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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
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Transfer Function Magnitude - dB volts-vuolts

S Y o I e 4

[
e SRR SRR
4.0 i0.0 i100.0 1000.0

log Frequency - Hz
Comment: inside box with panasonic mic



K ESONANCE

T he c&ne.(azzw/ Athe asr very /fiem/éd
has mass, while Fhe arv sy Stthe

boy acts lLike « Spring. %’

V. ZF& Ap =y 2V _yAx

—s

S A
- Comipare wi+h spring
ANF = — fo x

B Eewple: o5 s b0,
R0 cm driver |
| 203 mow}vy mass

{'ynare Ariver surroand

- B A
res ST I IR

/4 Commown mistake ;s Yo USe
“po /arje a Jdriver i a modes? éox._

~ §4 H=
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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

22



0.0 10.0 20.0 30.0 40 .0 50 .

Impulse Response - volis

Time — msec
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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
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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(r.w) = p jw U expjkr)/(4TT),

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

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

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 pressurehe
Newtonian equation of motion for the

[Ip =—p ov/ot.

Mathematically, for a spherically-symmetric wave
solution,p=0p/or, and thus

O[exp(—jkr)/r]=—jk exp(=jkr)/r—-expjkr)/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=pcyv,

which can also be written as

gkr+1)p=jkrpcv=pjwrv=par,

where a is the acceleration of the air particles.
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Plot of Z = R+{oM 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.
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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 represé¢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.
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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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e \ )
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\ J
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THE IMACE HAS MIRROR SYMMETRY
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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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10 dB

dB

-5 dB

Point source tweeter
1st-order diffraction

0.00 n Distance 0.92 n

: Piston Radius(en)= 1.25

Tweeter finite size diffraction _
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Approximate effect of box
including midrange

.
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Diffraction calculations using a simple model
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® @ HUYGEN'S PRINCIPLE
Y "EAcH POINT ON A WA VEFRONT ACTS
AS A NEW SOURCE OF SPHERICAL WAVES ”
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T Q0um driver | .
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becomes direc tievia [.




DIRECTIVITY OF A PISTON IN A BAFFLE

This summation appears in many texts® and, for the case of r large com-
pared with the radius of the piston a, leads to the equation

_ V2 jfpouora? [ 271 (ka sin 6)
p(rt) = v r ka sin 6

] glw(t—r/c)

where uy = rms velocity of the piston

J1(') = Bessel function of the first order for cylindrical coordinates®
- .

ka=1 means — e ;_2 .
DI=38DB - DI=59 DB
550 Hz fora= 10cm—— @ [2rzss0s] o [presene]

DI=14.1 DB DI=20 DB
(e)  |Pr=uioB] ()  LPr=20D8 ]

Fic. 4.10. Direotivity patterns for a rigid circular piston in an infinite baffle as a 7
function of ka = 2ra/)\, where a is the radius of the piston. The boxes give the 4
directivity index at 6 = 0°. One angle of zero directivity index is also indicated. The

DI never becomes less than 3 db because the piston radiates only into half-space.



DIRECTIVITY OF PISTON IN A LONG TUBE

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

ka=1 means
550 Hz fora= 10cm

180° 180°
(e) ham3 DI=96 DB (f) =383 |DI=118DB

Fic. 4.12. Directivity patterns for a rigid circular piston in the end of a long tube as & ' 48
function of ka = 2xa/)\, where a is the radius of the piston. The boxes give the direc-
tivity index at 8 = 0°.  One angle of zero directivity index is also indicated.




WHY SooND DECAY S

As a sound wave wmovres , pressare aund
%em/vé/ra%ure variations occur .

Oune wechanisnt For energy é?/éca/v /s
heat flow dve +o 7‘@144/. varia ke .
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b = & 2= } HEAT FLow
& —S T & & —
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Now Meat Flow o« 2L o« L «f
A A
[or heat cwrem‘)
The loss 1s 5//}5h7‘)am6/ acts like

/055_ & resiSTor. Fower loss = TR

H ERE  ENERGY LOSS 752

TIME
At lower Yre uewcfes) we might e/x/aecf L
/OMer hoat 7[/0(.0 Hrwe would Jucvease Fbe
loss but at /Z/jéw F/eg veucres +he
gradeat 15 hgher aucl wore /Z/w/w,/;ém{
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OTHER DPECAY /MECHAN/SMS

— T hevmal Cov duchioe /47 ///ea/y)
— Viscous sbhe AT
sScou avr -'-’Zw) P/c-fure of

~_‘ BM /k U/._S cO S/’ 74)/ ;’ - '—]' the dleformation
Orjcmizeo/ Ma/eca/a(/ mm‘z;:vr [sowno/)
’s  Aurned into  heat b)/ +he

ct bouve yme c hanisms . At o ma?lez/fa./
bommdmf/ the iscous aud Lherniaf
evp‘/[ec%s arve eﬂkawceq/) a/n/ a lo-ad
e bounce X ﬂe?/. occurs .

