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Industry News and Developments
By Vance Dickason
CES 2011
The 2011 International Consumer Electronics Show
(Photo 1) will take place from January 6-9, in Las Vegas.
This year’s International CES will feature the product
debuts from more than 2000 exhibitors, covering more
than 30 product areas, including the latest in content,
wireless, digital imaging, mobile electronics, home theater
and audio, and a focus on electric vehicles and in-vehicle
technology. With a focus on green vehicle technology,
it’s interesting to note that the Consumer Electronics
Association (CEA) announced that the 2009 International
CES was named North America’s Greenest Show by Trade
Show Executive Magazine. CEA was awarded the highly coveted “Leader in Green Initiatives” Gold Grand Award for
outstanding green presence in producing the world’s largest
consumer technology trade show, the International CES.
Building upon its green initiatives, the 2011 CES will
again feature the Sustainable Planet TechZone, sponsored
by Earth 911, which will showcase world-changing technologies that benefit the environment, utilize new forms of

PHOTO 1: Last year’s International CES.

sustainable energy, renew resources, and contribute to the
global development. This exhibit area will feature products
and services that make it possible for everyone to stay connected, informed, and live sustainable lifestyles. The Electric
Vehicle TechZone will also highlight the latest technology
behind electric vehicles for consumers seeking to live more
sustainably through alternative transportation.
Also featured will be more than 175 conference sessions

designed to help educate attendees on the latest consumer
electronic trends. This year’s show is expected to be somewhat larger than last year’s (2700 exhibitors in 2009 and
2500 for 2010), with about 120,000 persons expected to
attend (2010 was 120,000, 2009’s about 110,000, and
141,150 in 2008). CES will now be centralized at the
Las Vegas Convention Center (LVCC) and the Las Vegas
Hilton, with the Sands Convention Center no longer being
part of the 2011 show. The Venetian will still provide display space for high-performance audio.
Keynote speakers at this year’s show will include Steve
Ballmer, CEO of Microsoft, Gary Shapiro, CEO of the
Consumer Electronics Association, Verizon CEO Ivan
Seidenberg, Rupert Stadler (AUDI AG Chairman of
the Board of Management), Boo-Keun Yoon (Samsung
President and General Manager of Visual Display Business),
Alan Mulally (Ford Motor Company President and CEO),
Julius Genachowski, FCC Chairman, and Zhou Houjian,
Hisense Chairman.
A partial list of loudspeaker manufacturers and other
relevant exhibitors includes Aamp of America, Acousticom,
Acoustic Innovation Limited, Acoustic Technologies,
Alpine Electronics, Altec Lansing, American Sound
Works, Anthony Gallo Acoustics, Arcam, Audio Physic,
Audiopipe, Audiovox, Avalon Acoustics, B&W, Cadence
Acoustics Ltd., Cambridge Audio, CDT Audio, Cerwin
Vega mobile, Clarion, DeVore Fidelity Ltd., Dynaudio,
Earthquake Sound, Eggleston Works, Ethereal Home
Theater, Focal-JMLab, Focus Audio, Forgings Industries,
Frank Audio Co., Genesis Advanced Technologies, Gibson
Guitar Corp., GoldenEar Technology, Goldwood Sound,
Hansen Audio, IASCA, JL Audio, Joseph Audio, KEF
America, Kenwood USA, Kicker, Kiso Acoustic, Klipsch
Group, Lawrence Audio, Legacy Audio, Logitech, LoudSoft,
Meiloon Industrial, Meridian American, Magico LLC,
MBL America, Memphis Car Audio, Meridian America,
Merlon Audio, Mitek, Mission, Monster, Mordaunt-Short,
Monitor Audio, Morel, Naim Audio, New Transducers Ltd.
(NXT), Nola Speakers, NTTAudiolab, Onkyo USA, Opera
Loudspeakers, Orca Electronics/Focal America, Paradigm
Electronics, Parasound, Peerless Fabrikkerne (India) Ltd.,
Plastoform Industries, Polk Audio, PowerBass USA, Power
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Acoustik, Prism Technology, Proac USA, PSB Speakers,
Pyle Audio, Quad, Raidho Acoustics, Revolver Audio,
Russound, Shanghai Silver Flute, Sonavox, Sony, Swans
Speaker System, Symposium Acoustics, Thiel Audio, THX
Ltd., Tivoli Audio, Totem Acoustics, Triad Speakers, Usher
Audio, Vandersteen Audio, Vienna Acoustics, Waterfall
Audio, WBT USA, Westlake Audio, Wharfedale, Wisdom
Audio, YG Acoustics, Zealth Audio Loudspeakers, and
Zylux Acoustic Corporation. Going through this list, you
can readily see that many of the “usual suspects” will again
be absent this year. For more on this year’s CES, visit www.
cesweb.com.

SoundCheck 9.1 and CLEAR
SoundCheck 9.1 is the latest version of Listen Inc.’s analyzer. The most interesting addition, however, is the new CLEAR
perceptual distortion algorithm for rub and buzz measurements. CLEAR stands for Cepstral Loudness Enhanced
Algorithm. This new algorithm uses a simplified auditory perceptual model to measure the perceived loudness of the Rub
& Buzz distortion in phons rather than the more traditional
dB SPL and % distortion units. This model better identifies
whether distortion due to manufacturing defects can be heard
by the listener than conventional measurements. In addition
to a result which corresponds more accurately to the human
ear, this new test method also offers significant advantages for
use on the production line. It is less sensitive to transient background noises than traditional methods, therefore is reliable in
noisy environments. In addition, it is easier to set up. Because
it analyzes all harmonics, the user does not need to select the
harmonics to be analyzed, and limit setting is simpler because
a flat line can be used regardless of frequency and level (rather
than measurement relative to a reference standard as is necessary with conventional distortion measurements). Full details
of the research leading to the development of this algorithm
are given in the paper “Practical Measurement of Loudspeaker
Distortion Using a Simplified Auditory Perceptual Model”
presented at the 127th AES in October 2009 (available on the
Listen website).
Figure 1 compares a more traditional Rub & Buzz
methodology to Listen Inc.’s new CLEAR algorithm.
Perceptual Rub & Buzz using the CLEAR algorithm shows
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FIGURE 1: Comparison of standard Rub & Buzz response with
Listen Inc.’s new CLEAR algorithm.

audible distortion more clearly. According to Listen Inc.,
traditional Rub & Buzz measurements do not take into
account the insensitivity of the human ear to low and high
frequencies, therefore making it more difficult to identify
problem areas and set limits on a production line. This
speaker clearly shows audible distortion below resonance
(<100Hz) and at cone breakup (750Hz). Both curves are
shown on a 60dB scale for easier comparison even though
the units are different (perceptual distortion in phons and
traditional distortion in %).
Other features in the new version of SoundCheck analyzer software include:
• Refined RTA—The RTA has been re-designed to offer
improved performance. The filters have been improved
and fully tested for compliance with ANSI S1.11-2004,
and the averaging time is more accurate. In addition, it is
also now compatible with NI cards.
• Device Selection—A device can now be selected in the
hardware editor using its device ID rather than its name.
This is useful for testing USB and Bluetooth devices
where Windows software automatically changes the
device name each time it is connected. Using the device
ID instead of the name simplifies automation of tests for
production line use.
• NIDAQmx drivers—Digital I/O cards with NIDAQmx
drivers are now supported.
• Windows 7 Compatibility—SoundCheck 9.1 has been
fully tested for compatibility with both the 32-bit and
64-bit versions of Windows 7. Please consult Listen for
Windows 7 Soundcard compatibility.
• Hardware Key Number Display—The hardware key
number is now displayed on the main panel. This facilitates vendor inspection of test software.
For more, visit www.listeninc.com.

