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CALCULUS BC
SECTION I, Part A
Time—S55 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:

(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 ! or with the

prefix “arc” (e.g., sin"!x = arcsin x ).
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1. What is the slope of the line tangent to the graph of y = X -2 when x =17
x“+1
3 1 1 3
A) -3 B) -5 © 5 D) 1 E) 5
dy
2. If y* —2x%y = 8, then == =
y x“y =8, then e
4 2x 4 +2x 2x 2xy + x°
B ——> (B) —2 ©) > D) — (B) —2=
y—ax y—Xx y—Xx y+Xx y
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S P 5)6 dx =
(A) %(ﬁ +5) v
(B)
©
(D)

B 5-(F+5) +C
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X 0 |25 |30 |50

f(x) |4 |6 |8 |12

4. The values of a continuous function f for selected values of x are given in the table above. What is the value of

50
the left Riemann sum approximation to Jo f(x)dx using the subintervals [0, 25], [25,30], and [30, 50] ?

(A) 290 (B) 360 (C) 380 (D) 390 (E) 430

5. Which of the following gives the length of the curve y = vx over the closed interval [1,4]?
4 1
A j 1+ ——=dx
S R ¥
4 1
(B) j 1+—dx
1 2x
4 1
C 1-—d
© J. 1 4x .
4 1
D) J. 1+—dx
1 4x

(E) f,/l +ix2 dx
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6. J'%dx =
x“+10x + 16

(A) —In|(x +8)(x +2)|+C

x+2
x+8

(B) In

+c

x+8
x+2

(C©) In

\+c
(D) 61n|(x +8)(x +2)|+C

2x + 10

®) ol e G +8)

+C

7. If f(x) = x* —4 and g is a differentiable function of x, what is the derivative of f(g(x))?

(A) 2g(x) (B) 2g’(x) (C) 2xg’(x) (D) 2g(x)g’(x) (E) 2g(x)—4
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8. A particle moves in the xy-plane with position given by (x(z), y(¢)) = (5 — 21,1 - 3) at time 7. In which
direction is the particle moving as it passes through the point (3, =2) ?
(A) Up and to the left
(B) Down and to the left
(C) Up and to the right
(D) Down and to the right
(E) Straight up

9. Let y = f(x) be the solution to the differential equation % = 2y — x with initial condition f(1) = 2. What is

the approximation for f(0) obtained by using Euler’s method with two steps of equal length starting at x = 1?

w-> ®»- o5 oi ®Z
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10. Which of the following series converges?

© ¥

< 3n’
D) > —

> 2
(B) z 43n
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11.

j(zf + e”) dt =

2t+1 T+l

(A) +C

t+1+7r+1

t

2 :
(B) 1112+e t+C

(©) 2—t+e”+C
In2

+1
e

D) 2'In2
(D) n +7r+1

+C

(E) 2'In2+¢€"t+C
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12. lim

(A) oo B) e-1 O 1 D) 0 (E) €

13. A population of wolves is modeled by the function P and grows according to the logistic differential equation

Cfi—l; = 5P (1 - ﬁ), where ¢ is the time in years and P(0) = 1000. Which of the following statements are
true?
I lim P(r) = 5000
t—oo
IL. ar is positive for ¢ > 0.
dt
2
IIL. d—f is positive for ¢ > 0.
dt
(A) Tonly
(B) I only

(C) T'and II only
(D) I and III only
(E) I, 1I, and III
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14. The graph of y = f(x) on the closed interval [0, 4] is shown above. Which of the following could be the graph
of y = f(x)?

(A) Y B) Y
Ol A O] A
(&) I (D) y

& vy
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15. Which of the following integrals gives the area of the region that is bounded by the graphs of the polar

equations 8 =0, 6 =

/4
@ [ 1

7r/4
® | 2

7r/4
© 1 2

/4
D) i 4

(E)

T
4

Jo cosO +sin@

Jo cosf +sin6
Y
Jo  (cos@ +sin6)

Jo  (cos 6 + sin )

—,and r =

do

do

/4
[ / 2(cos 6 — sin 6)’

v 0
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1 2 3 n
16. The sum of the series 1+2— + 2z + z +--- 4 z +--- 18
12t 3! n!
(A) In2 (B) e’ (C) cos2 (D) sin2 (E) nonexistent

2
17.If x(t) = t* + 4 and y(¢) = * + 3, for ¢ > 0, then in terms of 1, d_;} =
dx
(A) % (B) 2 (C) 4t (D) 61> (B) 12>
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18. If % = —10¢”"? and y(0) = 20, what is the value of y(6)?

