent open on the top of 
the enclosure couples with the 
wall and ceiling to naturally 
increase the bass output. 

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

TEL. (516) 747-3515 FAX (516) 294-1943 
Our warehouse is open for pick-up 10AM to 6 PM daily, Monday thru Saturday — UPS orders shipped same day • Minimum order $50.00 

CALL OR WRITE FOR OUR LATEST CATALOG 



pyLE 
PRO 

DESIGNER 
Speaker Enclosure Design Software 

• 12 Core Designs from single 
chamber sealed enclosures to 
tri-chamber vented bandpass. 
• Calculate and plot 4 different 
designs simultaneously. 
• Plots frequency response 
graphs easily when design data 
is entered or changed. 

• Automatically generates 
mechanical drawings, 3-D views 
and bills of material. 
• IBM compatible... Easy to use 
program requires one meg of 
hard disk space, mouse, DOS 3.0 
or higher, and VGA monitor. 

To Order: Call 1-800-541-4687 
FAX 219-356-2830 

pyLE 
Pyle Industries, Inc • 501 Center St. 
P.O. Box 620 • Huntington, IN 46750 

H A Harman International Company 
Reader Service #53 

located seven or eight miles from where I 
live and which I have heard several times 
live. The third cut contains a beautiful inter¬ 
action between the full-range organ and an 
English horn (played by Robert Hubbard). 
The most subtle nuances of timbre float into 
the room with a correctly adjusted prototype 
Freeline. (This cut played through a pair of 
Simplines still leaves me in awe and with a 
greater appreciation of the laws of physics, 
even after dozens of times. Space them 
about 7' apart.) 

White noise (or FM interstation hiss) is 
very helpful in obtaining a good treble bal¬ 
ance. Turn the knob of the L-pad back and 
forth very slightly and very slowly, in the 
area where the treble response just begins to 
come in and go out of the general overall 
white noise sound. Try to set it where it just 
balances, or perhaps achieves a very slight 
“bloom” over the overall sound. I know I’m 
getting close to the correct adjustment when 
the midrange really starts to sound right. It’s 
amazing how much even a slight amount of 
excess treble takes the edge off the natural¬ 
ness of the midrange. 

I hope you enjoy building and listening to 
your new Freelines, and I predict years of 
musical enjoyment to come. 

Call 1-800-828-8184 for our FREE 24 page white paper, 32 page manual, and color brochure. We sell factory direct worldwide. 

Why confine your musical enjoyment 

to one chair in your listening room? 

Break Out, Man! 

Get a HeadRoom personal stereo system 

and enjoy your music wherever you go. • > HeadRoom 
TM 

HeadRoom is located at 521 E. Peach Ave., Bozeman MT 59715. Send mail to POB 6549, Bozeman MT 59771. Overseas call 406-587-9466. or FAX 406-587-9484 

Reader Service #37 
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COMPUTER-AIDED 
BASS HORN DESIGN 

By A.L. Senson 

Designing and building a horn system 
is not as straightforward as doing a 
vented or closed-box design. The 

complexity of the computation involved can 
discourage anybody with a limited math 
background. Calculating the old-fashioned 
way can take several hours, and changing a 
dimension or trying a different driver, flare 
rate, or value for M can result in a long day at 
the drawing board. 

This program, patterned after Brian 
Smith’s tractrix horn-design program, 1 calcu¬ 
lates dimensions for a catenoid, exponential, 
or hyperbolic bass horn and prints out in less 
than a minute. Although it is written in QBA-
SIC, the program flow is similar. I also used 
the same abbreviations and mnemonics, 
where applicable, to preserve continuity and 
some form of standardization. It includes 
some additional features, however, that will 
make you more productive at the drawing 
table. Not only does it provide a horn’s gen¬ 
eral data, such as mouth and throat areas and 
back-chamber volume, but it will also give 
you the dimensions to design your enclosure. 
The formulas were taken from Dr. Edgar’s 
“Show Hom” article.2

Type in QBASIC at the DOS prompt to 
start the program. From the File menu, 
choose New and type in the hom program. 
Pay special attention to the punctuation 
marks, which are vital to the program’s prop¬ 
er operation. Save the file as “homs.bas,” turn 
on your printer, then choose Start from the 
Run menu. 

USER INPUT 
Just like the tractrix horn-design program, 
this one starts by asking you to enter the dri¬ 
ver’s Thiele-Small parameters. The woofer 
you select must have a reasonably high free-
air resonant frequency (fs) and a low Q^.. 
The high-mass roll-off frequency (FHM) is 
immediately computed, and, if it is below 
280Hz, a warning message appears stating 
that the selected driver may not be suitable 
for hom applications. You then have a choice 
of continuing or trying another driver. 
Answering no terminates the program. 

The formulas for throat area and back-
chamber volume give the output in square 
inches. VAS, on the other hand, is expressed 
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FIGURE I: A and B show the parallel side¬ 
walls of a hom. 

differently by various speaker manufacturers 
and distributors. Peavey and Zalytron cata¬ 
logs list this parameter in liters; Parts Express 
and MCM use cubic feet; and Electro-Voice 
uses both cubic inches and cubic meters. The 
program, however, allows you to enter VAS 
values no matter which unit is used. Just fol¬ 
low the directions on the screen. 

The program then asks if your hom type is 
to be free-standing, floor type, or comer hom. 
According to your response, the program 
determines the appropriate mouth size and 
the experimental back-chamber volume. 
Later on, the program stops the printer at a 
point just after the mouth size, when it does 
the calculations for the air column. Select the 
appropriate letter and then enter your desired 
flare frequency. 

The program asks you for the distance 
between the parallel sidewalls (A). Then it 
asks for dimension B, which can be an alter¬ 
native choice for A or another parallel side¬ 
wall dimension of the next section. 

After you enter a value for M, the screen 
clears and the printer prints out the horn’s 
data, including the appropriate mouth area 
and back-chamber volume for the desired 
hom type. The printout displays in columns 
the distance from the throat, the hom area, 
one-half the hom area, and the corresponding 
dimensions for the nonparallel sidewalls A 
and B every 2". This takes between 45-90 
seconds, depending on your hom choice and 
computer hardware. 

The results are printed accurate to six dec¬ 
imal places. However, you must decide on 
the final values for throat areas and back-
chamber volume. You calculate the final 
back-chamber volume by using the refer¬ 
enced reactance-annulling techniques.3 The 
only dimensions you should adhere to as 
closely as possible are area values at chosen 
points in the air column to maintain the prop¬ 
er expansion rate. 

APPLICATION 
The sample printout (Fig. 2) is for a Peavey 
12" Black Widow driver intended for use in a 
folding configuration, as in Fig. I, with the 
following T/S parameters: fs = 50.4Hz; Qts 
= 0.246; and VAS = 96 liters. The program 
converted VAS to 5,857.92 in3 (3.39 ft3). 
Dimension A (the initial section after the 
throat) is 5", and dimension B (the width of 
the rest of the hom) is 24". 

GRAFTED TRAPEZOIDS 
Since no one is likely to build a circular hom, 
I did not include calculations for radii infor¬ 
mation. For ease of construction, most horns 
are built using grafted trapezoids, or, more 
correctly, trapezoidal prisms (Fig. 1). 
Starting at the throat, the driver exhausts into 
the initial hom section that has two parallel 
and two nonparallel sidewalls, following as 
much as possible the horn's expansion rate in 
the form of a trapezoidal prism. This initial 
section joins another trapezoidal prism at a 
90° bend, and continues the expansion rate to 
the mouth. 

ABOUT THE AUTHOR 

A.L. Senson is an electronics-engineering technology stu¬ 
dent at Tidewater Community College (VA). His interests 
include playing the piano and bass guitar, MIDI, and build¬ 
ing hom speakers. 

For a copy of this listing, send a stamped, self¬ 

addressed, business-size envelope to Speaker 
Builder, Editorial Dept., PO Box 494, Peterborough, 

NH 03458. These programs are available on 3%" 
DS/HD disk as SOF-HORIB3 for $19.95 plus $3 ship¬ 
ping USA, $5 other surface, or $10 other air. Contact 

Old Colony Sound Lab, PO Box 243, Peterborough, 
NH 03458, (603) 924-6371, FAX (603) 924-9467. 



At about 35" from the throat, the A col¬ 
umn shows the distance between the non¬ 
parallel sides to be equal to dimension B 
(24"). The B column shows this point to be 
equal to dimension A. This is then the graft¬ 
ing point for horn sections A and B. The rest 
of the horn will use column B, starting at the 
35" point. 

You can use the half-area values when 
designing a horn with dual symmetrical flow 
paths, such as the Electro-Voice Sentry IVB, 
LaScala, or Klipschom. These values can be 
used directly to design a half-section. You 
can run the program again with other data if 
your horn has more than two sections with 
different sidewall dimensions, or if you wish 
to try out different values for M, flare fre¬ 
quency, or even a different driver. 

You cannot use the program directly for 
rear-loaded horns, which can tolerate higher 
Qes and lower FHM.4 The back chamber, 
coupled to a throat port, acts as a low-pass fil¬ 
ter and you must treat it differently, as shown 
by the formula: 

VBC = 2 x Qes X fs X V^/Fgç 

where VBC is the back volume, and FBC is the 
upper roll-off comer frequency due to the 
cavity compliance of the back chamber. You 
can use the program’s calculations for the 
sidewall dimensions, however, for this 
application. 

PROGRAM MODS 
• Line 10 (LET B = 280) controls the cutoff 

point for marginal hom drivers, in this case 
an Fhm of 280Hz. If you use the hom as a 
subwoofer, change this value accordingly. 

• Line X = 2 (before the DO statement) and 
line X = X = 2 (before the LOOP UNTIL 
statement) set the area expansion to be 
calculated every 2". You can change this 
value also. 

• The calculations for the nonparallel side¬ 
wall dimensions are based on full-area 
values. To calculate for half-area values, 
change lines S3! = S!/HT1 and S4! = 
S!/HT2 to S3! = S21/HT1 and S4! = 
S21/HT2. 
Although I will not cover it here, by 

adding a few lines to the program, you can 
modify the sidewall calculations so all four 
sidewalls expand outward. 

REFERENCES 
1. B. Smith, "Tractrix Horn Design Program" (SB 4/86): 

29-31. 

2. B. Edgar, The Show Hom" (SB 2/90): 10-23. 

3. D. Plach and P. Williams, “Reactance-Annulling for 

Hom Loudspeakers,” Radio-Electronic Engineering, Vol. 

24 (Feb. 1955): 15-17. 

4. T. Giffard, “Hom Loudspeaker,” Elektor Electronics 

(May 1990): 20-22. 

To continue further experimentation on 
tractrix horns, you can incorporate the VAS 
conversion and sidewall calculations into 
Brian Smith’s program. You must delete the 
radius calculations and lines that no longer 
apply. This, however, can become messy if 
you are new to programming. Although the 
flow is similar, the formulas for flare calcula¬ 

tions are different. If you need help on modi¬ 
fying the tractrix program, write to me, c/o 
Speaker Builder. 

Lastly, I did not write this program to pro¬ 
duce a computer-designed hom speaker, but 
rather to give you the tools to serve as design 
aids on the drawing table. As mentioned 

to page 73 

^*******************************************^ 
# DATA FOR A HORN DESIGN # 
# # 
# WITH DUAL SYMMETRICAL FLOW PATHS # 
# # 
##########################################*### 

Driver's parame ters: Name 
Fs 

Qes 
Fhm 

Vas 

Horn data:Flare rate 
M 

Type 
Rear chamber 

Mouth area 
Throat area 

Peavey 1202 
50.4 hertz 
.246 
409.7561 hertz 
5857.92 cu. inches 

50 hertz 
.6 
Corner Horn 
2047.76 cu. inches 
725.1496 sq. inches 
33.803 sq. inches 

Length Horn area One-half 5 inches 32 inches 
fm throat at X horn area A sides B sides 

2 35.79323 17.89662 3.579323 .5592692 
4 38.00002 19.00001 3.800002 .5937504 
6 40.4425 20.22125 4.04425 .6319141 
8 43.14184 21.57092 4.314184 .6740913 
10 46.12146 23.06073 4.612145 .7206478 
12 49.40718 24.70359 4.940718 .7719871 
14 53.02748 26.51374 5.302749 .8285545 
16 57.01378 28.50689 5.701378 .8908403 
18 61.40062 30.70031 6.140061 .9593846 
20 66.22604 33.11302 6.622603 1.034782 
22 71.53188 35.76594 7.153188 1.117686 

24 77.36414 38.68207 7.736414 1.208815 
26 83.77339 41.8867 8.377339 1.308959 

28 90.81521 45.4076 9.081521 1.418988 
30 98.55064 49.27532 9.855063 1.539854 
32 107.0468 53.52338 10.70468 1.672606 
34 116.3772 58.18861 11.63772 1.818394 
36 126.6229 63.31147 12.66229 1.978484 
38 137.8728 68.93638 13.78728 2.154262 
40 150.2242 75.11209 15.02242 2.347253 
42 163.7843 81.89217 16.37843 2.55913 
44 178.6708 89.3354 17.86708 2.791731 
46 195.0126 97.50629 19.50126 3.047071 
48 212.9514 106.4757 21.29515 3.327366 
50 232.6429 116.3214 23.26429 3.635045 
52 254.2576 127.1288 25.42576 3.972776 

54 277.9831 138.9915 27.79831 4.343486 

56 304.0251 152.0125 30.40251 4.750391 
58 332.6092 166.3046 33.26092 5.197019 
60 363.9835 181.9917 36.39835 5.687242 
62 398.4198 199.2099 39.84198 6.225309 
64 436.2168 218.1084 43.62168 6.815887 
66 477.7023 238.8511 47.77023 7.464098 
68 523.2357 261.6178 52.32357 8.175557 
70 573.2121 286.606 57.32121 8.956439 
72 628.0646 314.0323 62.80646 9.813509 
74 688.269 344.1345 68.8269 10.7542 
76 754.347 377.1735 75.43471 11.78667 

FIGURE 2: Sample printout of the Bass Horn Design program. 
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A MIKE/PROBE PREAMP FOR 
SOUND-CARD MEASUREMENTS 

By Bill Waslo 

The recent availability of high-perfor¬ 
mance PC-based multimedia sound 
cards has opened up some interesting 

possibilities for loudspeaker and audio elec¬ 
tronics designers needing sophisticated test 
equipment. The mass-produced and there¬ 
fore economically priced plug-in card 
includes two 16-bit analog-to-digital con¬ 
verters (ADC), two or more 16-bit digital-to-
analog converters (DAC), and antialiasing 
and interpolation filters. 

The more advanced units feature a pro¬ 
grammable digital signal processor (DSP), a 
wide selection of sample rates, and a good 
chunk of local memory. This considerable 
collection of stimulus and data-acquisition 
gear can cost under $ 180, and, along with 
some appropriate software (such as my 
Liberty Audiosuite), is all you need for high-
quality, lab-based network, loudspeaker, 
audio spectrum, or distortion analysis. 

Or, I should say, almost all you need. 
Good lab equipment should be more than 
just functional in principle; it must also be 
practical. And here, sound cards on their 
own can run into some difficulties. Liberty 
Audiosuite began as an all-software, IMP-
like product for use with commercial sound 
cards, avoiding the need for Liberty 
Instruments to deal with parts ordering and 
stocking, inventories, kitting, and so forth. 
Practical considerations and the desire to 
make the system complete, however, leads 
me to strongly suggest the addition of mini¬ 
mal extra hardware. 

This article describes an external battery-
powered Mike/Probe Preamp for use with 
sound-card-based measurement systems 
(Photo /). And while you can get this device 
in various levels of kit or assembled form 
from Old Colony Sound Lab, Liberty 
Instruments, or perhaps other sources, you 
can also make your own with minimal cost 
and difficulty. 

FLIES IN THE OINTMENT 
One problem of which you should be aware 
if you plan to use a sound card to examine 
speaker-level voltages is input voltage limi¬ 
tations. These cards aren’t typically 
designed to deal with the 30 or more peak 
volts which routinely appear across your 

PHOTO I: Mike/Probe Preamp with test probes and mike wand (photo by Darek Ball). 

FIGURE I: IMP-type prooe, for connection to long patch cable. 

speaker terminals. The maximum peak 
input voltage handling of a sound card is 
often 2 or 3 V, as the aux inputs are intended 
for low line-level sources. The sound card 
might let you know that this has been 
exceeded by ceasing operation permanently, 
a rather high price to pay for one misadjust¬ 
ed level control. 

Another problem is the type and quality 
of the microphone preamplifiers on typical 
sound cards. These are usually designed for 
low-output, inexpensive dynamic micro¬ 
phones, which need no battery or phantom 
power but don’t even approach measure¬ 
ment quality. The preamps are typically 
rolled off in the high end (the intended 
mikes have little output there anyway, so the 
rolloff is an improvement) and are very sus¬ 
ceptible to digital noise pickup in the envi¬ 
ronment of a computer’s insides. 

Even if you can stand that, if you drive the 
mike input with an IMP mike or capsule 
(powered by some external means) or a 
Mitey-Mike, for example, you will likely 
drive the internal mike preamp into distor¬ 

tion, invalidating any kind of measurement. 
The gain of the internal mike preamp just 
isn’t set up for condenser mike levels. And 
the condenser mikes lack sufficient output to 
comfortably drive the line inputs. 

DESIGN OPTIONS 
An obvious way to increase the voltage han-
dEing of the sound-card line input is to simply 
attenuate the voltage being measured. This is 
easy and requires little more than a resistor or 
two. But with the attenuator in line, you end 
up with a different problem: now you can’t 
get normal-level signals up near full-scale. A 
16-bit digitizer is only 16 bit if you can drive 
it to near full-level. While you don’t need 
any extra total gain before the sound-card 
input, you would like to be able to run the 
input wide open without risk of damage. 

You can solve this with a set of attenua¬ 
tors or a variable attenuator. But the lower 
attenuation settings result in either higher 
operating impedances on the connecting 
cables (which results in rolloffs with longer 
runs) or low probe impedances (which can 
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FIGURE 2: Mike/Probe Preamp schematic. 

upset the circuit being measured). And you 
again run the risk of frying your sound card. 
You could add protection or clamp diodes, 
along with limiting resistors, on the lines, if 
you don’t mind the added distortion. 

CIRCUIT DESCRIPTION 
But, since we need to provide a decent mike 

preamp anyway, a few extra blocks of active 
stages cost little more and can maintain a 
high probing impedance along with low 
operating impedances for the cable runs, 
input protection, and low distortion. They 
also allow more versatility by providing sev¬ 
eral more precision attenuation range steps. 

The probe type intended for use with the 

Mike/Probe Preamp is the 47.5k resistor 
probe as used with IMP (Fig. I). This is 
simply a clip probe with a 47.5kQ resistor in 
series with the hot lead, which feeds a cable 
going to the preamp. The 47.5kQ resistor 
provides this high impedance to the circuit 
under test, while the 2.2 IkQ load at the pre¬ 
amp keeps cables up to 25' from introducing 

TABLE 1 

MIKE/PROBE PREAMP PARTS LIST 

REF DESCRIPTION 
CAPACITORS 

C1-3 330pF, 6.3V miniature axial electrolyte 
C4, 5 4.7pF, 10V tantalum 

C6-8, 13 22|.iF, 25V miniature axial electrolytic 
C9-11 0.47nF5%film 

RESISTORS 

R1,4,7, 47.5k 14 W1 % metal film 
13,17,18 

R2,5, 8,1 0, 2.21 k ’4 W1 % metal film 
14,15,25,26 
R3,6 100QW5% 

R9,16,19 1M14W5% 
R11.30 1k%W5% 

R12 4.32k 4W 1% metal film 
R20,22 475Q!4W1% metal film 

R21 ,23 43.20 %W 1% metal film 

MISCELLANEOUS 

U1 Texas Instruments TLC2274CN (TLC274CN 
alternative) 

U2 78L05 low-power regulator 

LED 

J1-5 

S1,4 

S2,3 

Enclosure 

Battery holder 

Super-bright red LED (Radio Shack 276-087 
or Mouser 592-SLH56VC3 

I/O connectors. For PC mount, use Mouser 
161-0164 (see text) 

SPDT toggle switch. For PC mount ^ameco 
26331 or equivalent. 

SPDT center-off toggle switch. For PC mount, 
Jameco 26315 or equivalent (also, normal 
SPDT if -40dB position not required) 

For all PC-mount construction, Radio Shack 

270-233 or equivalent. Cover plate 'équités 
drilling or punching. 

For PC mount, use Mouser 534-1294; other¬ 
wise, any standard 9V battery clip and holder. 
0.25" long, #4 tapped round spacers (3) 

5/16" #4 machine screws (to mount board to 
cover plate and battery holder to board) (8) 
#4 lockwashers (5) 
#4 nuts (2) 

PC board (see text) (1) 

Not Used: C12, R27.R28 

a significant rolloff. 
The attenuation introduced by 

these helps the input voltage han¬ 
dling, and the active stages in the 
preamp restore the gain. You can 
easily make a pair of these probes 
with some wired alligator clips and 
in-line phono jacks available at 
Radio Shack or other parts stores. 
Tie a knot in the alligator clip wires 
after passing them through the phono 
jack cover and install the resistor 
inside the jack. 

The mike stage is essentially the 
same as that in the IMP unit, only 
battery operated. It provides phan¬ 
tom power for the Panasonic WM-
60 or 63 electret capsules as used in 
IMP. or can work with Mitey-Mike. 
It uses section B of U1 (Fig. 2), and 
a TLC2274 or TLC274 CMOS 
quad op amp, which provides good 
bandwidth and low noise with low 
battery consumption. Section A of 
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FIGURE 3: Board pattern (solder side). 

FIGURE 4: Stuffing guide. 

"'connection pad 

FIGURE 5: Clearing the area around a 
hole in ground plane layer. 

Audiosuite) output is always from probe #2. 
Each input gain can be optionally scaled 
down by either 20dB ( 1/10) or 40dB (1/100) 
for use with peak signals up to about 100V, 
by setting the on-off-on toggle switches. If 
you don’t need the -40dB setting, you can 
skip the center-off toggle switch (and R21 
and R23) and use the more commonly avail¬ 
able SPST or SPDT types. 

A fourth toggle provides power switch¬ 
ing, and a super-bright type LED will indi¬ 
cate when the voltage regulator has suffi¬ 
cient headroom to do its job. If the LED 
becomes dim, it’s time to replace the battery. 

A printed circuit pattern is provided in 
Fig. 3, with a stuffing guide in Fig. 4, for 
those wishing to etch a circuit board. The 
board can be a double-sided, plated-through 
type, but need not be. You really need only 
process the solder side (Fig. 3), since the pri¬ 
mary function of the pattern for the compo¬ 
nent side is to allow PC-mounted phono con¬ 
nectors to be strengthened by soldering their 
ground pins on both sides of the board. If 

UI provides the internal virtual ground and 
mike bias voltage using the output of the 
main power supply 5V voltage regulator 
U2 as the reference source. Two other sec¬ 
tions of the quad op amp package serve as 

gain restoration stages for two channels of 
probe input. 

The main channel 1 (or left) measure out¬ 
put can be switched between mike or probe 
#1. The channel 2 (right, or Cal in Liberty 

you use the board-mounted connectors, you 
can duplicate this two-sided ground easily by 
making the component side of the board a 
solid ground plane and removing the copper 
from around each component hole (to pre¬ 

vent shorting) by partially 

CH1 OUT 

CH2 OUT 

0 dB 
-20 dB 

CH2 PROBE 
(CAL) 

PROBE 

MIC 

-40 dB 
0 dB 

-20 dB 

GAIN 

r 
CHI MIC CH1 PROBE 

(MEAS) 

OFF 
ON 

|mic/probe preamp| 
Liberty Instruments. Inc 

FIGURE 6: Front panel silk-screen pattern (white silk screen on flat black paint). 

drilling with a larger drill bit 
(Fig- 5). 

The board is set up so all of 
the components, from switches 
to jacks, can be mounted direct¬ 
ly to it. Even the battery holder 
mounts to the back (solder 
side) of the board and solders 
into the holes provided. You 
can nicely mount the entire 
Mike/Probe Preamp in a plastic 
project box, with a suitable 
punched or drilled cover for the 
switches and access to the 
phono connectors. 
Be careful if you are drilling 

the holes in the cover; the metal 
edges can be sharp and the drill 
bit can catch the cover and set it 
spinning. I recommend sheet-

to page 59 
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vila 

1 ) Ferrofluid 
2) Chamber and Tinsel Leads 
3) Polyamid dome 

4) Textile dome 
5 ) Aluminum dome 
6) Magnesium Cast Frame 

7) Mineral Filled Polycone 
8) Very stiff conical Paper cone. 
9) Foam surround 

10) Rubber surround 
Double Magnet/ Shielded 

Audiphile 
Price List 
April 1995 

Madisound Speaker Components 
(8608 University Green) 

P.O. Box 44283 
Madison, Wl 53744-4283 U.S.A 

Voice: 608-831-3433 
Fax: 608-831-3771 

Model Size 
Description 

Imp. 

Q 

Fs 
Hz 

Qts Vas 
Liters 

X-Max 
mm 
Peak 

Power 
Watts 

Rating 
db 

@Freq 

Sens. 
2.83V/1M 

db 

Cost 
Per 
Unit 

D19TD-03 No Magnetic Field 34" Dome ™'3 8 1400 50 12@5K 90.5 $13.50 

D19TD-05 34" Dome 1,3 8 1700 80 12@5K 89 $11.50 

D20TD-05 34" Dome 1,4 6 1700 100 12@5K 88 $12.50 

D19AD-05 34" Dome 1,5 6 1700 100 12@5K 87.5 $18.20 

D25AG-05 1" Dome15 6 1500 100 12@4K 90 $20.20 

D25ASG-05 Shielded Alum. 1" Dome1'5’"* 6 1500 60 12@4K 90 $24.10 

D25AG-35 1" Dome1'2'5 6 850 100 12@3K 89 $24.80 

D25TG-05 1" Dome1’3 6 1500 90 12@4K 90 $14.70 

D25TG-85 1" Dome1’2’3 6 750 100 12@3K 90 $19.90 

D26SG-05 Shielded textile 1" Dome***1’4 6 1450 60 12@4K 92 $20.40 

D26TG-05 1" Dome1'4 6 1500 100 12@4K 91 $15.90 1 

D26TG-35 1" Dome1'2'4 6 940 100 12@3K 90 $20.30 

D27TG-05 Flat Face 1” Dome 1SILK 6 1000 100 12@4K 91 $16.30 

D27TG-35 Flat Face 1" Dome1'2 SILK 6 650 100 12@3K 90 $20.70 

D27TG-15 Bulged Face 1" Dome1SILK 6 1000 100 12@4K 91 $16.30 

D27TG-45 Bulged Face 1" Dome1'2 SILK 6 650 100 12@3K 90 $20.70 

H25TG-05 Horn Loaded 1" Horn1'3 6 1500 100 12@4K 95 $16.60 

H25TG-35 Horn Loaded 1" Horn1'2'3 6 750 100 12@4K 94 $21.30 

D75MX31 3" Dome Mid4 8 300 Both these mids 
require chambers. 

.5 80 12@500 92 $33.80 

M10MD-39 4" Cone Mid6'8'10 4,8 110 .65 80 12@700 88 $22.10 

M11WH-09 4.5 " Cone Mid6'8'10 8 68 .31 4.3 3 30 87 $33.20 

P11WH-00 4 Woofer6'7'10 8 52 .21 10.3 3 30 88 $33.40 

P13MH-00 5“ Cone Mid6'7'10 4,8 60 .33 10 1 40 6@200 89.5 $30.80 

M10-IC, M13-IC Isolation chamber for M10MD-39—$1.50 Isolation chamber for P13MH—$4.00 

M13SG-09 Shielded Magnet 5” Woofer***'6'8'10 8/16 54 .35 12 2 35 88 $30.00 

P13WH-00 5“ Woofer6,7,10 4,8 60 .33 10 4 40 88 $31.50 

C17WG-69 614" Woofer8'9 8 44 .55 35.8 3 50 89 $18.20 

M17SG-09 Shielded Magnet 614"Woofer***'6'8'10 8 34 .34 53 3 50 89 $32.00 

P17SJ-00 Shielded Magnet 61̂ "Woofer***'6'7'10 8 41 .35 33 4 70 87 $42.00 

P17WJ-00 614" Woofer6'7'10 4,8 37 .35 35 4 70 88 $32.30 

M18WO-09 61¿" Woofer6,8,10 4/8 35 .37 28.5 4 70 87.5 $44.40 

P21WO-12 8" Woofer6,7,10 8 33 .34 85 3 70 91 $43.00 

P21WO-20 8" Woofer6'7’10 8 28 .33 113 4 80 91 $45.30 

M22WR-09 8" Woofer6’8'10 6 30 S’3 55 6.5 150 88 $65.20 

P25WO-00 10" Woofer6'7'10 8 24 .28 178 4 80 90 $49.00 

M26WR-09 10" Woofer6'8'10 8 26 .32 130 6.5 130 88.5 $70.40 

Automotive Speakers and Home Applications Requiring 4 Q Speakers. (All drivers are suitable for automotive use! _ 

D26NC-05 Neodymium 1" Dome 14 6 1800 30 12@3K 88.5 $25.70 

D26NC-05 Accessaries: Flush mount kit Each $3.80; Surface mount wedge $3.80; Replacement voice coil $8.00 

A13WH-01 5" Coax 6'7'10 4 110 .50 3.5 3 40 89 $48.50 

A17WG-01 614" Coax6,7,10 4 58 .60 15 3 60 84 $49.00 

M18WN-19 6.5" Woofer6'8'10 4 63 .66 10 4 110 88 $42.50 

M22WR-19 8" Woofer6'8'10 4 48 .70 20 5.5 150 88 $64.20 

M22WR-29 Dual Voice Coil 8" DVC Woofer6'8'10 4/4 47 .66 20 5.5 75/75 87 $66.30 

M26WR-19 10" Woofer6'8'10 4 44 .69 53 5.5 150 90 $73.10 

M26WR-29 Dual Voice Coil 10" DVC Woofer6'8'10 4/4 40 .67 53 5.5 75/75 89 $76.50 

frills D25/D26/H25/M10MD —-$7/Pair P13—$10/pair P17—$12/pair P21—$15/pair 



FOUR-POSTER SPEAKER STANDS 
By Duncan MacArthur 

The practice of calling a small speaker 
a “bookshelf’ speaker is almost 
always false advertising. You should 

place most, if not all, of these speakers any¬ 
where except in a bookshelf. The best loca¬ 
tion is often on a speaker stand. Although 
many good commercial units are available, 
customizing your own offers significant 
advantages. 

DESIGN DECISIONS 
I designed the four-poster stands to accom¬ 
pany Vance Dickason’s Audax A652 design 
(see “Kit Report,” SB 2/95, p. 42). These 
don’t exactly match since the Madisound-
supplied box has slightly different dimen¬ 
sions from (although the same internal vol¬ 
ume as) the original design. But they’re close 
enough to work well. You should build your 
speakers before the stands. 

