The Wave Equation
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¥ Normal Modes

>
Here we will illustrate one of the normal modes on the rectangle [0,2] X [0,1].

>
>
> with(plots) :
> u32:=(x,, t) » sin(%-xj -Sin(Z-TC-)/)-COS[%-tJ;
u32:= (x, t)ﬁsin(% nxj sin(2ny) COS(% ntj (1.1)

> contourplot(u32(x, y, 0), x=0..2, y=0..1, color = black,
contours = [-75~5,~25, 0, .25, .5, .75]);
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> plot3d(u32(x,y,0),x=0.2,y=0..1);






V¥ Superposition of Two Normal Modes

Here we look at the superposition of two normal modes on the unit square

> with(plots) :

- 2 2
> u34:=(a, b x W) Hsm(h.ﬁ)sm 4_WJ,COS[E.SW (;) +(g) ].t);
a b a b

._ Lein[ 3TX) [ 4TY [9 |16
u34:=(a, b, x, yt) sm( o ]sm(—b )cos[n 7 + 2 t]

> ubl2:= (a, b,x,yt) - sin[s'f:'xjsin( lz'n'y)-cos(n-sqrt

J









Now we'll change the shape of the rectangle so that the motion is not periodic.
We'll continue to letb = 1, and choose a = 2

> animate(plot3d, [u30(sqrt(3), 1, x, y, t) + u02(sqrt(3), 1, x, , t), x=0..2,
y=0.1], t=0..20, frames = 100) ;



Vv A more general situation

Here we will continue to use the rectangle [0,2]x[0,1] with u = 0 on the boundaries.
The initial velocity will be 0, and the initial position will be a small bump in the
square [1/4,3/4] X [1/4,3/4]. Here is the bump.

4 4
v (v LY (3
fl:=x (x 4)(4 xj (3.1)
> = (xy) — f1(x)-f1(y);
fi=(xy)—>fL(X) f1(y) 3.2)

> plot3d(f(x, y), x=.25..0.75, y=.25..0.75);






> a(5,6);

(3.6)

9.045279344 107"

>

An approximate solution to our boundary value problem is then

1..15], n= 1..15] :

m =

0..1, axes = normal);

> plot3d(u3(x,y,0),x=0.2,y
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>

> animate(plot3d, [u3(x, y, t),x=0.2,y=0.1], t =0..4);



Q

Q
X

KL
e
LR
RRLLLRR
SRLLRKLR
BLLRRKLS
SRRKLK
e
XXX
_,,,,,,,,,,,,,,:,,“‘

Q

%