(A) 20e7° (B) 20¢73 (C) 20¢72 (D) 10e2 (E) 5e7°

19. Let f be a function with second derivative f”(x) = 1+ 3x. The coefficient of x* in the Taylor series
for f about x = 0 is

w5 ®e ©f O3  ®3
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< (x-4),

20. What is the radius of convergence for the power series Z —
2.3

n=0

(A) % (B) % <G 3 (D) 4 (E) 6

oo 1
21. J de and J de both diverge when p =
1 xP 0 x”

(A) 2 B) 1 ©) % D) 0 (BE) -1
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22. What are the equations of the horizontal asymptotes of the graph of y = gx ?
x° =1
(A) y =0 only
(B) y=1 only
(C) y=2 only
(D) y=-2and y =2 only
(E) y=-1and y =1 only
2
23.If F(x) = L Jt dt for all real numbers x > 0, then F’(x) =
2x° — 16

@ -3 ®EF ©Ox  m2 ® 2
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24. Which of the following is the solution to the differential equation % = —2xy with the initial

condition y(1) = 4?
2
(A) y=e" +4-—e¢

—2 1
B) y=e +4_Z

x2—1
(C) y=4de

—x2+1
(D) y=4e

2
(E) y = e—)( +16
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25. li i
Soofm—
A) O (B) % <O 1 (D) g (E) nonexistent
PP et
26. Let g be the function defined by g(x) = 5 dt. On which of the following intervals is g
—1 - +7

decreasing?

(A) x£-2and0<x<3
B) x<-2and x=>3
(C) 2<x<0and x=3
D) 2<x<3

E) x=<-1
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27.1f f(x) =sinx +2x +1 and g is the inverse function of f, what is the value of g’(1) ?

1
2 +cosl

(A) % B) 1 © 3 D) (E) 2+cosl
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28. Let f be a function that has derivatives of all orders for all real numbers, and let P;(x) be the third-degree

Taylor polynomial for f about x = 0. The Taylor series for f about x = 0 converges at x = 1, and

‘ f(")(x)‘ < - :l_ 7 for 1 £ n <4 and all values of x. Of the following, which is the smallest value of k for

which the Lagrange error bound guarantees that | £(1) — Py(1)| < & ?

(A)

B

(B)

©

L=

D)

EN S N [P RV N T NEVES
=)=

R

B

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 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 ! or with the

prefix “arc” (e.g., sin"!x = arcsin x ).
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76. Let g be a function such that g(—1) = 0 and g(2) = 5. Which of the following conditions guarantees that there
isan x, —1 < x < 2, for which g(x) =3?

(A) g is defined for all x in (-1, 2).
(B) g is continuous for all x in [-1, 2].
(C) g isincreasing on [, 2].

(D) There exists an x in (=1, 2) such that g’(x) = 5.

2
(E) J_lg(x)dx =3

Unauthorized copying or reuse of
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B

Graph of g

Graph of f

77. The graphs of the differentiable functions f and g are shown above. If the function p is defined by

p(x) = f(x)g(x), which of the following must be true about p’, the derivative of p ?

(A) p'(-2)<0

(B) p'(-2)=0

©) p'(-2)>0

(D) p'(0)<0
(B) p'(0)=0

GO ON TO THE NEXT PAGE.
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78. The rate at which motor oil is leaking from an automobile is modeled by the function L defined by

L(t) =1+ sin (tz) for time 7 2 0. L(t) is measured in liters per hour, and 7 is measured in hours. How
much oil leaks out of the automobile during the first half hour?

