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Name:

Instructor: Section Number:

1. This exam has 8 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 2016 3 11 Equinate 10

Winter 2014 3 3 10

Winter 2017 3 9 rocket 8

Fall 2015 3 9 tatoo 4

Fall 2014 3 7 chickens vs. robots 14

Winter 2014 2 10 12

Winter 2013 1 7 8

Winter 2015 3 7 sand 9

Total 75

Recommended time (based on points): 84 minutes
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11. [10 points] Perhaps sensing that the end is near, Steph is preparing her eventual legacy. While
experimenting with an accelerant called Equinate, Steph found that she could alter its heat of
combustion by aging the Equinate in barrels. Let H(t) be the heat of combustion of Equinate,
measured in hundreds of millions of Joules per kilogram, after the Equinate has been aged for
t years. A graph of the derivative H

′(t) is below; note that H
′(t) is linear for 1 < t < 3 and

4 < t < 5. Let R > 0 be the area of the region between the t-axis and the graph of H ′(t) for
0 ≤ t ≤ 2. Let P > 0 be the corresponding area for 2 ≤ t ≤ 4.
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a. [3 points] The heat of combustion of Equinate, after aging for 5 years, is 200 million J/kg.
What is the heat of combustion of Equinate that has not been aged at all? Your answer
may include R and P .

b. [3 points] Steph is storing four barrels of Equinate in the ShamCorp basement. Barrel A
has not been aged; barrel B has been aged for 2 years; barrel C has been aged for 4 years;
and barrel D has been aged for 5 years. In the spaces provided, list the barrels A, B, C,
and D in increasing order of heat of combustion.

< < <

c. [4 points] At some time between 4 and 5 years of aging, the heat of combustion of Equinate
is the same as if it had not been aged at all. After how many years of aging does this
occur? Your answer may include R and P .

University of Michigan Department of Mathematics Fall, 2016 Math 116 Exam 3 Problem 11 (Equinate)
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3. [10 points] For each of the following questions circle the correct answer.

a. [2 points] What is the value of the series

∞∑

n=0

(−1)n22n

n!
?

cos(2) e−2 cos(4) e−4

b. [2 points] What is the value of the series

∞∑

n=1

22n(−1)n

(2n+ 1)!
?

1

2
sin(2) sin(2)− 2 sin(2) 1

2
(sin(2)− 2)

c. [2 points] Suppose that 1 + x −

1

4
x2 + 1

10
x3 is the 3rd degree Taylor polynomial for a

function f(x). Which of the following pictures could be a graph of f(x)?
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III 1 2 3−1−2−3
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IV 1 2 3−1−2−3
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d. [2 points] What is the Taylor series of 2xex
2

centered at x = 0?

∞∑

n=0

2x2n+1

n!

∞∑

n=1

2x2n−1

n!

∞∑

n=1

2x2n+1

(n− 1)!

∞∑

n=0

2x2n−1

n!

e. [2 points] The radius of convergence of the Taylor series

∞∑

n=1

(x+ 5)n5−n

n+ 5
is R = 5. What

is the interval of convergence of the series?

[−10, 0) (−10, 0) (0, 10] [−10, 0] [0, 10)

University of Michigan Department of Mathematics Winter, 2014 Math 116 Exam 3 Problem 3
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9. [4 points] Maria wants to get a tattoo of her favorite geometric shape. The shape happens
to be the region enclosed by the rose r = 2 cos(3θ). In order to make sure that the tattoo
turns out perfectly, the artist needs to know how much ink is necessary. Find an expression
involving integrals that gives the total area of the shaded region depicted below.

r = 2 cos(3θ)

10. [4 points] The series
∞∑

n=0

9n

8n + 10n

converges.

Use an appropriate series test to show that the series converges. Be sure to indicate which
test(s) you are using. Also verify all hypotheses needed for the test, and justify the conver-
gence/divergence of any other series you use.

