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Loudspeaker Sensitivity: 
What’s a Watt, Anyway? 
By Charlie Hughes

Industry News and Developments
By Vance Dickason

Minimum Pole Diameter Tool from Redrock Acoustics
The amount of flux running through the pole in a 

conventional “Hamburger” motor structure is a key design 
element that is often a limiting factor in the design process. 
This is determined by the target B in the gap, the gap width, 
and the gap height. For any desired maximum flux, there 
is a minimum pole diameter. The maximum flux can be 
defined by the saturation point of the steel (Bmax) used in 
the pole. It can also be a lower value that reflects a linear 
operating range on the BH curve to minimize inductive 
distortion, an important factor in subjective sound quality.  

MinPole is a new design tool from Redrock Acoustics 
(www.redrockacoustics.com) that makes this calculation 
quick and easy. Users simply input the target Maximum 
Flux, Gap B, Gap Height, Gap Width, and Vent Hole 
Diameter. With this data, MinPole will then calculate the 
minimum pole diameter to match the targets. MinPole can 
also calculate an array of diameters based on a range of Gap 
Heights and Gap Widths. MinPole is an Excel-based design 
sheet (version 2003 or higher) and can be downloaded from 

the Redrock Acoustics website (after a PayPal payment of 
$20). The May issue of Voice Coil will feature a comprehen-
sive tutorial using MinPole. 

New Website for CJS Labs
CJS Labs, which is the consulting site for Chris Struck, 

launched a new website featuring a list of the various con-
sulting services offered by CJS Labs, a section dedicated 
to the training and seminar dates of events put on by CJS 
Labs, a section for past issues of CJS Lab Notes (these 
contain valuable information and are worth checking out), 
plus a list of papers and other downloads available from CJS 
Labs. Check it out at www.cjs-labs.com.

New Website for True Technologies
True Technologies has launched a new website (www.

true-technologies.com) detailing its product and service 
offerings to the loudspeaker industry.  Of special interest 
is a newly formed partnership with iCapture.dk, a Danish 
company that offers state-of-the-art Finite Element Analysis 
services (www.icapture.dk). Bob True and Ulrik Skov, the 
True Technologies and iCapture.dk founders, respectively, 
have a combined 40 years of experience doing FEA on 
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loudspeaker transducers and related products.  The software 
tools employed by iCapture.dk provide advanced modeling 
capabilities that are typically found only within billion-dollar 
enterprises. For smaller companies, the pay-as-you-go service is 
usually much more cost effective than developing the capability 
internally. Full 3D magnetics, AC magnetics, linear/nonlinear 
structural, and full vibro-acoustic modeling are available. 

ALMA Appoints New Executive Director
ALMA—The International Loudspeaker Association 

(www.almainternational.org) has recently appointed Carol 
Bousquet (Carol was the previous ALMA director) as 
ALMA’a new Executive Director replacing Zarina Bhimani. 
The ALMA management transfer was effective February 
1. Along with the new Executive Director, the board 
appointed Stu Lumsden of Polk Audio to fill the open seat 
of president during the winter symposium.  

The board of directors is holding a two-day ALMA 
strategy planning meeting, courtesy of meeting space at 
Bose in Framingham, Mass., April 8 and 9. They have 
added an evening networking event on April 8 and have 
invited area AES Section members and the Boston Audio 
Society to join; it’s open to all. The featured speaker is 
the principal of ThoughtLabs.com, Cappy Popp, speak-
ing on “Industrial Grade Social Networking for Audio 
Engineering Types.” 

From ALMA Executive Director, Carol Bousquet 
(Photo 1): “Despite the challenging economic envi-

ronment this year, ALMA continues to deliver on 
its promise to provide each and every one of you a 
valuable membership experience. We offer ambitious 
programs based on member feedback designed to meet 
the demands of your professional development. We 
do so with mostly a core of dedicated volunteers and 
always with an eye toward cost containment; we run 
a tight ship because we respect the financial challenges 
all of our members face each day in our businesses. We 
appreciate the need to cut costs—and hope that doesn’t 
include your membership in the only association in the 
world dedicated to providing the loudspeaker industry 
a forum for the exchange of technical and business 
information and the ongoing development of standards, 
practices and educational programs. To allow us to 
continue enhancing the quality programs you expect 
from ALMA we need to build membership. We’re com-
mitted to ensuring you receive value in exchange for 
your investment. I look forward to seeing you at one 
of our upcoming events or on the digital highway as 
we approach celebrating ALMA’s 50th anniversary next 
year. In the meantime, please contact me if you have any 
questions, comments or suggestions, I especially enjoy 
hearing from you about what is most important to you 
as a member of ALMA.”

New Software/SoundCard Analyzer from LOUDsoft
LOUDsoft has released its new soundcard analyzer soft-

ware, FINESPL, a software-based audio analyzer that basi-
cally works with any computer sound card. While its target 
audience is advanced amateurs and installers, this analyzer 
would also make a valuable tool for any professional given 
its portability with a laptop.  

FINESPL can perform windowed FFT measurements 
(Fig. 1), making it possible to produce semi-anechoic 
measurements in small rooms. Curve data (both mag-
nitude and phase) can be compared to other curves and 
smoothed with 1/3, 1/2, or 1/1 octave processing, and 
includes a print routine. Add to this an auto-delay func-
tion, and FINESPL is a rather sophisticated device for its 
price, which is $300.

FINESPL will also measure impedance magnitude and 
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phase, compare impedance curves, and perform T/S param-
eter measurements using fixed Mmd, delta mass, or delta 
compliance (Figs. 2 and 3). Other features include the abil-
ity to measure impedance at multiple voltage levels as well as 
estimate the resistance in the cable fixture used to measure 
impedance. For more, visit www.loudsoft.com.             VC

Test Bench
 

Scan-Speak/B&C
By Vance Dickason

� s I said last month, the Test Bench column remains 
my favorite part of writing Voice Coil, and this 

month is no exception. The samples that recently arrived 
came from two well-respected and outstanding OEMs, 
Scan-Speak and B&C. Scan-Speak, the Danish high-end 
home driver manufacturer sent the latest model from their 
neodymium motor Illuminator line, the 6.5  aluminum 
cone 18WU/4747T00. And Italian Pro Sound OEM B&C 
offers a new neo motor coax, the 8  8CXN51.

Scan-Speak 18WU/4747T00
While new Scan-Speak Illuminator woofers were not 

intended as replacements for the Revelator 15W and 18W 
products, there is no question that the bar was set fairly 
high for their new high-end driver line to meet or exceed. 
I reviewed the 15W and 18W paper cone models in the 
February 2009 issue of Voice Coil, and like the paper cone 
versions, the new 18W4747T00 (Photo 1) looks impres-
sive, both cosmetically and feature-wise. Optimized for 
use as a woofer in a three-way system, the 18WU departs 
immediately from the 15WU and 18WU models by incor-
porating a 6.5  black anodized aluminum cone and 1.75  
diameter black anodized aluminum convex dustcap. You 
will also notice that Scan has incorporated the same clover-
leaf pattern indent in the cone to suppress cone modes, as 
with the paper cone versions. 

From there, the 18WU4747T00 is similar to the previ-
ous reviewed Illuminator models, including the entirely 
new proprietary cast frame. This is a very “open” frame with 
all areas above and below the spider-mounting shelf as open 
for cooling as possible. The frame is also designed to accom-
modate the neodymium ring magnet underhung motor. 
The aluminum cone 18WU incorporates what appears to 
be the exact same motor structure as the paper cone ver-
sions, which means the same 42mm diameter four-layer 
voice coil wound with round wire on a polyimide vented 
former. Also like the paper cone versions, this driver has a 
gap height of 20mm and voice coil length of 8mm. 

FIGURE 1: FINESPL frequency response magnitude and phase 

graph, plus you can also observe the impulse response at the top 

of the graph.

FIGURE 2: FINESPL T/S parameter screen.

FIGURE 3: FINESPL impedance magnitude and phase graph.

PHOTO 1: Scan-Speak 18WU.
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In terms of compliance, the 18WU uses a NBR rubber 
surround and flat 4.5  diameter cloth spider. And last, the 
18WU terminates the voice coil lead wires to a custom-
molded terminal block with gold terminals.

I commenced testing the Scan-Speak 6.5  18WU 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 0.3V, 1V, 3V, 
6V, and 10V. I post-processed the ten 550-point stepped 
sine wave sweeps for each 18WU sample and divided the 
voltage curves by the current curves (admittance) to pro-
duce impedance curves, phase added using LMS calculation 
method, and along with the accompanying voltage curves, 
uploaded to the LEAP 5 Enclosure Shop software.

Besides the LEAP 5 LTD model results, I produced a 
LEAP 4 TSL model set of parameters using just the 1V 
free-air curves. I selected the final data, which includes the 
multiple voltage impedance curves for the LTD model (see 
Fig. 1 for the 1V free-air impedance curve) and the 1V 
impedance curve for the TSL model, and produced the 
parameters order to perform the computer box simulations. 
Table 1 compares the LEAP 5 LTD and TSL data and fac-
tory parameters for both 18WU samples.

LEAP parameter calculation results for the 18WU appear 
to be very different from the factory data; however, the Fs/Qt 
ratios were very close because when I programmed the fac-
tory data into a sealed box simulation with the same volume I 
used for the LEAP calculated LTD parameters, F3 was 60Hz 
for the factory data compared to F3 = 63Hz for the LEAP 
5 LTD parameters. Given this, I proceeded setting up com-
puter 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 0.63ft3 
enclosure with 50% fiberglass fill material, and for the vented 
box, a 1.0ft3 Chebychev/Butterworth type vented alignment 
with 15% fiberglass fill material and tuned to 34Hz.

Figure 2 illustrates the results for the 18WU in the 
sealed and vented boxes at 2.83V and at a voltage level 
high enough to increase cone excursion to Xmax + 15% 
(6.9mm). This yielded a F3 = 60Hz with a box/driver 
Qtc of 0.71 for the 0.63ft3 sealed enclosure and –3dB 
= 47Hz for the 1.0ft3 vented simulation. Increasing the 
voltage input to the simulations until the maximum linear 
cone excursion was reached resulted in 104dB at 14V for 
the sealed enclosure simulation and 106dB with a 16V 
input level for the larger vented box (see Figs. 3 and 4 for 

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2
  
FS 37.9Hz 37.2Hz 34.5Hz 34Hz 32Hz 
REVC 3.52 3.41 3.52 3.41 3.2
Sd 0.0152 0.0152 0.0152 0.0152 0.0154
QMS 4.35 4.45 4.72 4.64 3.42
QES 0.45 0.44 0.45 0.42 0.30
QTS 0.41 0.40 0.41 0.42 0.28   
VAS 34.0 ltr 35.4 ltr 41.4 ltr 42.6 ltr 48.7 ltr 
SPL 2.83V 88.0dB 88.1dB 87.6dB 87.8dB 88.1dB
XMAX 6mm 6mm 6mm 6mm 6mm    

�������	�
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FIGURE 1: Scan-Speak 18WU4747T00 woofer free-air impedance plot.

