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The College Board 1s a not-for-profit membership association whose mission is to connect
students to college success and opportunity. Founded m 1900, the association is composed
of more than 4,500 schools, colleges, universities, and other educational organizations. Each
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Notes About AP Calculus Free-Response Questions

e The solution to each free-response question 1s based on the scoring gudelines from the
AP Reading. Where appropriate, modifications have been made by the editor to clarify
the solution. Other mathematically correct solutions are possible.

e Scientific calculators were permitted, but not required, on the AP Calculus Exams in
1983 and 1984.

e Scientific (nongraphing) calculators were required on the AP Calculus Exams in 1993
and 1994.

e Graphing calculators have been required on the AP Calculus Exams since 1995. From
1995 to 1999, the calculator could be used on all six free-response questions. Sice the
2000 exams, the free-response section has consisted of two parts -- Part A (questions 1-
3) requires a graphing calculator and Part B (questions 4-6) does not allow the use of a
calculator.

e Always refer to the most recent edition of the Course Description for AP Calculus AB
and BC for the most current topic outline, as earlier exams may not retlect current exam
topics.
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1979 AB1
Given the function f defined by f(x) = 2x% —3x% —12x+20.

(a) Find the zeros of f.
(b) Write an equation of the line normal to the graph of fat x =0.

(¢) Find the x- and y-coordinates of all points on the graph of f where the line tangent
to the graph 1s parallel to the x-axis.
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1979 AB1
Solution

(@ f(x)=2x" -3x* ~12x+20 = (x - 2)(2x% + x~10) = 2(x - 2)° (H

5
The zeros of fareat x=2 and x= 5

(b)  f'(x)=6x7—6x-12; f'(0)=—-12

The slope of the normal line 1s 7 = —% = i f(0)=20
f(0) 12

The equation of the normal line 1s

y—20= i(Jc—O)_._ or y :ix+20, or 12y =x+240
12 12

(c) The tangent line will be parallel to the x-axis if the slope is 0.
fl(x)=0=6x" —6x-12=0
6(x—2)(x+1)=0=>x=2.-1
f(=1)=27 and f(2)=0

The coordinates are (—1,27) and (2.0).
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1979 AB2
A function f is defined by f(x)= xe™** with domain 0 < x < 10.

(a) Find all values of x for which the graph of f is increasing and all values of x for
which the graph is decreasing.

(b) Give the x- and y-coordinates of all absolute maximum and minimum points on the
graph of 7. Justify your answers.
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1979 AB2
Solution

(a) fl(x)=e P —2xe = (1-2x)

f'(x) =0 when 1-2x>0.

The graph of fis increasing for 0 < x < %

f'(x)<0when 1-2x<0.

The graph of f is decreasing for % <x<10.

b) ' (x)=0=e*(1-2x)=0

: o . 1
There 1s a critical point when 1-2x =0, hence only at x = 5

O<x<%:>f’(x)>0

%<x<10:>f'(x)<0

The graph of fincreases and then decreases on the interval 0 < x <10. Therefore the

: . 1 1)
absolute maximum point is at [— ,—J :
2 2e

The absolute minimum value must be at an endpoint.
10
f©0)=0. £00)=—

Theretfore the absolute mimimum point 1s at (0.0)

The absolute maximum can also be justified by using the second derivative test to
) . . 1 .
show that there 1s a relative maximum at x = E , then observing that the absolute

maximum also occurs at this x value since it is the only critical point in the domain.
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1979 AB3/BC3

Find the maximum volume of a box that can be made by cutting out squares from the
corners of an 8-inch by 15-inch rectangular sheet of cardboard and folding up the sides.

Justify your answer.
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1979 AB3/BC3
Solution

V(x)=x(8—2x)(15—2x) = 4x> — 46x* +120x
V'(x) =12x% —92x+120

3x2 —23x+30=Bx-5)(x—-6)=0

5
x=—. x=6
3

Vmax :E S_TJ

Justification using the 1st derivative test:

5[ 10\‘[ 10 ) 5 14 35 2450 20
3

5
x‘i:;:’ Vr(.\') =0

x>%:>V'(x)<;0

There 1s therefore a relative maximum at x =—. But since /(0)=0 and V(4)=0,

W | W

. ) 5
the absolute maximum is at x = 5

Justification using the 2nd derivative test:

5 ) : : 5 : .
V"(—J < 0 and so there is a relative maximum at x = 3 There is only one critical

point in the domain 0 < x <4, so there is an absolute maximum at x =

L | th
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1979 AB4/BC1

A particle moves along a line so that at any time 7 its position 1s given by
x(t)=2nt +cos2nt.

(a) Find the velocity at time 7.
(b) Find the acceleration at time 7.
(c) What are all values of 7. 0 <7< 3, for which the particle is at rest?

(d) What 1s the maximum velocity?
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1979 AB4/BC1
Solution

(a) v(t)=2m—2msin2ns=2n(l1-sin2nr)

(b) a(t)= —47? cos 27t

(c) v(@)=2n(l-smn2mt)=0

sm2nr=1

&~ | o

The particle 1s at rest for 7 = i ;

(d) a(t)= —47? cos2nt =0

(=133
434:4:

| W
o
Il
-~
e

The maximum velocity is v[
or

Since sm 277 =—1 1s the minimum of sin 277, the maximum of v(7) 1s
2n(1-(-1))=4n.
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1979 AB5/BC5

Let R be the region bounded by the graph of y = l]11 x. the x-axis. and the line x=e.
x

(a) Find the area of the region R.

(b) Find the volume of the solid formed by revolving the region R about the y-axis.
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1979 AB5/BCS
Solution

(a) lhlx:():}x:1
X

e

e

Area = [ llnrm?r :%(hlx]2
1 2

X ' 1

e \I e
(b) Volume = 2nj x[lln de‘r = 21’[.[ In x dx
1 \X !

Use integration by parts with

u=Inx v =dx

di :ldr v=x
X

Volume = 2n(x In r‘f —Ileldr] =2m(x lnx—x)‘f =2n

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1979 AB6

y
A
y=x—2x
44
3
2
14
L T L ; x
-2 -1 1 2 3
—14

The curve in the figure represents the graph of 7, where f(x)= x? —2x for all real
numbers x.

(a) On the axes provided, sketch the graph of v = ‘ f(x) | :
(b) Determine whether the derivative of | f(x) ‘ exists at x =0 . Justify your answer.
(¢) On the axes provided, sketch the graph of v = f (|r|) .

(d) Determine whether v = f (M) 1s continuous at x = 0. Justify your answer.

y y
A A
- X - X
Axes for (a) Axes for (¢)
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1979 AB6
Solution

@ y=|f) © »y=r()

y }!
A

Y
=

2 d . d
<0=|(f(x)=x"—2: — () =2x—2> A==
(b) x<0 |f(¥)| X 2r:>dx‘f(\')‘ x—2 xliﬂjl_d"‘f(\-)‘ 2

0<x<2:>‘f(x)‘:—x2 +2x:>£|f(x)‘:—2x+2:} lim i‘f(nc)|:2
dx x—07 dx

If ‘ f (x)‘ were differentiable at x = 0, then since both limits above exist, they would

have to be equal. They are not equal. so the derivative of | f (x)| does not exist at 0.

Alternatively, the derivative of ‘ f (x)‘ does not exist at x = 0 because

0+7)|—|£(0 2_21
lim ‘f( f)‘ ‘f( )‘ = lim u: lim (7-2)=-2
h—0" h h—0" h h—0"

\f(0+h)\ LF)] . ~1* +2h

= lm (-/7+2)=2

h‘—)O h x—)O_ h h—0"
(d) Atx=0.7(|x])=0 or Atx=0.f(|x)=0
lim f(M) = lim [|.1c|2 —2|x‘] =0 1i111+ f ‘ ‘) - 11111 f(x)=0
x—0 x—0
Therefore f (|r|] 1s continuous at x = 0. 11111 J (l"‘) 111 f(=x)=0
11111 f M) = 11111 f(M)

Therefore f (|1c| 1s continuous at x = 0.
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1979 AB7

Let f be the function defined by y = f(x)= x> +ax?* +bx+c and having the following
properties.

(1)  The graph of f has a point of inflection at (0,-2).
(11) The average (mean) value of f(x) on the closed interval [0,2] 1s 3.

(a) Determine the values of @, 5, and c.

(b) Determine the value of x that satisfies the conclusion of the Mean Value Theorem
for f on the closed interval [0, 3].
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1979 AB7
Solution

@ -2=f(0)=c
F'(x)=3x*+2ax+b
F(x)=6x+2a
0=7"(0)=2a, so a=0

f(x)=x>+bx-2

:%(4+2b—4):b
0

1 2 1 x* bx?
B3=— Odx=—| —+ -2:
2—0-[0 /() 2[ 4 2 Y}

Soa=0, b=-3, and c=-2.

