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AES News
The Audio Engineering Society announced that its 
130th AES Convention will take place in London, 
May 13–16, while the 131st Convention is confirmed 
for New York City, October 20-23. “Extraordinarily 
positive attendee and exhibitor feedback confirmed 
the success of our 129th Convention in San Francisco 
this past November,” according to the association. 
The call for papers has been posted for the London 
Convention, and final electronic manuscripts must be 
submitted by March 10. The 130th AES Convention 
will be held in the Novotel London West Convention 
Centre, Friday, May 13, to Monday, May 16. The 131st 
Convention is confirmed for New York’s Jacob Javits 
Center, Thursday, October 20, through Sunday, Oct. 
23. Also, the AES 41st International Conference, titled 
“Audio For Games,” will take place February 2-4 in 
London at the prestigious headquarters of the British 
Academy of Film and Television Arts (BAFTA). For 
more, visit www.aes.org.

ALMA Call for Papers
A “Call for Papers” has been issued for ALMA International’s 
2011 ALMA Europe Symposium, “PA Speakers: Yesterday, 
Today and Tomorrow.” Building on the success of its events 
in the US and China, the ALMA Europe Symposium will 
take place April 9 at the Messe Frankfurt as part of the 
much larger Prolight & Sound Event. ALMA plans a series 
of  events throughout 2011 marking the 50th anniversary of 
the founding of ALMA, the only international trade associa-
tion dedicated to improving the design and manufacture of 
loudspeakers. This program will highlight the 50-year legacy 
of the PA loudspeaker industry by looking back at historical 
accomplishments and analyzing future technology.

Technical papers are invited and abstracts will be evalu-

ated on the basis of their overall quality and relevance to 

the theme of the symposium, relevance and value to the 

loudspeaker industry, and practical feasibility and usage of 

the topic and information presented.  Each paper session is 

scheduled to last 30 minutes, and up to four papers will be 

selected. Presenters should submit to ALMA:

• A title

• A 250-word or less abstract/summary suitable for 

reprinting in pre-symposium promotional literature

ACOUSTIC PATENTS20
By James Croft

INDUSTRY WATCH26
By Vance Dickason

Are you behind the green 

movement? p. 16.

s
Who was recently  

honored by ALMA? p. 5.

Scan-Speak’s 

Discovery Drivers 

p. 5.



�������	
	���	��������
��������������������
����� ��!"" !��"#

�	��
!�$���

�%�&'(%&

���������	
���

In Europe:

intertechnik.de

In Asia:

baysidenet.jp

In Canada:

solen.ca

Dayton Audio’s OmniMic is a 

must-have for system integrators, 

acoustic engineers, and A/V 

installers. It was developed 

in collaboration with Liberty 

Audio, inventors of the Praxis 

Measurement System. The 

OmniMic provides quick and 

accurate measurements that will 

reduce installation time, saving 

you both labor and money. Test 

signals may be initiated from 

the host computer, or from any 

audio CD player. System includes 

calibrated USB microphone, 

mic clip, software and test signal 

discs, 6 ft. USB cable, and 

carrying case. Compatible 

with Windows XP, Vista, 

and Windows 7.

Measurements:
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• The name, address, phone number, and a short biography 

of the presenter(s)

• A list of any special equipment needed

The closing date for the submission of abstracts is 

February 15.  Notification of presenters will be by March 

5. Presenters must be able to supply copies of their pre-

sentation in electronic format by April 1 (PowerPoint, 

MS Word, or PDF) for inclusion on the ALMA web-

site.  Submissions should be e-mailed to management@

almainternational.org. 

The ALMA Europe Symposium is the largest event in 

the world entirely dedicated to both the intellectual and 

practical aspects of the PA-related loudspeaker industry. 

It attracts visitors and attendees from around the world, 

and is an opportunity for loudspeaker engineers to 

expand their education in classes, seminars, and discus-

sions led by some of the foremost experts in the world. 

It is where manufacturers of components, materials, test 

equipment, and consultants to the industry meet with 

designers to unveil and discuss the latest loudspeaker 

products and ideas. It is also a great opportunity for loud-

speaker OEMs to meet with senior engineers, purchasers, 

and decision-makers from loudspeaker brands who will 

be attending the CES.

To discuss participation in this event, contact ALMA 

Europe VP Dorit Larsen at dl@loudsoft.com to find out 

more about presenting at or attending this show. For 

information about sponsoring this event or for more 

information about ALMA International, contact Carol 

Bousquet, Executive Director, at cbousquet@almainter-

national.org or call +1 (978) 772-6977.

New OEM Drivers
Here are the latest offerings from Scan-Speak:

D2604/833000: wide surround silk dome tweeter, Fs = 

475Hz, sensitivity 94dB (all Scan-Speak sensitivity ratings 

are 2.83V/1m). This driver is featured in this month’s Test 

Bench column (p. 5).

15M/4624G00: 5.25″ midrange, fiberglass cone, phase 

plug, aluminum shorting ring, coated foam surround, and 

cast frame with below spider venting.

12W/4524G00: 4″ midwoofer, NRSC fiberglass cone, 

NBR surround, and cast frame with below spider venting. 

Also 8″ version, 12W/8524G00.

26W/4534G00: 10″ woofer, NRSC fiberglass cone, 

hi-Xmax with 24Hz resonance, NBR surround, and 

cast frame with below spider venting.  Also 8″ version, 

26W/8534G00.

26W4558T00: 10″ subwoofer, aluminum cone, fiber-

glass/paper dustcap, aluminum shorting ring, Nomex 

spider, Fs = 20Hz, and NBR surround. This driver is 

featured in this month’s Test Bench column (p. 5).

30W/4558T00: 12″ subwoofer, aluminum cone, fiber-

glass/paper dustcap, aluminum shorting ring, Nomex 

spider, Fs = 20Hz, and NBR surround.

Here is the summary of the T/S parameters for these 

Scan-Speak midrange, midwoofers, and woofers:

 DCR Fs Qms Qes Qts Vas Xmax Sens.  
 Ω Hz    ltr mm dB
15M/4624G00 3.2 100 5.62 0.47 0.43 3.6 1.5 92.4
12W/4524G00 3.1 56 3.12 0.35 0.31 6.1 3.0 88.5
12W/8524G00 5.6 57 3.03 0.40 0.35 6.1 3.0 85.5
26W/4534G00 3.7 24 11.4 0.31 0.30 162 6.0 91.0
26W/8534G00 5.6 25 11.4 0.38 0.37 153 6.0 89.0
26W/4558T00 2.5 20 5.59 0.29 0.28 104 12.5 89.0
30W/4558T00 2.6 21 8.24 0.36 0.34 147 12.5 89.0

Also, the following Scan-Speak models are in the process 

of being discontinued: 

12M/4631G05, 12M/4831G00, 15M/4831G00,

13M/8636-00, 13M/8640-00, 15S/8530K01,

15S/8531K01, 15W/4831G00, 15W/8831G00,

15W/8831G01, 18W/16831G0, 18W/4831G00,

18W/8831G00, 18S/8535-00, 18W/8543-00, 

18W/8546-00, 21W/8554-00, 21W/8555-01, 

and 25W/8565-01.

For more, visit the Scan-Speak website www.scan-speak.dk.

New Drivers from B&C
B&C released the following drivers at this year’s NAMM 
Show in January: two high power handling capacity 5″ 
drivers—the  midrange version 5MDN38, and the woofer 
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5NDL38. Both have 180W power ratings (90W AES), 
1.5″ diameter voice coils, neodymium ring magnets, cop-
per cap on the pole, and glass fiber formers. T/S parameters 
are as follows:

 DCR Fs Qms Qes Qts Vas Xmax Sens.  
 Ω Hz    ltr mm dB (1W/1m)
5MDL38 5.6 162 5.5 0.38 0.35 1.6 1.8 94
5NDL38 5.5 92 11 0.50 0.48 3.3 3.3 90

The company also released a 6.5″ coaxial driver, the 

6HCX51, which uses a single neodymium magnet for both 

the woofer and the compression driver. In terms of features, 

the compression driver uses a polyester diaphragm, has a 

small 70 × 70° horn, a 36mm (1.4″) diameter voice coil, 

105dB sensitivity, and a recommended crossover frequency 

of 2.2kHz. Features for the woofer include a 51mm (2″) 

diameter voice coil, 92dB sensitivity, and a rated power 

handling of 300W (150W AES).  T/S parameters for the 

6.5″ section of this coaxial are:

 DCR Fs Qms Qes Qts Vas Xmax Sens.  
 Ω Hz    ltr mm dB (1W/1m)
6HCX51 woofer 5.2 89 7.5 0.40 0.38 5 5 92

B&C has added two 15″ subwoofers, the 15SW100 

and 15SW115 (a review of the 18″ versions of these subs 

appeared in the May 2010 issue for the 18SW115 and 

in the October 2010 issue for the 18SW100). Common 

features include 3000W power handling (1500W AES), 

ventilated voice coil cap, double silicone spider, alumi-

num shorting ring, ribbed and coated cone and coated 

dust cap, pleated coated cloth triple roll surround, neo-

dymium inside slug magnet system, T-pole, glass fiber 

former wound with copper wire, and TWP waterproof-

ing on both sides of the cone. The 15SW100 uses a 4″ 

diameter voice coil, and the 15SW115 a 4.5″ diameter 

voice coil. T/S parameters for these two high-powered 

subwoofers are:

 DCR Fs Qms Qes Qts Vas Xmax Sens 
 Ω Hz    ltr mm dB (1W/1m)
15SW100 5.4 35 4.8 0.34 0.31 110 12.5 95
15SW115 5.2 35 4.4 0.25 0.24 110 13.5 96

For more on these and other B&C drivers, go to www.

bcspeakers.com.

