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1997 Calculus BC Solutions: Part A @%{@

%,

3
14. Geometric Series. 7= % <1 = convergence. a =% so the sum will be § = % =24
1-=
8
2 2
2
15. x:cos3t,y:sin3t for 0<t< X, L:In/ (ﬁj +(ﬂj dt
2 0 dt dt
2 2
L= Ion/ \/(—3 cos® ¢sin t)2 +@3 sin” 7 cos t)2 dt = J:/ \/9 cos* rsin’ 1 +9sin” 7 cos® 7 dt
h h_ 0 h
e —1 1 e —e 1 e —1 1
16. im =—lim =— f"(0), where =e" and f'(0)=1. lim =—
Mo T aam n o/ (O where (o =etand FO) =1 im0
1B () =In@x) /() = [0 =~ () =y
. b x_3) (x_3)2 9. (x_3)37
’ 14 " 1 1
f(2)=0,1'2)=-1L f"2)=-1,f"(2)=-2; ay=0,a,=-1,a, =—E,a3 =73
(-2 (x-2)°
X)=—~(x-2)- -
f(x)=—(x=-2) 5 3
3 3
- - . 2
18. x=£ ¢ -Ly= 4+ 212 -8 Q: 4 +4i-8 = 4 +4i-8 . Vertical tangents at 1 =0, —
dx 32 -2¢ t(3t-2) 3
4 4
19. j_4 f(x)dx—zj_l F(x)dx = (A, — Ay)—2(=Ay) = A, + A4,
= (x—2)" . .
20. ZT The endpoints of the interval of convergence are when (x—2)=43; x=-1,5.
n=1 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.
2 2
21. Area= 2 lf o ((2cos0)* —cos® 0)dO = J- i 3cos’ 0 do
2J0 0
22, g'(x) = f(x). The only critical value of g on (a,d) isat 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.

AP Calculus Multiple-Choice Question Collection

L] CO
1997 Calculus BC Solutions: Part .. ~
x=>5sin0; @250030-@; When sz,costi; ﬁ=5(i)(3):12
dt dt 5 dt 5

pon w2 (0 5 1 D T
f(x)=sin(x")=x —T+---—x —gx +o= f(x)—gx —Ex +--- The

coefficieint of x/ is —— .
42

This is the limit of a right Riemann sum of the function f(x)= Jx on the interval [a,b], so

b 303
L b 2é 2.5 5
i $ e a3 267
a

224
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1997 Calculus BC Solutions: Part. ~
76. D  Sequence I — %; 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.)

| Z2nrhAx where » =x and
(3,) h=4x—x*-x
h
Volume =
3 2 _ 3,2 3
z 2nj0 x(4x—x x)dx_znfo (3x? —x%)dx
¥ X
0 4
78, A fmonerMl_ It =Ine ) where f(x)=Inx
h—0 h h—0

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 I: (t2 =2t)dt > I; tdt ; %x3 —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 ﬂ:(lﬂnx)dx; In|y|=x+xInx-x+k=xInx+k; |y|:ekexmx:>y:Cexlnx‘Since

xlnx

vy=1when x=1, C=1.Hence y=e
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84.

85.

86.

87.

88.

1997 Calculus BC Solutions: Part . CO”’

Ixz sin xdx ; 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.

Ixz sin x dx = —x° cosx+J‘2xcosxdx
=—x? cosx+(2xsinx—j2sinxdx)

——x%cosx+2xsinx+2cosx+C

fO-fO 5 o
3-1 2
II. Not enough information to determine the average value of f. False

I. Average rate of change of f is

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

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

Use partial fractions. 3 ; 1=A(x+3)+B(x—-1)
1 1
Choose x=1 = A:Z and choose x=-3 = Bz—z.

x—1

+C
x+3

I;dle[ de—J. ! dx:lzlln
(x—=1)(x+3) 417 x-1 x+3 4

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

2
f(x)= Jo sintdt; f'(x)=2x sin(xz); For the average rate of change of f we need to
determine f(0) and f(\/;) . f(0)=0 and f(\/g) = 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

Jrn

graphs of y =2x sin(x?) and y= 2 on the interval [O,«/; J . There are two.

N

AP Calculus Multiple-Choice Question Collection 226
Copyright © 2005 by College Board. All rights reserved. Available at apcentral.collegeboard.com.



1997 Calculus BC Solutions: Part . CO”’

=0.376

89. D f(x)= j

dx 0.376

Or, f(#)=/f(1)+ j

Both statements follow from the Fundamental Theorem of Calculus.

