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DISCLAIMER

The*views,*thoughts,*and*opinions*
expressed*in*this*tutorial*belong*solely*to*
the*author,*and*not*necessarily*to*the*
author’s*employer*(Meyer*Sound).

Assumptions*made*are*not*reflective*of*the*
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Source: SketchUp)3D)Warehouse,)models)by)David)M.
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Data*Quality*at*32*m*(105*ft)
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Gradient*Array
by*Harry*Olson
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100'm /*101'm =*a0,1*dB

FRONTBACK
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The Low-Frequency Acoustic Centre: 
Measurement, Theory and Application 

John Vanderkooy 

Department of Physics & Astronomy, University of Waterloo, Waterloo, ON, N2L 3G1 Canada 
jv@uwaterloo.ca 

ABSTRACT 
At low frequencies the acoustic effect of a loudspeaker becomes simpler as the wavelength of the sound 
becomes large relative to the cabinet dimensions.  One point acoustically acts as the centre of the speaker at the 
lower frequencies.  Measurements and acoustic boundary-element simulations verify the concept.  Source 
radiation can be expressed as a multipole expansion, consisting of a spherical monopolar portion and a 
significant dipolar part, which becomes zero when the acoustic centre is chosen as the origin.  Theory shows a 
strong connection between diffraction and the position of the acoustic centre.  General criteria are presented to 
give the position of the acoustic centre for different geometrical cabinet shapes.  Polar plots benefit when the 
pivot point is chosen to be the acoustic centre.  For the first of several applications we consider a subwoofer, 
whose radiation into a room is strongly influenced by the position of the acoustic centre.  A second application 
that we consider is the accurate reciprocity calibration of microphones, for which it is necessary to know the 
position of the acoustic centre.  A final application is the effective position of the ears on the head at lower 
frequencies.  Calculations and measurements show that the acoustic centres of the ears are well away from the 
head. 

 
1. INTRODUCTION 

When a loudspeaker is reproducing sound with a 
wavelength considerably larger than the size of its 
enclosure, we all know that it should be essentially 
omnidirectional and send out sound waves spherically.  
This paper is a study of this aspect of loudspeaker 
reproduction, supporting with measurement, theory, and 
simulations the simple spherical, omnidirectional 
behavior in the bass region, characterized by an acoustic 
centre.  There are several consequences of this low-

frequency character that help us to measure and 
understand the effect of loudspeakers at lower 
frequencies.  Polar plots are more consistent and easier 
to comprehend when the acoustic centre is used as the 
pivot for loudspeaker rotation.  The acoustic centre also 
is important for understanding how the low frequencies 
are influenced by loudspeaker placement in a room. 

It is worth mentioning at this point that there have been 
studies relating to the acoustic centre of loudspeakers 
before, with some representative papers given by 
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becomes large relative to the cabinet dimensions.  One point acoustically acts as the centre of the speaker at the 
lower frequencies.  Measurements and acoustic boundary-element simulations verify the concept.  Source 
radiation can be expressed as a multipole expansion, consisting of a spherical monopolar portion and a 
significant dipolar part, which becomes zero when the acoustic centre is chosen as the origin.  Theory shows a 
strong connection between diffraction and the position of the acoustic centre.  General criteria are presented to 
give the position of the acoustic centre for different geometrical cabinet shapes.  Polar plots benefit when the 
pivot point is chosen to be the acoustic centre.  For the first of several applications we consider a subwoofer, 
whose radiation into a room is strongly influenced by the position of the acoustic centre.  A second application 
that we consider is the accurate reciprocity calibration of microphones, for which it is necessary to know the 
position of the acoustic centre.  A final application is the effective position of the ears on the head at lower 
frequencies.  Calculations and measurements show that the acoustic centres of the ears are well away from the 
head. 
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enclosure, we all know that it should be essentially 
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reproduction, supporting with measurement, theory, and 
simulations the simple spherical, omnidirectional 
behavior in the bass region, characterized by an acoustic 
centre.  There are several consequences of this low-

frequency character that help us to measure and 
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frequencies.  Polar plots are more consistent and easier 
to comprehend when the acoustic centre is used as the 
pivot for loudspeaker rotation.  The acoustic centre also 
is important for understanding how the low frequencies 
are influenced by loudspeaker placement in a room. 
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Limitations of Point-Source Sub-woofer array
models for Live Sound

