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Industry News & Developments

The 133rd AES Convention, San Francisco
This year’s AES Convention will be held, as it is every 

other year, at the Moscone Convention Center in San 
Francisco, CA. Dates for this year’s convention/trade 
show are October 26–29, 2012. Last year’s 131st 

AES Convention in New York City, NY, drew 15,926 
attendees and 310 exhibitors. This year’s convention 
should be no different. As with previous AES conven-
tions, this one promises to have a lot of information 
for the loudspeaker industry. In addition to the work-
shops, master classes, live sound sessions, and paper 
presentations, there will be an enormous amount of 
information available. 

The following Live Sound seminar is scheduled:

�� ������� 	� 
�����	���� ���	��	����—Chairman: 
Jamie Anderson. Loudspeaker systems are 
installed to achieve functional and aesthetic goals. 
Therefore, the act of tuning (aligning) those 

systems achieves those aims. While often equated 
with the adjustment of a system’s drive EQ/DSP, 
loudspeaker system alignment encompasses all 
decisions (or non-decisions) made throughout the 
design, installation, drive adjustment, and usage 
processes. This session gathers a panel of audio 
professionals with extensive experience in sound 
system alignment over a diverse variety of system 

����	��������	��

Photo 1: The AES 131st Convention’s exhibit floor 
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types and applications to discuss loudspeaker pro-
cesses, priorities, and the critical elements that make 
their alignment goals achievable (or not). Given finite 
and limited resources (e.g., equipment, time, money, 
labor, space, access, and authority) this session asks 
what is necessary to successfully tune a loudspeaker 
installation.

The following Paper Presentations will take place:

�� Measurement of Harmonic Distortion Audibility Using 
a Simplified Psychoacoustic Model—Presenters: Steve 
Temme, Pascal Brunet, and Parastoo Qarabaqi. A percep-
tual method is proposed for measuring harmonic distortion 
audibility. This method is similar to the Cepstral Loudness 
Enhanced Algorithm for Rub & Buzz (CLEAR) previously 
proposed by the presenters to detect audible Rub & Buzz, 
which is an extreme type of distortion. Both methods are 
based on the Perceptual Evaluation of Audio Quality (PEAQ) 
standard. To estimate a regular harmonic distortion’s 
audibility, additional psychoacoustic variables are added 
to the CLEAR algorithm, using an artificial neural network 
approach to derive a metric indicative of the overall audible 
harmonic distortion. Experimental results on headphones 
are presented to justify the model’s accuracy.

�� Overview and Comparison of and Guide to Audio 
Measurement Methods—Presenters: Gregor Schmidle 

and Danilo Zanatta. Modern audio analyzers offer sev-
eral measurement functions using various measure-
ment methods. This paper categorizes measurement 
methods from several perspectives. The underlying 
signal processing concepts, as well as strengths 
and weaknesses of the most popular methods are 
listed and assessed for various aspects. Readers are 
offered guidance for choosing the optimal measure-
ment method, based on the specific requirements and 
application.

�� The Radiation Characteristics of a Horizontally 
Asymmetrical Waveguide that Utilizes a Continuous 
Arc Diffraction Slot—Presenters: Soichiro Hayashi, 
Akira Mochimaru, and Paul F. Fidlin. One of the unique 
requirements for sound reinforcement speaker sys-
tems is the need for flexible coverage control, which 
sometimes requires an asymmetrical pattern. Vertical 
control can be achieved by arraying sound sources, 
but in the horizontal plane, a horizontally asymmetri-
cal waveguide may be the best solution. This paper 
discusses the radiation characteristics of horizontally 
asymmetrical waveguides with continuous arc diffrac-
tion slots. It also develops waveguides with differ-
ent angular variations and measures their radiation 
characteristics. Symmetrical and asymmetrical wave-
guides are compared, and the controllable frequency 
range and limitations are discussed.
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�� ������� ������ 
�����	���� ���� ��������� !��������
!����� "������������ ��� "���—Presenters: Mark A. 
Poletti, Terence Betlehern, and Thushara Abhayapala. 
Holographic surround sound systems aim to accurately 
reproduce a recorded field in a small region of space 
around one or more listeners. This is possible at low 
frequencies with well-matched loudspeakers and acous-
tically treated rooms. At high frequencies, the region of 
accurate reproduction shrinks and source localization 
is compromised. In typical rooms, reflections compro-
mise quality. High-quality reproduction requires large 
numbers of loudspeakers and techniques to reduce 
unwanted reverberation. This paper considers the use 
of higher-order loudspeakers, which have multiple radia-
tion modes for an extended frequency range and accu-
rate reproduction zone. If a higher-order microphone 
is used for calibration, room effects can be effectively 
removed.

�� ���� "��	�������� #��$���� 
������� %���������� ���
!����� &�	����� ��� ��	������� 	��� ������ �#'�������
(�	�������—Presenters: Sean Olive and Todd Welti. 
Using 10 trained listeners, double-blind listening tests 
were performed with six popular circumaural head-
phones to determine the relationship between per-
ceived sound quality, listener preference, and acousti-
cal performance. Preferred headphones had the most 
neutral perceived spectral balance, which could be 

predicted based on its deviation from an ideal “flat” 
frequency response measured on an IEC coupler. New 
evidence suggests current IEC-recommended diffuse-
field headphone equalization is not optimized to pro-
duce the best perceived sound quality.

�� (���	���� "���	��� !�	�������� ��� 
�����	���—
Presenter: Juha Backman. A significant source of mid-
range coloration in loudspeakers is the resonant scat-
tering of the exterior sound field from ports, recesses, 
or horns. This paper discusses the scattered sound’s 
qualitative behavior and introduces a computation-
ally efficient model for scattering based on waveguide 
models for the acoustical elements (e.g., ports, etc.), 
and mutual radiation impedance model for their cou-
pling to the sound field generated by the drivers. In the 
simplest case of driver-port interaction in a direct radi-
ating loudspeaker, an approximate analytical expres-
sion can be written for the scattered sound. These 
methods can be applied to numerical optimization of 
loudspeaker layouts.

�� 
���� ���	���� ���������� ������ 
���� �	�����
)�	�	�����*	����—Presenters: Marshall Buck, David 
Graebener, and Ron Sauro. Development of the high-
power, high-efficiency induction drive compression 
driver when mounted on a tight pattern horn results 
in a high-performance loud hailer. The performance is 
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tested in an independent laboratory with unique capa-
bilities, including an indoor frequency response at a 4-m 
distance. Additional characteristics tested included max-
imum-burst output level, polar response, and directivity 
balloons. Outdoor tests were also performed at distances 
up to 220 m and included speech transmission index 
and frequency response. Plane wave tube driver-phase 
plug tests assessed incoherence, power compression, 
efficiency, and frequency response.

�� �����	�� )�������	����� ���� !�#$������ ��� "����
)���������� !�	�+��+!�	�� �	��	����� 	��� 
�$+,��-������
.���������—Presenter: Todd Welti. The placement of sub-
woofers and listeners in small rooms and the size and 
shape of the rooms have profound influences on the 
resulting low-frequency response. This study used a com-
puter model to investigate a number of room, seating, and 
subwoofer configurations. For each configuration, metrics 
for seat-to-seat consistency and bass efficiency were cal-
culated and combined in a newly proposed metric, intended 
as a figure of merit. The data has practical value in new or 
existing small-room design.

�� (������������
	����!���	�����	��������(������	���/
%�������: Wolfgang Klippel. Mechanical and acoustical 
losses considered in the lumped parameter modeling 
of electro-dynamical transducers may become a domi-
nant source of nonlinear distortion in microspeakers, 

tweeters, headphones, and some horn compression 
drivers where the total quality factor (QTS) is not domi-
nated by the electrical damping realized by a high-force 
factor (Bl) and a low-voice resistance (Re). This paper 
presents a nonlinear model describing the distortion’s 
generation and a new dynamic measurement technique 
for identifying nonlinear resistance RMS(v) as a function 
of voice coil velocity “v.” The theory and the identifica-
tion technique are verified by comparing distortion and 
other nonlinear symptoms measured on microspeakers 
(e.g., the types in cellular phones) with the correspond-
ing behavior predicted by the nonlinear model.

�� 0�����������!��������)�����	����	����	���������
���	��
0��	�� ��	������—Presenters: Richard Little. A linear 
array transducer is a dual-motor, dual-coil, multi-cone, 
tubularly shaped transducer. Its shape defeats many 
measurement techniques used to directly examine its 
diaphragm suspension system’s force-deflection behavior. 
Instead, it compares the transducer’s impedance curve 
against theoretical linear models to determine best-fit 
parameter values and examines the variation in these 
parameters’ values with increasing input signal levels.

The Product Design sessions include:

�� "�#�1���**�	����������������	��
�����	�������������—
Chairman: Wolfgang Klippel (Klippel GmbH, Dresden, 
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Germany). Loudspeaker defects caused by manufac-
turing, aging, overload, or climate impact generate a 
special irregular distortion commonly known as Rub & 
Buzz that is highly audible and intolerable to the human 
ear. Contrary to regular loudspeaker distortions defined 
in the design process, the irregular distortions are hardly 
predictable and are generated by an independent pro-
cess triggered by the input signal. Traditional distortion 
measurements (e.g., THD) fail in those defects’ reliable 
detection. This tutorial discusses the most important 
defect classes, new measurement techniques, audibility, 
and the impact on perceived sound quality.

The following Workshop is scheduled:

�� !�	��	��0�����.�	��	����—Chairman: Sean Olive (Harman 
International); Panelists: Poppy Crum, Martin Dewhirst, 
and Thomas Sporer. While there are an increasing 
number of audio technologies aimed at improving the 
spatial rendering of live and recorded sounds in homes, 
performance spaces, cinemas, automobiles, and personal 
audio systems, standardized or recommended methods 
for evaluating their perceived spatial quality does not 
currently exists. This workshop will provide an overview 
of some current and future best-practices for subjective 
evaluation of spatial aspects of sound reproduction to 
provide more accurate, reliable, and meaningful data.
The Tutorials offered include:

�� L	����"����0������—Presenter: Diemer de Vries. This 
tutorial includes traditional and modern ways to describe 
the acoustical properties of “large” rooms with large dimen-
sions in comparison to the average wavelength of relevant 
frequencies of speech or music to be (re-)produced. 
Theoretical models, measurement techniques, and the link 
between objective data and human perception will be dis-
cussed. Is it the reverberation time, the impulse response, 
or something else required to reach a good assessment?

