
Exam 1 (Practice)

Math 3315, Spring 2018

The following will be the instructions on your in-class exam
(the number of questions may vary):

• Show all work, clearly and in order, if you want to get full
credit. I reserve the right to take off points if I cannot see
how you arrived at your answer (even if your final answer is
correct).

• Justify your answers algebraically whenever possible to ensure
full credit.

• No calculators or other electronic devices are permitted with-
out the explicit consent of the instructor.

• This exam is open book and open notes.

• Circle or otherwise indicate your final answers.

• Please keep your written answers brief; be clear and to the
point. I will take points off for rambling and for incorrect or
irrelevant statements.

• This test has 6 problems and is worth 120 points. It is your
responsibility to make sure that you have all of the pages!

• Good luck!
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1. Build the degree three Taylor polynomial of the function f(x) = sinh(4x) around the point
c = 0. Use this to approximate sinh

(
4
5

)
. You may write your answer as a formula involving

only numbers (you do not need to simplify). [Hint: sinh(u) = 1
2 (eu − e−u)]

2. The quotient f(x) = sin(x)/
(
6x− x3

)
is undefined for x = 0. Approximate sin(x) using

the Taylor polynomial of degree 5 around c = 0. Plug this into f(x) and evaluate the results at
x = 0. With this result, can you determine a natural definition for f(0)?

3. Assume that a given algorithm has cost O(n2), and that it takes 3 seconds to run this
algorithm for a problem with n = 5000 unknowns on a certain computer.

(a) What would be the approximate time required to run the same algorithm on a problem
with n = 15000 unknowns on the same computer?

(b) If you replaced the computer with one that was 4 times faster, how large of a problem do
you expect to be able to solve in 3 seconds?

4. Let α be the largest root of the function f(x) shown in
the plot at right.

(a) Find an interval [a, b] containing α and for which the
bisection method is guaranteed to converge to α.

(b) For your interval, determine the minimum number of it-
erations needed to guarantee an approximate solution of
this α within a relative accuracy of 10−4.
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5. Let φ(x) = 1
2

(
x+ 5

x

)
, and assume it has a fixed point α ≈ 2.2. Show that the fixed-point

iteration converges for any initial guess x(0) ∈ [2, 3].

6. Fluid flow in an open channel with a small bump may be modeled using Bernoulli’s
equation,

Q2

2gb2w2
+ w =

Q2

2gb2h2
+ h+H,

where Q is the volume rate of flow, g is the acceleration due to gravity, b is the width of the
channel, w is the upstream water height, H is the bump height, and h is the water level above
the bump. Given Q, g, b, w and H, we wish to find the height of the water above the bump, h.

(a) Formulate this as a fixed-point problem. What is your φ(h)?

(b) Formulate this as a root-finding problem. What is your f(h)?

(c) Write the iteration formula for a single step h(k) → h(k+1) of Newton’s method on this
problem – compute all necessary derivatives, but you do not need to simplify your answer.