Ambrose Thompson1, Josebaitor Luzarraga Iturrioz 1, Phil Anthony1

1Martin Audio, High Wycombe, UK

Correspondence should be addressed to Ambrose (ambrose@martin-audio.com)

ABSTRACT
This paper examines the validity of applying simple models to the kind of, highly configurable, low frequency
arrays typically used for live sound. Measurements were performed on a single full sized touring sub-woofer
array element at di↵erent positions within a number of di↵erent array configurations. It was discovered
that radiation was rarely omnidirectional and in some cases more than 20dB from being so. Additionally
the in-situ polar response significantly di↵ered from that obtained with the cabinet in isolation, the degree
of di↵erence (2-10dB) was strongly dependent on array type and element position. For compact arrays
we demonstrate, via the application of the ‘acoustic centre’ concept, that even when elemental radiation
approaches omnidirectional behaviour some array configurations are particularly susceptible to errors arising
from commonly applied assumptions.

1. INTRODUCTION
We are concerned that commonly used models for
sub-woofer arrays and individual cabinets can give
misleading results. Models which assume omnidirec-
tional radiation at all frequencies, with an origin at
the centre of the piston, ignore the influence of the
box itself and those nearby. This paper examines
this omnidirectional and spatial assumption when
applied to sub-woofer arrays used for live sound.

Before we discuss the point-source model in detail,

we consider some of the alternative methods and
point-source modifications in this section. In the
Theory section to follow, we will describe in some de-
tail one of the modifiers that has been applied to the
basic point-source model to account for di↵raction
[1]. We will then examine the e↵ect of this modifier
by performing experiments with BEM simulations
of a compact array of small test cabinets. Larger
arrays of touring sub-woofers are investigated in the
Measurement section where the elemental omnidi-
rectional assumption is tested.
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Effects of Acoustic Center Position in Subwoofer 
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ABSTRACT 

As explained by J.Vanderkooy [1] the acoustic center of a direct radiating subwoofer unit is placed ahead respect 
to the driver membrane, at a distance depending on driver and cabinet dimensions. This has effects on acoustic 
simulations and it deserves some attention to avoid errors. Measurements are shown which confirm acoustic center 
position theoretical calculation and a discussion is made about its effect on the definition of models for accurate 
simulations.  

1 Introduction 
The acoustic center represents the point from where 
the far-field waves appear to be radiated when 
projected back to the source. It’s the point from where 
we can see signal arrival time and from where its 
pressure follows 1/r dependence. There’s compelling 
evidence, in particular for subwoofers, that the 
acoustic center may lie in front of the loudspeaker by 
as much as one foot. This behavior persists up to 
frequencies where the physical size of the source is 
about half a wavelength. To the authors’ knowledge, 
two attempts at addressing this issue have been made 
in the past. 
Professor John Vanderkooy was the first to discuss 
this phenomenon extensively. In his paper [1], 
besides analytic proof, he resorts to BEM (Boundary 
Element Modeling) resulting in a rule of thumb which 
states that the acoustic center should lie approximate 
a*2/3 in front of the loudspeaker where a represents 
the radius of the baffle. Vanderkooy provides two 
methods of determining the acoustic center using 
acoustic measurements of which one was used in the 
field experiments discussed later in this paper. 

