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K-12 Access and Equity Initiatives

Equity Policy Statement

The College Board believes that all students should be prepared for and have an opportunity
to participate successfully in college, and that equitable access to higher education must be a
guiding principle for teachers, counselors, administrators, and policymakers. As part of this,
all students should be given appropriate guidance about college admissions, and provided
the full support necessary to ensure college admission and success. All students should be
encouraged to accept the challenge of a rigorous academic curriculum through enrollment
in college preparatory programs and AP courses. Schools should make every effort to ensure
that AP and other college-level classes reflect the diversity of the student population. The
College Board encourages the elimination of barriers that limit access to demanding courses
for all students, particularly those from traditionally underrepresented ethnic, racial, and
socioeconomic groups.

For more information about equity and access in principle and practice, please send an email
to apequity@collegeboard.org.
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About This Collection

About This Collection

Multiple-choice questions from past AP Calculus Exams provide a rich resource for
teaching topics in the course and reviewing for the exam each year. Over the years,
some topics have been added or removed, but almost all of the old questions still offer
interesting opportunities to investigate concepts and assess student understanding.
Always consult the most recent Course Description on AP Central® for the current
topic outlines for Calculus AB and Calculus BC.

Please note the following:

« The solution to each multiple-choice question suggests one possible way to
solve that question. There are often alternative approaches that produce the
same choice of answer, and for some questions such multiple approaches
are provided. Teachers are also encouraged to investigate how the incorrect
options for each question could be obtained to help students understand
(and avoid) common types of mistakes.

« Scientific (nongraphing) calculators were required on the AP Calculus
Exams in 1993.

« Graphing calculators have been required on the AP Calculus Exams since
1995.In 1997 and 1998, Section I, Part A did not allow the use of a
calculator; Section I, Part B required the use of a graphing calculator.

o Materials included in this resource may not reflect the current AP Course
Description and exam in this subject, and teachers are advised to take this
into account as they use these materials to support their instruction of
students. For up-to-date information about this AP course and exam, please
download the official AP Course Description from the AP Central Web site
at apcentral.collegeboard.com.
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1969 AP Calculus AB: Section I

90 Minutes—No Calculator
Note: In this examination, In x denotes the natural logarithm of x (that is, logarithm to the base e).

1. Which of the following defines a function f for which f(—x)=—/1(x)?
&) f)=x (B) f(x)=sinx (€) f(x)=cosx

(D) f(x)=logx E) f()=e

2. In(x-2)<0 ifand only if

(A) x<3 B) O0<x<3 (C) 2<x<3
(D) x>2 (E) x>3
V2x+5-x+7
3. If S = x=2 , for x=2, and if f is continuous at x =2, then k =
f@2)=k
1 1
A) 0 (B) P ©) 3 D) 1 (E) 3
8 dx
4. =
o s
A 1 (B) % <€ 2 D) 4 (E) 6

5. If 3x2+2xy+y2 =2, then the value of% at x=11s
x

(A) -2 (B) 0 ) 2 (D) 4 (E) not defined

AP Calculus Multiple-Choice Question Collection 1
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1969 AP Calculus AB: Section I

8 8
g(iwj _8@
6. Whatis lim ?

h—0 h
(A) O B) -— < 1 (D) The limit does not exist.

(E) It cannot be determined from the information given.

) k ) )
7.  For what value of £ will x+— have a relative maximum at x =-27?
X

(A) 4 B) =2 < 2 (D) 4 (E) None of these

8. If p(x)=(x+2)(x+k) and if the remainder is 12 when p(x) is divided by x—1, then k =

(A) 2 (B) 3 C) 6 (D) 11 (E) 13

9.  When the area in square units of an expanding circle is increasing twice as fast as its radius in
linear units, the radius is

A) 4i (B) © L D) 1 E) =
T T

1
4

10. The set of all points (¢',¢), where ¢ is a real number, is the graph of y =

1 1
A - (B) e (C) xex D) —— (E) Inx
e’ Inx

11. The point on the curve x% 42 y =0 that is nearest the point [0,—%) occurs where y is

1 (B) 0 (©) 1 (D) -1 (E) none of the above

(A) 5

AP Calculus Multiple-Choice Question Collection
Copyright © 2005 by College Board. All rights reserved. Available at apcentral.collegeboard.com.



1969 AP Calculus AB: Section I

12. If f(x)= il and g(x)=2x, then the solution set of f'(g(x))=g(f(x)) is
X—
1 1
w {5 e © B oy ® {5
13.  The region bounded by the x-axis and the part of the graph of y =cosx between x = —% and
X zg is separated into two regions by the line x = k. If the area of the region for —g <x<k is
three times the area of the region for £ <x < g, then k=
(A) arcsin| — (B) arcsin| - © I
4 3 6
T T
D) — (E) =
3
14. If the function f is defined by f(x)=x>—1, then !, the inverse function of f, is defined by
S =
1 1 5
(A) (B) ©) Vx-1
i/; +1 5\/ x+1
(D) Yx-1 (E) Yx+1
15. If f'(x) and g'(x) existand f'(x)> g'(x) for all real x, then the graph of y = f(x) and the graph

of y=g(x)

(A) intersect exactly once.

(B) intersect no more than once.
(C) do not intersect.

(D) could intersect more than once.

(E) have a common tangent at each point of intersection.

AP Calculus Multiple-Choice Question Collection
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1969 AP Calculus AB: Section I

16. If yis a function of x such that y' >0 for all x and y" <0 for all x, which of the following could
be part of the graph of y = f(x)?

Y (B) Y
>»X

(C)
’ S
(B)
A/
»X

»X "‘/

T

\"
—d

17. The graph of y = 5x*—x° hasa point of inflection at

(A) (0,0) only (B) (3,162) only (C) (4,256) only
(D) (0,0) and (3,162) (E) (0,0) and (4,256)

18. If f(x)=2+|x—3| forall x, then the value of the derivative f"(x) at x=3 is

(A) -1 B) 0 © 1 (D) 2 (E) nonexistent

. . . : . L Int
19. A point moves on the x-axis in such a way that its velocity at time ¢ (t > 0) is given by v=—o.
t

At what value of 7 does v attain its maximum?

1

(A) 1 (B) e ©) e (D)

Q
N | W

(E) There is no maximum value for v.

AP Calculus Multiple-Choice Question Collection
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1969 AP Calculus AB: Section I

20. An equation for a tangent to the graph of y = arcsin% at the origin is
(A) x-2y=0 B) x—-y=0 ) x=0 D) y=0 (E) mx-2y=0
21. At x=0, which of the following is true of the function f defined by f(x)= XX te 9
(A) f isincreasing.
(B) f is decreasing.
(C) f is discontinuous.
(D) f has arelative minimum.
(E) f has arelative maximum.
22. i(ln &)=
dx
A ! B 2 C) 2 D) 1 E) 2
(A) ej (B) ej © x (D) (E)
23. The area of the region bounded by the curve y = %, the x-axis, the y-axis, and the line x =2 is
equal to
4 4 4
e e e 1
A) ——e B) —-1 ) —-—
(A) 5 (B) 5 (©) 57>
(D) 2e*-e (B) 2¢*-2
. y . ody .
24, Ifsinx=e’,0<x<m, whatis d_ in terms of x ?
X
(A) —tanx (B) —cotx (C) cotx (D) tanx (E) cscx

AP Calculus Multiple-Choice Question Collection
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1969 AP Calculus AB: Section I

25. A region in the plane is bounded by the graph of y = 1 , the x-axis, the line x =m, and the line
X

x=2m, m>0. The area of this region

(A) 1sindependent of m .
(B) increases as m increases.

(C) decreases as m increases.

: 1 . : 1
(D) decreases as m increases when m < 5; increases as m increases when m > 5

. . 1 . 1
(E) increases as m increases when m < E; decreases as m increases when m > 5

26 J;\/x2—2x+l dx is

A) -1
1
(B) 5
1
©) )
®) 1

(E) none of the above

27. Ifﬂztanx, then y =

dx
(A) %tan2 x+C (B) sec? x+C ©) ln| secx | +C
(D) ln| COS X | +C (E) secxtanx+C

28. The function defined by f(x)= 3 cosx+3sinx has an amplitude of

(A) 3-3 (B) 3 © 243 (D) 3+43 (E) 33

AP Calculus Multiple-Choice Question Collection
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1969 AP Calculus AB: Section I

2
29. | T2 08X 4y o
©/4 sin x
(A) In+2 (B) 1n§ (C) In+f3 (D) 1n§ (E) Ine
30. Ifafunction f is continuous for all x and if f has a relative maximum at (—1,4) and a relative

minimum at (3,—2), which of the following statements must be true?

(A) The graph of f has a point of inflection somewhere between x =—1 and x =3.
®B) f(=DH=0

(C) The graph of f has a horizontal asymptote.

(D) The graph of f has a horizontal tangent line at x =3.

(E) The graph of f intersects both axes.

31.

If £'(x)=—f(x) and f(1)=1, then f(x)=

(A) %e—2x+2 (B) e—x—l (C) el—x (D) e (E) —&"

32.

If a,b,c,d, and e are real numbers and a # 0, then the polynomial equation

ax’ +bx° +cx° +dx+e=0 has

(A) only one real root.

(B) at least one real root.

(C) an odd number of nonreal roots.
(D) no real roots.

(E) no positive real roots.

33.

What is the average (mean) value of 31 =% over the interval —1<7<2?

A) 1741 ®) < © 8 (D) ? E) 16

AP Calculus Multiple-Choice Question Collection
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34.

1969 AP Calculus AB: Section I

Which of the following is an equation of a curve that intersects at right angles every curve of the

family y = 1 +k (where £ takes all real values)?
X

A) y=-x ® y=— (O y=—§x3 (D) y=§x3 E) y=Inx

35.

At t =0 a particle starts at rest and moves along a line in such a way that at time ¢ its acceleration

is 241 feet per second per second. Through how many feet does the particle move during the first
2 seconds?

(A) 32 (B) 48 (C) 64 (D) 96 (E) 192

36.

The approximate value of y =+/4+sinx at x=0.12, obtained from the tangent to the graph at

x=0, 1s

(A) 2.00 (B) 2.03 (C) 2.06 (D) 2.12 (E) 2.24
37. Which is the best of the following polynomial approximations to cos2x near x =0 ?
X x2
A 1+ (B) l+x ©) 1-= (D) 1-2x° (B) 1-2x+x°
2
38 [Zrdv=
ex
1 3 ex3 1
(A) ——=Ine +C B) —+C ) -—+C
3 3 30"
| R x>
(D) —Ilne” +C (E) -+C
3 3e”

39.

1 ) d
If y=tanu,u=v——, and v=Inx, what is the value ofd—y at x=e?
v X

! 2

(A) 0 (B) - ©) 1 (D) (E) sec’e

AP Calculus Multiple-Choice Question Collection
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40.

1969 AP Calculus AB: Section I
. .. 1, I n
If n is a non-negative integer, then .[ 0 x"dx= J-o (1 —x) dx for

(A) non (B) neven, only (C) nodd, only
(D) nonzero n, only (E) alln

f(x)=8—x% for —2<x<2, 3 ,
41. If then j f(x)dx is a number between
f(x)= x* elsewhere, -1
(A) Oand8 (B) 8and 16 (C) 16and?24 (D) 24and32 (E) 32and40
42. What are all values of & for which the graph of y = x> =3x% + k will have three distinct
x-intercepts?
(A) All £>0 (B) All k<4 (C) k=0,4 (D) 0<k<4 (E) Allk
43, J. sin(2x+3)dx =
(A) %cos(2x+3)+C (B) cos(2x+3)+C (C) —cos(2x+3)+C
1 1
(D) —Ecos(2x+3)+C (E) —gcos(2x+3)+C
44. The fundamental period of the function defined by f(x)=3-2 cos? % is
A 1 B) 2 <© 3 D) 5 (E) 6
d B d o2 d* 3y =
45. If E(f(x)) = g(x) and E(g(x)) = £(x%), then ?(f(x )) -

@ 7(x°) ®) g() © 3x°g(+’)

(D) 9x4f<x6)+6xg(x3) (E) f(x6)+g(x3)

AP Calculus Multiple-Choice Question Collection
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1969 AP Calculus BC: Section I

90 Minutes—No Calculator
Note: In this examination, In x denotes the natural logarithm of x (that is, logarithm to the base e).

. . 1
The asymptotes of the graph of the parametric equations x=-, y = Ll are
t t+

—

(A) x=0,y=0 (B) x=0 only ) x=-1,y=0
(D) x=-1 only (B) x=0,y=1

2. What are the coordinates of the inflection point on the graph of y = (x+1)arctan x ?

A) (-1,0)  ®) (0,0) © (0,1) (D) (1,%) (E) (1%)

3.  The Mean Value Theorem guarantees the existence of a special point on the graph of y = Jx
between (0,0) and (4,2). What are the coordinates of this point?

(
B) (
(C) (2,\5)

(E) one of the above
8 dx
4. -
.[ 0 m
@A) 1 ® 2 © 2 D) 4 E) 6

5. If 3x? +2xy+y2 = 2, then the value of % at x=11s
x

(A) -2 (B) 0 ) 2 (D) 4 (E) not defined

AP Calculus Multiple-Choice Question Collection 10
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1969 AP Calculus BC: Section I

8 8
8@+hj _8@
What is lim ?

6.
h—0 h

(A) 0 (B) % © 1 (D) The limit does not exist.

(E) It cannot be determined from the information given.
7. For what value of £ will x+ K have a relative maximum at x =—-27?

X

(A) 4 (B) 2 < 2 (D) 4 (E) None of these
8. If h(x)=f2(1)~g*(x), /(1) =g (x), and g'(x) = f(x), then K'(x) =

A) 0 B) 1 €) —4f(x)g(x)

2 2

(D) (~g) -(f() (E) 2(-g(0)+/(x))

9.  The area of the closed region bounded by the polar graph of » =+/3+cos0 is given by the integral
2 2
(A) Jon\/3+cosed6 (B) J;\/3+cos6d6 (C) 2](:[/ (3+cos0)d6
2
(D) j(f (3+cos0)d6 (E) 2](:[/ J3+cos0do
2
10. [ S —d=
0 x*+1

(A) 4;“ (B) In2 ©) 0 (D) %mz () AT

AP Calculus Multiple-Choice Question Collection 11
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1969 AP Calculus BC: Section I

11. The point on the curve X% +2 y =0 that is nearest the point (O,—%) occurs where y is
1
A) —
(A) 5
B) 0
1
C) ——
© 5
D) -1
(E) none of the above
X 2
12. If F(x)= j o ¢ " di, then F'(x)=
2 2 e—x2+l
(A) 2xe” (B) 2xe* (©) ——e
—x+1
2 2
(D) e* -1 (E) e*

13. The region bounded by the x-axis and the part of the graph of y =cosx between x = —g and
X :g is separated into two regions by the line x = k. If the area of the region for —g <x<k s
three times the area of the region for £ < x < g, then k =
(A) arcsin|~| (B) aresin[~| () =X o) = (E) =

4 3 6 4 3
2 dy
14. If y=x"+2 and u=2x-1, then —=
du
2
(A) 2)‘—2’“:4 (B) 6x*—2x+4 ©€) x*
(2x - l)
1
D) x E) -
X

AP Calculus Multiple-Choice Question Collection
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1969 AP Calculus BC: Section I

15. If f'(x) and g'(x) existand f'(x)> g'(x) for all real x, then the graph of y = f(x) and the graph

of y=g(x)

(A) intersect exactly once.

(B) intersect no more than once.

(C) do not intersect.

(D) could intersect more than once.

(E) have a common tangent at each point of intersection.
16. Ifyis a function x such that y' >0 for all x and y" <0 for all x, which of the following could be

part of the graph of y = f(x)?

(1‘1{/ o R y
T T T
(D) Y (E) v
T ‘/
O /\;X O ~X

17. The graph of y = 5x*—x° hasa point of inflection at

(A) (0,0) only (B) (3,162) only ©) (4,256) only

(D) (0,0) and (3,162) (E) (0,0) and (4,256)
18. If f(x)=2+|x—3| forall x, then the value of the derivative f'(x) at x=3 is

(A) -1 B) 0 ©) 1 (D) 2 (E) nonexistent
AP Calculus Multiple-Choice Question Collection 13
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1969 AP Calculus BC: Section I

19. A point moves on the x-axis in such a way that its velocity at time ¢ (t > 0) is given by v = lnTt .
At what value of ¢ does v attain its maximum?
1 3
A) 1 (B) e? (C) e (D) e?
(E) There is no maximum value for v.
20. An equation for a tangent to the graph of y = arcsin% at the origin is
(A) x-2y=0 B) x-y=0 ) x=0
D) y=0 (E) #mx-2y=0
21. At x =0, which of the following is true of the function f defined by f(x)= X2 +e 9
(A) f isincreasing.
(B) f is decreasing.
(C) f is discontinuous.
(D) f has a relative minimum.
(E) f has a relative maximum.
x 1
22, If f(x)=] dt , which of the following is FALSE?
0 NE +2
A) f(0)=0
(B) f is continuous at x forall x>0.
© s1H>0
D) )=
NE)
E) f(=D>0

AP Calculus Multiple-Choice Question Collection
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1969 AP Calculus BC: Section I

23. Ifthe graph of y = f(x) contains the point ( 0, 2 ),% = _j; and f(x)>0 forallx, then f(x)=
ye
(A) 3t+e™ B) B+e* C) l+e™
D) V3+e™ (E) 3+e*
24. If sinx=e", 0<x<m, whatis % in terms of x ?
(A) —tanx (B) —cotx (C) cotx (D) tanx (E) cscx

25. A region in the plane is bounded by the graph of y = 1 , the x-axis, the line x =m, and the line
x

x=2m, m>0. The area of this region

(A) 1isindependent of m .
(B) increases as m increases.
(C) decreases as m increases.

. 1 . : 1
(D) decreases as m increases when m < 5; increases as m increases when m > 5

. . 1 . 1
(E) increases as m increases when m < E; decreases as m increases when m > 5

26. j; 2 _2x+1 dy is

(A) -1
1
(B) >
1
©) 5
O 1

(E) none of the above

AP Calculus Multiple-Choice Question Collection
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1969 AP Calculus BC: Section I

217. Ifd—y:tanx, then y =
dx
1
(A) Etanzx+c (B) sec’x+C (C) In|secx|+C
(D) ln|cosx|+C (E) secxtanx+C
2x
28, Whatis lim$—— 2
x—0 tanx
A -1 B) 0 © 1 (D) 2 (E) The limit does not exist.
! 3
—x2) 2 gy =
29. [ (4-x7) 2ax=

(A) (B) © (D)

2-3 2J3-3 NG NE)
—3 3 (E)

STk

30.

0 n_n
Z =D ' is the Taylor series about zero for which of the following functions?
n:0 n .

(A) sinx (B) cosx (©) € (D) e* (E) In(1+x)
31. If f'(x)=—f(x) and f(1)=1, then f(x)=

(A) % 22 () o ©) D) e E) —¢*
32. For what values of x does the series 1+2* +3* +4" +.--+n" +-.- converge?

(A) No values of x B) x<-1 ) x=>-1 (D) x>-1 (E) All values of x
33. What is the average (mean) value of 3¢ — 1% over the interval —1<7<2?

AP Calculus Multiple-Choice Question Collection
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34.

1969 AP Calculus BC: Section I

Which of the following is an equation of a curve that intersects at right angles every curve of the

family y = 1 +k (where £ takes all real values)?
X

A) y=-x ® y=— (O y=—§x3 (D) y=§x3 E) y=Inx

35.

At t =0 a particle starts at rest and moves along a line in such a way that at time ¢ its acceleration
is 241> feet per second per second. Through how many feet does the particle move during the first

2 seconds?

(A) 32 (B) 48 (C) 64 (D) 96 (E) 192

36.

The approximate value of y =+/4+sinx at x=0.12, obtained from the tangent to the graph at

x=0, is

(A) 2.00 (B) 2.03 (C) 2.06 (D) 2.12 (E) 2.24
37. Of the following choices of &, which is the largest that could be used successfully with an
arbitrary € in an epsilon-delta proof of lim (1-3x)=-5?
x—2
€ € €
(A) d8=3¢ (B) o=¢ C) o=— (D) d8=- (E) 8=—
2 4 5
2 &3 :
38, If f(x)z(x +1) , then f'(1) =
1 3 1 1
(A) --InRBe) (B) —In(8e) © -2 O - E) -
2 2 2 8
1 . dy
39. If y=tanu,u=v——, and v=Inx, what is the value of d_ at x=e?
v X
1 2 2
(A) O B) - © 1 (D) - (E) sece
e e
AP Calculus Multiple-Choice Question Collection 17
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40.

1969 AP Calculus BC: Section I
. . 1 1 0
If n is a non-negative integer, then .[ 0 x" dx = J-o (1 —x) dx for

(A) non (B) neven, only (C) nodd, only
(D) nonzero n, only (E) alln

41.

f(x):8—)c2 for -2<x<2, 3 .
If then J-_l f(x)dx is a number between

f(x)= x? elsewhere,

(A) Oand8 (B) 8and 16 (C) 16and 24 (D) 24and32 (E) 32and40
42. If j x> cosxdx = f(x)— j 2xsinxdx, then f(x)=

(A) 2sinx+2xcosx+C

(B) x’sinx+C

©) 2xcosx—x’sinx+C

(D) 4cosx—2xsinx+C

(E) (2—x2)cosx—4sinx+C
43. Which of the following integrals gives the length of the graph of y =tanx between x =a and

x=>b, where O<a<b<g?

(&) ["Vx? +tan x dx

(B) jb\/x+tanxdx
b 2

(C) j 1+sec? x dx

b
(D) ja 1+ tan? x dx

(E) I:V1+sec4 X dx

AP Calculus Multiple-Choice Question Collection
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44, If f"(x)— f'(x)-2f(x)=0, f'(0)=—2, and f(0)=2, then f(1)=

(A) & +e! (B) 1 C) 0 (D) & (E) 2¢!
: —— (x+1)k :
45. The complete interval of convergence of the series Z 2 is
k=1
(A) O<x<2 B) 0<x<2 ©) -2<x<0
(D) -2<x<0 (E) -2<x<0
AP Calculus Multiple-Choice Question Collection 19
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1973 AP Calculus AB: Section I

90 Minutes—No Calculator

Note: In this examination, In x denotes the natural logarithm of x (that is, logarithm to the base e).

1. j(x3—3x)dx=

4
(A) 3x2-3+C (B) 4x*-6x*+C (©) %—3x2 +C
(D) £—3x+C (E) £—£+C
4 4 2

2. If f(x)=x"+3x" +4x+5 and g(x)=5, then g(f(x))=

(A) 5x?+15x+25 (B) 5x>+15x% +20x+25 (C) 1125

(D) 225 (E) 5
3. The slope of the line tangent to the graph of y =1In (x2) at x=e” is

1 2 4 1 4
A) — B) — © —= D) — (E) —
e e e e e

4. If f(x)=x+sinx, then f'(x)=

(A) 1l+cosx (B) 1-cosx (C) cosx

(D) sinx—xcosx (E) sinx+xcosx
5. If f(x)=¢e", which of the following lines is an asymptote to the graph of f?

A) y=0 B) x=0 <€ y=x D) y=-x E) y=1

x—1 ,
6. If f(x)=—— forall x#-1, then f'(1)=
x+1
1 1

Aa) -1 (B) ) < 0 (D) ) (E) 1

AP Calculus Multiple-Choice Question Collection 20
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1973 AP Calculus AB: Section I

7. Which of the following equations has a graph that is symmetric with respect to the origin?

@A) y=2* B)  y=—x>+3x ©) y=xt-2:246
X

D) y=(x=17+1 (E) y:(x2+1)2—1

8. A particle moves in a straight line with velocity v(z) = ¢ . How far does the particle move between
times =1 and =27

1 7
(A) 3 (B) 3 <€ 3 D 7 (E) 8
9. Ify= cos?3x, then & =
dx
(A) —6sin3xcos3x (B) —2cos3x (C) 2cos3x
(D) 6cos3x (E) 2sin3xcos3x

4 5
o x .. .
10. The derivative of f(x)= 35 attains its maximum value at x =

A) -1 ®) 0 © 1 (D) g ® >

11. Ifthe line 3x—4y =0 is tangent in the first quadrant to the curve y = x> +k, then k is

1 1 1 1
(A) 5 (B) 2 C) o0 (D) -3 (E) =

12. If f(x)=2x>+Ax*+Bx-5 andif f(2)=3 and f(-2)=-37, what is the value of 4+ B?
(A) -6 (B) -3 © -1 D) 2

(E) It cannot be determined from the information given.

AP Calculus Multiple-Choice Question Collection 21
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13. The acceleration oo of a body moving in a straight line is given in terms of time # by a =8—6¢. If
the velocity of the body is 25 at # =1 and if s(¢) is the distance of the body from the origin at time
t, what is s(4)—s(2)?
(A) 20 (B) 24 (C) 28 (D) 32 (E) 42
1 2
14. If f(x)=x(x—2)> forall x, then the domain of f" is
(A)  {x|x=0} B) {x|x>0} (C) {x|0<x<2}
(D) {x| x#0 and x # 2} (E) {x| x is a real number}
x
15. The area of the region bounded by the lines x=0, x=2, and y =0 and the curve y =e? is
(A) 87_1 (B) e-1 € 2(e=1) (D) 2e-1 (E) 2e
2t
16. The number of bacteria in a culture is growing at a rate of 3000e > per unit of time 7. At 1 =0, the
number of bacteria present was 7,500. Find the number present at  =5.
(A) 1,200¢>  (B) 3,000 (C) 7,500¢° (D) 7,500  (E) @J
17. What is the area of the region completely bounded by the curve y = —x* +x+6 and the line
y=47?
3 7 9 31 33
A) = B) — ) - D) — E) —
(A) 5 (B) 3 © 5 (D) 6 (E) 5
18. i(arcsin Zx) =
dx
-1 -2 1
A) —F/—— B) ——— ©) ——
241-4x? 4x* ~1 241-4x?
2 2
D) —— E) ——
1-4x> 4x* -1
AP Calculus Multiple-Choice Question Collection 22
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19. Suppose that f is a function that is defined for all real numbers. Which of the following conditions
assures that f has an inverse function?
(A) The function f is periodic.
(B) The graph of f is symmetric with respect to the y-axis.
(C) The graph of f is concave up.
(D) The function f is a strictly increasing function.
(E) The function f is continuous.
b
20. If Fand f are continuous functions such that F'(x) = f(x) for all x, then I f(x)dx is
a
(A) Fl(@)-F'(®)
(B) F(b)-F'(a)
(C) F(a)-F(b)
(D) F(b)-F(a)
(E) none of the above
21 Il (x+1)ex2+2x dx =
Jo
3 3 4
-1 —
A = B) = © 5= O -1 B e
22. Given the function defined by f(x) = 3x° —20x°, find all values of x for which the graph of [ is
concave up.
(A) x>0
(B) —J2<x<0 or x>2
(€C) —2<x<0orx>2
(D) x> V2
(BE) -2<x<2
AP Calculus Multiple-Choice Question Collection 23
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23. hmlln(erhj 1s
h—0 h
(A) & B) 1 (C) % (D) 0 (E) nonexistent
24. Let f(x)=cos(arctanx). What is the range of f?
T T
A X|——<x<— B x|0<x<1 C x|0<x<1
@ {o|-Sexe] ® {o<rs) © ffosxs)
D) {x|-1<x<1} EB) {x|-1<x<1]
4
25. In/ tan? x dx =
0
s T 1 s
A =-1 B) 1-— C - D) 2-1 E) —+1
(A) 2 (B) 2 ©) 3 (D) (E) 2
26. The radius r of a sphere is increasing at the uniform rate of 0.3 inches per second. At the instant

when the surface area S becomes 100 square inches, what is the rate of increase, in cubic inches

per second, in the volume V' ? (S =4nr? and V = %mﬁj

(A) 10m (B) 12n (C) 225=m (D) 25= (E) 30m

1/2
27. | 0/ X =

1-x?
V3 1, 3 s T

A) 1-— B) —In— c — D) —-1 E) 2-4/3

&) 1-=— (B Sh7 © - D) - () 2-\3
28. A point moves in a straight line so that its distance at time ¢ from a fixed point of the line is

AP Calculus Multiple-Choice Question Collection

8¢ —3¢%. What is the total distance covered by the point between 1 =1 and =27

>

A) 1 B) % ©) D) 2 E) 5
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29. Let f(x)= sinx—%‘.The maximum value attained by f is
1 3 s 3n
A) — B) 1 c) = D) — E)y —
(A) (B) ©) 5 (D) 5 (E) 5
2x-4 .,
30. v =
(A) —% (B) In2-2 (C) In2 (D) 2 (E) In2+2
a)_4 -
31. Ifloga(2 )—4, then a
(A) 2 (B) 4 <) 8 (D) 16 (E) 32
5
32. dx =
J-l+xz
(A) i’cﬁc (B) i1n(1+x2)+c (€) Sx—>+C
2 2x X
(1+x )
(D) Sarctanx+C (E) 51n(1+x2)+C
33. Suppose that f is an odd function; i.e., f(—x)=—f(x) for all x. Suppose that f ’(xo) exists.

Which of the following must necessarily be equal to f”(—x;)?

A) (%)

B) —f"(xp)
1

C -

©) 700)
1

D

(D) 70)

(E) None of the above

AP Calculus Multiple-Choice Question Collection
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34.

1973 AP Calculus AB: Section I

The average value of Jx over the interval 0<x <2 is

A) %ﬁ ®) V2 ©) %ﬁ D) 1 (E) gﬁ

35.

The region in the first quadrant bounded by the graph of y =secx, x :E , and the axes is rotated

about the x-axis. What is the volume of the solid generated?

2
) = B) 71 ©) = D) 2n ®
n
36. If y=e™, then 42 =
dx"
(A) n"e™ B) nle™ (C) ne™ (D) n"e" (E) nle’

37.

If%:4y and if y =4 when x = 0, then y =
X

(A) 4™ B) ¥ (C) 3+e* (D) 4+ (E) 2x*+4

38.

If J.lzf(x—c)a’x =5 where c is a constant, then J-lz__ccf(x)a’x =

(A) S+c (B) 5 (C) 5-c (D) c¢-5 (E) -5

39.

2

The point on the curve 2y = x~ nearest to (4,1) is

@A) (0,0) B) (2,2) © (v2.1) D) (2.4) (® (49)

40.

If tan(xy) = x, then & =
dx

(A) 1 - ytan(xy)sec(xy) (B) sec’ (xy)—y ©) cos ()
x tan(xy)sec(xy) X
2 2
(D) cos”(xy) (E) cos”(xy)—y
X X

AP Calculus Multiple-Choice Question Collection
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il Gi ) x+1 for x<O0, J-l fd
. Given f(x)= xX)dx =
cosmx for x>0, -1
1 1 1 11 1 1
A) —+— B) —— ) ——— D) — E) ——+m
()275 ()2 ()27: ()2 ()2
M
a4 yx’
3\
2
1
o 1 2 "X
42. Calculate the approximate area of the shaded region in the figure by the trapezoidal rule, using
. 4 5
divisionsat x=— and x=—.
3 3
50 251 7 127 77
A) — B) — c - D) — E) —
()27 ()108 ()3 ()54 ®) 27
43. If the solutions of f(x)=0 are —1 and 2, then the solutions of f (%j =0 are
1 5 3 3
A) —land?2 B) ——and — C) ——and —
(A) (B) 5 5 ©) 5 5
(D) —% and 1 (E) —2and4
.4 . . : :
44. For small values of 4, the function v16+ /4 is best approximated by which of the following?

h h h
(A) 4+—32 (B) 2+—32 (©) >
h h
By 475 B 275

AP Calculus Multiple-Choice Question Collection
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45. If f is a continuous function on [a,b], which of the following is necessarily true?
(A) f" existson (a,b).
(B) If f(xy) is a maximum of f; then f”(x,)=0.
(C) lim f(x) =f( lim xj for x, e(a,b)
X=X X=X

(D) f'(x)=0 forsome xe[a,b]

(E) The graph of f” is a straight line.

AP Calculus Multiple-Choice Question Collection 28
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90 Minutes—No Calculator

Note: In this examination, In x denotes the natural logarithm of x (that is, logarithm to the base e).