A good speaker stand should do four 
things well. First, it should support a “book¬ 
shelf” or other small speaker (some book¬ 
shelf speakers are not very small) at the cor¬ 
rect height for listening. Second, it should 
couple the speaker solidly to the floor. This 
is especially important with carpeted floors, 
where the coupling should be to the subfloor, 
but is also important with other surfaces. 

Third, the stand should be solid and well¬ 
damped so it doesn’t interfere with the sound 
of the speaker, and strong enough to support 
the speaker. You can use an elegant “single 
support” stand for a small speaker, but a 
larger speaker (such as the A652) may 
require the larger support system of a four-
poster stand. Fourth, you might consider the 
aesthetic appeal of the stand-speaker combi¬ 
nation. If your spouse considers any stand 
and any speaker ugly by definition, you 
might convince him/her otherwise with a 
more “finished” product. While you should 
not sacrifice acoustic properties for aesthetic 
reasons, pleasing everyone involved has its 
own reward. 

PARTS DESCRIPTION 
The basic structural element of my four-
poster stand (Photo 1) is a section of PVC 
pipe, which attaches to both the top and bot¬ 
tom of the stand with circles of wood that fit 

PHOTO I: A completed four-poster speak¬ 
er stand. I designed this stand to comple¬ 
ment the Audax A652 speaks- system. It is 
22" high and has a 9” x 10W upper sur¬ 
face. Speaker spikes connect the bottom of 
the stand to the floor, and integral support 
cones fasten the speaker to the stand. 

snugly inside the pipe. These wheels screw 
onto the top and bottom pieces (Fig. 1). 

Rather than attaching the wheels directly 
to the pipe, I assembled the unit with a 
threaded rod running down the center and 
held against each board with a nut and wash¬ 
er. This “sandwich” provides structural rigid¬ 
ity only when you tighten the nuts. 

The threaded rods include points ground 
onto the upper ends that extend above the 
top of the stands and connect to the speakers. 
The pipes are filled with dry sand, both to 
increase the mass and to help damp spurious 
vibrations. The integral speaker supports are 
linked directly into this sand for added 
damping. Insert carpet-piercing spikes (not 
shown in Fig. 7) into the bottom of the 
stands to increase stability and improve the 
coupling of the stand to the floor. 

Assembly of the four-poster stands 
involves many steps, but is straightforward. 
No special tools are required. The parts for a 
pair of stands cost about $ 100. You can build 
them in a couple of weeks of part-time work. 
I believe the results are worth the cost and 
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effort, and the finished units work as well as, 
and look better than, commercial models 
costing several times as much. 

I build stands for specific speakers, screw¬ 
ing them to the stand for optimum coupling. 
You can permanently attach the four-posters 
in this manner, but these stands provide good 
support even without screws. 

STEP-BY-STEP INSTRUCTIONS 
Although assembly is not particularly dan¬ 
gerous, this project requires the use of 
power tools. Always take appropriate safety 
precautions. 

You can construct a pair of speaker 
stands using the parts listed in Table I. Each 
numbered instruction step is followed by a 
short description and occasionally more 
detailed instructions. Those techniques use¬ 
ful in other projects are identified by the 
word “TIP.” The figures supplement the 
assembly sequence. 

1. Cut four pieces of %" particleboard to 
about 10" x 12" and four more pieces to 
about 13" x 15". The exact dimensions are 
not important, but make the cuts as straight 
as possible. Glue these boards together to 
form two pieces 10" x 12" x P/2" (tops) and 
two pieces 13" x 15" x P/2" (bottoms). 

TIP: When gluing two boards together 
to form a thicker one, cut them about 1" 
oversize in each direction. Then cut the 
thicker composite down to the desired size. 
The two pieces will line up exactly with no 
visible joint. 

2. Cut the four 1 ki" thick blanks down to 
9" x 10%" x P/2" (tops) and 12" x 14" x P/2" 
(bottoms). 

DRILLING HOLES 
3. Mark for the holes, located at the comers 
of a 5" square, in both tops (Fig. 2). Also 
mark the screw holes, if you plan to secure 
the speakers to the stands. 

TIP: If the important dimensions are the 
hole-to-hole measurements (5" in this case), 
make these values exact and let the measure¬ 
ment from the hole to the edge of the board 
vary slightly. This way the squareness and 
spacing of the columns does not depend on 
the accuracy of the board cutout. 



4. Mark for the holes in both bottoms 
(Fig. 3). The main holes are again located at 
the corners of a 5" square. Four speaker 
spikes are in the bottom surface of the bot¬ 
tom pieces. Mark these holes 1 " in from each 
side in each comer of the bottom pieces. 

5. Drill 1/8" holes at each marked loca¬ 
tion in the tops and bottoms, making sure 
you drill through the boards for the main 
supports and through the top boards for the 
speaker-mounting screws. Drill the spike¬ 
mounting holes 1" deep from the bottom of 
the bottom pieces. Use a drill press or drill 
guide to make these holes perpendicular to 
the boards and ensure the squareness of the 
completed stands. 

TIP: If you require precise hole location, 
drill first with a small bit (1/8" in this case) 
and then enlarge the hole to the required 
dimension. 

6. Using a speed bit, drill four 1-1/8" 
diameter holes 5/8” deep in the top of each 
top piece and in the bottom of the bottom 
pieces (Fig. /). 

TIP: If you need a large hole and a medi¬ 
um hole in the same location, first drill the 
larger hole part way through and then the 
medium hole through the rest of the board. 

Most drill bits rely on the center of the bit to 
guide the drill. Removing the wood with the 
medium drill leaves no support to guide the 
larger bit. 

7. Drill 3/8” holes the rest of the way 
through the tops and bottoms in the main 
locations. 

8. Drill holes (3/8" diameter. 1" deep) in 
the bottom of the bottom pieces for the spike 
inserts. I used Fowler Tiptoes from 
Madisound. 

TIP: If you need a mounting hole for an 
insert, drill a bit deeper than the length of the 
insert, and don’t screw it in all the way. 

9. Optional: Drill 11/64" holes (for #8 
screws) through the tops to screw the speak¬ 
ers to the stands. Countersink these holes on 
the underside of the tops. 

10. Round the comers (W dimension) 
of all four pieces of particleboard with a 14" 
rounding-over router bit. 

TIP: When rounding the thickness 
dimension of several pieces, clamp them 
together rather than individually (Photo 2). 
This gives the router a larger surface on 
which to balance. 

11. Use the same router bit to round the 
other edges of the tops and bottoms. Lightly 

FIGURE 2: Marking pattern for the main 
holes in the tops of the speaker stands (not 
to scale). Additional holes are required for 
screwing the speakers to the stands. 

Wheel 
Bottom 
Particleboard 
Washer 
Lockwasher 

Nut 

Rod 

PVC Pipe 

Sand 

Point on Rod 
Cork 

Nut 
Washer 
Top 
Particleboard 
Fill Hole 
Wheel 

FIGURE I: Cross section of the rod and pipe assembly of a 
single support column (not to scale). Four of these assemblies are 
used in each of the stands. 

sand all surfaces to 
remove any rough 
spots. Set these aside. 
12. Cut eight pieces 

of 2W ID PVC pipe 
18" long. You must 
make square cuts. To 
make sure you're 
using squared pieces, 
you may purchase 
precut PVC pipe, 
which works perfectly 
for these stands, from 
speaker suppliers 
such as Madisound. 

FIGURE 3: Marking pattern for main holes 
in the bottoms of the speaker stands (not 
to scale). Additional holes are required for 
the speaker spikes. 

WHEEL ALIGNMENT 
13. Sixteen 2*/2" wooden wheels are 
required to attach the top and bottom pieces 
to the support pipes. If the wheels fit smooth¬ 
ly into the ends of the pipes, then skip to step 
17; if not, reduce the wheel diameter as 
described in steps 14 through 16. 

14. Insert the l'/i" hex-head 3/8" bolt 
through a wheel. Fasten the bolt by adding a 
flat washer, lock washer, and nut. Screw 

Alignment Bolt 

(X3) 

Hole (X3) 

Pilot Hole (X3) 

Wheel 

Top or 
Bottom 

11/8' 
Recess 

FIGURE 4: Detail of wheel screwed onto top or bottom board 
(showing two of the three mounting screws). 
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down the nut to compress the lock washer 
and hold the assembly tightly together 
(Photo 3). 

TIP: A hex-head bolt has a smooth shaft, 
while the carriage bolt has a threaded shaft, 
slightly smaller in diameter. If a hex-head 
won’t quite fit, try the carriage bolt. 

15. Chuck this assembly into a 3/8" hand 
drill. Hold the spinning wheel against a piece 
of sandpaper (50 to 80 grit) to evenly reduce 
the wheel (the sandpaper should be resting 
on a hard, flat surface). Test the wheel fre¬ 
quently in the pipe to prevent oversanding. 

TIP: If you must place a threaded rod or 
screw in a drill, use a metal file to smooth off 
the tops of the threads on the bolt. This gives 
the chuck a surface to grip without bending 
the remainder of the threads. 

16. Repeat steps 14 and 15 for all 16 
wheels. This set of hardware will now be 
scarred and unsuitable for reuse. 

17. Attach four wheels to the inner sur¬ 
face (top of bottom pieces and bottom of top 
pieces) of each particleboard piece (Fig. 4). 
Use P/2" #8 wood screws (three per wheel) 
with the following steps. 

17a. Push the 2*/2" carriage bolt through 
one of the main holes so the head is in the 
1-1/8" recess. Place a wheel over the 
exposed end of the bolt (on the top of the 
bottom piece or the bottom of the top piece). 

17b. Drill three P/2" deep, 5/64" diame¬ 
ter, pilot holes through the wheel into the 
board while the wheel is still positioned on 
the carriage bolt. These holes should be 
about %" from the wheel’s outer edge. 

TIP: Drill the holes in a nonsymmetric 
pattern. The holes index the proper orienta¬ 
tion of the wheel and no reference mark is 
needed. Drill an extra “divot” in the upper 
surface of the wheel to identify that side if 
you drop the wheel. 

17c. Remove the wheel (leaving the bolt 
in place), enlarge the pilot holes on the wheel 
to 11/64" through holes, and countersink the 
end of these holes on the exposed (di voted) 
side. 

TIP: Using an “all-in-one” bit that drills 
all three holes in the end-grain of hardwood, 
such as the wheels, will produce an unwant¬ 
ed burning effect. 

17d. Replace the wheel on the alignment 
bolt, line up the three holes, and screw down 
the wheel. 

TIP: My favorite “screwdriver” is a dry¬ 
wall screw bit chucked into an old-fashioned 
bit-brace. This combination operates almost 
as fast as an electric screwdriver and gives 
you a much better “feel” for the screw and 
hole. Both Phillips and straight bits are avail¬ 
able. One word of caution: this device can 
exert a very large amount of torque; it is easy 
to strip screw holes and heads if you’re not 
careful. 

I7e. Repeat steps 17a-dforall 16 wheels 
on the four tops and bottoms. 

17f. Mark each wheel on the top plates 
11/32" in from the edge of the wheel, avoid¬ 
ing the screws already in place. Drill a ló" 
through hole at each of these locations. 
These holes are only required in the tops and 
are used to fill each pipe with sand. Since 
they are so close to the edges of the wheels 
and large holes, a small amount of chipping 
or breakthrough on either side is acceptable. 

SPARE THE ROD 
18. Check that the upper and lower surfaces 
of your top and bottom pieces resemble 
those in Photos 4 and 5, respectively. 

19. Using the drill press or drill guide, 
redrill the 3/8" holes in all four tops and bot¬ 
toms (16 places) to ensure the threaded rod 
passes easily through the parts. 

20. Select the eight 3/8", 24" long, 
threaded rods. Using an electric grinder, 
grind a 3/16" to W long cone on the end of 
each rod (Fig. I). It isn’t critical that these 
be identical, only similar to each other. Use 
the nut that was scarred in reducing the 
wheels to check the threads. If you have dif¬ 
ficulty threading the nut onto the pointed 
end of the rod by hand, use a small metal 
file to clean up the damaged area on the rod 
until you achieve a smooth fit. (Put two nuts 
on each rod before clamping in a vise and 
cutting. Threading the nut near the cutoff 
cleans burrs.) 

21. Measure 21-1/8" from the pointed 
end and mark the threaded rods. Cut the rods 
to length with a hacksaw. Again, the lengths 
need not be identical. Smooth off any burrs 
or sharp edges with a metal file, using the 
same nut and technique as above to check 
the threads. 

TIP: When marking and cutting threaded 
rods, don’t attempt to work on top of a 
thread. Both the marker and the saw will fall 
into the groove on either side. Instead, rotate 
the rod until the desired length falls into a 
groove. This will provide an easy start¬ 
ing mark for the saw blade. 

DRY RUN 
22. Practice assembling one stand to B 
make sure everything fits. 

22a. Place a flat washer, a lock washer, 
and a nut on the Hat end of four rods. Screw 
the nut down so it is flush with the end of the 
rod. 

22b. Thread all four rods through a bot¬ 
tom piece so the washers and nuts fit into the 
recess of the board. Stand this assembly on 
the floor with all four points upward. 

22c. Place four sections of PVC pipe 
over the wheels on the bottom piece. The 
rods should stick up a couple of inches from 
the center of the pipes. 

PHOTO 2: Two tops and two bottoms 
clamped together to round the comers. 

Front of Stands 

FIGURE 5: Design options for using one. 
two. three, or four support columns per 
stand. You should not use the built-in sup¬ 
port cones with fewer than four columns. 
Larger-diameter pipe may be required for 
single- and double-column stands. 

PHOTO 3: Hex-head bolt, wooden wheel, 
flat washer, lock washer, and nut. This 
assembly is chucked into a 3/8" drill to spin 
the wheel. 

22d. Place a top board on the rod points. 
The wheels should be on the underside of the 
top and the recesses pointing upward. Match 
all four rods with the holes in the top. Push 
down evenly on the top to allow the rods to 
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AEON 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 
pF mm mm 

1.0 11 21 
1.5 12 22 
1.8 13 22 
2.2 15 22 
2.7 14 25 
3.0 15 25 
3.3 16 25 
3.9 16 25 
4.7 18 27 
5.6 18 30 
6.0 19 30 
6.8 20 30 
8.0 20 33 
8.2 21 33 
9.1 22 33 
10.0 23 33 
11.0 24 33 

SRP 
USS 

1.23 
1.44 
1.49 
1.58 
1.67 
1.73 
1.78 
1.83 
1.96 
2.10 
2.20 
2.33 
2.91 
2.97 
3.08 
3.23 
3.38 

Value Diameter Length 
pF mm mm 

12.0 25 33 
15.0 25 38 
20.0 29 38 
24.0 29 43 
30.0 32 43 
33.0 32 48 
41.0 35 48 
50.0 37 53 
51.0 37 53 
56.0 39 53 
62.0 39 53 
75.0 43 58 
82.0 45 58 
91.0 47 58 
100.0 49 58 
120.0 51 63 
130.0 54 63 

SRP 
US$ 

3.56 
4.18 
5.16 
5.98 
7.30 
7.74 
9.32 
10.96 
11.16 
12.00 
12.98 
15.12 
16.28 
17.50 
18.76 
21.98 
23.38 

STOCKING DISTRIBUTORS: 
W.A.R. AUDIO AUSTRALIA 

tel:(61 >-»-242-5538 fax:(61 >9-445-2579 
SPEAKERS ETC... 

tel: (602) 272 6696 fax: (602) 272 8633 
TECHNOLOGIE MDB 

tel: (514) 526 8851 fax: (514) 443 5485 
ZALYTRON INDUSTRIES 

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

OEMs & EXPORT 
Contact Kimon Bellas 

or John Sangalli 
tel: (818)7071629 
fax: (818) 991 3072 

ORCA 
1531 Lookout Drive 
Agoura, CA 91301 

USA 

NOW AVAILABLE: 
FILM / FOIL 630 VDC CAPS for 
electronics and bypass from 

0.1 pF to 1.0 pF. 
POLYPRO ULTRA HIGH 

VOLTAGE 
1200 VDC 20 pF 

for power supply & tube 
electronics 

Reader Service #32 



come through the holes. Carefully adjust the 
pipes until all four fit around the wheels 
mounted on the top. Press the top down so it 
is supported by all four pipes. 

22e. Place a flat washer and a nut over 
the pointed end of each rod. If these require 
more than finger strength to tighten, fix the 
threads now. At this stage you have plenty of 
time, but during final assembly caulk will be 
drying while you work. 

23. Repeat steps 22a-e for the other 
stand. After everything fits, disassemble both 
stands and proceed with final finishing. 

24. Use drywall repair compound or 
spackle to fill the cut edges of the particle¬ 
board tops and bottoms. You don’t need to 
create a uniform layer of spackle, just 
enough to fill the voids in the particleboard. 
After the spackle has dried, lightly sand any 
excess. 

25. Clean and rinse all eight sections of 
PVC pipe with detergent and water. Stand 
each pipe on end to air-dry. 

TIP: Don’t sand PVC pipe; you’ll raise 
threads of PVC and roughen the surface. 

26. Stand all eight pipes on end on news¬ 
paper. Spray-paint with flat black paint. Use 
several light coats and turn the pipes end-for-
end several times to help the paint adhere. 
Don't worry if they aren’t perfect, you can 
fix the paint later. One can of paint will 
cover eight pipes. Let the paint dry 
overnight. 

TIP: Spray-paint in a well-ventilated area, 
such as outdoors on a calm day. 

27. Paint all surfaces on the tops and bot¬ 
toms with Hat black spray paint. Pay particu¬ 
lar attention to the areas which will be most 
visible later (i.e., the top of the bottom pieces 
and all edges of all pieces). One can of paint 
will cover two top pieces and two bottom 
pieces. Let the paint dry overnight. 

28. Install the spike inserts in the bottom 
holes of the bottom pieces. Fowler Tiptoes 
require a 6mm hex key. 

FINAL ASSEMBLY 
The caulk will set about 15 minutes after 
application, so have everything ready before 
you start. Finish one stand at a time. 

29. Place a flat washer, a lock washer, 
and a nut on the flat end of four rods. Screw 
down the nut flush with the end of the rod. 
Also prepare a 1/8" thick strip ofclean 

SOURCES 
Madisound Speaker Components 

PO Box 44283, Madison, Wl 53744 
(608)831-3433 

Fowler Tiptoes, cut pipes 

Cherry Tree Toys 

PO Box 369, Belmont, OH 43718 

(800) 848-4363 
Wheels 

wood, which you’ll need later. 
30. Apply a ring of black latex caulk 

around each wheel on a bottom piece. 
TIP: Silicone caulk cannot be painted. If 

further painting is required, use a latex 
brand. 

31. Thread all four rods through the bot¬ 
tom piece and fit the washers and nuts into 
the recesses in the bottom. Stand this assem¬ 
bly on the floor with all four points (and the 
caulked wheels) pointing upward. 

32. Place four sections of PVC pipe over 
the wheels on the bottom piece. The rods 
should extend a couple of inches from the 
center of the pipes. Rotate the pipes to spread 
the caulk, leaving the excess for now. 

33. Place a top board on the points of the 
rods. The wheels should be on the underside 
of the top and the recesses pointing upward. 
Match all four rods with the holes in the top. 
Push down evenly so the rods come through 
the holes. Carefully adjust the pipes until all 
four fit around the wheels mounted on the 
top. Do not caulk the top wheels. Press the 
top down so it is supported by all four pipes. 

34. Place a flat washer and a nut over 
each pointed end and tighten with a wrench. 
Wipe off any excess caulk from the bottom 
of all four pipes. 

35. Set the stand upright on two books so 
the bottom ends of the rods extend a bit out 

TABLE 1 

FOUR-POSTER PARTS LIST 

HARDWARE 
QTY DESCRIPTION 

17 3/8" nuts 

17 3/8" flat washers 

9 3/8" split ring lock washers 

8 3/8" diameter x 2* long threaded rod 
48 1W  long #10 flat-head wood screw 

1 3/8" diameter x 214" long hex-head bolt (14) 

1 3/8" diameter x 214" long carriage bort ( 15) 
8 Speaker spikes with inserts 

WOOD 

4 9" x 10%" x %" particleboard (tops) (2) 

4 12" x 14" x %" particleboard (bottoms) (2) 
16 214" diameter wooden wheels 

MISCELLANEOUS 

8 214" ID x 18" long PVC pipes 
3 cans Flat black spray paint 

Black latex caulk (30) 
50 lb Play sand 

8 14" corks 

of the bottom plate. Loosen one of the top 
nuts. Using the 1/8" board as a guide, adjust 
the top nut to allow the point of the rod to 
protrude 1/8" beyond the top surface. 

36. Tip the stand on its side, grasp the 
point of the rod with a pair of pliers (to 
keep it from turning), and tighten the asso¬ 
ciated bottom nut until the lock washer is 

PHOTO 4: Top (left) and bottom (right) view of the top of the stand. The 1-1/8" recess 
should be on top of these pieces and the wheels should be screwed to the bottoms. 

PHOTO 5: Top (right) and bottom (left) view of the bottom of the stand. The 1-1/8" 
recess should be on the bottom of these pieces along with the holes for the inserts, and the 
wheels should be screwed to the top. 
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SPECTRA 
Dynamics 

PRODUCTS 
Distributed In the USA by Michael Percy Audio, Box 526, Inverness. CA 94937 

material are also available) 

Phone (415)669-7181 Fax (415)669-7558 
(Plain sheet, washers, corner blocks, isolation blocks of the same 

