13.811
Advanced Structural
Dynamics and Acoustics

Lectures: MW 2.30-4.00, Rm. 5-233

Instructor: Prof. Henrik Schmidt, Rm. 5-226.
E-mail:
Dr. David Battle, Rm. 5-207
E-mail:

TA: Mr. Hwee Min Charles Low, Rm 5-007

E-mail: Inmc@mit.edu
Office hours: Thursday 4-5

Textbook: Fourier Acoustics
E.G. Williams

Academic Press, 1999.
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13.811
Spring 2004 Class Schedule

Dat e Lecturer Lecture Topic Chap. Hmwk. Due
29- Mir Introduction. Overview of QOcean Acoustics 2.1-2.3
Schmi dt
31- Mr Acoustic wave equation. Plane waves. 2.4-2.6
Schmi dt Wivenunber representation.
5- Apr Radiation frominfinite plate. 2-d wavenunber 2.7-2.8
Schni dt space. Spherical waves from point source.
7- Apr Directivity function. Radiation frombaffled 2.11.1-2.11.5
Schni dt rectangular piston.
12- Apr Radiation from planar sources. 2.11.6, 2.12-2.13
Schmi dt
14- Apr Radiation fromelastic plates 2.14-2.15 #1
Schmi dt
19- Apr No classes
n/a
21- Apr Quiz
26- Apr Spherical waves. Spherical harnonics. 6.1-6.4
Battle
28- Apr Spherical multipole radiation 6.5-6.6 #2
Battle
3- My Scattering from Spheres 6.1
Battle
5- My Cylindrical waves 4.1-4.3 #3
Battle
10- My Helical waves 4.4
Battle
12- My Radiation from cylinders 4.5-4.7 #4
Battle

Text: E.G. Williams, Fourier Acoustics. Academic Press, 1999
Backgroud reading: Section 1.
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13.811

ADVANCED STRUCTURAL DYNAMICS AND ACOUSTICS

The Acoustic Equation of Motion

Perturbation
p = po+p
p = p+p

1D equation of motion

dvy Jp
pDAmAyAzE = (3$Am) AyAz
dv,  Op
= p“ﬁ T Ox
Other Coordinates
v,  Op
ot~ Oy
v, _8_;0
Po o 0z
Equation of Motion
ov =,
Popr = Vp
- Jd o0 0
V= (%: 8—3;’ &)
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The Acoustic Wave Equation

Conservation of Mass

Az a_pf_v.pv

ot
/\ / Equation of Motion

Az
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> b € Pogy = VP

/ 0
p Po 14 9P . :
T T-= Pt o Az Constitutive Equation
s A
“ ’ p=p +p’[8ﬂ 0% Tol .
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Speed of Sound

¢ = [a—p} (Sound speed)
dpls

Pressure Wave Equation p

1 9%

~ 7P _y Linearly Elastic Fluid
2o

)V (lvp) _
P

p = mtp

Particle Velocity Wave Equation b = ooty

an % /

1 oo oy PV po= .
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Potential Wave Equations
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Pressure Wave Equation
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Particle Velocity Wave Equatio

I*v
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Wavefield Potentials

Velocity Potential

v=Vo.

9 (v 29) 0.
1 9%

2 _— =
Ve 2 ot? 0,

Displacement Potential

u="Vvy,

1 0%

p=—KVi,
K = pc®.

1

P= P
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Solution of the Wave Equations

e 4-D Partial Differential Equation
e Analytical solutions only for few canonical problems
¢ Direct Numerical Solution (FDM, FEM)

— Computationally intensive (Az < A, At < T).
e Dimension Reduction for PDE

— Geometrical symmetries (Plane or axisymmetric problems)
— Integral transforms

— Analytical or numerical solution of ODE or low dimen-

sional PDE.

— Evaluation of inverse transforms (analytical or numerical)
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Helmholtz Equation

Frequency-Time Fourier Transform
f(t) = %/_0; flw) e “tdw
flw) = [ f(t)etdt,

Helmholtz Equation

V2 + & (r)] ¢(r,w) =0,

Solution of Helmholtz Equation
¢ Dimensionality of the problem.

e Medium wavenumber variation k(r), i.e., the sound speed vari-
ation c(r).

e Boundary conditions.
e Source-receiver geometry.

e Frequency and bandwidth.
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Helmholtz Equation
Homogeneous Media

Helmholts Equation Laplacian in Cartesian

[V2 N kg} q,b(r,w) _o. Coogrdlnatges 2
0 0 0

~ Or + Oy? + 022"’

Plane Waves

» X Aeik-r

w(iﬁ; Y, Z) =

B e—'.ik-r

v?

Y

Wavefronts

_ Wavevector
k r = const
y
k =(ky k, k)
IK] :ka%'wlé
Z
Wavevector k determines 1-D propagation: k,, k. = 0:
propagation direction of plane
waves Ae*  Forward propagating

v =1 2 |
Be ™ Backward propagating
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Helmholtz Equation
Homogeneous Media

Cylindrical Cordinates

19 9 1 &

2 J— _ —_— _
¢ 9 Vi=ra o tragt o
Azzal Symmetry
1o 0 9
y bessel Functions
M A Jy(k
: iy = A
BYy(kr),
Hankel Functions
Spherical Cordinates w(r) = CHél)(kT) = C[Jo(kr) + iYp(kr)]
[ Lo Lo DH (kr) = D[Jo(kr) — iYo(kr)] .
1929 ]y =o,
r2or  Or —
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Ho(l)(kr) ~ | — "/ Diverging waves
() (A/r) e Diverging waves mkr
r)= s 1., . .
(B/r)e™*" Converging waves Héz)(kr) o~ 'rr2kr ¢~ ikr=m/4) Converging waves
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Radiation of Sound
The Point Source

Unbounded Homogeneous Medium

Frequency Domain

u(a) = U(w) .
Spherical geometry solution
> I
eik‘r
o) = A,
_0Y(r) etk 1
?_LT(T) = aT—Ae (?_T_Q)

Simple Point Source
ka < 1
5 tka — 1 A
ezﬁm tRa ~

u(a) = A R
A = —d®U(w).
=
ikr
W) = =S.g
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47y

S, = 4ma’U(w)
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Green’s Function

ikr
€
gw(T: O) — P

Source at 7

eikR

gu(r,10) = R R=|r—ry.

Helmholtz Equation for Green’s function

[V2 + kﬂ gu(r,1r9) = —0(r — 1) ,

Integrate over spherical volume V of radius € — 0:

[ =@ —r)dv = -1
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Reciprocity

gm(r, I‘[:.) = QM(I'D: I‘) )
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Green’s Theorem

Source in Bounded Medium

Inhomogeneous Helmholtz Equation

(V2 + k] w(r) = f(r).

General Green’s Function

Gw(r: ro) = gw(rr ro) + Hw(r) )
[V2+k*| H,(r)=0.

=
(V2 4+ k?| Gu(r,r0) = —6(r —r0).

Green’s Theorem
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o0) = [ [Gter 20 ) 20l
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] dSo— [ f(ro) Gu(r, x0) dVi,
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Source In Infinite Medium

W(r) = = [ f(ro) gu(r, o) dVi

For any imaginary surface enclosing the sources: A=~
/ \\
0% (ro) 9g.(r, 10) ! )
w b - = = . ,
/S {g (r,ro) o, ¥(ro) o dSy =0 ! @ '
\ /
. ikR \ /
] e &,b(ro) ) o ~ - \
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Radiation Condition

'I,D(I'D)—)O, R:|r—r0|—>oo.
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