1. If f(x)=¢", then f'(x)=

1/x 1/x 1/x
Ay -2 (B) —!* © ¢ D) & (B) Lot
X X X X
2. j(? (x+1)1/2dx=
21 16 14 1
(A) > B) 7 © 3 (D) 3 (E) 2

3. If f(x)=x+ 1 , then the set of values for which f increases is
X

(A)  (—oo, —1]U[L,») B) [-L1] (C) (-o0,)

(D) (0,) (E)  (—0,0)u(0,)

. : . 1
4.  For what non-negative value of 4 is the line given by y = —Ex + b normal to the curve y = x> ?

(A) 0 B) 1 © 3 ® 3 () #
5. | fl%dx is
(A) 3 B) 1 < 2 (D) 3 (E) nonexistent
6. If £(x)=""L forall x#—1, then f'(1)=
x+1
(A) -1 ® - © 0 ® 5 E) 1

AP Calculus Multiple-Choice Question Collection
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7. Ify= ln(x2 + yz), then the value of ? at the point (1,0) is
X

(A) 0 (B) % © 1 (D) 2 (E) undefined

8. If y=sinx and y(”) means “the nth derivative of y with respect to x,” then the smallest positive

integer n for which y =y is

(A) 2 (B) 4 <€ 5 D) 6 (E) 8
9. Ify= cos® 3x, then & =
dx
(A) —6sin3xcos3x (B) —2cos3x (C) 2cos3x
(D) 6cos3x (E) 2sin3xcos3x

10. The length of the curve y =Insecx fromx =0 tox = b, where 0 <b < g, may be expressed by

which of the following integrals?
b

(A) J- , Seex dx
b 2

(B) J.o sec” xdx
b

©) j 0 (sec xtan x) dx

(D) I(f \ 1+(lnsecx)2 dx

(E) I(f \/1-1-(5602 xtan’ x) dx

11. Let y=x\/l+x2. When x = 0 and dx = 2, the value of dy is

(A) 2 B) -1 © o D) 1 (E) 2

AP Calculus Multiple-Choice Question Collection 30
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k
12. If n is a known positive integer, for what value of & is -[1 x"Vdx = 1 ?
n
/n /n
2 2n—1
(A) 0 (B) (—j (©) (—j
n n
(D) 2" (E) 2"
13. The acceleration oo of a body moving in a straight line is given in terms of time ¢ by o =8—6¢ . If
the velocity of the body is 25 at # =1 and if s(¢) is the distance of the body from the origin at time
t, what is s(4)—s(2)?
(A) 20 (B) 24 (C) 28 (D) 32 (E) 42
14. If x=>-1 and y=2é', then Q:
dx
t t | 1] t
e 2e e 4e
@) = B) ~— © 5 (D) E) ¢
t ¢ 2t—1
15. The area of the region bounded by the lines x =0, x=2, and y =0 and the curve y = % is
(A) 67_1 (B) e-1 € 2(e=1) (D) 2e-1 (E) 2e
16. A series expansion of %nt is
2 4 6
A) 1- . + LA +
31 51 7!
35
(B) 1 — i + t_ — t_ +
t 2! 4! 6!
2 4 6
<© 1+ . + L + L +
315t 7!
35
(D) ! + L + L + . +
t 2! 4! 6!
305 7
t t t
(B) - Yl + 5 +
AP Calculus Multiple-Choice Question Collection 31
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The number of bacteria in a culture is growing at a rate of 3, 000/ per unit of time . At =0,

the number of bacteria present was 7,500. Find the number present at ¢ =5.

15,000 5

(A) 1,200¢>  (B) 3,000¢ (C) 7,500¢° (D) 7,500¢°  (E) -

18.

Let g be a continuous function on the closed interval [0,1] .Let g(0)=1 and g(1) =0. Which of

the following is NOT necessarily true?

(A) There exists a number / in [0,1] such that g(h)> g(x) for all x in [0,1].
(B) Forallaand b in [0,1] ,if a=b, then g(a)=g(b).

(C) There exists a number % in [0,1] such that g(h) :% .
(D) There exists a number % in [0,1] such that g(h) :% :

(E) For all 4 in the open interval (0,1) , lirr;l g(x)=g(h).
X—>

19.

Which of the following series converge?

L Y I1. Z‘i; 1IN I
n=

n=1 N

(A) Tonly (B) I only (C) TandII only (D) TandTonly (E) I, 11, and III

20.

Ix 4—x2 dx=

(4—x2 )3/2 3/2

x2(4—x2)

e (B) —(4—x2)3/2+C (©) 5

(A) +C

3/2 3/2
(D) —M+C (E) —ﬂ+€

21.

1
JO (x+1) ¢F 2T gy —

3 3.1 4

“a) = (B) 82 (©) ez‘e D) & -1 (E) e*-e

AP Calculus Multiple-Choice Question Collection
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22. A particle moves on the curve y =Inx so that the x-component has velocity x'(¢)=¢+1 for £>0.
At time ¢ =0, the particle is at the point (1, 0) . At time ¢ =1, the particle is at the point
2 5.5
(A) (2,In2) (B) (e ,2) (©) (2,1112
3.3
D 3,In3 E —,In—
® (3m3) ® (3]
23, lim +1n[ 227 56
h—0 h 2
(A) & B) 1 (C) 3 (D) 0 (E) nonexistent
24. Let f(x)=3x+1 for all real x and let € > 0. For which of the following choices of J is

|f(x)—7|<s whenever |x—2|<5?

@ ® £ © = o L E) 3
e+1 £
25. J.:Mtanzxdx:
T T T
(A) Z—l (B) 1—Z € - D) 2-1 (E) Z+1

26.

Which of the following is true about the graph of y = ln‘ x? -1 ‘ in the interval (—1,1)?

(A) Itis increasing.

(B) It attains a relative minimum at (0, 0) .
(C) It has a range of all real numbers.

(D) [Itis concave down.

(E) It has an asymptote of x=0.

27.

If f(x)= %x3 —4x? +12x -5 and the domain is the set of all x such that 0 < x <9, then the

absolute maximum value of the function f occurs when x is

(A) 0 B) 2 © 4 (D) 6 (E) 9

AP Calculus Multiple-Choice Question Collection
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o o . . 1/2
28. If the substitution v/x =sin v is made in the integrand of j 0

(A) jé/z sinydy  B) 2

@) [sin® yay

1/2 sin? y

cos y

1973 AP Calculus BC: Section I

dy

(E) 2]0“/6 sin ydy

N

N

dx , the resulting integral is

n/4
(®) 2j0/ sin” ydy

29.

If y"=2y" and if y=)'=e when x =0, then when x=1, y =

W Z(F+1) ®) e (©) § @) )
3. | 12 xx_24dx

(A) —% (B) In2-2 (C) In2 (D) 2 (E) In2+2
31 If f(x)=In(Inx), then f'(x)=

(a) 1 ® — © == D) ® ——
32. If y=x"%, then y' is

) xln;lnx

B) x’*Inx

2xM In x
< ——-
X
Inx
x Tlnx
(D)
X

(E) None of the above

AP Calculus Multiple-Choice Question Collection
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Suppose that 1 is an odd function; i.e., f(—x)=—f(x) for all x. Suppose that f ’(xo) exists.

Which of the following must necessarily be equal to f”(—x;)?

A f'(x)

B) —f"(x)
1

C

© ()
1

D —

(D) ()

(E) None of the above

34.

The average (mean) value of Jx over the interval 0<x <2 is

(A) %ﬁ (B) %ﬁ (C) %ﬁ (D) 1

(E)

L)
3

35.

The region in the first quadrant bounded by the graph of y =secx, x :% , and the axes is rotated

about the x-axis. What is the volume of the solid generated?

2

N (B) -1 ) = (D) 2m (E) 8?“
1 x+1 )
36. -[0 mdx 1S
(A) —Inv3 (B) - mf (©) H‘;ﬁ (D) In+3 (E) divergent
1-cos?(2x)
37, lim—— =
x—0 xz
A) 2 B) 0 © 1 (D) 2 (E) 4
2 . 2—c
38. If L f(x—c)dx=5 where c is a constant, then L_c f(x)dx=
(A) S+c (B) 5 (C) 5-c (D) c-5 (E) -5

AP Calculus Multiple-Choice Question Collection
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39. Let f and g be differentiable functions such that
S=2, f' =3, f'(2)=-4,
g)=2, g')=-3, g'(2)=5.

If h(x)= f(g(x)), then A'(l)=

(A) -9 (B) —4 ©) 0 (D) 12 (E) 15

40. The area of the region enclosed by the polar curve » =1—-cos0 is

(A) %n B) = ©) %n (D) 2= (E) 3=
41, Given f(x) x+1 for x<O0, J-lf( Y
. Given f(x)= X)dx =
cosmtx for x>0, -1
1 1 1 1 1 1 1
A) —+— B) —— ) ——— D) — E) ——+
()275 ()2 ()27t ()2 ()27E
M
a4 yex’
3\
2
1
ol 1 2 "X

42. Calculate the approximate area of the shaded region in the figure by the trapezoidal rule, using

divisions at x=§ and x=£.

50 251 7 127 77
A — B) — C) -— D) — E) —
()27 ()108 ()3 ()54 E) 27

AP Calculus Multiple-Choice Question Collection
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43. I arcsin x dx =

(A)

(B)

©)

(D)

(E)

x dx

\ll—x2

(arcsin x)2
2

arcsinx+'[ L
\/l—x2
x dx
\ll—x2

x dx

\ll—x2

ﬁnx—j

+C

xarccos x — J‘

xarcsin x — J.

44. If £ is the solution of x f'(x)— f(x) = x such that f(~1)=1, then f(e—l) -

(A)

—2¢7! (B) 0 C) e (D) —e! (E) 2¢7

45. Suppose g'(x)<0 forall x>0 and F(x)= j; tg'(t)dt for all x>0 . Which of the following

statements is FALSE?

(A)
(B)
©)
(D)
(E)

F takes on negative values.

F is continuous for all x > 0.
X
F(x)=xg(x)~|  g@dr

F'(x) exists for all x> 0.

F is an increasing function.

AP Calculus Multiple-Choice Question Collection
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1985 AP Calculus AB: Section I

90 Minutes—No Calculator
Notes: (1) In this examination, In x denotes the natural logarithm of x (that is, logarithm to the base e).

(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.

2
1. J.l x 3 dx =
7 3 15 3 15
A) —— B) —= ) — D) = E) —
(A) 2 (B) p ()64 ()8 ()16
2. If f(x)=(2x+1)4,then the 4th derivative of f(x) at x=0 is
(A) 0 (B) 24 (C) 48 (D) 240 (E) 384
dy
3. If y= , then —=
4 4+ x? dx
—6x 3x 6x -3 3
a —— B 2= O 25 O —5 ® =
(4+x2) (4+x2) (4+x2) (4+x2)
dy
4. If —=cos(2x), then y=
dx ( ) 4
1 1 5 1.
(A) —Ecos(2x)+C (B) —cos (2x)+C (C) Esm(2x)+C
I ., 1.
(D) 5 sin (2x)+C (E) —Esm(Zx)—i-C
2
n—o p~ +10,000n
1 )
A) 0 B ) 1 D) 4 E) nonexistent
(A) (B) 2,500 © (D) (E) X

AP Calculus Multiple-Choice Question Collection
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6. If f(x)=x, then f'(5)=
1 25

A) 0 (B) 3 <€ 1 D) 5 (E) >
7. Which of the following is equal to In4?

(A) 3+l (B =28 © [lea  © ['mxa ® j41dz

In2 1 1 1 ¢

8. The slope of the line tangent to the graph of y =1In (gj at x=4 is

A ®) © =+ (D) 1 E) 4

8 4 2
1 _.2 0 _,2
9. If [ e*dv=k, then [ e dr=
-1 -1
k k
(A) 2k (B) -k © 5 (D) 5 (E) 2k
2_
10, 16 y=10""") then ¥
dx
2 2 2
(A) (lnlO)lO(x Y (B) (2x)10(x Y © (+* —1)10(" ?)
2 2

) 2x(i10)10l" ® 2 (in10)10l
11. The position of a particle moving along a straight line at any time ¢ is given by

s(t) = 1> + 4t +4. What is the acceleration of the particle when ¢t =47?

(A) 0 B) 2 ) 4 (D) 8 (E) 12
12. 1If f(g(x))zln(x2+4), f(x):ln(xz), and g(x)>0 for all real x, then g(x) =

1 1 2 2
(A) B) — © x“+4 (D) x“+4 (E) x+2
x“+4 x“+4

AP Calculus Multiple-Choice Question Collection
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13. If x° +xy+y3 =0, then, in terms of x and y, % =
X
2x+ x+3)° —2x —2x 2x+
A -—% ® - (© - D) S B
x+3y 2x+y 1+3y x+3y x+3y° -1
r 3

14. The velocity of a particle moving on a line at time #is v =3¢2 + 5¢2 meters per second. How many

meters did the particle travel from =0 to t =47

(A) 32 (B) 40 (C) o4 (D) 80 (E) 184
15. The domain of the function defined by f(x)=1In (x2 — 4) is the set of all real numbers x such that

(A) |x|<2 B) |x|<2 ©) |x|>2 D) |x|=2 (E) «x is areal number
16. The function defined by f(x) = x> —3x? for all real numbers x has a relative maximum at x =

A -2 B) 0 © 1 D) 2 (E) 4

L
17. I xe Vdx =
0

(A) 1-2e B) -1 (C) 1-2¢"! (D) 1 (E) 2e-1
18. If y=cos®x—sin®x, then y' =

(A) -1 B) 0 <) -2 sin(2x) (D) —2(cosx+sin x) (E) 2(cosx—sin x)
19. If f(x)+f(x,)=f(x +x,) forall real numbers x; and x,, which of the following could

define f?

1

(A) f(x)=x+1 B) fn=2x (O f(X)=; (D) f(x)=e" (E) f(x)=x"

AP Calculus Multiple-Choice Question Collection 40
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20. If y=arctan(cosx), then v
dx
(A) Ln; (B) —(arcsec (cos x))2 sin x (C) (arcsec(cos x))2
I+cos” x
1 1
D) ——m—— (E) ———
(arccosx)” +1 1+cos” x
21. [If the domain of the function f given by f(x)= 2 is {x :| X | > 1}, what is the range of f?
—-x

(A) {x:—oo<x<—1}

(D) {x:-l<x<o}

(B) {x:—oo<x<0} ©) {x:—oo<x<1}

(E) {x:0<x<oo}

2_
2. X D=
I x+1
1 5
A) - (B) 1 © 2 D) 2 (E) In3
23. i(i—lﬂzj at x=—1 is
del ¥ x
(A) -6 B) -4 © 0 D) 2 (E) 6
24. 1 [* (+7 +k)dx=16, then k =
(A) -12 (B) -4 () 0 (D) 4 (B) 12
25. If f(x)=e", which of the following is equal to f'(e)?
x+h x+h _ e eth
(A) lim (B) lim<——& (C) lim&——¢
=0 h h—0 h h—0
x+h eth e
©) lim&——1 (E) lim&——¢
h—0 h—0  h

AP Calculus Multiple-Choice Question Collection
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The graph of y2 =x>+9 is symmetric to which of the following?

[. The x-axis
II. The y-axis
III.  The origin

(A) Tonly (B) IIonly (C) I only (D) TandII only (E) LII and I
27 J.3|x—l|dx=
o
3 5
A) 0 B) - <€ 2 (D) 5 (E) 6
28. If the position of a particle on the x-axis at time ¢ is —5¢2, then the average velocity of the particle

for 0<¢r<3is

(A) -45 (B) -30 ©) -15 (D) -10 (E) -5

29.

Which of the following functions are continuous for all real numbers x ?

2
. y=x3
I y=e
IlI. y=tanx
(A) None (B) Tonly (C) Honly (D) TandII (E) TandIII

30.

AP Calculus Multiple-Choice Question Collection

j tan (2x)dx =
(A) —2In|cos(2x)|+C (B) —%ln| cos(2x) |+ C (C) %ln| cos(2x) |+ C

(D) 2In|cos(2x)|+C (E) %sec(2x)tan(2x)+C

42
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31. The volume of a cone of radius » and height % is given by V = %nrzh . If the radius and the height
. 1 . . . .

both increase at a constant rate of > centimeter per second, at what rate, in cubic centimeters per

second, is the volume increasing when the height is 9 centimeters and the radius is 6 centimeters?

(A) %n (B) 10w (C) 24n (D) 54n (E) 108~

T
3 o _
32. [ sin(3x)dr=
2
A -2 (B) 3 © 0 O < E) 2
y
A
\ / y=/"(x)
0 /= x
-IN31

33. The graph of the derivative of f is shown in the figure above. Which of the following could be the

graph of f?

(A) Y (B) ‘}; (C) y

x X
(D) v (E) y
1 A
+ o + » X + O, > X
-1 1 -1 1
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34. The area of the region in the first quadrant that is enclosed by the graphs of y = x> +8 and
y=x+8 1s

1
A 5 B 2 © (D) 1 E) —

35. The figure above shows the graph of a sine function for one complete period. Which of the
following is an equation for the graph?

(A) y:2sin(§xj (B) y=sin(nx) (C) y=2sin(2x)

(D) y=2sin(nx) (E) y=sin(2x)

36. If f is a continuous function defined for all real numbers x and if the maximum value of f(x) is 5

and the minimum value of f(x) is —7, then which of the following must be true?

[.  The maximum value of f(|x|) is 5.
II. The maximum value of | f(x) | is 7.

[I. The minimum value of f(|x|) is 0.

(A) Tonly (B) II only (C) TandII only (D) I and III only (E) L II, and I1I

37. lim(xcscx) is

x—0
(A) —oo B) -1 © 0 (D) 1 (E) o
AP Calculus Multiple-Choice Question Collection 44
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38. Let f and g have continuous first and second derivatives everywhere. If f(x)< g(x) for all real

x, which of the following must be true?

. f'(x)<g'(x) forallreal x
. f"(x)<g"(x) forallreal x

1 1
II1. .[0 f(x)dx < .[0 g(x)dx

(A) None (B) Tonly (C) I only (D) TandII only (E) L II, and III

39.

If f(x)= ln_x, for all x >0, which of the following is true?
X

(A) f isincreasing for all x greater than 0.
(B) f is increasing for all x greater than 1.
(C) f is decreasing for all x between 0 and 1.
(D) f is decreasing for all x between 1 and e.

(E) f is decreasing for all x greater than e.

40.

Let f be a continuous function on the closed interval [0, 2] If 2 < f(x) <4, then the greatest

possible value of joz f(x)dx is

(A) O B) 2 <) 4 (D) 8 (E) 16

41.

If lim f(x)= L, where L is a real number, which of the following must be true?
X—a

(A)  f'(a) exists.

(B) f(x) is continuous at x = a.
(C)  f(x) is defined at x =a.
D) fla)=L

(E) None of the above

AP Calculus Multiple-Choice Question Collection
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L (P 1+f2de =
dx
(A) —= (B) v1+x* -5 (©) V1+x?

1 1 1

D E -
® J+x2 V5 ® Wi 245

43.

An equation of the line tangent to y = x> +3x% +2 atits point of inflection is
(A) y=-6x-6 (B) y=-3x+1 (©) y=2x+10

(D) y=3x-1 (E) y=4x+1

44,

The average value of f(x) = x?\x> +1 on the closed interval [O, 2] is

13 26

(A) B) = © = (D) 13 (E) 26

[\
o R

45.

The region enclosed by the graph of y = x?, the line x =2, and the x-axis is revolved about the
y-axis. The volume of the solid generated is

2 1
(A) 8 ®B) Znx © (D) 4n ® 2r
5 3 3
AP Calculus Multiple-Choice Question Collection 46
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90 Minutes—No Calculator

Notes: (1) In this examination, In x denotes the natural logarithm of x (that is, logarithm to the base e).

(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.

1.  The area of the region between the graph of y = 4x> +2 and the x-axis from x=1 to x=2 is

(A) 36 (B) 23 (C) 20 (D) 17 (E) 9

2. At what values of x does f(x)= 3x° —5x° +15 have a relative maximum?

(A) —1only (B) 0 only (C) 1Tonly (D) —landlonly (E) —1,0and]1

2 x+1
> '[1 x2+2xdx_

(A) I8-In3  (B) @ ©) Ing D) 3122 ® 3ln§+2

4. A particle moves in the xy-plane so that at any time ¢ its coordinates are x = > —1 and y= -2,

At t =1, its acceleration vector is

(A (0,-1) B) (0,12) ©€) (2,-2) (D) (2,0) (E) (2.8)

AP Calculus Multiple-Choice Question Collection 47
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5. Thecurves y= f(x) and y = g(x) shown in the figure above intersect at the point (a ,b) . The

area of the shaded region enclosed by these curves and the line x =—1 is given by
@ [ (S@-g@)de+ [ (£ +g()dx

®) [’ g@adr+ [’ f@)d

© [ (f)-g()dx

D) [°(f()-g(0)dx

(E

N

a
-1

[7 (1 r)] -] g()])dx

6. If f(x)z&, then f'(%j:

A) 2 (B) % ©) 1+§ (D) g_l E) 1-=

AP Calculus Multiple-Choice Question Collection
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7. Which of the following is equal to

[t
V25— %2 g

(A) arcsing +C (B) arcsinx+C ©) %arcsin % +C

(D) V25-x*+C (E) 2425-x*+C

8. If f is a function such that lim PACIENAC))

=0, which of the following must be true?
x—2 x=2

(A) The limit of f(x) as x approaches 2 does not exist.
(B) f isnotdefinedat x=2.

(C) The derivative of f at x=2 is 0.

(D) f iscontinuous at x=0.

E) f2)=0

9. If xp* +2xy =8, then, at the point (1, 2), ' is

5 4 1
(A) 3 (B) -3 € -1 (D) ) E) 0
. 0 (_1)n+1x2n—1 ’
10. For —1<x<1 1ff(x)=zT, then f'(x)=
n=l1 -

(A) i (_1)n+1 x2n—2

n=1
(B) i(_l)n x2n—2
n=1

0

(C) Z(_1)2nx2n

n=l1

0

D) Y (1"x>"

n=l1

(E) i (_l)n+1 x2n
n=1

AP Calculus Multiple-Choice Question Collection 49
Copyright © 2005 by College Board. All rights reserved. Available at apcentral.collegeboard.com.



1985 AP Calculus BC: Section I

11. iln (Lj =

dx \l-x

1 1 2
A) — B — C) 1-x (D) x-1 (E) (1-x)
I-x x—1
12. J' _odx
(x—D)(x+2)
@) 1m| =Ll ®) Lm|*2|ic (©) l1n|(x—1)(x+2)|+c
3 | x+2 3 | x-1 3

®) (In|x-1])(In|x+2))+C  (E) ln‘ (x—1)(x+2)? ‘+c
13. Let f be the function given by f(x) = x> —3x%. What are all values of ¢ that satisfy the conclusion

of the Mean Value Theorem of differential calculus on the closed interval [0,3]?

(A) O only (B) 2 only (C) 3only (D) Oand3 (E) 2and3
14.  Which of the following series are convergent?

I 1+ Lz +=t.t Lz +
2 n
. 1+ 1 + 1 +...+—+
n
n+l
111 l—l+i— D +..
3 32 3}’1—1

(A) Tonly (B) IIonly (C) TandIlllonly (D) HandIllonly (E) L II, and III
15. If the velocity of a particle moving along the x-axis is v(t) =2t —4 and if at =0 its position is 4,

then at any time ¢ its position x(¢) is

(A) 2 -4 (B) *-4-4 (C) *—-4t+4 (D) 2°-4 (B) 22 —-4t+4
AP Calculus Multiple-Choice Question Collection 50
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16. Which of the following functions shows that the statement “If a function is continuous at x =0,
then it is differentiable at x =0 is false?
_4 1 1 4
A f@=x3 B fW=x3 (O fW=x @O [f@W=x> E [f()=x
17. 1f f(x)= xln(xz), then f'(x)=
(A) ln(x2)+1 (B) ln(x2)+ 2 (C) ln(x2 ) LI iz ® L
X X X
18. I sin (2x+3)dx =
(A) —2cos(2x+3)+C (B) —cos(2x+3)+C (@) —%cos(2x+3)+C
1
(D) Ecos(2x+3)+C (E) cos(2x+3)+C
19. If f and g are twice differentiable functions such that g(x)=e¢’/™® and g"(x) = h(x)e’ ¥,
then A(x) =
! " ! ” 2 ! " 2
A) f[(x)+f(x) B) ['()+(S"(x) ©) (f'()+["(x))
’ 2 14 ! 14
(D) (S'(®)) +f"(x) E) 2/ (0)+/"(x)
| I
I
| |
| |
I |
I |
| |
| |
x 2 2 \_/ x=17
20. The graph of y = f(x) on the closed interval [2,7] is shown above. How many points of
inflection does this graph have on this interval?
(A) One (B) Two (C) Three (D) Four (E) Five
AP Calculus Multiple-Choice Question Collection 51
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21, If j F(x)sinxdx =— f(x)cosx+ j 3x2 cosxdx, then f(x) could be
(A) 3x? B) C) -x° (D) sinx (E) cosx
22. The area of a circular region is increasing at a rate of 96m square meters per second. When the area
of the region is 64n square meters, how fast, in meters per second, is the radius of the region
increasing?
(A) 6 (B) 8 C) 16 (D) 43 (E) 1243
1+h 5
I 1 X~ +8dx
23. lim is
h—0 h
(A) 0 (B) 1 (C) 3 (D) 242 (E) nonexistent
24. The area of the region enclosed by the polar curve r = sin(26) for 0<96 Sg is
1 T T
A) 0 B) — O 1 D) — E) —
(A) (B) 5 (©) (D) 2 (E) 1
25. A particle moves along the x-axis so that at any time ¢ its position is given by x(¢) = te' . For what
values of 7 is the particle at rest?
1 1
(A) No values (B) 0 only © > only (D) 1 only (E) Oand >
T . . X dy .
26. For 0<x<—, if y=(sinx)", then — is
2 dx
(A) xIn(sinx) (B) (sinx)"cotx (C) x(sin x)x_1 (cosx)
(D) (sinx)"(xcosx+sinx) (E) (sinx)” (xcotx +In(sin x))
AP Calculus Multiple-Choice Question Collection 52
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_ )
//f
b

<

0l a

If f is the continuous, strictly increasing function on the interval a < x <5 as shown above, which
of the following must be true?

Lo ” Fx)dx < f(b)b-a)
i ” f)dx> f(@)b-a)

b
I1I. j f(x)dx= f(c)(b—a) for some number c such that a <c <b
a

(A) Tonly (B) Tonly (C) I only (D) Tand III only (E) LII and III
28. An antiderivative of f(x)=e"" is
€x+ex X X X X
(A) (B) (1+eX)ex+e (C) &' (D) et (E) &°
I+e
of+-4)
sin| x——
29. lim ——= is
x—)E x—E
4 4
(A) 0 B) — c = (D) 1 (E) nonexistent

NG

AN

If x=£—¢ and y=4/3t+1, thenﬂ atr=11s

30.
dx
1 3 3 8
A = B) - (©) 2 D) < (E) 8
. & (x-1)
31. What are all values of x for which the series Z— converges?
n=1

(A) -1<x<l1 (B) -1<x<1 (C) O0<x<2 (D) 0<x<2 (E) 0Zx<L2
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An equation of the line normal to the graph of y = x> +3x% +7x—1 at the point where x =—1 is

(A) 4x+y=-10 (B) x—-4y=23 (C) 4x-y=2 (D) x+4y=25 (E) x+4y=-25

33. If % =-2y and if y = | when ¢ = 0, what is the value of # for which y = % ?
In2 1 In2 2
A) — B) —— ) — D) — E) In2
(A) 5 (B) 1 (©) 5 (D) 5 (E)
34. Which of the following gives the area of the surface generated by revolving about the y-axis the arc

ofxzy3 fromy=0toy=1?

&) 2] ) 1492 ay
(B) 2nj;y3w dy
© 2rf, 1437 &
©) 2rf ) 3f1+95" v
B) 2], o1+ v

35.

2

The region in the first quadrant between the x-axis and the graph of y =6x—x~ is rotated around

the y-axis. The volume of the resulting solid of revolution is given by
(A) j06 (63 -x? )2 dx

(B) j(f 2rx(6x- 27 ) dx

©) j(f e(6x - )2 dx

(D) j(f n(s+\/ﬂ)2 dy

(E) jj n(3+\/ﬂ)2 dy
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13
36. j_lx—zdxls

(A) -6 B) -3 <) 0 (D) 6 (E) nonexistent

: . d “x
37. The general solution for the equation d_y +y=xe " is
X

2 2

(A) y="-e+Ce™ (B) y="—e +e " +C ©) y=—e+-C
2 2 I+x
(D) y=xe*+Ce” (B) y=Ce'+Cxe™
1
38, lim (1+5€")7 is
X—>0
(A) 0 B) 1 ©) e (D) e (E) nonexistent

39. The base of a solid is the region enclosed by the graph of y =e ", the coordinate axes, and the line

x =3. If all plane cross sections perpendicular to the x-axis are squares, then its volume is

1—6_6 1
(A) | : ) B) e ©) e D) e’ (B) 1-e”
4 x )
(3]
40. If the substitution u =§ is made, the integral dx =
X
2
21— u 41- u 21— u
@ du ®) [, ——du © | du
2 1-4? 4 1-u?
® | du B) [, ——du
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3

41. What is the length of the arc of y = %xQ from x =0 to x = 3?
8 14 16
A < B) 4 © — O — E) 7
3 3 3
42. The coefficient of x° in the Taylor series for &> about x =0 s
1 1 1 3 9
A) — B) — c) - D) — E)y =
(A) 6 (B) 3 (©) 5 D) (E) 5
43. Let f be a function that is continuous on the closed interval [—2, 3] such that f'(0) does not exist,

f'(2)=0, and f"(x)<0 for all x except x = 0. Which of the following could be the graph of f?

(A) ¥ (B) y (©) v (D) ¥ (E) ¥
x x 2 T R T 25 -2 2 3
-2 23 =2 23

44,

At each point (x, y) on a certain curve, the slope of the curve is 3x? v . If the curve contains the

point (0,8), then its equation is

(A) y=8 (B) y=x>+8 C) y=c° +7

(D) y=In(x+1)+8 (E) »*=x>+8

45.

n—o n n n n

(1Y (2Y 3n )
If n 1s a positive integer, then lim — [—j +[—j +...+(—] can be expressed as

| (1) 301
(A) _[Ox—zdx (B) 3 jo(;j dx © O(EJ dx
(D) jsxzdx (E) 3jo3x2dx
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90 Minutes—No Calculator
Notes: (1) In this examination, In x denotes the natural logarithm of x (that is, logarithm to the base e).

(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.

1. If y=x%", then v
dx
(A) 2xe* (B) x(x+2ex) (C) xe*(x+2)
(D) 2x+e (E) 2x+e
x*—4
2. What is the domain of the function f given by f(x)= 3 ?
X—
(A) {x: x¢3} (B) {x: |x|£2} ©) {x: |x|22}
(D) {x:|x|22 and x¢3} (B) {x:x>2 and x#3}

3. A particle with velocity at any time ¢ given by v(¢) = ¢’ moves in a straight line. How far does the
particle move from 1t =0 to t =27

3

(A) -1 (B) e-1 C)  2e (D) & (E) &
4.  The graph of y=— 5 is concave downward for all values of x such that
x —
(A) x<0 B) x<2 (C) x<5 D) x>0 (BE) x>2
5. j sec? xdx =
(A) tanx+C (B) csc’x+C (C) cos’x+C
sec® x
(D) 3 +C (E) 2sec’ xtanx+C
AP Calculus Multiple-Choice Question Collection 57
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6. If :hl_x’ thenﬂz
dx
1 1 Inx-1 1-Inx 1+Inx
A — B) — ©) 5 (D) 3 (E) 5
X X X X X
7 J- xdx 3
V3x2 45
1 3 1 3 1 1
(342 2 2 (242 2 (242 2
(A) 9(3x +5) +C (B) 4(3x +5) +C (©) 12(3x +5) +C
1 1 3 1
~ (242 2 2 (242 2
(D) 3(3x +5) +C (E) 2(3x +5) e
Yy
i
|
|
| |
| | ,
i | |
] | | ]
l l i 1
9) a 5 ¢ d =X

8.  The graph of y = f(x) is shown in the figure above. On which of the following intervals are
2

D 0 and d—“zv <07
X dx
. a<x<b
II. b<x<c
I, c<x<d
(A) Tonly (B) II only (C) III only (D) I'and II (E) I and III
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9. If x+2xy—y> =2, then at the point (1,1), Z—y is
X
3 1 3 .