$24.00 per pack of 4 
~~~ 

Deflex Wrap $23.00 (8.25" x 11.0") 

Spectra Dynamics Limited. United Kingdom 

The material is a specially formulated low resilience polymer with 

excellent shock absorbing properties. 

Less Expensive than competing products, with better performance. 

Ask about the new Turntable mat! 

flexible 
nel thru' 
^cut-out 
to tli e 

Dealer inquiries invited 

for Foculpods in lots 

// of ten sets or more. 

Place tt 
Deflex f 
the spe¡ 
and Stic 
inside o 
cabinet. 

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

from the first few bars of REM's 

Automatic for the people album..." 

Hi-Fi News & Record Review - Marchi994 

"...the result was sharper imaging, wider 

dynamics and a more natural sound..." 
Hi-Fi Choice - January 1994 

"...Deflex panels seemed to give greater 
tightness and control, improved internal 
clarity, and pitch definition - all without 

deadening the sound in any way..." 
Audiophile - January 1994 

Standard Panel $13.50 (8.25" X 11.0") 
Subwoofer $23.50 (13.5" round) 
10+ less 10%, 25+ less 20% 

Remove foam 
and/or wool 
damping from the 
insidaW your 
speaker (if fitted) 

Other Products from Michael Percy Audio 

MIT MultiCaps... much better selection and lower prices than anywhere else. 
Solen, SCR, AEON, InfiniCap, metallized polypropylene capacitors to 270pF. 
SOLO Copper Foil Air Core inductors... premium performance air core co Is. 
Kimber, Cardas, MIT, XLO, etc. ultra pure chassis wires for wiring crossovers. 
Non-Inductive wire wound and oxide power resistors from Caddock and Mills. 
Cardas, Edison Price, Vampire, etc. binding posts, banana plugs, and spade lugs. 
Lots of other parts... Send for FREE catalog today, International orders welcome! 

Sit back and listen 
to extra detail in 
sound, and far 
less.4istortion 
when played 
loud. 

PANELS 
The simplest and most cost 
effective way to upgrade your 

existing system 

<»0te 
Foculpods are high performance vibration absorbing supports designed to 

be placed under Compact Disc Players, Turntables, Amplifiers, 

Loudspeakers and all other Audio, Video and Computer equipment. 

Used in professional stage monitors 
where the bass resolution is 

significantly improved 

MAGNAPADS INCORPORATE THE SAME ADVANCED 
TECHNOLOGY ALREADY SUCCESSFULL Y PROVEN 

IN SPECTRA DYNAMICS' "DEFLEX PANEL" 

PRIMARILY DESIGNED TO ABSORB UNWANTED 
VIBRATIONS DIRECTED AT SPEAKER COILS AND 
MAGNETS. AND TO PREVENT FURTHER SOUND 

REFLECTIONS OFF THE FLAT SURFACES 

SIMPLE TO FIT ■ APPL Y A THIN FILM OF 
LATEX ADHESIVE TO THE MAGNET AND PLACE 

THE MAGNAPAD IN POSITION. 

Available in three sizes: 75mm, 125mm & 175mm 

Prices from $7.00 per pack of 2 

^"WRAP" 
This Deflex material Is supplied in sheet form with a 
parallel "rib" running down its length. It can be used in a 
number of applications, 
e.g. it can be cut to fit as a wrap around ports 
on reflex designs (see inset) 
or on the flat panels inside transmission 
line or horn loaded speakers. 

Buy at least 2 
Deflex panels 
specially designed 
and patented by 
Spectra Dynamics. 



fully compressed. 
37. Repeat steps 35 and 36 for each of the 

four rods, keeping three rods tight at all 
times to hold the stand together. All four 
points should extend uniformly above the 
top surface. It doesn’t matter if a bit of rod 
extends below the bottom. The caulk in this 
stand should dry overnight. 

38. Repeat steps 29-37 for the other 
stand. 

39. Place both stands upright on newspa¬ 
per. Touch up the paint job with a third can 
of spray paint, concentrating on the exposed 
areas. Let the paint dry overnight. 

40. Carefully lay the stands on their 
sides. Screw in all four spikes and set them 
to the same height (— 1 "). Set the stands 
upright again. 

TIP: A clean carpeted floor is ideal for 
final assembly. 

41. Using a small plastic or paper funnel 
(e.g., a 2 oz plastic funnel), fill all eight pipes 
with dry sand through the W  fill holes. 
Pound on the stand tops and tap the sides of 
the support columns to settle the sand. The 
two stands require about 40 lb of sand. 

TIP: Pouring from a 50 lb bag of sand is 
difficult. It’s better to transfer some of the 
sand into a bucket, and pour from it. 

42. Top off the sand in each column from 

Steep Slope Electronic 

Crossovers 
Achieve Remoroble 
CLARITY by Avoiding 
•Box resonances 
•Cone breakup 

Bass Equalizer 
Extend Low Frequency 
Response by 2/3 Octave 

Circle Reader Service Card, 
Mall, or Fax 

for Product Literature 

SUSSEX TECHNICAL CORP. 
6114 Turnberry Dr. 
Garland, TX 75044 

FAX (214)-495-6434 

Reader Service tm 

a paper cup. If the stands may be tipped 
over, push a 'A" cork into each fill hole. 
Otherwise, play music with the speakers sit¬ 
ting on the points to settle the sand. 

43. After a few days top off the sand in 
each column. Apply a small amount of wood 
glue on each of the eight 'A" corks and plug 
each fill hole. 

44. Align the speakers on the four points 
on top of the stands. After you’re satisfied 
with the position and appearance of both the 
speakers and the stands, secure the speakers 
to the stands with 2W #8 screws. 

DESIGN OPTIONS 
Stand height: You can design the stands for 
a specific speaker and match its height 
requirements exactly rather than compromis¬ 
ing for salability. My design uses double par¬ 
ticleboard (3"); the spikes extend about 1" 
from the bottom and the cones 1/8" from the 
top; and the length of the pipes is 18", for a 
total height of over 22". The final figure 
depends on whether you measure from the 
top of the carpet with the spikes sticking into 
it, but I don’t think a 1/8" difference is sig¬ 
nificant here. 

Top and bottom sizes: Another option 
for the amateur but not for the commercial 
designer is matching the size of the top 
boards with the speakers. This meets our 
previously stated criterion of increasing the 
aesthetic appeal without affecting the 
acoustical properties. The size of the bottom 
boards is more arbitrary. The larger the 
board, the further apart the spikes can be and 
the more stable the resulting stand. 

However, the bottom board defines the 
footprint for the stand. Thus, the bigger it is, 
the more floor space the speaker will occu¬ 
py, and the more unwieldy the stand will be. 
After surveying commercial stands, I deter¬ 
mined 12" X 14" is the average size for a 
large stand. Modify these dimensions for 
your requirements. 

Number of support columns: You can 
vary this number with several alternatives 
(Fig. 5). In general, heavier speakers require 
more support, which is another advantage of 
designing for a specific speaker. Also, the 
fewer support columns, the larger their diam¬ 
eters should be. The built-in support cones 
will not be very stable with three columns 
and will not work at all with one or two 
columns. If you use these cones, you should 
probably stick with four columns. 

Column spacing: Support column spac¬ 
ing is also a purely aesthetic decision. 
However, if you choose the integral speaker 
support cones, column center spacing 
depends on the cone spacing. In this case, 
you should space both the cones and the col¬ 
umn far apart (for speaker stability and 
stand rigidity, respectively). Thus, the spac¬ 

ing should be as large as is aesthetically 
acceptable. 

Remember to add one-half the pipe diam¬ 
eter on each side and to place the pipes 
somewhat inward from the edges of the top. 
If you question speaker stability, place four 
points on the floor at the proposed spacing 
and sit a speaker on them to check. If you 
attach the speaker to the stand, this stability 
issue becomes secondary. 

Diameter of pipes: This also affects the 
stand’s appearance. Larger-diameter pipes 
will, in general, produce a more stable stand. 
However, you’ll face two important con¬ 
straints: (1) wheels and precut pipes are only 
available in smaller diameters, and (2) it is 
more difficult to make a square cut in a large 
pipe than a small one. 

TOOLS AND TECHNIQUE 
Rounding corners: I used a router and W 
rounding-over bit to shape the edges and cor¬ 
ners of the top and bottom pieces to produce 
a much more “finished” appearance. A sta¬ 
tionary shaper does a faster job, but don’t 
buy a shaper just for this project. An electric 
sander will work in a pinch, but it takes a 
long time and produces uneven results. 

Drilling: All this project’s holes (except 
the screw holes) should be perpendicular to 
the tops or bottoms. Even a slight misalign¬ 
ment of one of the support rods will result in 
a crooked stand. A drill guide and portable 
drill (which I used) will work; however, a 
drill press will make this easier. 

Grinding and cutting rods: A hacksaw 
works fine for cutting 3/8" rods, and a metal 
file cleans up the cut edges. However, a 
power tool can really help you shape the 
points on the rods. Or, you could use a file, 
but count on 15 minutes and one skinned 
knuckle per rod. Use a grinder instead. 

Wheels: You can cut your own wheels 
with a hole saw and an electric drill. This is 
inexpensive and allows for larger wheels 
(the largest size Cherry Tree stocks is 2‘A", 
which I used in this design). On the other 
hand, cutting wheels is tedious and the 
results are less uniform than purchased 
wheels. A hole saw in a portable drill works 
well, but results are much more uniform with 
a drill press. 

Paint: The flat black paint works quite 
well on particleboard, but not very well on 
PVC pipes. I would be pleased to hear read¬ 
ers’ suggestions for better methods of finish¬ 
ing PVC. 

CONCLUSION 
The PVC support assembly with integral 
speaker supports is versatile and attractive. 
The units meet all four of my stated criteria 
and enhance the appearance and sound of its 
matching speaker. 
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OLD COLONY SOUND LABORATORY 
Since 1956 

YOUR SOURCE FOR TECHNICAL BOOKS, SOFTWARE, AND TEST CDs 

- EASY ORDER FORM: COPY FOR FAX OR MAIL 
Please send me the books checked below: 

O The Loudspeaker Design Cookbook/Dickason. 

5E. BKAA2. $34.95. 

□ The Electrostatic Loudspeaker Design 

Cookbook/Sanders. BKAA20. $34.95. 

□ Loudspeaker Recipes/Dickason. 

BKAA30. $24.95. 

□ Audio Frequency Amplifier Design/ 

G.E. Co. (UK) Valve and Electronics 

Dept. BKAA31. $19.95. 

□ Principles of Electron Tubes/Reich. 

BKAA34. $34.95. 

□ Build Your Own Audio Valve Amplifiers/ 

zur Linde. BKAA36. $28.00. 

□ Acoustical Measurements/Beranek. 

ASA. BKACL $61.95. 

□ Acoustics: An Introduction to Its Physical 

Principles and Applications/Pierce. ASA. 

BKAC2. $52.95. 

□ Experiments in Hearing/von Békésy. 

ASA. BKAC3 $34.95. 

□ Acoustical Designing in Architecture/Knudsen, 

Harris. ASA. BKAC4. $34.95. 

□ Acoustics/Beranek. ASA. BKAC5. $44.95. 

□ Hearing: Its Psychology and Physiology/ 

Stevens, Davis. ASA. BKAC6. $34.95. 

□ Electroacoustics: The Analysis of Transduction, 

and Its Historical Background/Hunt. ASA. 

BKAC7. $34.95. 

□ Vibration and Sound/Morse. ASA. 

BKAC8. $44.95. 

□ Acoustical Design of Music Education 

Facilities/McCue. Talaske, eds. ASA. 

BKAC9. $34.95. 

□ Acoustics of Worship Spaces/Lubman.WetherilL 

eds. ASA. BKAC10. $34.95. 

□ Halls for Music Performance: Two Decades of 

Experience, 1962- 1982/Talaske, et al., eds. 

ASA. BKAC11. $34.95. 

□ Theatres for Drama Performance: Recent 

Experience in Acoustical Design/Talaske. 

Boner, eds. ASA. BKAC12. $34.95. 

□ Origins in Acoustics/Hunt. ASA. 

BKAC 13. $34.95. 

□ Acoustics of Auditoriums in Public 

Buildings/Makrinenko; Bradley, ed. ASA. 

BKAC14. $61.95. 

□ Collected Papers on Acoustics/Sabine. ASA. 

BKAC 15. $44.95. 

□ Digital Audio Signal Processing/Strawn, ed. 

BKAR4. $21.95. 

□ Feynman Lectures on Physics (3 vols.). 

BKAW2. $67.95. 

□ Loudspeaker and Headphone Handbook/ 

Borwick, ed. B KB 1. $59.95. 

□ Operational Amplifiers/Clayton, Newby. 

3E.BKB17. $61.95. 

□ Operational Amplifiers/Dostál. 2E. 

BKB18. $74.95. 

□ Audio IC Circuits Manual/Marston. 

BKB24. $34.95. 

□ Newnes Audio & Hi-Fi Handbook/Sinclair, ed. 

BKB25. $79.95. 

□ Acoustics in the Built Environment: Advice 

for the Design Team/Templeton, ed. 

BKB26. $97.95. 

□ Advanced Audio Production Techniques/Ford. 

BKB27. $29.95. 

□ Audio Engineer's Reference Book/Talbot-

Smith,ed.BKB28.$ 159.95. 

□ Op Amp Circuits Manual/Marston. 

BKB34. $34.95. 

□ Valve Amplifiers/Jones. BKB40. $39.95. 

□ Audio Electronics/Hood. BKB42. $35.95. 

□ Analog Electronics with Op-Amps/Peyton. 

BKC4. $37.95. 

□ Sound Reinforcement Handbook/Davis, Jones. 

BKHLL $34.95. 

□ Modem Acoustical Imaging/Lee, Wade. eds. 

BKIE2. $79.95. 

□ Applications of Signal Processing to 

Audio and Acoustics (Wkshp.Proc.). IEEE. 

BKIE3. $78.95. 

□ Acoustics, Speech, and Signal Processing ( 1992 

Conf. Proc.). IEEE. BK1E4. $292.00. 

O Acoustics, Speech, and Signal Processing 

(1993 Conf. Proc.). IEEE. BKIE5. $292.00. 

□ Acoustics. Speech, and Signal Processing 

(1994 Conf. Proc ). IEEE. BKIE6. $304.00. 

□ The Wood Effect/Johnscn. BKMA1. $12.95. 

□ Sound, Structures, and Their Interaction/ 

Junger. Feit. ASA. BKMT3. $34.95. 

□ Acoustical Engineering/Olson. 

BKPA1. $49.95. 

□ SPICE for Circuits and Electronics Using 

PSPICE/Rashid. BKPH6. $33.95. 

□ Digital Signal Processing Experiments/Kamas. 

BKPH7. $34.95. 

□ Handbook for Sound Engineers/Ballou, ed. 

BKS28. $99.95. 

□ Reference Data for Engineers/Van Valkenburg, 

ed. 8E. BKS50. $99.95. 

□ The Theory and Design of Loudspeaker 

Enclosures/Benson. BKSAI. $24.95. 

□ Using Time Code in the Reel World II/ 

Tanenbaum, Klemme. BKSRL $19.95. 

□ Modem Methods of Analysis for Acoustics/ 

Crighton. BKSV7. $69.95. 

□ Principles of Vibration and Sound/Rossing. 

Fletcher. BKSV8. $49.95. 

□ The Tapeless (Audio Recording and Editing) 

Directory/Hashmi, Plumbridge. BKSYL $29.95. 

□ Electrostatic Loudspeaker Design and 

Construction/Wagner. BKT6. $19.95. 

□ Tonmeister Technology: Recording Environ¬ 

ments, Sound Sources, and Microphone 

Techniques/ Dickreiter. BKTE1. $19.95. 

□ Electroacoustical Reference Data/Eargle. 

BKVN8. $59.95. 

□ High Performance Loudspeakers/Colloms. 

BKW1. $64.95. 

□ Operational Amplifiers/Bama. Porat. 

BKW6. $82.95. 

□ Operational Amplifiers: Integrated and 

Hybrid Circuits/Rutkowski. BKW7. $87.95. 

□ Noise Reduction Techniques in Electronic 

Systems/Ott. BKWI I. $69.95. 

□ Advances in Acoustics Technology/ 

Hernandez. BKW15. $74.95. 

CALL OR WRITE TODAY FOR YOUR FREE COMPLETE LISTING! 

□ Here is my order form, with books checked 
above totaling US$_._ 

I am also including my appropriate shipping charge 
as follows: 
USA surface, add 7% to order. Shipping_._ 
Other surface, add 14%. _ „ 
USA second day, add 14%. Handling_£_yy 
Other air, add 25%. 

Total Order US$_._ 

NAME 

STREET 

CITY ST ZIP 

MC/VISA/DISCOVER it EXP. DATE 

TELEPHONE OR FAX (CIRCLE) DATE 

Mastercard • Visa • Discover • Check or Money Order in US Funds Drawn on US Bank 

OLD COLONY SOUND LABORATORY 
PO Box 243, Dept. B95 
Peterborough NH 03458-0243 USA 
Teis. 603-924-6371,603-924-6526 Fax 603-924-9467 



MINING FOR GOLD ON THE 
MADISOUND BBS 

By William R. Hoffman 

Madisound Speaker Components, a 
major US loudspeaker distributor 
and supplier, sponsors a computer 

bulletin board for speaker-building enthusi¬ 
asts. Audiophiles with a modem and com¬ 
puter can upload or download program files 
related to many audio subjects, including 
loudspeaker system and crossover design 
(both passive and active), and much more. 
These files are available just for the phone 
time required to log on to the system and 
download the desired files. At the time of 
this writing, the program files listing con¬ 
tained nearly 270 entries, with the majority 
covering speaker system design. 

One of the problems with this particular 
bulletin board (a BBS in computer lingo) is 
its lack of organization. Most programs 
include only a brief half-line description of 
their content. For shorter files (fewer than 
50K bytes), the cost for phone-line time is 
low; therefore, to guess what a program does 
and download it involves little financial risk. 
On the other hand, to download the files 
which extend to over 300K bytes (even with 
a fast 9,600 baud modem) could involve 
substantial telephone charges. 

ACCESSING THE BBS 
For a glimpse of what’s available, I have 
conducted a survey of these programs and 
sorted them by subject area: 

I. Enclosure design software (51 files), 
2. Passive crossover design programs 

(12 files), 
3. Active crossover design programs 

(7 files), 
4. Room acoustics programs (5 files), 
5. Driver data files (4 files), 
6. Demonstration programs (7 files), 
7. Miscellaneous programs (7 files). 
From this file listing, I chose and 

researched some of the best and most popu¬ 
lar programs to help both those experienced 
SB readers looking for particular software 
and the burgeoning audience of speaker 
building “rookies.” 

For the benefit of the novice speaker 
builder with a personal computer and 
modem but little or no experience with a bul-
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letin board, I’ve included a quick course in 
accessing the Madisound BBS (see “Using 
the Madisound BBS” sidebar). 

Also, note that a good, fast modem (at 
least 2,400 baud) is an asset, because it will 
reduce phone-line charges. In addition, the 
BBS supports the Z-modem transfer proto¬ 
col, which is a useful feature if you are think¬ 
ing of buying a modem (or FAX/modem) 
program. 

OVERVIEW 
I begin with three general comments about 
these programs. First, many of them are sim¬ 
ilar in function. This should not discourage 
you from writing and submitting new pro¬ 
grams to the BBS, however; but know that 
there are only so many ways to implement a 
simple speaker-enclosure design program. 
The dozen or so most commonly used equa¬ 
tions for calculating box volume, QTC, for 
example, are very easily coded into a pro¬ 
gram, and I, among others, have done so and 
published the results. 1’2 Therefore, use the 
descriptions provided in the program cate¬ 
gories to help you to choose. 

Second, the individual programmers’ 
basic math skills and knowledge of the sub¬ 
ject matter determines the programs’ accura¬ 
cy. As the end user, you have no control over 
this, so when you use one of these programs 
for the first time, it is a good idea to check 
your results against other programs or simi¬ 
lar projects published in SB or other sources. 

Third, there is an old saying in the com¬ 
puter business: “GIGO” (garbage in, 
garbage out), or use caution when entering 
information into the program. Be sure to 
enter the correct values for the driver, 
inductor, or capacitor you use. Too often the 
product is not what its manufacturer claims. 
I have measured some wild, sample-to-sam-
ple parameter variations from some very 
reputable loudspeaker driver manufacturers: 
for instance, variations in VAS of ±40% 
from the manufacturer’s specs, and Fo val¬ 
ues that range over ±20%. Some enclosure 
designs will not tolerate these discrepancies, 
so beware. 

Finally, all of these programs have some 

limitations, most of which are not spelled out 
by their authors in the program’s informa¬ 
tion. If you use them to design a project that 
is unusual or nonstandard, they may produce 
erroneous results. Therefore, if you are unfa¬ 
miliar with a particular program’s design or 
its limitations, be careful how you use it. 

PROGRAMS 
Enclosure Design Software. This is the 
largest program group on the BBS, with 51 
program file choices. The novice speaker 
builder seeking a simple, all-purpose pro¬ 
gram for a box design can select AUDIO-
LAB.ZIP, ENCVOL.ZIP, LISTBOX.BAS, 
or VBOX.BAS. In addition, programs such 
as 2WAYSYS.ZIP, AVI.EXE, and FILT-
BOX.ZEP offer both enclosure and simple 
crossover designs. 

The more experienced user can explore 
AV10.ZIP, which provides the dimensions 
of cylindrical- or spherical-shaped enclo¬ 
sures, or BANDBOX.ZIP, BPASS.WK1, 
SPKRWKSP.ZIP, and SYMSPDR.ZIP, 
which offer bandpass and other forms of 
compound system design. For highly spe¬ 
cialized loudspeaker system design work, try 
HORN.ZIP as an aid to horn system design 
and TLINE.ZIP for transmission lines. 

Files for more advanced design work 
include BOXLOSS.BAS to calculate vent-
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Users with a computer and modem can 
download a list of the audio-related files 
(including filename, size, and description) 
offered on the Madisound BBS by dialing 
(608) 836-9473. 



USING THE MADISOUND BBS 

Accessing this audio-oriented bulletin 
board system is simple and free if you 
have a computer with a modem. 
Currently about 270 software files are 
available for only the telephone line cost. 
Just follow the steps below: 

1. Dial the Madisound BBS, (608) 
836-9473. 

2. A welcome screen will appear. 
3. Answer the questions about who 

you are and select and enter a private 
code that only you will know. Remember 
this number, as you need to repeat your 
name and this code number each time 

you log on to the system. 
4. Follow the system prompts until 

you reach the first menu. Enter the letter 
“F” (to see files under the viewpoint 
heading). 

5. At the next prompt, enter the letter 
“D” (to download from the exchange 
heading). 

6. At the prompt for filename(s), 
enter each file you wish to download. 
After entering the last filename, hit the 
Enter key a second time. This will end 
the entry procedure and start the down¬ 
loading process.—WH 

ed box losses, HELM201.ZIP (and 
HELMHZ. ZIP) to compute duct sizes and 
lengths for tuning, NCLOSURE and 
PORTNOTE for notes and information on 
vented system designs, and VARIO.BAS 
(and VARI.BAS) for sample designs using 
the Dynaudio Variovents as part of an 
enclosure system. 

Finally, the multiple file “Master” pro¬ 
grams contain within their 100K-300K 
bytes of information many similar program 
files. Some of these are very elaborate com¬ 
pilations of design programs from a single 
source. For instance, JBL.ZIP contains many 
duplicate files found elsewhere on the 
Madisound BBS (see the file CONTENTS 
for a listing of those programs), but if you 
have the time and a speedy modem, try this 
one. JBL.ZIP is a genuine gold mine of 
information on JBL-manufactured products 
and contains another program file, NEW-
BOX.BAS (also listed separately), which I 
describe later. 

PERF450.ZIP deserves special mention. 
It is a good sealed/vented system design pro¬ 
gram, with graphic output for a printer. It 
also includes a useful program called 
ROOM to help you position your loudspeak¬ 
ers in a room for best sound (not available as 
a separate BBS file). I will review this pro¬ 
gram later as well. 

Passive Crossover Design Programs. 
These 12 deal with either passive crossover 
design or with related subjects. If you are a 
beginning designer, buy Vance Dickason’s 
book, The Loudspeaker Design Cookbook, 
4th ed. (available from Old Colony Sound 
Lab), and read the section on crossovers and 
crossover design (Chapter 7). Many more 
advanced SB readers might also find it very 
informative. 

These programs could not begin to cover 
all the factors of a complete crossover 
design, particularly a complex one. Passive 
crossover networks by their very nature are 
imperfect. The program can be considered 
complete only when its design is made part 
of a mathematical model, which includes 
information on the driver characteristics. 

To begin a survey of passive crossover 
design files, let’s first look at some simple 
programs. Beginners should start with 
2WAYXOVR.ZIP, 3WAYXOVR.ZIP, or 
XOVRTOLS.ZIP, which is a short collec¬ 
tion of simple but useful programs. 
Advanced users might try the more elabo¬ 
rate, detailed TWOX.ZIP or THREEX.ZIP. 

For those extra functions in a crossover 
design, try L-PAD.ZIP and PADS, which 
help design a fixed passive driver attenuation 
network, and NOTCH1.ZIP for creating a 
notch filter to eliminate peaks in a driver’s 
response. 

Active Crossover Design Programs. 

Some of these files can aid you in designing 
elaborate filters for active crossover design. 
If you are experimenting with simple op-
amp-based active filters, the program ACT-
CROSS.BAS is a good place to start. 

As you progress, try F1LTER.ZIP for 
a complete circuit diagram of a filter. 
Finally, program files such as FILTER-
CAD.ZIP, FILTER.EXE. FILTER.LZH, 
and FILTR170.ZIP are very elaborate and 
presume a background in filter design, so be 
forewarned. 

To the best of my knowledge, none of 
these program files integrate driver data 
directly into their calculations. If you build a 
filter and apply it to a loudspeaker system, it 
will not necessarily give you any better 
results than using an equivalent function pas¬ 
sive-type crossover. 

Room Acoustics Programs. These five 
program files are each very interesting. The 
first three, BOUNDARY.ZIP, BOUND 
RY.ZIP, and BSTPLACE.ZIP, were written 
by Roy Allison (formerly of Acoustic 
Research and Allison Acoustics and now 
with RDL Acoustics in Bellingham, MA)? 
All three are also available from RDL, (800) 
227-0390, along with reprints of some of 
Mr. Allison’s research papers. The cost for 
the entire package is $5. These programs 
help you find the best place in your listening 
room to position loudspeakers to minimize 
the negative effects of room boundary reflec¬ 
tions on bass and midbass response. 

The program ROOM in the PERF450.ZIP 
file is graphics-based and shows the low-fre¬ 
quency room standing wave modes for many 
loudspeaker/listener positions. To use it, 
move the speaker site and listener seating 
positions around the graphics display until 
they match those in your listening room. The 
program calculates and displays the distribu¬ 
tion of all the room modes. I highly recom¬ 
mend ROOM and its companion program 
PERFECT BOX. 

Driver Data Files. In these four, several 
driver manufacturers’ products (Allison, 

JBL, Audax/Polydax, and Pyle) and their 
pertinent specifications (usually the 
Thiele/Small values) are listed. Also, many 
list suggestions for driver use (box volume, 
tuning, crossover frequency, and so forth). 
However, many of these files offer only 
older-product specifications, which are use¬ 
ful if you are designing a speaker system 
around noncurrent drivers. 

Demonstration Programs. These seven 
files are demonstrations (or product adver¬ 
tisements) for loudspeaker design instrumen¬ 
tation or software programs. Some other 
demo programs scattered among the other 
software files I surveyed are usable and 
therefore can be considered a working prod¬ 
uct. All are quite interesting and informative 
to help you plan your purchases. 

Miscellaneous Programs. These offer 
many useful functions that are peripherally 
related to speakers, amplifiers, and music. 
AUDIO.ZIP, AUDIOF10.ZIP, SONG-
BS20.ZIP. and SOUNDDZ22.ZIP are data¬ 
base programs for sorting and storing infor¬ 
mation on record/CD/tape collections. In 
addition, TAPEMAKR.ZIP catalogs cas¬ 
sette collections and creates labels for 
them on a printer. Lastly, TF.ZIP allows 
you to use a PC as a programmable fre¬ 
quency generator. 

THERE'S MORE 
After you try some of these simple design 
programs, you might require something even 
more powerful, but where do you go? The 
full-featured, commercial software packages 
are the next stop. They usually contain print¬ 
ed guidebooks, manuals, and a complete set 
of integrated software tools, and are able to 
handle complete loudspeaker system design. 

They can be expensive, however, and 
most require some technical expertise. You 
can’t “design something with the push of a 
button.” (See the sidebar “Commercial 
Software Programs” for a listing of some of 
the more popular packages and their publish¬ 
ers. Old Colony Sound Lab is probably the 
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COMMERCIAL SOFTWARE PROGRAMS 

In addition to the above bargain programs, there are a number of 
excellent, full-feature, commercial packages that include printed doc¬ 
umentation and GUIs (graphical user interfaces) to simplify complex 
speaker design tasks. The following is a partial list of these programs 
and shopping resources. 

PROGRAM: BASS BOX/X-OVER 2.0 
PUBLISHER: Harris Technologies 

PO Box 622, Edwardsburg, MI 49112 
(616)641-5924 

PROGRAM: BOX CALC/NETCALC 
PUBLISHER: Ariba 

Baroniehoeve 32 
5244 Hz Rosmalen 
The Netherlands 

PROGRAM: LEAP 
PUBLISHER: Linear-X Systems, Inc. 

7556 SW Bridgeport Rd., Portland, OR 97224 
(503) 620-3044 

PROGRAM: SPEAKER SYSTEM DESIGNER 
PUBLISHER: ME Technologies 

PO Box 50 
Dyens Crossing, NSW 
2429 Australia 
(Distributed in the US by Old Colony) 

PROGRAM: TOP BOX 
DISTRIBUTORS: Zalytron Industries Corp. 

469 Jericho Turnpike, Mineola, NY 11501 
(516)747-3515 
A&S Speakers 
3170 23rd St., San Francisco, CA 94110 
(415)641-4573 

The following is an inexpensive program devoted to transmission 
line speaker design: 
PROGRAM: " QUICK & EASY TRANSMISSION 

LINE DESIGN (Q&ETLD) 

PUBLISHER: Mahogany Sound 
2610 Schillingers Rd. #448, Mobile, AL 36695 
(205) 633-2054 

The following are sources for a number of specialty design 
programs. You can call them to order a catalog: 

Old Colony Sound Lab 
PO Box 243, Peterborough, NH 03458 
(603) 924-6371 

OCSL current offerings include: 
MODES FOR YOUR ABODES 
BOXRESPONSE 
BANDPASS BOXMODEL 
CALSOD (standard and professional) 
PC-ECAP 
F1TDUCT 
LDCAD 
LMP (Loudspeaker Modeling Program) 
BOXMODEL 
NON-OPTIMUM VENTED BOX SPREADSHEET 
PASSIVE CROSSOVER CAD 
ROOM DESIGN POWERSHEET 
LOUDSPEAKER DESIGN POWERSHEET 
PXO PASSIVE CROSSOVER CAD 
QUICK BOX 
Q&ETLD 
SPEAKER DESIGNER 
SPEAKER SYSTEM DESIGNER 
TRANSMISSION LINE BOXMODEL 
THE LISTENING ROOM 
TERM LOUDSPEAKER DEVELOPMENT 
TWO-WAY ACTIVE CROSSOVER PLUS 
VENTWRK VENTED BOX CONSTRUCTION (PLUS) 

Sitting Duck Software 
PO Box 130, Venetta, OR 97487 
(503) 935-3982 

largest distributor of these programs and has 
an excellent catalog.) 

AND THE WINNER IS... 
I have offered general comments on the con¬ 
tent and usefulness of the various programs 
in our subject listings, but now will make 
recommendations to the amateur speaker 
builder. These are based on my own experi¬ 
ence as a professional system design engi¬ 
neer and a home experimenter. 

1. When I perform an initial search, say, 
for a bass driver/enclosure combination for a 
particular project, I begin by using the pro¬ 
gram PERFECT BOX. I load the 
Thiele/Small parameters of a preselected 
group of drivers into its database file. I then 
use the program’s quick, easy menu system 
and good graphing capability to determine 
the basic enclosure type and parameters for 
each of these drivers. From there, it is a sim¬ 
ple task to select a driver that will meet the 
needs of the project. Especially useful is the 
electrical power and SPL limiting graph the 
program provides. 

More amateur speaker builders should 
see this particular graph. It is often a revela¬ 
tion and a shock to see what happens to the 
