
 

 

Registration is required, as 
space is limited. 

Join us in person or via live 
or recorded web cast: 

http://www.eventbrite.co.uk/e/
active-loudspeaker-design-
masterclass-live-cogswell-
polytechnical-college-
registration-10200884119?
aff=prism1 

We look forward to seeing 
you there. 

 

On 18 March 2014, the 
AES San Francisco Sec-
tion, in conjunction with 
CJS Labs, Texas Instru-
ments, Audio EMC, Oxford 
Digital, and Prism Sound, 
will present a free Master 
Class entitled: 

Active Loudspeakers: 

Design and Optimization 
Master Class 

 
This master class will be a 
unique opportunity to hear 
from some of the most ex-
perienced engineers in the 
industry, and to hear about 

their practical experiences 
in analogue and digital au-
dio design. See the latest 
developments in technolo-
gy, and learn from the 
many decades of collective 
experience of our panel of 
experts.  

I will be presenting a mod-
ule on Electroacoustics 
and Transducers.  

The class will be held at: 

Cogswell College 
1175 Bordeaux Drive 
Sunnyvale, CA 94089 

Audio Design Workshop  

News and Recent Developments 

ASA 167
th

 in Providence  
 
The 167

th
 Meeting of the 

Acoustical Society of Ameri-
ca will take place  5-9 May 
2014 in Providence, RI at 
the Rhode Island Conven-
tion Center and the Omni 
Hotel. 
 
The meeting program and 
technical sessions will cover 
a wide variety of different 
acoustical disciplines.  

I will be attending the stand-
ards plenary, ASACOS, and 
accredited subcommittee 
meetings as Chair of ANSI 

Subcommittee 3 on Bioa-
coustics.   

If you will be attending the 
ASA 167

th
 and would like to 

set up a meeting, please do 
not hesitate to contact us.  

Information about the ASA 
167

th
 Meeting is available 

at:  

http://acousticalsociety.org/
meetings/providence 

 

 

Please contact us and let 
us know how we can be of 
service to you and your 
organization. 

 

 

Christopher J. Struck 

CEO & Chief Scientist 

CJS Labs 

CJS LabsCJS LabsCJS Labs   
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Electroacoustics 

Measurements Seminar 

Materials for the one-day Elec-

troacoustics Measurements semi-

nar have been extensively revised 

and updated with additional 

slides on new topics. An outline is 

available on our website: 

 

http://www.cjs-labs.com/
training_seminars.html 

Contact us to schedule an in-

house training course for your 

organization. 
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The effect of measuring the spectrum only at filter 

(or FFT) centre frequencies is referred to as the 

“Picket Fence” Effect, since it is similar to viewing 

the true continuous spectrum through a picket fence 

with the given measurement bandwidth (see Fig. 1). 

Fig. 1 ‘Picket Fence’ Effect and 3 typical analysis 

cases for a pure tone component.  

Except in the situation where a frequency component 

exactly coincides with a spectral line (Case 1), there 

will in general, be an error in both amplitude and 

frequency (Cases 2 and 3). Assuming the component 

is a single and stable frequency, these errors can eas-

ily be compensated for by interpolation techniques. 

Both a frequency and an amplitude correction can be 

applied using the information from the spectral lines 

closest to the true spectral peak and knowledge of 

the time window used in the FFT analysis. The fre-

quency correction fC [in Hz] for Hann weighting is: 

High Resolution of Pure Tone Components using  
FFT ‘Picket Fence’ Correction 

              “Sound Advice Spanning 2.8 Decades” 

Back issues of Lab Notes are available 

on our website at: 

http://www.cjs-labs.com/
lab_notes_links.html 
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where L1 and L2 are levels of the highest spectral 

FFT lines around the peak and f is the frequency 

resolution (FFT line spacing) in the analysis. The 

amplitude correction, L [in dB] for Hann weighting 

is: 

 

 

 

L is 0 dB when the true frequency exactly coin-

cides with an analysis line (Case 1). In this case,  

L1 - L2 = 6.0 dB. L = 1.42 dB when L1 - L2 = 0 dB, 

i.e., when the true frequency is exactly between two 

spectral FFT lines (Case 2). For Rectangular 

weighting, the frequency correction is: 

 

 

 

and the amplitude correction is: 

 

 

 

Similar equations can also be derived for any other 

time window function. 

Please contact us for more information. 

Consultants’ Network

of Silicon Valley
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My interview regarding in-
dustry trends appears in 
the just released 2014 LIS. 

In March, in conjunction 
with Texas Instruments, 
Audio EMC, Oxford Digi-
tal, and Prism Sound, I 
presented a Master Class 
lecture on Active Loud-
speaker Design for the 
AES San Francisco Sec-
tion at Cogswell College in 
Sunnyvale, CA.  

