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1. This exam has 4 questions. Note that the problems are not of equal difficulty, so you may want to skip
over and return to a problem on which you are stuck.

2. Do not separate the pages of the exam. If any pages do become separated, write your name on them
and point them out to your instructor when you hand in the exam.

3. Please read the instructions for each individual exercise carefully. One of the skills being tested on
this exam is your ability to interpret questions, so instructors will not answer questions about exam
problems during the exam.

4. Show an appropriate amount of work (including appropriate explanation) for each exercise so that the
graders can see not only the answer but also how you obtained it. Include units in your answers where
appropriate.

5. You may use any calculator except a TI-92 (or other calculator with a full alphanumeric keypad).
However, you must show work for any calculation which we have learned how to do in this course. You
are also allowed two sides of a 3′′ × 5′′ note card.

6. If you use graphs or tables to obtain an answer, be certain to include an explanation and sketch of the
graph, and to write out the entries of the table that you use.

7. You must use the methods learned in this course to solve all problems.

Semester Exam Problem Name Points Score

Fall 2010 3 2 sewage tank 7

Winter 2010 1 2 ice cream 13

Winter 2011 1 8 sand dune 12

Winter 2013 1 4 property values 8

Total 40

Recommended time (based on points): 38 minutes
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2. [7 points] Deep beneath Dennison Hall lies a large septic tank. It has the shape of a
triangular prism with the dimensions depicted below.

Suppose that the tank described above is full of sewage and that this sewage has a
density of 1000(1 + e

−2x) kg

m3 , where x is the distance in meters above the base of the
tank.

a. [5 points] Find a definite integral that computes the mass of the sewage in the tank.

b. [2 points] Compute the value of the integral using your calculator. Do not forget
to include the units.

University of Michigan Department of Mathematics Fall, 2010 Math 116 Exam 3 Problem 2 (sewage tank)
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2. [13 points] An ice cream cone has a height of 15 centimeters and the diameter of the top is
5 centimeters. The cone is filled with soft-serve ice cream such that the ice cream completely
fills the cone, but does not exceed the top of the cone. The ice cream has a constant density
of 2 grams per cubic centimeter.

a. [5 points] Write an expression for the approximate mass of ice cream contained in a
circular cross-sectional slice that is located hi centimeters from the the bottom tip of the
cone and has depth ∆h centimeters . Your answer may be in terms of hi and ∆h. Don’t
forget to include units.

b. [4 points] Set up a definite integral that can be used to determine the EXACT total mass
of ice cream that is filling the cone, then solve for this exact value. Include appropriate
units in your answer.

c. [4 points] At what height above the tip of the cone is the center of mass of the ice cream?
Give an EXACT answer, show all work, and include appropriate units.

University of Michigan Department of Mathematics Winter, 2010 Math 116 Exam 1 Problem 2 (ice cream)
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8. [12 points] Sand dunes come in many shapes. Barchan dunes, which have the shape shown on
the left, are studied extensively by geomorphologists. Horizontal cross-sections of these dunes
are crescent-shaped (the dashed line encloses one such cross-section), and can be approximated
as the shape on the right. The area of this shape is given by the formula Ah = K(π
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You are studying a barchan dune of 10 meters height, for which the values of Q1, Q2, and K

vary with respect to the height h (in meters) of the cross-section according to the functions
Q1(h) = 10−h, Q2(h) = 20−2h, K(h) = 100−h2. The density of sand in the dune is δ = 1600
kilograms per cubic meter.

a. [5 points] Write an expression for the volume of one slice of sand dune h meters above
the ground and ∆h meters thick.

b. [5 points] Write a definite integral that represents the total mass of sand in the dune.
You do not need to evaluate this integral.

c. [2 points] Write an expression (involving integrals) for the height of the center of mass of
the sand dune. You do not need to evaluate this integral.

University of Michigan Department of Mathematics Winter, 2011 Math 116 Exam 1 Problem 8 (sand dune)
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4. [8 points] In a small town, property values close to the school are determined primarily by

how far the land is from the school. The function δ(r) =
1

ar2 + 1
gives the value of the land

(in thousands of dollars per m2), where r is the distance (in meters) from the school and a is
a positive contant.

a. [5 points] Find a formula containing a definite integral that computes the value of the
land that lies in the annulus of inner radius 100 m and outer radius 200 m (figure shown
below).

b. [3 points] Calculate the exact value of the land that lies in the annulus of inner radius
100 m and outer radius 200 m. Your answer should contain a. Show all your work.

University of Michigan Department of Mathematics Winter, 2013 Math 116 Exam 1 Problem 4