The second relevant study has been presented by 
Ambrose Thompson et al. in an attempt to expose a 
weakness in the PSM (Point Source Model) system 
typically found in prediction programs because of its 
relatively short computation time. When the acoustic 
center for subwoofers is not taken into account, 
considerable polar plot errors come into existence 
which is readily apparent when compared to more 
accurate BEM results. In their paper [2] they 
demonstrate that the PSM system would already be a 
much better approximation of the more accurate BEM 
results when the acoustic center is simply taken into 
account for subwoofers. 
If we entertain the thought of an acoustic center for 
subwoofers, residing outside of the physical 
enclosure, then it should ideally act as center of 
rotation for obtaining a polar plot. In practice, 
because of the stringent conditions required to obtain 
a polar plot for subwoofers with acoustic 
measurement, polar plots are typically created by 
modeling in some way e.g. BEM. BEM, containing 
relevant variables like surface velocities and 
pressures, is expected to exhibit the acoustic center 
phenomenon. However, the resultant pressure map of 
our subwoofer, still needs to be placed on a “virtual” 
turntable to obtain an accurate polar plot. If the center 
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Limits: ½*rbaffle < rc < rbaffle
Rule'of'thumb: rc ≈*⅔*rbaffle

Area*=*Width*x*Height

W

H

rbaffle*=*
Area
π

�

area
rectangular*baffle circle*with*equal*area

Acoustic*Center*for*LF*(Subwoofers)

rbaffle

fle

* * * * tttttttttt  

eaea
tang *
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/012341
/567784

9:;<ℎ
/567784

/>close distant

when

Acoustic*Center*for*LF*(Subwoofers)

*)DISCLAIMER: Research)limited)to)sealed)and)vented)enclosures)only

41/
/
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/012341
/567784

9:;<ℎ
/567784close

distant

Acoustic*Center*for*LF*(Subwoofers)

rc

*)DISCLAIMER: Research)limited)to)sealed)and)vented)enclosures)only
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rdriver*x 5�

rbaffle*x 5� *=*100%

Front'view

Front'view

rc ≈*equidistant

difference*in*rdriver to*rbaffle ratio

reference
loudspeaker
given*rc

fc ≈*100*Hz

fc ≈*50*Hz

re
lo

≈*5 *
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32*m
± 96*ms

Zeroaline

Loudspeakers)and)microphones)not)to)scale

acoustic*center(s)
on*the*zeroaline!!!

calculated*delay

oalineoo
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Δt =*¼*λ =*enclosure*depth
(physical*displacement)

Δt =*¼*λ =*depth*+*(2*x*acc.*center)

OR…

“fudge”*factor
(timing*of*inverted*stack*gradient)

R……………

=*enclo *

* * * * )

Copyright*©*Merlijn*van*Veen*2018.*All rights reserved.

Merlijn van Veen
G e l u i d s c o n s u l e n t
Ontwerp • Optimalisatie • Techniek • Educatie tmt30

32*m*(105*ft)

Photo:+Merlijn)van)Veen
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Front'view

Rear'view

rc =*less*distant

rc =*more*distant

difference*in*rdriver to*rbaffle ratio

fc ≈*50*Hz
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The*phenomenon*is*observed

when

f ≤  
"#$%&'"())&

*& d

Acoustic*Center*for*LF*(Subwoofers)

*)DISCLAIMER: Research)limited)to)sealed)and)vented)enclosures)only

d ≤  ½-

or

))&)
*&

d

or
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Conclusion

Without Gaps
• acoustic*center*not*stationary

– array*configuration*dependent
– frequency*dependent

• (physical)*detours*in*opposite*
direction*(wrapaaround*time)
– inner*sources*take*longer

than*edge*sources
– frequency*dependent

• level*variance*due*to*diffraction
– frequency*dependent

• hard*to*predict*(PSM*falls*short)
• every*array*configuration

requires*custom*preset

With Gaps
• acoustic*center*virtually*stationary

– array*configuration*independent

• no*(physical)*detours
– innera and*edgeasources

arrive*in*time*

• matched*levels*(little*to*no*diffrac.)
– provided*fronta and*rearafacing*

sources*have*the*appropriate*ratio
to*complement*polar*plot

• no*pattern*implosion
• predictable
• modular*&*scalable

– one*preset*suffices

*)Flight)time)not)taken)into)account
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*center*vir *
* onfig *
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Two*Fists
(minimum*spacing*a experimentally*determined)
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Food*for*thought…
(Vented*enclosure*a Dual*18”*Direct*Radiators)
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Polar*plots*for*Subwoofers
(Center*of*Rotation*During*Measurement)
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