AMATH 301 RAHMAN Week 9 Theory Part 2

WEEK 9 PART 3: BOUNDARY VALUE PROBLEMS

We are used to initial value problems where we are given initial data. What if we are given boundary data instead? There
are many applications where things are happening for a long period of time and we don’t know what happened in the beginning,
but we do know something about the boundary. The usual problems are solved in a similar fashion to Initial Value Problems.
We do however have a bit more theory.

Definition 1. The boundary values (for a second order ODE) y(a), y(b), ¥'(a), and/or y'(b) are said to be homogeneous if any
two of the above boundary data are zero.

We also have eigenvalue problems for BVPs. Recall that for matrices the eigenvalue problems were of the form Az = Ax,
where we solve for the “eigenvalue”, A\. For BVPs of a second order ODE, we consider our linear operator to be L = d?/dx?
(for matrices the linear operator is the matrix A). So we wish to solve the problem Ly = Ay; i.e. y” + Ay = 0. Here the y/ s
corresponding to A, s are called eigenfunctions (similar to eigenvectors in the matrix case). We notice that eigenvalue problems
are only for homogeneous boundary data.

Definition 2. The boundary value problem
y' 4+ Xy =0; (with homogeneous boundary conditions), (1)

is called an eigenvalue problem. And the nontrivial (i.e. y, # 0) solutions y,, corresponding to A, are the eigenfunctions of the
corresponding eigenvalues.

Now lets do some boundary value problems,

Ex: " +y=0;y(0) =1, y(L) = 0.
Solution: The characteristic polynomial gives us

?4+1=0=>r=24i=y= Acost+ Bsint =1y = —Asint + Bcost.
Then our first boundary condition gives y'(0) = B = 1, and

y(L) = AcosL+sinL=0= A=—tanL; L # (2k+1)g, k=0, +1, £2, ...

However, if cos L = 0, sin L = 0, but this is clearly false because sinx # 0 when cosz = 0 and vice-versa, so the BVP
has no solution if L = (2k +1)7.

Ex: y"+ Ay =0;4(0) =y (7) = 0.
Solution:
(i) If A > 0, let A = p2. Then

r=diu=y= Acosut + Bsinut =y = —Apsin ut + B cos ut

From the first boundary condition we get y'(0) = By = 0 = B = 0 because A > 0. From the second B.C. we get
y'(m) = —Apsin ur = 0. Since we don’t want trivial solutions if we can avoid them we can’t have A = 0, so we require
sin ym = 0 then u = nw where n =1, 2, ..., so our eigenfunctions for the corresponding eigenvalues are

Yn =cosnmt; \p =n2,n=1,2, ...
(ii) If A < 0, let A = —p?. Then
r=4p=1y=cre' +coe " = Acosh ut + Bsinh ut = y' = Asinh ut + B cosh pt.

The B.C.’s give ¢/(0) = Bu = 0= B =0 and y'(7) = Asinh um = 0, but sinh is only zero at zero and p # 0 since A < 0,
so we have A = 0. Then y = 0, so unfortunately we get a trivial solution. (iii) If A =0, y = cyz + ¢9 = ¢’ = ¢1, then
applying the B.C.’s give ¢/ (0) = ¢; = 0 and y/(7) = 0 automatically. Then our eigenvalue and eigenfunction are

Yo = ].7 )\0 =0.

Notice I left out the constants. It is up to you if you want to include it or not.
Complete Solution:

o0

y=co+ ZA” cos nrt
n=1
1



Ex:

Y’ + Ay =0;y(0) =y(L) =0

Solution:

(i) If A > 0, let A = p2, then

y = Acos ut + Bsinput = ¢ = —Apusin ut + By cos pt.

Notice how we have the same exact general solution! You do enough of these problems and you can go straight to
the solution and it’s derivative without having to do the characteristic polynomial. Now, from the B.C.’s we get
y'(0)=Bu=0= B =0and y(L) = AcosuL = 0. So we require u = (2n — 1)7/2L where n = 1, 2, 3, ..., then our
eigenvalues and eigenfunctions are

7r o 2
yn:Ancos((Qn—1)§t>; An = (2n —1) Z’n:L 2,3, ...

(ii) If A < 0, let A = —p?, then
y = Acosh ut + Bsinh ut = 3y’ = Ausinh ut + By cosh ut.
From the B.C.’s we get y/'(0) = Bu =0 = B =0 and y(L) = AcoshuLl = 0 = A = 0, again it’s the trivial solution
y=0.
(i) f A =0,y = c1x + ¢g = ¥y = ¢1, from the B.C.’s we get 3'(0) = ¢; = 0 and y(L) = ¢y = 0, so again we have the

trivial solution y = 0.
Complete Solution:

y = ni_o:l A, cos ((Qn — 1)%1&)



