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CALCULUS BC
SECTION I, Part A
Time—355 minutes
Number of questions—28

A CALCULATOR MAY NOT BE USED ON THIS PART OF THE EXAM.

Directions: Solve each of the following problems, using the available space for scratch work. After examining the
form of the choices, decide which is the best of the choices given and fill in the corresponding circle on the answer
sheet. No credit will be given for anything written in the exam book. Do not spend too much time on any one
problem.

In this exam:

(I)  Unless otherwise specified, the domain of a function [ is assumed to be the set of all real numbers x for which
f(x) is areal number.

(2)  The inverse of a trigonometric function f may be indicated using the inverse function notation f~! or with the

prefix “arc” (e.g., sin”'x = arcsin x ).
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1. If y =sin’x, then

(A) cos’x (B) 3cos’x

0o ¥,

(C) 3sin’x (D) —3sin” xcosx @i}sinzxcosx

7

The position of a particle moving in the xy-plane is given by the parametric equations #{#) = £ -3¢ and

¥(t) = 12t — 3t*. At which of the following points (x, y) is the particle at rest?

©) (-2,9) (D) (0,0) (E) (3,4)
{2 . o 1™ 4
v\ i s Lo i o o L “3

) iy

: : > ¢
1
o
Graphof f

4
3. The graph of f is shown above for 0 < x < 4. What is the value of —'-0 f(x)dx?

o e,

B) 0)

(A) -1 (C) 2
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4. Which of the following integrals gives the length of the curve y=Inx fromx=1t0 x =27

/(S‘f h+-L ax : ;
'\,_// 1 .\fz ‘s' Lz "‘"'

, ! X
(B) J‘ (1 +—Ij-J dx
1 X"
(©) jl'Jl + & d
2 3
(D) L 1+ (In x)* dx
2 2
(E) _[] (1+ (0 x)?) ax
5. The Maclaurin series for the function f is given by f(x) = Z (_Zr) . What is the value of f(3)?
n=0
4 1
w3 ®m-2 ©F ol i
L
q_ /o« {

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

GO ON TO THE NEXT PAGE.



AAAAAAAAAAAAAAA

A 72

AAAAAAAAAAAAAAAA
M= 4 ‘ - §2

F oy
H

I

6. Using the substitution u = 4 3, J‘

= 3)” dx is equal to which of the following?

i B
(A) 2[ u® du 2 I
- Lf' = {"f | t‘ -4 F =L
13 < A
(B) J- 7u:' du
@if'wa  du-2x I
4
(D) J lus du
4 5
E) — ]
(E) 2J‘7]u du
. dy |
7. If arcsin x = In y, then — = —
dx et TD
(G2 Vi ;
N ] e
xy
(B) —
l - x~
(€) —2—
14+ x°

(D) earcsin x

arcsin x

(E)

il

1+ x
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t (hours) 4 7 12 15

R(t)
(liters/hour)

6.5 6.2 3.9 5.6

8. A tank contains 50 liters of oil at time ¢ = 4 hours. Oil is being pumped into the tank at a rate R(t), where R(z) .
is measured in liters per hour, and ¢ is measured in hours. Selected values of R(t) are given in the table above.

Using a right Riemann sum with three subintervals and data from the table, what is the approximation of the
number of liters of oil that are in the tank at time ¢ = 15 hours?

(A) 64.9 (B) 68.2 ,,5.;:‘(61);/ 114.9 (D) 1166 (E) 118.2

ﬂ : £ &
) 559 )4+ 3B o) = 95
L 1 g '
/ = (|4 8
: e Rt * {_J__/g;‘fw‘ {
S
9. Which of the following series converge? a T
AR
8" Presde o 1l Ny b - n+1
L )= Qhiviae it Y — Wi 1. o e B
= il ”;,1100 ¥ b ”Z=; (n)(n +2)(n +3) G e 17
(A) Tonly (B) II only (C) III only i\(D)m\I and IIT only (E) L II, and III
! 5 ﬂ g .-+! 3 ta ‘ ":"‘.’;“' f'\\.} i ¥ ! % £ ,.JM i i 3 o
i g Rt 1B ietr n'% ) {01 hopit
| e i wsneee | ti sk e < il t
1B/ IS S BTN et T vl ) 6
N2 gn 't nae | PP e T (n)?] 1 AR
: > } 193

7 ' 1 L By
@-1  ®-z ©-5 O3 (@&
o ;‘j‘-‘_.v
) {0 N
lt' = A f e o T | I
e -~ --—-—-"‘-w__" : i b =i e L
- ) Y »:7 3 i f
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I1. Let f be the function defined by f(x) = |x - 2|

/ (A) f 1s continuous but not differentiable at r = = 2.