(b) By the Mean Value Theorem, there is an x satisfying 0 < x <3 such that

SB3)-f(0)

=

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1979 BC2

Given the differential equation py"+ 71" -2y =¢gx
(a) Find the general solution of the differential equation when p =0 and ¢g=0.
(b) Find the general solution of the differential equation when p=1 and ¢=0.

(¢) Find the general solution of the differential equation when p=1 and ¢g=2.
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1979 BC2

Solution
(@ p=0,¢=0
V'=2y=0
i =2dx
y
In ‘ v|=2x+InC
= g2xtinC

. . 2
The general solution is y = Ce~".

(b) p=1¢=0
V'+y'=2y=0

m*+m-2=0
(m+2)(m-1)=0
m=-2.1

. -2;
The general solution is y = Cie™" + C,e”.

() p=lg=2

V'+y =2y =2x
v, =Ce ™  +Che*  from (b)

Let y, =Ax+B.Then y, =4 and y, =0.

0+A4-24x—2B=2x
(4-2B=0
—24=2

The solutionis 4=-1, B= —l

. _ 1
Hence the general solution is y = y;, + v, =Ce x4 Cre* —x 5

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1979 BC4

Let f be the function defined by f(x) =

1-2x

(a) Write the first four terms and the general term of the Taylor series expansion of
f(x) about x=0.

(b)  What 1s the interval of convergence for the series found in part (a)? Show your
method.

. 1 :
(¢) Find the value of fat x= e How many terms of the series are adequate for

L 1) . . .,
approximating f (_ZJ with an error not exceeding one per cent? Justify your

answer.

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1979 BC4
Solutions

f“’)( 0 (+_oy"
(a) The Taylor series has the form Z -0)

H:O:f(x):—;f({)):l 1

n=1:f'(x)=———: f'(0)=2 2x
(1-2x )

n=2:f"(x)=———: 7"(0) =8 4x*
(1- 2)

n=3 f"(x)=———: f"(0)=48  8x°
(1-2x)"

The general term is 2" x".

2n+1 1Crfr+l 1
(b)y |——|= |2x‘ so series converges for M <=
2” -th‘ 2
 — -
=— Z Z ()": divergent
2 =0 2 n=0

N

i(Z )[ 1 J = > (-1)"; divergent
n=0 n=0

1 1
Interval of convergence — 5 <x < 5
1 1 2
c ——|= =—.
(c) f[ 4} 1+1/2 3
or
n-1 (n) N
n - PASCOTNL S b PN S
22 ( ] Z( ) S Lzoaj}s - [ 4J for 4<C&,U
Alternating series with absolute ; .
_ (1-2e) " (=2
value of terms @, decreasing to 0. = (D) ntd-20)  (2) (_J
n! 4
n-1
- 2 a; | <|a,| 2" —n-1
£ | <12
12 EIE
n -
2" 300 27300

)
Since L < ——, 8 terms suffice.
256 300

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1979 BCé6

A particle moves in the xy-plane so that at any tuime 7> 0 its position (x,y) 1s given by

r -1 T -1
x=e +e and y=e —e .

(a) Find the velocity vector for any 7 =0.

v

(b) Find lim dr .
t—>w dx
dt

(c) The particle moves on a hyperbola. Find an equation for this hyperbola in terms of
x and .

(d) On the axes provided, sketch the path of the particle showing the velocity vector for

1=0.

y

A

4--

3+

2+

1 +
: : : —>x
12 3 4
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1979 BCé6

Solution
(a) ﬁzer—e_I ﬁ:e“ﬂz—I
dt dt

':'(f) = —e e +e)=(e - e_f)}+ (e +e_I)}

(b) Method 1 | Method 2 | Method 3 | Method 4
2
1+ {f hot lim ez;
lim—&— =1 lim | 1+—=° =1 et -1 lim coth(7) =1
> 1 p— e —e! _ 2t p—
2t =lm——=1
€ t—= o=t

{ 1
—x=coshx
] 2

or

2 2 —2
Jx' = e‘r +24+e
2 2t 2t 1 .
[_1. =e” —2+e IE y=sinhx

(c)

Therefore x* —y? =4

d) v(0)=2;7=(0,2)

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1979 BC7

Let f be a function with domain the set of all real numbers and having the following
properties.
(1) f(x+y)=f(x)f(y) forall real numbers x and y.

(11) }lim @ =k . where k is a nonzero real number.
1—0 1

(a) Use these properties and a definition of the derivative to show that f'(x) exists for
all real numbers x.

(b) Let f ™ denote the nth derivative of f. Write an expression for f (”)(x) n terms

of f(x).
(¢) Giventhat f(1)=2. use the Mean Value Theorem to show that there exists a
number ¢ such that 0 <c<3 and f'(c)= %

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1979 BC7
Solution

S -1

h

=kf(x)

@ f0)=lim LTI SOOI IOy £y
h—0 h h—0 h h—0

®) [ =kf()=Ff(x)

By induction, £ (x)=#"f(x)

(¢) Property (i) gives £(1) = £(0+1) = £(0) /(1)
Therefore f(0)=1
By Property (). /(2)= /(1) (1) =4
By Property (). /(3) = f()f(2)=8

By the Mean Value Theorem, there is a ¢ satisfying 0 < ¢ <3 such that

FO="50 3

SB®-f0)_8-1_7
3

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1980 AB1
L2t R be the region enclosed by the graphs of v = x> and yv= Jx .

(a) Find the area of R.

(b) Find the volume of the solid generated by revolving R about the x-axis.

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1980 AB1
Solution

(a) The mtersection of the two graphs 1s at (0, 0) and (1. 1).

1
1 b {2 \I
Area=j (V2 —x¥)dx = Encj“—l.wrd' ]
0 3 4 1),
= E—l_ -
3 4 12
or
1 / 2 3 1 ) :
0 4 37 ),
_3 1_5
4 3 12
1 Tk
(b) Volume = TIII (x—xé)c'i\':n(—xz ——x‘fJ
0 7 .
(1 1} 5
=q|———=|=—n
2 7 14

or

Volume = 271_‘-;(_1;1"'3 - _vz )1 dy = 2TEL:(_ A3 —_1-‘3 ]sz

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1980 AB2

A | D

A rectangle 4BCD with sides parallel to the coordinate axes is inscribed in the region

enclosed by the graph of v = —4x? +4 and the x-axis as shown in the figure above.

(a) Find the x- and y-coordinates of C so that the area of rectangle 4ABCD 1is a
maximuin.

(b) The point C moves along the curve with its x-coordinate increasing at the constant
rate of 2 units per second. Find the rate of change of the area of rectangle 4BCD

when x =

2

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1980 AB2
Solution

(a)  A(x)=2x(-4x* +4)=8(x—x°)

d4 ;
— =8(1-3x"
e )

dA 1
—=0whenx=—
x 3

. 1 1
The maximum area occurs when x = T and y = 4(1 —;J
3 3

(b)  A(x)=8(x—x%)

ad :8(1—3:«3)ﬂ
dr dt

A
When rr:l and — =2, d—A:8(1—3‘1J2:4
2 dt dt 4
or
A=2xy
dA dy n'xJ
—=2|x—+y—
dt dr = dt
1 ax
When x=— and —=2.
2 dt
) 1)
_v:—4x'+4:—4(5 +4=3
) d 1
D g™ gl g
dt dt 2
3\
d—A:2(l(—8)+3-2J:4
dt 2

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1980 AB3

Let In(x”) for x>0 and g(x)= ¢*™ for x=0. Let H be the composition of f with g,
that1s, H(x)= f(g(x)). and let K be the composition of g with f, that is

K(x)=g(f(x)).

(a) Find the domain of A and write an expression for H(x) that does not contain the
exponential function.

(b) Find the domain of K and write an expression for K(x) that does not contain the
exponential function.

(¢) Find an expression for f _l(x) . where f ! denotes the inverse function of /. and

find the domain of f -1

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1980 AB3
Solution

(a) The domain of H consists of x for which x>0 and g(x)= ¢** > 0. Hence the
domainis x=0.

H(x) = f(g(x))=In((e**)?) = In(e*) = 4x for x=0

(b) The domain of X consists of x for which x>0 and f(x)= In(x*) = 0. Hence the
domain is x >1.

K(x)=g(f(x)= ezhl{xz) = e]M4 —x* for x>1

(¢) y=lx*=e" =x*
= x=+e’ =e?
— f_l(.‘f) — exl,-"l

The domain of f ! is the range of f which is the set of all real numbers.

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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1980 AB4/BC1
The acceleration of a particle moving along a straight line is given by « =10 e .
(a) Write an expression for the velocity v, in terms of time 7, if v=35 when 7=0.

(b) During the time that the velocity increases from 5 to 15. how far does the particle
travel?

(c) Write an expression for the position s, in terms of time 7. of the particle 1f
s =0 when 7=0.

