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 1563

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



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 7. D 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
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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
8. 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
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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 I5.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
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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 I11.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
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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 77.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
I11.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
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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 77.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 91LE 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<l=In(x-2)<0for2<x<3.

3. B Needtohave lir%f(x):f(2):k.
x—

) x/2x+5—\/x+7 ) \/2x+5—\/x+7 \/2x+5+\/x+7
k=1lim = lim .
x—2 x—2 x—2 x—2 2x+5+/x+7
2x+5—(x+7
205 (r4) L

1
. = lim —
X2 x—2 V2x4+540x+7 2 2x+5+x+7 6

4 D jj dx ~2fl+x| =2(3-1)=4

5. E  Using implicit differentiation, 6x+2xy’'+2y+2y-y"=0. Therefore y’:#.
xX+2y
When x=1, 3+2y+)* =2= 0=y +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)=8x8 atxzé
7
1 1 1
'—|=64| = | ==
)els) =3

7. D  With f(x)=x+£,weneedOzf'(—2):1—§ 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 . . . dA4 .d
9. C A=nr’, Z=2nr 2" and from the given information in the problem — = 22
dt dt dt dt
d d 1
So, 2Z =onr L p=—
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, Y and | 0, 5
5 2
I’ =(x—0)2 + ~ 1
2 2
2
Py | [ 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 . .
d_ <0 for all 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 2
13. _[ cosxdx:3jn/ cosxdx; sink—sin(—fj:3(sinE—sinkJ
—n/2 k 2 2
sink+1=3-3sink; 4sink :2:>k:g
14. y=x"—1 hasaninverse x= )’ —1= y=3x+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. v'>0= y is increasing; y" <0 = the graph is concave down . Only B meets these
conditions.
17. ¥ =20x" =5x*, y"=60x* —20x° = 20x7 (3 —x). The only sign change in y" isat x=3.
The only point of inflection is (3,162).
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1969 Calculus AB Solutions

18. There is no derivative at the vertex which is located at x =3.
19. %: 1_;1” >0 for 0<t<e and %<O for ¢ >e, thus v hasits maximumat t=e.
t
% 1 1 .
20. y(0)=0andy'(0)=—==| = =—. The tangent line is
X2 |x=0 4— x? |x=0
-
4
1
y=—x=>x-2y=0.
2
21. f'(x)=2x-2¢7, f'(0)=-2,50 f is decreasing
22. In e =2x:>i(1neZX)=i(zx)=2
dx dx
2 2x 1oge|? 14
23. j e dx=—e =—(e —1)
0 2 0o 2
24. y=Insinx, y’=C?Sx=c0tx
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 L o tdv— [ v—t|dx= [ —(v=1)dr = —L(x-1)| =2
. -[0 x°=2x+ x—j0|x |x—jo (x )x— E(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. '[tanxdx=j Slnxa’x=—ln|cosx|+C=1n|secx|+C
cosx
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1969 Calculus AB Solutions

28. C  ~f3cosx+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\/5 . Then

. 3 3. 1 NERS
J3cosx+3sinx =23 icosx+—s1nx = 23| =cosx+—sinx
243 23 2 2

:2x/§(sinycosx+cosysinx):2\/§sin(y+x)

where y = sin”! (%j The amplitude is 243.

Alternatively, the function f(x) is periodic with period 2r. f'(x)=—+/3sinx+3cosx=0

when tan x =~/3 . The solutions over one period are x = 2,4—; . Then f (g} =243 and

f (%) =-23. So the amplitude is 243

J-n/z cosxdx _ ln(sinx)‘ 2 _ lnl—lni =n2

n/4 \/5

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 ,
Y4 sinx

d _ _ _ _
31. C —y:—y:y:cexandlzceIZC:e;y=e-ex:elx

dx

3. B If a<0then lim y=o0and lim y =— which would mean that there is at least one root.

X—>—0 X—>0
If a>0then lim y=-o and lim y =00 which would mean that there is at least one root.
X—»—00 X—©

In both cases the equation has at least one root.
2

83 )
-1 3 3 4 3 4

1 . . 1
34. D y'=-—, sothe desired curve satisfies )’ = X =y= §x3 +C
X

2
33. A lj 3t3—t2dt:l(§t4—lt3j
37-1 314 3
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1969 Calculus AB Solutions

35. A a(t)=24*, v(t)=8"+C and v(0)=0= C=0. The particle is always moving to the

’ 2
right, so distance = Io 83dr=2t4| =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+%x.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

=4,
x=0

=0and y"(0)=-4cos2x

x=!

derivatives at x =0 as y =cos2x: »'(0)=-2sin2x

For y=1-2x%, y'(0)=—4x| =0and y"(0)=—4 and no other option works.

2
38. C j%dxz—%je‘x3(—3x2dx)=—§e‘x3+c:— L ¢

e 3¢

39. D x=e=>v=1,u=0, y=0; ﬂ=ﬂ'ﬂ-ﬂ=(sec2u)(l+%)(lj:(l)(2)(e_l):g
e

. o . .1
40. E  One solution technique is to evaluate each integral and note that the value is ] for each.
n+

Another technique is to use the substitution u =1—x; J;(l —x)'dx= Ilou" (—du)= I;u” du .

. . 1 . 1
Integrals do not depend on the variable that is used and so Iou” du 1s the same as .[0 x" dx.

2 1
+ —x
-1 3

3

3
2=27%

42. D y= x> =3x% +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
minimum are on the opposite sides of the x-axis. We want k—-4<0<k=0<k<4.

41. D J‘slf(x)dx=J_zl(S—xz)dx+'[23x2dx:(Sx—%fj

43. D | sin(2x+3)dx :—%cos(2x+3)+C
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1969 Calculus AB Solutions

44. C  Since cos2A4=2cos> A—1, we have 3—2cos> % =3—(1+cos 2—;”) and the latter

expression has period i—z =3
5)
45. D Let y=f(x°). We want »" where /’(x)=g(x)and f"(x)=g'(x)= f(x*)
y=r)
yr — f'(x3)-3x2
V=32 (f107) 3 )+ £ -6
=9x* () +6x £1(x}) =9x* £((P)?) +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 — too: ¢ > —1= x =—1 is an asymptote

1

2. E  y=(x+Dtanlx, y'= x+l

- 2+tan_ X

X

,,:(1+x2)(1)—(x+1)(2x) I 2-2x
(l+xz)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=1.

2Jx 2Je

The point is (1,1).

8 dx 8
4. D dx=2J1+x| =2(3-1)=4
J.O N1+x 0 G-
. C g .y , , , —2y—6x
5. E  Using implicit differentiation, 6x+2xy'+2y+2y-y"=0. Therefore y :ﬁ.
xX+2y
Whenx=1,3+2y+1>=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)=6a[ 2] =2
f(zj (2j 2

7. D  With f(x)=x+£,we needOzf’(—Z)zl—% and so k=4. Since f"(-2)<0 fork=4, f
X

does have a relative maximum at x =-2.

8. C  Hm™)=2f(x) f'(x)-2g(x)g'(x)=2f(x)(-g(x))-2g(x)- f(x) =41 (x) g (x)
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1969 Calculus BC Solutions

len 2 T
9. :—J ( 3+cos0 ) do= ZEIO (\/3+cos6) do= .[o (3+co0s6)d6
2 1
1 1 -
10, [,o—ar=] = +1 LR P SNE 41 dx=(x—tan‘1x) ST
0 x“+1 X2 +1 41 X241 0 4 4
x° 1
11. Let L be the distance from | x, —7 and (0, _Ej
2
2
12 =(x-0) +(X_-l]
2 2
2
P A, S| [ L 0
dx 2 2
2
2x+2| - 1 ( X ; ; 1
dL _ 2 2 22X+ X" -x XX (x+)
dx 2L 2L 2L 2L
dL dL .. .
d_ <0 forallx<0 and d_ >0 forall x >0, so the minimum distance occurs at x=0.
X X
The nearest point is the origin.
12. By the Fundamental Theorem of Calculus, if F(x)= j . “dt then F' (x)=e i
k /2 . . T ..
13. _[ cosxdx:3j cosxdx; smk—sm(——]:3(sm——s1nk)
-2 k 2 2
. A il Aeinl o
sink+1=3-3sink; 4sink=2=k —%
14. y=x’+2 and u=2x-1, b _d & (Zx)(lj:x
du  dx du 2
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).
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

1969 Calculus BC Solutions

v'>0=y isincreasing; y" <0 = the graph is concave down. Only B meets these
conditions.

3 =20x> =5x%, " =60x> —20x> =20x? (3—x). The only sign change in y" isat x=3.

The only point of inflection is (3,162).

There is no derivative at the vertex which is located at x =3.

dv 1-In¢
a2 dt

1 o
=—. The tangent line is

1
y(0)=0 and y'(0)= A ! B

\/1 x? =0 \/4x

4

y:lx:>x—2y:O.
2
F'(x)=2x-2¢"2*, f'(0)=-2, s0 f is decreasing

dt = dt <0

e e R e o M ot By e

/(~1)<0 so E is false.