FIGURE 4: Cone excursion curves for the 14/16V curves in Fig. 2.

FIGURE 2: 18WU4747T00 computer box simulations (A = sealed 1 at 

2.83V; B = vented 2 at 2.83V; C = sealed 1 at 14V; D = vented at 16V).

FIGURE 3: Group delay curves for the 2.83V curves in Fig. 2.
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the 2.83V group delay curves and the 14/16V excursion 
curves).

Klippel analysis for the Scan-Speak 6.5  woofer pro-
duced the Bl(X), Kms(X) and Bl and Kms symmetry 
range plots given in Figs. 5-8. The Bl(X) curve for the 
18WU (Fig. 5) is very broad and symmetrical, an affecta-
tion of the underhung configuration. The Bl symmetry 
plot (Fig. 6) shows a coil forward (coil out) offset at the 

rest position (obviously, the analyzer was again having 
trouble resolving this below 2.5mm) that goes to 0.8mm 
offset at about 6mm of excursion and then stays constant 
throughout the remainder of the operating range. This 
means that all the data above 7.5mm is pretty much what 
is occurring.

Note that the reason the Klippel can resolve this below 
about 6mm involves the large underhung gap. This motor 
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FIGURE 5: Klippel Analyzer Bl (X) curve for the 18WU4747T00.

FIGURE 9: Klippel Analyzer L(X) curve for the 18WU4747T00.

FIGURE 10: Scan-Speak 18WU4747T00 on-axis frequency response.

FIGURE 11: Scan-Speak 18WU4747T00 on- and off-axis frequency response.

FIGURE 12: Scan-Speak 18WU4747T00 two-sample SPL comparison.

FIGURE 6: Klippel Analyzer Bl symmetry range curve for the 18WU4747T00.

FIGURE 7: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the 18WU4747T00.

FIGURE 8: Klippel Analyzer Kms symmetry range curve.



APRIL 2010 7

runs linear for such a broad range that the analyzer can’t 
detect what’s going on (the analyzer depends on the coil 
getting to the edge of a gap area to reference motion in 
the gap). In a word, this driver looks outstanding in terms 
of the Bl and compliance balance. Figures 7 and 8 give 
the Kms(X) and Kms symmetry range curves for the Scan-
Speak 18WU.

The Kms(X) curve is very symmetrical in both directions 
with practically no offset above 6mm. Again, the Klippel 
was having trouble resolving the compliance below 6mm 
because of the large linearity range of the underhung coil. 
Displacement limiting numbers calculated by the Klippel 
analyzer for the 18WU were XBl at 82% Bl = 10mm, and 
for XC at 75% Cms minimum was also 10mm, which 
means that for the 18WU woofer, both BL and the compli-
ance have the same limits for distortion level of 10%, but 
both are 4mm beyond Xmax! Figure 9 gives the inductance 
curves L(X). The curve illustrates a decreasing inductance 
as the coil moves inward, the result of the copper shorting 
sleeve in this motor system as well as very minor change in 
inductance throughout the drivers operating range, a key to 
low distortion performance.

Following the Klippel testing, I mounted the 18WU/4747T00 
woofer in an enclosure which had a 17   8  baffle and 
was filled with damping material (foam) and then mea-
sured 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 10 gives the 18WU’s on-axis 
response displaying a very smooth rising response to 
about 2.75kHz, followed by an 11dB drop in SPL, the 
start of the aluminum breakup mode centered on about 
8kHz. Figure 11 has the on- and off-axis frequency 
response at 0, 15, 30, and 45 . -3dB at 30  with respect 
to the on-axis curve occurs at 1.8kHz, so a cross-point in 
that vicinity should be fine; however, as previously men-
tioned, this driver was optimized for a three-way system. 
It certainly would be possible to match it to a ribbon 
driver in a two-way at that frequency, but I think Scan-
Speak was thinking more in terms of 1.5  dome mid and 
0.75  tweeter as a likely scenario. The last SPL measure-
ment is shown in Fig. 12 and gives the two-sample SPL 
comparisons for the 6.5  Scan-Speak driver, showing a 
close match up to 6kHz, with about 1dB variations above 
that frequency.

For the last group of tests, I employed the Listen Inc. 
SoundCheck analyzer (courtesy of Listen Inc.) 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 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. microphone 
placed 10cm from the dust cap. This produced the distor-
tion curves shown in Fig. 13.

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 soft-
ware. The resulting CSD waterfall plot is given in Fig. 14 

and the Wigner-Ville logarithmic surface map (for its better 
low-frequency performance) plot in Fig. 15. Looking over 
all the data presented, this is a very well-designed driver, but 
you expect that from a company with Scan-Speak’s reputa-
tion for excellence. For more information on these and 
the other new ScanSpeak Illuminator drivers, visit www.
scan-speak.dk.

FIGURE 13: Scan-Speak 18WU4747T00 SoundCheck distortion plot.

FIGURE 14: Scan-Speak 18WU4747T00 SoundCheck CSD waterfall plot.

FIGURE 15: Scan-Speak 18WU4747T00 SoundCheck Wigner-Ville plot.
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B&C 8CXN51-16
B&C’s new 8CXN51-16 pro sound 8  coax driver 

(Photo 2) follows in the tradition of B&C’s 8CX21 and 
8CXT-8 (reviewed in the September 2007 issue of Voice 
Coil) coax products. Like the 8CX21 and 8CXT-8, the 
8CXN51-16 is a pro sound coax driver composed of an 
8  paper cone woofer with a coaxially mounted compres-
sion driver. The 8CXN51 woofer is built on a four-spoke 
octagonal-shaped cast aluminum frame with eight mount-
ing holes. Attached to the frame are both the woofer and 
compression driver motor systems. 

Unlike its predecessors, the 8CXN51 is an all neodymi-
um driver, which means that the woofer motor incorporates 
a neo ring magnet. Attached to the top of the pole piece is 
a short flared aluminum horn that completes the compres-
sion driver. Motor parts for the compression driver include 
the milled and polished front and rear plates with a neo 
ring magnet.

The 8CXN51’s woofer cone assembly includes a curvi-
linear coated paper cone suspended by a coated M-shaped 
two roll cloth surround and a 4  diameter cloth spider. A 
porous cloth dust cap is used to cover the compression 
driver horn and to keep extraneous material out of the gap 
area. Coupling the cone to the driver motor is a 51mm (2 ) 
diameter voice coil wound with aluminum wire. For the 
high-frequency compression driver, B&C is using their very 
well-respected DE400. This incorporates a 44mm diameter 
polyimide diaphragm coupled to a voice coil also wound 
with aluminum wire.

Testing began with the woofer half of this coax driver 
using the LinearX LMS 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, 
20V, and 35V. Note that the LMS oscillator is turned on 
for a progressively increasing time period between sweeps 
in order to keep the driver heated as close to the 3rd ther-
mal time constant as possible. Following the established 
Test Bench test protocol, I no longer use a single added 
mass measurement and instead used actual measured cone 
assembly weight provided by B&C. I discarded the 25V 
curves for the 8  8CXN51-16 woofer, because the device 
was becoming too nonlinear at this voltage level for the 
LEAP 5 software to get a reasonable curve fit.

Next, I post-processed the 12 550-point stepped sine 
wave sweeps for each sample and divided the voltage curves 

PHOTO 2: B&C 8CNX51.
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by the current curves to derive impedance curves, phase 
calculated and along with the accompanying voltage curves, 
imported to the LEAP 5 Enclosure Shop software. Because 
most T/S data provided by OEM manufacturers is being 
produced using either a standard method or the LEAP 4 
TSL model, I additionally produced a LEAP 4 TSL model 
using the 1V free-air curves. 

I selected the complete data set, the multiple voltage 
impedance curves for the LTD model (see Fig. 16 for the 
woofer 1V free-air impedance curve and Fig. 17 for the 
compression driver standard impedance curve) and the 
1V impedance curves for the TSL model in the transducer 
derivation menu in LEAP 5, and produced the parameters 
for the computer box simulations. Table 2 compares the 
LEAP 5 LTD and TSL data and factory parameters for both 
B&C 8CXN51 samples.
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 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2 
 
FS 70.5Hz 71.4Hz 69.1Hz 69.9Hz 68Hz   
REVC 8.05 8.23 8.05 8.23 4.9   
Sd 0.022 0.022 0.022 0.022 0.022
QMS 4.3 4.08 4.53 4.25 4.7  
QES 0.36 0.36 0.36 0.36 0.29
QTS 0.33 0.33 0.34 0.33 0.27     
VAS 15.8 ltr 15.4 ltr 16.6 ltr 16.2 ltr 17 ltr 
SPL 2.83V 93.7dB 93.8dB 93.6dB 93.6dB 97dB  
XMAX 4.5mm 4.5mm 4.5mm 4.5mm 6mm   

�������	��������� ��!�����"�������

FIGURE 16: B&C 8CXN51-16 woofer free-air impedance plot.

FIGURE 17: B&C 8CXN51-16 compression driver free-air impedance plot.
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Parameter measurement results for the 8CXN51 were 
reasonably close to the factory data, despite the fact that 
the data from B&C was for a different Recv model with a 
4.9  DCR versus the model I sampled with an 8  DCR. 
However, even though the exact factory data was not avail-
able at this time, I proceeded to set up computer enclosure 
simulations using the LEAP LTD parameters for Sample 
1. This included two vented alignments, a 0.28ft3 Qb3 
box with 15% fiberglass fill material tuned to 80Hz, and a 
0.48ft3 EBS (Extended Bass Shelf ) vented alignment enclo-
sure with 15% fiberglass fill material and tuned to 68Hz.

