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1. Find the derivative of each of the following functions. Do not simplify your answers.

a. y = 4x7 − 4
3
√
x2

+ cotx− e2 − cos−1 x b. (sinx)(cos x) + ln(tanx)

c. 7x2 − 1

8( 3
√
x)4

− 2 tan−1 x d.
secx− tanx

cosπ + cotx

e. ln(x2ex) f. (csc2 x)
√

x10 + x

g. 3
√

x ln | cos ex| h. (2x+ 3)5x

i. (csc3 x+ sec3 x)4 j. (x + 1)
√
x

2. Find
dy

dx
along the curve (x2 + y2)5 = x3 sin−1(x− y).

3. Find
dy

dx
along the curve 3exy = y − y2x+ 8.

4. Find an equation for the line tangent to the curve y =
5x

2x+ 1
at x = 1.

5. Find all critical points of the function ξ(x) = 1 + cos2 x− sinx in the interval [0, 2π].

6. The graph at the right shows the velocity function v(t) for an
object moving along a horizontal axis. (v is measured in m/sec and
time t is measured in sec.)
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a. Over what intervals of time, if any, is the object moving in the positive direction?

b. Find the object’s acceleration at time t = 2. Don’t forget the units.

c. At what times, if any, does the object’s position have a local minimum? At what times, if any, does it
have a local maximum?

d. If the object is at position 14 meters at t = 0, find its position at time t = 6.

e. Find the total distance traveled by the object between times t = 0 and t = 6.

7. Let g(x) = x4 − 4x3 + 6.

a. Find the interval(s) on which g(x) is increasing.

b. Find the intervals on which the graph of g(x) is concave up.

c. Find the x-coordinates of all local maxima, local minima, and points of inflection.

d. Find the absolute maximum and minimum values of g(x) on the interval [2, 4]

8. Sketch a graph of a function f(x) with all of the following properties.

a. The domain of f(x) is (−∞,−3) ∪ (−3, 6]. b. f(1) = −3 and f(4) = 2.
c. limx→−3− f(x) = −∞. d. limx→−3+ f(x) = ∞.
e. f ′(x) < 0 if x < −3 or if −3 < x < 1. f. f ′(x) > 0 if 1 < x < 6.
g. f ′′(x) < 0 if x < −3 or if 4 < x < 6. h. f ′′(x) > 0 if −3 < x < 4.

9. Find a number c that satisfies the conclusion of the Mean Value Theorem for the function w(x) = e3x on
the interval [0, 2].

10. Evaluate the limits. Write a real number, ∞, −∞, or DNE. Include supporting work.

a. lim
x→4+

6

4− x
b. lim

x→−∞

√
3x2 + 2

2x− 3
c. lim

x→0
(cosx)1/x

2
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11. Use the graph of y = f(x) at right to find the following. Write a real number, ∞, −∞, or DNE.
Supporting work is not required on this problem.
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a. lim
x→1

f(x)

b. lim
x→−2

f(x)

c. lim
h→0

f(3 + h)− f(3)

h

12. Can a function be continuous on the interval [−1, 1], have an absolute maximum on [−1, 1], but have no
critical numbers in [−1, 1]? Give a graph or formula for such a function, or explain why one cannot exist.

13a. Find the linearization L(x) of f(x) = 3
√
1 + x at a = 7.

13b. Use your answer to Problem 13part a to approximate
3
√
9. Write your answer as a rational number.

14 . Evaluate the following indefinite integrals:

a.

∫
(

6

x
− 3√

x
+ ex

)

dx b.

∫

1√
1− x2

dx

c.

∫

(3− sec θ) cos θ dθ d.

∫

e3x
√

e3x + 7 dx

e.

∫
(

x2 − 3 cscx cotx− 1

2x

)

dx f.

∫

(3 sinx+ sec2 x+ π) dx

g.

∫

x
4
√

x2 + 5 dx h.

∫

x tanx2 sec2 x2 dx

15. Evaluate the definite integrals:

a.

∫ π

3π/4

sec2 x dx b

∫ 3

1

(

x2 − 7x− 1

2x

)

dx

c.

∫ 5

1

x

x2 + 1
dx d.

∫ 1

1/2

sin−1 x√
1− x2

dx

16. A particle moves in a straight line. Its velocity at time t is v(t) = 8 sin t. If its initial position is s(0) = 3,
determine its position s(t) as a function of t.

17a. Approximate the value of the definite integral
∫ 5

3
lnx dx with a Riemann sum using 4 equal subintervals

and their right-hand endpoints. You are not required to evaluate your answer.

17b. Is your approximation in Problem 17part a an overestimate or an underestimate of the integral? Explain
with a graph.

18 Find all horizontal and vertical asymptotes of y =
x2 − 4x+ 4

(x− 2)(2x+ 3)

19. Write the expression
∫ 3

1
p(t) dt+

∫ 6

3
p(t) dt−

∫ 6

2
p(t) dt as a single definite integral.

20. Find
∫ 1

−1

(

3f(x)− 2g(x) + 5
)

dx if
∫ 3

−1
f(x) dx = 9,

∫ 3

1
f(x) dx = 5,

∫ −1

0
g(x) dx = 3, and

∫ 1

0
g(x) dx = 6.

