
Topic 1: Average and instantaneous rate of change

1. A ball is thrown into the air. The height (in feet) of the ball at time t (in seconds) is given by

p(t) =−16t2 +10t +6.

(a) Find the average velocity of the ball between times t = 0 and t = 1. Include units on your answer.

(b) Find the average velocity of the ball between times t = 0 and t = h. Include units on your answer.

(c) Find the velocity of the ball at time t = 0. Include units on your answer.

2. The graph of the function f (x) is shown below. What is the average rate of change of f (x) on [1,4]?
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Topic 2: Limits of functions

1. Compute the following limits if they exists. If it is an infinite limit, specify if the limit is ∞, −∞, or does not
exist (DNE).

(a) lim
x→4

√
x+12−4
x2−16

(b) lim
x→0

cot(x)cos(x)

(c) lim
x→∞

(4+ x)ex

2+3xex

(d) lim
x→π

excos(x)



Topic 3: Continuity of functions

1. Give all x coordinates where each of the following functions has discontinuities. For each discontinuity,
identify it as a removable, jump, or essential (aka infinite) discontinuity.

(a) f (x) =
2x2−2x

x2−6x+8

(b) f (x) =


x2 +2 x≤ 0
2x2−2x+2 0 < x≤ 2
3x+1 x > 2

2. Sketch the graph of a function f satisfying all of the following properties:

a. f (2) = 2 c. lim
x→2−

f (x) = ∞ e. lim
x→−∞

f (x) = 0

b. lim
x→2+

f (x) = 0 d. lim
x→∞

f (x) = ∞ f. f is not continuous at x = 4



Topic 4: Definition of the derivative

1. Use the limit definition of the derivative to compute the following.

(a) f (x) = x2 +4x+1; compute f ′(0) and find the equation of the line tangent to f (x) at x = 0.

(b) f (x) = 1
x+1 ; compute f ′(x) for x 6=−1.

2. The graph of the function f (x) and the line that lies tangent to f (x) at (2,1) are shown below. Use the
graph to compute f ′(2), and find the equation of the line tangent to f (x) at (2,1).
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Topic 5: Differentiating functions

1. Differentiate each of the following functions.

(a) f (x) = xarctan(x)
x4+1

(b) h(x) = ln(x2−5x−1)

(c) k(x) = x2x−1

2. A table of values for f (x) and f ′(x) is given to the right. Compute the following. x f (x) f ′(x)
2 5 2
4 −2 3If g(x) =

√
x f (x), find g′(4).



Topic 6: Implicit differentiation

1. Consider the curve defined by y3− xy−2y−2x = 0.

(a) Use implicit differentiation to find
dy
dx

.

(b) Find the equation of the line tangent to the curve at (1,2).

(c) Find
d2y
dx2 .



Topic 7: Related rates

1. A particle moves along the curve y =
√

2sin(πx/4). As the particle passes through the point (1,1), its
x-coordinate increases at a rate of 2 cm per second. How fast is the y-coordinate changing? Be sure to
interpret the direction of travel of the particle and include units.



Topic 8: Linear approximation and differentials

1. Use linear approximation or differentials to estimate
√

99.5.

2. The radius of a spherical balloon is measured to be 3 cm with a maximum error of .1 cm. Use differentials
to estimate the maximum error in calculating the volume of the balloon. Be sure to include units.



Topic 9a: Mean value theorem

1. Suppose f (x) is continuous on [0,3] and differentiable on (0,3). Also suppose that f (3) = 10 and
f ′(x) ≤ 4 for all x in (0,3). Based on this information, what is the smallest that f (0) can be? Justify your
answer using the mean value theorem.

Topic 9b: L’Hospital’s rule

1. Compute the following limits if they exist. If the limit does not exist, write DNE or does not exist.

(a) lim
x→∞

(ln(x))2
√

x

(b) lim
x→0

ex−1− x
x(ex−1)



Topic 10: Curve sketching

1. Sketch the graph of a function f (x) that satisfies all of the following properties.

i. f (x) is continuous everywhere ii. f ′(−2) does not exist and f ′(0) = 0
iii. f ′(x)> 0 on (−2,0) iv. f ′(x)< 0 on (−∞,−2) and (0,∞)
v. f ′′(x)> 0 on (2,∞) vi. f ′′(x)< 0 on (−∞,−2) and (−2,2)
vii. lim

x→∞
f (x) =−3 viii. lim

x→−∞
f (x) = 0
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2. Consider the function f (x) =
x2

x2 + x+1
. Find the intervals where f (x) is increasing and decreasing.



Topic 11: Optimization

1. Let f (x) = (3x− x2)ex. Find the absolute maximum and minimum of f (x) on [0,3].

2. A box with a square base and open top must have a volume of 32,000 cm3. Find the dimensions of the
box that minimize the amount of material used.



Topic 12: Anti-derivatives

1. Suppose f (x) is a function that satisfies f ′(x) = 12x3 +2x2− x and f (0) = 3. Find f (x).

2. Find an anti-derivatives for each of the following functions.

(a) f (x) = 2x2 + cos(x)

(b) f (x) = e3x