Figure 18 displays the results for the 8CXN51 woofer 
section in the sealed and vented boxes at 2.83V and at a 
voltage level high enough to increase cone excursion to 
Xmax + 15% (5.2mm using the physical Xmax number). 
This produced a F3 frequency of 88Hz for the 0.28ft3 Qb3 
enclosure and –3dB = 66Hz for the 0.48ft3 EBS vented 
simulation.  Increasing the voltage input to the simulations 
until the maximum linear cone excursion was reached 
resulted in 109dB at 18V for the Qb3 enclosure simulation 
and 107dB with a 17V input level for the larger vented box 
(see Figs. 19 and 20 for the 2.83V group delay curves and 
the 18/17V excursion curves).

Klippel analysis for the 8CXN51-16 (our analyzer is pro-
vided courtesy of Klippel GmbH), which was performed 
by Pat Turnmire, Red Rock Acoustics (author of the SpeaD 
and RevSpeaD software) produced the Bl(X), Kms(X) and 
Bl and Kms symmetry range plots given in Figs. 21-24.

The Bl(X) curve for the 8CXN51 (Fig. 21) is mod-
erately broad, symmetrical, and tilted slightly toward the 
coil-out direction, probably due to the lack of a pole exten-
sion which was necessary to accommodate the compression 
driver and horn assembly. In the Bl symmetry plot (Fig. 
22), this curve shows small 0.9mm of rearward (coil-in) 
offset in the rest position decreasing to about 0.5mm rear-
ward offset at the physical Xmax position. Figures 23 and 
24 depict the Kms(X) and Kms symmetry range curves. 
The Kms(X) curve is as symmetrical as you are probably 
going to see in both directions, with nearly zero offset at 
any coil position, which is further confirmed by the Kms 
symmetry curve, almost a straight line at the zero rest posi-
tion. For displacement limiting numbers calculated by the 
Klippel analyzer, XBl at 82% (Bl decreasing to 82% of its 
maximum value) was 4.2mm, and XC at 75% (compliance 
decreasing to 75% of its maximum value) was 3.2mm, 
which means that the compliance is the most limiting fac-
tor at the prescribed distortion level of 10%. 

Figure 25 gives the inductance curve L(X) for the B&C 
coax woofer. Inductance will typically increase in the rear 
direction from the zero rest position as the voice coil cov-
ers more pole area unless the driver incorporates a shorting 
ring. Because the 8CXN51 does not incorporate a Faraday 
shield (shorting ring) in the motor assembly, you see the 
typical inductance rise for the coil-in direction of motion.

Next I mounted the 8CXN51-16 in an enclosure which 
had a 18   10  baffle and was filled with damping material 
(foam) and then measured both the woofer and the com-
pression driver/horn on- and off-axis frequency response 
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FIGURE 18: Computer box simulations (A = vented 1 at 2.83V; B = vented 

2 at 2.83V; C = vented 1 at 18V; D = vented 2 at 17V).

FIGURE 19: Group delay curves for the 2.83V curves in Fig. 18.

FIGURE 20: Cone excursion curves for the 18/17V curves in Fig. 18.

FIGURE 21: Klippel Analyzer Bl (X) curve for the 18WU4747T00.
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TC Sounds designs and manufactures the 

highest output, lowest distortion subwoofer 

drivers in the world. Period, end of story. 

Thilo Stompler’s engineering brilliance 

and obsession with ultimate performance 

are responsible for the unrivaled 

capabilities of TC Sounds 

subwoofers—no matter if the 

application  is mobile 

audio, home theater, 

or professional sound 

reinforcement.

Exclusive Distributor

The LMS-Ultra moves more air, with less distor-
tion, than any other high-displacement sub-bass 
driver. For requirements that demand maximum 
SPLs, absolute linearity, and minimal coloration, 
specify the unbeatable LMS-Ultra.

LMS-Ultra

PRO 5100
The PRO 5100 is designed for no-excuses sound 
reinforcement applications. Thanks to its radial-
NEO motor and fl at-wound coil/stainless steel 
former, the PRO 5100 possesses the high power 
handling required to produce deep, solid bass at 
extreme output levels.

For a complete listing of TC Sounds products visit 

parts-express.com/tcsounds

FIGURE 22: Klippel Analyzer Bl symmetry range curve for the 8CNX51-16. FIGURE 24: Klippel Analyzer Kms symmetry range curve for the 

8CXN51-16.

FIGURE 25: Klippel Analyzer L(X) curve for the B&C 8CXN51-16.

FIGURE 23: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the B&C 8CXN51-16.
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from 300Hz to 20kHz (300Hz-40kHz for the compression 
driver/horn) at 2.83V/1m using the LMS gated sine wave 
technique. Figure 26 gives the woofer on-axis response 
showing a smooth rising response with the typical response 
decline above 1.5kHz followed by a 7dB breakup peak just 
prior to the low-pass rolloff. Figure 27 depicts the off-axis 
frequency response at 0, 15, 30, and 45 . -3dB at 30  with 
respect to the on-axis curve occurs at 1.6kHz, making 
1.6-2kHz a reasonable crossover range (B&C recommends 
a 1.8kHz crossover frequency). And last, Fig. 28 gives 
the two-sample SPL comparisons for the 8CXT woofer 
samples, both obviously closely matched.

For the compression driver with the short conical horn, 
Fig. 29 illustrates the on-axis frequency response out to 
40kHz. As you can see, the compression driver exhibits a 
typical declining response from about 3-15kHz. Figure 30 
depicts the off-axis response out to 45 . Figure 31 gives the 

two-sample SPL comparison which is good throughout the 
entire frequency range.

The last group of tests were performed using the Listen 
Inc. SoundCheck analyzer and SC-1 microphone (courtesy 
of Listen Inc.) to measure distortion and generate time 
frequency plots. Setting up for the distortion measure-
ment consisted of mounting the woofer rigidly in free-air, 
setting the SPL to 104dB 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. microphone placed 10cm from the dust cap. 
This produced the distortion curves shown in Fig. 32 for 
the woofer and Fig. 33 for the compression driver. Last, 
I employed the SoundCheck analyzer to get a 2.83V/1m 
impulse response for both the woofer and compression 
driver and imported the data into Listen Inc.’s SoundMap 
Time/Frequency software.
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FIGURE 26: B&C 8CXN51-16 woofer on-axis frequency response. FIGURE 29: B&C 8CXN51-16 compression driver on-axis frequency response.

FIGURE 30: compression driver on- and off-axis frequency response.

FIGURE 31: B&C 8CXN51-16 compression driver two-sample SPL comparison.

FIGURE 27: B&C 8CXN51-16 woofer on- and off-axis frequency response.

FIGURE 28: B&C 8CXN51-16 woofer two-sample SPL comparison.
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FIGURE 32: B&C 8CXN51-16 woofer SoundCheck distortion plot. FIGURE 34: B&C 8CXN51-16 woofer SoundCheck CSD waterfall plot.

FIGURE 35: 8CXN51-16 compression driver SoundCheck CSD waterfall plot.FIGURE 33: B&C 8CXN51-16 compression driver SoundCheck distortion plot.
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The resulting CSD waterfall plots are given in Fig. 34 for 
the 8CXN51 woofer and in Fig. 35 for the compression driv-
er. Last, Fig. 36 gives the Wigner-Ville logarithmic surface 
map (for its better low-frequency performance) for the woofer, 
and Fig. 37 shows the short time fourier transform (STFT) 
for the compression driver. Overall, a worthy successor to 
B&C’s 8  coax lineup. For more information on this and 
other pro sound products from B&C, contact B&C Speakers 
N.A., National U.S. Sales Office, 73 Brand Street, Arlington, 
MA 02474, (781) 316-0077, Fax (781) 316-0078, e-mail 
rnichols@bcspeakers.com, or visit www.bcspeakers.com.   VC

Spotlight
 

Loudspeaker Sensitivity: 
What’s a Watt, Anyway?
By Charlie Hughes, Excelsior Audio  
Design & Services, LLC

�he specification of a loudspeaker’s sensitivity is prob-
ably one of the most common, yet perhaps one of the 

most misunderstood. In the past, and still today, it is com-
mon to see the magnitude response of a loudspeaker system 
reduced to a single number as a sensitivity rating. This is 
perhaps at the heart of the confusion. You would think that 
this metric should give some indication as to how loud a 
particular loudspeaker will be when reproducing a signal. 
You may also think that two loudspeakers with the same 
sensitivity rating will be equally loud when reproducing the 
same signal. 

Each of these assertions is only partially true. A loud-
speaker’s sensitivity can give an indication of its output 
level, but only for a signal with a specific bandwidth and 
spectral content. Similarly, two loudspeakers with the same 
sensitivity may not output the same SPL when excited by 
the same signal if the frequency response limits of the two 
loudspeakers are different.

Look at the underlying cause of each of these effects, 
bandwidth, and the role it plays. And also consider why 
sensitivity may no longer need to be referenced to a watt. 

According to the standard IEC60268-5, a loudspeaker’s 
sensitivity is determined by measuring its output when 
driven by a band-limited pink noise signal with a Vrms 
equal to the square root of the loudspeaker’s rated imped-
ance and referencing this SPL to a distance of 1m. The 
bandwidth of the pink noise is limited as a function of the 
effective frequency range of the DUT (Device Under Test). 
This is done to ensure that the test signal is confined to a 
portion of the frequency spectrum in which the DUT has 
appreciable output. 

If a particular loudspeaker isn’t capable of reproducing 
signals below 150Hz, it does no good to excite it with 
such signals other than to generate heat. The same holds 
true if the loudspeaker can’t reproduce signals above some 
high-frequency limit. A high-resolution transfer function 
measurement of the DUT can also produce an identical 
sensitivity rating when the average magnitude is calculated 
on a log frequency basis.

As an example, look at Fig. 1. Here you see the on-axis 
response of a loudspeaker. Its sensitivity rating is shown as 
the straight line. The length of this line coincides with the 
upper and lower frequency limits of the pink noise used to 
measure the sensitivity rating. The spectral content of this 
noise signal is shown in Fig. 2. 

