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1. [15 points] Evaluate the following limits, if they exist. If a limit does not exist state this
as well as a reason why it does not exist. If a limit is an infinite limit, specify ∞ or −∞ as

appropriate. You may use the fact that lim
x→0

sin x

x
= 1.

(a) lim
x→3

√
x+ 1− 2

x− 3

(b) lim
x→0

tan(4x)

x sec x

(c) lim
x→4−

x2 − 3x+ 2

x− 4

(d) lim
x→−∞

ex + e−4x

2 + 3e−4x

(e) lim
x→∞

√
25x2 + 10x− 5x
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2. [5 points] Consider the function f(x) defined below:

f(x) =















3x2 + 4x+ 1

x2 − x− 2
for x < −1

x+ c for x ≥ −1

where c is a constant. Find the value of c that makes f(x) continuous on (−∞,∞).

3. [5 points] Use the limit definition of the derivative to find f �(x) for f(x) =
x

x+ 1
. (Note: a

score of 0 will be given if f �(x) is found using the differentiation rules.)
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4. [15 points] Differentiate the following functions. You do not need to simplify your answers.

(a) y = e−7x ln x

(b) y = 5 tan(3x)

(c) y =
4
√
x3

cos(4x)− 3x5

(d) y =
√
x log5(x

5 + x2)

(e) y = csc4(ex + x)
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5. [10 points]

(a) Use implicit differentiation to find
dy

dx
for sin(xy2) = e2y.

(b) Use logarithmic differentiation to find
dy

dx
for y =

�

1 + x2

7x

�sinx

.
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6. [8 points] Suppose the position of an object moving horizontally after t seconds, 0 ≤ t ≤ 7,
is given by s(t) = 2t3− 15t2+24t where t is measured in seconds and distance is measured in
meters.

(a) Find the velocity and acceleration of the object at time t.

(b) Find the interval(s) when the object is moving to the right and the interval(s) when the
object is moving to the left.

(c) Find the acceleration of the object when its velocity is 60 m/s.
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7. [12 points] Let g(x) = 2x3 − 3x2 − 12x+ 20.

(a) Find an equation of the tangent line to g(x) at x = −3.

(b) Find all points (x, y) on the graph of g(x) where the tangent lines are parallel to the line
2y + 24x = 1.

(c) Find the absolute maximum and minimum values of g(x) on the interval [−2, 3].
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8. [4 points] Let f(x) = ex+k. Find the value of k so that y = 4x+5 is a tangent line to f(x).

9. [6 points] The values of functions f(x) and g(x) and their derivatives at x = 0 and x = 1
are shown in the table below.

x f(x) f �(x) g(x) g�(x)

0 1 −3 1 2
1 3 −2 5 −4

(a) Let h(x) = f(x)[g(x)]2. Find h�(0).

(b) Let h(x) =
f(x)

g(x) + 1
. Find h�(1).
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10. [6 points] Let f(x) =
x2

2
− 3x+ 2 lnx. Determine the intervals on which f(x) is increasing

and the intervals on which f(x) is decreasing.
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11. [10 points] A function and its derivatives are given below:

f(x) =
3x

x2 + 3
f �(x) =

9− 3x2

(x2 + 3)2
f ��(x) =

6x3 − 54x

(x2 + 3)3

(a) Find the intervals on which f(x) is concave up and the intervals on which f(x) is concave
down.

(b) Find the points of inflection of f(x).

(c) Use the Second Derivative Test to find the local maximum and local minimum values of
f(x).
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12. [9 points] A water tank has the shape of an inverted circular cone. The height of the tank
is 15 meters and the diameter of the base of cone is 10 meters. The tank is full of water. The
water is pumped out of the tank at a rate of 4 m3/min. At what rate is the height of the
water changing when the water is 4 meters deep? (The volume of a cone is V = 1

3
πr2h.)
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13. [10 points] A jogger is running through the desert, 6 kilometers due south of the nearest
point A on a straight road that runs east-west. The jogger wants to get to a point B on the
road, which is 15 kilometers east of point A. The jogger can run 4 km/h in the desert and 5
km/h on the road. Find the point X on the road, between A and B, that the jogger should
run to in order to minimize their travel time to point B.
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14. [5 points] Suppose g(x) = f(x)e−x where the graphs of the function f(x) and its derivative
f �(x) are shown in the figure below. Find the x-value(s) of the local extrema of g(x). Make
sure that you identify each x-value as a local maximum or a local minimum.
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