(B) f is differentiable at x = 2.

for all x. Which of the following statements is true?

(C) f is not continuous at x = 2 S s

(D) lim f(x) # 0

(E) x =2 isa vertical asymptote of the graph of

12. The points (=1, -1) and (1, —5) are on the graph of a ﬁmctlon y = f(x) that satisfies the differential equation

ar_ P+ y. Which of the following must be true? L:’ ¥ L 7Y - &
d.l - ?‘\ ':‘ - f;ﬁ " ¥ 4 4
_(A) (1,-5) is a local maximum of f. ol
(B) (1, =5) is a point of inflection of the graph of f. { g - Rl § (i, ; ‘
— o 7 i 7 4 ” i
(C) ( 1, —1) is a local maximum of f £l = L -5) e =y
(D) (=1, 1) is a local minimum of f. S
(E) (-1, 1) is a point of inflection of the graph of f. r
Fa ] sl f
£140 S
l}“‘ 5! 4'.; Vi } £
] N A
B o [ .
3y P \h-\
~J / .
s 4)”.'1
13. What is the radius of convergence of the series Z——-—
n=0
)
(A) ,2J§ - (B) 3 ) A3 (D) i,)_— (E) 0
| o n ; { Ty g
%. 5 L b | (x=4)7 |
i m——— . ik e % / 1
i Pl - P A V.
(x-4) lf nae) 2|
’T Y A & &
{7 1™ '~° b = - - "():\ . -g
\WK—4) | 7 {
[ »«m—:“‘- i - i . » ¥ o
L. -V2r4 <X 4
k L&Y g a‘-x::-
\; I 4 S
- = 3
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14. Let k be a positive constant. Which of the following is a logistic differential equation?

(A) %= kt
® 2=y
© %:kr(1~t)
(D) i—::b-(l—t)
CERY

15. The graph of a differentiable function f is shown above. If h(x

( (A) 11(6) <h' (6) < h"(6)
®) h(6) < h"(6) < I(6)
(C) W(6) < h(6) < h"(6)
(D) 17(6) < h(6) < h'(6)
(E) h"(6) < h'(6) < h(6)
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J. 7(2) dr, which of the following is true?

GO ON TO THE NEXT PAGE.
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16. Let y = f(x) be the solution to the differential equation %‘/— = x — y with initial condition f(1) = 3. What is
X

the approximation for f(2) obtained by using Euler’s method with two steps of equal length starting at x =17

18. The graph of f’, the derivative of a function J, consists of two line segments and a semicircle, as shown in the
above. If f(2) =1, then f(-3) =

figure

&

Graph of f*

p"

.
Y
Y

\;‘6““\
3 Y7 21
@) -3 ®1 @Z ©2  ® 7
L Ao ; : - 3
x| Y A P . | = )5-27 -
,—,E 512'“ dx b3 C%E 5 9
| 2 o .
51 Z V=% -2 K-l y-2= =.2( -1 2/
2 i ' 7 ‘ o £ e oK - . L.
‘62 1‘4 1’6 ‘62”
17. For x > 0, the power series 1 — e ok —5,— - —_/,~r— et (—1)"(—7m + --+ converges to which of the
following?
; 7 s ! 2 X 2
(A) cos x (B) sin x @)“‘Tx D) e* —¢* (E) 1+e° — ¢
V=X + X -
51 2
p

f - & °Fi
JEER Sy
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19. The function f is defined by f(x) = . i 5 What points (x,y) on the graph of f have the property that the

line tangent to f at (x,y) has slope %?

- "? L A F M“‘ "
7 “ ie
(A) (0,0) only A+2)

|
(B) ( -5—) only

1| —

@;’(0,0) and (—4,2)

(D) (0,0) and (4%)

(E) There are no such points. X " t+49k 7«
:f‘ A sqtz

, FZ ’;
7) oo A o i b = WYV 5}
.z ' + s b g - R [ W = [ 4 Y L4 T I o
ZIn3 =262 #2In G 2| = ot 7! R AR ; ‘+
21. The line y = 5 is a horizontal asymptote to the graph of which of the following functions? - 0w
sin(5x) . 1 o e 904 — x
(A) y= (B) v =3x © v=— (D) y= (E) p=——=
- . & =Q 1—.1- 1\. > 1+4,].,--
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22, The power series Z a, (x - 3)" converges at x = 5. Which of the following must be true?