If a signal with different spectral content, but the same 
broadband level, were used to drive this loudspeaker, would 
it result in the same SPL as the sensitivity? It’s impossible to 

Sample Submission for Test Bench
Test Bench is an open forum for OEM driver manufacturers in the industry and all 
OEMs are invited to submit samples to Voice Coil for inclusion in the monthly Test 
Bench column. Driver samples can be for use in any sector of the loudspeaker market 
including transducers for home audio, car audio, pro sound, multimedia, or musical 
instrument applications. While many of the drivers featured in Voice Coil come from 
OEMs that have a stable catalog of product, this is not a necessary criterion for sub-
mission. OEM manufacturers are encouraged to send samples of woofers, midranges, 
or tweeters they think are representative of their work. However, please contact Voice 
Coil Editor Vance Dickason prior to submission to discuss which drivers are being 
submitted. Samples should be sent in pairs and addressed to:

Vance Dickason Consulting
333 S. State St., #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com

All samples must include any published data on the product, patent information, or any 
special information necessary to explain the functioning of the transducer. This should 
include details regarding the various materials used to construct the transducer such 
as cone material, voice coil former material, and voice coil wire type. For woofers and 
midrange drivers, please include the voice coil height, gap height, RMS power handling, 
and physically measured Mmd (complete cone assembly including the cone, surround, 
spider, and voice coil with 50% of the spider, surround, and lead wires removed).

FIGURE 36: B&C 8CXN51-16 woofer SoundCheck Wigner-Ville plot.

FIGURE 37: B&C 8CXN51-16 compression driver SoundCheck STFT plot.
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determine this without knowing both the spectral content 
of the signal and the response of the loudspeaker. (Note that 
20Hz to 20kHz, or, in the case of Fig. 1, 110Hz–8.3kHz, 
does not specify the response of a loudspeaker. You need a 
graph of the response curve.) With knowledge of these, you 
can certainly make an estimate to answer this question.

The spectral content of three different signals is shown 
in Fig. 3. One is the band-limited pink noise signal used 
to determine the sensitivity of the loudspeaker. The others 
are speech and a shaped noise signal having approximately 
the same spectral content as the speech. This speech-shaped 
noise is used instead of speech because its RMS level is more 
consistent as a function of time than actual speech. Thus, 
it will be easier to determine the SPL output by the DUT 
with this signal. 

All three signals have approximately the same broadband 
RMS level. From approximately 200-800Hz, the speech-
shaped noise signal has greater level than the pink noise 
signal. Above and below this frequency region, the pink 
noise signal has much greater level than the speech-shaped 
noise signal.

Comparing this to the response of the loudspeaker in 
Fig. 1, you see that the loudspeaker has limited output 
below 150Hz. The greatest output in the response of the 
loudspeaker occurs in the 300Hz–3kHz region. If the 
speech-shaped noise signal were used to drive the loud-
speaker with the same broadband level as the noise, you 
could reasonably expect the broadband SPL to be greater 

than when driven with the pink noise signal. This is exactly 
what happens. 

The sensitivity of the loudspeaker is 97.1dB. When 
driven with the speech-shaped noise, the SPL is 98.1dB, 
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FIGURE 2: Spectral content of signal used to determine the sensitivity 

rating of loudspeaker A from Fig. 1.

FIGURE 1: Magnitude response and single number sensitivity rating of 

loudspeaker system A.
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an increase of 1dB. This results from the higher level of 
the speech-shaped signal in the frequency region where the 
loudspeaker has higher output capability compared to the 
rest of its passband. 

Conversely, if the low frequency band-limited pink 
noise shown in Fig. 4 were used to drive the loudspeaker, 
it is reasonable to expect that the SPL would be less than 
when driven by the noise signal. This results from the low-
frequency pink noise signal having a higher level in the 
frequency region where the loudspeaker has lower output 
capability. The SPL produced by the low-frequency pink 
noise is 94.9dB, a decrease of 2.2dB.

Now, compare two different loudspeakers. Figure 
5 shows loudspeaker A compared to loudspeaker B. 
Notice that they both have the same sensitivity, 97.1dB. 
Loudspeaker B, however, has greater low-frequency and 
high-frequency extension than loudspeaker A. Because of 
this, the bandwidth of the pink noise used to determine the 
sensitivity of loudspeaker B is greater than the bandwidth 
of the noise used for loudspeaker A (Fig. 6). As a result, the 
mid-band level of the noise for loudspeaker B is slightly less 
than that of the noise used for loudspeaker A. 

Upon careful observation you can see the black trace to be 
an average of 0.5dB below the red trace from approximately 
100Hz–10kHz. This is due to the greater bandwidth of the 
signal used for loudspeaker B (black trace). Remember that 
the broadband levels of both these signals are identical. So 
what happens when each of these loudspeakers is driven by 
the broadband pink noise signal (20Hz–20kHz) also shown 
in Fig. 6? 

Because each of the loudspeakers used in this example is 
markedly not flat in its mid-band response, there may be 

some tonal, and potentially measurable, differences in the 
SPL. I hope you can put these issues aside for the moment. 
All other things being equal, the loudspeaker with the 
greater effective frequency range (low- and high-frequency 
extension) should have greater SPL output. Loudspeaker 
B should have slightly greater output when driven by this 
broadband pink noise signal. In fact, loudspeaker B mea-
sured 0.8dB greater than loudspeaker A, 97dB compared 
to 96.2dB.

From these examples you should be able to see that the 
SPL generated by a loudspeaker is a function of both the 
loudspeaker’s transfer function and the spectrum of the 
signal being reproduced. Several acoustical room model-
ing programs take this into account when calculating the 
SPL produced over an intended audience area. They may 
allow for the selection of pink noise, some sort of speech 
spectrum, or a user-defined spectrum. This should aid the 
sound system designer, while still at the drawing board 
stage, to better understand the potential SPL capabilities 
of the sound system with the typical program material the 
system is likely to be reproducing.

The other item I mentioned at the beginning of this arti-
cle was referencing sensitivity measurements to 1W being 
dissipated by the DUT. There are several reasons I think 
that this is not beneficial with modern sound systems. It is 
somewhat cumbersome to determine how much voltage is 
required across a particular DUT such that the input cur-
rent drawn from the driving source yields 1W. This can be 
done using dual channel FFT measurement systems and an 
appropriate current monitor or probe. But would this give 
us useful information for the design and/or specification of 
loudspeakers or sound systems? 

FIGURE 6: Spectral content of signal used to determine the sensitivity rating of 

loudspeaker A (red), loudspeaker B (black), and broadband pink noise (green).

FIGURE 3: Spectral content of signal used to determine the sensitivity 

rating of loudspeaker A in Fig. 1 (red), speech (gray), and speech-shaped 

noise with approximately the same spectral content as the speech (blue).

FIGURE 4: Spectral content of signal used to determine the sensitivity rat-

ing of loudspeaker A in Fig. 1 (red) and of low-frequency band-limited pink 

noise (green).

FIGURE 5: Magnitude response and single number sensitivity rating of loud-

speaker system A (red) and loudspeaker B (black).
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You can simplify this measurement procedure so that you 
don’t concern yourself with the dissipation of a real watt by 
the DUT. Instead you apply a voltage across the DUT that 
would dissipate 1W in a pure resistance having the value of 
the rated impedance of the DUT. This certainly is easier, 
but again, does this give useful information for the design 
and/or specification of loudspeakers or sound systems? The 
answer is perhaps. But I think that more useful comparative 
information would be gained by applying the same voltage 
across the DUT regardless of its impedance.

The majority of amplifiers used in sound systems today 
are of a constant voltage type. That is to say, their output 
voltage remains constant independent of the load placed 
on them. Of course, the load must be within the specified 
operational limits for a given amplifier.

The salient point is that for a given drive voltage, a lower 
impedance loudspeaker will have greater SPL output than a 
higher impedance loudspeaker; all other items being equal. 
Shouldn’t this be reflected in the sensitivity specification of 
the loudspeaker? Why, then, would you choose to use a 2V 
RMS signal to drive a 4  loudspeaker and a 2.83V RMS 
signal to drive an 8  loudspeaker to determine their respec-
tive sensitivities?

Think about it this way. Connect two virtually identical 
loudspeakers to an A/B selector switch driven by the same 
amplifier. The only difference between these loudspeakers is 
that one is half the impedance (rated at 4 ) than the other 

(rated at 8 ). When switching between these two loudspeak-
ers, the output voltage of the amplifier does not change; 
however, the current drawn from the amplifier does. This 
results in the loudspeaker with the lower rated impedance 
producing greater SPL. Measuring and specifying sensitivity 
with the same voltage, regardless of the impedance of the 
DUT, would accurately reveal the SPL differences that occur.

I hope this brief discussion of sensitivity has shed some 
light on this specification and how it may translate to the 
real-world performance of a loudspeaker system. From these 
examples I hope that it is clear that the input signal and 
the magnitude (frequency) response of a loudspeaker will 
determine the SPL generated, not just the sensitivity rating 
of the loudspeaker. It’s much better to have knowledge of 
the loudspeaker’s response in the form of a graph than a 
single sensitivity number. The latter may be derived from 
the former.                                                                 VC
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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. 

SOUND REPRODUCTION WITH IMPROVED 
LOW FREQUENCY CHARACTERISTICS
Patent Number: US 2009/0087008
Inventor: Danley, Thomas J. (Highland Park, Ill.)
Assignee: Not specified
Filed/Priority Date: March 15, 2006
Publication: April 2, 2009
US Class: 381/341, 13 Claims, 10 drawings

REVIEWER COMMENTS
In early 2008 we published a Voice Coil review of an 

earlier, international filing of this invention. The US 
Application has now been published and due to the 
great interest in this woofer system topology by the DIY 
groups and other manufacturers, along with the substantial 
amount of prior art that has been uncovered over the last 
two years, it seemed important to follow up with a new 
review of the US application and update the potential 
implications of prior art findings to those interested in 
utilizing this technology.

To review the basic concept, a ¼ wavelength horn is 
driven by a first side of a transducer diaphragm mounted in 
the throat of the horn (Figs. 1 and 2). The novelty is that 
the transducer is mounted wherein the second side of the 
transducer diaphragm surface exits at, or near, the mouth of 
the horn. The system functions such that the fundamental 
quarter wave pipe/horn resonance is realized near the cutoff 
frequency of the device and at that frequency there is also a 
cone displacement minimum. As one moves up to the fre-
quency that corresponds to the half-wavelength of the horn, 
the first side of the transducer diaphragm produces energy 
down the length of the horn to the mouth, while the sec-
ond side of the diaphragm “regenerative” sends substantial 
portions of its acoustic energy down the length of the horn, 
to the throat, and reflects back to the mouth, summing in 
phase with energy from the first side of the diaphragm. This 
“regenerative effect” maximizes the energy out for a given 
amount of cone excursion at the half wavelength frequency, 
and every odd half wavelength going up in frequency, 
which combines with the resonant output at every odd 
quarter wavelength, providing high output with minimized 
cone excursion over the bandwidth of the system.  