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1980 AB4/BC1
Solution

(a) a=10e"
v= jl@elf dr =5¢* +C
W0)=5=C=0

. 2t
Therefore v =5e

(b) v=5whenr=0
v=15=35e* =15

1
—rt=—In3
2
Lin3
. in3 5 a2
D1s‘rance:‘|.i ' Se*ldt = — e -
0 2 o
_ S35 s
2 2

or

-

%, S
§= _f Se“Tdr = Ee“ +C

3
Distance = 5[11113J—S(0):(Eeln3 +CJ—(E+CJ:EQM —E:S
2 2 2 2 2

-

2 5
() s= ISe‘fdr = EQEI +C

s(0)=0 = C:—%

52; 5

Therefore s =—e¢
2 2
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1980 AB5/BC2
Given the function f defined by f(x)=cosx— cos’x for —m<x<m.

(a) Find the x-intercepts of the graph of f.

(b) Find the x- and y-coordinates of all relative maximum points of f. Justify your
answer.

(¢) Find the intervals on which the graph of f 1s mcreasing.

(d) Using the information found in parts (a), (b). and (c), sketch the graph of f on the
axes provided.

-7 —1/2 /2 1
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1980 AB5/BC2
Solution

(a) f(x)=cosx:(I-cosx)
Either cosx =0 or 1—-cosx =0, so the x-intercepts are x = —g , X= g and x = 0.

(b) f'(x)=—smmx+2sinxcosx
0O=sinx-(—1+2cosx)

: : 1 . B
Either sinx=0 or cosx = > so the candidates are x=+m. x=0.and x = +=

)

[¥¥]

3

= | =

The relative maximum points are at [J_r

w | a

Justification:
(1) f"(x)=—cosx+2cos2x

f"(£m) =3 = relative minimum

f"(0) =1= relative minimum

I (i% = —% = relative maximum
or
(11) Selecting critical values:
RS -7 I 0 z T
3 3
S (x) -2 1/4 0 1/4 )
or
(111) Sign chart:
TS T e A B
I I | | I
- -1/3 0 /3 T

e ) s s
(¢) Graph of f increases on the intervals—m<x<—— and 0 <x < 3

(d) h

P

X

85 4+

- /2 /2
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1980 AB6/BC4

Let y= f(x) be the continuous function that satisfies the equation Xt - 5.‘(2.1;2 + 4.1-‘4 =0
and whose graph contains the points (2.1) and (—2.-2). Let [ be the line tangent to the
graphof fat x=2.

(a) Find an expression for y'.
(b) Write an equation for line /.
(¢) Give the coordinates of a point that 1s on the graph of f but 1s not on line (.

(d) Give the coordinates of a point that is on line ( but 1s not on the graph of f.

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1980 AB6/BC4
Solution

Solution 1:

(a) 4x° —10.\71-‘2 —10:{2_13-" - 16_1-‘3_1;' =0

e 4x° ~10xp°  2x° —5xp°
10x%y-16y°  Sx*y-8y°

(b) The slope is the value of y' at the point (2.1).so m= 1760_ < %

The equation of ¢ is therefore y —1= %(r —2)ory= Ex :

(c) The point (—2,-2) 1s one example. Any point of the form (a,a)for a <0 will be on
the graph of f but not on the line (. (For reason, see solution 2.)

(d) The point (—2.—1) is one example. Any point of the form [(;‘%J for a <0 will be

on the line ¢ but not on the graph of /. (For reason, see solution 2.)
Solution 2:

(a) The equation can be rewritten as(x —2y)(x +2v)(x — v)(x + v) = 0. Four different
lines passing through the origin satisfy this implicit equation. Because y = f(x) is
continuous, only one line can be used for x <0 and x =0, respectively. Which line

1s used is determined by the two points that are given as being on the graph. So we
must have

1
J—x_x:_O
V=42
ikx._x{O
, J,l,r‘;O
V=42
11,\“:;0
1
b y=—x
(b) >

(¢) (a.a) for a<0

(d) (:?%J for a<0
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1980 AB7

Let p and ¢ be real numbers and let f be the function defined by:

) _[1e2pG-D+ (-1 forx<l
‘ gx+ p, forx=>1.

(a) Find the value of ¢. in terms of p. for which f is continuous at x=1.

(b) Find the values of p and ¢ for which f is differentiable at x=1.

(c) If p and g have the values determined in part (b). 1s /" a continuous function?
Justify your answer.
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1980 AB7
Solution

(a) Must have /(1) = lim f(x) and f(1) =1
x—1
lim f(x)=p+gand lim f(x)=1
x—1" x—1"
Therefore p+¢g =1
g=1-p

(b) lm f'(x)=2p

x—1

m f'(x)=g¢q

x—17

Sofor f'(1) toexist, 2p=g¢q

f'(1) exusts implies that f 1s continuous at x = 1. Therefore g =1-p.
Hence 2p=1-p.

12
3 3
(¢) No, f" is not a continuous function because it is not continuous at x = 1. This is

because f"isnot defined at x =1, or because lim f"(x) =2 and lim f"(x)=0.
x—1" x—l

or

Yes, /" is a continuous function because f"is continuous at each point of its

domain.

(Note: Different answers were accepted on the 1980 grading standard because
students might have interpreted the question either as asking if /" is a continuous
function for all real numbers, or a continuous function on its domain.)
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1980 BC3

oD

. . 4n . )
(a) Determine whether the series 4 = s converges or diverges. Justify your
i +1

answer.

(b) If S is the series formed by multiplying the sth term in 4 by the nth term in

oD
1 . ) . ) )

Zz— write an expression using summation notation for S.
1

n=1

(c) Determine whether the series S found in part (b) converges or diverges. Justify
your answer.
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1980 BC3
Solution

(a) Comparison or limit comparison test

4n 1 . 2 2 .
—— >—simce 4n~ >n"+1  or lim
n-+1 n H—>0

Py

( n 1) 4n?
n—=n° 41

A +—J = lim
n-+1 n

oD
: =1 :
Since the series Z— diverges, so does series 4.

n=11
Integral test
. b 4x . 2 b
lim ——dx=1lm 2In(x"+1)] ==
b= ) x7 41 b0 1

Since the integral diverges, so does series 4.

=0 2
(b) 2
h,é n-+1

(¢c) Comparison or limit comparison test

2 2 i 2 2\ .. n-
— < — or lim | —+— J = lim ——=1
A A o 4 i

n+1 n n—=\ " +1 n n—= gt +1

oD
Since the series Z converges, so does series S.

35

n=1 n-
Integral test
- - . -1 b L
lim ——dx=lm 2tan x| =—
b= ) x° 41 b—= 1 2

Since the integral converges, so does series S.
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1980 BC5
(a) Find the general solution of the differential equation x»'+y=0.
(b) Find the general solution of the differential equation xy'+ y = 2x2_1-‘ :

(c¢) Find the particular solution of the differential equation in part (b) that satisfies the

condition that y = e’ whenx = 1.

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1980 BC5
Solution

(a x'+y=0

Solution using separation of variables | Solution using integrating factor

Y -1 1 1

—=— = hy=-lnx+C V'+—y=0, P(x)=—

VX X x

_[1g
y=ae 5
TORSN oy A4 . _
In either case, y = Ae or y=— or xy=24 or ]n‘_v| = —h1|x|+C
X
(b) x'+y=2x7y
Solution using separation of variables | Solution using integrating factor
v o2x2 -1 1 C(1-24%) 1
—==2x—— V+|—— (y=0, Px)=—-2x
v X X x .
]n_v:xz—]nerC _v:Ae_-[(-'
e 2 N
In either case, y = or y=A4e* ¥ or In [V =x" —In|x|+C
x
(c) e’ = Ade
e=4
x? x4l
. e-e e
Therefore y = = or lny= x*—Inx+1
X X
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1980 BC6

Let R be the region enclosed by the graphs of y=¢™, x=k (£ >0), and the coordinate

axes.

(a) Write an improper integral that represents the limit of the area of the region R as &
increases without bound and find the value of the integral if it exists.

(b) Find the volume, in terms of %, of the solid generated if R 1s rotated about the
y-axis.

(¢) Find the volume, in terms of %, of the solid whose base 1s R and whose cross
sections perpendicular to the x-axis are squares.
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1980 BCo6
Solution

w0 k
(a) Area= .I.o e " dy= lim I e " dx

k—x

k
= lim (—e ™)

k— 0
= lim (—e_k +1)=1
k—x

k
(b)  Volume = JU 2nxe Fdx (u=x;v'=e™")

E_Jok_e_me

k

= 23‘T[—X€_x

=2n(-xe F—e ")

0
= 2ﬁ(—ﬁ'e_k —e k4 1)

. I R S L R S L Gy
(¢) Volume Jo(e )dr__[oe d‘c_—Ee 0__5(9 -1)

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1980 BC7

y=1x)

Note: This 1s the graph of the derivative of £ NOT the graph of £

Let f be a function that has domain the closed interval [-1,4] and range the closed
mnterval [-1.2]. Let f(-1)=—1 f(0)=0, and f(4)=1. Also let f have the derivative
function /" that is continuous and that has the graph shown in the figure above.

