


WOOFERS WOOFERS WOOFERS 
MADISOUND 10208—10" 
Polypropylene Woofer 8q 

Frequency response: 30-2K Hz 
87.5dblW/lM Efficiency: 

Uses: home or autosound subwoofer 

Fs 
Mmd 
Cms 
Vas 
Rscc 
Z min 
Z max 
vcl 
Qms 
Oes 
Qts 
Xmax 
VD 
SD 
Surround: 
Voice Coil: 
Magnet: 
Cone: 
Power handling: 

22 Hz +/-2HZ 
50 Grams 
1.06 mm/Newton 
185 Litres 
5.5 Ohms 
6.2 Ohms 
42 Ohms 
.7 mh 
2.9 
.56 
47 
7 mm pk 
248 cm3
.035 m2 
Foam \ 
2‘ Kapton 
30 Oz. Ceramic 
Black Polypropylene 
100 Watts 

PRICE: $40.00 

Frequency response: 20-1.8K Hz 
90 db 1W/1M Efficiency: 

USES: home or autosound subwoofer 

Fs 
Mmd 
Cms 
Vas 
Rscc 
Z min 
Z max 
vcL 
Qms 
Qes 
Qts 
Xmax 
VD 
Surround: 
Magnet: 
Voice Coil 
Power handling: 

19 Hz +/-2 Hz 
98 Grams 
75 X 10'6 Cm/D 
318 Liters 
5.7 ohms 
7.0 ohms 
69 ohms 
1.7 mh 
4.4 
39 
36 
6 mm pk 
300 cm3
Foam 
30 OZ. Ceramic 
1.5" Kapton 
100 Wafts 
50/50 

MADISOUND 1252DVC 
12" Polypropylene Woofer 
8q/8q 

Price $34.00 

MADISOUND 1252 DVC BASS REFLEX ALIGNMENTS 

BOXVOLUME VB 

92 

♦ 8 

73 

0 

56 LITERS 

SEALED 
43 8 Hz 

17C LITERS 

VENTED 
25.5 HZ 

30 LITERS 

SEALED 
48 7 Hz BASS 1/2 PWR F3 

FILLING IN BOX 

QTC 

PEAK AT RES: R db 

70 LITERS 

SEALED 

40 8 Hz 
N 

.78 

-.3 
BOX-VENT RES FREQ FB 

PORT DIAMETER Inches 

LENGTH Inches 

♦ 1.2 

26 Hz 

3.0 

4 5 

♦ 3 
23 Hz 

30 

38 

120 LITERS 

VENTED 

28.7 Hz 

MADISOUND 12204 DVC 

Frequency Response25-1 5K Hz 
90 db 1W/1M Efficiency: 

Uses: Home or Autosound subwoofer 

Fs 
Mmd 
Cms 
Vas 
Rscc 
Z min 
Z max 
vcl 
Qms 
Qes 
Qts 
Surround: 
Magnet: 
Voice Coil 
Power handling: 

12" Polypropylene Woofer 
4q/4q 

22 Hz +/-2 Hz 
106 Grams 
.48 X 10'6CM/D 
206 Liters 
2.9 Ohms 
3.36 Ohms 
24 9 Ohms 
.75 mh 
2.116 
.36 
.316 
foam 
40 oz. ceramic 
2' Kapton 
200 Watts 
100/100 

Price: $42.00 

Ordering Information All speaker orders will be shipped promptly, if possible by UPS 

COD requires a 25% prepayment, and personal checks must clear before shipment 

Adding 10% for shipping charges facilitates shipping procedure (Residents of Alaska, 

Canada and Hawaii, and those who require Blue Lable air service, please add 25%) 

MADISOUND 12204 SUGGESTED ALIGNMENTS 

BOX VOLUME: VB 28 LITERS 42 LITERS 42 LITERS 70 LITERS 92 LITERS 

SEALED SEALED VENTED VENTED VENTED 

BASS 1/2 POWER F3 55 Hz 53 Hz 43 Hz 36 Hz 31 Hzz 

FILLING IN BOX N N 

QTC 83 71 

PEAK AT RES: R db »3 -.5 *2.1 *2 0 
QL 5 5 5 

BOX-VENT FREO: FB 36 Hz 31 Hz 28 Hz 

PORT: Diameter: Inches 2 5 3 3 

Length: Inches 5 0 5 8 5 3 

fl 

MAoisouND Speaker Components 
8608 UNIVERSITY GREEN 

BOX 4283 
MADISON. WISCONSIN 53711 

PIIONF (GOO) 831-3433 

Fast Reply HHC20 



“Nobody’s perfect” 
BUT...Why do the best p ° 1 ° 
speakers, drivers and 
accessories come from 
Wisconsin? 
dVnaudio' 

(seas) 

^etun 

RXA1. For a FREE 1988 FALL CATALOGUE 
call toll free: 1 (800) 346-9183 

or write: 

901 South 4th Street 
LaCrosse, Wl 54601 

Tomorrow's Research Today (please allow 4-6 weeks for delivery) 



Good News 

The ALTEC LANSING acoustic suspension Mod¬ 
el 55 mini speakers are now available in 
a matte white finish, in addition to the 
original black version. The mini speakers 
are ideal for use outdoors—on patios and 
swimming pool areas, and indoors—in kit¬ 
chens, bathrooms, and as bookshelf or 
wall-mounted speaker systems. 
The small size (7"W x 9%"H x 5VD| 

and keyhole receptables on the back en¬ 
ables them to be hung on a wall, be swivel¬ 
mounted using an optional bracket, or for 
flush mount installation in wallboard. 
Each loudspeaker features a 4" woofer 

cone constructed of carbon fiber cloth rein¬ 
forced with epoxy and a 20mm polyimide 
dome tweeter. Strontium magnets are used 
for the drivers. 

Specifications: frequency response per 
speaker is 85Hz-20kHz, +3dB, power 
handling is 40W nominal, 80W maximum, 
impedance is 40. 

The Model 55 retails for $250 per pair, 
in white or black. The optional swivel 
mount bracket has a suggested retail price 
of $39.95. 

For additonal information, contact Altec 
Lansing Consumer Products, Milford, PA 
18337. 

Fast Reply HHC32S 

ELECTRO-VOICE introduces a compression 
driver which is the first production use of 
neodymium in a loudspeaker product. EV, 
who first used neodymium in their N/DYM 
series of microphones, now uses the high-
magnetic-strength material to down-scale 
the magnet structure and overall driver 
size. The N/DYM 1 weighs 716 pounds and 
has a 516-inch diameter. The comparable, 
non-neodymium model, the DH1A, weighs 
about 28 pounds and has an 8%-inch 
diameter. In addition, EV increased the flux 
density in the gap to 2.25 tesla. 
The smaller, tighter N/DYM drivers, 

used in overhead cabinets, for example, 50 
or 100 cabinets in a concert system, is 
significant in terms of overall weight, safety 
and transportation. The smaller diameter 
also allows greater flexibility in horn 
designs. 

Two versions of the driver are available, 
the 8Í2 N/DYM1 and the 160 N/DYM1-16, 
each priced at $750. 

Contact Electro-Voice, Inc., 600 Cecil St., 
Buchanan, MI 49107, (616) 695-6831. 

Fast Reply »HC43 

ULTIMATE SOUND offers component loud¬ 
speakers for car stereo, including 20 sep¬ 
arate polycarbon models of woofers and 
midranges, along with eight tweeter 
models. 
The top-of-the-line UWP-1540 is a 15-

inch woofer with 40-ounce magnet and a 
Kapton voice coil. The woofer is capable 
of 97dB SPL (1W/1M), and 200W/RMS 
maximum power handling. Suggested retail 
price for the UWP-1540 is $89.95. 

In addition to 12-, 10-, 8-, 6x9-, and 616-
inch models, three midranges are available. 
The UWP-8020A is an 8-inch polycarbon 
woofer with 100W maximum handling, 
and a sensitivity of 93dB SPL (1W/1M); sug¬ 
gested retail price is $29.95. 
The UT-996, a 4-inch tweeter with a 1-

RAPID SYSTEMS announces the R720 digital 
I/O and counter card for the PC, XT, AT 
or compatible computer. This card offers 
32 digital input/output channels, and a 
three-channel programmable counter/ 
timer. All of the I/Os are TTL compatible, 
and buffered with 74LS244s to increase 
output driving capacity and reduce input 
loading current needs beyond standard 
TTL. An Intel 8253 programmable timer 
provides three independent 16-bit preset¬ 
table down counters as timing sources. 
Breadboard area on the card allows further 
flexibility for user development. Sample 
programs come with the user manual. 
In stock now for $495, from Rapid 

Systems, 433 N. 34th St., Seattle, WA 
98103, (206) 547-8311. 

Fast Reply HHC948 

inch Titanium dome, comes packaged in 
pairs and has a suggested retail price of 
$64.95. 
The UT-743 Titanium tweeter is 2% inch¬ 

es round and has a 3A-inch Titanium voice 
coil with ferrofluid; suggested retail price 
is $9.95 each. 

Additional tweeters include ribbon, poly¬ 
carbon dome, textile dome and honeycomb 
models, and two piezo tweeters specificallly 
designed for high power handling 
capability. 
Also, Ultimate Sound is changing the 

name of its "Ultimate Turbo” series of 
loudspeakers to "ULTIMATE PLUS.” 
They are specifically designed for place¬ 
ment in particular types of vehicles al¬ 
though they can be used outside the 
vehicle. 

For additional information and specifica¬ 
tions, contact Ultimate Sound, 19330 E. San 
Jose Ave., City of Industry, CA 91748, (714) 
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The newly formed DELAC (Delaware 
Acoustics) announces the S10 loudspeaker 
system, designed by Ralph Gonzalez. The 
integral sand-filled base eliminates the need 
for speaker stands, and a bass correction 
circuit allows two accurate 4V2" drivers 
(one is rear-mounted) to provide a well-
balanced low frequency response. The 
crossover to a %" tweeter was designed 
with LMP. 

Other features include: biwirable/biamp-
able design; very narrow (5"W x 3"D x 
40"H) low-coloration enclosure with spikes; 
wide assortment of colors, genuine veneer 
finishes and reticulated foam grille; im¬ 
pedance, 4Í2; recommended power, 
15-100W. 
Availability is factory-direct with a free 

return period, $499/pair; $599/veneered. 
For further information, send SASE to 

DELAC, PO Box 54, Newark, DE 19711. 

AUDIOFEST ‘88—a major, complete audio 
show will be held September 24th and 
25th, in Cherry Hill, NJ. 

For the audiophile consumer: exhibits, 
demos, modifying, dealers, classics, up-and-
coming manufacturers and big names, eso¬ 
térica and accessories. The indoors show 
at the Garden State Park Racetrack Pavil¬ 
ion, just off the New Jersey Turnpike, will 
include over 225 exhibitors. 
Advance admission: $9.50 day, $14 both 

days ($11.50, $16 at the door); tables: 
$37.50 per day; booths: $295 entire show. 
Send your reservations to Audiomart 

Events Inc., PO Box 195, Crewe, VA 
23930, (804) 645-8816 or 645-7838; FAX 
645-8324. MasterCard and Visa welcome. 

Driver 

Brochure and 
technical data 
on request 
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Production 
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Drawings 

Midrange 
High-
Frequency 
Driver Unit 

strotbeam 
audio 
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hlflsound 
Jüdefelderstr. 35/52 
D-4400 Münster 
West-Germany 

• Light Aluminum 
Conductor 

• Push-Pull-Principle 
• High Power 
Handling 

• Sound Pressure 
Level 86dBiw/im 

• Frequency Response 
350-20.000 Hz 
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LEAF 
Loudspeaker Enclosure Analysis Program 

Graphics Features 
Semi log Graphs 
Absolute Scales 
Auto Scale Set 

Display 3 Designs 
Solid/Dot/Dash Line 
Fast Graphic Paging < 
Disk Graph Storage -4 
EGA Color Graphs 

Cursor Measurements 
Hardcopy Printout -4 

Output Graphs 
► Acou. On-Axis SPL 
> Acou. On-Axis Phase 
> Acou Power SPL 
> Acou. Power Phase 
► Cone Excursion 
► Group Delay 
► Impedance Mag 
► Impedance Phase 
► Current Mag 
► Current Phase 

Advanced Analysis....Beyond the State of the Art ! 
Comprehensive true general system model/ Small-Large signal analysis/ Frequency dependent 
acoustic elements/ Multiple speakers and ports in box/ Full mutual coupling analysis/ Passive 
radiators/ Parasitic elements: Port loss. Box loss. Lining loss/ Any Power level/ Array Analysis/ 
Frequency dependent VC resistance/ VC temperature/ Cable resistance/ SPL at any Distance. 

PROGRAM FEATURES: Unlimited Speaker. Cabinet, and Design Libraries/ Computer assited 
parameter entry and checking/ Library Searches/ Metric or English Cabinet units/ Over I (XI 
Speakers already in library from 3" to 30". JBL to Audax. Pro. Car. HI-FI/ ...Easy operation I 

Computer System 
PC/AT/3X6 and Compatibles 
MS-DOS 2.x/3.x.512K RAM 
Math Coprocessor Suggested 
Graphics: EGA/CGA/ HGA 

503/ 231-7247 

□ NS 
ELECTRONICS 

Only... $149.00 ! 
Free Demo Disks 

I». (). Box 42389 
Portland,OR 97242 
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SPEAKERS 
DRIVERS IN CANADA 

CLAUDIO 

(seas) 
morel vifâ 

FOCAL. 

I 

CROSSOVER, SPEAKER COMPONENTS 
SOLEN CROSSOVERS 
Custom Computer Design 
Passive Crossover for Professional. Hi-Fi and Car Hi-Fi 
Application. Power up to 1000 Watt 

SOLEN INDUCTORS 
Perfect Lay Hexagonal Winding Air Cored 
Values from 10 mH to 30 mH. 
Wire Sizes from #20 AWG to M10AWG 
CHATEAUROUX CAPACITORS 
Metallized Polypropylene (Non-Polarized) 
Values from 1.0 mfd to 200 mfd. 
Voltage Rating: 250 VDC I 150 VAC 

CROSSOVER, SPEAKER PARTS 
Mylar Capacitors. Power Resistors, Crossover Terminals. 
Nylon Ty-Wrap. Binding Post. Banana Plugs. Speaker Terminals. 
Grill Cloth. Plastic Grill Fast Snap. Neoprene Gasket. Mise Parts 

COMPUTER AIDED DESIGN FOR ENCLOSURE AND 
CROSSOVER AVAILABLE TO CUSTOMER 
Product specifications and pnces available upon request 

SOLEN INC. 
5851 Cousineau Blvd. 
St.-Hubert, QC 
Canada, J3Y 7P5 

ORDERS 
Tel: (514) 656-2759 

About This Issue 
Milestone is the only word that will 
do for the lead article in this issue. 
Contributing Editor Joe D'Appolito's 
newly designed satellite system, 
whose first incarnation appeared in 
these pages four years ago (4/84), is 
now not only a splendid construction 
project, but will become a commer¬ 
cially available product as well. With 
Jim Bock as a partner, Swan Speaker 
Systems will be placing limited quan¬ 
tities of systems in selected show¬ 
rooms across the country. 
When Art Newcomb found his 

bass frequencies lacking, he turned to 
electronic means to remedy the situa¬ 
tion with supplemental amplification. 
This compact electronic project (p. 
22) may be a good way to begin ex¬ 
ploring electronic construction for 
those of you whose soldering has con¬ 
sisted so far of assembling passive 
crossovers. 
John Cockroft continues to push 

the transmission line thesis closer and 
closer to the ultimate minimum. The 
Unline design (p. 28) must be pretty 
close, but with John's record I 
wouldn't bet more than a dime that 
this is the end of the line(s). 
Fernando Viesca is joined by 

Marco Perez to offer a simple pro¬ 
gram to do active filter design on per¬ 
sonal computers (p. 34). Watch for 
much more on this topic upcoming 
from Editors Galo and Koonce. 
If you have yearned for a ribbon 

tweeter but can't afford one of the 
beauties in the shops, Richard 
Painter has acted on Mike Lamp¬ 
tons and Henry Primbsch s neat 
tutorial article in SB's 3/84 issue to 
produce a very respectable driver at a 
modest price (p. 38). 
Vance Dickason reviews a major 

system design software package (p. 
43) and John Cockroft a new stuff¬ 
ing material that may be better than 
wool (p. 48). And don't miss U.K. 
reader A. M. Smith's pyramidal 
enclosure on page 50. 

Congratulations to Peter E. Sut-
heim. whose two articles on Richard 
Heyser (SB 3 and 4/87) are mentioned 
in "Abstracts of Interest” in the Jour¬ 
nal of the Audio Engineering Society, 
Vol 36, No. 6. June 1988, p. 521. 
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Editorial 

Rx For An Industry 
Even a casual look at the US driver manufac¬ 
turing landscape will reveal that some of the 
companies have apparently not been getting 
regular checkups. During the last six months, 
three companies, Becker, Oaktron and Preci¬ 
sion have either ceased operation (Becker) or 
filed Chapter 11 petitions for protection against 
creditors. 

In no instance is this due to a lack of orders, 
either from original equipment manufacturers 
or from the growing direct mail and retail trade 
in drivers. These failures, temporary or not for 
two of them, will have a serious effect on the 
US driver manufacturing community. Lead 
times in the industry are already overly long. 
This will doubtless make them even longer and 
may send OEMs overseas for answers to the 
product shortage. 
The trouble can be traced to at least two 

sources: Undercapitalization and overage 
tooling. 

One answer to the undercapitalization prob¬ 
lem is already in place. In the "takeover at¬ 
mosphere” presently prevailing, it may not 
seem a "good thing” to suggest some mergers, 
but in the world market we all now live in, 
some consolidation and financial muscle is ob¬ 
viously called for in the audio industry and 
especially in the driver manufacturing portion 
of it. 
The financial condition of this country over 

the last seven years has not been favorable to 
industrial retooling. The steel industry is a 
prime example of this problem. And the prob¬ 
lem besets anyone using the kind of machines 
used to make loudspeaker drivers. A large pro¬ 
portion of those companies who manufacture 
systems are, more and more, going overseas for 
their drivers. They report that they have not 
found the money to do the basic research and 
development necessary to retool for new 
materials and techniques. They then take the 
easy way out; let the overseas firms in Europe 

and the Pacific rim do the retooling and order 
drivers to spec from them. 

I think it is more than a problem of money, 
however. It is really a problem of planning and 
strategy. Unless a company plans for steady, 
consistent R&D built into the overall growth of 
company, then profit taking and competitive 
pressures will spell trouble for a it amazingly 
quickly. 

So what is the answer? Three consolidations 
have occurred in the industry in the same time 
period I am discussing. Harman-International 
has acquired Audax France and its subsidiaries. 
Here, a strong conglomerate has enough mus¬ 
cle to buy a company which, although it has 
had financial struggles recently, is very in¬ 
novative in its research and product 
development. 
Rockford Corporation has bought Carbon-

neau, a Michigan driver manufacturer and 
Hafler, Inc. who make components, and owned 
Acoustat. 
These look to me like smart moves and 

should be good for the health of these expanded 
organizations and the companies that have been 
acquired. Both Harman and Rockford know 
something about the audio business and should 
be able to understand what to do with the com¬ 
panies they now own. We have had other ac¬ 
quisitions which have proved disastrous for the 
consumer, as in the sale of Dynaco to Tyco and 
the takeover of Advent by Peter Sprague. 
In many ways, demand for good drivers has 

never been higher. And never have those us¬ 
ing drivers in new designs been quite so clear 
about exactly what they want in the way of per¬ 
formance. In some ways the new and growing 
understanding of speaker technology has been 
a source of pressure on those making drivers 
in the US. The answer to relieve the pressure 
and the crisis is a new appreciation of the 
potential and a way to find capital and deter¬ 
mination enough to put US companies produc¬ 
ing drivers on the road to recovery.—E.T.D. 
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THE SWAN IV SPEAKER SYSTEM 
BY JOSEPH A. D'APPOLITO and JAMES W. BOCK 

Contributing Editor 

Several years ago Speaker Builder pre¬ 
sented a D'Appolito-designed, small, 

high-power satellite loudspeaker using a 
symmetrical dual mid-bass driver topolo¬ 
gy. 1,2 Judging by the correspondence this 
article generated, these speakers are 
highly successful and widely copied. 
We have now revised and refined this 

concept, to evolve the SWAN IV™ 
speaker system. In addition to significant 
evolutionary improvements in the 
satellites, we have developed an entire¬ 
ly new bass speaker which matches the 
sonic quality established by the satellites. 
We have given special attention to en¬ 
closure design and finish so the resulting 
system is a visual pleasure as Speaker 
Builder's 4/87 cover photo attests.3

Development Background 

DESIGN PHILOSOPHY. Our design 
goal for the SWAN IV was nothing short 
of a state-of-the-art dynamic loudspeaker 
system for home use. The qualifier 
"home use" did place some limits on us. 
Generally, we believed listeners should 
be comparing the SWAN IV favorably 
against systems selling for $3,500 to 
$5,000. 
Our first goal for the SWAN TV was 

ABOUT THE AUTHORS 
Joseph A. D'Appolito, contributing editor and author 
of several papers dealing with loudspeaker acoustics, 
holds several degrees in the field of electrical and 
systems engineering. For many years he has worked 
with an analytical science firm in Massachusetts. 
James W Bock holds degrees in mechanical 

engineering and law, and lives on a small island off 
the coast of Maine where he practices patent law 
and builds elegant wooden boats, harpsichords, and 
speaker cabinetry in a well equipped shop. 

For over thirty years the authors have designed 
and built countless high fidelity systems together. 
They have embarked upon a joint venture called 
Swan's Speaker Systems to build and market quali¬ 
ty systems such as the "SWAN IV. " 

to develop a loudspeaker system to re¬ 
produce the full dynamic and frequency 
ranges of digital recordings. Of course, 
this means the capability of playing loud¬ 
ly, and the final system will produce 
sound pressure levels (SPLs) of llOdB 
and more throughout the entire audio 
spectrum, with amplifiers of 200W/chan-
nel or more. 
Beyond adequate volume and frequen¬ 

cy response, however, imaging is all im¬ 
portant. We wanted a system which 
would reproduce accurately the spatial 
and ambience information contained in 
coincident or minimally miked stereo 
and Ambisonic recordings. Mathematical 
imaging theory for these recording tech¬ 

niques is well developed and the conse¬ 
quent requirements for loudspeaker fre¬ 
quency and polar response are well 
known. 
The listener is intended to be within 

the direct field of the loudspeakers. 
Near-term reflections (less than 5msecs) 
from nearby walls, floor, and ceiling 
must be minimized, as they cause fre¬ 
quency-response irregularities and con¬ 
fuse imaging. This in turn means polar 
response, especially at higher frequen¬ 
cies, must be focused forward and not 
be too broad, either horizontally or ver¬ 
tically. On the other hand, it should not 
be so narrow to impose a limited region 
or "sweet spot" as the only suitable 
listening environment. Frequency¬ 
response differences between left and 
right channels must be minimized to pre¬ 
vent frequency-dependent lateral image 
shifting. Frequency-dependent shifts in 
polar response must also be stabilized to 
prevent both vertical and horizontal im¬ 
age wander. We will explain how these 
general considerations influenced the 
SWAN IV system design. 

DESIGN APPROACH. We designed 
the SWAN IV along two lines; refining 
the existing satellite concept, and devel¬ 
oping a new complementary bass speak¬ 
er. The imaging quality of the satellites 
depends in large part upon the use of 
two small mid-bass drivers symmetrical¬ 
ly placed above and below the vertical 

FOOTNOTES 
1. D'Appolito, J.A., "A Geometric Approach 

to Eliminating Lobing Error in Multiway 
Loudspeakers," presented at the 74th Conven¬ 
tion of the Audio Engineering Society, New York, 
NY, October 1983, Preprint #2000. 
2. D'Appolito, J.A., "A High-Power Satellite 

Speaker," SB 4/84, p. 7. 
3. "Craftsman's Corner," SB 4/87, p. 39. 
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PHOTO 1: The satellite crossover is mounted on a circuit board. 

axis of the tweeter to create a coincident 
sound source. Digital reproduction de¬ 
mands potential SPLs of 1 lOdB. Reason¬ 
able cone excursion limits with two 
small mid-bass drivers effectively dictate 
a bass crossover frequency above 150Hz. 
Larger satellite mid-bass drivers allow 
for a lower crossover frequency, but 
would suffer a loss of imaging quality. 
The old assumption that no useful 

stereo information exists at low frequen¬ 
cies is based in part on the lack of that 
information in earlier recordings. That 
lack was either a deliberate choice to 
reduce vertical stylus motion in the case 
of LPs, or the inability of the recording 
medium or the hardware to reproduce 
low frequencies accurately. Today digital 
recordings provide excellent response 
and great channel separation almost 
down to DC. 

Through our listening experience over 
the years, we are convinced that com¬ 
bined or mixed bass systems do not im¬ 
age well, particularly when crossed over 
above 100Hz. A surprising amount of 
stereo information two or three octaves 
above the crossover frequency can be 
heard. This results in a smearing of detail 
and loss of coherence with most mixed 
bass systems. Further, image quality is 
degraded by physical separation of the 
so called "subwoofer" and high-fre¬ 
quency drivers. 
Crossovers which are "transient 

perfect" or sum-to-one are desireable at 
low frequencies to preserve critical Sat¬ 
ellit e/bass speaker coherence. They have 
6dB/octave slopes which implies consid¬ 
erable information overlap between mid¬ 
bass and bass drivers. For our system, 
we chose a 6dB/octave crossover at 
200Hz. For these reasons, we decided 
against using mixed bass schemes or 
bass enclosures located remote in space 

and time from the upper frequency 
drivers. 
Since most listening environments 

serve other purposes as well, speaker 
placement should accommodate aesthe¬ 
tic considerations. Direct-field listening 
requires you to aim drivers, but angling 
large cabinets may not be acceptable for 
decorative reasons. Relatively small 
satellite enclosures can be aimed in¬ 
dependently of the larger bass cabinets, 
upon which they are intended to sit. 

The final result is the SWAN IV, a two 
box, full-range system, consisting of the 
Symmetrical Satellite™ and the Sym¬ 
metrical Bass™ speakers. The complete 
system has a frequency response of 
+ 2/-3dB from below 25Hz to 21kHz 
and can produce average SPLs of llOdB 
or more, over this same frequency range. 
The satellite modules are I6V2 by 8 by 
11 inches and the bass modules are 32 
by lö'/z by 16 inches, which is reason¬ 
able in size and attractive to comply with 
our "home use” requirement. 

The Symmetrical Satellite Speakers 

DESIGN CRITERIA. Specific satellite 
design requirements that support our 
design philosophy are: 

• Smooth, extended, on-axis response 
(±30°); 
• Smooth, controlled, off-axis re¬ 

sponse (30+ °); 
• Controlled vertical response (±15°); 
• Stable (i.e. frequency independent) 

polar response; 
• Satellite pair frequency response 

matching within + ldB. 
We meet these goals with the free¬ 

standing satellites at least three feet from 
any vertical reflecting surface, to 
minimize near-term reflections. 
The first requirement of smooth on-

axis response is accepted universally. 
Concerning the second requirement, 
however, many small systems actually 
have a horizontal polar response which 
is too broad, causing excessive reflec¬ 
tions from nearby rear and side walls. 
Horizontal response should be uniform 
within +30° of the axis, but also should 
fall off smoothly at larger angles and 
higher frequencies to reduce reflection, 
and to maximize the direct-field energy 
(see Fig. 8). 

Similarly, vertical response should be 
uniform within +15° of horizontal, and 
fall off smoothly at larger angles to 
reduce floor and ceiling reflections, 
while permitting listening seated or 
standing. 
Frequency-response mismatches be¬ 

tween channels are a major cause of 
stereo image instability. Thus, the chan¬ 
nels should match very closely. Last, but 
very important, the polar response pat¬ 
tern should remain stable and not shift 
with frequency. Frequency dependent 
polar axis wander causes image wander 
in otherwise well matched speaker pairs. 
The vertically symmetrical driver ar¬ 

rangement of our satellites geometrical¬ 
ly stabilizes polar response regardless of 
interdriver phase differences or cross¬ 
over characteristics. This subject area is 
described in more detail in SB 4/84. This 
geometry places the effective acoustic 
center of the mid-bass driver pair coinci¬ 
dent with the tweeter. The effect is ana¬ 
logous to the psychoacoustic phenomena 
in which a monaural virtual image ap-
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pears to be exactly between balanced 
stereo speakers. This symmetrical ge¬ 
ometry also produces a stable vertical 
polar response pattern, independent of 
interdriver phase and of magnitude re¬ 
sponse differences. The Treble Coupler™ 
crossover, described later, assures prop¬ 
er phasing and minimum time delay be¬ 
tween the tweeter and the mid-bass 
driver pair, thereby avoiding the usual 
rationale for staggered driver placement 
or tilted front panels. 

DRIVER SELECTION. Although 
similar to those described in SB 4/84, the 
present satellites are the result of many 
hundreds of hours of critical, compara¬ 
tive listening and measurement. Most of 
the musical burden is carried by the four 
5'4" mid-bass drivers. From the 
numerous choices available within our 
design parameters, we selected units 
made by Focal as being the least colored 
and those which consistently measure 
smoothly. The current design uses the 
Focal 5N412-DB for the mid-bass driver 
pairs. These are excellent units with cast 
frames, generous magnets, and dual 
voice coils. They are available in pairs 
and matched to within + ldB. The sec¬ 
ond voice coil is used in our design to 
compensate for the falling on-axis low 
frequency response of small box speak¬ 
ers caused by diffraction loss. 
Many "high end" systems with single 

mid-bass drivers use a sloping baffle or 
staggered driver geometry to compensate 
for interdriver time delay. In addition, 
a sloping front panel partially compen¬ 
sates for the poor on-axis response of 
many hard dome tweeters, and for fre¬ 
quency dependent polar axis tilt. Polar 
axis tilt refers to the swing of the ver¬ 
tical axis of symmetry of the polar re¬ 
sponse pattern above or below horizon¬ 
tal. The swing is caused by phase dif¬ 
ferences between non-coincident drivers 
in conventional geometries and causes 
on-axis frequency response variations 
throughout the crossover region.4,5 Hard 
dome tweeters often display severe on-
axis breakup modes above 15kHz which 
are narrow enough to be less apparent 
off-axis. With sloping baffle geometry, 
you listen to the drivers in an off-axis 
mode, thereby avoiding the thrust of the 
poor on-axis response. 

Sloping panel systems, and single mid¬ 
bass driver systems in general, tend to 
have two acoustic disadvantages. First, 
they often have a very narrow "sweet 
spot” in the vertical direction. Usually, 
optimum listening is had only on a level 
with the tweeter. Listener movements of 

FIGURE 1: Diffraction loss with small boxes. 

a few inches up or down produce notice¬ 
able changes in frequency balance. 
Second because they are tilted up¬ 

wardly, they bounce energy from the 
hard, reflective ceiling surface to pro¬ 
duce undesirable early reflections. This 
second disadvantage may account for 
deliberate design of the typical narrow 
vertical response pattern which brings us 
back to the first disadvantage. 

The Symmetrical Satellite avoids all of 
these sloping baffle or single mid-bass 
problems, but imposes requirements of 
its own on tweeter driver selection, the 
most important one is smooth on-axis 
response. As with the original design, the 
Dynaudio D-28 horn tweeter is used in 
the present version of our satellite. We 
have listened to and examined many 
other tweeters for this application, but 
we always come back to the D-28. 
The combination of two 5N412-DBs 

and one D-28 measure extremely well 
together, and more importantly, provide 
the ultimate goal of critical listening 
quality without listener fatigue. We are 
aware of no other tweeter that has the 
combination of smooth, extended on-axis 
response, controlled off-axis response, 
power handling ability, and unit-to-unit 
consistency of the D-28. Consistency of 
driver parameters is crucial to the re¬ 
producibility of our design. Any project 
that must be hand-tuned to get the 
authors' results is not worth your time. 
Curiosity, not dissatisfaction, leads us to 
continue trying other drivers, but to date 
no other driver combination has achiev¬ 
ed this goal as well. 
Many readers have asked if the 

Dynaudio D-28AF flat-flange version can 
be used. Currently the answer is "no.” 
The unique frequency- and phase-re¬ 
sponse of the D-28 horn driver lead to 
an elegantly simple satellite crossover 
design, as you will see. In addition, the 
D-28 horn assembly places the tweeter 
diaphragm behind the baffle and in clos¬ 
er alignment with the mid-bass drivers 
than the D-28AF. 

DIFFRACTION LOSS. Let’s examine 
diffraction loss in more detail to see how 
we use the second voice coil to compen¬ 
sate for it. We know a small closed-box 
loudspeaker with a Qts of 0.7 will have 
maximally flat frequency response down 
to its resonant frequency (FSb|, illustrated 
by Fig. l/a). This applies only if the loud¬ 
speaker has constant acoustic loading, 
which means it must radiate into a con¬ 
stant volume. Thiele/Small theory as¬ 
sumes a hemispherical space, approxi¬ 
mated by a baffle with large dimensions, 
compared with the longest wavelength 
radiated. For small enclosures this usual¬ 
ly is not the case. At higher frequencies, 
where wavelengths are short compared 
to the front baffle dimensions, acoustic 
energy radiates largely into the front 
hemisphere. At lower frequencies, where 
the smallest baffle dimension is com¬ 
parable to one-half wavelength (about 
850Hz for our satellites), some energy dif¬ 
fracts toward the rear, around the baffle. 
At still lower frequencies, radiation be¬ 
comes omni-directional. 

As the effective volume into which 
the speaker radiates increases, SPL falls 
off. At the lowest frequencies, on-axis 
output is down 6dB, as is illustrated by 
curve (b) of Fig. 1 . Most small or nar¬ 
row speaker enclosures display signifi¬ 
cant diffraction loss. The predominant 
effect of diffraction loss is a thinness of 
bass. Listeners often are unaware of 
this loss, for it is compensated some¬ 
what by the rising reverberant field. 
The loss, however, is very apparent 
with human voices and we are con¬ 
vinced that it should be compensated. 

4. Linkwitz, S.H., "Active Crossover Networks 
for Non-Coincident Drivers, "/AES, Volume 24, 
January/February 1976, pp. 2- 8. 

5. D'Appolito, J.A., "A Geometric Approach 
to Eliminating Lobing Error in Multiway 
Loudspeakers," presented at the 74th Conven¬ 
tion of the Audio Engineering Society, New York, 
NY, October 1983, Preprint #2000. 
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FIGURE 2: Hemispherical response of dual 5N412-DBs. 

How does a dual voice-coil driver 
help? The mid-band sensitivity of a 
driver is directly proportional to B 
times L, where B is the magnetic flux 
density in the voice coil gap and L is 
the length of voice coil wire also in the 
gap. Hemispherical response for a single 
voice coil is shown by curve (a) of Fig. 
2. When equal voltages are applied to 
both voice coils, the mid-band pressure 
response increases by 6dB because we 
have doubled L, and thus doubled the 
(B times L) product. 
Not surprisingly, there's no free 

lunch here either. At resonance, driver 
response largely is controlled by elec¬ 
tromagnetic damping which also is 
doubled, cutting Qes in half. This re¬ 
duces response an additional 6dB at 
resonance, relative to mid-band, and ef¬ 
fectively returns us to the response of 
a single coil. The complete double coil 
response is illustrated in Fig. 2(b). The 
difference between the two curves is 
the boost available for diffraction loss 
compensation. Through proper design 
of the boost coil crossover, you can 
compensate for most of the diffraction 
loss. Fig. 2(c) shows a typical electrical 
boost profile. 

CROSSOVER DESIGN. Our Treble 
Coupler passive crossover network is 
tailored to the specific electrical and 
acoustic characteristics of the selected 
drivers. It provides a transition be¬ 
tween drivers, free of peaks or valleys 
and with a minimum of time delay. 
The dual voice coils of the mid-bass 
drivers are treated separately to com¬ 
pensate for the predictable low-fre¬ 
quency diffraction loss effects, dis¬ 
cussed above. 

In the original satellite design, we 
used an 18dB/octave acoustic cross¬ 
over. The reasons for that choice are 
discussed at length in the SB 4/84 arti¬ 

cle and still are valid today. Two of 
these reasons are concerned with on-
axis peaking of the mid-bass drivers 
and the natural mechanical roll-off of 
the D-28. A mild peak in the 5N412-DB 
response in the 4-5kHz region must be 
rolled off rapidly to prevent response 
ripple just above crossover. This dic¬ 
tates the use of either 18 or 24dB/oc-
tave filters. 
On the tweeter side, the D-28 has a 

built-in response roll-off of 6dB/octave 

below 2kHz due to overdamping 
caused by ferrofluid in the voice coil 
gap. This first-order roll-off most easi¬ 
ly is combined with a second-order 
high pass filter (12dB/octave) to obtain 
an overall acoustic roll-off of 
18dB/octave. 
We might consider a fourth-order 

Linkwitz-Riley crossover network, 
made up of two underdamped second-
order pairs. However, to get an overall 
fourth-order response, the first-order 
response of the D-28 would first have 
to be cancelled, requiring a highly com¬ 
plex, fifth-order electrical filter for the 
tweeter crossover network. 

An additional subtlety in the tweeter 
crossover design was not fully dis¬ 
cussed in the original article. In a con¬ 
ventional 18dB/octave crossover ap¬ 
plication, the mid-bass and tweeter 
drivers electrically are 3dB down and 
90° apart in-phase at the crossover fre¬ 
quency. Their acoustic outputs com¬ 
bine to produce flat frequency response 
over the crossover region. If the D-28 
and the 5N412-DB pair are connected 
in a conventional 18dB/octave arrange¬ 
ment, however, their combined re¬ 
sponse is up 3dB at the crossover fre-
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quency. We find the drivers actually 
are in-phase because the D-28 horn 
places a resistive load on the tweeter 
diaphragm. This resistive load pro¬ 
duces an additional, almost constant, 
90° tweeter phase lead, relative to the 
mass-controlled response of the mid¬ 
bass drivers. 
If the crossover frequencies are 

spread by a factor of 1.4 and the cross¬ 
over's Qis lowered slightly, the tweet¬ 
er and mid-bass driver response curves 
will cross at a point where both drivers 
are down by 5.7dB and their acoustic 
responses then combines to produce an 
overall response which is flat to within 
±0.3dB (Fig. 7). 
Thus, the unique horn response of 

the D-28 can be used to produce an in-
phase 18dB/octave crossover. The 
D-28AF flat flange version quite clear¬ 
ly will not work well with our cross¬ 
over design. 
The in-phase condition of the mid¬ 

bass and tweeter drivers has a very 
beneficial effect on our vertical polar 
response pattern, producing an off-axis 
null at 35°, above and below horizon¬ 
tal (see Fig. 5 of Reference 2). This null, 
when combined with the natural 
high-frequency directivity of our 
drivers, limits the effective polar 
response to +15° in the vertical plane. 
Thus, we have satisfied our vertical 
polar response goal. 