This half wavelength summation not only increases 
effective output capability, but it also smoothes the response 
between the odd quarter wave resonant peaks which 
can dominate the amplitude response in a shorter, small 
mouth horn or pipe of this type. One inherent anomaly 
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of the system is that of an amplitude cancellation at the 
one wavelength frequency, and each wavelength multiple 
going up in frequency. It can be managed, but is difficult 
to eliminate. Most realizations of properly aligned versions 
of the technology tend to have smooth response and very 
high output over at least a two-octave bandwidth.  Outputs 
greater than standard horn or bass reflex systems of similar 
size are claimed, and based on the observation of many of 
these systems, it would appear that the claims are justified.

Danley Sound Labs has produced a vast line of com-
mercial subwoofers of different sizes and outputs, all based 
on what he has dubbed “Tapped Horn” technology. In the 
meantime, the topology has become very popular with DIY 

FIGURE 1: US patent 2009/0087008.

FIGURE 2: Patent 2009/0087008.
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loudspeaker users, and many manufacturers are considering 
the commercialization of various related embodiments. It 
is reasonable to believe, as claimed, that Danley discovered 
this technology without any awareness of similar prior art, 
but it is also true that there exists a substantial amount of 
documented prior art that appears to be equivalent to the 
Danley disclosures, and if the US PTO agrees, the technol-
ogy will fall into the public domain, available to anyone 
who would wish to produce these types of systems for use 
or sale. 

There are various versions of the system, all of which 
can be used to realize high performance. The main ones 
are expressed either as a positive horn flare, a negative flare 
tapered pipe, and also as a constant cross-section tuned 
pipe. Danley has attempted to claim mainly the positive 
horn flare variety and a hybrid version that includes a 
Helmholtz resonator feeding the regenerative side of the 
diaphragm.  

The prior art discloses most all of the various tapers, and 
also the “Tapped system/Reflex Hybrid” disclosed in the 
Danley patent. Listed here are a few of the most pertinent 
public domain disclosures:
Tapped Pipes:
AES Paper “Analysis of a Low-Frequency Loudspeaker System” 
Peter Tappan 1959 (Jensen Transflex)
US 5177329 “High Efficiency Low Frequency Speaker System” 
Arnold Klayman 1991
Tapped Horns:
US 2765864 “Acoustic Horn Assembly” W. E. Glenn 1955
US 3047090 “ Tuned Acoustical Device” R. G. Pruden 1962
Tapped Waveguide/Reflex Hybrids:
JP 64001396A “Speaker System” Saeki Shuji/Matsushita 1989
Speaker Builder’s Loudspeakers for Musicians, page 57
Bill Fitzmaurice 1999 (designs disclosed from previous decades)

  
While all the items listed above are significant, US 

2,765,864 appears to disclose the substantially same device 
that is expressed in the Danley application. Often, when 
there is significant prior art, you can make enhance-
ments over past embodiments and teach specific narrowly 
defined versions that both outperform the prior art and 
provide enough novelty for the PTO to grant a strong, but 
restricted patent. To do this, you must teach these specific 
embodiments and provide enough information so that one 
skilled in the art can reduce it to practice.  

While Danley’s patent attorney had the opportunity 
to do so in the application, to differentiate from the prior 
art with advancements, narrow his claim, and provide the 
recipe for optimizing systems, he didn’t do so in this disclo-
sure. There does not appear to be any definition of optimal 
driver parameters or differentiated enclosure structures. 
While the narrow and optimized disclosure could have 
resulted in a strong patent, now that Danley Sound Labs 
has commercialized Tapped Horns for well over a year, they 
are barred from generating any new patent applications 
based on these products. You must appreciate Mr. Danley’s 
creativity and I’m sure that many are thankful to him for 
giving this dormant technology new visibility. That said, it 
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would appear that there are many prior art disclosures that 
pave the way for others to legally build nearly any version 
of a tapped waveguide device.

LOUDSPEAKER SYSTEM WITH EXTENDED 
OUTPUT AND FIELD CANCELLATION 
Patent Application Number: 2006/0050915
Published: March 9, 2006
Inventors: Zeljko Velican, Graeme John Huon,  
   and Walter Melville Dower (Victoria, AU)
Assignee: Whise Automotive Pty. Ltd.
Filed: January 13, 2004
US Class: 381/349, 36 drawings

ABSTRACT FROM PATENT
A loudspeaker system suitable for a confined space 

includes an electroacoustic transducer and an enclosure for 
the electroacoustic transducer (Fig. 3). The enclosure com-
bines a second-order topology to produce a rising acoustic 
response (40) for the system at a second-order rate and a 
Helmholtz resonator adapted to modify the rate of rise of 
the response relative to the second-order rate such that the 
response is attenuated relative to the second-order rate but 
is accentuated relative to a flat response, within a substan-
tial part of a passband of the system at least at a selected 
frequency or frequencies. The system has means included in 
an electrical path driving the electroacoustic transducer for 
equalizing the rising response to provide extended dynamic 
headroom at least at the selected frequency or frequencies.

INDEPENDENT CLAIMS
“1. A loudspeaker system suitable for a confined space 

including: an electroacoustic transducer having a relatively 
low value of Qt, wherein Qt denotes total quality factor of 
resonant behavior of said electroacoustic transducer, includ-
ing electrical and mechanical quality factors; an enclosure 
for said electroacoustic transducer, said enclosure having a 
second-order topology which is naturally inclined to pro-
duce a rising acoustic response for said system at a second-
order rate, said enclosure further having means adapted to 
interface said confined space for modifying a rate of rise of 
said response relative to said second-order rate such that said 
response is attenuated relative to said second-order rate but 
is accentuated relative to a substantially flat response within 

- 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.

- Custom slit rolls of Form and Collar material available coated or uncoated.

8940 North Fork Drive, North Fort Myers, Florida 33903
Phone (239) 997-3860 Fax (239) 997-3243

For samples, information, or a quotation, please contact Jon Van Rhee at jon@precisioneconowind.com

Visit us on the web at www.precisioneconowind.com

- Highest quality domestic or imported coils.

SPECIALIZING IN high-temperature edge-wound 
and multiple layer flat-wound coils for the pro  

audio, home theater, and automotive aftermarket

FIGURE 3: Patent Application 2006/0050915.
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a substantial part of a passband of said system, said accen-
tuation being most significant at a selected frequency or 
frequencies near a high-end of said passband, said interface 
means being further arranged to filter harmonics out of said 
acoustic response to reduce distortion; and means included 
in an electrical path driving said electroacoustic transducer 
for equalizing said rising response to be substantially flat 
overall and to provide extended dynamic headroom at least 
at said selected frequency or frequencies.

“19. A method of extending output of a loudspeaker 
system suitable for a confined space, said method including: 
providing an electroacoustic transducer having a relatively 
low value of Qt, wherein Qt denotes total quality factor of 
resonant behavior of said electroacoustic transducer includ-
ing electrical and mechanical quality factors; providing an 
enclosure for said electroacoustic transducer, said enclosure 
having a second-order topology which is naturally inclined 
to produce a rising acoustic response for said system at a 
second-order rate; interfacing said enclosure to said con-
fined space to modify said rising response relative to said 
second-order rate such that said response is attenuated rela-
tive to said second-order rate but is accentuated relative to a 
substantially flat response within a substantial part of a pass-
band of said system, said accentuation being most signifi-
cant at a selected frequency or frequencies near a high end 
of said passband, said interfacing being further arranged to 
filter harmonics out of said acoustic response to reduce dis-
tortion; and electrically equalizing said rising response to be 

substantially flat overall and to provide extended dynamic 
headroom at least at said selected frequency or frequencies.”

REVIEWER COMMENTS
Disclosed is a bandpass woofer system that is of sub-

stantially conventional architecture, but has claimed nov-
elty based on a predetermined set of transducer/enclosure 
parameters. The intended environment for the invention is 
that of a motor vehicle.

As relevant background information, the system is a 
hybrid combination of two basic prior art structures: That 
of an over damped/low-Q sealed, acoustic suspension 
enclosure, combined with a Helmholtz chamber in front 
of the transducer, providing a low-pass filter, which all 
together form a 4th-order bandpass woofer system with a 
non-standard alignment.

The sealed, acoustic suspension enclosure and driver 
combination is meant to have parameters set to result in a 
second-order, 12dB/octave high-pass characteristic over the 
operating range of the complete system. This is preferably 
realized in one of two ways. The first is the fairly standard 
method of using a very low-Q transducer in the sealed 
chamber (which may be the trunk of a vehicle) such that the 
enclosure/transducer combination results in a low-Q system 
with a high-pass slope below and above the fundamental 
resonance that approximates a second-order characteristic.

The second approach is that of placing the transducer/
enclosure system resonant frequency at the upper end of 
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what will be the final system passband. This method of 
producing a sealed enclosure system with the resonant 
frequency at the upper end of the passband was first pro-
posed in the 1980 British Wireless World magazine article 
titled “An “Acoustically Small Loudspeaker,” and was later 
“re-invented” and patented by Ed Long and Ronald 
Wickersham (US 4,481,662), and currently sold under the 
Bag End brand of subwoofers.

These second-order high-pass systems have many advan-
tages, including higher efficiency in the upper end of the 
bass range, where the largest amount of peak energy bass 
resides. On the downside, any system operated with a high-
pass transfer function as the usable passband will inherently 
have higher distortion, due to the system having higher gain 
for the harmonics than for the fundamentals.

One of the aspects of the invention is the use of an acous-
tic low-pass filter as the equalizing element for correcting 
the second-order high-pass characteristic, as opposed to 
using active equalization on the input of the system. While 
this approach of passive equalization is rather wasteful from 
an efficiency standpoint, it is very effective at balancing the 
system while at the same time providing a low-pass filter 
for the distortion components. The patent specifies hav-
ing a low-pass characteristic that is no more than 9dB per 
octave so that at least 3dB per octave of high-pass, passband 
slope remains as a better match to the room gain aspect of 
a small listening space, such as the interior volume of an 
automobile.

An additional active equalizer is suggested to optimize 
the system balance and to apply additional high-pass and 
low-pass filtering as needed.