ALMA Celebrates 50th Gala in Las Vegas!
ALMA is celebrating a number of accomplishments:
one is the 50th anniversary of the association’s founding;
the other the introduction of its new website! The two
relate because the new website allows us to invite you, the
loudspeaker-related public, to participate as a community
in suggesting who you think deserves industry recognition!
ALMA will be celebrating the accomplishments of the
industry’s best and brightest with the introduction of “The
Driver Award” (Photo 2) at the ALMA 50th Anniversary
Gala celebration during the Winter Symposium in Las Vegas,
6
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January 3 to 5, 2011. The
Driver Award features three
levels—Gold, Silver, and
Bronze. The Gold Driver
Award will be reserved for
Board Emeritus, ALMA
members or others who have
made significant, continued,
and sustained contributions
to the industry over the
lifetime of their career; the
Silver award will be given
to a member or institution
who deserves recognition
for a singular and more
current accomplishment,
either within our association or the industry; and the
Bronze Driver Award will be
PHOTO 2: The ALMA Anniversary Driver Award.
given for accomplishments
worthy of recognition to the newest or youngest members of
ALMA or the industry at large. The awards will be given as
recognition of accomplishments, improvements, and contributions that have “driven” the industry.
The committee thought it best to involve everyone in
the world in making suggestions for the recognition as a
means of ensuring no one is left out of consideration. ALMA
President Stu Lumsden said, “We are loath to leave anyone
out! We realize there are many who’ve made amazing contributions over long careers. But in the spirit of ALMA’s 50th
anniversary celebration, we recognize an opportunity to do
something new. This year’s great symposium program features participation by some of the industry’s most iconic figures in the history of the loudspeaker industry. It’s important
and timely that we shine the light on those who deserve it!”
The award committee will make the final selections to be
given the evening of ALMA’s 50th Anniversary Gala to be
held January 4, at The Orleans Hotel in Las Vegas. We look
forward to feting the recipients and reporting in January
who they are! To register to attend or exhibit at the Winter
Symposium, to see the full program schedule and for hotel
information visit www.almainternational.org. To make your
suggestions for these awards, be sure to visit “Forums”
under “Services” on the main menu bar.

LMS 5 Update
Voice Coil featured an announcement in the June 2010
issue that LinearX was starting on a project to update the
successful LMS analyzer to be an outboard hardware analyzer
with a USB interface. While the new LMS-5 would have
many improvements over the current LMS analyzer, LMS-5
was basically going to be the same circuit design and was to
utilize the same plug-in Vices. This meant that Linear was
planning on offering an upgrade program that made use of
current LMS board’s Vices. While this would have given the
industry the same great analyzer interfaced via USB rather
than an ISA slot, the company has changed directions and
the analyzer that will succeed LMS is now called the LX-500.

Introduces

“The Magic Flute”
from SW Speakers

These beautifully designed, handmade carbon ﬁber speakers are
engineered to imitate the “inﬁnite
sphere” – no corners, no edges, no
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provides the best supplier service!”
— Sinan, SW Speakers

www.swspeakers.com
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Silver Cap
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harsh additions to the sound.
Absolutely neutral tonal balance. A
truly outstanding audio part.

Silver Gold Cap

More resolution, more sound
stage. Lots of dynamics. Fast
reaction, life feeling and natural
sound.

www.jantzen-audio.com

The LX-500 is not your father’s LMS and has an entirely
new and different circuit layout (see Fig. 2 for a block
diagram of the LX-500) and will not use the Vices (Voltage
Controlled Amplifier) methodology that the original LMS
uses. While the LX-500 will perform all the measurements
of the LMS analyzer, using the same analog stepped sine
wave SPL and impedance measurements, that’s only the
beginning. The really big news is that the LX-500 will incorporate an 8-pole filter array that is programmable for lowpass, highpass, and bandpass configurations. This effectively
gives the LX-500 extremely good distortion measuring capability to a background noise level of 0.003%. Let me repeat
that, 0.003%. This means that, along with the capability of
the previous LMS (Loudspeaker Measurement System), you
will now receive a high performance distortion analyzer with
an on-board noise generator! Here’s what LinearX had to say
about the distortion capability of the LX-500:
“There is a fundamental difference between obtaining
accurate measurements in either low noise or high noise
systems. Instrumentation designed for measurements where
noise is assumed to be small often performs poorly in
high noise situations. Electroacoustic measurements often
involve high background noise and/or distortion which can
create specific problems for many types of instrumentation.
“For example, common measurements on most electrical audio equipment easily achieve 100dB signal-to-noise
ratios (SNR). However, acoustic measurements are often
performed where the signal level is perhaps 90dBspl and the
background noise level is 60dBspl. This is an SNR of only
30dB, and presents vastly different problems for instrumentation than measuring a system with 100dB SNR.
“The architecture of the LX500™ was specifically created for accurate signal measurement in high noise systems

FIGURE 2: Block diagram for the LinearX LX-500.
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where background noise is substantially large and SNR is
low. For example, the Phase detector in the LX500™ was
designed based on SNR values of merely 10dB, yet producing only 0.4 degrees phase error. The background noise
is effectively averaged out. Conversely, many other phase
meters produce wildly erratic and grossly inaccurate results
when signals contain even modest amounts of noise.
“The LX500™ features narrow band highly selective filtering in order to measure harmonic distortion. Large amounts
of background noise are therefore eliminated. The advanced
programmable filters in the LX500™ utilize 8 pole 1/6 octave
Bandpass filters to isolate each harmonic, producing 90dB
of attenuation in one octave. Thus enabling individual harmonic distortion measurements down to 0.003% residual.”
Features for the LX-500 are as follows:
• Support and extension of all previous LMS capabilities
and hardware/software features
• Pure Analog, High Performance, Accurate, Frequency
Domain Measurements, 10Hz-100kHz
• Full Custom Discrete Ultra High Performance
Multiplying DAC architecture
• True RMS wideband level detector, both for accurate
noise and signal measurements
• True Phase detector with High Noise Immunity and
360° continuous phase
• Low Distortion Programmable Sine Wave Oscillator,
10Hz-100kHz, 0.001%
• Precision Noise Generator, extremely flat (0.05dB) Pink
filter, 10Hz-40kHz
• 8-Pole programmable filter array configurable for
Lowpass, Highpass, Bandpass
• Filter array can be inserted in output path for bandwidth

limited noise generation
• Extensive 4th-Order Highpass Bandwidth Limiting
Filters: 10Hz, 20Hz, 22.4Hz, 400Hz
• Extensive 4th-Order Lowpass Bandwidth Limiting
Filters: 20kHz, 22.4kHz, 30kHz, 80kHz
• Extensive Weighting Filters: ANSI-A, ANSI-B, ANSI-C,
ANSI-D, ITU-R-ARM, ITU-R-468
• Triple Multi Function Inputs: Balanced, LVP Interface,
+48V Phantom Power
• Wide Dynamic Range of 140dB, input noise floor
-120dBm, max signal input +20dBm
• Windows Application software with USB driver
• Multiplexed measurements for single pass multiple curves
• OpenGL 3D graphics visualization of polar x/y/z spatial
3D data
• Additional software and macro QC features, including
multiple LT360 Turntable support
• Digital Interface Control, 16 lines I/O on DB25M for
control of relays, servos, and so on.
• Onboard Flash Memory storage of all calibration data
with traceable calibration
• Power Supply: 12V DC/1A, Universal 100-260V AC
adapter IEC-320-C8, Car +12V, Battery +12V
• Chassis: Height 1.75″, Width 4.5″, Length 9.0″, 1.5 lbs.
There is no release date set for LX-500 at the moment, but I
will keep you posted as the time gets closer. For now, check
out the LinearX website www.linearX.com.
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New Loctite Magnet Bonding Guide
Available both online and in print, the new Loctite Magnet
Bonding Guide from Henkel Corporation provides in-depth
information on adhesives and equipment specifically designed
for bonding ferrite, neodymium/iron, and alnico magnets
used in electric motors, speakers, small engines, computer
storage devices, power hand tools, and other applications. This
six-page, full-color brochure provides a detailed selector guide
on nine Loctite structural and epoxy adhesives for magnet
bonding, including top choice products Loctite 331 Structural
Adhesive, Loctite 3060 Structural Adhesive, and Loctite
E-220IC Hysol Epoxy Adhesive. These acid-free, noncorrosive adhesives provide faster fixture times, higher temperature
resistance, greater impact strength, improved moisture resistance, easier processing, extended shelf life, and higher shear
strength than other magnet bonding technologies.
The product selector guide in the literature provides
performance details for each of the magnet bonding adhesives, and also details package sizes available from 30ml
cartridges to 19 liter pails. The brochure also includes a
Magnet Bonding Equipment Selector Guide that highlights
manual, semi-automated, and automated dispensing and
curing equipment designed for use with these Loctite adhesives. For more information and to download a copy of the
Loctite Magnet Bonding Guide, go to www.henkelna.com/
magnetbonding. Or request a copy of brochure number
LT-4914 by calling 1-888-427-3676 or e-mailing literature@loctite.com. VC

Test Bench

By Vance Dickason

Home and Pro Drivers from
Wavecor and 18 Sound



his month’s driver submissions came from high-end
OEM/DIY China-based manufacturer Wavecor and
Italian Pro Sound OEM 18 Sound. From Wavecor I
received a new 6″ midwoofer, the WF152BD03/04, and
from 18 Sound, a high performance neodymium compression driver, the NSD1095N, mated with 18 Sound’s constant coverage elliptical shaped horn, the XT1086.

PHOTO 1: Wavecor WF152B front.