Figure 3 is a schematic of the Treble 
Coupler satellite crossover. LI, L2, and 
Cl comprise an 18dB/octave low-pass 
filter. RI and C2 are an impedance 
compensating Zobel, required to keep 
the network properly loaded in the 
presence of the rising voice coil im¬ 
pedance of the 5N412-DBS. It also con¬ 
trols the Q of the crossover/driver com¬ 
bination. We selected final values for 
flattest acoustical response. The two 
voice coils of each driver are identical. 
One is chosen as the main coil and one 
as the boost coil. Because of the trans-
former-like coupling between the dual 
voice coils of a single driver, a second 
Zobel across the series boost coil is not 
required. 
Notice that the main coils of each 

driver are connected in series. The 
original design (SB 4/84) used parallel 
voice coils to maximize power sharing 
between unmatched drivers. Parallel 
connection of the dual voice coil Focáis 
produced a questionably acceptable 
low minimum impedance of 3Õ. The 
Focal pairs now available match so 
well that series connection can be used 
safely with a concomitant 7Q minimum 

FIGURE 4: Measured hemispherical response of dual 5N412-DBS. 

impedance. The boost coils also are 
connected in series, fed from a 4mH 
coil to produce the low-frequency boost 
for diffraction loss compensation. 

Figure 4 (a and b} show the measured 
hemispherical response of the Sym¬ 
metrical Satellite mid-bass drivers, 
under single voice coil and active boost 
coil drive conditions. The single voice 
coil response agrees almost perfectly 
with Thiele/Small predictions. The 
4mH first-order crossover produces a 
peak boost of 4.5dB at 320Hz. Figure 
5(a) illustrates the theoretical free stan¬ 
ding low-frequency response obtained 

by adding the curves of Figs. 1(b) and 
2(c). Remember, diffraction loss occurs 
in the free standing condition. You 
should compare this against Fig. 5(b), 
which depicts the measured response 
obtained by placing the satellite in the 
center of a large, mildly reverberant 
room with the tweeter axis 40" off the 
floor. The theoretical curve is relative¬ 
ly flat to 200Hz and down 3dB at 
150Hz. Departures of the actual re¬ 
sponse from the theoretical curve 
(which are caused by room reflections) 
are limited to frequencies below 200Hz 
and are no more than 2dB. 

W 1 Lead soldered to Board Foil 

FIGURE 8: Treble Coupler circuit board layout. 
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The high-pass electrical crossover is 
second-order. L3 and C3 comprise the 
12dB/octave high-pass filter. R3 at¬ 
tenuates the D-28 response by 4dB in 
the region below 8kHz to bring the sen¬ 
sitivity of the D-28 in line with that of 
the series-connected 5N412-DBs. 
Capacitor C4 shorts R3 progressively 
above 8kHz to lift the drooping high-
end response of the D-28. Again, final 
values we selected give the flattest 
acoustical response. 

TREBLE COUPLER. The Treble 
Coupler crossover and the 4mH coil are 
assembled on separate circuit boards, 
available from Madisound Speaker Com¬ 
ponents (see Sources at end of this arti¬ 
cle). The assembled satellite crossover is 
shown in Photo 1. Individual components 
are glued in place with "Goop" and leads 
are soldered directly to the PC board foil 
following the placement diagram of Fig. 
6. LI and L4 are mounted on edge to 
reduce mutual coupling between them 
and L2. A chord is cut across the sides 
of the coil forms for LI and L4 to facilitate 
the on-edge placement. 
Notice that wire size and approx¬ 

imate resistance are called out for each 
coil in Fig. 3. Tweeter and mid-bass 
driver sensitivities and mid-bass driver 
damping have been balanced careful¬ 
ly by proper selection of coil resistance. 
Do not substitute lower resistance, 
larger gauge coils in the hope of better 
performance. Lower resistance coils 
not only cost more, but degrade 
performance. 

MEASUREMENTS. Individual driver 
responses and the overall satellite fre¬ 
quency response are shown in Fig. 7 for 
the free-standing condition. We meas¬ 
ured all frequency responses with 
swept one-third octave warble tones. 
We obtained these curves with the 
satellite at design height (tweeter 40" 
off the floor) in the center of a large 
room, and the microphone at 0.5m on 
the tweeter axis. 

Notice the driver responses cross at 
roughly 2kHz, where they are down 
5.7dB in accordance with our earlier 
discussion of the "in-phase’' 18dB/oc-
tave crossover. Response is +1.5dB 
from 200Hz to 18kHz with -3dB 
points of 150Hz and 21kHz. Although 
not shown, we measured interdriver 
time delay through the crossover 
region at less than lO^isecs, (typically 
5gsecs), using shaped tone bursts. 
Satellite sensitivity is 90dB at Im with 
2.83V input. 

Response at 15° and 30° off-axis is 
shown in Fig. 8. The responses essen¬ 
tially are identical with the on-axis 
response, but show gentle fall-off at 
high frequencies. 

Figure 9 shows the satellite input im¬ 
pedance curve. System resonance is at 
75Hz where the impedance rises to 
51ß; system Qis 0.5. The minimum im¬ 
pedance of 79 is reached at 250Hz and 
rises slowly thereafter to 10.50 at 
1.2kHz, where it then begins to fall 
again as the tweeter cuts in. 

ENCLOSURE DESIGN. Compared 
with the original SB 4/84 design, we 
reduced the enclosure volume to about 
620 in.3, to suit the Focal 5N412-DB 
mid-bass drivers. We increased the 
front panel width slightly to 8", to 
reduce the frequency at which diffrac¬ 

tion loss begins, and thereby to more 
closely match the capability of the 
boost coil to compensate for it. An 
acoustic foam septum divides the 
enclosure cavity to isolate the mid-bass 
drivers from each other at higher 
frequencies. 
We have found high-frequency dif¬ 

fraction problems are aggravated by 
decorative grille frames and seeming¬ 
ly trivial anomalies in surfaces near the 
drivers. Consequently, we settled on a 
front panel having no interruptions. 
The tweeter and mid-bass drivers are 
rabbeted in to bring their outer rims 
flush with the baffle. We have tried 
various techniques to support the grille 
cloth, but each induces ripples in 
response. Our solution is a special foam 
grille. We made all measurements with 
our foam grille in place. We discuss 

FIGURE 7: Satellite on-aiis frequency response. 

FIGURE 8: Off-axis responses. 

FIGURE 9: Satellite impedance curve. 
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grille covering options in the cabinet 
construction portion, in Part II. 

The Symmetrical Bass Speakers 

DESIGN CRITERIA. The bass mod¬ 
ule is not a subwoofer, but rather, the 
larger of two boxes which makes up a 
full-range system. Our specific design 
goals for the bass speaker are: 
• Smooth frequency response from 

below 25Hz to 1kHz; 
• A minimum power response of 

llOdB SPL above 25Hz; 
• Exclusion of infrasonic signals 

below 20Hz; 
• A maximum internal volume of 

100 liters. 
The extended frequency response of 

the bass drivers allows us to use slow 
slope crossovers between the satellite 
and the bass module. The SPL require¬ 
ment will satisfy Telare drum and 
organ fans while the limited physical 
size will help to satisfy home decor¬ 
ating aesthetics. 
Our reasonable bass enclosure size 

makes it impractical, in view of our 
stated goals, to attempt reproduction of 
musical information much below 20Hz 
at high SPLs with the SWAN IV sys¬ 
tem. When operated without the in¬ 
frasonic filter of the Pedal Coupler, the 
speaker cones pant visibly as LPs turn, 
and other non-musical artifacts may 
cause wild cone gyrations. That some 
CDs have significant recorded informa¬ 
tion below 20Hz and that proper 
reproduction of it requires high SPL is 
a subject well treated recently by 
Fielder and Benjamin.6

DRIVER SELECTION. We began our 
investigations with closed-box designs 
because of their purported superior 
low-frequency transient response (i.e., 
freedom from overhang or ringing), 
even though we knew it would be dif¬ 
ficult to meet our low-frequency SPL 
goal. We tried a number of bass drivers 
in various enclosures, within our 
chosen physical dimension limits. 
None produced adequate deep bass 
(below 45Hz) and all lost cone control 
on certain recordings (particularly 
digital) at reasonably loud volume lev¬ 
els. All tended to thicken cellos and 
voices with unwanted groanings. We 
cast about for 12" drivers with 
reasonably long throw under control of 
the voice coil, good magnetic circuit 
design, and cone materials unlikely to 
display strange vibratory modes. None 
seemed appropriate at any price. 

A search for 15" drivers proved equal¬ 

ly fruitless. We decided to take a chance 
on 12" drivers inexpensive enough to 
double up. We literally stuffed a pair into 
each of two previously constructed 90 
liter sealed enclosures. The results were 
encouraging and the cost of four replace¬ 
ment drivers was half that of a pair of 
the expensive cast frame units. Still, our 
SPL requirements below 45Hz were not 
met and excessive cone motion occurred, 
causing occasional driver bottoming. 
At this point we reassessed our bias 

against bass reflex systems. A few quick 
calculations (which in retrospect we 
should have made much earlier) showed 
that the SPL levels we sought at 25Hz 
would require a volume throw of 600 
cm3 even with bass reflex designs. Most 
good 15" drivers have this much volume 
throw, but will not work well in 100 liter 
boxes. Most good 12" drivers have a 
much smaller equivalent volume (Vas) 
than a 15" of comparable resonant fre¬ 
quency, so a pair of 12" drivers will 
work much better in a 100 liter box than 
a single 15". 

The final design uses a pair of Preci¬ 
sion TA 305 F 12" polypropylene cone 
drivers. These drivers have an Fsa of 
25Hz and a Qis of 0.3, which make them 
ideal for a sixth-order Butterworth bass 
reflex alignment. A pair has a volume 
throw of 580cm3 and smooth response 
to 1kHz. 
Some of you may question using 

relatively inexpensive drivers in this ap¬ 

plication. The short answer is that they 
work very well. A great deal is written 
in the high-end press about the "speed" 
woofers require to meld properly with 
upper range units, but it makes no sense 
to talk about the "speed" of a driver 
which is fed by a signal limited to 200Hz 
or less. Woofers limited to this band¬ 
width may suffer when driven hard, but 
not because they have inadequate 
"speed" or poor high-frequency transient 
response which is a "small signal” 
property. 
Their problems occur with large ex¬ 

cursions because they have inadequate 
magnetic circuit or suspension designs 
and/or poor quality control of assembly 
tolerances, which affect "large signal" 
behavior. Under the large excursions re¬ 
quired for high SPLs at low frequencies, 
drivers tend to become nonlinear, pro¬ 
ducing excessive distortion and dynamic 
compression. These effects easily are 
heard, but wrongly are labelled as tran¬ 
sient response or "speed” deficiencies. 
The simplest and least expensive way to 
avoid this problem, is to reduce cone 
travel by doubling up drivers, thereby 
reducing cone travel for a given SPL by 
a factor of two. Since the onset of 
nonlinearity generally is very rapid, 
halving cone motion produces much 
more than a halving of distortion and es¬ 
sentially eliminates dynamic com¬ 
pression. 
We have listened at great length to 

single and dual driver versions of our 
bass speaker. The difference in attack, 
punch, tightness, and so on, is dramatic 
and clearly shows two inexpensive, 
stamped-frame drivers are much better 

TABLE I 
PRECISION 1M TA 305 PARAMETERS 

Fsa = 25Hz 
Q„ = 0.3 
Vas = 180 liters 
Pavg = 200W 

TABLE II 
SIXTH-ORDER BASS-REFLEX SYSTEM PARAMETERS 

Vb Fb F, G, 
System (liters) (Hz) (Hz) (dB) 

Op. Box 145 25 25 6 
Swan IV 100 22 25 9 

6. Fielder, L.D. and E.M. Benjamin, 'Sub¬ 
woofer Performance for Accurate Reproduction 
of Music,” presented at the 83rd Convention of 
the Audio Engineering Society, New York, NY, 
October 1987, Preprint #2537 |G-4). 
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I hope you aren’t letting fear keep you from find¬ 
ing out what’s going on inside your audio 
system . . . Behind your system’s front panels is 
an intriguing, rewarding adventure that can cap¬ 
ture your mind, open the way to better sound, 
and put its performance quality under your con¬ 
trol. After all, there’s nothing quite like under¬ 
standing things from the inside, is there? 

Despite the mystery, hype and mystique of “high tech,’’ 
audio is the least demanding of the engineering disciplines and 
its rudiments can be learned by ordinary mortals who have 
never set foot in an engineering school. 

“I never realized that an absolute novice like me could really 
get into the electronics of my music system and make changes 
that would improve the sound so dramatically. Audio Amateur 
has made it possible for me to have a far better system than 
1 could ever have afforded, ” is a typical quote from a reader 
who, until she subscribed to Audio Amateur had never opened 
the back of a set, never read a schematic or plugged in a solder¬ 
ing iron. 

Since 1970 Audio Amateur has been publishing authoritative 
articles about audio technology by people who have improved 
their systems for themselves. Most often the authors are 
engineers working in some other field than audio who 
recognize that there are better ways to do the job of reproduc¬ 
ing sound than the commercial products offer. 

It’s fun for such people to take a garden variety preamp 
and turn it into something special—by improving the power 

supply, changing the components to better ones, or improv¬ 
ing the design in ways the original designer did not think of. 

Then we also publish original designs that are often as good 
or better than what’s newest on the commercial market. And 
many readers who were rank beginners only a few years ago 
are building such projects from scratch. 

Articles tell you where to find the parts, and often they 
are available, along with a circuit card, from specialist sup¬ 
pliers who offer kits based on the articles. 

Reading what others think about the performance and sound 
of components is o.k., but even better is the chance to take 
what you already own and upgrade it so that it performs bet¬ 
ter than it did out of the box. 

In this day and age when everything is mass-produced and 
quality is usually fair to mediocre, Audio Amateur gives you 
the opportunity to enhance to whatever degree you choose, 
one of life’s primary pleasures: music. Not only will Audio 
Amateur give you hours of hands-on pleasure and listening 
time, but the engrossing diversion will help relieve stress in 
your life. And don't we all need a little bit more of that? 

Subscribing is easy: Call us with your credit card number handy at (603) 924-9464 any working day 9—4 EST. Or fill in the coupon 
below and mail it with your check, money order or charge card authorization. Your first issues will arrive in about six weeks. 

Send me Audio Amateur for □ one year $20 CH two years $35 □ MC/Visa □ Check/Money Order 

Please print clearly 

MASTERCARD / VISA NUMBER EXPIRE SIGNATURE 

NAME 

STREET (PLEASE GIVE BOTH MAIL AND UPS ADDRESS) 

CITY 
STATE ZIP 

AudioAlHßteuL 
THE JOURNAL FOR AUDIOPHILE CRAFTS 

P.O. BOX 576 PETERBOROUGH, NH 03458-0576 usa 
Canada and Caribbean please add $4 per year postage. Overseas rates available on request. 



FIGURE 11: Bass speaker frequency response. 

than one very expensive cast-frame unit. 
In one particular case, for the same 
distortion level, the inexpensive duals 
produced 12dB more SPL than the ex¬ 
pensive single. 
With the vertically symmetrical ar¬ 

rangement of the dual bass drivers, the 
apparent sound source appears half-way 
between the two drivers. We can dis¬ 
tinguish this, with the satellites discon¬ 
nected, because the gentle crossover 
slope at 200Hz provides enough higher 
frequency intelligence. 

BASS DESIGN. Typical measured 
parameters for the TA 305 F are given 
in Table 1. Table 2 lists box and equaliz¬ 
er parameters for a Class I sixth-order 
bass reflex system. Class I alignments 
produce the smallest box volume with 
the Precision TA 305 F pair. 
Unfortunately, the optimum volume 

of 145 liters is 45% larger than we would 
like. Well, we're not slaves to alignment. 
Compare the computed response of the 
145 Ûter and 100 liter boxes in Fig. 10. 
The response of the 100 liter box is down 

PARTS LIST 

Drivers: Four Precision TA 305 F 12" bass 
drivers; Four Focal 5N 412 DB 51/4" drivers 
(two matched pairs); Two Dynaudio D-28 horn 
tweeters. 

Pedal Coupler: One Channel 

Resistors 

R2-7, 16, 17 
R8 
R9, 10 
R11 
R12, 18 
R14, 15 

All resistors 

24.9k0 
78.7k0 or 75.0k0 
10k0 
51.1k0 or 53.6k0 
1000 
2.49k0 

1% metal film 

Capacitors 

C1 4.7gF polypropylene film* 
C2, 5-9 0.1/xF polypropylene film* 
C3 47pF polystyrene 
C4 0.033/xF polypropylene film* 
C10 22pF polystyrene 

* Panasonic P-series 

Op Amps 

IC1 AD712 
IC2 AD712orTL072 

Potentiometers (Dual Linear) 

R1 10OkQ conductive film 
R13 5k0 conductive film 

Pedal Coupler: Power Supply 

T1 32VCT/0.075 A Stancor 
SE-332 or equivalent 

B1 50V, 1A bridge 
C1, 2 1 ,000mF, 25V DC electrolytic 
C3, 4 10/xF, 25V bead tantalum 
IC3 78L15 100mA, +15V reg. 
IC4 79L15 100mA, -15V reg. 

Treble Coupler: One Channel 

Inductors: Solen 

L1 1.5mH, #18 AWG, R = 0.60 
L2 0.5mH, #18 AWG, R = 0.30 
L3 4.0mH, #18 AWG, R = 1.10 
L4 0.68mH, #20 AWG, R =0.40 

Capacitors: 5% polypropylene 

C1 8MF 
C2 6.8/xF 
C3 5.6/iF 
C4 4.7MF 

Resistors 

R1 140, 15W 
R2 40, 15W 

Cabinet Materials 

(1) 4 X 8: VC veneer faced plywood 
(IV2) sheets 4x8: %" medium density parti¬ 
cle board 
’A X IV2" X 20' hardwood to match veneer 
4 X 4 X %" tempered hardboard for backs 
% X % X 10' softwood for cleats 
4' X 2Vi" ID schedule 40 plastic pipe (electrical 
conduit) 
Epoxy materials (quart), screws, staples, 
silicone caulk, varnish, paint, grille materials, 
wire, terminals, etc. 
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FIGURE 13: Pedal Coupler schematic. 

3dB relative to the 145 liter box at 25Hz, 
which is the box resonance frequency 
(Fb). The 100 liter box also peaks slight¬ 
ly relative to the 145 liter box in the 
60-100Hz range. We can cure the peak¬ 
ing by lowering the box frequency Fb to 
22Hz. Increasing equalizer gain by 3dB, 
as shown in Table 2, compensates for the 
frequency response loss. 
The only drawback associated with 

the 100 liter box is a 2-3dB loss in max¬ 
imum SPL, in the 25-32Hz range. The 
complete 100 liter bass-reflex design is 
given in the second row of Table 2. The 
required second-order electronic filter is 
included in the Pedal Coupler active 
crossover which we discuss in the next 
section. 
The frequency response of a single 

bass module and its electronic filter is 

shown in Fig. 11. Power response, in Fig. 
12, shows a maximum average SPL 
capability of at least 1 lOdB, all the way 
down to 25Hz when working into a 
hemispherical space. Most home listen¬ 
ing rooms actually will provide addi¬ 
tional boost, by appearing to the speaker 
more like a quarter space than a 
hemisphere. 
The input power required at each fre-

Sound that Satisfies Your Senses 
You won’t believe the performance, sophistication 

and value of our new and revised kits. 

"Everyone should have the satisfaction 

of building speaker kits, lis an in¬ 

teresting and rewarding undertaking." 

•Sapphire 

•Saturn 

•C2 
•Pulse 

Dl/^IAUDIO 
TECHNOLOGY UNLIMITED 

(seas) 
FUUU. 

9ejhn 
Questions and Assistance 
call I-6O8-784-457O 

—A.W., Scott Depot. WV 

901 S. 4th Street 
LaCrosse. Wl 54601 

•G2 
•Super Titan 

•Laser 

•Compact Monitor 

Wonder 
AC GLOP 
AC FOAM 
SHADOW 

Catalog requests and orders 
call I-8OO-346-9I83 
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quency to reach the plotted SPL is also 
given in Fig. 12. Throughout most of its 
operating range, the bass speaker output 
is limited by the voice coil thermal 
power rating of 400W (200W per driver). 
The dip in the maximum allowable in¬ 
put power between 32 and 64Hz, how¬ 
ever, indicates in that frequency range 
the output is throw-limited rather than 
power-limited. The system also is throw¬ 
limited below the box resonance of 22Hz 
where the cone unloads rapidly. Cone 
motion is limited in this region by the 
equalizer infrasonic electrical roll off of 
12dB/octave. Two bass modules will pro¬ 
duce 3-6dB more output; you can reach 
llOdB with an amplifier capable of 
delivering 200W per channel into 4Í2. 

ACTIVE CROSSOVER. We use the 
Pedal Coupler to biamplify the satellite 
and bass speakers and provide the 
necessary equalizer filter for the SWAN 
IV system. A first-order crossover, it uses 
a subtractive circuit topology to guaran¬ 
tee "transient-perfect" melding of satel¬ 
lite and bass speaker acoustic responses 
without critical component matching. 
The crossover also includes the second-
order equalizer required to complete the 
sixth-order bass reflex alignment chosen 
for the bass module. As shown in Fig. 12, 
this equalizer provides 9dB boost at 
25Hz. Frequencies below this point are 
rolled off at 12dB/octave to prevent ex¬ 
cessive cone motion at infrasonic 
frequencies. 
We increased the crossover frequen¬ 

cy between satellite and bass modules 
from 100Hz in the original design, to 
200Hz, to reduce mid-bass driver cone 
excursion demands and increase overall 
system dynamic range by 6dB. The sys¬ 
tem can produce peak SPLs of 120dB at 
frequencies above 50Hz, if your ampli¬ 
fier can provide the power to drive it. 
A schematic diagram for one channel 

PHOTO 2: The Petal Coupler active crossover. 

of the Pedal Coupler is shown in Fig. 13. 
Most op amps are operated in the invert¬ 
ing mode to eliminate common-mode 
signals and produce lowest distortion. 
ICI A is an inverting unity gain buffer. 
Two inputs are provided; a line input, 
and an optional second input with level 
control for direct input from a CD 
player. 

IC2A is an inverting, first-order low-
pass filter with a corner frequency of 
200Hz, as determined by the time con¬ 
stant of R6 and C4. The output from this 
stage, which is in-phase with the input, 
feeds IC IB and IC2A. IC IB is an invert¬ 
ing summing amplifier, which produces 
the required high-pass output by adding 
the low-pass output of ICI A to the in¬ 
verted input and inverting the result to 
produce the in-phase high-pass output. 
This is equivalent to subtracting the low-
pass filter output from the input. Since 
the high-pass function is obtained by 
subtraction, it should be clear the high-
and low-pass outputs must sum back to 
the original input signal. 

IC2A forms a second-order high-pass 
filter with a corner frequency of 25Hz 
and a Q of 2.8, which produces 9dB of 
boost, shown in Fig. 11. IC2A has a mid¬ 
band gain of 2 (6dB) to permit adjust¬ 
ment of the bass module level relative 
to the satellite. R13 is a dual linear poten¬ 
tiometer which is padded by R14 and 
R15 to provide a total linear gain range 
of + 6dB relative to the satellite output 
level. 

Similarly, RI is a dual linear poten¬ 
tiometer padded by R2 and RI6, to pro¬ 
duce an audio taper volume control. We 
used padded linear controls because they 
track much better than audio taper pots. 
Because of the low gain levels through¬ 
out the circuit, exotic construction 
techniques are not needed. The whole 
circuit can be laid out on a Radio Shack 
#276-157 op amp circuit board. 
The Pedal Coupler power supply, 

shown in Fig. 14, is quite conventional. 
It uses a 1A bridge, capacitive filter and 
TO-92 100mA regulators to supply 
+ 15V DC to the op amps. You may use 
the power supply from Old Colony 
Sound (KE-5, $20) in place of everything 
ahead of the TO-92 regulators. A pro¬ 
totype of the Pedal Coupler is shown in 
Photo 2. For the interested reader, a com¬ 
pletely packaged version of the Pedal 
Coupler (similar to that described, but 
without CD input) is available (see 
Sources). 

This concludes Part 1 of the SWAN TV system. 
Continued in the next issue, Part 2 will show, 
in complete detail, cabinet design and con¬ 
struction, final assembly and grille considera¬ 
tions, and room placement and listening tests. 

-15 vdc 

FIGURE 14: Pedal Coupler power supply. 
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AUTHORS' NOTE: The authors en¬ 
courage Speaker Builder readers to use the 
information in this article to build their 
own systems. Toward that goal, the authors 
hereby extend a free license to readers, 
limited to non-commercial, personal use of 
the technology and knowhow. The authors 
have begun marketing finished loud¬ 
speaker systems, and licensing arrange¬ 
ments for kits and components using this 
proprietary information are contemplated. 
Consequently, use of this information for 
commercial purposes is not permitted. 

SOURCES 
Madisound Speaker Components 
8608 University Green 
Box 4283 
Madison, WI 53711 
(608) 831-3433 
(kits of speaker drivers, the Treble Coupler pas¬ 
sive crossover, and components for crossovers, 
terminals, wire, etc) 

Swan's Speaker Systems 
Box 356 
Swan's Island, ME 04685 
(207) 526-4343 
(the Pedal Coupler electronic crossover and 
equalizer, $225 plus shipping, preformed foam 
grilles) 

Old Colony Sound Lab 
Box 243 
Peterborough, NH 03458 
(603) 924-6371 
(Power supply, KE-5) 

Gougeon Brothers 
Box x908 
Bay City, MI 48707 
(517) 684-7286 
(epoxy materials, supplies, and tools) 

Radio Shack Stores 
(Grille Cloth or Foam) 

The Woodworkers' Store 
21801 Industrial Boulevard 
Rogers, MN 55374-9514 
(612) 428-2199 
(square-drive particle board screws) 

Woodcraft 
41 Atlantic Avenue 
Box 4000 
Woburn, MA 01888 
(woodworking tools) Call loU-free 800-521-3044 In Ma hixan, 

Alaska and Hawaii call collect 313-761-4700. Or 
mail inituirv to: University Microfilms International. 
300 North Zeeb Road. Ann Arbor. Ml 48106 

Address 

City___ 

State Zip 

Phone I _ . 

Please send information about these titles 

Name 

Company'Institution 

This publication is 
available in microform 

from University 
Microfilms 
International. 

SPEAKER CABINETS & KITS 
AIR CORE INDUCTORS 
CROSSOVER NETWORKS 

SUB WOOFERS 

CABINETS FOR 
DYNAUDIO, PHILLIPS, 
SEAS, FRIED, PEERLESS, 

KEF, SPEAKER KITS. 

Send $3.00 for literature 
to 

Speakers lor the Demanding Listener 

601 W. Baxter Ave. 
Knoxville, TN 37921 
(615) 637-6694 

Fast Haply HHC10S1 
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SUB-BASS POWER BOOSTING 
AND OTHER APPLICATIONS USING THE LMI2 

BY ART NEWCOMB 

With the availability of National's 
LM12 power operational ampli¬ 

fier, I was inspired to revisit a circuit I 
developed in 1981? I redesigned it to 
compensate for the somewhat disap¬ 
pointing bass performance of a large 
Altec speaker system I thought should 
do better. The circuit provides the addi¬ 
tional low-frequency power boost of a 
third amplifier in the stereo system to 
augment the power output in the sub¬ 
bass range. Compensation of this type 
can be done with a graphic equalizer but 
boost slopes are usually limited to 6dB 
per octave or less, whereas speakers tend 
to roll off at 12dB or more. With some 
systems I find it the next best thing to 
a subwoofer. 

The circuit of Fig. 1 is designed to: PHOTO 1: A completed bass booster. 

PHOTO 2: LM12 circuit boards. 

• Create a virtual ground for the 
stereo speaker pair with the third 
amplifier; 

• Derive a composite low-frequency 
signal from the stereo amplifier; 

• Use the inverted signal as a differen¬ 
tial low-frequency drive via the third 
amplifier. 

You could say, "It’s done with mir¬ 
rors," or an analog thereof. Here are the 
prerequisites: 

• Your stereo amplifier must have a 
common return for both speakers, that 
is, it cannot be a bridged output (a fre¬ 
quent practice in automotive units). 
• Your speakers must be capable of 

handling the additional power. 

To accomplish this chicanery, the third 
amplifier must provide a suitable return 
for the stereo amplifier and have the 
drive to operate into very low imped-

1. Newcomb A.I. SubBasson a Budget 
Audio. Vol. 66, No. 8, pp. 36-39. August. 1982. 

22 Speaker Builder / 4/88 



FIGURE 1: The sub-bass boost scheme. 

PARTS LIST I 

SUB-BASS BOOSTER 

R1, 2 240' 
R3 1k* 
R4, 5k (linear pot)* 
R5 3.3k 
R6 50k 
R7 5k** 
C1, 2 50g NP’ 
C3 0.05g” 
Cps(2) 0.1g 
C6, 7 2500g* 
D(2) 3A, 50V 

* Not mounted on circuit board 
** Mounted vertically, in series 

To amp 
return 
(ground) C5 

FIGURE 2: Sub-bass boost schematic. 

anees (as low as 29 for a pair of 89 
speakers). The new amplifier must be at 
least as good as the stereo pair it assists 
in frequency response, distortion, volt-
age/current capability and low output 
impedance. The new amplifier provides 
its benefits as an additive bass amplifier 
having minimal effect on normal opera¬ 

tion of the stereo channels. The LM12 
fills the bill for stereo amplifiers with 
power ratings up to about 60W per chan¬ 
nel (this is a current limitation; the LM12 
must sink the current from both 
amplifiers). 

The schematic is shown in Fig. 2, with 
the parts list. Note there are no "ban-

FIGURE 3: Amplifier net response. 

dage" components. The only parts re¬ 
quired are those which set gain, deter¬ 
mine response break points or balance 
input currents; the sure sign of a friendly 
operational amplifier. 
The combined circuit response is 

shown at three positions of the control 
in Fig. 3. 
The photographs show the completed 

demonstrator {Photo 7) as well as the 
amplifier circuit board (the smallest of 
the three) along with two dual units 
{Photo 2), explained later. 
Three wires connect to the stereo am¬ 

plifier and then I connect the speakers 
to a standard spring loaded connector at 
the rear of the unit. I used a full-wave 
rectified 24VCT transformer ( + 17V rails) 
as a power supply for this demonstrator 
which belies the respectable contribution 
of about 70W peak RMS in full differen¬ 
tial mode (continuous power contribu¬ 
tion is about 32W in this mode).’ r\ 
beefier power supply should raise the 
capability to the 70W continuous level. 

At these voltages, by the way, little 
heat-sinking is required; I simply used 
the demonstrator’s chassis. The device 

2. Computed for two 8ii speakers. When con¬ 
sidered in parallel and driven differentially they 
are seen by the amplifier as a 2ÍÍ load. Since the 
unit can deliver about 4A RMS before voltage 
clipping occurs PR computes to about 32W. 
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FIGURE 4: Circuit board pattern for the booster. 

FIGURE 5: Parts placement. 

FIGURE 6a: Second parts placement (see Fig. 6). 

PARTS LIST II 

LM12 AMP* 

C 15/1 
Cc 1.0/i 
Cf 22p 
Rf (2) 47k 
Ri 2.2k 
Cps(2) 0.1/1 
D(2) 3A, 5PIV 
J1-4 Jumpers 

"Also, two-channel version (Fig. 7a) 

PARTS LIST III 

BRIDGED AMP 

Cc 1.0/i 
Rf (4) 47k 
Ri 2.2k 
Cf (2) 2.22p 
CB 15/1 
Cps 0.1/1 
D(2) 3A, 50PIV 
J1-4 Jumpers 

FIGURE 7: Amplifier circuit pattern. 

FIGURE 7a: Parts placement for a conventional amplifier: 2 single channels. 

(Parts List II) 

FIGURE 7b: Parts placement for a single-channel bridged unit. 
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HAFLER PRODUCT UPDATE: First, the XL-280. This Excelinear amp is being recognized as just what 
we claimed it to be-the first amplifier in which distortion of all types is inaudible. Since the XL-280 was introduced IV2 years 

ago, no one has successfully challenged the validity of the differential test for audible distortion, which the XL-280 passes 

head and shoulders above the competition. Some individuals may prefer the sound of other amps at times, but it has been our 

experience that when we were able to measure such a preferred amplifier, there were recognizable indicators which showed 

that it was, in fact, less accurate. The argument of preference thus seems to be one of complementing inaccuracies yielding a 

euphonius result. 

A few early XL-280s could sometimes exhibit evidence of spurious oscillation, and a few changes were made in early 1987 

production. If your XL-280 has a serial number below 81725000, or you have reason to question its high frequency accuracy, 

we invite you to contact us at (609) 662-6084 for information on possible updating. We will provide the parts, when needed, at 

no charge, if you wish to make the changes on each module yourself. Some disassembly and soldering is required. 

Another update is available for present owners of DH-100 preamplifiers. The just released DH-100 Series 2 has several 
dB lower noise in both the phono and line level stages. A kit is available for $20 which provides all the parts, including 3 new 

plug-in integrated circuits, which brings the specs in line with current production. Some soldering is required. If you wish the 

factory to make these changes, they are included in the normal service charge. 

The long awaited XL-600 Excelinear power amplifier is going into production. As a higher power version of the XL-280 
circuit, it has the same ultra low phase shift design. The Excelinear topology offers the capability for nulling out audible 

distortion products while driving your own speakers. In actual use, it can be demonstrated that the Excelinear design has 

inaudible distortion of any and all types. For more details on the input-output differential test procedure, and how you can 

use it to compare amplifiers, please write us at 5910 Crescent Blvd, Pennsauken, N.J. 08109. 

Other features of the XL-600 include multiple power supplies; an 80% increase in power supply capacitance over the 

DH-500; and additional output lateral MOSFETs for superior low impedance drive capability. There are added niceties like gold 

input jacks, a continuously variable DC fan for quieter operation, and built-in mono bridging capability. It’s Hafler sound at its 

finest, and most powerful. 

The new sculptured faceplate for the XL-600 has a baby brother which fits the XL-280. This XL-281 is 19" rack width, 

and includes sculptured handles. A17" wide version, without handles, is the XL-282, serving only to enhance the amplifier's 

appearance. In typical Hafler value-conscious fashion, there’s also a lower cost standard 19" rack mount, the XL-285. 

A brief glimpse of the next Hafler introduction: a totally new, full-control preamplifier with optional infrared remote opera¬ 
tion for under $1000. What is really unique is the convenience of analog volume and balance knobs on the remote—the only 

way to get audiophile precision. Just wait until you try it for yourself! And that’s only for starters. It’s an all-FET design, with 

CMOSFET electronic input selection, a cyber-optic passive level control system with precision tracking, a built-in moving coil/ 

moving magnet phono stage, and buffered tape outputs. A big plus is the employment of a building-block concept which can 

interface with other plug-in audio products supported by the same 12 button 

remote controller. 

At Hafler the quest for sonic excellence and exceptional value continues. Hafler 
A DIVISION OF 

ROCKFORD CORPORATION 

TEMPE ARIZONA 8528’ 

Fast Reply HHC667 



FIGURE 6: An LM12 general purpose audio amp. FIGURE 8: A bridged LM12 amplifier. 

cannot be harmed by overheating (or lit¬ 
tle else when properly applied; see the 
Appendix, National's LM12]. 

Figures 4 and 5 show the circuit board 
pattern and parts placement for the small 
board (and the only one I recommend) 
used in the boosting scheme. 

Please note that I made this board for 
the additional use of the general purpose 
amplifier, shown in Fig 6; the second 
parts placement is shown in Fig. 6a. 

The larger board {Figs. 7 and 7a], can 
support a configuration for conventional 

amplifier applications: two single chan¬ 
nels at 50W RMS each into 8S2, or 100W 
into 49 with a suitable supply. 

The same board can also be stuffed as 
a single-channel bridged unit {Fig. 7b] 
capable of driving about 200W into an 
89 load (and little more for 49 due to the 
LM12's 10A limit). Figure. 8 is a schema¬ 
tic of the bridged configuration I use. 

I am currently using the LM12 in all 
the configurations discussed and have 
found few, if any, quirks. 3. Paraphrased here from National ’s 

preliminary data sheet, LM12/L/C/CLI150W Op 
Amp, December 1986. 

APPENDIX 

National's LM12 
We all look forward to new advances 
in technology, especially when they 
take the form of an elegant solution to 
an old problem. The National Semicon¬ 
ductor LM12 is a monolithic power 
operational amplifier with a host of im¬ 
pressive specifications? I greet this 
recently available power IC, however, 
with mixed emotions. It takes all the 
frustration, and adventure, out of 
designing and building power amplifi¬ 
ers. Features include: 

• Input protection: Diodes provide 
reverse voltage protection by shorting 
excessive input voltages. 

• Controlled Turn-On: No signal is 
passed to the output until the combined 
supply voltages reach 14V. If input cir¬ 
cuits are designed to stabilize before 
this happens, turn-on/turn-off "thump” 
can be controlled in many applications. 

• Dynamic Safe-Area Protection: In¬ 
stantaneous peak-temperature limiting 
is built in. Allowing a short term dissi¬ 
pation of 800W permits the handling 
of reactive loads without derating. 