New Drivers from Beyma
Beyma has recently released two compression drivers, 

the CD10Fe and the CD10Nd, and a new 12″ neo motor 

woofer, the 12SW1300Nd. The CD10Fe and CD10Nd 

are both 1″ compression drivers that feature a PM-4 

polymer diaphragm, lightweight edgewound aluminum 

ribbon voice coil, 140W power handing (70W AES), 

recommended 1.2kHz or higher crossover frequency, 

and a finned aluminum cover (also acting as a heatsink). 

Individually, the CD10Fe uses a ferrite magnet and has 

a 109dB at 2.83V/1m sensitivity with a Beyma TD-164 

horn, and the CD10Nd uses a neodymium magnet 

and has a 111dB at 2.83V/1m sensitivity with the same 

Beyma TD-164 horn.

The Beyma 12SW1300Nd is a 12″ addition to Beyma’s 

SW1600Nd series of high power handling woofers. Features 

include the patented Beyma HELICEX cooling technol-

ogy, 2400W power handing (1200W AES), 4″ diameter 

duo double inner/outer voice coil winding, CONEX spi-

der, uncoated ribbed paper cone, and a coated triple roll 

cloth surround.  T/S parameters for the new woofer (the 

12SW1300Nd will be featured in the March 2011 issue of 

Voice Coil) are as follows:

 DCR Fs Qms Qes Qts Vas Xmax Sens.  
 Ω Hz    ltr mm dB (2.83V/1m)
12SW1300Nd 4.9 45 12.1 0.27 0.26 45 5.5 96

For more information on these and other Beyma drivers, 

visit www.beyma.com.

New Tymphany Website
Tymphany HK LTD has re-launched its company 

website, www.tymphany.com. The complete redesign of 

the site reflects the expanded capability the China-based 

company brings to the ODM industry and allows simpli-

fied product search for standard components. The site also 

reflects Tymphany’s surging growth in electronics and active 

systems production balanced by an 80-year heritage in 

transducer and passive system design, all manufactured in 

Asia under Western management. Tymphany sales represen-

tatives in Asia, Europe, and the Americas can be reached at 

sales@tymphany.com.     VC
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Test Bench

Scan-Speak 
Discovery Drivers
By Vance Dickason

�his month Scan-Speak sent a couple of high-end home 

audio drivers from their relatively new Discovery lineup: 

a 1″ wide surround silk dome tweeter, the D2604/833000, 

and a 10″ aluminum cone subwoofer, the 26W/4558T00.

D2604/833000
Scan-Speak has been back on their own for a couple of years 
now and doing well as an independent business entity now 
that they are no longer a part of DST or Tymphany. Founded 
in 1970, Scan-Speak is still working out of the same address 
in Videbaek, Denmark, and with the same “no compromise” 
philosophy that was always a part of the company’s mission. 
One of the latest efforts for Scan-Speak was to develop a 
new high-quality line of more competitively priced OEM 
product, dubbed Discovery. The D2604/833000 is the latest 
tweeter offering from the Discovery line and features a large 
surround 1″ diameter silk dome, a low 475Hz resonance, 
CRT shielding, a separate rear chamber, a ferrite magnet 
motor, an injection-molded faceplate with a five-point 
mounting configuration, voice coil wound with copper-clad 
aluminum wire, and gold-plated terminals.

I began testing the D2604/833000 silk dome (Photo 1) 

by generating a stepped sine wave impedance plot using the 

LinearX LMS analyzer. The result of the LMS 300-point 

impedance sine wave sweep is given in Fig. 1. The tweeter 

resonance is 426Hz, somewhat lower than the factory spec.  

Minimum impedance for this tweeter is 3.2Ω at 2.4kHz 

with a measured Re= 3.0Ω.

After completing the impedance measurements, I recess-

mounted the Scan-Speak tweeter in a small enclosure that 

had a baffle area of about 12″ × 7″ and measured the on- and 

off-axis frequency response at 2.83V/1m. Figure 2 depicts 

the on-axis response. Frequency response for the D2604 

dome is a very flat ±1.75 from 890Hz-16kHz with the 

response extending to 25kHz. Figure 3 gives the on- and 

off-axis response for the Scan-Speak wide surround silk dome 

tweeter. Off-axis the device is -4.5dB down at 10kHz from 

Thanks, ALMA
A letter by Ed Dell

Thank you, ALMA, for the wonderful honor you have 

seen fit to confer on my publishing support for loud-

speaker manufacturing. I have a strong sense that I can-

not possibly be worthy of the honor since so many other 

equally diligent and dedicated people have made any help 

I have offered possible. Vance Dickason, and many other 

authors, as well as the members of my staff, are all con-

tributors to the work for loudspeaker technology we have 

done for over two decades. I consider it a rare pleasure as 

a publisher to have had this opportunity. My privilege has 

been to recognize talent and provide the means of sharing 

that talent with others. Loudspeakers are a vital part of 

the world’s communication systems and having a small 

part in its development is a privilege I cherish.

Voice Coil, now in its 21st year of publication, is 

offered to all professionals in the loudspeaker industry. 

I look at the circulation figures today and note that 

you are choosing, in growing numbers, to receive the 

periodical digitally. I hope you will continue to shift 

your delivery system to this mode. It saves us money 

in printing and postage, which in these tough times is 

a significant help. It also is a “green” choice which saves 

fuel, diminishes pollution, and saves trees.

I ask for one more favor. We believe there are many 

more pros like you who ought to, but aren’t, receiving 

Voice Coil. Such people must qualify for a free sub, but 

genuine professionals are very welcome. Would you 

pass along that message either to the qualified people 

you know, or tell Sharon, our Customer Service person 

(sharon@audioxpress.com or 888-924-9464) about 

them? We’ll take it from there.

Ed Dell

PHOTO 1: The D2604/833000 silk dome

Lifetime Achievement award presented by  

ALMA to publisher Ed Dell
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the on-axis response with respect to the 30° off-axis curve 

and -7.2dB at 45° off-axis, again with respect to the on-axis 

response. Figure 4 illustrates the normalized version of 

Fig. 3. In terms of production consistency, the two-sample 

SPL comparison is depicted in Fig. 5, indicating the two 

samples were well matched with some minor variation in the 

3-7.5kHz region.

Next, I used the Listen Inc. SoundCheck analyzer and 

SCM microphone to measure the impulse response with the 

tweeter recess-mounted. Importing this data in the Listen 

Inc. SoundMap software produced the cumulative spectral 

decay plot (waterfall) shown in Fig. 6. While there are no 

major resonances indicated in this plot, it is very difficult to 

correlate long decay resonances with subjective performance. 

Figure 7 gives the Short Time Fourier Transform (STFT) 

displayed as a surface plot. Last, I set the 1m SPL to 94dB 

(5.8V), and the sweep range to 2kHz-20kHz and measured 

the 2nd and 3rd harmonic distortion at 10cm, depicted in 

Fig. 8. This shows the relationship between 2nd and 3rd 

harmonic distortion; however, correlation to subjective pref-

erence based on THD is not well established. 

For those of you who have not used this format tweeter 

in a system, it’s a great design and one of my favorites. All of 

the various incarnations I have designed into systems have 

sounded very good, and given the quality and craftsmanship 

always exhibited by Scan-Speak, this is a great addition to 

their new Discovery line.

26W/4558T00
The new Scan-Speak 26W/4558T00 subwoofer (Photo 2) 
is built on an eight-spoke proprietary cast aluminum frame, 
which includes eight 35mm × 20mm “windows” below the 
spider mounting shelf for cooling. Scan-Speak obviously spent 
a lot of time designing the cone for this woofer. The material 
used for this cone is a thick black flat profile anodized alumi-
num that has the outside perimeter of the cone turned down 
to strengthen the edge to prevent flexing. However, even more 
interesting is that the cone has a 5″ articulation that forms a 
1/16″ rib that is in just about the same place that the dust 
cap attaches on the front side of the cone, which should add 
considerable stiffness. There are also eight slightly oblong ¼″ 
× 3/8″ holes intended to vent air out of the area beneath the 
dust cap. The dust cap is a 5″ diameter convex type made 
from a black coated fiberglass/paper sandwich.

Providing compliance for this woofer is a fairly wide 

(30mm) black NBR surround and a black 6″ diameter flat 
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FIGURE 2: Scan-Speak D2604/833000 on-axis response.

FIGURE 3: Scan-Speak D2604/833000 horizontal on- and off-axis fre-

quency response (A = 0°; B = 15°; C = 30°; D = 45°).

FIGURE 1: Scan-Speak D2604/833000 free-air impedance plot.

FIGURE 4: Scan-Speak D2604/833000 normalized on- and off-axis fre-

quency response (A = 0°; B = 15°; C = 30°; D = 45°).
PHOTO 2: The Scan-Speak 

26W/4558T00 subwoofer
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FIGURE 7: Scan-Speak D2604/833000 SoundCheck STFT surface intensity plot.

FIGURE 9: Scan-Speak 26W/4558T00 free-air impedance plot.

FIGURE 6: Scan-Speak D2604/833000 SoundCheck CSD waterfall plot.

FIGURE 5: Scan-Speak D2604/833000 two-sample SPL comparison.

FIGURE 11: Group delay curves for the 2.83V curves in Fig. 10.

FIGURE 12: Cone excursion curves for the 36/40V curves in Fig. 10.

FIGURE 10: Scan-Speak 26W/4558T00 computer box simulations (A = sealed  

at 2.83V; B = vented at 2.83V; C = sealed at 36V; D = vented at 40V).