21 Let F (x) =

∫ 6x

√
3

(t2 − 3) dt.

a. Is F (0) positive or negative? Briefly explain.

b. Find F ′(x).
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22. A 13-foot ladder is leaning against a vertical wall on level ground. If the foot of the ladder is pulled
along the ground away from the wall at a speed of 2 feet per second, how fast is top of the ladder sliding
down the wall when the top is 5 feet from the ground?

23. A farmer wants to fence an area of 120 square feet in a rectangular field and then divide the field into
equal thirds with two fences parallel to one of the sides of the rectangle. Find the shortest length of fencing
needed to do this.

24. An object moving along a straight track is at position
s(t) at time t. The graph of s(t) appears in the figure.
Let vA denote the object’s velocity at the point A; let vB
denote the object’s velocity at the point B, etc.. Fill in the
blanks with vA, vB, vC , vD, vE to make a true statement.
(Supporting work not required.)

≤ ≤ ≤ ≤
t

s(t)

A

B

C
D

E

25. State the definition of lim
x→b

g(x) = M .

26. State the definition of lim
x→w

h(x) = −∞.

27. Write an ε-δ proof of lim
x→−2

(−3x+ 1) = 7.

28a. Use the limit definition of derivative to find s′(x) if s(x) =
1√
5− x

. (You can use the “shortcut”

methods of finding derivatives to check your work, but to receive credit on this problem, you must find f ′(x)
using one of the two limit-definitions of the derivative. You may not use L’Hospital’s Rule to help you take
the limit.)

28b. Use your answer to 28a (above) to find the slope of the curve y = s(x) at x = 1. (You do not have to
get 28a correct to receive full credit on 28b.)

28c. Use your answer to 28b (above) to find the equation of the line tangent to y = s(x) at x = 1. (You do
not have to get 28a correct to receive full credit on 28c.)

29. Repeat Problem 28 with s(x) =
x

2x− 1
.

30. Repeat Problem 28 with s(x) = x4 − 3x2.

31. Take the limit, or explain why it does not exist. Complete solutions required.

a. lim
x→4

x2 + x− 20

x2 − 16
b. lim

x→−2

x2

(x+ 2)2

c. lim
x→0

x2 cos

(

1

x2

)

d. lim
x→∞

x7 − 9x10

4x10 − 3x2 + 1

e. lim
x→0

(

1

x(x+ 1)
− 1

x

)

f. lim
x→∞

(

√

4x2 + 3− 2x
)

32. Sketch the graph of a function g(x) that clearly satisfies all of the following:

• lim
x→∞

g(x) = −2

• lim
x→−∞

g(x) = ∞

• g is discontinuous at x = 1

• lim
x→−2−

g(x) = −∞

• lim
x→−2+

g(x) = ∞

• g is continuous from the right at x = 1
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33. Refer to the figure for the graph of
y = f(x).

a. Find all x-values in the interval
(−2, 6) for which f ′(x) does not exist.

b. Find f ′(5).

c. Sketch the graph of y = f ′(x) on a
separate set of axes.

y=f(x)
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3
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34. Find
dy

dx
and

d2y

dx2
if y =

3x+ 4

2x+ 1
. You are not required to simplify your answers.

35. At what x-values does the graph of y = x+ cosx have a horizontal tangent?

36. Given the following table of values:

x f(x) f ′(x) g(x) g′(x)
−1 3 4 2 −2
2 −1 −5 3 9
3 2 10 −1 11

a. Find
d

dx

[

g
(

f(x)
)]

at x = −1. b. Find
d

dx

(

g(x)
)−1

at x = 2.

37. An object moving along a number line is at position s = t2 + t (meters) at time t (seconds).

a. Express the object’s velocity and acceleration as functions of t.

b. At what time(s) is the object’s velocity equal 0?

c. On what interval(s) of time is the object moving forward?

d. Find the total distance travelled by the object between time t = −1 and t = 1.

38. State Rolle’s Theorem.

39. State the Mean Value Theorem.

40. Show that p(x) = x7 + 2x5 + 7x− 3 = 0 at exactly one x in the interval [0, 1].

41a. Find the linearization L(x) of the function g(x) = lnx at a = 1.

41b. Make a rough sketch of the graphs of g(x) and L(x) together on the same axes. Label the point of
tangency with its coordinates.
41c. If x is near a, is L(x) an underestimate or an overestimate of g(x)?

42. Let f(x) = ln(x2 + 4). (Note that f(x) is defined on the entire real number line.)

a. On what interval(s) is f(x) increasing?

b. At what x-value(s), if any, does f(x) have a local maximum?

c. At what x-value(s), if any, does f(x) have a local minimum?

d. On what interval(s) is f(x) concave down ?

e. At what x-value(s), if any, does f(x) have an inflection point?

43. Find the absolute maximum and absolute minimum of ρ(x) =
x2 − 16

x− 5
on the interval [−5, 4].
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44. Sketch the graph of a function β(x) with all of the following properties.

•β(0) = 1

•β′(−2) = β′(0) = 0

•β′(x) < 0 on the interval (−∞,−2)

•β′(x) ≥ 0 on the interval (−2,∞)

•β′′(x) < 0 on the interval (−1, 0)

•β′′(x) > 0 on the intervals (−∞,−1) and (0,∞)

45. A weather balloon rising straight up from a level field is tracked by an observer 1 kilometer from the
lift-off point. At the moment when the balloon is 3 kilometers from the observer, the angle of elevation of

the balloon (from the point of view of the observer) is increasing
1

100
radians per second. How fast is the

balloon rising at that moment? Answer in a complete sentence, including the appropriate units.

