Homework 1, Math 322

1. Solve the boundary value problem
y”_y:xa y(O) :01 y(l) =1
Solution: The general solution is
y = cicoshz + cosinhz — .

The boundary condition give ¢; = 0, casinh 1 = 2. The solution of the BVP
is

sinhz — z.

y= sinh 1

2. Find the Fourier sine series for the function f(z) =z(1 —x),0 <z <1.
Use the result to evaluate the infinite series
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Solution: The Fourier coeflicients are
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0 if n is even.

By the convergence theorem, we have, for all 0 < x <1,
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If we choose z = %, we get
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3. Find the solution to the heat equation u; = u,, with initial condition
u(x,0) = f(z) with f(x) as in problem 2, and boundary conditions u(0,t) =
u(1,t) = 0. Approximate u(3,1) to 10 decimal places.

Solution: The solution is
(oo}
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This is an alternating series s = Zzozl(—l)kﬂak with ar > 0, ar > agy1,

ar — 0. Then |s — Zszl(—l)kHak‘ < agy1. Therefore,
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When we choose K = 1, the error is less than 10740, Therefore, we obtain
8
u(,1) =~ —e™™ = 0.00001334521692. ..
T
with an error less than 10740,

4. Solve the partial differential equation u; + u = u,, with initial condition

u(x,0) = f(x) and boundary conditions u(0,¢) = u(L,t) = 0 using Fourier

series.

Solution: Using the method of separation of variables u(x,t) = X (x)T(t)

we find T P
0, _ X'
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Therefore, we obtain
X"+AX =0, X(0)=X(L)=0,
and
T + XA+ 1)T(t) = 0.
This gives
up(z,t) = e*(”zﬂz/LQH)tsin(mrsc/L).

The solution is
o0
u(x,t) = Z cpe” (/LA sin(nmx/L),
n=1

where

L
Cn = 2/0 f(z)sin(nmz/L) dx.