Wavecor WF152BD03/04
This month’s offering from Wavecor is a 6″ paper cone
midbass woofer, the WF152BD03/04 (Photos 1 and 2).
Like the previously reviewed Wavecor WF120 (September
2010 Voice Coil), the highlight of this design is the Wavecor
Balanced Drive system, a proprietary distortion reducing
motor technology. Basically, Wavecor’s Balanced Drive
Technology takes the form of a tapered extended pole
as seen in the FEA diagram in Fig. 1. This FEA of the
Balance Drive line motor design shows the dual tapered
outlets on the pole vent, used to decrease turbulence in

PHOTO 2: Wavecor WF152B back.
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the vent. Figure 2 compares a typically standard motor
with the tapered extended pole denoting the Balance Drive
technology. According to Wavecor, this results in a more
symmetrical Bl curve.
In terms of features, like the WF120BD04, the WF152
is built on a six-spoke cast aluminum frame that sports a
completely open area below the spider mounting shelf for
enhanced cooling. The WF152 cone assembly includes a
very stiff curvilinear black coated semi air dried cone with
a 1.5″ diameter convex black coated paper dust cap. These
are suspended by an NBR butyl rubber surround that has a
nice shallow angle where it attaches to the cone edge and a
4″ diameter black convex flat spider.
Driving the assembly is a 32mm (1.25″) diameter voice
coil using round copper wire wound on a black nonconducting fiberglass voice coil former that incorporates a
series of eight 4mm diameter former vents just below the
neck joint. The motor uses a single 17mm × 107mm ferrite
magnet sandwiched between a shaped T-yoke and 5mm
high front plate, both with a black emissive coating for
enhanced cooling performance. For additional cooling, the
T-yoke incorporates a dual flare 8mm diameter pole vent.
The motor also incorporates an aluminum Faraday shield/
shorting ring as well as a copper cap on the top of the pole
piece for distortion reduction. Voice coil tinsel lead wires
are terminated to a set of gold-plated terminals.
I began testing the WF152BD03/04 midbass woofer
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,

FIGURE 1: Wavecor FEA of the Wavecor Balanced Drive motor system.

FIGURE 2: Diagram comparing conventional woofer motor to the Wavecor
Balanced Drive motor structure.
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6V, and 10V. As has become the protocol for Test Bench
testing, I no longer use a single added mass measurement
and instead used actual measured mass, but the manufacturer’s measured Mmd data. The 10V curves were just nonlinear enough to prevent a good curve fit, so I eliminated
them. Next, I post-processed the eight 550-point stepped
sine wave sweeps for each WF152 sample and divided the
voltage curves by the current curves (admittance) to derive
impedance curves, phase added by the LMS calculation
method, and, along with the accompanying voltage curves,
imported to the LEAP 5 Enclosure Shop software. Because
most Thiele/Small data provided by OEM manufacturers
is 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. 3 for the 1V free-air impedance curve) and the
1V impedance curve for the TSL model in the transducer
derivation menu in LEAP 5, and produced the parameters
for the computer box simulations. Table 1 compares the
LEAP 5 LTD and TSL data and factory parameters for both
WF152BD03/04 samples.
LEAP parameter Qts calculation results for the WF152
were close to the factory data, except for the sensitivity;
however, mine is a calculated midband sensitivity that is
part of the T/S calculation routine and Wavecor uses average SPL in the 300Hz-1kHz range. As is normal for these
reviews, I followed my usual protocol and set up computer
enclosure simulations using the LEAP LTD parameters for
Sample 1. I programmed two computer box simulations
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500

1K

into LEAP, one sealed and one vented. This resulted in a
0.085ft3 Butterworth sealed enclosure with 50% fiberglass
fill material, and a 0.146ft3 vented QB3 alignment enclosure simulation with 15% fiberglass fill material and tuned
to 60Hz.
Figure 4 displays the results for the WF152BD03 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). This produced a F3 frequency of 109Hz with
a box/driver Qtc of 0.69 for the 0.085ft3 sealed enclosure
and –3dB = 86Hz for the 0.146ft3 vented simulation.
Increasing the voltage input to the simulations until the
maximum linear cone excursion was reached resulted in
108dB at 20V for the sealed enclosure simulation and
110dB with a 20.5V input level for the larger ported enclosure (see Figs. 5 and 6 for the 2.83V group delay curves
and the 20/20.5V excursion curves). Note that excursion
begins increasing below 45Hz, so a high-pass filter below
this frequency would greatly increase the power handling,
which is true of most vented designs.
Klippel analysis for the Wavecor 6″ woofer (our analyzer is provided courtesy of Klippel GmbH), performed
by Pat Turnmire, Red Rock Acoustics, produced the Bl(X),
Kms(X), and Bl and Kms symmetry range plots given in
Figs. 7-10. The Bl(X) curve for the WF152 (Fig. 7) is
relatively broad, especially for a 6″ diameter driver, and
obviously also with “tilt” that includes a forward (coil-out)
offset. The Bl symmetry plot curve (Fig. 8) shows a 2mm

coil forward offset at the rest position that decreases to
1.4mm at the physical 4.5mm Xmax of the driver. This
might be an assembly error, as being set forward 2mm is a
large amount compared to the Xmax of 4.5mm to be on
purpose, but I have a lot of respect for the guys at Wavecor,
and this is easy to correct.
Figures 9 and 10 show the Kms(X) and Kms symmetry
range curves for the Wavecor midbass woofer. The Kms(X)
curve is definitely very symmetrical, and has a very minor
rearward (coil-in) offset of less than 0.4mm at the rest
position that decreases to 0mm at the 4.5mm Xmax location on the graph, which is trivial. Displacement limiting
numbers calculated by the Klippel analyzer for the WF152
showed XBl at 82%, Bl is 3.7mm, and for XC at 75% Cms
minimum was 4.2mm, which means that the Bl is the most
limiting factor for prescribed distortion level of 10%.
Figure 11 gives the inductance curve Le(X) for the
WF152BD03/04. Inductance will typically increase in the
rear direction from the zero rest position as the voice coil
covers more pole area; however, the WF152 inductance
stays mostly constant as the coil moves in due to the dual
shorting ring configuration. The inductance variation is
only 0.04mH from the in and out Xmax positions, which
is very good.
Next, I mounted the WF152 woofer in an enclosure
which had a 16″ × 7″ baffle and was filled with damping
material (foam) and then measured the DUT on- and offaxis from 300Hz to 40kHz frequency response at 2.83V/1m
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FIGURE 6: Cone excursion curves for the 20V/20.5V curves in Fig. 4.

FIGURE 7: Klippel Analyzer Bl (X) curve for the Wavecor WF152BD03/04.
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ŽŵƉůĞƚĞKDƐƉĞĂŬĞƌƐǇƐƚĞŵƚƵƌŶŬĞǇƐŽůƵ ŽŶƐ

^tϮϲϯtϭϬ͟ƐƵďǁŽŽĨĞƌ

using the LinearX LMS analyzer set to a 100-point gated
sine wave sweep. Figure 12 gives the on-axis response indicating a smoothly rising response to about 8kHz, rising 6dB
at 1kHz and some break-up peaking at the highpass rolloff.
Figure 13 displays the on- and off-axis frequency response
at 0, 15, 30, and 45°. -3dB at 30° off-axis with respect to
the on-axis curve occurs at 2.9kHz, so a crossover in the
3kHz region would be appropriate (Wavecor recommends
a 3.5kHz upper limit for this driver). And finally, Fig. 14
gives the two-sample SPL comparisons for the 6″ Wavecor
driver, showing a close match to within 0.5dB throughout
the operating range (excluding a small 1dB differential
centered on 3.5kHz).
For the remaining battery of tests, I employed the Listen
Inc. SoundCheck analyzer and ¼″ SCM microphone and

FIGURE 8: Klippel Analyzer Bl symmetry range curve.

FIGURE 9: Klippel Analyzer Mechanical stiffness of suspension Kms (X)
curve for the Wavecor WF152BD03/04.

ǆƉůŽĚĞĚǀŝĞǁŽĨ
ǆƉůŽĚĞ
ĞĚǀŝĞǁŽĨ
dtϬϯϬtϬϱƚǁĞĞƚĞƌ
dt
tϬϯϬt
ϬϱƚǁĞĞĞƚĞƌ

ǁǁǁ͘ǁĂǀĞĐŽƌ͘ĐŽŵ
FIGURE 10: Klippel Analyzer Kms symmetry range curve.
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FIGURE 11: Klippel Analyzer Le(X) curve for the Wavecor WF152BD03/04.