Ly d&/ﬁ/ﬁéz&w} gas molecele s

MW&/@VﬁO vibratiomal modes w i+t /onj
relax atiou Fimes (“«/OﬂBSec) avd the
presevice of walev vapous a frects
+his relaxatwu so humidity aftects

%’ée d#ewo{q?[/bw ijaanc/.
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All of the above effects will combine into a
term labeled total attenuation coefficient and designated
by the letter m. This term is frequency, temperature,
and humidity dependent. For the case of a plane
traveling wave, the following relationship holds

P = Poe —mxi2

where Py is the pressure amplitude at distance x = 0,

a/mos‘f‘ 0‘1 OIB/m

C 0.09

Q.08 — Joe ]
0.07 I -
£ 006 . Ultrasonic frequencies
5 o
E — -
| | " decay rapidly
2 005 . . i
T ~ 12,5 kHz
© 0,04 —
§ - 10.6
g 003~ 8.0
< B 6.3
0.02 50
4.0 —
3.2 ~
0.0 2'5 \
20— T
ol L 1.t 1 1 I —— r—
o 10 20 30 40 50 60 70 80 90 100

Refative humidity {%) '

‘ Total attenuation coefficient m versus relative humidity
for air at 20°C (68°F) as a function of frequency. 51

from D.Bohn  TAES 3¢ April 1988 p 229



GCENERATION OF SOOND

Poinr Sovrce on InEinvire BAFFLE
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EXTENDED SOURCE ON INFIN/TE BAFFLE

INEINITE FLAT BAFFLE

VIBRATING SOURCE REGION

area AS;

accelevation Q, (%) _

OBSERVATION POINT

K
. KAYLE/éH |
area D S_1 INTECRAL SUM

acce levation C{J({‘) , /

Pressore A7 &

5 : _r,.
/D(LL) = Po AS’ ai(é_/__é/_)_f_ /Oo AS.: a.a(é ;C/)

2T I 7,
J--
77’74 Aivision of the  source elements
showld be much smallev thou ))-
wheve M s +the hz'géesf 74/6?!)6”(‘)/
fo be cou si&fez/ea/, | |
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RADIATION /MPEDANCE
PISTON IN INFINITE BAFFLE
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Frc. 5.3. Real and imaginary parts of the normalized mechanical impedance
(Z x/xa2poec) of the air load on one side of a plane piston of radius ¢ mounted in an
infinite flat baffle. Frequency is plotted on a normalized scale, where ka = 2xfa/c =
2za/\. Note also that the ordinate is equal to Z.ma2?/poc, where Z 4 is the acoustic
impedance.

54



PISTON IN INFINITE BAFFLE

Each a/gmem[a// source has

So Fle accelevatiom of tbhe
p/'ﬁ You . For A/eﬁueucfe\s fow enougl;
Shat N > Ya all #lhe soarces
2/
ave roughly o phase, auc/
g, Tthe hole /p[s%aw acts lhe

o _sﬂ a /0a/}47‘ Seurce.
AN
N\ /£ we a/p/aé/ a /oa/se
Q,° .
07[ a((é/ez/a%ww 4o Ahe

p/ﬁ?zow ) eacl source
element y/t'/es ot a /3‘//54
pressure wave ©F souud.
Oun aw} e pesult wilf be a séorf/m/se.
07[2[ M/‘S)¥/f/5 /Q(—(/je wil/ %/04% c/oe o
Ly ausit Frwe A evences
E__;}’é‘f‘.l__i 20 cm driver , Y& ° off axis .
W%'/f@/eﬂcz: are O sw ¥5° cm.
gwmg a F1ime Sp/eaz/ ot ~04 ms.
T Hhis 15 shorl erwuyé +o ffue a £lat
respounse o ~ 1 kH=z.

a far- Feld pressave /&//0/00/71/0"44'
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(D?O Cm) S inch  driver example

Woorer

/\::F p/ﬁ 7[0% /0// (Ome) OSC)//Q?ZeS
>> with /oeaé ottt/ mm at

\/8 100 Hz. G4 1w :
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/

/ 2 4 .
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=437 Px (/0644)
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At Lhd= = /385 48
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/b: (7-2) 7 (0-0/125)" /m"(‘/)/oé/ofz /4g P

7T peaf 56
= 994 oB SPL
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FREE PISTONS , DIPOLES

TWO ANT/PHASE POINT SOURCE.
v ‘ d % -
A1 N axis
I e RCENC IS r>d
- : \l . Qj
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- Lo [ Al e AlL-ded

) 2 r— img B r+ 4

VoL omME J’EkK""”x 3 S

3

é’—:;c‘i] - | d oL A ~ oA 6

4T |re a4 r* -
far-frels reav-£iele!