bass response of your favorite speaker sys¬ 
tem (which may have very flat, extended 
bass at low power levels) when it is heavily 
driven. Many vented systems have poor 
design and no headroom (the driver quickly 
loses radiated power capability over some 
part of the bass range, causing severe vol¬ 
ume compression). 

2. If I find one (or more) promising dri¬ 
ver/enclosure combinations (with a vented 
design), I use D.B. Keele’s program NEW-
BOX, which provides a more accurate look 
at the system characteristics than PERFECT 
BOX. It also offers a more complete set of 
working tools to optimize the system design. 

3. Finally, for a project that requires 
sophisticated, integrated system design, I use 
a professional, PC-based program package 
called CALSOD (also available from Old 
Colony). From driver-enclosure matching to 
optimized crossover values, this program can 
do it all. Its ability to vary many parameters 

in a particular design and to predict the 
results almost immediately are its greatest 
assets. On the down side, you need a techni¬ 
cal background to use this program. 

THE END 
It was impossible for me to download the 
hundreds of design program files available 

to page 73 
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Hit the Road with Madisound & Vifa 
T NEODYM TWEETER D26NC-05-06 

SPECIAL FEATURES; 

• VERY COMPACT CONSTRUCTION 

• NEODYMIUM MAGNET 

• "BUTTERFLY“ VC ASSEMBLY 

• MAGNETIC FLUID 

• FABRIC DIAPHRAGM 

• PREPARED FOR CUSTOMIZED FRONT 

NOMINAL IMPEDANCE 6 0 
NOMINAL POWER (IEC 268-5) 30 W 
FREQUENCY RANGE 2.5-20 kHz 
SENSITIVITY (1W. 1m) 88.5 dB 
EFFECTIVE DIAPHRAGM AREA 7.1 cm* 
VOICE COIL RESISTANCE 4.6 0 
OPERATING POWER 1.3 W 
VOICE COIL DIAMETER 25 mm 
VOICE COIL HEIGHT 1.6 mm 
AIR GAP HEIGHT 2 mm 
FREE AIR RESONANCE 1800 Hz 
MOVING MASS (incl. oir) 0,27 g 
FORCE FACTOR. B x I 2.5 Txm 
MAGNET WEIGHT (0.4oz) 11 g 

• LONG STROKE. LOW REFLEXION. 
MAGNESIUM BASKET 

• VERY STIFF PAPER CONE 

• LOW DAMPING RUBBER SURROUND 

• MAGNET SYSTEM WITH 2" V. C. AND 
LARGE VENT 

• OPTIMIZED AS CAR SUBWOOFER 

NOMINAL IMPEDANCE 4 Q 
VOICE COIL RESISTANCE 3.2 Q 
NOMINAL POWER (IEC 268-6) 150 W ’ ' 
SHORT TERM MAX POWER (IEC 268-5) 500 W ” 
LONG TERM MAX POWER (IEC 268-5) 350 W ” 
MUSIC POWER (DIN 45500 ) 200 W 
OPERATING POWER 12 6 W 
SENSITIVITY (1W. 1m) I (283V, 1m) 85/88 dB 
FREQUENCY RANGE 45-500 Hz 
FREE AIR RESONANCE 48 Hz 
VOICE COIL DIAMETER 50 mm 
VOICE COIL HEIGHT 19 mm 
AIR GAP HEIGHT 8 mm 
VOICE COIL INDUCTANCE 0.9 mH 
EFFECTIVE CONE AREA 224 cm2
MOVING MASS (incl. air) 35 g 
MAGNET WEIGHT (374 oz) 1062 g 
FORCE FACTOR. Bx I 64 Txm 
Vas 20 Hr 
Qms 3.44 
Oes 0.87 
Ots 0.70 

61/2" WOOFER M18WN-19-04 
SPECIAL FEATURES: 

• LONG STROKE. LOW REFLEXION. 
MAGNES UM BASKET 

• STIFF MOISTURE RESISTANT PAPER CONE 

• LOW DAMPING RUBBER SURROUND 

• KAPTON* V. C. FORMER 

• OPTIMIZED AS CAR-WOOFER 

NOMINAL IMPEDANCE 4 Q 
VOICE COIL RESISTANCE 30 Q 
NOMINAL POWER (IEC 268 5> 110 W” 
SHORT TERM MAX POWER (IEC 268-5) 300 W” 
LONG TERM MAX POWER (IEC 268-5) 150 W ” 
MUSIC POWER (DIN 45500) 150 W 
OPERATING POWER 12 6 W 
SENSITIVITY (1W. 1m) / (233V. 1m) 85/88 dB 
FREQUENCY RANGE 63-3000 Hz 
FREE AIR RESONANCE 63 Hz 
VOICE COIL DIAMETER 40 mm 
VOICE COIL HEIGHT 14 mm 
AIR GAP HEIGHT 6 mm 
VOICE COIL INDUCTANCE 0.6 mH 
EFFECTIVE CONE AREA 132 cm’ 
MOVING MASS (incl. atr) 15 5 g 
MAGNET WEIGHT (14.6 oz) 415 g 
FORCE FACTOR. Bxl 4.8 Txm 
Vas 10 hr 
Qms 388 
Qes 0.80 
Qts 0.66 

M26WR-19-04 10" WOOFER 

Special Features: 

19 

320 L BOX 

150 
200 

40-1000 

'ominal Impedance [ohm] 
Nominal Power (IEC 268-5) [W] 
Music Power (DIN 45500) [W] 
Frequency Range [Hz] 
Sensitivity (lW,lm)/(2,83V.lm) [dB] 
Effective Cone Area [sq.cm] 
Voice Coil Resistance [ohm] 
Voice Coil Inductance [mH] 
Operating Power [W] 
Voice Coil Diameter/Heigat 
Air Gap Height [mm] 
Moving Mass (incl. Air) [g] 
Free Air Resonance [Hz] 
Force Factor, B-1 [T"m] 
Magnet We.ght [g]/[oz] 
Qms 

* Long Stroke, Low Reflexion, 
Magnesium Basket 

• Very Stiff Paper Cone 
* Low Damping Rubber Surround 
* Magnet system with 2" VC 
and Large Vent 

* Optimized as Car Subwoofer 

1062/37,4 
3,65 
0.84 
0.69 



CLIO CAN DO: 
- FFT of input signal with THD analyzer 
- THD with burst signals 
- Electrical and acoustical phase 
- Anecho.c transfer function 
- MLS analysis of linear systems 
- System impulse response 
- Energy-t me curve 
- Cumulative spectral decay 
- Sinusoidal steady state transfer function 
- Near-fiie'd and inside-box response 
- Impedance function 
- Thiel-Small parameters measurement 
- Real time 1 /3 octave analysis 
- Generation of pre-defined waveforms 
- Time signal (oscilloscope) 
- SPL, dBV dBm, V amplitude 
- Inductor and capacitor meter 

GENERATOR 
- Two channels 16 bit sigma-delta D/A conv. 
- Frequency range: 1 Hz - 22 KHz (+0, -1 dB) 
- Frequency accuracy: better than 0.01 % 
- Frequency resolution: 0.01 Hz 
- Output impedance: 100 i2 
- Maxi outout (sine): 12 dBm (3.1 V RMS) 
- Attenuation: 64 x 1.5 dB step + mute 
- THD + Ncise (sine): 0.015 % 
ANALYZER 
- Two channels 16 bit sigma-delta A/D conv. 
- Input range: + 30, - 42 dBV 
- Input impedance: 64 KQ (2.7 KQ mic. input) 
- Phantom: 8.2 V 
MISCELLANEOUS 
- Sampling frequency: 51.2 KHz, 6.4 KHz 
- Card: 14 cm, 8 bit PC slot card 
MICROPHONE MC-01: 
- Condenser electret 
-+/- 1 dB, 20 Hz to 10 KHZ. 
- +/- 2 dB, 10 KHz to 20 KHz (direct field) 
- Maximum level: 120 dB SPL 
- Dimensions: 8 mm diameter, 250 mm long 
- Accessories: 3 m (10 ft) cable, stand adaptor 
PC HOST MINIMUM REQUIREMENTS: 
- 80286 or better 
- One 8 bit half size free slot 
- EGA video board or better 
- 640 KBytes RAM 
- Hard disk 
- No co-processor needed 

FREE DEMO DISK FROM ORCA UPON REQUEST. 

Most commonly encountered US price for the com¬ 
plete hardware/software CLIO system: US$ 1,595.00. 
This price includes, in the USA, one hour of direct! tech¬ 
nical support for registered users. 

OEMs, importers and large organizations, please con¬ 
tact ORCA directly for special industry 
accomodation. 

COMING SOON: automatic programmable PASS/FAIL 
software module for production QC. 

CLIO, another ORCA offering 
ORCA is happy to bring you the new CLIO 
system for its exceptional value and ease 
of use. In our opinion it is the first fully as¬ 
sembled professional quality MLS based sys¬ 
tem affordable to DIY amateurs. 

ORCA Design & Manufacturing Corp. 
1531 Lookout Drive. Agoura, CA 91301 - USA 

tel: (818) 707 1629 fax: (818) 991 3072 

STOCKING DISTRIBUTORS 
BIG COVE Huntsville, AL. FAX (205) 430 3961 TEL (205) 379 3982 
MADISOUND Middleton.WI. FAX(608)831 3771 TEL(608)831 3433 
MDB Technologie Canada. FAX (514) 635 7526 TEL (514) 891 6265 
SPEAKERS ETC Phoenix,AZ, FAX (602) 272 8633 TEL (602) 272 6696 
W.A.R. Perth,Australia, FAX (61) 9-445 2579, TEL (61) 9-445 2422 
ZALYTRON Mineola, NY, FAX (516) 294 1943 TEL (516) 7473515 



CLIO THIRD OCTAUE ANALYSIS 

CLIO is a complete 16 bit dual I/O channels electro¬ 
acoustic measurement svstem, with a variable sam¬ 
pling rate, built on a half size PC board I It comes 
complete with a precision calibrated condenser mi¬ 
cro phone (with stand adaptor), cables and connec¬ 
tors, and a remarkably user-friendly manual includ¬ 
ing thorough explanations and clear illustrations. 

A 
CL O works as a precision A/D & D/A audio front-end. 
It will generate any piie-defined stimulus such assine, 
square, burst, noise and MLS (medium length se¬ 
quence), as well as any others saved in its Horades. 
CUO will also analyze input signals both in frequency 
and time domain. Install CLIO in your laptop end you 
have a professional oorable measurement system 
to take with you in the field (ideal for in-car measure¬ 
ments). As an option,CLIO ofers a battery-operated 
pre-amplifier with A-weighted filtering for when the 
microphone is more than 10 ft from your PC host 
(anechoic chamberí 

A 
CLIO software release 3.0 gives you a "Windows-like" 
mouse oriented user interface. The various control 
panels show on your sceen as the real instrument. 
CLIO gives you powerful editing capabilities as well 
as import and export facilities (LEAPCALSOD ...). 
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READING ROOM 

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

The Audio Adventure 
A monthly new sletter that reviews affordable 
high-end audio products. 
TOM ART Publishing, Inc. 
PO Box 15256, Chevy Chase, MD 20825 
(800)566-6617 

The Binaural Source No. 3 
List of CDs and cassettes especially de¬ 
signed for headphone listening. 
The Binaural Source 
Box 1727. Ross, CA 94957 
(415)457-9052 

The Electrostatic Loudspeaker Design 
Cookbook 
Reference book for building electrostatics by 
audio veteran Roger Sanders. 
Old Colony Sound Lab 
PO Box 243. Dept. B95, 
Peterborough. NH 03458 
(603) 924-6371/6526. FAX (603) 924-9467 

THE WORLD'S 
NOST 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 

Q Check enclosed (US dollars and drawn on a US bank) 

□ Please charge my LJ Visa □ Mastercard O 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 

Fair Radio Sales Catalog 
Lists company's offerings of electronic sur¬ 
plus equipment. 
Fair Radio Sales 
1016 E. Eureka St., Lima. OH 45802 
(419) 223-2196. FAX (419) 227-1.313 

Legacy Audio 1995 Catalog 
48-page booklet profiling speakers, sur¬ 
round sound processors, and amplifiers. 
Legacy Audio 
3021 Sangamon. Springfield, IL 62702 
(800) 283-4644, FAX (217) 744-7269 

Mouser Catalog 
276-page index to electronic components. 
Mouser Electronics 
2401 Hwy. 287 North, Mansfield, TX 76063 
(817) 483-4422, (8(X)) 992-9943 

NetWell Noise Control Catalog 
Twenty pages listing the company's line of 
acoustic-control products. 
NetWell Noise Control 
6125 Blue Circle Drive, 
Minnetonka, MN 55343 
(612) 939-9845, FAX (612) 939-9836 

North Creek Music Systems—1995 
Catalog of loudspeaker components and 
accessories for the hobbyist. 
North Creek Music Systems 
PO Box 1120, Old Forge, NY 13420 
(315)369-2500 

Parts Express 1995 Catalog 
Free 212-page catalog listing speakers and 
audio accessories, and semiconductors. 
Parts Express 
340 E. First St., Dayton, OH 45402 
(800) 338-0531, FAX (513) 222-4644 

RAG Electronics Catalog 
A resource of used equipment and factory 
authorized new equipment. 
RAG Electronics, Inc. 
2450 Turquoise Circle, 
Newbury Park, CA 91320 
(800) 459-3457 

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

We invite manufacturers and publishers to 
send releases for inclusion in this column to: 
Speaker Builder 
Reading Room 
305 Union St.. Peterborough. NH 03458 
FAX (60.3) 924-9467 
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mem, 

Finally, one complete source for speaker accessories. 
Hardware, crossovers, tweeters, midrangesand over 
160 different woofer ty pes. Ail at truly unbeatable pnces 

MCM ELECTRONICS 
650 CONGRESS PARK DR. 
CENTERVILLE. OH 45459 4073 

MCM 
Electronics 
High Performance Plus, 
Attractive Price 

Fora FREE Catalog Call... 

1-800-543-4330 
Product Questions 1 -800-824-TECH(83?4) 

aI PREMIER Company 

Hours: M-F 7 a.n.~ 9 p.m., Sat. 9 a.m.~ 6 p.m. EST 

FREE 
CATALOG 

IVI'OIVI 
ELECTRONICS 

Serving you coast to coast! Distribution Facilities in Dayton, OH and Reno, NV! | SB24 
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NOW AVAILABLE! AUDIO ANTHOLOGY VOLUME 6 
•Articles from Audio (Audio Engineering) 1960-61 edited by C.G. McProud 

BKAA3/6 ONLY 

Amp • Hanging Hi-Fi System • Common-Bass Stereo 
Speaker Sys • Design Chart for Bass Reflexes • Filters 
for FM Stereo (Crowhurst) • FM Multiplex Stereo 
Adaptor • Distortion in Tape Recording (Burstein) • 
ImprovingSNR (Burstein) • Determination of Tracking 
Angle in Pickup Arms • FM Sweep Alignment Unit • 
Speaker Power (Klipsch) • 

PLUS 25 MORE ARTICLES! 

• Transistorized Stereo 
^B B^ Phono Preamp 

[ ■ 1 ̂7 Amps witt1 Pos an<J
I Neg Feedback 

J I < ja t J Feedback Techniques 
•b I V • in Low-Level Amps • 
8 Universal Feedback 

ALSO AVAILABLE 
ONLY $16.95 EA! 

BKAA3/1 VOL.1 ’47-’5O 
BKAA3/2 VOL.2 ’50-’52 
BKAA3/3 VOL.3 ’52-’55 
BKAA3/4 VOL.4 ’55-’57 
BKAA3/5 VOL.5 ’58-'59 

OR GET THE 
COMPLETE 6-VOL. 
LIBRARY FOR ONLY 
$84.95 (Save $16.75!) 
ORDER BKAA3/X6 

OLD COLONY SOUND LAB 
PO Box 243, Dept. LDCV 

Peterborough NH 03458 USA 
24-Hr. Tels.(603) 924-6371, 924-6526 

Fax(603) 924-9467 

Please include SHIPPING: 
USA surface — add 7% to order 
USA UPS second day — add 14% to order 
Other surface — add 14% to order 
Other air — add 25% to order 
AND HANDLING: $2 per order. Thank you! 
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Wayland's Wood World 
MOUNTING IRREGULARLY SHAPED DRIVERS 

By Bob Wayland 

Cutting a hole for a woofer 
or circular tweeter is not 
complicated when you 

have made the right jigs [SB 4/95, 
p. 40). Many tweeters, special¬ 
purpose speakers, and the ubiqui¬ 
tous 6x9 require irregularly 
shaped mountings. Although not 
difficult to make, these holes 
require their own special jigs, one 
for each size and shape. 

PREPARATION 
A router is the main tool you’ll be 
using. The best router bits for this 
operation are spiral upcut and straight bits 
(Photo 1). You will also require a round guide 
bushing, such as the one for Porter-Cable 
routers shown in Photo 1. If you experience 
difficulty finding one that fits your router, you 
can buy a universal base plate with bushings 
that you can adapt to your router. 

The guide bushing rubs against a template 
guide, allowing you to rout out even the most 

complex holes. In this example we’ll cut an 
insert around a hole for a midrange/tweeter 
driver so the face of the driver is flush with 
the mounting board. By routing through the 
board, you can cut a hole for an irregularly 
shaped speaker, e.g., a 6x9 oval. The usual 
material for making templates is 1/8" 
Masonite™, but plywood, plastic, or even 
metal can be used with equally good results. 

I use whatever scraps are in my 
shop. 
Don’t commit the common mis¬ 

take of making the template too 
small. The edges of the Masonite 
guide should be 3 or 4" beyond 
the cutout in the template. This 
gives you a firm surface to rest 
your router while you are routing. 
Attach the guide bushing to the 

base of your router. After you 
have locked the router bit in 
place, carefully center the guide 
bushing so the distance from the 
cutting edge of the router bit to 

the outside edge of the guide is exactly the 
same all the way around (Photo 2). Record 
this distance, which you will need when lay¬ 
ing out the template. 

Finally, you will need some double-sided 
tape, the kind used to hold down carpet and 
loose rugs and available at most hardware 
stores. This carpet tape is about the right 
width and offers great holding power. 

PHOTO 2: Measuring the distance from the cutting edge of the router bit to the outside 
edge of the guide. 

PHOTO 3: Tracing the correct pattern by 
carefully following the edge of the speaker 
with the pivot point and letting the pencil 
mark the right-sized pattern for the opening. 

PHOTO 4: Using a scroll saw to remove 
the cutout for a template. 

40 Speaker Builder 5/95 



PHOTO 5: A mill file removes the irregu¬ 
larities on the edges of the cutout. 

PHOTO 6: Measuring the amount of offset 
to the top of the flange of a speaker set on 
its gasket on a flat surface. 

plate to trace the correct pattern. Another way 
is to trace the pattern on the back side of the 
template. The problem with Masonite, how¬ 
ever, is that its back side is usually quite 
rough, making it difficult to trace accurately. 

Remove the marked-out pattern, either 
with a scroll saw or a coping saw. I usually 
cut to the inside of the line, so when the edge 
is straightened, the pattern is the right size. Be 
careful to keep the blade perpendicular to the 
template, or, to your work table (Photo 4), if 
you are using a scroll saw. Either way, you’ll 
need to fix the irregularities of the pattern 
edges. You can use a mill file (Photo 5)—a 
half-round file for rounded comers and a 
round file for tight-radius situations. While 
you are at it, remove all burrs. Apply the car¬ 
pet tape, covering as much of the back side of 
the template as you easily can. Don’t remove 
the backing from the tape until just before 
you’re ready to use iL 

SETTING AND CUTTING 
If you are cutting a trough for the speaker 
flange to fit into, you must determine how 

deep to make it. If you are making a through-
cut for a speaker, you can skip this step. Place 
the speaker on its gasket on a flat surface and 
measure the amount of offset to the top of the 
flange (Photo 6). If you’re using a silicone 
seal instead of a gasket, add about 1/16" to 
the thickness of the flange, or make a spacer 
the thickness of the silicone and measure. 
With a depth gauge, set your router depth to 
this premeasured amount (Photo 7). 

Now position the template over the area to 
be routed. Remove the backing from the dou¬ 
ble-sided tape on the back of the template 
(Photo 8). Clean the surface of the mounting 
board before positioning the template. 
Holding the template just above where you’ll 
mount the speaker, carefully center the open¬ 
ing and then firmly press the template onto 
the mounting board. 

With this preparation work completed, 
you’re now ready to cut. If you have a normal 
router (not a plunge router), place the bit 
inside the hole in the template. Tip the router 
up so the bit isn’t touching the surface of the 
board, turn the router on, and then slowly 

PHOTO 7: Using a depth gauge to set the router depth to the 
amount measured in Photo 6. 

PHOTO 8: Removing the backing from the double-sided tape on 
the back of the template. 

MAKING THE TEMPLATE 
Next, we’ll determine and trace the opening 
to be cut onto the template. The tracjng must 
allow for the presence of the guide bushing. 
One way is to set the compass the same dis¬ 
tance from the center pivot point to the pencil 
at the measurement you made when center¬ 
ing the guide bushing. Carefully trace the cor¬ 
rect pattern by following the edge of the 
speaker with the pivot point and letting the 
pencil mark the right-sized pattern for the 
opening (Photo 3). 

Usually, with symmetry in the pattern of 
the flange or the opening for the speaker, you 
can simply place the speaker face down on 
the template and trace around the edge. If the 
irregular shape prevents you from doing this, 
first make a pattern on scrap cardboard by 
placing the speaker face down, tracing it, then 
cutting out the pattern and turning it over. 
You can then use this new pattem as a tem-

PHOTO 9: Moving the router around until the entire surface of the hole has been 
covered. 

Speaker Builder 5/95 41 



A Quality Texture Look 
Without Laminating Costs and Labor! 

Designed For Use On Speaker Cabinets 

RESTORES OLD WORN OUT SURFACES 

TEXTURELAC Spray finish produces a three-dimensional look that resembles a pebble, 
stucco or leather texture. It can be handled within 15 minutes of spraying and eliminates 
most sanding, spackling or extra paint operations. Dries to a hard mar-resistant and washable 
finish 

—Can reduce production spray room material and labor costs by 70 percent or more— 

TEXTURELAC Is formulated for use on all wood, and composition woods, plastics and 
metal castings. It is available in most colors. 

Fur a trial order or swatch panel of TEXTURELAC with descriptive literature call or write 

Abilene Research and Development Corp. 
PO Box 294, Hewlett, NY 11557»(516) 791-6943»FAX (516) 791-6948 
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bullock and white software presents 

BoxModel 
Common Features: 

WARNING: NOT FOR NOVICES! 
•Series and Parallel, Compound and 
Isobaric Design 
•Sealed, Vented and Passive Radiator 
Systems 
•Optimized Flat Alignments 
•Multiple Concurrent Designs 
•Complete Driver Parameter Database File 
with Over 1070 Complete Drivers, 4” to 30” 
Drivers [53 Manufacturers] 
•Equalized Alignments Thru 8th order 
•Filter Assisted Alignments 
•Atmospheric Conditions 
•Coefficients of Transfer Function 
•Separate Box, Port and Absorption Losses 
•Automatic Project File Save/Recall 
•Single/Multiple Ports * US and Metric Units 
•Box Dimension Calculator 
•Separate Traces for Box, Driver, EQ and 
Losses 
•Re or IZvcl Maximum Power Graph 
•No Co-Processor Required 

GRAPHS: 
•Maximum SPL * Relative SPL 
•Voice Coil Impedance * Voice Coil Phase 
•Acoustic Phase Response * Group Delay 
•Transient Response * Driver Piston 
Excursion 
•Vent Airspeed * Passive Radiator Excursion 
•Maximum Input Power 

Version 4.0 DOS Features 
•8088 Thru Pentium Compatible 
•Graphics Printer Dumps 
•CGA, EGA, and VGA Supported 
•Pull-Down Menus 
•Designed to run in 640K memory 

$59.95 
Plus $3.00 Shipping in USA 

Windows Version 1.0 Feature 

Aperiodic Loading 

$74.95 
Plus $3.00 Shipping in USA 

Questions and Comments: 
email: robert.c.white@BBS.HAL-PC.org 
<Robert C. White, Jr.> 
email : rbullock @ miavx 1 .acs.muohio.edu 
<Dr. Robert M. Bullock III> 

OLD COLONY SOUND LAB 
PO Box 24.3, Dept. G95 

Peterborough, NH 03458-024.3 USA 
Telephone: (603) 924-6371 

or (603) 924-6526 
24-hour fax: (60.3) 924-9467 

NtW L À 

PHOTO 10: Finished hole. 

PHOTO II: An accurate flush-mounted 
speaker. 

lower the router until its base is flat on the 
template. If you have a plunge router, this 
step simply involves lowering the router bit, 
once you have set it in place on the template. 

Move the router around until the entire 
surface of the hole has been covered {Photo 
9). Be sure the bushing guide rides firmly 
against the edge of the template. 

If you are making a through hole, you need 
to cut only the edges about 1/8" in each pass. 
When the through hole is very large, you may 
need to put a scrap piece of the template 
material in the center to give the router base 
good support. If you are routing a trough for 
a flange, you must cut a through hole for the 
body of the speaker. I discussed a number of 
methods in the last column. 

The completed hole is ready (Photo 10) 
and should make an accurate flush-mount for 
the speaker (Photo 11). 

PREVIEW 
Audio Amateur 

Issue 2,1995 

Instrumentation Preamp 

6V Supply for RS CD.3400 

Regulators for High-Performance 
Audio, Part 2 

Toward an All-Digital Power Amp 

Assemblage DAC-1 Kit Report 
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E. J. JORDAN DESIGNS 

àlNAUDIO LA PASSlOh DU HAUT-PARLEUR 

ÿeerkss 

Solen Électronique Inc. 

WOO»STY1£ HIOBVCTS 

VMPS AUDIO Eminence Speaker Corporation 
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A & S SPEAKERS — Your source for the widest selection of hi-fi 
speaker systems, kits, cabinets and crossovers for every automotive 
and home hi-fi application. 

Just Speakers Inc. 
4075 Sprig Dr. 
Concord, Ca. 94520 
(510) 685-5252 
(510) 603-2724 Fax 

morel 

Just speakers 

AAS. 
speakers 

CERATEC 
MAD I BY ClIAHC-TMia 



Software Report 
CLIO TEST SYSTEM 
Reviewed by Jean-Claude Gaertner 

CLIO, Audiomatica s.r.l., Via Faentina 
244/G, 50133 Florence, Italy, +39-55-
5000402, FAX +39-55-575221. ORCA 
(1531 Lookout Dr., Agoura, CA 91301, 
(818) 707-1629, FAX (818) 991 -3072) is the 
sole distributor of CLIO for the US, Canada. 
Mexico, Australia, and New Zealand. 
System requirements: IBM PC with a 286 
processor or better; one 8- or 16-bit, half-size 
ISA slot; 640K RAM hard disk; EGA or bet¬ 
ter video card; DOS 3.2 or later. A math 
coprocessor is not required. 

Depending upon the options you order, the 
CLIO system consists of the following com¬ 
ponents: 
• HR2(XX) PC board; 
• MIC-01 or MIC-02 microphone; 
• 3381/A microphone preamplifier (op¬ 

tional). 
A 3.5" disk with the CLIO software, a 
user’s manual, and cables are included in 
the package. 

THE BOARD 
The HR2000 is a half-size PC card, which fits 
the 8-bit ISA slot in PC-compatible comput¬ 
ers to perform all the A/D and D/A interfac¬ 
ing. The rear bracket offers four RCA plugs: 
two for output and two for input. Table 1 lists 
the board’s technical specifications. 

The cleverly engineered HR2000 needs 
only nine ICs to perform al) its functions. 
Those located near the ISA connector pro¬ 
vide the necessary interface with the PC bus. 
The two-channel, 16-bit A/D and D/A con¬ 
verter is from Crystal Company. A couple of 
TL-072 op amps and relays are included. 

The two jumpers are labeled JP1 and JP2. 
Only the latter should be set by the user; the 
former should remain factory configured. 
As with almost every PC board, you must 
select an I/O address. With JP2, you can 
choose either a 300 or 310Hex address. Be 
sure to take already installed boards into 
account, so as to avoid any conflicts. (A 
wise practice is to write down the I/O 
address, IRQ, and DMA settings used by 
each card in a system.) Even though these 
addresses were originally left by IBM for 
prototype cards, I would have appreciated 
more freedom of choice, especially since 
there are many “holes” in the I/O ports, 
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ranging from 200 to 3FFHex (see sidebar). 
The board requires two Direct Memory 

Access channels, one for output generation 
and the other for acquisition. DMA saves 
circuitry and expensive SRAM, but, unfor¬ 
tunately, the two channels are potential 
sources of conflict with many scanners and 
sound boards. 

The CLIO software does not yet utilize the 
following features: the HR2000 can simulta¬ 
neously sample two channels at up to 
51.2kHz; by using two D/A converters for 
signal generation, you can output whatever 
signals you wish through software. The 
extremely flexible board design thus provides 
room for future software expansion. 

MICROPHONE OPTIONS 
The MIC-01 and -02 microphones differ only 
in the lengths of their bodies: 25cm and 12cm, 
respectively. They come packaged with stand 
adaptors and calibration charts. The charts 
reflect only the claim frequency accuracy, but 
you get the sensitivity in mV/Pa. 

Although the overall look of the micro-

FIGURE I: The main CLIO screen. 

FIGURE 2: The Generator and Level Meter 
control panel. 

phones is very appealing, I have two minor 
gripes. I would like to see a reference part 
number imprinted on the body; I also find the 
asymmetrical output a little annoying, as this 
design limits the cable length from the mike 
to the input plug. The 3m mike cable (includ¬ 
ed with the system) represenLs the practical 
maximum length which can be used without 
too much trouble. 

With my MLSSA system, I checked the 
MIC-01 against a $1.500 ACCO D7012 
microphone. Both the frequency range and 
sensitivity of the MIC-01 were within the 
claimed specifications (Table 2). 

3381/A MIKE PREAMP 
This optional unit is designed to work with 
either MIC microphone. It provides the 
power and calibrates the gain, which is vari¬ 
able in lOdB increments from 70 to !20dB 
SPL, full scale. For the technical specifica¬ 
tions, see Table 3. 

The voltage at the output is calibrated to 
provide IV RMS when a sinusoidal pressure 
applied at the microphone is equal to the 

FIGURE 3: Two-way satellite impulse re¬ 
sponse. 

FIGURE 4: MLS frequency screen. 



The 

PLUS SHIPPING’ 
*$3 USA, $5 Other Surface, $10 Other Air 

#BKAA2-V • 224pp. • 8-1/2 x 11 • soft 

1 MC • Visa • Discover • Check or Money 
Order m US Funds Drawn on US Bank • 

Dealer Inquiries Invited* 

•Totally revised 
and updated 
•98 more text pages 
• 246 more figures 
• 17 more pages of 
valuable ads 
•4 new chapters, 
incl. "Software" and 
"How Speakers Work' 
•IBM software offer 

•9 errata and addenda 
•22 updated figures 
and references 
•7 more great ad pages 
• Improved resources 
listing 
• New chapters on Home 
Theater (10pp., 30 figs.) 
and Auto Sound (9pp., 
39 figs.) 

BIGGER 
than the 

THIRD EDITION! 

BETTER 
than the 

FOURTH EDITION: 

LOUD 
SPEAKE 

OLD COLONY SOUND LAB, PO BOX 243, DEPT. B95, PETERBOROUGH, NH 03458 USA 
24-Hour Teis.: (603) 924-6526 (603) 924-6371 24-Hour Fax: (603) 924-9467 



value of the selected scale. For instance, pro¬ 
vided you have selected KXkiB gain on the 
preamp, you will have IV RMS at the output, 
if a KXkiB pressure is in front of the mike. 

The preamplifier is battery-powered, and 
you can check the charge state by pressing a 
test button. Of course, the AC charger will 
also power the preamp. 

If you need more than 3m between the 
mike and the board, the preamp is required 
for accurate measurement. Although the 
“phantom” power supply for the mike is a bit 
k>w at about 3V. I think the 3381 is well-
designed. I was rather disappointed with the 
cheap-looking cabinet and disliked the poor¬ 

quality Taiwanese AC main adaptor, which 
was glued and blocked the output voltage 
switch selector. 

CLIO SOFTWARE 
The software for computer measurement 
instruments is extremely important, since it 
is both the front-end of the dedicated mea¬ 
surement and the heart of the system. 
Audiomatica developed DOS-based CLIO 
with a Windows™-)ike, mouse-oriented user 
interface. During the past year, I have seen 
several revisions—each one an improve¬ 
ment. This indicates that Audiomatica is 
concerned with the quality of its product. 

Release 3.10 is the subject of this review. 
Installation is fairly easy, thanks to a sim¬ 

ple batch file which creates a main CLIOxx 
directory (xx being the current software 
release) with two subdirectories (\DATA and 
\SIGNAL). The program directory name is 
easily modified. Contrary to current software 
trends, CLIO’s main program is rather com¬ 
pact, and installation requires less than 800K 
on the hard disk. 

Audiomatica recommends a minimalist 
PC configuration, with Config.sys and 
Autoexec.bat files to minimize problems and 
ease troubleshooting. CLIO is not manufac¬ 
turer guaranteed to run from Windows. 
Despite the warnings, I have successfully 
used it under some complex configurations, 
including DOS resident software, EMM386, 
QEMM 7.04, NETROOM 3.03, MS-DOS 
versions 5.0, 6.0, and 6.2, 4DOS 5.0 and 5.5 
Rev B, and in a DOS session run from 
Windows for Workgroup 3.11. The hardware 
I used for this review included a cheap 

FIGURE 5: Curve presentation. 

FIGURE 7: Cumulative Spectral Decay of 
the impulse response in Fig. 4. 

Increase your 
electronics know-how 

and skills 
The speed and intensity with which electronics penetrates our 
daily lives at home, at work, or in our car. tends to make us 
forget that we can use electronics creatively by building 
designs with a practical application and having the satisfaction of 
a successfully finished project. Elektor Electronics. which is 
distributed all over the world, can help you achieve these goals. 
Throughout the year, the magazine features original construction 
projects, informative articles and news on the gamut of 
electronics, science & technology, book reviews and information 
on new products. The past 1 1 issues contained 80 major and 97 
minor construction articles. 21 articles of an educative or 
instructional nature, and 10 articles dealing with Science & 
Technology. 
If you wish to increase your electronics know-how and skills, 