(a) Find all values of x for which f assumes a relative maximum. Justify your answer.
(b) Find all values of x for which f assumes its absolute minimum. Justify your answer.
(¢) Find the intervals on which f is concave downward.

(d) Guve all the values of x for which f has a point of inflection.

(e) On the axes provided, sketch the graph of 1.

A

1+

Note: The graph of /' has been slightly modified from the original on the 1980 exam to
be consistent with the given values of f at x=—1, x=0, andx =4.
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1980 BC7
Solution

(a) f'(x)=0atx=0,2

J'(x) |+ | + | + | — |
| | | I |
-1 0 1 2 3 4

There is a relative maximum at x =2, since f'(2)=0 and f'(x) changes from
positive to negative at x =2.

(b) There is no minimum at x =0, since f'(x) does not change sign there. So the
absolute minimum must occur at an endpoint. Since f(—1) < f(4). the absolute
minimum occurs at x =—1.

(¢) The graph of f is concave down on the intervals [—1_._0) and (1,3) because f' is

decreasing on those mtervals.

(d) The graph of f has a point of inflection at x = 0, 1, and 3 because f' changes from
decreasing to increasing or from increasing to decreasing at each of those x values.

(e)
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1981 AB1
Let f be the function defined by f(x) = Fo3xte2,

(a) Find the zeros of f.
(b)  Write an equation of the line tangent to the graph of /" at the point where x=1.

(c) Find the x-coordinate of each point at which the line tangent to the graph of f 1s
parallel to the line y=-2x+4.

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1981 AB1
Solution

(@) f(0)=("-DE*-2)=(x+D(x-1)(x+v2)(x—+2)
The zeros are x = +1, J_r\/f )

(b)  f'(x)=4x>—6x

F==2
Point: (1.0)

The equation of the tangent line i1s y=-2(x—1).

(¢) 4x*—6x=-2
4x° —6x+2=0

One solution 1s x =1.
(x-D(4x? +4x-2)=0

The other two solutions are x = %(—1 + \/5 ) .
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1981 AB2

Let R be the region in the first quadrant enclosed by the graphs of y=4- x?, y=3x,
and the y-axis.

(a) Find the area of region R.

(b) Find the volume of the solid formed by revolving the region R about the x-axis.
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1981 AB2

Solution
. y
(a) Intersection: i
4-x* =3x y=3x
X 43r—-4=0
x=-4.x=1 (1.3)
1
1 > 3
Area = J. [4—x‘ —Bx)n’x: [43(—1_\'3 _i\_z J :1—
0 3 2 o ©
or y= 4—x?
3 1 2 3
Area = I 11 nﬁ--‘+j (4_}!)1;; nﬁ--‘:l—
03 ] i) — X
! 2 )
(b) Disks: Volume :nj [(4—3{2) —(3x)” Jdr
0
(Y 1g 172 0 A
—nJ.O(lﬁ 17x° +x )dr
1
17 1 5) 158
:n(16x——x3+—x5J _ O
3 5 P
or
301 4 12
Shells: Volume = ZTIJ‘ Ve—ydy+ 271_[ v(d-y)"dy
0" 3 3
3 ,
.'3 Y 1L 4
—om L +2n(—31--‘(4— _1-’)3H‘ —i(ﬁr—_v)s"2 J _1%n
9 . 3 15° ;15

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1981 AB3/BC1

Let f be the function defined by f(x)=12x

(a)
(b)
(c)
(d)
(e)

[FER N N

—4x.

Find the intervals on which £ 1s increasing.

Find the x- and y-coordinates of all relative maximum points.
Find the x- and y-coordinates of all relative minimum points.
Find the intervals on which f i1s concave downward.

Using the information found in parts (a), (b). (c), and (d), sketch the graph of f on
the axes provided.

207

10
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1981 AB3/BC1
Solution

(a)

(b)

(c)

(d)

(e)

Fx)=12x*"7 —4x; f'(x)=8x"1° -4
B8x 1 —4)>0, x>0 > x<8

(Sx_l';3 —4)>0, x <0 = no x satisfies this
or
Critical numbers: x=8.x=10

f'fty =y + | -

Therefore f1s increasing on the interval 0 <x <8§.

. 8 _4/
2% Derivative Test: f"(x)= —3F 43

7"(8) < 0 = relative maximum at (8,16)
The 2°° Derivative Test cannot be used at x = 0 where the second derivative is

undefined. Since f'(x) <0 for x just less than 0, and f'(x) >0 for x just greater
than 0, there is a relative minimum at (0,0).

f%ﬂ:—§x4”<0ifx¢o

The graph of f1s concave down on (—=,0) and (0,+x) .

201
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1981 AB4

Let f be the function defined by f(x)= ‘im :

(a) Is fan even or odd function? Justify your answer.
(b) Find the domain of f.

(c) Find the range of f.

(d) Fmd f'(x).
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1981 AB4
Solution

(a) f 1s even since

Fen =P s

(b) 2x*-1=0

R
x° =

Domain is (—m i}u{i -:;'1\‘
"\/E ,\/EA J
© V23 -120= 5V 12

Range is [1_._ @)

ro | —

242 1
d f(x)=5"""" 5 ——edx
242x? -1
or
y= gV2x’-1

1 y' = L 4x-In5
y 242x% -1
y=— 2 4x.In5
2W2x —1
5 2x7-1
V' = 4x-In5
24 2x° -1
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1981 AB5/BC2
[2x+1, forx<2

Let f be the function defined by f(x)=71 ,
lax‘ +k, forx>2

(a) For what value of & will f be continuous at x =2 ? Justify your answer.

(b) Using the value of & found in part (a), determine whether f 1s differentiable at
x = 2. Use the definition of the derivative to justify your answer.

(¢c) Let £=4. Determine whether f 1s differentiable at x =2 . Justify your answer.
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1981 AB5/BC2

Solution

(@ f(2)=5
Iim (2x+1)=5
x—2

) 1, 3
lim {—x‘ +A’J —2+k

x—27

For continuity at x = 2, we must have 2+ k=5 and so £ = 3.

. x)— (2
(b) We compute hmM:
x—2 x—2
.2 -5
Iim L =2
-2 x—2
Lisss

lim 22— —»

x—27 x—2

So f'(2) exists and '(2) =2

(c) Whenk =4,

3\
lim f(x)= ]im+ [% ¥+ 4J =6

x—27 x—2

Hence f 1s not continuous at x = 2 and so is not differentiable at x = 2.
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1981 AB6/BC4

A particle moves along the x-axis so that at time ¢ its position is given by
x(t)= sin(:rtrz) for -1<¢<1.

(a) Find the velocity at time 7.

(b) Find the acceleration at time 7.

(¢) For what values of 7 does the particle change direction?

(d) Find all values of 7 for which the particle 1s moving to the left.
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1981 AB6/BC4
Solution

(a) v(r)=x'(t)=2mtcos i’

(b) a(r)=v'(r)=2mcos nr? —antet sinnr?

(c) v(=0
t=0or cosmt® =0
’ﬂ.'fz :J_rE
2

V2

The particle changes direction at f = J_rT,O .

(d) The particle is moving to the left when v(7) <0.

| |
| |
V2 V2

-1 —_ 0 —_— 1
2 2
f — — + +
cos TTfE — + + —
V(1) -+ — + -

Particle moves to the left when —72 <t<0or 72 <t<l.
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1981 AB7

Let f be a continuous function that is defined for all real numbers x and that has the
following properties.

Q) jf Fx)dy = (i) jf F(x)dr =10

2 |

(a) Find the average (mean) value of f over the closed interval [1.3].
(b) Find the value of j; (2f(x)+6)dx.

(c) Given that f(x)=ax+ b, find the values of @ and b.
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1981 AB7

Solution
1 »3 1(5 5
(a) Average (mean) value = GII f(x)dx = 5{5} =
5
(b) j3 (2/(x)+6)dx
5 5
:2]3 f(x)dr+j3 6 cix
=2 [7feyde~ [ fxyaie |+ [ 6
[ Sdx—| f(x)d , 04
3
:2{10——J+6(5—3)
2
=15+12=27
5 ’ :
3 ax”
(c) 5= L (ax+ b)dx —{T+ bx || =4a+2b
1
o) \I 5
5 -
10= L (ax + D)dx :{ a.; +bx || =12a+4b
1
) : : . 5 5
Solving these two simultaneous equations yields a = 7 b= I
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1981 BC3

. (Y
Let S be the series S = Z (—J where 7= 0.
n=0 1+7

(a) Find the value to which S converges when 7=1.
(b) Determine the values of 7 for which S converges. Justify your answer.