�� !�	��� "���� 0������—Presenter: Ben Kok. Small room 
acoustic basics will be discussed, specifically issues related 
to room size (room-modes). Absorption, reflection, diffrac-
tion, diffusion, and how to use it, as well as specific aspects 
regarding low-frequency treatment will be discussed. 
Although this will not be a studio design class, specifics 
and differences of recording rooms and control rooms will 
be identified, including considerations for loudspeaker and 
microphone placement.

The following Broadcast and Media Streaming program 
is available:

�� 
������� ,	�����—Chairman: Dave Wilson; Panelists: 
Dr. Kasper, Sean Olive, and Robert Reams. Information 
to be announced.

In addition to the paper presentations, tutorials, and 

ECKEL

ANECHOIC CHAMBERS
• for product testing  • for research studies

...providing the necesary acoustic environment for obtaining reliable, precise measurements
Building on a tradition of excellence and innovation in
acoustic test facilities, Eckel now offers an expanded
range of quality-engineered anechoic chambers and
hemi-anechoic chambers to meet virtually any testing
range requirements — with low frequency cutoffs down
to 40 Hz . . . and any testing space needs — from small,
standard portable enclosures to the largest, custom-
engineered double-walled acoustic structures.

Eckel’s modular attenuating structures have guaranteed
performance and incorporate numerous state-of-the-art
features: • choice of four types of wedge linings, including
the EMW perforated metallic anechoic wedge which
combines outstanding performance, long-term acoustic
integrity, and light weight • special track system for
efficient installation of wedges  • unique cable floor system
• sound attenuating doors • instrumentation sleeves

and supports • ventilation • lighting and power systems.

All of Eckel’s acoustic test facilities meet ISO and ANSI
standards and provide cost-effective solutions to
achieving a superb environment for research in
acoustics and psycho-acoustics, as well as for acoustic
testing in fields such as audio, appliances, computers,
industrial components, and consumer electronics. And
Eckel offers integrated design and engineering services
and turnkey capability.

For full details, contact:

ECKEL INDUSTRIES, INC., Acoustic Division
155 Fawcett Street, Cambridge, MA 02138
Tel: 617-491-3221 • e-mail: eckelvc@eckelusa.com
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workshops, more than 300 exhibitors are expected at 
this year’s show. Exhibitors that manufacture loudspeak-
ers or are related to the loudspeaker industry include: 
ACO Pacific, ADAM Audio USA, Alesis, Alto Professional, 
Audio Precision, Audiomatica SRL, Audix, Bruel & Kjaer, 
Community Professional Loudspeakers, DPA Microphones, 
Earthworks, Eckel Industries Acoustic Division, Etani 
Electronics, G.R.A.S. Sound + Vibration, Genelec, Globe 
Plastics, Harman International, JBL Professional, Klippel, 
Listen, M-Audio, Munro Acoustics, Neutrik USA, NTI 
Americas, PACSYS, PMC Monitors, Renkus-Heinz, Rohde & 
Schwarz, and Stanford Research Systems.

Visit the AES website (www.aes.org) for more informa-
tion about the 133rd AES Convention.

ALMA to Meet at the 133rd AES Convention
The Association of Loudspeaker Manufacturing & 

Acoustics International (ALMA) will gather Saturday, 
October 27, 2012 from 5:00 to 7:00 P.M. at Johnny Foley’s 
Irish House, 243 O’Farrell Street, San Francisco, CA 94102. 
The meetup is co-hosted by Rob Baum, ALMA vice presi-
dent Americas, and Mark Beach, president, Dyne Analytics, 
board member and Winter Symposium chairman. Plan 
to join other loudspeaker industry colleagues for casual 
networking. Learn more about ALMA programs and details 
of the Winter Symposium at www.almainternational.org.

ALMA Winter Symposium 2013 Call for Papers 
ALMA International’s 2013 Winter Symposium has issued 

a  call for papers. The program, “Product Development in 
the Global Paradigm: Acoustic Modeling, Measurement, and 
Manufacturing in the Modern Marketplace,” now includes 
topics such as microdrivers, microphones, hearing aids, and 
other transducer-related technologies. The 24th ALMA Winter 
Symposium will be held at The Tuscany Suites & Casino, 255 
East Flamingo Road, Las Vegas, NV, on Sunday, January 6, 
and Monday, January 7, 2013, before the CES. 

Technical papers are invited and abstracts will be evalu-
ated on the basis of their overall quality and relevance 
to the symposium’s theme, relevance and value to the 
industry, and practical feasibility and usage of topic and 
information presented. Each paper session is scheduled to 

last 30 min., and up to four papers will be selected. Papers 
submitted to ALMA must include:

�� A title
�� An abstract/summary that must be 75 words or less, 

suitable for reprinting in pre-symposium promotional 
literature

�� Each presenter’s name, address, phone number, and a 
short biography

�� A list of any special equipment needed

The ALMA Winter Symposium is being co-chaired by 
Mark Beach of Dyne Analytics (mark@dyneanalytics.
com) and Peter Andrews of Materion Electrofusion (Peter.
Andrews@materion.com). You can contact them directly 
to discuss your submission.

The closing date for abstract submission is October 15, 
2012. Notification of presenters will be by October 31, 
2012. Presenters must be able to supply copies of their 
presentations in electronic format (e.g., PowerPoint, MS 
Word, or PDF) by December 15, 2012. Submissions should 
be e-mailed to management@almainternational.org.

Company Profile: The Canadian Loudspeaker Corp.
The Canadian Loudspeaker Corp. (CLC) was founded 

in Toronto, Canada by Frank Fabian in the 1983, and 
incorporated in 1987 (see Photo 1). CLC is an OEM/ODM 
manufacturer for home Hi-Fi, car audio, and pro sound 

          CONNECT WITH
loudspeaker professionals from around the globe.
      Reserve advertising  
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MARKETING, INC.
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drivers and produces and distributes several of its own 
branded driver lines including: Deutschephon, Epic Sound 
Labs, Flick Systems, Italiavox, MAX Cap, MAX Fidelity, MAX 
Pentivent, and MAX Professional.

CLC began its association with China in 2004 when its 
President Frank Fabian opened a speaker factory with a 
Chinese partner (see Photo 2). The factory specializes in 
“difficult to manufacture” speakers and high-end speaker 
components (i.e., drivers normally produced by high-end 
European or North American manufacturers) with the same 
high level of quality control and consistency. In 2009, CLC 
opened another venture in China (see Photo 3). This new 
adjunct to CLC is a small company with a manager, six engi-
neers, and two art workers designing turnkey products and 
setting up custom production by renting production space 
in other factories. CLC engineers also visit the production 
factory and work as production line managers. All products 
are manufactured to strict CLC-approved assembly meth-
ods. This division also provides production consultations to 
other companies that are having quality control (QC) issues.

CLC has produced a number of transducer innovations 
and patents. Some of the highlights include:

�� A moving magnet mid-high driver with a flat neodymi-
um diaphragm, 1985. 

�� Long-wind, four-layer voice-coil sub-woofers, 1986. 3” 
voice coils, 1.3” wind length. Developed for pro audio 
bass reinforcement and car competition. First in-car 
audio with long throw four-layer voice-coil subwoofers. 

�� Gap venting, 1999. U.S. Patent 6868165. 

Photo 1: CLC headquarters in Toronto, Canada

Photo 2: CLC speaker factory partner in China
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which consists of polypropylene capacitors and noninduc-
tive power resistors with gold-plated lead wires as well 
as custom-designed capacitors, resistors, inductors, and 
amplifiers.

For more information, contact the Canadian Loudspeaker 
Corp.: 1578 Eglinton Avenue, West Toronto, Ontario, 
Canada, M6E 2G8; Phone: 416-285-5585/888-629-5585; 
E-mail: info@maxspeakers.com; or visit the Max Speakers 
website (www.maxspeakers.com).

New Silicone Free Double Spiders from OEB
OEB, an Italian loudspeaker component supplier, 

announced the availability of Silicone Free double spiders. 
According to OEB, the new Silicone Free spider line (see 
Figure 1) is strong, precise and inexpensive. Its acronym 
for lower mass–great efficiency (LMGE) means it solves 
breakage problems, gluing to the voice coil and basket, and 
requires fewer assembly steps. Because of the material 
composition of Silicone Free spiders and profile of its spider 
designs, Silicone Free double spiders have very symmetri-
cal mechanical compliance with values nearly constant 
even with high excursion of the voice coil (see Photo 1). 

If you are not familiar with OEB, the company also pro-
duces dust caps, cones, membranes for cones, surrounds, 
and tweeter domes. For more information, contact OEB 
srl, Via Nori de’ Nobili, 4 60010 Brugnetto di Ripe (AN) 
Italy; Phone: +39 071 6620109; Fax: +39 071 7961066; 
e-mail info@oeb.it; or visit its website at www.oeb.it.

New 15” Pro Sound Woofer from Fane
Fane announced the availability of the new Colossus 

Prime 15XS 15” woofer for pro audio applications.  The 
Prime 15XS is intended for use as a high-output bass driver 
in multi-way systems and features a 4” “sandwich” (inside 
and outside windings) round copper voice coil wound on a 

Photo 1: OEB spider production

glass fiber former, symmetrical magnet field, ferrite mag-
net, coated cloth surround, laminated silicone spiders, and 
12-mm XMAX with 60-mm peak-to-peak travel. Other fea-
tures include a curvilinear cone manufactured from polycel-
lulose instead of conventional paper pulp alternatives, and 
1,200-W (AES) continuous power handling, with 4,800-W 
peak short-term power handling. The Prime 15XS is rated 
at 98-dB sensitivity 1 W/1 m and capable of delivering bass 
down to F6 = 29 Hz in a 200-liter ported enclosure. TS 
parameters are shown in Table 1.

Visit the Fane website (www.fane-international.com) 
for more information. VC

TS Parameters

FS 36.3 Hz

Re �����

QMS 7.7

QES 0.32

QTS 0.31

VAS 149.7 ltr

Sd 270.6 m2

XMAX 12 mm

Table 1: The TS parameters for the 15” Pro Sound Woofer

Mechanical Compliance Cms
Compliance of the suspensions

KLIPPEL
0.10
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0.00

–7.5 –5.0 –2.5 0 2.5 5.0 7.5
<<Coilin X[mm]

Figure 1: Klippel CMS graph of an OEB dual silicone-free 
spider
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 Spotlight
Measurement Microphones 
The Good, Bad, and Ugly
By Mike Klasco

This issue of Voice Coil puts the spotlight on measure-
ment microphones—precision transducers that con-

vert sound into an electrical signal from sound energy. 
Measurement mics are a special class of microphones, 
ranging from laboratory precision instruments to products 
used for fine tuning sound systems in commercial or resi-
dential settings. 