The overall concept should work well but it is not clear 
how it would be significantly different than producing a 
standard 4th-order bandpass woofer that is slightly over-
damped to achieve the desired 3dB/octave high-pass slope 
over the range of room gain for a given installation. That 
said, it should result in a useful improvement in distortion 
reduction compared to direct radiating sealed enclosure 
systems that have second-order characteristics across the 
usable frequency range and utilize only active equalization 
to achieve the desired balance.

RESONATING CONE TRANSDUCER 
Publication Number: US 2010/0014702
Inventor: Jason D. Silver (Framingham, Mass.)
Assignee: Bose Corporation
Filed/Priority Date: July 17, 2008
Published: January 21, 2010
US Class: 381/398, 21 Claims, 9 drawings

REVIEWER COMMENTS
An electroacoustical transducer includes a voice coil bob-

bin that has a portion that is extended forward of the voice 
coil (Fig. 4). A first acoustic diaphragm is coupled to the 
front-most end of the voice coil bobbin through a first com-
pliant surround. A second acoustic diaphragm, behind the 
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first diaphragm, is rigidly coupled to the voice coil bobbin, 
and to the frame or basket. The first acoustic diaphragm 
is coupled to the basket through a second compliant sur-
round, and the second diaphragm is coupled to the basket 
through a third surround. The first surround compliance is 
constructed to cause the first acoustic diaphragm to move 
out of phase with the second acoustic radiator relative to 
the bobbin when actuated by the voice coil at acoustic 
frequencies at and greater than a resonant frequency of the 
first acoustic radiator. 

This novel structure produces a bandpass system with 
the first outer acoustic diaphragm operating as a passive 
radiator with its mass interacting and resonating with the 
compliance of the air volume between the two diaphragms 
to form a Helmholtz resonator and a low-pass filter for the 
inner diaphragm.

Below the Helmholtz resonant frequency the two cone 
diaphragms are rigidly connected by the stiffness of the 
air medium between the two diaphragms. Behind the 
inner diaphragm is either a sealed or vented enclosure, 
making the system a 4th or higher order bandpass system. 
This structure essentially unifies the passive radiator of a 
bandpass system into the frame structure of the primary 
active driver. It is a very interesting and novel architecture 
but is it unclear that it would offer any advantage over the 
standard separate and independent passive radiator. While 
it may be useful in building miniaturized systems, for an 
average sized woofer system it seems as though it would be 
restrictive relative to flexibility in chamber size, because the 
chamber between the active and passive radiators would be 
limited by what can fit between the two diaphragms, based 
on driver frame/basket size. Diaphragm size differentiation 
would also be very limited. While this device is a fascinating 
and unique structure, and while the inventor didn’t express 
much in the way of compelling advantages, it may have 
some untapped advantages yet to be discovered.     VC
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FIGURE 4: Resonating cone transducer.
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Industry Watch
By Vance Dickason

�ockford Fosgate’s car audio products will leave Best 
Buy (www.BestBuy.com) after a 10-year run. The 

relationship will wind down in May 2010. “Today, the car 
audio marketplace is more mature and Rockford’s strategy 
does not align with Best Buy,” said Rockford president Bill 
Jackson. With the decision, the company will focus on 
growing its brands in specialty channels and regional A/V 
retailers. Rockford will continue to invest in technology, 
developing high-end OEM solutions and expanding its 
reach with new product categories. Rockford began selling 
its Rockford Fosgate brand through Best Buy in 2000 to 
build brand awareness and increase consumer awareness of 
the car audio category. 

While it refocuses on specialty channels and regional 
A/V dealers, Rockford Fosgate (www.rockfordfosgate.com) 
is launching more than 40 new products, including new 
technologies in car audio amplifiers and its first entries in 
two new product categories: in-ear monitors and pro audio 
speakers. In 2005, the company returned to its focus on 
automotive electronics with the sale of home and pro audio 
company NHT and the sale of the home and pro audio 
inventories of its Hafler and Fosgate Audionics brands, 
although Rockford was to retain the two brand names. 

Rockford also sold off North American rights to the MB 
Quart brand and sold off the assets of its German-based 
MB Quart operation, which markets home, car, and pro 
audio. 

Definitive Technology (www.definitivetech.com) 
marketing VP Paul DiComo has been promoted to the 
position of marketing and product development senior 
VP and has joined the senior officers group of par-
ent company DEI Holdings (www.deiholdings.com). 
DiComo’s promotion formalizes a reporting structure 
that took effect in April 2009 under which Definitive’s 
Industrial Design and Engineering group began report-
ing to DiComo, the company said. The first product 
developed under his direction is the Mythos XTR-50 
ultra-thin home speaker, which was named the 2010 
International CES Best of Innovations winner in the 
high-performance audio category. DiComo will join Jim 
Minarik, president and CEO of Definitive and DEI, and 
other executives on the senior officers group. DiComo 
joined Definitive in 2007.

JL Audio (www.jlaudio.com) will be the exclusive sup-
plier of car audio equipment used in the new TV series in 
which celebrity cars get custom makeovers. The makeovers 
will be handled by Miami-based Unique Autosports (www.
uniqueautosport.com), a 10-year-old car customizer that 
ships customized vehicles around the world. Unique also 
customizes yachts and high-end homes. 
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The series of eight half-hour episodes, airing on SpikeTV, 
will take place in Unique’s 20,000ft2 garage and headquar-
ters in Miami. The premiere episode aired Sunday, Feb. 28, 
at 10:30 a.m. Each episode will chronicle the customiza-
tion of celebrity vehicles. Guest stars who will appear on 
the shows include New York Yankees C.C. Sabathia, AJ 
Burnett, and Nick Swisher; NBA superstar LeBron James; 
music artist Sean “Diddy” Combs; NASCAR driver Tony 
Stewart; NBA All-Stars Amare Stoudemire and Jermaine 
O’Neal; NFL All-Pro Maurice Jones-Drew; and hip-hop 
artist Fat Joe.

Audiovox (www.audiovox.com) has acquired Invision 
Industries (www.invisionindustries.com), a major supplier 
of rear-seat entertainment systems to automakers and car 
dealers. Terms weren’t disclosed. Audiovox’s latest acquisi-
tion includes Invision’s patent portfolio, a manufacturing 
facility, a support team, and R&D capabilities, Audiovox 
said. Invision has a “history of strong relationships with 
some of the world’s leading car makers,” said Audiovox 
president/CEO Pat Lavelle. 

The acquisition will enhance the company’s position 
as a significant supplier to the OE market. The addi-
tion of Invision personnel will add a greater dimension 
to Audiovox’s OE mobile electronic sales capabilities and 
product development initiatives. Audiovox is also a sup-
plier of rear-seat entertainment systems to automakers 
as well as to car dealers. Car dealer products include an 

Advent-brand, expediter-channel FLO TV system that 
connects to any existing in-vehicle DVD-monitor system. 
  Kissimmee, Fla.-based Invision will report to Tom 
Malone, president of Audiovox Electronics, and will con-
tinue to operate out of its existing facilities in Florida. 
Dun & Bradstreet shows Invision employing 175 people 
and that its parent company is CV Family Enterprises. 
The acquisition is the latest in a string of acquisitions by 
Audiovox, including last October’s purchase of Schwaiger 
(www.schwaiger.de), a German maker of electronics acces-
sories and satellite-receiver technologies. That acquisition 
was for $4.3 million and was expected to add approximately 
$32 million in annualized sales.  Before that, Audiovox 
acquired five companies in fiscal 2008: Oehlbach and 
Incaar, RCA A/V lines, RCA accessories, and Technuity 
for the Energizer brand.

Harman International (www.harman.com) posted a net 
profit in its fiscal second quarter and first half following four 
consecutive quarterly losses. The automotive, consumer, 
and pro divisions all posted operating incomes for the quar-
ter and half on rising fourth-quarter sales. Company-wide 
net sales rose 24% for the second quarter ending Dec. 30 to 
$937 million and rose 4% in the first half to $1.7 billion, 
including the impact of currency fluctuations. Sales would 
have been up 15% for the quarter and 2% for the half if 
currency fluctuations were excluded. 

Harman posted $39 million in fourth-quarter operating 
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income and $38 million in first-half operating income, 
while net income hit $16 million for the quarter and $7 
million for the half. The impact of currency fluctuations on 
these figures was not measurable, however. Net losses in the 
preceding four quarters were $317 million in the second 
quarter of fiscal 2009, $49 million in the third quarter of 
2009, $62 million in the fourth quarter of 2009, and $9 
million in the first quarter of 2010 ending Sept. 30, 2009. 

In the consumer division, sales grew 10% for the sec-
ond quarter of fiscal 2010 to $127 million but fell 3% 
for the half to $211 million, including currency chang-
es. Fourth-quarter sales would have been up only 1% if 
currency changes were excluded and first-half sales would 
have been down 6%. Sequentially, consumer sales were 
up 52% from the first quarter. On a non-GAAP basis, 
consumer gross margins in the second quarter increased 
4.9 percentage points to 27.8%, primarily because of cost-
savings initiatives. 

In the automotive division, sales grew 29% in the quarter 
to $668 million and 7% for the half to $1.21 billion when 
the impact of currency changes is included.  Automotive 
operating income was $30 million for the quarter and $25 
million for the half.

The Harman Performance AV group sold off its 
Audioaccess brand to Amplifier Technologies Inc. (ATI), 
HPAV said in a February 8 letter to Audioaccess reps. The 
sale will allow HPAV to focus the company’s core brands, 
which are Mark Levinson, Revel, JBL Synthesis, and 
Lexicon. For Montebello, Calif.-based ATI, the sale adds 
another brand to its portfolio. About two years ago, ATI 
(www.ati-amp.com) purchased high-end audio supplier 
Theta Digital, and before that, it bought pro-audio amp 
maker BGW. The sale also brings a complementary prod-
uct portfolio to the ATI stable.

Audioaccess (www.audioaccess.com) markets multi-
room-audio and multi-room-A/V systems, in-wall keypad 
and touchscreen controllers, and in-wall, in-ceiling and 
outdoor speakers. ATI markets A/V processors, two- 
and multichannel amplifiers, and multiroom-distribution 
amplifiers. It is also an OEM supplier of home and pro-
audio amps. 