= (ad1us of carve S at
A
(A) The series diverges at x = 0. i
7 5
(B) The series diverges at x = 1. e ‘5 T
(C) The series converges at x = 1. éf;
@ he series converges at x = 2, - T PR
L o
(E) The series converges at x = 6. ‘ . 7
Ve - A7 ‘b' o e ‘i!“?’,;‘i ¥ g;;ri" {C
A WHN, TTE I RS VUL ey
23. If P(t) is the size of a population at time 7, which of the following differential equations descnbes linear growth
in the size of the population? {j 1 ff T r + &k, L1
— {
C 3 dP
Ay — =200
&)f dt
dP
B) — =200:
(B) —
dpP 2
C) —— =100
©) o
dP
D) — = 200pP
(D) s

E) 42 _100p

{Vf ‘.j i ’\./ ,:,2 vf
24. Let f be a differentiable function such that J-f( )sin x dx = ~f(x)cos x + j4x3 cos xﬁf_x__ Which of the

following could be f(x)? ' = ,ﬁ;}‘% J Vel
(A) cosx (B) sin x (C) 4x° (D) —x* /(E) h* Y
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o 2
25 J xe ¥ dx is
1
w1 1 2 :
i [ . = D) = E) divergent
*) ) 2 (©) - ”é)e (E) div |
g ,:? o d E,If i __X#* é vy g :" 5 | : }
s =X - il == g = - D Rl ol o
- it EE‘I‘H; Ay - 7 b i 2 E ﬁ_ v‘f | Zfi(
!ﬂ:w', . f =
i T

W= -X" gdur -2 dx

26. What is the slope of the line tangent to the polarcurve r =1+ 2sin@ at 8 = 0?

N1 I
(A) 2 %32)5 ©0 O -3 B -2
ay dy { ag
| L3 ;"Mﬁ - .:‘ 1,—:
oA ﬁ%;ﬁwf 2-0
i { 4 ; (i
(-;)R) converge? !
n= l'lI n=1~" \
-2 2 W
(A) -2 < p <2 only 5 o
affi % E i ]
(B) I { ey
757573 J ) F
A 1 P75 .
\(\9} F<P< 2 only 2 V £ 4
(D) p <% and p > 2 —5 P
(E) There are no such values of p. & '
' g(t) dr )
28. Let g be a continuously differentiable function with g(1) = 6 and g’(1) = 3. What is 115]-5“—67 = d:»
L7
(A) 0 (B) % () 1 (D) 2 (E) The limit does not exist. J

END OF PART A OF SECTION |

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 I, Part B
Time— 50 minutes
Number of questions—17

A GRAPHING CALCULATOR IS REQUIRED FOR SOME QUESTIONS ON
THIS PART OF THE EXAM.

Directions: Solve each of the following problems, using the available space for scratch work. After examining the
form of the choices, decide which is the best of the choices given and fill in the corresponding circle on the answer
sheet. No credit will be given for anything written in the exam book. Do not spend too much time on any one
problem.

BE SURE YOU ARE USING PAGE 3 OF THE ANSWER SHEET TO RECORD YOUR ANSWERS TO
QUESTIONS NUMBERED 76-92.

YOU MAY NOT RETURN TO PAGE 2 OF THE ANSWER SHEET. ,

In this exam:

(1) The exact numerical value of the correct answer does not always appear among the choices given. When this
happens, select from among the choices the number that best approximates the exact numerical value.

(2)  Unless otherwise specified, the domain of a function Jf is assumed to be the set of all real numbers x for which
Jf(x) is a real number. :

(3)  The inverse of a trigonometric function f may be indicated using the inverse function notation 7" or with the-

prefix “arc” (e.g., sin 'x = arcsin x ).

Unauthorized copying or reuse of

any part of this page is illegal, GO ON TO THE NEXT PAGE.
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Graph of f

76. The function f, whose graph is shown above, is defined on the interval =2 < x < 2. Which of the following
statements about f is false?