• Thermal Limiting: Signal output is 
disabled when the case temperature 
reaches 150°C. 
• Overvoltage Shutdown: When the 

supply voltages approach BV< । o, the 
output is disabled and can withstand 
overvoltages of 100V, according to Na¬ 
tional. The voltage rating is not neces¬ 
sarily the maximum usable voltage 
however. I use the cheapest issue, the 
LM12CLK (±40V, 0 to 70°C operating 
range, costing about $30 in small quan¬ 
tities) and the safe operating area pro¬ 
tection shuts down when the rail 
voltages reach between +33 and 
+ 35V. 
• Output Current Limiting: Can de¬ 

liver + 10A at rated supply voltages 
(+ 12A for the more expensive version). 

• Total Harmonic Distortion: I don't 
have the facilities for distortion 
measurements but National claims less 
than 0.01% from 10Hz to 10kHz (less 
than 0.02% from 30Hz to 20kHz) at 
+ IV output and dropping as power in¬ 
creases. 

• A Fast Sucker: With a small-signal 
bandwidth of 700kHz, the unity-gain 
compensated device has a power band¬ 
width of 60kHz and a very respectable 
slew rate of 9V/gsec. It can also han¬ 
dle capacitive loads with a 4^H choke 

wound around a 2.29 resistor in series 
with the load. 

The unit is very well behaved when 
driven to voltage clipping, current 
limiting or in any one of its shutdown 
modes (no signal to the output). There 
are two versions of the device with 
ratings of + 40V and + 50V and both 
are available in commercial and mili¬ 
tary temperature ranges. It is packaged 
in a 4-pin modified TO-3 with the case 
at -V (you can ground the device 
when using a positive single ended 
supply). National says a socket is 
available from Augat (part #8112-AG7). 

TABLE I-LM12 

Parameter 
Input offset voltage 
Input bias current 
Input offset current 
CMRR 
PSRR 
Output saturation 1A 
Threshold 8A 

10A 
Large signal voltage gain 
Power dissipation 
Idling suppling current 

Typical 
2mV 
O.IÕíxA 
0.03/xA 
86dB 
90dB 
1.8V 
4V 
5V 
>50,000 
>80W 
60mA 
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USA Advanced Cone Technology 
PRODUCTS BY: 

• CARDAS AUDIO” WIRE 
• KIMBER KABLE WIRE 
• van den HUL WIRE 
• DISTECH WIRE & PRODUCTS 
• ISODA WIRE 
• SCR' (by K. BELLAS) CAPS 
• JORDAN REF. "SILVER" CAPS 
• ARCICI SPEAKER STANDS, 
LEAD BALLOON & OTHER 
PRODUCTS 

• ESOTERIC AUDIO 
• ACOUSTICAL MAGIC® 
• EDISON PRICE MUSIC POST" 
• SIMPLY PHYSICS 
• WIN FET10 PHONO SYSTEM 
• PAOLI SOB AMPLIFIER 
• PAOLI PREAMPLIFIER 

•NO COMPROMISE PRODUCTS 
FOR THE AUDIO 

ENTHUSIAST / HOBBYIST* 

• HRM loudspeaker Kits 
• Custom Crossovers 
• Designs for JORDAN ACT® Drivers 
• Custom Loudspeaker Enclosure Fabrication 
• FREE PRODUCTS CATALOG 
• ACT ’ Iheble and Bass Drivers 
• JORDAN CLUB — Discounts on Products, Monthly 
Newsletter... see address below. 

HIGH RESOLUTION MONITORS 
‘ The materials and workmanship are what I would expect of a piece of fine 
furniture .. 

"Its strong points are tonal accuracy, and extremely low distortion. The sound is 
cleaner than any other speaker I have heard that uses moving coil drivers.” 

“I detected no problems while listening to the HRM: tonal accuracy is superb, 
and in everything except spatial imaging, the presentation of male voice is the 
most realistic I have heard from a small speaker." 

“I strongly recommend the HRM to anyone considering buying a speaker in its 
price range.” 

David Davenport reporting in SPEAKER BUILDER MAGAZINE issue 2/88. 

301 N. Harrison St. • Bldg. B. Suite 252 • Princeton, NJ 08540 • (609) 890-0520 

Fast Reply HHC 563 



THE UNLINE: 
DESIGNING SHORTER TRANSMISSION LINES 

BY JOHN COCKROFT 

In the years since Dr. Bailey's straight¬ forward presentation, the transmis¬ 
sion line loudspeaker enclosure has be¬ 
come an object of myth and fancy. Use¬ 
ful lines have been produced by some 
which are among the finest music re¬ 
producing systems yet devised. Others’ 
attempts have ended up more useful as 
doghouses. 

The original concept's rather large en¬ 
closure, optimally designed for a large 
listening room, is capable of awesome 
performance. I think the principle of the 
TL is excellent and the benefits of the 
nonresonant performance should not be 
limited to such an occasionally ideal 
environment. 
Large TLs have extended low-fre¬ 

quency performance well into the nether 
regions of the threshold of human hear¬ 
ing. Equally important, they do so in 
such a smooth and natural manner, 
avoiding most problems designers ex¬ 
perience with other types of enclosures. 
These side benefits of transmission lines 
have held my interest over the past sev¬ 
eral years. 

As vented and sealed systems are de¬ 
signed in a myriad of sizes and parame¬ 
ters for a multitude of uses, why 
shouldn't the TL have the freedom to 
live a multifaceted existence for our 
listening pleasure? 

To this end I have empirically designed 
over a dozen lines intended for use in 
small listening rooms. In principle, most 
performed quite well. Generally, I en¬ 
countered the usual troubles that crop up 
when designing any type speaker sys¬ 
tem, such as matching speakers, balance 
and so on. I believe transmission lines 
can be used in many applications and 
have the potential to be extremely 
useful. 

I recently took a retrospective look at 
my more successful TL systems and 

formed some general relationships. After 
considering and evaluating their em¬ 
pirical qualities, I developed an arbitrary 
"standard’' transmission line enclosure 
that relates very closely to several of my 
systems. By using my concocted "stan¬ 
dard'’ TL and others as points along a 
line, I came up with some equations that 
describe my speakers rather accurately 
and allow for a continuum of other en¬ 
closures between and beyond the ones 
I have constructed. 

A CONTINUUM. The "standard'' 
speaker I chose for the examples is 
reasonably close to Bailey's original. I 
could have used Bailey's exact line as the 
standard (and so can you), but it doesn't 
describe my speaker designs quite as 
well and that is the purpose of this little 
project. 
The standard system I chose has a 

length of 72"; is stuffed with polyester 
fiberfill at a density of 0.5 lb./ft.': the 
minimum cross section equals the cone 
area of the woofer; and speaker unit QIS 

is 0.4. I never built this enclosure, of 
course. I use it here merely as a model 
on which to base other systems. 

My procedure presents equations that 
predict line length, stuffing density, min¬ 
imum cross-sectional area and speaker 
Qu, for enclosures with lengths shorter 
than the model system. You may design 
an enclosure starting with line length, or 
if you prefer, on the basis of speaker Qs. 

First, I'll consider developing enclo¬ 
sures choosing a line length shorter than 
the model's. Once the length is settled 
the question of stuffing density comes 
up. It is solved by Equation 1: 

d! = ds X 1 

(LLAL,) 172

where 

di=the desired new density for the 
shorter line 
LLi=The desired shorter line length 
LLs = The "standard" line length 
ds = The "standard" density of 
0.51b./ft.’. 

After the density of the stuffing is deter¬ 
mined, the minimum line cross section 
is considered in Equation 2: 

Cs, = (di/ds)Css X Ca 

where, 
Csi =the desired minimum cross section; 
Css = The "standard" minimum cross 
section, in this case 1 times the cone 
area; 
Ca = the area of the woofer cone. The 
cone diameter is usually measured from 
the center of the surround to the center 
of the surround. 
Finally, the QIS of the woofer is 

calculated in Equation 3: 

Qu = Q,s (di/d,) 1 2

where, 
Qu =the desired speaker Qts ; 
Qis = the "standard” speaker Q,s of 0.4. 

As you can see from the equations, as 
the line shortens, the stuffing density in¬ 
creases. To compensate for this, the 
minimum cross section also increases to 
give the speaker a better opportunity to 
"breathe" in the denser environment. 
The increased density tends to overdamp 
the speaker, so a higher Qs is required. 

In my previous article ("The Short¬ 
line," SB 1/88, p. 18) I mentioned shorter 
lines might begin to function as a hybrid 
design between the classic line and the 
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aperiodic, pressure-relief type of enclo¬ 
sure, or as a "bottomless box." The 
sound remains very much "transmission 
line” in its general characteristics. The 
resonant frequencies remain low when 
compared to the aperiodic types. 

OCTALINE FORMULAS. For an ex¬ 
ample, let's examine my Octaline speak¬ 
er from SB 3/87, using the above equa¬ 
tions. It is just about 36" long. Using 
Equation 1: 

d, = 0.5 --- = .7071 lb./ft. 3 
(36/721 1/2

with Equation 2: 

Csj = (.7071/.5)1 = 1.414 X 
(cone area of 8.9 in.2) = 12.6 in.2

Now Qr: 

Q,i = .4(.7071/.5| l/2 = .475 

I constructed the Octaline a couple of 
years before I evolved these equations; 
I used a minimum cross section of 12.2 
in.2, and a Q,s of about 0.505. Working 
empirically, the Octaline is within 6.3% 
of Qls and 3.2% of the minimum cross 
section of my "standard” line. Or, per¬ 
haps, my "standard” line is within those 
percentages of the Octaline. At the time 
I conceived the Octaline I wasn't aware 
of the role Q^ might play in TL design. 

To determine the parameters of a line 
for a speaker unit with a given QK, use 
the following equations; begin by calcu¬ 
lating the stuffing density (Equation 4). 

di = (Qi/Qs)2

Proceed with the cross section by using 
Equation 2 Finally determine the line 
length. (Equation 5): 

LL, = LL. X -i-
(d^)2

As an example of the above, say you had 
a speaker with a QIS of 0.43. Then: 

stuffing density = 0.5(0.43/0.4)2
= 0.578 Ib./ft.’ 

and: 

min. cross section = (.578/.5J = 1.16 x Ca 

and: 

line length = 72 x-- 53,9" 
(.578/.5I2

Aside from having the correct Qls , to be 
successfully used with these equations 
a speaker should have a low Fsa- I 
haven't been able to work this parameter 
into my model, but I believe the lower 
the Fsu , the better. Using a speaker with 
an Fsa in the 30Hz area sounds much bet¬ 
ter than a speaker with an Fsa around 
40Hz, and I'm sure those approaching 
20Hz are even better. 

Of course, these differences will only 
be noticed when music of ultra low fre¬ 
quency content is heard. For most 
music, speakers with 40Hz resonance 
will be quite adequate, particularly if Qis 
is at least .4 or higher. Lower Q,s figures 
result in excessive roll-off of important 
musical content. Even with Qls .5, Qls 

will be down 6dB. Qls .3 will be 3dB 
down at 121 Hz. It has been my ex¬ 
perience that TL enclosures don’t raise 
Qis greatly, as for instance a sealed box 
does. 

If you plan to raise the Qls of a given 
speaker, I recommend you add mass to 
the driver cone, rather than using series 
resistance. In both cases you will lose ef¬ 
ficiency, but with more mass you will 
lower Fsa, which is a much better bar¬ 
gain than a mere efficiency loss. 

A speaker with a long voice coil over¬ 
hang probably responds better when 
adding mass, since the loss of control 
with the higher Qs increases the tenden¬ 
cy to overshoot, and the long coil gives 
more leeway for linear signals. Adding 
mass may make an infrasonic filter nec¬ 
essary, but I think one should be used 
in any case. 

ACID TEST. Now, finally, let's look at 
the Unline. I built it because I wanted 
to give my equations a real test, to make 
sure they work. A small enclosure, that 
I had used on occasion as a transmission 
line loaded midrange, was 5" by 5" by 
11," with a hole for a 4" speaker on top; 
the bottom was open. (What I'm calling 

Continued on page 32 
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BOOKS from Old Colony Sound Lab 
HOWARD W. SAMS 

S-4 UNDERSTANDING IC OPERATIONAL AMPLIFIERS | 3rd Ed | by 
Roger Melon and Harry Garland. Basic course in semiconductor elec¬ 
tronics. Covering integrated op amp circuitry, design factors, bias cur¬ 
rent, offset voltage, frequency compensation and slew rate. 212 pp . 
softbound. Each $12.95 
S-9 REGULATED POWERSUPPLIES [3rd Ed.| bylrvingM. Gottlieb 
Static and dynamic characteristics, regulation techniques, IC regula¬ 
tion. 424pp., softbound. Each $19.95 

S-10 IC OP AMP COOKBOOK |3rd Ep | by Walter G lung. Jung’s 
popular classic in a revised and expanded 1986 edition. One hundred 
pages are added to cover new devices, applications and manufacturer's 
data sheets. With over two hundred practical circuits with component 
values, this cookbook is one of Old Colony’s best selling technical 
volumes. It belongs on every electronics bookshelf. 580 pp., softbound. 

Each $21.95 
S-ll HOW TO BUILD SPEAKER ENCLOSURES by Alexis Badmaieff 
and Don Davis. The "whys” and "hows” of speaker enclosures. Draw¬ 
ings and instructions cover infinite baffle, bass reflex, and horn types 
plus combinations. 144pp., softbound. Each $6.95 

S-13 AUDIO IC OP AMP APPLICATIONS [3rdEj | by Walter G lung 
This new, updated version of a classic reference source is probably the 
best book available on the subject. Mr. Jung, an Audio Amateur maga¬ 
zine contributing editor, is not only a recognized authority on op amps, 
but has an enthusiast's interest in audio quality and actively pursues 
new techniques for better sound reproduction. Like his previous books 
in this series, this latest edition is in "cookbook” style, and includes 
actual circuits with component values which may be incorporated in 
working projects. The book also details the most common pin-outs, 
manufacturer listings and a wealth of other resource material. A must 
for any audiophile who constructs or modifies equipment. 250pp, 
softbound. Each $17.95 
S-14 ACTIVE FILTER COOKBOOK by Don Lancaster. A practical, 
user-centered volume with everything you need to build your own ac¬ 
tive filters. Explains the various types and how to select the best for the 
circuit. 240pp., softbound. Each $15.95 

S-17 IC TIMER COOKBOOK [2nd En | by Walter G. lung. A full in¬ 
troduction to the IC timer, the types, and general usage pointers. Many 
surprisingly useful audio related uses. An excellent practical and 
theoretical volume with lots of reference data. 430 pp., softbound 

Each $17.95 
S-18 TTL COOKBOOK by Don Lancaster. Everything the beginner 
will need to know about transistor logic elements and usage. It has be¬ 
come a reference guide for engineers as well. Softbound. Each $14.95 
S-19 SOUND SYSTEM ENGINEERING |2nd Ej | by Don and Caro¬ 
lyn Davis. A thorough introduction to sound systems for halls, studios, 
outdoor locations and much else; now expanded! This edition went in¬ 
to publication 11/86 it is a hard bound consisting of 665pp., 7‘/2x9M 
replacing the previous softbound issue. Each $39.95 
S-22 MODERN DICTIONARY OF ELECTRONICS [6th En | by 
Rudolph Graf. This book should be in every library. It has more than 
20,000 terms unique to electronics and other closely related fields. 
From angstrom to zoom lens, you'll find it in this updated dictionary. 
1984, 1152pp., hardbound. Each $39.95 

S-25 ELECTRONIC PROTOTYPE CONSTRUCTION ¡1st Ed] by 
Stephen D. Kasten. Here's a great book for either the beginner looking to 
try electronic prototyping for the first time or the expert looking for a 
handy reference guide. Areas covered include wire wrap and related 
techniques such as solder pad and perfboard assembly. This book will 
help you through all the pitfalls of PC board design, and will help you put 
the project together in an attractive but functional package. 1983,399pp., 
softbound. Each $17.95 
S-26 CMOS COOKBOOK [1st Ed ] by Don Lancaster. CMOS is low 
cost and widely available, and it uses an absolute minimum of power. 
It’s also fun to work with and very easy to use. This book offers practi¬ 
cal circuits and does not dwell on math or heavy theory. Eight chapters 
cover just about every aspect of CMOS usage. Projects include high-

performance op amps, TV typewriter, digital instruments, music syn¬ 
thesizersand videogames. 1977, 414pp., softbound Each $14.95 
S-27 DESIGN OF OP AMP CIRCUITS [1st Ed | by Howard Berlin. 
W3HB Op amps are a versatile and inexpensive integrated circuit. 
They can be used for linear amplifiers, differentiators, integrators, 
voltage and current converters, comparators, rectifiers, oscillators and 
more. The text includes 37 different uses and applications for op amps. 
Beginnerswill find this book helpful. 1977, 221pp., softbound. 

Each $12.95 
S-28 HANDBOOK FOR SOUND ENGINEERS: The New Audio Cyclo¬ 
pedia edited by Glen Ballou. Thirty-one sections covering just about 
every aspect of audio engineering from room acoustics, loudspeakers 
and amplifiers, to soundfield measurements and image projection. A 
complete audio reference library in itself, the most comprehensive and 
authoritative work on audio available. 1987, 1250pp., hardbound 

Each $79.95 

WILEY BOOKS 
W-l HIGH PERFORMANCE LOUDSPEAKERS [3rd Ed] by Martin 
Colloms. A thorough revision of the 2nd Ed (1980) updates and expands 
this authoritative volume. The author surveys new developments in 
the four-year interim and adds some highly original proposals for low 
frequency alignments, listening tests and much else. Colloms’ book is 
indispensable for the serious speaker builder. Hardbound. 

Each $34.95 

MCCRAW-HILL 
MH-l HANDBOOK FOR ELECTRONICS ENGINEERING TECHNI¬ 
CIANS I 2nd En I by M. Kaufman and A H. Seidman. A comprehensive 
compendium of electronic facts. Component selection, circuit analy¬ 
sis, power supplies, IC uses and characteristics, op amps, transistors, 
batteries and tubes. A one-volume encyclopedia on how components 
work and how to choose the best of them for your application. Includes 
seven new chapters on topics such as logic analysis, fiber optics, active 
filters, digital test gear and microprocessors. 752pp., hardbound 

Each $45.95 
MH-2 HOW TO MAKE PRINTED CIRCUIT BOARDS by loel 
Goldberg. All the topics on making your own circuit boards are covered 
both in theory and in practical advice: design and layout, artwork prep¬ 
aration, photo layout, silk screening, and etching. Each $8.90 
MH-3 LEARNING ELECTRICITY AND ELECTRONICS THROUGH 
EXPERIMENTS by J. A. 'Sam" Wilson and Milton Kaufman. Using 
four perfboards and typical "junk box' ' parts, this book demonstrates 
theoretical principles in 54 circuits you can build as you learn. 

Each $10.95 

NATIONAL SEMICONDUCTOR -
N-5 VOLTAGE REGULATOR HANDBOOK. A manual which simpli¬ 
fies selection of three-terminal regulators depending on your needs, and 
which offers information on heatsink selection and design, along with 
transformer and filter specifications. 312pp., softbound. Each $7.00 
N-6 LINEAR DATA BOOK 1. First book in a comprehensive 3-volume 
set of specifications and applications. Topics covered, with example 
circuits, include voltage regulators, op amps and buffers, voltage com¬ 
parators and instrumentation amplifiers 1988 Edition. l,250pp., 
softbound. Each $16.95 
N-7 LINEAR DATABOOK 2. This second volume includes informa¬ 
tion on active filters, analog switches and multiplexers, both analog-to-
digital and digital-to-analog converters, temperature sensors and 
voltage references. 1988 Edition. 920pp., softbound. Each $10.95 

N-8 LINEAR DATABOOK 3. The third book in this series focuses on 
audio, video and radio circuits. Also included is information on an array 
of special functions. 1988 Edition. 750pp., softbound Each $10.95 

N-678 LINEAR DATABOOKS. As above, complete 3-volume set. 
Each $35.00 



DOVER BOOKS 

D-l REPRODUCTION OF SOUND by Edgar Villchur. An elegantly 
simple 92-page softbound primer on the subject by the man who in¬ 
vented the bookshelf speaker. Loan or give it to friends who want to 
build a system as good as yours. Each $6.00 
D-3 MUSIC, PHYSICS AND ENGINEERING [2nd Ed | by Harry F. Ol¬ 
son. A thorough introduction to the physical characteristics of sound 
and the relationship of sound to musical instruments by the former 
head of staff at RCA's lab for acoustical and electromechanical research 
at Princeton, NJ. A classic by one of the giants in the audio field. Good, 
easy to read chapters on acoustics, mikes and recording, recording and 
playback systems, as well as an electronic music chapter. 1967,460pp., 
softbound. Each $14.25 

PRENTICE-HALL 

PH-1 HANDBOOK OF SIMPLIFIED SOLID-STATE CIRCUIT DE¬ 
SIGN [2nd Ed. I by John Lenk. Design rules for basic circuitry including 
audio amps, integrated circuits, wave forming and shaping plus power 
supplies. Assumes basic theoretical base. Discusses purposes and types 
of testing. Each $39.95 

TAB BOOKS 

T-5 IC VOLTAGE REGULATOR SOURCEBOOK WITH EX¬ 
PERIMENTS by Vaughn Martin. This sourcebook provides the 
knowledge needed to fully understand, design and service modern 
power supplies. It introduces the components found in all power supply 
designs, transformers, diodes and capacitors as well as concepts like 
AC, DC and filtering. The book covers bipolar and MOS transistors, ICs 
used in regulators, switch mode designs and output indicators. 
Diagrams, data sheets and illustrations. 256pp., softbound. 

Each $14.95 
T-6 ELECTROSTATIC LOUDSPEAKER DESIGN AND CONSTRUC¬ 
TION by Ronald Wagner. An exceptionally well written and illustrated 
builder's book. 256pp., softbound. Each $15.95 
T-7 BASIC ELECTRONICS COURSE [2nd Ed | by Norman H 
Crowhurst. This highly recommended textbook defines literally every 
aspect of electrical behavior and state-of-the-art electronics. Included 
are fundamental building blocks of theory and practice such as Kirch¬ 
hoff's Laws, properties of resistance, electron flow, magnetic fields and 
power calculations. 430pp., softbound. Each $15.95 

The PENGUINS 

P-1 THE NEW PENGUIN STEREO RECORD & CASSETTE GUIDE 
[3rd Ed ) by Edward Greenfield, Robert Layton, and Ivan March. Draw¬ 
ing on profound technical knowledge and on vast musical and historical 
learning, this newly revised and updated guide to recorded classical 
music deals with more than 4,000 disks, cassettes and compact discs, 
giving details of title, performers, record number, label and price range. 
1,387pp., softbound. Please add $1.00 for shipping. Each $12.95 
P-2 A NEW DICTIONARY OF ELECTRONICS by E. C. Young. This 
remarkably compact reference covers electronics from A-Battery to Z-
parameters with succinct, concise definitions and illustrations. A quick 
reference completely revised and updated with lots of added charts and 
reference data. 618pp., softbound. Each $7.95 

P-3 A NEW DICTIONARY OF MUSIC [3rd Ed , 1973; first pub. 1958) 
by Arthur Jacobs. Alphabetically arranged entries covering composers, 
individual musical works, orchestras, performers, conductors, musical 
instruments, and technical terms. 458pp., softbound. Each $8.95 
P-8 INTRODUCING MUSIC by Otto Karolyi Even if you've listened 
to music for years, you may be surprised at how little you know about 
its fundamentals. A beautifully basic and spare introduction to the 
grammar and vocabulary of music—enough to understand the language 
without speaking it. It will deepen almost any non-musician music 
lover’s pleasure in listening. 174pp., softbound. Each $5.95 

GRAMOPHONE PUBLICATIONS 

G-l LIVING WITH HI-FI |3RDED , 1983] by lohn Borwick. Audio Editor 
of England's Gramophone Magazine, John Borwick does a basic in¬ 
troduction to "hi-fi” in a comprehensive and helpful survey of what good 
sound is and how to realize it in a home installation. The book reviews 
all audio system components, including digital cassette recorders. It is 
exceptionally helpful about correct installation procedures. Excellent in¬ 
troduction for friends new to audio. 120pp. softbound $7.00 

HOUSE OFFERINGS 

BKAAl AUDIO AMATEUR LOUDSPEAKER PROJECTS. A collection 
of 25 loudspeaker construction projects. These are the complete articles 
as they appeared in Audio Amateur (1970-79). Since 1980, Speaker 
Builder magazine has been the forum for these authors and designers 
Although some of the projects are showing their age, many embody 
ideas that can be developed using our newer knowledge and insights. 
The electrostatic devices are still unsurpassed by anything done since. 
The collection is a rich source of both theory and practice as well as 
design. 135pp., softbound, 816x11. Each $20.00 
BKAA2 THE LOUDSPEAKER DESIGN COOKBOOK (3rd Ed I by 
Vance Dickason. Everything you need to build the loudspeaker system 
you have always wanted but could not afford. Easy ways to pick the ex¬ 
act box size, the ideal drivers, the most pleasing finish and the correct 
way to feed your music to your new superb loudspeaker system. Proven 
designs, where to buy low cost parts and how to test the results for 
yourself. 82pp., softbound, 8‘/2xll. Each $19.95 
BKAA3 AUDIO ANTHOLOGY (Vol. 11 A fascinating documentary ot 
sound reproduction as presented in the pages of Audio Engineering 
magazine. Featuring 38 articles from May 1947 to December 1949, of a 
period in our history after WWII, when advances in audio technology 
were exciting and new. Compiled by editor, designer and author, C.G. 
McProud, this volume will be of interest to all audio enthusiasts 
124pp., softbound, 816x11. Each $16.95 

To order from Old Colony Sound Lab, please write each book s number 
below with quantity of each and price. Total the amounts and remit by 
Check, money order, MasterCard, or Visa. For charge card orders under $10 
add $2 service charge Please add Si .75 for postage on the first book; 50C 
per additional book, orders shipped outside the US please add S4.50 for 
postage. All remittances must be in US funds. Please use clear block 
capitals. NOTE: Prices are subject to change without notice Books are not retur¬ 
nable for exchange or credit. 

Qty. Book No. Price 

Postage 5_ 
□ Check/MO □ MasterCard/Visa total S_ 

NAME MAGIC NUMBER 

STREET AND NO 

CITY STATE ZIP 

MASTERCARD OR VISA NUMBER EXPIRATION DATE 

OLD COLONY SOUND LAB 
PO Box 243. Peterborough. New Hampshire 03458 usa 

Telephone Charge Card Orders: (603) 924-6371 or 924-6526 



PHOTO 1: The Online in all its unglory. The wad of 
cotton on the enclosure front keeps the tweeter leads 
from vibrating. Note the 2i! series resistor used to 
raise Q,. 

the bottom was actually the back when 
I used it as a midrange.) 

I first thought I may be crazy to con¬ 
sider using this enclosure, a thought you 
may share, along with many others. 
Later, curiosity overcame my self-dep¬ 
recation and I worked out the equations 
for the little box. The stuffing density 
came to 1.279 Ib./ft.3, hardly anything 
described by Dr. Bailey. The minimum 
cross section, at 22.8 in.2, was feasible 
at least, as my enclosure's cross section 
is 25 in.2. Q,s came to 0.6398 and now 
the whole project looked like a loser and 
a waste of my time. I didn't have a 4" 
speaker with a Qis that high. 

After a lot of stalling, I decided to pro¬ 
ceed. It would be an acid test for the 
equations. I modified a Radio Shack 
40-10221 which yielded a calculated Qj S 

of 0.66, using 2Í2 series resistance and 10 
grams of V solid lead wire around the 
dustcap. 1.70 would have come to 0.638, 
but I didn't have the necessary values. 
Using series resistance is going against 

my own advice, but I couldn't see 
wasting a woofer on my hare-brained 
project. 

I estimated the net internal volume at 
0.149 ft.' and used 86 grams (2.9 oz.) of 
polyester fiberfill. In addition, I lined the 
walls with a layer of surgical cotton, as 
it comes off the roll, which I spot-glued 
in place. 

I connected 14-gauge wire to the woof¬ 
er and terminated the ends in banana 
jacks. The wires merely extended out the 
bottom of the enclosure. As this was a 
quick-and-dirty breadboard type project, 
partly due to lack of faith in it and part¬ 
ly due to my natural laziness, I merely 
taped the Radio Shack 40-1376 tweeter 
to the enclosure [Photo 1]. 
I leaned the Unline against a wall, 

with the bottom rear edge 6 1/2" from 
the base. (1 figured it needed all the rest 
it could get if it was going to do what 1 
expected of it.) I biamplified the Unline 
through a Marchand XM-1 fourth-order 
crossover using a crossover frequency of 
about 3.5kHz. 

CONCLUSIONS. As it turns out, the 
darned little thing works, and very well 
indeed. It sounds very much like my 
other lines, which isn’t so surprising, 
since they use the same components. 
The sound is clean and open and very 
natural. On my Michael Murray organ 
CDs (Telare), I am sure some fundamen¬ 
tals are missing, but not noticeably, or 
in any significantly disappointing way. 
It sounds "right." 

Of course, the small driver, dense stuf¬ 
fing and 2Í2 series resistor means it isn t 
as efficient as my other lines. The overall 
maximum SPL isn't as great either, but 
in my small apartment room of 1400 ft. 3 

it provides more volume than I want. 1 
measured a single impedance peak of 
22.6S2 at 34Hz (free air resonance was 
about 39Hz). 1 am quite pleased with the 
Unline's performance, which vindicates 
my equations. 

As a further check, I have constructed 
5, 8, and 10" driver versions of the 
Unline. All perform well. Should you be 
tempted to experiment a bit, I would be 
happy to know your results. For those 
interested, I have devised Table 1, listing 
various lines as a function of Qls , rang¬ 
ing from the "standard" to approximate¬ 
ly the Unline. To arrive at values be¬ 
tween those given, just interpolate, or 
work out the equations on any calculator 
with an 1/x and a square root key. 
You can use this method with your 

favorite transmission line enclosure. For 
instance, if your "standard" model is a 
10-foot line with a 0.5 Ib./ft.’ stuffing 

TABLE 1 

Transmission lines based upon shorter variations 
of an arbitrary "standard” transmission line with 
a length of 72, a stuffing density of .5 Ib./ft.3 of 
polyester pillow stuffing, a minimum crossection 
of 1x the speaker cone area and a speaker Q, s 

of 4 

CL di LLi Cs, 

.40 .500 72.0 1.00 
41 .525 65.3 1.05 
42 .551 59.3 1.10 
.43 .578 53.9 1.16 
44 .605 49.2 1.21 
45 .633 44.9 1.27 
46 661 41.2 1.32 
47 .690 37.8 1 38 
48 .720 34.7 1 44 
49 .750 32.0 1.50 
.50 . 781 29.5 1.56 
.51 .813 27.2 1.63 
.52 .845 25.2 1.69 
.53 .878 23.3 1.76 
.54 .911 21.7 1.82 
.55 .945 20.2 1 89 
.56 .980 18.7 1.96 
.57 1.015 17.5 2.03 
58 1.051 16.3 2.10 
.59 1.088 15.2 2.18 
.60 1.125 14.2 2.25 
.61 1.163 13.3 2.33 
62 1.201 12.5 2.40 
.63 1.240 11.7 2.48 
64 1.280 11.0 2.56 

d, = stuffing density 
LLi = line length 
Csi = minimum crossection factor 

density, a minimum cross section of 1.1 
times the cone area and a Qls of 0.35, 
then a 4-foot line would require: density, 
0.79; minimum cross section, 1.739 x 
cone area; and Qis, 0.44. I used a 0.5 
stuffing density as it seems popular, but 
it could be 0.4, 0.55 or whatever you 
prefer. (I doubt if 0.4 would be a viable 
working density.) 
A word about adding mass to loud¬ 

speaker cones; If the mass is increased 
by a factor of 1.5, Qis would be increased 
by 1.5 1 2 and the resonant frequency is 
reduced by 1/1.5 12 . Of course all of this 
lowers the efficiency of the speaker; it 
drops to 1/1.52, or about 6.3dB. 
Thus, if you have a speaker with a 

cone mass of 20g, a Qls of 0.35, an Fsa 

of 40Hz and an efficiency of 90dB/W/M, 
you could add 10 grams to the cone to 
arrive at a speaker with a Qls of about 
0.429, Fsa about 32.7Hz and an efficien¬ 
cy of about 83.7dB/W/M. I find the best 

Continued on page 36 

1. Radio Shack's current 4-inch woofer ver¬ 
sion is the 40-1022A which may not give the 
same results in this application. See Mr. 
Cockroft’s reply to Mr. Lewellen in this issue's 
Mailbox section, for details. 
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ZALYTRON 
YOUR ONE STOP SHOPPING CENTER 

SERVING BRANDS 
• SPEAKER BUILDERS • POLYDAX • PHILIPS 
• HOBBYISTS • PEERLESS 
• MANUFACTURERS • SIARE 
• SCHOOLS, ETC. • PRECISION, ETC. 
k ONE OF THE LARGEST INVENTORIES ON THE EAST COAST OF 
\ WOOFERS, MIDRANGES, TWEETERS, CROSSOVERS, COILS, 

CAPACITORS, WIRE, CABINETS, ALL COLORS GRILL CLOTH 

PHILIPS SPECIALS PRECISION SPECIALS 

Limited Quantity 

A. Polydax HD20B25 
J-8" Woofer $8.00 

B. Polydax HD9.8D25A2CFF/8 
Dome Tweeter $7.00 

C. Polydax 5" Bass Midrange $8.00 
D. Philips AD AD5060/W 

Woofer $7.00 
E. Philips Polycarbonate 

Dome Tweeter 11410 $5.00 
F. Philips AD80601/W Woofer $7.00 
G. Original Peerless LK10 

one inch Dome Tweeter $5.00 
H. Original Peerless PHT19 

3/4" Dome Tweeter $5.00 

'OUR WAREHOUSE IS OPEN FOR PICK-UP 10AM TO 6PM DAILY, MONDAY THRU SATURDAY^ 
UPS ORDERS SHIPPED SAME DAY • MINIMUM ORDER $50.00 

ZALYTRON INDUSTRIES CORP. 
469 JERICHO TURNPIKE, MINEOLA, NY 11501 

TEL. (516) 747-3515 
V FOR ALL YOUR NEEDS—WRITE OR CALL AND ASK FOR ELLIOT! J 

Fast Reply HHC1131 



ACTIVE FILTER DESIGN WITH 
CROSSOVER CALC 

BY FERNANDO GARCIA VIESCA and MARCO A. PEREZ 

Simulating parameters is one of the 
many applications of that useful de¬ 

vice, the op amp. The active filter, which 
replaces bulky, expensive inductors and 
large value capacitors with only resistors 
and small value capacitors, captured 
many design engineers' fancy. Not only 
is the circuit more compact and less ex¬ 
pensive, but other quickly realized bene¬ 
fits are better signal-to-noise ratio and 
elimination of required impedance 
matching. Nevertheless, active filter 
design remained outside the reach of the 
average electronics experimenter, mainly 
due to the complex mathematical calcu¬ 
lations required for this type of circuit. 

Fortunately, the need for this circuit 
is so great that many engineers have 
worked to find a simplified calculation 
procedure. We use one in the following 
program,1 that allows you to calculate 
any high- or low-pass filter with the ease 
of just loading a BASIC program. The 
key to these simplified filter calculations 
is using precalculated constants for the 
different filter types. 

We shall use the constants for a But¬ 
terworth filter, in four different con¬ 
figurations (high- and low-pass in second-
and third-order). We chose the Butter¬ 
worth response because it is a maximal¬ 
ly flat filter, that is, the actual filter re¬ 
sponse very closely approaches an ideal 
one. 

PROGRAM DESCRIPTION. The pro¬ 
gram is divided into four main sections 
and two subroutines, as follows: 

Third-order low-pass filter: Line 140. 
For a given frequency, this program 
calculates the capacitor and resistor net¬ 
work for a low-pass response. 

Second-order low pass-filter: Line 400. 
Same as above, but this network has on¬ 
ly two capacitors and resistors. 

Third-order high-pass filter: Line 640. 
For a given frequency, it calculates the 
capacitor and resistor network for a high-
pass response. 

Second-order high-pass filter: Line 890. 
Same as above but the network has only 
two capacitors and two resistors. 
Frequency-select subroutine: Line 

1110. Prompts the cutoff frequency 
(hertz) and converts it to radian-second. 

Order-Selection subroutine: Line 1170. 
Prompts the filter-order and directs the 
program to the proper program segment. 

The circuit configurations you use 
with this program are shown in Fig. 1. 
You can see that all the resistors for the 
low-pass filters and all the capacitors for 
the high-pass filters are equal-valued. 
Each respective program section, there¬ 
fore, prints only a single value. For ex¬ 
ample, in a second-order high-pass filter 
there will be RI and R2, but only one 
C, so substitute this value for all similar 
parts. 

USING THE PROGRAM. Remember 
this useful trick before starting the pro¬ 
gram: It is much easier to find a precise 
value for a resistor than a capacitor. Set 
the capacitor's value to a standard, easi¬ 
ly availiable part, and let the resistors be 
the odd valued parts. In the very worst 
case, odd resistor values may be 
achieved with a trimpot. Also, all resistor 
values should be entered in full; a 6800Í1 
resistor should not be entered as 6.8k, 
even though I show it that way in the 
text, for the sake of clarity. 
The program starts with a prompt: 

WHAT KIND OF FILTER WOULD YOU LIKE? 
(1) HIGH-PASS (2) LOW-PASS 

You may choose either configuration. 
Then: 

CHOOSE THE ORDER THAT YOU WISH 
(2) 2ND-ORDER (3) 3RD-ORDER 

When you select the filter order, the pro¬ 
gram then prompts the frequency: 

ENTER FREQUENCY => 

The frequency should not be zero. The 
frequency is converted to radians-second 
and then the program goes to the prop¬ 
er filter configuration and order. 