FIGURE 8: Scan-Speak D2604/833000 SoundCheck distortion plots.
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Nomex spider. It also includes flat Litz wire sewn into the 

spider and terminates to a pair of gold-plated terminals. 

While not connected to a terminal (this is a single voice coil 

subwoofer), there is another pair of Litz wires sewn into the 

opposite side of the spider.

The motor system for the 26W is composed of a stacked 

pair of 147mm diameter and 18mm thick ferrite magnets. 

These are sandwiched between an 8mm front plate and a 

9mm back plate with a 10mm bump out.

I commenced testing the Scan-Speak 10″ 26W subwoof-

er using the LinearX LMS analyzer and VIBox to produce 

both voltage and admittance (current) curves with the driver 

clamped to a rigid test fixture in free-air at 1V, 3V, 6V, 10V, 

15V, and 20V. The twelve 550-point stepped sine wave 

sweeps for each 26W sample were post-processed and the 

voltage curves divided by the current curves (admittance) to 

produce impedance curves, phase added using LMS calcu-

lation method, and, along with the accompanying voltage 

curves, uploaded to the LEAP 5 Enclosure Shop software.  

Besides the LEAP 5 LTD model results, I additionally 

produced a LEAP 4 TSL model set of parameters using 

just the 1V free-air curves. The final data, which includes 

the multiple voltage impedance curves for the LTD model 

(see Fig. 9 for the 1V free-air impedance curve) and the 1V 

impedance curve for the TSL model, were selected and the 

parameters created in order to perform the computer box 

simulations. Table 1 compares the LEAP 5 LTD and TSL 

data and factory parameters for both 26W samples.

LEAP parameter calculation results for the 26W were rea-

sonably close to the factory data, although my data showed 

a lower sensitivity. Following my usual protocol, I proceeded 

setting up computer enclosure simulations using the LEAP 

LTD parameters for Sample 1. I set up two box simulations, 

one sealed and one vented. For the closed box simulation I 

used a 1.0ft3 enclosure with 50% fiberglass fill material, and 

for the vented box, a 1.7ft3 QB3 type vented alignment with 

15% fiberglass fill material and tuned to 24Hz.

Figure 10 illustrates the results for the Scan-Speak 26W 

subwoofer in the sealed and vented boxes at 2.83V and at 

a voltage level high enough to increase cone excursion to 

Xmax + 15% (14.4mm for the 26W). This yielded a F3 

= 40Hz with a box/driver Qtc of 0.67 for the 1.0ft3 sealed 

enclosure and –3dB = 33.5Hz for the 1.7ft3 vented simula-

tion. Increasing the voltage input to the simulations until 

the maximum linear cone excursion was reached resulted 

in 111.2dB at 40V for the sealed enclosure simulation and 

106dB with an 16V input level for the larger vented box 

(see Figs. 11 and 12 for the 2.83V group delay curves and 

the 36/40V excursion curves).

Klippel analysis for the Scan-Speak 10″ subwoofer pro-

duced the Bl(X), Kms(X) and Bl and Kms symmetry range 

plots given in Figs. 13-16. The Bl(X) curve for the 26W 

(Fig. 13) is very broad and reasonably symmetrical, typical 

of high Xmax drivers. Looking at the Bl Symmetry plot (Fig. 
14), this curve shows a coil forward (coil out) offset that 

goes from 2.8mm at rest to about 2.3mm of excursion at 

the physical Xmax position. Because it stays fairly constant 

throughout the operating range, this is likely a physical off-

FIGURE 15: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Scan-Speak 26W/4558T00.

FIGURE 13: Klippel Analyzer Bl (X) curve for the Scan-Speak 

26W/4558T00.

FIGURE 14: Klippel Analyzer Bl symmetry range curve for the Scan-

Speak 26W/4558T00.

�������	�
���
�����������������
��������

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 22.1Hz 21.9Hz 21.2Hz 21.1Hz 20Hz      
REVC 2.51 2.51 2.51 2.51 2.5    
Sd 0.0340         0.0340 0.0340 0.0340 0.0352
QMS 6.17 5.99 5.95 6.13 5.59      
QES 0.38 0.38 0.35 0.38 0.29   
QTS 0.36 0.36 0.35 0.36 0.28         
VAS 83.3 ltr 85.2 ltr 94.7 ltr 92.2 ltr 104 ltr     
SPL 2.83V 85.7dB 85.6dB 85.3dB 85.4dB 89dB        
XMAX 12.5mm 12.5mm 12.5mm 12.5m 12.5mm   
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set. Figures 15 and 16 give the Kms(X) and Kms symme-

try range curves for the Scan-Speak 26W. The Kms(X) curve 

(Fig. 15) is also as moderately symmetrical as the Bl curve, 

and likewise has a coil-out offset. In the Kms symmetry range 

curve in Fig. 16, the coil-out offset is 4.4mm at rest decreas-

ing to about 3mm at the physical Xmax position. From the 

displacement limiting numbers calculated by the Klippel 

analyzer for the 26W, the XBl @ 70% is Bl = 12.6mm and 

for XC @ 50% Cms the minimum was 13.2mm, which 

means that for the 26W woofer, Bl was the limiting factor for 

the prescribed 20% distortion limit. This occurs at just about 

the physical Xmax of the driver, so not bad.

Figure 17 gives the inductance curves L(X) for the 26W. 

The curve illustrates a decreasing inductance as the coil 

moves inward, the result of the aluminum shorting sleeve in 

this motor system. Voice coil inductance varies only about 

0.16mH from Xmax in to Xmax out (0.43mH to 0.59mH), 

which is very good given the amount of wire in the voice coil.

Even though the 26W is a subwoofer and could likely 

be used with a plate amp limiting its upward extension to 

100Hz, this 10″ driver could also find application in three-

way designs. Given that, I mounted the 26W/4558T00 

subwoofer in an enclosure which had a 17″ × 8″ baffle and 

was filled with damping material (foam) and then measured 

the DUT on- and off-axis from 300Hz to 20kHz frequency 

response at 2.83V/1m using a 100 point gated sine wave 

sweep. Figure 18 gives the 26W’s on-axis response display-

ing a very smooth rising response to about 600Hz, followed 

sponsors of “The Loudspeaker University” seminars
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FIGURE 17: Klippel Analyzer L(X) curve for the Scan-Speak 26W/4558T00.

FIGURE 16: Klippel Analyzer Kms symmetry range curve for the Scan-

Speak 26W/4558T00.
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by a 6dB drop in SPL to about 1.8kHz, followed by the start 

of the aluminum breakup mode centered on about 2.8kHz. 

Figure 19 has the on- and off-axis frequency response at 0°, 

15°, 30°, and 45°. With respect to the on-axis curve, -3dB at 

30° occurs at 1.0kHz, so a cross point anywhere below that 

frequency should be fine. It certainly would be possible to 

match it to a ribbon driver in a two-way at that frequency, 

but a more likely configuration would be combining the 26W 

with a 5.25″ midrange and a 1″ dome. The last SPL measure-

ment is shown in Fig. 20 and gives the two-sample SPL 

comparisons for the 10″ Scan-Speak driver, showing a close 

matchup within the relevant operating range of the woofer.

For the last group of tests, I employed the Listen Inc. 

SoundCheck analyzer (courtesy of Listen Inc.) and SCM 

microphone to measure distortion and generate time frequency 

plots. Setting up for the distortion measurement consisted 

of mounting the woofer rigidly in free-air, setting the SPL 

set to 94dB at 1m using a noise stimulus (SoundCheck has 

a software generator and SPL meter as two of its utilities), 

and then measuring the distortion with the Listen Inc. SCM 

microphone placed 10cm from the dust cap. This produced 

the distortion curves shown in Fig. 21. Last, I employed the 

SoundCheck analyzer to get a 2.83V/1m impulse response for 

this driver and imported the data into Listen Inc.’s SoundMap 

Time/Frequency software. The resulting CSD waterfall plot 

is given in Fig. 22 and the Wigner-Ville logarithmic surface 

map (for its better low-frequency performance) plot in Fig. 
23.  Looking over all the data presented, this is a very well 

designed driver, and another good one from Scan-Speak. For 

more information on these and the other new Scan-Speak driv-

ers, visit the Scan-Speak website at www.scan-speak.dk.     VC
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FIGURE 19: Scan-Speak 26W/4558T00 on- and off-axis frequency response.

FIGURE 22: Scan-Speak 26W/4558T00 SoundCheck CSD waterfall plot.

FIGURE 18: Scan-Speak 26W/4558T00 on-axis frequency response.

FIGURE 21: Scan-Speak 26W/4558T00 SoundCheck distortion plots.

FIGURE 20: Scan-Speak 26W/4558T00 two-sample SPL comparison.

FIGURE 23: Scan-Speak 26W/4558T00 SoundCheck Wigner-Ville plot.
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Spotlight

Constant-Current Source 
Impedance Measurements
By Charlie Hughes

�o determine the input impedance of a device, you must 

know both the voltage across the device and the current 

flowing into the device. The impedance is simply the volt-

age across the device, E, divided by the current flowing into 

it, I. This is given by the following equation

Z = E/I [1]
You should understand that because the voltage, E, and 

the current, I, are complex quantities, the impedance, Z, is 

also complex. That is to say impedance has a magnitude and 

an angle associated with it.

When measuring loudspeaker input impedance, it is 

common today for many measurements to be made at 

relatively low drive levels. This is necessary because of the 

method employed in the schematic of Fig. 1.  In this setup 

a relatively high value resistor, say 1kΩ, is used for Rs. As 

seen from the input of the DUT, it is being driven by a high-

impedance constant-current source. Had it been connected 

directly to the amplifier/measurement system output, it 

would in all likelihood be driven by a low impedance con-

stant voltage source. In both of these cases constant refers to 

FIGURE 1: Common method of measuring loudspeaker impedance.