(¢) Find all the values of 7 that make the sum of the series S greater than 10.
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1981 BC3

Solution
t 1
(a =1 ——=—
) 1+ 2
“ 1 1
Tl = —_—=2
1en S Zon I
n=0 < 1-=
2

<l1.

(b) Since Sis a geometric series, S converges if and only if M =

(1)  We must have |r| < |.=' + 1|. This means that the distance of 7 from 0 is less than

) . 1
the distance of 7 from —1. Therefore 7 > —5 )
or
. 1
(11) We must have * <t* +2t+1. Therefore 7 > 5

or

() Ifr<-1: t+1<t<-1-t¢
r+l<fr—=>1<0
no solution

fr>-1. —t—-1<t<t+1
—1<2t
1

—— <t

Therefore 7 > —% .

(c) S(n)= - =1+7>10forz>9
1———
1+7
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1981 BCS

a

(a) Find the general solution of the differential equation ':; : +% —6y=0.
A X

(b) Find the particular solution for the differential equation in part (a) that satisfies the

conditions that y =1 and % =—1 when x=0.

"
Fa

(¢) Find the general solution of the differential equation 4’y + ?— —6y=¢".

2
({'x' X
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1981 BC5
Solution

(a) m*+m—-6=0
(m+3)(m-2)=0
m=-3.2

y=Ae** + Be ¥

(b) V' =24e* —3Be™
v=1when x=0gives 4+ B =1

T
‘l;

=—1 when x=0 gives 24 -38=-1

Therefore A4 = % and B = %

) _
.v:_ebx_l__e 3x

5 5

(¢) From part (a), the homogeneous solution is y;, = Ae* + Be™*

. _ : .  x
Try a particular solution of the form y, = Ce".

r

" X
p =Vp =Ce

.I:p =Yy

Ce* +Ce* —6Ce* =e*

-4C =1
c=-1
4

Therefore the general solution is v = 4e** + Be > —Zex .
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1981 BCé6

(a) A solid is constructed so that it has a circular base of radius 7 centimeters and every
plane section perpendicular to a certain diameter of the base 1s a square, with a side
of the square being a chord of the circle. Find the volume of the solid.

(b) If the solid described in part (a) expands so that the radius of the base increases at a
.1 . ) L .
constant rate of 5 centimeters per minute, how fast is the volume changing when

the radius is 4 centimeters?
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1981 BCo6
Solution

(a) The cross section at x has area
Alx)= (2_1-‘)2 = 4(1'2 - xz) :

Volume = j: 4(1'2 —xz)dx

= 2]; 4(;{'2 —x? ) dx

;
2 1 16
= S[r‘x——xﬂ — 3
30 ), 3
16 5
b) V=—r
3
d_V:mrzf:mgz)l:lzs
dt dt 2
or
ﬂ:l for all 7 implies that r :lr+C.
dr 2

Choose r=0when »=0. Then C=0 and

3
p10,s 1601, 1 25
3 312 3

When =4, then 7 =8 and {L—V =2.8% =128.
T
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1981 BC7

Let f be a differentiable function defined for all x >0 such that

1 f1)=0,
(i) 7'(1)=1, and

(111) i[f(.?x)]:f’(x), for all x > 0.
dx
(a) Find f'(2).
(b)

Suppose [ is differentiable. Prove that there is a number ¢, 2 <c¢ <4, such that

ey L
/©==3.

(c) Provethat f(2x)= f(2)+ f(x) forall x>0.

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1981 BC7
Solution

@ %[f(lv)] —f() by i)
F1202= 1)
f'(2x)=%f'(x) *)

1

7@ :%f'(l) -1 bya

o |

I _£'(9
(b) Tllere is ac, 2 <Cc< 4 . S0 ‘l‘ha‘l‘ f”(c) — % by ﬂ.]e Meall \/—alue ﬂleOI‘elll.

(2= % from (a)
4= % from (*)
1.1
Theretore f"(c)= ﬁ = —% .
d d
(c) E[f(l‘f)] = gf(-‘f) by (i11)

Therefore f(2x)= f(x)+C
F@Q)=7M)+C=C by (1)
J2x)=f(x)+f(2)
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1982 AB1

A particle moves along the x-axis in such a way that its acceleration at time 7 for 7> 0 1s

given by a(f) =—. When 7 =1, the position of the particle is 6 and the velocity 1s 2.

h‘l'ql )

(a) Write an equation for the velocity. v(7), of the particle for all 7 > 0.
(b) Write an equation for the position, x(7). of the particle for all 7 > 0.

(¢) Find the position of the particle when 7 =e.
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1982 AB1

Solution
3 3
(@) v(1) :ja(r)dx = j_,dr —_2:C
1~ 7
2=v(1)=-3+C

3
Therefore C =5 and so v(f)=——+5.
I

b)) x(r)= _[v(r) dt = J‘(—§+ S)dt =—3Int+5t+C

6=x()=-3ln1+5+C

Therefore C =1 and so x(f)=-3Inr+57+1.

(c) x(e)=-3lne+5e+1=-3+5e+1=5e-2
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1982 AB2

.‘\’3—.‘(

.\’3 —4x

Given that f 1s the function defined by f(x)=

(a) Find the lim f(x).

X0
(b) Find the zeros of f.
(c) Write an equation for each vertical and each horizontal asymptote to the graph of f.
(d) Describe the symmetry of the graph of f.

(e) Using the information found in parts (a), (b), (¢), and (d), sketch the graph of fon
the axes provided.
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1982 AB2

Solution
3 2
. X —x .oxt-1 1
(@) llm—=lim—=—
x—0 x3 Ay =0y 4 4

(b)) f(x)=0 forx>—x=0, x=0

¥*-1=0
The zeros are x=1 and x=-1.

(c) Vertical asymptote: x =2, x=-2
Horiztonal asymptote: y =1

(d) The graph 1s symmetric with respect to the y-axis.

N3 .3 3
(—x) —(—x) —x"+x x —x _ 7))
dx

(—x)* —4(-x) P4 P4

(because f(—x)=

(e)
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1982 AB3/BC1
Let R be the region in the first quadrant that 1s enclosed by the graph of y =tanx . the

: : T
x-axis, and the line x = 3

(a) Find the area of R.

(b) Find the volume of the solid formed by revolving R about the x-axis.
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1982 AB3/BC1
Solution

/3
(a) Area= I; tan x dx
=—In(cos x)| g ’

:—ml:mz
2

/3 )
(b) Volume = IOT' mtan” xdx
7 (sec? ¥~ 1) d
=7 sec” x—1)dx
o

i
=n(tan x — :c)‘ ; )

g
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1982 AB4

—

0 X

A ladder 15 feet long is leaning against a building so that end X is on level ground and
end Y 1s on the wall as shown 1 the figure. X i1s moved away from the building at the

1oL
constant rate of > foot per second.

(a) Find the rate in feet per second at which the length OY is changing when X is 9
feet from the building.

(b) Find the rate of change in square feet per second of the area of triangle XOY when
X 15 9 feet from the building.
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1982 AB4
Solution

(a) x*+y*=157

Implicit:

1
b) A=—xy
(b) 5"

Implicit:

Copyright © 2004 by College Entrance Examination Board. All rights reserved.

2x£+2vﬂ:0
dr =~ dt
9-l+12ﬁ:0
2 dt
dy _i

@8

dA 1[ dy n’xJ
- = x;_l_v_
da 2\ dt T dt

N N\
ﬁ:l(g{_iJ_ﬂz.l
d 2\ 8 2
a_21
dr 16

Available at apcentral.collegeboard.com

Explicit:

Explicit:

ﬁ_ —x dx
T 2 ar
drt (15b_,{‘] dt
1
dv__9(5J__3
i 12 8

dd 1 157 -2x% o«
g 27, 2
dt 2[154_3,‘) dt
dd_21

dt 16



1982 AB5/BC2
Let f be the function defined by f(x)= (:c2 +1) e for 4<x<4.

(a) For what value of x does f reach its absolute maximum? Justify your answer.

(b) Find the x-coordinates of all points of inflection of 7. Justify your answer.
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1982 AB5/BC2
Solution

(a) f(x)=(x*+De™ —4<x<4
f(x)=2xe " —(x* +D)e ¥ =—e ¥ (x+1)*

f'(x) <0 for all x and therefore f1s decreasing for all x.