105

SPL vs Freq

dBSPL

100

95

90

85

80

75

70

65

60

55

50

45
300 Hz

500

1K

2K

5K

10K

20K

FIGURE 12: Wavecor WF152BD03/04 on-axis frequency response.
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FIGURE 13: Wavecor WF152BD03/04 on- and off-axis frequency response.
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FIGURE 14: Wavecor WF152BD03/04 two-sample SPL comparison.
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FIGURE 16: Wavecor WF152BD03/04 SoundCheck CSD waterfall plot.

FIGURE 15: Wavecor WF152BD03/04 SoundCheck distortion plots.
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FIGURE 17: Wavecor WF152BD03/04 SoundCheck Wigner-Ville plot.

power supply (courtesy of Listen Inc.) to measure distortion
and generate time frequency plots. For the distortion measurement, I mounted the Wavecor woofer rigidly in free-air,
and set the SPL to 94dB at 1m (3.8V) using a noise stimulus,
and then measured the distortion with the Listen Inc. microphone placed 10cm from the dust cap. This produced the distortion curves shown in Fig. 15. I then used SoundCheck to
get a 2.83V/1m impulse response for this driver and imported
the data into Listen Inc.’s SoundMap Time/Frequency software. The resulting CSD waterfall plot is given in Fig. 16 and
the Wigner-Ville (for its better low-frequency performance)
plot in Fig. 17. For more on this well-crafted driver, visit the
Wavecor website www.wavecor.com.

18 Sound NSD1095N
18 Sound’s NSD1095N (Photo 3) is a neodymium
compression driver that has several unique features including a True Piston Motion (TPM) titanium diaphragm that
has been subjected to a nitrogen treatment process. This a
proprietary technology developed by 18 Sound. The coating is realized in a PVD (Physical Vapor Deposition) vacuum chamber. With its very high value of elasticity modulus
(six times higher than titanium and two times higher than
beryllium), the nitride thin film is capable of doubling the
diaphragm overall stiffness with obvious benefits in terms of
impulse response and intermodulation distortion reduction.
The frequency response is then extended by 25%, showing
a predictable, ideal pistonic behavior, avoiding top-end

PHOTO 3: 18 Sound NSD1095 compression driver and horn.

spurious resonances.
Throat diameter is 1.0″ and the TiN diaphragm is coupled to a 45mm (1.75″) diameter voice coil, wound with
edge-wound copper-clad aluminum wire on a proprietary
treated Nomex former. Nomex shows a 30% higher value of
tensile elongation at a working operative temperature (200°
C) when compared to Kapton. Moreover, this proprietary
former material is also suitable for use in high moisture
content environments.
The NSD1095N is powered by a neodymium ring
magnet assembly that develops 20KGauss in the gap. A
copper ring on the pole piece reduces inductance above
10kHz and, according to 18 Sound, improves phase and
impedance linearization. There is a custom designed O-ring

Dayton Audio’s OmniMic is a must-have for system
integrators, acoustic engineers, and A/V installers. It
was developed in collaboration with Liberty Audio,
inventors of the Praxis Measurement System. The
OmniMic provides quick and accurate measurements
that will reduce installation time, saving you both labor
and money. Test signals may be initiated from the host
computer, or from any audio CD player. System includes
calibrated USB microphone, mic clip, software and
test signal discs, 6 ft. USB cable, and carrying case.
Compatible with Windows XP, Vista, and Windows 7.
Just open the box and start testing in minutes!

Distributed By:
Tel:800-338-0531
725 Pleasant Valley Dr.
Springboro, OH 45066

parts-express.com/vcm

In Asia:
In Europe:
baysidenet.jp

intertechnik.de

In Canada:

solen.ca
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FIGURE 18: 18 Sound NSD1095N free-air impedance plot.
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that produces a tight seal between the plate and the cover
assuring appropriately sealed air chamber loading. Heat dissipation and thermal exchange are enhanced by the direct
contact between the magnetic structure and the aluminum
heatsink cover. A special treatment has been applied to the
magnet and the top and back plates of the magnetic structure making the driver more resistant to the corrosive effects
of salts and oxidization.
Other features include a proprietary phase plug design
and solderable terminals. The horn supplied with the
NSD1095N driver is 18 Sound’s 1.0″ throat elliptical flare
XT1086 horn, which maintains nominal 80° horizontal ×
60° vertical pattern control and provides consistent on-axis
and off-axis frequency response from 1.4kHz to 16kHz in
the horizontal plane and from 1.5kHz to 16kHz in the
vertical plane. Horn directivity is constant from 1.4kHz.
Thanks to its compact vertical mouth dimension, the
XT1086 can easily be mounted vertically when lower frequency control is required.
The main innovation that the XT1086 introduces is the
ribbed external shape that provides high structural rigidity.
This die-cast aluminum horn provides low distortion and a
spherical wave-front. The die-cast aluminum construction
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FIGURE 19: 18 Sound NSD1095N on-axis response.
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FIGURE 20: 18 Sound NSD1095N horizontal on- and off-axis frequency
response (A = 0°; B = 15°; C = 30°; D = 45°; E = 60°).
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FIGURE 21: 18 Sound NSD1095N horizontal on- and off-axis frequency
response (A = 0°; B = 15°; C = 30°; D = 45°; E = 60°).
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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 submission. 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:

40K

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).

also provides optimum heat transfer, lowering the compression driver power compression and improving its general
power handling capability.
Testing commenced using the LinearX LMS analyzer to
produce the 300-point stepped sine wave impedance plot in
Fig. 18. Note that the solid curve shows the NSD1095N
mounted on the XT1096 horn and the dashed curve
represents the compression driver without the horn. The
minimum impedance of the NSD1095N/XT1096 combination was 6.5Ω and at 6.4kHz.
For the next test sequence, I mounted the NSD1095N/
XT1096 on top of an enclosure with a 15″ × 14″ baffle and
proceeded to measure both the horizontal and vertical onand off-axis at 2.83V/1m using a 100-point gated sine wave
sweep. Figure 19 displays the on-axis of the compression
driver/horn combination and shows the sensitivity to be
about 110dB, as specified in the 18 Sound published data.
-3dB at the bottom end of the response is about 1.1kHz,
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FIGURE 22: 18 Sound NSD1095N two-sample SPL comparison.

FIGURE 23: 18 Sound NSD1095N SoundCheck distortion plots.
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FIGURE 24: 18 Sound NSD1095N SoundCheck CSD waterfall plot.

FIGURE 25: 18 Sound NSD1095N SoundCheck Wigner-Ville plot.
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with the company recommending a 1.6kHz minimum
crossover frequency. Figure 20 gives the horizontal on- and
off-axis response out to 60° off-axis, and Fig. 21 displays
the vertical response. Figure 22 gives the two-sample SPL
comparison, showing both samples to be closely matched
to within 1dB.
For the remaining battery of tests, I again fired up
the SoundCheck analyzer, ¼″ SCM microphone (courtesy of Listen Inc.) to measure distortion and generate
time frequency plots. For the distortion measurement, I
mounted the NSD1095N/XT1096 combination on the
same baffle as used for the frequency response measurements, with the SPL set to 104dB at 1m (2.2V) using a
noise stimulus, and then measured the distortion with the
Listen Inc. microphone placed 10cm from the mouth of
the horn, which in this case was about even with the outside edge of the flair. This produced the distortion curves
shown in Fig. 23. I then used SoundCheck to get a
2.83V/1m impulse response for this driver and imported
the data into Listen Inc.’s SoundMap Time/Frequency
software. The resulting CSD waterfall plot is given in
Fig. 24 and the STFT (Short Time Fourier Transform)
plot in Fig. 25.
All things taken together, this second product I have
received from 18 Sound (the November issue featured
the 18 Sound 18NLW9600 woofer) shows solid engineering and excellent build quality. For more, visit www.
eighteensound.com. VC

Spotlight
Audio Testing With Noise
By Ron Tipton



sually we think of noise as a signal to be eliminated,
or at least reduced, in any audio system. However,
noise can be a very useful test signal because it is inherently
broadband, which is faster and perhaps more accurate than
spot or swept frequency testing. Using “spot” frequencies
spaced 1.0Hz or even 5.0Hz apart would be ridiculously
time consuming, but “pink” noise (equal energy in each frequency octave) can make this test in a short time. It has also
been my experience that a swept frequency measurement
does not have as high a dynamic range as a noise test (Fig.
1). Noise generators come in two basic flavors: random and
pseudo-random.

quency spectrum: white, pink1, or other shape that has a
known amplitude density—you hope it’s Gaussian (the
bell-shaped curve) with a near-zero mean value and another
item I will cover later. However, you can’t know what the
next amplitude value is going to be. If you sampled the
noise waveform for a lifetime you still wouldn’t be able to
predict the next value with any degree of certainty. That’s
because random noise is. . . random.
The other feature that makes the output signal of a random
noise generator useful is stationarity. Without all the math,
this simply means that the mean and mean-square amplitude
values don’t change, in the statistical sense, with time.