FIGURE 2: Constant-current source method of measuring loudspeaker 

impedance.
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there being no change in the driving quantity (either voltage 

or current) as a function of frequency or load.

When Rs is much larger than the impedance of the DUT, 

the current in the circuit is determined only by Rs. If the volt-

age at the output of the amplifier, Vo, is known, this current is 

easily calculated with the following equation and is constant.

Is = Vo/Rs [2]
Now that you know the current flowing in the circuit, all 

you need to do is measure the voltage across the DUT and 

you can calculate its input impedance.

There is nothing wrong with this method. It is limited, 

as previously mentioned, however, in that the drive level 

exciting the DUT will not be very large due to the large 

value of Rs. For some applications this may be problematic. 

Loudspeakers are seldom used at the low drive levels to 

which we are limited using this method. It may be advanta-

geous to be able to measure the input impedance at drive 

levels closer to those used in actual operation.

If you can measure the current in the circuit rather than 

having to assume it is constant, you can avoid this limita-

tion. Using a measurement system with at least two inputs, 

as shown in Fig. 2, can do just that. In this case Rs is made 

relatively small, say 1Ω or less. This is called a current 

sensing resistor, or also a current shunt. Technically, this 

is incorrect for this application, because a current shunt is 

always in parallel with a component from which current is 

diverted. The voltage drop across Rs is measured by input 

#2 of the measurement system. The current in the circuit is 

then calculated using the equation

  Is = Vs/Rs [3]
The voltage across the DUT is measured by input #1 of 

the measurement system. You now know both the voltage 

across and the current flowing into the DUT, so you can 

calculate its input.

I used EASERA for the measurements in this article. 

It has facilities for performing all of these calculations, as 

should most dual channel FFT measurement systems. As 

Fig. 2 shows, you should set channel #1 across the DUT as 

the measurement channel, and channel #2 as the reference 

channel. Dual channel FFT systems divide the measure-

ment channel by the reference channel, so you have

FIGURE 3: VI Box from LinearX for measuring impedance using the 

constant-current source method.

FIGURE 5: Impedance angle for vented loudspeaker measured with a 

1kΩ resistor (red) and a current sensing resistor at 0 dBV (blue).

FIGURE 6: Impedance of vented loudspeaker measured with a 1kΩ 

resistor and a current sensing resistor at 0, +18, +24, and +27dBV.

FIGURE 7: Impedance of different taps of a 70V transformer driven 

at 6.5V terminated into 8Ω.

FIGURE 4: Impedance of vented loudspeaker measured with a 1kΩ 

resistor (red) and a current sensing resistor at 0 dBV (blue).
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Result = Channel #1/Channel #2
= VDUT/Vs

By substitution from Equation 3:

Result = VDUT/(Is*Rs)

Because  Z = VDUT/Is  it follows that

Z = Result * Rs or Z = Rs * Channel #1/Channel #2

All you need to do is multiply the dual channel FFT 

measurement by the value of Rs used and you get the cor-

rect value for impedance. If you choose Rs to be 1.0Ω, this 

becomes really easy.

In EASERA there is not an Ohm display selection. 

Selecting a Volt display will yield the correct values for the 

displayed curve. For other measurement systems this may 

work as well, but it is recommended to check the display 

by measuring a known resistor value for proper calibration.

A very useful device for performing impedance measure-

ments using this current sensing resistor method is the VI Box 

from LinearX (www.linearx.com). The signal from the ampli-

fier is routed through the VI Box, which contains the current 

sensing resistor, and then onto the DUT (Fig. 3). It actually 

contains two selectable sensing resistors, 1Ω and 10mΩ (mil-

li-Ohm), which allow for measurements using a greater range 

of current supplied to the load (DUT). The voltage across the 

selected resistor is present across pins 2 and 3 of one of the XL 

connectors. The voltage across the DUT is present across pins 

2 and 3 of the other XL connector. These connectors allow for 

quick and easy interface with balanced inputs of a computer/

audio interface (sound card). There is also a selectable voltage 

divider so the input of the audio interface won’t be overloaded 

when testing with very high voltage.

I mentioned previously that measuring input impedance 

at low drive levels may present a problem for some applica-

tions. A couple of these that come to mind are vented loud-

speaker enclosures and constant voltage distributed system 

transformers. I’m sure the interested reader will find others.

The impedance response of a vented loudspeaker enclo-

sure is shown in Fig. 4. The angle of the impedance for 

this device is shown in Fig. 5.  The vent tuning resonance 

of this loudspeaker is found when the impedance angle is 

zero indicating the voltage and current are in phase. This 

is denoted by the marker at approximately 98Hz. These 

graphs show measurements using both the constant-current 

method with a 1kΩ resistor and using a current sensing 

resistor. The current sensing resistor measurement used a 

0dBV (1.0V) drive level to excite the loudspeaker. There is 

some difference between these two measurements.

The impedance measurements in Fig. 6 tell us much 

more.  In this graph you have additional measurements at 

+18, +24, and +27dBV. You can see that at these higher drive 

levels the impedance curve changes rather dramatically.

The vent surface area of this loudspeaker is relatively small 

compared to the surface area of the driver. When the woofer is 

driven harder, it moves much more air. The vents are too small 

to allow this same volume of air to be moved through them. 

The vents saturate. As more air attempts to move through 
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the vents, they saturate more and have less of an effect on the 

loudspeaker response. The impedance response begins to look 

less like a vented box and more like that of a sealed box.

A constant voltage distributed loudspeaker system typically 

requires transformers to be placed immediately in front of the 

loudspeakers to step down the voltage and step up the cur-

rent. Testing these types of transformers at low voltage levels 

typically will not reveal some of the problems that may occur 

in actual usage. Figure 7 shows the input impedance for 

each primary tap of a 70.7V step-down transformer with its 

secondary loaded by an 8Ω power dissipation test resistor. For 

each of these measurements the drive voltage was 6.5V. This 

is approximately -21dB from the full rated voltage of 70.7V. 

As expected, the impedance curves are fairly well behaved.

When driven at 35V, -6dB from full rated voltage, there 

is a problem with the 32W tap seen in Fig. 8. At very low 

frequencies this transformer does not like being driven 

at this voltage. The result is that the core saturates. The 

reflected impedance of the load (on the secondary) as seen 

by the primary is no longer linear. This violates one of the 

requirements of the measurement method used (FFT); that 

the DUT be linear, time invariant (LTI).

By placing a second-order Butterworth high-pass filter 

in front of the amplifier driving the transformer, you can 

correct this core saturation condition. A doubling of voltage 

to 70V would require the corner frequency of the high-pass 

filter to also be doubled. In this case, the corner frequency 

should be increased from 30Hz to 60Hz.

Another use for these types of measurements is to investi-
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FIGURE 8: Impedance of 32W tap of a 70V transformer driven at 

35V; 20Hz HP filter (red), 30Hz HP filter (blue).

FIGURE 9: Impedance response of vented loudspeaker.
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gate resonance behavior. This can be particularly interesting 

when viewed as a 3D waterfall. The impedance response of a 

vented enclosure is shown in Fig. 9. Note the dip/peak at 80 

and 120Hz, as well as these same frequency regions in Figs. 
10 and 11. These features don’t occur initially. It is only after 

approximately 60ms that they become evident. Knowing 

how long it requires for this resonance to develop may help in 

determining its cause and implementing a solution.

I hope that this method that measures impedance at typi-

cal application drive level and shows some possible uses will 

be of benefit. Thanks to Jay Mitchell (Frazier Loudspeakers) 

and Dr. Eugene Patronis (Professor Emeritus, Physics—

Georgia Institute of Technology) for their insights on some 

of these applications.

(Ed. Note—Voice Coil began using the LinearX VI Box 

to do constant-current source multiple voltage impedance 

measurements in the October 2003 Test Bench column. 

This was required to utilize the advanced modeling tech-

nique offered by the LinearX LEAP 5 LTD transducer 

model. Coincidentally, that was the same month that I 

began using Klippel data in Test Bench!)     VC

FIGURE 11: 3D view of measurement in Fig. 8 (note the “wiggling” 

of the 75Hz resonance peak).

FIGURE 10: 3D view of measurement in Fig. 8.
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Spotlight

Green Audio and Then Some
By Nora Wong and Mike Klasco

�et’s start with a confession. In many ways I have 

mixed feelings about the “green movement.” Of 

course, it makes good sense to conserve resources, not 

pollute, and it is good technique to maximize design 

efficiency. Yet aspects of “eco-friendly” are actually waste-

ful and counterproductive. For example, recycling glass 

made from cheap and plentiful raw materials (limestone, 

sand, and salt cake) costs more and uses more energy for 

handling and producing than making new glass bottles. 

The dirty secret is that after you drag your bottles back to 

the supermarket in most localities they just dump them 

in the garbage.

I am tired of having my groceries splatter on the street 

because the recycled brown paper bags ripped apart due 

to poor tear strength caused by the lack of longer fibers. 

These days the grocery packers know how inadequate 

recycled paper bags are and double- and triple-bag—a 

net loss over using just one new quality (unrecycled) 

paper bag.

Any good idea can take a wrong turn, resulting in 

misguided efforts at productivity, such as the infamous 

USSR shoe factory in the 1960s that made only left 

shoes because their output would be higher than mak-

ing matching pairs. Great for Russian jokes but some 

fool running the show was serious. Perhaps that factory 

manager has joined the board of directors of the green 

movement.