Since f1s decreasing on the entire interval, the absolute maximum 1s at x=—4.
or

The absolute maximum 1s at a critical point or an endpoint. There 1s a critical point

at x=1.
f(-4)=17¢*
ro=2
==

Therefore the absolute maximum is at x =—4.
(b) f'(x)=e (x-D)T e 2x D)= (x—1)(x—3)

f " (x) | + | — | + |
| I | |
—4 1 3 4

f'(x)=>0 —4<x<l

F'(x)<0 l<x<3

f"(x)=0 3<x<4

The points of inflection are at x =1 and x=3.
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1982 AB6/BC3

A tank with a rectangular base and rectangular sides 1s to be open at the top. It is to be
constructed so that its width 1s 4 meters and its volume 1s 36 cubic meters. If building the

tank costs $10 per square meter for the base and $5 per square meter for the sides, what 1s
the cost of the least expensive tank?
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1982 AB6/BC3
Solution

4\ -

Volume = 4/h =36
Therefore /h=9
Cost=C =10(4/)+5 (2(4;";) +2hl)=40/+40h+104]

Method 1: Direct solution

C:4U[?J+4Uh+90
1

Al
C' = 40[— 9 1 J
h*
C"=0 when /=43
Thus A=3and /=3

Method 2: Implicit Differentiation

da _ 1
dh h
£: 40£+40
dh dh
£ = 40(—i +40
dh h
o !

n
I=h=3

When /=3 and /7= 3, then C =40(3)+40(3)+90=3$330.
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1982 AB7

For all real numbers x. f 1s a differentiable function such that f(—x)= f(x).
Let f(p)=1 and f'(p)=5 for some p=0.

(a) Fmd f'(—p).
(b) Find f'(0).

(¢) If {; and (, are lines tangent to the graph of f at (—p. 1) and (p, 1). respectively.
and if £, and [, intersect at point O, find the x- and y-coordinates of O in terms

of p.
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1982 AB7
Solution

(@ f(0)=7()
=-f(x)=7"(x)
= f'p=-f(p)=-5

®  f0)=-f(0)=f(0)=0

(¢) Equations of the tangent lines
(i:y=-1=-5(x+p)
(,:y=1=5(x-p)

Solution 1:
At the intersection, we must have —5x—5p =5x—5p and so x = 0. The coordinates

of Qare x=0, y=1-5p.

Solution 2:
Since f 1s even, the tangent lines /; and (, intersect on the y-axis since they are

tangent at symmetric points on the graph with respect to the y-axis. Therefore x =0
at the point of intersection. The y-coordinate i1s y=1-5p.
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1982 BC4

A particle moves along the x-axis so that its position function x(#) satisfies the
2

differential equation (j; f - % —6x =0 and has the property that at time 7 =0, x =2, and
2
K_ g
dt

(a) Write an expression for x(7) in terms of .

(b) At what times ¢, if any, does the particle pass through the origin?

(c) At what times 7, if any, is the particle at rest?
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1982 BC4

Solution
d*x  d

@ So-L_6x=0
dt~ dt
P —r—6=0
r=-2.3
xX= C‘le_Zr + C‘Ee3I
dx N
— =20 e +3C,e
dr
_9 - _2C1 ‘|‘ 3C2

x(r) = 307 _ o

(b) The particle passes through the origin when x(7) =0.

;e—lf — esf
1

t=—In3
3

(¢) The particle is at rest whend—x =0.

dt
dﬁ = —6e 2 —3¢% =—3(2e7H +¥) <0
!

Since FY < 0 for all 7, the particle is never at rest.
s
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1982 BCS

(a) Write the Taylor series expansion about x =0 for f(x)=In(1+x). Include an
expression for the general term.

(b) For what values of x does the series in part (a) converge?

: : ) 3) :
(¢) Estimate the error in evaluating ln(EJ by using only the first five nonzero terms of
the series in part (a). Justify your answer.
(d) Use the result found in part (a) to determine the logarithmic function whose Taylor

o0 n+l _2n
o -1 X
Series 1s EL
= 2n
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1982 BCS

Solution
(a)  f(x)=In+x) £(0)=0
f=1-x" £1(0)=1

frx)=—(1-x"7 £(0)=-1

P = em-D1a+0™ 20 = (=) (0-1)!

_\’2 Xj n—]_x”
f(x):_‘{—7+?—---+(_1) —+

n

— Z (_1)1"1‘—1 Y_ or Z (_ l)FH'l L
n=1 n n=1

mn

(b) The radius of convergence 1s R = 1.
atx=1: Z (-D™! ! converges
n=l1 n

oD

atx=-1: i (-t ()i = —Zl diverges
n=1 n n=1 n

The interval of convergence is —1<x<1.

1
.80 X =—.
2

Because this 1s an alternating series with terms decreasing to 0 in absolute value, the
error satisfies

(¢) l+x=

o | W

Dl 1

=——=0.0026.
384

|E|=

: : . 1
Or using a Lagrange error bound, there isa c with 0 <¢ < 5 such that

VARG I R N

E|= - <
|5|| 6! | 612°  (1+0°(6)2° 6:2°

= o phtle 2yn . =
@ Sy 6D L) s
2 n 2

n=1
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1982 BCé6

Point P(x,y) moves in the xy-plane in such a way that % = % and % =2t for t=0.

(a)
(b)
(c)
(d)

+1

Find the coordinates of P in terms of 7 if, when 7 =1, x=In2 and y=0.
Write an equation expressing y in terms of x.

Find the average rate of change of y with respect to x as ¢ varies from 0 to 4.

Find the instantaneous rate of change of v with respect to x when 7=1.
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1982 BCo6
Solution

(@) x:JLdr:m(rH)wl
1+1
In2=x(1)=In2+C;. soC; =0
x=In(z+1)
y=[2d=r*+c,
0=y(D)=1+C,. so C, =—1
_v:rz—l

(b) e =t+1 soy=(e"-1)* —1=e** —2¢"

v@)-y0) 15-(-1) 16

© = =
x(4)—x(0) In5-Inl In3
dy 2t
d Atr=1, —=——=4
r+1
or

From (b), using x=In2 when =1
Dyl _ppn2 _g_ gy
dx
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1982 BC7

3
: . [.\'2 sm(lJ: forx=0
Let f be the function given by f(x)=- X
10, forx=0

(a) Using the definition of the derivative, prove that f is differentiable at x=0.
(b) Fimnd f'(x) forx=0.

(¢) Show that /' is not continuous at x =0.
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1982 BC7
Solution

1) 0
x“sin| — |—
x)—f(0
(@ f'(0) =lim M = lim —YJ = lim xsin [lJ =0
x—0 X x—0 X x—0 X
A\
xsin(lj
X

. (1) . . :
since sm{—] 1s bounded 1mplies that < |1c| torall x=0.
x

(b) For x=0,

f(x)= 2xsin{%}+x2 {cos(%ﬂ(—x—z ] = 2xsin(%}— cos [%J

—>Ol\

© lim 7 = lim 2vsin L -cos [%ﬂ

This limat does not exist since cos [

»:I»—A

J oscillates between 1 and -1 as x > 0.

Therefore /' 1s not continuous at x = 0.
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1983 AB1
Let f be the function defined by f(x)=-2+ ]11(.\'2) .

(a) For what real numbers x is f defined?
(b) Find the zeros of f.

(c) Write an equation for the line tangent to the graph of f at x=1.
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1983 AB1
Solution

(a) Inwu1s defined only for # > 0.

>0 except for x=0.
Therefore f(x) is defined for all x=0.

(b)  f(x)=0 when In(x*)=2.

2

2
X =€
x|=e

The zeros are x = te.

© f=2=2
ks X
iy 2
F=2=2

f)=-2+I(1*)=-2

The equation of the tangent line is
y—(-2)=2(x-1) or y=2x—-4
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1983 AB2

A particle moves along the x-axis so that at time ¢ its position is given by
x(t)=1 -6t +9r+11.

(a) What is the velocity of the particle at 1 =07?

(b) During what time intervals is the particle moving to the left?

(¢c) What 1s the total distance traveled by the particle from 7=0 to 1 =27
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1983 AB2
Solution

(a) v(t)=x(r)=3t*-12¢+9
v(0)=9

(b) The particle is moving to the left when v(z) <0.
37 —12¢+9 <0

1 —4r+3<0
(t-1D(-3)<0
The particle is moving to the left on the interval 1<7<3.

(¢) Distance = (x(1)—x(0))+(x(1)—x(2))=15-11+15-13=6

or

.
Distance = jo'|v(.r)|dr

] ;v(r) dr - jf W(1) dt

{? —61° +9f|z]—[r3 —61% +9¢

)

= 4-(-2)=6
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1983 AB3/BC1

S

Let f be the function defined for g <x< p by f(x)=x+ sin? x .

(a) Find all values of x for which f'(x)=1.
(b) Find the x-coordinates of all minimum points of 7. Justify your answer.

(¢) Find the x-coordinates of all inflection points of £ Justify your answer.
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1983 AB3/BC1
Solution

(a) f'(x)=1+2sinxcosx=1+sin2x

l=1+sin2x

S
x= g 1s the only solution in the interval g <x<2l

(b) f'(.\’)zl-l—sinz_‘c:()._so _\-::)ZTT[

The minimum occurs at the critical point or at the endpoints.

