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The Calculus BC Exam

CALCULUS BC

A CALCULATOR CANNOT BE USED ON PART A OF SECTION 1. A GRAPHING CALCULATOR FROM THE
APPROVED LIST IS REQUIRED FOR PART B OF SECTION I AND FOR PART A OF SECTION {1 OF THE
EXAMINATION. CALCULATOR MEMORIES NEED NOT BE CLEARED. COMPUTERS, NONGRAPHING
SCIENTIFIC CALCULATORS, CALCULATORS WITH QWERTY KEYBOARDS, AND ELECTRONIC WRITING
PADS ARE NOT ALLOWED. CALCULATORS MAY NOT BE SHARED AND COMMUNICATION BETWEEN
CALCULATORS IS PROHIBITED DURING THE EXAMINATION. ATTEMPTS TO REMOVE TEST MATERIALS
FROM THE ROOM BY ANY METHOD WILL RESULT IN THE INVALIDATION OF TEST SCORES.

SECTION 1
Time— | hour and 45 minutes
Al questions are given equal weight.
Percent of total grade—>50

Part A: 55 minutes, 28 multiple-choice questions
A calculator is NOT allowed.

Part B: 50 minutes, 17 multiple-choice questions
A graphing calculator is required.

Parts A and B of Section I are in this examination booklet; Parts A and B of Section Il, which consist of longer problems,
are in a separaie, sealed package.

General Tastructions

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE INSTRUCTED TO DO 50.

INDICATE YOUR ANSWERS TO QUESTIONS IN PART A ON PAGE 2 OF THE SEPARATE ANSWER SHEET. THE
ANSWERS TO QUESTIONS IN PART B SHOULD BE INDICATED ON PAGE 3 OF THE ANSWER SHEET. No credit
will be given for anything written in this examination booklet, but you may use the booklet for notes or scratchwork. After
you have decided which of the suggested answers is best, COMPLETELY fil! in the corresponding oval on the answer
sheet. Give only one answer to each question. If you change an answer, be sure that the previous mark is erased completely.

Example; Sample Answer
What is the arithmetic mean of the numbers 1, 3, and 6 ? >EOBED
(A) I
B %
c 3
o)
E 7

Many candidates wonder whether or not to guess the answers to questions about which they are not certain. In this section
of the examinalion. as a correction for haphazard guessing, one-fourth of the number of guestions you answer incorrectly
will be subtracted from the number of questions you answer correctly. It is improbable, therefore, that mere guessing will
improve your scorc significantly; it may even lower your score, and it does take time. If, however, you are not sure of
the hest answer but have some knowledge of the question and are able to eliminale one or more of the answer choices
as wrong, your chance of answering correctly Is improved. and il may be to your advantage o answer such a question.

Use your time effectively, working as rapidly as you can without losing accuracy. Do not spend
toe much time on questions that are too difficult. Go on to other questions and come back 1o the
difficult ones later if you have time. It is not expected thal everyone will be able to answer all

the multiple-choice questions.
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Section I Coemsrato Y Calculus BC:
(
CALCULUSBC
SECTIONI, Part A

Time—355 minutes
Number of questions—28

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

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

In this fest:

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

(2) The inverse of a trigonometric function f may be indicated using the inverse function notation f 1 or with the

1

prefix “arc” (e.g., sin~ x = arcsin x).
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Calculus BC

Pf d_\-' _
1. If Vo= sin{3.x), then _(H —

{A) =3 cos(3x) {By —cos{3x) (Cy — % Cos{3x) (D cos(3x)

y' =3 95X

Section 1

[ (E) 3cos(3x) )

e —cosx —2x .

Aﬂﬂy{%%ﬂﬁf

2. Him 15
x—0 x? - 2x
w-+  ®o [©F) 1  E nonexisen
lim €w l+0-2 , =L
X>0 9% =2 -2 e
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Section I Calculus BC

3, J(Sx + Didx = U= 23X+
(Gx + DS QU= sdx
. g t¢
..‘..S 55&{
) ,
(B)—-—_(3x'6”) +C R
Gx + 1) Loyt
© &5 s
2 6 i f:‘)
[%HJ (3xr)
(D)*""_z—'-—-——'fc *"‘"E'-%-ﬂ éi{

2 5
(B) (f’;—u) +C

4. For 0 < ¢ < 13, an object travels along an elliptical path given by the parametric equations x = 3 cos ¢ and
y = 4sint. At the point where ¢ = 13, the object leaves the path and travels along the line tangent to the path
at that point. What is the slope of the line on which the object travels?

