



























































































































































Do not write beyond this border.

t
(hours) 04 |08 |12 |16 | 20 | 24
v(t)
- 11.8 1 95 | 17.2 | 163 | 16.8 | 20.1
(miles per hour)

1. Ruth rode her bicycle on a straight trail. She recorded her velocity v(¢), in miles per hour, for selected values
of ¢ over the interval 0 < ¢ < 2.4 hours, as shown in the table above. For 0 < ¢ < 2.4, v(r) > 0.

(a) Use the data in the table to approximate Ruth’s acceleration at time ¢ = 1.4 hours. Show the computations

that lead to your answer. Indicate units of measure.

24
(b) Using correct units, interpret the meaning of Io v(t) dt in the context of the problem. Approximate

0
table.

2.4
J v(r) dt using a midpoint Riemann sum with three subintervals of equal length and values from the

Unauthorized copying or reuse of
any part of this page is illegal.

Continue problem 1 on page 5.
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Do not write beyond this border.

1 1 1 1 1 1 1 1 1 %

(c) For 0 < < 2.4 hours, Ruth’s velocity can be modeled by the function g given by g(z) = %?)H;(&)

According to the model, what was Ruth’s average velocity during the time interval 0 <t < 2.4 7

(d) According to the model given in part (c), is Ruth’s speed increasing or decreasing at time ¢ = 1.3 ? Give a
reason for your answer.

Unauthorized copying or reuse of GO ON TO THE NEXT PAG E.

any part of this page is illegal.
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Do not write beyond this border.
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2. Consider the polar curve defined by the function r(6) = 6cos 8, where 0 < 6 < 37” The derivative of r is

given by % = cos 8 — @sin 6. The figure above shows the graph of » for 0 < 6 < 37”

(a) Find the area of the region enclosed by the inner loop of the curve.
Unauthorized copying or reuse of Continue problem 2 on page 7.
any part of this page is illegal. -6-
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Do not write beyond this border.
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(b) For 0 <0< 377[ find the greatest distance from any point on the graph of r to the origin. Justify your

answer.

(c) There is a point on the curve at which the slope of the line tangent to the curve is T~ At this point,
dy 1 .. . dx S
0= Find 70 at this point.
Unauthorized copying or reuse of GO ON TO THE NEXT PAG E.

any part of this page is illegal.
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END OF PART A OF SECTION I
IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.
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CALCULUS BC
SECTION II, Part B
Time—60 minutes
Number of problems—4

No calculator is allowed for these problems.

DO NOT BREAK THE SEALS UNTIL YOU ARE TOLD TO DO SO.

/\ GO ON TO THE NEXT PAGE.
-13-



Do not write beyond this border.
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NO CALCULATOR ALLOWED
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3. Let f(x) = ¢**. Let R be the region in the first quadrant bounded by the graph of y = f(x) and the vertical

line x =1, as shown in the figure above.

(a) Write an equation for the line tangent to the graph of f at x = 1.

Unauthorized copying or reuse of
any part of this page is illegal.

Continue problem 3 on page 15.
-14-
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Do not write beyond this border.
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NO CALCULATOR ALLOWED K

(b) Find the area of R.

(c) Region R forms the base of a solid whose cross sections perpendicular to the y-axis are squares. Write, but
do not evaluate, an expression involving one or more integrals that gives the volume of the solid.

Unauthorized copying or reuse of GO ON TO THE NEXT PAG E.

any part of this page is illegal. 15
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Do not write beyond this border.
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Graph of f

4. The continuous function f is defined on the interval —5 < x < 8. The graph of f, which consists of four line

segments, is shown in the figure above. Let g be the function given by g(x) = 2x + Ixz f(r) dr.

(a) Find g(0) and g(-5).

(b) Find g’(x) in terms of f(x). For each of g”(4) and g”(-2), find the value or state that it does not exist.

Unauthorized copying or reuse of Continue problem 4 on page 17.

any part of this page is illegal. 16
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Do not write beyond this border.
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NO CALCULATOR ALLOWED “n,

(c¢) On what intervals, if any, is the graph of g concave down? Give a reason for your answer.