While I have been pondering all this for years, what 

triggered this article (rant) were some comments I heard 

at the ALMA China Symposium. I was on a panel focus-

ing on profitability and providing value and heard many 

good ideas. But one approach suggested that with the 

application of sophisticated design simulations, cheap 

materials could be used for achieving good performance 

but shortened life. The product would last long enough 
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(perhaps a couple of years) that it would be too late for 

the customer to return it to the store. Somehow this 

approach was considered “green.” I take exception to this, 

because planned obsolescence and disposable products 

are anything but green, at least from my perspective.

If you are still reading, then you might ask what are 

my two cents on criteria for sustainable product design? 

These include bioplastics, sustainable, biodegradable, or 

end of life recyclable attributes are all aspects of a truly 

green product. I think that a conscionable green design 

philosophy focuses on the total integration of “good 

citizen” eco-friendly materials and processes and long, 

useful life.

Let’s look at a product category that is “disposable”; for 

example, the typical earphone fails within the first year 

of use. Intermittent cables and connectors, worn foam 

eartips, and an inadvertent visit to the clothes washer/

dryer are some of the causes of premature failure. Some 

popular earphones cannot retain stable operation if you 

break into a sweat at the gym, let alone encounter a 

downpour.

Contrast this with a headphone or earphone that can 

be worn for years, looking and feeling good, and main-

taining its sound quality. This is true high value, and these 

qualities are inherently green. One example that comes 

to mind was never intended as a “green” product—the 

iconic B&O earphone (www.bang-olufsen.com). This 

product has a classic “design” (rather than short-term 

“fashion”), retains its appearance without discoloration 

or fading, has quality cables and connectors that last for 

years, and the value provided to the owner is excellent 

(Photo 1). While the purchase price is stiff, this earphone 

will outlast a half dozen cheap earphones for about the 

same cost of ownership. Meanwhile, the sound quality, 

comfort, and style are superior.

What about the paper in speaker cones and green 

issues? When you consider the millions of people who 

toss out the Sunday NY Times every week—each a 

couple of pounds of cellulose “newsprint”—this is a real 

consideration and does add up. But 10 grams of speaker 

cone paper used for 10 years is not a consideration. Let’s 

get real.

Yet audio performance can be improved by adding bast 

family fibers (such as banana leaf and hemp fiber) and 

other renewable organic fibers. Fostex (www.fostex.com) 

(Photo 2) and Dai-Ichi (www.daiichielectronics.com) are 

known for their use of banana leaf fibers due to the high 

tensile strength in their high-quality cones. Banana fiber 

is extracted from the bark and leaves of the banana plant. 

The appearance of banana fiber is similar to bamboo and 

ramie fiber. Characteristics include high strength, small 

elongation, and light weight to strength ratio. Paper and 

fabrics from banana fibers were first used in the 13th 

century in Japan.

Although hemp and other bast family fibers have been 

used as a secret sauce in speaker cone formulations from 
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back in the days of Rudy Bozack’s audiophile loudspeak-

ers in the 1960s, more recently, hemp cones are now 

being promoted as the “next thing.”

Renewable bio-fibers can be defined as resources that 

re-grow in less time than trees. I mentioned banana leaf 

and pineapple leaf, and bamboo also grows rapidly. In 

Asia the only attention bamboo typically gets is to cut 

it back, not intentionally cultivate it. Bamboo is edible 

and is not uncommon in Asian dishes, but has little 

nutritional value, so if you eat your bamboo fiber speaker 

cones, those will be empty calories.

Some Green Fillers
Petroleum resins can be partially replaced with processed 
grain fibers and processed sugar cane (ultra-fast growth 
cycle and strong fiber). The application of organic (food) 
starches as a binder is not new—most of us made papier 
mâché with newspaper as kids—which is an application 
of food starch as a paste. This process is more applicable 
to cones fabricated by paper processes.

Aside from substituting various other organic fibers 

for wood (cellulose) in the speaker cone paper-making 

process, organic fillers can also be used for plastic cones. 

Specifically highly filled bioplastics are a viable alterna-

tive to conventional poly cones. An example is wood 

flour or soy flour and PP (polypropylene). “Flour” here is 

essentially a finely milled sawdust typically with a sizing 

(coating) coupling agent to improve consolidation with 

the main ingredients such as polypropylene resin. The 

key issue is not to replace the existing PP fillers that are 

readily available and unlimited supply of inorganic mica, 

talc, or glass, but rather to reduce the petroleum-based 

polypropylene content.

For poly cones, polypropylene is compounded with 

the fillers along with some re-grind using a compounder. 

Wood flour (and soy flour) can be compounded with 

ABS, PC, or PP into pellets. The cheaper grades use larger 

wood particles and result in a textured surface; the very 

fine stuff does not change the surface significantly and has 

fewer issues with flow for injection-molded cones. A side 

issue is the moisture content of the wood and soy flour.

For most applications the flour must be kept in a 

humidity-controlled storage area, although some fab-

ricators have used the moisture to cavitate producing 

a “foaming” effect to occur, providing lower-density, 

same-weight cones with higher strength. The price of 

soy and wood flours is cheap—30 cents to under $1 per 

pound depending on the type of wood and particle size. 

Compounding with too much flour fillers results in frac-

tures and cracking.

Many consumer products, from cellphone cases to the 

“fake” wood trim in cars, contain wood flour compound-

ed with plastics. The “skin” may have a photographic 

image of a wood pattern. While this may sound tacky, 

Mercedes does this because it is a more stable solution for 

car trim than solid wood. Bioplastics are a major compo-

nent of many Euro car interiors. Another green angle is 

surface finish coatings from recycled chemicals.

I have noticed wood earphones and headphones and 

bamboo formed parts have potential here for the earcup 

and earphone exterior shell. Bamboo acoustics are supe-

rior to plastic parts and have a distinctive bio-friendly 

appearance.

Another interesting path is regrind PC (polycarbonate) 

from recycled CDs and DVDs. Depending on the recipe, 

this process can be used for speaker cones, headphone 

exterior shells, and earcup baffles. Wood flour additives 

commercially developed for this application provide the 

damping characteristics needed for acoustical parts.

The days of voluntarily being a good citizen designer 

are over and Big Brother has taken the lead. Today we 

have RoHS and more recently REACH, not to mention 

Energy Star and other looming regulatory standards.

RoHS: Reduction of Hazardous Substances
Complete RoHS compliance is the law, and penalties are 
excessive for non-compliance of even traces of restricted 
or hazardous substances. Loudspeakers present a couple 
of issues, such as cadmium plating which is now gone 
from your plating options of the magnet steel. Beryllium 
diaphragms may sound good, and are allowed, but have 
REACH (end of life) requirements (see REACH below). 
Maybe the fake beryllium diaphragms made of Ti are not 
such a bad idea.

While piezo speakers have mostly left the scene already, 

the lead additive needed for good sensitivity mixed into 

the ceramics has put the nail in their coffin. High-stability 

piezoelectric ceramics, specifically PZT, are composed of 

lead zirconium titanate. You may remember CTS bought 

Motorola’s ceramic tweeter group a while back and then 

closed that product line down. If you wonder what inno-

vations CTS is up to now, they are the guys that made 

those sticking brake pedal assemblies for Toyota.

PHOTO 2: Fostex uses banana fiber in its cone recipe.
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REACH: Registration, Evaluation, 
Authorization and Restriction of 
Chemical Substances
A Euro standard for what to do with the 
product at the end of its life is a big issue. 
The general concept is component parts 
are labeled so they can be separated into 
like materials for recycling. More serious 
aspects are what to do with toxic materials 
when it is time to toss the product. Nasty 
stuff includes mercury in batteries, the lead 
in ceramic tweeters, the beryllium in high-
end speaker diaphragms, boron in phonograph cartridge 
shanks, or the cadmium in the magnetic structure plating 
in your old speakers.

Energy Star and Department of Energy 
While flat screen TVs are now coming under government 
efficiency regulations, and Best Buy along with the other 
big retail chains are requiring energy star ratings and 
standby modes (which will require switching power sup-
plies in receivers), how far behind can speaker efficiency 
ratings be? Wait until the consumer finds out our book-
shelf speakers are about 1% efficient!

Biodegradable
Quality products should probably not be biodegradable 
(Photo 3). Intentionally designing in UV degrada-
tion is not a good approach and product stability and 
appearance will suffer. One aspect that is not apparent is 
serviceability. If a product can be repaired it would not be 
tossed so quickly and therefore not need to be replaced. 
An example is a headphone in which the connectors on 
both ends of the cable could be removed and replaced so 
the headset does not need to be tossed when the cable 
becomes intermittent.

Eco-Friendly Packaging
Green packaging for your product can be a combination 
of recycled materials and minimizing the volume of pack-
aging materials. Aside from recycled paper packaging, 
you might consider bamboo paper/cardboard materials. 
Some retailer chains cannot accept small packaging for 
high-value goods because they would be too easy to shop-
lift. One unique approach is from giant MWV (www.
meadwestvaco.com). They offer their Natralock solution 
(Photo 4), a combination of recycled materials and tam-
per resistance (tear resistance) for high value items such as 
headsets, memory sticks, and so on.

Good Citizen Factory and Conflict Materials
All this attention to the earth would be senseless if there 
is a lack of concern for its inhabitants. A “good factory” 
means that it has clean working conditions, good worker 
treatment, and training and education for factory work-
ers. This aspect received a lot of attention when stressed-
out Foxconn workers started jumping from the factory 
roofs like lemmings last year.

More insidious are conflict materials. 