(A) = (B) 3 <© o0 (D) Y (E) nonexistent
10. 1f [ (2ke—x?)dx=18, then k=

(A) -9 (B) -3 ©) 3 (D) 9 (E) 18
11.  An equation of the line tangent to the graph of f(x)=x(1— 2x)3 at the point (1 ,— 1) is

(A) y=-7x+6 B) y=—-6x+5 ©) y=-2x+1

(D) y=2x-3 (E) y=7x-8
12. If f(x)=sinx, then f(gj -

1 1 V2 3

A -2 ®) - ©) =~ D) = () 3
13. If the function f has a continuous derivative on [0,c], then I; f'(x)dx =

(A) f(©)=f©0) B) |f(©)-f(0) ©) f(o) D) f(x)+c E) [(c)-1"(0)
4 [2-980 o

j 0 V1+sin0

A) —2(v2-1) (B) 242 ©) 22

(D) 2(v2-1) (B) 2(v2+1)
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15. If f(x)=+2x,then f'(2)=
1 1 2
(A) — B) = ©) — D) 1 (E) 2
4 2 2
16. A particle moves along the x-axis so that at any time # > 0 its position is given by
x(t)= > —=3t* —9¢ +1. For what values of ¢ is the particle at rest?
(A) No values (B) 1 only (C©) 3only (D) 5 only (E) land3
1 2
17. [, (3x-2) dx=
7 7 1
A) —— B) —— ) — D) 1 E) 3
(A) 3 (B) 5 (©) ) D) (E)
2
18. If y=2cos[£), then d—;}=
2 dx
x X . x X 1 X
A) —8cos| — B) —2cos| — C) —sin| — D) —cos| — E) ——cos| —
W seos 2] @) 200(3]© s3] @ eos(Z] @) ~Jeos[3)
30X
19. dx =
'[ 2 X241
(A) llng (B) l1n2 (C) In2 (D) 2In2 (E) l1115
2 2 2 2
20. Let f be a polynomial function with degree greater than 2. If a#b and f(a)= f(b)=1, which

AP Calculus Multiple-Choice Question Collection

of the following must be true for at least one value of x between a and 5?

L.  f(x)=0
. f'(x)=0
. f"(x)=0
(A) None (B) Ionly (C) I only (D) Tand II only (E) L1I,and III
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21. The area of the region enclosed by the graphs of y=x and y = x?—3x+3 is
2 4 14
A) < (B) 1 ©) = (D) 2 (E) —
3 3 3
1
22, If lnx—ln(—j =2, thenx =
X
1 1 2
A — (B) » €) e (D) 2e (E) e
e
23. If f'(x)=cosx and g'(x)=1 for all x, and if f(0)=g(0)=0, then lim S ) is
x>0 g(x)
N (B) 1 ©) 0 (D) -1 (E) nonexistent
d Inx )\ _
24, E(x )=
A) ™ ®B) (Inx)" (© z(1nx)(x‘“) (D) (lnx)(xlnx_l) (E) 2(1nx)(x1“)
X
: x 1 '
25. Forall x>1, if f(x)=j1 ~dt, then f'(x) =
(A) 1 (B) 1 (C) Inx-1 (D) Inx (E) ¢
X
n
26. j 2 xcos xdx =
0
T T T
A) —= B) -1 C) 1-—= D) 1 E)y —-1
(A) 5 (B) (©) 5 (D) (E) 5
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x? , x<3.

27. At x =3, the function given by f(x)= { is

6x-9, x2>3

(A) undefined.

(B) continuous but not differentiable.
(C) differentiable but not continuous.
(D) neither continuous nor differentiable.
(E) both continuous and differentiable.

4
28. [ |x-3[dr=
3 3
N B) = © = D) = (E) 5
2 2
tan3(x+4)—tan3
2. The fim 230+ tandx
h—0 h
(A) 0 (B) 3sec’(3x) (C) sec’(3x) (D) 3cot(3x) (E) nonexistent
30. A region in the first quadrant is enclosed by the graphs of y = ¢**, x =1, and the coordinate axes.

If the region is rotated about the y-axis, the volume of the solid that is generated is represented by

which of the following integrals?
(A) 27‘c.|‘; xe** dx

(B) ZRIS &> dx

© = ; M dx

(D) nj()e yinydy

T e
B [,

AP Calculus Multiple-Choice Question Collection 62
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31. If f(x)= ﬁ, then the inverse function, f “1is given by f _l(x) =

@ L @ © X ™ X ® «x
X X 1-x x+1

32.  Which of the following does NOT have a period of © ?

(A) f(x)zsin(%xj (B) f(x)=|sinx| (C)  f(x)=sin’x
(D) f(x)=tanx (E) f(x)=tan’x

33. The absolute maximum value of f(x)= x> =3x? +12 on the closed interval [—2,4] occurs at x =

(A) 4 B) 2 © 1 D) 0 (E) -2

34. The area of the shaded region in the figure above is represented by which of the following
integrals?

@A) [ (IFe ]| g)|)ax
®) [, fx)dr-["g(x)dx
© ["(g@)=f()dx
®) [ (/()-g@)dx

E) [ ()~ r@)dx+[ *(£(x)-g(x))dx

AP Calculus Multiple-Choice Question Collection 63
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35. 4cos[x+£j =
3
(A) 243 cosx—2sinx (B) 2cosx—2+/3sinx ©) 2cosx+2+/3sinx
(D) 23 cos x +2sinx (E) 4cosx+2
36. What is the average value of y for the part of the curve y =3x— x> which is in the first quadrant ?
3 9 9
(A) —6 B) -2 © 5 D) — E) -
37. If f(x)=e"sinx, then the number of zeros of f on the closed interval [O, 27t] is
A) 0 B) 1 <€ 2 D) 3 (E) 4
38. For x>0, | (1 Xd—”j dx =
x*'l u
1 8 2
A) —+C B) ——-—=+C ©) 1n(1nx)+C
X X' x
2
Inf) (1n)°
(D) +C (E) +C
2 2
30. 1 [ f()dx=4 and [ f()dx=7, then [ f(x)dx =
' 1 10 ’ 1
(A) -3 B) 0 () 3 (D) 10 (E) 11
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z
y
X
. . . dz dx dy .
40. The sides of the rectangle above increase in such a way that = =1 and % = 3? . At the instant
t 4 t
when x =4 and y =3, what is the value of % ?
1

A 5 B) 1 ©) 2 (D) 5 (B) 5

41. 1If lim f(x)="7, which of the following must be true?
x—3
I. f iscontinuous at x=3.
II.  f is differentiable at x=3.
L. f3)=7

(A) None (B) M only (C) I only

(D) TIandIII only (E) LII, and III
42. The graph of which of the following equations has y =1 as an asymptote?

X x°
(A) y=Inx (B) y=sinx ©) y=—+ D) y=— () y=e"
x+1 x—1

43. The volume of the solid obtained by revolving the region enclosed by the ellipse x> +9 y2 =9

AP Calculus Multiple-Choice Question Collection

about the x-axis is

(A) 2n (B) 4n (C) 6n (D) 9n (E) 12n
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44. Let f and g be odd functions. If p, r, and s are nonzero functions defined as follows, which must
be odd?

L px)=rf(gx)
L r(x)=f()+g(x)
ML s(x)= £()g(x)

(A) Tonly (B) I only (C) TandII only

(D) I and I only (E) LII, and III

45. The volume of a cylindrical tin can with a top and a bottom is to be 167 cubic inches. If a
minimum amount of tin is to be used to construct the can, what must be the height, in inches, of the

can?
(A 232 (B) 22 ©) 234 (D) 4 (E) 8
AP Calculus Multiple-Choice Question Collection 66
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90 Minutes—No Calculator
Notes: (1) In this examination, In x denotes the natural logarithm of x (that is, logarithm to the base e).

(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.

1. The area of the region in the first quadrant enclosed by the graph of y = x(l - x) and the x-axis is

1 1 2 5
A) — B) -— C — D) -— E) 1
(A) p (B) 3 © 3 (D) o (E)
U (2 2,
2. jo x(x +2) dx =
19 19 9 19 1
A) — B) — C — D) — E) —
(A) 5 (B) 3 ©) 5 (D) p (E) p
3. If f(x)zln(\/;), then f"(x)=
2 1 1 1 2
A) -2 B) —— C) -— D) ——— E) =
& ® - © -5 ® —5  ® 5
2x?
4. Ifu, v, and w are nonzero differentiable functions, then the derivative of Ll 1S
w
w' +u'v u'v'w—uvw' uvw —wv'w—u'vw
(a) (B) oW ©) k
w w w
u'vw+uv'w+uvw' w'w+u'vw—uvw'
(D) 2 (E) 2
w w

AP Calculus Multiple-Choice Question Collection
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5. Let f be the function defined by the following.

Sinx7 x<0

xz, 0<x<«l1
S (x)=
2-x, 1<x<2
x=3, X2 2
For what values of x is / NOT continuous?
(A) O only (B) 1 only (C) 2only (D) 0Oand?2only (E) 0,1,and2
6. If y2 —2xy =16, then Q:
dx
X 2
(A) B) = © - D) = B) =
y—Xx xX—y y—x 2y—x xX—y
+0 dx |
7. — 1S
I 2 2
(A) % (B) In2 ©) 1 (D) 2 (E) nonexistent
8. If f(x)=e", then ln(f'(Z)) =
(A) 2 (B) 0 (C) iz (D) 2e (E) &°
e
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9. Which of the following pairs of graphs could represent the graph of a function and the graph of its
derivative?
1 y y
/ %
-40..._>x _40__.x
Yy y
11.
/IX AN
y
I11. f
f \f
) ¥ 7O ~
(A) Tonly (B) II only (C) I only (D) TandIll (E) HandIII
. sin(x+h)—sinx .
10. lim 1s
h—0 h
(A) 0 B) 1 (C) sinx (D) cosx (E) nonexistent
11. If x+7y =29 is an equation of the line normal to the graph of f at the point (1, 4) ,then f'(1)=
(A) 7 ®) - © - © -~ @ 7
7 7 29
12. A particle travels in a straight line with a constant acceleration of 3 meters per second per second.

AP Calculus Multiple-Choice Question Collection

If the velocity of the particle is 10 meters per second at time 2 seconds, how far does the particle
travel during the time interval when its velocity increases from 4 meters per second to 10 meters
per second?

(A) 20m (B) 14m (C) Tm (D) 6m (E) 3m
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13. sin(2x)=

x3 xS (_l)n—IXZn—l

(A) x_§+§_"'+—(2n—l)! +

B CE 2 SN GV G 2

® 2SN
(D) §+%+%+...+(;1n)!+.,,
(E) 2x +(2x)3+(2x)5+ +(2x)zn_1

3! st (2n-1)!

14. If F(x)= j 1"2 V1+£ dt, then F'(x)=
(A) 2xV1+x° (B) 2xv1+x° (C) V1+x°

x2 3t2
(D) V1+x° (E) dt
: L 2W1+£

15. For any time ¢ > 0, if the position of a particle in the xy-plane is given by x = 2 +1 and
y =In(2¢+3), then the acceleration vector is

2 —4 4
A) |2 2 C) |2
) ( t’(2t+3)j ®) ( t’(2z+3)2] © ( "2t +3)?

2 —4
2 2
® ( ’(2t+3>2] ® ( ’<2r+3)2J

AP Calculus Multiple-Choice Question Collection
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16. jxezxdxz
2x 2x 2x 2x 2x 2x
A X 4c B “—-‘-icC © “—+ZcC
2 4 2 2
2x 2x 2 2x
xe e x‘e
D +—+C E +C
(D) 5 5 (E) 2
T T
2 (x-1(x+2)
33 9 5 8 2
A —— B) —— C) In|— D) In|— E) In| =
(A) >0 (B) >0 ©) (J (D) (5} (E) (5)

18. If three equal subdivisions of [—4, 2] are used, what is the trapezoidal approximation of

X

)

I € dx?

-4 9

(A) et +el+e? (B) et +e? +e (©) et +2e2 +2e° +e72
lig 2. 0, 2 Lia 2. 50, 2

(D) 2(6 +e +e +e ) (E) 2(6 +2e" +2e +e )

19. A polynomial p(x) has a relative maximum at (-2,4), a relative minimum at (1,1), a relative

maximum at (5, 7) and no other critical points. How many zeros does p(x) have?

(A) One (B) Two (C) Three (D) Four (E) Five

20. The statement “ lim f(x) = L means that for each € > 0, there exists a d > 0 such that
x—>a

(A) if0<|x—a|<eg, then | f(x)-L|<3
(B) if 0<|f(x)-L|<e, then |x—a|<?
(©) if| f(x)-L|<38, then 0<|x—a|<e
(D) 0<|x-a|<d and |f(x)-L|<e

(E) if0<|x—a|<3§, then |f(x)-L|<e

AP Calculus Multiple-Choice Question Collection
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21. The average value of 1 on the closed interval [1,3] is

x
o ® 2 © 22 o 22 (E) In3
2. 1f f(x):(x2+1)x, then f'(x)=
(A) x(x2+1)x_1
(B) 2x2(x2+l)x_l
(€) xln<x2+1)
(D) 1n(x2+1)+xz2x+2l
G (x2+1)x{1n(x2+1)+x2;jl}
|
. —

23. Which of the following gives the area of the region enclosed by the loop of the graph of the polar
curve r =4cos(30) shown in the figure above?

T T T
(A) 16j 3 cos(30)d0 (B) 8j 6 cos(360)d0 ©) 8 j 3 cos*(30)d0
3 6 3
n n
(D) 16] © cos®(30)d0 (E) 8] cos’(30)d0
6 6
AP Calculus Multiple-Choice Question Collection 72
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If ¢ is the number that satisfies the conclusion of the Mean Value Theorem for f(x)= x> =2x% on
the interval 0 < x <2, thenc=

A) 0 ®) % © 1 (D) g E) 2

25.

The base of a solid is the region in the first quadrant enclosed by the parabola y = 4x?, the line

x =1, and the x-axis. Each plane section of the solid perpendicular to the x-axis is a square. The
volume of the solid is

4m 167 4 16 64
(A) 3 (B) = ©) 3 (D) r (E) 5

26.

If 1 is a function such that f”(x) exists for all x and f(x)>0 for all x, which of the following is
NOT necessarily true?

1
(A) j_l F(x)dx>0
(B) j_ll 2/ (x)dx=2] _11 f(x)dx
1 1
© [ feydx=2] f(x)dx
®) [ f@de=—] " fx)d

1 0 1
B) [ S@de=[_ fOode+] fx)dx

27.

If the graph of y =x’ +ax” +bx—4 has a point of inflection at (1,—6), what is the value of 5?

(A) -3 (B) 0 ©) 1 (D) 3

(E) It cannot be determined from the information given.
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28. iln

@A — T B) —tan[ﬁj © —!
eor( ) : o[ )
X

T
X COS| — C
X
(D) Etan@ (E) lzm(ﬁj
by X X bY

29. The region R in the first quadrant is enclosed by the lines x =0 and y =35 and the graph of

y= x> +1. The volume of the solid generated when R is revolved about the y-axis is

(A) 6 (B) 8 (©) 347“ (D) 16 (E) 5‘1“5‘“

30, i G]l _
w Y ® 3 o 3

(1 n 2(1 n+l
® 5[3) ® 1)

31, joz 4—x% dx =

16

8
(A) 3 (B) 3 €) = (D) 2n (E) 4n
32. The general solution of the differential equation y' =y + x? is y=
(A) Cé (B) Ce*+x° (C) —x*-2x-2+C
(D) " —x?-2x-2+C (E) Ce*—x*-2x-2

AP Calculus Multiple-Choice Question Collection
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33. The length of the curve y = x> fromx=0tox=21is given by

(A) joz 14 x5 dx (B) joz 143x2 dv ©) njoz 149x* dx

) 2n[ 1+9x* dx EB) [ N1+9x" ax

34. A curve in the plane is defined parametrically by the equations x = £+t and y= 4212,
An equation of the line tangent to the curve at 1 =1 is

(A) y=2x (B) y=8x C) y=2x-1
(D) y=4x-5 (E) y=8x+13
ok
35. [If k1is a positive integer, then lim — 1s
X—>+0 e
(A) 0 B) 1 ©) e (D) k! (E) nonexistent

36. Let R be the region between the graphs of y=1 and y =sinx from x=0 to x= g The volume of

the solid obtained by revolving R about the x-axis is given by
T T

Y
(A) 2nj02xsinxdx (B) 2nj02 xcos x dx (C) njoz (1-sinx) dx

T

(D) n'[OTZE sin? x dx (E) n'[g (l—sinzx)dx

37. A person 2 meters tall walks directly away from a streetlight that is 8 meters above the ground. If
. . . . 4
the person is walking at a constant rate and the person’s shadow is lengthening at the rate of 5

meter per second, at what rate, in meters per second, is the person walking?

4 4 3 4 16
A — B — C) — D) -— E) —
(A) 57 (B) 5 ©) (D) (E) 5
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0 n
. . X
What are all values of x for which the series Z— converges?

n=1 1
(A) -1<x<1 B) -1<x<1 (©) -1<x<1
(D) -1<x<l (E) Allreal x

39.

IfZ—y:yseczx and y =5 when x =0, then y =
X

(A) etanx +4 (B) etanx +5 (C) Setanx

(D) tanx+5 (E) tanx+35e"

40.

Let fand g be functions that are differentiable everywhere. If g is the inverse function of f and

if g(-2)=5 and f'(5)= —%, then g'(-2)=

1 1 1
A) 2 (B) ) ©) 3 (D) 3 (E) -2
41. lim l{\ﬁ+\ﬁ+...+\/g}=
n—o n n n n
A 2! a B) ['Vxd o) [ xd
()2J‘0\/;x ().[oxx ()onx
(D) jlzxdx ® 2] lzx\/}dx
4 ' 4
42. Ifj1 f(x)dx =6, what is the value of jl F(5-x)dx?

AP Calculus Multiple-Choice Question Collection

(A) 6 B) 3 © 0 D) -1 (E) -6
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43. Bacteria in a certain culture increase at a rate proportional to the number present. If the number of
bacteria doubles in three hours, in how many hours will the number of bacteria triple?

3In3 2In3 In3 27 9
W ®) <= © = (D) mbj ®) m(aj

44.  Which of the following series converge?

& 1
I. 1yt —
Z:l( ) 2n+1

2 1(3Y
11. il

1L i 1

i ninn
(A) Tonly
(B) M only

(C) IIonly
(D) TIandIII only
(E) LI, and III

45. What is the area of the largest rectangle that can be inscribed in the ellipse 4x% 49 y2 =367

(A) 62 (B) 12 (C) 24 (D) 2442 (E) 36

AP Calculus Multiple-Choice Question Collection
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90 Minutes—Scientific Calculator

Notes: (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
. If f(x)=x2 , then f'(4)=

(A) -6 (B) -3 ©) 3 (D) 6 (E) 8
Y
'
dk -
>y =f(x)

|

| |

l i
Ol a b

2. Which of the following represents the area of the shaded region in the figure above?

@ [ s ®) [ (d-f()ds © /' (b)-1(a)
(D) (b-a)[fB)-f(@)] E)  @-0[/®)-f(@)]
3. gim TS

n—w 0 — 202 +1

(A) -5 B) 2 © 1 (D) 3 (E) nonexistent

AP Calculus Multiple-Choice Question Collection 78
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4. Ifx° +3xy+2y3 =17, then in terms of x and y, ?:
X
(A) _ x2+y
x+2y2
2
X“+y
B -2
X+y
(C) _XZJ
xX+2y
2
X“+y
®
Y
)
B ——
1+2y

2

5. If the function f is continuous for all real numbers and if f(x) =

then f(-2)=

when x # -2,

A) 4 B) -2 © -l (D) 0 (E) 2

6. The area of the region enclosed by the curve y = 1 , the x-axis, and the lines x =3 and x=4 is

5 2 4 3
® (B) I (© I (D) In> (E) In6

7. An equation of the line tangent to the graph of y = ix +§ at the point (1,5) is

(A) 13x—y=8 (B) 13x+y=18 (C) x—13y =064
(D) x+13y=66 (E) —2x+3y=13
AP Calculus Multiple-Choice Question Collection 79
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d
8. If y=tanx—cotx, then A

dx

SECXCSCX S€ECX —CSCX SeCxX+CSCx S€C X—CSC X S€C” X+ CSC™ x
A B C D 2 2 E 2 2

9. If his the function given by A(x) = f(g(x)), where f(x) =3x*-1 and g(x) =|x , then h(x)=
A) 3¥F-|x]  ® ‘3x2—1‘ © 3:|x|-1 (D) 3|x|-1  (B) 3x*-1
10. If f(x)=(x—1)*sinx, then f'(0)=
A) 2 B) -1 © 0 D) 1 (BE) 2

11. The acceleration of a particle moving along the x-axis at time 7 is given by a(¢) =61 -2 . If the
velocity is 25 when ¢ =3 and the position is 10 when ¢ =1, then the position x(¢) =

(A) 92 +1

(B) 3t2-2t+4
(C) £ —t>+4t+6
(D) £ -t>+9:-20

(E) 3615 —4t*—77t+55

12. If fand g are continuous functions, and if f(x) >0 for all real numbers x , which of the
following must be true?

Lo’ f(x)g(x)dxz( [’ f(x)dxj( N g(x)dx)

i :( S+ () dr = b ora| b 2(x)dx

. | b () dx= /jb F(x)dx

(A) Tonly (B) II only (C) HI only (D) II and IIT only (E) L, 11, and III

AP Calculus Multiple-Choice Question Collection 80
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13. The fundamental period of 2cos(3x) is

A) 27" ®) 2n

1993 AP Calculus AB: Section I

6m

(D) 2

(E) 3

14, | 3¢ dx =

¥ +1

(A) 2P +1+C
3 /3

(B) =vx'+1+C
2

©) VP +1+C

(D) InvVx*+1+C

(E) In(x*+D+C

15. For what value of x does the function f(x)=(x—-2)(x— 3)2 have a relative maximum?

@A) 3 (®) —g

>

(D)

7

(E)

>

16. The slope of the line normal to the graph of y =2In(secx) at x :% is

(A) -2
1
(B) 5
1
©) 3
D) 2

(E) nonexistent

AP Calculus Multiple-Choice Question Collection
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17. j (x> +1)2dx =

2 3
) & ;1) +C
2 3
X

3 2
©) {%—I—x} +C

2 3
2x(x3+1) N

(D) C

5 3
(E) x—+2i+x+c
5 3

18. If f(x)=sin [g) , then there exists a number c¢ in the interval g <x< 3775 that satisfies the

conclusion of the Mean Value Theorem. Which of the following could be ¢ ?

27 3n 51 3n
(A) 3 (B) Y ©) 3 (D) =« (E) >

) ¥ forx< 0, . .
19. Let f be the function defined by f(x)= Which of the following statements

x forx>0.
about f is true?

(A) f isan odd function.

(B) f isdiscontinuous at x=0.
(C) f has arelative maximum.
D) f(0)=0

(E) f'(x)>0 for x#0

AP Calculus Multiple-Choice Question Collection 82
Copyright © 2005 by College Board. All rights reserved. Available at apcentral.collegeboard.com.



20.

1993 AP Calculus AB: Section I

1
Let R be the region in the first quadrant enclosed by the graph of y =(x+1)3 , the line x=7,
the x-axis, and the y-axis. The volume of the solid generated when R is revolved about the y-axis

is given by
7 g 7 1 2 E
(A) njo(x+1)3dx (B) 2nj0x(x+1)3dx (®) njo(x+1)3dx
1
(D) 2nj02x(x+1)5dx (E) njg(y3—1)2dy

21. At what value of x does the graph of y = Lz —L_,, have a point of inflection?
x° X
(A) O B) 1 C) 2 (D) 3 (E) Atno value of x
22. An antiderivative for 2; is
x°=2x+2
(A) —(x*-2x+2)7?
(B) In(x*-2x+2)
©) In|¥=2
x+1
(D) arcsec(x—1)
(E) arctan(x—1)
23. How many critical points does the function f(x)=(x+ 2)5 (x— 3)4 have?
(A) One (B) Two (C) Three (D) Five (E) Nine
2
24. If f(x)=(x*>-2x-1)3, then f(0) is

4 2 4
(A) 3 B) 0 © =3 (D) -3 (E) -2

AP Calculus Multiple-Choice Question Collection
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d (4x)_
25. 5(2 )=
x-1 x-1 X x-1 2x
(A) 2 B) @ )x (€©) (27)n2 (D) @7 )2 (E) =
n
26. A particle moves along a line so that at time 7, where 0 <¢ <, its position is given by

2
t . . . . ..
s(t)=—4cost —?+ 10 . What is the velocity of the particle when its acceleration is zero?

(A) -5.19 (B) 0.74 (C) 1.32 (D) 2.55 (E) 8.13

27.

The function f given by f(x)=x"+12x—24 is

(A) increasing for x < -2, decreasing for —2 < x < 2, increasing for x > 2

(B) decreasing for x <0, increasing for x >0

(C) increasing for all x

(D) decreasing for all x
(E) decreasing for x < -2, increasing for —2 < x < 2, decreasing for x > 2

5000 . . SO0/ v ax) g
28. jl (13 ~11 )dx+j2 (11 ~13 )dx_

(A) 0.000 (B) 14.946 (C) 34.415 (D) 46.000 (E) 136.364
29. 1iml_°°2Se is

0—0 2sin“ 0

(A) 0O (B) % © i D) 1 (E) nonexistent

30.

The region enclosed by the x-axis, the line x =3, and the curve y = Jx is rotated about the
x-axis. What is the volume of the solid generated?

(D) 9= (E) ﬁn

(A) 3n (B) 2\3x (©) s

SN INa}
a
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31 If f(x) =) then f'(x) =
ISR (B) %é () () 6nx) ) (D) 5t (E) 6x°
X
3
2. Of o _
4—x*
N B) = © I D) L2 (E) -In2
3 6 2
dy 2 .
33. Ifd—:2y and if y=-1 when x =1, then whenx =2,y =
X
2 1 1 2
A) —= B) —— C) 0 D) — E) -—
(A) 3 (B) 3 ©) (D) 3 (E)

34. The top of a 25-foot ladder is sliding down a vertical wall at a constant rate of 3 feet per minute.
When the top of the ladder is 7 feet from the ground, what is the rate of change of the distance
between the bottom of the ladder and the wall?

7 .
(A) -3 feet per minute
(B) L feet per minute
24 P
©) 7 feet per minute
24 P
7 .
(D) Y feet per minute
(E) 21 feet per minute
25 P
ax+b . .
35. Ifthe graphof y= has a horizontal asymptote y =2 and a vertical asymptote x =-3,
xX+c
then a+c=
(A) -5 B) -1 € 0 D) 1 (E) 5

AP Calculus Multiple-Choice Question Collection
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2
36. If the definite integral J.O e’62 dx 1is first approximated by using two inscribed rectangles of equal

width and then approximated by using the trapezoidal rule with n = 2, the difference between the

two approximations is

(A) 53.60 (B) 30.51 (C) 27.80 (D) 26.80 (E) 12.78

37. If f is a differentiable function, then f'(a) is given by which of the following?

o L@t )= 1@

L h—0 h
T A AC))
Xx—a X—a
m. lim L hz —/)

(A) Tonly (B) I only (C) TandII only (D) I'and I only (E) L1II, and III

38. [Ifthe second derivative of f'is given by f"(x)=2x—cosx, which of the following could be f(x)?

3
(A) %+cosx—x+1

3
(B) X cosx—x+l

© x> +cosx—x+1
(D) x?—sinx+1

(E) x? +sinx+1

39. The radius of a circle is increasing at a nonzero rate, and at a certain instant, the rate of increase in
the area of the circle is numerically equal to the rate of increase in its circumference. At this
instant, the radius of the circle is

1 1 2
A) — ®) = © - D) 1 (E) 2
T 2 T
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<

40. The graph of y = f(x) is shown in the figure above. Which of the following could be the graph

of y=f (| x |)"
(A) y (B) y © y
! [ )
/R N B T 4 1|1 4 /R N 7 S W
(D) y (E) y
| 3
B/ I T T T S
d ¢x .
41. E-[o cos(2mu)du is
(A) 0 (B) zisinx ©) %cos(2nx) (D) cos(2mx) (E) 2mcos(2mx)
T T
42. A puppy weighs 2.0 pounds at birth and 3.5 pounds two months later. If the weight of the puppy

during its first 6 months is increasing at a rate proportional to its weight, then how much will the
puppy weigh when it is 3 months old?

(A) 42pounds (B) 4.6 pounds (C) 4.8pounds (D) 5.6 pounds (E) 6.5 pounds

AP Calculus Multiple-Choice Question Collection
Copyright © 2005 by College Board. All rights reserved. Available at apcentral.collegeboard.com.

87



43. j xf(x)dx =

(A)

(B)

©

(D)

(E)

x f()= [ x f'(x)dx
2 2
A AL
xZ
xf() =) +C
x f(x)=[ f'(x)dx

2
%j f(x)dx

1993 AP Calculus AB: Section I

44. What is the minimum value of f(x)=xInx?

(A)

—e B) -1

(D) 0 (E) f(x) has no minimum value.

45. If Newton’s method is used to approximate the real root of x> +x—1=0, then a first
approximation x; =1 would lead to a third approximation of x; =

(A) 0.682

AP Calculus Multiple-Choice Question Collection

(B) 0.686

(C) 0.694 (D) 0.750 (E) 1.637
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90 Minutes—Scientific Calculator

Notes: (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.

1.  The area of the region enclosed by the graphs of y = x> and y=Xx1s

1 1 1 5
(A) s (B) 3 © 5 (D) s (E) 1
2. If f(x)=2x+1, then lim f(x);zf(o) is
x—> X
(A) 0 B) 1 © 2 (D) 4 (E) nonexistent

3. Ifpisapolynomial of degree n, n >0, what is the degree of the polynomial Q(x) = J; p(t)dt?

(A) 0 B) 1 ©) n-1 D) n (E) n+l

4. A particle moves along the curve xy =10. If x =2 and % =3, what is the value of ? ?
t

5 6 4 6
A) —— B) —— C 0 D) - E) =
A -3 B) -2 ©) D) < (E) 5
AP Calculus Multiple-Choice Question Collection 89
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5. Which of the following represents the graph of the polar curve » =2sec9 ?

(A) y (B) y (©) y

2
? 1 ) 14
X X

(D) y (E) y
3 '}
ol 1 Iz ~ -z| 0 —
2
6. If x=r>+1 and y:t3, then d—;/:
dx
3 3 3
A) — B) — C) 3¢ D) ot E) =
(A) 4 (B) Y ©) (D) (E) 5
7. J-lx3ex4a’x:
0
1 1
(A) Z(e—l) (B) 2¢ (€) e-l (D) e (E) 4(e-1)
8. If f(x)=In(e*), then f'(x)=
(A) 1 (B) 2 (C) 2x (D) e (E) 2¢ %
AP Calculus Multiple-Choice Question Collection 90
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2
9. If f(x)=1+x3, which of the following is NOT true?

(A) f is continuous for all real numbers.
(B) f hasaminimumat x=0.

(C) f isincreasing for x>0.

(D)  f'(x) exists for all x.

(E) f"(x) is negative for x> 0.

10.  Which of the following functions are continuous at x =17?

I. Inx
M. e
II. In(e* -1)

(A) Tonly (B) Ionly (C) Iandllonly (D) II andIIl only (E) L1, and III
DR X s
9—x?
2 3(.2 2 2 3(2 2 _
A 73 (B) 5(73) C) 93+73 (D) 5(93 + 73) (E) nonexistent

12.  The position of a particle moving along the x-axis is x(¢) = sin(2¢) —cos(3¢) for time #>0.
When ¢ = r, the acceleration of the particle is

1 1
A) 9 (B) 3 © 0 (D) 3 (E) -9
13. Ifﬂzxzy,then y could be
dx
s s 3
(A) 3ln(§j (B) e3 +7 (C) 2e3 (D) 3¢* (E) %+1

AP Calculus Multiple-Choice Question Collection
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14. The derivative of f is xt (x—2)(x+3). At how many points will the graph of f have a relative
maximum?
(A) None (B) One (©) Two (D) Three (E) Four
15. If f(x)=e™ % then f'(x)=
(A) etaﬂ2 X
(B) sec’x plan’ x
(C) tanzx etan2 x—1
(D) 2tanxsec’x etan’x
(E) 2tanx ol x
16.  Which of the following series diverge?
- 2
L.
Z; k% +1
w0 k
6
L > (—J
=1 \7
. >
iz K
(A) None (B) I only (C) I only (D) TandIII (E) Hand I
17. The slope of the line tangent to the graph of In(xy) = x at the point where x =1 is
(A) 0 (B) 1 C) e (D) & (E) l-e
18. If &/™ =1+x2, then f'(x)=
1 2x 2 1432 2
(A) 3 (B) 5 ©) 2x(1+x%) (D) 2x(e ) (E) 2xIn(1+x7)
1+x 1+x
AP Calculus Multiple-Choice Question Collection 92
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y=kx-x2

19. The shaded region R, shown in the figure above, is rotated about the y-axis to form a solid whose

volume is 10 cubic units. Of the following, which best approximates & ?