RANDOM NOISE
The sound of rain on a metal roof, the sound of a waterfall, static between radio stations, and the “snow” on a TV
screen not tuned to an active channel are all examples of
random noise. Generally, these would not be useful for
making measurements.
To be useful for measurements you need a known fre-

FIGURE 1: Comparison of a swept frequency response (upper trace) with a
pink noise response. This figure shows the lower dynamic range of the swept
frequency measurement. TrueRTA software with 1/24-octave analysis and
10,000 point averaging.
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FIGURE 2: Model 131 random noise generation circuit, white noise output.
The pink filter is the same as the model 109. The zener diodes (D2 and
D3) must be tested in this circuit and be discarded if they exhibit low-frequency “popcorn noise.” You will understand the name if you listen to it!

In 1965 I did a study on the stationarity of laboratory
random noise generators using long-time averaging (integration) of the mean and mean-square output voltages2.
I took data from three commonly available generators of
that time: Allison Laboratories model 655, Brüel and Kjaer
model 1402, and General Radio Company model 1390A. My conclusion stated: “Within experimental limitations imposed by the measuring system, the noise sources
evaluated were found to be sufficiently stationary for many
laboratory uses.” In practice, this means that if I make a
measurement today with a certain random noise genera-

tor and I make the same measurement tomorrow with the
same generator, the results will be the same within a known
percentage.
The Allison model was solid-state in an encapsulated
module, so I have no knowledge of the circuit. The B&K
used a pair of zener diodes for the noise generation in an
otherwise all-vacuum-tube design, and the General Radio
used a diode-connected triode in a magnetic field to generate the noise in an all-vacuum-tube circuit. I have no doubt
that modern generators are as good as—if not better than—
these vintage models.

FIGURE 3: Model 108 20-stage shift-register circuit diagram. These
days it’s easier to program a microprocessor for this function.
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Due to its popularity, much noise testing these days is
done with P-R noise because it repeats, like a sine or square
wave, yet it retains broadband. Because it repeats, it has a
“line spectrum” rather than a continuous spectrum (like
random noise). The “lines” are spaced in frequency equal
to the reciprocal of the repetition time so the line spacing can be made to approach a continuous spectrum by
lengthening the repetition time. But even for a repetition
time of 200ms, the lines are spaced only 5Hz apart, which
is adequate for many tests.
P-R noise is easily generated with shift registers, which
became practical with the development of integrated circuit
(IC) logic. I built P-R generators in the 1970s, first with
RTL logic, and then with 7400-series TTL logic. Photo 1
shows one of these, the TDL model 108, and Fig. 3 is its
shift-register circuit diagram.
The model 108 used four 5-bit shift-registers (IC1-IC4)
connected to generate a maximal-length P-R sequence of
1,048,575 bits (ones and zeroes) before repeating. With a

   






PSEUDO-RANDOM NOISE







ENGINEERED
TO PERFORM...
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I have designed and built a prototype of a very good
random noise generator, the TDL model 131. It is not in
production because I suspect little sales interest—pseudorandom generators are more popular. You will see in the
Applications section that random and pseudo-random
(P-R) pink noise produce similar results. I have included
the noise generation circuit diagram of the 131 as Fig. 2.
Summing the noise voltages from the two zener diodes (D2
and D3) is required for equal positive and negative noise
peaks. Random noise is also used for some types of encryption—coin toss simulators and the like—and it was used
extensively for electrical and electromechanical measurements in the days before P-R generators.
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PHOTO 1: Model 108 front panel. The 108-series enclosures were from
Buckeye Stamping Company; they were very reasonably priced. . . then.
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1MHz clock, the sequence will repeat approximately once
per second with a spectral line spacing of about 1Hz within
the 50kHz lowpass bandwidth. This illustrates another relationship that is part of the trade-off in designing P-R generators: the –3dB bandwidth is equal to the clock frequency
divided by the shift-register length. In this case: 1MHz/20
= 50kHz. This ratio has been found to give the best “fit”
between the generator’s amplitude probability density and
the desired Gaussian (bell-shaped) curve3, 4.
Output from the first and 16th flip-flops are exclusivelyORed (XOR), and this output is XORed with the XOR
output from the 17th and 20th flip-flops in IC7. This
output is inverted by IC8 to produce the feedback into the
first flip-flop. This is one maximal-length, linear feedback
arrangement for a 20-stage P-R register. Testing showed
that this feedback produced a noise output with a flatter
spectrum than any of the other possibilities for a 20-stage
register. There are tables of maximal-length, P-R registers showing the length and feedback. I like the tables in
Appendix C of this book5. But, as I found out with the
20-stage resistor, not all the table entries have a sufficiently
flat frequency spectrum, so testing is required.
The remaining part of the generator consists of a level
shifter circuit (for equal positive and negative peaks), an
analog four-pole Butterworth lowpass filter (white noise
output), and a “pink” lowpass filter for a spectrum with an
equal energy per octave.
These days, the P-R sequence is perhaps easily generated with a microprocessor (μP). The TDL model 109
generator uses a Scenix—now Ubicom (www.ubicom.
com)—SX28AC mP to simulate a 21-bit S-R clocked at
1MHz. (The SX28AC runs at 25MHz to clock the S-R
at 1MHz.) This gives a bandwidth of about 50kHz and
a spectral line spacing of 0.5Hz (a repetition time of two
seconds)6. Figure 4 shows the pink noise spectra from a
model 109 and a model 131. The P-R noise is perhaps a bit
smoother, but there is not much difference.
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FIGURE 4: Pink noise spectra from a model 109 (upper trace) and a model 131.

MEASUREMENT APPLICATIONS
1. An electronic filter’s amplitude response is easily measured because the broadband signal traces the response on
the screen of a spectrum analyzer. Spectrum analysis software is readily available. I have a preference for TrueRTA7,
which is a constant percentage bandwidth analyzer. If you

FIGURE 5: Setup diagram for a filter or amplifier response measurement using noise.

prefer a constant bandwidth, take a look at Audiotester8.
Multi-Instrument9 offers both bandwidth options.
Figure 5 shows the measurement setup. Figures 6 and
7 show the responses for active bandpass and lowpass filters
measured with pink random noise from a model 131, while
Figs. 8 and 9 show the responses measured with pink P-R
noise from a model 109. P-R noise may produce a slightly
smoother curve but the difference is small. To get a smooth
curve the analysis program needs to be set to average a large
number of points. (These four figures were produced with
TrueRTA, 1/24-octave analysis and 10,000 point averaging).
You can also use this method to measure the response of
amplifiers, but you need to observe one caution. The crest
factor (peak voltage divided by the RMS value) is about 3.5
for both random and P-R noise, so be careful to not overdrive the amplifier. This is a peak-to-peak voltage of at least
seven times the RMS. This caution would also apply if the
filter has higher than unity gain.

FIGURE 6: Response of a 1/3-octave active bandpass filter using pink random
noise from a model 131.

FIGURE 7: Response of a 100Hz active lowpass filter using pink random
noise from a model 131.
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FIGURE 8: Response of the same 1/3-octave active bandpass filter using pink
P-R noise from a model 109.
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FIGURE 9: Response of the same 100Hz active lowpass filter using pink P-R
noise from a model 109.
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2. In the early 1970s an East Coast company contacted
TDL looking for a gated P-R noise generator. That is, they
needed a generator that when commanded by an external trigger would turn on for a set time, then go off and wait for the
next trigger. This company had a contract to seal abandoned
coal mines and then demonstrate that the seal was airtight.
They intended to place several large loudspeakers in
the mine before sealing it with the cables to the speakers
embedded in the seal. Then they would send the “noise
bursts” from the gated generator to the speakers through a
large power amplifier. Using gated noise would allow their
measuring equipment to average out the background noise
from wind, bird song, traffic, and so on.

PHOTO 2: Model 108-M4 rear panel. The customer requested that
all controls and connectors be on the rear panel. This model was
supplied in an adaptor for rack mounting.