2
—X
y _—xe :2ydy=—2xe_x2dx3y2=e_x2+C
dx y
2 2
4=14C=C=3; y?=e™ +3=>y=\e ¥ +3
. , COSX
=Insinx, y'=——=cotx
sin x
2m 1 2m ..
_[ —dx=Inx| =In(2m)—In(m)=1In2 so the area is independent of m.
m. x m

AP Calculus Multiple-Choice Question Collection
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1969 Calculus BC Solutions

1
26. C j;\/xz—2x+1dx=j;|x—l|dx=_[;—(x—1)dx=—%(x—1)2 _1

0o 2
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:_[ Slnxa’x:—ln|cosx|+C:In|secx|+C
cosXx
er _ Zer
28. D  Use L’Hopital’s Rule: lim = lim =2

x—>0 tanx  x—0 8602 x

29. C Make the subsitution x =2sin9 = dx =2cos0d0.

%

1 -3 T b
j(4—x2)Adx=j42C—°S9de=lj£seczede=ltane N N £
0 0 gcos’H 470 4 v 4 3 12
O o0 (_ )’1xn
30. D  Substitute —x for x in Z—:ex to get Z—=e_x
n:On! n=0 n!
31. C %z—y:yzce_x and 1=ce ' = c=e; y=e-e = >
x

o0
1 .. . .
32. B 1+2x+3x+4x+---+nx+---=2—p where p =—x. This is a p-series and is
n=1"1
convergentif p>1=—-x>1=x<-1.

2 2
33. A % 3t3—t2 dt:%(ét“_lﬁj —

. . 1
3. D y'= —iz, so the desired curve satisfies ' =x> = y = §x3 +C
X

35. A a(t)=24t*, v(t)=8"+C and v(0)=0= C=0. The particle is always moving to the

) 2
right, so distance = 8r2dr=21*| =32.
0 0
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36.

37.

38.

39.

40.

41. D jflf(x)dx=J_21(8—x2)dx+jjx2dx:(Sx—%x3)

1969 Calculus BC Solutions

0 1
=+v4+sinx, y(0)=2, »'(0)= O —_  The linear approximation to y is
y B4 y'(0) >Ja1sm0 pp y

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|<3.

|(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
0=¢/4.

Note f( 1) = % Take the natural logarithm of each side of the equation and then

differentiate.

lnf(x)=(2—3x)ln(x2 +1); J}((;C)) :(2—3x)-%—3ln(x2 +1)

()= f(l)((—l)-%—3ln(2)j = (1) :%(—1—3111 2)= —%(lne+ In 23) - —%m 8e

sz

x=e=v=1, u=0, y=0; Q—Q'%-ﬂ=(seczu)(1+Lj(lj=(1)(2)(.9_1):%

. o . .1
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 Iou" du is the same as Io x"dx .

2 3
1 3
+ —x’| =271
-1 3X 2 A

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

170



1969 Calculus BC Solutions

42. Use the technique of antiderivatives by parts to evaluate j x2 cos x dx
u=x’ dv =cos xdx
du =2xdx v=sinx
f(x)— j 2xsinxdx = I x? cosxdx = x° smx—_[ 2xsinxdx+C
f(x)=x 2sinx+C
43. L= j (dy) dx I ,f sec x dx I V1+sec? x dx
44, y'—y'=2y=0, y'(0)=-2, y(0)=2; the characteristic equation is rr—r—2=0.
The solutions are » =—1, r =2 so the general solution to the differential equation is
y=ce +ce™™ with y' = —cje™ +2¢,e** . Using the initial conditions we have the system:
2=¢/+cyand —2=—¢ +2¢c) = ¢, =0, ¢, = 2. The solution is f(x)=2e™* = f(I)=2¢""
45. The ratio test shows that the series is convergent for any value of x that makes | x+1 | <l1.
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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I. E j(x3—3x)dx=lx4—§x2+c
47 2

2. E g(x)=5:>g(f(x)):5

3. B y=Inx% y’=2—§=g.Atx=e2, y'=%.
x° X e

4. A  f(x)=x+sinx; f'(x)=1-cosx

5. A lim ¢* =0= y =0 is a horizontal asymptote
X—>—0

, Dx+H-(x-DA) 2 1
6. D = , 1 = — —
e (x+ 1)2 70 4 2

7. B Replace x with (—x) and see if the result is the opposite of the original. This is true for B.
—(=x)° +3(=x) = x> = 3x =—(=x" +3x).

2 2 2
8. B Distan(:e:J.I‘tz‘a’x:j1 tzdt=§t3 =§(23—l3)=§

1

9. A )y =2cos3x -di(cos 3x)=2cos3x-(—sin3x) -di(3x) =2cos3x-(—sin3x)-(3)
x 2

y'=—6sin3xcos3x

4 5 3
10. C f@):%—%; f'(x)z%—x“; f"(x)=4x% —4x> =427 (1-x)

f">0 for x<1 and f"<0 for x>1= f' has its maximum at x=1.
. 2 3 1 . . .
11. B Curve and line have the same slope when 3x“ = 2 =>x= 5 Using the line, the point of
1 3 3 (1Y 1
tangency is ( 33 ] . Since the point is also on the curve, 3 = (EJ +k=k= 1

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(1)=8t—3*+C and v(1)=25= C=20 so v(r)=8t—3t>+20.
4 23 4
s(4)-s5(2)= .[2 v(t)dt = (41" -1 +20t)‘2 =32
14. [0 =3 (x=2)7
f'(x)= K3 %(x—2)_1/3 +(x—2)2/3 %x_m =%x_2/3 (x—2)_1/3 (3x-2)
f' isnotdefinedat x=0 andat x=2.
, X x
15. Area = [ "e2 dv=2e?| =2(e-1)
0 0
dN Et El‘
16. E=3000e5 , N=7500e¢> +C and N(0)=7500=C =0
2
N =7500e5 , N(5)=7500e
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 2 1 3 1, 2
Area = [ ((—x +x+6)—4)dx: o =2
-1 3 2 -1
d 1 d 2 2
18. — (aresin 2x) = ———=-—(2x) = =
dx J=xP @ i-(ax? V1-44?
19. If f 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 ¥ +2x _ 11 ¥ +2x _ 1 ¥ 4+2x ! _ 3 0\ _ 63 -1
21. .[0 (x+1)e dx—zjoe ((2x+2)dx)—5(e ) 0——(6 —e )— 5
22. Fx)=3x"—20x; £(x) =15x* —60x2; £"(x)=60x> —120x = 60x(x2 - 2)
The graph of f is concave up where f">0: f">0 forx > V2 and for -2 <x<0.
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. In(2+h)-In2
23. C lim =
h—0 h

f'(2) where f(x)=Inx; f’(x)zizf,(z):%

T i S . .
24. B f(x)=cos (arctan x); 5 <arctan x < 5 and the cosine in this domain takes on all values in

the interval (0,1].

Y Y

T2 (7 2 _ AT
25. B j04 tan xdx_j04 (sec® x—1)dx = (tan x—x)| ¢ " =1 "
26. E d—V=4m»2ﬂ:sﬂzloon(o.s):soﬁ

dt dt dt

N | =

27. E -[0% =2-3

0
x(l)—x(%j x(2)—x(§) ‘ =§.
5

. . . 2 2
Alternative Solution: Distance = L ‘ v(1) ‘dt = J 1 | 8—6¢ |dt =3

12_xx2 = _J‘o% (1—x2 )_; (—2xdx)= —2(1—x2);

28. C v(t) =8—6¢ changes sign at ¢ = g Distance = +

.3
1S —.
2

29. C —-1<sinx<1= —%S sinx—%ﬁ%; The maximum for sinx—%

2
=(n2+2)~(In1+4)=In2-2

2x— 2
30. B j i 4dx=j L2 o= mxs d
1 x2 I \ x X

1
1 —
3. D loga(2”)=%:>loga2zzz>2=a4;a=16

5
1+ x2

1

dx=5tan"' (x)+C
1+x

32. D j dxzsj

2

33. A f(0)=-f()=[f(0)-D==f' ()= f'(-x)=-f"(x) thus f'(=xp) =—/f"(xp).
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2

3
12 122 1
34. ¢ —["Vxdr=—-Zx2| ==.

2I0xx23x 3
0

35. C  Washers: anZAx where » =y =secx. A

T
— T
Volume = tho4 sec” xdx = mtan x| 8/4 = n(tanz— tan0)=m

X
Ax m/4

2 (n) n_nx

36. A yzenx’ y1=nenx, y"=n enx’_”’y =n"e

37. A % =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 Let z=x-c.Then 5=Lz f(x—c)dxzjlz__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 = (x — 4)2 + (%xz — IJ .

Determine where L is a maximum by examining critical points. Differentiating with respect

tox, 2L Z—L =2(x—4)+ 2(% X2 —le =x 8. j—L changes sign from positive to negative at
X X

x =2 only. The point on the curve has coordinates (2,2).

I-y sec? (xy) cosz(xy) -y
xsec? (xy) X

40. E  sec’(xy)- (' +y) =1, xp'sec’(xp)+ ysec’ (xy) =1, y' =

0 1

+ lsin(mc)
T 0

41. D J‘ilf(x)dx:J.f)l(x+l)dx+_.‘;cos(nx)dx:%(x+1)2

-1

N |~

:%+%(sinn—sin0)=
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2 2
42. D Ax:l; T:ll 12+2 i +2 2 +22 :ﬂ
3 3 54

43. E smveg:—l and %:2; x=-2,4

3

44. B  Use the linearization of f(x)= Yx at x=16. f(x)= %x 4, 7'16)=

1 h
L(x)=2+—(x-16); fA6+h)=~LA6+h)=2+—
(x) 32(x ); S )~ L( ) 2

45. C  This uses the definition of continuity of f at x = x,.

AP Calculus Multiple-Choice Question Collection
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dx x x°
| 3 303
3 > 2 P2l 5 S 2 14
2. D x+D2dx==(x+1D2| =={42-12 |==28-1)=—
Joen 3()03( ]3()3
3. A f'(x)=1—iz=%gx_l). 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.

