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1. Do not open this exam until you are told to do so.

2. This exam has 11 pages including this cover. There are 10 problems. 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.

3. Do not separate the pages of this exam. If they do become separated, write your name on
every page and point this out to your instructor when you hand in the exam.

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

5. Show an appropriate amount of work (including appropriate explanation) for each problem,
so that graders can see not only your answer but how you obtained it.

6. 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.

7. For any graph or table that you use to find an answer, be sure to sketch the graph or write
out the entries of the table. In either case, include an explanation of how you used the graph
or table to find the answer.

8. Include units in your answer where that is appropriate.

9. Turn off all cell phones, smartphones, and other electronic devices, and remove all
headphones.

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

Problem Points Score

1 11

2 13

3 8

4 11

5 9

6 14

7 10

8 10

9 9

10 5

Total 100
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1. [11 points]

Shown to the right is the graph of an invert-
ible piecewise linear function q(x). Note that
the graph passes through the points (−3, 7),
(−1, 1), (1, 0), and (3,−4).

You are not required to show your work on
this problem. However, limited partial credit
may be awarded based on work shown.

Find the exact value of each of the quan-
tities below. If there is not enough infor-
mation provided to find the value, write
“not enough info”. If the value does not
exist, write “does not exist”.
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y = q(x)

a. [2 points] Let r(x) = q−1(x). Find r′(2).

Answer: r′(2) =

b. [3 points] Let w(x) =
x

q(x+ 1)
. Find w′(−2).

Answer: w′(−2) =

c. [3 points] Let v(x) = xq(sinx). Find v′(π).

Answer: v′(π) =

d. [3 points] Let j(x) = ln(q(2x)). Find j′(−1).

Answer: j′(−1) =
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2. [13 points] A function g(x) and its derivative are given by

g(x) =
x3 + 34x2 + 732x+ 5400

(x+ 30)4
and g′(x) =

−(x− 6)2(x− 10)

(x+ 30)5
.

a. [8 points] Find all critical points of g(x) and all values of x at which g(x) has a local
extremum. Use calculus to find and justify your answers, and be sure to show enough
evidence to demonstrate that you have found all local extrema.

(For each answer blank below, write none in the answer blank if appropriate.)

Answer: critical point(s) at x =

Answer: local min(s) at x =

Answer: local max(es) at x =

b. [5 points] Find the values of x that minimize and maximize g(x) on the interval [0,∞).
Use calculus to find your answers, and be sure to show enough evidence that the points
you find are indeed global extrema.

(For each answer blank below, write none in the answer blank if appropriate.)

Answer: global min(s) at x =

Answer: global max(es) at x =
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3. [8 points] Suppose f(x) is a function that is continuous on the interval [−2, 2]. The graph of
f ′(x) on the interval [−2, 2] is given below.
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b
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b

bc

bc
y = f ′(x)

y

x

a. [3 points] Let L(x) be the local linearization of f(x) at x = −1. Using the fact that
f(−1) = 4, write a formula for L(x).

Answer: L(x) =

b. [2 points] Use your formula for L(x) to approximate f(−0.5).

Answer: f(−0.5) ≈

c. [3 points] Is your answer from part (b) an overestimate or an underestimate of the actual
value of f(−0.5)? Justify your answer.

Circle one: overestimate underestimate cannot be determined

Justification:
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4. [11 points] Elphaba has found a corrupt prison guard, Mert, to sell her metal piping to use to
dig a tunnel out of the prison. Mert can sell Elphaba steel piping and copper piping, and he
provides the following information.

• The number of kilograms (kg) of soil that Elphaba can dig with steel piping is proportional
to the number of centimeters (cm) of steel piping that she buys. She can dig 50 kg of soil
per cm of steel piping, and her cost (in dollars) of buying x cm of steel piping is given by
A(x) = x2 + x.

• The number of kilograms (kg) of soil that Elphaba can dig with copper piping is propor-
tional to the number of centimeters (cm) of copper piping that she buys. She can dig
30 kg of soil per cm of copper piping, and her cost (in dollars) of buying y cm of copper
piping is given by B(y) = 2y.

a. [1 point] How many kilograms of soil can Elphaba dig with x cm of steel piping?

Answer:

For parts (b)-(d) below, suppose Elphaba buys w cm of steel piping and k cm of copper piping
and that this is exactly the right amount of piping so that she can dig through 2700 kg of soil
to dig her escape tunnel.

b. [3 points] Write a formula for k in terms of w.

Answer: k =

c. [4 points] Let T (w) be the total cost (in dollars) of all the piping Elphaba buys to dig her
escape tunnel. Find a formula for the function T (w). The variable k and the function
names A and B should not appear in your answer.
(Note that T (w) is the function one would use to minimize Elphaba’s costs. You should
not do the optimization in this case.)

Answer: T (w) =

d. [3 points] What is the domain of T (w) in the context of this problem?

Answer:
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5. [9 points] Consider the curve C defined by

eπxy = ay2 + x2

where a is a positive constant.

a. [6 points] For this curve C, find a formula for
dy

dx
in terms of x and y. The constant a may

appear in your answer. Remember to show every step of your work clearly.

Answer:
dy

dx
=

b. [1 point] Let a = 1. Exactly one of the following points (x, y) lies on the curve C. Circle
that one point.