take out an annual subscription to Elektor Electronics by writing 
or faxing to 

World Wide Subscription Service Ltd 
Unit 4, Gibbs Reed Farm 
Pashley Road, Ticehurst 

East Sussex TN5 7HE, England 
Telephone +44 580 200 657; Fax +44 580 616 

You will then have the convenience of having the magazine 
delivered to your home, and the peace of mind that you will not 
miss any issue. The current rate for an annual subscription 
(1 1 issues) is $US 57.00 (post paid - airspeeded). 

There are also a number of Elektor Electronics books geared to 
the electronics enthusiast - professional or amateur. These 
include data books and circuit books, which have proved highly 
popular. Two new books (published November 1993) are 
305 Circuits and SMT Projects. Books, printed-circuit boards, 
programmed eproms and diskettes are available from 

Old Colony Sound Lab 
PO Box 243, Peterborough NH 03458 
Telephone (603) 924-6371, 924-6526 

Fax (603) 924-9467 

46 Speaker Builder 5/95 



Taiwanese VLB board with Eteq chips, an 
AMI Baby Voyager, and the Lexar LXM5 It) 
ISA-VLB-PCL 

You can usually start every measurement 
with either a one-key touch or a mouse click. 

TABLE 1 

HR2000 SPECIFICATIONS 

GENERATOR 
Type Two-channel, 16-bit sigma 

delta D/A converter 
Frequency range 1 Hz-22kHz (+0/-1 dB) 

Frequency accuracy Better than 0.01 % 
Frequency resolution 0.01Hz 

Output impedance 100Q 
Max. output level (sine) 3.1V RMS 

Attenuation 64 x 1,5dB step + mute 

THD + Noise (sine) 0.015% 

ANALYZER 
Type Two-channel, 16-bit sigma 

delta A/D converter 
Input range +30 to -42dBV 
Input impedance 64kQ (2.7kQ when the mke 

input is selected) 
Phantom 8.2V 

MISCELLANEOUS 
Sampling frequency 51,2kHz, 12.8kHz, 3.2kHz 

Card type 14cm, 8-bit PC slot card 
Card connections 4 RCA plugs & adaptor cables 

to speaker terminal 

The Import and Export facilities provided for 
ASCII text files are also understood by sever¬ 
al other software packages, including CAL-
SOD from Audiosoft and LinearX’s LEAP. 
Figure I is the main CLIO screen. If you get 
the “hardware not found” warning, check 
whether you have selected the proper PO 
address in the Disk, Setup menu. 

Several hot keys are available in nearly 
every window. The most frequently used is 
likely to be “F4.” This brings up the 
Generator and Level Meter control panel 
(Fig. 2), which controls the signal generator, 
the level meter, the input gain, the output 
attenuation, and global and local settings for 
each measurement window. Some of the gen¬ 
erator files appear on the left of the screen. 
The file MLS_14.SIG. for example, is used 
by the D/A converter to create the 14-order 
Maximum Length Sequence for the MLS 
window. 

With PC instruments, it’s fairly easy to 
implement self-calibration. Four separate cal¬ 
ibration files (MLS. Sinusoidal. Real Time 
Analyzer, and Tools) are required if CLIO is 
to run properly. Run the calibration periodi¬ 
cally to ensure the most accurate measure¬ 
ments. It takes only a few minutes and can 
save you a lot of time. 

The calibration process in version 3.1 is far 

more robust than with previous CLIO releas¬ 
es. Nevertheless, it can be wrong at times. For 
example, if you don't follow the manual’s 
advice and forget to connect output I to input 
I, then start a calibration in the MLS menu, 
all further measurements will be incorrect 
without wanting. Note that it is very easy to 
check a calibration’s success: start a measure 
(with the loop still set) and look for a straight 
line in the frequency domain on both the 
amplitude and phase. 

According to the user’s manual, CLIO is 
capable of performing the following impres¬ 
sive range of analyses and measurements: 
• FFT of input signal with THD ana¬ 

lyzer 
• THD with burst signals 
• electrical and acoustical phase 
• anechoic transfer function 
• MLS analysis of linear systems 
• system impulse response 
• energy time curve 
• cumulative spectral decay (i.e., water¬ 

falls) 
• sinusoidal steady-state transfer function 
• near-field and inside-box sound pressure 

response 
• impedance 
• loudspeaker Thiele/Small parameters 
• real-time 1/3-octave analysis 

McCauley 
Loudspeakers & Drivers. 

Loudspeakers, Drivers, Horns, Tweeters, Crossovers, Hardware, Connectors... and much, meh more! 
Image delivers virtually every component for the speaker builder. 

See for yourself. Call or FAX for your FREE catalog today! 

Waldom 
Audio Products 

Hardware. Connectors. Etc, 

4 III 356 4301 W. 69th St. • Chicago. Illinois 60629 • (312) 585-1212 • FAX (312) 585-7847 • 1-800-552-1639 
|..- .. 

Acoustician 
Drivers. Homs. Tweeters. 
Diaphragms & Crossovers 

EMINENCE 
Loudspeakers, Drivers, 

Diaphragms and Recone Kits 

Electro Voice 
Recone Kits 

The Source for Pro Sound Speaker Builders 
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I/O ADDRESS MAP 

200-207Hex : Game port 
278-27F : Parallel printer port 2 or 3 
2E0-2E7 : Serial port 4 
2E8-2EF : Serial port 3 
2F8-2FF : Serial port 2 
300-31 F : Prototype card 
378-37F : Parallel printer port 3 or 2 
38O-38F : SDLC, bisynchronous 2 
3AO-3AF : Bisynchronous I 
3BO-3B7 : Monochrome display 
3BC-3BF : Parallel printer port 1 
3CO-3CF : EGA/VGA display 
3DO-3DF : CGA display 
3FO-3F7 : Floppy disk controller 
3F8-3FF : Serial port 1 

System Hardware Interrupts 
IRQO : Timer output 
IRQ 1 : Keyboard (output buffer full) 
IRQ2 : Redirected to IRQ 9 (a second seven IRQ 

handler was introduced for the 1BM-PC AT) 
IRQ-1 : Serial port 2 (this IRQ is usually shared with 

Serial port 4) 
IRQ4 : Serial port 1 (this IRQ is usually shared with 

Serial port 3) 

IRQ5 : Parallel printer port 2 
IRQ6 : Floppy disk controller 
IRQ7 : Parallel printer port I 
IRQ8 : Real-time clock interrupt 
IRQ9 : Software redirected to IRQ2 
IRQ 10,11,12 : Reserved (usually free) 
IRQ13 : Coprocessor 
IRQ 14 : Fixed disk controller 
IRQ 15 : Reserved (note that IRQ 15 is now being used 

by the new EIDE controller allowing up to 
four IDE devices instead of two) 

Direct Memory Access (DMA) 
DMA 0-4 supports 8-bit data transfer, DMA 5-6 supports 16-bit 
data transfer. 
DM AO : Spare 
DMA! : Spare 
DMA2 : Floppy disk controller 
DMA3 : Spare 
DM A4 : Used to cascade channels 0 to 3 to the processor 
DMA5 : Spare 
DMA6 : Spare 
DMA7 : Spare 

• generation of predefined waveforms 
• oscilloscope 
• SPL, dBV, dBm, voltage amplitude scale 
• inductance and capacitance meter 
Unfortunately, it is not possible to review all 

of CLIO’s capabilities; therefore. I’ll just try 
to provide a good overview. 

MLS MENU 
Primarily devoted to loudspeakers, this menu 

is used for all “pseudo-anechoic” measure¬ 
ments. (For a discussion of MLS theory, read 
D. Rife and J. Vanderkooy’s “Transfer 
Function Measurement with Maximum-
Length Sequences” in JAES, Vol. 37, 1989.) 

Subscription Form 
P.O. Box 754, Manhasset, N.Y. I 1030 - 0754 
Telephone: 516 627 3836 Fax: 516 627 1972 

I wish to subscnbe nght now - and receive monthly 

A great mainstream magazine 
full of product reviews, 

features and music reviews. In our 

copies of Hi-Fi World Air Speeded direct from the 
Publisher in London U.K. to the N.Y. Office 

regular free DIY Supplement 
(banded on) are in-house 
designed amplifiers and 
loudspeakers for the home 
constructor, as well as DIY letters, 
pages full of useful design advice, 
kit reviews and kit news. You'll 
find reviews here available 

I enclose my payment to : FRJ/HI-FI as checked 
below 
I Year - 12 Issues $66 (U.S.) 

U.S. FUNDS ONLY PLEASE - Add $10 U.S. for 
Canada. 

nowhere else, on titanium-anode 

Please charge my Credit Card with the amount 

indicated. (All major Credit Cards accepted) 

Name:.. 

Signature:. 

Address:. 

City:... 

State:. 

Zip:... 

Telephone: 5 I 6 627 3836 Fax: 5 I 6 627 I 972 

300Bs for example, books from 
around the world, vintage 
products and FFTs from the USA. 

Our in-house designers and 
laboratory produce unique valve 
amplifier designs, including 
transformers, for the 
DIY Supplement. Our 
loudspeakers are designed around 
hi-tech. I’olydax carbon-fibre and, 
in future, HDA drivers - all 
available in the USA. 

Coming in 1995: an all-valve 
phono stage, including MC; an 
electrostatic 'speaker kit that runs 
at 13kV; an HDA loudspeaker; a 
twin-300B single-ended power 
amplifier, plus much more. 

300B triode 28watt push-pull amplifier. Switchable feedback, 
unique driver transformers, dual choke power supply, welded 
steel chassis. Weight 44lbs. $ 1160 - valves & carriage extra 

Other Models include: 
28watt push-pull (300B).$1160 
20watt push-pull (5881).$ 540 
17watt single-ended (5881)....-.$890 
4watt single-ended (6080)...$ 525 
Line valve preamp (6922).  $ 400 
Carriage extra 

For further Information on our range of kit 
valve amplifiers and loudspeakers, please 

contact us at the address below. 
Distributor enquiries welcome. 

World Audio Design 
64 Castellain Road, Maida Vale 

London. W9 1EX, England 
Tel: (+44) 171 289 3533 
Fax: (+44) 171 289 5620 
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The spectral content of MLS sequences is 
similar to white noise. With the appropriate 
correlation, you will get the impulse re¬ 
sponse of the “linear” system under test. 
Audiomatica uses a 14-order sequence. A 
sample rate of 51.2kHz has an equivalent 
time window of 320ms—more than enough 
for the usual measurement. To make it work, 
simply connect the mike to the HR2000 
board, start the software, select MLS, Time, 
and press the “G” key. 

Figure 3 shows the impulse response 
(which I took in my listening room with the 
mike at about 50cm on tweeter axis) of my 
active powered two-way satellite with the 

subwoofer shut down. (The room is not very 
large: the ceiling is only 2.5m high.) An 
understanding of this screen is necessary to 
making accurate measurements. 

During the acquisition process, 16,384 
samples are memorized. If the sample fre¬ 
quency is 51,200 samples/sec (as shown 
here), it will correspond to a time span of 
320ms. When you press the “M” key, the 
software computes bb l at the fixed length of 
8,192 points, and brings you to the frequency 
domain. This bbT length allows you to ana¬ 
lyze a maximum of 8,192 samples ( 160 of the 
320ms acquired). The “anechoic” part of the 
measurement requires using the marker and 

TABLE 2 

MICROPHONE SPECIFICATIONS 

Type Condenser electret 
Accuracy ±1dB,20Hz-10kHz 

±2dB, 10Hz-20kHz (direct field) 

Max. level 120dB SPL 
Dimensions 8mm diameter, 25 or 12cm long 
Accessories 3m cable, stand adaptor 

the start/stop time buttons to select the first 
( 1.4ms) and second (5ms) arrivals of acoustic 
energy al the mike, the latter being the first 
reflection coming from the floor. 

Two very interesting windows appear on 
the right of the screen. The marker section 

Speaker Manufacturers: 

Throw us a curve. 

Our new “curved” speaker cabinets offer more than 
superb acoustics. Cubicon's unique paper tube 
construction makes them sturdy, light weight and cost 
effective. Want your very own signature shape? 
Then throw us a curve and we’ll make you a big 
hit in the showroom. 

cubican 
□ C 
U S’ 
a n 
a uaaiqna 

Cubicon Corporation 
10176 Corporate Square Drive 
Mail to: P.O. Box 28745 
St. Louis, MO 63146-1245 
Phone: 314/567-0667 
Fax: 314/567-0046 
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always gives you the level, time, and distance 
with respect to cursor location. The “equiva¬ 
lent” distance is based on a sound speed of 
344m/s. In the window section you can read 
the start and stop times you have selected, 
and the so-called “LOFREQ” value (the low¬ 
est frequency below which the measurement 
may lose significance). 

The LOFREQ value is the inverse of the 
time window length (here about 275Hz). In 
my opinion, it is also the “acoustical” reso¬ 
lution of the measurement. Note that this is 
not strictly a limitation of CLIO, but applies 
to all FFT systems. A way to increase the 
resolution is to admit some reflections by 

widening the time window. 
Figure 4 is the MLS frequency screen. As 

you can see, nothing reliable can be obtained 
under 400Hz with such a short time frame. 
Above this frequency, you get the equivalent 
of a dead room with more conventional 
instruments. 

In Fig. 5 I used CLIO’s ability to show 
you up to ten curves simultaneously. Curve 
A is pseudo-anechoic, with a 3.5ms time 
frame (as seen in Fig. 4); Curve B has a larg¬ 
er time frame, including several reflections 
from floor, ceiling, and rear wall. We now 
have a more realistic view of the low-fre¬ 
quency range, as well as a lot of holes, 

•ra™“ 

experience audio technology 
at its finest. 

Examples of what you'll find include: 
♦A series on regulators for high-performance 

audio by Walt Jung with Jan Didden and Gary Galo featuring 

groundbreaking design of quality power supplies. 

Send for your 

FREE TRIAL ISSUE of 
POWER 

♦An extensive look at digital sound reproduction from Kalman Rubinson, enti¬ 

tled “ Get on the Bus". 

♦The Zen designs, single-ended amp and preamp units from top designer, 

Nelson Pass. 

These and other articles are making 4«r//o Amateur the most exciting forum on audio technol¬ 
ogy available anywhere. Bring the technology home by subscribing to Audio Amateur today! 

Make your speakers sound better than ever. Improve your audio knowledge—and your sound. 

You're under no obligation, so try Audio Amateur by returning the form below to order your 

FREE TRIAL ISSUE now! 

□ YES! I want an issue of Audio Amateur FREE to examine for 30 days. When I choose to sub¬ 
scribe, I'll pay just $16.95 for four issues (one year) of the best audio technology being published today. 

If I decide not to subscribe, I’ll write "cancel" on my invoice and return it. I'm under no obligation. 

Canada/Mexico add $4* postage, Overseas rate: $357yr. 

O Increase my savings, sign me up for eight issues (two years) at $29.95. 
(That's $6.05 off the regular two year rate!) 

Canada/Mexico add $8* postage. Overseas rate: $60*/2 yrs. 

NAME 

STREET & NO. 

Audio Amateur Publications, Inc. 
P0 Box 576, Dept SB95, Peterborough, NH 03458-0576 

Telephone (603| 924-9464 or FAX 24 hours a day to (603) 924-9467 

■Remit in USS drawn on a US bank. Rates are subject to change without notice. 

FIGURE II: Satellite speaker’s real-time 
analysis. 

bumps, and “grass” due to reflections. 
Clicking on the Thrd button gives you Curve 
C, an often-useful 1/3-octave smoothing of 
Curve B. MLS sequences also give you the 
phase response. 

You can see both amplitude and phase by 
clicking the over and phase buttons. In order 
to obtain a correct representation of the phase 
curve, you will need to toggle occasionally to 
the frequency windows to set the proper 
propagation delay set by the time start mark¬ 
er. The min button provides the minimum 
phase behavior according to the frequency 
curve through the Hilbert transform. (Refer to 
Dick Campbell’s comments about FFT ana¬ 
lyzer and phase in his review of “Loud¬ 
speaker Recipes, Book One,” SB 5/94, p. 53). 

The energy time curve calculated on the 
entire acquisition time is shown in Fig. 6. 

TABLE 3 

MICROPHONE PREAMPLIFIER 
SPECIFICATIONS 

Type Rechargeable battery powered 
individually calibrated for MIC-01 or 02 
A-weighting filter 

Frequency 20Hz-20kHz, ±O.1dB 
response 10Hz-100kHz, ±1dB 

Max output level +10dBV 

Level range 70-120dB SPL 

Attenuator step 10dB 

Attenuator 0.1 dB 
accuracy 

Accessories 220V AC main adaptor 
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Depending on the time span chosen, two dif¬ 
ferent convolution algorithms are used, 5ms 
being the boundary. 

Under the MLS menu, you can display 
Cumulative Spectral Decays (CSD), which 
are the most useful waterfalls for loudspeak¬ 
er designers. Figure 7 is the CSD of the 
impulse response in Fig. 4. Frequency and 
Time domains are conveniently close. 

SINUSOIDAL MENU 
As you can guess, this domain uses spot sinu¬ 
soidal frequencies. You can choose 1-24 dis¬ 
crete frequencies per octave, from 10Hz to 

20kHz. Figure 8 shows the frequency 
response of my satellite speaker under the 
same conditions as with MLS. Of course, all 
reflections are included, and there is no way 
to remove them. Four main uses for this 
menu include: 

1. Checking electronic circuits, such as 
crossovers, or preamplifier correction curves, 
by displaying amplitude and phase curves. 

2. Manipulating data with the opt button. 
You can add, multiply, subtract, or divide by 
even complex values on-screen data or 
already saved data tiles. MLS curves can be 
imported (provided they have been previous-

FIGURE 13: The Schroeder plot of the 
impulse response in Fig. 3. 

FIGURE 14: Inductance and capacitance val¬ 
ues obtained using the LC meter. 

ly exported in ASCII format) and “split.” 
You can splice a near-field MLS measure¬ 
ment of the 2O-2OOHZ section and a far-field 
measurement of the 200-20kHz section to 
produce one full-range curve. (See D.B. 
Keele’s paper on this topic entitled “Low 
Frequency Assessment by Nearfield Sound 
Pressure Measurement,” JAES, Vol. 22, No. 
3, April 1974.) 

3. Testing impedance is as easy as con¬ 
necting the two included cables to the driver 
and pressing the “Go” key. Figure 9 shows 
the impedance curve of a 21cm Focal woofer. 
You can choose 50, 100, or 150Q for the ver¬ 
tical scale, but I would have preferred an 
"auto” vertical scale. I have successfully test¬ 
ed impedance accuracy with precision 0.5% 
resistors. 

4. Quickly achieving T/S parameters by 
choosing between the added mass and box 
compliance methods in the speaker parame¬ 
ter module. (Read the “Advice and 
Cautionary Notes” paragraph in the manual.) 
They use the -3dB frequencies to get the Fs 
and Q values, but I prefer the root-mean¬ 
square method because it is less prone to 
error. A glance at the displayed impedance 
curve is a must here. Figure 10 shows the 
parameters for the Focal 21 woofer, using the 
added mass method (20g load). 

POWER TO THE PEOPLE 
Now you can power everything! That's right, our outboard anip. module is 

customizable to your needs. Meniscus is proud to introduce the designer series 
custom mono block reference amplifiers for the serious speaker designer, all 

witliin a budget price. This series is perfect for integrating your personal 
amplifier with you choice of ipiality drive units and matching them to the mono 

block powering the bass section. 

• Choose your woofers. 
We'll design the box! 

• Choose you own cross¬ 
over pt. and slope! 

• We'll integrate your 
choice of high and/or 
rnid frequency drivers 

MENISCUS 
2575 28th St. S.W. 02 
Wyoming, Ml 49509 
(616) 534-9121 
Fax (616) 534-7676 
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À LA CARTE 
Do you remember how expensive a 1/3-
octave real-time analyzer was a few years 
ago? For a fraction of the price, you’ve got 
one with the HR2000 board. Figure 11 shows 
the same satellite speaker. Several possibili¬ 
ties are available, including average, refer¬ 
ence curves, and cursor. If you want to know 
the response of your listening room, or adjust 
your parametric equalizer, the real-time ana¬ 
lyzer menu is a must. 

Use the FFT-analysis feature to determine 
the frequency content of an input signal. 

Remember, the maximum sampling rate is 
51.2kHz, and be careful not to exceed the 
Shannon frequency. Several time-weighting 
windows (Hanning, Hamming, Blakman 
Harris, and Bartlet) are provided. Figure 12 is 
the spectral of the MLS sequence. With a 
pure sine (such as those generated by one of 
the internal generators), the THD is given as 
a bonus. 

The Acoustic menu allows you to calcu¬ 
late the RT60 based on an MLS sequence via 
a post-processing technique developed by 
Mr. Schroeder. This is a very important mea-

VISA 

YOUR Handles • Corners 
ONE Speaker Grills • Casters 
SOURCE Speaker Carpet 
FOR Jack Dishes • Feet • Clamps 
SPEAKER Gri"c,oth 

CABINET Plugs & Jacks 

Phone 800'291'0389 1705 Broadway 
Fax (716) 892-4302 Buffalo ny 14212 

COMPONENTS 
• OVER 500 ITEMS IN STOCK FOR IMMEDIATE DEIIVERT 
■ S50 MINIMUM ORDER 

sûrement for any room designer. Figure 13 is 
the Schroeder plot of the impulse response in 
Fig. 3. You can choose up to four bands for 
analysis. As I’m not very familiar with these 
measurements, I won’t evaluate this feature. 

The LC meter is a very clever and useful 
instrument for measuring real inductance and 
capacitor values (Fig. 14). CLIO will auto¬ 
matically choose the proper frequency to 
generate the most accurate value (within its 
frequency range). 

The CLIO manual is well-written, and will 
help you to discover the power of the system. 
Maurizio Jacchia from Audiomatica is writ¬ 
ing an appendix on how to generate signals, 
with examples in C, Pascal, and Basic. 

This has been only a quick glance at the 
CLIO system. I would like to see improve¬ 
ments in the Speaker Parameter module and 
in phase representation, by making it easier to 
set the proper delay. The implementation of 
Quality Check procedures could stand 
improvement, too. Yet, even with half its cur¬ 
rent capability, CLIO is still a real bargain. 
Clever hardware engineering has allowed 
room for future enhancements. This system 
will not be “obsolete” in the near future. 

I strongly encourage anyone who’s look¬ 
ing for such a measurement system to obtain 
the demo disk. A word of caution: about a 
year ago, I was sent a CLIO demo disk by an 
Australian friend, who wanted to know my 
opinion of it. One month later, CLIO was 
installed in one of my three computers! 

ABOUT THE FIGURES 
Two shareware jewels were invaluable in 
creating the figures for this review. All screen 
shots were taken using Professional Capture 
System version 1.02 (DOS and Windows), 
and all color and file manipulations were per¬ 
formed with Paint Shop Pro version 2.01. 
Both sharewares are available through JASC, 
Inc., 10901 Red Circle Dr., Suite 340, Dept. 
SB, Minnetonka, MN 55.343, (612) 930-
9171. Please note that original screens were 
in color and taken in EGA mode. 

MANUFACTURER'S RESPONSE 
First of all, we’d like to thank Jean-Claude 

I I 
PREVIEW 
Glass Audio 

Issue 4, 1995 

• Brute Force in a Line Stage 

• Small-Signal Pentodes for Audio 

• Diff Amp Driver With BJT Source 

• Balanced Input Phono Preamp 

• Old-New Bias on Bias 
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Gaertner for his patient and thoughtful 
review of our measurement system. He is 
an experienced user of CLIO, as well as 
other measurement systems. It is also clear 
that Mr. Gaertner is a skilled PC user, so 
what he pointed out regarding software 
and hardware compatibility is a valuable 
and clear contribution for the user. 

Ai CLIO’s manufacturer, we have to 
deal with Mr. Gaertner’s complaints—not 
so many, luckily. Actually, all the micro¬ 
phones we deliver have a serial number 
engraved on the body; the same number is 
present also on the case and in the cali¬ 
bration chart. The complaint about the 
unbalanced microphone signal makes 
sense, but the main topic here is the length 
of the cable. Its capacitance acts on the 
frequency response and a balanced ver¬ 
sion would not help in this regard. 

Some topics regarding MLS measure¬ 
ment pointed out by Mr. Gaertner should 
be thoroughly examined. This would 
require space and we believe it is not 
appropriate here. Nevertheless, as this 
argument is of general interest, we would 
like to add, in a very concise way, our 
opinion. With Dick Campbell's F FT com¬ 
ments in mind, "TEFie-talk" is in the air 
here, even if in a subtle way. Low-frequen-

MAHOGANY SOUND 
The Transmission Line Specialist 

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

334 633-2054 

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

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

$9.50 Per Pound UPS Paid. 

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

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

$0.95 Plus $1.00 P&H. 

New For 95 
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 

cy limit is not an FFT analysis limit but is 
inherent to any semi-anechoic approach in 
semi-reverberant rooms, whichever instru¬ 
ment is used. 

It is not completely clear to us what Mr. 
Gaertner means by “acoustical resolution 
of the measurement"; we prefer to think in 
terms of amplitude accuracy and frequen¬ 
cy resolution. The frequency resolution of 
an FFT analysis is always (sampling fre-
quency)/(size of FFT), 6.25 Hz in the case 
considered by Mr. Gaertner, regardless of 
the time window selected. The same can¬ 

not be stated regarding amplitude accura¬ 
cy. If the impulse response of the device 
under test is shorter (i.e., decayed to a 
negligible value) than the selected time 
window, then an accurate frequency 
response modulus is obtained. If not, an 
error in modulus results, which, for prac¬ 
tical cases, is evident at lowest frequen¬ 
cies. For the user to value this accuracy of 
this measurement is directly comparable 
to value the similar error that arises when 
exciting the DUT with a burst or sweep in 

to page 73 

"The CFAC Inductor far exceeds "CFAC Inductor is a product that 
anything I have used in the past. " have advanced the state-of- the-
"Gone are the colorations ! art. providing me with a product 
previously attributed to various that is the most sonically pure 
drivers. It is now obvious that the component available. They are. 
colorations were in fact caused hv » « 

\ simply, the best... " 
interior inductor. " ' % 

Arnie Nudell, President Robert Grost, President 
Genesis Unity Audio 
Minimized Skin Effect up to 100kHz 
Reduce inductor coloration 
Low DC resistance 
Low AC resistance 
Higher precision coil reactance 
Uniform current density 
Very high winding density 
Computer optimized coil size 
No saturation distortion 
No hysteresis distortion 
Made in USA 
AVAILABLE AT: 

CFAC INDUCTOR - CLOSE TO THE IDEAL INDUCTOR 
Lrtz-wire inductor, large er¬ 
ror at low frequency 

Round-wire inductor 

CFAC INDUCTOR . 
close to the IDEAL inductor 
reactance 

IDEAL inductor reactance 

At low frequencies inductor resist¬ 
ance error cause by the coil resist¬ 
ance will affect the accuracy of the 
crossover network and bass transit 
response 
CFAC INDUCTOR is more close to 
the Ideal inductor reactance, which 
provide more accurate crossover fre¬ 
quency and improve bass transit re¬ 
sponse 

CFAC INDUCTOR - ELIMINATE SKIN EFFECT 
Skin Effect Resistance 
Skin Effect will cause the inductor 
resistive load increase, power loss, 
non-unitorm current density in the con¬ 
ductor. signal amplitude decrease and 
phase delay Sound quality will be de¬ 
graded The ultra-thm structure (0.003* 
thick) of the CFAC INDUCTOR is 
specially designed to minimized the 
Skin Effect. 

MICHAEL PERCY (415) 669-7181, SONIC FRONTIERS (416) 847-3245, HANDMADE (215) 432-5732 

For Catalog: Solo Electronics. 2462 Tripaldi Way, Hayward, CA 94545, USA. Tel:(510)887-8016 Fax:(510)887-1657 
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Liberty Audiosuite (LAUD) is an integrated collection of high performance audio test instruments implemented in software and 

making use of the versatile capabilities of the Personal Sound Architecture sound cards. LAUD instruments include MLS/FFT, 

a sophisticated dual-channel MLS- or impulse-based network and impedance analyzer: SINE, a versatile dual-channel gated or 

continuous sinewave based network/impedance analyzer; SCOPE, a dual-channel triggerable digital oscilloscope; SPEC_AN, an 

FFT based spectrum analyzer with noise source; and DIST_AN, a harmonic distortion analyzer. 

Each "instrument" is equipped with a range of features and options to provide great versatility for advanced users. Yet LAUD is 

easy to operate, allowing new users to achieve useful results in minimal time. 

Some advanced functicns and features included within various instruments in the package include a measurement and 

extraction system for T/S parameters; full measurement in both magnitude and phase; energy/time curve analysis; powerful 

data manipulation and conversion facilities: definable display axis and scalings; floating, dual on-trace data markers for read¬ 

ing of data values: a distortion visualizer; waterfall plots: software-controllable input and output gains; 14 sample rates from 

5.5125kHz to 48kHz; dual-channel 16-bit data acquisition; built-in automeasure macros: built-in help: and much, much more! 

Requires 386-, 486-, or Pentium-based computer: at least 4Mb RAM; VGA or SVGA: mouse: Personal Sound Architecture 

DSP-type sound card, such as Orchid Soundwave 32 or 32+ and 

Gamewave 32+ Cardinal Digital Sound Pro 16, Wearnes Beethoven 16-

T UI n RE 

DSP, Adaptec DSP, Paradise DSP16, or Echo DSP. All other types of 

sound cards will not function with LAUD at all. 
Package comes complete with software (IBM 3-1/2" DS/HD DOS only) 

and 74-page manual in blue looseleaf binder. Please note that 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). See 

Accessories for LAUD and IMP. 

SOF-LAU1B3G 
Liberty Instruments $269 LAUD, 

LAUD, 

what do I need? 

There are a number of ways you can outfit yourself with LAUD, in 
addition to totally fabricating everything, in which case you would 
need to buy only the SOF-LAU1B3G software if you already had a 
compatible sound card (see software description). Here are two 
other possible ways: 

Basic Unassembled. Uncalibrated Version 
SOF-LAU 1B3G 
KW-5 
KW-5M 

LIBCARD-E or other 
Test probes 
Various cables 

Software and manual 
Unassembled M/PP 
Unassembled mic and 
wand 
If needed 
Make your own 
Supply yourself 

Professional Assembled. Calibrated Version 
SOF-LAU 1B3G 
KW-5A 
LIBMIC 

LIBCARD-E or other 
KW-5P 
Various cables 
SOF-AID1B3G 

Software and manual 
Assembled M/PP 
Assembled, calibrated 
mic plus wand plus 
clip holder 
If needed 
Assembled Test Probes Set 
Supply yourself 
Liberty Aids performance 
enhancement software 
(see ad elsewhere) 

About calibration: Through extensive testing, we have found that 
about 1% of the mic capsules (also known as cartridges) we use 
will have behavior anomalies worth noting, while an additional 13% 
will be slightly aspecific but within tolerable limits. Calibration pro¬ 
cedures compare your specific capsule with a known true response 
reference, so that you know if and where there is any deviation. 



Accessories FÆ LAUD ImP 
Old Colony Sound Lab 

KW-5 Unassembled Mic/Probe Preamp only. Enables your sound card testing software. Does not include probes, $69.00 
mic, or wand. Silkscreened case measures 5-1/8’W x 2-5/8"H x 1 -5/8'1). From Speaker Builder 5/95. 

KW-5A Assembled Mic/Probe Preamp only 99.00 

KW-5M Unassembled Liberty mic plus 12” brass wand, uncalibrated 18.00 

KW-5MA Assembled Liberty mic plus 12”brass wand, uncalibrated 29.00 

KW-5P Assembled Test Probes Set 12.50 

LIBCAP Mic capsule with soldered leads, no wand, Liberty calibrated 23.00 
LIBMIC Assembled Liberty mic plus 10-1/8" wand plus custom clip/holder. Liberty calibrated. 129.00 