(A) 151 (B) 2.09 (C) 2.49 (D) 4.18 (E) 4.77

20. A particle moves along the x-axis so that at any time 7> 0 the acceleration of the particle is
_ : ... 5 : R v . ..
a(t)=e 2 Ifat t=0 the velocity of the particle is 5 and its position is 7 then its position at

any time ¢ >0 isx(¢) =

(A) -

(B)

(©) ae? 4241
4

(D) —+3t+1—
2 4

e
E) —+3t+4
E) —

3 2
21. The value of the derivative of y = 4x 8 atx=01s
V2x+1
1 1
(A) -1 ® - © 0 D) = (E) 1
2 2
AP Calculus Multiple-Choice Question Collection 93
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If f(x)= x*e*, then the graph of f is decreasing for all x such that

(A) x<-2  (B) —2<x<0 C) x>-2 (D) x<0 (E) x>0

23.

The length of the curve determined by the equations x = t* and y=tfromt=0tor=41is

®) [ Naldi
®) 2 N+ d
©) j; 2% +1 di
(D) J'SMdt
an;\/m dt

24.

Let fand g be functions that are differentiable for all real numbers, with g(x) =0 for x #0.

If hm f (x)= hm g(x) 0 and lim——= S exists, then lim ——= JSx )

x>0 g "(x) x>0 g(x)

A) 0

/(%)
B J N7
) g'(x)

f'(x)
© Me®
(D) f'()g(x)- f(x)g'(x)
(f(x))

(E) nonexistent

25.

Consider the curve in the xy-plane represented by x =¢’ and y=te™’ for > 0. The slope of the
line tangent to the curve at the point where x =3 is

(A) 20.086 (B) 0.342 (C) -0.005 (D) —0.011 (E) -0.033

AP Calculus Multiple-Choice Question Collection
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27.

If y =arctan(e””), then Y
dx
2x 2x 2x
(a) —2 ®) 2= © - o —— ® —
1— 1+e™ I+e™ 1— e 1+e™

0 n
The interval of convergence of z (x=1) is

n=0 3"
(A) —-3<x<3 (B) -3<x<3 (©C) 2<x<4
(D) —2<x<4 (E) 0<x<2

28.

If a particle moves in the xy-plane so that at time 7 > 0 its position vector is (ln(z‘2 +21), 2t2) , then

at time ¢ =2, its velocity vector is

3 3 1 1 5
w3 @) o) o) e (5

29. I xsec’xdx =
(A) xtanx+C (B) %tanx+C ©) sec? x+2sec’ x tanx+C
(D) xtanx—ln|cosx|+C (E) xtanx+1n|cosx|+C

30. What is the volume of the solid generated by rotating about the x-axis the region enclosed by the

curve y =secx and the lines x=0, y =0, and x = g?

T
(A) NG
B) =
(©) w3
8
(D) 3

(E) nln(%+\/§j

AP Calculus Multiple-Choice Question Collection 95
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31. Ifs, = pox G | to what number does the sequence {s,} converge?
1 5 5100
(A) 3 B) 1 © 2 (D) (ZJ (E) The sequence does not converge.
b b
32. If j f(x)dx=5 and j 2(x)dx = —1, which of the following must be true?
a a
. f(x)>g(x) for a<x<bh
b
I1. J.a (f(x)+g(x))dx=4
b
111 j (f(@g@)de=-5
(A) Tonly (B) 1II only (C) III only (D) II and III only (E) L II, and I1I
33.  Which of the following is equal to I;rsinxdx ?
u 0
2 T :
(A) ji cos x dx (B) jo cos x dx © __sinxdx
2
u 2
(D) [ 2, sinxdx (E) Innsinxdx
2
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40

]
R 0

In the figure above, PQ represents a 40-foot ladder with end P against a vertical wall and end Q on
level ground. If the ladder is slipping down the wall, what is the distance RQ at the instant when QO

: . 3 : .
is moving along the ground 2 as fast as P is moving down the wall?

6 8 80
(A) gm (B) gm (©) N (D) 24 (E) 32

35.

If Fand f are differentiable functions such that F(x) = I; f(t)dt ,and if F(a)=-2 and
F(b)=-2 where a < b, which of the following must be true?

(A)  f(x)=0 for some x such that a < x <b.

(B) f(x)>0forall x such that a < x <b.

(C)  f(x)<0 forall x such that a < x <b.

(D) F(x)<0 for all x such that a < x <b.

(E) F(x)=0 for some x such that a < x <b.

36. Consider all right circular cylinders for which the sum of the height and circumference is
30 centimeters. What is the radius of the one with maximum volume?
30 10
(A) 3cm (B) 10cm (C) 20cm (D) — cm (E) — cm
TT T
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x forx<1
e
37. If f(x)= then X)dx =
S 1 for x > 1, jof()
X
3 1
(A) 0 B = < 2 (D) e (E) e+ 5
38. During a certain epidemic, the number of people that are infected at any time increases at a rate

proportional to the number of people that are infected at that time. If 1,000 people are infected
when the epidemic is first discovered, and 1,200 are infected 7 days later, how many people are
infected 12 days after the epidemic is first discovered?

(A) 343 (B) 1,343 (©) 1,367 (D) 1,400 (E) 2,057
39. If Z—y = l, then the average rate of change of y with respect to x on the closed interval [1,4] is
X X
1 1 2 2
A —— B) —=In2 C) =In2 D) — E) 2
(A) 1 (B) 5 (©) 3 (D) . (E)

40.

Let R be the region in the first quadrant enclosed by the x-axis and the graph of y =In(1+2x— xz) .
If Simpson’s Rule with 2 subintervals is used to approximate the area of R, the approximation is

(A) 0.462 (B) 0.693 (C) 0.924 (D) 0.986 (E) 1.850
X2— X
41. Let f (x)=j_2 ’ etzdt.At what value of x is f(x) a minimum?
1 3
(A) For no value of x (B) ) < = (D) 2 (E) 3
42, lim(1+2x)%" =
x—0
(A) 0 (B) 1 C) 2 (D) e (E) &
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The coefficient of x° in the Taylor series expansion about x =0 for f(x)= sin(xz) is

1 1 1
(A - B) 0 © 7 D) = (E) 1

44,

b
If / is continuous on the interval [a,b], then there exists ¢ such that a < ¢ <b and j f(x)dx =
a

w 9@ OO o je-r@ © re0-0 ® f@b-0

45.

AP Calculus Multiple-Choice Question Collection

If f(x):i(sinz x)k, then /(1) is

k=1

(A) 0.369 (B) 0.585 (C) 2.400 (D) 2.426 (E) 3.426
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Note: 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 3 _
1. Il (4x” —6x)dx=

(A)
(B)
(©)
(D) 36
(E) 42

N BN

2. If f(x)=xv2x-3, then f'(x)=

(A) 3x-3
2x-3
B) ——
2x-3
© —
2x-3
D —x+3
®) 2x-3
(E) 5x—6

2\2x-3

b b
3 Ifjaf(x)dx=a+2b, then ja(f(x)+5)dx:

(A) a+2b+5  (B) Sb-5a  (C) 7b-4a (D) 7b-5a  (E) 7b-6a

4. If f(x):—x3+x+l, then f'(~1)=
X

(A) 3 B) 1 © -1 (D) -3 (E) -5
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5. The graph of y=3x4—16x3+24x2+48 is concave down for
(A) x<0
B) x>0
2
(C) x<-2 or x>—§
2
(D) x<§ or x>2
(E) E<x<2
3
1. L
“fe2gr=
6. Zje dt =
_t L L
(A) e'+C (B) e 2+C e2+C (D) 22+C (E) €+C

d 5. 3
7. —cos (x7) =
e (x7)

(A)  6x%sin(x®)cos(x?)
(B)  6x%cos(x’)
©) sin’(x)
(D) —6x2sin(x*)cos(x*)

(E) 2 sin(x3 ) Cos(x3)

AP Calculus Multiple-Choice Question Collection
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Questions 8-9 refer to the following situation.
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A bug begins to crawl up a vertical wire at time ¢ = 0. The velocity v of the bug at time ¢,
0 <t <8, is given by the function whose graph is shown above.

8. At what value of ¢ does the bug change direction?

(A) 2 (B) 4 € 6 D) 7 E) 8

9.  What is the total distance the bug traveled from =0 to 1 =8 ?

(A) 14 (B) 13 ©) 11 (D) 8 (E) 6

10. An equation of the line tangent to the graph of y =cos(2x) at x =§ is

(A) y—1=—[x—§j
(B) y—1=—2(x—§)
©) y=2(x—§j
(D) y=—(x—§j

(E) y=—2(x—§j
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11. The graph of the derivative of f is shown in the figure above. Which of the following could be the
graph of f?

(A) ¥ (B)

(®) y (D) ¥

12. At what point on the graph of y = %xz is the tangent line parallel to the line 2x -4y =3?

1 1 11 1 1
(A) (E’_Ej (B) (5’§j ©) (la—zJ (D) (sz (E) (2.2)

AP Calculus Multiple-Choice Question Collection 103
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, then f is decreasing on the

13. Let f be a function defined for all real numbers x. If f'(x)=

interval

(A) (—00,2) (B) (—oo,oo) ©) (—2,4) (D) (—2,00) (E) (2,00)

14. Let f be a differentiable function such that /(3)=2 and f'(3) =5. If the tangent line to the graph
of f at x =3 is used to find an approximation to a zero of f, that approximation is

(A) 0.4 (B) 0.5 (C) 26 (D) 3.4 (E) 5.5

15. The graph of the function f is shown in the figure above. Which of the following statements about
f is true?

(A)  lim f(x)= lim /(x)

(B) lim f(x)=2

(€)  lim f(x)=2
(D) lim f(x)=1

(E) lim f(x) does not exist.
xX—a

AP Calculus Multiple-Choice Question Collection 104
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16. The area of the region enclosed by the graph of y:x2 +1 and the line y =35 is
14 16 28 32
A) — B) — ) — D) — E) 8n
(A) 3 (B) 3 © 3 (D) 3 (E)
2, .2 : d’y :
17. If x° +y° =25, what is the value Ofﬁ at the point (4,3)?
X
25 7 7 3 25
A) —— B) -— c) — D) = E)y —
(A) 57 (B) > ()27 ()4 ()27
T tanx
18, [ 4 S—dx is
0 cos”x
(A) 0 B) 1 (©) e-1 (D) e (E) e+l
19. If f(x):ln‘xz—l then f'(x)=

@ |55
(B) ‘xf—fl‘
(©) %
® -

AP Calculus Multiple-Choice Question Collection
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20. The average value of cosx on the interval [—3,5] is

sin5—sin3

(A) 2

sin5—sin3

(B) 5

sin3—sin5

©) 5

sin3+sin5

(D) 5

sin3+sin5

(E) 2

21, lim—— is
x—lInx

(A) O (B) é < 1 (D) e (E) nonexistent

22. What are all values of x for which the function f defined by f(x)= (x2 —-3)e™" is increasing?

(A) There are no such values of x .
(B) x<-1and x>3

(©) -3<xx<l1

(D) -1<x<3

(E) All values of x

23. [If'the region enclosed by the y-axis, the line y =2, and the curve y = Jx is revolved about the
y-axis, the volume of the solid generated is

327 l6m 167 8n
(A = B) — © — D) = (E) =
AP Calculus Multiple-Choice Question Collection 106
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24. The expression L ‘/i +, /i +, /i 4+, /ﬂ is a Riemann sum approximation for
50{ V50 V50 V50 50

(A) j; %dx
(B) _[;\/;dx
©) ijl X dx
(D) lex/}dx

1 ¢50
® -/, Jxdx

25. j xsin(2x) dx=
(A) —gcos(Zx) + % sin(2x)+C
(B) —gcos@x) —%sin(2x) +C
(©) gcos(Zx) —%sin(Zx) +C

(D) —2xcos(2x)+sin(2x)+C

(E) —2xcos(2x)—4sin(2x)+C

AP Calculus Multiple-Choice Question Collection 107
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40 Minutes—Graphing Calculator Required

Notes: (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.

2x
76. If f(x)=S—, then f'(x)=
2x
A) 1
®) > (1-2x)
2x?
(C) er
2x
(2x+1)
(D) %
) e (2x-1)
2x?

77. The graph of the function y = x> +6x% +7x—2cosx changes concavity at x =

(A) -1.58 (B) -1.63 (C) -1.67 (D) -1.89 (E) —2.33

3
78. The graph of f is shown in the figure above. If jl f(x)dx=2.3 and F'(x)= f(x), then

F(3)-F(0) =
(A) 03 (B) 13 ©) 33 (D) 43 (E) 5.3
AP Calculus Multiple-Choice Question Collection 108
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Let f be a function such that lim
h—0

S+ hz AC) =5 . Which of the following must be true?

I. f is continuous at x = 2.
II. f is differentiable at x = 2.

III. The derivative of f is continuous at x =2.

(A) Tonly (B) I only (C) Tandllonly (D) ITand I only (E) II and III only

80.

Let f be the function given by f(x) = 2e ’ . For what value of x is the slope of the line tangent to
the graph of f at (x, /(x)) equal to 3?

(A) 0.168 (B) 0.276 (C) 0318 (D) 0.342 (E) 0.551
81. A railroad track and a road cross at right angles. An observer stands on the road 70 meters south of
the crossing and watches an eastbound train traveling at 60 meters per second. At how many
meters per second is the train moving away from the observer 4 seconds after it passes through the
intersection?
(A) 57.60 (B) 57.88 (©) 59.20 (D) 60.00 (E) 67.40
82. If y =2x-8, what is the minimum value of the product xy ?
(A) -16 (B) -8 ) -4 (D) o (E) 2
83. What is the area of the region in the first quadrant enclosed by the graphs of y =cosx, y =x,
and the y-axis?
(A) 0.127 (B) 0.385 (C) 0.400 (D) 0.600 (E) 0.947
84. The base of a solid S is the region enclosed by the graph of y =+/Inx, the line x =e, and the
x-axis. If the cross sections of S perpendicular to the x-axis are squares, then the volume of S is
1 2 1
(A) 3 B) < <€ 1 D) 2 (E) 5(63 -1
AP Calculus Multiple-Choice Question Collection 109
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85. If the derivative of f is givenby f'(x)=e" — 3x?, at which of the following values of x does f
have a relative maximum value?

(A) —0.46 (B) 0.20 (©) 091 (D) 0.95 (E) 3.73

86. Let f(x)= Jx . If the rate of change of f at x =c is twice its rate of change at x =1, then ¢ =

1 1 1
A 7 B) 1 © 4 (D) 7 (E) NG

87. Attime t >0, the acceleration of a particle moving on the x-axis is a(¢f) =t +sint. At t =0, the
velocity of the particle is —2. For what value ¢ will the velocity of the particle be zero?

(A) 1.02 (B) 1.48 (C) 1.85 (D) 2.81 (E) 3.14

AP Calculus Multiple-Choice Question Collection 110
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¢ X
N0

88. Let f(x)= j * h(t)dt , where h has the graph shown above. Which of the following could be the
a

graph of f?
(A) y
]
a O
©) ¥
(E) v

/

AP Calculus Multiple-Choice Question Collection

(B) v

>

(D) Y
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x |o]os[1o]1.5]20
3135813

89. A table of values for a continuous function f is shown above. If four equal subintervals of [O, 2]

2
are used, which of the following is the trapezoidal approximation of Io f(x)dx?

(A) 8 (B) 12 (C) 16 (D) 24 (E) 32

90. Which of the following are antiderivatives of f(x)=sinxcosx ?

2

L F (x)zsm X
2
I Fx)=2"7
ML F(x) = —2052%)
4
(A) Tonly
(B) M only

(C) I only
(D) IandIII only

(E) I and I only
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Note: 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.

1
1. J.Ox/;(x-i-l)dx:
16 7
A) 0 B) 1 © — D) < (E) 2
15 5
2t . dy
2. If x=e" and y=sin(2¢), then — =
dx
2t .
2t) cos(2t) cos(2t)
A)  4e*cos(2t B ¢ C sin( D E

(A) @ ® s © TEE @ SR @

3.  The function f given by f(x)= 3x° —4x> —3x has a relative maximum at x =
V5 V5

A) -1 (B) - < o (D) = (E) 1
4. i(xeh“‘2 ) =

dx

(A) 1+42x (B) x+x° (C) 3x? D) x° (E) x*+x°

3 ex—Z
5. If f(x)=(x-1)2+ > then f'(2)=
3 7 3+e
A 1 B) = < 2 D) - (E)
2 2
6.  The line normal to the curve y=+/16—x at the point (0,4) has slope
1 1

(A) 8 (B) 4 © 3 (D) 3 (E) -8
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Questions 7-9 refer to the graph and the information below.

The function £ is defined on the closed interval [0,8] . The graph of its derivative f” is shown above.

7. The point (3, 5) is on the graph of y = f(x). An equation of the line tangent to the graph of f at

(3,5) is
A y=2
B) »y=5

(©) y—5=2(x—3)
D) y+5=2(x-3)

(E) y+5=2(x+3)

8.  How many points of inflection does the graph of f have?

(A) Two
(B) Three
(C) Four
(D) Five
(E) Six
AP Calculus Multiple-Choice Question Collection 114
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9. At what value of x does the absolute minimum of f* occur?

(A) 0
B) 2
©) 4
D) 6
(E) 8
10. If y:xy+x2 +1, then when x =-1, @ is
dx
(A) 5 (B) —% (G| (D) 2 (E) nonexistent
© X .
11. Il m dx 18
(A) 1 (B) 1 (©) 1 (D) 1 (E) divergent
2 4 4 2 8
y

y=f)

Qs

12. The graph of f”, the derivative of f, is shown in the figure above. Which of the following

describes all relative extrema of f* on the open interval (a,b) ?

(A) One relative maximum and two relative minima
(B) Two relative maxima and one relative minimum
(C) Three relative maxima and one relative minimum
(D) One relative maximum and three relative minima
(E) Three relative maxima and two relative minima

AP Calculus Multiple-Choice Question Collection 115
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13. A particle moves along the x-axis so that its acceleration at any time ¢ is a(¢) = 2t —7 . If the initial
velocity of the particle is 6, at what time ¢ during the interval 0 <7 <4 is the particle farthest to the

right?
(A) 0 (B) 1 ©) 2 D) 3 (E) 4
14. The sum of the infinite geometric series 3 +—+ 27 + 81 +... 18
2 16 128 1,024
(A) 1.60 (B) 235 (C) 240 (D) 2.45 (E) 2.50

15. The length of the path described by the parametric equations x = cos> ¢ and y= sin® 7, for

OStég,is given by

T
(A) .[02 \/3coszt+3sinzt dt

T
(B) IOZ \/—3 cos’t sinz+3sin’ cost dt

T
(©) .[02 \/9c0s4t+9sin4t dt

T
(D) Ioz \/9cos4t sin? £ +9sin cos? ¢ dt

T
(E) .[02 cos® 7 +sin® 7 dr

h
16. lim<— is
h—0 2h
(A) 0 (B) % < 1 (D) e (E) nonexistent
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17. Let f be the function given by f(x)= ln(3 - x) . The third-degree Taylor polynomial for f about

x=21s
=2 (=2
(A) (x-2)+ > 3
2 3
(B) _(x_z)_(x—z) _(x—2)

2 3

(C) (x=2)+(x=2)*+(x-2)°

=2’ (-2

(D) (r=2)+— 3

(-2 (=2

() (r=2)-— 3

18. For what values of ¢ does the curve given by the parametric equations x = £ —t>-1 and

y= t* +21% -8t have a vertical tangent?

(A) O only
(B) 1 only

(C) 0and % only

(D) 0, %, and 1
(E) No value

%]

19. The graph of y = f(x) is shown in the figure above. If 4, and 4, are positive numbers that

represent the areas of the shaded regions, then in terms of 4, and 4,,
4 4
j S, S()dx=2 j S (dx=

(A) 4, (B) 4, -4, ©) 24,-4, (D) A+ 4, (E)  4,+24,
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0 n
20. What are all values of x for which the series Z% converges?

n=l N
(A) -3<x<3
(B) -3<x<3
(C) -1<x<5
(D) -1<x<5
(E) -1<x<5

21. Which of the following is equal to the area of the region inside the polar curve » =2cos0 and
outside the polar curve » =cos0 ?

T Y T
(A) 3jozcoszede (B) 3j0"coszede (C) %jozcoszﬁdﬁ (D) 3jozcosede (E) 3j;°cosede

22. The graph of f is shown in the figure above. If g(x) =j * f(t)dt, for what value of x does g(x)
a

have a maximum?

(A) a
(B) b
©) ¢
(D) d

(E) It cannot be determined from the information given.
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In the triangle shown above, if 0 increases at a constant rate of 3 radians per minute, at what rate is
X increasing in units per minute when x equals 3 units?

15

A) 3 (B) ) € 4 D 9 (E) 12
30,8
24. The Taylor series for sinx about x =0 is x—?+;—... . If f is a function such that
f'(x)=sin (x2 ), then the coefficient of x’ in the Taylor series for f(x) about x =0 is
1 1 1 1
A) — B) — C) 0 D) —-— E) ——
()7! ()7 ©) D) m (E) =
25. The closed interval [a,b] is partitioned into n equal subintervals, each of width Ax, by the
n
numbers xy,x;,...,x, where a =x5 <x; <x, <---<x,_; <x,=b. Whatis nh_r)n Z\/x_le ?
*i=1
2(.3 3
A) — (b2 —az)
3
303
(B) b%?-a?
=)
C) —|(b*-a?
©) 5
11
(D) b*-a?
11
® 2(pt-]
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Notes: (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.

76.  Which of the following sequences converge?

L { S5n
2n—1
n
1. {e—}
n
n
ne ¢
1+¢€"

(A) Tonly (B) Honly (C) ITandIlonly (D) Iand Il only (E) L II, and III

77. When the region enclosed by the graphs of y =x and y=4x- x> is revolved about the y-axis, the
volume of the solid generated is given by

(A) JIJ-OS(x3—3x2)dx

(B) njj[xz—(4x—x2)2jdx
©) nj§(3x—x2)2dx
D) 2nj3(x3—3x2)dx

0

(E) 2n.[5(3x2 —x° )dx
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(A) f'(e), where f(x)=Inx
®) f(@), where £(x) ="
(© /1), where f(x)=Inx
(D) £'(1), where f(x)=1In(x+e)

(E) f'(0), where f(x)=Inx

79. The position of an object attached to a spring is given by y(¢) = %COS(SI) —%sin(St) , Where ¢ is

time in seconds. In the first 4 seconds, how many times is the velocity of the object equal to 0?

(A) Zero
(B) Three
(C) Five
(D) Six
(E) Seven

80. Let f be the function given by f(x)=cos(2x)+In(3x). What is the least value of x at which the
graph of f changes concavity?

(A) 0.56 (B) 0.93 (©) 118 (D) 2.38 (E) 2.44

81. Let f be a continuous function on the closed interval [-3,6].If f(-3)=-1 and f(6)=3, then

the Intermediate Value Theorem guarantees that
(A) f(0)=0

, 4
B) fl(o)= 5 for at least one ¢ between —3 and 6

(C) —1< f(x)<3 forall x between —3 and 6
(D) f(c)=1 for at least one ¢ between —3 and 6

(E) f(c)=0 for at least one ¢ between —1 and 3

AP Calculus Multiple-Choice Question Collection 121
Copyright © 2005 by College Board. All rights reserved. Available at apcentral.collegeboard.com.



1997 AP Calculus BC:
Section I, Part B

82. If 0<x<4, of the following, which is the greatest value of x such that J.(;C(t2 =2t)dt> J.zxtdt ?

(A) 135 (B) 1.38 C) 141 (D) 1.48 (E) 1.59

83. If ﬂ:(1+lnx)y and if y=1whenx =1, then y =

dx
-
®) "
(B) 1+Inx
C€) Inx
(D) pLrtainx-2
(E) exln X

84. J. x? sin xdx=

(A) —x? cosx—2xsinx—2cosx+C
(B) —x? cosx+2xsinx—2cosx+C

(©) —x% cosx+2xsinx+2cosx+C

3
(D) —x?cosx+C

(E) 2xcosx+C

85. Let f be a twice differentiable function such that f(1)=2 and f(3) =7. Which of the following
must be true for the function f on the interval 1<x<37?

I.  The average rate of change of f is % )
.9
II.  The average value of f is 5

II.  The average value of ' is % :

(A) None

(B) Tonly

(C) HI only

(D) TandIII only
(E) 1II and III only
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36. J’L:
(x=1D(x+3)
1 x—1

A) —In
(A) 4 x+3
1 x+3

B) —In
(B) 4 x—1

+C

+C

(©) %ln‘(x—l)(x—%)‘—i-C

(D) %m

2x+2

(x—l)(x+3)

+C

(E) In|(x-1)(x+3)|+C

1997 AP Calculus BC:

Section I, Part B

87. The base of a solid is the region in the first quadrant enclosed by the graph of y =2 - x?and the

coordinate axes. If every cross section of the solid perpendicular to the y-axis is a square, the

volume of the solid is given by

&) nf (2-y) d

®) [ (2-y)dy

(®) nj

0

V2

(2—x2 )2 dx

(D) I(;/z(2—x2)2dx

(E) J.(;/E(2—x2)dx
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2
88. Let f(x)= J.(;C sint dt . At how many points in the closed interval [0, Jr ] does the instantaneous

rate of change of f equal the average rate of change of f* on that interval?

(A) Zero
(B) One
(©) Two
(D) Three
(E) Four
2
89. If f is the antiderivative of1 = such that f(1)=0,then f(4)=

+x

(A) -0.012 B) 0 (C) 0.016 (D) 0.376 (E) 0.629

90. A force of 10 pounds is required to stretch a spring 4 inches beyond its natural length. Assuming
Hooke’s law applies, how much work is done in stretching the spring from its natural length to 6
inches beyond its natural length?

(A) 60.0 inch-pounds
(B) 45.0 inch-pounds
(C) 40.0 inch-pounds
(D) 15.0 inch-pounds
(E) 7.2 inch-pounds
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Note: 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.

1. What is the x-coordinate of the point of inflection on the graph of y = %x3 +5x2 4249

_10

3 (D) -5 (E) -10

(A) 5 B) 0 ©

2. The graph of a piecewise-linear function f, for —1<x <4, is shown above. What is the value of

4
j S dx?

(A) 1 (B) 2.5 ) 4 (D) 5.5 (E) 8
21
3., =
A - ®) © (D) 1 (E) 2in2
2 24 2
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4. If f is continuous for a < x <b and differentiable for a < x < b, which of the following could be

false?

(A)

(B)
©)
(D)

for some ¢ such that a < c <b.

rio-L0=1@
-a
f'(c)=0 for some ¢ such that a < ¢ <b.

/ has a minimum value on a < x <b.

/ has a maximum value on a < x <bh.

(E) J.j f(x)dx exists.

I “sintdr =
0
(A) sinx (B) —cosx (C) cosx (D) cosx—1 (E) 1—cosx
If x* + xy =10, then when x =2, d_y:
dx
7 2 3 7
(A) 5 B) -2 © - (D) 5 (E) 5
e x* -1
7. J.l . j dx =
(A) et (B) &’ -e (C) é—e+l (D) &*-2 (E) €3
2 2 2
8. Let fand g be differentiable functions with the following properties:
(1) g(x)>0 forall x
i)  f(0)=1
If h(x) = f(x)g(x) and A'(x) = f(x)g'(x), then f(x)=
A [ B) g(x) € & D) 0 E) 1
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9.  The flow of oil, in barrels per hour, through a pipeline on July 9 is given by the graph shown
above. Of the following, which best approximates the total number of barrels of oil that passed
through the pipeline that day?
(A) 500 (B) 600 (C) 2,400 (D) 3,000 (E) 4,800
x? -2
10. What is the instantaneous rate of change at x =2 of the function f given by f(x)= ) ?
x f—
1 1
A) -2 (B) " ©) > D) 2 (E) 6
b
11. If f is alinear function and 0 < a < b, then J- f"(x)dx =
a
ab b —a?
A) 0 B) 1 ©) 5 D) b-a (E) 5
2. 1f £05) Inx for0<x<2 then Tim £(x) i
. X)= en lim f(x) is
lenz for 2 < x <4, x—2
(A) In2 (B) In8 (C) Inlé6 (D) 4 (E) nonexistent
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89
|

The graph of the function f shown in the figure above has a vertical tangent at the point (2, O) and

horizontal tangents at the points (1,—1) and (3,1). For what values of x, —2<x<4,is f not
differentiable?

(A) Oonly (B) Oand2only (C) land3only (D) 0,1,and3only (E) 0,1, 2, and 3

14.

A particle moves along the x-axis so that its position at time ¢ is given by x(¢) = t*—6t+5. For
what value of 7 is the velocity of the particle zero?

(A) 1 (B) 2 © 3 (D) 4 (E) 5

15.

If F(x)=] J\/ﬁ +1 dt, then F'(2) =

(A) -3 (B) -2 ) 2 (D) 3 (E) 18

16.

If £(x)=sin(e™), then f'(x)=

(A) —cos(e™)

(B) cos(e ) +e
(C) cos(e™)—e™*
(D) e cos(e™)

(E) —e *cos(e™)
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_—
;/

17. The graph of a twice-differentiable function f is shown in the figure above. Which of the
following is true?

@A) (<)<,
B) f(1)

<o f
D) [
E) f

18. An equation of the line tangent to the graph of y = x+cosx at the point (0, 1) is

(A) y=2x+1 B) y=x+1 ©) y=x D) y=x-1 (E) y=0

19. If f"(x)=x(x+1)(x- 2)2 , then the graph of f has inflection points when x =

(A) =lonly (B) 2only (C) -landOonly (D) —-land2only (E) -1,0,and 2 only

k
20. What are all values of & for which I_} x2dx=07?

(A) -3 B) 0 < 3 (D) —3and3 (E) -3,0,and3
21. If Z—y = ky and k is a nonzero constant, then y could be
t
(A) 2 (B) 26 €) "+3 (D) kty+5 (E) %kyz +%
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22. The function f is given by f(x)= x*+x% =2. On which of the following intervals is f
increasing?

o ()

(

(©) (0,»)
(D) (_OO, 0)
E) |0 ]
T2
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+ t > X
“/ 0 v

The graph of f is shown in the figure above. Which of the following could be the graph of the

23.
derivative of f?
(A) v (B) "
A
: 0 ~ a 0 b
©) y (D) .

(E) y

St

a 0

131
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24. The maximum acceleration attained on the interval 0 <¢ <3 by the particle whose velocity is given
by v(t) =1 =32 +12t+4 is

(A) 9 (B) 12 (C) 14 (D) 21 (E) 40

25. What is the area of the region between the graphs of y = x> and y=—x fromx=0tox=2?

2 8 14 16

(A) 3 B) - © 4 (D) 3 (E) 3
X 0(1]2
)1 k]2

26. The function f is continuous on the closed interval [O, 2] and has values that are given in the table

above. The equation f(x) =% must have at least two solutions in the interval [0, 2] if k=

(A) 0 (B) © 1 D) 2 (E) 3

1
2

27. What is the average value of y = x?/x> +1 on the interval [O, 2] ?

26 52 26 52
A B © = D) = (E) 24

28. If f(x)=tan(2x), then f’(%):

(A) 3 (B) 243 C) 4 (D) 43 (E) 8
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50 Minutes—Graphing Calculator Required

Notes: (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.

D2

76. The graph of a function f is shown above. Which of the following statements about f is false?

(A) f iscontinuous at x=a.
(B) f has arelative maximum at x =a.
(C) x=a isin the domain of f.