Measurement microphone pricing varies greatly (e.g.,  
an Audyssey autoEQ home theater “measurement mic” 
costs $10 at BuyCheaper to a B&K microphone measure-
ment system with a capsule, pre-amp cables, power sup-
ply, carrying case, etc. costs $4,000). The quality differs 
immensely and there are many choices in between. The 
low-cost measurement microphones’ saving graces are 
they have smoother responses and more extended top-
ends than just about any speaker you will test (i.e., if you 
measure distortion at 1 m at 1 W, the distortion is likely to 
be well below the test speaker).

Condenser VS. Self-Polarizing Back Electret 
Measurement Microphones

A measurement microphone is really a pressure micro-
phone, responding to sound pressure without regard to 
directionality. Of course, physical reality has to be consid-
ered and the pressure mic’s diameter must be small enough 
that diffraction and wavelength effects do not interfere with 
accurate measurements. Standard measurements are 0.5”, 
0.25”, and 0.125”. There are many large studio microphones 
with capsules and housings at 1” diameter and larger. While 
these can record some aesthetically pleasing sounds, they 
are not appropriate for measurement microphone uses. The 
large diameter, along with other factors, contributes to poor 
microphone performance past 8 kHz. However, there are 
more measurement microphones used for recording than 
there are ones used for measuring speakers.

Free-Field, Diffuse-Field, & Pressure Microphones
The type of measurement—free, diffuse, or pressure- 

field—really doesn’t matter if you use a mid-priced measure-
ment microphone with a ±2-dB accuracy for recording or field 
measurements (e.g., EQing a sound system below 16 kHz). A
free field is a sound field where the sound waves are free 
to expand outward from the source without reflections or 
reverberation. An anechoic chamber can be considered a 
free field or an outdoor measurement, provided the mea-
surement is done at a sufficient distance from the ground.

A diffuse field or a random incidence field is a sound field 
where the sound waves arrive equally from all directions. 
Another way to think of a diffuse field is that there are 
sounds coming from different directions in succession with 
no time in between their arrival. A pressure field is a sound 
field where the sound pressure has the same magnitude and 
phase at any position in the sound field.

The differences among the three types of microphones 
occur at higher frequencies and depend on the microphone’s 
diameter. Measurement microphones are designed to respond 
to a uniform frequency response to the sound level itself. 

Measurement microphones are designated as a “Type” or 
“Class,” (i.e., Type 1, 2, or 3). There is no type or class for 
microphones themselves, but rather their precision to meet 
Type 1 (or 2) as used in a sound level meter. Still, it is com-
mon usage to grade measurement microphones’s precision 
and stability this way. 

The sound level meter’s type or class is described as its 
accuracy defined by the relevant international standards (e.g., 
Type 1 is more accurate than Type 2). The American National 
Standards Institute (ANSI) S1.4 and an older International 
Electrotechnical Commission (IEC) standard 60651 referred to 
the grade as “Type,” but the new IEC standard 61672 refers to 
it as “Class.” Although these standards have similarities, the 
later standard makes more demands on the meter regarding 
accuracy, performance, and calibration. Stability over time 
and temperature are also considerations. You would expect 
B&K, G.R.A.S., or ACO Pacific type measurement microphones 
to meet the Type 1 standard. Field measurement microphones 
and sound level meters (e.g., electret condenser microphone 
(ECM) capsule types) mostly meet Type 2 standards. Low-cost 
sound-level meters (e.g., some Radio Shack analog units) are 
considered Type 3 because they can be a bit off for frequen-
cies above 1 kHz since they only need to be accurate for A- 
and C-weighted sound-level work. 

A few low-cost “measurement” ECMs are simply 
commodity-grade 8-mm mic capsules in a tube. ECM cap-
sules’ signal-to-noise ratios can be below 56 dB to above 
62 dB. This will impact the noise and distortion floor you 
can measure. ECM capsules can be “treated” to help stabilize 
sensitivity shift with temperature or by integrating an applica-
tion-specific integrated circuit (ASIC) available from Fairchild 
Semiconductor. The pre-amp can compensate for this. Yet, 
it is not fair to group all electret condenser measurement 
mics together. Panasonic has a popular 8-mm capsule often 
used in low-cost measurement microphones. However, there 
are better and worse ECMs that can be used for entry-level 
measurement microphones. The Panasonic is a back electret 
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per Pascal. Since this may change over the device’s lifetime, 
especially with electret condenser types, it is necessary to 
regularly calibrate measurement microphones. This service is 
offered by some microphone manufacturers and by indepen-
dently certified testing labs. All microphone calibrations are 
traceable to primary standards at a National Measurement 
Institute (e.g., the National Physical Laboratory in the UK, 
PTB in Germany, and NIST in the US) where the reciprocity 
calibration is the internationally recognized means of realiz-
ing the primary standard. Laboratory-standard microphones 
calibrated using this method are used to calibrate other 
microphones through comparison calibration techniques (i.e., 
secondary calibration), referencing the output of the “test” 
microphone against the reference laboratory standard micro-
phone’s output.

A microphone’s sensitivity varies with frequency and other 
factors (e.g., environmental conditions such as temperature 
and humidity) and is normally recorded as several sensitivity 
values, each for a specific frequency band. A microphone’s 
sensitivity can also depend on the sound field’s nature. For 
this reason, microphones are often calibrated in more than 
one sound field, (e.g., a pressure field and a free field). 
Depending on their applications, measurement microphones 
must be tested periodically and after any potentially dam-
aging event (e.g., being dropped or exposed to excessive 
sounds levels beyond the device’s operational range). ECMs 
are more likely to need frequent calibration compared to “true 
condenser” measurement microphones. VC

and is relatively flat, but 10 dB or more noisier than lab-grade 
instruments with more variations on temperature and time. 

Size Matters
Measurement microphones are pressure microphones that  

ideally have an omnidirectional pick-up pattern. In the real 
world, the microphone diameter determines the highest fre-
quency a microphone can measure before directional effects 
and resonances kick in. Microphones range from diameters of  
1”, 0.5”, 0.25”, and 0.125”. 

On the other hand, a lower cost ECM-based 0.5” tip 
diameter measurement microphone diaphragm can use a 
10-mm capsule and achieve 70 dB signal-to-noise and bet-
ter than 125 dB maximum sound level at the expense of 
some predictable anomalies at the top end. When design-
ing microphone capsules there are some tradeoffs between 
extended top-end response and signal to noise. Why would 
you need your measurement mic to handle high SPL?  Well, 
you could be in a “sound off” autosound contest, but more 
serious applications include close-in nearfield measurements 
on woofers at low frequencies. I have seen some low-cost 
measurement microphones and sound-level meters that use 
nonstandard diameters and the less expensive cost does not 
include the cost of a hammer to fit it into a calibrator.  

Measurement Microphone Calibration
To take a scientific (or legal) measurement with a 

microphone, its precise sensitivity must be known in volts 
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 Spotlight
Measurement Microphone 
Sourcebook Directory
Prepared by Maria Markowski

Editorial note: While preparing any directory, there are 
basic considerations regarding who and what to 
include. For this directory, we opted to provide a more 
complete listing.

ACO Pacific, Inc. (Belmont, CA)
Products: Comprehensive range—Type 1: MK224; 
Alternative Type 1: 7016, 7022, 7017, Type 1.5; Electret: 
7051, 7052H
Contact: Noland Lewis
www.acopacific.com

ACO Pacific has been an interna-
tionally known manufacturer and 
supplier of precision measurement 
mics and mic systems for more 
than 32 years. Its acoustic instru-
mentation product line includes 
industrial and community sound 
(noise) level alarm and monitoring 
systems, calibrators, sound inten-
sity probes, acoustical/EMI isolators, and noise generators. 
ACO offers lab precision mics and field use type “1.5” mics, 
supplying endusers and original equipment manufacturers 
(OEM). 

AKG
Products: C451 EB with CK 22 capsule  
Contact: AKG products are available online and through 
its dealers
www.akg.com

AKG is a well-known recording studio and stage mic ven-
dor, but its C451 modular mic system, when used with 
the CK22 condenser omni capsule, can serve as a very 
respectable measurement mic.

Audio Precision
Products: MMK-4 measurement microphone kit
Contact: Dan Foley
www.ap.com

Audio Precision (AP) has provided audio test equipment 
since 1984. Many of its instruments have speaker and mic 
analysis capabilities, including the MMK-4 measurement 
mic kit, which combines the 46AE precision measurement 
mic with the 12AL power supply and replaces the MMK-2 
measurement mic kit. AP resells lab-grade measurement 
mics, power supplies, calibrators, and accessories for 
G.R.A.S. Sound & Vibration. 

Audiomatica, SRL (Firenze Italy/Tarzana, CA)
Products: MIC-01, MIC-02, MIC-03  
www.audiomatica.com

Italian Audiomatica’s Clio acoustic analyzer is a popular 
and cost-effective analyzer for speakers and mics. Three 
electret condenser omni 8-mm diameter measurement 
mics are offered: MIC-01, MIC-02, and MIC-03, along 
with an optional power supply.

Audix (Wilsonville, OR)
Products: TR40A, TM1
Contact: Cliff Castle
www.audixusa.com

Audix offers a wide range of mics for recording and stage 
use. Its two models of measurement mics are electret 
condensers that deliver respectable performance at a 
lower cost than laboratory-grade units.

B&K/Brüel & Kjær Sound & Vibration Measurement 
A/S (Nærum, Denmark/Norcross, GA)
Products: comprehensive range
www.bkhome.com

B&K offers a comprehensive range of measurement mics 
for laboratory use. Its website features every conceiv-
able jig, including: “dummy heads,” accelerometers, pre-
amps, calibrators, power supplies, and analyzers.

Behringer (Bothell, WA)
Product: ECM8000  
Contact: MUSIC Group Services U.S., Inc.
www.behringer.com

Behringer offers a variety of signal processing, studio 
monitors, mixing boards, and other gear for pro audio 
use.  Typically, products can be ordered from its deal-
ers. Its measurement mic is an electret condenser that is 
intended for use with Behringer sound system response 
analyzers.

BSWA Technology Co., Ltd. (Beijing, China)
Products: Comprehensive range of measurement mics, 
including probe mics, outdoor mics, matched-sound inten-
sity pairs, and more.
Contact: Wei Liu
www.bswa-tech.com

BSWA offers a comprehensive product line, but this 
Chinese vendor caters more to OEMs looking to source 
measurement mics to add to their product offerings. Local 
service and support would be an issue for individual users.