——+b=1=>b=—
2 0 2
5. B j mdx=j —1dx+j dx=—-1+2=1
-1 x -1 0
, D(x+D)—-(x-D( , 2 1
(x+1) 4 2
d 2x+2y~d—y )
7. D o~ d&x 5 0)= =222
dx xz-i-yz 1
8. B  y=sinx, y'=cosx, y"'=-sinx, y" =—cosx, y(4):sinx

9. A y'= 2cos3x.di(c0s3x) = 2cos3x-(—sin3x)-di(3x) =2cos3x-(—sin3x)-3
X X

y'=-6sin3xcos3x
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S€C X

:J.(fw/1+(tanx)z dx:I:\/seczxdx:J(fsecxdx

2
I R R =T

1 1
11. E dy=[x%(1+x2)_2(2x)+(1+x2)2de; dy = (0+1)(2) =2

T~ T T L
- — = L —=—— K=

k n
12. D l=‘[ Slae=2
n 1 n nmn n n n

1 n

13. D w()=8-3>+C and v(1)=25=C=20 so v(¢)=8-3¢*+20.

4 2 3 4
s@)-s(2) = v(t)dt=(4t - +20t) -32
2 2
dy
I t t
4 A Y__d 2 _e
dx  dx 2t ¢
dt
1 1 [,
2 —x —X
15. C Area:joez dx=2e2 | =2(e-1)
3 5 7 2 4 6
16. A sint= —t—+t——t—+~--:>m=l—t—+t——t—+
3150 7 t 3151 71
2 2
dN —t —t
17. C E:soooes , N=7500e5 +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 isaconvergent p-series, p=2>1
IT is the Harmonic series and is known to be divergent,
III is convergent by the Alternating Series Test.
1 - 12 2 1 2
2 gy =—— —x2)2 (= ———.2(4-x%)2 ———(4—x%)2
20. [ xva-x"ax 2j(4 x? )2 (<2x ) 23(4 e 3(4 SSERe
1 2x g el 20 _ 1( y2i0x 1_1 3 0 _ 63 -1
21. -[0 (x+De dx—EIOe ((2x+2)dx)—5(e )0— (e —e )— >
, 1 2 1 1 2 1
22. x(t):t+1:>x(t):§(t+l) +C and x(O)zl:C:E:wc(t):E(Hl) +§
5 5 5.5
D=—, y(1)=ln—; —, In—
x(1) 5> Y()=InZ (2 2j
23. limwzf'ﬁ) 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+l)—7‘:|3x—6|:3|x—2|<8 whenever |x—2|<§.
€ . . € € . €
Any 0 <— will be sufficient and — <— , thus the answer is —.
3 4 3 4
T2 T 2 /4 n
25. _[04 tan xdx:j04 (sec x—l)dx=(tanx—x)‘0 =I—Z
26. For x in the interval (~1, 1), g(x)=‘x2—1‘=—(x2—l) and so y = In g(x) = In(~(x2 1))
Therefore
2
_ 2, (F@-00Cx) 22
Y="> V= 2 = 7 <0
x -1 (xz—l) (xz—l)
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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 [0l 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 |~

Jx T siny . L
l—xdx: 04 -2smycosya’y=j04 2sin” ydy

1

2 B DA
'[0 \ J wll—sinzy
Let z=y". Thenz=e when x =0. Thus y"=2y'= z'=2z. Solve this differential equation.

z=Ce*; e=Ce®’ = C=e=y' =z =¢*". Solve this differential equation.

l 3

l oovn, 1
—e +—e, y(I)=—e
5 (1) 5

1 1 1 1 1
y=—eP i Kie=—e 4K K=—¢ y= +—e:—e(e2+l)
2 2 2 2 2 2

Alternative Solution: 1" =2y = )’ = Ce** = ¢-¢*. Therefore y'(I)=¢".
! ’ 1 n 1 !
Y=y ()= [ (@) = [ 2y (x)dx =2y(1)~2y(0) and so

Y()=y'(0)+2p(0) & +e
2 o2

y()=
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31.

32.

33.

34.

35.

36.

37.

38.

39.
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2x—=4  c2(1 ), 42 ~

[ = dr=| (;—4x jdx—(lnx+;j1—(ln2+2)—(ln1+4)—ln2—2
j(lnx) L

' —ax __X _

f'(x) Inx Inx xIlnx

Take the log of each side of the equation and differentiate. In y =In X" =Inx-lnx= ( In x)2

L=21nx-i(lnx)=glnx:>y’=xlnx(glnxj
y dx X X

fE0)==f()= f(x)-D==f"(x)= f'(-x)=—f"(x) thus f'(=xp) =—/"(xo)-

2
3 3
1 2\/— 12 = 1 - 2 )
—[Vxdx==-2x2| =—.22=2\2 )
ZIO 23 3 3 A
0
|
Washers: anzAx where 7=y =secx. 1 |
L z '
Volume=7cj4 seczxdx=n'tanx|4=7t(tan£—tan0)=n’ rol
0 0 4 I
|
Ax /4
1 L L
| zx;ldx:llimj. 22’C—+2dx=llim ln‘x2+2x—3‘
0 x*+2x-3 21517°0 x*4+2x-3 2 L>1” 0

:l lim (ln‘L2+2L—3‘—ln|—3|)=—oo. Divergent

2 L1
2 .2 ) )
lim 1—cos” 2x ~ lim sin“ 2x ~ lim sm2x'sm2x‘4:1'l.4:4
x—0 X2 0 2 =0 2x 2x

Let z=x—c. 5=LZ f(x—c)dxzjlz_jf(z)dz

H(x)=f'(g(x)g'x®); FD=f"(g) gD =f"(2)g'1)=(-4)(-3)=12

AP Calculus Multiple-Choice Question Collection
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Area =%jjn(1—cos 6)2d6 = J:(1—2c0s6+cos2 G)dG . cos’0 :%(1+cos 20)

T

3
==7

Area=jn 1—200s9+l(1+00526) do = éE)—Zsin(9+lsi1129
0 2 2 4 .

41 [! reydx=[" (c+Dydre [ cos(nr)dr
’ -1 -1 0
1 510 1, L B D . 1
=—(x+1 +—sin(nx)| =—+—(sinnt—sin0)=—
2()—1n()02n( )2
2 2
42. Av=L. r=Ll 1%2(5] +2(§] +22 =127
3 23 3 3 54
43. Use the technique of antiderivatives by part:
u=sin"" x dv=dx
du = d V=Xx
1-x?
j sin”! xdx = xsin”! x—j Y
1-x?
44, Multiply both sides of x = x f'(x)— f(x) by Lz . Then 1 = M = i(M) .
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) —el(c1-1)= 26!
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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jzx_3 dx = —lx_2

2__1(1_1j_§
1 2 1 214 8

() =42x+1)°-2, ") =4-32x+1)*-2%, /"(1)=4-3-202x+1)'-23,
1) =412 =384

- _ —6x
y=34+x")" s0 ¥y =-3(4+x) 7 2x) =—
(4+x7)?
(4 4 x> )(0) —32%) gy
Or using the quotient rule directly gives )’ = 5 = 5
(4 +x° ) (4 +x? )

j cos(2x) dx = % j cos(2x) (2dx) = %sin(Zx) +C

lim A im— % 4
n—on* +10000n n—>o | 10000
n

f'(0=1= 15 =1

41 4
[ —dt=Ini|[ =In4-Inl=In4

X 1 1
=In|=|=Inx-In2, y'=—, y'(4)=—
Y [2) Y X v 4

0 1
Since ¢* is even, I e dx = lj e dx = lk
1 2741 2

3 =10%"D . In(10) -i((x2 -1))= 2x-10% D . In(10)
dx
W6)=20+4= a(t)=2 .. a(4)=2

f(g(x))zln(g(x)2)=ln(x2 +4):>g(x)=\/x2 +4

AP Calculus Multiple-Choice Question Collection
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2x+y

13. A 2x+x-y'+y+3y2-y':():y':— >
x+3y

4

1 3 3 5
14. D  Since v(t) >0, distance = I:‘v(t)‘dt:j(? [3t2 +5t2] dt—[2t2 +2t2] 0:80

15. € 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.
OI‘, f(x1)+f(x2) = 2x1 +2x2 = 2(x1 +x2) = f(xl +x2)

20. A d_y ;-i(cosx):ﬂ
dx  1+cos’x dx 14+ cos” x

21. B |x|>1:x2 >1= f(x)<0 forall x in the domain. |llim f(x)=0. |hlm f(x)=-o. The only
X|—>0

option that is consistent with these statements is (B).

2x -1 —1 2 (x+1)(x-1) 2 1 b2 1
22. A 2 Cdx= “Ddx=—(x-1 i
J. x+1 I x+1 L (x=Ddx 2(x ) 2
23. B i(x—3—x—1+x2) :(—3x_4+x_2+2x) —341-2=-4
dx x=-1 x=—1

24. D 16=j_22(x7 +k)dx=j_22x7 dx+j_22k dr=0+(2—(-2))k =4k = k=4
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. Sfleth) = f(e) et e

25. E "(e)=1i = lim
S h—0 h h—0  h
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.
III: 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 39
gives the sum of the areas of the two triangles that the (.2)
V forms with the horizontal axis for x from O to 3.
These triangles have areas of 1/2 and 2 respectively.
> X
28. C  Letx(t)= —5¢2 be the position at time ¢. Average velocity = x(3§ — z}c(O) = _453_ 0 =-15
29. D  The tangent function is not defined at x =1t/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 I and II are a
power and an exponential function that are known to be continuous for all real numbers x.
30. B[ tan(2x)dx= —1j Z2sin2x) 4 —11n| cos(2x) |+ C
27 cos(2x) 2
31 ¢ velgn & :ln’(Zrh£+r2 ﬁ) - 2(6)(9)(1j+62 (lj =24n
3 dt 3 dt dt) 3 2 2
/3 . 1 w3 1 2
32. D _[0 sin(3x) dx = 3 cos(3x)| 0 =73 (cosm—cos0)= 3
33. B f' 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 a local maximum at x =—1 and a local minimum at x=1.
! 3 ! v (1o 1 4t 1
34, A jo((x+8)—(x +8))dx_j0(x—x )dx-(;x - J =7
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36.

