Question

Given a rod with 10cm of length that has a constant heat flux of 2 and 3 at the left edge and the right edge respectively,
restate the following question after finding an appropriate boundary conditions and ultimately find the U(x,t).

1. U, =30, E20
2. BC: Unknown

. = a2 =
3. ICU(x,0) = X+ 2x + COS —
Solution

Finding BC:

U.(0,t)=2,U.(10,t) =3
It iIs a Neumann condition with a constant heat flux at the boundaries.

Solution:
First we shift the unknown function so that the BC are homogeneous.
Let P(x) = Ax“+2x satisfying p’(0)=2 and p’(10)=3. Also A=-21—0 and B=2.

Let let v=u-p so that u=p+v. Since U;=V; and U,.,=V,,+2A, we see that v must satisfy

'w.""

y =, 4+ 5. D<r<Il0t>40.
up(0,8) =0, wvx(10,1)=0,

{x.0) = ulx.0) — plr) = cos(mr).

Note that we have used the properties w,(0,t)= v,(0,t), w,(10,t)= v,(10,t), and w(x,0)=v(x,0). The problem for w can be
solved easily, as

ety £) == ¢ =het cos{mr).

Which yields

l 1 l > il P 4
w(r.t) = wir.t) + i;f + plr) = ;)-l ~ i)'a.l" + 2+ 7% '('(.m(rr.r).

Source: modification of textbook question

Reason: Understanding physical interpretation of dirichlet and neumann boundary conditions for heat equation in
practice and apply appropriate boundary condition for solving a problem.
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Probhlem STatement
Consider the follow 1 ng heat problem:

DE Ut= Kuxx |, 0L x££ 10, 2,0
B C le(O:t):O, ux(i,t)‘:O-
IC w(x,0)= F(x).

Khowing that thae colution to thisf problem ir

) Q-QWat

wL(x,t)l=-1 118 cos (3mx/a s Find the corresponding

initial condition of this problem, F(x), and the
value of K.
Fuwll solwtion

It 15 clear that we have:
*Hoeat problem with K=4,L=10

* Homogaeneouf Neumann Boundary Condi tionys
= UnKnown initial condition!

In general, the solution to fuch a
problem hasf theae Fo\lowing Form :
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Finding §(x
w(xpt)=-4+1% coS(iﬂTx/a.) Q’q"a.t

2 Knowing the FCS expansion ofF F(x),
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Explanation

This problem ifgood because:

+ we havenaevar done aproblem whare the

solution is Known but the IC is not(going backward))
’ « Student murt cecognite the Formof
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