Beautifully polished nickel-plated brass wand is terminated in rugged RCA. Package includes 
3-1/2" floppy containing IMP and LAUD compensation file, printout, 90-day warranty, and free 
recaí after one year. Requires 1.5-10V to operate, such as normally supplied by IMP or M/PP. 
Preamp and power supply NOT included. 

LIBCLIP Rugged black plastic custom mic clip/holder is threaded to mount on standard 9/16" 23.00 
mic stand or boom. Holder is drilled to fit ,283-inch-diameter LIBMIC wand. 

LIBCARD-E Echo DSP sound card and version 1.3 software, with manual 179.00 

LIBCAL Liberty calibration of Liberty wand Call or write for info 

LIBERTY AIDS SOFTWARE 
G. R. Koonce 
These handy programs from one of the country's great tinkerers will add usefulness and value to your IMP or LAUD system. While the files contain IMP names, 
they are actually equally usable with LAUD. IMPSPACE designs absolutely anechoic test layouts. IMPROOM designs near field and far field test layouts. IMP-
ZOBEL designs simple and complex zobels based on input .ZMA files. IMPPCOEQ (Passive Crossover and Equalizer) places a four-branch network ahead of 
the system defined by .FRD and .ZMA files. And 1MPEQLZR designs downslope equalizer functions used with .FRD files. In addition, the disk contains three 
datafiles to play with in IMPSPACE. IBM only, requires VGA 640 x 480 16-color, 28OK. Mouse, math coprocessor recommended. From Speaker Builder 4/95. 

S0F-AID1B3G $19.95 

LOUDSPEAKER ENCLOSURE 
AND CROSSOVER DESIGN 
SOFTWARE 

SOF-LEC1B3G 

$79.95 
GENDALE TECHNOLOGY 
New from South Africa, LECD shows the SPL of a 2- or 3-way speaker system against frequency, based on parameters entered and 
enclosure chosen. Its straightforward format allows you to see what is being analyzed at all times and to access functions directly. 
LECD provides for sealed, vented, sealed-vented, and vented-vented design, as well as calculates passive crossover network compo¬ 

nent values for first- through fourth-order Bessel, Butterworth, Chebyshev, Gaussian, Linear Phase, Linkwitz-Riley, and Legendre fil-
ters.The effect of inverting speaker polarity and of speaker offset can be seen and saved in files, as can all data. 
Available graphs include the SPL/frequency response of each speaker in its enclosure; the peak cone excursions of each speaker; the 

on-axis SPL of the complete system, in magnitude and phase, phase delay, or group delay; the transfer function of each crossover filter 

ENCLOSURE DESIGN SCREEN 

section (woofer, midrange, tweeter), in magnitude and phase; the input impedance, in magnitude and angle, of each speaker, as well as at various points and of the complete 
system; and the equivalent square-wave time response of the crossover filters and loudspeakers. 

Republic of South Africa. IBM DOS only, version 3.6. Requires 286 or better, 386+ preferred. Supports all color monitors plus Hercules. 109-page, 7-1/2" x 9" 
manual in yellow looseleaf. 
An interesting and friendly workhorse of a package! Also available: 

SOF-LEC1B3GD LECD 3-1/2” Demo Disk (usable as credit toward later purchase of full package) $5.00 

OLD COLONY SOUND LAB 
PO Box 243, Dept. B95 

Peterborough NH 03458 USA 
24-Hr. Teis. (603) 924-6371,924-6526 

Fax (603) 924-9467 

Please include SHIPPING: 
USA surface — add 7% to order 
USA UPS second day — add 14% to order 
Other surface — add 14% to order 
Other air — add 25% to order 
AND HANDLING: $2 per order. Thank you! 



Ask SB 
ON-LINE QUESTIONS 

By Dick Pierce 
Contributing Editor 

[The following is an on-line exchange 
between arlamie@aol.com and Dick 
Pierce.—Ed.] 

RE SPEAKER CABLES 
Audio cable conducts a signal of bandwidth 
20Hz-20kHz, as a minimum. This band¬ 
width represents a 1,000:1 ratio. I have been 
unable to think of any reason why cabling 
needs to conduct at such a ratio. You may not 
consider it important, but I submit it is at least 
unique. I may be wrong here, but just tell me: 
no flames are necessary. 

Indeed, you are wrong. But you suffer from a 
misconception common in the high-end com¬ 
munity, so you needn ’t feel singled out. Many 
people get the notion that, because audio has 
a frequency range of 1:1,000, or ten octaves, 
or three decades, or whatever the ratio is, it 
is somehow "special. ” There are no prob¬ 
lems which make such a range unique in any 
way. Nor are there different principles; nor is 
there any magic. 

People often think this "wide" bandwidth 
has much more information-carrying capac¬ 
ity because its range is so impressive. As 
attractive and intuitively correct as it seems, 
this notion is wrong. 

In terms of information-carrying capacity, 
there is nothing unique about this particular 
20kHz bandwidth. The important concept 
here is that the amount of information capac¬ 
ity, or resolution, is proportional to the band¬ 
width, the arithmetical difference between the 
lower and upper band limits—not the ratio 
between them. Any 20kHz bandwidth has 
precisely the same information capacity and 
resolution as any other (all else being equal). 
Let 's look at an example. 

Take the audio band between 20Hz and 
20kHz. You say that, since the ratio is 
1:1,000, the resolution is higher than, say, a 
10-15MHz video channel, which has a ratio 
of only 1:1.5. In that band, however, we can 
fit 5MHz worth of channel capacity. An even 
more extreme case would be a bandwidth of 
10.69-10.71 MHz. Here the ratio is less than 

0.2%! Yet, this is effectively the IF bandwidth 
for the audio information in an FM tuner. 

Your insistence on "coding" notions 
directly asserts that, since the audio "band¬ 
width ” is about ten billion times wider than 
this, we must lose all of the audio information 
when sending via FM. Turning on a good 
radio station with a good tuner completely 
destroys the validity of that assertion and 
your underlying theory 

For the pickers of nits, the FM IF band¬ 
width works a little differently than this. For 
example, it must be twice this width to broad¬ 
cast stereo. There are other minor imple¬ 
mentation details, but the underlying princi¬ 
ples remain. 

INFINITY QUESTION 
But audio cable conducts a signal of poten¬ 
tially “infinite resolution.” 

This notion is simply, absolutely, and totally 
wrong. Audio cables are incapable of conduct¬ 
ing infinite resolution because this requires 

Technologie 

MDß 
Affordable Excellence from Canada 
L'excellence Abordable du Canada 

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

Technologie MDß 
4000 Terrasse Jean XXIII, St. Hubert, Québec J4T 3L6 Phone (514) 891-6265 Fax (514) 443-5485 
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infinite dynamic range and infinite bandwidth. 
Any band-limited signal with a limited dynam¬ 
ic range does not have infinite resolution. 

EFFECTS OF CODING 
All other cabling usage seems to “code” the 
information onto another waveform, such as 
AM, FM, digital, RF in general, and so on. In 
my opinion, this “coding” limits the resolution 
of the original signal at some point, making 
these methods incapable of infinite resolution. 

Wrong—and the FM example demonstrates 
the fallacy of this notion. What the high-end 
community must understand is that "infinite 
resolution " simply doesn 't exist. The amount of 
information, which is plainly the measure of a 
system resolution, is directly proportional to its 
bandwidth in frequency, not the ratio thereof. 

MATTERS OF RELEVANCE 
Even current video signals, which arguably 
contain more information “bits” per second, 
are encoded, as opposed to being direct-volt-
age-information related. 

If it contains more "bits-per-second"—more 
information, call it what you will—then by 
definition it has more resolution. If a system ’s 
bandwidth is limited (for whatever reason) to 
20kHz, while a measurable ‘‘signal'’ may 
exist in the "interval" between the informa¬ 
tion which is relevant to satisfying the con¬ 
straints of that 20kHz bandwidth, it has no 
relevance to that information. 

Another perspective is that if the band¬ 
width is limited to 20kHz, there will not be 
any information between the information of 
relevance. With a bandwidth of 20kHz, no 
significant change in the signal can happen 

at a rate faster than once every 1/40,000 of a 
second. It makes no difference whether the 
system is analog or discrete time-and-ampli-
tude-sampled digital. The notion of continuity 
does not imply infinite resolution. 

If some significant change occurred at a 
rate faster than 1/40,000 of a second, then the 
bandwidth would be wider than 20kHz. And 
it is irrelevant whether that 20kHz bandwidth 
is from DC to 20kHz (conventional audio) or 
from 1GHz to !.000000020GHz. no signifi¬ 
cant changes will happen in either of those 
bands at a rate faster than 1/40,000. 

This ignores the further restriction on res¬ 
olution made by limited dynamic range, 
either from noise or quantization It 's irrele¬ 
vant to the question of resolution. A system 's 
dynamic-range limits basically set a mini¬ 
mum change in amplitude, below which there 
can be no information about the original sig¬ 
nal due to the fundamental uncertainty 
imposed by the system. 

Two very important concepts are resolu¬ 
tion in time and resolution in amplitude. 
First, the resolution in time is a function of 
the system 's bandwidth. The ability to distin¬ 
guish two unique events in time without ambi¬ 
guity is limited by the bandwidth. The wider 
it is, the more time resolution the system has. 
Second, the resolution in amplitude is a func¬ 
tion of the system's dynamic range. The abil¬ 
ity to distinguish two unique amplitudes with¬ 
out ambiguity is limited by the system’s 
dynamic range. The wider the dynamic 
range, the more amplitude resolution. 

You can combine these concepts and say 
that the total resolution of the system—its 
information-carrying capacity—is essentially 
the product of its bandwidth (e.g„ 20kHz) 
and its dynamic range. Either must be infinite 

for that system 's resolution to be infinite. I 
challenge you to find any system having infi¬ 
nite resolution, because that would require 
infinite bandwidth or infinite dynamic range. 
And we all know that no such system exists, 
be it studio analog tape recorder, DAT 
recorder, cassette, amplifier, piece of wire, 
chunk of air, or the human ear. 

EXPERT ADVICE 
[In another on-line exchange, barton@vax. 
sbu.ac.uk questions the nature of exper¬ 
tise.—Ed. I 

The real experts don’t disagree. It’s the quasi¬ 
experts, the self-appointed experts, who seem to 
dominate the popular music press. The theory 
has been around long enough to be proven cor¬ 
rect. How do I become an expert? Is there some 
exam I can take? Could I put it on my CV? 

The easiest way to become an expert is to say, 
"I am an expert, ” and put it on your CV. You 
are then an expert until someone challenges 
you by asking a question that requires real 
expertise. 

The more difficult way is to study a long 
time. Put in 20-hour days, six to seven days a 
week, in the trenches, to see what works and 
what doesn't. Say dumb things and then be 
forced to eat them diced into crow pie. Try 
things out, understand why they failed or suc¬ 
ceeded, and, always—learn, learn, learn. Do 
this for about 20 years, take the result, put it 
on your CV, and you are an expert until 
someone challenges you by asking a question 
that requires real expertise. 

It 's the aftermath of trying to answer that 
question that separates the experts from the 
charlatans. 
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Tools, Tips & Techniques 

PERFECTING A PIONEER 

A number of readers have written about their 
experiences with the popular 4.5" full-range 
Pioneer Al 1EC8O-O2F (available from Parts 
Express and MCM Electronics). I’ve used it 
as well and can recommend it as a quality 
speaker. 

In response to the dearth of detailed tech¬ 
nical information on this speaker (i.e., 
response curves), I provide measurements 
and also suggest some simple modifications 
to improve the performance of this and other 
speakers. 

Figure 1 shows the response curve of an 
unmodified Al 1EC80 in anechoic half-space 
conditions at IW/lm. It shows a respectably 
smooth curve for a $ 10 speaker, which makes 
a nice full-range if you’re not concerned 
about the uppermost octave. Distortion 
(%THD) is also plotted at 4W RMS. You’ll 
notice a distortion spike of about 6% just 
below the 1.5kHz response dip. There’s also 
a sharp 7.5% distortion spike at 3.5kHz. 

These spikes are due to excessive cone 
flexure. The 1.1 kHz spike occurs because the 
surround begins to move out of phase with 
the cone body and bends the edges of the 
cone beyond the linear elastic limits of the 
paper. At 1.5kHz the surround moves the 
opposite direction of the cone at any given 
time, producing a dip. The 3.5kHz spike is 
due to breakup of the cone itself. 

If you wiggle the opposite end of a 5' rope 
that is tied to a wall, you’ll see a wave travel 
from your hand to the wall and reflect back to 
your hand. This is a standing wave. Now 
imagine a 4' rope tied to a 1’ rubber strap, 

W/SMALL 

SMOOTHED 
WITH FINGER 

FIGURE 2: Cone cross-section: a) unmodi¬ 
fied; b) with small glue bead; c) smoothed 
with finger. 

which is in turn tied to the wall. You can see 
a discontinuity in the wave where the rope is 
tied to the rubber strap. Depending on the 
materials, the strap may flap wildly or it may 
absorb all of the energy that comes to it and 
not reflect any of the wave back at all. 

This is analogous to a speaker cone. The 
impulse originates at the voice coil and trav¬ 
els to the edges of the cone where we hope it 
is uneventfully absorbed by the surround. 
Unfortunately, sometimes surrounds “flap 
wildly,” but there are some simple measures 
to fix that. 

Many times the surround is sufficiently 
soft and absorbent, but, because it is too flim¬ 
sy or has poor geometry, it has a tendency to 
flap. This situation can be greatly improved 
by putting a thin bead of glue around the 

inside edge of the surround where it meets the 
cone. This will often add enough stiffness to 
the surround to prevent the flapping and 
smooth the response. 

This is the case with the All EC80. I 
applied a small bead of Elmer’s School Glue 
around the crimp in the surround, and then 
smoothed it with my finger (Fig. 2). I put the 
surround under a heat lamp for a few minutes 
until the glue dried, then measured the speak¬ 
er again. Notice that the 1.5kHz dip has all 
but disappeared, and so has the distortion 
spike (Fig. 3). Apparently, the surround now 
does a better job of absorbing standing waves 
at 3.5kHz, since the distortion there has fall¬ 
en as well. 

This simple modification works for many 
woofers and mids. It won’t turn a sow’s ear 

FIGURE I: Untreated Pioneer A11EC80. Total harmonic distortion 70Hz-16kHz/0-10% 
scale at 8V RMS (4W). 

FIGURE 3: With edge treatment. Total harmonic distortion 70Hz-16kHz/0-10% scale, at 
8V RMS (4W). 
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into a silk purse, but it sure ean make a sub¬ 
stantial improvement, turning a mediocre 
speaker into something quite acceptable. 
Certainly, you could modify the AI IECXO, 
as I have, add an inexpensive tweeter, good 
crossover, and ten-liter box, and have a very 
pleasing small pair of speakers for $50. 

Speaker manufacturers have been using 
this technique with success for years. Now 
you can, too. 

Perry Sink 
Berwyn, IL 60402 

Mike/I’robe Preamp 
Continued from page 22 

metal-type drills, or, better yet, punches. A 
lettering pattern for the cover is shown in Fig. 
6. Of course, you can mount your switches 
and connectors off the board for use with a 
different enclosure. 

OPERATION 
After being switched on with SI, the 
Mike/Probe Preamp takes about ten seconds 
to stabilize before use, as the coupling and 
bypass capacitors charge and the op amp set¬ 
tles. Operation is relatively straightforward. If 
you require the Meas input of the soundboard 
to come from the mike, set S4 to the mike 
position. For an electrical measurement 
rather than an acoustical measurement, set S4 
to PROBE. 

S2 and S3 select the attenuation for chan¬ 
nels 2 (Cal) and 1 (Meas). The center-off 
position is OdB (or no) attenuation. If looking 
at signals which peak above 1,4V, switch to 
-20dB attenuation (the lOx position). If that 
still is not enough, switch to -40dB (lOOx). 
When used with 47.5k resistor probes, the 
Mike/Probe Preamp will be protected for 
peak voltages of over 100V. But.... 

Caution! The voltage protection levels of 
the circuit are not meant to imply suitability 
for regular use of the device in measuring 
high voltages. This preamp is not intended for 
measuring AC line voltages, internal nodes in 
tube circuitry, electrostatic panels, or similar 
high-voltage circuits. The Mike/Probe 
Preamp’s insulation and construction is 
intended for normal use in measuring peak 
(DC and AC combined) levels normally 
below 50V. When working with or measur¬ 
ing any voltages found internal to electronic 
circuitry, you should observe appropriate 
safety measures. 

Two other cautions: (1) Don’t feed the 
Mike/Probe Preamp’s probe inputs with any¬ 
thing other than a 47.5kQ resistor probe. 
Although the gain will be increased if the 
series resistor value is reduced, the circuit 
protection will be limited to lower levels. (2) 

Never connect the probe’s ground lead to any 
point which isn’t the same potential as the 
sound card’s ground. In particular, power 
amplifier output terminals marked minus (-) 
are not necessarily ground, particularly in the 
cases of tube amplifiers or bridge amplifiers. 
In general, you should not use these types of 
amplifiers with the Mike/Probe Preamp. 

CONCLUSION 
Although they restrict computer-based audio 
measurement systems to PCs which can take 
plug-in cards (ruling out most portables), 
multimedia sound cards can be used for very 
high-performance audio measurements in 
fixed installations. Several software packages 
are available for working with various sound 
cards. For example (caution: shameless plug 
follows), Liberty Audiosuite, working with 
some of the more advanced programmable 
DSP sound cards, allows measurements of 
anechoic response (via pulse, MLS, or gated 
sine wave), impedance, energy-time curves 
(and RT60), spectrum, distortion, Thiele and 
Small parameters, waterfall plots, and dual¬ 
trace oscilloscope readings at 14 different 
sample rates up to 48kHz. 

While the sound cards provide the sophis¬ 
ticated acquisition gear, and good software 
programs transform the cards into lab-grade 
instruments, the addition of the Mike/Probe 
Preamp can make this combination really 
practical and compatible with real-world sit¬ 
uations. At the same time, it preserves the 
exceptional resolution and accuracy of which 
such a system is capable. 

RELATED PRODUCTS AVAILABLE 
FROM OLD COLONY SOUND LAB 
ITEM DESCRIPTION RETAIL 
KW-5 Unassembled Mike/Probe $69 

Preamp, not including mike 

KW-5A Assembled M/PP, $99 
not including mike 

KW-5M Unassembled Liberty $18 

mike and wand, uncalibrated 

KW-5MA Assembled Liberty mike $29 
and wand, uncalibrated 

KW-5P Assembled test probes $12.50 
LIBCAP Mike capsule w/leads, Liberty $23 

calibrated 
LIBMIC Assembled mike, wand, $129 

and holder, Liberty calibrated 
LIBCARD-E Echo sound card and software $179 

SOF- Liberty Audiosuite software and $269 
LAU1B3G manual 

Shipping: USA, add 7%; other surface, add 14%; 
other air, add 25%. 

SOURCES 
Liberty Instruments 
PO Box 1454, West Chester, OH 45071 

Tel./FAX (513) 755-0252 

Old Colony Sound Lab 

PO Box 243, Dept. SB5, Peterborough, NH 03458 

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

C/im plus free 
3ALES ADHESIVE! 
MARKERFOAM “ACOUSTIC FOAM 

J GIANT54”x54” 
I Immediate Shipping | 
2" Reg $29 95 Now $19.99 • 3" Reg 
S39 95 Now $29.99’ KILL NOISE QUICK' 

High performance full-size sheets of super high density Markedoam 
EZ mount. Blue or gray. Super-effective sound absorption for studios. 

Markerloam offers best value, looks professional & is proven in studios 

worldwide Request Foam-Buyers Guide Catalog, specs & free samples 
today VISA, MC. AMEX, COD, PO s, QUANTITY DISCOUNTS 

MARKERTEKJUMBO 
SOUND ABSORB BLANKETS 
Heavy-duty 72"x80" padded blankets 

absorb sound wherever they re hung or 

draped Fabulous for stage, studio Afield 
use Top professional quality at a super 
saver price'Weight 6 lbs Black. $19.99. 

MARKERTEK 
HIGH PERFORMANCE 
LOW, LOW COST! 

$3.49 per tile, 16x16x2" 
America's best acoustic tile 
value, only from Markertek' 

Charcoal Also available 16x 

16x3 " as shown $4 49 each 

BLADE TILES u

MARKERSTIK * foam adhe¬ 
sive FREE with any Foam pur¬ 

chase m this ad' Limited offer 

A $5.95 per tube value 

SONEX 
All the colors and sizes 
plus great prices! 

Get our FREE 149-page catalog 
of over 6,000 exclusive and hard-
to-find supplies for audio & video. 

800-522-2025 America 's most unique 
FAX: 914-246-1757 catalog for audio & video! 

MARKERTEK X» XviDEO SUPPLY 
Reader Service #10 

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

Analyzer, Frequency Counter, DVM. DC-50KHz 

i y . 
1 1 

Sinewave Sweep Spectrum 

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 

Digital Storage Oscilloscope 
For $189.95 ??? 
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Pox Humana 
IN THE MANNER OF GALILEO 

OR, HO-HUM, THE OLD WORLD ORDER 
By Dick Pierce 

In a typical response to others’ failed attempts to audibly discern improvements 
due to some obscure tweak or a magic wood 

disk stuck to the wall, Michael LaBella writes: 
“My impression is you may have created a 

series of assumptions as to your system’s 
resolving capabilities, not only on a hard-
ware/software basis, but also as it is affected 
by the AC power supply system, and the 
physical environment in which the hardware 
system resides. In other words, was your sys¬ 
tem a valid measuring tool which produced 
results consistent with those experienced by 
other people’s systems?” 

Lessee, the cable (substitute digital, blue 
tack, speaker stand, and so on, or call it a 
“thingy” for the moment) argument goes 
something like this (in the style of a Galilean 
dialogue): 

Propono: “The difference between thingies 
is obvious and dramatic. It’s not difficult to 
hear the difference, so profound as it is, any¬ 
body can!” 
Observo: “Well, I set up an experiment in 
my system using my music, and I am puzzled 
and chagrined that I could not reliably hear 
this difference of which you speak.” 
Propono: “Aha! Obviously, your equip¬ 
ment is not of sufficient, uh, Resolving 
Power™ to reveal the difference.” 
Observo: “But, kind sir, I spent a veritable 
king’s ransom to buy Resolving Power, yet I 
cannot say with the same conviction as thee 
which was which.” 
Propono: “Then, it is obvious the music you 
listen to is to blame. It lacks the right kind of 
Information to exploit the Resolving Power 
and reveal the differences which are obvious 
to me.” 
Observo: “But then I am confused, because 
it was that music which indeed has the right 
kind of Information to which I was listening 
that led to my findings, that I could not hear 
the difference. What lack I, prithee?” 
Propono: “Obviously, your environment 
clouds the subtle distinctions between the 
thingies and leads to your confusion.” 
Observo: “But I strove to achieve the Right 
Environment, one with no clouds, and still 
the subtle distinctions elude me.” 

Propono: “Yes, the obvious differences of 
which I speak are so subtle that it requires 
only the best-trained ear to distinguish and 
appreciate these differences.” 
Observo: “Yet, after long, arduous hours of 
listening and ear training, I am at a loss to 
hear a difference that I trust to be real.” 
Propono: “Then, alas, you are deaf, because 
you cannot hear these differences, ones 
which are so apparent to me. I mourn for your 
loss, but not much, because you are clearly an 
audio Philistine. Please draw the curtain on 
your way out.” 
Observo: “Before I go, let me ask: you say 
these huge obvious differences are so subtle 
that I can’t hear them. I am confused further 
because first you said the differences are so 
striking anyone can hear them, but now, maybe 
they’re so subtle that only an anointed few are 
blessed with the ability. What are the facts?” 
Propono: “Facts? There are no facts, only 
TRVTH 1 M, and only I and a numbered few are 
in possession of the TRVTH. Please go then.” 
Observo: “By the way, while we were talk¬ 
ing, I switched thingies behind your back, 
and you failed to notice any difference. Do 
you care to comment?” 
Propono: “Your deafness is so profound, 
your skepticism so pervasive, your lack of 
faith so entrenched, that even I can’t hear the 
differences that are so dramatically subtle, so 
subtly obvious. Begone with thee!” 
Observo: “Good-bye, then, Propono. You 
are so full of it.” 

Now, some might take umbrage at the 
notion of a hypothetical Galilean-style dia¬ 
logue between a proponent of some audio 
magic and a bewildered disciple unable to 
share in the enlightenment. One of the objec¬ 
tions might be that such dialogues would not, 
nay, could not occur in real life, and thus my 
whole premise is ridiculous and stupid. 

Rather than dredge up the innumerable 
times such a dialogue has occurred on elec¬ 
tronic networks, for instance, it might be 
informative to relate a real example of one 
that occurred in the Journal of the Audio 
Engineering Society. In fact, it is a classic 
upon which I directly based my satire. 

J. Diamond fired the first round when he 

presented a talk at the 66th convention of the 
AES, May 6-9, 1980 (“Human Stress 
Provoked by Digitalized Recordings”). Dr. 
Diamond asserted that digital encoding 
caused stress in listeners. This was “tested” in 
a method “in which volunteers had their arms 
pushed down more easily by the speaker dur¬ 
ing the digitally recorded passages” (N. 
Morgan, “Comments on Human Stress 
Provoked by Digitalized Recordings.” JAES 
Vol. 28, No. 9, p. 613, Sept. 1980). The test 
did not include any of the well-established 
techniques for measuring muscular stress 
such as galvanic skin resistance or electroen¬ 
cephalogram measurements. 

Despite this, Dr. Diamond states clearly 
(dh Magazine, Jan. 1981) that his method 
promises results for nearly any practitioner, 
and that the effects are profound and easily 
detected. So, he has met the criteria of the 
first stage of my example by suggesting an 
effect that is, in the proponent’s words, of 
large enough magnitude and of small enough 
ambiguity to be easily detectable by all (or, at 
least most). 

Now, along comes Mr. Morgan with a 
double-blind test (in his JAES rebuttal letter) 
that not only uses the “pushing test” methods 
recommended by Dr. Diamond, but also 
includes other, more objective measures, 
such as galvanic skin resistance. The results 
indicated no statistically significant differ¬ 
ences between the phenomenon alluded to by 
Dr. Diamond and pure random chance. Thus, 
the second stage of my little Galilean scenario 
has been met: someone else couldn’t detect 
the “obvious” results. 

To add fuel to the fire, the Detroit AES 
Section conducted its own tests, with Dr. 
Diamond coaching one person via phone, and 
careful double-blind techniques also used. The 
session’s conclusion was ‘Tor all groups and 
all individuals, there was no statistically signif¬ 
icant correlation between analog or digital 
sound and a weak or strong deltoid response 
(“Detroit Tries Digital Test,” News of the 
Sections, JAES, Vol. 29, No. 5, May 1981). 

The test results were anything but pro¬ 
found and easily detectable by any practition¬ 
er (in other words, unconditional). With the 
ball squarely in Dr. Diamond’s court and the 
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stage set for the next chapter in our Galilean 
dialogue, we await his response. 

In “Comments on Stress Test” (JAES, 
Vol. 29, No. 10, p. 749, Oct. 1981), he states. 
“There is a level of expertise required to carry 
out the test successfully.” This “level of 
expertise” requirement disagrees with his 
original assertion. 

In further contradiction, he invents 
“magic,” to account for the fact that only he 
can detect the phenomenon: 

“I have found, for reasons of which I am 
unaware, that increasing the length of lead 
between pickup and preamplifier, or pream¬ 
plifier and amplifier, would have the effect, 
under many circumstances, of overcoming 
the digital effect.” He adds, “On an average 
day I perform the test 350 to 500 times, and I 
have done this for many years. This is cer¬ 
tainly more than the eleven or so ‘push tests’ 
[which conformed to the demonstration he 
gave in 1980] of Morgan or the few tests that 
Clark performed [using the method described 
by Dr. Diamond himself).” 

He admits, “Parameters such as EEG and 
GSR did not reveal the problem. Of this I am 
well aware. To date the problem is revealed 
only by the test I advocate.” 

Finally, he says, “Only when they attend to 
all the variables as I do in my research, and 
when they develop a level of expertise in per-
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forming the test, will it be possible to com¬ 
pare their results with mine.” 

And thus he has achieved the final stage of 
our little Gradus ad Paniassum. He has thor¬ 
oughly discredited his own assertion by heap¬ 
ing qualification upon qualification in an 
attempt to disprove consistent objective find¬ 
ings. His method is highly subjective. To 
quote Mr. Clark’s reply to Dr. Diamond's 
criticisms: 

“Once this effect was thought to be so 
strong and obvious that a single paragraph 
encouraged you to get started in deltoid test¬ 
ing. The effect could even be demonstrated in 
five minutes, at an AES paper session. Now 

it requires a uniquely qualified sound system 
and a tester trained in person by Diamond. 
Clearly, Diamond is disqualifying anyone but 
himself and others who get results he likes 
from running this experiment.” 

So here we have, in evidence against sev¬ 
eral people’s assertions, a real and unambigu¬ 
ous example of a ridiculous scenario. 
Surprisingly, though, I must agree that the 
scenario is ridiculous. Not, as many contend, 
because of its vanishingly low probability, 
but for just the opposite reason, because of 
the depressing regularity such a dialogue 
appears in the popular and professional press 
and electronic network forums. u. 
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SB Mailbox 

VENT TUNING 

In the article “The Third Dimension: 
Symmetrically Loaded” by Jean Margerand 
(SB 6/88, p. 29), I am unable to follow alge¬ 
braically how he gets from 

to 

Fb2= 3xJ£xSv_ 09^ 
Lv X Vp 

2 = 3x104xSv _ Q9
VfxF02 V

Can someone explain this? 

Jim Mayles 
Wheeling, WV 26003 

Contributing Editor Robert Bullock responds: 

The first formula is dimensionally incorrect 
as it stands. To correct it FB2 and Lv should 
be interchanged. The second formula is then 
obtained from the first by the trivial substitu¬ 