.. : 3} 3n 1
critical pom‘r:f[—nj =2 -2856
4) 4 2

endpoints:f[ J —+— =0.774

5T St 1
— |=—+—=22868
f[ 6} 6 4

]
+ +
[ [ |
/6 3n/d  Sm/6

~ .. . T
Therefore the minimum is at x = g .

or

Since f'(x)=1+sm2x =0 for all x, the function /1s increasing on the entire

) .. ) T
interval. Therefore the minimum 1s at x =—
(¢) f"(x)=2cos2x
2cos2x=0

X——,—
474

/6 /4 3n/4  Sn/6

. : . . T 3n . .
Therefore the inflection points occur at x = ” and x —— since this is where f”

changes sign from positive to negative and from negative to positive, respectively.
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1983 AB4

Y
=

1 1
The figure above shows the graph of the equation x2 + y2 =2 . Let R be the shaded
1
region between the graph of x2 + y2 =2 and the x-axis from x=0 to x=1.

(a) Find the area of R by setting up and integrating a definite integral.

(b) Set up, but do not integrate. an integral expression in terms of a single variable for
the volume of the solid formed by revolving the region R about the x-axis.

(c) Setup, but do not integrate. an integral expression in terms of a single variable for
the volume of the solid formed by revolving the region R about the line x=1.
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1983 AB4
Solution

@ y=(2-7?) =a-ax s

Area = [1(2—x1/2]2dx:J.l[4—4x132+x)dr:{4x—§x3f32+ﬁ}
Jo 0

3 2
0
or
I 4 s 8 1, 1 5" 11
Area= = ldv+| (4—4_1-'"+_1-')a_‘v:1+[41——_1; ‘+—_1-"J =—
0 1 3 27 ), 6

(b) Volume = th

) TI; (16-32x"2 + 24x-8¢*'* +* ) dc

or

2

Volume = 2:‘1_“;_1-' dy +2TEJ.14 _1-’[2 — _1-’]"".2) dy
=+ I14(4_1.’ —43%% 432 ) dy
(¢c) Volume = 271_[3 (2- /2 ) (1—x)dx

= 2ﬁj;(4 —4xY2 3y 4V 52 ) dx
or

Volume = TEI; ldv+ Tt_[14 (1 ~(1-x)* ) dy

5

= m+ thl4[2x— x')(ﬁ-’

=+ thj [2(2 - _1:”2 ) — (2- _1-‘152 )4 ) dy

=+ thj [—8 + 24_1;”2 —-22y+ 8_1-’3”:2 - _vz )0’1
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1983 AB5/BC3

Attime =0, a jogger is running at a velocity of 300 meters per minute. The jogger is
slowing down with a negative acceleration that is directly proportional to time 7. This
brings the jogger to a stop in 10 minutes.

(a) Write an expression for the velocity of the jogger at time 7.

(b) What 1s the total distance traveled by the jogger in that 10-minute interval?
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1983 AB5/BC3

Solution
(a) a=—kt
2
V= R +C
2
300=v(0)=C
100

0=v(10) =-—=k+300

k=6

Therefore v(r) = —3¢2 +300

(b)  s(t)=—> +300¢
Distance = s(10)—5(0) = 2000 meters
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1983 BC2

1
Consider the curve vy =2x?% from x=3 to x=8.

(a) Setup. but do not integrate. an integral expression in terms of a single variable for
the length of the curve.

(b) Let S be the surface generated by revolving the curve about the x-axis. Find the
area of S by setting up and integrating a definite integral.
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1983 BC2
Solution

(a) vr — - —1[,-'2

8 8 ’
Length = L 1+x !k :Is vl dx
x

(b) Surface area = 271_‘-;(23'1”"2), ﬁﬂaﬁr
X

8 )
= 471_[3 (x+ 1)1-';‘ dx

8
_3 27 g)=
, 3 ;

152w

= (47:)(%}(“1)3/2
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1983 BC4

Consider the differential equation dﬁ +2xp = xe(‘-“‘_-“)
1x

(a) Find the general solution of the differential equation.

(b) Find the particular solution of the differential equation that satisfies the condition
v=3 when x=0.
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1983 BC4

Solution
dv 2
(a) —+2xy=xe * 7"
ax
; : . 2xd 2
The integrating factor is e-[ Y=
e’ =4+ 2xe" y=xe*
cx
d(ve*
o) _ s
dx

ve' = J xe'dy=xe" —e" +C

- L2, 2
y=xe XX _ pTXTRX L X

or
xe* —e*+C
y= .
. =
(b) 3=-1+C
C=4
p=ye ¥ X —xl4x _1_4@—Jc2
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1983 BCS

- 7
Consider the power series »_ a,x" . where ay =1 and a, = (—J a,y forn=1.
n=0

(a) Find the first four terms and the general term of the series.

(b) For what values of x does the series converge?

() If f(x)= Z a,x" , find the value of f"(1).
n=0
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1983 BC5
Solution

72‘2 ?3-3 ?H‘n
(a) 1+7x+7—1:+ . X 4

3! n!

+1 _n+l
n -.?I ”!

= lm|—=0<1

H—a0

(b) lm .
nse| (D! 77"

Theretfore the series converges for all real x.

n+1

or

e’ = Z— converges for all real x.
7!

o0 M
Therefore e'* = > (7x) converges for all real x.

n=0 n!
?3. 2 —};4‘ 3 7?1‘ n-1
@ fla)=T+7Px+ % 1T
3! (n—=1)!
73 7 7"

D=7+7 +—+—+-t +
ACh 2t 3! (n=1)!

2 3 n-1
=7 1+? +?—+?—+ / +
TRy

-

=Te’
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1984 AB1

A particle moves along the x-axis so that, at any time 7 >0, its acceleration 1s given by
a(r)=61+6. At time 7 =0, the velocity of the particle is —9. and its position is —27.

(a) Find v(z). the velocity of the particle at any time 7 = 0.

(b) For what values of 7 =0 is the particle moving to the right?

(¢) Find x(7), the position of the particle at any time 7 > 0.
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1984 AB1
Solution

(a) a(t)=6r+6
v(1)=31* +61+C
w(0)=—9=C=-9
v(r) =31 +61-9

(b) 32+61-9=0
1*+2-3>0
(r+3)(r-D=>0

V(1)

|
I I
0 1

The particle is moving to the right for 7 > 1.

(¢) x(r)=r'+3r" -9r+C,
27 =x(0)=C,

x(1) =1 +31* —9r-27
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1984 AB2

Let f be the function defined by f(x)= rrsmxy for —g <X <§ .
c

0s X 2
(a) State whether f is an even or an odd function. Justify your answer.
(b) Find f'(x).

(¢) Write an equation of the line tangent to the graph of f at the point where x =0.
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1984 AB2
Solution

(a) f1s an odd function because

—x+sm(—-x) —x-—sinx

Fx)= =—f@)

cos(—x) cos x

cos x(1+cosx)—(x+sinx)(—sinx)

®)  f'(x)= 3
cos™ x

l+cosx+xsinx

2
COos™ X

I1+cos0+0-sin0

© f(0)= : 2
cos~ 0
£(0) = 0+sm0 _o
cos0

The equation of the tangent line is y—0=2(x-0) or y =2x.
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1984 AB3/BC1

Let R be the region enclosed by the x-axis, the y-axis, the line x =2, and the curve

y=2e" +3x.

(a) Find the area of R by setting up and evaluating a definite integral. Your work must
mnclude an antiderivative.

(b) Find the volume of the solid generated by revolving R about the y-axis by setting
up and evaluating a definite integral. Your work must include an antiderivative.
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1984 AB3/BC1
Solution

(a) Area = J.O2 (2e* +3x) dx

-
-

3 »
=(2e" + Ex‘)

0
—2¢* +6-2&°

=2¢*+4

(b) Volume = 21‘[_[02 x(2e* +3x)dx
_ 2 X 2
= 2th0 (2xe* +3x7)dx

2 2 2. 45 )
= 2n(2xex‘ — 2I ex(iﬂ—j Sx‘dx’J
0 0 0

2

= 211(2(.?—1)9"’ - x3) )

- 2n((2e2 +8) —2(—e°))

= 4n(e? +5)
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1984 AB4/BC3

A function f is continuous on the closed i11tewa1[—3_._ 3] such that f(-3)=4 and

f(3)=1. The functions /" and /" have the properties given in the table below.

X SB<xy<-1| x=-1 |[-l<x<l|x=1|1<x<3
. . Fails to ) )
f'(x) | Positive ) Negative | 0 | Negative
exist
. o Fails to . )
f"(x) | Positive ) Positive 0 | Negative
exist

(a) What are the x-coordinates of all absolute maximum and absolute minimum points
of f on the interval [—3._ 3] ? Justify your answer.