To meet their need, we designed and built several model
108-M4 generators (Photos 2 and 3). All the 108-series
generators were designed around a group of uniform-size

PHOTO 3: Model 108-M4 internal construction. The connectors
and guides for the plug-in circuit boards were part of the Buckeye
enclosure system.
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plug-in circuit boards (Photo 4), so it was fairly easy to
produce a new generator model by putting the needed
circuits on a new board or boards. The 0.5 and 0.75 second

PHOTO 4: A typical 108-series plug-in circuit board. The gold-plated
connector pins were crimped and soldered to the board conductors.
The boards measure 4.6″ wide × 4.7″ high.
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bursts were done with a preset counter board whose output
reset the P-R shift-register. Thus the same sequence repeated
every time the generator was triggered.
3. This example is not strictly an audio application, but
it illustrates a method of using noise to evaluate a whole
system, input to output. This could certainly apply to audio
systems and I included it for that reason.
In the early 1960s Lyle Taylor and I worked on developing a new method using shaped white noise to measure
the errors in a telemetry system10. We used low-pass
filtering as the “shape” to simulate actual in-flight vibration data. We knew the analysis had to be based on an
invariant of white noise. The mean (average) voltage is
invariant and so is its square, assuming a stationary generator output, so we chose to integrate the squared voltage
because it always has a positive value. (We used a random
noise generator, a General Radio model 1390-A. Would
P-R noise have been better? Maybe, but we didn’t have
that option at the time.)
The block diagram of the measurement system is shown
in Fig. 10. The system is calibrated by running the measurement on just the noise generator output. Then the
vibration measuring part of the telemetry system is driven
by the noise and the system output is measured. The result
is two graphs of integrated voltage versus frequency. (If we
were doing this today, we would have digitized the integrator output and the corresponding spectrum analyzer

frequency and stored the data in a PC table. In 1961 that
option was not readily available!)
Leaving out all of the math, which is included in our
paper on this project, we found the telemetry system introduced a 29.5% total error in the simulated vibration data.
Our paper, “Measurement of Telemetry System Errors,”
was presented at and published in the Proceeding of the
National Telemetry Conference11.
Photo 5 shows the measurement system (showing a lot
of vintage electronic equipment).
4. P-R noise is a good substitute for music when you
need a time-stable signal for making a measurement or
adjustment. For example, the TDL model 4011 companion to the model 4010 “Restoration Preamplifier” lets you

balance the left and right phono cartridge output voltage
using a front-panel meter. But the circuit itself needs to be
adjusted so that it has same response in both channels. In
particular, there is a bandpass filter in each channel which
is built using ±1% resistors and ±5% capacitors so there is a
small variation between the two passbands. Applying equal
pink noise voltages to left and right channel inputs makes
this adjustment easy. “Real” music is not sufficiently timestable to do the job.
5. Measuring a loudspeaker’s response is difficult unless
you have access to an anechoic chamber (minimal sound
reflection but very expensive) or do the testing outdoors
with its problems of environmental noise. Reflections
from the room is a problem, so a large room with acousti-

FIGURE 10: Block diagram of the telemetry error measurement system. Some of the key components are
identified in Photo 5.
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PHOTO 5: Telemetry error measurement system. The General Radio
model 1390-A Random Noise Generator is the upper-most unit on
the left side. The voltage integrator is behind the unmounted rack
panel in the center (on the cart), and the tall rack enclosure houses
the Technical Products Company spectrum analyzer.

cally deadened ceiling, walls, and floor is the next best
testing location, but most of us don’t have this option.
But useful testing in a smaller room is possible with some
preplanning.
Sound travels at about 1100′ per second with some
dependence on temperature and atmospheric pressure, but
1.1′ per millisecond is close enough. You can use a pink
noise burst from a “gated” P-R generator if you pay attention
to the room size and pulse duration. The setup is shown in
Fig. 11. You can use a room as small as 12 × 14′ if the floor
is carpeted, the ceiling has acoustical tile, and some sound

absorption is used on the walls12. Or, search the Internet for
acoustical room treatment or the like.
A noise burst of 10ms should work here, and you can
increase this if more sound absorption is added. A 10ms
burst doesn’t have much energy, so the room needs to be
as quiet as possible. Turn off fans and other background
noise before making the measurement. Another help is
to use the Multi-Instrument software9 and select Linearaveraging and Forever as the averaging time. This lets you
accumulate the energy from a series of noise bursts spaced
a second or more apart (to allow the room reflections to
die out).
In Fig. 11, the speaker to microphone distance is 2-3′
maximum. This “near-field” measurement will accurately
show the speaker’s response assuming a microphone and
preamplifier with flat frequency responses. A “far-field”
measurement always shows the response of the speaker
and the room, but this, too, can be useful. Positioning the
microphone at your listening position in your listening
room can give you insights on adding sound absorption
or speaker repositioning. You can use a longer noise burst,
200-300ms, because you are going to hear the room reflections in your music, so you may as well see them in the
noise spectrum. Your goal is to flatten the spectrum, or at
least reduce narrow peaks and valleys.
During the 1970s I built noise burst P-R generators
(models 108-M5 and 108-M9) for two well-known speaker
manufacturers, so I know this method has a history of commercial use. I also built 1/3-octave band spectrum analysis
filters for one of the companies, so this is a clue to setting
up the spectrum analyzer in Fig. 11.
6. Microphone calibration by comparison to a reference microphone can also be done with pink burst noise
using the setup shown in Fig. 12. Place the reference
and un-calibrated mikes side-by-side and in-line with the
speaker cone as shown in Photo 6. You can use a noise
burst duration of 300ms because both mikes will “hear”
the same reflections. This calibration is best done with the

FIGURE 11: Block diagram of the loudspeaker measurement setup. The sync pulse
out of the noise generator has the same duration as the pink noise burst.

FIGURE 12: Block diagram of the microphone comparison setup. Speaker
cone to microphone distance is not critical and 15-18″ works fine.
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TrueRTA software7 because you can save both the reference mike response and the un-calibrated mike response
to the Workbench and then take their difference to get the
calibration response.
The speaker’s frequency response does not affect the
measurement because both mikes receive the same signal.
It is important to keep the power input to the speaker
and the preamplifier gain constant for both measurements. If the mike sensitivities are different, you can
correct this by using the Shift command in the TrueRTA
Utilities Menu. Shift the lower curve up until you get the
best fit to the upper curve and then take the Difference
(also on the Utilities Menu). Third-octave band analysis
is a good starting point. Because of the mechanical design
of microphones, you should get a smooth difference
(calibration) curve.

PHOTO 6: Microphone placement for calibration-by-comparison. The two
mikes can be held side-by-side with masking tape with their front ends
aligned to an equal distance from the speaker cone.

FINAL REMARKS
Noise can be a useful measurement tool. It is probably
under-used because of a lack of understanding, so I hope
this article will give you some new measurement ideas. It
appears that it may be difficult to find a gated P-R noise
generator at this time, so I am designing the TDL model
110. It will produce white and pink noise, have a step and
fine output attenuator, and produce noise bursts in 10ms
steps from 10ms to 490ms with a sync output. Please watch
our website (www.tdl-tech.com) for more information. VC
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SPECIALIZING IN high-temperature edge-wound
and multiple layer ﬂat-wound coils for the pro
audio, home theater, and automotive aftermarket

Ron Tipton has degrees in electrical engineering from New
Mexico State University and is retired from an engineering
position at White Sands Missile Range. In 1957 he started
Testronic Development Laboratory (now TDL Technology,
Inc.) to develop audio electronics. During the 1960s and 70s,
TDL built active filters and pseudo-random noise generators
for well known companies such as Bose Corp. and Acoustic
Research. He is still the TDL president and principal designer.

REFERENCES
- Highest quality domestic or imported coils.
- Custom coils available in:
u Multi-layer wire conﬁgurations
u Multiple lead conﬁgurations
u Round and Flat Wire
u Custom lead-out attachments

u Free standing coils
u Multiple wire types
u Biﬁlar or Edgewound
u 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
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Visit us on the web at www.precisioneconowind.com
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1. White noise is defined as having equal energy per unit
bandwidth. Pink noise has equal energy per octave
bandwidth. Other un-named spectra can be produced
with a suitable filter.
2. R.B. Tipton, “A Study of the Stationarity of Laboratory
Random Noise Generators,” Proceedings of the IEEE
Transactions on Instrumentation and Measurement,
March-June 1966.
3. R.P. Gilson, “Some Results of Amplitude Distribution
Experiments on Shift Register Generated PseudoRandom Sequences,” IEEE Transactions on Electronic
Computers, December 1966.
4. R.C. White Jr., “Experiments with Digital Computer
Simulations of Pseudo-Random Noise Generators,”
IEEE Transactions on Electronic Computers, June 1967.
5. Error-Correcting Codes, W.W. Peterson and E.J. Weldon,
second edition, 1972, MIT Press.
6. Complete details on the model 109 generator can be
found online. Go to www.tdl-tech.com/data109.htm
and scroll down to the User Guide.
7. TrueRTA is available from www.trueaudio.com.
8. Audiotester is available from www.audiotester.de. You
can download a trial version from their website.
9. Multi-Instrument is available from www.virtins.com. A
trial version can be downloaded from their website.
10.Telemetry is “measurement at a distance.” In this article
it means using a radio link to send flight performance
data from an airborne or space vehicle back to a groundbased station.
11.The year of the Conference and Proceedings was probably 1963. An extensive online search has failed to find
this reference so apparently the whole text or even an
abstract was not put online. However, the file noisegen.
zip on the www.tdl-tech.com/magarts.htm page contains a pdf copy of this paper and Reference 1.
12.“DIY Room Tune-Up,” Sound and Vision magazine,
September 2010, pages 36-39.
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high performance anechoic chambers
for more than five decades . . .
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Eckel Anechoic Chambers
• for product testing • for research studies
...providing the necessary 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 doublewalled acoustic structures.
Eckel’s modular attenuating structures
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incorporate state-of-the-art features
such as: • choice of four types of
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P E R F O R AT E D M E TA L L I C
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 psychoacoustics, as well as for acoustic
testing in fields such as automotive,
aerospace,
computers,
audio,
appliances, industrial components,
and
consumer electronics. And
Eckel offers integrated design and
engineering services and turnkey
capability.
For full details, contact

