assume (m, integer, m > 0) : assume (n, integer, n > 0) :
#/ 2d wave equation with inttial position f{x,y)=1

c:=1
a l:
b=1:
S=(ny)—1
m \* 7 \? m-Pi-x n-Pi-
A= (myn)—cPisqrt||—| +|— ;phi == (m, n, x, y) —sin -sin Y ;
a b a b
i "
(m,n)—cm — 1t —
a b
(m,n,x,y)—»sin( m;tx) sin( ﬂg)/) 1)
B = —>i'l'1 -phi =0 =0..5);
= (m, n) L (m (ﬂx,)/) phi(m, n, x, 1), x= ..a),y— . ),

a

4 Ubj S (52) 0(m, m,5,2) dxdy]

()= = ~ @
# The following finction is the sum for m from [ to p and for n from I to g ofu , (X, 1, 1)
u= (p,qg5nit)— (add(aa’a’(b’(m, n) -cos(?u(m, ) -l) -phi(m, n, x, y), /;1= 1 ..p), n=1 q))
(2, g, X, 1, t) > add (add ( B (m, n) cos(N(m, n) t) O(m,m,x,y),m=1.p),n=1.g) A3

#plots | animate | (p/ol.fa’, [u( 10,10, x, », 7),x=0..a,y=0 ..b], 7=0..200, frames = 100)

# depending on your computer this animation may take a while to compute.

plot(u (10, 10, .5, .5,7), 7= 0..20);
# here is a plot of the point at the center of the membrane (x,y)=(.5,.5) as time varies from 0 to 20.
Note it is not periodic.
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#Here are some plots of the shape of the membrane at fixed time t=0 and t=10.
plot3d (u(10,10,.x,1,0),r=0..4,y=0.5)
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(m,ﬂ,x,y)ﬁsin( m;txj sin( ”Zy) )]

Bi= (myn)— %inl(z’nz(/(x,y) phi(m, n, x, ), x=0 ..a),)/Z 0 ..b)

a

b

4 U jf(x,y) o(m, 7, x, ) dxdy]
0°0

(m, 1) — — ®)

# The following function is the sum for m from [ to p and jor n from I to g ofu,, (X, 1, 1)
u= (p,gNyit)— (cm’cz’(cm’a’(b’(m, n) -cos(k(m, ) -1) phi(m, n, x, ), m=1 ..p), n=1 q))
(2, @, X, t) > add (add ( B (m, n) cos(N(m, n) t) O(m,m,x,y),m=1.p),n=1.q) (6)

#plots | animate | (p/ol.)’a’, [u( 10,10, x, 3, 2),x=0..2,y=0 ..b], 7=0..200, frames = 50)

#3 This is a heat equation with inttial temperature a constant I and boundaries at 0

1
c= —:
10
a 1:
b 1:
S=(xy)—l:

2

7 \? m-Pi-x n-Piy
+ [Z] ]Iphl = (m,n,x,y)%sm( P ]-sm(—b ):

m
A= (m,n)%sqn([?)

B= (m,n)— %lhl(im(ﬂx,y) phi(m, n,x, p), x=0 ..a),yZ O..b)

a

b
4 Hf(x,yww,n,x,y)dxdy
070 7
ab 0

(772, ) =

u= (p,g,Nnit)— (aa’d (cm’d (B(m, ) -exp(—nz-cz- (k(m, n) )z-l) phi(m, n, x, ), m=1 ..p),

v=1.q))

2 2
(ﬂ, q, X, V, l) —wdd(aa’a’(g(m, /’Z) e‘TE czl(m, n)< ¢

o(m.mxy)m=1.p).n=1.g) ®)
#plots | animate | (p/ol_?a’, [u( 10,10, x, 3, 2),x=0..2, =0 ..b], 1=0..10, frames = 40)

# Here's a plot for time (=5. This one is also a better approximation, p=q=20 so there are more terms of
the series included.



plorsd (u1(20,20,x,,5),x=0.a,y=0.5)
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#4 This one is a steady state problem when one of the boundary edges is fixed at temp 100 and the others
el
1
Ci= —
10
A=1:
B:=1:
£y = x—100:

assume (M, integer, M > 0) : assume (N, integer, N> 0) :

2 2 .
M M-Pi-X
Lambda = (V) —sqrt| [ 22) + () |.phi = (45 % ¥)—sin :
A V; A
(NPT
sin Z ;

2 2
M
(M/V)*/AzJFNz
B



(MY . ( NmY
(/l/,/\/,/KY)—>51n( y )sm( 2 j &)

Bsscoefficient == (N )— sinh(b%-/\/-Pi) th(FZ(X)-sin( N'Pi.X),XZO..A);
2 er(X)sin[“ijdX]
= O sinh( BNV T) {10
Uss == (P,.X, Y)—»add(ﬂsscoqﬁa;em(ﬁ)-sin( RS'X )-sinh R'I;Y ),R=1..P)
(PX, Y)—»add(gsscoeﬁa'em(ﬁ) sin[ RZX) sinh( RZ)YJ’R: 1 ..P) an

plo3d (Uss (10, X, V), X=0.4,Y=0.75)




#5 This heat problem combines the previous 2. Inital temp is constant 100 with one of the boundary sides
Jixed at 100 and the others fived at 0

%o oy —sartl (Z2) 4 (2 ) ohi = o (mPix (P
= (m.n)—sq [aJ [b] - phi = (7,7, ) sm[ : ]sm[ : ]

2 2
(mm— | Ty
a* »
. x| . (#z2my
(2, n, x,y)—>s1n( j sm( 4 j (12)
4
Bcoefficient == (m, n) — Elhi(lhl( (f(xny)— Uss(5,xp)) phi(m,nxy), x= O..a),yz 0..5)

b .a
! U | (tmr) = Uss(5.50)) 00 5 ) dxdy]

0°0

(722, 1) = 13)

ab

2
u= (p,q,x,yt)— (add (add (b’coe/ﬁciem(m, n) -exp(—nz-cz' (k(m, n) ) -l) phi(m, n, x, p), m
=1 ..p),ﬂz 1 q)) + Uss (5, x,p)

2
(2 g, X0, t) > add (add(é’coe/ﬁcz’enl(m, n)e

2
e Am, 7) ’¢(m,n,x,y),m=1.p),n:1 (14)

..q) + Uss (5, x,p)
plot3d (u(5,5,x,,5),r=0.a,y=0.5);



#plots | animate | (p/ol.fa’, [u( 10,10, x, », ), x=0..a,y=0 ..b], 1=0..10, frames = 40)