37.

38.

39.

40.
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The amplitude is 2 and the period is 2.

2n . 2m n
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—0 sin 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) butneither f(x)<g'(x) nor f"(x)< g"(x) is true for all real values of x.

III is true, since

FR2EW) =g = (020 = [[(g(0)=f()dr=0= [ f(dx< [ gx)dx

f’(x)=—~l—i21nx=i2(l—lnx)<0 for x >e. Hence f is decreasing. for x > e.
X X

X

jjf(x)dxsjoz4dx=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) =V1+ x°
43, 3 =3x2+6x, y"=6x+6=0forx=—1. y'(~1)=—3. Only option B has a slope of 3.
12 Ao % 2|2 26

44, —j (x +1) —E~§j0(x +1) (3x dx) 6(x +1) 2=
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45. A Washers: Zn(RZ—rZ)Ay where R=2, r=x
I R OS A N _ R
Volume—njo (2 X )dy—njo (4 y)dy—n(4y Ey ] 0-87:
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2,03 4 2
1. D j0(4x +2)dx = (x +2x)0:(16+4)—(1+2):17

2. A fl(v)= 15x* —15x% =15x2 (x2 -1)= 15x* (x—I)(x+1), changes sign from positive to
negative only at x =—1. So f has a relative maximum at x =—1 only.

2 2 +2 d 2
.o [P :_j i i lln‘x2+2x‘ =L (n8-13)
U x? 4 2x X% +2x 1 2
2 dx dx 4 3 _ dy_ 3 0 dy 2
4. D x()=r -1 —2rand X202 )= -2 =P — 48— 62 and LL — 1222~ 121
dt dr? dt dr*

2 2
a(t)= [‘;;‘,‘;T] (2, 12¢% —12¢) = a(1) = (2,0)

Xy a
5. D Area= Ix‘ (top curve — bottom curve) dx, x| < x,; Area = J 1(f(x) —g(x))dx
1 _

T 2
tanx—xsec’x (7 _I_Z’(\/E) oo
6 E W= St f(z]—f—l—g
du . 1 x
7 A I Wu’u =sin_ (—) j \/7 ————dx=sin (—) +C
8. C f(x) f(2) = 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.
230" + 3% + 23 +2y =0, substitute the point (1,2)

@)y +22+ )1y +(2)(2)=0=y = _g

10. A Take the derivative of the general term with respect to x: Z(—l)n+l X212
n=1
. A L[ =L -y = L]
dx l1-x dx I-x) 1-x
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12. A Use partial fractions to rewrite L as l(L_ ! )
(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 =] ws 2]} €= ol

13. B f(0)=0, f(3)=0, f'(x)= 3x% — 6x; by the Mean Value Theorem,
£'(0) ZMZO for c€(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

II1. convergent: Geometric with | r | = % <1

t

15. C x(z)=4+j0’(2w—4)dw=4+(w2—4w)0=4+z2—4z=z2—4z+4
or, x(1)=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 -

— (%)

2
17. B f'(x):(1).1n(x2)+x-dx—2:m(x2)+2i2:1n(x2)+2
X X

18. C j sin(2x +3) dx = % j sin(2x +3) (2dx) = —%cos(Zx +3)+C

19. D g)=e/W, gx)=e/W f'(x), g" M) =/ 1)+ f1(x)- ! O f(x)
2" (0= O£+ (107 )) = e’ = h = 1100 +( 1100

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 xdx

du= f'(x)dx V=—cosx
_[ f(x)sinxdx =—f(x)cosx+ _[ f'(x)cosxdx and we are given that
[ f(o)sinxdy==f(x)cosx+ [3x? cosxdr=> f'(x)=3x" = f(x)=x°

22. A A=nr?, A=64rn when r=8. Take the derivative with respect to ¢.

A 4 96n—2n(8). I I
dt dt dt ~ dt
h ¥ +8d
X
h—0 h h—0 h

1+h 5
. | R e
Alternate solution by L’Hopital’s Rule: lim = lim " =J9=3

h—0 h h—0

%

0

24. D Area:lj%sinz(ZG)dezlj%l(l—c0s46)d6:l(6—lsin4GJ ki
270 200 2 4\ 4 8

25. C  Atrestwhen v(1)=0. v(t)=e 2 —2te ™ = (1-21), v(£)=0 at ¢ =% only.

26. E  Apply the log function, simplify, and differentiate. Iny =In(sinx)" =xIn(sinx)

’
. coS X
L=ln(smx)+x- :
% sin x

=)' = y(ln(sin X)+x-cot x) =(sin x)x (ln(sin x)+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).
II1. 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 J‘e“exdx = J-eex (e*dx) . This is of the form '[e”du, u=e",so J-e“exdx = +C
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29. Let x——=¢. lim =lim—=1
xF X—E t—0
4 4
7 3 3
30. Att=1, P d _ N¥+l | 4 3
dx  dx 3t2 -1 |=t 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=1
At x=2: Zl which is the harmonic series and known to diverge.
n=1"
32. y(=)=-6, y'(-1)= 3x% +6x+7 = 4, the slope of the normal is —% and an equation
x=—1
for the normal is y+6 :—i(x+1) =>x+4y=-25.
33. This is the differential equation for exponential growth.
1 1 1 1) 1
=yp(0)e = —=¢?; 2t=In|= |=>t=—=In| = |==In2
y=x0) 2 2 2 \2) 2
34. This topic is no longer part of the AP Course Description. Z2np As where p=x = y3
f 2
1 1 / 2 1
Surface Area =j 211:y3 1+(£J dy = I Zﬂsy3 1+(3y2) dy = ZnI 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 = 271'[ x(6x —x? )dx
0
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1

which does not exist.

10" L x? 10" 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 %+ 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 5 x)% lim 111(1+5€x)% lim 111(1+Sex) lim 5¢”
+ ’ X
38. C lim (l+5€x) Yo lime V) e =g X =egorltie =
X—>00 X—>0
: 2 —X 3 _ox 1 o 31 -6
39. A Square cross sections: Zy Ax wherey=e" . V =J. e Tdx=——e :—(l—e )
0 2 0o 2
40. A u=§, du:%dx;whenx:2,uzlandwhenx:4,u:2
2
1- x)
2 2
4 21— 21—
[l—2 e[ o= [ 1 4
2 X L 2u I u
4. C , L= j Y1+ () dx= | \/1+xdx——(1+x)3/2 (43/2 12)= 3(8 1)= %
2 3 3 2 3 3
42. E  Since ¢" =l+u+—+2+--- then &’ —1+3x+( *) +ﬂ+
21 3! 2! 3!
9
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.
4. A fly 3x%y = d—y=3x2dx = In| y|=x3 +K; y=Cex3 and y(0) =8 so,y=8ex3
X y
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45. D  The expression is a Riemann sum with Ax = 1 and f(x)= X2
The evaluation points are: l,g,é, . _’3_n
nnon n

3
Thus the right Riemann sum is for x =0 to x =3. The limit is equal to J 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)=x2ex+2xex=xex(x+2)

dx dx dx
2. x*—420 and x#3 = |x|>2 and x#3
3 Dis‘canc:e—'[z‘v(t)‘dt—jZetah‘—eZ 2_62—60 =% -1

’ “Jo “Jo "o -

4. Students should know what the graph looks like without a calculator and choose option E.

Or y :—S(x—Z)_l; V' =5(x—2)_2; " =—10(x—2)_3. y"<0 for x>2.
5. jseczxdx=jd(tanx):tanx+c

x-i(lnx)—lnx«i(x) x'(lj—lnx«(l)

6. b _ " dx de  ~__\X _l-inx

dx 2 2 2

_1 1 1 1 1 1 1
7. j x(3x% +5) 2 dngj (3x% +5) 2 (6xdx)=g-2(3x2 +5)2 +C=§(3x2 +5)2+C
2
8. j—y > (0= y is increasing; —f < 0= graph is concave down. Thisisonlyon b<x<c.
x dx
, , ,  1+2y . ,
9. 1+(2x-y"+2y)=2y-y'=0; y'= o os This cannot be evaluated at (1,1) and so y’ does
y—2x
not exist at (1,1).
2 13\ 2.5 3
10. 18=| kx"——x =—k’=k’ =27, so k=3
3 0o 3
1. f(x)=x-3(1- 2x)2(—2) +(1- 2x)3; f'(1)=-=7. Only option A has a slope of —7.
1 T 1

12. | = |=cos| = |==

5 (5]
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13. A By the Fundamental Theorem of Calculus j (: f'(x)dx = f(x) . = f(c)—- f(0)

T

14. D '[072[(1+sin6)_1/2(cos6d6)22(1+sin6)1/2‘§=2(x/§—l)
15. B f(x)=v2x=2x; fi(x)=+2- \/_ ; [1(2) = \/_T—%

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=¢=3

17. D '[01(3x—2)2dx:%j;(3x—2)2(3dx): (3x-2)’

wl»—‘

1
3

e S O w1t

3 1 32xd 1
o j2x2x+1dx ZJ xx+); =Eln(x2+l)2=

l(lnlO—ln5)=lln2
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 = a—;b .

Only II must be true.

21. C  x=x>-3x+3atx=1andatx=23.

3 3 3
Area= [ (v=(x?=3x+3))ax = [[(=x +4r=3)ax= Loiaoa =2
1 1 3 13
22. C 2=lnx—1nl=lnx+lnx:lnx=1:x=e
X
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23.

