
MATH 505 — HOMEWORK # 2 Due: Wednesday, October 10, 2007

A. Do 10 of the following 11 problems. You may do the remaining one for extra credit.

1. (Legendre polynomials.) Use the Gram-Schmidt algorithm to derive the first 4 orthog-
onal polynomials on [−1, 1] using the continuous L2 norm with weight 1.

2. p.126, # 4 (Best approximations in Lp norm.)

3. p.126, # 5 (Best approximations in least squares sense by polynomials.)

4. p.127, # 10 (Best approximations in least squares sense by exponentials, the Hilbert
matrix and condition numbers.) Note: the Euclidean matrix norm is the induced
2-norm.

5. p.130, # 19 (Properties of orthogonal polynomials.)

6. p.131, # 22 (Clenshaw’s algorithm.)

7. p.132, # 27 (Equality required to determine Lebesgue constant.)

8. Determine the maximum error ||f −s||∞ where f ∈ C2[a, b] and s is its piecewise linear
interpolant on a uniform mesh xj = a + h(j − 1), j = 1, . . . , n, h = (b − a)/(n − 1).
That is, s is piecewise linear and satisfies s(xj) = f(xj).

9. p.135, # 44 (Orthogonality of Chebishev polynomials with discrete inner product.)

10. p.143, # 6 (Computing ratio of largest to smallest local maxima of Πn
k=0(x − k).)

11. (Natural and clamped spline interpolants.)

(a) Given n data points {(xj, yj)}, j = 1, . . . , n, write down the system determining
the slopes y′

j of the natural spline at the gridpoints. Write the system in matrix
notation, that is in the form Ay’ = r

(b) Write the matlab function ypdat=splineclamp(xdat,ydat,y1p,ynp) that re-
turns the slopes y′

i of the clamped spline interpolating the data.

(c) Write a matlab function ypdat=splinenat(xdat,ydat) that returns the slopes
y′

i of the natural spline.

(d) Sample the function f(x) = x3 − 3x2 + 3 at n = 4 uniformly spaced points on
[0, 3], that is xj = 0, 1, 2, 3. Compute and plot the clamped spline interpolant to
the data, using correct boundary derivatives. Your plot should show the function
f (dashed), the spline interpolant (solid), and the data points (stars). It should
be well-labeled and include legends.

(e) Repeat (d) but use y′
1 = −20 and y′

n = −10.

(f) Repeat (d) using the natural spline interpolant.

B. Write an outline of the topics that we covered in chapter 2. Your outline
should look like a detailed index, but sufficiently concise to give a good overview.