You may have heard the term “blood dia-

monds,” which refers to diamonds mined 

in a war zone and sold to finance an 

insurgency or a warlord’s activity, usually 

in Africa. Last July the Dodd-Frank Wall 

Street Reform and Protection Act was 

signed into law and requires public compa-

nies to report conflict material importing 

and use such as tin, gold, tungsten, and 

so on from areas such as the Democratic 

Republic of the Congo (which you may 

know as the Belgian Congo or Zaire, depending on when 

you went to school). While this issue seems alien to the 

speaker industry, we have a long history of conflict mate-

rials. Back in the 1970s the loudspeaker industry shifted 

away from alnico to ceramic magnets due to the econom-

ic sanctions on mined metals such as nickel due to racial 

issues in Rhodesia (now the Republic of Zimbabwe).

I think the above captures a balanced and comprehen-

sive approach to eco-friendly good citizen product engi-

neering strategy. But there are some flies in the ointment. 

I must say that I have had clients tell me that the last 

thing the dealer wants is a customer walking away with a 

headphone that will look good and work well for the next 

decade. Audio history footnotes such as Sansui, Nikko, 

Technics, Kenwood, and a dozen other Japanese brands 

built receivers that worked forever, only to find they 

designed out their future business. Not every customer 

wants a “classic and iconic” look, at least not all the time. 

Sometimes a purple fur earphone headband may just be 

what you’re looking for.     VC

PHOTO 3: Biodegradable materi-

als are best left to diapers, not 

speaker parts.

PHOTO 4: Natralock packaging—recycled and tamper resistant.
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Acoustic Patents
By James Croft

�he following loudspeaker-related patents were filed 

primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal.  

COMPACT AUDIO REPRODUCTION SYSTEM WITH 

LARGE PERCEIVED ACOUSTIC SIZE AND IMAGE

Patent Number: US 7,817,812

Granted: October 19, 2010

Inventors: Matthew S. Polk, Jr. (Gibson Island, Md.), 

Bradley M. Starobin (Baltimore, Md.)

Assignee: Polk Audio, Inc. (Baltimore, Md.)

Filed: May 31, 2005

US Class: 381/300, 20 Claims, 5 drawings

ABSTRACT FROM PATENT
A compact audio reproduction system (Fig. 1) for two 

input signals includes at least four loudspeakers disposed 

at the vertices of a quadrilateral not more than 2′ on any 

side and such that no two loudspeakers are located at a 

distance from one another which is less than one-fourth the 

greatest distance between any two loudspeakers. The two 

input signals are connected to alternate speakers such that 

no two loudspeakers at adjacent vertices of the quadrilateral 

produce the same signal such that a listener at an arbitrary 

location perceives a sound source larger than the quadrilat-

eral and significant stereo image. The signals received by two 

loudspeakers located at adjacent vertices may receive signals 

which are equalized separately from the signals received by 

the other loudspeakers for the purpose of reducing comb 

filtering and improving the tolerance of the device to place-

ment near walls and other obstructions. Two loudspeakers 

may be delayed by a time corresponding to a sound distance 

FIGURE 1: US Patent Number 7,817,812.
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at least equal to the shortest distance between two loud-

speakers and not greater than the longest distance between 

two loudspeakers, for the purpose of reducing comb filter-

ing and improving the perception of large sound source size 

and stereo imaging for listeners at arbitrary locations.

INDEPENDENT CLAIMS
“1. An audio reproduction system comprising: a first 

audio input signal and a second audio input signal; a first, 

second, third, and fourth loudspeaker wherein said first, 

second, third, and fourth loudspeakers are located at the 

first, second, third, and fourth vertices, respectively, of 

a quadrilateral, and are oriented to radiate sound away 

from the quadrilateral; wherein the maximum distance 

between any two of said first, second, third, and fourth 

loudspeakers is not more than four times the minimum 

distance between any two of said first, second, third, and 

fourth loudspeakers; means for transmitting said first input 

signal to said first and said third loudspeakers, wherein said 

first and third loudspeakers reproduce sound associated 

with signals received by said first and third loudspeakers; 

and means for transmitting said second input signal to 

said second and fourth loudspeakers, wherein said second 

and fourth loudspeakers reproduce sound associated with 

signals received by said second and fourth loudspeakers, 

wherein no two adjacent loudspeakers reproduce the same 

input signal; and wherein the sound reproduced by said 

first, second, third, and fourth loudspeakers is perceived by 

a listener to be a sound source larger than the physical size 

of the quadrilateral. 

“12. A compact audio reproduction system, compris-

ing: a unitary physical structure encloses a volume and has 

sidewalls defining a housing having first, second, third, and 

fourth vertices; signal processing circuitry supported within 

said unitary physical structure is configured to provide first 

and second input signals; a first, second, third, and fourth 

loudspeaker wherein said first, second, third, and fourth 

loudspeakers are within said unitary physical structure 

and located at the first, second, third, and fourth vertices, 

respectively, of the housing, and are oriented to radiate 

sound away from the quadrilateral; wherein the maximum 

distance between any two of said first, second, third, and 

fourth loudspeakers is not more than four times the mini-

mum distance between any two of said first, second, third, 

and fourth loudspeakers; wherein said signal processing 

circuitry is configured to transmit said first input signal 

to said first and said third loudspeakers, wherein said first 

and third loudspeakers reproduce sound associated with 

signals received by said first and third loudspeakers; and 

wherein said signal processing circuitry is also configured to 

transmit said second input signal to said second and fourth 

loudspeakers, wherein said second and fourth loudspeakers 

reproduce sound associated with signals received by said 

second and fourth loudspeakers; wherein no two adjacent 

loudspeakers reproduce the same input signal; and wherein 

the sound reproduced by said first, second, third, and fourth 

loudspeakers is perceived by a listener to be a sound source 

larger than the physical size of the housing.”

- Custom coils available in:
 Multi-layer wire configurations
 Multiple lead configurations
 Round and Flat Wire
 Custom lead-out attachments

 Free standing coils
 Multiple wire types
 Bifilar or Edgewound
 Custom bobbin wound coils

- High temperature adhesive coated Copper and Aluminum wire in 
  round and flat sizes. CCAW wire available in round sizes.

- Adhesive coated custom cut forms and Collars.
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REVIEWER COMMENTS 
Disclosed is a compact audio system for reproducing at 

least a two channel input signal which is optimized to pro-

duce a perceived sound source much larger than its actual 

physical size, even when listeners are seated in arbitrary loca-

tions. Besides having the goal to produce the spaciousness 

of a large sound field, the system is said to maintain focused 

imaging. A third objective is to have the system be tolerant 

of placement in a variety of acoustic environments.

To achieve these desired results, at least four loudspeakers 

are disposed at the vertices of a rectangle not more than 2′ 
on any side with an aspect ratio of not more than 4:1, or a 

quadrilateral of arbitrary shape, arranged such that no two 

loudspeakers are located at a distance from one another which 

is less than one-fourth the greatest distance between any two 

loudspeakers. The two input signals are connected to alternate 

loudspeakers such that no two loudspeakers at adjacent verti-

ces of the rectangle, or quadrilateral, produce the same signal 

such that a listener at an arbitrary location perceives a sound 

source larger than the rectangle and significant stereo image.

Some embodiments of the invention, two loudspeakers 

located at adjacent vertices receive signals which are equalized 

separately from the signals received by the other loudspeakers 

for the purpose of reducing comb filtering and improving 

the tolerance of the device to placement near walls and other 

obstructions. Additionally, two speakers are delayed by a time 

corresponding to a sound distance at least equal to the short-

est distance between two loudspeakers and not greater than 

the longest distance between two loudspeakers, for the pur-

pose of reducing comb filtering and improving the perception 

of large sound source size and stereo imaging for listeners at 

arbitrary locations.

In one implementation, a band reject filter is centered 

approximately between 400Hz and 2000Hz with approxi-

mate bandwidth of between 1 and 3 octaves and gain 

approximately between -4dB and -10dB. Another imple-

mentation includes a high frequency rolloff that provides 

gain reduction of approximately -6dB at a frequency approx-

imately between 2kHz and 10kHz. Other examples may 

include combinations of high-pass and low bass filters, band 

emphasis or reject filters, and high or low shelving filters.

These novel approaches are applied to achieve an improve-

ment in comparison to prior art systems that often utilize 

crosstalk cancellation systems to produce surround sound type 

spaciousness, but at the expense of limited seating position.

One of the devices that utilizes the technology disclosed 

in this patent is the Polk Audio I-Sonic ES2, which pro-

vides a good showing for the approach, providing spacious 

sound-field that appears to originate at locations well out-

side the box, and you can listen from a fairly diverse range of 

seating positions, which does diminish specificity of image 

location, but the sense of scale and space is substantially 

maintained. While it is unclear as to which aspects of the 

patent are actually implemented in the Polk product, the 

details of the patented approach are novel and at least one 

embodiment appears to work quite well.
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WALL MOUNTED SPEAKER SYSTEM,  

APPARATUS AND METHOD

Patent Number: US 7,844,068

Inventor: Robert W. Carver (Snohomish, Wash.)

Assignee: Linear Corporation (Carlsbad, Calif.)

Filed: January 4, 2006

Granted: November 30, 2010

US Class: 381/354, 22 Drawings, 16 Claims

REVIEWER COMMENTS 
In recent years, there has been a growing trend of high-qual-
ity loudspeakers being mounted in-wall. Also, as these in-
wall loudspeakers have been advanced, they are exhibiting 
greater acoustic output power. However, there have been 
problems in faithfully reproducing the program material 
because of the presence of unwanted noise resulting from 
vibrating movement of the wall structure to which the loud-
speaker is mounted. The unwanted noise arises because the 
wall vibrates sympathetically relative to the speaker output. 
The generation of unwanted noise is especially bothersome 
with the lower frequency waves that are emitted from a 
woofer or subwoofer, particularly in the range of approxi-
mately 20 to 200Hz.

