
MATH 3511 Midterm II practice test April 2018

Question: 1 2 3 4 5 Total

Points: 30 20 20 20 10 100

Orthogonal polynomials

1. (30 points) Construct the first five polynomials that are orthogonal on (−∞,∞) with the weight
function

w(x) = e−
x2
2 .

Hint: you may need the following integral.

∞∫
−∞

e−
x2
2 x2kdx =

√
2π(2k − 1)!!,

where
(2k − 1)!! = (2k − 1) · (2k − 3) · . . . · 3 · 1,

and by convention
0!! ≡ 1.

2. (a) (5 points) Starting from the definition of Chebyshev polynomials,

Tn(x) = cos(n arccos(x)),

write down T0(x) and T1(x).

(b) (5 points) Use recurrence relation for Chebyshev polynomials, find T2(x)

(c) (10 points) Verify by direct integration that T0(x), T1(x), and T2(x) are orthogonal on
[−1,1] with the weight function

w(x) =
1

√
1− x2

Hint: to evaluate the relevant integrals, use the substitution x = sinu, −π2 ≤ u ≤
π
2 ,

dx = cosudu, 1− x2 = cosu.

Fourier series

3. (20 points) Find the Fourier series for the following (periodic) function:

f (x) =

−1, if −π < x < 0,
1 if 0 < x < π.

f (x+ 2π) = f (x).
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SVD and linear least squares

4. (20 points) Use linear least squares approximation and singular value decomposition to fit
the noisy data returned by the function m2samplenoisydata()� �

1 function [x, y] = m2samplenoisydata()� �
using the expression

y(x) = a1
1
x

+ a2 cos(x) + a3e
−x2/4.

Write the function� �
1 function a = m2svdfit(x, y)

2 % MYSVDFIT SVD least squares fit of (x,y) data.

3 % Return the coefficients of the best fit

4 % p(x) = a(1)/x + a(2)*cos(x) + a(3)*exp(-xˆ2/4)� �
and call it from your main script. Use matlab’s own svd function.

On the same graph plot your noisy data and you least squares fit.

The file m2samplenoisydata.m is available for download on the course website.

Git and Gitlab

5. (10 points) Upload the code you wrote for this exam to UConn gitlab server:

1. Use gitlab web interface to create a new project called midtermr2-practice. (The name
must be exactly as shown.)

2. Use gitlab web interface to add README.md file and edit it to add the relevant content.

3. Use gitlab web interface to upload your matlab code to your project. (Do not copy and
paste.)

4. Use gitlab web interface to grant the access to your project (with the permission of the
reporter) to the instructor.
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