(/az\yer -/haw/TBy /?r)
Mote - i s Lielol | b~ Terk
— overall cps B Pq#ern
E;—X—:{—’;Méei—: 20 cm (&hch)c/fs/f) Lree in arv,
at { m, oscillating 4/ oy at 100 Hz ,emaxis.
£ stimarte d ~ 1O0cm a4 Ta® w’x

J Aat
W ) 4/ ~ . ca ays .
BAFFLED R;UZfM /b 0-22 Fa peot Low sensitivity
“was 9p.5q8 | T — 77-8 dB SpPL
At 1hHz , = 138 aB sPL [(Z/f/e/{
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LINE SOORCE S e

4
y Apply an accelevation ,ou[se +o each

0 element of av mfinite line souvce .
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A 1\\) At tim e _g(; , fivst 5/'31/1:1/
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e of —>| )
/ AS 'LZ/WIe /OQ.SSE_S) movre anc/
T morve e lements coutvi /oca‘e) but
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& X =
Met result - » v FOR LARGE # ‘
see AFS Preprint #2417

A’V more 1nformation
on /ing souvrces

[ >L‘/'khe

We cau show +his repre seuls a BO/B/ocf
pink S/vec%/ﬂam) SO the Jine needs
<g ual ization (wi¢h au 7‘/'—/9/%4 £rlter ).
PLANE WAVE SOURCE
GINE WALL AN ACCELERATION PULSE L

b
AT @ we F/ND: {f —

> 'é/;'ne

e Bor THAT's WHAT wE wovL D
EXPECT) BECAUVSE AN AUELERATION
PULSE LEAVES THE WALL MOVING,
AND 7HE PRESSURE SHOULD BE

GIVEN By ]bz Lo C U ('also needs €g. )

wr . pomt sookc e/
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Kinematics and dynamics of shaking a mass

f“; _{; fipl /,g./;

ﬁvﬁ} V/\/f\f

4 | U~--I-4um /\
A AVAL VAR Y

2-5¢a,

af

| o,
U;

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 proportiema/freq”2 59




DIRECT RADIATOR LOUDSPEAKERS

The 1925 Rice-Kellog

|Oudspeaker mode| LESOMNANCE & ACCELERA TION
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I DEAL WOOFFR RES PONSE

'Fibergiass S/orm’j 5 amr bo,\’)
A and margina Wy +he
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CONTROLLED BREAKUP

Cone moh’ow at
Jow fVeﬁuemc}es

(pfsﬁ:fm - //'ke)

N sttt heve
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augle lucreases

COMe VVIO'/'LbVI a,{'
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ot Lrows e ceutve

+o +le edgas X
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M IDRANG E , TWEETER

S 7[) = "/‘ _—_ﬁ___a/ ° 43—’
[ res YAV
é WooFER Box 254
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CROSSOVER POINT - WHY

— NEED LARGE coWE AND DRIVER
ASSEMBLY FOR ADEQRUVATE L OWS.

— BUT---) AT HISHER FREQUENCIES - ..

— BEAMING ~ 1 kH= (552;»5555

— PROBLEM GET TING HF 70 CONE

—> EVEN CONTROLLED BFEAKOP
HAS SHADOWED o©O0TPRUT.

— For HicHER BASS 007/907) CONE
SIZES ARE LARCER 'so 3 WAY
V]

BUT CROSSOVER /N 400 Hz RANGE
I'S CRITICAL | ACOUSTIC sSUMm FLAT.

—  CROSSOVER CHOSEN 70
— AVOID DRIVER JRREGUOLARITIES

—~ CURTAIL POWeER 70 A UONIT
( kee/o high power
out of Tweeter,
Eg Lov &(amp/e)

TYPICAL 279 0RDER
e MAY NEED TWEETER 64
INVERTED POLARITY



Porrive 17 ALL TOGETHER
(%he mairn /JDI.PH!S)

BOX SIZE AND

‘ EDCES OF Box (ONE MASS AND AREA
DIFFRALT SOOND DETER MINE LOW-FREQ
(ComPLE X PROCESS) BASS CUTOFF ~ ‘
[PUT IT IN THE WALL ’J X __ff\é_e_
R Y
P

U;Gamc/ AB’ - St % ’” L, 2
L= CONTROUED b N\ J .
BREARLP — | v ")
LY | "L crossover
_ =" 1 )T T Frea
- /4
‘/ 0 ) CHOSEN
VoL Acew WHEN WF
/ STARTS TO
“BEAM"_=
‘ /b A(x‘ z)
ALl DRIVERS OPERATE -
AS COMPACT SDU/\’CES)

SO THEY DISPERSE WELL

WITH C(ONSTANT ACCELERATION DPRIVE,
THEY ARE THEN FLAT MEANIN G
CONSTANT COIL VOLF7AGE AS
FN 0F FREQUENCY
TRADE-OFFS : FOR A SMALL BOX | USE A HEAVY
CONE 70 KEEP RESONANCE FREQ LOW.
THEN EFFICIENCY DROPsS BL7 - RESPONSE NICE
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The End

66