(A) f is continuous at x = 0.

S
——

((B) j is differentiable at x = 0.

\(C) S has a critical point at x = 0.
(D) f has an absolute minimum at x = 0.

(E) The concavity of the graph of f changes at x = 0.

77. Let f and g be the functions given by f(x) =e® and g(x) = x*. On what intervals is the rate of change

of f(x) greater than the rate of change of g(x)? o
- oz /% ~ -

(A) (0.831,7.384) only d U
((B))(~20,0.831) and (7.384, oo)
TE) (—oo, —0.816) and (1.430, 8.613)

(D) (—0.816,1.430) and (8.613, oo) 0 s ¢ &

(E) (~o0, o) [ 264

Unauthorized copying or reuse of
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Graph of f

9
78. The graph of the piecewise linear function f is shown above. What is the value of J l(3f(x) +2)dx?

A) 75 B 95 Q215 (D) 4T (E) 485
= 3(-3/2 t 5 (6)(2 \ 2
$ b a / )
3 . Rie & 23 27 &
> - i - .

79. Let f be a function having derivatives of all orders for x > 0 such that f3)=2, f'(3)=-1, f”(3) =6, and
f7(3) = 12. Which of the following is the third-degree Taylor polynomial for f about x = 3.7

(A) 2 —x +6x% +12x°

(B) 2 — x+3x% +2,3 . e #

©) 2-(x=3)+6(x-3)* +12(x - 3)° f -

(D) 2—(x=3)+3(x-3)" +4(x-3)°

.

AB) 2~ (x=3)+3(x = 3) +2(x - 3)

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

80. The graph of f”, the derivative of the function f, is shown above. Which of the following statements must be
true? .
=
L. f has a relative minimum at x = —3. i

II. The graph of f has a point of inflection at x = -2.

III. The graph of f is concave down for 0 < x < 4. T“ -~
(A) Ionly (B) II only (C) III only (D) Iand IT only /(E)I and IIT only

Unauthorized copying or reuse of
any part of this page is illegal.
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0<x<l l<x<2
flx Positive Negative
Fi Negative Negative
f(x) Negative Positive

81. Let f be a function that is twice differentiable on —2 < x < 2 and satisfies the conditions in the table above. If
f(x) = f(=x), what are the x-coordinates of the points of inflection of the graph of fon -2 < x < 2 ?

(A) x=0only

(B) x=1 only
(C) x=0and x=1
(D) x=-land x=1

{Y £

(E) There are no points of inflection on -2 < x < 2.

. : Vi3
82. What is the average value of y = \/cos x on the interval 0 < x < 7?

(A) —0.637

83. If the function f is continuous at x = 3, which of the following must be true?

(A) f(3) < lim £(x)

(B) 0.500

;

N

{(©) 0.763
p—

(D) 1.198

(E) 1.882

NG i,
O Higict
N
o>

(B) lim f(x)# lim f(x) )
x—=3" _1-_)3+ B o b 21 & L
A0) FB3) = lim f(x) = lim f(x) £ YT o
- =3 x—=3t

(D) The derivative of f at x = 3 exists.

(E) The derivative of f is positive for x < 3 and negative for x > 3.

Unauthorized copying or reuse of
any part of this page is illegal.
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84. For —1.5 < x < 1.5, let f be a function with first derivative given by f'(x) = e('1 > 1) — 2. Which of the
following are all intervals on which the graph of f is concave down?
(A) (-0.418,0.418) only oot
Jl. { \ .‘"’
®) (-1,1) | } o
‘*L_'_L—__T_\‘—\v.—'___——'
(C) (~1.354, ~0.409) and (0.409, 1.354) @]
5 [ !
(D) )(-15,-1) and (0,1) JAL i
ki P p
(E) (~1.5,-1.354), (~0.409, 0), and (1.354,1.5)
o T h—\"
/! [;‘___P'_J
85. The fuel consumption of a car, in miles per gallon (mpg), is modeled by # (s) = - "4[.}0 . where s is the

speed of the car, in miles per hour. If the car is traveling at 50 miles per hour and its sp&ed is changing at the rate

of 20 miles/hour?, what is the rate at which its fuel consumption is changing?
f ) y e Fopos B

(A), 0.215 mpg per hour LU L

{‘ B) f 4.299 mpg per hour ; e Taeogpdids s
(C)' 19.793 mpg per hour F 2) T A\ T
(D) 25.793 mpg per hour ‘

(E) 515.855 mpg per hour N ™ '
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86. If f’(x) > 0 for all real numbers x and L f(z)dr = 0, which of the following could be a table of values for the

function f ?