The problem can be particularly insidious, because cur-

rent in-wall woofers can actually generate as much, or more, 

output from the wall surface as produced by the woofers 

themselves. The most common solution in the current art 

(Fig. 2) is that of using opposing pairs of transducers to 

effectively cancel the unwanted 

vibrations. While this approach 

has been proven to be quite 

effective for free-standing woofer 

systems, relative to the in-wall 

application, the depth of the wall 

cavity available tends to be lim-

ited to that of the 2″ × 4″ or 2″ 

× 6″ studs supporting the wall, 

which limits the size of opposing 

woofers to be mounted within 

the wall structure.

With this new patent, Bob 

Carver, an audio innovator 

whose novel products have con-

tributed to keeping audio inter-

esting since the early 1970s, has 

re-surfaced with an alternative 

solution to the in-wall vibration 

problem. His approach preferably includes the use of at least 

two woofer transducers of generally any desired diameter 

mounted onto the wall surface. The inventive aspect is an 

inertial vibration suppression motor section including an 

inertial mass, which is driven in such a manner as to gen-

erate offsetting inertial forces to diminish or substantially 

eliminate the inertial forces of the primary transducer that 

would otherwise create a noise producing vibratory motion 

of the wall structure to which the woofer is mounted.

FIGURE 2: US Patent 

Number 7,844,068.
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R & D Measurement system
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Features:
 Multiple displays of min. 16 responses

 Cumulative decay spectrum “Waterfall”

 THD + 2 – 9th harmonics distortion

 1/12 - 1/6 - 1/3 – 1/2 – 1/1 octave

 Anechoic FFT  - Acoustic auto-delay

 50 curves/responses/TS parameters

 SPL/Frequency, Imp., phase, export

 Soundcards: PCI/USB/Firewire/ASIO

 Headsets, USB/Bluetooth

One example of the inertial mass section includes an 

inertial member, with the inertial member being moved in 

a back and forth arcuate (arc shaped) movement by a small 

electric motor. The inertial mass is made in the shape of a flat 

metal disk, and the motor is a small electric motor such as 

those found in a handheld hairdryer. The inertial cancellation 

device is placed between the two woofers to produce sym-

metry around which the vibration contributed by the two 

woofers can more effectively be canceled by the inertial mass.

The loudspeakers are driven by an amplified signal that 

is also directed to drive the motor of the inertial noise 

suppression section, so that the inertial mass is moved syn-

chronously with the movement of the diaphragm section. 

This is done in a manner that the optimization of the drive 

for the inertial mass is synchronized with the speakers such 

that the phase, amplitude inertial mass matches that of the 

two speakers. There are a few different architectures dis-

closed in the patent and the specifics are difficult to convey 

without seeing all the drawings in the patent, but basically, 

one has a separate active dual inertial mass structure that 

is optimized to produce an equal and opposite force to 

eliminate wall panel vibration. Sunfire produces an in-wall 

subwoofer (SubRosa SRS-210W) utilizing this technology, 

trademarked as “StillBass.” You can see a production version 

of the inertial damper at www.sunfire.com/productdetail.

asp?id=28 and click on the “StillBass Technology” picture.

It will be interesting to see how well this system can work 

in practice. It would seem that it would be difficult to opti-

mize and match well enough over a wide band of frequencies 

to correlate perfectly to nullify all audible vibration without 

coupling some independent outputs of its own to the wall 

surface, but it would appear they have applied it successfully. 

It’s great to see that Mr. Carver is still innovating.

WIDE FREQUENCY RANGE HORN WITH 

MODULAR METHOD FOR REDUCING 

DIFFRACTION EFFECTS

Patent Number: 7,845,462

Inventors: Dana A. Moore (Bothell, Wash.)

Assignee: None

Filed: August 7, 2008

Granted: December 7, 2010

Current U.S. Class: 181/192, 20 Claims, 12 drawings

Reviewer Comments 
Disclosed in the patent (Fig. 3) is a structure to provide 

a reduction in horn mouth diffraction—particularly hori-

zontal diffraction when compared to flat baffle mounted 

horns of the same cutoff frequency (Fc) and overall mouth 

size. In a loudspeaker horn for operation in a middle to high 

frequency range, at the termination of the horn mouth, 

the invention provides a modular horn mouth with a 

smooth large radius termination with a rearward extension, 

the extension consisting of at least two outer side baffles 

attached to at least two opposite and outer sides of the horn 

mouth and adapted to be substantially equal in height to 

the horn mouth sides. The large radius forms a smooth 

and continuous substantially, quarter roll extension which 
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progresses from the frontal plane of the horn terminus so 

that sound waves propagating from the mouth of the horn 

traveling perpendicular to the axial pathway are substantially 

prevented from the effects of diffraction associated with 

acoustically interruptive edges.

The low diffraction edge elements can either be molded 

into the horn or applied as modular elements in close prox-

imity to the horn mouth.  It is capable of being operated in 

a freestanding manner or optionally mounted in a cabinet or 

enclosure, because it includes an integral diffraction reduc-

ing horizontal baffle. The invention maximizes the ability to 

reduce horn mouth and/or cabinet diffraction effects regard-

less of the cabinet or enclosure it is mounted in or is placed 

on top of due to its modular nature.

While the patent examiner apparently could not find a 

prior art patent with this type of structure, there have certain-

ly been many large radius horn terminations realized in other 

systems, but not patented, and various forms of modular add-

ons and large radius cabinet edges are common in the DIY 

loudspeaker community. While some highly directive horns 

may not have enough energy emitted at 90° to the horn axis 

to make cabinet edge diffraction be of great concern, recent 

research suggests that cabinet edge and horn termination dif-

fraction effects are perceived as a level dependent, nonlinear 

version of the linear amplitude errors, making the audible 

effect stronger than linear measurements would suggest. Any 

diffraction reducing structures such as those of this invention 

could be very effective at minimizing those effects and in 

many cases may have a significant sonic impact.     VC

FIGURE 3: Patent Number 7,845,462.
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Industry Watch
By Vance Dickason

�ack in the 70s and 80s, Southern California audio 

fans were familiar with RSL Speaker Systems, sold 

at Rogersound Labs audio/video stores throughout the 

area. During those decades, RSL was one of the best-selling 

brands in the region. The RSL Studio Monitors were a 

familiar sight in many of LA’s recording studios and radio 

stations and were owned by many of LA’s top musicians. 

They still have a loyal following.  RSL speakers stood for 

high quality and great sound at reasonable, factory-direct 

prices. “I am amazed by the number of e-mails I receive 

from owners who still are happy with their older RSL 

Speakers,” says founder Howard Rodgers.

For the past three years, Howard Rodgers and his son 

Joseph have been developing a new line of home theater 

speakers and studio monitors based upon RSL’s patented 

Compression Guide Technology. According to Rodgers, 

Compression Guide Technology is a different approach 

to speaker tuning, which dramatically increases the clar-

ity of the voices and instruments as well as improving the 

soundstage (the company’s slogan is, “Hear Outside the 

Box”). It also results in significant bass extension with less 

boominess and overhang. RSL Speaker Systems (Photo 
1) are offered exclusively through their website www.

rslspeakers.com. All RSL speakers come with a 30-day 

satisfaction money-back guarantee. RSL will even pay 

shipping both ways so that customers will pay nothing 

to try them, if returned.

The initial RSL line includes a compact two-way speaker 

designed to complement their new subwoofer, the RSL 

Speedwoofer 10, which features wireless remote control of 

volume and crossover frequency. It is powered by a 375W 

pure analog Class A/B amplifier. Rodgers describes the bass 

as impactful with extreme clarity that doesn’t intrude on the 

mid-range sound like most subwoofers.

The line includes a new RSL Studio Monitor, which can 

also perform as an ideal center-channel when placed hori-

zontally. All models feature RSL’s patented Compression 

Guide Technology and high-gloss black piano finished cabi-

nets. Combinations of these models are suitable for home 

theater as well as stereo installations. The company will also 

be introducing in-wall and in-ceiling models which will 

acoustically match the other speakers in the line.
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PHOTO 1: RSL System.
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Cobham Technical Services’ Opera 3D electromagnetic 

field simulator is playing a vital role in the design of an 

innovative hybrid magnet being developed by the USA’s 

National High Magnetic Field Laboratory (NHMFL) in 

Tallahassee, Fla. The NHMFL—popularly known as the 

MagLab—is home to some of the largest and most power-

ful laboratory magnets in the world. Headquartered in a 

370,000ft2 complex at Florida State University, the facility 

provides scientists and engineers with a unique environ-

ment in which to conduct experiments involving very high-

energy magnetic fields.

Many of the innovative magnets used at the MagLab are 

designed and built on-site, by the facility’s Magnet Science 

& Technology group. One of the latest additions, currently 

early in its construction, is a Series-Connected Hybrid 

(SCH) magnet designed to provide unprecedented power 

efficiency and field homogeneity. Development of this 

resistive-superconducting hybrid magnet is being funded 

by an $11.7 million grant from the US National Science 
Foundation, and the magnet will be used for research 

purposes in high field nuclear magnetic resonance (NMR), 

condensed matter physics, biology, and chemistry.