46a. At noon, ship A is exactly 1km west of ship B. If B travels east at 2 km/hr and A travels north at 3
km/hr, how fast are they separating at 4pm?
46b. Suppose, instead that the second ship travels northeast along a path that makes a π/3 angle with the
eastward path of the first ship. How fast is the distance between the ships increasing at 1pm?

47. If you walk along the upper branch of the hyperbola y2 = x2+4
(see figure at right) what’s the closest you’ll come to the point
(2, 0)?
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3
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48. The top and bottom margins of a poster are each 2 inches, and the side
margins are each 1 inch. If the area of printed material on the poster is to be
8 square inches, find the smallest possible total surface area of the poster.
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An mel odio oporteat repudiare. Eum nemore expetenda te. Timeam propriae vim an, prima vivendum forensibus qui ex. Sumo verear alterum sea ut. Facer senserit adversarium quo et. Ei etiam argumentum mea, per option fuisset ut.
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Ei sed modo clita argumentum. Primis quaeque iracundia eum ne, ei mazim quidam vulputate usu. Id sumo affert mediocritatem pro. Eum homero expetenda id. Pri eu unum omnium. Ut populo pericula mei, vel ei evertitur consectetuer, erant scripserit consectetuer eos eu. Sit ad clita exerci bonorum, natum erroribus cum id.
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An mollis adversarium sea, ei eam ignota oportere gloriatur. Reque fabellas sit te, et falli omnium feugiat cum. Odio aeque blandit pri ei, ea sea quaeque menandri accusata. Quidam detraxit abhorreant pro no, omittam partiendo mediocritatem ad eos.
Lorem ipsum dolor sit amet, eum melius propriae ex, no nonumy equidem definitiones nec. Eirmod electram  mediocrem usu ad. Cum ne prima movet nonumes, natum voluptatum at mea, mel mazim mentitum reprehendunt cu. An eruditi invenire gloriatur est.
Eu velit eruditi conclusionemque quo, erant sonet ei qui. Ea ius regione nostrud torquatos, diam efficiantur ne vel. Vis rebum iusto delenit no, munere quodsi evertitur ea his. Perpetua omittantur ex mea, id iusto zril propriae quo.
Ei sed modo clita argumentum. Primis quaeque iracundia eum ne, ei mazim quidam vulputate usu. Id sumo affert mediocritatem pro. Eum homero expetenda id. Pri eu unum omnium. Ut populo pericula mei, vel ei evertitur consectetuer, erant scripserit consectetuer eos eu. Sit ad clita exerci bonorum, natum erroribus cum id.
An mel odio oporteat repudiare. Eum nemore expetenda te. Timeam propriae vim an, prima vivendum forensibus qui ex. Sumo verear alterum sea ut. Facer senserit adversarium quo et. Ei etiam argumentum mea, per option fuisset ut.
An mollis adversarium sea, ei eam ignota oportere gloriatur. Reque fabellas sit te, et falli omnium feugiat cum. Odio aeque blandit pri ei, ea sea quaeque menandri accusata. Quidam detraxit abhorreant pro no, omittam partiendo mediocritatem ad eos.

Lorem ipsum dolor sit amet, eum melius propriae ex, no nonumy equidem definitiones nec. Eirmod electram  mediocrem usu ad. Cum ne prima movet nonumes, natum voluptatum at mea, mel mazim mentitum reprehendunt cu. An eruditi invenire gloriatur est.
Eu velit eruditi conclusionemque quo, erant sonet ei qui. Ea ius regione nostrud torquatos, diam efficiantur ne vel. Vis rebum iusto delenit no, munere quodsi evertitur ea his. Perpetua omittantur ex mea, id iusto zril propriae quo.
Ei sed modo clita argumentum. Primis quaeque iracundia eum ne, ei mazim quidam vulputate usu. Id sumo affert mediocritatem pro. Eum homero expetenda id. Pri eu unum omnium. Ut populo pericula mei, vel ei evertitur consectetuer, erant scripserit consectetuer eos eu. Sit ad clita exerci bonorum, natum erroribus cum id.
An mel odio oporteat repudiare. Eum nemore expetenda te. Timeam propriae vim an, prima vivendum forensibus qui ex. Sumo verear alterum sea ut. Facer senserit adversarium quo et. Ei etiam argumentum mea, per option fuisset ut.
An mollis adversarium sea, ei eam ignota oportere gloriatur. Reque fabellas sit te, et falli omnium feugiat cum. Odio aeque blandit pri ei, ea sea quaeque menandri accusata. Quidam detraxit abhorreant pro no, omittam partiendo mediocritatem ad eos.
Lorem ipsum dolor sit amet, eum melius propriae ex, no nonumy equidem definitiones nec. Eirmod electram  mediocrem usu ad. Cum ne prima movet nonumes, natum voluptatum at mea, mel mazim mentitum reprehendunt cu. An eruditi invenire gloriatur est.
Eu velit eruditi conclusionemque quo, erant sonet ei qui. Ea ius regione nostrud torquatos, diam efficiantur ne vel. Vis rebum iusto delenit no, munere quodsi evertitur ea his. Perpetua omittantur ex mea, id iusto zril propriae quo.
Ei sed modo clita argumentum. Primis quaeque iracundia eum ne, ei mazim quidam vulputate usu. Id sumo affert mediocritatem pro. Eum homero expetenda id. Pri eu unum omnium. Ut populo pericula mei, vel ei evertitur consectetuer, erant scripserit consectetuer eos eu. Sit ad clita exerci bonorum, natum erroribus cum id.
An mel odio oporteat repudiare. Eum nemore expetenda te. Timeam propriae vim an, prima vivendum forensibus qui ex. Sumo verear alterum sea ut. Facer senserit adversarium quo et. Ei etiam argumentum mea, per option fuisset ut.
An mollis adversarium sea, ei eam ignota oportere gloriatur. Reque fabellas sit te, et falli omnium feugiat cum. Odio aeque blandit pri ei, ea sea quaeque menandri accusata. Quidam detraxit abhorreant pro no, omittam partiendo mediocritatem ad eos.