LOW-PASS FILTER DESIGN. Both 
low-pass (second- and third-order) sec¬ 
tions of the program are identical. The 
constants are different and the third-
order filter has an additional resistor/ca-
pacitor pair. The program, after loading 
the constants, asks for the resistor value: 

ENTER R=> 

You may then enter any value of 
resistance different from zero. A good 
starting point is to use some standard 
resistor value, like 47k, 120k, IM. The 
actual value at this point is not impor¬ 
tant. After the resistance value has been 
entered, the program calculates the 
capacitors' values and shows them on 
your screen. For example, for a second-
order low-pass filter with fc = 60Hz, and 
a resistor value of 1.2k, you should see 
the following values: 

C1=3.125629MF 
C2 = 1.56281 5mF 
TRY ANOTHER RESISTOR VALUE? Y/N 

1. The description of those procedures is 
beyond the scope of this short article. Those in¬ 
terested should read: Handbook of Operational 
Amplifier Filter Design. D. Stout and M. Kauf¬ 
mann, Chapters 10 and 11, McGraw Hill Co., 
1976. 
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Since a 12kfi resistor yields a capacitor 
value that does not exist, type "Y" and 
the program will prompt you again for 
another resistor value. And what should 
this value be? Since an increase in the 
resistor value will proportionately de¬ 
crease the capacitor value, then you 
should increase the resistor value an 
amount that will yield a practical capaci¬ 
tor value. You can see that a resistor 
31.25 times larger will yield a capacitor 
of O.ImF for Cl and 0.05mF for C2 (round 
off the decimals), which are very com¬ 
mon values. Therefore your resistor 
should be 31.25 x 1.2k= 37.5k resistor 
(37.4k is the nearest 1% value). We enter 
37.5k then, and the following display 
should appear: 

C2 = 5.001 007E-2mF 
TRY ANOTHER RESISTOR VALUE? Y/N = > 

Since those capacitors are now practical, 
we enter "N" and then the following 
display should appear: 

2ND ORDER LOW PASS 
C1 = 1000201 mF 
C2 = 5.001 007E-2mF 
R=375000 
FREQ. =60Hz 

The third-order low-pass filter follows 
exactly the same procedure, but it cal¬ 
culates three different capacitor values. 

Press return, and the program prompts 
the following message: 

DESIGN ANOTHER FILTER Y/N = > 

If your answer is no, you are returned 
to BASIC; if yes, then you are asked the 
filter type, the order and the frequency 
again. 

HIGH-PASS DESIGN Let's suppose we 
chose a third-order, high-pass filter with 
a corner frequency of fc=lkHz in the 
previous step. After preliminary calcula¬ 
tions, the program prompts for an im¬ 
pedance constant: 

Reliable in supply and quality 

HORN DOME TWEETER 

The improved Peerless horn 
loaded dome tweeter now has a 
replaceable selfcentering dome 
assembly. It combines the high 
sensitivity of the horn speaker 
with the low distortion and 
smooth response of the dome 
tweeter. 

The sensitivity is lOOdB and rated 
100 Watts with a frequency 
response of 25OO-2OOOOHz. A 
matching horn dome midrange 
and a woofer with high sensitivi¬ 
ty is also available. A proposal for 
crossover is included in the 
catalog. 

For more information on these 
and other Peerless products, 
together with a distributor list, 
please respond to the reply 
number below. 

PEERLESS OF AMERIC A, INC. 
8<X) W. Central Road 
Mt. Prospect. IL 60056 

312-394-9678 

C1=.1000201mF Fast Reply HHC666 
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CIRCUIT 
BOARDS 

Old Colony’s Boards are made of top quali¬ 
ty epoxy glass. 2 oz. copper, reflowed solder 
coated material for ease of constructing proj¬ 
ects which have appeared in Audio Amateur 
and Speaker Builder magazines. The build¬ 
er needs the original article (indicated by the 
date in brackets, i.e. 3:79 for articles in Audio 
Amateur and SB 4:80 for those in Speaker 
Builder) to construct the projects. 
C-4: ELECTRONIC CROSSOVER (DG-13R) 
New 2 x3W board takes 8 pin DIPs. Ten eyelets 
for variable components. |2:72| Each 5.50 
F-6: JUNG 30Hz FILTER/CROSSOVER (WJ-3) 
3x3" [4:75] High pass or universal filter or 
crossover. Each S6.00 
H-2: JUNG SPEAKER SAVER. (WJ-4) 
3'4 x 5'4" |3:77| Each $7.00 
J-6: SCHROEDER CAPACITOR CHECKER. 
(CT-10) I4:78| 3'4 x 6" Each S7.25 
K-3: CRAWFORD WARBLER 3'4x3% 11 79] 

Each $6.00 
K-6: TUBE CROSSOVER. 2x4'4" |3:79| Two 
needed per 2-way channel Each $6.25 

Four $20.00 
K-7: TUBE X-OVER POWER SUPPLY. 5 x 5%" 
|3:79| Each $7.00 
L-2: WHITE LED OVERLOAD & PEAK 
METER. 3x6" 11:80| One channel. 

Each $10.50 
L-6: MASTEL TONE BURST GENERATOR. 
3'4x6%" |2:80|. Each $8.50 
L-9: MASTEL PHASE METER 6% x 2%" |4/80| 

Each $8.00 
SB-A1: LINKWITZ CROSSOVER BOARD 
5'4 x 8'4" ]4:80] Each $14.00 
SB-C2: BALLARD CROSSOVER BOARD 
5'4 x 10" (3:82 & 4:82] Each $14.00 
SB-D2: WITTENBREDER AUDIO PULSE 
GENERATOR 3'4 x 5" (SB 2-83] Each $7.50 
SB-E2: NEWCOMB NEW PEAK POWER IN¬ 
DICATOR 1 x 2" |SB 2:84] Each $2.50 
SB-E4: MUELLER PINK NOISE GENERATOR. 
4'/sx23/ls" (4:84| Each $8.50 

More than 80 boards in stock. 
Write tor complete list. 

Old Colony Sound Lab 
PO Box 243. Dept. SB. Peterborough NH 03458 

To order, please write each board's num¬ 
ber below with quantity of each and price. 
Total the amounts and remit by check, 
money order. MasterCard or Visa. U.S. 
orders are postpaid. For orders under S10 
please add S2 service charge. Canadians 
please add 10%. other countries 20% for 
postage. All overseas remittances must be 
in U.S. funds. Please use clear block 
capitals. 

NAME 

STREET & NO 

CITY STATE “ ZIP 

No. Bds. Price 
Board No. S 
Board No. $ 
Board No. S 

Total $ 

ENTER IMPEDANCE SCALING CONSTANT = > 

This constant will modify the capacitor 
and resistor values. Right now, give it a 
value of 1. The following display should 
appear: 

R1 = .2820 
R2 = .71848 
R3 = 4.941Q 
0 = 159.1551gF 

TRY ANOTHER CONSTANT? Y/N = > 

For a capacitor value, 159.1551gF is too 
large, and 0.282Í2 is too small for a 
resistor value. The impedance scaling 
constant allows you to decrease the 
capacitor's value and increase the 
resistor's value by the same factor. Since 
it is easier to find odd valued resistors 
than capacitors, let's use a constant that 
will give an available capacitor. If we 
choose a 0.0 IpF capacitor, then the con¬ 
stant should be: 159.1551/0.01 = 15915 
(disregarding decimals). 
So, answer yes to the question and use 

this constant. The computer will then 
display the recalculated values: 

R1 =4488.0310 
R2= 11433.340 
R3 = 78636.020 
C = 1 000032E-02gF 
TRY ANOTHER CONSTANT Y/N = > 

The standard 1% resistor values are 
4.53k0, 11.5kQ and 78.7kQ, respectively, 
for RI, R2, and R3. These are practical 
value resistors, therefore answer no. The 
computer displays the final calculated 
values: 

3RD ORDER HIGH PASS 
R1 =4488.0310 
R2= 11433.340 
R3 = 78636.020 
C=1 000032E-02gF 
FREQ = 1000Hz. 

The procedure for the second-order high-
pass filter is identical, but only two 
resistor values will be displayed, instead 
of three. After you press return, the pro¬ 
gram asks: 

DESIGN ANOTHER FILTER? Y/N = > 

Yes, allows you to calculate another filter 
configuration, and no returns you to 
BASIC. 

TIPS AND TECHNIQUES. The best 
computer program may be rendered use¬ 
less if you allow sloppiness to creep into 

the real world. Please use the following 
tips whenever building an active filter: 
Choose the op amp carefully. You 

would be unwise to use a common 741 
for a high-pass filter with a cutoff fre¬ 
quency of 25kHz. The slew rate and 
power bandwith of the op amp should 
be taken into account. Also choose low 
noise op amps if you will use these filters 
in high quality audio applications. 
Choose the proper capacitor. Use the 

closest tolerance capacitor available 
(usually 5%), and with good temperature 
stability. Do not use electrolytics, or even 
tantalum types; NPO ceramics or poly¬ 
styrene capacitors are best. 
Choose the proper resistor value. 

You've realized while working with the 
program that a capacitor value may be 
substantially decreased by a resistor's in¬ 
crease in value. This is desirable, but a 
high impedance circuit is easily affected 
by noise and the op amp's bias currents. 
Try the smallest resistor value that will 
yield an availiable capacitor. But don't 
go too far in the opposite direction. A 
small impedance will overload the op 
amps. 
The signal source impedance must be 

at least 10 times smaller than the small¬ 
est resistor value; if not, use an input 
buffer. *b 
Note: The program was written in GW-

BASIC—some statements, particularly the 
clear screen command ¡CLS), may be dif¬ 
ferent in other versions of BASIC. 

Copies of Mr. Viesca's program are available 
on õVt" 360K DSDD IBM compatible disk 
by sending $5 to Old Colony Sound Lab, PO 
Box 243, Peterborough, NH 03458. Letters or 
queries to Mr. Viesca should include a 
stamped, self-addressed envelope and one in¬ 
ternational Postal Coupon. 

UNLINE 
Continued from page 32 

way to add mass is to glue a ring of lead 
or solid core solder, around the cone's 
dustcap junction. Make the ring curve 
equal to the dust cap's circumference 
and cut into 4 segments; it will lay flat¬ 
ter and fit into the junction better. I 
usually use white glue, which so far has 
held well, even on polypropylene. You 
may prefer RTV silicone rubber 
adhesive. If the cone has a viscous 
coating I don’t know what works best. 

I hope this article brings a glimmer of 
renewed interest to transmission line 
theory, and particularly smaller systems. 
There is no reason why those who lack 
the space for a classic line should be 
deprived of naturalness in their sound 
systems. 
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COMPACT DISCS 

DIGITAL MUSIC PRODUCTS INC. 
CD-441 Warren Bernhardt Trio Warren Bernhardt. 
Warren Bernhardt (piano), Eddie Gomez (acoustic bass), 
Peter Erskin (drums). “...Utterly clean, with a sparkl¬ 
ing, crystalline sound and superb transient attack." 

—Audio 

CD-442 Salamander Piejis Leonhart. Jay Leonhart 
(vocals, bass), Mike Renzi (piano), "...vivid expressions 
of a rare sensibility.” —New York Post 

CD-44J Tricycle Flint & the BBs. Billy Barber (key¬ 
boards), Bill Berg (drums), Flint Johnson (basses), Dick 
Oatts (sax, flute and clarinet). ' Best jazz CD of 1985. ’ ' 

—Digital Audio 

CD-444 Relaxin ’ Joe Beck. Joe Beck (guitar), Jay Leon¬ 
hart (bass), Grady Tate (drums). "... smooth, jazz guitar 
playing splendidly recorded. Easy on the ears, warm¬ 
ing to the soul. ” —Playboy 

CD-445 Shades of Gray Billy Barber Billy Barber 
(piano, vocals), "...the piano sound is superb, always 
ultra clean, with very precise and fast transient attack 

-Audio 

CD-446 Friends Joe Beck. Joe Beck (electric guitar), 
Michael Brecker (tenor sax), Mark Egan (basses), Don 
Grolnick (keyboards), Jay Leonhart (acoustic bass), Steve 
Gadd (drums). " neatly spans both fluid jazz and 
denser, rock-inflected timbres. —High Fidelity 

CD-447 Tunnel Flint & the BBs. Billy Barber (key¬ 
boards), Bill Berg (drums), Flint Johnson (basses), Dick 
Oatts (sax, flute and clarinet). "Best jazz CD of 1986. ” 

—Digital Audio 

CD-448 The Pugb-Taylor Project Jim Pugh, Dave Tay¬ 
lor. Jim Pugh, Dave Taylor (trombones), George Young, 
Gerry Niewood (sax, flute), Lew Del Gatto (sax, clarinet, 
flute), Jesse Levine, Olivia Kopell (viola) Jesse Levy, 
Nathan Stutch (cello), Kirk Nurock, Bill Dobbins, Ethyl 
Will (piano), Keith Foley (synthesizer), SheUy Wood¬ 
worth (oboe), John Beal, Mark Johnson (bass), Gordon 
Gottlieb, David Friedman (percussion), David Ratajczak 
(drums). 

CD-449 Liquid Silver Andy LaVerne. Andy LaVerne 
(piano), John Abercrombie (guitar), Eddie Gomez (bass), 
Peter Erskine (drums), the Essex Quartet (strings). 

subtle, quiet, inventive jazz compositions and a 
crystal-clear sound ” —Audio 

DMP recordings are made with careful consider¬ 
ation to all elements in the recording chain. The 
recent acquisition of custom-designed, Class-A 
recording electronics (from Mark Levinson’s 
Cello Ltd.) has taken us even further in providing 
our listeners with CDs characterized by unique 
musical accuracy, steep wavefronts of sound and 
high frequency transients. In short, DMP record¬ 
ings extend the limits of the CD listening ex¬ 
perience. However, there is more to the DMP 

CD-450 Share My Dream Gerry Niewood. Gerry 
Niewood (sax, flute), Joe Beck (guitar), Jay Leonhart 
(acoustic bass), Michael Camilo (keyboards), Dave Weckl 
(drums), Wayne Pedzwater (electric bass), Jim Saporito 
(percussion). 

CD-451 Incredible Journey Bob Mintzer Big Band Bob 
Mintzer, Lawrence Feldman, Peter Yellin, Michael 
Brecker, Bob Malach, Roger Rosenberg (saxophones). 
Marvin Stamm, Randy Brecker, Laurie Frink, Bob 
Millikan (trumpets), David Bargeron, Bob Smith, Keith 
O’Quinn, Dave Taylor (trombones), Don Grolnick 
(piano), Lincoln Goines (bass), Peter Erskine (drums), 
Frankie Malabe (percussion). " the best big band ever 

—Digital Audio 

CD-455 NY Cats Direct John Tropea. John Tropea. Jack 
Cavari, David Spinozza (guitars), Warren Bernhardt, Don 
Grolnick, Tom McFaul, Richard Tee (keyboards), An¬ 
thony Jackson, Neil Jason (bass), Steve Gadd, Alan 
Schwartzberg, Lou Marini, George Young (reeds). "What 
they put on CD during their sessions is one of the best 
jazz CDs we've got in our library " —Trax 

CD-454 Big Notes Film & the BBs. Billy Barber 
(keyboards), Bill Berg (drums), Flint Johnson (basses), 
Dick Oatts (sax, flute and clarinet). "Will go down in 
the annals of digital recording as the beginning of a 
new era in jazz on CD." —Digital Audio 

CD-455 Lighthouse Bill Barber Billy Barber (keyboards. 
MIDI computers). "The sound of this disc is nothing 
short of immaculate one of the best recordings of a 
piano I’ve beard to date But the beauty of this disc 
is that the man behind the electronics is talented, 
thoughtful, and very. very real. " —Digital Audio 

philosophy than simply advanced technology. 
In fact, Compact disc sound quality often suf¬ 
fers from too much technology—the “more is 
better” syndrome of the recording industry to¬ 
day (i.e., more mies, more tracks, more pro¬ 
cessing). At DMP we have returned to the basics, 
limiting all elements in the recording chain to 
the critical essentials and recording live to digital 
two-track. 

CD-456 Camouflage Bob Mintzer Big Band Bob Mint¬ 
zer, Lawrence Feldman, Peter Yellin, Bob Malach, Roger 
Rosenberg (sax), Marvin Stamm, Randy Brecker, Laurie 
Frink, Bob Millikin (trumpets), Chris Seiter. Bob Smith, 
Keith O’Quinn. Dave Taylor (trombones), Don Grolnick 
(piano), Zev Katz (bass), Peter Erskine (drums), Frankie 
Malabe (percussion). 

CD-457 Warren Bernhardt Warren Bernhardt (piano), 
Peter Erskine (drums), Marc Johnson (acoustic bass), 
Anthony Jackson (electric bass), John Tropea (electric 
guitar), Kenny Ascher, Robbie Kondon, Rick Tuttobene 
(synthesizers), "...a stunning piano recording, flawless 
playing, exceptionally well recorded " —Hi Fi News 

CD-458 Neon Him & the BBs Billy Barber (keyboards), 
Bill Berg (drums), Him Johnson (basses), Dick Oatts (sax, 
flute) ’ Another exciting triumph from Him & the BBs! 
There ’s a marvelous blending of energy and gentle shim¬ 
mer to this CD music Highly recommended 

—High Performance Review. 

CD-459 Braziliana Manfredo Fest. Manfredo Fest 
(keyboards), Portinho (drums), Cyro Baptista (percus¬ 
sion), Paul Socolow (bass), Roberta Davis (vocals) 

immaculately dean, dynamically exciting sound 
—Audio 

CD-460 Thom Rotella Band Thom Rotella Rotella 
(guitars), Wayne Pedzwater (bass), Mark Minchello 
(keyboards), Clint de Ganon (drums). "Emotional 
acoustic and electronic music, combining influences of 
ethereal sounds, rock, jazz-fusion and pop 

— The New York Post 

CD-461 Spectrum Bob Mintzer Big Band 

DIGITAL MUSIC PRODUCTS INC. COMPACT DISC ORDER FORM 

Qty. 
CD-441 _ 

CD-442_ 

CD-443 _ 

CD-444_ 

CD-445_ 

CD-446_ 

CD-447 _ 

CD-448_ 

Qty. 
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A LOW-COST 
TWO-WAY RIBBON SYSTEM 

PHOTO 1: The completed ribbon speaker is 16 tall. 

Probably every SB reader has at one 
time or another read objective and 

subjective praise for ribbon systems. 
Audio magazines list ribbon systems 
among the best speakers obtainable at 
any price. 

But the price! What's a poverty-striken 
audiophile to do? An Infinity 1RS costs 
$45,000; an Apogee Duetta is about 
$3,000. In fact, very few systems of this 
type are priced at less than $2,000 per 
pair. 
However, when I want a piece of 

audio equipment I can't afford, I turn to 
TAA and SB. In this case, I read the ar¬ 
ticle by Michael Lampton and J. Henry 

BY RICHARD PAINTER 

Primbsch, “Simple Ribbon Tweeters” 
{SB 3/84). Their comprehensive work on 
the subject allowed me to construct a rib¬ 
bon driver for a two-way ribbon/cone 
system which suited my needs ¡Photos 
1 and 2). 
I wanted to build a two-way system 

with full range frequency response. But 
why build a ribbon in the first place? 
There are cone or dome drivers to suit 
almost any need. And cone drivers for 
low-frequency reproduction are much 
easier to work with. For me this means 
using a 10-inch or larger woofer for ade¬ 
quate low-frequency power and a 
crossover at or around 1kHz. 
However, I know of no dome tweeter 

that will give a response down to 1kHz. 
Also, the moving mass of a ribbon is 
much less than a dome tweeter. A rib¬ 
bon typically has only a few milligrams 
of moving mass, compared to around 
200mg for a dome tweeter! 
A dome tweeter may have a 10 or 

20-ounce magnet as well, while my rib¬ 
bon currently uses 1.08kg or about 39 oz. 
of Alnico V. These two factors combine 
to produce the faster, more detailed 
sound characteristics usually associated 
with ribbon drivers. 

After reading up on ribbon construc¬ 
tion, however, I was a bit discouraged. 
The ribbons in the SB article were low 
efficiency, and were recommended only 
for 4kHz and above. I am a devoted tube 
freak and prefer high driver efficiency, 
to save on output tubes, and a 1kHz 
crossover, or lower. Looking at some 
commercial ribbon drivers convinced 
me the lower crossover point was possi¬ 
ble, but to get the efficiency I wanted 
would be a challenge. I decided to try 
a 16-inch ribbon in a magnet structure 
consisting of two steel pieces, y8-inch 
thick, 2 by 16 inches; and a single steel 
backplate, 4 by 16 by y8" ¡Fig. 1). 

PHOTO 2: The ribbon midrange/tweeter atop my 
transmission line. 

Fortunately, I know an excellent 
machinist, Arnold Kaczor, who made the 
plates from scrap steel. If you do not 
have the equipment to make these 
plates, I am sure most machine shops 
could produce the pieces, or you may 
contact Mr. Kaczor (see Sources). 

1. Colloms, Martin, "The Flat Response," 
Stereophile, Vol. 10, No. 1, p. 110. 
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FIGURE 1: Construction design—16 by 4 by ’/, inch¬ 
es (back plate). 

MAGNETS. Edmund Scientific stocks a 
rectangular magnet which is suitable. I 
ordered 48 (about $25 per channel, plus 
shipping). When I had both the steel and 
magnets I arranged them as shown in 
Photo 3. Caution: Do not get your fingers, 
or anything else you value, between the 
two speaker plates. They will snap to¬ 
gether like a guilhotine with no warning. 
For safety, while working I placed Vz-
inch wood blocks between them. 
I now had to find a ribbon material. 

I broke open several cheap capacitors, 
and found a useable ribbon made from 
the foil of an old ceramic body, O.lgF 
600V cap IPhoto 4). I cut a 16-inch length 
of this material into ‘/z-inch wide strips. 
This gave me a low mass and a load of 
about O.5Í2. While this is quite a low im¬ 
pedance, I find it gives my old Dyna MK 
Vis no trouble at all. (I tried Adcoms and 
Haflers which also work well.) 
Now, could I get the efficiency I 

wanted? I had already built a compact 
transmission fine enclosure for a set of 
SEAS P-25 REX 10-inch woofers, and 
since these run 93dB/W/M, if I could get 
the ribbons to keep up with them I 
would be satisfied. I started with 12 
magnets per channel and found I was 
about 6dB short of my goal. But with 24 

PHOTO 3: Magnet placement and plate con¬ 
struction. 

CD PIOMEEH 

to piONGen 

M MOTOROLA 

$435° $3980 #290-083 #290-180 
(1-3) (4-up) 

$530 $450 #270-010 #290-125 GO PIONJEER (1-9) (10-up) 

$2150 $1995#290-053 #270-050 
(1-3) (4 up) 

$7395
#12-100 #260-340 

each 
#260-212 

SPEAKERS AND COMPONENTS 

GO PIONEER 
ELECTRONICS 

ENPIŒ 

Æ>Parts 
^Express CALL 

FREE 
CATALOG 

$650
(1-9) 

TOLL FREE 
1-800-338-0531 340 E First St. Dayton. OH 45402 

Local 1-513-222-0173 
FAX 1-513-461-3391 

• 15 day money back guarantee. • $10.00 minimum 
order. • We accept Mastercard, Visa, Discover, and 
C.O.D. orders. • 24 hour shipping. • Shipping charge 
= UPS chart rate ($2.50 minimum charge). * Hours: 
8:30 am - 6.00 pm EST, Monday - Friday. • Mail order 
customers, please call tor shipping estimate on 
orders exceeding 5 lbs. 

HORN TWEETER 
Exponential horn design 
Mylar dome 3’¿"x3’¿". 
1800-20.000Hz response 
35 watts RMS, 50 watts 
max 

$590 
(10-up) 

WOODGRAIN 
GRILL CLOTH 

Authentic woodgrain print 
design cloth 36" x 60" 

$595 
Per Yard 

31/2" PIEZO TWEETER 
Super horn tweeter Mfg #KSN1005A 
3K-30KHz $1880 $1690

(4-up) 

Made in 
8 WOOFER usa. 

Ribbed paper cone with poly foam roll 
edge 20 oz magnet 4 ohm 50 watts 
RMS. 75 watts max 1'V v.c 

12” 3-WAY, 100 WATT SYSTEM 
Pioneer design engineers carefully 
evaluated the performance characteris¬ 
tics of this speaker systems to ensure 
the best full range frequency response 

System Includes (1) #290-125 poly 
woofer. (1) #280-045 heavy duty S'A" 
m.drange, (1) #270-035 4" soft dome 
tweeter. (1) #260-210 3-way 100 watt 
crossover. (2) #260-255 50 watt L-pads. 
(1) #260-300 terminal, and (1) #260-340 
woodgrain grill cloth Recommended cabinet volume 3.1 
cu ft. 

$3680 $3450
(4-up) 

10" WOOFER 
Heavy duty paper cone with 20 oz 
magnet 60 watts RMS. 90 watts max 
Response 35-3500 Hz. W  v.c. 

150 WATT 3-WAY 
CROSSOVER 
12 dB/octave 3-way cross¬ 
over network 806-5000Hz 
Automatic resetting over¬ 
power protection 

$2180 I each 

Save Over‘S 

^$100° ' 

100 WATTS 
RMS 

12" POLY WOOFER 
Super duty. 40 oz magnet Polypropylene 
cone 100 watts RMS, 145 watts max 4-8 
ohm compatible (6 ohm) 2" voice coil 

15" WOOFER 
56 oz magnet 2'ó- voice coil 150 watts 
RMS. 20C watts max Paper cone with 
poly foam roll edge. 4 ohm 

Fast Reply HHC81 
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PHOTO 4: Ribbon material. 

PARTS LIST 

Qty. Part 
2 16 X 4 X %" Steel with Vz" holes 
4 16 X 2 X %" steel 

48 Alnico magnets IV2 x 1 x %" 4lb. lift 
2 16 x % x %" felt 
2 5-way binding posts 
1 Ceramic bodied capacitor (old TV 

set) 
2 20gF Solen polypropylene caps 
2 .OVF Siemens polystyrene caps 

stack two ribbons per side. Though I 
have not tried many other ribbon 
sources, I have yet to find one that works 
as well. Perhaps you will find a material 
that will give you a 4-8Í2 impedance 
with equal or better efficiency than the 
foil found in some caps. If you do, please 
let me know. 

magnets per channel, the ribbons were 
every bit as efficient as I could wish. 

I used 32/xF capacitance in series with 
each ribbon and got a 6dB/octave, 1kHz 
crossover point. I paralleled a 22^F NP 
electrolytic, which I had on hand, with 
a lOjiF WonderCap. Actually, without an 
enclosure, the ribbons roll off at 1kHz 
without a crossover, due to cancellation 
effects, but the caps protect the fragile 
ribbon material from excessive low-fre¬ 
quency excursions. An additional O.OlgF 
polystyrene bypass cap cleared up the 
high frequency detail considerably. Ex¬ 
perimenting further, I found a 20gF 
Solen cap (polypropylene) bypassed with 
a O.Ol^F polystyrene gave the best 
results. 

I had the frequency response I wanted 
(Fig. 2 shows the prototype's measure¬ 
ments); I had the efficiency I wanted; but 
could they handle power? Well, over the 
last four months I have used them with 
my system ¡Table 1) and pumped deafen¬ 
ing music through them at over 
120W/channel, without a ribbon failure. 
The ribbons now worked very well, 

but I thought back-wave reflections 
caused some minor problems. At first I 
tried two layers of y8-inch felt over the 
steel backplate. This improved detail and 
reduced a very slight ringing sound. 

TABLE I 

TEST SYSTEM 

AR Turntable (Gary Galo's TAA mods) with 
acrylic platter and arm 
board. 

Cartridge Alchemist IA with Monster 
Cable tonearm interconnects 

Conrad-Johnson PV-3 (POOGEd) 
GSI Dyna Mark IVs (modified) 

After looking further at some commer¬ 
cial systems, I decided to drill Vz-inch 
holes to vent the ribbon (Photo 3). This 
also allowed me to use a pair of output 
jacks from a discarded Hafler POOGE 
as ribbon input jacks. The ribbon then 
rests between two small washers held by 
two small nuts I used some scrap plastic 
as an insulator, which also acts as a 
spacer to keep the ribbon frontplates 
apart. Eventually, I decided on one layer 
of felt, 16 by 14 by y8 inches, as damp¬ 
ing material. 
If you want to experiment with rib¬ 

bons, I can offer some practical advice. 
At high volumes, ribbon widths much 
greater than 14 inch can produce a very 
audible and damaging "crinkle" sound, 
such as if you wad up a piece of tin foil. 
Narrower pieces seem to be more 

fragile though they have more acceptable 
impedances. A y8-inch wide ribbon will 
run about 20, all other things being 
equal. If you decide to try a taller rib¬ 
bon, you may have trouble finding 
longer pieces of foil from a capacitor. 
Unless you have another source of rib¬ 
bon material (sheets of aluminized 
Mylar, and so on), it may be better to 

THE SOUND. My design produces 
everything I had come to expect from a 
ribbon midrange/tweeter: clear, clean 
and dynamic sound with excellent im¬ 
aging. My previous reference tweeter, 
the Dynaudio D-28, is a very good one, 
but does not bear comparison with the 
ribbons. There is however, one draw¬ 
back. The ribbons, while having excel¬ 
lent horizontal dispersion, are quite 
directional vertically, and must be placed 
at ear level for optimum listening. 

Another drawback, less important, is 
the somewhat ''unprofessional" ap¬ 
pearance of the ribbon itself. Actually, 
I can make the ribbon look quite good, 
but it requires a great deal of patience 
in cutting and smoothing the material. 
Since my system is usually in a state of 
flux [pun intended?—Ed.], and the ribbon 
works as well if it looks wrinkled, I have 
rarely set up the ribbons to look their 
best. 

Are these ribbons for you? Well, the 
most serious drawback for some people 
is the low impedance, but with tube 
power amps and high current transistor 
amps, it should be no problem. Flexibili¬ 
ty is one of their better attributes. Want 

Continued on page 58 

FIGURE 2: Frequency response, Keele near-field technique—1-20kHz, + 4dB; efficiency—93dB/W/M; 
moving mass—25mg; magnet mass—1.08kg. 
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KITS 
from OLD COLONY 

Post Office Box 243 »Peterborough, NH 03458-0243 

ORDERING INFORMATION Prices, except as noted, are prepaid in the USA and 
insured We prefer to ship via UPS, which requires a street address. If you cannot re¬ 
ceive UPS delivery, please include an extra $2 for insured service via Parcel Post. 
We cannot accept responsibility for safety or delivery of uninsured Parcel Post 
shipments. Orders under $10 please add $2 service charge. 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 
CHARGE CARD PHONE ORDER SERVICE M-F 9am-4pm EDT (603) 924-6371 
MasterCard/ Visa Cards Welcome UPS next day and second day air are available to some areas. 

FILTERS & SPEAKER SAVER — 
KH-2: SPEAKER SAVER AND OUTPUT FAULT DETECTOR [3:77|. This basic 
two-channel kit includes board and all board-mounted components for control cir¬ 
cuitry and power supply. It features turn-on and off protection and fast opto-coupler 
circuitry that prevents transients from damaging your system. The output fault 
detector has additional board-mounted components for speaker protection in case 
of amplifier failure. Each $62 
KF-6:30Hz RUMBLE FILTER. |4:75| This kit implements Walt Jung's 1975 design 
for a low frequency garbage filter. The filter knee is set to 30Hz. Roll-off below that 
knee is the 18dB/octave characteristic of its three pole design. Gain for the filter is 
unity (OdB J but can be simply adjusted for up to 12dB of gain. The reprint of Jung’s 
article explores the use of the filter with other components in crossovers [see kits 
SBK-C1A, C1B, CIC). He showshow to obtain slopes of 6,12 or 18dB in high and 
low pass filters. The kit contains all parts for building a two channel HPF including 
a board |3" x 3"|, quad op amp IC, precision resistors and capacitors. Requires a 
bipolar supply of ± 15V, the KE-5 is suitable. Each $28 

AIDS; & TEST EQUIPMENT 
KK-3: THE WARBLER OSCILLATOR 11:79]. This unit will produce a swept signal 
covering any ló -octave between 16Hz and 20kHz. The total harmonic distortion at 
the output is less than 1.5%. The output voltage is adjustable from 0 to IV. When 
used with a microphone it is as effective as a pink noise source in evaluating 
speaker system performance. It also reveals the listening environment's effect on 
sound through reflection and absorption. The sweep rate is set at about 5Hz. The 
kit includes 3 W " x 3% " circuit board, transformer, all parts and article reprint. 

Each $65 
KH-7: GLOECKLER PRECISION 101 dB ATTENUATOR. [4:77] All switches, 1% 
metal film and 5% carbon film resistors to build prototype. Chassis, input/output 
jacks are not included. Each $62 

KC-5: GLOECKLER 23-POSITION LEVEL CONTROL. |2:72| All metal film 
resistors, shorting rotary switch and two boards for a two-channel, 2dB per step at¬ 
tenuator. Choose 10k or 250kQ. Each $42 
KL-6: MASTEL TIMERLESS TONE BURST GENERATOR. |2:80| All parts with 
circuit board. No power supply. Each $24 

KP-2: TWO TONE INTERMODULATION TEST FILTER. |1:82|. This filter is 
designed to isolate the two high frequency tones at an amplifier's input from low 
frequency intermodulation products present at the output. The high pass filter cor¬ 
ners at 2kHz and rolls off at 24dB/octave. A 5kHz signal at the low pass input will 
be down at the output by 80dB. An article reprint detailing design and use is 
included with the kit. All parts are supplied including quad op amp IC, circuit board 
and precision resistors and capacitors. Each $26 
SBK-D2 WITTENBREDER AUDIO PULSE GENERATOR. [SB 2:83] All parts, 
board, pots, power cord, switches and power supply included. Each $80 
SBK-E4: MULLER PINK NOISE GENERATOR. [SB 4:84| All pans, board, 1% MF 
resistors, capacitors, ICs, and toggle switches included. No battery or enclosure. 

Each $32 

CROSSOVERS — 
KC-4A: ELECTRONIC CROSSOVER, KIT A. |2:72| Single channel, two-way All 
parts including C-4 board and LF351 ICs. Choose frequency of 60, 120, 240, 480, 
960,1920,5k or 10k. KE-5 or KF-3 supplies are suitable. Each $12 
KC-4B: ELECTRONIC CROSSOVER, KIT B. [2:72] Single channel, three-way. All 
parts including C-4 board & LF351 ICs. Choose two frequencies of 60, 120, 240, 
480,960,1920,5k or 10k. Each $15 

KK-6L: WALDRON TUBE CROSSOVER LOW PASS: Single channel, 18dB/oc-
tave, Butterworth, |3:79| includes three-gang pot. Choose 1: 19-210; 43-465; 
88-960; 190-2100,430-4650; 880-9600; 1900-21,000 hertz Each $58 
KK-6H: WALDRON TUBE CROSSOVER HIGH PASS: Single channel, 18dB/oc-
tave, Butterwonh, [3:79] includes three-gang pot. Please specify 1 of the frequencies 
in KK-6L. No other can be supplied. Each $60 
KK-7: WALDRON TUBE CROSSOVER POWER SUPPLY. [3:79| Includes board, 
transformer, fuse, semiconductors, line cord, capacitors to power four tube 
crossover boards |8 tubes!, 1 stereo bi-amped circuit Each $100 
SBK-A1: UNKWITZ CROSSOVER/FILTER. [SB 4:80| Three-way crossover/filter/ 
delay. 24dB/octave at 100Hz and 1.5kHz and 12dB/octave below 30Hz, with 
delayed woofer turn-on. Use the Sulzer supply KL-4A with KL-4B or KL-4C. 

Perchannel $72 Twochannels $132 SBKBoardonly $14 
SBK-C1A: JUNG ELECTRONIC TWO-WAY CROSSOVER. [SB 3:82| 30Hz filter 
with WJ-3 board & 4136 IC adapted as one channel crossover Can be 6, 12 or 
18dB/octave. Choose frequency of 60, 120, 250, 500, Ik, 2k, 5k or 10k. The 
KL-4A/KL-4B or KW-3 are suitable supplies. Each $30 
SBK-C1B: THREE WAY, SINGLE CHANNEL CROSSOVER. |SB 3:82| Contains 2 
each SBK-C1A. Choose high & low frequency. Each $58 
SBK-C1C: TWO CHANNEL, COMMON BASS CROSSOVER. [SB 3:82] Contains 
twoeachSBK-ClA.Choose 1 frequency. Each $62 
SBK-C2: BALLARD ACTIVE CROSSOVER. [SB 3,4:82| three-way crossover with 
variable phase correction for precise alignment. Kit includes PC board [53/( a 
9‘/2"I, precision resistors, polystyrene & polypropylene caps. Requires ± 15V DC 
power supply—not included. Can use KL-4A/KL-4B or KW-3.Two channel $145 

SYSTEM ACCESSORIES 
KW-3 BORBELY IMPROVED POWERSUPPLY 11:87| This single channel, low im¬ 
pedance supply was designed for the exacting requirements of Emo Borbely's 
moving-coil preamp [2:86, 1:87]. The design utilizes polypropylene caps and 1% 
metal film resistors. LM317/337s are used in the preregulator and Signetics 
NE5534 in the op amp regulator. The kit includes a low profile 24V toroidal 
transformer, 4 !4 " x 5 W " circuit board and all board mounted components. Chassis 
and heatsink are not included. Each $130 Twoormore $122 
KE-5: OLD COLONY POWER SUPPLY. Unregulated, ± 18V @ 55mA.Each $20 
KF-3: GATELY REGULATED SUPPLY. ± 18V or ± 15V @ 100mA Each $48 
KL-4A: SULZER POWER SUPPLY REGULATOR. Each $40 
KL-4B: SULZER DC RAW SUPPLY. ± 20V @ 300mA Each $42 
KH-8: MORREY SUPER BUFFER. |4:77| All parts, 1% metal film resistors, NE531 
ICs, and PC board for two-channel output buffer. Each $20 
SBK-E2: NEWCOMB NEW PEAK POWER INDICATOR. [SB 2:84| All parts & 
board, new multicolor bar graph display; red, green & yellow LEDs for one channel 
No power supply needed. Each $14 Two for $22 

KL-2: WHITE DYNAMIC RANGE & CLIPPING INDICATOR. [ 1: 80] One chan 
nel, including board, with 12 indicators for preamp or crossover output indicators. 
Requires ± 15V power supply @ 63 mils. Single channel. Each $58 

Twochannels. $110 Four channels. $198 
KW-1: MAGNAVOX CD PLAYER MODIFICATION Improves frequency re¬ 
sponse. Includes two Signetics NE5535s, two Panasonic HF series 330gF capacitors 
and four 3.92k, 1 % metal film resistors. Each $12 
KW-2: MODIFICATION. As above, but with two AD-712 op amps in addition to 
theNE5535s. Each $16 
KX-1: DISC STABILIZER. Set of 3 Sorbothane feet, 3 Tiptoes and Mod Squad's Disc 
Damper with 15 centering rings. Each Set $75 
KX-2: POOGE-4 CD PLAYER MOD. [1:88, 2:88| Jung/Childress extensive rework 
of the Magnavox CDB 650. Each $163 
HDHFT: HI-FI TIPS. Imported for Old Colony. Solid brass, % "H conical feet for 
components and loudspeakers. Includes self-adhesive pad Each $3.00 

10 or more Each $2.50 

What'S Included? Kits include all the parts needed to make a functioning circuit, such as circuit boards, semiconductors, resistors and capacitors. Power supplies are 
not included in most cases. Unlike kits by Heath, Dyna and others, the enclosure, faceplate, knobs, hookup wire, line cord, patch cords and similar parts are not included 
Step-by-step instructions usually are not included, but the articles in TAA and SB are helpful guides. Article reprints are included with the kits. Our aim is to get you 
started with the basic parts—some of which are often difficult to find—and let you have the satisfaction and pride of finishing your unit in your own way 
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Product Review 
A Giant Leap: 

Beyond Thiele/Small 

LEAP, by Chris Strahm, CNS Electronics, 
Box 42389, Portland, OR 97242, (503) 
231-7247, runs on IBM PC, AT, XT; S149. 