(D) lim+ f(x) isequalto lim f(x).

X—a X—>a

(E) lim f(x) exists.

X—a

77. Let f be the function given by f(x) = 3¢?* and let g be the function given by g(x) = 6x°. At what
value of x do the graphs of f and g have parallel tangent lines?

(A) —0.701
(B) —0.567
() -0.391
(D) —0.302
(E) —0.258
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The radius of a circle is decreasing at a constant rate of 0.1 centimeter per second. In terms of the
circumference C, what is the rate of change of the area of the circle, in square centimeters per
second?

(A) —(02)xC
B) —(0.1)C
(01)C
©) o
@) (0.1C

€  (0.1)*=C

79.

+ t—— X + P {/\lv‘
/Y K N T o

The graphs of the derivatives of the functions f, g, and / are shown above. Which of the functions
f, g or h have a relative maximum on the open interval a <x <b?

(A) f only

(B) gonly

(C) honly

(D) f and g only
(BE) fgandh

80.

AP Calculus Multiple-Choice Question Collection

cos’x 1

-5 How many critical values

The first derivative of the function f is given by f'(x)=

does 1" have on the open interval (0,10)?

(A) One
(B) Three
(C) Four
(D) Five
(E) Seven
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81. Let f be the function given by f(x)= | X | Which of the following statements about f* are true?

I.  fiscontinuousat x=0.
II. [ is differentiable at x =0.
III.  f has an absolute minimum at x=0.

(A) Tonly (B) HHonly (C) Hlonly (D) IandIllonly (E) II and III only

3
82. If f is a continuous function and if F'(x)= f(x) for all real numbers x, then j-l f (2x)dx =

(A) 2F3)-2F(1)
B) LFG)-F()
2 2

(C) 2F(6)-2F(2)
(D) F(6)-F(2)

1 1
(E) SF(O)-7FQ2)

2 2
83. If a0, then lim " is
x—>ax —a
1 1 1 )
(A) — (B) — (©) — (D) o (E) nonexistent
a 2a 6a

. . . d . . .
84. Population y grows according to the equation ?y = ky, where k is a constant and ¢ is measured in
t

years. If the population doubles every 10 years, then the value of & is

(A) 0.069 (B) 0.200 (C) 0301 (D) 3.322 (E) 5.000
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x 21511718
f(x) | 10]30]40 |20

85. The function f is continuous on the closed interval [2,8] and has values that are given in the table

above. Using the subintervals [2,5], [5,7], and [7,8], what is the trapezoidal approximation of

jjf(x)dx?

(A) 110 (B) 130 (C) 160 (D) 190 (E) 210

86. The base of a solid is a region in the first quadrant bounded by the x-axis, the y-axis, and the line
x+2y =28, as shown in the figure above. If cross sections of the solid perpendicular to the x-axis

are semicircles, what is the volume of the solid?

(A) 12.566 (B) 14.661 (C) 16755 (D) 67.021 (E) 134.041

87.  Which of the following is an equation of the line tangent to the graph of f(x) = x*+2x? at the
point where f'(x)=1?

(A) y=8x-5
B) y=x+7
(C) y=x+0.763
(D) y=x-0.122
(E) y=x-2.146

3
|
88. Let F(x) be an antiderivative of M If F(1)=0, then F(9)=
X

(A) 0.048 (B) 0.144 (C) 5.827 (D) 23.308 (E) 1,640.250
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If g 1s a differentiable function such that g(x) <0 for all real numbers x and if

f(x)= (xz — 4) g(x), which of the following is true?

(A) f has arelative maximum at x = -2 and a relative minimum at x =2.
(B) f has arelative minimum at x = -2 and a relative maximum at x =2.
(C) f hasrelative minimaat x=-2 andat x=2.

(D) f hasrelative maxima at x=-2 and at x=2.

(E) It cannot be determined if f has any relative extrema.

90.

If the base b of a triangle is increasing at a rate of 3 inches per minute while its height /4 is

decreasing at a rate of 3 inches per minute, which of the following must be true about the area 4 of

the triangle?

(A) A is always increasing.

(B) A4 is always decreasing.

(C) A4 is decreasing only when b<h.
(D) A4 is decreasing only when b > h.
(E) A4 remains constant.

91. Let f be a function that is differentiable on the open interval (1,10) Jdf f(2)=-5, f(5)=5, and

f(9)=-5, which of the following must be true?

I.  f has at least 2 zeros.
II.  The graph of f has at least one horizontal tangent.
III.  Forsomec, 2<c<5, f(c)=3.

(A) None

(B) Tonly

(C) TandII only

(D) TandIII only

(E) L 1II, and III
92. If0<k <§ and the area under the curve y =cosx from x=k to x zg is 0.1, then £ =

(A) 1471 (B) 1.414 ©) 1277 (D) 1.120 (E) 0.436
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Note: 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.

1. What are all values of x for which the function f defined by f(x)= X 43x2—9x+7 is

increasing?
(A) -3<xx<l1
B) -1<x<I

(C) x<-3orx>1
(D) x<-1or x>3
(E) All real numbers

2. Inthe xy-plane, the graph of the parametric equations x =5¢+2 and y =3¢, for -3<¢<3,isaline
segment with slope
>

A) % ®) © 3 D) 5 E) 13

3. The slope of the line tangent to the curve y* +(xy+1)° =0 at (2,~1) is

3 3 3 3
A) —— B) —— C 0 D) - E) —
(A) 5 (B) 2 ©) (D) (E) 5
1
4 dx =
J‘)c2—6x+8
A) “m|*=%ic
2 | x=2
1 x—2
B) -1
®) 2 ! x—4 e
(©) %ln‘(x—2)(x—4)‘+C
(D) %ln‘(x—4)(x+2)‘+C
(B) In|(x-2)(x-4)|+C
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5. If f and g are twice differentiable and if i(x) = f(g(x)), then A"(x) =

(A)
(B)
©
(D)
(E)

"(g(0)[g @] + £ (g(x)g"x)
"(g(x)g'(x)+ f'(g(x)g"(x)

4

(
(
(g@)[g'@]
(
(

i
f
/" (g()
/" (8(0)g"(x)
/" (8()

g(x)

AP Calculus Multiple-Choice Question Collection

Copyright © 2005 by College Board. All rights reserved. Available at apcentral.collegeboard.com.

139



1998 AP Calculus BC:
Section I, Part A

6. The graph of y = A(x) is shown above. Which of the following could be the graph of y =/4'(x)?

(A)

(B)

v

(©)

R

-,
1

(D)

-

&2
7

(E)

-

s
T
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2 2
(A) e—t (B) e’ —e © Lerl @ 22 @® £-2
e 2 2

8. Ifd—y:sinxcoszxand if y=0 when ng, what is the value of y when x=07?

dx
1
A) -1 (B) -3 © o D) - (E) 1
2001 F : ______ 4:_
: ) |
T ! ‘ :
£ 1001 ! N U -
: I
‘Ei | i | ]
= | | | |
0 6 12 18 24

Hours

9.  The flow of oil, in barrels per hour, through a pipeline on July 9 is given by the graph shown
above. Of the following, which best approximates the total number of barrels of oil that passed
through the pipeline that day?

(A) 500 (B) 600 (C) 2,400 (D) 3,000 (E) 4,800

10. A particle moves on a plane curve so that at any time ¢ > 0 its x-coordinate is > —t and its

y-coordinate is (2t - 1)3 . The acceleration vector of the particle at 1 =1 is

(A (0,1) B) (2.3) ©) (2,6 D) (612) () (6,24)

b
11. If f is a linear function and 0 < a < b, then J‘ f"(x)dx =
a

ab b* —a?
A) O B) 1 © — (D) b-a (E)

AP Calculus Multiple-Choice Question Collection
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2. I £ Inx forO<x<2 hen Tim £(x) |
. Xx)= then Iim f(x) 1s
x*In2 for2<x<4, x—>2
(A) In2 (B) In8 (C) Inlé6 (D) 4 (E) nonexistent

89
|

13. The graph of the function f shown in the figure above has a vertical tangent at the point (2, O) and

horizontal tangents at the points (1,—1) and (3,1). For what values of x, -2 <x <4, is f not
differentiable?

(A) Oonly (B) Oand2only (C) land3only (D) 0,1,and3only (E) 0,1, 2, and 3

14. What is the approximation of the value of sin 1 obtained by using the fifth-degree Taylor
polynomial about x =0 for sinx ?

A 1- % + 2—14
B) 1- % + %
< 1- % + é
(D) 1- % + %
(B) 1 —% + %
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15.

jxcosxdx:

(A) xsinx—cosx+C
(B) xsinx+cosx+C

(C) —xsinx+cosx+C

(D) xsinx+C

(E) %xz sinx+C

1998 AP Calculus BC:
Section I, Part A

16.

If f is the function defined by f(x) = 3x° —5x*, what are all the x-coordinates of points of

inflection for the graph of f?

A) —1

(D) Oand 1 (E) -1, 0,and 1

17.

—

The graph of a twice-differentiable function f is shown in the figure above. Which of the

following is true?

@A) (<M< srQ
B) f()<f"(1)<sf(1
(

© f)<rs
D) ()< s(1)
E) [ )<sf

AP Calculus Multiple-Choice Question Collection
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18.  Which of the following series converge?

- N — cos(nm) = 1
L. ;“2 1. E . 111 nzz‘i;
(A) None
(B) IIonly

(C) I only
(D) Tand II only
(E) Iand I only

19. The area of the region inside the polar curve » =4sin0 and outside the polar curve » =2 is given
by

3n 5n
(A) %jo"(4sme—2)2de (B) %jn“ (4sin6-2)°d6  (C) %jf (4sin6-2)" do
4 6
2 1
6 .2 T 2
(D) EI;“ (16sm 9—4)de (E) Ejo(lésm 6—4)d9

20. When x =8, the rate at which \3/; 1s increasing is 7 times the rate at which x is increasing. What

is the value of k£ ?

(A) 3 (B) 4 ©) 6 (D) 8 (E) 12

21. The length of the path described by the parametric equations x = %t3 and y = %tz , Where

0<t<1,is given by
(A) j; 2 +1d1
B) [N +id
(©) .[; 1% d
(D) %j; 4+t di

(E) %joltZ\Mtz +9dt
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b
22. If lim I ax is finite, then which of the following must be true?
b—0 1 xp

o0

(A) z Lp converges

n=1 1

0

(B) Z Lp diverges

n=1 1

|
©) Z 5 converges
n=l n~

|
(D) z T converges
n=1 np—

=1 )
(E) ; W diverges

23. Let f be a function defined and continuous on the closed interval [a,b] . If f has a relative

maximum at ¢ and a < ¢ < b, which of the following statements must be true?

I.  f'(c) exists.
II. If f'(c) exists, then f'(c)=0.
II. If f"(c) exists, then f"(c)<0.

(A) Ionly (B) Hlonly (C) IandIlonly (D) IandIIlonly (E) II and III only
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24. Shown above is a slope field for which of the following differential equations?

dy dy 2 dy dy x dy
A) —=1+ B) L= C) ——=x+ D) == E) —==1
()dx x ()dxx ()dxxy()dxy ()dx ny
25. jooxze_Xde is
0
1 1 )
(A) 3 B) 0 (©) 3 (D) 1 (E) divergent

26. The population P(¢) of a species satisfies the logistic differential equation C;—P = P[Z P ) ,
t

5000
where the initial population P(0)=3,000 and ¢ is the time in years. What is lim P(¢) ?
{—0
(A) 2,500 (B) 3,000 (C) 4,200 (D) 5,000 (E) 10,000

27. If z a,x" is a Taylor series that converges to f(x) for all real x, then f'(1) =

n=0
@A) 0 ®) © Xa, D) >rna,  (B) Yna,"
n=0 n=1 n=1
leetzdt

28. lim 1S

x—l x2 -1

A 0 B) 1 ©) % (D) e (E) nonexistent
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Notes: (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.

kn n
© (_1 °Y)
76. For what integer k, k > 1, will both zu and Z[%j converge?
n=1

n=l h

(A) 6 B) 5 © 4 D) 3 (E) 2

77. If f is a vector-valued function defined by f(¢) = (e_t, cost) ,then f"(t)=

(A) —e! +sint (B) e’ —cost (©) (—e—f,—sint)

(D) (e_t,cost) (E) (e_’,—cost)

78. The radius of a circle is decreasing at a constant rate of 0.1 centimeter per second. In terms of the
circumference C, what is the rate of change of the area of the circle, in square centimeters per

second?

(A) —(O.Z)nC

(B) —(O.I)C
(0.)C

©) e

M) (0.1)°C

E) (0.1)=C
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2
79. Let f be the function given by f(x)= w For what positive values of a is f

continuous for all real numbers x?

(A)
(B)
©
(D)
(E)

None

1 only

2 only

4 only

1 and 4 only

X —d

80. Let R be the region enclosed by the graph of y =1+ ln<cos4 x) , the x-axis, and the lines x = —%

and x :§ . The closest integer approximation of the area of R is

(A) 0 B) 1 2 (D) 3 (E) 4
81, 1t Y= [1-)? thend—Qy:
. dx ’ dx?
A) -2y ®) -y - D) E® L
-y 2

82. If f(x)=g(x)+7 for 3<x<5, then J.; [f(x)—i—g(x)]dxz

(A)

(B)

©

(D)

(E)

2.[35 g(x)dx+7
5

2]3 g(x)dx+14
5

2I3 g(x)dx+28
5

J.3 g(x)dx+7

I; g(x)dx+14
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1998 AP Calculus BC:
Section I, Part B

00 _ n
83. The Taylor series for Inx, centered at x =1, is Z‘(—l)"+1 (x 1)

n=l1

the sum of the first three nonzero terms of this series. The maximum value of | Inx— f(x) | for
03<x<1.7 is

. Let f be the function given by

(A) 0.030 (B) 0.039 (C) 0.145 (D) 0.153 (E) 0.529

; - (x + 2)"
&84. What are all values of x for which the series z

n=l1 \/;

(A) -3<x<-1 (B) -3<x<-1 (C) -3<x<-1 (D) -1<x<l (E) -l<x<lI

converges?

X 215 71 8
f(x) | 10]30]40 |20

85. The function f is continuous on the closed interval [2,8] and has values that are given in the table

above. Using the subintervals [2,5], [5,7], and [7,8], what is the trapezoidal approximation of

jff(x)dx?

(A) 110 (B) 130 (C) 160 (D) 190 (E) 210

86. The base of a solid is a region in the first quadrant bounded by the x-axis, the y-axis, and the line
x+2y =38, as shown in the figure above. If cross sections of the solid perpendicular to the x-axis

are semicircles, what is the volume of the solid?

(A) 12.566 (B) 14.661 (C) 16.755 (D) 67.021 (E) 134.041
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1998 AP Calculus BC:
Section I, Part B

87. Which of the following is an equation of the line tangent to the graph of f(x) = x* +2x? at the
point where f'(x)=1?

(A) y=8x-5
B) y=x+7
(C) y=x+0.763
(D) y=x-0.122
(B) y=x-2.146

M":g(”
+— X

0| a b

88. Let g(x) :I " f(t)dt, where a < x <b. The figure above shows the graph of g on [a,b]. Which of
a

the following could be the graph of 1 on [a,b]?

Ay (B) © v

[ 3 [

o« b o;,\/;; ol a4

Dy v E v
4 3
/\/ . | /\ .
Ol a b ol o/ b
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1998 AP Calculus BC:
Section I, Part B

89. The graph of the function represented by the Maclaurin series

2 3 1\ n
1_x+x__x_+ +m

+... intersects the graph of » =x> atx=
2! 3! n!

(A) 0.773 (B) 0.865 (C)  0.929 (D) 1.000 (E) 1.857

90. A particle starts from rest at the point (2, O) and moves along the x-axis with a constant positive
acceleration for time ¢ > 0. Which of the following could be the graph of the distance s(¢) of the
particle from the origin as a function of time ¢ ?

—_— 2
~'\
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91.

1998 AP Calculus BC:
Section I, Part B

t (sec) 02|46
a(t) (f/sec®) | 5| 2| 8 | 3

The data for the acceleration a(¢) of a car from 0 to 6 seconds are given in the table above. If the

velocity at =0 is 11 feet per second, the approximate value of the velocity at ¢ = 6, computed
using a left-hand Riemann sum with three subintervals of equal length, is

(A) 26 ft/sec (B) 30 ft/sec (C) 37 ft/sec (D) 39ft/sec (E) 41 ft/sec

92.

AP Calculus Multiple-Choice Question Collection

Let f be the function given by f(x) = x?>—2x+3.The tangent line to the graph of f at x=2 is
used to approximate values of f(x). Which of the following is the greatest value of x for which
the error resulting from this tangent line approximation is less than 0.5?

(A) 24 (B) 2.5 ©) 26 (D) 2.7 (E) 2.8
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1969 Answer Key

1969 AB 1969 BC
1. B 24.C 1. C 24.C
2. C 25.A 2. E 25. A
3. B 26.C 3. B 26.C
4. D 27.C 4. D 27.C
5. E 28.C 5. E 28.D
6. B 29.A 6. B 29.C
7. D 30.E 7. D 30.D
8 B 31.C 8 C 31.C
9. C 32.B 9. D 32.B
10.E 33.A 10. A 33.A
11.B 34.D 11.B 34.D
12. A 35. A 12.E 35. A
13.C 36.B 13.C 36.B
14.E 37.D 14.D 37.D
15.B 38.C 15.B 38. A
16.B 39.D 16.B 39.D
17.B 40.E 17.B 40.E
18. E 41.D 18. E 41.D
19.C 42.D 19.C 42.B
20. A 43.D 20. A 43.E
21.B 44.C 21.B 44.E
22.E 45.D 22.E 45.E
23.C 23.D
AP Calculus Multiple-Choice Question Collection 153
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1973 Answer Key

1973 AB 1973 BC
1. E 24. B 1. A 24. A
2. E 25.B 2. D 25.B
3. B 26.E 3. A 26.D
4. A 27.E 4. C 27.E
5 A 28.C 5 B 28.C
6. D 29.C 6. D 29. A
7 B 30.B 7D 30.B
8. B 31.D 8. B 31.E
9 A 32.D 9 A 32.C
10. C 33.A 10. A 33.A
11.B 34.C 11.E 34.C
12.C 35.C 12.D 35.C
13.D 36. A 13.D 36.E
14.D 37. A 14. A 37.E
15.C 38.B 15.C 38.B
16. C 39.B 16. A 39.D
17.C 40. E 17.C 40.C
18. D 41.D 18. D 41.D
19.D 42.D 19.D 42.D
20.D 43 E 20. E 43 E
21.B 44. B 21.B 44. A
22.B 45.C 22.C 45. E
23.C 23.C
AP Calculus Multiple-Choice Question Collection 154
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1985 Answer Key

1985 AB 1985 BC
1. D 24.D 1. D 24.D
2. E 25.E 2. A 25.C
3. A 26.E 3. B 26.E
4. C 27.D 4. D 27.E
5. D 28.C 5. D 28.E
6. C 29.D 6. E 29.D
7. E 30.B 7. A 30.B
& B 31.C 8. C 31.D
9. D 32.D 9. B 32.E
10.D 33.B 10. A 33.C
11.B 34.A 11. A 34. A
12.C 35.D 12. A 35.B
13. A 36.B 13.B 36.E
14.D 37.D 14. C 37. A
15.C 38.C 15.C 38.C
16.B 39.E 16.C 39. A
17.C 40.D 17.B 40. A
18.C 41.E 18.C 41.C
19.B 42.C 19.D 42.E
20. A 43.B 20. C 43. E
21.B 44. A 21.B 44. A
22.A 45. A 22. A 45.D
23.B 23.C
AP Calculus Multiple-Choice Question Collection 155
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1988 Answer Key

1988 AB 1988 BC
1. C 24.C 1. A 24.D
2. D 25.B 2. D 25.D
3. A 26.E 3. B 26.C
4. E 27.E 4. E 27.B
5. A 28.C 5. C 28.E
6. D 29.B 6. C 29.B
7. D 30. A 7. A 30.C
8. B 31.C 8. A 31.C
9. E 32.A 9. D 32.E
10.C 33.A 10.D 33.E
11. A 34.D 11. A 34.C
12. B 35.B 12.B 35.A
13. A 36.C 13.B 36.EorD
14.D 37.D 14. A 37.D
15.B 38.E 15.E 38.C
16.C 39.E 16. A 39.C
17.D 40.B 17.D 40.E
18. E 41. A 18. E 41.B
19.B 42.C 19.B 42.A
20. C 43.B 20. E 43. A
21.C 44.C 21.D 44. A
22.C 45.D 22.E 45.B
23.B 23.E
AP Calculus Multiple-Choice Question Collection 156
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1993 Answer Key

1993 AB 1993 BC
1. C 24. A 1. A 24.C
2. B 25.C 2. C 25.D
3. D 26.D 3. E 26.B
4. A 27.C 4. B 27.C
5. A 28.B 5. D 28. A
6. D 29.C 6. A 29.E
7. B 30.C 7. A 30.C
8. E 31.E 8. B 31.A
9. E 32.A 9. D 32.B
10.D 33.B 10. E 33.A
11.C 34.D 11.E 34.E
12. B 35.E 12. E 35.A
13. A 36.D 13.C 36.E
14. A 37.C 14. B 37.B
15.D 38. A 15.D 38.C
16.B 39.D 16. A 39.C
17.E 40.C 17. A 40. C
18.D 41.D 18. B 41.C
19.E 42.B 19.B 42. E
20.B 43.B 20. E 43. A
21.C 44.C 21. A 44 . E
22.E 45.B 22.B 45.D
23.C 23.D
AP Calculus Multiple-Choice Question Collection 157
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1997 Answer Key

1997 AB 1997 BC
1. C 21.E 1. C 21. A
2. A 22.D 2. E 22.C
3. C 23. A 3. A 23.E
4. D 24.B 4. C 24.D
5. E 25. A 5. C 25. A
6. C 76. E 6. A 76. D
7. D 717.D 7. C 71.E
8. C 78.D 8. E 78. A
9. B 79.C 9. A 79.D
10. E 80. A 10. B 80. B
11.E 81. A 11.C 81.D
12. B 82.B 12. A 82.B
13. A 83.C 13.B 83.E
14.C 84.C 14.C 84.C
15.B 85.C 15.D 85.D
16.D 86. A 16.B 86. A
17. A 87.B 17.B 87.B
18.C 88. E 18.C 88.C
19.D 89.B 19.D 89.D
20.E 90.D 20.E 90.B
AP Calculus Multiple-Choice Question Collection 158
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1998 Answer Key

1998 AB 1998 BC
1. D 24.D 1. C 24.C
2. B 25.D 2. A 25.C
3. C 26. A 3. D 26.E
4. B 27. A 4. A 27.D
5. E 28.E 5. A 28.C
6. A 76. A 6. E 76. D
7. E 71.C 7. E 71.E
8. E 78. B 8. B 78.B
9. D 79. A 9. D 79. A
10.D 80. B 10. E 80. B
11. A 81.D 11. A 81.B
12. E 82.E 12. E 82.B
13.B 83.B 13.B 83.C
14. C 84. A 14. E 84.B
15.D 85.C 15.B 85.C
16. E 86.C 16.C 86. C
17.D 87.D 17.D 87.D
18. B 88.C 18. B 88.C
19.C 89.B 19.D 89. A
20. A 90.D 20.E 90. A
21.B 91.E 21.C 91.E
22.C 92.D 22. A 92.D
23.A 23.E
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1969 Calculus AB Solutions

1. B  Sine is the only odd function listed. sin(—x) = —sin(x) .
2. C Int<0for0<t<1=In(x-2)<0for2<x<3.

3. B Needtohave lir%f(x):f(Z):k.
x—>

) \/2x+5—\/x+7 ) \/2x+5—\/x+7 \/2x+5+\/x+7
k = lim = lim .
x—2 x—2 x—2 x—2 \/2x+5+\/x+7
2x+5—(x+7
i 225 047) ! = lim 1 1

x—2 x—2 '«/2x+5+\/x+7 x—>2x/2x+5+x/x+7_g

4. D j: dx =2\/1+x0:2(3—1)=4

5. E  Using implicit differentiation, 6x+2xy'+2y+2y-y'=0. Therefore y’:%.
x+2y
When x=1, 342y+)* =2=0= > +2y+1=(p+1)> = y=-1
Therefore 2x+2y =0 and so % is not defined at x =1.
X

6. B This is the derivative of f (x):8x8 atx:%
7
1 1 1
—|=64| = | ==
el -

7. D  With f(x):x+£,weneedOZf’(—Z)zl—g and so k=4. Since f"(-2)<0 fork=4, f
x

does have a relative maximum at x =-2.

8. B p(x)=g(x)(x—1)+12 for some polynomial g(x)andso 12=p(1)=(1+2)(1+k)= k=3

dA d . . . dA d
9. C A=nr’, Z=2nr 2" and from the given information in the problem — = 24
dt dt dt dt
d d 1
So, 2—r:2nr-—r:> r=—
dt dt T
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1969 Calculus AB Solutions

10. x=e¢’=>y=Inx
x? 1
11. Let L be the distance from | x, 5 and (O, _Ej
2
2
1
P =(x=0)+ =
-0 1]
2
PV | [ S (x)
dx 2 2
2
x= 1
2x+2| ———|(=x 2
dL _ [2 2J( )_2x+x3—x_x3+x_x(x +1)
dx 2L 2L 2L 2L
dL dL .. .
a’_ <0 forall x <0 and d_ >0 for all x > 0, so the minimum distance occurs at x =0.
X X
The nearest point is the origin.
12. 4 :2( 4 j:>x—1:4x—2; x:l
2x—1 x—1 3
k n/2 . . T . T
13. I cosxdx=3j cosxdx; smk—sm(——j=3(sm——smkj
-2 k 2 2
sink+1=3-3sink; 4sink:2:>k:%
14. y:x5—1 has an inverse x:y5—1:>y=\5/x+1
15. The graphs do not need to intersect (eg. f(x)=—e " and g(x)=e ). The graphs could
intersect (e.g. f(x)=2x and g(x)=x). However, if they do intersect, they will intersect no
more than once because f(x) grows faster than g(x).
16. y'>0= y is increasing; y" <0 = the graph is concave down . Only B meets these
conditions.
17. ¥ =20x" =5x*, »"=60x> —20x’ = 20x? (3-x). The only sign change in " isat x=3.
The only point of inflection is (3,162).
AP Calculus Multiple-Choice Question Collection 161
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1969 Calculus AB Solutions

18. There is no derivative at the vertex which is located at x =3.
19. %z 1—;nt >0 for 0<t<e and §<O for ¢t > e, thus v has its maximum at r =e.
t t t
|
20. ¥(0)=0 and y'(0) = A 1 -1 . The tangent line is
x2 x=0 4_x2 x=0 2
1_7
4
1
y==—x=>x-2y=0.
2
21. f'(x)=2x-2¢, f'(0)=-2,s0 f is decreasing
22. In e2* =2x:>i(1ne2")=i(2x) =2
dx dx
23 J‘zerdx:ler 2=l(64—1)
' 0 0o 2
24. y=Insinx, y'=Cf)5x=cotx
sin x
2m 1 2m ..
25. J. —dx=Inx| =In(2m)-In(m)=In2 so the area is independent of m.
m-x m
26 e o tde= [ x—t|dx= [ —(x-1)dr =L (x-1)] =2
. J.o x°=2x+ x—I0|x— | x—IO—(x—) x——a(x—) =3
Alternatively, the graph of the region is a right triangle with vertices at (0,0), (0,1), and (1,0).
1
The area is —.
2
217. J.tanxdx=J- Slnxabc=—ln|cosx|+C=ln|secx|+C
COS X
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1969 Calculus AB Solutions

28. C  ~fBcosx+3sinx canbe thought of as the expansion of sin(x + y). Since +/3 and 3 are too
large for values of sin y and cos y, multiply and divide by the result of the Pythagorean

Theorem used on those values, i.e. 2\/§ . Then

\/gcosx+3sinx:2x/§ £cosx+isinx 22\/5 lcosx+£sinx
243 23 2 2

:2\/§(sinycosx+cosysinx):2\/§sin(y+x)

where y = sin”! (%j The amplitude is 243.

Alternatively, the function f(x) is periodic with period 2. f'(x)=—/3sinx+3cosx=0

when tan x =+/3 . The solutions over one period are x = 2,4—; . Then f (gj =23 and

f(%) =-2+/3.. So the amplitude is 2+/3.

m/
m/

2
J.ﬁ/ cosx izlnl—lnizln\/i

2

30. E  Because fis continuous for all x, the Intermediate Value Theorem implies that the graph of f
must intersect the x-axis. The graph must also intersect the y-axis since f is defined for all x,
in particular, at x = 0.

29. A dx = In (sin x)|

/4 sinx

d _ _ _ _
31. C d—y:—y:y:cexandlzce1:c=e;y=e-ex=elx
X
3. B If a<Othen lim y=o0and lim y=—o which would mean that there is at least one root.
X—>—00 X—>0
If a>0then lim y=-o and lim y=o which would mean that there is at least one root.
X—>—00 X—>0

In both cases the equation has at least one root.

Al

2
33, A L[Pas a3 L
37-1 3\ 4

3
, 1 . . , 2 I 3
3. D y=-—,50 the desired curve satisfies y'=x" = y = gx +C
X
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1969 Calculus AB Solutions

35. A a(t)=24*, v(t)=8"+C and w(0)=0= C=0. The particle is always moving to the

2 2
right, so distance = J.o 8rdr=21*| =32.
0
36. B y=+4+sinx, y(0)=2, y'(0)= _cos0 = 1 . The linear approximation to y is
24 +sin0

L(x)= 2+ix.L(l.2) = 2+%(1.2) =2.03

37. D  All options have the same value at x = 0. We want the one that has the same first and second

derivatives at x=0 as y=cos2x: y'(0)=-2sin2x =0and y"(0)=—-4cos2x| =-4.
x=0 x=0
For y=1-2x%, y'(0)=—4x| =0and y"(0)=—4 and no other option works.
2
38. € [Srdr= —1j X (B3xld) = e 4 C=——_iC
e’ 3 3 3¢
39. D x=e=v=1,u=0, y=0; d—y=d—y~ﬂ-ﬂ=(seczu) 1+L (l)z(l)(Z)(e_l)=E
dx du dv dx v x e

40. E  One solution technique is to evaluate each integral and note that the value is for each.

n+l1

Another technique is to use the substitution u =1—x; J;(l —x)"dx = Lou" (—du)= j; u" du .

. . 1 . 1
Integrals do not depend on the variable that is used and so J-Ou” du is the same as jo x" dx.

2 1
+ —x
-1 3

3

3
2:27%

42. D y= X =3x2+k, y'= 3x% —6x = 3x(x—2).So f has a relative maximum at (0,k) and a
relative minimum at (2,k —4). There will be 3 distinct x-intercepts if the maximum and

41. D J.31f(x)dx:I_zl(8—x2)dx+'[23x2dx:(Sx—%x?’j

minimum are on the opposite sides of the x-axis. We want k —-4<0<k=>0<k <4.

43. D [sin(2x+3)dx= —%cos(2x+3)+C

AP Calculus Multiple-Choice Question Collection 164
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1969 Calculus AB Solutions

44. C  Since cos2A4=2cos> A—1, we have 3—2cos> % =3—(1+cos %) and the latter

expression has period _2n_ =3
2n
)
45. D Let y=f(x’). We want y" where f'(x)=g(x)and f"(x)=g'(x)= f(x)
y=fx)
yr :fr(x3)_3x2
y"=3x? (f"(x3)-3x2)+f'(x3)-6x

=9x* ") +6x £1(x>) =9x* £((xP)?) +6x g(x®) =9x* F(x®) + 6x g(x°)

AP Calculus Multiple-Choice Question Collection 165
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1969 Calculus BC Solutions

1. C  For horizontal asymptotes consider the limit as x — to0: t > 0= y =0 is an asymptote
For vertical asymptotes consider the limit as y — to0: f - —-1= x=—1 is an asymptote

1

2. E  y=(x+Dtan'x, y'= x+l

- > +tan " x

X

, () O-(en@0) 1 oo
(1+x2)2 L+x? <1+x2)2

" changes sign at x =1 only . The point of inflection is ( 1, %)

3. B y=\/;, y'=L.Bythe Mean Value Theorem we have L=%:>c=l.

2Jx NE

The point is (1,1).