tion of F0 for FB. The dimensionally correct¬ 
ed formula, however, still appears to be 
incorrect. 

Using formulas (5.38), p. 129, and (5.47), 
p. 133, of Acoustics by Beranek and a little 
algebra yields 

L - C Sv k

V

where the variables are as in Margerand, C 
is the speed of sound, and k is a constant 
equal to 1.226sln, 1.463'111, or 1.7^n, 
depending on whether neither, one, or both 
ends of the vent are flanged. 1 am not able to 
obtain Margerand’s coefficients from this 
formula for any choice of units or constants. 

I hope this helps. 

IMP QUESTIONS 

Like most speaker builders, I work in a 
crowded workshop with limited space, and 
making measurements with the IMP, trying 
to calculate approximately where the first 
reflection exists, is quite difficult even with 
all the furniture along the walls to lengthen 
the time between the first reflection and the 
mike. The room is pretty well damped with 
acoustic panel board on all four walls, which 
increases the difficulty. So to aid in finding 
the first reflection I use a piece of flat hard 
Masonite™ to cause my second wiggle on 
the plot. How do I know if the reflection is 
possible transient motion of the driver, so it 
doesn’t introduce major error in the mea¬ 

surement by cutting off some transient infor¬ 
mation? 

Also, will mike location change the phase 
angle at different frequencies? If the mike is 
placed exactly x feet (wave length at a cer¬ 
tain frequency) away from the speaker at the 
point at which that certain frequency wave 
has been completely acoustically created, 
would the apparent phase be 0°? If the mike 
is placed 1.129' away from a driver repro¬ 
ducing 1kHz, is the phase shift at zero? 
Also, why does the graph only have ±90° 
shifts. How are these graphs read at a phase 
shift above 90°? 

When I use the IMP on T/S parameters, I 
can’t force a DVM reading into RE, which 
would yield a more accurate (DC) ohm driver 
reading. I’m also having trouble changing the 
effective driver diameter displayed. Finally, 
what does the distance command do, and 
how can it be used? 

Brian Kuder 
Parma, OH 44134 

Bill Waslo responds: 

There is no easy way to absolutely verify that 
the speaker’s main transient has died down 
sufficiently before the echo arrival. It 
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depends on how quickly the transient decays 
and the distance to the reflecting surfaces. 
And then you must decide: are the cabinet 
edges’ reflections part of the transient decay 
or part of the echo reflections ? 

To make matters worse, the decay is all a 
matter of degree: to be completely accurate, 
the transient never dies out; it will decay eter¬ 
nally (or practically, until it is into therma 
noise). Knowing the mechanism of a speak¬ 
er's operation, we know that there is no 
means within the speaker for a second large 
burst of energy after a long delay (there's no 
place in the speaker to store such a long 
sequence of sound). So we can be assured 
that the energy from the speaker, after all the 
drivers' initial peaks arrive at the measuring 
or listening position, will continue to decay 
as time increases. 

If you see a relatively "dead" period 
(about 0.2ms long) in the impulse response, 
followed by a sudden high peak, you can be 
fairly certain the peak is an echo coming after 
the response is pretty well decayed. But there 
isn’t a good way to achieve an anechoic 
response in very tight spaces; anything with¬ 
in about a wavelength at a given frequency is 
essentially part of the speaker at that fre¬ 
quency. If you know you must cut into the tail 
of the transient, use a ".BLACKMAN" win¬ 
dow to minimize the effects. 

You are correct about the phase angle of 
the acoustical response. It will roll with 
increasing delay, and the speed of sound cov¬ 
ering the distance from speaker to mike caus¬ 
es a delay. To remove this, use the F9 key. 
For instance, if you measure with the mike 
1.129m from the speaker reference plane 
(whatever you determine that to be), and keep 
the time marker Hl all the way to the left (so 
the true delay from speaker to mike is left 
intact) during the measurement and subse¬ 
quent FFT, then press F9 to remove this 
delay and enter the value: 

(1.129[ml)/(345lm/s]) * (l,000lms/s]) = 
3.27ms 

The graphs have only labels at the 90° 
grids, and it is understood that the upper and 
lower edges of the graph are +180° and 
-180°, respectively. Note that there is no dif¬ 
ference (mathematically, or any other way) 
between 180° and -180P, so the plot rolls 
around, and therefore all possible angles 
can be displayed. If you go one degree more 
negative than -180, you are at +179, which 
is the same as -181. You can also read the 
angles by placing a marker on the curve. 
Readouts on the screen display the angle at 
the marker in text. 

You must do the T/S parameter extraction 
immediately after setting this value. Enter the 
value, back up one menu via Esc and then 

press Extract to get the parameters. If you 
leave the AutoMeasure T/S menu area, it will 
revert to "Extract" mode for the DC resis¬ 
tance also. The driver diameter changes and 
stays changed more normally. Just press 
Inches and enter the number of inches effec¬ 
tive diameter (usually 80% of nominal diam¬ 
eter), then Enter, and it should use it. 

Distance is a utility which calculates 
acoustic distance by use of a measured 
phase curve. You can use it to find the appar¬ 
ent position of the speaker in different parts 
of the frequency range. ÄJ described above, 
the delay caused by sound going over a dis¬ 

tance causes measured phase to slope down¬ 
wards and "roll. " The excess slope is pro¬ 
portional to delay. If you can assume that the 
speaker is minimum phase in a certain fre¬ 
quency region (most single drivers, without 
crossover, are minimum phase; almost no 
multidriver speaker systems are), you can 
calculate the drivers ' phase response at the 
O-delay reference plane using the Hilbert 
transform. 

Distance calculates the Hilbert transform 
of the current frequency response plot to find 
the minimum phase curve. Then it figures out 
what kind of delay would need to be added to 
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get a phase slope as close as possible to that 
of the responses’ measured phase curve 
slope, in the region between the two frequen¬ 
cy markers. 

Try this: measure a tweeter or upper-
midrange driver without crossover and use a 
Cal. Leave the #/ time marker at the far left 

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

Speaker parts & adhesives, 
cones, spiders & dust caps 

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

of the trace, so true delay is measured, but 
use the #2 marker to get rid of echoes. Use 
F FT to frequency response, then set the two 
frequency response markers at the edges of 
the flat region of the measured response. Use 
Display Show Distance. If you do this cor¬ 
rectly, the distance displayed should be very 

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

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

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

close to the distance between the microphone 
capsule and the drivers ' pole piece (for a nor¬ 
mal dynamic driver). 

GOING PUBLIC 

I read “A Public-Area Sound System” by 
Hilary Paprocki (SB 4/94, p. 12) with great 
interest. I applaud his involvement with the 
local community college and share some of 
his sentiments. 

Since I designed the FA 136 driver, I was 
especially pleased that he liked it and the 
results. This model was intended to be an 
advance in commercial sound, and his con¬ 
clusions indicate we hit the target. 

I would like to offer some information 
regarding the tweeter and crossover. Yes, 
some audiophiles seem to like a strong treble 
balance. I assume that to be a matter of per¬ 
sonal taste, compensation for natural high-
frequency hearing loss that comes with aging, 
or compensation for Fletcher-Munson loss at 
lower listening levels. Other audiophiles pre¬ 
fer the top end slightly rolled off for a “soft¬ 
er, more pleasant” sound. 

Since personal tastes vary and the acousti¬ 
cal environment where the speaker will be 
used varies considerably as well, I designed 
the FA 136 to be a flat response device. In 
anechoic measurements the response is ±3dB 
from 100Hz to beyond 16kHz. With the 
crossover modifications that Mr. Paprocki 
implemented, the response drops 6dB above 
5kHz, which is fine if either personal taste or 
room acoustics are better served by so doing. 
Another user with different tastes and a room 
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filled with drapes and oversluffed furniture 
might wish for more tweeter output. 

I do not wish lo imply that there is a right 
or wrong here except for how well a speaker 
pleases a listener in a given situation. I 
designed the FA 136 to be flat so it might 
please tastes that fall in the middle in average 
acoustic environments. Given the hard ceil¬ 
ings, walls, and thin carpet described by Mr. 
Paprocki, I might well have made a similar 
change. 

Michael E. Lamm 
Design Engineer 
Atlas/Soundolier 
Fenton, MO 63026 

Hilary Paprocki responds: 

We are honored to be addressed by Mr. 
Lamm. He has designed an awfully nice 
driver, and no resonable person could find 
fault with his design philosophy. 

It’s particularly significant that he discuss¬ 
es context-based system voicing, since I was 
recently criticized in these pages for very dis¬ 
tinctly increasing the treble output of another 
scientifically-tested “fiat" loudspeaker sys¬ 
tem. If that doesn 't underline his point, I don't 
know what would 

It’s a wonder any commercial loudspeak¬ 
er is able to find wide acceptance and success 
given the wide variety of end environments. 
All of this makes Mr. Lamm's FAI36 all 
the more admirable an accomplishment. 
Frankly, I had hoped the designer of this 
driver would reveal himself so that I could 
congratulate him. Great work! 

PORT ADJUSTMENT 
FORMULA 

While browsing through some back issues, 1 
noticed Pete Taylor’s comments (SB 5/93, p. 

16) about the tuning formula: 

Ly = Al g X 2Ly/f g 

He is not the first one to notice that it isn’t 
very accurate. I have used this “safe” 
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approach for years. When used in conjunc¬ 
tion with the “bare box” formula, which 
always suggests a tube with excess length and 
a lower than desired frequency, this formula 
gives a ALV that is too small. So you cut off 
a little, and then a little more. I have contin¬ 

ued to use the formula, maybe because I used 
a slide rule until far into the calculator and 
computer era. 

It occurred to me that others might not be 
so tolerant of rough estimates, so I took 
another look at port tuning. In checking box 
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Spectra Plus 
Professional Edition 

BBS: 360-697-7717 

tuning, George Augspurger’s VNTWRK 
program is ideal.* Running some tuning vari¬ 
ations through it, I noticed that the formula 
was most erratic on short ducts. For a duct 
with the length equal to the diameter, the 
results are far off the mark. 

Taking the duct diameter/length ratio into 
consideration, here is an alternative formula: 

Lv = -AfB X 2 X (Lv + ((d/Lv)2 X L))/fB

I compared the corrections and final Lv, 
using this formula, against VNTWRK and 
achieved the following results: 

VB d Lv fB fB2 Lv Lv

ft3 Hz Hz new (VNTWRK) 
0.5 I" 2" 37.1 40 1.61" 1.58" 
0.5 2" 6" 45.44 50 4.66" 4.61" 
1 2” 3" 40.64 45 2.07" 2.08" 
1 3" 8" 41.1 45 6.27" 6.18" 
2 4" 9" 35.64 40 6.36" 6.32" 

Here is the result, rather typical, of the first 
example above, using the old formula: 

0.5(Vb) 40(fB) 2.36 (Lv) 

As you can see, 2.36" is not very close to 
Augspurger’s 1.58". 

The new formula works well with round 
ducts and is accurate for a duct of square 
cross-section when you use the equivalent 
diameter of a circle with the same area 
instead of the rectangular measurements. If 
you have a vent of rectangular shape that is 
not square, use the following formula: 

fB = -AfB X 2 X (Lv + ((1,13H/LV)2 X Lv))/fB

Kwisfio 

♦ 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) 

Design Options: 
Small and large-signal analysis. 
Examine one loudspeaker in 
several different boxes or... 
Examine several different 
loudspeakers in the same box. 
6 graphs: normalized amplitude, 
2.83-V amplitude, acoustic 
power, impedance, phase and 
group delay. 
Advanced vent calculator. 
Advanced box dimension 
calculator w/18 volume shapes. 
Accepts loudspeaker measured 
acoustic response. 
Accepts automobile or listening 
room interior acoustic response. 
Use English or metric units. 
Save and recall designs. 

Includes a large driver database 
with over 1,300 drivers. 

J Built-In Test Procedures: 
Test and calculate loudspeaker parameters* 
Test and calculate passive radiator parameters* 

' Requires basic test equipment: sine wave generator, frequency counter, 
power amplifier, 1 kohm resistor, voltmeter, ohmmeter, test box. 

:of Harris Technologies. Other trademarks are the property of their respective companies. Computer and loudspeakers not included Copyright © 1995 by Harris Technologies All rights reserved 

BassBox^Ji WINDOWS 
Design low-tref/oency 

loudspeaker enclosures 

last and accurately 

with BassBox software. 

Uses both Thiele-Small 

Vas, no) and 

ÿc&ro-Mechanical 

(Qis, Qms, Cms, Mms, Rms, 

BL) parameters with 

equal ease. 

$99.00 
plus $5.DO S&H 
(Canada:+$6 00) 

(Overseas: +$12.00) 

Tel: 616-641-5924 
Fax: 616-641-5738 

Harris Technologies 
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 if purchased w/fft BassBox) 

Minimum System Requirements: 

MS-DOS 5.0. Microsoft Windnws 3.1 & 
compatible computer (386 or better CPU 

with ar 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 prior notice 
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where H is the narrow dimension of the slot. 
Here are some results: 

VB Port fB fB2 Lv Lv 

ft3 Hz Hz new (VNTWRK) 
2 2” X 8" 44.02 50 4.9" 4.79" 
3 l"x 16" 35.63 40 6.00" 5.93" 
4 3"x6" 35.36 40 3.08" 3.13" 

The formulas above work well for most 
vents, but they are not useful where Lv < d. 
Here is an example: 

VB d Lv fB fB2 Lv Lv

ft3 Hz Hz new (VNTWRK) 
4 4" 0.75" 41.7 30 12.7" 5.17" 

You are not likely to encounter this situation 
anyway. 

If anyone has any other suggestions on 
this, I’d be glad to hear them. 

David Weems 
Box 99 
Newtonia, MO 64853 

* Available through SB’s service division, 
Old Colony.—Ed. 

BACK TO THE FUTURE 

Dick Campbell saw the Bose Auditioner© as 
a sign of audio’s future (“Peering Into the 
Future,” SB 2/95, p. 9). To me, it was déjà vu. 
This device suffers from the same fatal flaw 
that plagued nearly all of the previous audio 
image enhancement tricks: it does not allow 
the freedom of position and movement that 
listeners enjoy at live performances. People 
listen through loudspeakers because they 
want unconfined and unconnected listening. 
In this respect, the device is a total failure and 
represents no progress. 

Mr. Campbell reported, “In most cases, the 
subject could not tell the difference” between 
the Bose Auditioner and the live sound over 
a limited bandwidth. Considering this state¬ 
ment and Philip Witham’s articles describing 
his densely spaced multiple-channel array 
(“The Linear-Array Chronicles,” SB 5/94, 
8/94, and 1/95), I see a growing consensus 
that the weakest link in audio reproduction is 
in image reproduction rather than the fidelity 
of the channels We are reaching a point of 
diminishing returns for the improvements in 
distortion and bandwidth, but the subject of 
imaging has not been widely explored out¬ 
side of the limits of two channels. Now that 
we are free of the constraint that held us to 
two channels, the LP, we can move forward. 

Necessity is the mother of invention, and 
freedom of listening position is a commercial 
necessity in a movie theater. So far, the most 

Get the information you need fasti Use this convenient list 
to request the products and services that interest you in 

this issue. Don't forget to mention Speaker Builder! 

COMPANY PRODUCT FAX 
Abilene Research & Development Corp. Texturelac Paint Finish (516) 791-6948 
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Hi-Vi Research Inc. Canada Drivers (905) 475-8226 
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Liberty Instruments, Inc. Liberty Audiosuite (513) 755-0252 

LinearX Systems, Inc. Leap & LMS (503) 598-9258 

MCM Electronics Audio Components & Service Parts (513)434-6959 

MIT Electronic Components MIT MultiCap: Industry Standard (916) 823-0810 

Markertek Video Supply Unique & Hard-To-Find Accessories (914)246-1757 

Meniscus Outboard Amp Module (616)534-7676 

Morel Acoustics High-Tech Audiophile Speakers (617)277-2415 

Orca Design & Manufacturing Axon Caps & Clio (818)991-3072 

Parts Connection, The Assemblage DAC-1 Kit (905)829-5388 

Parts Express International, Inc. Free Catalog (513) 222-4644 

Pioneer Hill Software Spectra Plus (360) 697-7730 

Sescom, Inc. Free Sheet Metal Catalog (800) 551-2749 (USA) & 

(702) 565-4828 

Solen Inc. Speaker and Crossover Components (514)443-4949 

Solo Electronics CFAC Inductor (510)887-1657 

Speakers Etc. 1995 Catalog (602) 272-8633 

Sussex Technical Corp. Electronic Crossovers (214) 495-6434 

TCH Umbra Speaker Cabinet Hardware (416)299-6168 

Technologie MDB Focal (514) 443-5485 

The Speaker Works, Inc. Versatronics (602)230-8533 

True Image Audio Free Demo Disk (619)480-8961 
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successful advancements in this area have 
come from the engineers at Dolby 
Laboratories rather than the patent attorneys 
at Bose. The Bose people deserve credit for 
making better sound more marketable 
through improved packaging, but Dolby 
extracted stereo sound with wide dynamics 
from dictation tapes and surround sound with 
a wide listening area from two channels. 
Dolby raised the ceiling while Bose raised the 
floor of sonic performance. Dolby also pros¬ 
elytized its technology rather than miserly 
hoarding it and stifling experimentation. 

It took several decades for stereo to 
replace monophonic recording as the mass 
market’s standard. After several more 
decades, home theater has become synony¬ 
mous with more than two channels. As home 
theater systems improve, the desire to play 
music over them will force the 5.1 channel 
standard on the music industry. After all, 
opera and ballet are a form of multimedia 
experiences. Dolby’s AC3 is the product sig¬ 
naling audio’s future, but the most successful 
products allow a single software inventory 
and let the consumer decide when and if to 
upgrade. With the means available to pro¬ 
duce a 5.1 channel CD with negligible loss 
of performance when played on existing 
equipment, I predict 5.1 channel systems 
will become the next standard. 

Dennis L. Green 
Detroit, MI 48235 

Contributing Editor Richard Campbell 
responds: 

In my short editorial I may have used words 

suggesting that the Bose Auditioner was 
some sort of "audio image enhancement 
trick." It is certainly not that. The aural 
image produced in the space around your 
head when you are in the chin rest is done by 
digital signal processing techniques whose 
foundation is based on absolutely solid 
acoustical engineering and mathematical 
modeling. It is no trick any more than the 
Fourier transform is a trick to flop from the 
time domain to the frequency domain in sig¬ 
nal analysis. 

Indeed, the device does not allow the lis¬ 
tener to move around because that is not its 
purpose. Any significant head movement 
invalidates the algorithms used to do the 
real-time convolution for that exact seat loca¬ 
tion. The digital input data in the time domain 
is derivedfrom the collection of rays arriving 
at a particular receiver from known angles in 
a geometric room computer model created 
using the Bose Modeler© program. If you 
moved to a different location in the auditori¬ 
um, then another appropriate receiver would 
need to be modeled and then selected for 
auditioning. 

The Bose Auditioner is intended to be 
used by acousticians and sound system 
designers to auralize a seat in a hall whose 
architecture may exist only in a computer. 
It is a design and troubleshooting tool, not 
a consumer product such as home theater 
systems. Acoustical designers need rever¬ 
beration accuracy (and accurate early 
reflections, initial time delay gap, EDT, T-
20, LEF, IA CC, C80, STI, and so forth), as 
opposed to simply bathing in the wash of 
Dolby 5.1© or any other entertainment 
system. Those are fun and enjoyable at 

home, but they are not work. 
In home theater systems, the sound tends 

to back up the picture since our visual 
sense is absolutely supreme over our aural 
sense. This has been shown in numerous 
psychological experiments where the sens¬ 
es are "crossed" and the visual cues take 
over after a tiny vertigo-like interval. I was 
simply "peering into the future" of 
acoustic measurements and hall evalua¬ 
tion, in my editorial, and not into the won¬ 
derful world of surround sound, THX, 
Dolby 5.1, and all that is exciting in 
today’s virtual audio environment. 

SLM MOD 

Thank you for providing “knowledge-thirsty 
audio types” with a fine publication. Your 
insightful articles and the opportunity to prof¬ 
it from other audio experimenters’ experi¬ 
ences are priceless assets. 

I would like to point out an error in the 
schematic in “Converting Radio Shack’s 
Sound Level Meter to Millivolt Use” (SB 
4/94, p. 12). Author Carrington’s additional 
circuit shows a 15pF capacitor, which he later 
corrected in SB 6/94 (p. 53) to 150pF con¬ 
nected in series with the RCA connector. The 
text correctly indicates that the capacitor 
should be connected between the RCA posi¬ 
tive connection and the wiper of the trimmer 
resistor as a shunting capacitor. 

I modified my Sound Level Meter accord¬ 
ing to the text, but ignored the schematic 
(Fig. I). The meter is now a useful compan¬ 
ion to Mr. D’Appolito’s microphone. Before 
reading the article, I used the R/S meter as 

AEON 
ACCUTON ORCA CONNECTORS 

QUALITY DRIVERS & MORE 

2730 W Thomas Rd. 
Phoenix, AZ 85017 
Phone (602) 272-6696 

We Offer A Complete Line Of Kits 
A Iso Specializing In Speaker Repair 

Request a FREE catalog 

FAX (602)272-8633 

(Mntn Std Time) 
10:00 AM-7:00 PM Weekdays 
10:00 AM-5:00 PM Saturdays 
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All your life they’ve called you 
"picky", hard to please. WRONG! 
Truth is, you’re a perfectionist! You 
want it done 

RIGHT! 

You want to build your speakers 
and you want them to be 
PERFECT! "You are there" imaging, 
great dynamics, powerful, clean 
bass, REALISM! You demand 
durability and affordability. You can 
build them. All you need are world¬ 
class designs and the parts to put it 
all together. 

An ACI Parts Kit is the 
answer to your prayers. 

ACI’s are the only kits available 
that have received over 20 great 
reviews in magazines from Speaker 
Builder to Stereophile. Choose 
from six great models including the 
reference quality Sapphire HI and 
the 250 watt Titan "smart amp" 
powered sub. 

Be picky, build your 
PERFECT ACI speakers. 

Call or fax us today! 

ACI div. 
Audio Concepts, Inc. 

La Crosse, WI 

Phone: (608) 784-4579 
Fax: (608) 784-6367 

Reader Service K 

supplied, except for the addition of a mini 
audio jack. The audio connector provided 
access to the meter’s internal amplifier while 
bypassing the built-in microphone when a 
3.5mm male audio plug was connected to the 
mini audio jack without the need for a switch. 
This allowed me to read the output of Mitey 
Mike on the sound level meter only as uncal¬ 
ibrated relative measurements due to the 
extra gain provided by Mitey Mike. 

I am very pleased with the results from this 
simple modification, but a clarification is in 
order to encourage those who found it diffi¬ 
cult to successfully modify and calibrate their 
own meters. 

Publio Morera 
Merrick, NY 11566 

FIGURE I: Reader Morera’s correction for 
the Sound Level Meter. 

C.L. Paul Carrington responds: 

I am pleased Mr. Morera found the article on 
the modification of Radio Shack 's SLM use¬ 
ful. My letter published in SB 6/94 corrected 
the value and location of the capacitor in the 
schematic to comply with the article text, ami 
Mr. Morera’s diagram (Fig. 1 ) will remove 
any doubt about what was intended. His use 
of a closed-circuit mini jack is a useful sim¬ 
plification. I use RCA phono jacks as stan¬ 
dard audio input and output connectors for 
my home-built test equipment so, in my case, 
the switch was necessary. 

WHERE'S THE 157OB BEEF7

My friend purchased a pair of Altec 157OBs. 
Can you provide any information on upgrad¬ 
ing these units, or explain the trans input or 
strapping the output? 

Renee May 
Los Angeles, CA 90038 

Readers who can help with information to 
these questions can write to Speaker Builder, 
Editorial Dept., PO Box 494, Peterborough, 
NH 03458, FAX (603} 924-9467. b 

by 
Richard 
Marsh 

MIT’s 
Capacitor 
Textbook 

41IT 

Debunking the Myths 

Cap Myth # 2 
The plate metal is the most important 
factor in capacitor performance. 

Cap Fact 
• The compatibility of the plate material 

with the ends' sprayed-on metal and 
the solder & lead metal brings about 
lower ESR (therefore better, more stable 
performance) than using exotic plate 
materials. 

• Silver & copper foils are potentially 
good, but they must be made into a 
capacitor immediately upon manufac¬ 
ture. Otherwise these foils will oxidize 
quickly. 

• Oxides form rapidly on silver and are 
d fficult to remove. Oxides are difficult 
to attach onto leads, and create 
unreliable connections. Oxides also 
become imbedded in the solder, again 
creating an unreliable join. 

• Use of high purity copper will reduce 
oxide formation in copper foils. But the 
molten metal sprayed on the cap 
ends, to connect the foil plate edges, is 
typically an aluminum alloy, which is 
incompatible with copper. This combi¬ 
nation will corrode in time, through 
electrolysis between dissimilar metals. 

Solution? 
The MIT MultiCap uses the most compati¬ 
ble metals and alloys throughout. Our tin 
MultiCaps, for example, offer thick tin 
plates attached to tin-plated copper 
leads, hand soldered with high-tin content 
solder. This ensures reliability and long term 
performance, and lowest ESR for consis¬ 
tently fine performance. 

Watch for Cap Myth #3! 

ESR vs. Frequency vs. Capacitance 
Graph shewing low distortion obtained by the decreased 
porosities (ESR) of the self-bypassed MultiCap MultiCap 
performance falls to the right of tne line, indicating fewer 
porosities, ie. fewer colorations 4 increased accuracy 
Measurements of standard caps, even with exotic foils, fall 
to the left of the line, indicating compromised perfor¬ 
mance (Measured at MIT). 

MUSIC INTERFACE TECHNOLOGIES 
For National & International Inquiries: 

Phone: 916/823-1186 Fax: 916/823-0810 
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Technology Watch 
END-FIRE RADIATORS 

By Peter Mu.dow 

When speech reinforcement is need¬ 
ed in a reverberant environment, 
the loudspeakers require highly 

directional properties. This focuses the sound 
and minimizes the spill onto reflecting sur¬ 
faces—walls, ceiling, and floor—which 
would add to the reverberation. 

Sound reinforcement systems can be 
divided into two groups: high-level distribu¬ 
tion, in which a single loudspeaker cluster (or 
a small number) radiates over the entire area 

FIGURE I: Altering the direction and shape 
of the wavefront by introducing a time-
delayed signal. 

with a relatively high sound pressure level, 
and low-level, where a large number of units 
operates at a relatively low sound pressure. 
Normally, horns or line-source loudspeakers 
(a series of speakers arranged in a line) are 
used because of their directional properties. If 
a large number of units is needed, however, 
this can become expensive. One low-cost 
alternative is the end-fire array. 

PATTERN MAKING 
If we apply the same signal to each unit of a 
line-source loudspeaker, the sound radiated 

will have a directional pattern dependent 
upon the number of speakers, the length of 
the line, and the wavelength of the sound. A 
radiation pattem is created by the destructive 
and constructive interference between the 
speakers. With a 
vertical line or col¬ 
umn, the polar pat¬ 
tern is broad in the 
horizontal plane and 
shallow in the verti¬ 
cal plane. 

By introducing a 

¡ENDFIRE RADIATOR^j 

FIGURE 2: If the electronic delay is made equal to the time for the radiated sound wave 
to travel from one speaker to the next, the radiated waves will add phase. 

FIGURE 3: Horn compression driver TOA TV25L, 1W input, 
130dB output into a plane wave tube. The End Termination is a 
wedge of open-cell plastic foam which reduces reflections back up 

the pipe. Input level of 120dB to the radiator (pipe) produces 70dB 
SPL output at 3.5m. 
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fr O V L A N D 
MUSICAP " Film and Foil 

Capacitors 

Discover what many hobbyists, designers, manufacturers, 

and reviewers already know The finest matenals. careful 
winding, and hand termination ensure 

SPEAKER CAPS 
Value_ Wysjs_ >n_ Pass 

1 Ouf 100 55 x 2 00 17 00 
1.5 100 70 x 2 00 19 50 
2 0 100 70 x 2 25 21 50 
2.7 100 80x2 25 23 50 
3 0 200 92 x 2 88 29 50 
3.3 100 66 x 2 88 25 50 
4 0 100 85x2 88 27 00 
5 0 100 95 x 2 88 29 50 
6 0 100 94x 3 25 30 00 
7.0 100 1 05 x 3 25 34 00 
8 0 100 1 10 x 3 25 37 00 
9 0 100 1 20 x 3 25 40 00 
10 0 100 1 35x325 44 00 

15 % Off on orders over $ 250 00 

coupling caps from .01-4.7 uf. 

Transparency 

Accuracy 5% 

Detail 

Low DA, DF, 

and ESR 

16 ga silver-

plated leads 

Made in USA 

D H LABS * low capacitance high resolution 

Silver Sonic T-14 Speaker Wire 3.75 / ft 
BL-1 Interconnect wire 3 50/ft 
OFH-14 14 ga mid-bass wire 1 50 / ft 
T-20x 20 ga twisted pr wire 1.75 /ft 
Small spade for vintage amp posts 1 10 / ea 
RCA,banana, spade , XLR, hookup wire avail 

Sound Products 
PO Box 66905 

Portland. OR 97290-6905 

( 503) 761-0743 
pnces subject to change 12-6 PST M - F 
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Hi—Vi Research Inc. 
Canada 

Majoring in producing and designing HI-
END speakers/electro-acoustical sys¬ 
tems and amplifiers, located in the 
Ontario, Canada area, has immediate 

opportunities in the areas of: 

• Drivers Designer 
e Homs Designer 
• Tweeters Designer 
e Loudspeakers Designer 
• Planar Magnetic Speaker Designer 
• Professional Loudspeaker Designers 
• Electro-Acoustic System Designers 
• Electrostatic Speaker Designer 
• Hi-end Amplifiers Designer & Engineer 

Three years experience is essential. 

Hi-Vi Research Inc. Canada is an equal 
opportunity employer, offers a competitive 
salary, and a comprehensive benefits pack¬ 
age. If you would like to join our team, 