Dayton Audio/Parts Express (Springboro, OH)
Product: EMM-6 Electret  
Contact: info@daytonaudio.com
www.daytonaudio.com

Photo 1: Some of ACO 
Pacific’s mics can be used 
for tough outdoor mea-
surements.
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DPA offers a wide range of measurement mics, although 
its measurement-styled mics “tuned” for drums, vocals, 
and so forth requires careful review of the mic param-
eters. The 4007 High-SPL reference mic—phantom pow-
ered with linear on-axis frequency response from 20 Hz to 
40 kHz (±2 dB)—is designed for measurement use. This 
high-performance condenser has a range of 124 dB from 
the noise floor to 1% THD and handles up to 155 dB SPL 
peak before clipping occurs. 

Earthworks Audio (Milford, NH)
Products: M Series: M23, M30, M30BX, and M50  
www.earthworksaudio.com

Earthworks is known for affordable, reliable reference 
and measurement mics accurate in time domain and 
frequency response. It provides mics to end users and 
to OEM analyzer manufacturers 
for bundling. The mics are well 
suited for on-location acoustical 
measurements, including loud-
speaker design and quality con-
trol, sound system setup and 
troubleshooting, room acoustics, 
or any application where a porta-
ble, accurate, free-field measure-
ment mic is required and a power 
source is not readily available. 

The Dayton Audio EMM-6 is a 
reasonably priced electret con-
denser mic designed for mea-
surement and critical recording 
applications. Each EMM-6 mic 
is hand calibrated and includes 
a stand mount, a foam wind-
screen, a transport case, and its 
own unique printed and down-
loadable calibration response 

graph and .txt data file.

DBX (Sandy, UT)
Product: RTA-M   
Contact: DBX dealers 

The real-time audio analyzing mic (RTA-M)—used in con-
junction with the System Setup Wizard and Auto EQ 
Wizard—is ideal for optimizing the sound quality of even 
the most difficult acoustic environments. The RTA-M is an 
omni-directional, flat-frequency measurement mic. It runs 
on phantom power (supplied by the Driverack units) and 
comes with a clip and a case.

DPA Microphones A/S (Alleroed, Denmark/Longmont, CO)
Products: Comprehensive product range including 4007 
Reference Mic P48 DPA 4090  
www.dpamics.com

Photo 2: A Dayton Audio 
mic

Photo 3: A sampling of 
mics from Earthworks 
Audio
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ETANI Electronics Co., Ltd. (Tokyo, Japan)
Product: A-1501  
www.etani.co.jp/eng/contact.html

ETANI offers 0.25” and 0.5” lab-grade measurement mics
for use with its lab and QC test instruments. Associated 
accessories are also available to complete the package.

Gold Line (West Redding, CT)
Product: 7052PH
www.gold-line.com   

The 7052PH measurement mic is offered to complete Gold 
Line’s analyzer package.

G.R.A.S. Sound & Vibration A/S (North Olmstead, 
OH)
Products: Extensive range of measurement mics
Contact: Barbara Schustrich (Sales/Business manager)
www.gras.dk

G.R.A.S. offers a catalog 
of laboratory measure-
ments mics, including envi-
ronmental mics, pressure 
mics, free-field mics, out-
door mics, low-noise level 
mic systems, probe mics, 
random-incidence mics, 
window mics, surface mics, 
and production test mics, along with the Kemar dummy 
(headphones), ear and cheek tester (earphones and 
mics), and more.

iSEMcon GmbH (Viernheim, Germany/Sylvania, OH)
Products: EMM-7101-CHTB, ECM-8000  
www.isemcon.com

iSEMcon offers the EMX-7150, a 0.25” stainless steel 
mic. Using water-tight Neutrik*3 connectors, it has 
an accurate frequency response capable of measuring 
high-sound pressure levels up to 145 dBspl. It is well 
suited for harsh environment use (e.g., open-air sound 
reinforcement measurements).

Josephson Engineering (Santa Cruz, CA)
Products: C617SET,  C550  
www.josephson.com

Josephson Series Five mics are rugged, stable, and cost-
effective alternatives to high-voltage metal diaphragm 
lab mics used for speaker testing, room acoustics, and 
general audio measurements. The 6-mm condenser 
capsule has a permanently polarized backplate and a 
*��"��������
�	������	�����
����������
���� 	������
nickel-chromium alloy. Frequency response is flat ±2 dB 
from 20 Hz to 20 kHz. The C617 uses lab-grade metal 
diaphragm mic capsules and standard phantom power.

Photo 4: A variety of mics from 
G.R.A.S. Sound & Vibration
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Klippel GmbH (Dresden, Germany)
www.klippel.de

Klippel provides condenser and electret mics ideal for 
transducer measurements in research, development, 
and manufacturing. There are three different basic solu-
tions for applications where special constraints (e.g., 
excellent performance, special climate conditions, or 
minimal costs) are considered. These sets comprise all 
components (e.g., cartridge, pre-amplifier, power supply, 
and cables) that are required for the operation with the 
Distortion Analyzer 2. The basic solutions may be cus-
tomized according to the application. 

Lectrosonics, Inc. (Rio Rancho, NM)
Product: TM400 wireless system for test and measurement
www.lectrosonics.com

While Lectrosonics does not offer measurement mics, its 
TM400 is a useful wireless link for taking speaker measure-
ments in a large space when there is a large distance between 
a speaker array and a specfic seating area and the test gear.

Liberty Instruments, Inc. (Winona, MN)
Products: Girardin calibrated mic, Girardin High-SPL 
calibrated mic
Contact: Kim Girardin
www.libinst.com

Girardin calibrated mics include calibration data on disk 
(bias voltage is provided by host hardware: intended for 
use with the Liberty Instruments AudPod). The Girardin 
High-SPL calibrated mic enables SPL handling to 140 dBspl.

LinearX Systems, Inc. (Tualatin, OR)
Products: M31, M51, M52, M53  
www.linearx.com

LinearX offers four electret condenser mic (ECM) mod-
els for lab and field testing. While pricing is comparable 
to better electret mics, LinearX uses a special pre-amp 
and mic element for enhanced noise and distortion 
performance.

Listen, Inc. (Boston, MA)
Product: SCM-3
Contact: Neil Rubado (N.A. 
sales manager)
www.listeninc.com

The SCM-3 measurement mic 
is a free-field lab grade mic 
designed for the production line without compromising the 
accuracy, precision, and stability required for R&D. The 
SCM-3 contains a 0.25” prepolarized condenser cartridge 
with a gold diaphragm for sensitivity and stability. Its stain-
less steel protection grid shields it from operator handling and 

Photo 5: A Listen microphone
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ture variations of industrial environments. The mic offers omnidi-
rectionality in both the nearfield and farfield. The kit includes a mic, 
a cable, a holder, a windscreen, a microdot adapter, and a case.

Loudsoft, Ltd. (Horsholm,  Denmark)
Products: FL1 (use with FINELab measurement system)
Contact: Dorit Larsen
www.loudsoft.com

Peter Larsen’s software for loudspeaker design is compliment-
ed by Loudsoft’s FINELab acoustic analyzer system. The high-
quality FL1 calibrated mic completes the analyzer package, 
with a gold-plated diaphragm 
and a double-vent protection 
system to ensure durability in 
production environments.

Microtech Gefell GmbH (Gefell, Germany)
Products: M370, M371, M372, M373, and MM210
Contact: Udo Wagner (sales manager)
www.microtechgefell.de

Microtech’s product line offers several 0.25” measurement mics 
including the M370, M371, M372, M373, and MM210.

NTi Audio (Schaan, Liechtenstein/Tigard, OR)
Products: M2010, M2015, M4260, M2210
Contacts: Jim Sullivan (International sales manager) 

or Tom Mintner  (NTI Americas, Inc.)
www.nti-audio.com

NTi Audio manufactures high-performance calibrated measure-
ment mics for precision factory production applications, and in 
conjunction with benchtop and handheld acoustics analyzers. 
The M2010 and M2015 measurement mics are prepolarized 
omnidirectionals with free-field characteristics and Type 1 fre-
quency response. They are favored in production test applica-
tions due to their size and simple powering. 

PCB Piezotronics (Depew, NY)
Products: 130E20, 130E21  
www.pcb.com

PCB has a wide range of measurement mics, arrays, sound 
intensity matched pairs, sensors, accelerometers, and so 
forth. Both prepolarized and true condensers are offered for 
lab and field measurements.

RadioShack
Products: SPL meters    
Contact: Products are sold online and from its 8,000 stores
www.radioshack.com

RadioShack does not offer measurement mics, but it does 
offer a sound-level meter with no real specifications, so 
assume it is a Type 3. VC

Photo 6: A Loudsoft mic
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Vance Dickason Consulting has been developing award 
winning products for numerous high profile brand 
names for over 20 years… experience that’s hard to find! 

With extensive experience in high-end off-wall, in-wall, 
on-wall, ceiling and subwoofer products plus close 
relationships with some of the worlds best speaker 
OEM’s and you have a combination of services that 
will accelerate your next product lineup.

We have all the best toys (Klippel, LEAP 5,
LMS, CLIO, MLSSA, LSPCad, FEA), so 
whether its multimedia, car audio, MI, 
Pro, two-channel or Home Theater 
(including THX®), VDC has the solutions.

Add to that an available design team that includes 
some of the best transducers engineers, industrial 
designers and marketing experts I know of in the 
industry and you have a winning combination that 
would cost well over $750,000 a year to keep in house.
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system can either have the active transducer mounted on 
a portion of the surface of the passive radiator, or it may 
include a duct pneumatically coupling a radiating surface 
of the active transducer to the enclosed interior of the 
passive radiator diaphragm. 

In other embodiments, the passive radiator may be 
a 3-D structure including a plurality of polygon shaped 
panels joined at the edges of adjacent panels. The panels 
may be rigid or of a flexible material stretched over a wire 
frame. Ultimately, the device has two basic expressions:  
a spherical diaphragm that must expand and contract, 
or a singular or set of multiple panels that are rigid with 
surrounds or flexible and can expand inward or outward 
during excursions.