8 dx 8
4. D dx=2J1+x| =2(3-1)=4
'[0 V1+x 0 G-D
. C e g .. , , , —2y—6x
5. E  Using implicit differentiation, 6x+2xy'+2y+2y-y"=0. Therefore y =ﬁ.
X+2y

Whenx=1,3+2y+y* =2=0=)> +2y+1=(y+1)* = y=-1

Therefore 2x+2y =0 and so ? is not defined at x=1.
x

6. B This is the derivative of f(x)=8x" at x:%.
7
1 1 1
(1)z6af 2] =1
r(3)-o() -5

7. D  With f(x):x+k,weneedOZf’(—Z)zl—S and so k=4. Since f"(-2)<0 fork=4, f
x

does have a relative maximum at x =-2.

8. C  H)=2f(x) f'(x)-2g(x)g'(x)=21(x)(-g(x))-2g(x)- f(x) =—4f(x)-g(x)
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1969 Calculus BC Solutions

9. D Az%jjn(\/3+cos6)2 d6:2-%jg(\/3+cos6)2 dez_[;(3+cose)d6

i J-lx -1 I [x +1 ]dx:(x—tan_lx)

1 T 4-7

:1——:

0 4 4

10. A j

x2+1 x> +1 x+1x+1

2
11. B  Let L be the distance from (x, —%] and (0, —%j

2 Y
LZ:(x—O)2+(%—E]

2
2L £:2x+2(x——lJ(x)

dx 2 2
1
2x+2| ———|(x )
dL _ 2 2 ( )_2x+x3—x_x3+x_x(x +1)
dx 2L 2L 2L 2L

Z—L <0 forallx<0 and Z—L >0 forall x >0, so the minimum distance occurs at x=0.
X x

The nearest point is the origin.

12. E By the Fundamental Theorem of Calculus, if F (x) = jg e_t2 dt then F '(x) =e " ’ .
k /2 ) . T ..
13. C j cosxdx=3j cosxdx; smk—sm(——]=3(s1n——smkj
—-n/2 k 2 2
. 2 Adind - Acin kb — —T
sink+1=3-3sink; 4smk—2:k—£

14. D y= x> +2 and u=2x-1, L dy & (Zx)(ljzx
du dx du

15. B The graphs do not need to intersect (eg. f(x)=—e * and g(x)=e ). The graphs could
intersect (e.g. f(x)=2x and g(x)=x). However, if they do intersect, they will intersect no
more than once because f(x) grows faster than g(x).
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1969 Calculus BC Solutions

16. y'>0= y isincreasing; y" <0 = the graph is concave down. Only B meets these
conditions.
17. 3 =20x> =5x%, " =60x> —20x> =20x? (3—x). The only sign change in y" is at x=3.
The only point of inflection is (3,162).
18. There is no derivative at the vertex which is located at x =3.
19. %z l—lnt >0 for 0<t<e and §<O for ¢ > e, thus v has its maximum at 7 =e.
! t !
1
20. y(0)=0 and y'(0)= A ! = 1 . The tangent line is
\/ 2 |x=0 \/ 4_ 2 |x=0
1 __
4
1
y=—x=>x-2y=0.
2
21. F'(x)=2x-2¢2*, f'(0)=-2,s0 f is decreasing
2. x)= [ et f(-1)=] ' — —J.Ol;dmo
NE 42 NE 42 NP +2
/(-1)<0 so E is false.
2
_ —X
23. dy e :>2ya’y:—2xe_xzdx:>y2 e 4C
dx y
4=1+C=>C=3; y*=e* +3=y=ve™ +3
24, =Insinx, y':cf)sx:cotx
sin x
2m 1 2m ..
25. _[ —dx=Inx| =In(2m)—In(m)=1In2 so the area is independent of m.
mx m
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1 b1

20073

26. C I; x2—2x+1dx:J;|x—1|dx:J;—(x—1)dx:— .

Alternatively, the graph of the region is a right triangle with vertices at (0,0), (0,1), and (1,0).

The area is l .
2

27. C jtanxdx=f SInxa’x=—ln|cosx|+C=ln|secx|+C
Ccos X
e2x _ 262x
28. D  Use L’Hopital’s Rule: lim = lim =2

x—=>0 tanx x>0 SCC2 X

29. C Make the subsitution x =2sin9 = dx =2cos0d0.

_[;(4—x) dy = I/ 2cos0 =l_[;%86029d9=ltane _

1
8cos’ 4 4 o 4

1)" x"
30. D  Substitute —x for x in Z——e to get Zu:eﬂ‘
n!

n=0 " n=0
d _ _ _ _
31. C d—y:—y:y:ce ¥ and l=ce '=c=e; y=e-e ¥ =€ "
X

32. B 1+2x+3x+4x+---+nx+---:2—p where p =—x. This is a p-series and is
n=17
convergentif p>1=>—-x>1=x<-1.

Al )

2

33, A Lf? 3t Pa=t3p 1
3 3\ 4 3

1 . . 1
34. D )'=-—, sothedesired curve satisfies )'=x" =y = §x3 +C
X

35. A a (t) =24¢%, v(t) = 8¢ +C and v(0) =0 = C =0. The particle is always moving to the

2
=32.

. . 2,3 4
right, so distance = | 8¢ dt=2¢
0 0
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36.

37.

38.

39.

40.

41. D jif(x)dx=I_21(8—x2)dx+j23x2dx:(Sx—%x3)

AP Calculus Multiple-Choice Question Collection

1969 Calculus BC Solutions

y=+4+sinx, y(0)=2, y'(0)= ZCLO = l . The linear approximation to y is

V4 +sin0

L(x) = 2+%x.L(l.2) = 2+%(1.2) =2.03

This item uses the formal definition of a limit and is no longer part of the AP Course
Description. Need to have | (1-3x)-(-5) | <& whenever 0< | x—2 | <.

|(1-3x)—(-5)|=|6-3x|=3|x-2|<e if |x-2|<&/3.

Thus we can use any & < &/3. Of the five choices, the largest satisfying this condition is
d=¢/4.

Note f (1) = % Take the natural logarithm of each side of the equation and then

differentiate.

lnf(x):(2—3x)ln(x2 +1); f}((;“)) =(2—3x)-%—3ln(x2+1)

1

()= f(l)((—l) -%—3ln(2)) = ()= E(—1—31112) = —%(lne+ In 23) _ _%m 8¢

_ 10 vep W _dy dudv_( o 1L A
x=e=>v=1,u=0, y=0; T (sec u)(1+ 2)( j (1)(2)(e ) ;

v

. o . |
One solution technique is to evaluate each integral and note that the value is I for each.
n+

Another technique is to use the substitution u =1—x; I;(l —x)"dx = Lou" (—du)= j; u" du .

1 1
Integrals do not depend on the variable that is used and so J‘Ou” du 1is the same as .[0 x" dx.
2 3
1 3
+ —x| =271
-1 3 2 A
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42. Use the technique of antiderivatives by parts to evaluate _[ x? cos x dx
u=x* dv =cosxdx
du = 2xdx y=sinx
. _ 2 2. .
f(x)—.[ 2xsin x dx —I x“cosxdx=x smx—j 2xsinxdx+C
f(x)=x*sinx+C
43. L= I (dyj dx I ,f sec x dx I V1+sect x dx
44. y'—y'=2y=0, y'(0)=—-2, y(0)=2; the characteristic equation is > —r—2=0.
The solutions are » =—1, » =2 so the general solution to the differential equation is
y=ce ™ +ce™™ with y' = —cie”™ +2¢,e** . Using the initial conditions we have the system:
2=¢,+¢y and —2=—¢;+2¢y = ¢, =0, ¢, =2. The solution is f(x)=2¢ " = f(1)=2¢".
45. The ratio test shows that the series is convergent for any value of x that makes | x+1 | <1.
The solutions to | x+1 | =1 are the endpoints of the interval of convergence. Test x = -2 and
x =0 in the series. The resulting series are z( ) and z which are both convergent.
k=1
The interval is —2< x <0.
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1. E j(x3—3x)dx:lx4—§x2+c
4 2

2. E g(x)zS:g(f(x))zS

3. B y=Inx% y':2—§=z.Atx:ez,y':£2.
x° X e
4. A  f(x)=x+sinx; f'(x)=1-cosx
5. A lim ¢* =0= y =0 is a horizontal asymptote
X—>—00
R (S RS R

(x+1)°
7. B Replace x with (—x) and see if the result is the opposite of the original. This is true for B.
—(—x)5 +3(—x)= X —3x= —(—x5 +3x).

2 2 2
8. B Dis‘[ance:'[1 ‘tz ‘dx:jl i dt=§t3 =%(23—13):§

1

9. A y'=2cos3x -di(cos 3x) =2cos 3x‘(—sin 3x) -di(Bx) =2cos 3x-(—sin 3x)-(3)
X X

y'=-6sin3xcos3x

4 5 3
10. C f(x):x?—x?; f'(x):%—x“; f"(x):4x2—4x3=4x2(1—x)

f">0 for x<1 and f" <0 for x>1= /' has its maximum at x=1.
11. B Curve and line have the same slope when 3x? = % =>Xx= % Using the line, the point of
13 3 (1Y 1
tangency is [ —, = j . Since the point is also on the curve, — = (—j +hk=>k=—.
28 8 2 4

12. C  Substitute the points into the equation and solve the resulting linear system.

3=16+44+2B-5 and -37=-16+44-2B-5; A=-3, B=2=>A+B=—1.
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13. v(t)=8t—3t>+C and v(1)=25= C =20 so v(¢)=8t—3t> +20.
_r* _ (a2 4
s(@)=s2)= [ v(e)de = (4 ~1 +20¢)‘2 -32
14. f(x)le/3 ()c—2)2/3
f(x)= X3 %(x—2)_1/3 +(x—2)2/3 %x_m = %x_m ()c—2)_1/3 (3x-2)
f" isnotdefinedat x=0 and at x=2.
X X2
2
15. Area = [ "2 dx=2e2| =2(e-1)
0 0
dN 2 2
16. Ez3000e5 , N=7500¢> +C and N(0)=7500=C =0
2
N =7500e5 , N(5)=7500¢>
17. Determine where the curves intersect. —x> +x+6=4= x> —x-2=0
(x=2)(x+1)=0= x=-1, x =2. Between these two x values the parabola lies above the
line y = 4.
) 2
Area = [ ((—x2 +x+6)—4)dx B A L S 8 | I
-1 3 2 -1
18. i(arcsian):;-i(bc): 2 __2
d J1-(2x)? JI-(2x) V1-4x?
19. If 1 is strictly increasing then it must be one to one and therefore have an inverse.
b
20. By the Fundamental Theorem of Calculus, j f(x)dx =F(b)—F(a) where F'(x)= f(x).
a
1 X2 +2x _ 11 x2+2x _ 1 x*+2x ! _1 3 0\ _ 63_1
21. J.o (x+l)e dx—EJ.Oe ((2x+2)dx)—5(e ) 0——(e —e )— 5
22. F(x)=3x"—20x°; f(x)=15x* —60x2; f"(x)=60x> —120x = 6Ox(x2 - 2)
The graph of 1 is concave up where f">0: f" >0 forx > V2 and for =2 <x<0.
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. ln(2+h)—ln2
23. C lim
h—0 h

~£'(2) where f (x)=lnx; f(x) == f(2)=

T T . . .
24. B f(x)=cos (arctan x); Y <arctan x < 5 and the cosine in this domain takes on all values in

the interval (0,1].

T

s
25. B J.04 tan? x dx = J.4(sec x—1)dx = (tan x — x)|0/4—1—z

6. B Y ogmr g ﬁ—100n(03) 30n
dt de " dt

N | =

=23

27. E j/Jzde——j/( ) (-2xdx)=-2(1- xz)io
VI

28. C  v(t)=8-6t changes signat ¢ = g Distance = +

x(1)—x (gj

Alternative Solution: Distance = J.IQ‘ v(?) ‘dt = I12| 8 — 6t |dz ==

29. C —lésinxslj—éésinx—lél;Themaximumfor sinx—l is i
2 2 2 2 2
2x— 2 2
3. B[ = 4dx=j L4 av={nxt 2 )| =(n242)~(In1+4)=1n2-2
12 1| x x /|1

1
31. D loga(2a)=%:>loga2=%:>2=a4;a=16

32. D j dx=5tan”! (x)+C

a’x SJ.

1+ x?

33. A f(0)=-f()=[f(x)-D)==f" ()= f(-x)=-/"(x) thus f'(=xp) =—/"(xp)-
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2
3 3
1¢2 1 2 5 1 5 2
34, C  —[ xdx==-Zx2| ==22=2\2
2J-0 23 3 3
0
}J
35. C  Washers: anzAx where =y =secx. A

T
" 4 T
Volume = nJ-O4 sec’ xdx = mtan x| g/ = n(tanz —tan0)=m

X
Ax Tm/4

36. A yzenx’ yrznenx, ynznZenx,___’y(n) -

37. A Z—y =4y, y(0)=4. This is exponential growth. The general solution is y = Ce* . Since
X

1(0)=4, C =4 and so the solution is y =4e**

38. B Letz=x-c.Then 5=J-12 f(x—c)dxzji_ccf(z)dz

39. B  Use the distance formula to determine the distance, L, from any point (x, y) = (x, %xz) on

the curve to the point (4,1). The distance L satisfies the equation I = (x - 4)2 + [%xz - 1} .

Determine where L is a maximum by examining critical points. Differentiating with respect

tox, 2L Z—L =2(x—4)+ 2(% X2 - lj x=x>-8. Z—L changes sign from positive to negative at
X X

x =2 only. The point on the curve has coordinates (2,2).

-y sec’ (xy) cos? (xy)—y
xsec? (xy) X

40. E  sec’(xy)-(xp'+») =1, xp'sec’(xp)+ ysec’ (xy) =1, y' =

0 1

+ lsin(mc)
T 0

41. D J‘ilf(x)dx - ji(x+1)dx+j01cos(nx)dx :%(x—kl)z

-1

N |~

=%+%(sinn—sin0):
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42. D Ax:l; r=1.1 12+2(
3 3

43. E  Solve iz—l and £:2; X
2 2

44. B  Use the linearization of f(x)= Yx at x=16. f(x)= Zx 4, 7'16)=—

1
L(x)=2+3—2(x—16), f(l6+h)zL(16+h):2+3—2

1973 Calculus AB Solutions

17

54

3
I - 1

32
h

45. C  This uses the definition of continuity of f at x = Xx,.
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dx X x2
1 3 3 3
3 = 2 21320 2 2 2 14
2. D x+D2dx="(x+12| ==42-12 |=Z8-1)=—
[ Ge+D 3()03£ ]3<)3
3. A f'(x)=1—i2=w. f(x)>0 for x<—1 and for x>1.
X X

f is increasing for x <—1 and for x>1.

4. C  The slopes will be negative reciprocals at the point of intersection.

3x?=3=x=+1 and x>0, thus x=1 and the y values must be the same at x =1.

—l+b:1:>b:i
3 3
2 0 2
5. B jmdx=j —ldx+ [ dx=-1+2=1
-1 x -1 0
, D(x+1)—(x—1)1 , 2 1
6 D e QEEDGIDD ) 2L
(x+1) 4 2
d 2x+2y~d—y 2
7. D o~ dx 5 (,0)= =222
dx x2—|—y2 1
8. B  y=sinx, y'=cosx, y"=-sinx, y" =—cosux, y(4)=sinx

9. A y’:2cos3x-di(cos3x):2cos3x-(—sin3x)-di(3x) =2cos3x-(—sin3x)-3
X X

y'=—6sin3xcos3x
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S€Cx

:J'é]\/l+(tanx)2 dx:J.(f\/seczxdxzj.(fsecxdx

2
I R

1 1
1. E dy—[x-%(l+x2)2(2x)+(1+x2)2de; dy=(0+1)(2)=2

1
k nlk n n il
12. D l:j la=2 LE 1. F_ 2,
n ‘1 n

13. D w()=8-3>+C and v(1)=25=C=20 so v(¢)=8-3¢*+20.

4 4
s@-s2)=| v(t)dt=(4t2—t3+20t) =32
2 2
dy
— t t
4 A D__dt _2¢ _¢e
dx  dx 2t ¢
dt
1 1 [
2 —Xx —X
15. C Area:j e2 dx=2e2 | =2(e-1)
0 0
305 7 . 2 4 6
16. A sint=t——+t——t—+~--:>&nt=1—t—+t——t—+
3150 7 t 3151 7!
2 2
dN —t —t
17. C E=300065,N=750065 +C and N(0)=7500=C=0

2
=t
N =7500e5 , N(5)=7500¢>

18. D D could be false, consider g(x)=1—x on [0,1]. A is true by the Extreme Value Theorem,

B is true because g is a function, C is true by the Intermediate Value Theorem, and
E is true because g is continuous.
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19. I is aconvergent p-series, p=2>1
I is the Harmonic series and is known to be divergent,
IIT 1s convergent by the Alternating Series Test.
1 : 12 > 1 >
= —— )2 (= —_ 2.5 (4_5%)2 —_(4_42)2
20. [ xva-a?dx 2[(4x)(2xdx) 23(4x)+C 3(4x)+c
1 2x g el 20 _ L[ x1ox 1_1 3 0 _ 63 -1
21. J.O (x+De dx—EJ.Oe ((2x+2)dx)—5(e )0— (e —e )— 5
, 1 2 1 1 2 1
22. x(t):t+1:>x(t):5(t+l) +C and x(O)zl:CzE:Mc(t):E(Hl) +§
5 5 5.5
x()==, y(1)=In—; —, In—
1) 5> Y =In2 (2 zj
23. limw=f'(2) where f(x)=Inx; f'(x)=l:>f'(2):l
h—0 h X 2
24. This item uses the formal definition of a limit and is no longer part of the AP Course
Description. ‘ f(x)—7‘:‘(3x+1)—7‘:|3x—6|:3|x—2|<8 whenever |x—2|<§.
e . . € € . €
Any 6 <— will be sufficient and — < — , thus the answer is —.
3 4 3 4
o z 2 m/4 T
25. _[04 tan xdx:I04 (sec x—l)dx:(tanx—x)‘o :I—Z
26. For x in the interval (-1, 1), g(x):‘xz—l‘z—(xz—l) and 50 y = In g(x) = In(=(x> —1)).
Therefore
2
_ 2, (F)@-00C) 22
y= 2 YV = 5 = P <0
N
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Alternative graphical solution: Consider the graphs of g(x)=|x> —1‘ and Ing(x).

27.

28.

29.

}}

F 3

f—

Y
=

concave
down

e o o — — — — —

g(x)=|x* -1 ln‘xz—l‘

F'(x)=x?—8x+12=(x—2)(x—6); the candidates are: x =0,2,6,9

x o] 27]6]9
F(x) | -5 |14 | -5 | 22

the maximum is at x=9

x=sin2y:>dx=2sinycosydy; whenx =0, y=0and whenx=—, y=

T
4

N |~

sin y
\1-sin? y

Let z=y". Thenz=e whenx = 0. Thus y"=2y'= z'=2z. Solve this differential equation.

=
J

2

0 JI-x

T T
dx = 04 -2sinycosydy=_[04 ZSinzydy

z=Ce*; e=Ce® = C=e=y' =z =¢""". Solve this differential equation.

1 o2+

l€2x+1+K; e:lel+K:>K=le; y==
2 2 2

1 1 1
y= +§e,y(l):—e +Ee:56(6 +1)

Alternative Solution: " =2)' = )’ = Ce** =e-e>*. Therefore y'(1)=¢.
! ! 1 14 1 !
V()= y'(0)= [ y"(x)dx = [ 2y'(x)dx = 2y(1)~2(0) and s0

Y()=y'(0)+2y(0) & +e
2 o2

y()=
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

1973 Calculus BC Solutions

2x—4 2(1 4|2
[ = dr=| (;—4x zjdx:(lner;) =(n2+2)~(In1+4)=In2-2
1
Snx)
' X X _
f(x) Inx Inx xlnx

Take the log of each side of the equation and differentiate. In y =1In XM =Inx-lnx= (ln x)2

L:21nx-i(lnx)=glnx:>y’:xlnx (glnxj
y dx X X

S0 =)= (%) D) ==f"(0)= f'(x)==/"(x) thus f'(=xp) =—/f"(xp)-

2
3 3
1 2\/— 12 = 1 - 2 ;
—[“Vxdx==-2x2| ==.22=2\"2 y
2'[0 23 3 3 A
0
|
Washers: anzAx where =y =secx. 1 |
= z '
Volume=nj4 seczxdx=ntanx|4=n(tan£—tan0j=n ol
0 0 4 |
|
Ax w4
1 L L
[ f;ldlehmj 22’“—+2dx=111m ln‘x2+2x—3‘
0 x“+2x-3 21-517°0 x*42x-3 2 11" 0

:l lim (ln‘L2 +2L—3‘—ln|—3|):—oo. Divergent

2 L1
. l-cos?2x .. sin’2x .. sin2x sin2x
lim = lim = lim . 4=1-1-4=4
x—=0 x2 x—0 x2 =0 2x 2x

Let z=x—-c. 5=I12 f(x—c)dx=j12_;cf(z)dz

H(x)=f"(g(x) g'x®); FD=f"(g) gD =1"(2)g'1)=(-4)(-3)=12
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1973 Calculus BC Solutions

Area :%j()zn(l—cos 6)2d6 = J.;C(l—Zcos9+cosz G)dB . cos’ 0 :%(1+cos 26)

i

Area:J‘TE 1—2cos€)+l(l+c0526) do = EE)—Zsin@+lsi1126 =§n
0 2 2 4 2

0

1 0 1
41. j_l F(x)dx= j et Ddxt j , cos(mx) dx
1 210 1. L T . 1
=—(x+1 +—sin(nx)| =—+—(sint—sin0)=—
2()—1n()02n( )2
2 2
42. Av=L. r-L1 1%2@] +2(§j 422|127
3 23 3 3 54
43. Use the technique of antiderivatives by part:
u=sin"'x dv=dx
du = dx V=X
1-x?
J‘sin_lxdx=xsin_1x—J‘ i
1-x?
. 1 "(x)— d
44, Multiply both sides of x = x f'(x)— f(x) by Lz . Then — = M = —(&j .
X X X dx\ x
Thus we have S () = ln|x| +C= f(x)= x(ln|x| + C) = x(ln|x| —1) since f(-1)=1.
X
Therefore f(e!)=e! (ln‘e_l‘ —1) — e l(=1-1)=—2¢!
This was most likely the solution students were expected to produce while solving this
problem on the 1973 multiple-choice exam. However, the problem itself is not well-defined.
A solution to an initial value problem should be a function that is differentiable on an interval
containing the initial point. In this problem that would be the domain x <0 since the solution
requires the choice of the branch of the logarithm function with x < 0. Thus one cannot ask
about the value of the function at x =e ™.
45, F'(x)=xg'(x) withx>0and g'(x) <0= F'(x)< 0= F is not increasing.
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10.

11.

12.

1985 Calculus AB Solutions

2
I xS dx= —lx_2
1 2

() =402x+1)>-2, f"1)=4-32x+1)%-22, f"1)=4-3-22x+1)!.23,
FPay=412* =384

y=34+x*) " s0 ¥y =-3(4+x%)2(2x) = —_6); -
(4+x7)
(4 +x? ) 0)-32%) gy
Or using the quotient rule directly gives )’ = 5 = >
(4 +x7 ) (4 +x? )

jcos(zx) dx = %j cos(2x) (2 dx) = %sin(Zx) +C

lim A lim—+ 4
n—»p? +10000n n—>e o 10000
n

f0=1= f'(5)=1

41 4
[ =dt=Int]{ =In4-In1=1n4
1 ¢ 1

X 1 1
=In| = |=Inhx-In2, y'=—, y'(4)=—
y (2) y'== y'(4) p

0 1
Since ¢ is even, I ¢ dy= lj ¢ dx = lk
1 2741 2

3 =10%"D . In(10) -i((x2 -1))= 2x-10% D . In(10)
dx
v(it)=2t+4=a(t)=2..a(4)=2

f(2)=In(g)?)=In(x* +4) > g =P +4
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2
13. A 2x+x-y'+y+3y2-y':0:>y’:_ Xty

x+3y2

4
=80

13 3005
14. D  Since v(t) >0, distance = J.(?‘ v(1) ‘dt = I; {3;2 +5t2] dt [2t2 +2t2] )

15. C  x*-4>0=|x|>2

16. B  f'(x)= 3x% —6x = 3x(x—2) changes sign from positive to negative only at x = 0.

17. C  Use the technique of antiderivatives by parts:
u=x dv=e"dx

du = dx y=—e *

—xe * + Ie_x dx = (—xe_x — e_x)

1
—1-2¢7!
0

18. C  y=cos>x—sin’x=cos2x, ' =-2sin2x
19. B Quick solution: lines through the origin have this property.
Or, f(x)+ f(x)=2x1+2xy =2(x; +x3) = f(x1 +x3)

20. A d_y ;-i(cosx):ﬂ
dx 1+cos’x dx 14+ cos” x

21. B |x|>1:>x >1= f(x) <0 for all x in the domain. lim f(x)=0. lim f(x)——oo The only

x| =0 x>t

option that is consistent with these statements is (B).

2 x% -1 2 (x+1)(x-1 2 1 b2 1
22. A —dx - ~dx= x—1Ddx=—(x-1 =—
'[ x+1 j x+1 jl( ) 2( ) 2
23. B i(x‘3—x‘1+x2) =(—3x‘4+x‘2+2x) —_341-2=-4
dx x=—1 x=1

2. D 16:]_22(x7 +k)dx=j_22x7 dx+j_22k dr=0+(2—(-2))k =4k = k=4
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_ eth e
imf(e+h) f(e)=1ime e
—0 h h—0 h

25 E  [(o=]

26. E 1. Replace y with (—y): (—y)2 =x’+9= y2 =x*+9,no change, so yes.

IT: Replace x with (—x): y2 = (—x)2 +9= y2 =x*+9,no change, so yes.
IIT: Since there is symmetry with respect to both axes there is origin symmetry.

27. D  The graphis a V with vertex at x =1. The integral y
gives the sum of the areas of the two triangles that the |
V forms with the horizontal axis for x from 0 to 3.
These triangles have areas of 1/2 and 2 respectively.

x(3)-x(0) —45-0
3-0 3

-15

28. C  Letx(t)= —5¢2 be the position at time . Average velocity =

29. D  The tangent function is not defined at x =m/2 so it cannot be continuous for all real

numbers. Option E is the only one that includes item III. In fact, the functions in [ and II are a
power and an exponential function that are known to be continuous for all real numbers x.

30. B jtan(zx)dx:—lj 228029 e - L) cos(an) |+ €
27 cos(2x) 2
3. C V=ins, d—Vzln(zrh@wz@j:ln 2(6)(9)(l)+62(lj = 24n
3 di 3 dt dt) 3 2 2

T3 . 1 3 1 2
3. D Io sin(3x) dx = —gcos(3x)| 0 =73 (cosm—cos0)= 3
33. B [’ changes sign from positive to negative at x = —1 and therefore f changes from increasing
to decreasing at x = —1.

Or /' changes sign from positive to negative at x =—1 and from negative to positive at
x=1. Therefore f has alocal maximum at x =—1 and a local minimum at x=1.

1

34. A J;((x+8)—(x3+8))dxzjg(x—x3)dx:(%x2—ix“}O—i
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35.

36.

37.

38.

39.

40.

1985 Calculus AB Solutions

The amplitude is 2 and the period is 2.

2n 2n

- =—=T
period 2

y = Asin Bx where | A |=amplitude =2 and B =

IT is true since | -7 | =7 will be the maximum value of | f (x)| . To see why I and III do not

5 if  x<-5
have to be true, consider the following: f(x)=<-x if —5<x<7
-7 if x=>7

Forf(x

) , the maximum is 0 and the minimum is —7.

lim xcscx = lim =1

x>0 x—0sin x

To see why I and II do not have to be true consider f(x)=sinx and g(x)=1+¢". Then
f(x) < g(x) but neither f'(x)<g'(x) nor f"(x)< g"(x) is true for all real values of x.

III is true, since

SR80 = g~ ()20 = [ ()= f()dx=0= [ f(x)dv [ glrdv

f(x )——-l—Ll x— ! 5 (I-Inx) <0 for x>e. Hence f is decreasing. for x >e.
X

jozf(x)dxsj024dx=8

41. Consider the function whose graph is the horizontal line y =2 withahole at x=a.

For this function lim f(x) =2 and none of the given statements are true.

X—a
42. This is a direct application of the Fundamental Theorem of Calculus: f'(x) =vV1+ x°
43, 3 =3x2+6x, y"=6x+6=0 forx=—1. y'(~1)=—-3. Only option B has a slope of -3.
L L2035 Mo / 2|2

44, —j (x +1) ‘E'Ejo(x +1) (3x dx) 6( ) = ?
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45. A Washers: Z:n(R2 —rz)Ay where R=2, r=x
(42 2N (Y4 _ Loyt
Volume—nj0 (2 X )dy—njo (4 y)dy—n(4y Ey ] 0—87t
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2 3 4 2
. D j0(4x +2)dv=(* +20| =(16+4)-(1+2)=17

2. A flx)= 15x* —15x% =15x2 ()c2 -1)= 15x* (x—D)(x+1), changes sign from positive to
negative only at x =—1. So f has a relative maximum at x =—1 only.

_[2 x+1 __J« 2x+2 dx lln‘x2+2x‘

:%(1n8—1n3)

1

1?2 40x x2 +2x

2 dx d’x 4 A3 dy_ 3 0 d’y 2
4. D )= -1=>L=2rand L2122 y()=t* -2 > L =4 6% and LL =122 —12¢
dt dr? dt dr*
2 2
a(t)= d;‘,d— = (2, 1262 —12¢) = a(1) = (2,0)
d*’ di

X, a
5. D Area= Ix (top curve — bottom curve) dx, x| < x,; Area = I 1(f()c) —g(x))dx
1 _

T
2 —_—
X , tan x —xsec” x | T T
6. E f(x)=—,f(x)=—2,f[—]=4—=1-—
tan x

tan”~ x

I%du=sin (—j I\/idx—sml(zjjtc

8. C Ilim J=7@) _ f'(2) so the derivative of f at x=2 is 0.

x—2 X —

9. B  Take the derivative of each side of the equation with respect to x.
2xyy’ +y% +2xy'+2y =0, substitute the point (1,2)

(D(@)y' +2% +(2)(1)y' +(2)(2)=0=> y = _g

10. A Take the derivative of the general term with respect to x: Z:(—l)"+1 X2
n=1
. A L[ :i(—ln(l—x))z— Bl
dx 1-x dx I-x) 1-x
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12. A Use partial fractions to rewrite v as l(L_ 1 j
(x—l)(x+2) 3\x-1 x+2
1 1 1 1 1 1, | x-1
——dx=—| | ——— dx=—(In|x—-1|-1 2()+C==1 C
j(x—l)(x+2) ) 3j(x—1 x+2j o= (It =tnf s 2]+ €= ol

13. B f(0)=0, f(3)=0, f'(x)= 3x% —6x; by the Mean Value Theorem,
(¢ =w= 0 for ce(0,3).

So, 0=3¢* —6¢ = 3¢(c— 2) . The only value in the open interval is 2.