Lorem ipsum dolor sit amet, eum melius propriae ex, no nonumy equidem definitiones nec. Eirmod electram  mediocrem usu ad. Cum ne prima movet nonumes, natum voluptatum at mea, mel mazim mentitum reprehendunt cu. An eruditi invenire gloriatur est.
Eu velit eruditi conclusionemque quo, erant sonet ei qui. Ea ius regione nostrud torquatos, diam efficiantur ne vel. Vis rebum iusto delenit no, munere quodsi evertitur ea his. Perpetua omittantur ex mea, id iusto zril propriae quo.
Ei sed modo clita argumentum. Primis quaeque iracundia eum ne, ei mazim quidam vulputate usu. Id sumo affert mediocritatem pro. Eum homero expetenda id. Pri eu unum omnium. Ut populo pericula mei, vel ei evertitur consectetuer, erant scripserit consectetuer eos eu. Sit ad clita exerci bonorum, natum erroribus cum id.
An mel odio oporteat repudiare. Eum nemore expetenda te. Timeam propriae vim an, prima vivendum forensibus qui ex. Sumo verear alterum sea ut. Facer senserit adversarium quo et. Ei etiam argumentum mea, per option fuisset ut.
An mollis adversarium sea, ei eam ignota oportere gloriatur. Reque fabellas sit te, et falli omnium feugiat cum. Odio aeque blandit pri ei, ea sea quaeque menandri accusata. Quidam detraxit abhorreant pro no, omittam partiendo mediocritatem ad eos.
Lorem ipsum dolor sit amet, eum melius propriae ex, no nonumy equidem definitiones nec. Eirmod electram  mediocrem usu ad. Cum ne prima movet nonumes, natum voluptatum at mea, mel mazim mentitum reprehendunt cu. An eruditi invenire gloriatur est.
Eu velit eruditi conclusionemque quo, erant sonet ei qui. Ea ius regione nostrud torquatos, diam efficiantur ne vel. Vis rebum iusto delenit no, munere quodsi evertitur ea his. Perpetua omittantur ex mea, id iusto zril propriae quo.
Ei sed modo clita argumentum. Primis quaeque iracundia eum ne, ei mazim quidam vulputate usu. Id sumo affert mediocritatem pro. Eum homero expetenda id. Pri eu unum omnium. Ut populo pericula mei, vel ei evertitur consectetuer, erant scripserit consectetuer eos eu. Sit ad clita exerci bonorum, natum erroribus cum id.
An mel odio oporteat repudiare. Eum nemore expetenda te. Timeam propriae vim an, prima vivendum forensibus qui ex. Sumo verear alterum sea ut. Facer senserit adversarium quo et. Ei etiam argumentum mea, per option fuisset ut.
An mollis adversarium sea, ei eam ignota oportere gloriatur. Reque fabellas sit te, et falli omnium feugiat cum. Odio aeque blandit pri ei, ea sea quaeque menandri accusata. Quidam detraxit abhorreant pro no, omittam partiendo mediocritatem ad eos.

Lorem ipsum dolor sit amet, eum melius propriae ex, no nonumy equidem definitiones nec. Eirmod electram  mediocrem usu ad. Cum ne prima movet nonumes, natum voluptatum at mea, mel mazim mentitum reprehendunt cu. An eruditi invenire gloriatur est.
Eu velit eruditi conclusionemque quo, erant sonet ei qui. Ea ius regione nostrud torquatos, diam efficiantur ne vel. Vis rebum iusto delenit no, munere quodsi evertitur ea his. Perpetua omittantur ex mea, id iusto zril propriae quo.
Ei sed modo clita argumentum. Primis quaeque iracundia eum ne, ei mazim quidam vulputate usu. Id sumo affert mediocritatem pro. Eum homero expetenda id. Pri eu unum omnium. Ut populo pericula mei, vel ei evertitur consectetuer, erant scripserit consectetuer eos eu. Sit ad clita exerci bonorum, natum erroribus cum id.
An mel odio oporteat repudiare. Eum nemore expetenda te. Timeam propriae vim an, prima vivendum forensibus qui ex. Sumo verear alterum sea ut. Facer senserit adversarium quo et. Ei etiam argumentum mea, per option fuisset ut.
An mollis adversarium sea, ei eam ignota oportere gloriatur. Reque fabellas sit te, et falli omnium feugiat cum. Odio aeque blandit pri ei, ea sea quaeque menandri accusata. Quidam detraxit abhorreant pro no, omittam partiendo mediocritatem ad eos.