University of Michigan Department of Mathematics Fall, 2015 Math 116 Exam 3 Problem 9 (tatoo)
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7. [14 points] Chickens continue to appear around you, and Franklin’s army is hesitant to advance.

a. [6 points] Let F (t) give the total number of chickens that have arrived after t seconds.
You observe that F (t) obeys the following differential equation

dF

dt
= e−F t2.

If there are initially 20 chickens, find a formula (in terms of t) for F (t).

b. [4 points] A large, familiar-looking chicken steps forward from the flock and clucks, “Koo
Koo Katcha!”. This large chicken waddles towards Franklin following the parametric
equations

x(t) =
sin(πt) + 1

π
y(t) = ln(t+ 1)

where t is the time, in seconds, after the chicken steps forward from the flock and both
x and y are measured in feet. Find the chicken’s speed 10 seconds after it steps forward.
Include units.

c. [4 points] Franklin says, “BEEP BOOP BEEP. YOU’RE RIGHT, WHAT HAVE I BECOME?” A
single robot tear falls from Franklin’s robot eye. Consider the region in the xy-plane

bounded by y =
sin(x)

x+ 2
, x = π, x = 2π, and the x-axis. The volume of Franklin’s tear is

given by rotating this region around the x-axis. Write an integral giving the volume of
Franklin’s tear. Do not evaluate this integral.

University of Michigan Department of Mathematics Fall, 2014 Math 116 Exam 3 Problem 7 (chickens vs. robots)



Math 116 / Exam 2 (March 24th, 2014) page 9

10. [12 points] Suppose that g(x) and h(x) are positive continuous functions on the interval (0,∞)
with the following properties:

•
∫
∞

1
g(x) dx converges.

•
∫
1

0
g(x) dx diverges.

• e−x ≤ h(x) ≤ 1

x
for all x in (0,∞).

For each of the following questions, circle the correct answer.

a. [2 points] Does the integral

∫
∞

1

h(x)2 dx converge?

Converge Diverge Cannot determine

b. [2 points] Does the integral

∫
1

0

h(x) dx converge?

Converge Diverge Cannot determine

c. [2 points] Does the integral

∫
∞

1

h(1/x) dx converge?

Converge Diverge Cannot determine

d. [2 points] Does the integral

∫
1

0

g(x)h(x) dx converge?

Converge Diverge Cannot determine

e. [2 points] Does the integral

∫
∞

1

g(x)h(x) dx converge?

Converge Diverge Cannot determine

f. [2 points] Does the integral

∫
∞

1

exg(ex) dx converge?

Converge Diverge Cannot determine

University of Michigan Department of Mathematics Winter, 2014 Math 116 Exam 2 Problem 10
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7. [8 points] Let S be the solid whose base is the region bounded by the curves y = x2, y = 6−x

and x = 0 and whose cross sections parallel to the x-axis are squares. Find a formula involving
definite integrals that computes the volume of S.

University of Michigan Department of Mathematics Winter, 2013 Math 116 Exam 1 Problem 7
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7. [9 points] Gwen lifts a bucket of sand straight up from the ground to a height of 10 meters at
a constant speed of 0.5 meters per second. The sand is leaking out of the bucket at a rate of
r(t) = 1

t+1
kilograms per second, t seconds after she begins lifting. The bucket and the sand

in the bucket together weigh 10 kg when she starts lifting. Recall the gravitational constant
is g = 9.8 m/s2.

a. [4 points] Suppose M(x) is the mass of the bucket of sand (in kilograms) when she has
lifted it x meters from the ground. Find an expression involving integrals for the work
Gwen does lifting the bucket. Your answer can include the function M .

b. [5 points] Find an expression, possibly involving integrals, for M(x), the mass of the
bucket of sand after Gwen has lifted it x meters.

University of Michigan Department of Mathematics Winter, 2015 Math 116 Exam 3 Problem 7 (sand)