The spherical device tends to be the more problematic 
to be realized as a high-performance passive radiator. 
Since it has to be able to both expand and contract, 
the material must have the ability to contract in length. 
It is rare to find a material that passively expands and 
contracts from stasis in a linear manner, with consistent 
compliance in both polarities of movement. This suggests 
that the material must be expanded to a neutral starting 
position. Some of the invention’s embodiments include 
the step of stressing the material to provide an ability to 
expand and contract. Additionally, some embodiments 
use an open-cell foam core attached to a spherical dia-
phragm to act as a suspension of sorts. With most of 
these approaches, one ends up with either a nonlinear 

By James Croft, Croft Acoustical

The following loudspeaker-related patents were 
filed primarily under the Office of Patent and 

Trademarks classification 181 for acoustical devices, 
381 for electrical-signal processing systems, and HO4R 
for international patents. This also includes new patent 
applications published in the Patent Application Journal.

THREE-DIMENSIONAL ACOUSTIC 
PASSIVE RADIATING
Patent Number: U.S. 8,240,426
Inventor: Jason D. Silver (Framingham, MA), Roman N. 
Litovsky (Newton, MA)
Assignee: Bose Corp. (Framingham, MA)
Filed: August 19, 2010
U.S. Classes: 181/173; 181/153; 381/430
Granted: August 14, 2012. Number of Claims: 19, 
Number of Drawings: 19

Abstract from Patent
A 3-D acoustic passive radiator diaphragm (see 

Figure 1). A diaphragm with a 3-D volume. An acous-
tic driver radiates pressure waves into the 3-D volume 
causing the diaphragm to expand and contract. The 
3-D passive radiator may include a core of a porous, 
compressible material.

Independent Claim
1. An acoustic device comprising: a passive radiator 

diaphragm constructed of flexible, acoustically opaque 
material having an interior pneumatically decoupled from 
an exterior and substantially enclosing a 3-D volume; and 
an acoustic driver radiating pressure waves into the 3-D 
volume to cause the diaphragm to expand and contract, 
radiating acoustic energy; and a core of a porous, com-
pressible material.

Reviewer Comments 
The disclosed invention consists of a passive radiator 

that either replaces the horizontal panels on an enclosure 
or forms a cylindrical or spherical enclosure with the total 
surface area consisting of the vibratable passive radiator. 
In one embodiment, the acoustic device includes a pas-
sive radiator diaphragm substantially enclosing a 3-D vol-
ume, with an active transducer radiating pressure waves 
into the 3-D volume to cause the entire diaphragm/enclo-
sure to expand and contract. The passive enclosure’s inte-
rior may include a core of a porous, compressible material 
(e.g., open cell foam). Alternatively, the core may be solid 
or hollow. The core’s exterior may be attached to the 
diaphragm’s interior surface. Since the passive radiator 
must be of a certain mass to set a Helmholtz resonant 
frequency, the flexible diaphragm may include particles 
of a dense material that increase the radiator’s mass. The 
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Figure 1a and b: U.S. Patent 8,240,426
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compliance, or a lossy passive radiator. Both attributes 
are considered undesirable in standard passive-radiator 
design.

Of interest is the French atomic physicist Siegfried Klein 
(one of the originators of a workable ionic transducer in 
the 1950s), who has at least a half dozen patents (two 
of which were sited in the currently reviewed patent), 
each expressing an attempt to make wideband pulsat-
ing sphere transducers with elastic materials. Eventually, 
he gave up and developed a waveguide to create semi-
spherical wavefronts from a standard transducer.

In the current patent, the use is for low frequencies 
only, which is easier to realize, but low frequencies are 
already spherically radiated from standard devices. It is 
advantageous for a passive radiator to have an increased 
surface area for a given enclosure size. To trade off lin-
earity and resistive losses (and other practical issues) is 
an exchange a designer must consider carefully in a cost/
benefit analysis.

The invention’s nonspherical structures are more prac-
tical and have been realized in the past, such as in the 
old multi-sided, multi-suspended rigid-panel woofer sys-
tems disclosed in popular audio publications in the early 
1960s and the more recent 2002 U.S. patent 6,389,146 
“Acoustically asymmetric bandpass loudspeaker with mul-
tiple acoustic filters,” which incorporates compliant film 
passive radiation on all horizontal sides of a subwoofer 
enclosure. Neither of these were sited as prior art in the 

Bose patent.
These nonspherical approaches can be made to work 

reasonably well, although they can be subject to mechan-
ical noise issues. Although they have a larger surface area 
than a traditional passive radiator mounted on a single 
surface of an enclosure, they may still have less total 
cubic volume of displacement. All in all, unless the Bose 
engineers have found implementation solutions for all of 
the previously mentioned design issues, it would seem 
that this type of structure may be more of an interesting 
packaging novelty than an actual advancement in per-
formance. However, with Bose’s vast engineering team, 
many of whom are advanced graduates of MIT, one might 
expect that they could make something work better than 
the rest of us mere mortals are able.

WAVEGUIDE UNIT
Patent Number: U.S. 8,160,285
Inventors: Michael Gjedbo Kragelund (Holstebro, Denmark)
Assignee: Mike Thomas ApS (Holstebro, Denmark)
Filed: September 11, 2006
U.S. Classes: 381/338; 381/150; 381/337
Granted: April 17, 2012, Number of Claims: 9, Number 
of Drawings: 4

Abstract from Patent
The present invention concerns a waveguide unit for 

use with a transducer unit and in particular transducer of 
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the dome type, where the waveguide unit is substantially 
circular, and suitable to be arranged around the trans-
ducer (see Figure 2). The waveguide unit has a front side 
on which front-side means are provided for reflecting the 
transducer’s sound waves, and a substantially flat back 
side, where substantially central in the unit an aperture 
is provided. The aperture is suitable for accommodating 
a transducer unit, and the side of said aperture connects 
the front and back sides, where said waveguide com-
prises one or more diffraction edges arranged concentric 
with the circular shape of the unit on said front side of 
the unit, and where adjacent on both sides of said one or 
more diffraction edges, substantially flat conical surfaces 
are provided.

Independent Claims
1. The waveguide unit, for use with a transducer unit, 

and in particular a transducer of the dome type, where 
the waveguide unit has a shape in a plane view substan-
tially corresponding to the shape of the transducer unit 
in a plane view so that the waveguide may be arranged 
around the outside periphery of the transducer unit, where 
the waveguide unit has a front side on which a front 
side is provided for reflecting the sound waves from the 
transducer, and a substantially flat backside, and where 
substantially, centrally in the waveguide unit an aperture 
is provided which aperture is suitable for accommodating 
a transducer unit, and the side of said aperture connects 
the front and back sides of the waveguide unit, where 
said waveguide comprises one or more diffraction edges 
arranged equidistant with the shape of the waveguide unit 
on said front side of the waveguide unit, and where adja-
cent on both sides of said one or more diffraction edges, 
substantially flat inclined surfaces are provided.

9. The waveguide unit, for use with a transducer unit, 
and in particular a transducer of the dome type, where 
the waveguide unit has a shape in a plane view sub-
stantially corresponding to the shape of the transducer 
unit in a plane view so that the waveguide unit may be 
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Figure 2: U.S. Patent 8,160,285
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R & D Measurement system

www.loudsoft.com

Features:
 Multiple displays of min. 16 responses

 Waterfall Decay with Time curtain

 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

 19” hardware USB+25W Amp/48V

 Perfect replacement for MLSSA and 

LMS
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arranged around the outside periphery of the transducer 
unit, where the waveguide unit has a front side and a 
substantially flat backside; and the waveguide unit is 
substantially, centrally provided with an aperture suit-
able for accommodating the transducer unit, the side of 
said aperture connecting the front and back sides of the 
waveguide unit; wherein diffraction means are provided 
on said front side for reflecting the sound waves from 
the transducer unit, said diffraction means comprising 
one or more diffraction edges arranged equidistant with 
the shape of the waveguide unit on said front side, and 
wherein adjacent on both sides of said one or more dif-
fraction edges, substantially flat inclined surfaces are 
provided.

Reviewer Comments 
This patent’s device is new form of diffraction horn/

waveguide. It has been available for several years in the 
SEAS Prestige line as model number H1499-06 27TBCD/
GB-DXT tweeter and is trademarked as Diffraction 
Expansion Technology (DXT). The idea is to achieve 
substantially constant directivity versus frequency over 
the device’s operating range. This is achieved by incor-
porating three diffraction steps arranged concentrically 
and equidistant relative to the dome diaphragm’s center 
point. Arranged between all of the diffraction edges, or 
steps, are a set of substantially flat surfaces, inclined at 
progressively changing angles. In the case of the actual 

SEAS tweeter, the diffraction steps start to influence 
the directivity to maintain dispersion above 7 kHz while 
confining dispersion expansion somewhat below that 
frequency, maintaining reasonably constant directivity 
down to approximately 3 kHz.

In testing these devices, they appear to achieve the 
desired directivity result. As with most constant directiv-
ity waveguides, in exchange for the directivity control, 
the on-axis response falls with increasing frequency 
and requires equalization in the crossover to the result 
in the desired on-axis response while still maintaining 
consistent directivity.

The device differs from many modern waveguides 
in that it introduces diffraction to sustain directivity, 
instead of eliminating the diffraction steps of the clas-
sic constant directivity horns and utilizing the smooth 
transition architectures of most current waveguides. 
There is a school of thought that suggests that internal 
reflections caused by the diffractive steps can cause 
“high-order modes,” which are linear errors that are 
dynamically interpreted by the ear/brain system as a 
form of psycho-acoustic, “internal” nonlinear distortion. 
(See Earl Geddes at the GedLee website, www.gedlee.
com, for further information on this concept.) That said, 
it is unclear as to whether or not this new device would 
exhibit any audible artifacts generated from its diffrac-
tive architecture. From a directivity standpoint, the 
device appears to deliver on its promise. VC
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High-End Home Audio 
Transducers from Wavecor 
and Morel
by Vance Dickason

Drivers submitted for this month’s Test Bench review 
came from China-based Wavecor and Israel-based 

Morel. Wavecor’s new full-range 3.25”, the FR084WA01, 
and Morel’s new Titanium Series, the 6” TiCW 634Nd, 
are both put to the test bench.

