
AMSC/CMSC 460 Final Exam (take-home)
14 May 2020, Instructor: Ruiwen Shu

Total time: 24 hours.

Notice:
(1) Write your solution to each problem on a DIFFERENT answer sheet.
(2) Write your name and the problem number on every answer sheet.
(3) You are allowed to use calculators, the textbook, the lecture notes in this exam,
but you are NOT allowed to use MATLAB, search on the internet or communicate
with others.
(4) When using calculators, you need to keep at least 4 effective digits in all your
intermediate results.
(5) Please make sure your handwriting can be clearly read in your PDF file (using
a pen is suggested).

Problem 1. (10 points) Use Newton’s divided difference to compute the Lagrange interpo-
lation P (x) of f(x) = ex at base points x0 = 1, x1 = 1.5, x2 = 2.

Problem 2. (10 points) Let f(x) = x3 − 2, and we try to approximate its root. Use the
secant method with p0 = 1 and p1 = 2 to compute the approximations p2 and p3.

Problem 3. (5+5+5=15 points) Given the following point values of f(x):

x 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
f(x) 0 0.0998 0.1987 0.2955 0.3894 0.4794 0.5646 0.6442 0.7174

(1) Use the forward difference formula with h = 0.2 to approximate f ′(0.4).

(2) Use the three-point endpoint formula with h = 0.2 to approximate f ′(0.4).

(3) Use the Richardson extrapolation on the three-point endpoint formula with h = 0.2 to
approximate f ′(0.4).

Problem 4. (5+5=10 points)

(1) Use the composite Simpson rule with h = 1
6

to approximate
∫ 2

1

√
x dx.

(2) Use the error bound formula to estimate the error of this approximation.

Problem 5. (5+10=15 points) Consider the initial value problem of the second order ODE

y′′ = −y + sin t, y(0) = 1, y′(0) = −2

(1) Rewrite it into an initial value problem of a system of first order ODEs (you need to specify
the initial data).



(2) Approximately solve the system you obtained in (1) by Euler’s method with h = 0.2, up
to T = 0.4.

Problem 6. (10 points) Consider the following multistep method

wi+1 = a1wi + a0wi−1 + bhf(ti+1, wi+1)

Find the coefficients a1, a0, b so that this method has at least second order accuracy.

Problem 7. (5+8+7=20 points) Let

A =

 2 −3 2
4 −5 0
−2 1 3


(1) Is A diagonally dominant? Justify your answer.

(2) Compute the LU decomposition of A.

(3) Use the result in (2) to solve the system of linear equations A~x = ~b, with ~b = (1, 4,−3)T .

Problem 8. (10 points) Compute the orthonormal polynomials φ0, φ1 on the interval [0, 1]
with weight function w(x) = 2− x2.