4 3 4 tan 13 4 3
(A) "3 (B) vy o - 3 _ Tar3 (E) - T3
dy_ dyfat  dest | _ g4
K st Bak | T
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Calculus BC Bection 1

5. Let v = f(x) be the solution to the differential equation % = x 4+ y with the initia} condition f(1) = 2. What

is the approximation for f(2) if Euler’s method is used, starting at & = I witha step size 0f 0.5 7 _

(A) 3 ®s (O D0 (E) 12 Y=Y th 'f"’()ﬁo;%)
K, \/O-'—?.
x, =15 \/i,g*(,a)(uz):z,s
Yy * 2 \/,L=3,5r(.S)(/,5+3,5)’3.5-r2,5’é

pstries = (veges {v- P

6. What are all values of p for which J —;—p dx converges?
1 x

(A) p<-1 2’97{

(B) p>0 L

! P73
Cypr >3 :
D) p>I

(E) There are no values of p for which this integral converges.
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Section I Calculus BC

7. The position of a particle moving in the xy-plane is given by the parametric equations x = > - 3% and
y = 2¢% — 312 — 12¢. For what values of 1 is the particle at rest?
(A) ~1 only (B} Gonly @I’.only (D) —1 and 2 only (B) -1,0,and 2
9% .
dy _dylat | 6¥™ct-1_¢(tht-2), @i:?.)_(ﬁ’-)- -0
Ix T Ikt zprepr 2E(t-7)  3(t-2) ©
dufat and dxfdE t=2, t=-|
(st be Q b Hhe purbild =0 t-2
fobe at it
8. Ixzcos(x3) dx = e x%
4
r Y
(A) —lsin(x3)+C bus 3X
! ) :
-sm( )+ C § g(:i)ﬁ W au .
L
\
(C) ——sm(x3) 2 Sl
x3 . 3 § . 2
(D) Tsm(x )-{- C ,,,%; 1 ')C + (./
(E) x—;-sin[%i} + C
L
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Calculus BC

Bection 1

9. Iff(x) = In{x + 4 + ¢} then £7(0) is

(A -2 (B) + ©) % (D)
3 )3 3

fix) - Lt e-_gx('i

i

(E) nonexistent

xrate

e =30, -2

ey = 1220 TS
$o Ordrl  ®

u+1

10. What is the value of 2 2 i

n=1 A

(A) 1 (B) 2 @4 D) 6 (E) The series diverges.

RPN 4

}-22'(5) a:i S: 3 - % ;_4_
rz“‘g %2(2>('zq i I*% Ji
Z2) = (3 r=z

n=o (?J n=u /2 s

2003 AP Calculus Released Exam Excerpl

133



Section I Calculus BC

= 2
11. The Mactlaurin series for 7 L S is Z x". Which of the following is a power series expansion for o ?
- n=0 - X
(A) L+ x> +x* +x% x84 [ % 2)?}
By 2+ 420 | —Y? - (’L
2 3 4 5 N
(C) x* +2x7 +3x" +4x" + -
o
o xtaxfeatt %3‘ . 2f 20\ _
2 4 6 _ .8 - Z z ( )
E) x*-x"+x —-x"+ 'Nx'z
sy
2 4 b
A +X +X
C

12. The rate of change of the volume, V, of water in a tank with respect to time, ¢, is directly proportional to the
square root of the volume. Which of the following is a differential equation that describes this relationship?

(A) V(£) = kT By . \/7

B) V(1) = kWV dt
© L = kvt
o) & -

ARy N4




Calculus BC Section I

an
/maéyww

Graph of f

13. The graph of a function f is shown above. At which value of x is f continuous, but not differentiable?

a (B) & Q) ¢ D) d (E) e
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Calculus BC
Hﬁﬂﬂ.