(0, 3) (1, 2) (2,−1) (0,−1) (eπ, 0)

c. [2 points] With a = 1 as above, is the tangent line to the curve C at the point you chose
in (b) increasing, decreasing, or is there not enough information to determine this? Circle
your one choice and then justify your answer.

The tangent line to the curve C at the point circled in (b) is

i. increasing. ii. decreasing. iii. not enough information

Justification:
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6. [14 points] Let p be a function such that p′′(x) is defined for all real numbers x. A table of
some values of p′(x) is given below.

x −9 −5 −1 3 7 11

p′(x) −3 0 −4 0 2 1

Assume that p′ is either always strictly decreasing or always strictly increasing

between consecutive values of x shown in the table.

For each of the questions below, circle all of the appropriate choices. If none of the choices
are correct, circle none of these.

a. [2 points] At which, if any, of the following values of x does p(x) definitely have a local
maximum in the interval −9 < x < 11?

−5 −1 3 7 none of these

b. [2 points] At which, if any, of the following values of x does p(x) definitely attain its global
minimum on the interval −9 ≤ x ≤ 11?

−9 −5 −1 3 7 11 none of these

c. [2 points] At which, if any, of the following values of x does p′(x) (the derivative of p(x))
definitely attain its global maximum on the interval −9 ≤ x ≤ 11?

−9 −5 −1 3 7 11 none of these

d. [3 points] On which of the following intervals is p(x) definitely always concave up?

−9 < x < −5 −5 < x < −1 −1 < x < 3 3 < x < 7 7 < x < 11 none of these

e. [3 points] At which, if any, of the following values of x does p(x) definitely have an inflection
point in the interval−9 < x < 11?

−5 −1 3 7 none of these

f. [2 points] Which, if any, of the following must be true?

p′′(7) ≥ p′′(−3) p′′(7) = p′′(−3) p′′(7) ≤ p′′(−3) none of these
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7. [10 points] To aid in Elphaba’s escape, Walt has concocted a supplement that will make her
stronger and more agile. The concentration of the supplement in Elphaba’s system, in mg/ml,
t minutes after it is administered is given by the following formula:

T (t) =

{

at3 0 ≤ t ≤ 5

b(t− 6)2 + 10 5 < t ≤ 7

where a and b are constants.

a. [7 points] Given that T (t) is differentiable, find a and b. Give your answers in exact form.

Answer: a = and b =

b. [3 points] Using the values of a and b you found in part (a), give a formula for the tangent
line to the graph of y = T (t) at t = 5.

Answer: y =
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8. [10 points] A function h(x) satisfies all of the following:

• h(x) is continuous on the interval −5 < x < 5.

• h(x) is differentiable for all x in the interval −5 < x < 5 except at x = 2.

• h(x) is decreasing for −5 < x < −2.

• h(x) has a critical point at x = −4.

• h(x) is concave up for −3 < x < −1.

• h(x) has an inflection point at x = 1.

• h(x) has a local minimum at x = 3.

• h(x) is increasing at a constant rate for 4 < x < 5.

On the axes provided below, sketch a possible graph of h′(x) (the derivative of h(x)).
Make sure that your sketch is large and unambiguous.

Graph of y = h′(x)

1 2 3 4 5−1−2−3−4−5

y

x
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9. [9 points] Elphaba and Walt are planning to break out of prison. They would like to escape
no later than 20 hours after devising their plan, and they would like to attempt their escape
during the noisiest part of the day. Let N(t) be the noise level (in decibels) in the prison t

hours after Elphaba and Walt have devised their escape plan.
On the interval [0, 20], a formula for N(t) is given by

N(t) = 60 + 1.01p(t) where p(t) =
1

3
t3 − 9t2 + 56t+ 200.

a. [8 points] Find the values of t that minimize and maximize N(t) on the interval [0, 20].
Use calculus to find your answers, and be sure to show enough evidence that the points
you find are indeed global extrema.

(For each answer blank below, write none in the answer blank if appropriate.)

Answer: global min(s) at t =

Answer: global max(es) at t =

b. [1 point] As mentioned above, Elphaba and Walt would like to escape no later than 20
hours after devising their plan, and they would like to escape during the noisiest part of
the day. When should Elphaba and Walt attempt their escape?

Answer: They should try to escape hours
after devising their plan.
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10. [5 points] Suppose g(x) is a differentiable function defined for all real numbers that satisfies
the following properties:

• g(x) has exactly two critical points.

• g(x) has a local maximum at x = 0 and g(0) = 4.

• g(x) has a local minimum at x = 2 and g(2) = 1.

• lim
x→−∞

g(x) = 3.

• lim
x→∞

g′(x) = 1.

Circle all of the statements below that must be true about the function g or circle none of

these if none of the statements must be true.

i. The function g(x) is increasing on the entire interval x < 0.

ii. The function g(x) is increasing on the entire interval 0 < x < 2.

iii. The function g(x) is increasing on the entire interval x > 2.

iv. On its domain (−∞,∞), the function g(x) attains its global maximum at x = 0.

v. On its domain (−∞,∞), the function g(x) attains its global minimum at x = 2.

vi. On its domain (−∞,∞), the function g(x) does not have a global maximum value.

vii. On its domain (−∞,∞), the function g(x) does not have a global minimum value.

viii. none of these


