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ADIABATIC PROCESSES
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TEMPERATURE OSCILLATIONS
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PrESSURE IN SEALED Box
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Measure pressure inside sealed box
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Impulse Response - volis

Time — msec

Acoustic impulse response inside the box

S Y o I e 4



File: C:\ML3NIN-BOX.FRQ 5-10-2005 3:41 PH

Transfer Function Magnitude - dB volts-vuolts
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RELATIONSHIP S ,OF g , U7, /’D For Plane Waves
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TRAVELLING WAVES
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INTENSITY /MMPEDANCE
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SPHERICAL WAVES
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COMPACLT — SPHER/CAL SOURCES
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COMPHCT SOURCES cONT'D
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VELOCI7TY NEAR SPHER/ICAL SOORCE
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VELecITy cowrmvep
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SOURCE STRENGTH
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Measure pressure outside sealed box at dust cap
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Impulse Response - volis

Time — msec
CURSOR: y = -1.53771e-005 x = 50.2500 (Z201)

Acoustic impulse response at cone surface
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Transfer Function Magnitude - dB volts-vuolts
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GCENERATING SPHERICAL WAVES

PULSAT/IN ¢ SPHERE

~ " AT SURFACE oF SPHERE (r=a)
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A << MTa |
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/ source surface /s
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IMPEDANCE | TNTENSITY
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However, for a 3-dimensional spherically-spreading
wave from a point source, the amplitude of the
harmonic solution to the wave equation for the
pressure [1,2] can be written as

p(rw) =r jw U expé€ jkr)/(4pr),

where U is the volume velocity fiis] of the point
source. Thew factor represents a time derivative,
and we can thus write the solution in the time doma
as

p(r,t) =r A(t-r/c)/(4pr),

where A(..) is the volume acceleration’[d of the
source. Note that the solution for the pressumesdo
not change shape as it propagates, but the anglitud
falls off as 1/t
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The particle velocity, v, relates to the pressurehz
Newtonian equation of motion for the

Np =-r qv/1t.

Mathematically, for a spherically-symmetric wave
solution,Np=fip/fr, and thus

N[exp(- jkr)/r]=- jk exp(- jkr)/r- expt- jkr)/r?.
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As a result, the Newtonian equation relates the
pressure to the particle velocity of the air, a@hwa r,
as

(1 + 1/)kr) p =r cv,

which can also be written as

gkr+1)p=jkrr cv=r Jjwrv=r ar,

where a is the acceleration of the air particles.
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Plot of Z = R+wM for a sphere.

For a sphere, the acoustic impedance is
easy to work out. For kr<<1, the size of
the sphere is much less than a
wavelength, and the shape of the source
IS not very important.

Thus we expect all acoustic impedances
of monopole acoustic sources to act
similarly.

20
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P 01
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~

\\

Impedance
analogy

©

zZs Bs %Xs

[

/

005 0.1
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Fia, 2.10. Real and imaginary parts of the normalized specific acoustic impedance
Z./poc of the air load on a pulsating sphere of radius r located in free space.  Fre-
queney is plotted on a normalized seale where kr = 2xfr/c = 2ar/A. Note also Lhat
the ordinate is equal to Za/peeS, where Zar is the mechanial impedance; and to
Za8/poc, where %4 is the acoustic impedance. The quantity S is the area for which
the impedance is being determined, and pec is the characteristic impedance of the

maedium.

The rising low-frequency imaginary part represe¢hésreasonably

constant inertial air load.

Note the curve is very smooth with no resonancesterference. That is
true since diffraction from edges does not occuiafsphere. 31



Piston in Infinite Baffle

The LF imaginary part of
the acoustic impedance is
proportional to frequency,
representing a constant
Inertial air load.

The real part is proportional
to frequency”2, which is
expected for a monopole
source.

The oscillations relate to
Interference from edge
reflections.

20 NELLL T T
1.0} ol
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03} Al
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mapoe /| | | N
0.1 = re / V =
0.05|— » =
00311/ / I
%,0.02f—~ R
= mapc
N Po
& 0,01 t/ .
0.005 = =
0.003 7
. / Impedance analogy
0.001 = / ZE« o e
0.0005— =
0.0003 / |
0.0002
0.0001 LIl LIl |

001 003 01 03 e
ka

Figure 1. Showing the real and imaginary parts of the
acoustic surface impedance for a piston in an ibefin
baffle, versus ka, where a is the piston radiusiterA
Beranek.
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PROPA CATION

HARD SURFACES

AIR CAN MOVvE ALONG A SURFACE | BUT
NOT INTO /7. A7 THE SORFACE THE FRESSURE
cCAN BUILD OF BUT PERPENDICOLAR VELOCITY = O,
SO SOOND MOs7T BE COMS/ISTEN 7 Wirty 7 /IS

BOONDARY couD)7/0N .
X/ (B /s A wavE
3 WHICH PRODUCES

AT THE OFRIEINAL

TUAT. / Ll US)TION
REAL SITUATION SIMOLATLO wh
hATLON JTHE PROPER
BOON DARY O DITION

WITHOOT WALL

BECAUSE OF SYMMETRY
THE NET VELOCITY . /f\—ﬂ)‘

LIES ALOLG THE By A
DIRECTION OF THE wALL NET
VELoCITY

THE WAVE &) 1S A CoNTINUATION OF @) AND
RNEPRESENTIS REFLECIION IN The REAL SITLEA 7704)

NOTE THAT 7iE PRESSIRE AT 7hE WALL 7S
LDOLBLED FRON 7K47 EXPECTED FRMA) Alone.
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IMACE CONCEPTS

SOORCE IMAGE™ _
) s THE IMAGE HERE
f \ i
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\
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e \ )
N \\\\ THE PARTICLE VELOCITY
N N 1S ALONG THE WALL
\ J
7\\\ FVEN THOUGH THE WAYES
\\ HAVE CURVED WAVE FRONTS.
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Listen to baffle...
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F1G. 6.22. Pressure response frequency characteristics of mass-controlled, direct
radiator, dynamic loudspeaker mechanisms, with 10-inch diameter cones, mounted
in square baffles of 8, 4, and 2 feet on a side.

Conclusion: we need a huge baffle to give decess ba



Horn design from Olsen
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The new “robot” look
for the 800 series
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Diffraction from an edge

/

Emitting an impulse

"

Direct signal
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Point source tweeter
1st-order diffraction

Point-source tweeter diffraction

Approximate effect of box
including midrange

Tweeter finite size diffraction

Diffraction calculations using a simple model
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Question: if equalized,
could we hear this effect?
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Movie screen

~

For paper,
f~1.7kHz
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Directivity relates
to diffraction
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ka= 1 means
550 Hz fora= 10cm——

a7



This shows that a
small source will
be omnidirectional
If size << wavelength

ka= 1 means
550 Hz fora= 10cm
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Ultrasonic frequencies
decay rapidly
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This slope

represents a

mass of air
of 0.85 x radius

The “air load”

Radiation impedance
= pressure/velocity
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Low sensitivity
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Kinematics and dynamics of shaking a mass

Acceleration is proportional to force

Conclusions: (1pisplacement is opposite direction to force !
(2For constant displacement, acceleration is propaatito freq”2
(3) For constant force, displacement is proportiemd/freg”2 59



The 1925 Rice-Kellog
loudspeaker model

© @
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B&W philosophy is tof

absorb the rear wave
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The End
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