2

2

1 1

49. Find f(x) if f ′′(x) = −x−2 and f ′(−1) = 2 and f(−1) = 0.

50. A marble is thrown downward from a 170 foot tower with initial speed of 4 ft/sec. Assuming that the
downward acceleration of the marble is −32 ft/sec2, express the height of the marble as a function of time.

51 a. Using the table of values below, approximate
∫ 30

0 p(x) dx with a Riemann Sum using three subintervals
and their midpoints.

x 0 5 10 15 20 25 30
p(x) 4 6 3 −2 −3 −1 1

You can leave unfinished arithmetic in your answer. For example, if the correct answer were “ 2
7 (3 · 52 − 1),”

then that response would receive full credit.

51b. Repeat, using 6 subintervals and their right endpoints.

52. Find the limits:

a. lim
x→0+

tanx√
x

b. lim
x→0

sinx

ex
c. lim

x→∞
x sin

(

1

x

)

d. lim
x→∞

x−
√

x2 + 2x e. lim
x→0

(1 + 5x)1/x f. lim
x→∞

x
1

2+ln x
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1. a: 28x6 + 8
3x

−5/3 − csc2 x + (1 − x2)−1/2. b: cos2 x − sin2 x + sec2 x cotx. c: 14x + 1
6x

−7/3 − 2(1 + x2)−1 d:
(

(secx tanx −

sec2 x)(cotx − 1) + (secx − tanx) csc2 x
)

(cotx − 1)−2 e: 1 + 2/x f: −2 csc2 x cotx(x10 + x)1/2 + 1
2 csc

2 x(x10 + x)−1/2(10x9 + 1)

g: 1
3 (x ln | cos ex|)−2/3(ln | cos ex| − xex tan ex) h: (2x + 3)5x

(

5 ln(2x + 3) + 10x(2x + 3)−1
)

i: 4(csc3 x + sec3 x)3(−3 csc3 x cotx +

3 sec3 x tanx) j: (x+1)
√
x
(

1
2x

−1/2 ln(x+1)+
√
x(x+1)−1

)

. 2. 10x(x2+y2)4−3x2 sin−1(x−y)−x3(1−(x−y)2)−1/2

−10y(x2+y2)4−x3(1−(x−y)2)−1/2 3. 3yexy

1−2xy−3xexy 4. y−
5/3 = (5/9)(x − 1) 5. π/2, 3π/2, 7π/6, 11π/6 6. a:[0, 2] ∪ [4, 6] b: -1 m/sec2 c: local max at t = 2; local min at t = 4 d: 15 e:

3 7. a: [3,∞) b: (−∞, 0) and (2,∞) c: local min at x = 3. No local max. Inflect. pts at x = 0 and x = 2 d: min = -21, max

= 6 9. c = 1
3 (ln

1
6 (e

6−1)) 10. a: −∞ b: −
√
3/2 c: e−1/2

11. a: DNE b: -1 c: 1/2 12. Yes. Abs max and min must occur

at the endpoints. f(x) = x will work. 13. a: 2+ 1
12 (x−7) b: f(8) ≈ L(8) = 2+ 1

12 14. a: 6 ln |x|−6
√
x+ex+C b: sin−1 x+C c:

3 sin θ−θ+C d: 2
9 (e

3x+7)3/2+C e: x3/3+3 cscx− 1
2 ln |x|+C f: −3 cosx+tanx+πx+C g: 2

5 (x
2+5)5/4+C h: 1

4 tan2 x2+C 15. a:

1 b: −58
3 − 1

2 ln 3 c: 1
2 ln 13 d: 1

9π
2

16. 11−8 cos t 17. a: I ≈ 1
2 (ln 3.5+ln 4+ln 4.5+ln 5) b: lnx increases, so answer to a is an

Overestimate. 18. HA is y = 1
2 . VA is x = −3

2 . 19.
∫ 2

1 p(t) dt 20. 16 21. a: positive, b.c. integrand is negative and limits

are in reverse order. b: 6(36x2 − 3) 22. 24/5 ft/sec 23. 4 · 601/2 + 240 · 60−1/2
24. two correct answers: vC ≤ vB ≤ vD ≤

vE ≤ vA, or vC ≤ vD ≤ vB ≤ vE ≤ vA 25. For every ε > 0, there exists a δ > 0 so that 0 < |x − b| < δ implies |g(x) −M | < ε.

26. For every real number M , there exists a δ > 0 so that 0 < |x − w| < δ implies h(x) < M . 27. Assume ε > 0. Choose

δ = ε/3. Then 0 < |x+ 2| < δ implies that ε > 3|x+ 2| = |3x+ 6| = |(−3x+ 1)− 7|, as desired. 28. a: s′(x) = 1/2
(5−x)3/2

. b: 1/16.

c: y − 1
2 = 1

16 (x − 1). 29. a: s′(x) = −(2x − 1)−2. b: −1. c: y − 1 = −1(x − 1). 30. a: s′(x) = 4x3 − 6x. b: −2. c: y + 2 =

−2(x − 1). 31. a: 9/8 b: ∞ c: 0 d: −9/4 e: −1 f: 0 33. a: x = 2, x = 4 b: 1 34. y′ = −5
(2x+1)2 . y′′ = 20

(2x+1)3 . 35. x = π
2 +

2nπ, where n = any integer. 36. a: 44. b: -1 37. a: v = 2t + 1, a = 2. b: t = −1/2. c: (−1/2,∞). d: 5/2. 38. See text.