@ [ 7(x) *

—4

~|wn| o=
|
8]

[® [ ]70)
‘-Lk_,.-'j 4 _4

~l|n
h

(©)

£ =
|
B~

~JI|tn
(%]

(D)

B =
.\""'N
ODD’;‘\

~I|tn

(E)

=

~l|tn
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87. Let R be the region in the first quadrant bounded above by the graphof y =In(3~x), for 0S x<2. R is

the base of a solid for which each cross section perpendicular to the x-axis is a square. What is the volume of
the solid?

(A) 0442 '(Bg} 1.029 (C) 1.296 (D) 3.233 (E) 4.071

i y

]

\/ 2
88. The derivative of a function f is increasing for x < 0 and decreasing for x > 0.. Which of the following could
be the graph of f? N
(A) y (B) y  oriidd

(&) ¥ (D) ¥
I AP
. Q
5 \ - =X
U?L ¥
k "
= ¥

Unauthorized copying or reuse of
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89. A particle moves along a line so tf ut its acceleration for z > 0 is given by a(r) = Jt_:;i_
rek |

. If the particle’s

velocity at ¢t = 0 is 5, what is the velocity of the particle at ¢ = 3 7

P

P
(A) 0.713 (B) 1.134 (C) 6.134 (D) 6.710 giE) 11.710
N

; T =
. £ s i / P Y - “1 | { 1Y &, & == & -
PUI S | [;‘ 7Y v/ 0 ‘\f :.;’ y: T ™ i/; ; ‘ ViV Nt I -
at V(2) -V Y /\7) 3
H 70
BN A

90. If the series Zan converges and a, > 0 for all n, which of the following must be true?

n=1 5
8 ¥
a -1 b 4 Fraodidd efrital ¥ VEE WAy W £
A) lim|[% =0 g i LY Savds LR
n—co an

(B) |a,|<1forall n
© Ya,=0
n=l1

(D) Z na, diverges.

n=1

(= =] L 7 y s
Zﬁ converges Y.y { Y A4 YUE Y T4 (L7770 Daride ]
n ows 11.‘-=«J‘;‘ i 4 il 7 f

©)
{\—*/ n=l1

I g . My ‘ 'k
é", i 134 - (’" {’:} i ¥ & ’-,'i " ? F
/v AL Y g o bANY AR ST i

f
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91. The figure above shows the graphs of the polar curves r = 2cos(38) and r = 2. What is the sum of the areas of

the shaded regions?

(A) 0.858 (B) 3.142
/e
fi = ._! i # P ”“s’..,’}w\‘- 4 g
Fi 7 (:: (s 36) / 4d

[
|
|
|
J
0

4

P e

AD) 9.425

(E) 15.708

o of iz of
P}

Unauthorized copying or reuse of
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92. The function 4 is differentiable, and for all values of x, h(x) = h(2 = x). Which of the followin g statements
must be true?

2 N INY = 7 -x Yo
L Jlo h(x) dx > 0 .;‘ (; (e N A QRN
\_ II:/.) (1) =0 BT T e { Vi r #} }
L K(0) = h'(2) = 1 L7 e = 1t o
Nty " hi(2)
(A) Tonly |
e, Lifabve Bt L N[ h)
((B) M only

(C) III only
(D) II and III only
(E) I, II, and ITI |

END OF SECTION |

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY
CHECK YOUR WORK ON PART B ONLY.

DO NOT GO ON TO SECTION Il UNTIL YOU ARE TOLD TO DO SO.

MAKE SURE YOU HAVE DONE THE FOLLOWING.

®* PLACED YOUR AP NUMBER LABEL ON YOUR ANSWER SHEET

¢ WRITTEN AND GRIDDED YOUR AP NUMBER CORRECTLY ON YOUR
ANSWER SHEET

® TAKEN THE AP EXAM LABEL FROM THE FRONT OF THIS BOOKLET
AND PLACED IT ON YOUR ANSWER SHEET

AFTER TIME HAS BEEN CALLED, TURN TO PAGE 38 AND
ANSWER QUESTIONS 93-96.

Unauthorized copying or reuse of
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