(d) The function A is given by h(x) = g(x3 + 1). Find A’(1). Show the work that leads to your answer.

Unauthorized copying or reuse of GO ON TO THE NEXT PAG E.

any part of this page is illegal. 17
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Do not write beyond this border.
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5. A toy train moves along a straight track set up on a table. The position x(z) of the train at time ¢ seconds is
measured in centimeters from the center of the track. At time ¢ = 1, the train is 6 centimeters to the left of the

center, so x(1) = —6. For 0 < ¢ < 4, the velocity of the train at time ¢ is given by v(r) = 3t* — 12, where v(r)
is measured in centimeters per second.

(a) For 0 <t <4, find x(z).

(b) Find the total distance traveled by the train during the time interval 0 < ¢ < 4.

Unauthorized copying or reuse of Continue problem 5on page 19.
any part of this page is illegal. -1 8'
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Do not write beyond this border.
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(c) A toy bus moving on the same table has position given by (x(r), y(¢)). Here, x(¢) is the function found in
L
4

do not evaluate, an integral expression that gives the total distance traveled by the bus during the time
interval 0 < ¢ < 4.

part (a), and y(t) =2+ 12sin( ) is the distance from the bus to the train track, in centimeters. Write, but

Unauthorized copying or reuse of GO ON TO THE NEXT PAG E.

any part of this page is illegal. 1 9
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Do not write beyond this border.
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6. Let a, = nan for n = 3.

(a) Let f be the function given by f(x) = TInx

integral test to show that Z a, diverges.
n=3

. For x = 3, f is continuous, decreasing, and positive. Use the

1

1

1

(b) Consider the infinite series 2 (-1)"*1q
n=3

that guarantee the series converges. Explain why the sum of this series is less than l.

"~ 3In3 4In4

5In5

---. Identify properties of this series

3

Unauthorized copying or reuse of
any part of this page is illegal.
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Continue problem 6 on page 21.
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o (X _ 2)n+1
(c) Find the interval of convergence of the power series Z TV Show the analysis that leads to your
n=3
answer.
Unauthorized copying or reuse of GO ON TO THE NEXT PAG E.

any part of this page is illegal.

-21-

*IOpI0q SIY) PUOADQ 9ILIM 10U O(]




STOP

END OF EXAM

THE FOLLOWING INSTRUCTIONS APPLY TO THE COVERS OF THE
SECTION Il BOOKLET.

e MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION
INFORMATION AS REQUESTED ON THE FRONT AND BACK
COVERS OF THE SECTION Il BOOKLET.

e CHECKTO SEE THAT YOUR AP NUMBER LABEL APPEARS IN
THE BOX ON THE COVER.

e MAKE SURE YOU HAVE USED THE SAME SET OF AP
NUMBER LABELS ON ALL AP EXAMS YOU HAVE TAKEN
THIS YEAR.
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Multiple-Choice Answer Key

The following contains the answers to
the multiple-choice questions in this exam.



Answer Key for AP Calculus BC

Practice Exam, Section I

Question 1:
Question 2:
Question 3:

Question 4:

C
B
D
E
Question 5: C
Question 6: E
Question 7: A
Question 8: B
Question 9: A
Question 10:
Question 11:
Question 12:
Question 13:

Question 14:

Question 15:

Question 17:
Question 18:
Question 19:
Question 20:
Question 21:
Question 22:

Question 23:

B
E
C
E
E
B
Question 16: A
E
B
B
B
D
B
D

Question 24:
Question 25:
Question 26:
Question 27:
Question 28:
Question 76:
Question 77:
Question 78:
Question 79:
Question 80:
Question 81:
Question 82:
Question 83:
Question 84:
Question 85:
Question 86:
Question 87:
Question 88:
Question 89:
Question 90:
Question 91:

Question 92:
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Free-Response Scoring Guidelines

The following contains the scoring guidelines
for the free-response questions in this exam.