Although Wavecor is headquartered in Pan Yu, China, 
this company’s pedigree is strictly European and specifi-
cally Vifa. In Voice Coil’s December 2009 issue, Wavecor 
was described as having its roots in high-end Danish 
engineering thanks to Allan Isaksen, its general manager 
and chairman, and Per Madsen, its director of technology. 
Isaksen started his career at Vifa A/S, Denmark in early 
1983 as a newly graduated acoustics engineer. After hav-
ing designed numerous Vifa drivers, he was appointed 
the company’s engineering manager in 1987. In 1990, 
Vifa appointed Isaksen director of Sales and Engineering 
responsible for all Marketing, Sales and Engineering 
activities. In 1999, Isaksen relocated from Denmark to 
the GuangDong Province of China, where he established 
the Chinese production base for Vifa/Scan-Speak, Vifa 
Loudspeakers (PanYu). After Vifa and Peerless merged, 
creating Danish Sound Technology (DST), the China 
production company was renamed DST Loudspeakers 
(PanYu), which Isaksen lead as general manager until 
2005 when he founded Wavecor. Madsen also started his 
career in 1988 as a technical trainee at Vifa A/S Denmark. 
After his 1991 graduation, Vifa A/S hired him as an R&D 
engineer responsible for mechanical driver parts. He con-
tinued to work on driver acoustics and designed some of 
the more popular Vifa/Scan Speak A/S drivers over the 
years. In 2002, Madsen transferred to DST’s production 
facility in China as engineering manager. After DST was 
taken over by Tymphany (U.S.), Madsen continued to 

Test Bench
work there as Engineering Services Group manager. He 
joined Wavecor as director of technology in 2006.

Wavecor’s 3.25” Full-Range Driver
This month’s driver is a new 3.25” full-range from Wavcor 

(see Photo 1�������%�������^����
����"����	��������
����
���� ����"	����� �	���	�� ��
�� ��� �"�� ��	����� ����� �����������
and was intended primarily for high-quality multimedia and 
lifestyle-type speakers. Features include a black anodized 
aluminum cone and dust cap (good for heat transfer from 
the voice coil former), a polymer frame with an open air path 
below the spider mounting shelf, a 22-mm diameter black 
vented fiberglass former, a copper cap shorting ring, low-loss 
NBR suspension (high Qm), black emissive coating on motor 
parts for better heat transfer to the air, a Conex spider, and 
gold-plated terminals.

I commenced testing the Wavecor FR084WA01 full-range 
using the LinearX LMS analyzer and VIBox to create both 
voltage and admittance (current) curves with the driver 
clamped to a rigid test fixture in free-air at 0.3 V, 1 V, 3 V, 
6 V, and 10 V. The 10-V curve was too nonlinear to get an 
appropriate curve and was discarded. Next, the eight 550-
point stepped sine wave sweeps (four current and four volt-
age sweeps) for each FR084 sample were post-processed 
and the voltage curves were divided by the current curves 
(admittance curves) to produce the impedance curves, 
phase-generated by the LMS calculation method. I then 
imported them and the accompanying voltage curves to the 
LEAP 5 Enclosure Shop software. Since most Thiele-Small 
data provided by OEMs is produced using either a standard 
transducer model or the LEAP 4 TSL model, I also created 
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Figure 1: Wavecor FR084WA01 free-air impedance plot

Table 1: Wavecor’s FR084WA01 full-range driver test results

 TSL Model LTD Model  Factory

Sample 1 Sample 2 Sample 1 Sample 2

FS 103 Hz 104 Hz 101 Hz 100 Hz 109 Hz 

REVC 3.17 3.17 3.17 3.17 3.3

Sd 0.0036 0.0036 0.0036 0.0036 0.0036

QMS 3.88 3.62 4.88 4.49 5.4

QES 0.88 0.83 1.09 1 0.93

QTS 0.71 0.67 0.89 0.82 0.79

VAS 1.29 ltr 1.27 ltr 1.36 ltr 1.38 ltr  1.14 ltr 

SPL 2.83 V 84.0 dB 84.3 dB 82.9 dB 83.2 dB  87 dB 

XMAX 2 mm 2 mm 2 mm 2 mm 2 mm 

Photo 1: Wavecor’s 3.25” full-range driver 
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a LEAP 4 TSL model using the 1-V free-air curves. The 
complete data set, the multiple-voltage impedance curves 
for the LTD model and the 1-V impedance curve for the TSL 
model were selected in the transducer derivation menu in 
LEAP 5 and created the parameters for the computer box 
simulations (see Figure 1 for the 1-V free-air impedance 
curve). Table 1 compares the LEAP 5 LTD and TSL data and 
Wavecor factory parameters for both FR084 samples.

The FR084’s LEAP parameter calculation results were 
sufficiently close to the factory data, so I used the LEAP 
LTD parameters for Sample 1 to set up computer enclosure 
simulations. The difference in sensitivity is due to two dif-
ferent calculation methods. LEAP is essentially a midband 
sensitivity while Wavecor uses a 200-Hz to 8-kHz average. 

Two computer box simulations were programmed into 
LEAP 5, a 62-ci sealed box alignment (50% fill material) 
and a 252-ci vented alignment tuned to 62 Hz (15% fill 
material). Figure 2 displays the results for the Wavecor full-
range driver in the two enclosure simulations at 2.83 V and 
at a voltage level sufficiently high enough to increase cone 
excursion to XMAX + 15% (2.3 mm for the FR084). This 
produced a F3 frequency of 130 Hz with a box/driver Qtc 
of 1.1 for the 61-ci sealed enclosure and –3 dB = 85.5 Hz, 
252-ci vented box simulation. Increasing the voltage input 
to the simulations until the maximum linear cone excur-
sion was reached resulted in 97 dB at 6.5 V for the sealed 
enclosure simulation and 95.5 dB with a 5.1-V input level 
for the larger vented enclosure. (See Figure 3 and Figure 4
for the 2.83-V group delay curves and the 6.5/5.1-V excur-
sion curves.) 
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Figure 2: Wavecor FR084WA01 computer box simulations 
(black solid = sealed @ 2.83 V; blue dash = vented @ 
2.83 V; black solid = sealed @ 6.5 V; blue dash = vented 
@ 5.1 V)
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Figure 3: Group delay curves for the 2.83-V curves in Figure 2
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Klippel analysis for the Wavecor 3.25” full-range (our 
analyzer is provided courtesy of Klippel GmbH), and testing 
performed by Pat Turnmire of Red Rock Acoustics, produced 
the Bl(X), KMS (X) and Bl and KMS symmetry range plots 
shown in Figures 5–8. The Bl(X) curve for the FR084 
(see Figure 5) is relatively broad and nicely symmetrical. 
Looking at the Bl symmetry plot, this curve tracks at zero 
throughout the range, so this is an exceptionally well bal-
anced motor structure (see Figure 6). 

Figure 7 and Figure 8 show the Wavecor full-range 
driver’s KMS (X) and KMS symmetry range curves. The 
KMS (X) curve is somewhat asymmetrical and has a minor 
rearward (coil-in) offset of about 0.6 mm at its rest posi-
tion, decreasing to 0.23 mm at this driver’s physical XMAX.
Displacement-limiting numbers calculated by the Klippel 
analyzer for the FR084WA01 were XBl at 82%. Bl is 2.4 mm 
and for XC at 75% the CMS minimum was 2.1 mm, which 
means for this Wavecor full range, compliance is the most 
limiting factor for a prescribed distortion level of 10%.     

Figure 9 shows the FR084’s inductance curve Le(X). 
Inductance will typically increase in the rear direction 
from the zero rest position as the voice coil covers more 
pole area. However, the FR084 inductance variance due 
to the inclusion of a shorting ring (copper cap on the 
pole piece) is rather small. The inductance variation is 
only 0.04 mH from the In and Out XMAX positions, which 
is very good.

I mounted the FR084 full-range in an enclosure, which 

Figure 5: Klippel analyzer Bl (X) curve for the Wavecor 
FR084WA01
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Figure 4: Cone excursion curves for the 6.5/5.1-V curves 
in Figure 2
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Figure 6: Klippel analyzer Bl symmetry range curve for 
the Wavecor FR084WA01

Figure 7: Klippel analyzer mechanical stiffness of suspen-
sion KMS (X) curve for the Wavecor FR084WA01.

Figure 8: Klippel analyzer KMS symmetry range curve for 
the Wavecor FR084WA01

had a 9” × 4” baffle and was filled with damping material 
(foam), and measured the transducer on- and off-axis from 
a 300-Hz to 40-kHz frequency response at 2.83 V/1 m using 
the LinearX LMS analyzer set to a 100-point gated sine wave 
sweep. Figure 10 shows the FR084 on-axis response indi-
cating a smoothly rising response to about 10 kHz with a 
5-dB step between 1 kHz and 1.6 kHz and some breakup 
peaking above 13 kHz prior to the high-pass roll-off at 
28 kHz. It is definitely a full-range transducer. 

Regarding the baffle step in this response, a Voice Coil
reader recently wrote about this subject. His questions 
were basically, Why were enclosures used for frequency- 
response testing? and Wouldn’t it be better to use a large 
baffle, such as an IEC standard baffle? Obviously, every 
possible baffle’s shape, dimension, and location produces 
a different on- and off-axis driver response. (I provide 
a rather extensive discussion of this in Chapter 5 of the 
Loudspeaker Design Cookbook’s 7th edition.) For instance, 
if you extend the width of the 9” × 4” baffle used with the 
Wavecor FR084 to 10” wide, you get the response variation 
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shown in Figure 11. Neither or both is correct, depending 
on your perspective. My “philosophy” is that IEC baffles also 
distort the information and will likely not be used for this 
driver (unless you are designing it into an in-ceiling or in-wall 
product). It is reasonable to use a baffle roughly the size of 
an average DUT enclosure. Driver manufactures vary on this 
issue. Some use IEC baffles, and some use enclosures of an 
appropriate size related to the transducer TS parameters. 
SEAS uses the latter technique in its driver data presenta-
tions, which is what I use for Voice Coil magazine.

Figure 12 displays the on- and off-axis frequency 
response at 0°, 15°, 30°, and 45°. As with most full-range 
transducers, the 30° off-axis is about the same as any 
3” piston driver. The last SPL measurement is shown in 
Figure 13 and illustrates the two-sample SPL comparison 
for the 3.25” Wavecor driver. It shows a close match to 
within less than 0.5 dB throughout the operating range.

For the remaining series of tests, I employed the Listen 
SoundCheck analyzer with the Listen 0.25” SCM micro-
phone and power supply (courtesy of Listen) to measure 
distortion and generate time frequency plots. For the distor-
tion measurement, I rigidly mounted the Wavecor full range 
in free air, used a noise stimulus to set the SPL to 94 dB at 
1 m (2.2 V), and measured the distortion with the micro-
phone placed 10 cm from the dust cap. This produced the 
distortion curves shown in Figure 14. I used SoundCheck 
to get a 2.83-V/1-m impulse response and imported the 
data into Listen’s SoundMap time/frequency software. The 
resulting CSD waterfall plot is shown in Figure 15. See the 
Wigner-Ville (for its better low-frequency performance) plot 
in Figure 16.