24.

25.

26.

27.

28.

29.

1988 Calculus AB Solutions

By L’Hépital’s rule (which is no longer part of the AB Course Description),
fG)_ o ) _ f10) _cosO _1_

lim
-0 g(x) x-0g'(x) g'(0) 1 1

Alternatively, f'(x)=cosx and f(0)=0= f(x)=sinx. Also g'(x)=1 and

g(0)=0= g(x) = x.Hence lim G Jim 22X _
x—0 g(x) x—=>0 X

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~x

y X X

Inx

Use the Fundamental Theorem of Calculus. f'(x) = 1
X

Use the technique of antiderivatives by parts: Let © =x and dv =cosx dx.

T T

Y

= . . 5 . S oom
J2xcosxdx:(xs1nx—js1nxdx)‘2 :(xs1nx+cosx)‘2 ==——1

0 0 0o 2

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.

The graph is a V with vertex at x =3. The y (12)
integral gives the sum of the areas of the two 1} R
triangles that the V forms with the horizontal
axis for x from 1 to 4. These triangles have

areas of 2 and 0.5 respectively. (4.1)

This limit gives the derivative of the function f(x)=tan(3x). f'(x)=3 sec’ (3x)
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30. A Shells (which is no longer part of the AB Course }:
Description)

z 2rhAx , where r = x,h = &>

1
Volume = ZRIO xe*¥dx

31. C Let y= f(x) and solve for x.

X — X
yE—=mxyty=x;x(y-)=-y; xzﬁzf () =—

x+1 1-x

21
1

2

=4r.

32. A The period for sin(%j 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 |-210]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(%)—sinmsin(%)]

=4 cosx%—sinx-gJ: 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—lx3
370 0o 2

3 2 3
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Since e¢* > 0 for all x, the zeros of f(x) are the zeros of sinx, so x=0,7,2%.

38. '[ (ljxa’ujdx J- —Inxdx= I lnx(d ) .This is Judu with u =1n x, so the value is
x*1 u X
(Inx)’
——+C
2
10 3 3 10 10
39. j3 F(x)dx= —jmf(x)dx; L F(x)dx= L f(x)arx—j3 f(x)de=4-(-T)=11
2 2 dx dy dZ
40. xX“+y , take the derivative of both sides with respect to 7. 2x- - +2y- = =2z —
Divide by 2 and substitute: 4 - @ +3- 1dx =51= & =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 x1=lim%=l.
x—0o x +1 x—)ooi_'_i x—)ool+7
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 3 3
Volume = n_[ y2 dx = 21tj l(9—x2)dx = E(9x—lx3j =4n
-3 09 9 3 0
44, ForI: p(—x)= f(g(—x)) = f(—g(x)) (g(x)) —p(x)= pisodd.
ForII: r(—x)= f(—x)+ g(—x)=—f(x)—g(x) = (f(x) + g(x)) =-r(x)= risodd.
For II: s(—x) = f(—x)- g(—x) =(—f(x))-(—g(x)) = f(x)- g(x) = s(x) = s is not odd.
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45. D Volume=nrlh=16n=h=16r"2. A=2nrh+2nr? = 2n(16r‘1 +r2)

78

- 21t(—16r_2 +2r)=4nr_2 (—8+r3); M 0 for0<r<2and @50 for r>2
s

dr dr

The minimum surface area of the canis when r =2 = h=4.
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! A .[(1 (x—xz)dx: 1 2—%)63 0—5—§=gonly
2. D j;x(x2+2)2 dx:%j; (x2+2)2(2de)=%‘§(x2+2)3 ;:l
3. B f(x)=ln\/_=%lnx; f’(x):%.ijf"(x):_ﬁ

2 - 2

!
( uv J W' +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= f(2)
x—2"

x—2"

Y

6. C 2y-y'=2x-y'-2y=0=)'=

8. A  [f(x)=e€%, f'(2)=¢€, Ine* =2

9. D IIdoesnot 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)=e* inTand f(x)=sinx inIIL

10. D  This limit is the derivative of sin x .

11. A  The slope of the line is —% , so the slope of the tangent line at x=1 is 7= f'(1)=7.

12 B w(t)=3t+C and v(2)=10=C=4 and v(t)=3t+4.

2

Distance = '[02(3t+4)dt :%x2 + 4t - 14
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305
13. The Maclaurin series for sint is t—§+§—--- .Let 1 =2x.
n—1 2n—-1
sin(2x) =2x __(2x) _(2x) — ( D (@Y +
3! 5! 2n-1)!
2
14 Use the Fundamental Theorem of Calculus: /1 + (x2 )3 % =2x\1+x°
X
dx d’x dv 2 d%y 4
15. x=12+1, = =21, =2; y=In(2t+3), —= ; =— 5
dt dr* dt 2t+3° d*  (2t+3)
16. Use the technique of antiderivatives by parts
u=x dv =e** dx
du = dx v= lezx
2
lxezx _lJer dx = lerx —lezx +C
2 2 2 4
17. Use partial fractions:
3 3 3
| ;dpj (L— 1 ]dx=(1n|x—1|—ln|x+2|)‘ —In2-In5-Inl+Ind=In>
2 (x-1)(x+1) 2\x-1 x+2 2 5
4 2 0o -2
8. PO el G B SR 7 A S S =l(e4 +26% +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 —Ln3-my=Lm3
1 2 2
22. Quick Solution: f" must have a factor of f which makes E the only option. Or,
2
In £(x)=xIn(?+1)= L _ . fx tiInGE 4 )= £1(x) = f(x)- 22" +In(x2 +1)
f(x) x*+1 x*+1
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23. E r=0 when cos36=0=0= i%. The region is for the interval from 6 = —% to O =%.

T
| B 2
Area=EI_676[ (4cos30)” d

2. D f ’(x)=3x2—4x, f(0)=0 and f(2)=0. By the Mean Value Theorem,
0=f(22)+(f)"(0)=f'(c)=3c2—4c for c(0,2).50, c=44.

3
. 2 2 1. 4 16 4|' 16
25. D  Square cross-sections: z v~ Ax where y =4x“. Volume = '[ 0 16x dx:?x =?.
0
26. C  Thisis not true if f is not an even function.
27. B Y (x)=3x*+2ax+b, y'"(x)=6x+2a, ' (1)=0=a=-3
y()=—6 so, —6=1+a+b-4=-6=1-3+b—-4=b=0
d T . (mn) d(m . (m T
e cos - —sin| — e —sin| — || == - -
28. E = X AXAX) * X )" oanl T
5 =) B
cos| — cos cos| —
X X X
y
29. B  Disks: er.szy where x? =y-1. (=2.5) 1 (2.5)
5 5
Volume = (y—l)dy:E(y—l)z‘ 8
1 2 1 X
Ay
1
, X
-2 2
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30. This is an infinite geometric series with ratio % and first term %
)
n
1 —ratio 1_1 2 (37
3

31. This integral gives % of the area of the circle with center at the origin and radius = 2.

1 2\ _

Z(n -2 ) =7
32. 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 Vp 18 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).

2 Y 2 212 2 7
33, L= 1+(—j e = [ \J1+(3x7 ) dv = [ "V1+9x* dx
0 dx 0 0
&
34, Ati=1, Dot AT B e pointatt=1is (2.3). y=3+2(x—2)=2x1
dx @ 3241 =1 4
dt
35. Quick solution: For large x the exponential function dominates any polynomial, so
k
lim 2 =0.
x40 ¥
. . Xk . k!
Or, repeated use of L’Hopital’s rule gives = lim — = lim —=0
x40 ¥ x40 ¥
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36.

37.

38.

39.

40.

41.
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Disks: ZTE(RZ —r? )Ax where R=1, r =sinx y
2
Volume = nI o - sin? x)dx 1 Ax
0 1 i
I
Note that the expression in (E) can also be I
written as | I
nI /2 cos’ xdx——n_[o cos’ (ﬂ—x)dx ' :
0 - e 2 | |
_ (M2 2 ' |
—nIO sin” x dx | L
and therefore option (D) is also a correct answer. 0 /2 -
xX+3 = E =x=35
8
de_jdS 4 4 8
dt dt 9 3
2
X S
= (-0 . .
Check x=-1, Z which is convergent by alternating series test
n=1 n
Check x =1, z 1 which is the harmonic series and known to diverge.
n=1 "
d—yzsecz xdx=In|y|=tanx+k=y= Ce®™ (0)=5= y =5¢""*
Since f and g are inverses their derivatives at the inverse points are reciprocals. Thus,
! ! ! 1
g2 f0)=l=g(D)=—7=-2
2
Take the interval [0,1] and divide it into # 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 J 0 Jx dx
204
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42. Let 5—x=u, dx=—du, substitute
(1 rG—wde=] ra)(du)=[" faydu=["fx)dx=6
1 4 1 1
. | P
43. This is an example of exponential growth, B = B, -2/3 . Find the value of  so B=3B,,.
t 13
3By = By-2/5 =3-2/5 = 3=tz 2003
3 In2
44, I. Converges by Alternate Series Test
n
I Diverges by the nth term test: lim l(é) =0
n—o n
o 1 L
IIT Diverges by Integral test: J. dx = lim In (ln x) =0
2 xlnx Lo 2
4 , A
45. A=12x)2y)=4xy and y = 4—§x .
So A=8x /1—lx2 . 4 -
9 < >
b P
A =8 (l—le] +lx(l—lx2j (—ng
2 9 9
)
:§(1—1x2j (9-2x%)
9
: 3 : 3
A'=0 at x=+3,—. The maximum area occurs when x=— and y = V2. The value of
V2 V2
3
the largest area is A =4xy=4-——-2 =12
g Y NG
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1
3 5 3 3