Eckel Industries, Acoustic Div.
155 Fawcett Street
Cambridge, MA 02138
T: 617-491-3221 • F: 617- 547-2171
e-mail: eckel@eckelusa.com
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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 electrical-signal processing systems and HO4R for international
patents. This also includes new patent applications that are
published in the Patent Application Journal.
RECTANGULAR HORN FOR
VARIED ACOUSTIC DRIVERS
Patent Number: US 7,773,765
Granted: August 10, 2010
Inventors: Curtis E. Graber (Woodburn, Ind.)
Assignee: None listed
Filed: July 25, 2006
US Class: 381/342, 12 Claims, 6 drawings
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FIGURE 1: US
Patent 7,773,765.
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ABSTRACT FROM PATENT
A loudspeaker assembly is described suitable for flown
arrays and incorporating a horn load planar or ribbon transducer. Planar acoustic transducers have a relatively limited
power output capacity. Addition of a horn suitable for an
elongated source effectively amplifies the power output
capacity of the planar devices.
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“1. A loudspeaker system comprising: a rectangular horn
having a rectangular throat, a rectangular mouth and a first
pair of opposed sides exhibiting an hyperbolic or exponential flare; first and second line arrays of discrete acoustic
transducers disposed in the first pair of opposed sides of
the rectangular horn, the first and second line arrays being
located parallel to one another, displaced from the rectangular throat, equidistant from the rectangular mouth and
tangential to opposed sides locally to be partially directed
out of the rectangular mouth; and a planar electroacoustic
transducer having a direction of elongation disposed across
the rectangular throat parallel to the first and second arrays
in its direction of elongation.
“6. A modular sound reproduction system allowing essentially indeterminate extension, the modular sound reproduction system comprising: an elongated housing defining a
rectangular horn with a throat and a mouth, and first and
second pairs of opposed sides; a planar acoustical loudspeaker located across the throat of the rectangular horn aligned
on the direction of elongation of the elongated housing; the
first pair of opposed sides extending outwardly from long
edges of the throat with an exponential or hyperbolic flare;
and first and second line arrays of discrete acoustic transducers disposed in the first pair of opposed sides of the elongated
housing parallel to one another, displaced from the throat,
equidistant from the mouth and tangential to the opposed
sides locally to be partially directed out of the mouth.”

REVIEWER COMMENTS
Disclosed is one of the latest patents from the recently
prolific Curt Graber. According to the invention, there is a
loudspeaker system comprising a rectangular horn having
a rectangular throat, a rectangular mouth and a first pair
of opposed sides exhibiting a tractrix exponential flare. A
planar magnetic transducer is disposed lengthwise, in a
line-source format, in the throat of the rectangular horn.
The first pair of opposed sides end in rounded edges
where they form two sides of the mouth and continue in
a low-diffraction form. The planar magnetic transducer
may be slightly curved to form a large radius curve lengthwise. Where this is done, the rectangular horn would also
conform to the same radius curve of the planar magnetic
transducer.
First and second line arrays of discrete low frequency
transducers may be placed opposite one another in the
first pair of opposed sides of the rectangular horn. The line
source system may be stacked in multiples to produce an
even longer line source and may be “flown” in airborne

arrays for use in large venues. Planar magnetic transducers are most often—particularly in high level professional systems—crossed over to a lower frequency system
at frequencies below approximately 1500Hz and therefore
with the short wavelengths associated with that high of a
crossover frequency, the low frequency drivers need to be
fairly intimate with the planar magnetic device. This type
of structure would be very effective at maintaining a closely
coupled relationship at crossover, while providing efficiency
and directivity enhancement from the horn coupling for the
planar magnetic device.
In some embodiments the top and bottom of the rectangular horn structure would be capped, while in others
it may have an open top and bottom, with waveguide
control only in the horizontal plane. You might argue
that prior art devices such as US Pat. No. 5,526,456
“Multiple-driver single horn loudspeaker” patented by
Ralph Heinz (not sited), or US Pat. No. 6,411,718,
“Sound Reproduction Employing Unity Summation
Aperture Loudspeakers” patented by Thomas Danley
(sited and argued) would be considered obvious and baring art against a structure of this type. The novelty appears
to be that of using a planar magnetic, continuous film
line source device at the throat as opposed to an array
of line-source-waveguide compression drivers. However,
independent of whether the system is considered novel, it
would most likely be a very useful device, capable of stateof-the-art performance. VC

Industry Watch

By Vance Dickason
Mark Graham, formerly president of
Crown International, has joined Loud
Technologies (www.loudtechinc.com)
as CEO. Graham (Photo 1) succeeds
Rodney Olson, who, over his two-year
tenure as CEO, successfully steered Loud
(parent company of Mackie, EAW, and
Martin Audio, among others) through
supply chain disruptions and the worldwide economic downturn. Graham, a PHOTO 1: LOUD Technologies
CEO Mark Graham.
20-year industry veteran, remarked, “As
both a former competitor, as well as audio industry veteran,
I’ve closely followed LOUD’s moves over the years and have
great admiration for the company’s brands and their lauded
market positions. I look forward to joining the LOUD
management team and working with them to build on the
solid momentum they have begun. It is truly exciting to be
joining the LOUD team which has such great potential to
deliver compelling and innovative new products and solutions to our customers.”
The Audio Engineering Society (AES, www.aes.org)
recently announced the results of this year’s AES elections.
Here are the new 2010-2011 officers who took charge of
the organization as of November 14, 2010:

30 years and millions of speakers later,
customers still depend on Ferrotec
Ferrofluid

From our first ferrofluid-based manufacturing solutions in the 1970s, Ferrotec’s ferrofluid
products have been recognized for their unparalleled quality and performance. When
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Ferrotec’s success rate is unmatched—Ferrotec® audio fluids stay in the air gap of
speakers better, offering a host of benefits.
• Higher speaker production yields
• Extended speaker life

• Superior sound quality
• Reduced power compression

With standard and custom options that optimize viscosity and magnetic properties for
most speaker sizes and configurations, Ferrotec can work with you to specify the right
solution for your unique requirements.
Using Ferrofluid to fill air gaps
in speakers, centers the assembly

To learn more about Ferrosound solutions, visit our website at www.ferrotec.com or
call us at 800-258-1788.