The SCH uses a water-cooled Florida-Bitter resistive 

magnet—a highly innovative technology developed by 

the MS&T group, capable of generating high magnetic 

field strengths more efficiently than alternative means—

nested within a superconducting magnet that is cooled 

by liquid helium. The two magnets are connected in 

series and together produce a very high intensity central 

magnetic field of 36 tesla. The SCH is connected to a 

650V supply and has an operating current of 20,000A; 

this 13MW power consumption is 66% less than what 

would be required for an all-resistive magnet providing 

the same field and bore. Electromagnetic shielding of 

the SCH is provided by a set of eight magnetically soft, 

100mm thick iron plates which form an octagonal wall 

around the entire magnet system. The magnetic proper-

ties of these shields were characterized by a B-H curve, 

obtained by using Opera 3D.

Opera 3D has also been used for a variety of other 

performance-related studies on the SCH, including 

evaluating the magnetic fields around the magnet’s HTS 

(high temperature superconductor) vapor-cooled leads, 

and calculating eddy currents in the thermal radiation 

shields surrounding the superconducting coil. In the lat-

ter case, these calculations are of critical importance; dur-

ing fast discharge of the magnet—such as in the case of a 

quench—eddy currents can exert large mechanical forces 

on the shields, and they therefore need to be accurately 

simulated for safety.

The SCH promises to set a new standard in powered 

magnet performance. Its efficiency means that it will have 

a lower operating cost than any other magnet in its class, 

and its innovative magnet configuration should provide 

an unprecedented level of field homogeneity and stabil-

ity. Such is the design expectation that the MagLab is 

already involved in two further variations of the SCH; one 

other under construction is destined for the Helmholtz 
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Zentrum Berlin where it will be used for neutron-scattering 

experiments. The other in design is for the Spallation 

Neutron Source at the Oak Ridge National Laboratory 

in Tennessee. For more information on Opera 3D, visit 

Cobham Technical Services/Vector Fields Software website 

at www.cobham.com.

This was published in the new CEDIA Crosspoint 

(www.cediacrosspoint.com) blog: “Now that we are solidly 

beyond the half-way mark of 2010, I decided to go through 

the housing start numbers over the last 5 years. This data, 

based on quarterly data provided by the US Census bureau, 

shows that we are making a slow, but measurable increase in 

the number of housing starts in the US (Fig. 1). While we 

are nowhere near 2005 production (2009 was 74.1% lower 

in housing starts over the peak year production of 2005—

Fig. 2), the percentage change from 2nd quarter 2009 to 

2010 is up 14.5% and that should be encouraging to all. 

One way to be optimistic is based on the natural increase 

in population. At some point those entering the job market 

should drive the housing market back. Take employment 

rates vs. population growth. According to the Bureau of 

Labor statistics, the economy must increase the number 

of jobs by 150,000 per month just to meet population 

demands. Thus, when the jobs market springs back (that is 

the big if and when), there should be a significant increase 

in the housing market. We are already seeing some spring 

back in some areas, particularly the south.”

Online retail sales rose 13% to $9 billion in the first 
FIGURE 2: Housing starts by year, 2005 to present.

FIGURE 1: Housing starts by quarter, 2005 to present.

All twelve issues from audioXpress 2010 have been reproduced on CD-ROM. The table of contents 

has been linked to each article making navigation easy. Easy to store and use, subscribers can 

purchase the CD for a special low price. 

Highlights from 2010 include September’s concentration on loudspeakers as well as December’s 

focus on LP playback systems. Sh. wt: 1 lb.

CDAX10 ........ Special Subscriber Price ..$19.95          Regular Price ...... $45.00

from Audio Amateur Inc.

Old Colony Sound Laboratory, PO Box 876, Peterborough NH 03458-0876 USA
Toll-free: 888-924-9465  Phone: 603-924-9464  Fax: 603-924-9467

E-mail: custserv@audioXpress.com    www.audioXpress.com

To order call 1-888-924-9465 
or order on-line at www.audioXpress.com

Back Issues on CD

N
OW

 

AV
AI

LA
BL

E!



FEBRUARY 2011 29

three weeks of November, according to comScore (www.

comscore.com). The market research firm is also fore-

casting an 11% increase in e-tail sales year over year for 

the full holiday season, to $32.4 billion. This year free-

shipping offers have become a key element in holiday 

promotions. According to a comScore consumer survey 

conducted Nov. 11-15, more than three quarters (77%) 

of respondents considered free delivery important, and 

one-third said they wouldn’t make a purchase without 

it. During the third quarter, 41% of e-tail purchases 

included free shipping. The survey also showed that 

consumers are split on the intensity of this season’s online 

promotions. Forty percent said the number of sales, 

discounts, or promotions is about the same compared 

to last year, while 36% perceived an increase and 11% 

perceived a decrease.

Despite a burst of holiday spending in November, 

retail sales may likely wane over the remaining days 

before Christmas, a Consumer Reports survey suggests 

(www.consumerreports.org). According to the consumer 

advocacy organization, increased stress, slipping confi-

dence, and a growing reluctance to spend could put a 

crimp in December sales. Planned December purchases 

are down slightly following gains in November, the 

survey showed, led by fewer planned purchases of per-

sonal electronics year over year. By comparison, planned 

purchases of home electronics were up nearly 12% in 

November year over year, and planned purchases of 

major appliances were up 19%.

Always a good indicator of the health of CE sales, Best 
Buy (www.bestbuy.com) reported lower revenue and net 

earnings in its fiscal third quarter, ended Nov. 27, which 

covered part of Thanksgiving weekend, as compared with 

last year. Net earnings were $217 million, down $10 mil-

lion year on year. Revenue was $11.89 billion, down from 

the prior year’s $12.02 billion. Comp-store sales were down 

3.3% compared with last year, but operating income was up 

$9 million to $385 million during the quarter.

German Maestro (www.german-maestro.de) is expand-

ing its selection of car audio products with the launch of 

its first amplifiers and new speakers, including two three-

way component speakers. The products were displayed at 

International CES and started shipping around show time. 

The company, which entered the US market two years ago, 

is launching eight products in all, including the two three-

way component speakers, three 2Ω speakers designed for 

OEM replacement, a subwoofer, and two amps.

Wisdom Audio (www.wisdomaudio.com) exhibited its 

highest-end in-room speaker series to date at CES in January. 

The Wisdom series consists of two line-source planar-

magnetic tower speakers priced at $30,000 and $40,000 

each. Because each model is only 12″ deep, interior designers 

can place them behind decorative, acoustically transparent 

cloth for a completely hidden installation. The speakers are 

designed to work with the company’s $10,000 STS subwoof-

er, said to combine musicality with the high-output extended 

bass needed for home theaters in large residential spaces.

Sunfire (www.sunfire.com) launched its lowest-price 

powered subwoofers to date to broaden its potential 

customer base at this year’s CES. The three models in the 

Dynamic series are the brand’s first to incorporate efficient 

Class D amplifier technology, and they’re priced at a sug-

gested $350 for an 8″ model, $450 for a 10″ model, and 

$550 for a 12″ model, all with passive radiators. They also 

feature signal-sensing power on/off, continuously variable 

phase, crossover, and volume controls, and an optional 

2.4GHz wireless transmitter/receiver pair to eliminate 

speaker-cable runs. Up to four receivers at a time are able 

to stream bass from a single transmitter. The 8″ model 

reproduces 32Hz to 150Hz frequencies with up to 400W 
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of peak output, while the 10″ model reproduces 30Hz 

to 150Hz frequencies with up to 500W peaks. The 12″ 

model delivers 28Hz to 150Hz frequencies with 600W 

peaks. The next step up in Sunfire’s subwoofer selection is 

the HRS (High Resolution Series), promoted as offering 

audiophile performance in a small package. At the top 

of the selection is the limited-production luxury-perfor-

mance XT series, which consists of the SubRosa in-room 

and in-wall subwoofer system.

MartinLogan (www.martinlogan.com) launched nine 

new in-wall and in-ceiling speakers, all due to ship in sum-

mer 2011. All are the company’s first custom speakers with 

what the company calls “virtually no bezel.” Prices start 

at $249.95 each for the Motion Architectural Series and  

$399.95 each for the ElectroMotion Architectural Series. 

Pricing for the flagship Stealth Architectural Series wasn’t 

available. The three models in the Motion Architectural 

Series are voice-matched with the company’s Motion 

Series of in-room speakers with rigid, poly cone woofers 

in 6.5- and 8″ sizes and 1 × 1.4″ Folded Motion tweeters.  

The ElectroMotion Architectural Series features step-up 

performance with low-distortion aluminum-cone woofers. 

The flagship Stealth Architectural Series (Photo 2) uses the 

company’s larger, low-distortion Folded Motion XT tweet-

ers, along with black-aluminum, high-excursion bass, and 

mid-range drivers. They feature a gloss piano-black speaker 

baffle and solid one-piece cast aluminum chassis.

Last, you can add Teac (www.teac.com) to January’s 

list of new iPod music systems. Teac America added two 

new iPod/iPhone-docking audio systems to its selec-

tion with the shipment of the $199 SR-80i and $299 

SR-100i. Both are positioned as “high-fidelity systems 

with superior design aesthetics at an affordable price.” 

They feature radio, and the top model adds a slot-in CD 

player; both were displayed at International CES. The 

SR-80i features 2 × 15W amplification, AM/FM PLL 

synthesized tuner, and the ability to capture the digital 

PCM output of docked iPods/iPhones. It also plays MP3 

files from a USB stick, and a video output displays stored 

videos and photos on a connected TV. It’s equipped with 

full-range speakers, bass-reflex port, and DSP-enhanced 

bass response. The SR-100i features PLL FM tuner, 2 × 

50W amplification, two-way speaker system with 3.5″ 

midwoofers, bass-reflex ports, slot-in CD player, and 

retractable dock. The CD player supports CD-R/RW, 

MP3, and WMA discs. A USB port plays MP3 files on a 

USB stick. An aux-in is included.     VC
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