The Wavecor FR084 is a well-designed 3.25” full range 
that could be used as a driver in high-end iPod docking 
stations, for desktop audio (e.g., computer speakers, wire-
less speakers, and radios), as a midrange in a three-way 
speaker, and in a high-end line-source speaker. Visit www.
wavecor.com for more information on this 3.25” driver.

The TiCW 634Nd
The next driver is an interesting new release from Morel, 

the Israel-based, high-end OEM driver, and branded home 
and car audio manufacturer. The mid-bass transducer 
comes from Morel’s new Titanium Series that I wrote about 
in Voice Coil (September 2012). This new series of 6” 
mid-bass woofers is the next generation of Morel’s hybrid 
neodymium/ferrite motors with titanium voice coil formers. 

Figure 9: Klippel analyzer Le(X) curve for the Wavecor 
FR084WA01

Figure 10: Wavecor FR084WA01 on-axis frequency 
response (9” × 4” baffle)
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Figure 11: Comparison of Wavecor FR084WA01 on-axis fre-
quency response with a 9” × 4” baffle versus a 9” × 10” baffle
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Figure 12: Wavecor FR084WA01 on- and off-axis frequency 
response (0°, 15°, 30°, and 45°)
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Figure 13: Wavecor FR084WA01 two-sample SPL 
comparison
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Photo 2: The Morel TiCW 634Nd top view (a) and bottom 
view (b)
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parameters of the driver. Furthermore, the Titanium-rigid 
characteristic affects the sound tonality, yielding a crisp-
sounding driver.”

I initiated the Morel TiCW 634Nd’s testing using the 
LinearX LMS analyzer and VIBox to create both voltage 
and admittance (current) curves with the driver clamped 
to a rigid test fixture in free air at 0.3 V, 1 V, 3 V, 6 V, 
and 10 V. I discarded the 10-V voltage and current curves 
because they  were too nonlinear to get a solid curve fit in 
LEAP 5. The eight 550-point stepped sine wave sweeps for 
each TiCW sample were post-processed and the voltage 
curves were divided by the current curves (admittance) 
to create impedance curves. Phase was added using LMS 
calculation method and, along with the accompanying volt-
age curves, uploaded to the LEAP 5 Enclosure Shop soft-
ware. Besides the LEAP 5 LTD model results, I additionally 

Figure 14: Wavecor FR084WA01 SoundCheck distortion plot

There are six models in the Titanium series, and this month 
I tested the new TiCW 634Nd.

The TiCW 634Nd has a rich design, most notably with 
Morel’s proprietary cast aluminum frame configured with 
the motor mounted from the front and bolted to the 
frame’s back (see Photo 2). This six-spoke frame provides 
minimum surface area for reflections into the rear of the 
cone and a totally open area below the spider mount-
ing shelf for enhanced cooling. Other features include an 
injected damped polymer cone and dust cap, NBR surround, 
3”-diameter vented titanium voice coil former wound with 
two layers of Morel’s Hexatech aluminum wire, a hybrid 
neodymium and ferrite motor with a copper shorting ring 
(sleeve), a flat cloth spider, and gold plated terminals. 
According to Morel, “the use of a low-induction coefficient 
titanium bobbin immensely improves the electroacoustic 

Figure 16: Wavecor FR084WA01 SoundCheck Wigner-
Ville plot

Figure 15: Wavecor FR084WA01 SoundCheck CSD water-
fall plot - Custom coils available in:
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 Custom lead-out attachments
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 Multiple wire types
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 Custom bobbin wound coils
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  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
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Visit us on the web at www.precisioneconowind.com

- Highest quality domestic or imported coils.
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and the 18.25-V excursion curves.) Note that the voltage 
was limited on the vented simulation as it was exceeding the 
XMAX + 15% number at 35 Hz. With an appropriate high-
pass filter, the vented simulation would handle more voltage 
and produce a commensurately higher SPL.

Klippel analysis for the Morel 6” woofer produced the 
Bl(X), KMS(X) and Bl and KMS symmetry range plots shown 
in Figures 21 to 24. The Bl(X) curve for the TiCW 634Nd is 
nicely broad and mostly symmetrical curve (see Figure 21). 
Looking at the Bl symmetry plot, this curve shows a small 
coil forward (coil out) offset at the rest position of 0.88 mm 
that goes to a trivial 0.3-mm offset at the 5.5-mm physical 
XMAX of the transducer (see Figure 22). 

Table 2: Morel TiCW 634Nd woofer

 TSL Model LTD Model  Factory

Sample 1 Sample 2 Sample 1 Sample 2

FS 38.6 Hz 37 Hz 35.6 Hz 35.3 Hz 40 Hz 

REVC 3.56 3.53 3.56 3.53 3.7

Sd 0.0117 0.0117 0.0117 0.0117 0.0119

QMS 4.62 4.69 4.12 4.64 4.98

QES 0.34 0.33 0.36 0.33 0.37

QTS 0.32 0.31 0.33 0.31 0.35

VAS 18.6 ltr 20.3 ltr 22.0 ltr 22.5 ltr  25.5 ltr 

SPL 2.83 V 86.9 dB 86.8 dB 86.3 dB 86.5 dB  88 dB 

XMAX 5.5 mm 5.5 mm 5.5 mm 5.5 mm 5.5 mm 
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Figure 17: Morel TiCW 634Nd woofer free-air impedance 
plot
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Figure 18: Morel TiCW 634Nd computer box simulations 
(black solid = sealed 1 @ 2.83 V; blue dash = vented 2 
@ 2.83 V; black solid = sealed 1 @ 14 V; blue dash = 
vented @ 16 V).

created a LEAP 4 TSL model set of parameters using just 
the 1-V free-air curves. The final data, which includes the 
multiple-voltage impedance curves for the LTD model (see 
Figure 17 for the 1-V free-air impedance curve) and the 
1-V impedance curve for the TSL model, were selected and 
the parameters were created to perform the computer box 
simulations. Table 2 compares the LEAP 5 LTD and TSL data 
and factory parameters for both Morel 6” samples.

LEAP parameter calculation results for the TiCW 634Nd 
were reasonably close to the factory data. Given this, I 
used the LEAP LTD parameters for Sample 1 to set up 
two computer enclosure simulations, one sealed and one 
vented. For the Butterworth closed-box simulation, I used 
a 330-ci enclosure with 50% fiberglass fill material. For the 
vented box, I used a 504-ci QB3-type vented alignment 
with 15% fiberglass fill material and tuned to 42.3 Hz.

Figure 18 shows the results for the Morel Titanium 
Series woofer in the sealed and vented boxes at 2.83 V and 
at a voltage level sufficiently high enough to increase cone 
excursion to XMAX + 15% (6.3 mm for the 634Nd). This 
yielded a F3 = 81 Hz with a box/driver Qtc of 0.68 (perfect 
for a home theater LCR) for the 330-ci sealed enclosure and 
–3 dB = 60 Hz for the 504-ci vented simulation. Increasing 
the voltage input to the simulations until the maximum linear 
cone excursion was reached resulted in 105.7 dB at 18.25 
V for the sealed enclosure simulation and 106.5 dB with the 
same 18.25-V input level for the larger vented box. (See 
Figure 19 and Figure 20 for the 2.83-V group delay curves 
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Figure 23 and Figure 24 show the KMS (X) and KMS 
symmetry range curves for the Morel 6”. The KMS (X) curve 
is moderately symmetrical in both directions with a small 
amount of coil-in offset at the rest position. Looking at the 
KMS symmetry in Figure 24, the coil-in offset is 1.29 mm 
at the rest position, decreasing to 0.7 mm at the 5.5-mm 
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Figure 20: Cone excursion curves for the 18.25-V curves 
in Figure 18

Figure 21: Klippel analyzer Bl (X) curve for the Morel 
TiCW 634Nd
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Figure 19: Group delay curves for the 2.83-V curves in 
Figure 18

Figure 22: Klippel Analyzer Bl symmetry range curve for 
the Morel TiCW 634Nd

Figure 23: Klippel analyzer mechanical stiffness of suspension 
KMS (X) curve for the Morel TiCW 634Nd

Figure 24: Klippel Analyzer KMS symmetry range curve 
for the Morel TiCW 634Nd

Figure 25: Klippel Analyzer L(X) curve for the Morel TiCW 
634Nd
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Figure 26: Morel TiCW 634Nd’s on-axis frequency 
response

physical XMAX of the TiCW 634Nd. Displacement-limiting 
numbers calculated by the Klippel analyzer for the 634Nd 
were XBl at 82% Bl = 4.3 mm and for XC at 75% CMS
minimum was 3 mm, which means that for the Morel 6” 
woofer, compliance was the most limiting factor for a 10% 
proscribed distortion level. The last Klippel analysis curve 
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in to XMAX out of only 0.05 mH, which is excellent. Limiting 
self induction in woofers is key to obtaining low distortion 
and clarity.

Following the Klippel testing, I mounted the Morel 6” 
woofer in an enclosure with an 8” × 17” baffle that was filled 
with damping material (foam) and then measured the DUT 
on- and off-axis from 300 Hz to 20 kHz frequency response 
at 2.83 V/ 1 m using a 100-point gated sine wave sweep. 
Figure 26 shows the TiCW’s on-axis response displaying a 
smooth rising response to about 5.2 kHz, making this driver 
probably easy to blend with almost any 1” dome. Figure 27
has the on- and off-axis frequency response at 0°, 15°, 30°, 
and 45°. A –3 dB at 30°, with respect to the on-axis curve, 
occurs at 3.2 kHz, so a cross point in that vicinity should be 
fine. The last SPL measurement gives the two-sample SPL 
comparisons for the 6” Morel driver, showing a close less than 
0.5-dB match up to 3 kHz, with about 1-dB variations above 
that frequency (see Figure 28).

For the last group of tests, I employed the Listen 
SoundCheck analyzer to measure distortion and generate 
time/frequency plots. I used SoundCheck’s software noise 
generator and SPL meter utilities to set up the distortion 
measurement. I mounted the woofer rigidly in free air and 
set the SPL to 94 dB at 1 m (1.95 V), and measured the 
distortion with the Listen microphone placed 10 cm from 
the dust cap. This produced the distortion curves shown in 
Figure 29.