39. See text. 40. p(0) = −3 < 0 < 7 = p(1). Since p is a polynomial and continuous and differentiable everywhere, Intermedi-

ate Value Theorem =⇒ p(c) = 0 for at least one number c in (0, 1). Rolle’s =⇒ that between any two zeros of p(x) there must

be a zero of p′(x). However, p′(x) = 7x6 + 10x4 + 7 ≥ 7 for all real x, so there cannot be more than one such number c. 41. a:

x − 1. c: L(x) ≥ lnx (because lnx is concave down.) 42. a: (0,∞). b: none. c: x = 0. d: (−∞,−2) and (2,∞). e: x = 2 and

x = −2. 43. max = 4, min = -9/10. 45. At the moment in question, balloon is rising .09 km/sec. 46. a: At 4pm, the dis-

tance between the ships grows exactly 3.6 mi/hr. b: At 1pm, the distance between the ships grows exactly 2.5 mi/hr.

47.
√
6 (when you’re at the point (1,

√
5) 48. 32 in2

49. f(x) = 3+3x+ln |x| 50. h(t) = −16t2−4t+170 51. a: 10(6−2−1)

(or 30). b: 5(6 + 3− 2− 3− 1 + 1) (or 20). 52. a: 0. b: 0. c: 1. d: -1. e: e5. f: e.
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1.  Evaluate the following limits. 

a) 
2

3 7lim
2x

x
x→

− +
−

; b) lim
x

x
x→

+ −
0

1 1
; c) 

)cos(1
ln1lim

1 x
xx

x π+
+−

→
; d)

3

( 3)(2 10)lim
3x

x x
x−→−

+ −
+

; 

e) lim
x x→∞ +

1
1 2 ;  f) lim

x

x
x→∞

+
−

3 2
2 1

2

2 ; g) 
2ln( 2 )

lnlim x x
xx

+

→∞
; h). lim

x

x
x x→

−
− −2

2

2
4

2
;  i) lim

x

x
x→ − −2 2

 

j) 3
tan0

lim x
xx→

; k) 
3
lnlim x

xx→∞
; l) 1

sin0
lim

xe
xx
−

→
; m) 2 2lim ( 1 )

x
x x x x

→−∞
+ + − − ; n) 

2lim( 4 1 )
x

x x x
→∞

+ + − ; o) ( )xxx

1
sin

1

0
lim −
→

; p) 
1

2 lnlim(1 2 ) x

x
x

→∞
+ ; q)

21/

0
lim (cos ) x

x
x

+→
; r) 

1lim tan( )xx
x

→∞
. 

 

2. Suppose 3 12
2

2

f x dx( )
−
∫ = , f x dx( ) =

−
∫ 6
2

5

, and g x dx( ) =
−
∫ 2
2

5

, find : 

a). f x dx( )
2

5

∫ ; b). −
−

∫ πg x dx( )
5

2

; c)
2

2

(4 ( ))f x dx
−

+∫ . 

3.  Find the linearization of y 3 x=  at x = 27. Use the linearization to approximate the 
value of 3 28 . Give your answer as a fraction. 

 
4.  Find the derivatives. Do not simplify your answer 

a). f(x) = 
x

x

2 1
2
+

cos
;   b). g x x x( ) tan ( ) cos= + +3 2 42 1  

c). y = ( sin )x x3 4−    d). x xy y2 24 3 5+ − =  

e). y xe ex x= +/ sin2    f). f x x x( ) ln ( ) /= −1 23  

g). y = 2 14x xsin(5 )−    h). t = [ln( )]y y2 43+  

i). f(x) = sec(sinx) + cot(e 2x )  j). 2( 1) xy x= +  

k) 2 sin( ) ( 1) xf x x= +    l) )5arctan( 3xey =  
m) ( ) ln(arctan(2 ))f x x=   n) 1 2sin ( )y x−=  
o) 2 3 2 2sin( ) 10yx y x y e+ − = +  
 
5.  Use the definition of derivative as the limit of difference quotient to find the derivative  
a). f(x) = x +3 

b). f(x) = 
2

1x +
 

c). 3075)( 2 +−= xxxf  
 



6.    If ' ' '(2) 3;  (3) 5;  (2) 3;  (3) 2;  (2) 7;  (3) 4;  (2) 2;  andf f g g f f g= − = = = − = − = =  
' (3)g π= , find the derivative of the following functions at the given value of x. 

a) ( ) ( ) at 2;  b) ( ( )) at 2.y f x g x x y f g x x= = = =  
 
7.   A 13 ft ladder is leaning against a wall, and its base is slipping away from the wall at 
the rate of 3 feet per second when it is 5 feet from the wall. How fast is the top of the 
ladder dropping at that moment? 
 
8.   If 1200 cm 2 of material is available to make a box with a square base and an open top, 
find the largest possible volume of the box. 
  
9.  A water tank has the shape of an inverted circular cone with base radius 2m and 

height 4 m. If water is being pumped into the tank at a rate of 2 m 3 /min, find the rate 
at which the water level is rising when the water is 3 m deep. 

 
10.   A cylindrical can is to be made to hold 1000 cm 3  of oil. Find the dimensions that 

will minimize the cost of the metal to manufacture the can. 
 