AP® CALCULUS BC
2014 SCORING GUIDELINES

Question 1
t
(hours) 0 04 |08 ] 12| 16 |20 | 24
. V) 0 [11.8] 9.5 |172]16.3 ]| 16.8 | 20.1
(miles per hour)

Ruth rode her bicycle on a straight trail. She recorded her velocity v(#), in miles per hour, for selected values
of ¢ over the interval 0 < ¢ < 2.4 hours, as shown in the table above. For 0 < ¢ < 2.4, v(¢) > 0.

(a) Use the data in the table to approximate Ruth’s acceleration at time # = 1.4 hours. Show the computations

(b)

(c)

(d)

that lead to your answer. Indicate units of measure.

24
Using correct units, interpret the meaning of J. o v(t) dt in the context of the problem. Approximate

24
.[o v(t) dt using a midpoint Riemann sum with three subintervals of equal length and values from the table.

For 0 < ¢ < 2.4 hours, Ruth’s velocity can be modeled by the function g given by g(¢) =

24¢ + 5sin(6¢)
t+0.7

According to the model, what was Ruth’s average velocity during the time interval 0 <t < 2.4 ?

According to the model given in part (c), is Ruth’s speed increasing or decreasing at time ¢ = 1.3 ?

Give a reason for your answer.

(a)

(b)

(©

(d)

_v(1.6)-v(12) 163-17.2 _ : 2
a(l4) = Te-is - 16-1s - 2.25 miles/hr

24
Io v(t) dt is the total distance Ruth traveled, in miles, from

time 7 = 0 to time ¢ = 2.4 hours.

[ w0y de = (08)(11.8) + (0.8)(172) + (08)(16.8)
= 36.64 miles

2.4
Average velocity = ﬁjo g(t) dt =14.064 miles/hr

Velocity = g(1.3) = 18.096358 > 0
Acceleration = g'(1.3) = 3.761152 > 0

Ruth’s speed is increasing at time ¢ = 1.3 since velocity and
acceleration have the same sign at this time.

© 2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

: approximation
: units

: interpretation
: midpoint Riemann sum
: approximation

: integral
: answer

: conclusion with reason



Consider the polar curve defined by the function r(€) = #cos 8, where 0 < 6 < 5

The derivative of r is given by % = cos @ — Osin . The figure above shows

“ >
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AP® CALCULUS BC %,
2014 SCORING GUIDELINES J:C‘o,))

Question 2

the graph of » for 0 < 4 < 37”

(a) Find the area of the region enclosed by the inner loop of the curve.

(b) For 060 < 377[, find the greatest distance from any point on the graph of r

(c)

to the origin. Justify your answer.

There is a point on the curve at which the slope of the line tangent to the curve is

d _ 1 Find dx at this point.

At this point, 0= 70

3z M

2—-7r

(a)

(b)

(©)

Area = %_[;/z(r(a))2 d6 = 0.127 (or 0.126)

r'(0) =cos@ —0sinf =0 = 6 = 0.860334, 3.425618

0 r(0)

0 0
0.860334 0.561096
3.425618 -3.288371

RY/4

= 0

2

Therefore, the greatest distance from any point on
the graph of r to the origin is 3.288.

dy _dy/do
dx  dx/dO
At the point where the tangent line has slope 5 E g
2 12
2—-7  dx/do’
dx 1 2-7n _2-1 . .
Therefore, J0-2 "3 2 at this point.

© 2014 The College Board.

1 : integrand
1 : limits and constant
1 : answer

1 : identifies & = 3.425618 as a candidate
1 : answer
1 : justification

.dy _dyldo
“dx  dx/dO
1 : equation
1 : answer

Visit the College Board on the Web: www.collegeboard.org.
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Question 3
Let f(x) = ¢**. Let R be the region in the first quadrant bounded by the graph of y = f(x) t
and the vertical line x = 1, as shown in the figure above. k.
(a) Write an equation for the line tangent to the graph of f at x = 1.
(b) Find the area of R.
(¢) Region R forms the base of a solid whose cross sections perpendicular to the y-axis R
are squares. Write, but do not evaluate, an expression involving one or more integrals I
that gives the volume of the solid. - ; x
@ f(1)=¢ . { L (1)
f(x) =2 = f'(1) = 2¢° 1 : answer
An equation for the tangent line is y = e* + 2¢ (x — 1).
- 1 : integral
(b) Area = '[1 > dx = [ler T_l = l(e2 - 1) 3:{ 1: antiderivative
~Jo 12 o 2 ' '
1 : answer
o2 5 2 : integrand
(¢) Volume =1+ J (1 - %lny) dy 4: 4 1:limits
1 1 : answer

© 2014 The College Board.

