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Instructions

• Turn off all cell phones and watch alarms! Put away iPods, etc.

• There are seven (7) questions.

• Do all work in this exam booklet. You may continue work to the backs of
pages and the blank page at the end, but if you do so indicate where.

• You may use a calculator. If you do, be sure to show the set-up for what you
are calculating and do not round intermediate results.

• Otherwise, this is a “closed-book” exam: do not use any books or paper except
this exam booklet.

• Organize your work in an unambiguous order. Show all necessary steps.

• Answers given without supporting work may receive 0 credit!

• Be ready to show your UMass ID card when you hand in your exam booklet.

QUESTION PER CENT SCORE

1 14

2 14

3 14

4 16

5 14

6 14

7 14

Free 2 2

TOTAL 100



1. (14%) The function f is defined by: f(x) = 11x100 + 3x89 − 6.

(a) Where is f continuous? Justify your answer.

(b) Prove that the equation f(x) = 0 has a root between 0 and 1 (do NOT
find the root). Make sure you reference relative theorems and justify
their use.

(c) Find f ′(x).
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2. (14%) Let

f(x) =
1

x2

(a) Use the definition of derivative to calculate f ′(x).

(b) Use your answer to (a) to write an equation of the tangent line to the
graph of f at the point where x = 2.
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3. (14%) Consider f(x) =
x2 + 2x− 8

x2 − 4
.

(a) Find the vertical asymptotes of f(x). You must justify the existence of
each asymptote by taking a limit.

(b) Find the horizontal asymptotes of f(x). You must justify the existence
of each asymptote by taking a limit.
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4. (14%) Calculate the limit, if it exists; if it does not exist, say so. Justify your
answers, but do not use evidence from numerical approximations or calculator
plots.

(a) lim
x→3

x2 + 2x− 15

x− 3

(b) lim
x→∞

x sin(x)

x2 + 3x+ 2

(c) lim
x→−4

√
x2 + 9− 5

x+ 4
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5. (14%) The function f(x) is defined by:

f(x) =

{
x2 − 1 x ≤ 1
kx+ 1 x > 1

(a) Find a value of the constant k that makes f continuous at x = 1.

(b) For the value of k you found in (a), is f differentiable at x = 1? Why or
why not?
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6. (14%) Let f(x) = 3x+ 4.

(a) According to the Limit Laws, what is the value L of lim
x→2

f(x)?

(b) Apply the definition of limit to prove that lim
x→2

f(x) = L, where L is the

number you gave as your answer to (a). Proceed as follows.
Let ϵ > 0 be given (but arbitrary). Find a δ > 0 such that, for every x,
if x ̸= 2 and |x− 2| < δ, then |f(x)− L| < ϵ.
Be sure to indicate why the δ you find actually works.
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7. (14%)

(a) If f(x) = (x3 + ex)g(x), where g(0) = 5 and g′(0) = 3, find f ′(0).

(b) If h(x) =
f(x)

x2
, where f(2) = 8 and f ′(2) = −3, find h′(2).
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