1. C '(xX)==x2;f'(4)==-4"==.2=3
S'(x) 5 /(4 5 5

N | —

2. B Summing pieces of the form: (vertical)-(small width), vertical =(d — f(x)), width = Ax

Area = j:(d— £(x))dx

3_ 2
3. D Divide each term by n°. fim — 9 jim n__ -3
n—)oon3_2n2+1 n—)ool 2+L
n n3
4. A 3x2+3(y+x-y')+6y2~y'=0;y'(3x+6y2)=—(3x2+3y)
,__3x2+3y__ x2+y
3x+6y2 x+2y2
2
s.0A lim 2 gim ST i (2 2)— 4. For continuity £(~2) must be 4.

x—-2 x+2 x—-2 x+2 x—-2
4 1 4 3
6. D Area:j —dx:(ln|x—l|)‘ =In3-In2=In—
3 x-1 3 2

= 2'(3"_(32)_;?”)'3; y'(1)=—13. Tangent line: y—5=-13(x—1) = 13x+y=18
e

8. E ' =sec’x+osc’x

9. E  hx)=/(x])=3x]-1=3x7-1
10. D f/(x)=2(x—1)-sinx+(x-1)>cosx; 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(t)=1—1> +4r+ K ; Since x(1)=10, K =6; x(t) =1 —1> +41+6.
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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=0and b =2. Then I gives 2 =4 and III gives
2= «/5 , both false statements.

13. period = 2n 2n

3
14. Letu=x>+1. Thenj de=[u™"du=20"?+C=2Jx* +1+C
Vxd +1
15. f(x)=(x— 32 +2(x-2)(x=3) = (x—3)3x-7); f'(x) changes from positive to negative at
7
xX=—.
3
16. y'= pSeextany _,in x; V'(n/4) =2tan(n/4) = 2. The slope of the normal line
secx
1
Y(m/4) 2
: 2 N2 g _ 2 3
17. Expand the integrand. J (x“+1)"dx —j (x +2x2 +1)dx = 5 x +— 3 x+x+C
S ()
18. Want ¢ so that f’(c) = W n = - =E.
2 2
1 c
'(c)==cos| = |[=0=>c=m
r@=3eo( £

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

; !
shell is of the form (2n7h)Ax with » =x and h=y. Volume = 21r_[0 x(x+ 1)3dx.

y=x?-x7; y' = 2x2 43x7 4y =6xt 1257 =6x(x—2). The only domain value at

which there is a sign change in y" is x =2. Inflection point at x=2.

| | | y
—dx= dx=| ————dx=tan” (x-1)+C
jx2—2x+2 " j(x2—2x+1)+1 ’ ‘[(x—l)2+1 y (b

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, f'(x)=(x— 3)3 (x+ 2)4 Ox-17).

1

f'(x)=§(x2—2x—1)_3(2x—2), 70 =2.(-1)- (2=

3 3

d
—(2%)=2"In2
=)

26. v(t)=4sint—t; a(t)=4cost—1=0 att:cos_1(1/4)=1.31812; v(1.31812) =2.55487
217. f'(x):3x2+12>0.Thusfis increasing for all x.
500 S00 v iaxn g (300 oy 500
28. L 13* -11 )dx+j2 A1* -13 )dx—L 13°-11 )arx—j2 (13* =11%) dx
) X X 2 2 2
= [Tz =11y dx = D _IE e =B Iy 946
1 In13 Inll |1 In13 In1l
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29. C  Use L’Hopital’s Rule (which is no longer part of the AB Course Description).

. 1l—cos6 . sin© ) 1 1
lim =lim—— = lim =—
050 2sin’ @ 0-04sinBcos® 0-504cosO 4

A way to do this without L’Hdpital’s rule is the following

. 1—cosO 1- cosG ) 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+cosO) 4

30. C  Eachslice is a disk whose volume is given by nr2Ax, where 7 =+/x.
39

=—T.

0o 2

Volume = njj (\/;)de = n_[jxdx = gxz

2 6
3. B f(x)=0) =) — 56 £1(x) = 6x°

32. A =sin~ ( ]+C a>0

NG
=sin”! {QJ—sin‘l(O) =
2 3

0

R
I = (5]

33. B  Separate the variables. y_zdy =2dx; 1 =2x+C; y=
Y

. Substitute the point (1,—1)
2x+C

=C=-1,s0 y= .Whenx:Z,y:—l.

to find the value of C. Then —1=
2+C 1-2x 3

34. D Letxandy 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; —=—.
Xty ARy (24) (N3 = 73

35. E  For there to be a vertical asymptote at x =—3, the value of ¢ must be 3. For y=2 tobe a
horizontal asymptote, the value of a must be 2. Thus a+c=5.

0

36. D Rectangle approximation = e" + e =1+e

Trapezoid approximation. = (l +2e+e” ) /2.

Difference = (e* —1)/2=26.799 .
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37. C  Iland Il 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’ andCzZm;%:mr@andﬂzznﬂ.l:ord—“l:ﬂ,r:l.
dt dt dt dt dt  dt

40. C  Thegraphof 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(3—;)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= 26N Using the given

In(1.75)
t-

conditions, 3.5 = 267k ; 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 j udv= uv—_[vdu .Let u = f(x) and dv = xdx. This leads to

fo(x)dxz%xzf(x)—%J‘ x2f'(x)dx.

4. C f'(x)=lnx+x -l; f'(x) changes sign from negative to positive only at x = el
X

fehy=—et=-1.
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

X =X =
n+l n f((xn) n 3x”2 +1

1+1-1 3
x2=1— =—
3+1 4
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1 1
LA [ (x=x)ydr= 1o Tyl 11

0 2 3 o 2 3 6

2 —

2. ¢ a2l

x—0 X
3. E  Q(x)=pk)=>degreeof Qis n+1
4. B Ifx=2then y=5. x@+y@_0 2(3)+ 5@:0:@:_9

dt dt dt dt 5

5. D r=2secH;rcos0=2= x=2.This is a vertical line through the point (2,0).

i

d(dyj 3
dy_3° _3 d’y dx 2
2

6. A ot Y32 thus =2 - - -
dt dt A 2t 2 & dx dx

dt

3
4t

7. A J.; xle* dx—ij ex4(4x3dx)=%ex

8. B f(x)=lne**=2x, f'(x)=2

L

X

9. D f'(x) —§ . This does not exist at x =0. D is false, all others are true.
10. E I Inx is continuous for x >0
II. €* is continuous for all x

III. In(e* —1) is continuous for x >0 .

b
. This limit diverges. Another way to see this without
4

dx = lim

4 3‘,9—)62 b 2

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.

J = im0

11. E
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12.

13.

14.

15.

16.

17.

18.

19.

20.

1993 Calculus BC Solutions

v(t) =2cos2t+3sin3t, a(t)=—-4sin2t+9cos3t, a(n)=-9.

13

X
@ _ x*dx, In|y| =%x3 +C,, y=Ce3 . Only C is of this form.
y
The only place that f'(x) changes sign from positive to negative is at x =-3.

2 tan? x

d(tanzx)
—— ~=2tanx-sec” x-e

f!(x) — etanzx .

dx

I. Compare with p-series, p =2
II. Geometric series with r :g

III. Alternating harmonic series

Using implicit differentiation, Y 1. Whenx =1, R 1=y'=0.
y

Xy
X X X X
— -1
Alternatively, xy =e”, y =e—, y'= akd > c_¢ (xz ) V'(1)=0
X x X
2x 2x
S’V =ox = [ ===
A P
Use cylindrical shells which is no longer part of the AP y
Course Description. Each shell is of the form 2nrhAx 1
——— — —r— ——
where 7 =x and & = kx—x° . Solve the equation
k o x? K "
10=2TEI x(kx—xz)dx=2n —_— | =2n-—. .
0 3 4 12 Ax X
k=4 /@ ~2.0905.
T
w(t) = —%e‘” +3 and x(¢) = %e‘” +3t+4
213
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21. A Use logarithms.

1nyz§ln(x2+8)—%ln(2x+l);y;: 2x 2 ; at (0,2), y'=-1.

3(x2 +8) 4(2x+1)

22. B fl(x)=x?e"+2xe¢" =xe* (x+2); f'(x)<0 for —2<x<0

23. D _j \/(dtj +(ﬂj dt_j 4% +1

24. C  This is L’Hopital’s Rule.

dy
25. D Atr=3, slope= D = dt _71¢ e =12’| =‘%=‘0-005
e dx e’|t:3 e
dt
2x 2x
2%. B 2e2 - 2@4
1+(e™)” 1+e™

27. C  This is a geometric series with » = xT—l Convergence for —1 <r <1. Thus the series is

convergent for -2 < x <4.

28. A v=(22t+2,4tj, v(2)=(§,8j=(§,8j
o+ 2t 8 4

29. E  Use the technique of antiderivatives by parts: u =x and dv= sec? x dx

jxseczxdx:xtanx—jtanxdx:xtanx+ln| cosx|+C

}}
30. C  Eachslice is a disk with radius » =secx and width Ax. A
/3 3

Volume = tho sec” xdx = mtan x| g/ =3 |

1 |

|

r |

|

|

X
Ax /3
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100
3.A s = 2P ims, ==t
5\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.

x2+y2=402, 2xﬂ+2yﬂ=0, x-é(—ﬂj+yﬂ=03y=éx.
dt dt 4

Substitute into x> + y* =40%. x? 22 402, 22 40%, x =32
16 16
35. A Apply the Mean Value Theorem to F. F'(c)= 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).