):

N = — e
e
N
\N—t e/
A\ N~/ ]
Ly N7 1
P N+7 11
AN ==/

\N—t -y

4
=

N——F =

[P R
R ] e T T

[ U

1

3l
o e e — — —
o wm amm | — — .
L L
e ey e i A mer e mes e S

L)

R il

14. Shown above is a stope field for which of the following differential equations?

S L ey 3

L

————
L3
o
Y
3
o,

Pl
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Calculus BC Section 1

4 :
15. The length of a curve from x = 1 to x = 4 is given by J1 N1+ 9x%dv. If the curve contains the point (1.6).

which of the following could be an equation for this curve?

(A) v =3+ 3% Fom fhe gre g b Fomule,

@hese ax* - (')

(C) y= 6+ x" -

D) y=6- 4 S X7,

oo teats  facd [0
(; 3 7 fW

r—

3

(+X°=y

176
(+1 <5

16. 1f the line tangent to the graph of the function £ at the point (1, 7) passes through the point (-2, -2),
then f7(1) is

w-s  ®1 (@3 ®7  (© undefined

nf—}f'—z‘?' _""? ,g

R

S5 -3

Fili)=3
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Section 1

Calculus BC

17. A curve C is defined by the parametric equations x = 12 —4r4land y = 1. Which of the following is an

o= -3
B) x=12
(© y=38

(D) y=-%(x+3)+8

(B) y=12(x+3)+8

equation of the line tangent to the graph of C at the point (-3, 8) 7

dy 3t*
dx  2t-4

© 2003 AP Calculus Released Exam Exﬁérpt
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Calculus BC Section 1

! |
6 :
5\
B
1\
NI
i
? 1\2 3 4 5| ¢ 7
2 N ///\\
4 ]
Graph of f

18. The graph of the function f shown in the figure above has horizontal tangents at x = 3and x = 6.
2
If g(x} = Joxf(t)dr, what is the value of g’(3)?

(A) O (B) -1 @—2 @) -3 (E) —6

4 2X
y'= 5 §)+(t) dy = F(24-2

g'(2)= #(2:2):2 2 (-1)(2) = -2
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Section 1 Calculus BC’

19. A curve has slope 2x + 3 at each point (x, y) on the curve. Which of the following is an equation for this curve
if it passes through the point (1, 2) 7

(A) y=5x-3 1 2% v3

(B) y=x"+1 Outx)f,gx,«g‘

(C) y = x> +3x

e 3 X+ 38 oly

A =2t +3x-2 rf(}() 52 ¥

(B) y=2x> +3x -3 flx) © 2‘&(2*55& w(
2

2= [ +3
- *C
FOO = xPe 3%~ 2%

-
f
5

4 5 6 n+3 .
. . Co X X X X : o
20. A function f has Maclaurin series given by 3T + Tttt Y + ---. Which of the following is an
expression for f(x} ?
(A) =3x sin x + 3x? ¢ %2 'xl. j{,?
'x . —— f’ . +’ LA
B) - cos(xz) +1 2! 3/

(C) —x* cos x + x°

Y 2 3
12e -y = 2 GX: , + 4 +2§; & 25" PR

E) ¥ - x? -1 2! 3t
2 2 2 [V
X e ™ A+ +-7C‘?(; +1§_;_:’f‘g

Q.
2 X 2 3 T .1 7 .2
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Calculus BC d _ Y Section I
Leky(1- 1)

L=ion y :i}? if&fﬂé“ﬁg

71. The number of moose in a national park is modeled by the function M that satisfies the logistic differential

equation T = Uf)M(l - 7—’(’)%] where 1 is the time in years and M(0) = 50. Whatis lim M(1)?
_ ! t—ea

(A} 50 200 (€ 500 (D} 1000 (E) 2000

22. What are all values of p for which the infinite series E p” " converges?
ae) O+
(A p>0 By p=z1 ©) p>1 D) p=2 @p>’2
- __!5‘____. 5_5 ;j‘ﬁj;{;’}g'?é’féaf i@ ¥ odaing 1758 Z _f,;_i_...--
n= W B pufhoently XK fo 104
‘ AN ) y
valwi! of n