This class was well attend-
ed, both in-person and via 
simultaneous web cast. 
This enabled Q/A from the 
audience members in 
Sunnyvale as well as from 
persons following the lec-
ture on-line. The entire 
Master Class was recorded 
as is available for viewing 
through the LinkedIn Audio 
Design Workshop. 

http://audiodesignworkshop.org/
adwl_home.php 

Featured Interview in the 
2014 Loudspeaker Indus-
try Sourcebook   

Audio Design Workshop Wrap 

News and Recent Developments 

IEEE Honors Iconic Shure 
Microphone Design  
 
The Shure Unidyne direc-
tional cardioid microphone, 
designed by Benjamin Bau-
er, and introduced in 1939, 
has been named  an IEEE 
Milestone.  

Read more at: 
http://theinstitute.ieee.org/
technology-focus/technology-
history/iconic-microphone-is-
named-an-ieee-milestone 
  
ASA 167th in Providence  
 
I attended the ASA 167th 
Meeting in Providence, RI 
in May. I was there primarily 
for the standards plenary, 
ASACOS, and accredited 
subcommittee meetings as 
Chair of ANSI Subcommit-
tee 3 on Bioacoustics.  The 
meetings were productive, 
with many standards pro-
jects going on this year. 

Please contact us and let 
us know how we can be of 
service to you and your 
organization. 

 

 

Christopher J. Struck 

CEO & Chief Scientist 

CJS Labs 
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ASA 167th Providence 1 

NEW Loudspeaker De-
sign Seminar 

 
1 

Near Field Loudspeaker 
Measurements 

 
2 

NEW! Loudspeaker 

Design Seminar 

CJS Labs now features its brand 
new one-day seminar covering 
drivers and their inherent nonlin-
earities, enclosures, cabinet vi-
bration, crossover design, Thiele-
Small parameters, equivalent 
circuits, cone break-up, diffrac-
tion, and room acoustic effects. 
Complete design examples are 
detailed for closed and ported 
systems. An outline is available 
on our website: 
 
http://www.cjs-labs.com/
training_seminars.html 

Contact us to schedule a training 
course for your organization. 
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Near field measurements (Keele JAES 1974) are an-
other useful simulated free field technique. The mi-
crophone is simply placed extremely close to the 
source. In this case, the direct sound level is  

Fig. 1 Mic positioning for near field measurements 

considerably above the level of reflections or back-
ground noise. Any stimulus may be used. The near 
field technique can also be used on devices with 
ports and passive radiators. The individual sources 
are measured separately (see Fig. 2) and scaled as 
per Eq. 1, where SP is the effective radiating area of 

the port or passive radiator and SD is the effective 
radiating area of the driver, and finally complex 
power summed to yield the overall near field re-
sponse. This is a complex vector summation 
(magnitude and phase) and the results are in dB. This 
overall near field response can then be scaled to ob-
tain the far field response as per Eq. 2, where d is the 
reference distance to the far field (usually 1m), and a  

Near Field Loudspeaker Measurements 

              “Sound Advice Spanning 2.9 Decades” 

Back issues of Lab Notes are available on our 
website at: 

http://www.cjs-labs.com/
lab_notes_links.html 
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   Fig. 2 Near Field Driver and Port measurements  

 Fig. 3 Near Field and Far Field responses 

is the radius of the driver. The result is in dB for a 4 
full anechoic space (Fig. 3).  For raw drivers mount-
ed in an infinite baffle (2 half-space), the 4d factor 
in the numerator becomes 2d. This technique is valid 
up to ka = 1.6 with errors of less than 1 dB, however, 
the microphone distance must be less than 0.11 times 
the radius.  At higher frequencies, the shorter wave-
length and modal behaviour cause greater errors. 
Please contact us for more information. 
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les and would like to ar-
range a meeting, please 
contact us. 

1-Day Electroacoustics 
Training Course 
In conjunction with Listen, 
Inc., I will be presenting the 
1-day Fundamentals of 
Electroacoustic Measure-
ments training course on 
Monday 6 October 2014  
in Santa Clara, CA.  Info 
and registration details are 
available at: 

http://www.listeninc.com/us/
news_events/
training_classes.html  

The AES 137th Convention   
will be held 9-12 October 
2014 at the Convention 
Center in Los Angeles. 
Info at: 

http://www.aes.org/events/137/ 

At the AES 137th, I will be 
presenting a Master Class 
entitled “Almost Every-
thing You Ever Wanted 
to Know About Loud-
speaker Design” on Thu. 
9 Oct. at 9:00 AM. Info at: 
http://www.aes.org/events/137/
tutorials/?ID=4191 