and reduces the need for tight
tolerances. Ferrofluid also acts

®

as a vibration damper and an
excellent heat dissipation medium.
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- President Elect: Jan Abildgaard
Pedersen (Photo 2)
- Secretary: Robert E. Lee Jr.
- Treasurer-Elect: Garry Margolis
- Vice President Eastern US and
Canada: Robert W. Breen
- Vice President Western US and
Canada: Sean E. Olive
- Vice President Northern Europe: Ville
Pulkki
- Vice President Southern Europe: No
PHOTO 2: AES Presidentnominations were received for this Elect Jan Pedersen.
position
- Governors: Veronique Larcher, Peter G. Cook, and Bruce
Craig Olson
Speaker supplier NHT (www.nhthifi.com), which last
year adopted a web-only business model that combines
B to C and B to B marketing, is rebuilding sales, running
30% ahead of last year, and expects 20% gains in 2011,
according to co-owner Chris Byrne. In part, the company
is simply regaining ground lost after the company went
“quiet” for several months last year to remake its business
model, which launched in June 2009. But the increase also
partly reflects a rebuilt dealer base of about 250 dealers,
mostly installers but also independent and online retailers.
About 50 of them signed up at the recent CEDIA Expo.
Additional gains are coming from the addition last year
of complementary brands to the company’s website. Those
products, including AudioQuest cables and Sanus stands,
are sold only to consumers, not to dealers, and the brands’
suppliers fulfill consumers’ orders. Earlier this year, NHT
added select Sherwood Newcastle receivers to the site, and
the company is considering the addition of two more electronics lines, Byrne said. Other brands sold on the site are
Omnimount and HRT USB-powered DACs. New NHT
products will also contribute to growth. In late October,
NHT announced the availability of four new speakers that,
along with a new tower introduced earlier this year, mark the
company’s first product introductions in about three years.
These and other NHT speakers are sold under a web-only
B to B and B to C sales strategy. Although NHT sells
direct to consumers via its website, the company also sells
indirectly to consumers through installers and through
online and brick-and-mortar retailers who are not required
to stock NHT inventory. When an account sells an NHT
product to a consumer, NHT will ship the product directly
to the consumer who purchased it. Installers, who represent
a majority of NHT’s accounts, can also opt to take delivery
at their place of business before they begin an install. Only
a handful of online and brick-and-mortar retailers carry
NHT inventory. The company’s percentage of sales to dealers is running at about 70%. This business model, according to NHT, appeals to dealers because dealers don’t need
to invest in inventory. The model also appeals to installers
who are used to purchasing product only when it’s ready
to be installed. Installs are also accustomed to purchasing
products via credit card.
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Krell co-founder Dan D’Agostino launched a new company and the company’s first new product. The company,
called Dan D’Agostino Inc. (www.dagostinoinc.com),
launched the Momentum monoblock amplifier, said to
combine extremely high power output in a compact 4
× 12.5 × 18″ chassis with low power consumption. The
Momentum will ship this fall at a suggested $42,000 per
pair and will soon be followed by the Momentum preamp.
That product is said to combine the functions of a traditional analog preamplifier and a digital media server.
D’Agostino resigned from Krell’s board in March, a
D’Agostino spokesperson said. Late last year, he and Krell
co-founder Rondo D’Agostino filed a lawsuit against
private-equity fund KP Capital Partners and current
KP-allied Krell executives to regain their management roles
at the high-end audio company they founded in 1980. The
suit is ongoing and Rondi D’Agostino remains on the Krell
board.
In this difficult economy, which is an understatement,
loudspeaker manufacturers are reaching for new sales
programs to stimulate business. Meridian (www.meridianaudio.com) plans to offer the minimum value trade-up price
to existing Meridian loudspeaker customers against the
purchase of its latest digital active models. The promotion
will last until Dec. 31. All consumer owners of Meridian
floor-standing, stand-mounting, center-channel, and bookshelf loudspeakers will be offered an opportunity to trade
up to the current range of Digital Active Loudspeakers,
the company said. The promotion applies to the follow-

ing models: DSP6000, DSP7000, DSP5500, DSP5000,
DSP3100, DSP33, D6000, D600, D10, D2500, D1500,
M3100, M33, M60, M100, M30, M20, M10, M3, M2,
M1, M2500, M1500, A500, A3, A2, and A1.
Along the same type of promotion lines, Rockford
Fosgate (www.rockfordfosgate.com) announced the launch
of its What’s Your Volume 2.0 video contest and sales promotion. Consumers are invited to create a video explaining why they are the “Ultimate Car Audio Fanatic.” The
grand-prize winner will receive a Suzuki GSX-R600 sport
bike, $5000 in Rockford Fosgate audio gear, a ContourHD
video prize pack, and a spot in Rockford Fosgate Volume
Magazine. First-place winners will receive a $2500 prize
package, while second place receives a $1000 prize package,
and third gets a $500 prize package. Those who receive the
votes for fourth through 25th will receive a pair of Punch
Plug in-ear monitors. The contest began Oct. 1 and runs
through Nov. 1. Voting for participants starts Nov.2 and
ends Dec. 31.
The 12-Volt Initiative (www.12voltinitiative.com),
formed in 2008 to raise awareness of the car electronics
aftermarket, said it will reinvent itself and develop a “new
business model for a category marketing campaign” following the launch last year of a viral Internet video campaign
that drew mixed reviews from industry members. “We
learned from 2009’s viral Internet campaign that committed industry companies and stakeholders can work
together for the common good of the industry,” said Steve
Witt, executive VP of Dice Electronics and a member of
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the Initiative’s working group. The group was pleased with
overall performance, especially as proof of concept, but the
campaign also generated a great deal of feedback from the
12-volt industry.
The working group also said it is actively seeking support from a broader group of businesses that have a stake
in the aftermarket industry. The group’s members consist
of representatives from Alpine, Clarion, Dice, Pioneer,
and Sony. “With the difficult economic conditions we are
facing,” said Larry Rougas, marketing and product planning
VP of Pioneer, “we need to band together as an industry
and make it easier for 12-volt manufacturers, retailers, and
other interested parties to participate with the Initiative in
the development and implementation of the next phase.”
The Initiative also announced a change in management
structure, with Steve Witt no longer serving as acting chair
or Pioneer’s Larry Rougas serving as vice chair. The two
have rejoined the interim working group as equal members.
The group has been working to determine the most
viable business model for a category marketing campaign,
and its next step is to issue a request for proposals to a variety of marketing/PR companies to develop a strategy for the
next campaign, the group said. Elements of the strategy will
be implemented by participating members in their own PR
campaigns to make certain a similar message is communicated to the end consumer, the group noted. The Initiative
also said it is looking for management companies that spe-

cialize in non-profit organizations for additional support.
Audiovox (www.audiovox.com) reported slightly higher
sales but lower net income in its fiscal second quarter, ended
Aug. 31. Net sales for the second quarter were $129.3 million, an increase of 3.5% compared with net sales of $124.9
million reported in the comparable year-ago period. Net
income for the quarter was $600,000, compared with net
income of $2.8 million a year ago. Net income for the prior
year included an income tax benefit of $1.6 million.
Holiday retail sales will increase 2.3% this year, to
$447.1 billion, the National Retail Federation said. Such
an increase would mark an improvement from both 2009
and 2008, which saw a 0.4% increase and a 3.9% decrease,
respectively. Retailers are expected to focus on supply-chain
efficiencies and inventory control this holiday season to
limit their exposure to excess merchandise and unplanned
markdowns. Not surprisingly, consumers will once again
pay strong attention to prices. Jack Kleinhenz, NRF chief
economist, expected retailers to compensate for this by
offering “significant promotions throughout the holiday
season and emphasizing value throughout their marketing
efforts.” NRF (www.nrf.com) bases its holiday sales forecast
on such indicators as employment, industrial production,
disposable personal income, and previous monthly retail
sales reports.
Depending upon the survey being followed, consumer confidence was either up or down for September.
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According to a study released on Sept. 28 by the
Consumer Electronics Association (CEA, www.ce.org)
and CNET (www.cnet.com), consumer confidence in the
economy climbed more than five points in September.
Confidence in consumer electronics rose slightly, by more
than one point, as well. However, the Conference Board’s
Consumer Confidence Index for September (www.conference-board.org), also issued on Sept. 28, saw confidence fall to 48.5, down from 53.2 in August. The above
figure is based on the organization’s measuring system, in
which figure of 1985 equals 100%. The study is based on
a sample of 5,000 US households and is updated monthly.
The CEA-CNET Index of Consumer Expectations (ICE)
rose more than five points in September to 163.4. The
ICE, which measures consumer expectations in the overall
economy, has rebounded in the past two months since the
index reached an all-time low of 157.3 points in July. The
ICE, however, is down nearly six points from this time
last year.
MartinLogan (www.martinlogan.com) is bringing
electrostatic speaker technology below $2000/pair in its
lineup with the CEDIA Expo introduction of the $1995/
pair ElectroMotion ESL (Photo 3), scheduled for March
shipment. The speaker, the first in a series that will include
center-channel and surround speakers, features a full-size
34″ tall curvilinear XStat electrostatic transducer, whereas
the current opening price electrostatic speaker at $2195/
pair features a 28″ panel, as does a $3295/pair model. A
speaker with a 40″ panel retails for $4295/pair. The com-

pany’s electrostatic speakers
are priced up to $21,832/pair
for a model with a 57″ panel.
This new speaker, according to
MartinLogan, establishes a new
benchmark for price versus performance and represents a bold
new direction for electrostatic
loudspeaker design. It’s also
the most affordable full-size
XStat electrostatic transducer
designed.
The ESL’s high- and midfrequency electrostatic panel is
coupled with an 8″ high-excursion, doped fiber-cone woofer.
The speaker features AirFrame
technology similar to that of the
company’s flagship electrostatic
speakers to make the electrostatic panel rigid without obstructing the playable surface area or
interfering with dipole sound
radiation. The Xstat electrostatic
transducer was designed in a way
to reduce the thickness of the
panel’s steel stators to make the
panel very visually transparent,
the company added. VC

PHOTO 3: MartinLogan’s
ElectroMotion ESL.
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