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• Most of the following questions only require very short answers.

Usually a few concise and accurate sentences would be sufficient.

Please write to the point. If I don’t understand what you are

saying, I believe, in most cases, you don’t understand the subject.

• Justify your answer with a convincing argument. If there is no jus-

tification when it is needed, you will receive ZERO point for that

question even though you have provided a correct answer. I con-

sider a good and correct justification more important than only a

right answer. Thus, if you provide a very vague answer without a

convincing argument to show your answer being correct, you will

likely receive a very low grade.

• It is a requirement that each computed result must have five or

more significant digits. Without observing this requirement, you

will receive lower grade for sure.

• Do those problems you know how to do first. Otherwise, you

may not be able to complete this exam on time. If you follow our

classroom discussions and understand the most basic components,

you should be able to quickly complete more than 60% of this

exam. The remaining problems, however, test if you are able to

apply and use the basics properly.
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1. Fortran 90 Problems

In this problem, L, M, N and K are INTEGER variables. Answer the following questions. Note
that you should provide all computation details and elaborate computation steps.
Otherwise, you will receive no point.

(a) [3 points] What are the results of L**1/2 and L**(1/2), where L is 2?

(b) [3 points] What is the result of L**M**N, where L, M and N are 2, 3 and 2, respectively?

(c) [3 points] Suppose we have the following type specification:

CHARACTER(LEN=4) :: A = "abcde", B = "+-*/", C = "xyz"

What is the result of A(2:3) = C(2:2) // B(2:3) // C(3:)? Use a box to indicate a
space if your result has spaces.

(d) [3 points] Suppose we have the following READ(*,*) statements:
READ(*,*) L, M
READ(*,*)
READ(*,*) N
READ(*,*) K

Suppose the input files contains the following lines:
1 2 3 4
5 6 7 8
9 10 11 12
13 14 15 16
17 18 19 20

What values L, M, N and tt K will have after the execution of the READ(*,*)’s?

(e) [3 points] Declare a REAL variable that is good to hold at most 20 significant digits.
Then, how do you write 3.1415926 in this type?
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2. [15 points] If x and x∗ are an approximation and the true result, respectively, then

−dlog10 |x − x∗|e

is approximately the number of accurate digits, where dxe is the ceiling operator which rounds
x to the smallest integer larger than or equal to x. Prove this claim with a convincing argu-
ment. A vague argument is considered incorrect.

3. [15 points] Suppose you are given the following expression:

ln

[√
1 + x2 − x√
1 + x2 + x

]

What are the major numerical problem when evaluating this expression if x is very large?
Do your best to rewrite this expression to avoid these problems and provide a convincing
arguments showing your way is indeed trouble free. Note that vague and/or no argument
is considered incorrect.
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4. [15 points] A programmer tried to verify a formula he learned in calculus:

lim
n→∞

(
1 +

1
n

)n

As n approaches infinity, this limit approaches e = 2.71828 . . .. So, he wrote a Fortran
90 program with a line like the following, where N are X are INTEGER and REAL variables,
respectively.

X = (1+1/REAL(N))^N

Then, he used various N and printed the computed result X. The following table is a summary
in which the first column shows the values of n used, the second column is computed by
Fortran 90 intrinsic function EXP(REAL(n)), the third column is computed by (1 + 1/n)n,
and the fourth column is the difference between the Fortran 90 and the computed results.
Carefully study the table, he found a very odd phenomenon. The limit seems correct up to
n = 10, 000, then the computed results go up and down, and by n = 10, 000, 000 and larger,
the computed result becomes 1. Of course, he knew there has to be some numerical issues in
this computation. Do your best to pinpoint the major problem. Note that you have to
detail your findings. A vague answer such as “because of rounding, cancallation,
etc” is not considered correct. You have to provide an accurate account of the
problem.

n EXP(REAL(n))
(
1 + 1

n

)n
Difference

10 2.7182817 2.5937431 0.1245387
100 2.7182817 2.7048113 0.0134704

1000 2.7182817 2.7170508 0.0012310
10000 2.7182817 2.7185969 0.0003152

100000 2.7182817 2.7219622 0.0036805
1000000 2.7182817 2.5952268 0.1230550

10000000 2.7182817 3.2939677 0.5756860
100000000 2.7182817 1.0000000 1.7182817

1000000000 2.7182817 1.0000000 1.7182817
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5. [20 points] Use the bisection method to solve f(x) = e−x2 − sin(x) = 0 in the range of

[0, 1]. It is known that there is one and only one root in [0, 1]. You do not have to solve
this equation completely. What you have to do is to carry out three iterations
of the bisection method (i.e., reducing the length [a, b] from 1 to 0.125). Fill the
computed values into the following table. Note that each value must have five or
more significant digits. Otherwise, you will risk low grade. Without doing so, you
will receive zero point.

Interval Length a b f(c) where c = (a + b)/2

1 0 1

0.5

0.25

0.125

6. [20 points] The graph of equation f(x) = e−x2 −sin(x) = 0 shows that there is only one root
in [0,1]. Hence, an initial value of x0 = 1 is selected to find this root. Use Newton’s method
with initial value x0 = 1 to solve this equation. You do not have to solve this equation
completely. What you have to do is to carry out three iterations of Newton’s
method (i.e., computing x1, x2 and x3). Fill x1, x2 and x3 into the following table.
Note that each value must have five or more significant digits. Otherwise, you
will risk low grade.

i xi f(xi)

0 1

1

2

3
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Grade Report

Problem Possible You Received

a 3

b 3

1 c 3

d 3

e 3

2 15

3 15

4 15

5 20

6 20

Total 100