I changed the SoundCheck sequence file to set up the 
analyzer to get a 2.83-V/1-m impulse response for this 
driver and imported the data into the SoundMap time/
frequency software. The resulting CSD waterfall plot is 
shown in Figure 30 and the Wigner-Ville logarithmic sur-
face map (for its better low-frequency performance) plot 

Figure 29: Morel TiCW 634Nd SoundCheck distortion plot
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Figure 28: Morel TiCW 634Nd two-sample SPL comparison
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Figure 27: Morel TiCW 634Nd on- and off-axis frequency 
response (0°, 15°, 30°, and 45°)

shown gives the inductance curves L(X) for the TiCW 634Nd 
(see Figure 25). Like the Wavecor FR084, the presence of 
a copper shorting ring limits the inductive swing from XMAX
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is shown in Figure 31.
Reviewing the data, this is a well-designed driver, but 

that’s expected from a company with Morel’s reputation 
for excellence. Visit morelhifi.com for more information on 
these and the other Morel Titanium Series drivers (including 
upcoming tweeters with Titanium voice coil formers). VC

Figure 30: Morel TiCW 634Nd SoundCheck CSD waterfall 
plot

Figure 31: Morel TiCW 634Nd SoundCheck Wigner-Ville 
plot

Test Bench is an open forum for OEM driver manufactur-
ers in the industry. All OEMs are invited to submit samples 
to Voice Coil for inclusion in the Test Bench column. 

Driver samples can include any sector of the loudspeak-
er market, including transducers for home audio, car audio, 
pro sound, multimedia, or musical instrument applications. 

Contact Voice Coil Editor Vance Dickason to discuss 
which drivers are being submitted. 

All samples must include any published data on the 
product, patent information, or any special information to 
explain the functioning of the transducer. Include details on 
the materials used to construct the transducer (e.g., cone 
material, voice coil former material, and voice coil wire 
type). For woofers and mid-range drivers, include the voice 
coil height, gap height, RMS power handling, and physi-
cally measured Mmd (complete cone assembly, including 
the cone, surround, spider, and voice coil with 50% of the 
spider, surround, and leadwires removed). Samples should 
be sent in pairs to:

Vance Dickason Consulting
333 South State Street, #152
Lake Oswego, OR 97034
(503-557-0427)
vdconsult@comcast.net

Submit Samples to Test Bench

www.wavecor.com

High-end speaker units
Complete OEM speaker system turnkey solu  ons

SW263WA 10” subwoofer

Exploded view of 
TW030WA05 tweeter

of Explodeed view 
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from a Blu-ray player, cable or satellite set-top box, or 
game console. A 3-D surround mode simulates surround 
sound. A 3.5-mm input connects to portable music play-
ers. The 10” wireless subwoofer encased in an MDF cabi-
net pairs automatically with the soundbar. 

Toshiba Launches Soundbar Lineup
Toshiba is re-entering the home-audio business with 

the launch of the first in a planned lineup of active sound-
bars (see Photo 3). The SBX4250 soundbar speaker 
system, with a suggested prices of $329, is available at 
ToshibaDirect.com and at select online and in-store retail-
ers. The 2.1-channel SBX4250 features a separate 6.5” 
wireless subwoofer, a built-in wireless stereo Bluetooth, 
two HDMI inputs, one HDMI output with an audio return 
channel, two optical inputs, a Dolby Digital 5.1 decoder, 
an SRS TruSurround HD with TruBass to deliver a virtual 
surround experience, and 300-W total peak output.

 The bar itself packs four midrange speakers and two 
tweeters in a chassis that is only 2.2” deep and 3.6” tall. 
It’s 37.6” wide to match 40”-and-larger flat-panel TVs 
and it includes a remote control. The chassis features a 
matte-black finish with a semi-transparent metal grille. 
The wall-mountable bar can also sit on a mantel or table. 

Tablets Drive Headphone Sales
Twenty-nine percent of headphones priced $100 or 

more were connected to a tablet this year, nearly triple 
the attachment rate from 2011, according to The NPD 
Group. By comparison, the study found just 16% of 
all headphones have been used with a tablet, accord-
ing to NPD’s most recent “Headphones: Ownership & 
Application” study. The increased adoption of tablets—
now in one in five homes—and the variety of content 
(e.g., music, video, and games) being accessed on 
those devices, has helped sales of premium head-
phones nearly double year over year for the 12 months 
ending June, according to NPD’s retail tracking service. 
Sound quality is the top driver of premium headphone 
purchases, with 73% of premium owners saying it 
impacted their purchase decision. Other factors, such 
as brand reputation (44%) and wearing comfort 
(31%), also ranked highly.

Though many consumers are gravitating toward 
more expensive, premium headphones for better 
quality sound, the emphasis on design and celeb-
rity endorsement have also contributed to headphones 
being viewed as fashion accessories. Thirty-eight per-
cent of premium headphone owners say their devices 

By Vance Dickason

Lyon Receives Promotion
Speaker maker Definitive Technology promoted techni-

cal director Matt Lyons to the position of engineering vice 
president (see Photo 1). Lyons has been with Definitive 
since 2007. In the newly created position, Lyons will 
oversee all of Definitive’s engineering personnel and out-
side contractors. He reports to Paul DiComo, marketing 
and product development senior vice president. Lyons 
began his consumer electronics (CE) career as an audio 

engineer at Polk Audio, spent 
several years with audio elec-
tronics manufacturer Adcom, 
and later formed Lyonsound, 
an A/V product development 
consulting company. He also 
teaches graduate-level courses 
in audio and recording arts as 
an adjunct professor at Johns 
Hopkins University’s Peabody 
School of Music.

Klipsch Unveils New Soundbar
Klipsch Group unveiled its first Klipsch-brand active 

soundbar (see Photo 2). The company claims the sound-
bar is the industry’s first active soundbar with horn-loaded 
tweeters. The suggested price for SB 3 active soundbar 
is $799. It became available in stores and Klipsch’s web-
site in September. The soundbar follows Klipsch Group’s 
introduction last year of the first two active soundbars, 
which carry the Energy-brand name. The 3”-deep SB 3 
features satin-black finish, a wireless 10” subwoofer, and 
horn-loaded tweeters, which are used in the company’s 
component speakers to widen the stereo sweet spot, 
deliver high efficiency, and reduce distortion. According 
to Klipsch, the horn-loaded tweeters also improve dialog 
clarity. The soundbar features digital-to-link optical input, 
analog stereo input, and a Dolby Digital decoder. Via the 
digital input, the soundbar takes a Dolby Digital stream 

Industry Watch

Photo 1: Matt Lyons

Photo 2: Klipsch new SB 3 soundbar

Photo 3: Toshiba’s new SBX4250 soundbar speaker system
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are part of their personal style and one in four say it is 
important that their headphones are fashionable.

Mozaex Offers New Line of Headphones
Mozaex, a manufacturer of multi-room Blu-ray entertain-

ment servers and peripherals, has launched a line of very 
expensive home-theater headphones (see Photo 4). The 
7.1 BluWavs include a BluWav “Blender” Audio Console 
and feature the company’s Personally Leveled Ultimate 
Surround Headphones (PLUSH) technology, designed 
to let users fine tune the volume and EQ of 10 discrete 
speakers. They deliver bit rates up to 27 Mbps and have 
a vibration subwoofer driver that has its own dedicated 
bass-booster amplifier and crossover, which delivers bass 
sounds the listener can literally feel.

BluWavs can support L PCM, DTS-HD Master Audio, 
and Dolby TrueHD via either multichannel pre-amp 

outputs or HDMI, depending on the model. The A10 
and AE10 work with an existing pre-amp-out receiver, 
while the D10 enables users to add their own dedicated 
BluWavs pre-amp-out receiver and supports four HDMI 
sources. The DR10 is a D10 plus a pre-amp receiver. 
They begin to ship on November 1, 2012. BluWavs-A10 
with Analog Blender costs $1,295, BluWavs-AE10 with 
Analog/EQ Blender costs $1,695, BluWavs-D10 with 
Digital 4-Way-HDMI Switch Blender costs $1,695, 
BluWavs-DR10 plus the Receiver Blender costs $2,595, 
and BluWavs-Headset-10 (additional BluWavs headset) 
costs $795.

Industry Anticipates Record Growth
The consumer electronics (CE) industry will see stron-

ger than anticipated growth in 2012, according to the 
semiannual industry forecast released by the Consumer 
Electronics Association (CEA). The overall CE industry 
will grow an estimated 5.9% in the U.S. this year, two 
points higher than previously projected in January. The 
U.S. Consumer Electronics Sales and Forecasts (July 
2012) projects industry sales will surpass $206 billion 
this year—the first time yearly industry revenues in the 
U.S. are expected to top the $200 billion mark. Sales 
growth is projected to continue into 2013, when industry 
revenues will likely grow 4.5%, reaching $215.8 billion. 
Sales of mobile-connected devices, led by tablets, have 
pushed overall industry revenues to record highs:Photo 4: Mozaex’s new 7.1 BluWavs
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Check out these two great books!

Available now at
www.cc-webshop.com

or call 860.875.2199 x205

RIBBON LOUDSPEAKERS  
This book presents the theory and history of ribbons  
and includes construction details for building your  

own ribbon loudspeakers. Often preferred for high- and  
mid-frequencies, they are inexpensive and can be easily  

constructed with minimal tools.  $24.95

Looking for even more loudspeaker design inspiration?

SPEAKER BUILDING 201  
With this book, anyone can become a speaker  

builder. Learn the concepts you need OR choose any  
of the 11 tested and proven speaker designs included  
in this book. It features a variety of speaker projects  

and contains all the information you need to  
design a first-rate system. $34.95



The “Must Have” reference for  
                loudspeaker engineering professionals.

       Home, Car, or Home Theater!
Back and better than ever, this 7th edition

provides everything you need to become a

better speaker designer. If you still have a  

3rd, 4th, 5th or even the 6th edition of the 

Loudspeaker Design Cookbook, you are  

missing out on a tremendous amount of  

new and important information!

Now including: Klippel analysis of drivers,

a chapter on loudspeaker voicing, advice  

on testing and crossover changes, and so

much more! Ships complete with bonus CD

containing over 100 additional figures and

a full set of loudspeaker design tools.

A $99 value!

Yours today for just $39.95.

Shop for this book, and many
other Audio Amateur products,
at www.cc-webshop.com.



Seems like all of a sudden,
compact arrays are big

business. So talk to
Celestion about our range

of high performance,
small-format drivers.  

It’s another
innovation in sound

from Celestion.

Find us on Facebook

www.celestion.com

We’re thinking small

AN2075 50mm/2"    AN2775 70mm/2.75"         AN3510 88mm/3.5"