Visit the College Board on the Web: www.collegeboard.org.
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Question 4

The continuous function f is defined on the interval —5 < x < 8. The graph i3 @3

of £, which consists of four line segments, is shown in the figure above. {933

Let g be the function given by g(x) = 2x + szf(t) dt.

(a) Find g(0) and g(-53).

(b) Find g'(x) interms of f(x). For each of g"(4) and g"(-2),
find the value or state that it does not exist.

(-5, -4)
Graph of f

(c) On what intervals, if any, is the graph of g concave down? Give a reason for your answer.

(d) The function /4 is given by /(x) = g(x3 + 1). Find 4'(1). Show the work that leads to your answer.

(a) g(0)=2'0+j_02f(t)dt =3

g(=5)=2-(=5)+ f__jf(t) dt = -10+3 = -7

(b) g'(x)=2+f(x)
g"(x) = f'(x)

§'(4)= [(4)=-1

g"(-2) = f'(-2) does not exist.

(c) The graph of g is concave down on the intervals (-2, 0) and

(2,8) since g'(x) =2+ f(x) decreases on those intervals.

(d H(x)= g’(x3 + 1) -3x?

K1) =g'(2)-3=(2+/(2)3
= (2+3):3=15

© 2014 The College Board.

[ 1:g(0)
2415
1:¢'(x)
3:41:2"(4)

1 : g"(-2) does not exist

1 : intervals and reason

[ 2: chain rule
" | 1:answer

Visit the College Board on the Web: www.collegeboard.org.
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Question b

A toy train moves along a straight track set up on a table. The position x(¢) of the train at time ¢ seconds is
measured in centimeters from the center of the track. At time ¢ = 1, the train is 6 centimeters to the left of the

center, so x(1) = —6. For 0 < ¢ < 4, the velocity of the train at time 7 is given by v(¢) = 32 - 12, where v(¢)
is measured in centimeters per second.

(a)
(b)
(©)

For 0 < < 4, find x(¢).

Find the total distance traveled by the train during the time interval 0 < ¢ < 4.

A toy bus moving on the same table has position given by (x(#), y(¢)). Here, x(¢) is the function found in

part (a), and y(¢) = 2 + 12sin (%) is the distance from the bus to the train track, in centimeters. Write, but

do not evaluate, an integral expression that gives the total distance traveled by the bus during the time

interval 0 <t < 4.

(a)

(b)

(c)

x(t) =6+ j1’(3u2 ~12) du

=6+ [} —12u]"

u=1

= —12t+5

v(t):3(t2—4)=0 —t=-2,1t=2
Distance = |x(2) — x(0)| +|x(4) — x(2)|

= |-11=5|+]21 = (-11)|
=16+32=48

V'(t) = 3cos (%)

4 2
Distance = f \/(3t2 - 12)2 + (3cos(%)) dt

0

© 2014 The College Board.

: integral
: antiderivative
 answer

s identifies ¢ = 2
: considers x(0), x(2), and x(4)
: answer

(1)
: integral

Visit the College Board on the Web: www.collegeboard.org.
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Question 6
Let a, = L for n>3.
nlnn
(a) Let f be the function given by f(x) = L For x > 3, f is continuous, decreasing, and positive.

(b)

(©)

xIn x

o0
Use the integral test to show that z a, diverges.
n=3
1 1 1

"= 303 And + Sns Identify properties of this series

o0

Consider the infinite series Z:(—l)"Jrl a
n=3

that guarantee the series converges. Explain why the sum of this series is less than %

_ 2)n+1

00
Find the interval of convergence of the power series Z (xn o Show the analysis that leads
=3

to your answer.

