
MAT 425 Midterm Exam. March 24, 2011

MAT 425. Midterm Exam

Name: ASU ID:

Score: /100’

Open book. Open notes. NO electronic devices such as calculator and cell phone.

Problem 1 2 3 4 5 6 7 8 9 10

Individual
Scores 10′ 10′ 10′ 10′ 10′ 10′ 10′ 10′ 10′

10′

10′

1. Write a pseudo-code using the composite Simpson’s rule to estimate integral
∫ 1

0 e−x2
dx.

2. Use Newton form of polynomial interpolation together with divided difference to
find the quadratic polynomial that interpolates

(3,−7), (4,2), (5,3).

You have to use the required method to get full credits.

3. Transform the 2nd order differential equation

y′′(t)−2y′(t)+5y(t) = e−2t , y(3) =−1, y′(3) = 0

into an equivalent system of 1st order differential equations. Specify the initial con-
dition(s) for the new system as well.

4. Let p(x) be the 10-th degree polynomial interpolation of sin(x) so that

p(
k

10
) = sin(

k
10

) for k = 0,1,2, ...,10

Find an upper bound for |p(x)−sin(x)| on x∈ [0,1]. No derivation is required but the
answer can only contain numbers and operations such as factorial and exponential.
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5. Suppose we want to estimate integral

I( f ) =
∫ b

a
f (x)dx

but we only know the values of f (a) and f (a+b
2 ). Find the weights w1,w2 in the

quadrature

I( f )≈ w1 f (a)+w2 f (
a+b

2
).

You may choose any approach you want. Show all your work.

6. Show that the centered difference

f ′(x)≈ f (x+h)− f (x−h)
2h

is of 2nd order accuracy.

7. Suppose we implement the above formula in a computer program. Assume we can
also compute the error in the program. Now, if we keep dividing h by 2, what will
happen to the errors for relatively large h and what will happen to the errors for very
small h? You want to give a good description of the phenomenon that would be
observed in the errors, should you actually carry out this experiment.

8. Use Richardson extrapolation on the forward difference

f ′(x)≈ f (x+h)− f (x)
h

to derive a new formula to approximate f ′(x) at a higher order accuracy. Show the
steps in your derivation. Do not just quote the textbook.

9. Explain why a cubic spline interpolation can be uniquely determined if we impose
the periodic condition, namely, we require the function values at the two endpoints
to be equal AND the derivatives at the two endpoints also to be equal.

10. Write your comments to the following questions. Each word = 2 points but the total
is at most 10 points. Be frank and open.

What are you particularly interested in learning for the rest of the semester?

Should we include more programming in class and/or homework?
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