He
X

/:L _i_| ) E%;’;‘i Ultrasonic waves in air

73&&’@]&L’C1§1’>%b\
Imd)lﬁli(ﬁﬁbﬁh‘t)

HENAEXDEHN
BRDO

TR DIEHK
T &
gt & BT
 ESHDEE
10. IK R DG

11 ABDOFER T

©.°°.\'.°’.U":'>.°°!\3!*




BEREELTIREDLDAIDM?
ZRIIIERDEEZEZLDENDID,

1T
poYHT &--
->\HHHIIIHHHHIHHI 111114

EI1TREE

=1 D

fad




—A.EZXICFTEZ16H 5

NEMATHI CITEE DG, ZATZATNLE,
EEDEAER(=ILEE) (X AIZEEH,
BEElETDBIEE

= T ENRIERE

—>IIHHIIHIHH T

Had BENHoTI CEIDEL




TEREELTIEHHDOMN?
D FhIEBEEINHETENS.
Er Er
; 3 : 2 2 3
i i

R EN

@
-
o

e IRENA M EKDED AR

Al




gllcl: l)_?_‘, 0) gi—s‘i ll‘gi O) :_Et Elastic property of air
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1. BREAZEE  PV7 = const. A
—"
adiabatic process S J
PV, = (B, + p)(V, + AV)” —

~ (R + p)(Vy + VAV R Approx
= PV, + PN, AV + pVyy + pV, AV/ ALl

Approx.
. P AV
S ==y — (fgHlesnt=1)
R Vi
(v =ZZERDLLELE ratio of specific heat
P, =K% [E atmospheric pressure, =& £ sound pressure

Vo =TtD{Fi% initial volume, AV ={&i5Z 1t change in volume
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. EHD I Eqg. of continuity
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AV =V, divu o
Linearized!

0 = —Pdivu

(#8721t Linearized)



& F HFEX Equation of motion

grad p = pav
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5% HREDAER Equation for fluid
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Non-linear term



R BN A FE T Wave equation
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In the case of harmonic vibration (sinusoidal vibration):

2 2 (
+kp= P :
Vip+kip=0 | jop =—Rydivv
B @27 grad p=—Jawpv
c A “
v=-grad ¢ o MTPEE  v=—
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Velocity potential Particle velocity
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KUK Z & (kg/m3) FiR(m/s)
ZEX 1.293 331.5
K= 0.0899 1284
A L 0.1785 965
=% 1.2506 334
BR3R 1.429 316
3 | A 1.977 259
AR 0.7168 430
JKzZE R (134°C) 0.6 494
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KENAIEN 1k ENEOSE
T (BEOHZECER. BEMNGIEVTIR) plane wave
B —ER 0 EHE K single frequency, continuous
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Particle velocity

—NZimf-9 ## Solution

p(x) =P.e glot fi‘é‘_ﬁﬁ Heiwt is not displayed.
p [IkME(#EFRE) Amplitude(complex)
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+XxH RIS EITE Progressive wave Iin +x direction




BEEEAE—S 2R specific acoustic impedance

_jkx 1

WTEE V= dp _ K poio — L p g
wp dX  wp oc
1 =P e [ EEEEAE—SR
Yx FEREFRCERSNS !

Defined for plane waves

REHR XD EAMIEH) A HhdL: - -

p(x)=Pe ™ +Pe

In the case of reflection

(=P EERSEMGERD
P+ Reflection coefficient (Pressure)
BlzIEr=10L= Complex number

p(x)=2P coskx | ZE#HK | Standing wave




kM ;&% Spherical waves
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73\ AT FIC Bk Point source, spherical source
Uniform radiation in any direction
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_N&FimT-9 fi# solution

p(r) = E |:>+e—jkr +A R HE D EITR
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: — jkr
wymE . J o0 _Pell 1
" wpor  per jkr

EEERFEEDRIEMNT S Phase difference between pressure and velocity
=EERE r A R) En LB AL ((EMKR) Plane wave (in phase) in far region



Bk =R (FEIREK) spherical source
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Uniform vibration

COFRICEDIKERED r=a [THITHERKMELY.

— jka
v.(a)=u, =€ (1+_1j
oca jka

BRAGERICEEART/hEL (ka<<l) & Small source

L U [EHRE
P+ = Jopa u, = JCUPE {%5ﬁ®§§é[m3/s]

XERIZCKHEE ik
. U, e’
Sound pressurebya P = Jop

spherical source 4r