-l 7
pr*

+
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Section I Calculus BC

23. J x sin(6x)dx = U a \/
L SN (6X
(A) —x cos(6x) + sin(6x) + C X \ ({6X)

’ —— e
% cos(6x) + 3_16 sin{bx) + C \\\ T

() =7 cos(6x) + % sin(6x) + C t N A
e
(D) £ cos(6x) + s sin(6x) + C

(E)} 6x cos(6x} — sin{6x) + C

—x Lonex +C
= (oS bX + 5L {n

7

24. Which of the following series diverge? A
L i(&z) $inZz<l  SlNg, L (Gvergint géca s

n=0 7 Tr .

JW:’(GI&
> !
1 — o Lt e
H-;yg = 2 N awwga t pdeés  pel

< n by

e +1 e R AL s’&'f L b}-‘f A '
{1 R R - b3

(A) Il only

(B) ILand I only

(C) Tand IIT only
@H and 11 only

(Ey I, 11, and III
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Calculus BC

34 ] r““’
?O - {
224 i
vt ]
75 i 4
x L2510 \ 14 i
) 12 |28 34{30%

Section 1
PariA ]

25 The function / is continuous on the closed interval [2. 14] and has values as shown n the table above. Usin
£

14
the subintervals [2, 5], [5. 10], and [10. 14], what is the approximation of L f(x) dx found by using a right

Riemann sum?

(A) 296 (B) 312 (©) 343 @3?4 (E) 390
120
0= 13(28) + 5(34) + 4(%) KD
e
7 B4 4 130 4+ 120 Y
¢
. o A .
26. dx = 2X . A, B
j(x+2)(x+1) ( ) "y oy
(A) Infx + 2|+ Injx + 1| + C
(B) in|x + 2|+ Injx +1[-3x+C 9%z AXTA ¥ AT 215
(C) —4Injx +2|+2kx+1]+C B
.f€6“)-'4ln!x+2]-——2ln|x+i|+c g#jjgg) q 2
] _ - = i d,: “__5“-__ ...J
® 230l + 30+ 30 4 C L0 722 T D
77 -B
B Y in|xr2] =2 n]xH] i
L}, =
i
w
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Section I

Calculus BC

27, ;—i[f In{i* + 1) dz] -

2 3 3 2
(A) xﬁxﬂ (B) xsxﬂ © In(x® +1 D) 2x°In(x® + 1) @3x21n(x6 +1)
o
NSRS,

28. What is the coefficient of x* in the Taylor sertes for

DESENGOR

<,
:
P
L

about x = 07

(1 + x)?

1 (™3 EE6

N1
,;)

I‘Jr X ‘“MH\:_ /;/ "'j/n Q- 7 6—(—%’7
s (g o
g (tX 7 T :é— - ZMZ

P

ol = g (10x)”

v

END OF PART A OF SECTION |

flo)= | P71+ -2(%) r6(x*)
§'o)= % X
(fi}((’):e - ]__ZX 4,)%('2/

ey 24

2003 AP Calculus Released Exam Bxcerpt
144



e

e
I

P

Calculus BC Section 1

CALCULUS BC

SECTIONI, Part B

Time—30 minutes
Number of guestions—17

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

Directions: Solve each of the following problems, using the available space for scratchwork. After examining the
form of the choices, decide which is the best of the choices given and fill in the corresponding oval on the answer
sheet. No credit will be given for anything writien in the test 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 test:

(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 functior f is assumed to be the set of all real numbers x for which
f(x} is a real number.

(3) The inverse of a trigonometric function f may be indicated using the inverse function notation f ~1 or with the
prefix “arc” (e.g., sin”!x = arcsin x).
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Section 1 Calculus BC
|

/
L

/ ’ é \ )
Graph of f
76. The graph of the function f is shown above. Which of the following statements must be false?

(A) f(a)} exists.
(B) f(x}isdefinedfor 0 < x < a.

(C) f is not continuous at x = a.