Reviewed by Vance Dickason 

Virtually all the CAD programs for loud¬ 
speaker cabinet design, most of which 
have been reviewed in Speaker Builder, are 
basically calculator programs. They use 
the design equations from Thiele/Small 
second- and fourth-order models and grind 
out all the appropriate numbers. These 
programs also include graphic interfaces 
which allow viewing the predicted re¬ 
sponse on a log scale. 

This predicted response, however, is not 
so much a picture of actual driver re¬ 
sponse in a given cabinet, as it is the filter¬ 
perfect projection of a second- or fourth¬ 
order network with different Q parame¬ 
ters. As such, these theoretically sym¬ 
metrical driver rolloff pictures should be 
regarded as approximations of actual re¬ 
sponse, which give the user a fairly reas¬ 
onable idea of what to expect out of a 
driver, but the actual situation definitely 
allows for much more sophisticated 
modeling. This brings us to the subject of 
LEAP (Loudspeaker Enclosure Analysis 
Program). 
LEAP is as different from the above 

mentioned programs as a Wright Flyer is 
from an F-15. This program represents a 
substantial advance in low-end driver 
response modeling, and is an order of 
magnitude more accurate than the cur¬ 
rent, Thiele/Small industry standard. The 
Thiele-Small model, a major breakthrough 
for its time, ignores certain acoustic ele¬ 
ments and treats others as fixed constants, 
unvarying with frequency. The real-life 
acoustic situation is forced into a usable, 
but simplified model of a second- or 
fourth-order electrical network. This al¬ 
lows many more professional designers 
and amateurs to quickly and easily come 
up with usable box designs, reasonably 
close to the predicted target response 
desired. 

FIGURE 1: Oriver/box model as originally presented by Thiele. 

FIGURE 2: LEAP’S basic acoustic model. 

LEAP however, is a full-scale acoustic 
model, taking elements into account 
which the Thiele/Small model removed, 
(and it's only fair to note these elements 
generally are not dramatically significant 
for single driver analysis), but also allows 
for the frequency dependent nature of 
many of the model's elements. 
The real secret to LEAP'S incredible 

ability to accurately model acoustic events 
has to do with some ingenious mathema¬ 
tical approximations of complex events 
which were carefully employed over rele¬ 
vant ranges of calculation. Otherwise, the 
kind of modeling in LEAP would literally 
take hours, not seconds, to compute. 

The diagram in Fig. 1 represents the 
driver/box model presented by Thiele in 
his 1961 paper, presented to the I R E. 
Radio and Electronic Engineering Conven¬ 
tion in Sydney, Australia, and later, 
printed in the JAES, May, 1971. The same 
model is presented in Beranek's Acoustics, 
on page 241. 

Figure 2 gives the basic acoustic model 
used by LEAP, minus the various mutual 
impedance circuits which model radiation 
impedance effects, caused by groups of 
speakers and ports used in an array. 

1. Used by permission, JAES. 
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Comparing these two circuits, immedi¬ 
ately you see the circuit topography of the 
LEAP model is somewhat different. It is 
beyond the scope of this review to explain 
the specific differences that exist, 
however, it might be helpful to point out 
the elements in the model which are 
treated as frequency dependent: 

RavC: represents the acoustical resistance 
of the voice coil. This element is normal¬ 
ly thought to be constant with frequency, 
but it can be shown that counter elec¬ 
tromotive force (EMF) voltage creates an 
effective increase in voice coil resistance 
that changes with frequency. Woofer 
motors with a higher BL tend to produce 
more change over a given frequency span 
than smaller motors. 

Rard and Mard: these elements represent 
the radiation impedance of the diaphragm 
and also vary as a function of frequency. 
Rat: the resistive element usually 

measured as Qi and strongly varies with 
frequency. 
Mam and Ram: represent port radiation 

impedance and are also treated as frequen¬ 
cy dependent. 
Rap: represents frequency dependent 

viscous losses through the port. 
Again, the Thiele/Small model treats 

these variables as constants to produce a 
simplified, easily calculated approxima¬ 
tion. It is interesting to note, many of the 
frequency dependent elements in the 
LEAP model were determined substantial¬ 
ly by empirical means. As to the accuracy 
of this new model, Fig. 3 shows the pro¬ 
jected response (this was the earlier LEAP 
Version 2.1), sealed and vented, of a JBL 
2225 woofer, while Fig. 4 gives the actual 
measured response using outdoor, half¬ 
space sinewave sweep (the speaker 
pointed up, mounted in a pit, baffle at 
ground level). If you are interested in the 
details of the LEAP model, I recommend 
reading Complete Analysis of Single and 
Multiple Loudspeaker Enclosures, by Chris 
Strahm, AES Preprint #2419. 

Figure 5 gives the complete LEAP model. 

The additional elements are necessary to 
consider the mutual impedance loading 
factors when using multiple ports, multi¬ 
ple drivers, and, in the case of sound rein¬ 
forcement arrays, multiple cabinets. Of 
the four circuit elements which relate to 
the different mutual coupling effects, only 
the Speaker/Port Mutual (coupling) equa¬ 
tions have been previously published. The 
speaker-to-port mutual coupling effect was 
recognized back in the 1920s; Bart Locan-
thi derived the equations for this element 
thirty years ago. The remaining mutual 
coupling equations are new, and to my 
knowledge, have never been published 
(actually they aren’t being published now, 
but are part of the program code of LEAP). 
I can't stress enough what an incredibly 
important work and original program this 
is. Obviously, the ability to predict the 
response of multiple ports, drivers and 
cabinets also differentiates LEAP from the 
usual box design programs. 

Besides utilizing a more complex model 
with frequency dependent elements, one 
more extremely important facet of LEAP 
is as a large signal simulator. As I stated 
before, all the previous Thiele/Small pro¬ 
grams just calculate the usual small signal 
approximations. LEAP, however, is not a 
small signal calculation program, but 
rather will tell you just about everything 
you ever wanted to know about woofer 
operation in the real world, but were 
afraid to ask. 

To explain the LEAP program, I'll walk 
you through the general procedures re¬ 
quired for a cabinet design. Leap is divided 
into three basic operating modes, plus 
what is actually a second program called 
"Quick Cabinet.'' These operational 
modes are associated with three library 
functions: one for entering speaker param¬ 
eters, another for entering cabinet param¬ 
eters, and a design library for specifying 
the parameters for analysis. Functionally, 
a fourth mode is the actual analysis pro¬ 
cess performed on the information con¬ 
tained in the three libraries. 

You start by entering the speaker 
parameters or by calling up one of the 
drivers loaded into one of the extensive 
driver libraries contained in LEAP. Fifteen 
parameters must be entered: Nominal Z. 
Sd, BL, Rex< (voice coil resistance), Le«. 
(voice coil inductance), Vas , Cms, M,ns , F¡ 
(driver resonance mounted on a baffle— 
LEAP calculates this for you), Fo (driver 
free resonance), Q,m, Qt., Qis, Xmax , and 
Pmax (driver power handling). The LEAP 
manual also includes some specific in¬ 
structions on these parameters and 
measurement methods, but more on that 
later. 

One critically important feature of LEAP 
is contained in the speaker parameter en¬ 
try mode, and involves the cross-correla¬ 
tion of parameters as they are logged into 
this section of the program. As each pa¬ 
rameter is entered, LEAP checks its in¬ 
tegrity with other parameters and makes 
certain all 15 driver parameters properly 
interrelate. If you specify a certain BL, 
cone mass, and compliance, LEAP will im¬ 
mediately call your attention to an incor¬ 
rect driver resonance or Q measurement. 

You might be interested to know not all 
the specifications given by the various 
OEM manufacturers correlated properly, 
as initially entered into the LEAP data 
libraries. Amateurs are not the only ones 
who sometimes have trouble coming up 
with the right numbers. This certainly em¬ 
phasizes we need to confirm driver 
specifications before proceeding with any 
design work. 
The next step is to specify a cabinet 

design, which can come from several 
sources. Calling up the "Quick Cabinet" 
part of the program is easiest. Similar to 
calculator programs, it will give you a 
quick approximation of box design, but 
this complex optimizing routine doesn't 
just punch numbers into the usual Thiele/ 
Small formulas. It will calculate volume 
for sealed enclosures, giving you box sizes 
for a Qu of 0.577, 0.7, or 1.0. 

For vented designs, Quick Cabinet will 

FIGURE 3: Earlier version's (LEAP 2.1) projected response, sealed and vented, 
for JBL 2225 woofer. 

FIGURE 4: Measured response, 6.2 ft.' box, JBL 2225 woofer. 
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give you box sizes for drivers with QH less 
than 0.4 (overdamped) for three alignment 
families: Qhj/Butterworth; Extended Bass 
Shelf/Butterworth; and Sub Chebyshev/ 
Bessel. For woofers with Qls over 0.4 
(underdamped), it will give three box sizes 
for three other alignment families: 
Chebyshev/Butterworth: Enhanced Q/But-
terworth: and Damped Chebyshev/Bessel. 
The overdamped Extended Bass Shelf 
alignment is a proprietary alignment on¬ 
ly found in LEAP. Again, the Quick Cab¬ 
inet designs are not derived from straight 
Thiele/Small equations, but are actually 
driver transfer function optimization 
routines. 
Once you come up with a proposed 

cabinet size (from Quick Cabinet or some 
other Thiele/Small calculator program) 
enter the data into the cabinet library: 
cabinet dimensions: the number of drivers 
in the cabinet: whether or not the cabinet 
is ported and the number of ports; the size 
of the port or passive radiator data, in¬ 
cluding tuning frequency; any mutual 
coupling distances, such as speaker-to-
speaker, port-to-speaker, port-to-port, or 
cabinet-to-cabinet; and the amount of filler 
material (LEAP has loss figures based on 
fiberglass only, so if you use some other 
type of material, you will have to em¬ 
pirically measure the result and come up 
with a percentage of fiberglass-fill equiv¬ 
alent). 

In this section, and throughout the pro¬ 
gram, LEAP almost always calculates the 
answers and gives you a default figure to 
work with. In the case of cabinet design, 
if you enter volume, it will give you di¬ 
mension defaults; with the port tuning fre¬ 
quency, it gives port dimensions. 

After you enter both the speaker and the 
cabinet parameters, you are ready to enter 
analysis parameters in the design mode. 
Start by specifying your driver from the 
speaker library, and the box design you 
entered in the cabinet library. Next, in¬ 
dicate the number of cabinets (usually one 
for us home hi-fi people), flat or curved 
array (flat for a single speaker analysis), 
the simulated power to be applied, the 
amount of series resistance in the amp to 
speaker cable (and probably the cross¬ 
over), voice coil temperature (set at 25°C, 
which is room temperature for a default), 
and the simulated distance the measuring 
microphone would be from the speaker. 
So if you want 1W/1M, all you have to 

do is type it in. If you want to see what 
happens at 10W, or 20W, and show an in¬ 
crease in voice coil temperature from 25° 
to 75°, again, you simply type in the re¬ 
quired parameters. Once you specify these 
parameters, LEAP automatically goes in¬ 
to analysis mode. This can take a few 
seconds, or somewhat longer, depending 
on the degree of precision you specify. 

Used by permission, JAES. 

SUBSIDIARY OF AUDAX INDUSTRIES 

TITANIUM COMPOSITE DOME TWEETER 

Polydax is proud to announce the 
introduction of a new generation of 
dome tweeter technology. Employ¬ 
ing recent advances to the proc¬ 
esses involved in depositing a very 
thin layer of metal onto homoge¬ 
neous surfaces, Audax has devel¬ 
oped a substance which is very 
suitable for application as a dome 
tweeter diaphragm. This compos¬ 
ite material, composed of a soft 

Telephone 
(617) 658-0700 

polymer with an extremely thin 
coating of titanium, enables us to 
manufacture a new transducer 
which exhibits the advantages of 
pure metal domes, while retaining 
the internal damping of soft 
domes. 

For more information on this 
product, please respond to the 
reply number listed below. 

10 Upton Drive 
Wilmington, MA 01887 

Fast Reply »HCSS8 

Speaker Builder / 4/88 45 



FIGURE 6: AC-10, 1W/88dB/25°C, -3dB, phase angle 92.8. 

FIGURE 7: AC-10, 1W/88dB/25°C, -3dB, phase angle 92.8. 

FIGURE 8: AC-10, 1W/88dB/25°C, -3dB, phase angle 92.8. 

FIGURE 9: AC-10, 1W/88dB/25°C, -3dB, phase angle 92.8. 

FIGURE 10: AC-10, 1W/88dB/25°C, -3dB, phase angle 92.8. 

FIGURE 11: 1. AC-10, 1W/88dB/25°C, -3dB, phase angle 92.8. 2. AC-10, 
10W/98dB/50°C, -3dB, phase angle 97.4 3. AC-10. 20W/100dB/75 °C, -3dB. 
phase angle 101.1. 

FIGURE 12: 1. AC-10, 1W/88dB/25°C, -3dB, phase angle 92.8 2. AC-10, 
10W/98dB/50°C, -3dB, phase angle 97.4 3. AC-10. 20W/100dB/75°C, -3dB. 
phase angle 101.1. 
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LEAP will either analyze each separate 
data point in its routine, or you can speed 
things up by telling it to skip every other 
point and interpolate. Actually, there are 
several different settings, each pro¬ 
gressively faster than the full precision 
analysis. I have a 10MHz XT with a 
10MHz 8087 math coprocessor, and the 
full precision mode takes only a little over 
a minute. 

Once analysis is finished, you can then 
decide which of the 10 different curves 
you wish LEAP to display. On any given 
analysis, LEAP will display five pairs of 
data curves: 

• Non-axis SPL/on axis acoustic phase: 
• Acoustic power SPL/acoustic power 

phase; 
• Cone excursion/group delay: 
• Impedance magnitude/impedance 

phase: 
• Current (admittance) magnitude/cur-

rent (admittance) phase. 
You can look at both curves on each 

graph, or turn one off. LEAP also allows 
you to compare designs, thus you can run 
a driver analysis using several different 
designs, and then select up to three to be 
displayed simultaneously on each of the 
five graphs (selected with the F keys of the 
keyboard). 

To better appreciate what all this means, 
for an example, I have chosen the same 

driver I used in Voice Coil's User Report 
on LEAP (Part II, April 1988, Vol. 1, No. 
6), the AC-10 woofer from Audio Con¬ 
cepts. Figures 6-10 show the complete set 
of curves for a 3-ft.' cabinet, which is sup¬ 
posed to give a predicted Qk of 0.707, 
measured at 1W/1M, with a voice coil 
temperature of a nominal 25°C. If we 
measure the phase angle at the -3dB 
point on the SPL curve, which is easy to 
do with LEAP, we find we have about 92°, 
which is close to the expected 90° phase 
angle which occurs at the -3dB point in 
a theoretical Butterworth second-order 
filter. So far the program gives us pretty 
much what we would expect, and con¬ 
firms the Thiele model. 
The program also provides substantial¬ 

ly more data than we usually get from a 
box program. Consider the Acoustic Pow¬ 
er SPL curve in Fig. 7. Since LEAP takes 
into account the voice coil inductance, this 
curve begins to roll off about 400Hz. You 
can think of this as more or less the re¬ 
sponse at 45° off-axis, taken in a room 
situation. Such information is useful in 
determining desirable crossover points. 
Suppose you want to know at what 

point excessive driver excursion will oc¬ 
cur, the linear limit for this woofer being 
7mm. All you must do is run successive 
analysis on the same speaker and cabinet 
at progressively increasing power input 

levels and voice coil temperatures. LEAP’S 
file handling functions make this chore a 
snap. You simply copy the design file, at 
1W, to another design location, change the 
input power level and temperature, and 
rerun the analysis. I did this at 10W, 50°C, 
and 20W, 75°C (I estimated temperature 
increases, which in this case are probably 
conservative). Once the three operations 
are completed, you can view all three de¬ 
signs simultaneously, as well as alter the 
graph to display only the cone excursion 
curves. The result is shown in Fig. 11. 

You can easily see this driver is getting 
close to exceeding is linear capability at 
30Hz or so, with a 20W input developing 
about lOOdB of sound output at IM. This 
is actually quite good for a single driver, 
and since we know the ear isn’t particular¬ 
ly sensitive to distortion at low frequen¬ 
cies, this woofer would probably sound 
just fine up to 105dB, depending on its 
crossover point. If we look at the cor¬ 
responding SPL curves for all three power 
levels, as shown in Fig. 12, we can see the 
rolloff gets progressively steeper as the 
power level and the voice coil temperature 
increase, indicating how driver damping 
is affected dynamically in a large signal 
situation. Notice the phase at the -3dB 
points is increasing, with increased SPL. 

If this wasn't acceptable, we could try 
using two woofers, and see what happens. 

ANNOUNCING... 
A&S Speakers' 

AUDIOPHILE SOUND-OFF 

Have your signature placed over the next 
A&S Speakers' 

DESIGNER SIGNATURE KIT 

Earn a commission on each sale from our 
San Francisco showroom and mail order 

catalog. 
Call or write for application: 

A&S Speakers 
3170 23rd Street 

SIGNATURE SPEAKER KIT 
San Francisco, CA 94110 

(415)641-4573 

Fast Raplf »HC572 
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FIGURE 13: 5. AC-10 (2), 2.5W/98dB/35°C, -3dB, phase angle 95.7 6. AC-10 
(2), 5W/100dB/50°C, -3dB, phase angle 97.5 8. AC-10 (2). 20W/106dB/75°C, 
- 3dB, phase angle 102. 

FIGURE 14: 5. AC-10 (2), 2.5W/98dB/35°C, - 3dB, phase angle 95.7 6. AC-10 
(2), 5W/100dB/50°C, -3dB, phase angle 97.5 8. AC-10 (2), 20W/106dB/75°C, 
-3dB. phase angle 102. 

Figures 13 and 14 illustrate the results us¬ 
ing two AC-10s in a single cabinet, twice 
the size of the original cabinet, but with 
one-fourth the power input (since two 
drivers give us a 6dB increase in sensitivi¬ 
ty) and a correspondingly lower voice coil 
temperature. As you would expect, the re¬ 
quired excursion at lOOdB SPL is cut in 
half. Now the system begins to go non¬ 
linear at about 106dB, and because the 
voice coil temperature will be lower, there 
would also be fewer changes in damping. 
Overlaying several curves at one time 
opens up many possibilities, such as 
matching woofer and midbass driver ef¬ 
ficiencies for crossover frequencies be¬ 
tween 100Hz and 500Hz. 
LEAP comes with an excellent 185-page 

manual, which includes a tutorial, general 
explanation of the various program func¬ 
tions, and an extremely useful appendix, 
including a most interesting section con¬ 
taining recommended test procedures for 
determining driver parameters. 

The author prefers the constant-voltage 
test method of determining impedance (ac¬ 
tually the admittance), rather than the 
more commonly used constant-current 
method. He states several reasons for this, 
such as the ability to test at any drive level 
and the advantage of having the amplifier 
exert full damping control over the driver 
during testing. 
Mr. Strahm's method for determining 

driver Q|S also differs from the norm. Most 
sources, starting with Thiele, suggest 
measuring the - 3dB points of the driver 
impedance above and below the reso¬ 
nance frequency. This method of measur¬ 
ing two low-frequency points so close to¬ 
gether is prone to error magnification, and 
probably accounts, more than anything 
else, for the number of OEM manufac¬ 
turers with noncorrelating parameters. 

Success requires using good quality test 
equipment to measure the frequencies at 
extremely low voltages. The method des¬ 
cribed in the Appendix calculates Q™ 
from this equation: 

6.283(BL2)(C,„s)(fs) 

If you have never measured the BL (prod¬ 
uct) for a woofer, the manual covers that 
procedure also. It basically involves con¬ 
necting a DC power supply to the driver 
terminals, placing a known weight on the 
woofer cone, and increasing the power 
supply voltage until the cone returns to its 
rest position. Measuring the amount of 
current used: 

g X M tesla meters 

where 

g = the force exerted by gravity (9.8 M/S2) 
M = the mass added to the cone (kg) 
i = current (A) 

After using both methods, I think this pro¬ 
cedure is probably a lot easier for most 
people to perform, and as the manual 
points out, less likely to produce errors. 

As if all of this isn't enough, you can ex¬ 
pect a 4.0 version of LEAP, perhaps a year 
from now. This version will include 
nonlinear modeling of woofer behavior 
which allows accurate prediction of driver 
operation beyond Xmax! 
LEAP is a powerful program which can 

greatly enhance and speed up box design 
work. It is a professional tool in every 
sense of the word, but is fortunately priced 
well within the means of many amateur 
builders and designers. Even more impor¬ 
tant, as software programs go, LEAP is laid 
out in an extremely logical manner, is 
straightforward, relatively easy to become 
familiar with, and fun to use. Compared 
to other software I have used, it is easier 
to learn than Microsoft Word, and as in¬ 
tuitive as Ventura Publisher. 

LEAP'S customer list now includes Polk 
Audio, Harman Motive, Design Acoustics, 
Acoustic Research, JBL, Scan Speak, Focal, 
OHM Acoustics, Cabasse, GNP, Marantz, 

TAD/Pioneer, RAMSA, Turbosound Ltd., 
Waldom, Solen Inc., and Audio Precision. 
I will be making extensive use of LEAP 
in my next book of construction projects, 
which I am currently working on, and I 
certainly give this product my highest 
possible recommendation. 

High-Grade Fluff 
Reviewed by John Cockroft 

I recently tested a new, synthetic, long-
fiber, sound absorbent material, which has 
very good qualities. I would like to share 
my impressions of Acousta-Stuf, marketed 
by Mahogany Sound's Larry Sharp. 

First, I checked the fiber, pulling out in¬ 
dividual strands over six inches long. In 
addition, each fiber is crimped during 
manufacturing at approximately l/16-inch 
intervals, along its entire length. This en¬ 
sures the fibers interlock with great con¬ 
sistency, and provides a regularity in den¬ 
sity I have never seen in similar material. 
Even when pulled apart, Acousta-Stuf 
tends to remain homogenous, without 
holes and thin spots. In the four-pound 
sample 1 received, no hard or bunched up 
pieces had to be pulled apart, as is com¬ 
mon with department store types of pillow 
stuffing. 

The fibers lie in a natural pattern that 
would apparently give excellent frictional 
damping. The effort required to pull the 
material apart attests well to its interlock¬ 
ing ability. 
I have been working on the Freeline 

modification, which uses a 4-inch woofer 
in a variant transmission line, open at both 
ends. This made it easy to remove the 
stuffing and replace it with Acousta-Stuf. 
After listening, I found the sound to be ex¬ 
tremely smooth and well-extended in the 
bass region and well damped with no 
audible resonances. 
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Acousta-Stuf is a superior product, both 
sonically and mechanically and much 
easier to prepare for line insertion than 
any of the pillow stuffing grades I have en¬ 
countered. Its density in the mass is much 
more consistent. The fibers are longer than 
most wools and there should be no pro¬ 
blems with the material matting down in 
the line, or enclosure. In other words, no 
fishnets, dowels or other prosthetics will 
be required, to ensure the material won t 
sag. It is not a moth food, either. 

I can’t imagine other materials giving 
better sound quality. My little Freeline 
gives a really excellent account of itself, 
using Acousta-Stuf, at most reasonable lev¬ 
els, on the following difficult CD record¬ 
ing passages: 

• Stravinsky, The Firebird, Nimbus 
Records NI5087. The crescendo at the 
start of section 5 comes across with 
tremendous solidity and great musicality 
in one of the most startling demonstrations 
of a 2%-inch cone I have ever heard. 

• Franck, Encores a la Française, Piece 
Heroique, the finale (section 4), Telare 
CD-80104. Featuring Michael Murray at 
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the organ, I experienced great solidity and 
deep bass extension and no sensation of 
artificial resonance. 

• Poulenc: Organ Concerto in G minor, 
finale (same disc as above). Solid sense of 
great mass. 
The above sensations are created with 

a single speaker (mono), as I have only one 
prototype of the Freeline. Even so, I have 
not heard better performances of the three 
passages with any other speaker. At least 
part of that I would attribute to Acousta-
Stuf. 
System designers and builders owe a 

great deal to individuals like Mr. Sharp, 
who see value in a product not readily 

available and have the incentive to make 
it available to others. 

I am sure Acousta-Stuf would work very 
well in sealed boxes and with aperiodic 
systems as well. I prefer a more reactive 
material, such as fiberglass, for use in 
vented systems. However, this material 
damps the midrange resonances adequate¬ 
ly while not impeding the action of the 
vent, as a more resisitive material might 
tend to do. 
Mahogany Sound 
2430 Schillinger s Rd. 
Box 488 
Mobile, AL 36695 
(Acousta-Stuf, S7/lb.) 

Test Loudspeakers & 
Design Enclosures 

Introducing BassBox" , the bass 
loudspeaker enclosure design program 
for IBM PCs. With it you can quickly 
determine the optimum enclosure size 
and tuning for a given loudspeaker or 
examine the response of various 
loudspeakers in an existing enclosure. 
Both vented and sealed enclosures can 
be modelled and their dimensions found. 

BassBox uses Thiele-Small 
parameters to reveal important criteria 
such as frequency response and ripple, 
displacement limits, and system 
resonance. Results are plotted as line, 
bar and/or overlaid graphs. 

Achieve greater accuracy and 
overcome the unknowns of loudspeaker 
manufacturing tolerances with a built-in 
procedure for measuring Thiele-Small 
parameters. With basic test equipment, 
professional results can be obtained. 

Fast and easy to use drop down 
menus, windows and on-line help are 
provided. Data can be saved on disk and 
reviewed or revised later. A 23-page 
illustrated and comprehensive User 
Manual is included. 

System requirements: IBM PC/XT/AT with 256 K 
RAM. floppy drive. IBM Color Graphics Adapter (CGA), 
color monitor. DOS 2.0 or later. (Or compatible system) 
Optional: Microsoft mouse. 

$69 plus $1.50 
shipping / handling. 
(Indiana residents add 5% 
sales tax.) 5.25 A 3.5 inch 

daks available. 

TJrjCCi-írW ™ Please send check or UtDqlMJA request UPS COD. 
” Credit Card Orders 

Harris Technologies 
P.O. Box 4406, Elkhart, IN 46514-0406 
(219)262-8051 (9-5 M-F Central Time) 

Fast Haply HHCS2 
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Craftsman's Corner 
Three-Way Pyramid Design 

My interest in loudspeakers is complete¬ 
ly as an amateur. My opinions about loud¬ 
speaker design, materials and driver units 
are based on my experiences. They will 
not necessarily coincide with others' or 
manufacturers' opinions. I do not wish to 
offend anyone, only to explain my adven¬ 
ture. 

I have been interested in speaker design 
for about 15 years and during this time I 
have owned speakers by Marantz, 
Monitor Audio, KEF and Spendor. I've 
also designed and built several pairs. Most 
recently, in 1976,1 built a three-way, floor 
standing design, reflex loaded. The 75-liter 
cabinets were constructed from reinforced 
concrete, with panel walls approximately 
1%" thick. The system had a big, power¬ 
ful sound, good clarity and plenty of bass. 
I was delighted with them and immediate¬ 
ly sold my Spendor BCls. 
I enjoyed flie music my speakers pro¬ 

duced for nine years. No others sounded 
better to my ears. However, I gradually de¬ 
cided it was time to build another pair to 
incorporate recent design and technology. 
My latest design evolved after much 

thought, listening and testing. I have ade¬ 
quate test equipment, including an oscil¬ 
loscope, but I think ears are easily the best 
instruments. I've also read extensively on 
speaker design. 
My aim was simply to build the best 

speaker that I could, and frankly, I have 
not spared time, effort or expense to get 
the results I wanted. 
The following is a brief rundown of my 

system, with my reasoning for the meth¬ 
ods I used: 

• Size: 36"H by 15"W at bottom, taper¬ 
ing to 11"; depth, 18" at bottom, tapering 
to 15". 

• Cabinet shape: A pyramid with a flat, 
removable top to avoid parallel surfaces 
and to conceal a sealed recess containing 
the crossover and mid/treble attenuators. 
• Cabinet: Made from 1-inch MDF 

board, a heavy, dense material that doesn't 
have pits or voids and cuts beautifully. I 
braced the walls with mahogany struts 
and lined the inside with bituminous felt 
pads to further damp panel resonances. I 
stuffed the cabinet with BAF wadding. 
There is a separate enclosure within the 
main cabinet to house the mid and treble 
units. 

• Bass Loading: I prefer a sealed box. 
I've yet to hear a reflex system that didn't 
sound a bit woolly in the bass. Reflex is 
okay for getting more bass from small 
speakers, but is not in the same league 

compared to quick bass transients of fair¬ 
ly large, sealed-box speakers operating at 
low Q. 

• Total Q of bass unit/cabinet: 0.6 gives 
quick transient response with virtually no 
overhang. Bass drops off gradually instead 
of dropping like a stone, as in high Q 
designs. 

• Bass drivers: the IMF B128/20 has the 
identical shape and is designed to replace 
the KEF Bl39 unit in IMF speakers, with 
excellent transient response and good 
power handling. I’ve tried both and prefer 
the IMFs. 

• Mid-drivers: I paralleled two Jordan 
Modules to bring the output up to the bass 
driver's level and to help power handling. 
It is the best unit I've tried. I don't recom¬ 
mend it as a full-range driver because it 
has a response dip at 8kHz and a peak at 
13kHz. My tests basically agree with Mr. 
Lampton's findings in SB 4/82 ("A Three-

Way Corner Loudspeaker System"). I 
decided to use a larger enclosure for the 
Jordans than the manufacturer recom¬ 
mends, as it appears to improve the sound. 
I arranged the units in the D'Appolito con¬ 
figuration. 
• Treble: The JVC HSW 1101-01A is 

simply the best treble unit I have tried. It 
has great definition and attack; again I 
agree with Mr. Lampton. 
• Crossover: I chose a three-way 

18dB/octave, per Bob Bullock's article (SB 
2/85). I used heavy-duty ferrite core 
chokes for large mH values and air cores 
for small values; polypropylene capacitors 
for small values and nonpolar electrolytics 
bypassed with polypropylenes for larger 
values. The bass unit has a Zobel and the 
midrange has a trap. I use a switch to at¬ 
tenuate the mid and treble units. Cross¬ 
over frequencies are 380Hz and 4750Hz. 
I prefer crossovers with fairly high cut-off 
rates; a bass unit crossing over at 500Hz 
at 6dB/octave, for example, still gives an 
output quite substantial at over 2kHz, far 
outside the useful range of a 10" or 12" 
driver. 

• Speaker position: I placed these floor 
standing speakers away from the walls. 

• General: The top cover will be as¬ 
sembled last. I plan to veneer the cabinets 
and fit a trim and front cloth grille. I'm 
also going to use a felt diffraction ring 
around the mid and treble units. 
To describe the sound of my speakers 

is difficult; I will try to be objective. My 
design goal was to produce a speaker with 
an even frequency response with good 
clarity and attack. I believe my system is 
a success, and has great definition. I can 
now hear things on my records that were 
completely missing before. I can easily 
notice differences in turntables, tonearms, 
cartridges and amplifiers, for example. 

They will not suit everyone. If you like 
a warm, mellow sound, with plenty of 
overblown bass, they are not for you. On 
the other hand, if you like to hear what’s 
really on your records, this design will 
help you achieve that end. 
I recommend these speakers be driven 

with a good quality amplifier. My system 
consists of a Heybrook TT2 turntable with 
separate power supply, Rega RB300 arm, 
Linn Karma cartridge, Naim NAP250 
amplifier with Hi-Cap power supply and 
a NAC preamp. 

A.M. Smith 
Edgware, Middlesex HA8 6QB 
England 
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SB Mailbox 

MTM CORRECTION 
I noticed an error in SB 2/88; Mr. Lev¬ 
reault's formula for R2 (p. 11) should be 
(Ro2/Ri ) - Ro, which I use to find a resistor 
value to parallel with another to arrive at 
a new desired lower value. 

Steve Hauser 
Iowa City, IA 52240 

John Levreault replies: 

Yes, the R2 equation has a typographical error, and 
should read as you suggest. Such is the difficulty 
of incompatible word processors between yours tru¬ 
ly and our esteemed editorial staff. 

JORDAN CABINETS: 
UPDATES 

In Dave Davenport's 'Kit Report" (SB 
2/88) on our EJ Jordan HRM, he stated the 
cabinet work was a product of Princeton 
Acoustics, an affiliate of EJJ USA. While 
in a sense this is true, the cabinets are 
manufactured under our Option Audio 
company auspices. I may have misled Mr. 
Davenport on this matter, and although a 
minor distinction, we are trying to estab¬ 
lish this company which does our cabinet 
work, which, by the way, is owned and 
operated by EJ Jordan USA. 

Kirk Neal 
EJ Jordan USA 

TIPS FOR TIPS 
Mr. Levreault suggests using Tip Toes, or 
the equivalent, to decouple his well 
thought out MTM array (SB 2/88) from 
woofer cabinet vibrations. 

I think this approach will not decouple 
the enclosures, but will increase the energy 
transfer. To isolate the enclosures, I would 
use a compliant suspension, such as a 
sheet of foam rubber. 

Tip Toes reduce the surface area of con¬ 
tact and increase the contact pressure at 
these points, and prevent relative motion 
between surfaces. Normally this prevents 
enclosure motion relative to the floor, es¬ 
pecially when the speaker rests on a com¬ 
pliant surface, such as a rug. With a turn¬ 
table, the spikes prevent the chassis from 
being excited by air borne vibrations, 

although it increases sensitivity to floor 
vibrations. 
With your MTM array, you could cou¬ 

ple the enclosure to a fixed surface to pre¬ 
vent the midrange drivers from causing 
the MTM enclosure to vibrate. Since the 
edges of the woofer enclosure are ideally 
vibration nulls, using spikes between the 
MTM enclosure and the woofer cabinet's 
top surface may be effective, but for dif¬ 
ferent reasons than you stated. Large en¬ 
closures do not tend to be ideally stiff, and 
vibrations may still be transmitted to the 
MTM enclosure. Mass loading the en¬ 
closure with bricks should help by reduc¬ 
ing the amplitude of vibrations. 

Incidentally, in place of spiked points I 
use small hex nuts, which still reduce the 
contact surface area considerably, and 
don't mar the supporting surface. Spikes 
are useful for penetrating rugs. 

Ralph Gonzalez 
Philadelphia, PA 19143 

John Levreault replies: 

Although 1 tend to agree with your analysis, I dis¬ 
agree with your conclusions. The issue here is 
energy transfer. Let me explain. 
Theoretically, the transfer of mechanical energy 

between two infinitely massive bodies will be zero, 
although they contact at a single point. In loud¬ 
speaker system design, we need to combine isola¬ 
tion with support, so we must call on this physical 
principle to help us. 

For example, a woofer system must sit on a rigid 
structure so acoustic energy from the woofer system 
is not converted to mechanical energy in the struc¬ 
ture. In real terms, we don't want the structure 
to vibrate with the speaker, which would smear 
the sound and distort the recreated soundfield. If 
a woofer is sitting on a carpeted floor, the carpet 
is the support structure, and the bass response of 
the system is very mushy sounding. 

Placing the woofer on "tip-toes” or spikes solves 
this problem. The woofer has the support of the 
floor without cutting a hole in the carpet. Unfor¬ 
tunately, energy from the support can couple into 
the speaker. Such is life. If we bolt a woofer system 
to the concrete basement floor, a passing train can 
make the woofer wobble, but this wobble is asyn¬ 
chronous to the information being passed by the 
woofer, so we can live with it. Footfalls on a wooden 
floor can indeed create problems for a turntable 
even though it has been "tip-toed." 
The MTM array has similar requirements and 

problems. The array must sit on a massive rigid 
enclosure. I chose the woofer, fully aware of the 
compromises you point out. I placed the spikes as 
close to the edges of the supporting woofer as possi¬ 

ble to achieve the added benefit of the vibration 
nulls of the woofer enclosure. However, as I men 
tioned above, energy transfer is the issue. I approx¬ 
imated that mechanical energy in the woofer 
enclosure could be decoupled from the MTM ar¬ 
ray by increasing the mass of the array with bricks. 

I'm open to suggestions for improving this system, 
but foam rubber or any other compliant materials 
is unacceptable to my ears. Hex nuts are better than 
foam rubber, but spikes are simple and effective. 

1 believe my system offers the following advan¬ 
tages: 

1. A heavy and rigid woofer system mounted on 
a concrete floor with spikes, thus avoiding acoustical 
modulation of the woofer, although 1 acknowledge 
the possibility of mechanical energy being coupled 
from the woofer drivers themselves into the enclo¬ 
sure and from the floor into the woofer. (Nothing 
helps like a concrete basement floor!) The woofer 
won't sway in a self-induced breeze. 

2. A relatively massive and adequately rigid high 
frequency array "tip-toed" to the rigid and more 
massive woofer system. Mechanical vibration from 
the woofer enclosure has been decoupled according 
to the above principles, although the MTM array 
must deal with its own spurious driver induced 
vibrations. 
Consider what happens when a cannon shot is 

"played" through a woofer system sitting on a 
carpeted floor or a sheet of foam fubber on a con¬ 
crete floor. The cone will lurch forward (or back¬ 
ward depending on the phase), and the air resists, 
creating a force that causes the woofer enclosure 
to lean back. As the support material attempts to 
restore the rest position of the woofer enclosure, 
the system wobbles, depending on the mechanical 
damping properties of the support material. The 
dynamic impact of the "musical" information will 
be smeared as will any information following the 
original transient event. I cannot live with this kind 
of sound. 