For its part, Theta (www.thetadigital.com) offers a high-
end audio selection compared to ATI. Theta’s selection 
includes a $10,625 preamp processor, monoblock amps 
up to $12,500, DAC/preamps, and a Blu-ray/SACD/
DVD-Audio transport. As with the Theta Digital acquisi-
tion, Audioaccess will be run as a separate division. ATI 
purchased the Audioaccess brand, intellectual property, and 
inventory. 

Audioaccess was founded in 1987 and purchased in 
1993 by HPAV parent Harman International. In 2003, 
Audioaccess’s product-design and management functions 
were assumed by Harman’s JBL brand. The HPAV group 
was formed more than a year ago to consolidate sales and 
marketing of high-end audio brands Lexicon, Revel, and 
Mark Levinson. HPAV also took over responsibility for 
the high-end JBL Synthesis brand and for JBL speakers 
priced at about more than $3,000/pair.
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Logitech International (www.logitech.com) announced 
its financial results for the third quarter of its 2010 fis-
cal year. Sales for the third quarter were $617 million, 
a decrease of 2% compared with $627 million in the 
same quarter last year. Excluding the favorable impact of 
exchange rate changes, sales decreased by 7%. Operating 
income for Q3 grew by 37%, to $58 million, compared 
with $43 million in the same quarter a year ago. Operating 
income includes the impact of $5.8 million in one-time 
transaction costs related to the company’s acquisition of 
LifeSize Communications in December 2009. 

Net income for the quarter was $57 million, compared 
with net income of $40 million in the prior-year period. 
Gross margin for the third quarter was 33.9%, compared 
with the prior year’s 29.9%. Logitech’s retail sales for Q3 
were up 3% year over year, with sales up by 8% in the 
Americas and 6% in EMEA and down 17% in Asia. OEM 
sales were down by 38%.

Retail sales of consumer electronics fell nearly 5% to 
$106 billion last year, according to the NPD Group (www.
npd.com). The decline was attributed to lower average 
selling prices and relatively flat unit volume. According to 
the market research firm’s Consumer Tracking Service, CE 
price points fell by an average of 6% in 2009 while unit 
sales increased only marginally, to over 1 billion devices 
industrywide. The sales data excludes video game hardware 
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and software, PC software, and mobile phones. 
The industry lost ground this year, but in light of the 

overall economic conditions it was a performance that 
could have been much worse. Sales trends improved as 
the year progressed, culminating in a 1.5% decline in the 
fourth quarter, compared with a 7% drop during the last 
three months of 2008. The 1.5% decline represented the 
best quarterly performance since the second quarter of 
2008, and accounted for almost 32% of total CE revenue 
in 2009.

Brick-and-mortar retailers increased their CE market 
share for the fourth consecutive year, propelled by two-
point share gains in computers and TVs. Best Buy once 
again sold the most CE in 2009 and gained more revenue 
share than any other retailer. Joining it in the top-five tier 
was Walmart, Staples, Target, and Apple’s retail store 
chain, NPD said. In contrast, Dell led in online CE sales, 
followed by Amazon.com, Best Buy, Hewlett-Packard, 
and Apple, although online-only non-vendor e-tailers had 
the best showing, with sales up 9% for that channel.

Consumer spending varied by income bracket, with 
middle-income consumers cutting back the most. Spending 
among those with incomes between $30,000 and $100,000 
declined almost 8% from 2008, while lower-income con-
sumers decreased their CE spending by 3%. Those with 
incomes over $100,000 reined in their CE expenditures by 
just over 1%. Consumers paid an average of $92 for each 
CE item purchased, NPD said. Aside from tough year-over-
year comparisons, the uptick in fourth quarter sales was 
also due to strong sales of PCs and TVs, which points to 

increased momentum in 2010.
Retail sales are expected to rise 2.5% in 2010, as revenue 

rebounds from last year’s 2.5% decline. The projection, by 
the National Retail Federation (NRF, www.nrf.com), is 
based on a slowly thawing job and housing market which 
is expected to boost consumer confidence throughout the 
year. The forecast covers all retail industry sales except auto-
mobiles, gas stations, and restaurants. Other positive eco-
nomic contributions will come from trade, especially strong 
exports, a turnaround in the inventory cycle, and federal 
government spending, the trade association said. Consumer 
spending will lag behind overall economic growth, but will 
continue to expand at a modest 2% to 2.5% rate.         VC
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Spotlight

A Classic Tweeter Is Reborn 
By Mike Klasco

�o you remember the Electro-Voice T35 Super 
Tweeter? This was a high-performance horn 

tweeter that even today has state-of-the-art wide-
band response, high sensitivity, and a history that 
spans over five decades! The T35 series was quite 
popular in audiophile high-end systems, studio moni-
tors, club speaker systems, movie theater sound sys-
tems, as well as home-brew speakers. 

Klipsch used variants of the T35 (the K-77 tweeter) 
starting around 1959 in the big Klipschorn. The K-77 
was also used in other Klipsch models including the 
Cornwall, Heresy, and La Scala. Klipsch employed this 
tweeter for 40 years until EV discontinued production 
in 2000. Yet the T35 lives on today, better than ever, 
in Klipsch products (and other pro and audiophile 
speaker systems), now manufactured exclusively 
for High Performance Stereo by Dai-Ichi in the 
Philippines. This trip down memory lane relates the 
story of the T35, with a look at not just the tweeters, 
but also the people behind these developments.

Got A Light?

Electro-Voice (“EV”) was founded in 1930, first 
specializing in mikes, then developing phono cartridges 
in 1948, and, starting in the early 1950s, offering 
loudspeakers. Eventually ownership shifted to Gulton 
Industries, best known for electric cigarette lighters and 
rechargeable flashlights. Jim Long, a long-time EV guy, 
swears that he never heard any mention of cigarette 
lighters during the Gulton years, but I remember their 
TV ads, and I had one of their rechargeable nicad 
flashlights (I also come across a Gulton cigarette lighter 
recharging patent). By the way, Jim helped with many 
details of this story, but the errors are all mine.

Anyway, Gulton was acquired by Mark IV 
Industries in 1986. Mark IV funded the acquisition 
of many audio companies, including Altec Lansing, 
University Sound, and Cetec Gauss, all operating 
under the umbrella of Mark IV Audio. Apparently 
this was an audio-brand-eating umbrella.

In early 1997, the purchase of Mark IV Audio by 
Greenwich Street Capital Partners of New York 
City was finalized. Later that same year, Greenwich 

announced plans to purchase Telex Communications. EV 
and Altec were merged in 1998. In June 2006, EV, along 
with all of Telex Communications, became part of the 
multinational Bosch conglomerate. EV was soon moved 
from Buchanan, Mich., to Minneapolis—Telex’s turf.

The US speaker industry has seen its ups and downs 
over the years, and EV’s history contains its share of 
pain and suffering. Much of the fabrication techniques 
and secret sauce has been spilled and lost. Some of 
this is due to the corporate ownership shifts and 
resulting geographical relocations of these companies, 
along with senior engineers opting for retirement.

Back in the early 1970s, EV was a key supplier for 
my fledgling disco speaker manufacturing operation. 
EV’s OEM speaker sales were the job of John Boyers, 
a really wonderful guy who did anything possible 
(and some impossible stuff, too) to help EV’s OEM 
customers. Gary Gillum, Klipsch’s chief engineer in 
the late 1970s remarked, “John Boyers was a saint to 
me and taught me a lot. He broke bread with us at 
our home (log cabin) in Hope, Ark. Nice guy.”

Jim Long remarked, “Yes, John was a great guy. 
Still is actually living near his son Dave close to 
Columbus, Ohio. We e-mail and talk occasionally. I 
think he is in his early 90s.”

EV had a rich OEM catalog in those days, and 
many famous brands and many musical instrument 
and prosound speaker systems used EV components. 
The EVM cast frame woofers with aluminum flat wire 
voice coils had unprecedented sensitivity. Later, in the 
early 1980s, high excursion models were introduced, 
eventually leading to the awesome and innovative 
EVX 1500 and 1800 subwoofers by Doug Button. 

While Jim Long remembers that these were 
“bleeding edge” products that had a limited product 
life, I and quite a few other speaker engineers 
remember the EVX ultra-long-throw woofers as a 
source of a lot of food for thought. Most aspects 
were brilliant; a couple of the innovations needed 
further development, which is the downside to being 
the first duck in the pond. In any case, Doug’s less 
ambitious DX EV long-throw woofers have been a 
mainstream high-performance choice for decades. 
After EV, Doug went to JBL, where he continues to 
research and develop new speaker techniques. 

Key Players

My story of the lost art of the T35 super tweeter 
begins in the early 1950s with the introduction of 
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the Patrician (Photo 1), a 
huge speaker system that EV 
launched to compete with the 
mammoths from Klipsch, James 
B. Lansing Sound (JBL), Jensen, 
and Altec Lansing. For the top-
end response a horn tweeter 
was developed. The very 
first version of the Patrician 
did not have the T35, but it 
was integrated into the later 
Patricians by the late 1950s. 

But before I get into the 
T35, let me introduce one 
of the saviors in this story—
speaker industry veteran Tom 

Ressler. He started as a design engineer at EV in 1968 
through 1976. Tom returned to EV as the engineering 
manager and later plant manager from 1983 to 1990. 
I first met Tom after he left EV and introduced him to 
Sammi Sound, Korea’s largest speaker manufacturer 
(in the early 1990s).

My affiliation with Sammi Sound was through 
the Korean government technology transfer agency 
(Small Medium Industry Promotion Corporation—
“SMIPC”). From 1983 to 1989 I worked with Dai Zo 
Lee, considered the father of Korean speaker R&D 
and director of engineering at Sammi. We consulted 
on projects such as the military sound system in the 
DMZ, which projected propaganda six miles to North 
Korean bunkers; the computer simulations for the 
sound systems for the 1986 Asian Games; and also the 
sound systems for the 1988 Olympic Games in Seoul.

Between the economic globalization caused by the 
Olympic Games and militant unionization of South 
Korea, it became cheaper for Sammi to build in the 
sleepy (non-union) town of Danville, Ky., rather than 
the unionized factories of Seoul. At the tail end of 
the 1980s, there was a state of war in South Korea 
between workers and factory management, with 
the engineers caught in between. Dai Zo Lee left 
Sammi during those times to work at Aura Systems 
(now Aurasound) for the next 15 years and now is a 
consultant living in Los Angeles.