(D) E{g f(x) exists.
}1_1)'1}1 F{x) exists. j/{,fgg ﬁf@fﬂ the /C’f{ JF Par;hg‘é:
{ i.()pef faom T “;W 15 mfaﬁ&%
£

77. Let P(x) = 3x% - 5x° + Tx* + 3x° be the fifth-degree Taylor polynomial for the function f about x = 0.
What is the value of f”(0)?

(A) ]-30 (®B) -15 ©-5  ™-2 (B -
~5 2 £"(0)
31
30 = {0

2003 AP Calculus Released Exam Excerpt
146



gt

Calculus BC Section 1

78. The radivs of a circle is increasing at & conslant rate of (2.2 meters per second. What is the rate of increase in the
arca of the circle at the instant when the circumference of the circle is 20r meters?

tAY O.04x m~/sec d
l r — -
(B) 047 m~/see 2= L m/%(—‘ 27?}’-’ zotn

-’Ur m*/sec A -_—ﬂr-(it r- 10

() 207 m/sec

o4
(F) 1007 m*/sec o’% a1 e %‘2

= () %)
= A7

x JO) | £ gy | g7

-1 6 3 3 -2
1 3 -3 -1 2
3 l -2 2 3

79. The table above gives values of f, ', g, and g” at selected values of & If () = [{g(x)), then A'(}) =

(A) 5 (B) 6 () 9 10 (E) 12
W= £'(g(n)-9'x)
NORRSETORG

0z

5:2:p

1h
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Section I Calculus BC

-0
80. Insects destroyed a crop at the rate of &Oe;___ﬁ“ tons per day, where time ¢ is measured in days. To the nearest

- &
ton, how many tons did the insects destroy during the time interval 7 < 7 £ 147

@125 (B) 100 (©) 88 D) 50 E) 12
A .
l00e -
W it = 14471
T

y
4..
3t .
24 ;
14 X
¢ £ + —X
-1 0 r 2 3
1%
Graph of f

81. The graph of the function f is shown in the figure above. The value of iiml sin{ f (x)) is
x=3

@0.909 (B 0.841 (C) 0.141 (D) -0416 (E) nonexistent

Jinz2 = 40999 T
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Calculus BC Section 1

82. The rate of change of the altitude of a hot-atr balloon is given by r(1} = 1"~ 41" + 6 for 0 <7 < 8 Which of
the following expressions gives the change in altitude of the balloon during the time the altitude is decreasing?

@F'J I: r{t)dr
1572 m ﬁ%‘l,

(B) j:r(r)dz

© [ o

o 2 o /

| f,5M,5 14 #

rt) = rade of chage i alt
{r(t): Change i 24,

2.667
(B) jﬁ P di
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Section I Calculus BC'

X 0|12 ]34

fFXO 12 314132

83. The function f isTontinuous and ‘ﬁff;entialﬂ)ﬁlg:ﬁg the closed interval [0, 4], The table above gives selected
values of f on this interval. WhicMcwing statements must be true? _ _
(A) The minimum value of £ on [0,4] is 2. Fun(hen (Gdld dpyp belows Z eyt d Eiﬂ{ o
(B) The maximum value of f on [0, 4] is 4. Flyi¢ fien coud Qe & K] h " [‘:i ‘

© Fx) > 0for0<x<4 P (aild gnp bdow fhe ¥aks

D) fix)<0for2<x<d Mot RUeSSGY.

@There exists ¢, with 0 < ¢ < 4, for which f’(c) = 0. W ﬁ CG,.-Ed_ff)(}f;g Of

| | Tohse thecm

- F0)- F4

"

i

S s (
b2 3 4

84. A particle moves in the xy-plane so that its position at any time 7 is given by x(¢} = t2 and y(t) = sin{41).
What is the speed of the particle when ¢ = 37
(A) 2.909 (B) 3.062 @6.884 (D) 9.016 (E) 47.393

df 434

e L 2 Ay \E 0{?&/0*‘}5;_ o

e T4y, \
F | 6 (g =6 5 . &"
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Calculus BC Section I

L A :. { ;A..\.i
f\-"".‘!..'-k"l);‘ LS 4 4T
.k;r-u:\ G\" !
!//

/

4 . - i
85. If a trapezoidal sum overapproximates JUf (x) x, and a right Riemann sum underapproximates Jof(x} dx,

which of the following couid be the graphof y = f{x)?

