
Math 155, Fall 2019

Midterm 2

Instructions

• Answer all the following questions to the best of your ability. In the case you do not know how to
make progress on a problem, we encourage you to describe related material you do know.

• Your solutions to open response questions must demonstrate understanding of the material. Correct
answers to these questions without any explanation or work shown will receive zero credit.

• You may not consult with anyone other than the proctors or consult any materials during the exam
without prior approval. Note sheets and formula sheets are not allowed without prior approval. Only
that scratch paper which is attached here or provided by proctors is allowed.

• The only tools allowed without prior approval are writing utensils and an approved calculator (non-
CAS graphing calculators such as TI-83/84 versions or lower).

• If you are caught cheating, your exam will be taken and you will receive a zero on the midterm.

• If you need to use the bathroom, you must leave your exam, calculator, and scratch paper with a
proctor and retrieve them upon returning.

• When you finish, bring your exam and any scratch paper to the proctors. You may not take your
scratch paper away from the exam room.

• If there is a box provided to enter your answer, you must write/circle your final answer there.
We will not spend time searching for your final result in these problems.

• Any work judged to be solved solely “by looking at the graph” or using maximization, minimization,
rootfinding, etc. utilities on a calculator will similarly receive zero credit.

Affirm the Honor Pledge below, fill in your information below, and wait for the signal to begin.

I have not given, received, or used any unauthorized assistance on this exam. Furthermore, I
agree that I will not share any information about the questions on this exam with any other

student before graded exams are returned.

Name (sign):

Name (print):

Section:

Date:



Scores:

Problem 1 : / 36

Problem 2 : / 24

Problem 3 : / 18

Problem 4 : / 20

Problem 5 : / 20

Problem 6 : / 20

Problem 7 : / 20

Problem 8 : / 18

Problem 9 : / 24

Total : / 200



1. Answer the following multiple choice questions to the best of your ability. Circle your selection clearly.
Every question has precisely one correct answer.

(a) What is the derivative of the function g(t) = e−3t?

A) g′(t) = −3e−3t

B) g′(t) = −3te−3t−1

C) g′(t) = e−3

D) g′(t) = −3e

E) g′(t) = e−3t

(b) What is the derivative of the function U(x) = ln(ex)?

A) U ′(x) = 1
ex

B) U ′(x) = x ln(e)

C) U ′(x) = 0

D) U ′(x) = 1

E) U ′(x) = 1
ex (ex) + ln(ex)

(c) What is the derivative of the function f(s) = cos(as), where a is a parameter?

A) f ′(s) = cos(a)

B) f ′(s) = − sin(as) + cos(a)

C) f ′(s) = −a cos(as)

D) f ′(s) = −a sin(as)

E) f ′(s) = 0

(d) The solid line in the figure below represents a function f(x). Call the dashed line g(x). Which of
the following statements is true?

A) g(x) is the first derivative of f(x)

B) g(x) is the second derivative of f(x)

C) g(x) is neither the first nor the second
derivative of f(x)

D) f(x) is the first derivative of g(x)

E) f(x) is the second derivative of g(x)
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(e) The graphs of the derivatives of the functions f , g, and h are shown to the right. Which of the
functions f , g, or h have a local maximum on the interval shown?

A) f only

B) g only

C) h only

D) f and g only

E) f , g and h

(f) The graph of a function q(x) is shown below. Which statements below about q(x) are true?

I. q(1) = 0.

II. The function q(x) has a negative instantaneous rate of change at x = 1.

III. The function q(x) has positive concavity at x = 1.

A) Only statement I is true.

B) Only statements I and II are true.

C) Only statements I and III are true.

D) All of these are true.

E) None of these are true.

2. Compute the derivative of the following functions. You do not need to simplify the derivatives here –
your solutions should make it clear which differentiation rule(s) you are using.

(a) h(t) = e−t
3+t

h′(t) =

(b) g(x) =
1

2
ln(1 + e2t)

g′(x) =

(c) M(t) = e−3t cos(πt)

M ′(t) =

(d) C(r) =
√

1 + sin(3r)

C ′(r) =
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3. For the following questions, determine whether f(x) or g(x) goes to infinity faster by using l’Hôpital’s
rule. After showing your work, clearly indicate which function approaches infinity faster by circling
one of f(x), g(x), or TIE (if they are equally fast).

(a) f(x) = 100x2 + 1, g(x) = x3

f(x) g(x) TIE

(b) f(x) = ln(2x), g(x) = ln(x)

f(x) g(x) TIE

(c) f(x) = ex, g(x) = x2

f(x) g(x) TIE

4. Suppose the concentration of medication in the bloodstream, measured in milligrams per liter, is

ct+1 = −1

2
+ ct + e−ct

where t is measured in days.

(a) Find the equilibrium point of the DTDS and write your solution in the box.

c∗ =

(b) Find the derivative of the updating function.

f ′(c) =
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(c) Determine if the equilibrium point is stable, unstable, or whether you cannot conclude one way
or the other. Show your work, then circle your response.

Stable Unstable Inconclusive

5. A population of bacteria, measured in millions, is introduced to a supplemental nutrient initially
thought to increase population growth. The population is sampled periodically throughout the year
and is found to follow

B(t) = 5 +
4t

(2 + t)2

where t is measured in months.

(a) Find a formula for how quickly the bacteria population is changing in time. What is the input
and output to this function, and their units?

(b) Find the critical point for the bacteria population when t ≥ 0.

(c) Identify intervals of increase and decrease of B(t) for t ≥ 0. Using this information, is the
critical point a local minimum or maximum?

B(t) increasing: B(t) decreasing:
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6. Evaluate the following limit. If you use leading-order behavior, you need to explain your logic (“...this
is the leading order term because...”). If you use l’Hôpital’s Rule, you need to justify why it can be
applied each time you use it.

lim
x→∞

2e−x + 3x4 + x2

e2x + 2x4

7. The graph below represents the function y(x). Using the graph, fill out the corresponding table
indicating the signs of y and its derivatives marking as + (positive), − (negative), or 0 (zero). Two
points have been marked for you.

Point A Point B Point C Point D

y + −
dy
dx

d2y
dx2
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8. This function is about linear approximation of the function p(t) = e−2t.

(a) A sketch of the function p(t) is given. Draw the tangent line to the function at t = 0.

(b) Find the linear approximation `(t) to p(t) centered at t = 0.

`(t) =

(c) Use your linear approximation to approximate p(0.1).

p(0.1) ≈

9. The days are getting shorter as we descend in to winter. We would like to model this. One model
predicts the number of hours of daylight in a given day:

d(t) = 12 + 3 cos

(
2π

360
(t+ 9)

)
where t is the number of days since July 1, 2019. (We’re pretending a year has 360 days for simplicity.)

(a) What is the input and output of the function d(t)? What are their units?
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(b) Calculate d′(t) and d′′(t).

d′(t) = d′′(t) =

(c) What is the input and output of d′(t), and their units? Describe in one or two sentences at most.
Do not do this for d′′(t).

(d) What is the value of t for the first positive inflection point of the function?

t =

(e) Supposing every month has 30 days, what is the date (for example, “October 3rd”) corresponding
to the inflection point? How many hours of daylight are there on this day?
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