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| > restart:w th(DEt ool s):w th(plots):assume(n,integer):

Problem: wu =u, +10and u(0,¢) =0andu(1,7) =0 ,ICs u(x,0) =0andu,(x,0) =x(1 —x)

By using u(x, t) =w(x, t) + v(x) we can break the problem up into two problems.

w,+v. =w,+10withw(x,0) +v(x) =0, w,(x,0) =x(1 —x) ,w(0,7) +v(0) =0,
w(l,t) +v(1)=0

Problem 1: v =10 v(0) =0 v(1) =0 gives the solution v(x) —5.x> —5-x

> v =X->b5*x"2-5%x;
| vi=x—5x —5x €))
Problem 2: Find the solution tow,_ =w, withw(x, 0) =-v(x) , w,(x, 0) =x(1 —x) ,w(0,7) =0,
w(l, ) =0

w(x, t) =X (x) -T(t) substitute into PDE % = T? = constant

Case I: constant > 0 X(x) =0 trivial solution.
Case II: constant=0 again X (x) =0 trivial solution

Case III: constant < 0

X"-2°X=0 leads to X (x) =c¢,cos(A-x) +¢,-sin(A-x) using the BCs, X(0) =0and X(1) =0 the

equation becomes X (x) =0 =sin(A) from which we deduce that A, =n-7

> | anbda: =n*Pi ;

i A=n~T ?2)
> X:=(n, x)->sin(lanbda*x);
| X:= (n,x)—>sin(Ax) ?3)

. 2 . . .
Next find to the solution for LT =-A, using the lambda from above the solution is another sine

cosine pair.

T (1) =an'cos(7un-t) —l—bn-sin(?»n-t)

n




> T.=(n,t)->(a(n)*cos(l ambda*t) +b(n)*si n(l anbda*t));
T:= (n,t)—a(n) cos(At) +b(n)sin(At) 4
Each productw, (x, t) =X, (x)-T,(¢) is a solution of the pde w, =w, w(0,7) =0,w(1,7) =0 a
sum of these products is also a solution. Using the Fourier Series approach
the solution is presented as.

- in(% x)-(a -cos(h - b -sin( A -
wi(x, 1) nz‘,lsm( nx) (an cos( . t) +b, sm( . t))

The coefficients a, and b, are found by using the initial conditions for the homogeneous problem
w,.=w, . Use the initial condition w(x, 0) =-v(x) to finda, . The process is to set =0 and then w (x,

0) =f(x) —v(x) ,in this problem f(x) =0. Then each side is multiplied by the eigenfunction
X, (x) and integrated of the length of the interval. Using orthogonality the resulting equation will allow

us to solve for a,as shown below.

w(x,0) =f(x) —v(x) =5 +5x= Zsin(kﬂ-x) ‘a,
n=1

1

J (-5-x*+5x) -sin(?»n-x) dx
0

n 1

in?(A -x) dx
Josm( nx)

> a:=n->int(-v(x)*sin(lanmbda*x), x=0..1)/(int(sin(lanmbda*x)”"2, x=0.
1))

1

J (~v(x) sin(Ax)) dx

0

a=n— . )
jsin(?ux)zdx
L 0
> a(l);
20 (-1 +(-1H)™)
: - (6)
n~"m

The b, coefficients are found in the same manner as the a, except the second boundary condition is

used.

w,(x, 1) = Elsin(kn-x> . ( —an-kn-sin(kn-t> + bn-kn-cos(kn-t) )

use the initial conditions to find the coefficients w(x, 0) =x- (1 —x)




w,(x,0) =g(x) =x-(1—x)= Zsin(knvc) ~bn-7»n
n=1
1

J (x-(1 —x))~sin(?»n~x) dx

1 o

b= 1
n in”( A -x) dx

JO sin ( . x)

g=x—x(1 —x)
g=x—x(1—x) (@)
b: =n->i nt (g(x) *si n(l ambda*x), x=0..1)/ (| anbda*i nt (si n(| anbda* x)
N2,x=0..1));
1

J g(x) sin(Ax) dx
0

b=n=—", @®)
I8 U sin(kx)zdx]
0
b(1);
4(-1+(-1D")
B 4 4 &)
n~ T
u:=(x,t)->v(x)+sum X(n, x)*T(n,t),n=1..4);
4
= (x, ) = v(x) + D X(n,x) T(n, 1) (10)
n=1

pl ot 3d(u(x,t),x=0..1,t=0..3, axes=box,titl e="Constant applied
force");



Constant applied force

_> animate(u(x,t),x=0..1,t=0..5, frames=200);
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