send resume to: 

100 Spy Court, 
Markham, Ontario L3R5H6 
Fax (905 ) 475-8226 

90 deg 

FIGURE 4: Polar pattern of prototype: 50 
holes of 2mm radius and 25mm spacing at 
800Hz. Measured directivity. 

time-delayed signal to each unit, we alter the 
direction and shape of the wavefront (Fig. I). 
When the time delay equals the time the radi¬ 
ated sound wave takes to travel from one 
loudspeaker to the next, the sound waves add 
phase to the line and radiate off the end of the 
array. Hence the term end-fire radiators (Fig. 
2). The reciprocal transducer is the direction¬ 
al line, or rifle microphone, developed by 
Olson. 

To create this radiation pattern with 
one loudspeaker, connect a compression 
horn driver to a pipe which has holes drilled 
in it (Fig. 3). Each hole acts as an individual 
driver or source. The time delay required be¬ 
tween the sources is provided by the veloci¬ 
ty of sound inside the pipe—the same speed 
as the outside wave propagation (344ms-1). 

Holland and Fahy have developed a math¬ 
ematical model using these principles. 1 It 
predicts the on-axis frequency response and 
directivity. The authors have achieved a 
good correlation with the prototype of Fig. 3 
and their mathematical model. 

The parameters for the prototype, operat¬ 
ing as a low-level distribution system, are: 

1. A 60dB SPL at the listener’s ears. With 
a sound pressure level of 120dB at the input 
of the radiator (the pipe), it radiated 70dB 
SPL at a distance of 3.5m. 

2. A frequency range of 1 -5kHz, with the 
polar pattern shown in Fig. 4. 

This seems to be a good, low-cost alter¬ 
native. If you wish to design your own, 
Holland and Fahy’s article provides the nec¬ 
essary data, with other ideas for achieving 
similar results. A suitable driver might be 
the Motorola KSN1188A piezo, described in 
SH 1/95 (“High Quality Use of Motorola’s 
Piezo Driver,” p. 18). 

REFERENCE 

1. K.R. Holland and F.J. Fahy, “A Low Cost End-Fire 
Acoustic Radiator," JAES, July 1991. 

958 North Main St. 
Mansfield, TX 76063 
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Looking for a way 
to improve your 

image? 
Try some 
MusiCaps! 

M u s i C a p ® film and foil capacitors 
deliver 'you are there' imaging along 
with exceptional dynamics, clarity and 
focus Their ability to present correct 
timbre and depth of field dlong with 
true inter-Fansient silence is unequdlled 
WHAT THE REVIEWERS SAY... 
" If you want see-thru, high definition, 
detail and listenability, try the Musicaps." 

Joe Roberts. SOUND PRACTICES. ISSUE 6. 1994 

"The improved signal transmission of the 
Hovland foil capacitors elevated the 
(Ariel) speakers to a new level of 
naturalness, clarity, and immediacy." 

Lynn Olson. Positive Feedback. Vol 5. No 4 

To order contact one of the following: 
• The Parts Connection 905-829-5858 
• Welborne Labs 303-470-6585 
• Anchor Cross Co., Tokyo, Japan 
81-3-3203-5606 

For international distribution contact: 
Gold Aero Inc. at 818-841-5541/fax 818-842-3825 

OEMs contact: Hovland Company at 
209-966-4377 or fax 209-966-4632_ 
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Power Satellite Speaker System • Build and Use a White/Pink Generator • Sound 
Pressure Level Nomographs • 

OUT OF PRINT, some single issues still available at $7 each • 

The Edgar Midrange Hom • Sand-Filled Stands • Crossover Networks: 
Passive and Active • 5-sided Boxes • A 2 x 4 Transmission Line • The 

Free-Volume Subwoofer • Notch Filters • By-Wiring the LS3/5A • A Push/Pull 
Constant Pressure System • Current and Power in Crossover Components • The 
Unbox (Egg) • Upgrade Speakerlab's S-6 Crossover • Measure Speakers with 
Step Response • A Gold Ribbon System ■ A Visit with Ken Kantor • A Tractrix 
Horn Design Program • Reviews: Audio Concepts "G”; Seven TL Midranges; 
Focal's Model 280; the Audio Source RTA-ONE. 

1984 

1985 

1986 

1987 A Compact TL Woofer • Frequency Response and Loudspeaker 
Modeling, Pt 1-3 • A Manual Coil Winder • The Model-One Speaker • 

Designing a Listening Room • A Sixth-Order Vented Woofer • Tapered Pipe 
Experiments • Visiting Boston Acoustics • A Vented Compound System • The 
Octaline • Spreadsheets for Speaker Design • In Memoriam: Richard Heyser, Pt 
1-2 • Using Non-Optimum Vented Boxes • Building Speaker Stands • Evaluating 
Driver Impedance Compensation • Tuning Bass Reflex • Six Woofers Compared 
• Bullock on Passive Crossovers: Alternate Bandpass Types • Fast, Easy Filter 
Calculations • A Mobile Speaker • Polk 10 Mod • 

1988 Electronic Turns Counter • Two-Way Design • Minimus-7 Mod • Dome/Midrange/Tweeter Array • Plotting Complex Impedances • A 
Driver Design Primer • A Cabinet Primer • Tuning Up Old Systems • Low-Cost 
AR-3 Upgrade • Electronic Time Delay • Enclosures Shapes and Volumes • 
Minimum-Phase Crossovers • Spot Sound Absorbers • Howto Add a Subwoofer 
• The Swan IV System • Sub-Bass Power Boosting • The Unline: A Short TL • 
Active Filter Computer Design Program • Low-Cost Two-Way Ribbon • Amp-
Speaker Interface Tester and Construction Plans • The QBq Vented Box is Best 
• A Pentagonal Box System • Keith Johnson Profile • Sheathed Conductor ESL 
• A Symmetrically Loaded System, Pt 1 • Ceramic Enclosure • Inductance 
Measuring Technique • Polk 10 Mods • 

1989 (4 Issue Set: VERY LOW STOCK) The Audio Laboratory Speaker 
System • A Passively Assisted Woofer • Digital Filter Tutorial • The 

Listening Arc Alignment • Small IC Power Amp & Crossover • Easy Surround 
Sound • Building Speaker Spikes • An Isobarik in a Thunderbird • Sheetrock 
Cabinetry • A Picket Speaker • Servo-Controlling AR-1 • Silent, Safe Muting 
System • Equalizing the Klipsch Cornwall • A Test Switcher • Visiting the 
Klipsch Kingdom • Rehab for Kitchen Music • Spreadsheet Design • A 
Subwoofer/Satellite System • Impedance Measurement as a Tool • Practical 
Passive Radiators • A Symmetrical Dual Transmission Line, Pt 1 • The 
Microline • A Voice Coil Wheatstone Bridge • Tweeter Q Problems • 

¡Acceleration Feedback System • Cylindrical Symmetrical Guitar 
TLs • Compact Integrated Electrostatic TL, Pt 1-3 • Minimus-7 

Super Mod • The Show (Bass Horn) • A Small Two-Way System • Helmholtz 
Spreadsheet • Heresy Upon a (Klipsch) Heresy • Beer Budget Window 
Rattler • Contact Basics • MDT Mini-Monitor Speaker System • Titanium + 
TPX + Polypropylene = Fidelity • Tom Holman, Skywalker, and THX, Pt 1-2 
• Bud Box Enclosure • Klipschorn Throat Riddle • Modular Three-Way Active 
Speaker • CD Speaker System • SPEAKER DESIGNER Software • 
Symmetrical Isobarik • Novice Crossovers • Triamplified Modular System • 
Magnetic Crosstalk in Passive Crossovers • Mitey Mike Loudspeaker Testei 
• Symmetrical Loading for Auto Subwoofers • Improved Vented Box with 
Low Qts Drivers • BOXMODEL Woofer System Design Software • Four 
Eight By Twos • Dynaco A-25 Mod • Klipschorn Throat Revisited • 

1990 

1991 Students Building Systems • Servo Subwoofers • An Apartment TL • L-R Crossover for the Swan IV • More or Less Power • New 
Guidelines for Vented Boxes • The Pipes • Macintosh's Wave and Sound 
Programs • Creating Professional Looking Grilles • Octaline Meets 
D’Appolito • Using Radar to Measure Drivers • Deep Bass for GMC • PSpice 
LF Response Calculating • Pipe and Ribbon Odyssey • The Delac S-10 • 
Infrared Remote Volume Control • Backloaded Wall Horn Speaker • Mod for 
the Minimus 7 • Simplifying Cabinet Assembly • Fibrous Effects on TLs • 
The DOALs • Loudspeaker Cable • Speaker to Ear Interface • Speaker 
Sensitivity to Errors in T/S Parameters • TL Speaker Evaluation • Cable and 
Sound • Kit Reports: Little V; Audio Concepts’ Sub-1 • 
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Hom Design Program 
from page 19 

above, there are several variables you must 
consider, based on your knowledge of horn 
design. I advise you to consult the references 
and any horn literature mentioned in previous 
issues of Speaker Builder. Most important of 
all, some horn enthusiasts willing to 
exchange and share ideas are a good source 
of information. 

I’d like to thank Dr. Edgar for his heip in 
writing this article and also Brian Smith for 
sparking my interest in computer-assisted 
horn design. h> 

LET’S HEAR FROM YOU 
Speaker Builder needs reader feedback 
in the form of letters, questions, 
queries, and tips. Tell us your problems 
and concerns, your reaction to articles, 
your latest audio construction adven¬ 
ture. Our departments answer reader 
questions and let you share your knowl¬ 
edge and experience or show off your 
handiwork. Whether you’re seeking 
help with a problem or offering a solu¬ 
tion, SB wants to hear from you. 
Remember, it’s your magazine, and 
your contribution can help make it even 
better. Send your entries to: 

Speaker Builder 
Editorial 
PO Box 576 
Peterborough, NH 03458 

Madisound BBS 
Continued from page 34 

on the Madisound BBS, so if I overlooked 
your favorite program or a better choice in a 
particular category, please forgive the over¬ 
sight. The “Letters” column of SB is the ideal 
place for you to comment on your experi¬ 
ences with these programs. 

Now it’s your turn to explore the 
Madisound BBS files, so turn on your com¬ 
puter, dial the BBS at (608) 836-9473, and 
log on for some of the nicest, free programs 
available anywhere. It’s like having 
Christmas all year round! 

CLIO Review 
Continued from page 53 

place of a steady-state sinusoid. 

Mauro Bigi and Maurizio Jacchia 
Audiomatica s.r.l. 

AUTHOR'S RESPONSE 
After reading Audiomatica’s comments on 
my report, I noticed that the term “acousti¬ 
cal” is somewhat vague, so I’ll try to 
explain it. 

It’s perfectly true that, in this case, the 
FFT resolution is 6.25Hz and this is a 
mathematical fact. But with a 10ms time 
window, the theoretical lowest significant 
frequency is 100Hz. The 8,192-point LET' 
gives you a 6.25Hz resolution (at 51.2kHz 
sample frequency). You have an uncer¬ 
tainty of 100Hz. What this means is that 

between 300Hz and 500Hz the amplitude 
accuracy is only three points. Again, this is 
not a CLIO limitation, but applies to all 
systems. 

CABINET 

FIELD REMOVABLE FRONT. REAR 
0 063- GOLD ANODIZED. OTHER 
PARTS BLACK ANODIZED VENTED 
CAGES AND OAK END PANELS 
AVAILABLE 

ALL HARDWARE SUPPLIED 

Audio Transformers for Tube Construction 
Inputs - Line/Mic 

5k 
Tube Outputs 
! B ELBA 3 WATT 9 00 11.00 
.16 B ELBA 10 WATT 12 00 16 00 
.16 B ELBA 20 WATT 18 00 24 00 
LINEAR DESION 

OUTPUT TRANSFORMERS DESIGNED FOR SIMPLE 
OUTPUT STAGES AND FEATURE FREQUENCY 
RESPONSE 2 dB AO ISA Hl 

Power Supply 
MOOÍL SECONDARY CASE USE PRICES 

•1 n »3 STYLE A • 
"•1 B K^ 9 00 " 00

" 2 a w 8 ^a." 002'00

8 AS® 20 00 2®00

“WP ík V 8 ä®2"00 ” 88

POTS & SOCKETS 
ALSO AVAILABLE 

FOR MORE INFO 
REQUEST 

CATALOG TB-1 
WRITE OR FAX FOR 
OTHER CATALOGS 
AUDIO SOLUTIONS. 
CONSTRUCTORS 
HARDWARE. AUDIO 
SIPS and AUDIO 
TRANSFORMERS 

ORDER TODAY! ($30.00 MINIMUM ORDER) 
AU PH ICI Si INCLIHH WOHl OWtOf SHIPPINCit 
A IS USA. CANADA & MEXICO. B IS REST OF WORLD 

@ ORDER (800) 634-3457 ■ FAX (800) 551-2749 
(702) 565-3400 ■ FAX (702) 565-4828 

SESCOM. INC. 2100 WARD DR HENDERSON NV 89015 
SESCOM INC • not response»« lor nadvarlarM typograpfvcal «non 
and pnces and specAcatKine are subject to change without notice 

Reader Service »23 

Speaker Builder BACK ISSUES Continued 
Rumreich on Box Design & Woofe' Selection • MLSSA • Double-
Chambered Reflex by Weems • Active Crossover and Delay • 

Electrical Circuit Bandpass Enclosure • A Dreadnaught System (satellite 
swivels) • Designing Real-World Two-Way Crossovers • 20-foot Ribbon Dipole 
Speaker • Biamping the Sapphire II • Capping Passive Crossovers • A High 
Quality Speaker Cabinet • 1/3-Octave Noise Source • Disappearing 
Loudspeaker • The A&S Soundoff Winner, Pt 1-2 • Alignment Jamming • Marc 
Bacon's “Danielle", Pt 1-2 • Double-Chambered Isobarik Bass • Ferguson's 
Pickup Installation • Electronic Counter for Coil Winding • Oakley on Speaker 
Placement • Making Your Room Hi-Fi, Pt 1 • More on Dust Caps • Spreadsheet 
for Nonoptimum Vented Box Design • Acoustic Resistance Tuned Enclosure • 

1992 

1993 Waslo’s IMP, Pt 1-3 • Quasi-Monotonic Vented Alignments • Making Your Room Hi-Fi, Pt 2-3 • A&S Soundoff Winner, Pt 3 • Flexible 
Dipole Woofer • The Simpline • Stalking Fo • A Bi-Structural Enclosure • A 
Sixth-Order T/S Subwoofer Design • Speaker Enclosure Screws • Electric 
Bass Tri-Horn • Prism V Satellite/JBL Subwoofer, Pt 1-2 • Fitduct: Program for 
Designing Duct Software • Compact Coincidental Point Source Speaker • 
IMP: Measuring T/S Parameters • KIT REPORT: Rockford’s Beginner 
Software/Driver Paks • SOFTWARE REPORT: Low Frequency Designer 
3.01 • Three Affordable Measurement Microphones • Two Ways to Realize a 
Dream • Matching Driver Effidencies • Two-Woofer Box System • Designing 
a Dual Voice Coil Subwoofer • SOFTWARE REPORT: Blaubox 1.2 • Tale of 
Three Speaker Projects • A&S Sound-off 1992 • Monolith Hom • Orbiting 
Satellites • Real-World Three-Way Crossovers • The Simplex • Living with a 
Speaker Builder • The IMP Goes MLS • 

Sanctuary Sonics • Modular Active Crossovers • A Full-Range 
Open-Baffle System • An Evolving Magnepan MG-1 • Low-

Frequency AC-To-DC Converter • A Compact Bass Guitar Speaker • 
Measuring Speaker Impedance Without a Bridge • The Dynapleat • The 
Danielle II • The Birdhouse: A Sound-Reinforcement Subwoofer • The 
Linear-Array Sound System • A Revised Two-Way Minimonitor • 
Exploring the BUF 124 with Pspice • Signet’s SL280B/U • Time 
Response of Crossover Filters • Converting Radio Shack's SLM To 
Millivolt Use • Acoustic Distortion and Balanced Speakers • Microphone 
Response Correction with IMP • More About the Birdhouse Bandpass • 
A 16Hz Subwoofer • D.H. Labs Silver Sonic Cables • The System III 
Loudspeaker • Exploring Loudspeaker Impedance • IMPcycling • The 
Linear-Array Chronicles • Book Report: Loudspeaker Recipes, Book 
One • The Woofer Test • A Large Ribbon You Can Build • Loudspeakers, 
A Short History, Pt 1-2 • Absolute SPL Sensitivity Measuring with IMP • 
The Damping Factor: One More Time • Cliffnotes for Loudspeaker 
University • Software Report: The Listening Room for Macintosh • Book 
Report: The Theory and Design of Loudspeaker Enclosures - A 15" 
Transmission Line Woofer • Inductor Coil Cross Talk • Quick Home 
Theater on a Budget • Silk Purses A Two-Way Salvage Design • Audio 
Phase Inductor • 

1994 
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Classified 

TRADE 
STATE OF THE ART PASSIVE CROSS¬ 
OVERS. Parts and software available. Design 
Guide, $2 (refundable). ALLPASS TECH¬ 
NOLOGIES, INC., 2844 Charmont Dr., Apopka, 
FL 32703-5972, (407) 786-0623. 

WOOL BATTING cleaned and carded for build¬ 
ing speakers. $15.00 per pound (includes ship¬ 
ping). BABYLON WOOLS, 95 Day St, Granby, 
CT 06035, FAX (203) 653-7925. 

ELECTROSTATIC electronics, transformers, 
Mylar®, information. From author ROGER 
SANDERS, (503) 742-7640. 

HUNDREDS OF ECONOMICAL WOOFERS, 
MIDS, and TWEETERS, for home, car, or 
prosound. Free catalog. Dealer inquiries? SRS, 
1839 No. Circle, Colorado Springs, CO 80909, 
(719) 475-2545. 

U£C7R057A7tC 
-^KITS-^PARTS-^TRADE SECRETS^ 

save $$$ building, repairing, modifying ESLs 
SEND $3.00 FOR UNIQUE CATALOG 
/rDAVID LOCASE 

924 HULTON RO. OAKMONT. PA 15139 

HIGH-END KEVLAR CONE DRIVERS AND 
SPEAKER PARTS. Factory direct. SPEAKER¬ 
WORLD TECHNOLOGY, (510) 490-5842. 

THE ASPEN SPEAKER COMPANY is now 
offering to the public, for the first time, a new type 
of full-range driver which according to a well-
known speaker designer “...solves several fun¬ 
damental limitations of loudspeaker design." For 
literature and ordering information on this unique 
product (U.S. patents #5,062,139; #5,295,194 
and others pending), send $2.00 check or 
money order to: THE ASPEN SPEAKER COM¬ 
PANY, PO Box 10061, Aspen, CO 81612. 

SPEAKER HEADACHE?? Call the Speaker 
Doctors for free friendly estimates. We can re¬ 
cone any speaker. Home, auto, or pro speakers, 
parts, re-foam kits, etc. TRISTATE LOUD¬ 
SPEAKER, (412) 375-9203. 

D.H. LABS manufactures top quality audiophile 
hookup wires, cables and connectors for the 
most demanding applications. For more infor¬ 
mation and review reprints, contact us at 6633 
Glenway Dr., W. Bloomfield, Ml 48322, 
phone/FAX (810) 851-1296. 

FOR SALE 
Threshold T-100 amp, $1,800; Harman-Kardon 
HD-7600 CD player, G&D transforms, $250; 
pair JBL 2425J 1” drivers, excellent, $275; pair 
JBL 4312 12" three-way (best version), $375; 
pair Altec 515-8 LFE 15" Alnico, excellent, $500; 
STAX Lambda headphones and transformer, 
$300; Steve, (203) 397-3888, 7-10 p.m., 
machine fourth ring. 

200+ page catalog & design manual featuring 
schematics, kits & parts for doing your own 
thing. Active xovers, amps, preamps, power 
supplies, ac line conditioners & other high 
quality kits. We've got the best components & 
many more, including: Hovland MusiCap, 
Solen, MIT MultiCap, Kimber Kap, Wonder 
Cap, Siemens, Wima & others; Caddock, 
Resista, Holco, & Mills resistors; Kimber, 
Cardas, DH Labs, Vampire, plus many other 
lines of connectors, wire, & cables. We sell all 
kinds of tubes & semi's, & we have the glue for 
your projects like design & PCB layout 
software, circuit boards & chemicals, solder, 
screws, terminals, chassis, transformers, 
dampening material, books, & more. Send 
$12 US & Canada, $16 overseas for this one of 
a kind catalog or fax with Visa/Mastercard to: 
P.O. Box 260198, Littleton, CO 80126 USA 
Phone: 303-470-6585 Fax: 303-791-5783 

Welborne Labs 

Three pair KEF B139 1044 woofers, good con¬ 
dition, $150 per pair plus shipping. Joe, (617) 
254-0697, (Boston, MA). 

Audio Control SA-3050 1/3-octave real time 
analyzer, calibrated mike, soft case, and print¬ 
er interface, mint condition, $695. Alan, (317) 
823-3897. 

Pair Altec 811 horns, $100; pair 511 horns, 
$150; pair Voice of Theater A7 speakers, 
$1,000; 416-16Q woofers; 802 drivers, N-500D 
crossovers; Klipsch tweeter banks; JBL 2470 1" 
phenolic diaphragms; Gauss 1" horn driver; two 
different no-name tube amps, integrated, from 
theater. David, (914) 688-5024. 

PRODUCTION TIME AVAILABLE for high-
quality, precision home or pro audio cabinets in 
your choice of beautiful finishes. Service the 
West Coast since 1982. IMAGINEERING, (800) 
JET-7000. 

74« Source 
Our new technology Ribbons have 
the musicality and air of large 

electrostatics but are mono-polar, 
high impedance drivers in easy to 

drive and place packages. They will 
simplify your designs and upgrade 
your audio or video systems sound. 

Ribbons are 8", 15” and 30" in full range 
systems, kits and Modules. Tubes love them! 

Ask for specs and international reviews. 

Newform Research Inc. 
1-705-835-9000 Fax: 705-835-0081 

Custom mfgrs and overseas distributors sought. 

For Italian and European readers: The 
Absolute Sound, #47, 51-84, and 86; 
Stereophile, August 1987, October 1987, May 
1989 through April 1992, November 1992 
through December 1993; Hi-Fi Heretic #7, 
The Sensible Sound #47-51. Roberto 
Surricchio, via Olanda N.1, Decimomannu 
(CA), Italy I-09033, (011) 39-070-962452, 
FAX (011) 39-070-9662073. 

Vintage audio, video, ham, and test equipment. 
SASE for list. Bruce Brown, RR#1, Box 50, 
Valley Springs, SD 57068. 

Pair JBL 2235H, $260; pair Dynaudio D21AF, 
$50; Focal 8K415S, $50; pair Aria3 cabinets. 
$100. Jerry, (601)264-6971. 

Two Black Widows 15" #1502-8, $190; 
University 15" C15HC, new, $95; two Seas 4/2" 
woofers PIIPRC, new, $40; two Heath W5 
amps, $275; Scott tuner 330-C & FM multiplex, 
$125. R. Gil, (201) 751-5959. 
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WANTED 
Tube hi-fi, theater amps/preamps and speakers: 
Altec, Jensen, McIntosh, Marantz, Craftsman, 
Dynaco, Heath, Eico, etc. SUNSHINE 
SOUNDS, (405) 737-3312. 

Circuit diagram for DBX 14/10 equalizer/analyz-
er. Steve, (203) 397-3888, 7-10 p.m., machine 
fourth ring. 

EXPERIENCE 
the low-
frequency 
performance of 
TC SOUNDS 
underhung 
motor drivers 
with more than 
1“ linear travel! 
10”, 12", 15" 
available. 

TC15'SVC TC12'SVC TCWSVC 
Fs(Hz) 15.6 19.9 19.5 
Vas (liters) 1039 310 174 
Qts .31 .28 .23 
Xmax (mm, p-p, eft.) 28 28 28 
SPL(dB) 93.0 91.2 89.2 

Call (619) 622-1212 or Fax (619) 622-9293 

self-addressed stamped 
envelope along with a letter 
addressed to the editorial 
department (Overseas 
enclose 2 international 

postal coupons.) 

SPEAKER BUILDER CLASSIFIED ORDER FORM 
TRADE— for any business or private party, selling equipment, supplies, or services for 
profit. FOR SALE— to sell personal equipment or supplies. WANTED— to find personal 
equipment, supplies, or services. CLUBS— to help readers start and maintain club mem¬ 
bership. 

PRICE: All ads are $1.50 per word. Deduct 5% for an 8X contract. $10 minimum per inser¬ 
tion. Payment must accompany ad. 

FREE ADS: Subscribers receive free For Sale and Wanted ads up to 50 words. Over 50 
words $.20 per word, $10 minimum. Name, address and phone number must be included 
with ads. For Club ads, follow instructions at the bottom of the Clubs listings. 

SUBMITTING COPY: A word is any collection of letters or numbers with a space on either 
side. Copy must be clearly typed or printed. Illegible ads will be discarded. Submit copy 
by mail, fax, or data transfer (ASCII, WordPerfect 5.0 or 5.1, Word for Windows, Word for 
DOS, Windows Write, or Word Star 3.3- 5.5 formats). 

QUESTIONS? Write or fax us at the address below. 

□ For Sale □ Wanted □ Trade, No. of insertions_ 

USE BLOCK LETTERS IF PRINTING. NO ABBREVIATIONS. 

12 3 4 5 

6 7 8 9 10 

ÎÎ 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

3Î 32 33 “ 34 35 

36 37 38 39 40 

41 42 43 44 45 

46 47 48 49 50 

Please charge to my: □ DISCOVER □ MASTERCARD □ VISA 

CARD NUMBER EXP. DATE 

□ Check/Money Order Enclosed 

Subscription Account Number: Adjaaaaa 

NAME 

COMPANY 

STREET & NO. 

CITY STATE ZIP 

PHONE 

ALL ADS SUBJECT TO RUN AT DISCRETION OF PUBLISHER / AD DIRECTOR 

FAX 603-924-9467 
Data 603-924-6230 

AAP, Inc. — Classified Dept. 
PO Box 494, Peterborough, NH 03458 



ADVERTISER PAGE 
A&SSpeakers.43 

Abilene Research & Development Corp.42 

ACI (Audio Concepts, Inc.).69 

Acoustical Supply International.6 

Allison Technology Corp.59 

Alpha-Core Inc.61 

Audio Classics, Ltd.65 

Cubicon Corp.49 

Elektor Electronics.46 

Forgings Industrial Co.11 

Harris Technologies.66 

HeadRoomCorp.16 

Hi-Fi News & Record Review.38 

Hi-Fi World Audio Publishing.48 

Hi-Vi Research Inc. Canada 

Drivers.78 

Help Wanted.71 

Hovland Co.71 

Image Communications.47 

Liberty Instruments, Inc.63 

LinearX Systems, Inc.CV2 

Madisound 

Vita Driver Specifications.35 

Vita Price List.23 

Mahogany Sound.53 

Markertek Video Supply.59 

MCM Electronics.39 

Meniscus.51 

Michael Percy.29 

MIT Electronic Components.69 

Morel Acoustics.CV4 

Mouser Electronics.71 

National Academy of Mobile Electronics.64 

Old Colony Sound Lab 

Audio Anthology.39 

BoxModel Software.42 

Loudspeaker Design Cookbook V.45 

New Software.54-55 

Technical Books.31 

Orca Design & Manufacturing 

Axon Caps.27 

ADVERTISER PAGE 
Clio.36-37 

Parts Connection, The.62 

Parts Express International, Inc.CV3 

Pioneer Hill Software.66 

Pyle Industries, Inc.16 

Sescom, Inc.73 

Solen Inc.17 

Solo Electronics.53 

Sound Products.71 

Speaker City, U.S.A.65 

Speaker Works.64 

Speaker Works, Inc., The.13 

Speakers Etc.68 

Sussex Technical Corp.30 

TCH Umbra.52 

Technologie MDB.56 

TIFF Electronics.4 

True Image Audio.57 

Zalytron Industries Corp.15 

CLASSIFIEDS__ 
David Lucas, Inc.74 

Newform Research, Inc.74 

TC Sounds.75 

Welborne Labs.74 

GOOD NEWS/NEW PRODUCTS_ 
Analog Devices, Inc.3 

Audio-Video Technologies.3 

B&W Loudspeakers of America.4 

Curtis Audio.3 

Electronic Design Specialists, Inc.3 

Fieldpiece Instruments, Inc.4 

Interactive Image Technologies.3 

MicroMath Scientific Software.3 

Miller & Kreisel Sound Corp.3 

Pioneer Hill Software.3 

Probe Audio Labs.4 

SET, Inc.4 

Waterworks Acoustics.4 

Weltronics Corp.3 

Four types of 
Classified Advertising 

are available in 
Speaker Builder’. 

FOR SALE: For readers to sell per¬ 
sonal equipment or supplies. 
WANTED: Help readers find equip¬ 
ment or services. 
TRADE: For any business or private 
party selling equipment, supplies or 
services for profit. 
CLUBS: Aid readers in starting a 
club or finding new members. Specific 
guidelines apply to Club advertising. 
Please write to die Ad Department for 
terms. Don’t forget, include a #10 
self-addressed stamped envelope. 

Audio Control C-131 equalizers, Pioneer series 
20 crossover. Joe, (617) 254-0697, (Boston, MA). 

Dynaudio D28af, 17W75, Scan-Speak D2905, 
18W8544, 18W8543, original QUAD tweeter 
panel. Richard Konopaski, 644 County Road 8, 
Stapels, ON Canada NOP 2J0, (519) 687-2040. 

Schematics or service info needed to repair 
Gelosa (Italian) model #G.1/1110-U tube power 
amp. Will pay any costs incurred to copy, fax, 
etc. Thank you. Don, (609) 768-2439 days or 
(609) 665-6512 eves. 

Bang & Olufsen model 200 mike. California 
Institute of Technology Music Lab needs gifts of 
three B&O stereo ribbon mikes with undamaged 
ribbons. Before shipping, contact James Boyk, 
(310) 475-8261, FAX (310) 470-9140, E-mail: 
boy k @ ccosun .caltech .edu. 

Focal Eggs: I'm hungry for eggs!!! New or used, 
any info. Mike, (618) 656-2753. 

Philips/Magnavox CDV488 player. Robert Irwin, 
936 Pearson Rd., Paradise, CA 95969, (916) 
877-7734 (leave message). 

ARE 
YOU 
MOVING? 
Please send us your new address 4 
weeks in advance. Thank you. 

Ad Index 

PRICING 
All advertising is SI.50 per word, S10 
minimum per insertion. Deduct 5% 
for a 8x contract. Please indicate num¬ 
ber of insertions. Payment MUST 
accompany ad. No billing for word clas¬ 
sified advertising. 

AD COPY 
A word is any collection of letters or 
numbers with a space on either side. 
No abbreviations', please spell out all 
words. Count words, not letters. Ad 
copy should be clearly typed or print¬ 
ed. illegible ads will be discarded. 

SUBSCRIBERS 
Receive five For Sale and Wanted ads, 
50 word maximum, each additional 
word $.20, $10 minimum. For Club 
ads, follow instructions at the bottom 
of the Clubs listings. Please submit 
only one ad per category per issue. 

Please include your name, address, and 
telephone number. If TRADE please 
indicate number of insertions on the 
ad. All free ads are run only once, and 
then discarded. Ad questions, copy ana 
copy changes cannot and trill not bi 
answered on the phone. All correspon 
dence must be in writing addressed to: 

Speaker Builder 
Classified Department 

RO Box 494 
Peterborough, NH 03458-0494 
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If you are interested in joining 
a club or forming one in your 
area, contact the following: 

ARIZONA 
Arizona Audiophile Society 
PO Box 13058, Scottsdale, AZ 85267 

Paul Christos, (602) 971-3979 

CALIFORNIA 
Tube Audio Enthusiasts 
65 Washington St. #137, 

Santa Clara, CA 95050 

John Atwood, FAX (408) 985-2006 

Greater South Bay Audiophile Society 
Larry Fisher, (310) 599-6579; 

Dave Clark, (310) 427-4207 

Los Angeles Loudspeaker 
Designers Group 
Geoffrey, (213) 965-0449; 

Eduard, (310)395-5196 

West Valley Audio Society 
Woodland Hills 

Barry Kohan, (818) 225-1341 

COLORADO 
Colorado Audio Society 
1941 S. Grant St., 

Denver, CO 80210 

(303)733-1613 

CONNECTICUT 
James Addison 

171 Hartford Rd., A-7, 

New Britain, CT 06053 

Connecticut Audio Society 
129 Newgate Rd., E. Granby, CT 06026 

Richard Thompson, (203) 653-7873 

FLORIDA 
Angel Rivera 

Bradenton, FL 34206 

(813) 792-3870 

GEORGIA 
Atlanta Audio Society, Inc. 
4266 Roswell Rd. N.E., K-4, 

Atlanta, GA 30342-3738 

Chuck Bruce, (404) 876-5659; 

John Morrison, (404) 491-1553 

ILLINOIS 
Chicago Audio Society 
PO Box 313, Barrington, IL 60011 

Brian Walsh, (708) 382-8433, 

E-mail sysop@nybble.com 

Prairie State Audio Construction Society 
20 Wildwood Tr„ Cary, IL 60013 

Tom, (708) 248-3377 days, 

(708) 516-0170 eves. 

(clubs)-
MASSACHUSETTS 
The Boston Audio Society 
PO Box 211, Boston. MA 02126-0002 

E. Brad Meyer, phone/FAX (617) 259-9684, 

E-mail 72365.75@compuserve.com 

MICHIGAN 
Southeastern Michigan Woofer and 
Tweeter Marching Society 
PO Box 721464, Berkley, Ml 48072-0464 

(810) 544-8453, E-mail 

aa259 @ detroit.freenet.org 

MINNESOTA 
Audio Society of Minnesota 
PO Box 32293, Fridley, MN 55432 

(612) 825-6806 

NEVADA (Las Vegas) 
Tarcisio Valente, (702) 435-7451 

NEW JERSEY 
New Jersey Audio Society 
209 Second St., Middlesex, NJ 08846 

Frank J. Alles, (908) 424-0463; Valerie 

Kuriychek, (908) 206-0924 

NEW YORK 
The Audio Syndrome 
Nassau and Suffolk counties 

Roy Harris, (516) 489-9576 

Catskill and Adirondack Audio Society 
PO Box 144, Hannacroix, NY 12087 

(518) 756-9894 

Daniel Phinney 

29 Brian Dr., Rochester, NY 14624 

(716) 594-8118, 5-9 p.m. EST 

Long Island/Westchester County 

Public Morera, (516) 868-8863 

Western New York Audio Society 
PO Box 312, N. Tonawanda, NY 14150 

Denny Fritz 

NORTH CAROLINA 
Piedmont Audio Society 
1004 Olive Chapel Rd., Apex, NC 27502 

Kevin Carter, (919) 387-0911 

TENNESSEE 
Memphis Area Audio Society 
8182 Wind Valley Cove. Memphis, TN 38125 

J.J. McBride, (901 ) 756-6831 

TEXAS (Sweetwater) 
Rick, (915) 676-7360 

UTAH (Salt Lake City) 
Wasatch Audio 
Edward Aho, (801) 364-4204 

WASHINGTON 
Pacificnorthwest Audio Society 
Box 435, Mercer Island, WA 98040 

Ed Yang, (206) 232-6466; 

Gill Loring, (206) 937-4705 

Vintage Audio Listeners and Valve 
Enthusiasts 
1127 NW Brite Star Ln., Poulsbo, WA 98370 

(206) 697-1936 

CANADA 
Greg Boboski 

70 Sumter Cres., Winnipeg, MB R2T 1B9 

Canada 

(204) 694-7024 

Montreal Speaker Builder Club 
4701 Jeanne Mance, Montreal, 

PQ. H2V 4J5 Canada 

Andrew McCrae, (514) 281-7954 

CHILE 
Christian Bargsted 

Los Gomeros 1542, Vitacura, Santiago 

(011)562-538-0638 

GERMANY 
ESL Builders Group 
Gunter Roehricht 

Bühlerstr.21 ,71034 Böblingen, Germany 

SOUTH AFRICA 
Hi-Fi Club of Cape Town 
PO Box 18262, Wynberg 7824, South Africa 

Chris Clarke, FAX (011) 27-21-7618862, E-

mail chrisc@iaccess.8a 

UNITED KINGDOM 
London Live DIY Hi-Fi Circle 
Brian Stenning, (011) 44-81-748-7489 

If your club is not represented 
or if you are interested in start¬ 
ing up a club, simply send the 
information (club name, contact 
person, address and 
phone/FAX number) to: 

Audio Amateur Publications, Inc. 
Clubs 
PO Box 494 
Peterborough, NH 03458 
FAX (603) 924-9467 
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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 212 page catalog 

and to get the details on these and 

many other quality products. 
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Typical Double Magnet Woofer Cross Sectior 

High-Tech Audiophile 
Loudspeakers 
For Further Information Please Contact, morel 

acoustics usa 
414 Harvard Street 

Brookline, MA 02146 
Tel: (617) 277-6663 

FAX: (617) 277-2415 
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