Sammi’s operation in Kentucky called Stanford 
Acoustics focused on production of high-power 
compression drivers which were supplied to Federal 
Signal’s spec. These were similar to what Sammi made 
for the DMZ in Korea. Later Sammi acquired Roy 

Allison’s Allison Acoustics, which Tom ran. The economy 
in Korea was unstable and the “Asian Economic Flu” was 
coming. The Korean stock market crashed (Sammi had 
gone public), and Sammi Sound eventually faded away. 
Tom was looking for a new home.

I started consulting for Dai-Ichi in the Philippines 
around the end of 1991. In the 1980s Dai-Ichi was 
buying tweeter “kits” from Sammi. But by the 
1990s Dai-Ichi was already a bigger operation and 
technically ahead of Sammi. Pablo Tobiano, Dai-Ichi’s 
director, was looking for an experienced speaker guy 
to handle sales in the US. Tom joined Dai-Ichi in 1996 
and stayed with them until he retired in 2008.

Back in 2004 at Menlo Scientifics’ Loudspeaker 
University in New Hampshire, Tom reminisced about his 
days at EV and the T35: “The T35 was first introduced 
in the 1950s as the tweeter used in the EV Patrician, 
corner loaded, loudspeaker system and some other 
models. This unit had a 30″ woofer; the huge 30W 
featured a styrofoam cone. Later (after quite a few 
variants) the T35 evolved into the ST350. That was a 
joint design of Ray Newman and myself (Tom Ressler).”

Ray was the chief engineer at EV for many years 
and passed away in 1996. Ray is known for the early 
efforts at constant directory horns (“the white 
horns”) along with Don Keele, while John Gilliom 
worked on the EV driver (DH1012).

Jim Long notes, “Only vintage hi-fi nuts will care, 
but the earliest Patricians had 18″ woofers in Klipsch-
licensed corner horns. The Patrician 800, circa 1959, 
was the first one with the 30W.”

More from Tom: “The ST350 was basically the 
same motor/VC/diaphragm as the T35, but we 
added a very wide dispersion aluminum die cast 
horn. This design was required for the Sentry IV 
speaker system that Ray and I also jointly developed. 
The Sentry IV had a 120° molded midrange horn that 
gave similar wide dispersion to the ST350 tweeter 
horn. The driver was an EV model 1823M, an alnico 
magnet driver (Photo 2). The low-end section of the 
Sentry IV was two 12″ woofers in a folded horn, ¾″ 
plywood enclosure, and painted black. 

“The Sentry IV was designed for commercial 
installations, and about a year later was followed by 
a home or studio version, called Sentry III (Photo 

3). This used a 15″ woofer and had a real pretty 
wood veneer cabinet. Same midrange horn and 
driver and also used the ST350 tweeter.”

Tom briefly provided engineering support for EV 

PHOTO 1: EV Patrician used 

the T35 for the top-end.
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PHOTO 2: Alnico magnet early T35.

 PHOTO 3: EV Sentry III with ST—350 super tweeter.
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during 1995-1996 and now is retired.
Don Keele was also involved in development of 

products that used the T35 and related components. 
His stint of four years at EV (1972-1976) included 
development of EV’s constant directivity “white” 
horns.

Don briefly worked at Klipsch (for one year in 
1977) while Paul Klipsch was still actively involved. 
While at Klipsch, Don, along with Gary Gillum, 
developed the Industrial Klipsch product line 
including the Pro Heresy. About 15 years before it 
was popular, Don introduced a line array of horn 
tweeters on this series (the large all horn-loaded 
concert system MCM 1900). At first glance this 
tweeter array may have looked like the T35, but 
actually this was the Motorola 2 × 5 piezos. Don is 
always at the scene of innovations, well before anyone 
else, always claiming innocence and having all sorts of 
reasons why someone else should get the credit.

Don went to JBL Pro, rejoined EV from 1994 to 
1999, and then on to Harman Motive in Martinsville, 
Ind., working at Harman/Becker Automotive 
Systems. With Martinsville closed down, Don now 
is an independent consultant and continues work 
on loudspeaker line arrays based on CBT (Constant 
Beamwidth Transducer) research first developed by 
the military for underwater sonar transducers in the 
late 70s and early 80s.

Re-Birth of the T35

High Performance Stereo (“HPS”), a manufacturer 
of movie theater sound systems, used the ST35 in their 
HPS-4000 premium speaker series. But EV was about 
to shut down production of the ST35 in 2000. Klipsch 
and HPS were impacted the most by this decision. For 
one thing, it meant the end of the classic Klipschorn 
and La Scala loudspeakers as three-way systems. 

John Allen, the owner of HPS, believed strongly that 
the performance of the HPS-4000 sound systems would 
be seriously diminished without the T35 and enlisted 
Tom Ressler to find a new home to build this product. 
Tom brought the project to Dai-Ichi in the Philippines 
due to their vertical operation and “can-do” attitude.

John corresponded with me on the T35: “I 
decided to do this project and finance it. I felt that 
I had to. I purchased some of the tooling from EV, 
although in the end Dai-Ichi redid all but the cast 
cover. The HPS/Dai-Ichi-made T35 actually performs 
better than the best of the EV built units—which were 

pretty good by themselves.”
So, with all this talk about people and companies, what 

about the T35 itself? Sensitivity was high—rated at 104dB 
1W 1m. Distortion on the T35 was low, at least down to 
7kHz, and picked up rapidly below down to 3.5kHz. This 
was a really tricky design, with two aspects that I thought 
stood out. For sure the bobbinless aluminum wire voice 
coil separated the boys from the men. Disassembly while 
not breaking the leadouts was a challenge. 

Another trick to achieving extended response 
with the phenolic diaphragm was that until the T35, 
most phase plug designs assumed a piston diaphragm. 
Because the T35 diaphragm was 25mm (1″), the last 
octave was out of the piston range. So the phase 
plug used empirical (cut and try) techniques to put 
the phase plug location not where the dome should 
be, but where it would be. Nevertheless, production 
varied quite a bit in the last octave—due to jigging, the 
shape of the dome, weight and thickness of the fabric, 
phenolic impregnation (consistency), and so on. Klipsch 
would sort and inspect the T35 and keep those that fit 
their parameters. Improving top-end consistency was 
one of the challenges facing the re-creation of the T35. 

Dai-Ichi’s Development

I have heard that as the T35 went through various 
manufacturing groups during its EV life, the high-
frequency response continued to drop. Engineers at 
Dai-Ichi were able to tweak the diaphragm and the 
phase plug spacing to bring the response back to 
where it was in the 1950s. The T35 also needed help 
on the phenolic and fabric materials in the diaphragm 
itself. The diaphragm in the T-35 was 1950s technology, 
while Dai-Ichi had spent years perfecting resin-treated 
fabrics for high-power voice warning applications.

Magnetic structure continues as two stacked ferrite 
pieces (Photo 4). Special spacers needed to be 
designed to maintain the same back cavity volume 
behind the diaphragm and VC gap.

PHOTO 4: T35 ferrite magnet.
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All of the T35 tooling was purchased from EV by 
John Allen. The front cover tool remains in the US at 
a die cast house. The horn and centering ring tools 
are no longer used and are in storage at HPS. At the 
request of both HPS and Klipsch, Dai-Ichi developed, 
and tooled, a new horn design with a recessed flange 
that allows for easier mounting on the inside of a 
speaker system, but doesn’t alter the dispersion. 
Both Klipsch and HPS use this new horn.

During one of my visits to Dai-Ichi, their engineering 
guys brought up the T-35 project, sort of like 
commiserating about some ongoing dental work. 
Apparently the very top-end response still was not 
up to what would satisfy both Tom and John. Dai-
Ichi’s material science and fabrication specialist from 
Korea, Mr. Lee (not Dai Zo Lee, but interestingly, 
his past business partner) seemed to have gone so 
far beyond what EV had done a few decades earlier 
with the phenolic fabric diaphragm, and the adhesive 

joint between the dome and the self-
supporting coil (Photo 5) also did not 
seem to be the culprits. I ventured the 
question that, of course, you are using 
aluminum or copper-clad aluminum 
wire on the coil, and the engineering 
manager looked both shocked and 
horrified—oops! Anyway, the CCA coil 
turned out to be the last step in the 

epic development of an enhanced re-creation of the 
classic T-35 super tweeter.

John Allen: “It took five years and 50 toolings to 
finally get the diaphragm where it needed to be. I 
doubt there are too many manufacturers that would 
put up with such a challenge, let alone pull it off. 
My congratulations and admiration goes to Pablo 
Tobiano for remaining committed to this project 
and also to Tom Ressler. Without Pablo’s dedication 
and Tom’s expertise, this project would not have 
succeeded. In my view, these men and Pablo’s 
engineers saved not just my company, but the 
Klipschorn as well.”

Dai-Ichi has given the T35 its new lease on life, and 
at 50+ years, this tweeter will continue to do duty 
in movie theaters and high-efficiency home audio 
systems long into the future. 

PLAYERS
Pablo Tobiano
Director Dai-Ichi 

Dai-Ichi St., Cor. Mahogany State 
Bo. dela paz, Pasig City 1600 
Philippines
ptobiano@daiichielectronics.com.ph 
Telephone: (63.2) 645.6639 
Fax: (63.2) 645.6633

Gary Gillum
Gillum Loudspeaker Systems
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Ridgedale, MO 65739
(417) 334-7428
c2gill@aim.com   

John Allen
High Performance Stereo
64 Bowen Street
Newton Centre, MA 02459 
www.hps4000.com
jfa@hps4000.com 

Tom Ressler tomress@charter.net

D.B. (Don) Keele, Jr.
DBK Associates, DBK Labs, Chief Consultant
6435 Wellston Dr.
Bloomington, IN 47408
DKeeleJr@Comcast.net
www.DBKeele.com

Jim Long
Senior Sales Support Engineer
Bosch Communications Systems
Electro-Voice
Michigan remote
582 Tuttle Road
Baroda, MI 49101
(269) 422-5207
JJimLong@cs.com

Mike Klasco is the president of Menlo Scientific 
Ltd. in Richmond, Calif., a consulting firm to the 
loudspeaker industry. He is the organizer of the 
Loudspeaker University seminars for speaker 
engineers. Mike contributes frequently to Voice Coil. 
He specializes in materials and fabrication techniques 
to enhance speaker performance. Please join www.
linkedin.com for T35 Tweeter Patrol group and it is 
an open discussion, anyone can join.                    VC

PHOTO 5: T35 

diaphragm with 

self-supporting 

voice coil.
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