11.   Sketch a possible graph of the function f(x) that satisfies the following conditions 

2 2 0 0
lim ( ) 0; lim ( ) ; lim ( ) ; lim ( ) ; lim ( )

x x x x x
f x f x f x f x f x

− + − +→±∞ →− →− → →
= = −∞ = ∞ = −∞ = ∞ ; 

f(x)is decreasing on its domain; f(x) is concave up (-2, -1) and (0,∞ ); f(x) is concave 
down  
(-∞ ,-2) and (-1, 0). 
 
12.   Find the equation of the tangent line to the curve at the point  
a) x xy y2 2 7− + =  (-1,2). 

b) 2 22 3 8 at (1,3)x y y x y− = − + −  

13.   For ( ) sinxf x e x= , find and simplify '' ( )f x . 
 
14.   Find all values of x satisfying the conclusion of the Mean Value Theorem for 
a) 3( ) ( 2) ,  on [0,2]f x x= −  

b) 2( ) x
xf x
+

=  on [1, 4] 

 
15.  A spherical balloon is expending from the sun’s heat at rate 5 m 3 /min. Find the rate 
of change of the radius of the balloon when the radius is 5 meters. 
 

16.   Given f x
x x

x
( ) =

− +
−

2 2 4
2

 

a). Determine where f(x) is increasing, decreasing and all local extrema. 
b). Find where f(x) is concave up, concave down and all inflection points. 



c). Sketch the graph of f(x). 
 
17.   Find the instantaneous rate of change of f(x) = sin 3x at x =π / 4 . 
 
18.   Evaluate the following integrals 

a) 
−
+∫
3

2 3 2
0

1

( )x
dx    b) 

1
1 2x x

dx
( )+∫  

c) ( )x xdx2 31 2−∫    d) (cos sec )3 22x x dx+∫  

e) 
x

x x
dx

−
− +∫

1
2 32 2( )

   f) 
cos

( sin )

/ x
x

dx
1 3

0

2

+∫
π

 

g) 
e

e
dx

x

x
−

∫
2

    h) 4 32

0

1

x x dx+∫  

i) 
dx
x3 4+∫     j) ( )1

x x dx∫ +  

k) 4 1
0

1

x dx−∫    l) ( cos ) sin
/

/

1 3 3
6

3

−∫ t tdt
π

π

 

m) 
5

2

0
x xdx−∫     n) ∫

−
−−

2

3

2 2 dxxx  

o) dxxx∫ −
1

0

21    p) 
4

4

(sec tan )x x
π

π−
∫  

q) 
2

6cos xdx
π

π

−
∫    r) 

22cos 5cos
cos
x xdx

x
+

∫  

19.   Solve the initial value problem. 
d r
dt

t
t

r r
2

2 15
3

1 8 1 0= + = =, _ ( ) , _ ( ) .'  

 
20.  An object is dropped from an airplane. The acceleration is measured in ft/sec 2 and 
recorded every second after the drop for 5 sec, as shown in the following table. 
 
T 0  1  2  3  4  5 
a 32  19.41  11.77  7.14  4.33  2.63 
 
 Find an upper estimate for the speed using 5 equal subintervals and left-endpoints. 
 

21.   Find F ' (x) for a). F(x) = costdt
x

0
∫   b). F(x) = 1 3

0
+∫ t dt

x

 



22.  Suppose the first derivative of f(x) is )52()3()( 2' +−= xxxf .  
a). On what interval(s) is f(x) increasing? 
b). On what interval(s), if any, is f(x) concave up/concave down? 
c). At what x-values, if any, does f(x) have local minima and local maxima? 
 
23.  Find the total area between the x-axis and the graph f(x) = x x x3 2 2− − , − ≤ ≤1 2x .  
 
24.  Use the definition of the derivative to find the following  
a). find f ' (2) if f(x) = 3553 2 +− xx ; b). find h '  (1) if h(x) = 15

32
+

−
x

x . 
 
25. Find the absolute extrema of  a) 3/53/2 25)( xxxf −= on the interval [-1, 2]. 

b) 2 16( ) xf x x= +  on [1, 8]; 

 
26. A box with a square base and an open top is to be constructed to hold 96 cubic feet of 
water. If x is the side length of the square base and y is the height, and oak base costs $3 
per square foot, and the and the pine sides costs $1 per square foot, what value of x gives 
the least expensive box? 

27. Approximate the value of the definite integral ∫
1

0
dxx  by Riemann sum using three 

subintervals of equal length and their right endpoints. 
 
28. Water is flowing into a tank at the rate of 13 +t ft 3 /min. If the tank is empty when  
t = 0, how much water does it contain 5 min later? 
 
29. Determine where the function is increasing and where it is decreasing 

a). 
x
xxf ln)( =  and b). )4()( 3/1 −= xxxg   

 
30. Find an equation of the tangent line to the graph of the equation sin(x –y) = xy at the 
point (0, π ).  
 
31. The velocity of an object is given by 2 4 /  for 0 t 6v t ft s= − ≤ ≤ . 
a) What is the displacement at t = 6? b) What is the total distance the object traveled 
during the time interval [0, 6]? 