14. C 1. convergent: p-series with p=2>1
II. divergent: Harmonic series which is known to diverge

o 1
II1. convergent: Geometric with | r | = 3 <1

t

15. C x(t)=4+j(;(2w—4)dw=4+(w2—4w) =442 4t =1 —4t+4
0
or, x(t)=1> =4t +C, x(0)=4= C =4 so,x(t)=1>—4t+4

1 2
16. C For f(x) = x3 we have continuity at x =0, however, f’(x) = %x 3 is not defined at x=0.

d , >

—(x7) 2

17. B f'(x)=(1)-1n(x2)+x-dx—2=1n(x2)+2i2=1n(x2)+2
X X

18. C jsin(2x+3) dx =% j sin(2x +3) (2dx) :—%cos(2x+3)+C

19. D gx)=¢/Y, g(x)=e/M . f1(x), g"(x) =/ f1(x)+ f1(x)- /D f1()
g'(0)=e O£+ (1007 )) = e’ = h = 1160 +( 100

20. C  Look for concavity changes, there are 3.
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21. B Use the technique of antiderivatives by parts:
u=f(x) dv =sin x dx

du= f'(x)dx V=—cosx
_[f(x) sinxdx =—f(x)cosx+ J.f’(x) cosxdx and we are given that
j F(x)sinxdx=—f(x)cosx+ j 3x2cosxdx = f1(x)=3x> = f(x)=x

22. A A=nr’, A=64r when r=8. Take the derivative with respect to ¢.

A o I 96n—2n(8). I I g
dt dt dt dt

1+h 5
L x> +8dx

23. C lim = lim
h—0 h h—0

=F'(1) where F'(x)=+x"+8. F'(1)=3

1+h 5
| . L (R,
Alternate solution by L’Hopital’s Rule: lim = lim " =9=3

h—0 h h—0

F(l+h)—-F(1)
h

%

0

T

24. D Area:lj%sinz(ze)dezlj%1(1—cos4e)de=l(e—lsin4ej
270 2J0 2 47 4

25. C  Atrestwhen v()=0. v(t)=e 2 —2te* =72 (1-2¢), v(£)=0 at ¢ =% only.

26. E  Apply the log function, simplify, and differentiate. Iny =1In(sinx)" =xIn(sinx)

!
. cos X
L:In(smx)+x- :
y sin x

= y'=y(In(sinx)+x-cotx) = (sinx)" (In(sinx)+ x-cot x)

27. E  Each of the right-hand sides represent the area of a rectangle with base length (b—a).
I. Area under the curve is less than the area of the rectangle with height f(b).
II. Area under the curve is more than the area of the rectangle with height f(a).
III. Area under the curve is the same as the area of the rectangle with height f(c), a<c<b.
Note that this is the Mean Value Theorem for Integrals.

28. E Iex+exdx = _[eex (e*dx) . This is of the form .[e”du, u=e*,so je“exdx —¢¢ 1+ C
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. T
sin| x—— ,
( 4)_1. sint

29, Let x—~=¢. lim— "2 =lim>" =]
4 P x_E t—0 ¢
4 4
)7 3 3
30. Att=1, Do d _ Nyl | _ 4 3
dx @ 32 -1 |e=1 3-1 8
dt
31. The center is x =1, so only C, D, or E are possible. Check the endpoints.
© (-1)" o
At x=0: Z— converges by alternating series test.
n=l 1
At x=2: Zl which is the harmonic series and known to diverge.
n=1"
32. y(=)=-6, y'(-1)= 3xt+6x+7 = 4, the slope of the normal is —% and an equation
x=—1
for the normal is y+6 = —%(x+1) =>x+4y=-25.
33. This is the differential equation for exponential growth.
_ o 1 1 1 1 1
—p(0)e X =, —=¢?; 2=In|= |=>t=——In| = |==In2
y=x0) 2 2 2 \2) 2
34. This topic is no longer part of the AP Course Description. Z 2np As where p=x = y3
, 2
1 1 f 2 1
Surface Area =J. 2aty3 1+[ﬁj dy = I 21ty3 1+(3y2) dy = 275.[ y3 \/1+9y4 dy
0 dy 0 0
35. Use shells (which is no longer part of the AP Course Description)
z2nrhAx wherer=xand h=y = 6x — x*
6
Volume = 27:J. x(6x —x? ) dx
0
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1 1
36. E j idx 2 —dx 2 lim izdx =2 lim 2| which does not exist.
-1 x L0t L x L—>0" Xx|L
37. A This topic is no longer part of the AP Course Description. y =y, +y, where y, = ce” ™ is
the solution to the homogeneous equation %-‘r y=0and y, = (sz + Bx)e_x is a particular
X
solution to the given differential equation. Substitute y,, into the differential equation to
determine the values of 4 and B. The answer is 4 = %, B=0.
| [/ ( )y 1 In(1-+5¢") s
In(1+5¢° |/~ im In{1+5¢" |~ im im -
38. C lim (1+5€x )A = lim en( e ) = x> =er® X =egrltSe —¢
X—>0 X—>0
: 2 —x 3 ox 1 502 1 -6
39. A Square cross sections: Zy Ax wherey=e " . V = .[0 e T dx= —Ee = —(1 —e )
0
40. A u=§, du=—dx; whenx=2, u=1land whenx=4, u=2
2
1- x)
4 2
[ 2 =[P = [P g
2 X L 2u u
41. C , L= j 1+ (') dx= j \/1+xdx——(1+ )3/2 (43/2 ?)= 23-1)=12
3 3
2 .3 2 3
3 3
42. E  Since ¢ =1+u+—+2 4., then &* —1+3x+( ©) +ﬂ+
2! 3l 2! 3!
39
The coefficient we want is 3 = 5
43, E  Graphs A and B contradict " < 0. Graph C contradicts f'(0) does not exist. Graph D
contradicts continuity on the interval [-2,3]. Graph E meets all given conditions.
dy 2 dy 2 3 X X
44. A d—:3x y > —=3x"dx = ln|y|:x +K; y=Ce" andy(0)=8so0,y=_8e
X y
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. : : 1
45. D  The expression is a Riemann sum with Ax =— and f(x)= X2,

) ) 123 3
The evaluation points are: —,—,—,---,_n

nnn n

3
Thus the right Riemann sum is for x =0 to x = 3. The limit is equal to _[ x? dx.

AP Calculus Multiple-Choice Question Collection 193
Copyright © 2005 by College Board. All rights reserved. Available at apcentral.collegeboard.com.



1988 Calculus AB Solutions

1. d—y:x2~i(ex)+ex-i(x2):x26x+2xex=xex(x+2)

dx X dx
2. x*~4>0 and x#3 = |x|>2 and x#3
3 Distance:J.Z‘v(t)‘dt:I2etdt=et 2:ez—eo =e? -1

) 0 0 0

4. Students should know what the graph looks like without a calculator and choose option E.

Or y= —5(x—2)_1 ;Y= 5()5—2)_2 ;"= —10(x—2)_3. y"<0 for x>2.
5. Iseczxdxzjd(tanx):tanx+c

x-i(lnx)—lnx-i(x) x'(lj—lnx-(l)

6. d_y: dx dx  _ x _ 1-Inx

dx 2 2 2

_1 1 1 1 1 1 1

7. [ x(3x*+5) 2 dngj (3x% +5) 2 (6xdx):g-2(3x2 +5)2 +C:§(3x2 +5)2+C

dy . . d2y . .
8. = > (0= y is increasing; — < 0 = graph is concave down . Thisisonlyon b<x<c.

X dx
, , , 1+2y . ,
9. 1+(2x-y"+2y)-2y-y'=0; y'= o on This cannot be evaluated at (1,1) and so y" does
y—2x
not exist at (1,1).
> 1\ 2,5_ 3
10. 18=| kx" ——x =—k’=k’ =27, so k=3
3 0o 3
11. F'(x)=x-3(1-2x)%(=2) + (1-2x)*; f'(1)=-7. Only option A has a slope of —7.
T T 1

12. "'=|=cos| = |==

15 (5)
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C
13. A By the Fundamental Theorem of Calculus _[OC f'(x)dx=f(x)| =f(c)-f(0)
0

T

14. D J.OTZC(1+sin6)_1/2(cos6d6)=2(1+sin6)1/2‘222(\/5—1)
0
15. B f(x)=v2x=2vx; f'(x)=+2- \/_ L £1(2)=+2- J_—%

16. C  Atrest when O=v(t)=x'(t)=3t2—6t—9=3(t2—2t—3)=3(t—3)(t+1)
t=-1,3 and t>20=1¢=3

17. D j(3x 2)*d =—j 3x-2)" (3dx) ===(3x-2)°

L»JI»—

1
3

w6 ver{onf)g)ols)or {3} ()2l

3 1 ¢32xd 1
19. B I2x2x+1dx:EI2x§+); :Eln(x2+l)

:l(lnIO—lnS):lan
2 2

20. C Consider the cases:
I falseif f(x)=

II. This is true by the Mean Value Theorem

II1. false if the graph of f is a parabola with vertex at x = %.

Only II must be true.

21. C  x=x>-3x+3atx=1andatx=23.

3 3 3
Area = [ (x—(x2 —3x+3))dx = [~ +4x-3)dx = SEPEI SR
1 1 3 13
22. C 2:lnx—lnlzlnerlnx:lnle:x:e
X
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23. By L’Hopital’s rule (which is no longer part of the AB Course Description),
im 23 _ iy L) _ f(0) _c0osO _1_
-0 g(x) »-0g'(x) g'(0) 1 1
Alternatively, f'(x)=cosx and f(0)=0= f(x)=sinx. Also g'(x)=1 and
2(0) = 0=> g(x) = x. Hence lim Z&) = Jim S0% _ ;.
x>0 g(x) x>0 Xx
24, Let y = x™ and take the In of each side. Iny =Inx™" =Inx-Inx. Take the derivative of
each side with respect to x. Y _ 2lnx~l =y’ = 2lnx-l-x1nx
v X X
25. Use the Fundamental Theorem of Calculus. f'(x) = 1
X
26. Use the technique of antiderivatives by parts: Let © =x and dv =cosx dx.
i Y T
= s : A 5, W
J 2 xcosxdx = (xsmx—J-smxdx)‘ —(xs1nx+cosx)‘ =—-1
0 0 0 2
217. The function is continuous at x = 3 since lim f(x)= lim f(x)=9= f(3). Also, the
x—3" x—3"
derivative as you approach x =3 from the left is 6 and the derivative as you approach x =3
from the right is also 6. These two facts imply that f is differentiable at x = 3. The function
is clearly continuous and differentiable at all other values of x.
28. The graph is a V with vertex at x =3. The y (1.2)
integral gives the sum of the areas of the two 4} N
triangles that the V forms with the horizontal
axis for x from 1 to 4. These triangles have @.1)
areas of 2 and 0.5 respectively. A
2
0.5
: X
1 3 4
29. This limit gives the derivative of the function f(x)=tan(3x). f'(x)=3 sec2(3x)
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30. A  Shells (which is no longer part of the AB Course
Description)

z2nrhAx, where 7 = x,h = &>

1
Volume = 271!0 xe>¥dx

31. C Let y= f(x) and solve for x.

X - X
yE——wty=x;x(y-)=-y; xzﬁjf () =—

x+1 1-x

27
1

2

=47

32. A The period for sin(gj is

33. A Check the critical points and the endpoints.
f(x)= 3x% —6x = 3x(x—2) so the critical points are 0 and 2.
x |-2]10]2]| 4
f(x)|-8]12|8]28

Absolute maximum is at x = 4.

34. D Theinterval is x = a to x = ¢. The height of a rectangular slice is the top curve, f(x), minus
the bottom curve, g(x). The area of the rectangular slice is therefore ( f(x)—g(x))Ax. Set
up a Riemann sum and take the limit as Ax goes to 0 to get a definite integral.

35. B 4cos(x+§j=4 cosx-cos(g)—sinwsin(gn

=4 cosx%—sinx-%}:ZCosx—Z«/gsinx

36. € 3x-x*=x(3-x)>0 for 0<x<3
3
3

3
Average value = lj (3x—x2)dx:l éxz—lx?’
370 0o 2

3 2 3
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37. Since e* > 0 for all x, the zeros of f(x) are the zeros of sinx, so x=0,w,2%.
38. J. [l xﬁjdx I llnxa’x = J- lnx(d j .This is _[u du with u =In x, so the value is
x*l u X X
(In x)2
——+C
2
10 3 3 10 10
39. j3 F(x)dx= —jlof(x)dx; L F(x)dx = L f(x)dx—j3 f(x)dx=4-(-T)=11
40. x* + y2 , take the derivative of both sides with respect to ¢. 2x- fl_ +2y- fly 2z f;
4 t t
Divide by 2 and substitute: 4 - ax +3- 1dx =51= ax =1
dt 3 dt dt
41. The statement makes no claim as to the behavior of f at x =3, only the value of f for input
arbitrarily close to x = 3. None of the statements are true.
42. lim —— = lim xlzlim%:l.
x>0 x+1 x—)oof_'_i x_)ool-l-*
X X X
None of the other functions have a limit of 1 as x — o
43. The cross-sections are disks with radius » = y where y :% 9—x? .
y
A
1
_ 3 2 _ 3 1 _ T
Volume = nI_Sy dx—ZnIO 5( - —?(9x——x J 4n
44, ForI: p(—x)= f(g(—x)) = f(—g(x)) (g(x)) —p(x)= pis odd.
ForII: r(—x)= f(—x)+g(—x)=—f(x)—g(x) = (f(x) + g(x)) =—r(x)= risodd.
For III: s(—x)= f(—x)-g(—x) = (—f(x)) . (—g(x)) = f(x)-g(x) =s(x) = s1is not odd.
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45. D Volume=nrlh=16n=h=16r"2. A=2nrh+2nr* = 2n(16r_1 +r2)

A

- 27c(—16r_2 +2r)=47rr_2 (—8+r3); M 0 for0<r<2 and @50 for r>2
A

dr dr

The minimum surface area of the canis when r =2 = h=4.
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I L e I L]
2. D I;x(x2+2)2dx:%j; (x2+2)2(2xdx):%'§(x2+2)3 (1):1
5B S =l =g f0=3—= (0=

2 - 2

!
(uvj (' +uv)w—uvw'  w'w+uvw—uvw'
w w

w

5. C lim f(x)= f(a) for all values of a except 2.
Xx—a

lim f(x)= lim (x=2)=0=—-1= £(2)
x—>2"

x—2"

Y

6. C 2y-y' =2x-y'-2y=0=y'=

7. A jwﬂzhm Lde i (21
2 2 5092 2 Iow

8. A f(x)=e€%, f'(2)=¢€*, Ine* =2

9. D II does not work since the slope of f at x =0 is not equal to f '(0). Both I and III could

work. For example, f(x)=¢" inTand f(x)=sinx in IIL

10. D  This limit is the derivative of sin x .

11. A  The slope of the line is —% , so the slope of the tangent lineat x=1is 7= f'(1)=7.

12 B w({t)=3t+C and v(2)=10=C=4 and v(t)=>3t+4.

5 2
Distance:_[O (3t+4)alt:%x2 +4t| =14
0
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3.5
13. The Maclaurin series for sint is t—;+;—~- .Let t=2x.
n-1 2n—1
R 3 N % MO o 2
3! 5! 2n-1)!
2
14 Use the Fundamental Theorem of Calculus: y/1+ (x2 )3 % =2xy1+x8
x
2 2
15. w=2+l, oo T o ), 2 dy:— 4
dt dr? dt T 243 a2 (2t +3)?
16. Use the technique of antiderivatives by parts
u=x dv = e dx
du = dx v= lezx
2
lerx —ljezx dx = lxezx —lezx +C
2 2 2 4
17. Use partial fractions:
3 3 3
| ;dxzj‘ [L— 1 ]dx =(Infx=1]~In[x+2[) =In2-In5-Inl+mn4= In®
2 (x—l)(x+1) 2 x-1 x+2 2 5
4 2 0o -2
8. PO el G B S AR 7 A NS S =l(e4 +2¢% +2¢° +e_2)
3 2 2 2 2 2 2
19. Make a sketch. x <—2 one zero, —2 < x <5 no zeros, x > 5 one zero for a total of 2 zeros
20. This is the definition of a limit.
3
21. —j dx——lnx ~L(n3-1m1)= L3
1 2 2
22. Quick Solution: " must have a factor of f which makes E the only option. Or,
2
In £(x)=xIn(x2 +1) =L _ . 22" +In(P2+ )= f1(x) = f(x)- 22" +In(x* +1)
S/ (x) x”+1 x” +1
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23.

24.

25.

26.

27.

28.

29.

1988 Calculus BC Solutions

r=0 when cos30=0=0= i%. The region is for the interval from 0 = —% to 0= %

T
1¢7 2
Area:EJ‘_GT6E (4cos30)"do

f’(x)=3x2—4x, f(0)=0 and f(2)=0. By the Mean Value Theorem,
_JSO-fO) _ . a2 _
0—2—_()—f(c)—3c —4c for ce(0,2). So, c—y.

3
N2 _ 4.2 (U yend 16 4]t 16
Square cross-sections: Zy Ax where y=4x". Volume—jo 16x" dx = 5 "5
This is not true if f is not an even function.
V'(x)= 3x% +2ax+b, V'(x)=6x+2a, y'"()=0=>a=-3
y()=—6s0o, —6=1+a+b-4=-6=1-3+b-4=b=0
d (th . (my d(m (T T
COS| — —sin| — |- —| — —sin| = || ——
dx x x ) dx X 2 T T
= = =—-tan| —
=) S
cos| — cos| — cos| —
X X X
y
Disks: ansz where x* = y—1. (=2.5) 1 (2,5)
5 5
Volume = nJ. (y—l)dyzE(y—l)z‘ =8n
1 2 1 X
Ay
1
. —X
-2 2
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30.

31.

32.

33.

34.

35.

1988 Calculus BC Solutions

. s . . : .1 1
This is an infinite geometric series with ratio 3 and first term —.
3

1-ratio -1 2
3

(lj
n
Sum — st _ 3 g‘( 1j

— N

This integral gives 1 of the area of the circle with center at the origin and radius = 2.
4

1 2

Z(n 2 ) =7

No longer covered in the AP Course Description. The solution is of the form

y=y,+y, where y, is the solution to "=y =0 and the form of yp is Ax? +Bx+K .

Hence y, = Ce". Substitute y » 1nto the original differential equation to determine the values
of 4, B, and K.

Another technique is to substitute each of the options into the differential equation and pick
the one that works. Only (A), (B), and (E) are viable options because of the form for y,,.

Both (A) and (B) fail, so the solution is (E).

L:jo2 1+[2—§j2 dx:J-OZ«/l+(3x2)2 dxzjoz 149x% dy

dy

3
Att:l’@: di _ A0 +4
de  dx 34241

dt

2222; the point at r =11s (2,3). y=3+2(x—-2)=2x-1

t=1

Quick solution: For large x the exponential function dominates any polynomial, so
k
.X
lim —=0.
X—>+0 @

k
A . .X . k!
Or, repeated use of L’Hopital’s rule gives = lim —= lim —=0
x>+ g% x—>+w ¥
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36.

37.

38.

39.

40.

41.

1988 Calculus BC Solutions

Disks: ZTE(RZ - rz)Ax where R=1, r =sinx y
2
Volume = nI i 1- sin? X)dx 1 Ax
0 1 i
I
Note that the expression in (E) can also be I
written as | I
nJ‘ /2 cos? xdx = —n_f ° cos’ (ﬂ— x) dx ' :
0 R T5) 2 | |
_ (M2 2 ' |
—nj‘o sin” x dx | L
and therefore option (D) is also a correct answer. 0 2
S5 r=3s
8
dx_,d5 _; 4 4 .
dt dt 9 3
2
X S
e ) : :
Check x=-1, z ~—— which is convergent by alternating series test
n=1 n
Check x =1, z — which is the harmonic series and known to diverge.
n=1 1
d—y:secz xdx=In|y|=tanx+k = y=Ce™". y(0)=5= y=5¢"""
y
Since f and g are inverses their derivatives at the inverse points are reciprocals. Thus,
! ! ! 1
g§(2)f®)=1=g(2)=—7=-2
2
Take the interval [0,1] and divide it into n pieces of equal length and form the right
Riemann Sum for the function f(x)= Jx . The limit of this sum is what is given and its
1
value is given by I 0 Jx dx
204
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42. Let 5—x=u, dx=—du, substitute
[P rG—wde=] ra)(du)=[" faydu=["f(x)dv=6
1 4 1 1
. | s
43. This is an example of exponential growth, B = B, -2/3 . Find the value of  so B=3B,,.
t t
3By = By =322 = n3=Lin2 o g =203
3 In2
44, I. Converges by Alternate Series Test
n
II Diverges by the nth term test: lim l(ij #0
n—on
o 1 L
III Diverges by Integral test: '[ dx = lim In(Inx)| =oo
2 xlnx L—o0 2
4 , A
45. A=(12x)2y)=4xy and y = 4—§x .
So A=8x /1—lx2 . 4 -
9 < >
P P
A = l—lx2 +lx l—lx2 —Ex
2 9 9
=§(1—lx2j (9-2x%)
9
, 3 : 3
A'=0 at x =23,—. The maximum area occurs when x =— and y = J2. The value of
V2 V2
3
the largest area is A=4xy=4-——-2=12
g Y NG
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1993 Calculus AB Solutions

1
3 5 3 3

1. C '(X)==x2;f'(4)==-4"==.2=3
J/'(x) 5% AC)) 5 5

N | —

2. B Summing pieces of the form: (vertical)-(small width), vertical = (d -f (x)) , width = Ax

Area = J-:(d —f(x))dx

5
3n° —5n 373
3. D Divide each term by n’. lim ————" = lim n__ -3
n—)oon3_2n2+] n—)ool_z_i_L
n n3
4, A 3x2+3(y+x-y')+6y2~y':0; V' (3x+6y?)=—(3x% +3y)
,__3x2+3y__ x2+y
3x+6y2 x+2y2
2_ —
5. A lim 22 i DD h (22)= 4. For continuity f(~2) must be 4.

x—>2 xX+2 xo-2 x+2 x—>=2

6. D Area:j:ﬁdx:(ln|x—l|)‘: :1n3—1n2:1n%

'= 2'(3"_(2)_(32”3)'3; /(1) =—13. Tangent line: y—5=-13(x—1) = 13x+y =18
3x-2

8. E  y'=sec’x+csc’x

9. E  h(x)=/(x])=3x] -1=3x"-1
10. D f’(x)=2(x—1)-sinx+(x—l)2cosx; f'(0)=(-2)-0+1-1=1

11. C  a(t)=6t—2;v(t)=3t>-2t+C and v(3) = 25=25=27-6+C; v(t)=3t> -2 +4
x(f)=f3—t2+4t+K; Since x(1)=10, K =6; X(l‘)=t3—t2+4t+6.

AP Calculus Multiple-Choice Question Collection 206
Copyright © 2005 by College Board. All rights reserved. Available at apcentral.collegeboard.com.
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12. The only one that is true is II. The others can easily been seen as false by examples. For
example, let f(x)=1 and g(x)=1 witha=0 and b =2. Then I gives 2 =4 and III gives
2= «/5 , both false statements.

13. period = 2_n:E

3
2
14, Letu=x"+1. Then | o dy=[u™"du=2u"?+C=2Jx*+1+C
X +1

15. f(x)=(x— 32 4+2(x-2)(x=3)=(x—3)3x—=7); f'(x) changes from positive to negative at

7

xX=—.

3

16. y' = pseextany _, n x; y'(n/4)=2tan(n/4) = 2. The slope of the normal line

secx
1
y'(m/4) 2
17. Expand the integrand. .[ (x> +1)? dx = j (x* +2x% +1)dx = %xs +§x3 +x+C
) ()l
18. Want ¢ so that f'(c) = W n = - :;.
2 2
1 c
(c)==cos| = |=0=>c=m
1) 5 (J

19. The only one that is true is E. A consideration of the graph of y = f(x), which is a standard
cubic to the left of 0 and a line with slope 1 to the right of 0, shows the other options to be
false.
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20.

21.

22.

23.

24.

25.

1993 Calculus AB Solutions

Use Cylindrical Shells which is no part of the AP Course Description. The volume of each
1

, 1
shell is of the form (2n7rh)Ax with » =x and 4 =y. Volume = 2nIO x(x+ 1)3dx.

y=x2-x72; y==2x"+3x% y"=6x"*—12x =6x>(x—2). The only domain value at
which there is a sign change in y" is x =2. Inflection point at x =2.

1
x+1)+1

dx=I+dx=tan_l(x—1)+C

1
- = dx=
Ix2—2x+2 ’ I(x2—2 (x=1)"+1

A quick way to do this problem is to use the effect of the multiplicity of the zeros of f on the
graph of y = f(x). There is point of inflection and a horizontal tangent at x =—2. There is a

horizontal tangent and turning point at x =3. There is a horizontal tangent on the interval
(—2,3). Thus, there must be 3 critical points. Also, /”(x)=(x-3)’(x+2)*(9x-7).

1
' 2 Y ' 2 4
F@ =56 ~2x-1) 3 (2x-2), fO=T(D (D=7

4 2%)=2%.1n2
d
x

26. v(t) =4sint —t; a(t):4cost—1:0att:cos_1(1/4):1.31812; v(1.31812) =2.55487
27. f’(x):3x2+12>0.Thusfis increasing for all x.

500 o 500 . X g (500 500 Lo
28. L 13°-11 )dx+j2 A1 -13 )dx—L (13° =11 )arx—j2 (13" =11%) dx

5 X X 2 2 2

:J- (13 —11%)dx = 137 11 :13 13 11 11:14.946

1 In13 Inll)f1 In13 Inl1
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29.

30.

31.

32.

33.

34.

35.

36.

1993 Calculus AB Solutions

Use L’Hopital’s Rule (which is no longer part of the AB Course Description).

. l—-cosO . sin O ) 1 1
lim =lim —— = lim =—
0-0 25in’@® 06-04sinOcos® 0-04cosd 4

A way to do this without L’Hopital’s rule is the following

. 1—cosO 1- cose ) 1-cosO } 1 1
lim =|lim——=1lim = lim =—
00 25in> 0  6-02(1—cos’>0) 6-02(1—cosO)(1+cos0) 6-02(1+cos0) 4

Each slice is a disk whose volume is given by nr2Ax, where r=+/x.

3.9
=—T.
0o 2

Volume = nJ. (\/_) dx = n.f xdx—g x?

f(x)= 31n(x _ eln(xé) = x5 fx0) = 6x°

[\/7—31n ( ]+C a>0

NE)
j B dx =sin! (fj =sin”! (ﬁj —sin"(0) = z
0 2 2 3

0
Separate the variables. y 2dy = 2dx; . 2x+C; y= 3 -
y

. Substitute the point (1,—1)

. When x=2,y:—l.

to find the value of C. Then —1=
2+C 1-2x 3

Let x and y represent the horizontal and vertical sides of the triangle formed by the ladder, the

wall, and the ground.

dx dy dx 7
+y°=25;2 L) =0; 2(24 —+27 -3)=0; —=—.
X+ y? ARy (24) (7)(=3)= 73

For there to be a vertical asymptote at x = -3, the value of c must be 3. For y=2 tobea
horizontal asymptote, the value of a must be 2. Thus a+c=5.

Rectangle approximation = el =1+e

Trapezoid approximation. = (1 +2e+e” ) /2.

Difference = (¢* —1)/2 =26.799 .
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37. C TandIl both give the derivative at a. In III the denominator is fixed. This is not the derivative
of f at x =a. This gives the slope of the secant line from (a, f(a)) to (a+h, f(a+h)).

38. A f'x)= x? —sinx+C, f(x)= %x3 +cosx+ Cx+ K . Option A is the only one with this form.

39. D A=nr? and C=2nr; ﬁ=2nr£ and £=2n£. For ﬁ=£, r=1.
d dt dt dt dt dt

40. C  The graphof y=f (|x|) is symmetric to the y-axis. This leaves only options C and E. For

x>0, xand | X | are the same, so the graphs of f(x) and f (|x|) must be the same. This is
option C.

41. D  Answer follows from the Fundamental Theorem of Calculus.

t

42. B  This is an example of exponential growth. We know from pre-calculus that w = 2(%)2 is

an exponential function that meets the two given conditions. When =3, w=4.630. Using
calculus the student may translate the statement “increasing at a rate proportional to its

weight” to mean exponential growth and write the equation w = 26 Using the given

In(1.75)
t—r
1n(175),w=2€ 2 'Whent:37 w=4.630.

conditions, 3.5 = 2%k ; In(1.75)=2k; k=

43. B  Use the technique of antiderivative by parts, which is no longer in the AB Course
Description. The formula is ju dv=uv —Ivdu .Let u = f(x) and dv = xdx. This leads to

J.xf(x)dx =%x2f(x)—%j xzf'(x)dx.

4. C  f'(x)=lnx+x -l; f'(x) changes sign from negative to positive only at x = el
X

fey=—e ==L,
e
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45. B Let f(x)= x> +x—1. Then Newton’s method (which is no longer part of the AP Course

Description) gives

B _f(xn)_ _xn3+xn—1
Xn4l = Xy ’ =Xy 2
S(x,) 3x,” +1
I+1-1 3
x2=1— =_
3+1 4
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1 1
LA [la-sdde=| 22 | =2-1-1

0 2 3 o 2 3 6

2 —

2. ¢ a2l

x—0 X
3. E Q(x)=p(x)=>degrecof Qis n+l
4. B Ifx=2theny=5.xﬂ+y£=0;2(3)+5-ﬁ:03ﬁ:_§

dt dt dt dt 5

5. D r=2secH;rcos0=2 = x=2.This is a vertical line through the point (2,0).

dy
dl 22
) . (dyj [dxj 3
6. A Do Vo3P 3, Ay A a2 3
dt dt dc 2t 2 it dx dx 2t 4t

dt

1

e

1 3 %t _l 1 Xt 3 _l x4
7. A Joxe dx—4J.0e (4x dx)—4e

8. B f(x)=lne**=2x, fi(x)=2

9. D f'x)= 73 - This does not exist at x =0. D is false, all others are true.

2. 1
3 x

10. E I. Inx is continuous for x>0
II. e* is continuous for all x

III. In(e™ —1) is continuous for x >0 .

b
) .3 2 o o
11. E J. X dx = lim —(9 —x? )A . This limit diverges. Another way to see this without
4 3 /g — x2 b—wo 2 4

doing the integration is to observe that the denominator behaves like x> which has a
smaller degree than the degree of the numerator. This would imply that the integral will
diverge.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

1993 Calculus BC Solutions

v(t) =2cos 2t +3sin3t, a(t)=—4sin2¢+9cos3t, a(m)=-9.

13
d—y=x2dx, ln|y|=%x3+C1, y=Ce3x . Only C is of this form.
Y

The only place that f’(x) changes sign from positive to negative is at x =—3.

p=en= A7)

2
— 2tan x-sec” x-e®™ ¥

I. Compare with p-series, p =2
II. Geometric series with r =g
II1. Alternating harmonic series

Using implicit differentiation, Y 1. Whenx =1, rry _ 1=y'=0.
Xy y
X X _ X Y(x—=1
Alternatively, xy =¢e*, y = e_’ y' = e 5 A (x2 ) y'(1)=0
X X X

2x 2x

[y == fl)=—"5=—""
e/ 14 i

Use cylindrical shells which is no longer part of the AP y
Course Description. Each shell is of the form 2rrhAx

where r=x and / = kx—x* . Solve the equation

k
3 4
k
10=2nj0 x(m—x2)dx=2n(%_x_J

4
k=4 /@ ~2.0905.
T

w(t) = —%e_h +3 and x(f) = ie‘zf +3t+4
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21. A Use logarithms.

1 2 1 y, 2x 2 '
Iny=—In(x"+8)-—In(2x+1); —= - ; at(0,2), y'=-
3 (+*+5) Al 3(x?+8) 4(2x+1)

22. B fl(x)=x’¢"+2xe" =xe* (x+2); f'(x)<0 for —2<x<0

23. D L:j;\/(%j2+£d—yj dr=[ "4t +1

24, C  Thisis L’Hopital’s Rule.

dy
—t —t
25. D Atr=3, slope= D = dt _ 71 *e =12t| — 2 0005
dx  dx o et|t:3 0

dt
2x 2x
2%. B 2e2 - 264
1+(e™)” 1+e™

27. C  Thisis a geometric series with » = XT_I Convergence for —1 <7 <1. Thus the series is

convergent for -2 <x < 4.

28. A v=(22t+2,4tj, v(2)=(§,8j=(§,8j
t°+2t 8 4

29. E  Use the technique of antiderivatives by parts: u =x and dv= sec? x dx

J.xseCQxdx=xtanx—jtanxdx=xtanx+ln| cosx|+C

};‘
30. C  Eachslice is a disk with radius » =secx and width Ax. A
/3 3

Volume = cho sec” xdx = mtan x| g/ = n\/§ |

1 |

|

r |

|

|

X
Ax w/3
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100
3. A s, =12 gimg =12l
4+n n—>0 5 5

32. B Only Il is true. To see that neither I nor III must be true, let f(x)=1 and let g(x)= x? 128

15
on the interval [0, 5].

33. A The value of this integral is 2. Option A is also 2 and none of the others have a value of 2.
Visualizing the graphs of y =sinx and y =cosx is a useful approach to the problem.