36. E v=nrlhand h+2nr =30 = v=2n(15r2—nr3) for O<r<£; ?z&tr(lO—nr).The
T dr
maximum volume is when r=m because Q>O on (O,&j and ﬂ<O on (E,I—SJ
i dr T dr T T
e 1 e 1l 1 3

37. B Iof(x)dx=J0xdx+Jl ;dx=§+lne=5

dN kt 1
38. C Esz:NzCe . N(0)=1000= C =1000. N(7)=1200:>k:71n(1.2).Therefore

Lin(1.2)

N(12)=1000¢ " ~1367.

39. C Want w where y(x)=In|x|+C. This gives ln4—;lnl=%m4:%m22 :§1n2.

40. C  Theinterval is [0,2], x, =0, x, =1, x, =2. S=%(O+4ln2+0):§ln2 . Note that

Simpson’s rule is no longer part of the BC Course Description.
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~
2

2
-3

41. f’(x):(Zx—3)e(x ) ; /<0 forx<% and f'>0 forx>§.

Thus f has its absolute minimum at x = % .
42. Suppose lim ln((l + 2x)cscx) = A. The answer to the given question is e

x—0
Use L’Hopital’s Rule: lim ln((l + 2x)cscx) = lim M = lim S 2.
x—0 x>0  sinx x>0 1+2x cosx
3.5 2\3 25 6 10
43. SINX=X——F——+. > Slnx2 =X _u+ﬂ_... :x2 _x_ x__
3t 5! 3! 5! 315

44, By the Intermediate Value Theorem there is a ¢ satistying 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

b
bL J f(x)dx . Equating the two gives option E.
— a a
Alternatively, let F(¢) = I t f(x)dx . By the Mean Value Theorem, there is a c satisfying
a
_ b
a < c<b such that M=F'(c) .But F(b)—F(a) =I 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 P =tan® x for x # 2k + l)g, k an integer. The answer is
—sin” x

therefore tan?1=2.426.
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1997 Calculus AB Solutions: Part A

2 2
1. L (4x> —6x)dx=(x* —3x?) (=(16-12)-(1-3)=6
1 1 1 1
5 , 5 Py -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 | 2 | 2
4. S ==x"+x+—; fi(x)==3x"+1-—; f[(-D)=-3(-D)"+1- >=-3+1-1=-3
x x =D
5. y=3x"—16x> +24x> +48; y' =12x> —48x% +48x; 1" =36x> —96x+48=12(3x—2)(x—2)
V"< 0 for % < x < 2, therefore the graph is concave down for % <x<2
1.t L
6. —Iezdt:ez+C
2
7. 4 cos? (x3 )=2 cos(x3 ) (i (cos(x3 )j =2 cos(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<7<6, and let 4, be the area between
the graph and the ¢-axis for 6 <7 <8 Then 4, =12 and 4, =1. The total distance is
10. y=cos(2x); ' =-2sin(2x); y'(EJ =2 and y(E) =0; y= —2(x—5j
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, 1 1 .. (11
12. =—x"; y'=x; Wewant y'=— = x=—.So the pointis | —,— |.
FERre YV ES 773 2 P (2 8)
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4—x*
13. f'(x)= u ; f is decreasing when f”'<0. Since the numerator is non-negative, this is
x —
only when the denominator is negative. Only when x<2.
14. f(xX)=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—a~ x—at 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 j ,(5- (x* +1))dx = 2(4x —§x3) = 2(8 —%) = %
- 0
2 2 . "N r_0N. ' _ 4 .
17. X +y =25 2x+2y-y'=0; x+y-y' =0; y(4,3)——§,
4 4 25
x+y-y'=0 = l+y-y"+y"-y'=0; 1+Q@)y"+| —— || = |=0; y'=——
yy Y-y Y-y 3y (J(J Y=
r planx
18. j 4 5—dx is of the form Je“du where u =tan x..
0 cos” x
r etanx n
_[4 5 dx=e™ |4 =l —e¥ =1
0 cos” x 0
d 2 2x
19. )=Inlx>=1: 7' (x)= — (=1 =
f)=Tn| f@) =P =
l¢s 1, . . 1, . ) : .. .
20. 3 '[ _jcosx 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 limInx=0 and limx=0.
x—>llnx x—1 x—1
22. F(x)=(x*=3)e; f'(x) = (=x* +2x+3)=—e " (x=3)(x+1); f'(x)>0 for —1<x<3
. _ (%22, 24, T s 2 _ 327
23. Disks where » = x. V—nJOx dy—njoy dy—gy 0" 5
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1997 Calculus AB Solutions: Part A
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 Jf(x;)Ax is an approximation for J 0\/; 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=—%cost

j xsin(2x) dx = —%x cos(2x) + j %cos(Zx) dx = —%xcos(Zx) +isin(2x) +C
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76.

T7.

78.

79.

80.

1997 Calculus AB Solutions: Part B

2x 2x 2x 2x
f(x)=62—' f’(x)=2e 2x—2e _e 2x-1)

b
X 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.

F(3)=F(0) = j; f)dx= ; f)de | 13 F()dx=2+23=43

(Count squares for I; 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 f'.Tand II only.

f(x)= 264 ; f(x) = 16xe* ; 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 259 g X 45 _ xdv 70 S
dt dt dt Sdt
After 4 seconds, x =240 and so S =250.
Therefore as = ﬂ(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
A
83. cosx=x at x=0.739085. Store this in A. '[0 (cosx—x)dx =0.400
84. Cross sections are squares with sides of length y.
Volume =I1ey2dx = 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)=~x; f/(x)=——: =9. - c=—
/ N N AN 4
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87.

8.

1997 Calculus AB Solutions: Part B

a(t)=t+sint and W(0)=-2 = v(t)z%tz—cost—l; w(£)=0at =148

f(x)= I: 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 = b. 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) :lcos2 X F'(x)=—cos xsinx No
2
F(x)= —%cos(2x) F'(x)= %sin(2x) =sin x cos x Yes
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1997 Calculus BC Solutions: Part A
3 1 5 3 1
22,22 _16
3

1. C J\/_(x+1)dx J-x +x2dx—§ T

dy 2 cos(2t) cos(2t)
2 2t eZt

2. E , ¥ =sin(2¢);
3.0 A f(x)=3x"—4x=3x; f'(x)=15x" —12x2 =3 =3(5x% +1)(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 a]—(x3)=3x2
x

2 3 1 3 1
5. C f(X)=(x—1)2+§€x_2; f'(x)=§(x—1)2+§e"_2; f'(2)=5+5:2

1 1
6. A y=(016-x)%; y'=—%(16—x) 2 y'(0)=—%; 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
increases more than it decreases, so the absolute minimum must occur at the left endpoint,
x=0.

1
10. B y=xy+x>+1; y=x)'+y+2x; at x=—1,y=1; y'=—y'+1-2 :>y'=—§

- 1 1k 1 1 1
1 C [ a2 de = lim ——(1+27)7| = lim ——————=—
1 Lo 2 1 L—)oo4 20+L7) 4
12. A f" changes from positive to negative once and from negative to positive twice. Thus one
relative maximum and two relative minimumes.

13. B a(t)=2t—7and v(0)=6; so v(t)= 2 —7t+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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1997 Calculus BC Solutions: Part A

‘Nw

14. C  Geometric Series. r = % <1 = convergence. a =% so the sum will be S = =24

1

0| W

2
2
15. D x=cos’ ty—sm t for 0<r<X. L= Jn/ ( j (dyj dt
2 dt dt

2 2
L =IOTE/ \/(—?’Coszfsim‘)2 +(3sin2tcost)2dt=I:/ \/9COS4tSin2t+9sin4tc0s2tdt

h h 0 h
e -1 1 e —e 1 e -1 1
16. B li ==1i =— 10 h =e¢* and ' (0)=1. Ui ==
o iy g/ (O where fx)=etand SO =1 lim ==
7. B (@) =IG—x); f{(0) = —— f"() = ()= — 2
. b x_39 (x_3)29 (x_3)39

F@=0, 7@ =1 '@ =1 ") =-2 @y =0,a =—L.ay =—3.a =3

(x-2° (x=2)’
2 3

f)=—~(x-2)~

dy 4 +41-8 4 +41-8

18. C x=r-*-1Ly=r"+2-8r, L= =
dx 32 -2t t(3t-2)

. Vertical tangents at ¢ = 0,%
4 4
19. D [° f0dv=2" f()de=(d)— )= 2-A;) = A + 4,

20. E Z% The endpoints of the interval of convergence are when (x—2)=+3; x=-1,5.
n=l N

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.

}}
21. A Area=2%_[;/2((2(:059)2—Cosze)dezj.;/z?acoszedG

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 =5sin6; ﬂ:SCose-@; When x=3,cosezi; @:S(E](?y):u
dt dt 5 dt 5

v w2 (5 1 s 1 4
f'(x)=sin(x")=x —T+~-~—x —gx R 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 3

n 3 33
limz\/xij:J.j\/;dngx2 :%(bZ_az)
=1

a
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1997 Calculus BC Solutions: Part B
76. D  Sequence [ > %; sequence II — oo; sequence Il — 1. Therefore I and III only.

77. E  Use shells (which is no longer part of the AP Course Description.)

}J
A
| _ Z2nrhAx where r = x and
(3.3) h=4x—x>—x
h
Volume =
3 2 _ 3,2 3
Ar 211:.[0 x(4x—x x)dx—27r_[0 (Bx"—x")dx
+ X
0 4
78, A fimietMZL_ It zine o 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.