PADS, DIPS 
AND BRACES 

My congratulations to the SB staff for such 
an attractive and professional publication. 
I have several comments on the recent ar¬ 
ticles. 

Mr. Leverault's array (SB 2/88), with the 
tweeter padded, will exhibit the same 
voltage sensitivity as a single D-76: 88dB. 
Has he considered wiring the D-76s in 
parallel, and using a padded 4Q D-28? That 
would offer a voltage sensitivity of 94dB. 
How do his tip toes "mechanically isolate 
the woofer from the mid/tweeter," when 
he described using them to "firmly anchor 
the cabinet on a solid surface, ” in SB 2/87? 

Speaker Builder / 4/88 51 



Mr. Hoffman, in issue 1/88, showed a 
response dip in the in the Radio Shack 
4-inch woofer. I tested four units (40-1022) 
from three different stores, and they ex¬ 
hibit a severe dip (about 8dB) between 1.5 
and 6kHz. Have Messrs. Cockroft and 
Weems, who have used the units, notic¬ 
ed such behavior also. I use mine in a 
D'Appolito configuration, wired in paral¬ 
lel. To correct the dip, I use a special low-
pass filter (0.07gH and 28gF) and leave the 
driver impedance unequalized. 

I think Mr. Sink should have noted in 
his "Primer” (SB 2/88) that by adding mass 
to a cone, the frequency extension occurs 
at the low end, and with some sacrifice 
at the high end. Maybe a future article 
could cover the interrelationship of voice 
coil diameter, magnet weight, sensitivity, 
and so on, and perhaps, how to spot 
phony Thiele/Small parameters. 
Mr. Muxlow’s 2/88 article, "Loud¬ 

speaker Cabinets,” was a welcome addi¬ 
tion, especially his many useful refer¬ 
ences. I can add two more, both by Maar¬ 
ten Vet, for readers to pursue: "Natural 
Frequencies of Thin Rectangular Plates," 
Machine Design, June 10, 1965; and "Thin 
Plate Natural Frequencies," Machine 
Design, June 9, 1966. 

Mr. Muxlow says increasing the thick¬ 
ness of an enclosure adds mass, which 
pushes up the resonant frequencies. This 
is inaccurate; added mass by itself would 
force them lower. It’s actually because the 
increased stiffness of a thicker panel more 
than overcomes the effect of added mass. 
By the way, I can see why some builders 
coat the interior walls with tar, although 
it adds weight without increasing stiffness, 
it also lowers the Q of the resonant fre¬ 
quencies. What would adding sand to the 
mixture do? 

The tests in Reference 20 do not show 
cross-bracing to be particularly effective. 
I believe the result was colored by the 
very thin specimens used in the tests. I 
have found if the braces of opposing 
panels are cross-connected by a generous¬ 
ly sized brace, the "knuckle rap" test in¬ 
dicates a remarkable improvement. I ra¬ 
tionalize that panels present their weakest 
side to the deflecting forces, while cross¬ 
braces present their strongest. To resist the 
applied force, a panel bends, however a 
cross-brace must compress or stretch. 
Because a panel is weaker in its direction 
of loading than the cross-brace, its deflec¬ 
tion is much greater. Since their deflection¬ 
resisting characteristics appear in parallel, 
those of the cross-brace will dominate, 
deflection will decrease and resonant fre¬ 
quency will increase. The article might 
have included that cabinet proportions, 
optimally selected, will present a pleasing 
appearance while spreading the resonant 
frequencies over a broad range. Weems 
quotes Thiele as recommending a width/ 
depth/height ratio of 1/0.6/1.6. 

David J. Meraner 
Scotia, NY 12302 

John Levreault replies: 

I hope my reply to Mr. Gonzalez' letter adequate¬ 
ly addresses your concerns over the use of spikes. 
I'm no mechanical engineer (although my degree 
is in physics) but I do know what sounds good. 
The above rationalization seems to make sense and 
I'm not trying to "tip toe" around the issue. (Sorry 
about that, but I couldn't resist.) Any comments? 

I chose to wire the drivers in series rather than 
in parallel for two reasons. First, the increased sen¬ 
sitivity of the midranges would require that I at¬ 
tenuate their drive by about 3dB to line up with 
the now less-efficient tweeter. I prefer to attenuate 
the highest frequency unit(s) so I can use lower 
power, high quality resistors. In any case, the ar¬ 
ray efficiency is determined by the lower efficien¬ 
cy driver, so paralleling midrange drivers would 
get you 91dB. Parallel midranges might be useful 
in a triamped system. 

My second reason is more subtle. The lower load 
current demands of a high impedance system places 
proportionately smaller demands on power ampli¬ 
fier power supplies. I firmly believe the power sup¬ 
ply is the cause of the significant differences I hear 
in audio amplifiers, both tube and solid state. Be¬ 
sides, my 100W MTM amplifier is more than ade¬ 
quate for full dynamic range, and it runs cooler 
too, although personally I negate this possible ad¬ 
vantage by cranking up the bias current to run 
closer to Class A. 

MTM SPACING 
Mr. Levreault's recent MTM article was 
of great interest since I have built a similar 
unit. I wonder how the author determined 
the spacing between the units. I place 
mine as close together as possible to mini¬ 
mize phase interference. 
I'm also curious why he mounted the 

midrange drivers in series. It seems that 
if they were mounted in parallel, he would 
require far less attenuation for the tweeter. 
This of course, would be a function of the 
amplifier and its relationship between 
power and impedance. 

David Grant Willemain 
Towson, MD 21204 

John Levreault replies: 

I determined the spacing between drivers exactly 
as you suggest: I placed them as close as possible 
to minimize diffraction, although this is less of a 
problem with the MTM configuration. 

My rationale for series-connecting the midrange 
drivers is explained in my previous reply to Mr. 
Meraner. 

ISOBARIKS 
Your magazine is factual, noncommercial 
and objective. I consider myself a begin¬ 
ner, though I have been experimenting for 
about five years, and SB is just the ticket 
for technical information, which forces the 
beginner to think. 

I am primarily interested in Isobarik de¬ 
signs. The idea of lower fj and reduced Vb 
all in the same package, as well as higher 
power handling and reduced driver distor¬ 
tion (push-pull configuratuion) is attrac¬ 
tive. It's hard to believe such a pot of gold 
exists. Why don't I see more of these de¬ 
signs produced commercially? The design 
basics aren't that new. The only obvious 
drawback is a little more expense for the 
drivers, but since when did that stop any¬ 
one interested in sound improvements? 
John Cockroft's Demonstrator (SB 2/87) 

and Little Dancer (SB 3/86) both favor the 
Isobarik approach. I would like more in¬ 
formation on driver selection, tuning and 
alignment techniques, and formulas. 

Rusty Lewellen 
San Angelo, TX 76901 

John Cockroft replies: 

Isobarik, or compound speakers were discussed 
considerably in SB's Mailbox section in 1985-86. 
Some readers were disappointed the concept didn't 
offer a free lunch. 1 believe compound drivers are 
valid as tools toward a design. The more choices 
a designer has, the better possibility of meeting the 
required parameters. No concept is intrinsically bet¬ 
ter than any other, except in an explicit situation 
for an explicit driver, with definite desires and con¬ 
straints. 
With the compound speakers I designed and con¬ 

structed, the vented configuration (the Demonstra¬ 
tor) was the most successful in lowering fj. Part 
of the space savings realized by the reduced Vas 
is countered by the additional space required to 
house two drivers. But even so, the Demonstrator 
managed to end up slightly smaller than a similar 
simple speaker of the same calculated performance. 
In some cases, slightly smaller could be crucial; 
in others it may not matter. 

In spite of the additional construction cost, several 
such speakers have been on the market. Jarno, 
Focal, Linn, and Audio Concepts are a few manufac¬ 
turers who come to mind. Some are full-range 
systems, others are subwoofers. Compound drivers 
can work well in either situation. 

The quality of the sound is not merely the result 
of the configuration chosen. It is the result of care 
taken in the many details and decisions required 
to bring a system from an idea to a finished prod¬ 
uct, incorporating as much of the original idea as 
the designer is able. The trick is to find the most 
proper environment for a given driver or speaker 
from the myriad of possibilities. 
Outside of the drivers I use, I have little ex¬ 

perience with many recent units, I prefer to use 
a few with the qualities I like that I can become 
familiar with through constant use, to the point that 
I can exploit them in many situations. There is a 
lot of hype in the commercial game, but no miracle 
drivers; all are electric motors that run within the 
contraints of their parameters, according to the laws 
of physics (not PR deparments). I'm amazed how 
some manufacturers extol the virtues of "tight bass" 
when drivers have QIS of 0.8 or higher, and often 
accompanied by claims of "powerful motors.” How 
can such powerful motors be so poorly damped? 

This is a good time to mention that the little Radio 
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Shack 40-1022, one of the drivers I have depended 
on for several years and used in many designs, is 
no longer available. This exceptional and consis¬ 
tent 4-inch woofer has been replaced with a driver 
designated 40-1022A. Unfortunately, Radio Shack 
has chosen to pretend it is the same driver. In fact, 
they include the same spec sheet with the new 
drivers, except they have overprinted an "A." This 
is unscrupulous, as the specs claim Fsa, 55Hz, and 
Qts, 0.35; but the new 40-1022A unit I measured 
had Fsa, 73Hz, and Qls, 0.74. I had measured 10 
or 12 old 40 1022s, which were all within 10% or 
so, of the published specs. 

The discrepancy rules out using the 40-1022A for 
my earlier compound woofer projects. However, 
if you modified a new unit by adding a weight to 
the cone, according to my Octaline article, it might 
well work out. With my 40-1022A, I tried adding 
about 5g; since the Qts is higher I was a bit con¬ 
servative. It worked surprisingly well in my small 
lines. 
The old drivers were made in Japan and came 

in a green box. The 40-1022A is made in Korea, 
comes in a blue box, and is not suitable for my 
designs to sound as I intended. Please take this as 
a requiem and a caveat. There still may be a few 
old units left on the shelves; I found none in my 
area. 
Apparently Radio Shack didn't know what they 

had in the 40-1022, or didn't care. I'm having no 
luck finding a suitable substitute woofer for the 
Mini-Dancer, the Demonstrator and the Octaline, 
as I presented them. Radio Shack has also discon¬ 
tinued the 40-1376 tweeter, but the Audax TW74A 
is the same unit and available from many dealers. 

ADDENDUM: 
DR VER DESIGN 

I congratulate Perry Sink for his infor¬ 
mative article on driver basics (SB 2/88), 
but several technical inaccuracies need 
correcting. 

First, I believe the magnetic flux in the 
air gap is one of the largest controllers of 
loudspeaker Q, since it determines the 
amount of electromagnetic damping. As 
Mr. Sink points out, the magnet strength 
also controls midband efficiency. If too 
strong a magnetic field is used, the Q 
becomes very small. Low-frequency re¬ 
sponse can also suffer because of over¬ 
damping. In fact, a driver with a stronger 
magnet, but all other parameters equal, 
will exhibit a smaller rise in impedance at 
resonance than will a speaker with a 
weaker magnet. (See Thiele's equation 72, 
"Loudspeakers in Vented Boxes," Part II, 

JAES, June 1971.) 
Notice I consistently refer to magnet 

strength, not magnet size. The gap width 
and the magnetic saturation of the steel 
used for the top plate, back plate and pole 
piece, as well as the physical dimensions 
of these magnetic structure members, 
limit the maximum field strength; also, an 
optimum thickness-to-surface-area ratio 
exists, for ceramic magnets. Therefore, 
magnet size is a poor guide to magnet 

strength. In fact, some manufacturers are 
sufficiently unscrupulous to use magnets 
so large that the speaker cannot take ad¬ 
vantage of them. Thus, they advertise a 
driver with a one-inch voice coil and a 
30-oz. magnet, at a higher price, even 
though it performs no differently than 
with a 16-oz. magnet. I applaud companies 
such as Polydax, that list gap flux density 
rather than magnet weight, for truth in 
advertising. 

Second, note that the Q of a speaker is 
the ratio of the resonant frequency to the 
-3dB bandwidth of the efficiency curve 
centered about Fo. Mr. Sink's statement, 
"a Qt of 0.31 at 25Hz,' is meaningless, 
since the Q is a function of speaker mass, 
stiffness and mechanical and electrical 
damping, and only refers to the shape of 
the resonance curve. Therefore, "Q at a 
certain frequency” does not exist. Also, 
trying to convert Q into relative response 
in decibels is very much like trying to con¬ 
vert the shape of a mountain top into the 
altitude part-way up the slope. 

Third, the force factor or BL (product) 
is just the length of voice coil wire in the 
gap multiplied by the gap flux density. 
Therefore, BL always increases when more 
wire is added to the coil, provided the ex¬ 
tra wire is within the gap. Here, though, 
is the rub (pun intended), because the gap 
width must be increased to accomodate 
more layers, somewhat increasing fring¬ 
ing and therefore reducing gap flux. The 
addition of wire to make the voice coil 
overhang the gap does not increase BL. 
However, it does increase inductance, 
which, as Mr. Sink points out, reduces 
high-frequency output. Voice-coil wire 
overhanging the gap also results in part of 
the voice coil's magnetic field being out¬ 
side the gap, and thus wasted. This re¬ 
duces efficiency in direct proportion to the 
amount of overhang. 
The effect of added mass is negligible in 

all but the smallest speakers. In an 8-inch 
woofer with a 2-inch, 4-layer voice coil (an 
extreme example), only about one-fourth 
of the total moving mass is contributed by 
the extra two layers of wire. This differ¬ 
ence in mass reduces midband efficiency 
by about 2.4dB; whereas doubling the 
number of turns in the gap would increase 
efficiency by 6dB, assuming the same gap 
flux density could be achieved with the 
four-layer coil as with the two-layer one. 

The author's discussion of maximum ex¬ 
cursion would benefit from several clarifi¬ 
cations. First, the characteristics of an air 
spring are highly asymmetrical, resulting 
in a stiffer spring for compression than for 
expansion. The resulting even-order har¬ 
monic distortion components must be 
lived with or compensated for by means 
of a complementary nonlinearity in the 
loudspeaker suspension. This is very chal¬ 
lenging and seldom attempted. Examining 
the second-harmonic distortion curves for 
an air-suspension speaker system is en¬ 
lightening; also a little disquieting, if you 

6000.6 

phase correct 

electronic 
crossover 
The new 6000-6 is designed to im¬ 
prove your system by eliminating 
crossover errors and passing per¬ 
fect square waves. A plug-in mod¬ 
ule allows convenient frequency 
change from 40-16,000Hz . Level 
controls on rear, 1% components 
used. Model 6000-6 $190. PPD 
Other models from $16.25. 

Free folder/reviews. 

ACE AUDIO CO. 
532-5th St. 

East Northport, NY 11731-2399 
(516) 757-8990 

Fast Reply HHC53 

C HIGH FIDELITY 
SPEAKER 

COMPONENTS 
STOCKING THESE 
POPULAR DRIVERS 

AUDAX 
DYNAUDIO 
ECLIPSE 
ETON 
FOCAL 

PRECISION 
MOREL 
VIFA 

FERRITE/BOBBIN 
LOW DCR 
INDUCTORS 

with 18, 16, or 14 gauge 

3275 Gladiola SW 
Wyoming, Ml 49509 

(616) 534-9121 

Fast Reply HHC568 

Speaker Builder / 4/88 53 



happen to own one. In a ported, TL, or 
horn cabinet, the radiation resistance can¬ 
not be expected to provide excursion 
limitation at frequencies below the tuning 
frequency. Therefore, electronic excursion 
limiting is especially important for these 
types, as Mr. Sink implies. 

The relationship of mass and suspension 
stiffness can be stated rather simply. At 
frequencies below resonance, the response 
of the speaker is primarily controlled by 
the suspension stiffness. At resonance, the 
mass "inductive reactance" and the stiff¬ 
ness "capacitive reactance” cancel. Thus, 
changing either the mass or stiffness will 
change the resonant frequency. At fre¬ 
quencies well above resonance, the re¬ 
sponse of the speaker is mass-controlled. 
The only effect of stiffness upon low-fre¬ 

quency efficiency is in the range below 
resonance, which is usually of little prac¬ 
tical importance. In fact, a stiff suspension 
does not necessarily entail nonlinearities; 
it only raises Fo. Significant suspension 
nonlinearities result from requiring more 
excursion than the suspension is designed 
for. 

Finally, the matter of cone mass should 
be addressed. While a more massive cone 
per se does not reduce high-frequency 
response relative to midband response, it 
is untrue that mass does not affect tran¬ 
sient response. This is because more mass 
increases the tendency for the cone to go 
on vibrating after the signal has ceased; 
and results in more acoustic hangover, 
which is a designer's headache, since it 
reduces definition. Also, the theory does 

not account for the tendency of more 
massive cone bodies to be stiffer than less 
massive ones. 
Although the extra stiffness does 

somewhat reduce the effect of standing 
waves in the cone, it also makes the cone 
behave more like a piston at higher fre¬ 
quencies, reducing the cone flexure that 
Mr. Sink correctly mentions. The result is 
that more massive cones do in fact have 
more restricted high-frequency response, 
although they have a flatter in-band re¬ 
sponse. Of course, a well-designed system 
will cross over to a higher-frequency 
driver when the piston limit of the woofer 
is reached. 

Richard A. Honeycutt 
EDC Acoustical Consultants 
Lexington, NC 27292 

Old Colony Software 

BOXRESPONSE 
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needed to compensate for a known voice coil induc¬ 
tance and driver DC resistance 
Optimum Box: A quick program based on Thiele/ 
Small to predict the proper vented box size, tuning 
and -3dB down point. It is only based on small 
signal parameters, therefore, it is only an estimate 
of the response at low power (i.e.. limited excursion). 

Response Function: Calculates the small signal 
response curve of a given box/driver combination 
after inputting the free-air resonance of the driver (fg ) 
the overall "Q” of the driver (Oyj) the equivalent 
volume of air equal to the suspension ). the box 
tuning frequency (fg ). and the box volume (Vg ). 
Output is the frequency and relative output at that 
frequency. 
L-Pad Program by Glann Phillips: Appeared in 
Speaker Builder (2/83. pp. 20-22). It is useful for pad¬ 
ding down a tweeter or midrange while still retain¬ 
ing the same load as the driver itself. 

Vent Computation by Glenn Phillips: Calculates 
the needed vent length for 1, 2 or 4 ports of the same 

diameter Input box volume in cubic feet and re¬ 
quired tuning frequency (fg). output is vent length 
and vent area for each case. 

Medium: 5'/x SS/DD Disk. Price: $25 postpaid 
USA (Canada add $4. overseas add $6) Air to other 
points on request 

Specify: 
Apple SBK-E3A 
Commodore 64-Dlsk SBK-E3CD 
Commodore 64-Cass SBKE3CC 
IBM SBK-E3B 

PASSIVE CROSSOVER CAD 

Apple SBK-F1A 
Commodore 64-Dlsk SBK-F1C 

Loudspeaker Modeling Program: Speaker 
Builder 1. 2, 3/87 LMP produces a full-range fre¬ 
quency response prediction for multi way 
loudspeakers, including the effect of the crossover, 
driver rolloffs, interdriver time delay, "diffraction 
loss," etc This software is available at $12.50 per 
copy in three versions. The price includes author sup¬ 
port via mail from Ralph Gonzalez. PO Box 54. 
Newark, DE 19711 

1. Apple II: Applesoft BASIC DOS 3.3 (S'A” 
SS/DD) Pari No CSK-C1 
2. Apple Macintosh: Microsoft. BASIC: (S'/z" 

SS/DD) Part No CSK-C2 
3. IBM, PC/XT/AT and compatibles (Microsoft 

BASIC, DOS 2.1 or 3.1 IW DS/DD: 360K); Part 
NO CSK-C3 

Specify: 

Apple 
Apple Macintosh 
IBMPC/XT/AT 
Commodore 64 

CSK-C1 
CSK-C2 
CSK-C3 
CSK-C5 

OLD COLONY SOUND LAB 
PO Box 243 _ 
Peterborough, NH 03458 
(603) 924-6371 / 924-6526 , 
9-4 Mon.-Fri. —â 

Perry Sink replies: 

Although my article was not meant to explore driver 
design to the degree your letter does, you make some 
valid points. 

First, my statements regarding the strength of the 
magnetic field were made under the assumption than 
the magnet in question was properly designed and 
that size would be proportional to strength. This is 
not always true, as you said. My use of "magnet 
weight" was inaccurate, "magnet strength" would 
be more appropriate. 

1 hesitate to respond to your second comment, as 
I should look into the matter of Q further, to discuss 
it thoroughly. However, I can say I have observed 
a close correlation between Qt and the response of 
the speaker near its resonant frequency; perhaps I 
oversimplified the issue (which usually happens in 
a "primer"). At any rate, I find the characteristics 
of woofers a bit more predictable than those of rock 
formations. 
Your comments on BL need some qualifications. 

There are two ways to measure this. One is the 
method you refer to; another is obtained applying 
a current (I) to the coil, producing a displacement. 
A counteractive force is applied to the coil such that 
it is centered in the gap; given by the following equa¬ 
tion: 

BL = f (in newtons)/! (in amperes) 

This method is not as cut-and-dried, but I believe 
it yields more useful data. BL product, when 
measured with either method, will not rise with an 
increase in the number of layers in every case, 
because the gap usually must be made wider. A good 
example of this is made by comparing the 2CA14 
and 4CA14 versions of the Audax HD24S45TSMC 
woofer. The 2CA14 has a BL of 11.4 newtons per 
ampere (NPA); the 4CA14 measures 7.6 NPA. 
I made my statements about cone mass because 

of incorrect statements made in many SB issues. 
It is difficult for many without a good background 
in physics to distinguish the various factors of 
displacement, velocity and acceleration, for speaker 
considerations of, for example, cone mass and tran¬ 
sient response. I intended to clarify this complicated 
issue, which is especially difficult when the cone 
is working outside its range. I qualified my statements 
on this topic at the beginning, by specifying a perfect 
piston, which would not have standing waves. As 
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to how cone mass actually affects high frequency 
and transient response, I should say that transient 
response is affected more by the quality of the sur¬ 
round and internal damping of the cone than by the 
mass of the cone. 
Thank you for your comments. I hope my article 

and our interaction help to dispel some myths about 
driver design. 

RUMBLE FILTER MODS 
I have a few comments regarding Robert 
Bullock's article on sixth-order vented 
systems (SB 1/82). After reading the arti¬ 
cle, I too elected to use the Jung 30Hz 
Rumble Filter kit, modified for use as a 
response-shaping filter. The filter kit re¬ 
quires an external + 15V power supply, 
which is then zener regulated to +6.8V on 
the circuit board. 
The 4136 op amp supplied with the kit 

will typically swing + 2V less than its sup¬ 
ply voltage. The TL075 is a bit better; + IV 
less. Based on these numbers, I believe 
there is a real potential for clipping at the 
output of the filter, depending on the pre¬ 
amp level at the filter input, and the peak 
lift called for by the chosen alignment. 
My preamp is a Hafler DH-100 and the 

Class 1 alignment calls for a gain of about 
6dB. The DH-100's rated output is + 4.2V 
and its maximum output is + 11.3V. As 
Mr. Bullock points out, the actual amount 

of lift is dependent on program material. 
Still, I recommend increasing the rail volt¬ 
ages to + 15V. This provides a greater mar¬ 
gin of safety and is easily implemented on 
the circuit board by eliminating the zener 
diodes and substituting wire jumpers for 
the limiting resistors, R9 and RIO. Since 
the tantalum filter caps, C6 and C7, are 
rated at 16V DC, it would also be wise to 
substitute capacitors with a higher work¬ 
ing voltage. 
Thanks for the opportunity to comment. 

Robert Bullock's articles are excellent. 

Robert Tooley 
Rio Rancho, NM 87124 

MCD25MS MAKE 
A DIFFERENCE 

McGee Radio ran an ad on the back cover 
of all the SB 1986 issues, for a three-way 
satellite/subwoofer kit. I ordered the kit, 
but was skeptical whether the system 
would turn out okay. The components 
were relatively inexpensive but good 
quality (Peerless, Polydax), with the excep¬ 
tion of the high-end tweeter, which was 
fair at best. 
I built the system, knowing I would 

eventually upgrade the tweeter, and was 
pleased with the results. Two years later 

I ordered and installed a pair of Madi-
sound MCD25M titanium dome tweeters. 
It is amazing how much difference they 
make, with cleaner high-end response. 
The modification was simple, because the 
replacements are the identical size of the 
McGee originals. Thanks to Madisound 
and SB advertising these tweeters, I am 
enjoying a renewed happiness in my 
speakers. 

I would be remiss if I did not mention 
my success in building a pair of John 
Cockroft s Mini-Dancers (SB 3/86). I built 
the type-4 configuration, with an inverted 
dome tweeter, and use the pair as satellites 
in conjunction with a 10," 2 ft? subwoofer. 
The strangeness of the loading inferred the 
most difficult enclosure I have built. How¬ 
ever, the result is worth the effort, as the 
overall response is quite full; a fat-bot¬ 
tomed sound and warmth is evident on 
my favorite recordings. I built the system 
for a 155-ft? room, but I prototyped it in 
a room twice that size and had no lack of 
output level. I am amazed at the respon¬ 
siveness of this system and thank John 
Cockroft for his efforts in enlightening his 
fellow speaker building compatriots to the 
virtues of Isobarik loading. 
Mr. Dell: thank you for your ideals 

which bring forth this fine publication. 

Jeff Cressionnie 
Picayune, MS 39466 

(ÃÜMX) EV ’JBL deas) _sy\|Œ_ vifä 

HOME, CAR, PRO 
OVER 30 KITS 
CROSSOVERS 
SUBWOOFERS 
COMPONENTS 

"Exceeds any at 3 to 5 
times more. " 

"Better sound than ADS, 
B&W, KEF or Thiele. ” 

Customer Quotes 

Our customers include 
NASA, Recording Studios 
and speaker builders in 50 
states and 20 countries. 

5"-18" polypropylene 
Gold Sound woofers: 
dual voice coil 8"-18" 

SYSTEM #4 $319/pair 
12" FOUR-WAY 

:C. 
7^ ï**— 

GOLD SOUND AC224 - THE ONLY 24DB LINKWITZ-REILLY 
ELECTRONIC CROSSOVER ADJUSTABLE 40-4B00 HZ 

Fast Reply HHC149 

Box 141 
Englewood, CO 80151 
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FULL-RANGE ESL 
I was very happy to see the ribbon 
speaker article by Ole Thofte, (“La Folia," 
SB 1/88). I had everything designed for 
a Magneplanar woofer for my Strathearn 
driver and then priced magnets at over 
$1000. Magnepan sells the SMG-a loud¬ 
speakers for $500, so there must be a less 
expensive source. Can anyone suggest 
one? [Edmund Scientific, 101 E. Gloucester 
Pike, Barrington, NJ 08007, is one source. 
Also see SB 3/84, p. 14 for a list; Source #11 
is out of business.—Ed.] 
Mr. Thofte's full range design got me 

thinking and I redesigned my project. The 
ribbons are % by 48 inches. The magnet 
structure is no longer short-circuited and 
much stronger. I use eight rows of ribbons 
with about 300 in.2 per side [Fig. 1). An 
array could be made on a slight arc rather 
than a straight line. 

I made this setup with Vz-inch magnets 
to reduce diffraction effects. The mild steel 
pieces complete the magnetic circuit, mak¬ 
ing a strong magnetic force. The 
aluminum between the iron pieces in¬ 
sulates the pole pieces from its back 
neighbor. Horizontal aluminum pieces 
every 12 inches are needed to keep the 

frame aligned due to the high magnetic 
forces involved. 

If I could find magnets, under $200 per 
loudspeaker, I would build and test a pro¬ 
totype. The magnets would be 1 by Vz by 
14 inches; as it looks now, it is not feasible. 

William Wagaman 
Mertztown, PA 19539 

LETTER WRITERS AHOY ... 
We need your cooperation in the mat¬ 
ter of your welcome letters to authors 
and other readers. Please enclose a 
stamped and addressed envelope if 
you expect a reply. If the author/ 
reader lives outside the USA. please 
include two International Postage 
Reply coupons (available at your post 
office) instead of stamps on your 
envelope 

Please leave room in your letter for 
replies. Your questions should relate 
to the article, be framed clearly, and 
written legibly. Please do not ask for 
design advice or for equipment 
evaluations. 

Letters to authors or other readers 
cannot be acknowledged, unfor¬ 
tunately. Any letter which does not 
comply with the requests above will 
not be answered 

PUSH-PULL 
EQUATIONS 

I am inquiring about the appropriate 
design equations to use for a sixth-order 
push-pull vented design as described by 
John Levreault in SB 2/87. My similar de¬ 
sign, twin drivers wired in parallel, re¬ 
versed polarity to the inward-facing driver, 
is based on a Ted Jordan design published 
by Transcendental Audio (no longer in 
business). 
I initially used the Audax HD20B 

drivers, but had no power capacity. I 
changed to Becker 908A327 units, with 
QI = 7: Vas, 2.08; Q,s. 0.47; &, 0.5798; Vb, 
3.59.1 am using a box of 3.88 ft.3 for both, 
which means I ignored the second unit. 
SB articles range from doubling to halv¬ 
ing Vas. 

What is the correct formula to calculate 
Vb for the simple push-pull alignment? 

Richard Mallin 
Ambler, PA 19002 

John Levreault replies: 

When designing a system with two drivers sharing 
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the same volume, system Vas is doubled and hence 
box volume, Vb, must be doubled to obtain a par¬ 
ticular value for alpha. It is as if you stacked two 
identical systems, and then removed the top and 
bottom panels of the separate enclosures. You 
should conclude, correctly, that the response will 
remain unchanged. The alpha is unaffected. 

I too was once interested in the Jordan design. 
I searched my archives and found his design discus¬ 
sion, which basically proved the superiority of a 
design with a QIC of 1.0, which further required 
a driver QIS of 0.6. The Audax HD 20B25J2C12 
was recommended for this alignment. Although I 
never built the system, 1 have worked with these 
drivers and concur that they are short on power 
capacity. I've blown four of them, but they sounded 
quite good, despite a high QIC above 1.1. 

Sixth-order alignments, including design equa¬ 
tions, were completely discussed in Bob Bullock's 
article {SB 1/82). I suspect your Becker devices may 
need a fairly large box since they have a relativly 
high Q,s. I suggest a session with BOXRESPONSE, 
to see if you can arrive at a design, acceptable for 
your listening requirements and preferences. 

MIX ‘N MATCH 
RESPONSE 

In response to Mark Butcher's letter ("Mix 
'n Match Amps," SB 4/87, p. 56), I doubt 
there are any power amplifiers on the 
market which have significant phase shift 
in the range of frequencies where 
crossovers appear. If the amplifiers in a 
biamplified system have differing polari¬ 
ty (one inverts and one doesn't) you can 
simply invert the polarity of the corres¬ 
ponding driver. 

Active crossovers can simplify crossover 
design and reduce the demands on power 
amps and passive components. Yet, in 
many cases, it is not only possible but ac¬ 
tually easier to obtain the same results 
with a well-designed passive crossover 
and a high-quality amplifier. Contrary to 
Bob Ballard's letter ("In Praise of Active 
Crossovers," SB 4/86, p. 52), passive 
crossovers need not degrade a speaker's 
low frequency transient response, and in 
some cases (e.g. an overdamped woofer) 
actually improve it. In addition, 
knowledgable designers can fully compen¬ 
sate for the complex driver impedance 
over the relevant range of frequencies, and 
readily produce accurate passive bandpass 
filters. 

For speaker builders who have the con¬ 
fidence to "go active," the advantage is in 
the economy of choosing amplifiers whose 
power and distortion characteristics com¬ 
plement the frequency range over which 
they are used: for example, a low-power, 
Class A vacuum tube tweeter amp and a 
high-power (Class AB) transistor woofer 
amp. 

Ralph Gonzalez 
Philadelphia, PA 19143 

PHOTO 1: A pulsating cylinder. 

LA FOLIA UPDATE 
As you can see from the Photo, my latest 
ribbon experiment is tube-formed and 
works as a pulsating cylinder. It has 30 rib¬ 
bons (2.5m by 2cm) and 1200 magnets (42 
by 7 by 9mm). I thought this speaker 
would be rather powerful, but it turned 
out very timid and inefficient. Is my mag¬ 
net pattern too weak? Too much air-
short-circuiting? 
I welcome a good explanation. At this 

modest sound level, it seems the sound 
stage capabilities of this speaker are very 
good. My next step will be, instead of the 
ribbons, to make a planar membrane as 
a pulsating cylinder. Also, I think I'll ex¬ 
periment with the diameter of the tube. 
It might end up something like a Martin-
Logan shape. 
I hope my article ("La Folia," SB 1/88) 

stirs development. Last year High Fidelity 
(a Danish publication) had three inter¬ 
views with people who built La Folia. Sev¬ 
eral improvement were made and I heard 
some builders are now focusing on a bet¬ 
ter finish. It is really interesting to see this 
spread of ideas. 

Ole Thofte 
Menstrup, Naestved 
Denmark 

TL CHALLENGE 
John Cockroft's Shortline (SB 1/88) is a 
novel hybrid design using transmission 
line loading as part of the concept. Mr. 
Cockroft compares data on the Shortline 
with my article |"An Experimental Trans¬ 
mission Line," SB 4/85). While it is a 
welcome addition to the meager fund of 
published data there are some statements 
in the article that call for more discussion. 

Mr. Cockroft states "the purpose of the 
line is to attenuate the backwave of the 
speaker and to damp impedance peaks," 
which implies that resistive damping by 
line stuffing is the principal goal of all 
transmission line design, and I disagree. 
Several different concepts of optimum 

transmission line length design might be 
grouped generally as: 

1. Longer is better, but one-quarter 
wavelength in air at desired low frequen¬ 
cy cutoff is a minimum length. Transla¬ 
tion if this concept into actual line length 
design is often somwhat vague. 
2. Driver mechanical resonance (des¬ 

cribed by the electrical impedance peak) 
should be opposed by an acoustical reso¬ 
nance of similar amplitude and Q, but op¬ 
posite phase. Resistive damping by the 
line stuffing is limited to undesired line 
harmonics. 
3. Resistive damping as measured by 

impedance frequency curve is more im¬ 
portant than line length. 

Exponents of the longer-is-better con¬ 
cept say longer length provides lower 
system cutoff and more effective damp¬ 
ing. Longer lines do provide more effec¬ 
tive resistive damping. However, this 
higher level of resistive damping lowers 
line output at all frequencies, including 
desired low frequencies. 
The second concept requires opposition 

to the driver resonant impedance peak by 
reflected out-of-phase acoustical resonant 
impedance from an open-ended quarter 
wavelength line. Optimum line length for 
the driver/line system to provide quarter 
wave reflections (not free air quarter 
wavelength) may be determined by exper¬ 
iment. This means looking at impedance 
valleys rather than peaks and this was the 
intent of my article. 

A.J. Bradbury related the effect of stuff¬ 
ing density on sound speed [/AES, April 
1976). However, as my article indicates, 
I have not been able to confirm more than 
a minor change in effective wavelength of 
a driver/line system using a stuffing densi¬ 
ty of 0.5 pounds per cu. ft. Therefore, the 
major function of stuffing in this concept 
is heavy damping of undesired line har¬ 
monics, combined with minimum damp¬ 
ing of desired low-frequency backwave. 

The third concept relies on line stuffing 
to provide resistive damping of both driver 
resonance and line harmonics. As Mr. 
Cockroft noted, these shorter lines gener¬ 
ally require higher density stuffing. As 
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stuffing density increases, the line fre-
quency/impedance graph begins to look 
like a sealed-box graph, with the disap¬ 
pearance of the lower impedance peak. 

I agree with Mr. Cockroft that a “leaky 
line” is better than a sealed box for general 
reproduction of low frequency sound. 
However, I would expect reduced low-
frequency output due to increased stuff¬ 
ing density. 

As I said, the Shortline is a unique and 
interesting design. I basically challenge 
(with words, since we don't fling gauntlets 
anymore) the implications of his com¬ 
ments on general transmission line design 
objectives. 

T.E. Cox 
Wilton, CT 06897 

John Cockroft replies: 

I'm glad Mr. Cox appreciates my data, although 
1 am a bit disconcerted he thinks I have trod upon 
his transmission line toes. This was not my intent. 
While I regard resistive damping an important 

and effective means of achieving the sort of sound 
that pleases me and, apparently, others; I strongly 
doubt it is considered, much less approved of, by 
many. I think (of course, I don’t know) that Bailey 
would not subscribe to the concept of opposed 
resonances. He was heroically attempting to remove 
all resonances. 

Mr. Cox is correct in Concept 1, when he refers 
to vagueness. I can also live with his Concept 3, 
but I certainly would not mandate it for the general 
public. Peaks and valleys cohabitate. I don’t believe 
it matters whether the Shortline has a IdB peak, 
or a IdB valley. 

Perhaps if the backwave was damped along with 
the harmonics, the frontwave would have a chance 
to speak. 

While it's true that as stuffing density increases, 
the impedance graph begins to resemble a sealed 
box’s graph, it doesn't sound like a box and that's 
what is important. 
My only interest in speaker systems is the way 

they sound. Although I don't recall making any 
statements regarding the general reproduction of 
low-frequency sound, I’m glad Mr. Cox agrees with 
me. I'm not even sure what is meant by a "leaky 
line.” Neither I nor those who have heard my 
densely-stuffed systems have ever complained about 
the absence of low-frequency output. In a moment 
of candor, I admit I expected reduced low-frequency 
output; I just didn't find it. 

A DELAYED 
RESPONSE 

While running through some back issues, 
I came across a Mailbox item ("Magnet 
Malady,” SB 4/83) in which Rafael Lopez 
notes a white corrosion on his driver mag¬ 
net plates. When I first read his letter, I 
recognized the problem and meant to send 
off a note. I don't know whether anyone 
is still curious, but here is my reply. 