(A) 1.998 liters

(B) 1.247 liters

(C) 0.969 liters

(D) 0.541 liters

(E) 0.531 liters

79. The function f has derivatives of all orders for all real numbers with f(0) =3, f’(0) = -4, f”(0) =2, and

f”(0) = 1. Let g be the function given by g(x) = j: f(¢) dr. What is the third-degree Taylor polynomial for g

about x =07

(A) —4x+ 2x% + %x3

(B) —4x + x* + éx3

(©) 3x- 2% + %x3

D) 3x - 2x% + %x3

(E) 3—4x+x2+éx3
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Graph of f’

80. The figure above shows the graph of f’, the derivative of a function f, for 0 < x < 2. What is the value of x
at which the absolute minimum of f occurs?

wo  ®»iI o1 o2 ®2
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4 4
f—6 + % =1 shown in the figure above. For the solid,

each cross section perpendicular to the x-axis is a semicircle. What is the volume of the solid?

(A) 12.356 (B) 15.732 (C) 22.249 (D) 24.712 (E) 49.425

81. The base of a solid is the region enclosed by the curve
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82.If f(x) = (x +2)sin(vx + 2), what is the average value of f on the closed interval [0, 6] ?
(A) 2.220 (B) 3.348 (C) 4.757 (D) 20.090 (E) 28.541

83. The infinite series Zak has nth partial sum S, = 3nn+ I for n =2 1. What is the sum of the series ZQk ?

k=1 k=1

(A) % (B) % O 1 (D) % (E) The series diverges.
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84. The shaded region in the figure above is bounded by the graph of y = COS( 10

) and the lines x = -7, x =7,
and y = 2. What is the area of this region?

(A) 6.372 (B) 7.628 (C) 20.372 (D) 21.634 (E) 24.923

85. Let y = f(x) define a twice-differentiable function and let y = #(x) be the line tangent to the graph of f at
x =2. If t(x) 2 f(x) for all real x, which of the following must be true?

A) f(2)20
®B) f(2=20
©) f'@<0
D) 720
E) f"2)<0

Unauthorized copying or reuse of
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86. Let f be a twice-differentiable function with selected values of f and its derivatives shown in the table above.

1
What is the value of JO xf”(x)dx?

@we  ®s  ©3  ®-3 @ -l
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3 1
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| | | | | | | |

Graph of [’

87. The graph of f’, the derivative of the function f; is shown in the figure above. Which of the following
statements about f at x = =2 is true?

(A) f is not continuous at x = —2.

(B) f has an absolute maximum at x = —2.

(C) The derivative of f does not exist at x = —2.

(D) The graph of f has a point of inflection at x = —2.
(E) The graph of f has a vertical tangent line at x = —2.

88. The first derivative of the function f is given by f’(x) = sin (x2 ) At which of the following values of x does

f have a local minimum?

(A) 2.507 B) 2.171 ©) 1.772 (D) 1.253 (E) 0
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89. The alternating series test can be used to show convergence of which of the following alternating series?

B it nisodd

1 1 1 1 1
1. 4—§+1—§+Z—@+E—m+an+~--,wherean— .
—— if niseven
3}’!
11 1.1 1.1 1 _ (=™
II. 1—2+3—4+5—6+7—8+ +a, +---, where a, = p
2 3 4 5 6 7 8 _ oyt n+l
III §—§+7—§+H—E+E— cta, +-, where an—( 1) 1
(A) Tonly
(B) I only

(C) III only
(D) Iand II only
(E) L, 1I, and III

90. The function f is defined by f(x) = 3x — 4cos(2x + 1), and its derivative is f’(x) = 3 + 8sin(2x + 1). What
are all values of x that satisfy the conclusion of the Mean Value Theorem applied to f on the interval [-1, 2] ?

(A) —0.692 and 1.263 (B) —0.479 and 1.049 (C) 0.285 (D) 0.517 (E) 1.578

Unauthorized copying or reuse of
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91. A container has the shape of an open right circular cone, as shown in the figure above. The container has a radius
of 4 feet at the top, and its height is 12 feet. If water flows into the container at a constant rate of 6 cubic feet per
minute, how fast is the water level rising when the height of the water is 5 feet? (The volume V of a cone with

radius r and height 4 is V = %ﬂrzh.)

(A) 0.358 ft/min
(B) 0.688 ft/min
(C) 2.063 ft/min
(D) 8.727 ft/min
(E) 52.360 ft/min
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f(x)

92. The function f is twice differentiable. Selected values of f are given in the table above. Which of the following
could be the graph of f”(x), the second derivative of f?

(A) Y
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A
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1 2/3 4 5 6\
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