34. E Let y=PR and x=RQ.
xz—l-y2 =407, 2xﬂ+2yQ:O, xé(—ﬂj+yd—y=0:> yzéx.
dt dt 4\ dt dt 4

Substitute into x> +y2 =40%. x* +%x2 = 402, f—gxz = 402, x=32

M = 0 =0 . This means that there is
—a a

number in the interval (a,b) for which F' is zero. However, F'(x)= f(x). So, f(x)=0 for
some number in the interval (a,b).

35. A Apply the Mean Value Theorem to F. F'(c) =

36. E  v=nrlhand h+2nr=30= v:2n(15r2 —nr3) for 0<r<1—5; ?z&cr(lO—nr). The
T dr
maximum volume is when » :m because ﬂ> 0 on (O,&j and ﬂ< 0 on (E,Ej
T dr o dr T T
e 1 el 1 3

37. B Iof(x)dx—joxdx+J.l —dv=—+lne=>

dN kt 1
38. C E:kN:N:Ce . N(0)=1000= C =1000. N(7):1200:>k:71n(1.2) . Therefore

12

N(12)=1000e” " ~1367.

39. C Want w where y(x) =ln| x|+C. This gives @=%1ﬂ4=%ln22 =§ln2.

40. C  Theintervalis [0,2], x, =0, x; =1, x, =2. S:%(0+4ln2+0):§ln2.Note that

Simpson’s rule is no longer part of the BC Course Description.
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2 2
f'(x)=(2x—3)e(x 3x) ;f'<0forx<% andf'>0f0rx>%.

41.
. .. 3
Thus f has its absolute minimum at x = 5
42. Suppose lim ln((l + 2x)cscx) = A. The answer to the given question is el
x—0
: . . In(1+2 . 2 1
Use L’Hopital’s Rule: lim ln((l + 2x)°5°x) = lim M = lim ———- =2.
x—0 x>0  sinx x>0 1+2x cosx
3.5 243 2\5 6 10
43' Slnx:x__+__...:> Slnx2=.x _u ﬂ-...: 2_x_ x__...
3! 5! 3! 5! 315!
44. By the Intermediate Value Theorem there is a ¢ satisfying a < c <b such that f(c) is equal
to the average value of f on the interval [a,b]. But the average value is also given by
1 b . . .
h—a I f(x)dx . Equating the two gives option E.
—qava
Alternatively, let F(¢) = I ' f(x)dx . By the Mean Value Theorem, there is a ¢ satisfying
a
Fb)-F b
a <c<b such that M:F'(c) .But F(b)—F(a) =J. f(x)dx,and F'(c)= f(c) by
— a
the Fundamental Theorem of Calculus. This again gives option E as the answer. This result is
called the Mean Value Theorem for Integrals.
45. This is an infinite geometric series with a first term of sin® x and a ratio of sin® x.
)
The series converges to | n 5= tan” x for x # 2k + l)g, k an integer. The answer is
—sin” x
therefore tan?1=2.426.
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2 4.3 4 N
1. L (4x> —6x)dx=(x* -3x%)| =(16-12)-(1-3)=6
1
1 1 1 1
5 , 5 - - (3x-3)
2. f(x)=x(2x-3)2; f'(x)=2x-3)2+x(2x-3) 2=(2x-3) 2(3x-3)= -
x —
b b b
3 j (f(x)+5)dx=j f(x)dx+5j ldx=a+2b+5(b-a)="Tb-4a
a a a
3 1 ’ 2 1 ’ 2
4. f(xX)=—x"+x+—; f'(x)=-3x +1-— f'-)==-3(-1)"+1- y=-3+1-1=-3
X X =D
5 y=3x* 1637 +24x% +48; 1’ =12x> —48x% +48x; " =36x% —96x+48=12(3x—-2)(x—2)
y"<0 for §< x < 2, therefore the graph is concave down for % <x<2
1.t L
6. —J.e2d1=e2+C
2
7. 2 cos? (x>)= 2cos(x3)(i (cos(x3)j = 2cos(x3)(—sin(x3)(i (x3)j
dx dx dx
=2cos(x>)(—sin(x>)(3x?)
8. The bug change direction when v changes sign. This happens at 1 =6.
9. Let A, be the area between the graph and #-axis for 0<#<6, and let 4, be the area between
the graph and the f-axis for 6 <7 <8 Then 4; =12 and 4, =1. The total distance is
10. y=cos(2x); y' =-2sin(2x); y'(Ej =-2 and y(ﬁj =0; y= —Z(x —Ej
4 4 4
11. Since f” is positive for —2 < x <2 and negative for x < -2 and for x > 2, we are looking
for a graph that is increasing for —2 < x <2 and decreasing otherwise. Only option E.
1 5 1 1 .. (11
12. =—x"; y'=x; Wewant y'=— = x=—. So the pointis | —,— |.
FERt Y _ 2 P (2 8)
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4=
13. f'(x)= 5 ;[ isdecreasing when f'<0. Since the numerator is non-negative, this is
x f—
only when the denominator is negative. Only when x<2.
14. f(x)= L(x)=2+5(x-3); L(x)=0 if 0=5x—-13 = x=2.6
15. Statement B is true because lim f(x)=2= lim f(x). Also, lim f(x) does not exist
x—oa x—a’ x—b
because the left- and right-sided limits are not equal, so neither (A), (C), nor (D) are true.
) 2
16. The area of the region is given by I 5 (5- (x2 +1))dx =2(4x —%x3) = 2(8 —gj = %
- 0
2 2 ' ' ' 4
17. X“+y =25 2x+2y-y'=0; x+y-y'=0; y(4,3):—§;
4 4 25
x+y-y'=0 = 1+y-y"+y"-y'=0; 1+Q)y"+| ——= || = |=0; y'=——
yy Yy Yy )y (SNSJ V===
T etanx
18. .[ 4 5—dx is of the form Ie“du where u =tanx..
0 cos” x
r etanx n
I 4 — de=e™|4 —ol — el —e—1
0 cos” x 0
1 d 2 2x
19. =Inlx>=1; f(x)= —((x"=1)=
f)=Tn| f@) ==
1¢s 1, . ) 1 . . ) . .
20. 3 J._3 cos x dx= 3 (sin5—sin(-3)) = 3 (sin5+sin3); Note: Since the sine is an odd function,
sin(—3) = —sin(3).
21. lim—— is nonexistent since lim Inx=0 and limx #0.
x—11lnx x—1 x—1
22. F()=(x*=3)e; f'(x)=e " (=x* +2x+3)=—e (x=3)(x+1); f'(x)>0 for —1<x<3
23. Disks where » = x. V—Tc_[ox dy—nJ.oy dy—sy 0" 3
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24. B Let [0,1] be divided into 50 subintervals. Ax :5—10; X| ==Xy =——, X3 =—

50
1
Using f(x)= Jx , the right Riemann sum Z f(x;)Ax is an approximation for I 0 Jx dx.
i=1

25. A Use the technique of antiderivatives by parts, which was removed from the AB Course
Description in 1998.

u=x dv=sin2xdx

du =dx v=—%cos2x

[ xsin(2x) dx = —%x cos(2x) + [ %cos(2x) dx = —%x cos(2x) +%sin(2x) +C

AP Calculus Multiple-Choice Question Collection
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76.

77.

78.

79.

80.

1997 Calculus AB Solutions: Part B

2x

R ACE 2

e** 2x—2e*" 3 e (2x-1)
4x* 2x?

y=x>+6x>+7x—2cosx. Look at the graph of »" =6x+12+2cosx in the window
[-3,—1] since that domain contains all the option values. y" changes sign at x =—1.89.

F3)-F(O)= 03 S = ; S | 13 f()dx=2+23=43

1
(Count squares for J‘o f(x)dx)

The stem of the questions means f'(2)=5. Thus f is differentiable at x = 2 and therefore
continuous at x = 2. We know nothing of the continuity of .1 and II only.

f(x)= 264 ; f(x) = 16xe4x2; We want 16xe* =3. Graph the derivative function and the
function y = 3, then find the intersection to get x =0.168.

81. Let x be the distance of the train from the
x
crossing. Then ax =60.
dt
§2=x? 4702 m 25 g B A5 _xdv 70 S
dt dt dt Sdt
After 4 seconds, x =240 and so S =250.
Therefore a5 = 240 (60)=57.6
dt 250
82. P(x)=2x>—-8x; P'(x)=4x—8; P’ changes from negative to positive at x =2. P(2) = -8
4
83. cosx=x at x=0.739085. Store this in A. J.o (cosx—x)dx =0.400
84. Cross sections are squares with sides of length y.
Volume ZIleyzdx = Lelnx dx=xInx —x) |1e =(elne—e)—(0-1)=1
85. Look at the graph of /" and locate where the y changes from positive to negative. x =0.91
1 1 1 1
86. () =x; /() =—m; =2— = c=—
/ N N AN 4
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87.

88.

1997 Calculus AB Solutions: Part B

a(t)=t+sint and v(0)=-2 = v(t):%tz—cost—l; v(t)=0atr=1.48

f(x)= j-:h(x)dx = f(a) =0, therefore only (A) or (E) are possible. But f'(x)=A(x) and

therefore f is differentiable at x = 5. This is true for the graph in option (E) but not in option
(A) where there appears to be a corner in the graph at x = b. Also, Since 4 is increasing at
first, the graph of f must start out concave up. This is also true in (E) but not (A).

89. T:%%(3+2.3+2-5+2~8+13):12
90. F(x)= %sin2 X F'(x)=sinxcosx Yes
F(x)=—cos® x F'(x)=—cosxsinx No
2
1 1. .
F(x)= —Zcos(2x) F'(x)= Esm(2x) =$in xcos x Yes
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3 1 3
! 1S 5, 25 251 16
— 2 2 =2 =2
1. C '[Ox/;(x+l)dx—'[0x +x dx—sx 3x T
dy _ 2cos(2t) _ cos(2?)
dx 2621‘ eZt

2. E x=e?, y =sin(2t);
3.0 A f(x)=3x"—4x-3x; f(x)=15x"—12x? =3 =3Gx% + D(x? = 1) =3(5x* + D(x + D(x=1) ;
/" changes from positive to negative only at x =—1.
2

2 d
4. C ™ =x%; so xe™ =x° and —(x3):3x2

3 1
—(v_ 2 l x=2. o1 :g 12 l x=2. pr :i l:
5. C  f(x)=(x-1) +2e ; (%) 2(x ) +2e ; f1(2) 2+2 2

1 1
6. A y=(16-x)2; y':—%(16—x) 2, y'(O):—%; The slope of the normal line is 8.

7. C  Theslope at x =3 is 2. The equation of the tangent line is y—5=2(x—-3).

8. E  Points of inflection occur where f” changes from increasing to decreasing, or from
decreasing to increasing. There are six such points.

9. A  fincreases for 0 < x <6 and decreases for 6 < x <8. By comparing areas it is clear that f

increases more than it decreases, so the absolute minimum must occur at the left endpoint,
x=0.

1
10. B y=xy+x’+1l; y=xp'+y+2x; at x=—1,y=1; y'=—)' +1-2 :}y':—E

0 L
11. C j s+ 22y 2dx = fim -~ @+ x| = fim o1 1
1 Lo 2 1 Lood 2(1+I%) 4

12. A f' changes from positive to negative once and from negative to positive twice. Thus one
relative maximum and two relative minimums.

13. B a(t)=2t—7 and v(0) =6; so v(t) = 2—T7t+6= (t—1)(t —6). Movement is right then left
with the particle changing direction at ¢ =1,, therefore it will be farthest to the right at # =1.
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‘l\)w

14. C  Geometric Series. r = % <1 = convergence. a :% so the sum will be S = =24

1

|
o0 | W

2 2
2
15. D x=cos3t,y:sin3t for 0<r<”. L:jn/ (ﬂj +(ﬂj dt
2 0 dt dt

2 2
L= L:E/ \/(—3 cos? ¢sin t)2 +(3 sin” 7 cos t)2 dt = J-(;t/ \/9 cos* 1sin? £ +9sin* rcos® ¢ dt

-1 1 e — el -1 1

. _ _l ' — X 4 — 1 [

16. B }lll_r)% 7 —2}111_% P —2f(0), where f(x)=e" and f'(0)=1. }111_12) TR
7. B f(@)=IG-x); f(0)=—— f"() = ()= — 2
. 9 x_39 (x_3)29 (x_3)3’

f(2)=0,7'2)=-1,f"2)=-1, f"(2)=-2; ay=0,a;=-1,a, :—%,a3 =—%

(x-2° (x=2)’
2 3

f)=~(x-2)~

3 3
18. C x=t3—t2—l,y=t4+212—8t; Q=4t T 8:4t 4t 8. Verticaltangen‘[sa‘[z‘:O,z
dx 32 —2¢ t(3t-2) 3

19. D j_44 F(x)dx— 2]1 FOOdx = (A; = Ay)—2(~Ay) = A, + Ay

o0 _ n
20. E Z% The endpoints of the interval of convergence are when (x—2)=+3; x=-1,5.
n=l M-

Check endpoints: x =—1 gives the alternating harmonic series which converges. x =5 gives
the harmonic series which diverges. Therefore the interval is —-1<x < 5.

T T }}
21. A Area=2%_[0/2((200s9)2—Cosze)dﬁzjo/zkoszede

22. C  g'(x)= f(x). The only critical value of g on (a,d) is at x=c. Since g’ changes from
positive to negative at x = ¢, the absolute maximum for g occurs at this relative maximum.
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23.

24.

25.

1997 Calculus BC Solutions: Part A
x=5s8in0; QZSCOSB-@; When x:3,0056=i; ﬂzS(ijG):lZ
dt dt 5 dt 5

v w2 (5 1 B O T
f(x)=sin(x")=x —T+---—x —gx +o= f(x)—gx —Ex +--- The

coefficieint of x’ is —i.
42

This is the limit of a right Riemann sum of the function f(x)= Jx on the interval [a,b], so

" b YR
lim EM=IaJ;dX=§x2 =—(b2—a2)
1

n—)ool. 3

a
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76. D  Sequence [ —» %; sequence Il — oo; sequence Il — 1. Therefore I and III only.

77. E  Use shells (which is no longer part of the AP Course Description.)

o ZanhAx where » =x and
(3.3) h=4x—x*—x
h
Volume =
3 2 _ 3,2 3
Ax 271.[0 x(4x—x x)dx—ZRIO (B3x"—x7")dx
¥ X
0 4
78, A fimineEM =l et =ine ) where £(x)=Inx

h—0 h h—0 h

79. D  Count the number of places where the graph of y(¢) has a horizontal tangent line. Six places.

80 B  Find the first turning point on the graph of y = f'(x). Occurs at x=0.93.
81. D  f assumes every value between —1 and 3 on the interval (-3,6). Thus f(c)=1 at least once.

82. B J.(: (z‘2 -2t)dt > J.zx tdt ; lx3 —xt> %xz — 2. Using the calculator, the greatest x value on

the interval [0,4] that satisfies this inequality is found to occur at x =1.3887 .

83. E Q:(lﬂnx)dx; In|y|=x+xInx—x+k=xInx+k; |y|:ekeXInx:y:Cexmx.Since

xInx

y=1when x=1, C=1.Hence y=e
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85.

86.

87.

88.

1997 Calculus BC Solutions: Part B

_[xz sinxdx ; Use the technique of antiderivatives by parts with u = x> and dv =sinxdx. It

will take 2 iterations with a different choice of u# and dv for the second iteration.

2cosx+J.2xcosxabc

_[xz sinxdx =—x
- cosx+<2xsinx—j25inxdx)

— —x?cosx+2xsinx+2cosx+C

fO-fM_5 .
3-1 2
II. Not enough information to determine the average value of f. False

I. Average rate of change of f is rue

III. Average value of /' is the average rate of change of /. True

1 A B
= +
(x-D(x+3) x-1

Use partial fractions. 3 ; 1=A(x+3)+B(x-1)

Choose x=1 = A=% and choose x=-3 = B=—i.

x—1
x+3

+C

j;dx:lh ! dx—j ! a’x}=lln
(x—=1)(x+3) 417 x-1 x+3 4

2 2
Squares with sides of length x. Volume = Io xzdy = .[0 2-y)dy

2
f(x)= L;C sintdt; f'(x)=2x sin(xz); For the average rate of change of f we need to
determine f(0) and f(\/E) . f(0)=0 and f(\/;) = .[: sintdt =2 . The average rate of

: .2 . : .
change of f on the interval is — . See how many points of intersection there are for the

Jr

graphs of y =2x sin(x?) and y= 2 on the interval [O,\/E } . There are two.

N
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89. D f(x)zijdt' =] =037
' Lgp N '
4 x2
Or, f(4)= f()+ j —dx=0376
T l4+x

Both statements follow from the Fundamental Theorem of Calculus.

5

5 6 65 51 6 .
90. B F(x)=kr; 10=4k = k==; Work=j F(x)dsz. = xdx==x%| =45 inch-lbs
2 0 02 47 1o
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1. y'=x? +10x; y" =2x+10; " changes sign at x =—5
2 [ reode=[" roode+ [ f(xdx
' -1 -1 2
= Area of trapezoid(1) — Area of trapezoid(2) = 4-1.5=2.5
2 2 2
3. J. de:.[ x_zdx:—x_l‘ :l
1,2 1 1 2
4. This would be false if f was a linear function with non-zero slope.
5. I;sintdt = —cost|g =—cosx—(—cos0)=—cosx+1=1-cosx
6. Substitute x = 2 into the equation to find y = 3. Taking the derivative implicitly gives
di(x2 + xy) =2x+xy + y =0 . Substitute for x and y and solve for y'.
X
442y'+3=0; y'= 7
2
e x? -1 e 1 1 ‘(1 1 1, 3
7. I dx:I X—— dx:[—xz—lnxj :(—ez—lj—i——Oj:—ez——
I x 1 X 2 1 2 2 2 2
8. h(x)= f(x)g(x) so, h'(x)=f'(x)g(x)+ f(x)g'(x). It is given that 4'(x) = f(x)g'(x).
Thus, f'(x)g(x)=0. Since g(x)>0 forall x, f'(x)=0. This means that /* is constant. It
is given that f(0) =1, therefore f(x)=1.
0. Let 7(¢) be the rate of oil flow as given by the graph, where ¢ is measured in hours. The total
24
number of barrels is given by Io r(t)dt . This can be approximated by counting the squares
below the curve and above the horizontal axis. There are approximately five squares with
area 600 barrels. Thus the total is about 3,000 barrels.
, x-DRx0) - =21, 2-1)(4)—(4-2)1
0. D - GTIEI=GIIDD ) @DO-E-20)
(x-1) 2-1
11. Since £ is linear, its second derivative is zero. The integral gives the area of a rectangle with
zero height and width (b—a) . This area is zero.
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12. E lim f(x)=In2#4In2= lim f(x). Therefore the limit does not exist.

x—2" x—2"

13. B  Atx=0andx =2 only. The graph has a non-vertical tangent line at every other point in the
interval and so has a derivative at each of these other x’s.

14. C  v{t)=2t—6;v(t)=0fort=3

15 D By the Fundamental Theorem of Calculus, F'(x) = vV x> +1, thus F'(2) =v2° +1 = Jo=3.
' -X d -X -X -X d -X —X
16. E f'(x)=cos(e ")-— (e ")=cos(e )| e -—(—x) |=—e " cos(e )
dx dx

17. D  Fromthe graph f(1)=0. Since f'(l1) represents the slope of the graph at x=1, f'(1)>0.
Also, since f"(1) represents the concavity of the graph at x=1, f"(1) <0.

18. B y'=1-sinx so »'(0)=1 and the line with slope 1 containing the point (0,1)is y=x+1.

19. C  Points of inflection occur where f” changes sign. This is only at x=0 and x=—-1. There is
no sign change at x = 2.

20. A j_"3x2 dx=%x3‘k3 =%(k3—(—3)3)=%(k3 +27)=o only when k = 3.

21. B  The solution to this differential equation is known to be of the form y = y(0)- e Option (B)

is the only one of this form. If you do not remember the form of the solution, then separate
the variables and antidifferentiate.

Y _yar, In| y|=kt+c;

y | _ ekt+c1 _ ektecl . kt
Y

, y=ce .

22. C [ isincreasing on any interval where f'(x)>0. f'(x)= 4x3 +2x = 2x(2x2 +1)>0.

Since (x> +1)>0 forall x, f'(x) >0 whenever x>0.

23. A The graph shows that f is increasing on an interval (a,c) and decreasing on the interval
(c,b) , where a < c <b. This means the graph of the derivative of f is positive on the
interval (a,c) and negative on the interval (c,b), so the answer is (A) or (E). The derivative
is not (E), however, since then the graph of f would be concave down for the entire interval.
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24. The maximum acceleration will occur when its derivative changes from positive to negative
or at an endpoint of the interval. a(¢) =V'(¢) = 32 —6r+12= 3(t2 —2t+4) which is always
positive. Thus the acceleration is always increasing. The maximum must occur at ¢ =3
where a(3)=21

2
2
25. The area is given by .[ x2 —(—x)dx = lx3 +lx2 = §+2 = E
0 3 2 0 3

26. Any value of k less than 1/2 will require the function to assume the value of 1/2 at least twice
because of the Intermediate Value Theorem on the intervals [0,1] and [1,2]. Hence £ =0 is
the only option.

12 12 I 112 (23 2

27. [V 1= "3 +1)2| =357 |dx==—-—-= 42| =—[92-12 |=2

2 j- 0 2 I 0 ( ) (3 233 ( ) 9 9
0
28. 1) =sec?2x) L 2x) = 256 @n): £ | =2sec?( F | =204y =8
dx 6 3
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76. A From the graph it is clear that /" is not continuous at x = a . All others are true.

77. C  Parallel tangents will occur when the slopes of f and g are equal. f'(x) = 6¢>* and
g'(x)= 18x°. The graphs of these derivatives reveal that they are equal only at x =—-0.391.

78. B  A=mwr’> a _ 2nr£ . However, C =2nr and ar_ —0.1. Thus a4 _ —0.1C.

dt dt dt dt

79. A The graph of the derivative would have to change from positive to negative. This is only true
for the graph of .

80. B  Look at the graph of f'(x) on the interval (0,10) and count the number of x-intercepts in the
interval.

8l. D  Only Il is false since the graph of the absolute value function has a sharp corner at x = 0.
3
82. E  Since F is an antiderivative of f, L fQ2x)dx = %F(2x)|f = %(F(6) —-F(2))

2 2 2 2
83. B lim>2—% —lim * —d i ! !

= lim =
xax' —a  xoa (x2 —az)(x2 + az) x—a (x2 + az) 2a?

84. A A known solution to this differential equation is y(¢) = y(O)ekr . Use the fact that the
population is 2y(0) when ¢#=10. Then

2(0) = p(0)eF 19 = &% =2 = k = (0.1)In2 = 0.069

85. C  There are 3 trapezoids. -3(f(2)+f(5))+%-2(f(5)+f(7))+%-1(f(7)+f(8))

1
2
86. C  Each cross section is a semicircle with a diameter of y. The volume would be given by

2 2
8 8 —
12 =" 8-x) v =16.755
02772 gdo| 2

87. D  Find the x for which f'(x)=1. f'(x)= 4x3 +4x =1 only for x=0.237. Then
£(0.237)=0.115. So the equation is y—0.115=x—-0.237. This is equivalent to option (D).
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89.

90.

91.

92.
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3
(In?) dt =5.827 using a calculator. Since F(1)=0, F(9)=15.827.
t

FO)-F()= 19

Or solve the differential equation with an initial condition by finding an antiderivative for
3
(In x)

X

F()=0, C=0. Therefore F(9)= i(ln 9)* =5.827

. This is of the form u>du where u =Inx. Hence F (x)= %(ln x)4 + C and since

The graph of y = x>—4isa parabola that changes from positive to negative at x =-2 and
from negative to positive at x = 2. Since g is always negative, /' changes sign opposite to

the way y = x? —4 does. Thus f has a relative minimum at x = -2 and a relative maximum
at x=2.

The area of a triangle is given by 4 = %bh . Taking the derivative with respect to ¢ of both

sides of the equation yields a4 = l(@ -h+b ﬁj . Substitute the given rates to get
dt 2\ dt dt
% = %(3}1 -3b)= %(h —b) . The area will be decreasing whenever % < 0. This is true

whenever b > h .

I. True. Apply the Intermediate Value Theorem to each of the intervals [2,5] and [5,9].
II. True. Apply the Mean Value Theorem to the interval [2,9].

III. True. Apply the Intermediate Value Theorem to the interval [2,5].

s
JkE cosxdx=0.1=>sin (gj —sink=0.1=sink =0.9. Therefore k = sin_1(0.9) =1.120.
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1. C  f will be increasing when its derivative is positive.
F(x)=3x2 +6x-9=3(x>+2x=3) f'(x)=3(x+3)(x-1)>0 forx<—3 orx>1.

2. A ﬁ:Sandd—y::’,:>d_y:§
dt dt x 5

3. D Find the derivative implicitly and substitute. 2y - y"+3(xy + )% (x- y'+y)=0;

[ ! 1 ! 1A 3
2(-1)- ' +3(2)=D+D*((2)- ' +(=1))=0; =2y'+6-)'=3=0; y =2
4. A Use partial fractions. 1 = ! :l( P 1 )
2 —6x+8 (x-H(x-2) 2\x-4 x-2
J.%dx:l(ln|x—4|—ln|x—2|)+C:lln x—4 +C
x°—6x+8 2 2 | x-2

5. A K@ =/(g) g @ ; i) =r"(gx) @)@+ f(g(x)-g"(x)
K'(x)= f"(2(0)-(g'0))* + £ (g(x)-g"(x)

6. E  The graph of 4 has 2 turning points and one point of inflection. The graph of 4" will have 2
x-intercepts and one turning point. Only (C) and (E) are possible answers. Since the first
turning point on the graph of / is a relative maximum, the first zero of 4" must be a place
where the sign changes from positive to negative. This is option (E).

e
:(lez _1j_(l_0j:lez 3
L2 2 2 2

3
1 T 1 3 1
, 0=——|cos—| +C=C=0. y(0)=——(cos0) =——
3( 2) $(0)=—3(cos0) =-2

2_
7. E Jex 1dx=‘|.ex—ldx: lxz—lnx
I x 1 X 2

8. B y(x)z—%(cosx)3+C; Let ng
9. D Let r(¢) be the rate of oil flow as given by the graph, where ¢ is measured in hours. The total

24
number of barrels is given by J.o r(t)dt . This can be approximated by counting the squares

below the curve and above the horizontal axis. There are approximately five squares with
area 600 barrels. Thus the total is about 3,000 barrels.

10. E v(t)=(3t2—1,6(2t—1)2) and a(t) = (6,24(2t - 1)) = a(1) = (6,24)
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11. A  Since f is linear, its second derivative is zero and the integral gives the area of a rectangle
with zero height and width (b—a) . This area is zero.

12. E lim f(x)=In2#4In2= lim f(x). Therefore the limit does not exist.

x—2" x—>2F

13. B  Atx=0andx =2 only. The graph has a non-vertical tangent line at every other point in the
interval and so has a derivative at each of these other x’s.

3 5 3 5
14. E sinxzx—x—+x—; sinl = 1—1— 1—:1_1+L
3t 5l 3! 5l 6 120

15. B Use the technique of antiderivatives by parts. Let u = x and dv =cosxdx.

Ixcosxdx:xsinx—jsinxdx:xsinx+cosx+C

16. C Inflection point will occur when f” changes sign. f'(x)= 15x% = 20x°.
£"(x) =60x> —60x? = 60x>(x—1). The only sign change is at x = 1.

17. D  From the graph f(1)=0. Since f'(1) represents the slope of the graphat x=1, f'(1)>0.
Also, since f"(1) represents the concavity of the graph at x=1, f"(1) <0.

18. B 1. Divergent. The limit of the nth term is not zero.
II. Convergent. This is the same as the alternating harmonic series.
III. Divergent. This is the harmonic series.

19. D  Find the points of intersection of the two curves to determine the limits of integration.

4sin© =2 when sin0=0.5; thlslsate—gad— Ara——.[ (4s1n9 —(2)2)d9

d(x -2 -2
20. E ( ) :lx 3,% :_() 3. dx ll@ 1 dx:k:lz
dt 3 dt dt 34 dr 12 dt
x=8 x=8

2 2
1 1
21 C  The length of this parametric curve is given by Io \/(@) + (%) dt = Io \/(12)2 24t

dt

22. A This is the integral test applied to the series in (A). Thus the series in (A) converges. None of
the others must be true.
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23. [. False. The relative maximum could be at a cusp.
II. True. There is a critical point at x = ¢ where f'(c) exists
II. True. If f"(c) >0, then there would be a relative minimum, not maximum
24, All slopes along the diagonal y =—x appear to be 0. This is consistent only with option (C).
For each of the others you can see why they do not work. Option (A) does not work because
all slopes at points with the same x coordinate would have to be equal. Option (B) does not
work because all slopes would have to be positive. Option (D) does not work because all
slopes in the third quadrant would have to be positive. Option (E) does not work because
there would only be slopes for y >0.
© 5 3 . b 2 - . 1 _3 b 1
25. _[ xede=1lim| x“¢ di=lim-——=e" | ==.
0 h—x0* 0 b—>wn 3 o 3
. dP . Cn C o . . .
26. As lim — =0 for a population satisfying a logistic differential equation, this means that
t—>0
P —10,000.
27. If f(x)=) a,x", then f'(x)=) na,x"" = Znanxn_l.
n=0 n=0 n=l1
()= Znan 1" = Znan
n=1 n=1
lx etz dt x?
28. Apply L’Hopital’s rule. lim = lim =—
x—>1 x2 -1 x—12x 2
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76. D  The first series is either the harmonic series or the alternating harmonic series depending on
whether £ is odd or even. It will converge if k is odd. The second series is geometric and will
converge if k <4.

77. E f'(t)=(—e_t,—sint); f"(t)=<e_t,—cost).

8. B A== o However, C = 2nr and @ 01 Thes P = 0.1c.
dt dt dt dt

79. A None. For every positive value of a the denominator will be zero for some value of x.

2
80. B  The area is given by J. 3 (1 +In(cos* x))dx =0.919
3

1

1
dy 2. d’y _d oo | 2y, dy
81. B Z=y1-y2; =2 ="11-9y)2 |==(1- 2. (o). Y __
i y P dx( y) 2( y) (y)dx y

82. B j; [/ (x)+ g (x)]dx = j: [2g(x)+7]azx=2j35 g(x)abc+(7)(2)=2j35 g(x)dx+14

&83. C Use a calculator. The maximum for on the interval

2

lnx_((x—l) = (x—1)3]
1 3

0.3<x<1.7 occursat x=0.3.

84. B  You may use the ratio test. However, the series will converge if the numerator is (—1)" and

diverge if the numerator is 1” . Any value of x for which |x + 2| >1 in the numerator will

make the series diverge. Hence the interval is -3 <x < —1.

85. C  There are 3 trapezoids. ~3(f(2)+f(5))+%-2(f(5)+f(7))+%-1(f(7)+f(8))

1
2
86. C  Each cross section is a semicircle with a diameter of y. The volume would be given by

2 2
8 8 —
ln 2 dxzzj 8_x dx =16.755
02 \2 8°0 2

AP Calculus Multiple-Choice Question Collection 236
Copyright © 2005 by College Board. All rights reserved. Available at apcentral.collegeboard.com.



1998 Calculus BC Solutions: Part B

87. Find the x for which f'(x)=1. f'(x)= 4x3 +4x=1 only for x=0.237. Then
£(0.237)=0.115. So the equation is y—0.115=x—-0.237. This is equivalent to option (D).

88. From the given information, f is the derivative of g. We want a graph for f that represents
the slopes of the graph g. The slope of g is zero at a and b. Also the slope of g changes from
positive to negative at one point between a and b. This is true only for figure (C).

89. The series is the Maclaurin expansion of e . Use the calculator to solve e™* = X

90. Constant acceleration means linear velocity which in turn leads to quadratic position. Only
the graph in (A) is quadratic with initial s =2.

91. w(t) =11+j(§ a(x)dx ~11+[2-5+2-2+2-8] =41 ft/sec.

92. f'(x)=2x-2, f'(2)=2, and f(2) =3, so an equation for the tangent line is y =2x—1. The
difference between the function and the tangent line is represented by (x — 2)2 . Solve
(x— 2)2 <0.5. This inequality is satisfied for all x such that 2—-+/0.5 <x <2++/0.5. This is
the same as 1.293 < x <2.707 . Thus the largest value in the list that satisfies the inequality is
2.7.
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