I'll bet his magnet plates, and other parts 

of his driver's structure, were a bright 
white metallic color, perhaps with a brassy 
tinge. Often steel components, not in¬ 
tended to be painted, are treated with a 
zinc or cadmium coating. If not a true hot-
dipped galvanized or electro-plate, the pro¬ 
cess involves a fast and inexpensive "flash-
coat” ionic vapor deposition, or sherardiz¬ 
ing, in which the part is tumbled in a hot 
bath of zinc powder. 

This provides a measure of anti-corro-
sion protection, as the oxide of zinc clings, 
rather than sloughing off like iron oxide 
(rust). The coating is intentionally sacri¬ 
ficial, meant to oxidize rather than prevent 
oxidation altogether. It will prevent the 
corrosion of steel not exposed to severe 
conditions. Outdoor conditions, as in roof¬ 
ing sheet metal, culvert pipe, door frames 
and so on, require thicker coatings from 
hot-dipped galvanizing. 
I cannot say what caused Mr. Lopez' 

corrosion problem, without doing a 
thorough investigation. But I had the same 
experience with some Polydax units; the 
corrosion developed surprisingly quickly, 
and I realized corrosion is a chemical reac¬ 
tion and fundamentally, with a magnet 
producing a constant electrical polarity, an 
electrical phenomenon. 

If my reasoning is correct, I see no cause 
for concern. If you wish to clean this ox¬ 
idation off, remember you are removing 
the protection provided in the first place, 
and you must, absolutely, provide the 
paint job, as Mr. Lopez did. Spraying the 
parts lightly with with clear lacquer when 
new, might be best. Be sure to keep paint 
away from where it doesn't belong. 

I apologize for my four-year delay to this 
query. This is, after all, a forum for shar¬ 
ing ideas, and corrosion protection is more 
important than I had realized and worthy 
of further discussion in these pages. 

Paul Graham 
Independence, MO 64050 

FRONT-REAR 
LOADING 

I am a subscriber since the first issues of 
SB and TAA and I would like to suggest 
a tutorial series about rear- plus front¬ 
loading loudspeaker enclosures, including 
computer software and mathematical 
analysis. 
Besides some famous designs such as 

Tannoy's GRF Autograph (front and rear 
horn loading) and Western Electric/Altec 
Lansing A7 (front, horn loaded; rear, reflex 
loaded), we have the following: 

• The F.A.S. Air Coupler, Fowler, Alli¬ 
son, and Sleeper {High Fidelity, No. 1, Vol. 
1, 1951); 
• The Karlson enclosure, rear, reflex; 

front, slot loaded; 
• The RJ enclosure, Frank Robinson 

and William Joseph, {Audio Engineering, 
Jan. 1953); 

• The Janis Woofer enclosure, rear, 
acoustic suspension; front, slot loaded; 
• Electro-Voice's MTL-4, manifold 

technology bass enclosure; 
• Elipson's Charge Simetrique, now 

marketed by KEF, bandpass loudspeaker 
enclosure (R107); 
• Metastatic Slot, dual driver from 

Linear Power and Langley Theater, Na¬ 
tional Air and Space Museum, (B.A.S. 
Speaker, No. 1/2, Vol. 14, p. 14); 
• and the "goose neck" proposed by 

KEF and Speakerlab, for auto installation. 
Could anyone supply me the address of 

the manufacturer of Credence raw driv¬ 
ers? Is Sherman Research out of business? 
[Yes.—Ed. J 

Nestor Natividade 
04581, Brooklin, Sao Paulo 
Brazil 

The Editor Replies: 

Although 1 have access to copies of the original "Air 
Coupler" articles in the early issues of High Fideli¬ 
ty, both Charles Fowler and Roy Allison have long 
since disowned the design. Many of the designs are 
patented and not reproducible here. I have omitted 
two designs from Mr. Natividade's list by a large 
Massachusetts manufacturer who does not allow any 
reproduction of technical details.—E.T.D. 

TWO-WAY RIBBON 
Continued from page 40 

less efficiency? Use fewer magnets or 
add a 1Í2 or 2Í1 resistor in series. Want 
more efficiency? Add magnets. A lower 
crossover point? Use longer ribbons and 
enclose the back to eliminate acoustical 
cancellation. 
I hope you experiment with a ribbon 

midrange/tweeter. In my 10 years or so 
of speaker building I have never been as 
delighted as when I first heard my own 
strip of aluminum singing. 

SOURCES 
Edmund Scientific (magnets) 
101 E. Gloucester Pike 
Barrington, NJ 08007 
(Part #33,027) 

DRH (crossover caps) 
2275 East Bay Dr. #1205C 
Clearwater, FL 33546 
(813) 536-2904, after 6pm 

Old Colony Sound Lab (binding posts) 
PO Box 243 
Peterborough, NH 03458 

Arnold Kaczor (steel plates) 
1137 E. Huron County Line Rd. 
Ubly, MI 48475 
(Mr, Kaczor has offered to produce the plates 
needed for a stereo pair for $50, plus shipping.) 
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The World’s 
Best Loudspeaker Books 

Please send me: 

-LDC: Dickason @ $19.95 _ HPL: Colloms @ 34.95 $_Total 

(POSTAGE & HANDLING: USA: $1.75 tor first book, 50$ for each additional book; Elsewhere: $4.50 for first 
book, $2 for each additional book.) 

I enclose $-in □ Check / Money Order □ Charge to my □ MasterCard (Access) / Visa □ 

SIGNATURE ~ —---

NAME " ----

STREET ----—-

STATE ZP 

OLD COLONY SOUND LAB 
PO Box 243, Peterborough, NH 03458 usa 

(603) 924-6371 or 924-6526 



CORNER FREQUENCY 
AND PLOTS 

In Mr. Gonzalez' first LMP article (SB 
1/87) he states the comer frequency comes 
from "the frequency at which your driver 
has the same magnitude relative to the flat 
portion of its response." I'm not sure what 
this means. How does he arrive at the cor¬ 
ner frequency from the manufacturers’ 
curves? Is it the 3dB down point at each 
end of the driver's response? 

I have another question on interpreting 
the phase plots the program generates. Mr. 
Gonzalez mentioned in the second LMP 
article (SB 2/87) one of the goals is to "get 
the phase angles of the driver/crossover 
sections within 90° of each other at the 
crossover frequency." 

I don't know what the plots should look 
like for first-, second-, third- and fourth¬ 
order responses when this goal has been 
achieved. Does each one’s phase plot ap¬ 
pear different? If so, what do they look 
like? I can't tell when the 90° per section 
goal is reached, but I know the magnitude 
response is supposed to be flat at that 
point. Also, since even orders have a dif¬ 
ferent phase response than odd orders, 
how is a 90° per section achieved with all 
of them? 

David Del Zotto 
Seattle, WA 14726 

Ralph Gonzalez replies: 

Your questions are reasonable and 1 hope this rep¬ 
ly helps clarify the issues. 

1. In Fig. 5a of my article {SB 1/87, p. 21), the 
corner frequency is where f/fc = 1. The corner fre¬ 
quency does not equal the 3dB down point of the 
driver's response, except in the case where the 
damping ratio, d = 0.7. If the damping ratio is less 
than 0.7, then there may actually be a peak at the 
corner frequency. For example, suppose your 
woofer's high frequency response resembles that 
in Fig. 5a with d = 0.3. In this case, the magnitude 
at flic = 1 is about + 4dB. You now return to the 
manufacturer's frequency response curve to find 
the value of fc: this frequency should be near the 
+ 4dB peak of your driver's high frequency 
response. 
2. When I say the phase angles should be within 

90° of each other, I mean the difference between 
these phase angles should preferably be less than 
or equal to 90°. First use LMP to plot the woofer 
and its crossover alone (reduce the tweeter's SEN¬ 
SITIVITY by about 60dB) and note its phase angle 
at the crossover frequency. Repeat this for the 
tweeter with its own crossover. Now subtract the 
smaller of these two phase angles from the larger 
one. For example, with a second-order Linkwitz-
Riley crossover using ideal drivers (enter zero in 
response to each of the DRIVER INFORMATION 
prompts) the phase angle of the woofer/crossover 
is -90° at the crossover frequency, and that of 
the tweeter/crossover is +90,° so the phase dif¬ 
ference is 180°-clearly undesirable. By inverting 
the tweeter's polarity (as is recommended for an 

ideal second-order crossover), both phase angles will 
appear at - 90,° so the phase difference will be zero. 

Unfortunately, due to driver limitations, you will 
never obtain an ideal second-order crossover, and 
you will have to repeat the experiment incorporating 
models for your own drivers. 

It is usually undesirable to have a phase difference 
much greater than 90° because obtaining a flat, net-
magnitude response in this case may require the 
individual drivers to show a peak around the 
crossover frequency. There will also usually be a 
peak in the reverberant response and undesirable 
vertical lobing. 

A UK REPORT 
More and more persons are recognizing 
the benefits of bi- and tri- wiring; a num¬ 
ber of manufacturers bringing out speak¬ 
ers here in England with split crossovers: 
Rogers, Music Fidelity, B&W, and so on, 
as well as home builders, of course. 

An upgrade of this has been introduced 
by David Rusby in a new quarterly, Audio 
Conversions, a UK publication written by 
leading designers. [We are inquiring about 
this publication. We will publish the address 
when we learn it.—Ed./ The article on "star 
wiring" includes upgrading capacitors, in¬ 
ductors and resistors, and then tri-wiring. 
The author decided to try star wiring to 
stop the crossover currents modulating the 
driver returns, and he found the improve¬ 
ment was immediately apparent, for the 
cost of a few plugs and leads. 

An article by Russ Andrews includes a 
discussion of Ray Kimber, of Kimber 
Kable fame, and his research into copper 
conductivity. His measurements show or¬ 
dinary copper 10 times more conductive 
than solder, and recommends screw ter¬ 
minals, binding posts and crimp-on con¬ 
nectors, plus contact enhancer (Tweek, 
Cramolin) for the best sound quality. 
I remember three years ago the con¬ 

troversy began on the merits of using solid 
core cable. Its initial promoter was James 
M. Hughes, a reviewer in Hi-Fi Answers, 
inspired by the research of Denis Mor-
croft. His view that solid core was superior 
to stranded cable first created a fair 
amount of incredulity. I initially tried 
1mm solid core mains cable on one 
speaker, with the usual stranded cable on 
the other, with a mono signal. I prefered 
the the solid core almost immediately, 
switching between the two for a couple 
of days to make sure. I also rewired in¬ 
ternally with solid core, again with im¬ 
proved sound. 
One explanation for this shows com¬ 

plex, rapidly changing magnetic and elec¬ 
tric fields cut through the individual 
strands inducing stress currents, smearing 
the signal currents. A thorough explana¬ 
tion, by Dr. Malcolm Hawksford in Hi-Fi 
News, stated the optimum diameter for 
audio cable was around 0.8mm. 
Another generally accepted idea which 

is generating big business here is the use 
of speaker stands. The stands shown in 
Ralph Gonzalez' article (SB 3/87, p. 40) 
Heybrooks HBSIs, are one of the most 
popular for small speakers. The general 
consensus is they should offer a highly 
rigid, stable platform, and include spiked 
feet for greater stability and improved 
sound. The cabinets should be supported 
at points of maximum rigidity, about %" 
in from the corners. Most stands are now 
available with upward facing spikes. You 
could use cross-head screws inserted into 
the cabinet corners to locate the spikes, or 
bolt the cabinet directly to the stand, to 
improve stability. 
The ultimate example appears to be 

building the stand and cabinet as a rigid 
integrated structure, as adopted by Naim 
Audio SB2s and Mourdant Short HH2s. 
The ambitious home builder could use 2 
by 3 timber to form the internal frame and 
integrated stand, and rigidly attach the 
front baffle and cabinet to the frame, 
possibly decoupled by rubber or cork to 
reduce vibration energy from the baffle. 

On a final note, some manufacturers are 
using vertical figure-eight braces, attached 
to the inside top, bottom and side enclo¬ 
sure panels, as stronger alternatives to 
horizontal braces. 
On an esoteric level, adverse effects 

from the ionization of the air, which gen¬ 
erates complex charge potentials in and 
across audio equipment, furniture, LPs, 
and within the cabinet stuffing, should be 
neutralized for better sound quality, accor¬ 
ding to Peter Belt, who has proposed a 
number of methods. This led some to re¬ 
move the stuffing, claiming improved 
sound. Controversial, to say the least. 

I hope some of this will be of interest 
to other readers. 

R.D. Lewis 
Tarporley, Cheshire, CW6 9RB 
England 

DRIVER PHASE 
RESPONSE 

Unlike Mr. Knittel (SB 1/88, p. 49), I have 
not found impedance compensation 
(Zobels) makes driver phase response 
more constant with frequency. In my ex¬ 
periments I found it had very little effect 
on the waveform produced by the 
speaker. I used: 
1. Direct driver connection to the 

power amp, a McIntosh MI-75; 
2. As above, with a 0.5Q resistor in 

series with the speaker, to represent the 
loss a passive crossover could cause; 
3. A high resistance source of IkQ in 

series and driven by a Hewlett-Packard 
200AB sine wave generator. 

I consider conditions #1 and 2 realistic. 
I observed each condition with and 
without a Zobel. With condition #3, there 
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was slightly more phase shift, with the 
Zobel tending to decrease this slightly. The 
Zobel did reduce amplitude at higher fre¬ 
quencies. 

1 tested a Dynaudio 17W75, using a sub¬ 
miniature Audio-Technica condenser mic 
(AT 803S) placed about 1mm directly over 
the cone (with the 17W75 really an in¬ 
verted dome), where the voice coil attach¬ 
es. This minimized room and cone break¬ 
up effects and time delay. It also contri¬ 
buted to a clean mike output. I observed 
phase and amplitude waveforms on a Tek¬ 
tronix 502A dual beam oscilloscope. The 
reference beam was triggered by the am¬ 
plifier output (#1 and 2), or the signal gen¬ 
erator (#3). I used a Heathkit IM-2420 fre¬ 
quency counter to accurately set frequency. 

If we look at phase at the speaker ter¬ 
minals with a high impedance source and 
Zobel (#3), the observed phase difference 
is nearly 0 above 400Hz, as it should be. 
This does not mean the speaker is putting 
out a 0° waveform, but a passive cross¬ 
over would see a resistive load in this fre¬ 
quency range. I actually use this setup to 
determine Zobel values, and I simply 
choose values to get the frequencies where 
the rising part of the speaker impedance 
curve is as near to 0° phase with the 
source as possible. I used 14gF in series 
with 7.5Í2 for the 17W75. 
The dual beam oscilloscope-microphone 

setup can also be used to align speakers 
in a system. I can move the mike perpen¬ 
dicular to the listening axis plane, using 
a stand and clamping apparatus. The os¬ 
cilloscope reference beam is triggered by 
the amplifier output. I clamp the mike in 
front of the low-frequency speaker, set the 
sine wave generator at the chosen cross¬ 
over frequency and mark the position of 
the mike output on the oscilloscope screen 
with a wax pencil. Then I move the micro¬ 
phone in front of the high-frequency driv¬ 
er and move the driver back until its out¬ 
put position matches the low-frequency 
mark. This places the two drivers in-phase 
at the crossover frequency. 

I think it is common to focus on phase 
changes caused by the crossover, but from 
my experience I realize the difficulty of 
making a linear phase speaker system 
where time delay is either zero, or con¬ 
stant with frequency. So, if you use a first-
order crossover, the summed electrical 
output adds up to the input in phase and 
amplitude; the speaker themselves will 
almost always ruin the desired phase rela¬ 
tionship. JAES articles by Leach (Antho¬ 
logy II, pp. 149-160) and Heyser (Antho¬ 
logy I) have more to offer on this. 

Robert L. Shultz 
Loma Linda, CA 92354 

Max Knittel replies: 

We are not in disagreement; I am guilty of poor 
writing. I intended to say that for driver phase 
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CRAMOLIN 
How many times have you “fixed" equipment by rocking a printed circuit 
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By decoupling the component from the surface beneath it, the "Tips" 
reveal greater resolution in the music. CD laser tracking mechanisms 
do less work, turntable platters and tonearms are better isolated, and 
loudspeakers provide improved “Imaging” and clearer bass. 

“I immediately put them on my Shortline. On a solid wood floor I 
have no doubt that the spikes would be more effective and I recom¬ 
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response with compensation networks, the phase 
at the driver terminals is nearly constant, not that 
the phase of the acoustic output is nearly constant. 
The compensation network produces a nicer (more 
resistive) load for the crossover so it behaves more 
as you would expect-just what you found. 

Drivers themselves have large phase shifts. As 
usual for resonant systems, any resonance causes 
fluctuations in both the magnitude and phase of 
the output. The drivers with the least acoustic phase 
variations would seem to be those where spurious 
resonances-those at frequencies above the fun¬ 
damental free-air resonance—are best controlled. 
It would seem that driver manufacturers should 
start publishing acoustic phase vs. frequency curves, 
in addition to the normal acoustic amplitude vs. 
frequency curves. 

The problem of phase changes intrinsically caused 
by the drivers is why it is not possible to "physical¬ 
ly" align the drivers by merely calculating *4 
wavelength at the crossover frequency (the 90° 
phase shift of a first-order crossover) and allowing 
for the distance of driver depth (that is, aligning 
the voice coils). Although this is a good starting 
place, you must empirically move the drivers 
around, as in your method, because the of the 
known phase shifts in the drivers themselves. In 
a frequency region around the crossover point, try 
to find the best compromise high-frequency driver 
setback relative to the low-frequency driver. 
Although the acoustic phase response is always 

less than perfect for any particular frequency, I have 
found the desired phase relationship is not com¬ 
pletely "ruined" and does add to the spatial ac¬ 
curacy and stability of a stereo image. 

POLK 10 
MODS’ EFFECT 

In reference to Mr. Frane's article, "Modi¬ 
fying the Polk 10s," in SB 4/87,1 suspect 
his modification may have some unfor-
seen effects. If Polk uses a passive low-
pass crossover for the woofers in this 
speaker, then the modification may re¬ 
quire a change in the component values 
to reflect the new effective impedance. 
Also, the presence of the other channel’s 
crossover may alter Mr. Frane's calcula¬ 
tions of the resultant impedance after 
making the modification, and I'm not sure 
whether other problems may result due 
to the electrical coupling of the "inboard'' 
and "outboard" speakers, particularly 
near the crossover frequency. 

Perhaps the best solution would be to 
disconnect the positive leads of the out¬ 
board woofers as well, and attach them 
directly to their respective amplifier ter¬ 
minals, bypassing the crossover (possibly 
inserting an inductor as a low-pass filter). 
Then, recalculate the component values or 
wire a high-power 8Í2 resistor in parallel 
with the inboard speaker. The latter ap¬ 
proach uses Polk's original crossover but 
will present a lower impedance to his 
amplifier. 
In addition, since only the inboard 
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woofer carries the main signal, he might 
need to attenuate the tweeter up to 6dB 
with an L-pad, and may also need to 
retune the enclosure volume and/or the 
passive radiator for optimal bass. Good 
luck! 

Ralph Gonzalez 
Philadelphia, PA 19143 

Jim Frane replies: 

Thanks for your thought-provoking comments. Polk 
does use a passive low-pass crossover for the Model 
10s which I modified. As you correctly point out, 
the high frequency cutoff point of a given induc¬ 
tor, or choke, that serves as low-pass filter will vary 
with the impedance of the driver(s) involved. 
Assuming Polk has used a 0.3mH inductor for a 
3kHz crossover with a 6Q load, then the change 
to 5.33 with the same inductor would change the 
crossover point to about 3.2kHz. Since the positive 
leads to both the inboard and outboard speakers 
come from the same point in the same crossover, 
I don't believe the crossover will see them separate¬ 
ly as far as the impedance is concerned. 
This modification was an empirical experiment; 

I attempted to improve ambience reproduction for 
these particular speakers. I did not attempt im¬ 
pedance measurements of either a single modified 
speaker or the pair working together. Unfortunately, 
I no longer own or have access to these speakers. 
I would encourage you and other readers to pur¬ 
sue your own theories and report on the results. 

ITERATIVE 
MEASUREMENTS 

When calculating crossover values for a 
three-way system, how do you handle the 
situation when the impedance at the lower 
frequency is very different than at the 
higher crossover frequency? For example, 
in the Dynaudio D-76 (second-order, 
APC): 

impedance at 500Hz = 60 
impedance at 3kHz = 10Í2 

Do you use the average midrange driver 
impedance? Or, do you figure the band¬ 
pass in two stages, with the high-pass at 
low frequency based on the low frequen¬ 
cy impedance and the low-pass at high fre¬ 
quency section based on the high frequen¬ 
cy impedance? 

If this is not correct, please describe the 
correct procedure; I am math proficient, 
simplicity is not essential. 

C.E. Sadler 
Dover, DE 19903 

Robert Bullock replies: 

What you want to do is design a passive filter, by 
means of formulas, that will operate correctly into 
a nonresisitive load. In general this cannot be done 

Continued on page 65 

KIMON BELLAS, FOCAL drivers' ex¬ 
clusive importer for North America has 
been named importer for North Ameri¬ 
ca for three other audio products manu¬ 
facturers for the professional and home 
builders. 

We are very happy to offer this kind of 
quality, at reasonable prices, in our con¬ 
tinuing commitment to bring you the 
finest loudspeaker components and re¬ 
lated products. 

CABASSE: Advanced drivers featuring 
concave dome honey-comb Kevlar® I 
Nomex® /Kevlar® diaphragm woofers, 
7-24" diameter, carbon dome tweeters 
and midranges, high dynamic high pow¬ 
er Pro drivers. (France) 
S.C.R.: The finest caps (metallized poly¬ 
propylene and others). Custom values 
and features: hybrid cable, silver solder¬ 
ing, solid embedment. (France) 
ISODA: Produces the most innovative 
hybrid cable (interconnect/inner wiring/ 
speaker cable). A cross-matrix of differ¬ 
ent metal wires utilizing sophisticated 
dielectric compound. (Japan) 
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COMPACT DISCS 

|ib 
DIRECT FROM THE MASTERS 

Sheffield Lab Compact Discs are manufactured 
from our live, two-track reference tapes re¬ 
corded simultaneously with the original disc per¬ 
formances of these albums. Sheffield Lab is the 
only company in the world making popular re¬ 
cordings directly to a finished two-track format, 

thereby using significantly fewer electronics and 
eliminating a multi-track recorder as a storage 
medium. Our development of microphones and 
electronics, together with our acknowledged ex¬ 
pertise in capturing the true musical energy of 
our artists, is evident on these Compact Discs. 

‘CD-S10 The Missing Line Lincoln Mayorga 
& Distinguished Colleagues. Vol. 11. Instrumental 
arrangements of songs including Blackbird, Nor¬ 
wegian Wood, Both Sides Now, We've Only Just 
Begun. Peace Train. Limehouse Blues. If, & more. 

‘CD-2 I’ve Got The Music In Me Thelma 
Houston and Pressure Cooker. A blend of R&B 
and Rock featuring vocalist Thelma Houston. 
Vocals include I ve Got The Music In Me, To Know 
You Is To Love You, Don t Misunderstand. Got 
To Get You Into My Life, and four instrumentals. 
Grammy Nomination for Engineering Excellence. 

‘CD-3 The King James Version Harry James & 
His Big Band. Features such standards as Chero¬ 
kee. Comer Pocket, Sweet Georgia Broun, Don t 
Be That Way. Blues Slay Away and four more. 
Grammy Nomination for Engineering Excellence. 

"CD-5 Discovered Again Dave Grusin. This 
recording of a jazz quintet features distinguished 
film and television composer/pianist Dave Grusin. 
Songs include, A Child Is Bom, Keep Your Eye 
on the Sparrow, (theme from Baretta), Sun Song, 
Captain Bicardi. Cripple Creek Break-Down and 
four others. 

Review quotes are from original review of tbe direct disc 

editions of these CDs. 

• Made from tbe analog master tape 

t Made from tbe digital master tape 

‘CD-7/8 Wagner: Excerpts from Die Walkurie. 
Tristan und Isolde, Götterdämmerung, and Sieg¬ 
fried. Erich Leinsdorf conducting the Los Angeles 
Philharmonic. ' The recording is uniformly excel¬ 
lent: percussion, brass, strings and woodwinds 
are superb. " 
Prokofiev: Excerpts from the ballet, Romeo and 
Juliet "Simply stupendous, with staggering dy¬ 
namic range. ..an absolute must addition to every 
record collector’s library. ”—Stereopbile. 
Live performance recorded with a single-point 
stereo microphone. 

‘CD-15 Growing Up In Hollywood Town 
Amanda McBroom & Lincoln Mayorga (pop vocals 
and instrumentals). Included are The Rose, Por¬ 
trait. Dusk. Growing Up In Hollywood Town, and 
Amanda as well as four instrumentals. 

tCD-15 West Of Oz Amanda McBroom & Lin¬ 
coln Mayorga (pop vocals and instrumentals). 
Songs include Dorothy, My Father Always Prom¬ 
ised. Reynosa. Um Not Gonna Say I’m Sorry. 
Gossamer. Only With You. Happy Ending, and 
three instrumentals. 

+CD-17 Tower of Power Direct. This album in¬ 
cludes You Know It, You re Gonna Need Me, 
Squib Cakes, That ’s Why I Sing, Wbat Is Hip and 
Never Let Go of Love. 

t CD-1000 Boxed set. CD-25, 26. 27 »44.95 

tCD-21 The Name Is Makowicz Adam 
Makowicz. Features the pianist/composer perform¬ 
ing with a quintet, with saxophonist Phil Woods. 
Songs include Pearl Grey, Past Tense, You Do 
Something To Me, Moondust and four others. 

LCD-2 3 James Newton Howard & Friends. High 
energy rock instrumentals composed for syn¬ 
thesizers. drums and percussion featuring James 
Newton Howard, David Paich, Steve, Jeff, and Joe 
Porcaro. Songs include Caesar, Gone Buttlefishn 
L'Daddy, Amuseum and three others. 

tCD-24 Stravinsky: Tbe Firebird Suite (1910) 
DeBussy: Aflemoon of a Faun. Erich Leinsdorf 
conduting the Los Angeles Philharmonic. This 
recording features the expanded orchestration of 
the original Firebird Suite, complete with the 
finale. “One of tbe very best orchestral records 
! have ever beard. —Hi-Fi News & Record Review 

+CD-KODO KODO: Heartbeat Drummers of 
Japan. This recording features the world’s re¬ 
known KODO drummers playing a variety of 
wooden drums, including the massive 700-pound 
o-daiko drum, in addition to other traditional 
Japanese wind and string instruments. 

‘CD-14/20 Tbe Sheffield Track Record and The 
Sheffield Drum Record. These albums, combined 
on one compact disc, were recorded for the max¬ 
imum sonic impact as a component testing and 
evaluation too). 

JCD-2 5 Tbe Moscow Sessions The Moscow Phil¬ 
harmonic. Glinka: Russian and Ludmilla, Tschai¬ 
kowsky: Symphony No. 5 in E Minor; conducted 
by Lawrence Leighton Smith. Recorded in Moscow 
in 1986, presenting the first recording of an 
American conductor leading a Soviet orchestra. 

LCD-26 Tbe Moscow Sessions The Moscow Phil¬ 
harmonic. Shostakovich: Symphony No. 1 ; con¬ 
ducted by L. Smith. Piston: The Incredible Flutist, 
Barber: First Essay for Orchestra; conducted by 
Dmitri Kitayenko. Recorded in Moscow in 1986. 
First recording by a Soviet orchestra of American 
music. 

LCD-2 7 Tbe Moscow Sessions The Moscow Phil¬ 
harmonic. Shostakovich: Festive Overture, Glazu¬ 
nov: Valse de Concert in D; conducted by L. Smith. 
Copland: Appalachian Spring, Gershwin: Lullaby 
(for string quartet), Griffes: The White Peacock, 
Ives: The Unanswered Question, conducted by 
Dmitri Kitayenko. Recorded in Moscow in 1986. 
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Outside US add $4.50 Postage 
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OLD COLONY SOUND LAB PO Box 243 Peterborough, New Hampshire 03458 
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Continued from page 63 

using closed-form formulas. An iterative process such 
as Schuck's optimization, or a laboratory trial-and-
error procedure is the only way to deal with the 
problem. Either technique requires moderately 
sophisticated measurement capabilities. 

Your alternative is to equalize the driver accord¬ 
ing to my directions in "Passive Crossover Net¬ 
works," ¿SB 1/85, p. 19, Fig. 19). The object is to 
make the driver appear as much like a resistor as 
possible, at least in the neighborhood of the crossover 
frequencies. The more nearly you can approach a 
resistive load, the more nearly the filter will behave 
as advertised. 
For your crossover frequencies I would try to 

equalize to a nominal 6 or 7fi load, from 250Hz or 
lower to 6kHz or higher. By 7ÍI nominal, I mean 
within 20%. 

POSITIVE FOR 
PASSIVE 

I first began using biamp and triamp 
designs for my hi-fi system back in the ear¬ 
ly sixties, but abandoned this approach 
due to the complexity of the electronics. 
Recently, after reading some of the com¬ 
ments by Ralph Gonzalez and Contribut¬ 
ing Editors Bullock and D'Appolito, I 
decided to go back to this approach. It is 
so much easier to do this now than it used 
to be, with the advent of op amps. 
While current state-of-the-art speakers 

sound much different driven directly from 
the amp, rather than through a passive 
network, they do not always sound bet¬ 
ter that way. Now, before I'm besieged by 
comments that state "any difference you 
hear with passives must be negative," let 
me say I realize this involves a modifica¬ 
tion of the electrical signal. However, this 
is not always objectionable. 
An example is a well-damped bass sys¬ 

tem, ported or closed box. There’s a good 
chance that if it sounds perfect when 
driven through a passive network, it will 
sound overdamped, driven directly from 
the amp. This can be rectified by placing 
a small resistance in series with the 
speaker, maybe 0.1 to 0.20. The Q of the 
system is back to where it was with the 
passive device. I have seen this effect 
several times with closed-box systems us¬ 
ing top-of-the-line drivers with efficient 
magnet systems. 

I have not been at all happy with my 3/2 
D'Appolito satellites when driving the 
speakers direct from the amp using high 
level crossovers. I am using the Dynaudio 
17W extended range in this application. 
The system sounds too bright and the term 
"glare" seems to fit it best. Some might 
describe the sound as more open, but the 
effect wears thin after hours of listening. 
It also sounds awful on anything but 
pristine program material. 
Conversely, when driven through a pas¬ 

sive crossover with Zobels in place the 

CONNECTORS 
SCXT7: ROYCE AUDIO PLUG. RCA type phono plug custom made for Old Colony. Five 
part construction with excellent strain relief. Heavy 24K gold plate, accepts cable diameter 
up to 0.23”. Pair $18.00 Two or more pair Each $17.00 
SCXT8: ROYCE AUDIO JACK. Counterpart to SCXT7. Mounts from front of panel (up 
to y16 " thick, */i6" if with insulators) in %/' hole. Nylon insulators are included. 

Pair $16.00 Two or more pair Each $15.00 
PHONO PLUG A. Fully shielded (gold-plated brass) RCA-type phono plug accepts cable 
diameter up to .203" (5.16mm). Pair $5.50 
PHONO JACK A. Mounts in %" hole from rear of panel (up to '%4" thick). External hex 
nut ensures tight installation. Gold-plated hardware included. Pair $6.00 
NYLON INSULATING WASHERS. One flat/one shoulder, 10 pairs per set.%" size—Fits 

Phono Jack A $1.50 !4 " size—Suitable for !4 "phono jacks $1.50 
SB7550B: PHONO PLUG. Gold-plated, fully shielded. Features spring strain relief Accepts 
cable diameter up to .24" (such as Neglex 2534). Pair $6.50 
SCBPG: GOLD-PLATED BINDING POSTS. Red and black. 30A, 1000V AC, five-way. 

Pair $6.50 
SCBNG: GOLD-PLATED BANANA PLUGS. Stackable, beryllium copper type. Leads held 
by internal set-screw. Red and black. Pair $6.50 
SCSLG: GOLD-PLATED SPADE LUGS. For '4 " post, accepts 10-12 gauge wire Solder or 
crimp. Pair $1.50 
INDIUM PLATED SCREWS. 10/32 x Vi " Indium over chrome over brass. Indium provides 
superior electrical power contacts on large electrolytic terminals (POOGE-2, 4:81). 

Four $4.75 

NEW—518: APATURE SPEAKER CABLE. This heavy 12-gauge oxygen-free copper, linear 
crystal cable has an ultra flexible clear jacket. Terminate with SCBNG or SCSLG. 

Twin Lead, per foot $1.50 
2534: NEGLEX AUDIO CABLE. Low capacitance, high performance interconnect made 
with OFHC wire by Mogami. Copolymer insulated with spiral shield. Available in blue, 
yellow or black (specify with length). Per foot $1.25 

2477: NEGLEX SPEAKER CABLE. Low impedance, high definition cable made with Mogami 
OFHC wire and copolymer insulation. Per foot $2.50 
TK2477: TERMINATION KIT. For 2477 cable, includes four gold-plated spade lugs and in¬ 
sulating sleeve. Per pair $2.00 
2515: NEGLEX HOOK-UP WIRE. Oxygen-free copper, super flexible 18-gauge with cross¬ 
link polyethylene insulation. 25 foot spool in red or black. Specify. Each $10.00 
MSLD-32: OLD COLONY SOLDER. Manufactured by Alpha Metals, our products features 
a highly activated organic flux (2.2%) with a water-soluble resin derivative of rosin which 
allows post soldering residues to be removed with a water wash. An article reprint, Solder¬ 
ing, The Basics by Marc Colen is included 63/37 Tin/Lead, .032" diameter. 30 foot spool, 
2 oz. Each $7.50 
KM-6: CRAMOLIN CONTACT CONDITIONER. Kit consists of one each two-dram vial 
of Red for old contacts, Blue for new contacts, lint-free applicators and full instructions. 
This military grade contact cleaning compound dissolves and removes oxides and their ef¬ 
fects on all non-soldered contacts in audio systems from cartridges to speaker terminals. 

Each $20.00 

QTY- ITEM TOTAL DISCOUNT SCHEDULE: 
--$25-$75: 10% $75-Up: 15% 

PRICES INCLUDE UPS SHIPPING 

PHONE ORDERS: 
(603) 924-6371 or 924-6526 

Discount -_ Mon.-Fri. 9-4 EST 

Total - Check □ MO □ MC □ VISA □ 

Card » Ëxp 

NAME 

ADDRESS |UPS SHIPMENTS MUST INCLUDE A STREET ADDRESS' 

CITY ST 

OLD COLONY SOUND LAB 
PO BOX 243 
PETERBOROUGH, NH 03458 usa 
(603) 924-6371 or 924-6526 Charge card orders only 
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sound is much too dry and constrained. 
Interestingly enough, the best sound is 
with no Zobel at all, using a network 
designed for the impedance of the speaker 
pair at the crossover frequency. This also 
produces the flattest measured system 
response. 
The electronic crossover between the 

sub and the 3/2 unit is 100Hz with 18dB 
up and 6dB down. This sounds much bet¬ 
ter than the 12 up and 12 down that I used 
previously. 

I mention this to encourage readers to 
listen and make changes to determine 
what sounds best. The best sounding amp/ 
speaker combination is not always the 
most perfect electrically. Another note on 
Zobels: they sound and measure different¬ 
ly, depending on whether the resistance 
or capacitance is placed first in the circuit. 
This is probably caused by interaction 
with other reactance in the crossover. 

1 would like to compliment SB on a fine 
periodical with excellent input from its 
contributing editors. 

Judson Barber 
North Augusta, SC 29841 

Joseph D'Appolito replies: 

Both active and passive crossovers are legitimate ap¬ 
proaches to frequency division. The preference for 
one over the other is application specific. Usually, 
either approach can be made to work well, but in 
any particular application one may be simpler than 
the other. The argument used to be that active ap¬ 
proaches were better because the amplifier isolated 
the crossover from the effect of nonideal driver im¬ 
pedance loading. With the advent of modern passive 
crossover optimization software, which accounts for 
both driver impedance and response variations, this 
argument is no longer valid. 

1 have been biamping for almost 20 years and find 
the greatest benefit comes from biamping between 
the bass drivers and the remaining upper range 
drivers, providing the system has been designed from 
the beginning for this approach. On the other hand, 
I have also found that the response anomalies of 
midrange and tweeter drivers, which must be ac¬ 
counted for in any design, are often more simply 
and directly corrected with passive networks. For 
example, the high-frequency rolloff of the Dynaudio 
D-28 driver in my 3/2 satellite is not the inverse 
of any simple 6 or 12dB/octave active network. 
However, a simple parallel RC passive network in 
series with this driver combines with its rising voice 
coil impedance to provide exactly the right compen¬ 
sation to flatten and extend its response to 21kHz. 

Our goal is an overall correct acoustic response. 
Properly applied, both active and passive crossovers 
can be made to work well. Blind application of stan¬ 
dard crossover circuits which do not account for 
driver response irregularities or frequency depen¬ 
dent input impedance variations will usually lead 
to poor performances. Although active approaches 
eliminate the effect of impedance variations, we must 
still deal correctly with response anomalies. I think 
paragragh five of Mr. Barber's letter tells it all: the 
crossover which produced the flattest response 
sounded best. 

DENSER PLYWOOD 
I built a pair of Octalines for my daughter, 
using John Cockroft's suggestions for fin¬ 
ishing (SB 3/87). They are very nice sound¬ 
ing and looking. For my next project I plan 
on using Apple-ply, an American, multi¬ 
ply plywood made to compete with Baltic 
birch plywood at a much lower cost. It has 
nothing to do with Apple wood, but has 
a birch face, is much denser than regular 
plywood and has no gaps. 
Can anyone tell me how to put preamp 

outputs on my Sony receiver with remote 
control so I can biamp my speakers but 
still use the remote volume control? Is 
there a place on the circuit board that can 
be tapped? 

Michael Dunn 
Eugene, OR 97401 

BOXRESPONSE 
UPDATE 

I am an avid user of BOXRESPONSE and 
note from Bob White's letter (SB 1/86, p. 
54) that he has some additional codes to 
display Xmax for a given frequency and in¬ 
put power. I would like to have a listing 
of the code for inclusion in my version of 
BOXRESPONSE (I have converted it to 
run under Lotus 1-2-3). Thank you for a 
wonderful program and in advance for the 
new code. 