6
9. B F(x)=kv 10=4k = k= wOrk=j6F(x)dx=j6§xdx=§x2 — 45 inch-lbs
2 0 02 4 0
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1. 3" =x%+10x; 3" =2x+10; " changes sign at x = 5
2 [ reode=[" redes [ £
' -1 -1 2
= Area of trapezoid(1) — Area of trapezoid(2) = 4—1.5=2.5
2 2 2
3. I de:_[ x_zdx:—x_l‘ :l
1,2 1 12
4. This would be false if f was a linear function with non-zero slope.
5. J.;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(xz + xy) =2x+xy'+ y =0 . Substitute for x and y and solve for y'.
X
! ’ 7
4+2y'+3=0; y =3
e
7. J.e x -1 dxzje x—l dx—(—x —lnxj :(lez —1)—(1—0j :le2 _3
I x X | 2 2 2 2
8. h(x)= f(x)g(x) so, A'(x)= f'(x)g(x)+ f(x)g'(x). Itis given that A'(x) = f(x)g'(x).
Thus, f'(x)g(x)=0. Since g(x)>0 forall x, f'(x)=0. This means that f 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 _[ 0 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=1)2x)=(x2=2)1) , 2-1)(4)—(4-2)(1)
TSR R Gl o2 el I NP el ) ot [ WY
(x—1) 2-1)
11. Since f 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)=0for¢t=3

15 D By the Fundamental Theorem of Calculus, F'(x) =« x> +1, thus F '2)= V23 +1=49=3.

’ x4 & —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 y'(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.

koo, 1 gk 103 A _ _

200 A [ x dr=—x ‘_3 —g(k ~(-3) )—g(k +27)=0 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.

Q=kdt; In|y|=kt+c; y|=ekt+c1 =eMeft; 3 =cel.
Y

22. C  f isincreasing on any interval where f'(x)>0. f'(x)=4x> +2x=2x(2x2 +1)>0.
Since (x> +1)>0 forallx, 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'(t) = 32 —61+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 I xz—(—x)dx= lx3+lx2 = +2=&.
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 k£ =0 is
the only option.

2
1 3 3 3
2 2 = = >
27. lj' x*yx +1dx =1J. (x> +1)2 l-3x2 dx =l-l~g(x3 +1)2 _L 9212 _26
270 270 3 233 9 9
0
28. 17() = sec(2x) - (2) = 25602 (22): f’(f) — 2sec? (Ej —2(4)=8
dx 6 3
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76.

77.

78.

79.

80.

1998 Calculus AB Solutions: Part

From the graph it is clear that f is not continuous at x = a. All others are true.

Parallel tangents will occur when the slopes of /" 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.

Aem? = _on 0 However, C =2nr and 01, Thus A= 0.1c.

dt dt dt dt

The graph of the derivative would have to change from positive to negative. This is only true
for the graph of 1.

Look at the graph of f”(x) on the interval (0,10) and count the number of x-intercepts in the
interval.

81. Only II is false since the graph of the absolute value function has a sharp corner at x = 0.
. . S 3 1 1
82. Since F is an antiderivative of f, L f(2x)dx = EF(2X)|13 = E(F(@ —-F(2))
x* —a? x*—a’ 1 1
83. lim = lim = lim =
yoaxt— gt xoa ()c2 —az)(x2 + az) x—>a (x2 + az) 2a°
84. A known solution to this differential equation is y(z) = y(O)ekr . Use the fact that the
population is 2y(0) when ¢ =10. Then
23(0) = (0)e" 19 = ¢! % =2 = k = (0.1)In2 = 0.069
. 1 1 1
85. There are 3 trapezoids. 5-3(f(2) +£(5)) t 2(f(5)+ f(7))+5- (f(D+1@®))
86. Each cross section is a semicircle with a diameter of y. The volume would be given by
2 2
8 8 _
Laf2 dr="=| 8=X 1 gr=16.755
02 (2 801\ 2
87. 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.

&89.

90.

91.

92.

1998 Calculus AB Solutions: Part

3
9
FOO)-F()= J.l @dr =5.827 using a calculator. Since F(1)=0, F(9)=5.827.

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

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

. This is of the form u’du where u =1Inx. 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 arelative minimum at x = -2 and a relative maximum
at x=2.

The area of a triangle is given by 4 = Ebh . 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 dt dt

i’—A = %(3}1 -3b)= %(h —b) . The area will be decreasing whenever cj{—A <0. This is true
t t

whenever b> 4 .

[. 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
J.k2 cosxdx=0.1= sin (g)—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.

