3. Suppose we have the following power series

that satisfies the equation

Put in to get

Rewrite into

which gives



From the coefficients we have



Thus 



From this iteration relation we may expand  into arbitrary order terms. For instance,
 gives

 gives

 gives

and we get

And  will depend on initial conditions.

4. (a) The inner product is given by

works. We have

The first term is


due to the vanishing boundary condition. Thus, we have







(b) We have

leading to

The solutions are

For , with boundary conditions , we have


from which we may solve out , thus 
When , the solution reduced to

And  gives


which reduce  to zero.
We can only try , in which case

with boundary condition

We have


and so , requiring .

Thus, the eigenvalues of the systems are  with corresponding eigenfunctions


They are orthogonal in the inner product we define in (a), since eigenfunctions of a Hermitian operator are always orthogonal.
(c) We check  



(d) The normalization is 

Thus normalized eigenfunctions are

It remains to expand  in terms of . Since the  factor is the same, we need

We have