Chris Edmundson 
Seattle, WA 98102 

Bob White replies: 

It's nice to hear from people who are still using the 

original version of BOXRESPONSE. So many things 
have happened to that program since Bob Bullock 
first wrote it, I figure 1 should give you the changes 
you requested and bring you up to date. 

First of all, eight lines differ from the original code 
and I added eight new lines: 

Astute observers will notice the equation for R9 and 
R9R are not used in the current version. The value 
R9 is the voltage limited excursion rather than the 
required excursion at the thermal power limit 
specified at the beginning of the program. The value 
of one number or the other is a matter of taste. Ex¬ 
periment, substitute R9R for RYR in line 490 and 
see what happens. As a side note, if you have a pur¬ 
chased copy of the disk, you have both BOX¬ 
RESPONSE and BOXRESPONSE XMAX on your 
disk. 

This next section is not for the faint of heart. In 
my attempt to improve the original program, I 
searched high and low for an easy way to generate 
graphics on the Apple II screen. Anyway, the answer 
1 finally found is easy. A program distributed by 
Roger Wagner Publications, Inc., called CHART ‘N 
GRAPH TOOLBOX, lets you define and scale your 
own screens (called windowing). Picture this, with 
a simple statement you can put log scaled data on 
the Apple II screen. It's a bargain, too. I found it 
in a mail order ad for $27. 

The upshot of all this is if you get a copy of this 
Toolbox for your own use, I can supply a copy of 
the listing of BOXRESPONSE XMAX that does 
graphics. The graph shows excursion in millimeters 
and displacement-limited SPL. A dashed line on the 
display shows the maximum linear excursion, which 
you input. This version of the program is very useful 
in getting the maximum "bang for your buck." With 
the proper choice of box volume and tuning you can 
make a driver with a a small displacement achieve 
high SPL before being excursion limited. 1 would 
have gotten the Toolbox distribution license and 
made this version available, but the price would have 
been about the same. 

Contact the Editor (if you are not faint of heart) 
and listings and diskettes will be available if interest 
warrants. 

PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 

MAXIMUM MAXIMUM 
"FREO. RESP. INPUT INFINITE 
•'IN IN IN RESPONSE 
" HZ (DEO WATTS IN (DB) 

MAXIMUM" 
REQ’D" 
EXCURS" 

IN" 
MM" 

490 PRINT F9;TAB(6);Y2R;TAB(15);P1R;TAB(23):Y3R;TAB(33);RYR 

550 DATA 1,5,12,15,20,25,27,30,32,35,37,40,42,45,47,50,52,55 
60,65,70,75, 80, 85,90,95,100,110,125,150,175,200,210 

New lines: 
155 INPUT "ENTER DRIVER NAME " : D$ 
437 RY=Yl*Kl*E*1000 
456 R9=Yl*Kl«E2»1000 
485 RYR=FN R(RY) 
486 R9R=FN R(R9> 
561 F4=R1*25;4 
562 PRINT "XMAX IN INCHES = ";R1 
563 PRINT "XMAX IN MM = ";F4 
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Classified Advertising 

TRADE 

FALCON ACOUSTICS is one of the largest 
independent manufacturers of crossover net¬ 
works and speaker system accessories in the 
UK, supplying manufacturers, retailers and ex¬ 
port. We have outlets in both the USA and 
Canada. Your guarantee is the trust our 
manufacturing customers put in the quality and 
reliability of our networks. Inductors: Ferrite 
(up to 200W), air-cored and transformer; 
Capacitors: Reversible electrolytic 50V/100V, 
polyester, polycarbonate and polypropylene; 
Networks: choice of over 70 for different unit 
combinations; Components & Accessories: 
most except for the wood! If you have supply 
problems, please send for details, $2 air, $1 
surface, to our mail order retail outlet. 
FALCON ELECTRONICS, Tabor House, Nor¬ 
wich Rd., Mulbarton, Norfolk, England NR14 
8JT. TTF 

PYLE DRIVERS AND PIONEER OEM 
SERIES subwoofers, woofers, mids, tweeters, 
passives, crossovers, grilles for home, car or 
guitar. Over 200 models stocked for prompt 
shipment. Always discounted. VISA/MC/DISC. 
Dealers inquiries? SPEAKER SHOP, 318 S. 
Wahsatch, Colorado Springs, CO 80903, (719) 
475-2545. T4/88 

“IN PHASE” 24dB/octave electronic crossover 
minimizes irregularity in radiation pattern 
through crossover region. 0.0008% distortion, 
5 year warranty. Single frequency with power 
supply (specify) $523. DB SYSTEMS, Main 
St., Rindge, NH 03461. TTF 

LONG HAIR WOOL carded, cleaned for stuf¬ 
fing speakers. $13.50/lb. including shipping. 
J. EBBERT, 431 Old Eagle School Rd., Straf¬ 
ford, PA 19087, (215) 687-3609. TTF 

CARDED WOOL: 100 percent clean and 
carded wool from the long-wooled sheep for 
the speaker builder. $9 per lb. plus shipping. 
Samples, $2 plus SASE. Send to BABYLON 
FARM, 95 Day St., Granby, CT 06035.T4/88 

ACOUSTA-STUF—New long fiber synthetic 
stuffing material, multi-directionally crimped for 
sonic purity comparable to wool. $7.00 per 
pound. MAHOGANY SOUND, 2430 Schill¬ 
ingers Rd., #488, Mobile, AL 36695. T3/89 

INTERACTIVE AUDIO DESIGN SOFTWARE 
for PC and Macintosh. SpeakerCAD draws 
predicted performance graphs, calculates 
Thiele/Small parameters, vents. Filters 
calculates first through sixth-order, Bessel or 
Butterworth electronic crossovers, quotes 
nearest standard values. $29 for both. 
ATRIUM ELECTRONICS, 2302 5th St., NE, 
Salem, OR 97303, (503) 363-5143. T4/88 

Put a little MAGIC 
into your life 

(and in ours too!) 

Your MAGIC (data record) NUMBER is our way of keeping your 
subscription record. When you write or call us for any reason 
have that number handy—It helps us fulfill your request faster 
and more accurately. Thank you. 
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COMPUTER-AIDED CROSSOVER design 
service and computer-aided cabinet design 
service. Systems designed around your drivers 
using real-world parameters, not theoretical. 
Predictable results. Also computer designed 
tested speaker kits. Free information. 
AUDIOTECH, 911 Thompson Blvd., Windsor, 
Ontario Canada N8S 2G7. T4/88 

5’/« INCH CAST FRAME, Neoflex cone, 
vented pole piece, 40mm Kapton former 
aluminum, edgewound flat wire. Voice coil 
length, 18mm, 15Í2 driver, Fs = 43; Qts = 
0.274; Vas " 11.4 liter; 87dB/W/M. These 
special drivers are brand new and the original 
contractor could not take delivery. These are 
a special one-time offer at a cost far below 
market value. They are ideal for line array 
systems. For prices and quantities, call 
FOCAL AMERICA, (818) 707-1629. T4/88 

FOR SALE 
Borbely preamp kit all boards stuffed, careful 
work, silver soldered, no time to complete, 
$375; Lang power amps, 20W full kits, stuffed 
boards, $250/pair; Falcon Acoustics Tocatta 
speakers, two KEF B110s 5’/a", one IV2" 
T52B tweeter, vented enclosure, excellent con¬ 
dition, $250/pair; Becker 10" woofers, 
910A100, new, $50/pair. Dan Hildreth, 1514 
E. Stephens, Tempe, AZ 85283, (602) 
838-2789. 

New Morel MDT-30 tweeter, $20; used MDT-
30, $12; pair used Focal 7N501S, $40; Omni¬ 
sonic 801 image enhancement unit (useful for 
making tapes for your car), $15. Duke, (504) 
866-0191. 

Pair of 30W-54 12" poly woofers, almost new, 
$240. John, 122 Forest Hills Rd., Springfield, 
MA 01128, (413) 783-7113. 

Heil air motion transformers, several styles, 
$150-300/pair; 12" ESS woofers (cast), 
$200/pair; ESS crossovers, $50/pair; Heil 
replacement diaphragms, $35. Richard Paino 
(916) 988-0673. 

New JBL 15" woofers 2235H (LE15-pro ver¬ 
sion), Prosound JBL 2215A, Electro-Voice 30" 
subwoofer drivers; Eton 8" Kevlar, 280Hex, 
Focal 10" Kevlar 10K515, Audax 8" Bextrene. 
Limited number of 10mF Siderealkaps. Bob 
Pickard, 1720 Lilac, Walnut Creek, CA 94595, 
(415) 930-9104. 

‘81 Eminence 38 oz. 12", $25/pair; new Audax 
8" H4C12, $39/pair; perfect Dalesford 5", 
$39/pair; old KEF B110, $12/pair; Dynaudio 
D28, $28/pair; SEAS 1" ferro tweeters, 
$17/pair; Audax super tweeters, $12/for 4; 
Audax 6.5" H4, $12/one only. Lee Arbach, 
1987 Autumn Gold, San Jose, CA 95131, (408) 
258-7971 evenings. 

Speaker cables: 3 pair MIT PC-18 cables with 
Esotérica gold bananas, 2 pair @ 8‘, $100/pair, 
1 pair @ 12', $125; 3 pair Livewire Teflon 12 
with gold spades, 6, 8,12 feet at $25, $30, $40; 
2 pair Livewire BC-12 with gold spades, 8' @ 
$50, 12' @ $75. Larry Cartwright, (412) 
846-7419. 

Heathkit three-way time-aligned speaker sys¬ 
tem model ASX-1383,10" woofer (B2 aligned 
with f3 of 45Hz), 5" Peerless midrange, 1 " 
Peerless dome tweeter, 6dB/octave crossover 
at 750 and 4000Hz, in beautiful rosewood 
cabinet, $300. Bruce Beyer, (313) 455-1728. 

Linn, Ittok and AT-OC7 me, $600; Nitty Gritty 
II record cleaner, $175; JBL 2221 10" speaker, 
$125/pair; KLH 27 receiver, $100; Sherwood 
S-5500 IV integrated amp, $50; Dyna PAT-4, 
$35; EV/Realistic ARS-4 four channel decoder, 
$35; pop and classical CDs, $8-$10 send 
SASE, all ppd. Steve Hluchan, 21 Westward 
Rd., Woodbridge, CT 06525, (203) 397-3888. 

Audio Control industrial road case for SA 3050 
analyzer, custom designed and made with 
heavy duty hardware, storage for microphone 
and cables, etc., brand new, $200; Acoustilog 
Impulser signal alignment measurement 
“black box,” use with scope and microphone, 
very accurate, $125. Mise Altec, E-V and JBL 
components. Tom Young, (203) 274-2202. 

Two Morel 224R woofer-mids, closed box Qtc 
1.1, infinite baffle, or auto sound, 20 hours use, 
$50 U.S. postpaid. Mark Thompson, 194 St. 
Davids Rd. W., St. Catharine’s Ontario Canada 
L2T 1R4. 

SAE 180 stereo parametric equalizer, two 
bands per channel, $80 or trade for woofers, 
mids, tweeters, crossovers, anything in¬ 
teresting. Rocky Kinnison, (815) 657-8488. 

Mobile Fidelity out-of-print rock/pop LPs. Ap¬ 
proximately 20 including Dead/American 
Beauty, CCR/Cosmo, Little Feat/Columbus, 
Clapton/Slowhand, etc. All factory sealed. 
Price below market. Amperex 6922 industry 
rated equivalent to 6DJ8. Gold pins, $4.75 
each. Need current address of Worldwide 
FM/TV DX Assoc. Lowell Thomas, 3405 N. 
Sixth St., Fresno, CA 93726. 

Teac A-6100 MK I115ips, Vz-track, reel-to-reel, 
like new, $750; Ampex TDK IOV2" tape; 
Pioneer MA-62A 6x2 mixer, mint, $150; SWTP 
540 amp, $25 or trade for Dyna SCA-35; 185Hz 
speaker crossovers, $15. Make offers, this stuff 
just taking up space. Paul Becker, (509) 
327-8859. 

Hermeyer ESA-3 parts, oil capacitors, bridge 
rectifiers, cable, plate/bias transformers, call 
for details; ESA-3 circuit board set, $15; 
70,000mF 25V DC Mallory type CGS, $25 each; 
Hafler XL-280 chassis, DH-200 rack kit, $20 
each; Dyna FM-5 tuner, $75; Soundcraftsman 
20-12 equalizer, $100. Nick Mastrobuono, 50 
Copperfield, Sarnia Ontario N7S 5K8, (519) 
336-9160. 

Bedini 25/25 Class A amplifier, ideal for original 
Quads, $360 or best offer; Stax Sigma head¬ 
phone with SD 7 box, $440 or best offer. Mark, 
(408) 244-2886. 

dbx 228, $75; Quadpod, rackmount, level con¬ 
trols, $75; Newmark MK II power indicator, 4 
channel, rackmount, $50; Sound Organization 
TT stand, $50; 15 pair X-Terminators, $10/pair. 
Larry Cartwright, (412) 846-7419. 

Two 18" Electro-Voice EVM18B Series II bass 
drivers in original sealed cartons, $320/pair; 
two 18" Oaktron M18Y2 guitar speakers, $85 
each; two 15" CTS 15W38C woofers, $80/pair; 
two 12" CTS 12W54C woofers, $60/pair. All 
items mint, unused. C. Orme, 1027 Valley Rd., 
Colorado Springs, CO 80904. 

Hewlett Packard oscilloscope 120B, $150; 
Sony ST J75 stereo tuner, $290; Audio 
Research D100 amp, $575; Kenwood KT7000 
stereo tuner, $250. All excellent condition. 
WANTED; Scott 335 Stereo Multiplex adaptor 
or similar McIntosh unit. T. Hafkenschiel, (415) 
851-2779. 

Richter Scale Series III, $250; Infinitesimals, 
$200; EPI LS841 auto speakers, $185; SEAS 
CA25RE4X/DC, $45/pair; Gold Ribbon Con¬ 
cepts ribbons, 2 pair sealed; Heath A9 mono 
integrated amps. R. Omegna, 44 Cold Hill Rd., 
Morristown, NJ 07960, (201) 543-2971 even¬ 
ings until 10 p.m. 

WANTED 
Altec Lansing 800Hz horn and driver and Altec 
Lansing 15" woofer. Jack Rumora, PO Box 
368, Senecaville, OH 43780. (614) 685-2612. 

Madisound 
Speaker 
Components 

8608 University Green 
PO Box 4283 
Madison, Wl 53711 
(608) 831-3433 

Audax, Dynaudio, KEF, 
Philips Loudspeakers 

PRIVATE CLASSIFIED ADVERTISING SPACE up to 50 words in 
length /s open to Speaker Builder’s subscribers without charge for per¬ 
sonal, non-commercial sales and for seeking information or assistance. 
The publisher reserves the right to omit any ad. Any words beyond 50 
are 20 cents per word. Please type or neatly print ad copy on a separate 
sheet or card with your full name and address. Please spell out all 
words. 
TRADE CLASSIFIED ADVERTISING RATES: 55 cents per word 
including name, address and zip code—prepaid only. 1O°/o discount for 
six insertions. Speaker Builder cannot accept responsibility for the claims 
of either the buyer or the seller._ 
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Attention Baltimore audiophiles: anyone in¬ 
terested in sharing the use of, (and rental fee) 
of a Hewlett Packard spectrum analyzer (real 
time analyzer) please contact Harold, (301) 
661-1202. 

Acoustat monitors X, 3 or 4 or Koss 1A and 
information on modifying the Acoustat ES ser¬ 
vo amp, schematics, etc. Also electrostatic 
speakers for parts, panels, transformers, etc. 
Tom Bourdeau, 10870 Eastcourt Dr., Windsor, 
Ontario Canada N8R 1E8, (519) 735-9023. 

Pair of fiberglass Focal EGGS for 7 " drivers. 
R. van Wynen, 322 Oakdale Ave., Corte 
Madera, CA 94925, (415) 924-2950. 

Seek classic mono (or stereo) system— 
McIntosh tube amps, Klipschorn speaker(s). 
Steve Hauser, 2235 MacBride Dr., Iowa City, 
IA 52240, (319) 335-1890 days. 

Sanyo Plus T55 AM/FM stereo tuner. Stanley 
Grycz, 2935 Crehore St., Lorain, OH 44052, 
(216) 288-9480. 

Pair of replacement diaphragms for Altec 
drivers model No. 808-8B. Andrew Lewis, 3929 
S. Sherman, Englewood, CO 80110, (303) 
781-5573. 

CLUBS 
Space in this section is available to audio 
clubs and societies everywhere free of 
charge to aid the work of the organization. 
Copy must be provided by a designated 
officer of the club or society who will be 
responsible for keeping it current. Send 
notices to Audio Clubs in care of the 
magazine. 

AUDIOPHILES IN CENTRAL PENNSYL¬ 
VANIA (also eastern Pennsylvania and Dela¬ 
ware): Interested in forming a serious audio or¬ 
ganization? Contact Steve Gray, 625F Willow 
St., Highspire, PA 17034 or phone (717) 
939-4815. 

r ACTIVE 1 

ELECTRONIC 
CROSSOVERS 

MODEL 120 CABINET & NEW 120-R 
“RACK AND PANEL” DESIGNS 

Plug-in Butterworth (maximally flat) filters 
6 db., 12 db., or 18 db per octave slopes, 
any specified frequency. Model 120 
instrument style case or 120-R "Rack and 
Panel” case with all terminations and 
regulated power supply. 

Made in monaural or stereo bi-amp, tri-amp, 
or quad-amp with optional level controls, 
subsonic filters supplies with or without 
bass boost, and summers for "single 
woofer" systems. Also available, 500 
Series filters, plugin filters, regulated 
power supplies. 
New catalog and price sheet. Free! 

Eng. Lab. 
11828 Jefferson Bl. Culver City, CA 90230 
k PHONE (213) 397 9668 À 

CONNECTICUT AUDIO SOCIETY is an ac¬ 
tive and growing club with activities covering 
many facets of audio—including construction, | 
subjective testing, and tours of local manufac¬ 
turers. New members are always welcome. For | 
a copy of our current newsletter and an invita¬ 
tion to our next meeting, write to Richard 
Thompson, 129 Newgate Rd., E. Granby, CT 
06026, (203) 653-7873. 

SOUTHEASTERN MICHIGAN WOOFER 
AND TWEETER MARCHING SOCIETY 
(SMWTMS). Detroit area audio construction 
club. Meetings every two months featuring 
serious lectures, design analyses, digital audio, 
AB listening tests, equipment clinics, recording 
studio visits, annual picnic and audio fun. The 
club journal is LC, The SMWTMS Network. 
Corresponding member's subscription 
available. Call (313) 477-6502 (days) or write 
David Carlstrom. SMWTMS, PO Box 721464, 
Berkley, Ml 48072-0464. 

THE BOSTON AUDIO SOCIETY INVITES 
YOU to join and receive the monthly B.A.S. 
SPEAKER with reviews, debates, scientific 
analyses, and summaries of lectures by ma¬ 
jor engineers. Read about Apogee, Nytal, 
Conrad-Johnson, dbx digital, Snell, music 
criticism and other topics. Rates on request. 
PO Box 211, Boston, MA 02126. 

PACIFIC NORTHWEST AUDIO SOCIETY 
(PAS) consists of 50 audio enthusiasts meeting ' 
monthly, second Wednesdays, 7:30 to 9:30 
p.m. at 4545 Island Crest Way, Mercer Island, 
Washington. Be our guest, write Box 435, 
Mercer Island, WA 98040 or call Bob 
McDonald, (206) 232-8130. 

THE ATLANTA AUDIO SOCIETY started in 
October 1983 and has regular meetings on the 
third Sunday of each month as well as special 
programs with leaders in the industry, such as 
Mr. William Conrad of Conrad-Johnson and 
Mr. William Johnson of Audio Research. We 
are currently looking for additional members 
in the Southeast, all members receive the 
minutes of each meeting and program, as well | 
as other relevant announcements and cor¬ 
respondence. For full information and member¬ 
ship packet, write Atlanta Audio Society, PO 
Box 92130, Atlanta, GA 30314, or call Howard 
Royal in Newnan, GA, (404) 253-6419. 

HI-FI CLUB OF CAPE TOWN South Africa 
issues monthly newsletter for members and 
subscribers. Get a different approach to under¬ 
standing audio, send two IRCs for next 
newsletter to PO Box 18262, Wynberg 7824 
South Africa. 

WASHINGTON AREA AUDIO SOCIETY (N. 
VA, MD and DC) is looking for sincere audio¬ 
philes who are eager to devote their time and 
get involved with the direction of the society 
and the publication of a monthly newsletter. 
Please contact: Horace J. Vignale, 13514 
Bentley Circle, Lake Ridge, VA 22192-4316 

SAN DIEGO AUDIO SOCIETY forming for hi-
fi tinkerers and do-it-yourselfers. If you enjoy , 
collecting, building, rebuilding and repairing ' 
classic audio equipment, especially tube-type, 
call Mike Zuccaro (619) 271-8294 (evenings & j 
weekends). Old timers and engineers I 
welcome. 

About Your Personal 

Classifieds . . . 
An increasing number of readers are 

telephoning for information about their 
personal classified ads Ads are filed 
as received, set in type late in the mag¬ 
azine production cycle, and put on 
page approximately one month before 
the magazine is mailed. Delivery of the 
mailed magazine can take from four 
days to three weeks. 

Personal classified ad copy that is 
included in one issue is discarded 
when it goes on the page, and a new 
file for the next issue is begun. Ads ar¬ 
riving after the issue closes will be run 
in the next issue. 

We strongly suggest that you keep a 
carbon or photo copy of your ad. We 
ask your cooperation in following 
these rules so that we can give you the 
best possible service. 

1. All “For Sale" ads must be 
personal sales and not for profit 
Ads for resale at a profit must be 
submitted as “Trade“ ads at 
550 per word, prepaid 
2 Ads are limited to one per is¬ 
sue, 50 words or less A word is 
any collection of letters or num¬ 
bers with a space on both sides 
of it. Words over 50 must be 
prepaid at 20c per word Longer 
ads not prepaid will be discarded 
and not published. 
3. Ads cannot be returned We 
will make every effort to substi¬ 
tute a revised ad for an earlier 
submission if both are clearly la¬ 
beled with the same name and 
address at the top of the sheets. 
4 Copy for ads or corrections 
to ads will not be taken by tele¬ 
phone. We cannot answer tele¬ 
phone queries about whether or 
not an ad is in a particular issue 
5. Ad copy should be clearly 
printed in block capitals or 
typed. Illegible ads will be dis¬ 
carded. 
6. If you include only your name 
and a telephone number in your 
ad. your full name, street ad¬ 
dress, city, state and zip must 
accompany the copy. 
7. Personal ads are a free ser¬ 
vice to current subscribers. It 
will help us a lot if you include 
your subscriber number (upper 
left corner of your mailing label) 
with your ad. 
8. If you want an acknowledg¬ 
ment of your ad, including in 
which issue it will appear, please 
include a stamped, self-ad¬ 
dressed postcard with your ad 
copy. 
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SIXTIES MUSIC FANS. The first club for fans 
of Sixties Era music wants to meet you. Strong 
audio and quality recording emphasis. How¬ 
to information shared. Worldwide membership. 
Informative, entertaining, and provocative 
newsletter published bimonthly. Help the world 
remember when rock had real artistic merit. 
Free brochure: send SASE or IRC to Classic 
Rockers Music Club, PO Box 1043C, Stevens 
Point, Wl 54481. 

AUDIOPHILES AND EQUIPMENT BUILD¬ 
ERS in the Long Island area—well establish¬ 
ed club looking to expand and share out ex¬ 
perience. Monthly meetings, record critiques, 
technical help. Island Audio Club, 589-4260 
(Suffolk), 271-4408 (Suffolk and Nassau), 
825-2102 (Nassau). 

THOSE INTERESTED IN AUDIO and 
speaker building in the Knoxville-East Ten¬ 
nessee area please contact Bob Wright, 7344 
Toxaway Dr., Knoxville, TN 37909-2452. 
691-1668 after 6 p.m. 

THE AUDIO SOCIETY OF HONOLULU cor¬ 
dially invites you to attend one of our monthly 
meetings and meet others like yourself who are 
interested in the hows and whys of audio. Each 
meeting consists of a lively discussion topic 
and equipment demonstrations. For informa¬ 
tion on meeting dates and location, contact 
Craig Tyau, 2293A Liliha St., Honolulu, HI 
96817. 

ESL DIY’ERS: A new electrostatic 
loudspeaker do-it-yourselfers group is now for¬ 
ming. Our purpose is to share valuable theory, 
how-to, and parts source information for 
building our own state-of-the-art electrostatic 
loudspeakers. For further information, please 
write (SASE please) to: Neil Shattles, 829 
Glasgow Dr., Lilburn, GA 30247. 

AUDIOPHILE ACCESSORIES 
DBP-2J (5) SWITCH B0X..69.95. AU (5) gold jacks $89.95 
Selects between up to 5 inputs Used with DBP-6 or 6MC. allows for selec 
table loading of cartridges level control available 

DBP-6 PHONO EQUALIZATION KIT.$36.95 
Allows adjusting the input capacitance of the phono input of every preamp 
and receiver with low loss Polystyrene Capacitors 

DBP-6MC RESISTIVE LOADING KIT.$36 95 
Allows adjusting load resistance from 10 to 200 Ohms lor moving coil car 

tndges Gold plated phono plugs in both kits 

DBP-9AU BANANA PLUGS Eight gold plated, solderless $24.50 

DBP-9H BANANA HANDLES Four red. four black $3.50 

DBP-9P GOLD PLATED DUAL BANANA PLUGS 2 pk $17.95 

DBP-9J GOLD PLATED DUAL BANANA JACKS 2 pk $17.95 

DBP-10 PHONO ALIGNMENT PROTRACTOR.24.95 
Allows adjusting the lateral tracking error of a mounted cartridge to within 
V« of one degree Non technical instructions & case included 

DBP-12 AUDIO CABLE 10 meter (33 ft.). $70.00 
Low capacitance (400pF) stereo interconnect cable, terminated with rugged 
gold plated phono connectors Custom lengths available 

DBP-12X AUDIO CABLE 10 meter (33 ft.) $95.00 
As above, but terminated with premium DBP-13PX plugs 

DBP-13J GOLD PLATED PHONO JACKS (*') 8 pk $15.95 

DBP-13JR GOLD PLATED PHONO JACKS (’/,-) 6 pk $29.95 

DBP-13P GOLD PLATED PHONO PLUGS 8 pk $17.95 

DBP-13PM GOLD PLATED PHONO PLUGS, 4 red, 4 blk $29.95 

DBP-13PX GOLD PLATED PHONO PLUGS 2 pk $19.95 

DBP-14 GOLD PLATED SPADE LUGS 8 pk $5.95 

DBP-15 GOLD PLATED "Y" ADAPTORS 2 pk $12.95 

DBP-16 12dB INPUT ATTENUATORS (Pair).$12.95 

DBP-17 GOLD PHONO COUPLER 2 Pk $12.95 

DBP-CK CRAMOLIN AUDIO KIT contact treatment $17.50 

DBP-SC SOUTHER RECORD CLAMP.$10.00 

ELECTRONIC CROSSOVERS 6,12.18, 24, 36dB Inquire 

At your dealer or direct Orders under $45. add $2 50 Handling 
MC/VISA 

DB SYSTEMS 
Main St., Box 460, Rlndge, NH 03461 
_ (603) 899-5121_ 

(616) 534-9121 

Meniscus 
HIGH FIDELITY SPEAKER COMPONENTS 

DYNAUDIO MOREL FOCAL ECLIPSE 
3275 Gladiola S.W. • Wyoming, Michigan • 49509 

NEW JERSEY AUDIO SOCIETY meets 
monthly. Emphasis is on construction and 
modification of electronics and speakers. Dues 
includes monthly newsletter with high-end 
news, construction articles, analysis of com¬ 
mercial circuits, etc. Meetings are devoted to 
listening to records and CDs, comparing and 
A-Bing equipment. New members welcome. 
Contact Bill Donnally, (201) 334-9412 or Bob 
Young, 116 Cleveland Ave., Colonia. NJ 
07067, (201) 381-6269. 

THE WESTERN NEW YORK Audio Society 
(WNY Audio Society) is an active and grow¬ 
ing audio club located in the Buffalo area. We 
issue a quarterly newsletter and hold meetings 
the first Tuesday of every month. Our meetings 
have attracted many local and distant 
manufacturers of audio related equipment. We 
are involved ein all facets of audio—from 
building to purchasing at discount prices. For 
a copy of our current newsletter and informa¬ 
tion regarding our society, please write to M.A 
Monaco, WNY Audio Society, PO Box 312, N. 
Tonawanda, NY 14120. 
SAN FRANCISCO BAY AREA AUDIO¬ 
PHILES. Audio constructors society for the ac¬ 
tive, serious music lover. We are dedicated, 
inventive and competent. Join us in sharing 
energy, interest, expertise and resources. 
Send self-addressed, stamped envelope to S. 
Marovich, 300 E. O’Keefe St., East Palo Alto, 
CA 94303 for newsletter. 

MINNESOTA AUDIO SOCIETY. Monthly pro¬ 
grams, newsletter, special events include tours 
and annual equipment sales. Write Audio Soci¬ 
ety of Minnesota. PO Box 32293, Fridley, MN 
55432. 

THE INLAND AUDIO SOCIETY IN THE SAN 
BERNADINO-RIVERSIDE AREAS, now in its 
third year of existance, is inviting audiophiles 
and music lovers in the San Bernardino, River¬ 
side, Orange and Los Angeles counties to join 
us at our bi-monthly meetings and through our 
quarterly publication, in the pursuit for that elu¬ 
sive sonic truth. We provide a forum for audi¬ 
tioning equipment, sampling live music for 
educational purposes, guest presentations, 
discussing recordings, and the sharing of 
ideas, tips, theories, opinions, experience, and 
new product news relating to audio systems. 
Additionally we cater to the hobbyist who 
designs, builds and/or modifies electronic com¬ 
ponents and tranducing gear. Write for infor¬ 
mation concerning membership, dues and 
subscription. IEAS, PO Box 77, Bryn Mawr, CA 
92318, (714) 793-9209. 

ORGAN MUSIC ENTHUSIASTS: If live re¬ 
cordings of fine theatre pipe organs or elec¬ 
tronic organs are your thing, I have over two 
thousand of them. I lend you the music on reels 
or cassettes. All operation is via the mail. A 
refundable dollar will get you more information. 
E.A. Rawlings, 5411 Bocage St., Montreal, 
Canada H4J 1A2. 

THE COLORADO AUDIO SOCIETY is a 
group of audio enthusiasts dedicated to the 
pursuit of music and audiophile arts in the 
Rocky Mountain region. We offer a com¬ 
prehensive annual journal, five bimonthly 
newsletters, plus participation in meetings and 
lectures. For more information, send SASE to: 
CAS, 4506 Osceola St., Denver, CO 80212, or 
call Art Tedeschi, (303) 477-5223. 

TUBE AUDIO ENTHUSIASTS. Northern 
California club meets every other month. For 
next meeting announcement send a self¬ 
addressed, stamped no. 10 envelope to Tim 
Eding, 2113 Charger Dr., San Jose, CA 95131. 

THE VANCOUVER AUDIO SOCIETY pub 
lishes a bimonthly newsletter with technical in¬ 
formation, humor and items of interest to those 
who share our disease. We have 40 members 
and meet monthly. Six newsletters per year. Call 
(604) 251 -7044 or write Dan Fraser, VAS, Box 
4265, Vancouver, BC, Canada V6B 3Z7. We 
would like to be on your mailing list. 

MEMPHIS AREA AUDIO SOCIETY being 
formed. Serious audiophiles contact J.J. 
McBride, 8182 Wind Valley Cove, Memphis, TN 
38115. (901) 756-6831. 
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Option Áudio' Affordable Perfection. 

DESIGN AND MANUFACTURERS OF AUDIOPHILE LOUDSPEAKER SYSTEMS AND RELATED PRODUCTS 

• Design/fabrication of absolutely the finest loudspeaker enclosures available. 
• Our expertise includes: every variant of loudspeaker enclosure: bass reflex, 

acoustic suspension, transmission-line, aperiodic, isobaric, push/pull 
compound, et al. 

• A sampling of materials utilized — ultra-high density/stabile fiberboard, 
TRIBILAM'" our proprietary multi-layer/density substrates, methacrylate 
plastic composites, ceramic coatings, proprietary SLS'" internal loading/ 
dampening compounds, et al. 

• Specialists in internal bracing techniques and cabinet resonance control. 
• I lighest quality wood veneers. Virtually hundreds of finishes available. 
• Custom-made driver baffle-boards for precision recess mounting of drivers 

of all types. (Focal templates stocked.) 
• Crossovers and other services available. For more information see address 

below. 
Option Audio'" is the authorized fabricator/consultant for all FOCAL kits, 
enclosures, crossovers and loudspeaker designs. Our years of close 
developmental efforts with FOCAL AMERICA has resulted in production 
of the highest quality kits, enclosures and crossovers for FOCAL drivers. 

We are enclosure specialists. Contact us. You will be amazed with the 
quality of workmanship, fabrication and performance obtained for our 
amazingly low rates. Option Audio?’ Affordable Perfection. 

32 TERRAPIN LANE • MERCERVILLE, N J 08619 • 609-890-0520 

Illustration depicts FOCAL 280OB 
Kit. T-120 Tweeter and 7N402DB 
Dual Coil Driver. 

Fast Reply HHC61 

1531 Lookout Drive 

Satellites/selfstanding/subs/ 
Studio monitors 
Sealed/Vented/TL/Push Pull/ 
Onken/Aperiodic/Line Array 
6dB to very high slope crossovers 
Dual V.C. 3-w'ay/2-way/3-way 
High acceleration-low distortion 

NEW HIGH TECHNOLOGY 
LOUDSPEAKER SYSTEMS FROM FOCAL 

Introduced at the "Festival du Son," Paris. FOCAL AMERI¬ 
CA by special arrangement offers the entire line of new 
and totally innovative loudspeaker systems from FOCAL. 

333 433 

Agoura, CA 91301 
U.S.A. 

K2 sandwich cone drivers/Concave 
dome Kevlar tweeters 
Machined front baffles/unfinished/ 
finished complete cabinets available 

033 
More than 30 designs. cabinets Ä 
crossovers, and complete data on 
drivers send $10 to F A For your 
first order to one of our distributors 
of a FOCAL system you receive 
free a set of four solid brass termin¬ 
als and two-self adhesive FOCAL 
logos for the final touch 

633 133 233 533 
Fast Haply HHC2S 



morel (u.k.) Itd. 
11 Foxtail Road, 
Nacton Rd. (Ransomes) 
Industrial Estate, 
Ipswich, IP3 9RT 
England 
Tel: (0473) 719212 
Telex:987601 Morel G. 

morel 
acoustics usa 
414 Harvard Street 
Brookline, MA 02146 
Tel: (617) 277-6663 
Telex: 6502499475 

The MDT 33 is an extremely fast 
Tweeter, using a 28mm ( 1 '/s " ) 
diameter voice coil and a chemically 
treated soft dome, and is ideally 
suited for two way systems with the 
possibility of a lower than normal 
crossover frequency, as well as for 
three and multiple way systems. 
Incorporating the Morel Hexatech 
voice coil technique, aluminium wire 
wound on an aluminium former and 
using flexible wire termination 
ensures excellent high frequency 

To utilise the dome at the lower than 
normal crossover frequency available 
makes it necessary to have a sharp 
roll off below 1400Hz of minimum 
12dB per octave to protect the 
tweeter from mechanical damage. 
This makes it ideal for use with active 
systems. 

0 - 110mm 

0 82mm 

performance with exceedingly high 
power availability. The power 
handling is further enhanced by using 
Ferrofluid in the magnetic circuit. 

The magnetic system itself is an 
ingenious Morel double magnet 
design and is completely enclosed. By 
venting into the enlarged area of the 
double magnet system, a low 
resonant frequency of 500Hz is 
obtained with a remarkably smooth 
roll off from 1000Hz through this 
damped resonance area. The 
subsequent wide range response of 
1400-20000 ± O.6dB is obtained 
with a harmonic distortion of below 
0.8% over the entire range. The 
distortion figures quoted are with an 

Specification 

Overall Dimensions 
Face Plate Thickness 
Voice Coil Diameter 

Voice Coil Former 
Number of Layers 
DC Resistance 
Nominal Impedance 
Voice Coil Inductance 
Air Gap Width 
Air Gap Height 
Voice Coil Height 
Flux Density 
Force Factor IBXL) 
Rmec 
Qms 
□es 
Q/T 

0-11 Omm X 68mm 
3mm 

28mm (1 
Hexatech Aluminium 

Aluminium 
2 

5.2 ohms 
8 ohms 

@ 1 Khz 0.09mh 
0.75mm 
2.5mm 
2.7mm 
1.95T 

4.76 WB/M 
2.09ns/m 

0.66 
0.38 
0.24 

Vas 0.016 «i 1 
Movng Mass including Air Load 0.44 grai 
Effective Dome Area 8.5 ci 
Dome Material Treated Fab 
Frequency Response 1400-20000 ± 0.6 

(1000 40000-5c 
Resonant Frequency 500 
Power Handling Din: 
X-Over 1400 Hz 10C 
X-Over 5000 Hz 500 
Transient Power 10ms 1500 
Sensitivity 92.5dB (1W/1 
Rise Time 10 
Intermodulation Distortion 
fo' 96dB SPL <0.2 
Harmonic Distortion 
for 96dB SPL <0.E 
Nett Weight 1.2 

input power giving an output level of 
96dB at 1 metre. The MDT 33 
sensitivity is 92.5dB for 1 watt 1 
metre, and a power handling 
capability of from 100 to 500 watt 
subject to crossover frequency. 

With such a dome tweeter design, 
the acoustic qualities at lower than 
normal crossover frequencies are 
excellent with an absence of honking, 
and even at the more normal 
crossover frequencies this excellent 
acoustical behaviour is evident to the 
ear. With the lower crossover 
frequency available and high 
capability, it is ideal for consideration 
in two way systems using a 10" or 
12" woofer. 
Morel operate a policy of continuous product design improvennent, consequently, specifications are subject to alteration without prior notice Fast Reply FFC 