8l. D  f assumes every value between —1 and 3 on the interval (-3,6). Thus f(c)=1 at least once.
82. B '[ ; (t2 -2t)dt > '[ 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 .

keInx — 3, = Ce¥"¥ | Since

83. E d—y=(1+lnx)dx; ln|y|=x+xlnx—x+k:xlnx+k; y|=e
Y

xInx

y=1when x=1, C=1.Hence y=e
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1997 Calculus BC Solutions: Part B

84. C J. x*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.

2

sz sinxdx =—x cosx+J'2xcosxdx

=—x° cosx+(2xsinx—j2sinxdx)

= x> cosx+2xsinx+2cosx+C

True

85. D 1. Average rate of change of f is f(?));lf(l) =%.

3
II. Not enough information to determine the average value of f. False

1. Average value of f' is the average rate of change of /. True

1 A B

86. A  Use partial fractions. = +
(x-D(x+3) x-1 x+3

; 1=A(x+3)+B(x-1)

Choose x=1 = A=% and choose x=-3 = B=—%.

x—1
x+3

+C

[ gty [ [ |-
(x=1)(x+3) 417 x-1 x+3 4

2 2
87. B Squares with sides of length x. Volume = .[0 xzdy = .[0 2-y)dy

2
88. C f(x)= ,[(;C sintdt; f'(x)=2x sin(x2 ); For the average rate of change of f we need to
determine f(0) and f (\/E) . f(0)=0 and f (\/E ) = J : 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(xz) and y = 2 on the interval [0,\/% ] . There are two.

N
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1997 Calculus BC Solutions: Part B
89. D f(x)= j ——dt; f(4)= j —dt—0376

dx 0.376

Or, f(4)=f()+ j

Both statements follow from the Fundamental Theorem of Calculus.

6 6 6
9. B F(x)=hv 10=4k = k= wOrk=j F(x)dx=j S vdv=24%| =45 inch-lbs
2 0 02 4 o
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1998 Calculus AB Solutions: Part A

1. 3" =x%+10x; y"=2x+10; y" changes sign at x = —5
2 [* rede=[" pode+ [ fdx
) -1 -1 2
= Area of trapezoid(1) — Area of trapezoid(2) = 4-1.5=2.5
2 2 2
3. j idx:"‘ x_zdx:—x_l‘ _1
1,2 1 1 2
4. This would be false if f was a linear function with non-zero slope.
5. _[(;Csintdt = —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(xz + xy) =2x+xy'+y =0 . Substitute for x and y and solve for y’.
X
4+2y'+3=0; y':—%
ex?-1 e 1 1 ‘N 1 1, 3
7. j al dsz X—— dx=(—x2—lnxj =(—ez—1j—(——0j=—ez——
I x 1 X 2 ; \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, 1'(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.
9. 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 _[ 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.
, x-D2x) - =21, 2-1)(4)—(4-2)(1
o fr = EDRI=CEDD), ) C=DE=E=200)
(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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1998 Calculus AB Solutions: Part A

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  w(t)=2t—6; v(t)=0 fort =3

15 D By the Fundamental Theorem of Calculus, F'(x) =+ O+ 1, thus F'(2) =+ 2 4+1=49=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  From the graph f(1)=0. Since f'(1) 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 jixzdx=%x3‘k3=%(k3—(—3)3)=%(k3+27)=0 only when & = -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 _par, In| y|=kt+c;

y|=ekt+c1 =ektecl; y=C€kt.
y

22. C f is increasing on any interval where f'(x)>0. f'(x)=4x> +2x=2x(2x*+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.

25.

26.

1998 Calculus AB Solutions: Part A

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=E.

2
The area is given by .[0 x> - (—x)dx = (% X +%x2J 3

0

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 k£ =0 is
the only option.

2
1 3 33
1:2 5 [3 1c2 5 (1.5 112 5 2 1.2 =] 26
27. —| xNx+lde=—| (X’ +D)?%|=-3x" |[dx==-=—-= x+D2| =={92-12 |=—
ZIO 2'[0( ) 3 23 3( ) 9 9
0
28. F1(x) = sec? (2x) L (2x) = 25ec? (2): f'(E] = 2sec? (E] = 2(4)=8
dx 6 3
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1998 Calculus AB Solutions: Part B

76. A From the graph it is clear that f 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) = 6e>* and

g'(x)= 18x2. The graphs of these derivatives reveal that they are equal only at x =—0.391.

78. B A=m?oM_ondr However, C =2nr and & _ 01 Thus Y= _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 f'.

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 f(2x)dx = %F(Zx)ﬁ = %(F(6) — F(2))
*-a® X" —a . 1 1

83. B lim = lim = lim =
xax'—q  xoa ()c2 —az)(x2 +a2) x—a (x2 +a2) 2a?

84. A A known solution to this differential equation is y(z) = y(O)ek’ . Use the fact that the
population is 2y(0) when 7#=10. Then

23(0) = p(0)e" 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 -
j ln(lj a’x:EI (S—xj dx =16.755
0212 glo| 2

87. D  Find the x for which f'(x)=1. f'(x)= 4x° +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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88.

&9.

90.

91.

92.

AP Calculus Multiple-Choice Question Collection

D

1998 Calculus AB Solutions: Part B

3
(lntt) dt =5.827 using a calculator. Since F(1)=0, F(9)=5.827.

9
F9)—F() = L

Or solve the differential equation with an initial condition by finding an antiderivative for
3
(Inx)

X

F(1)=0, C=0. Therefore F(9) = %(ln 9)4 =5.827

. This is of the form u’du where u =Inx. Hence F (x)= i(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 ﬁ) . 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].

T
L?cosxdx =0.1=> sin(%}—sink =0.1=sink =0.9. Therefore k = sin_1(0.9) =1.120.
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1998 Calculus BC Solutions: Part A

1. f will be increasing when its derivative is positive.
f'(x)= 3x2 +6x-9= 3(x2+2x-3) f'(x)=3(x+3)(x—1)>0 forx<-3 orx>1.

2. ﬂ=5andd—y=3:>d—y=E

dt dt dx 5
3. Find the derivative implicitly and substitute. 2y- ' +3(xy +1)*(x- 1 +y)=0;

! ! ! ! ! 3

2(-1)- Y +3(QED+D((2)- ¥ +(-1) =05 =2y'+6-y'=3=0; p =2

4. Use partial fractions. ! = ! = l( L1 j
¥2—6x+8 (x—dHx-2) 2\x-4 x-2
'[ Z;dx =l(ln|x—4|—ln|x—2|)+C =lln x—4 +C
X" —6x+8 2 2 |x-2
5. H(x)=f"(g(x) g'(x); 1"(x)=f"(g(x)) g'(¥)-'(x)+ f'(2(x)) g"(x)
" 14 ! 2 ! "

h'(x)= f"(g(x)-(g'(x)"+ f'(g(x) g"(x)

6. The graph of / 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).

ex?-1 e 1 1 ‘(1 1 1, 3
7. J. dx:j Xemdi=| ~x?—Inx | =|=e?~1|-|=—0|=2e*-2
I x 1 X 2 p \2 2 2 2
8 (1) =~ (cosx)’ +C; Let x=, 0= —1(cosﬁj3 +C=C=0. y(0)=—(cos0)’ =——
' YTy ’ 2 a2 AT 3
9. 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 '[ 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. w(t) = (3:2 ~1,6(2¢ —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—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.

3 5 3 5
4. B sinxex—2t X sintaroi Lo Ly L
31 51 3050 6120

15. B  Use the technique of antiderivatives by parts. Let u = x and dv =cosxdx.

_[xcosxdx=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 graph at x=1, f'(1)>0.
Also, since f"(1) represents the concavity of the graph at x=1, (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 O =2 when sin0=0.5; thlslsate—g and— Area =— j (4sm9 —(2)2)d9

d(x 2 2
( ) 1 73 dx =_() 3 dx _11lac 1 dx_ . .,
dt 3 dt dt 34 dt 12 dt

x=8 x=8

20. E

2 2
1 1
21 C  The length of this parametric curve is given by J 0 \/ (@j +(%) dt = j 0 N +12dr.

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. I. False. The relative maximum could be at a cusp.
II. True. There is a critical point at x = ¢ where f'(c) exists
III. 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 3 . 1 43 b 1
25. J. xede=1lim| x“¢’dx=1lim-——=e" | ==.
0 b—0? 0 b—oo 3 0 3
. dP . o 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)= z a,x", then f'(x)= z na,x""' = Zna,,xn_l.
n=0 n=0 n=l
f'W=3 na,"" =3 na,
n=1 n=1
lx etz dt x2
28. Apply L’Hoépital’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 & is odd. The second series is geometric and will
converge if k <4.

77. E f’(t)=(—e_’,—sint); f”(t):(e_t,—cost).

78. B A=nr’ = a4 = 2nr£ . However, C =2nr and dr =—-0.1. Thus a4 =-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 I 3 (1 +In(cos* x))dx =0.919
3

1 1
dy / _d 5 1 - d
T dx? " dx dx

2

82. B j; [f(x)+g(x)]abc=j35 [2g(x)+7]dx=2j35g(x)dx+(7)(2)=2j35g(x)dx+14

83. C  Use a calculator. The maximum for on the interval

2

lnx_((x—l)_(x—l)z +(x—l)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 -
L =" 8-x) v =16.755
0272 gdo| 2

AP Calculus Multiple-Choice Question Collection 236
Copyright © 2005 by College Board. All rights reserved. Available at apcentral.collegeboard.com.



87.

8.

&9.

90.

1998 Calculus BC Solutions: Part B

Find the x for which f'(x)=1. f'(x)=4x>+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).

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 @ 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).

The series is the Maclaurin expansion of ¢ . Use the calculator to solve ¢ = X

Constant acceleration means linear velocity which in turn leads to quadratic position. Only
the graph in (A) is quadratic with initial s =2.

91. v(t)=ll+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)? <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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