Fi(x)=3x2 +6x-9=3(x*+2x-3) f'(x)=3(x+3)(x—1)>0 forx<—3 orx>1.

2. A @:5andﬂ=3:>d—y=§

dt dt dx 5
3. D Find the derivative implicitly and substitute. 2y- ' +3(xy +1)*(x-y'+ ) =0;
’ ! ! ’ ! 3
2(=1)- Y +3(D+D*((2) ¥ +(-1)=0; =2y'+6-y'=3=0; y =2
4. A Use partial fractions. ! = ! = l( L _1 j
x2—6x+8 (x—4)(x-2) 2\x-4 x-2
| L ae-Lnp-a-mp-2)r o=t 222 i 0
x°—6x+8 2 2 |x-=-2
5004 H)=f"(g()g(); h(x)=f"(g(x) &'x) g'()+ f(g(x) g"(x)
" " ’ 2 ! "
h'(x)=f"(g(x))-(g'(x)" + [ (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 /4 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).

2 e
-1 1 1 1 1 1
7. E jex dxzjex——dxz —x%-Inx| =|=e?-1|-[|=-0 z—ez—3
I x 1 X 2 , \2 2 2 2
1 3 n 1 =Y 1 31

8 B x)=——(cosx) +C; Let x=—, 0=—=|cos— | +C=C=0. y(0)=——(cos0) =——
§() = Hcos) % 0—3{eos]) §(0) =~ cos0)’ =1

9. D Let r(t) 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 I 0 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)= (3t2 ~1,6(2¢ —1)2) and a(r) = (6¢,24(2t —1)) = a(1) = (6,24)
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11. 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. lim f(x)=In2#4In2= lim f(x). Therefore the limit does not exist.
x—2" x—>2*
13. Atx =0 and x =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 3045
14. sinxzx—x—+x—; sinlzl——+1—: —l+L
31 5! 3! 5! 6 120
15. Use the technique of antiderivatives by parts. Let # = x and dv =cos xdx .
Ixcosxdx = xsinx—Isinxdx =xsinx+cosx+C
16. 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. 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. I.  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. Find the points of intersection of the two curves to determine the limits of integration.
4sin 0 =2 when sin0=0.5; this is at G—E and —. Area=— J. ( 4s1n6 —(2)2)d9
d(Ix _2 _2
20. ( ) 1 73 :_() s _ 1 1de 1 dx_ . 15
dt 3 dt dt 34 dt 12 dt
x=8 x=8
Ul(axY (dyY !
21 The length of this parametric curve is given by J. 0 (Ej + (d_)t/) dt= Io @) +12dr.
22. 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 5 _3 . 1 _.3 b 1
25. I xedy=1lim| x“¢ " dx=lim-—e"| ==.
0 b0 0 b—wo 3 o 3
. _dP . o e . . .
26. As lim — =0 for a population satisfying a logistic differential equation, this means that
10
P —10,000.
27. If f(x)= Z a,x", then f'(x)= Z na,x"" = Znanx”_l.
n=0 n=0 n=1
f'()= Z na, 1" = Z na,
n=1 n=l1
xetzdt ex2 e
28. Apply L’Hopital’s rule. lim =lim—=—
x>l x*—=1 x>12x 2
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76. 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. f’(t)z(—e_t,—sint); f”(t)z(e_t,—cost).

78. A=mr* = d—A = 2nrﬂ. However, C =2nr and @ =—-0.1. Thus ﬁ =-0.1C.

dt dt dt dt
79. None. For every positive value of a the denominator will be zero for some value of x.
2
80. The area is given by I 3 (1 +In(cos* x))dx =0.919
3
1 1
d d2 d S| 1 - d
81. y —J1=% S =S - p) = (1-07) 2 (2p)- =y
dx 2 dx
5 5 5 5
82. j3 [/ (x)+g(x)]dx = j3 [2g(x)+7]dx = 2[3 2(x)dx+(7)(2) = 2]3 a(x)dx+14
. (x-1) (-1 (x-1° .

83. Use a calculator. The maximum for |In x— P + 3 on the interval
0.3<x<1.7 occurs at x=0.3.

84. 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. There are 3 trapezoids. %-3(f(2)+f(5)) +%~ 2(f(5)+ f(7))+%- 1( /(D + f(®))

86. Each cross section is a semicircle with a diameter of . The volume would be given by

2 2
8 8 _
| Laf2 dr="=| 8=x 1 ar=16.755
0 2 2 870 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 .

87. 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).

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 @ 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. v(t) :11+I; a(x)dx z11+[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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