This Master Class will walk 
the attendees through 

 

complete enclosure and 

crossover designs utilizing 
Thiele-Small data from ac-
tual drivers. Equivalent cir-
cuits, cabinet effects, time 
alignment, and Zobel com-
pensation are detailed. 
Performance tradeoffs and 
limitations in both the small 
and large signal domains 
are shown. If you will be at 
the AES 137th in Los Ange-

Loudspeaker Design Master Class at AES 137th in Los Angeles 

News and Recent Developments 

Training Seminar in 
Shanghai 
I was in China in August 
where I was engaged for 4 
days of seminars and train-
ing. Attendees came from 
all over Asia, including Bei-
jing, Shenzhen, Seoul, Tai-
pei, and Shanghai.  

The sessions were interac-
tive, with Q&A throughout, 

as well as many practical 
examples. The food and 
hospitality were also out-
standing. I’m sure Anthony 
Bourdain would approve...  

Appointment as Resource 
Expert to U.S. TAG 
As a  result of voting earlier 
this year, I am pleased to 
announce that I have been 
appointed as a Resource 
Expert for the United States 
Technical Advisory Group 
(TAG) to IEC Technical 
Committee 29 — Electroa-
coustics. I will be responsi-
ble for review of draft IEC 
standards and providing 

guidance and recommen-
dations for the US vote. 

Please contact us and let 
us know how we can be of 
service to you and your 
organization. 

Christopher J. Struck 

CEO & Chief Scientist 

CJS Labs 
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1-Day Fundamentals of 
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Training Seminar in 
Shanghai 1 

Appointment to US TAG 
for IEC/TC 29 1 

NEW Loudspeaker De-
sign Seminar 1 

Closed & Ported Loud-
speaker Maximum Out-
put 2 

NEW! Loudspeaker 

Design Seminar 

CJS Labs now features its brand new 
one-day seminar covering drivers and 
their inherent nonlinearities, enclo-
sures, cabinet vibration, crossover 
design, Thiele-Small parameters, 
equivalent circuits, cone break-up, 
diffraction, and room acoustic effects. 
Complete design examples are detailed 
for closed and ported systems. An 
outline is available on our website: 

http://www.cjs-labs.com/
training_seminars.html 

Contact us to schedule a training 
course for your organization. 
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In his seminal papers on closed and vented loud-
speaker enclosure design (JAES 1973), Richard 
Small showed that the maximum output of either 
design was limited by the volume displacement of 
the system, i.e., the amount of air that can be moved 
at low frequencies. This is governed by two parame-
ters: The driver surface area, SD, and the maximum 
driver excursion, xMAX, the product of these yielding 
the displacement volume. The low frequency re-
sponse of a direct radiator loudspeaker system is 
high pass, with sound power output proportional to 
the square of the product of volume displacement 
and frequency — also proportional to cone accelera-
tion. Displacement, mechanically, is the double inte-
gral of acceleration — a multiplication by frequency 
squared — and hence low pass. For comparison, as-
suming the highest efficiency alignment for each 
system (2nd and 4th order Chebyshev, respectively), 
Small derived the following simple expressions for 
the maximum power output of each system: 

  

 

where PAR is the acoustical sound power [in Watts]. 
The papers also feature families of plots for these 
expressions as a function of corner frequency f3 and 
volume displacement, SD xMAX. Figs. 1 and 2 show 
these graphs re-plotted as SPL at 1m [in dB]. The 
difference between closed and ported systems is 
simply the ratio of the leading coefficients: A 5.5 dB 
increase for the ported system. The conclusion is that 
to play loud at low frequencies, you need to move 
more air. This means an overall larger system, which 
the Marketing Dept. may not be too happy about... 

Closed & Ported Loudspeaker Maximum Output 

              “Sound Advice Spanning 2.9 Decades” 

Back issues of Lab Notes are available on 
our website at: 

http://www.cjs-labs.com/
lab_notes_links.html 
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Fig. 1 Maximum output SPL for a closed box system. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Maximum output SPL for a ported box system. 

 

Please contact us for more information. 
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are explained. A complete 
ported system design will 
be shown step-by-step. 
This course is recommend-
ed for anyone new to loud-
speaker system design or 
as a refresher of funda-
mental concepts. 

I will also be participating 
in the Inter-Organizational 
Standards Forum on Sun-
day morning. 

If you will be at CES or 
Winter ALMA in Las Vegas 
and would like to arrange a 
meeting, please contact 
us. 