"\' ( B ) }‘

4 4
34 34
24\ 21
14 it
e X
0 O 1 2 3 4
© 3 ™
44 4t
3 3
2 2
14 it
X — 4
ol 1 2 3 4 of 1 2 3 4
(E) }'
4,_
3--
21
1.._
) t -
o 1 2 3 4
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Section 1

Calculus BC

86. Let f be the function with derivative defined by f'(x) = sin(xB) on the interval —1.8 < x < 1.3. How many
points of inflection does the graph of f have on this interval?
(A) Two (B) Three @our (D) Five (E) Six
\ +
I - 3% EaT
Frld= tos(x’) 37
£ | \/ e j’
BN
;-’: IIi'i -
87. A particle moves along the x-axis so that at any time ¢ 2 0, its velocity is given by v(t) = cos(z - 12).
The position of the particle is 3 at time ¢ = 0. What is the position of the particle when its velocity is first
equalto 0?7
(A) 0.411 (B) 1.310 (C)12.816 (D) 3.091 (E) 3411
N bS‘ﬂ? 6% <
s f,‘/lf.g | .rl N v Lo e ; :
it X(1)? gt,uﬁ(_ig,«L A

0

X=, 65513639

152
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Calculus BC Section 1

88. On the closed interval [2, 4], which of the following could be the graph of a function f with the property that

E"}*iff““’" =17 /Wﬁg? vl of furcher =1

K B) ¥
4 4}
3 34
21 21
1‘" ‘_‘ - l 1
@) 7 @)
41 a}
31 3
21 21
It— - 14
0 1 - P
o e e i
Helf (),C ¥he f_«{{}&f@!«’.--&df
G gk ':"J! 5 ha! oe
y i 4
®) 1 b oW VR Pfrre o
4"‘ s ‘::') rs {J;.d:
> é[z‘/mu 2] =
1 \«_,A—LJ-L
L,
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Section I Calculus BC

89. The region bounded by the graph of y = 2x — x* and the x-axis is the base of a solid. For this solid, each cross
section perpendicular to the x-axis is an equilateral triangle. What is the volure of the solid?

(A) 1.333 (B) 1.067 (Cy 0.577 0‘462 (E) 0.267

= 3 (26 10)V3 % 2
& Volume 7 {-g (2x-%) %

N e ’

= L oy G T
A7 3 (2xx) G [0y - 40
RNV ST
b h
y
&
Y= (
\/\ 3L,
5] i 2 —

90. The graph of f~, the derivative of the function f, is shown above. If f (0) = 0, which of the following must be

true? ,
| TInkgruté f' get
L f(0)> f() .
N bock i A

@f@) > f()
7E 1 the ace umuiastd

L F) > £3)
A) Tonl e
(A) Tonly W Gidd He 2o it acz

II only

") Il only
(D} TandIl only
(E) 11 and III only
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Calculus BC

Section 1

91. The beight /. in meters. of an object at time 1 is given by A(f) = 24¢ + 24:7° — 16:°. What is the height of the
object at the instant when it reaches its maximum upward velocity?

2.545 meters
{B) 10.263 meters
{C) 34.125 meters
(D) 54.889 meters
(E) 89.005 meters

h(r) 7 24+ 24(2) L gk
S o4+ 364730

Moy 22 X7 316407 0
h(X)’/’ (0.265m
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Calculus BC
_Part B

92. Let f be the function defined by f(x) = x + In x. What is the value of ¢ for which the instantaneous rate of
change of f at x = c is the same as the average rate of change of f over [L, 417
(A) 0.456 (B) 1244 @ 2.164 (D) 2.342 (E) 2.452
g e of o g A AL (4 4ind) (i)
i T DN T
| 4-1 3
- | 44209412
— N ;
Tt Rai | v (
|4 5 - ) #vnian =0
x= 264
END OF SECTION |

e ek e+ 8 e gLy e i s B g T et e R L b T e
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