(a)

(b)

(©)

u=Inx = du = %dx 1 : integral
3: 4 1:antiderivative
f dx = lim f dx = lim —du = lim [1n|u|] 1 : evaluation
3 xlnx b—>w0J3 xInx b—>wJ|p3 U b—0 u=In3
= lim (In|In 5| — In|In 3|) = o0
b—w
Therefore, the series diverges.
The terms in this alternating series decrease in absolute value and 5 1 : properties
im = 0. Therefore, the Alternating Series Test guarantees that I : explanation
n—oonlnn
this series converges. Furthermore,
1 1 1 1
3n3 A4 <M 3m3 <3
Therefore, the sum of the series is less than %
(x-2)"?  nln _( n ) In n _ .
(n+Dln(n+1) (x—2)"! \n+1\In(n+1) v =2] l.setsupratlf) . ,
1: computes limit of ratio
li ( n ) In » |x=2| = |x-2| 1: identifies radius of
n—oo\n + 1 1n(n+l) 4:
convergence
[x-2f<l=1T<x<3 1: analysis and interval of
_ . 1 11 convergence
When x =1, the series is I3 Aind + SInS  CInG +
This series converges by the Alternating Series Test.
When x = 3, the series is ! + L + I + L + e
’ 3In3  4In4  5In5 6In6
This series diverges by the integral test, as shown in part (a).
Therefore, the interval of convergence is 1 < x < 3.

© 2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



Scoring Worksheets

The following provides a scoring worksheets and conversion tables
used for calculating a composite score of the exam.



2014 AP Calculus BC Scoring Worksheet

Section I: Multiple Choice

x 1.2000 =
Number Correct Weighted Section I Score
(out of 45) (Do not round)

Section II: Free Response

Question1 === x10000 = _
(out of 9) (Do not round)
Question2 === x10000 = __
(out of 9) (Do not round)
Questiond === x 10000 =
(out of 9) (Do not round)
Question4 _ x 1.0000 =
(out of 9) (Do not round)
Question === x10000= _
(out of 9) (Do not round)
Question = x 10000 =
(out of 9) (Do not round)
Sum=__
Weighted
Section II
Score
(Do not round)
Composite Score
+ =
Weighted Weighted Composite Score
Section I Score Section II Score (Round to nearest

whole number)

AP Score Conversion Chart
Calculus BC

Composite

Score Range | AP Score

62-108
52-61
40-51
33-39
0-32

=N W ol




2014 AP Calculus BC — AB Subscore Scoring Worksheet “,

Section I: Multiple Choice
Questions (1-2, b, 7-9, 11-13, 15, 19-20, 23, 26, 28, 76, 78-82, 84, 86, 88-91)

x 1.0000 =
Number Correct Weighted Section I Score
(out of 27) (Do not round)

Section II: Free Response

Question 1 - x10000=_
(out of 9) (Do not round)
Questiond === x10000=
(out of 9) (Do not round)
Questionb = x 10000 =
(out of 9) (Do not round)
Sum=__

Weighted

Section II

Score

(Do not round)
Composite Score

+ =

Weighted Weighted Composite Score

Section I Score Section II Score (Round to nearest
whole number)

AP Score Conversion Chart

Calculus AB Subscore
Composite
Score Range | AP Score
33-54
26-32
19-25
14-18
0-13

=N WA O
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AP Calculus BC

The College Board

The College Board is a mission-driven not-for-profit organization that connects students to college
success and opportunity. Founded in 1900, the College Board was created to expand access to

higher education. Today, the membership association is made up of over 6,000 of the world's leading
educational institutions and is dedicated to promoting excellence and equity in education. Each year,
the College Board helps more than seven million students prepare for a successful transition to college
through programs and services in college readiness and college success — including the SAT® and
the Advanced Placement Program®. The organization also serves the education community through
research and advocacy on behalf of students, educators, and schools. The College Board is committed
to the principles of excellence and equity, and that commitment is embodied in all of its programs,
services, activities, and concerns.