Winter ALMA will take 
place 3-4 January 2015 at 
the Tuscany Suites & Casi-
no in Las Vegas, NV just 
before CES. I will be pre-
senting a seminar entitled 
“An Overview of Loud-
speaker System Design” 
on Sunday, 4 January 
2015 at 2:00 PM. Info at: 

http://
www.almainternational.org/
events/
win-
ter_symposium_2015_announ
cements__information 

This seminar will cover 
closed and ported enclo-

sures, designs utilizing 
Thiele-Small parameters, 
crossovers, equivalent cir-
cuits, diffraction effects, 
time alignment, basic non-
linearities, modal behav-
iour, and cone break up. 
Performance tradeoffs and 
limitations in both the small 
and large signal domains 

Loudspeaker Design Seminar at ALMA Winter Symposium 2015 

News and Recent Developments 

AES 137th - Los Angeles 
Over 70 persons attended 
my Master Class “Almost 
Everything You Wanted To 
Know About Loudspeaker 
Design”. A large amount of 

information was presented 
in the 2-hour session, but 
participants remained en-
gaged throughout. The 
class materials have been 
edited and supplemented 
and are posted to the pass-
word protected part of our 
website. Contact us if you 
would like have a copy. 

Electroacoustics Training 
Course - Santa Clara, CA 
The Fundamentals of Elec-
troacoustic Measurements 
training course held in con-
junction with Listen, Inc. in 
October was a huge suc-
cess, with over 20 persons 

attending. The Q&A was 
very interactive and we 
received very positive feed-
back about the seminar. 

 

Happy Holidays! 

 

Christopher J. Struck 

CEO & Chief 
Scientist 

CJS Labs 

CJS LabsCJS LabsCJS Labs   

December 2014     © 2014 CJS Labs Volume 7, Issue 4 

Technology · Research · Strategy · Solutions 

Lab Notes 
Electroacoustics & Audio 
 Consulting 
 Design / Testing 
 Training 

Inside this issue: 

Loudspeaker Design Sem-
inar at Winter ALMA 

 
1 

AES 137th Master Class 1 

Electroacoustics  

   Seminar in Santa Clara 

 
1 

Training Seminars 1 

Acoustic Helmholtz 
   Resonators 

 
2 

  

Training Seminars 
 
CJS Labs also offers customized 
in-house training. Our design 
experience, proven processes, 
and measurement expertise will 
make your development more 
efficient. Learn how to optimize 
both your designs and test rou-
tines. Having a thorough under-
standing of the fundamentals, 
correct terminology, and proper 
techniques will also enable you 
to make more informed decisions 
and communicate more effective-
ly with your customers and ven-
dors as well as within your own 
organization. Understand why 
certain failure modes are prob-
lematic, even if they are not 
obvious or audible. Sample 
course outlines and details are 
available on our website: 
http://www.cjs-labs.com/
training_seminars.html 

Contact us to schedule a training 
course for your organization. 
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Analogous to an RLC circuit or a Single-Degree-Of-
Freedom (SDOF) mass-spring-damper mechanical 
system, an acoustical network can also behave as a 
Helmholtz resonator. The acoustic compliance is 

typically a contained volume 
of compressible air. The 
acoustic mass is usually a slug 
of non-compressible air 
trapped in a tube or aperture. 
To demonstrate this with a 
physical example, we can 
model an empty Perrier bottle 
as a Helmholtz resonator (see 
Fig. 1). The volume can be 
found by filling the bottle up 
with water to just below the 
bottom of the neck and using 

a measuring cup or graduated cylinder. In MKS (SI) 
units, the compliance is calculated as 

 

The surface area of the neck opening is 

 

Given the taper to the inside, the length of the neck 
is somewhat more ambiguous. Nonetheless, one 
‘straight’ end correction should be applied. Using a 
length of 4.85 cm, the effective length is found as 

 

 

The acoustic mass is then calculated as 

Acoustic Helmholtz Resonators 
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From this, the resonant frequency can be calculated 
as 

 

 

This simple model for adiabatic conditions follows 
the methodology given in Beranek (1954, rev, 1993). 
pg. 131, or Beranek & Mellow (2012), pg. 123.  

Blowing on the bottle and recording the signal, an 
FFT analysis (see Fig. 2) reveals a resonant frequen-
cy of 201.31 Hz, verifying the calculation. 

Note that the resonance lies between two FFT lines, 
so the ’Picket Fence’ correction algorithm (Lab 
Notes: Vol. 7, No. 1 - March 2014) is used to find 
the exact frequency. This measurement could there-
fore be performed first and then used to solve for the 
acoustic mass and effective length of the neck.  

Please contact us for more information. 

Fig. 1 Perrier Bottle 

Fig. 2 FFT analysis of the open bottle resonance . 
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