3.

(10) The Running on the Waves. Use integral transform technique to solve the following IBVP:

—
e

2 2 2
Governing equation gx—?+2y—z+So§(x—x{,)§(y—a~t)=VizZTz;
Boundary conditions x=0 —k, Z—u(O,y,t) +hu(0,,1)=0
X
Ou
x=1L +k28—(L,y,t)+h2u(L,y,t)=0
X
y=0 u(x,O,t)zf,,(I—i—sinmt)
au(x,M,t)
S T
Initial conditions u (x, y,O) =0
%u(x,y,O) =0

, 0<x<L,0<y<M, t>0

O<y<M,

O<y<M,

O0<x<L,

O<x<L,

t>0

t>0

t>0

t>0

Solve for: L=1, M =4, x,=05, k,=k, =2, hy=2,h,=3, f,=03,8,=08, ®=3.0, v=0.5, y=1.63

Visualize u(x, y,¢) with the help of the contour plot (use 10 contours) for =2, =5, 1=8,t=11

Use other form of visualization.

Speed of waves v and the source speed a can be equal or different.




The Finite Fourier Transforms corresponding to given differential operators and boundary conditions (IX.3 new):

o~
\SX

R —ku'(0)+hu(0)=0

R k' (L)+hu(L)=0

<

u, =:[u(x)Xn (x)dx

A, are positive roots of

(H/H,=27)sinAL+(H, + H,) Acos AL =0

1 /
b p—— x /
_— T 3 3 /4

v
2
gt
+
8

operational property
_/lnz En

X,(0)=u,

X,=A,cos A, x+H, sinA,x

1423771955 Ay +Hj
HXﬂHZ:( 1)[L+ sz 2]+H]
3.778256980 2 Ao+ Hy )2
6.654072636
M
3, u, = j u ( y) Y, ( y) dy operational property
0
D u(0)=f, . =(m+é)% , n=01,.. sin(u,x) % —po i, + £,Y7(0)
N u'(M)=0 Y, (0)=m,

2 2
sysx{%;}wxsy{ 2}+3ySX{Soé'(x—xo)é'(y—a-t)}=S,

Y

_/111217}1,”1 _luriﬁn,m + _f() (t) : lum 'Sx {]} + S()Xn (x() )Sin(lum a t) = VI a -

where 3 {1} = IX,, (%)

i) Apply Laplace transform L{ }

2,2=
—vAu

v: or

Note the order of transforms applied to the first two terms!!

Ou
+2y° —
" }
2 ﬁn m
— transformed eqn
& H H

0

T —vz,u,iim +v'L {fo (t)}~,um -3, {1} + szoXn (xo )L{Sin(,um ~a~t)} = szi_m + 2\/2725‘1/&!”’”1

(s2 + 207 s +v A7 +v2,ui)tétw = sz{fo (t)} u, -3, {l} +v°S, X, (xo)L{sin(ym -a t)}

2
(s+v2;/2) +vzﬂj+v2

w=viy'\u, =v2L{fo (t)}-,um 3 AL VS, X, (x,,)L{sin(,um -a-t)}

Transformed solution :

;;;;;;

0 n(xo)L{Sin(ym-g-t)} nm

b
(s+v27/2)2 +b’

n,m

dx =sinA,L——Lcos A, L+—L
ﬂ/ll j/II

Iivm (s) :LVZ 3

n,m

. {I}L{fo (t)}L{e’VZ/’ sin (bn’mt)} +vazSoXn (xo )L{sin(ym .a.t)}L{e’”Zﬁ’ sin (bnymt)}

n,m




iii) Apply inverse Laplace transform in convolution form:

i,,(t)= A 3L [fo (t)xe™"" sin (bn,mt)]+va2SoXn (xo)[sin (4, -a-t)xe " sin (bn,mt)]

n,m n,m

iv) Apply inverse Finite Fourier Transforms:

vy RER0)
() = E 3 T ) e T




a=v=0)5

2,t=5,t

8, t=11

t




0.5

v

a=0.29,

11

2,t=5,t=8,t=

t
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