32. Let 
0

( ) ( )  where ( )
x

G x f t dt f t= ∫ is shown below. Find the following: 

                                                              a) G(2) ;  b) G (5);  c) G ' (3); d) )1(''G . 
                                                        
                                                              e) The interval where G(x) is decreasing 

 f) The point a where G(x) has a local max. 
1 2 3 4 5

-2

-1

1

2

f(t)



 
33. The angle of elevation of the sun is decreasing at a rate of 0.25 rad/h. How fast is the 
shadow cast by a 400-ft-tall building increasing when the angle of elevation of the sun is 

/ 6π ? 
 
34. A particle is moving with the given data: ( ) sin 3cos , (0) 0, (0) 2a t t t s v= + = = . Find 
the position of the particle. 
 
35. Given ( ) 1f x x= −  on [-2, 2]. Find a) net area; b) area. 
 
Also: p. 168 #43-47(odd);  
 
Answers: 
1.  a). –1/6; b). ½; c). 2

1
π

− ; d). 16; e). 0; f). 3/2; g). 2; h). 4/3; i).  -∞ ; j) 3; k) 0; l) 1,  

m)-1; n). 2; o) 0; p) e ; q) 1
e

; r) 1. 
2.  a). 2; b). 2π , c) 20. 
3.  3 821

27 27( ) 2;  28L x x= + ≈ . 

4.  a). 
cos ( / )( ) ( ) ( ) ( sin )

(cos )

/ /2 1 2 1 2 1 2 2
2

2 1 2 2 1 2

2
x x x x x

x
+ − + −−

 

b). 3 2 1 2 1 4 42 2 2 2 4 3tan ( )(sec ( ))( ) (sin )( )x x x x x+ + −  
c). 4 33 3 2( sin ) ( cos )x x x x− −  

d). 
2 4
6 4

x y
y x
+
−

 

e). e xe e ex x x x/ / ( / ) cos ( )2 2 1 2+ +  

f). 
2

3 32
−
−

x
x x

 

g). 2 1 5 1 84 3x x x xcos(5 )) (sin(5 ))− ⋅ + − ⋅  

h). 4 3
2 3

3
2 3

2[ln( )]y y
y

y y
+ ⋅

+
+

 

i). 2 2 2sec(sin ) tan(sin )cos 2csc ( )x xx x x e e−  

j). 2 2
1( 1) ( 2 ln( 1))x x

xx x
+

+ + +  

k) ( )2
2 2 sin2 sin

1
cos ln( 1) ( 1) xx x

x
x x x

+
+ + +  

l) x

x

e
e

6

3

251
15
+

 

m) 1 2

2
tan (2 )(1 4 )x x− +

 



n) 
4

2
1

x
x−

; o) yeyxyx
yxxyxy 232

222

22)cos(
)cos(23'

−−+
+−

=  

5. a) 710)
)1(

2);
2

1
2 −

+
− xc

x
b

x
. 

6.  a). 3 2 21;  b) 4 2− − . 
7.  -5/4 ft/sec 
8.   4000cm 3  

9. 
8

9π
m / min  

10. r = 
500

3
π

, h = 2
500

3
π

. 

11.  
   
 
 
 
 
 
 
12. a) y x= +4 5 14 5/ / ; b) 10 29

13 13y x= +  

13. '' ( ) 2 cosxf x e x=  
14. a) 2

3
2− ; b) 2 3 2− +  

15. 
1

20π
 

16.  a).f(x) is increasing on (− ∞ ∪ ∞, ) ( , )0 4 ; f(x) is decreasing on (0, 2) ∪ (2, 4); local 
max at (0,-2), local min at (4, 6). 
b). f(x) is concave up on (2, ∞ ); concave down on (-∞ , 2); no inflection points. 

17. 
− 3 2

2
 

 

18.  a). -1/5; b). 
−
+

+
2

1( )x
c ; c). 

1
4

12 4( )x c− + ; d). 1/3 sin3x + ½ tan 2x +c; 

e). 
−
− +

+
1

2 2 32( )x x
c ; f). 3/8; g). x e cx+ +−2 ; h). 

32 12 3
3

−
; i). 

1
3

3 4ln x c+ + ; 

j). ln x x C+ +2
3

3/2 ; k). dne, l). ½; m). 29.5; n). 28/3; o). 1/3; p) 0, q) 18, r) 
2 5sinx x C+ + . 
 
19.  r t t t= + −4 4 85/2 3/2  
20.  74.65 

-5 -4 -3 -2 -1 1 2 3 4

-4

-3

-2

-1

1

2

3

4



21. a). 
x
x

2
cos ; b). 1 3+ x  

22. a). (-5/2, 3) and (3, ∞ ); b). concave down on (-2/3,3); concave up on  
(-∞ ,-2/3) and (3, ∞ ) ; c). x = -5/2 is a local min. 
 
23. 37/12 
24. a).7; b). 36

13− . 
25.a)  f(-1) = 7 is an abs max, f(0) = 0 is an abs min; b) a) abs min f(2)=12 and abs max 
f(8) = 66; 
26. x = 4 feet. 
27. .79795. 
28. 14ft 3 . 
29. a). increasing (0, e), decreasing (e, ∞ ); b). increasing (1, ∞ ), decreasing (-∞ , 1). 
30. ππ ++= xy )1( . 
31. a) 12ft; b) 20ft. 
32. a) 2; b) 3.5; c) 1; d) -1; e)  (4.5, 5); f) a = 4.5. 
33. 400 ft/h. 
34. ( ) sin 3cos 3 3s t t t t= − − + + . 
35. a) 4, b) 5. 