(b) What are the x-coordinates of all points of inflection of f on the interval [—3_._ 3] ?

Justify your answer.

(¢) On the axes provided, sketch a graph that satisfies the given properties of f.
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1984 AB4/BC3
Solution

(a) The absolute maximum occurs at x =—1 because f is increasing on the interval
[-3.—1] and decreasing on the interval [-1,3].

or

The absolute minimum must occur at x =1 (the other critical point) or at an
endpoint. However, f is decreasing on the interval [—1. 3]. Therefore the absolute

minimum is at an endpoint. Since f(—3)=4>1= f(3). the absolute minimum 1s at
x=3.

(b) There is an inflection point at x =1 because:
the graph of f changes from concave up to concave down at x =1
or
f" changes sign from positive to negative at x =1

(c) This is one possibility:

t t i t t — X
-3 -2 -1 I 2 3
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1984 ABS

. I 5. ). . . . : :
The volume 7 of a cone {V = gﬂr‘hJ 1s increasing at the rate of 287 cubic units per
second. At the instant when the radius 7 of the cone 1s 3 units, its volume is 127 cubic

: L . 1 .
units and the radius is increasing at > unit per second.

F8

(a) At the instant when the radius of the cone is 3 units, what 1s the rate of change of
the area of its base?

(b) At the instant when the radius of the cone is 3 units, what is the rate of change of its
height 7?

(c) At the instant when the radius of the cone is 3 units, what is the instantaneous rate
of change of the area of its base with respect to its height /?
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1984 ABS
Solution

(a) A= 2

When =3, %:2TEF‘—:2TE°3‘

o 7
av

—lm'zh
;

l ;’ﬁ 2 ;d_’
d 3 dr 3 dt
1

287 = S (9)@+ 2 1(3)(4)( J

dh 3

dr
dA

dd g4 3m

© TS

dr

or

A=mr"

My

dh~ dh

dr

3n

!
Therefore ﬁ = Zﬁ(S){iJ ==
dh 16 8

or

V—lflh

;
a‘V_l i _d4
dr_3 t 3 dt
28"1'_%(9 )ﬂ+14(h’)
dh g
dr
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1984 BC2

. . : . 2
The path of a particle is given for time 7 > 0 by the parametric equations x =7+— and
1
y=3t".

(a) Find the coordinates of each point on the path where the velocity of the particle in
the x direction 1s zero.

(b) Find ﬂ when 7=1.
dx

~
-

(¢c) Find d :
ax

when y=12.
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1984 BC2

Solution
o)
@ Zo1-2
drt -

dﬁ =0 when 7=+/2 . The corresponding point on the path is (2\/5 ,6).
I

v
av g 6t

b = —_
0 L=d-—
dt =
Atr=1. 2 _ ¢

1)
Vv 2
When y=12. 7=2 andso —= = —=-24
dx” 1)
2)
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1984 BC4

x'n"

3"n!

for all values of x for which the series

Let f be the function defined by f(x)= Z
n=1
converges.

(a) Find the radius of convergence of this series.

(b) Use the first three terms of this series to find an approximation of f(-1).

(c) Estimate the amount of error involved in the approximation in part (b). Justify your
answer.
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1984 BC4

Solution
xn+l(”+1)n+l
. |a : 3+ o x(n+1Y'| x
(a) lim |- = lim 3D = lim |— =|—-el<1
n—w0 (In H—>0 x””n n—s|3 n 3
3" n!

. : 3 . .3
Since the series converges for |\" < —, the radius of convergence 1s —.
e e

) SD=Y =

(c) The series is alternating with the absolute value of the terms decreasing to 0.
Therefore the error is less than the absolute value of the first omitted term. Hence

4
‘f(—l)—(—sJ S,

RETREYE

18
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1984 BC5
Consider the curves 7 =3cos6 and r=1+cos6.
(a) Sketch the curves on the same set of axes.

(b) Find the area of the region inside the curve » =3cos 6 and outside the curve
r=1+cos 6 by setting up and evaluating a definite integral. Your work must
include an antiderivative.
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1984 BCS

Solution
(a)
y
A
24
|
] i 3
-1
i, o R

(b) The imntersection occurs when 3cos8=1+cos6

cosB=—
O=t_
3
Area :lj ((30059) —(1+cos0)” )
2
:lj’“f (8cos” 6—1—2cos0)dd
24 -m/3
3
:%j“ (4+4c0s20—1—2cos6)d0
_af
1 pr7/3
— i 3 , -2 \
2.[_;[;3(‘+400528 cos0)do
— 1 (36 +2sin 26— 2sin 8)| I“G,
2 -3
? 4 . 4 . \I
—(TE-I-zSiIlﬂ—ZSiHE—(—GT—QSH].Z—T-I-SlnE)J
3 3 3 3
=T
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1985 AB1

2x-=5

X" -

Let f be the function defined by f(x)=

(a) Find the domain of f.

(b)  Write an equation for each vertical and each horizontal asymptote for the graph of 7.
(¢) Find f'(x).

(d) Write an equation for the line tangent to the graph of f at the point (0, £(0)).
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1985 AB1
Solution

(a) The domain of f is all real numbers except x=2 and x=-2.

(b)  Asymptotes
Vertical: x=2, x=-2

Horizontal: y =0

2(x* —4)-2x(2x—5) _ -2x* +10x—8 _—2(x—4)(x 1)

© SO ool T ey

(d) Tangent line atx=0

F(0)=

= | wn

(0)=—L
70 =-3

The equation of the line 1s
5 1

y——=——(x-0
yg =30
or
I 5
y=——X+—
2 4
or
2x+4y=35
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1985 AB2/BC1

A particle moves along the x-axis with acceleration given by a(z) =cosf for 7> 0. At
1 =0, the velocity v() of the particle is 2, and the position x(7) 1s 5.

(a) Write an expression for the velocity v(7) of the particle.
(b)  Write an expression for the position x(7).

(c) For what values of 7 1s the particle moving to the right? Justify your answer.

(d) Find the total distance traveled by the particle from 7 =0 to 7= % .
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1985 AB2/BC1
Solution

(a) v(r)=sin(t)+C
2=sm(0)+C
c=2

v(t) =sin(r)+2

(b) x(7)=-cos(t)+2r+C
S=—cos(0)+2(0)+C
C=6
x(t)=—cos(1)+2r+6

(¢) The particle moves to the right when v(7) > 0.. 1.e. when sin(¢)+2 > 0.
This 1s true for all # =0 because

—-1<sin(f) <1 =>0<-1+2<sin(r)+2<1+2 forall 7.
(d) The particle never changes directions since it moves to the right for all 7= 0.

x(0)=—cos(0)+2(0)+6=5

il
X| — |=—cos| —
2 2

: )
Distance = x[;J—x(O) =mn+1

\
+2(§J+6:n+6

or

Distance = j;ﬁ ‘v(f)‘ df = j;[ﬁ ‘sin(r) + 2| dt

= j;ﬂb(sm(r) +2)dt =(—cost+ 2r)| E‘D =n+l
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1985 AB3

X

Let R be the region enclosed by the graphs of y=¢™". y=¢".and x=In4.
(a) Find the area of R by setting up and evaluating a definite integral.

(b) Set up. but do not integrate. an integral expression in terms of a single variable for
the volume generated when the region R is revolved about the x-axis.

(¢c) Setup. but do not integrate. an integral expression in terms of a single variable for
the volume generated when the region R is revolved about the y-axis.
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1985 AB3
Solution y

(a) Intersection is when x = 0.

N\

(b) Disks:

In4 5
Volume = TTJO (e‘x —e -t ) dx
or

Shells:

Volume = 2n_|.11x4 y(In4+Iny)dy+ 2nI14 v(ln4-Iny)dy

(¢) Disks:
Volume = Tf‘[llq [(hl 4)2 —(—In _1-‘)2 )(ﬁ + :ITL4 [(ln 4)2 —(In }-‘)2 )0’1

) 2dy — 4 ’ 2 )
T[.[l,u (In4)“av ﬁjl;‘4 (Iny)“dy

15 2 4 N2
Tn(ln 4) —TELIM (Inv)~av

or
Shells:
In4
Volume = 27‘:_[ x(ex — e_x)d\'
0
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1985 AB4/BC3

X

Let f(x)= 147 x% and g(x)= k* sin (—J for k= 0.

(a) Find the average value of / on [1_._4].

(b) For what value of & will the average value of g on [0, i(] be equal to the average

value of f on [1,4]'?
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1985 AB4/BC3
Solution

4 5
(a) Average value = % L 14nx~ dx

k
(b) Avel‘age value = %J. k:.' Sin%(fx

0 2
_ 2k cos X :_2:{' (0_1):2}'{
T y4 T T
Therefore d =98m.

T

Hence /% =497? and sok = 7.
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1985 AB5/BC2

The balloon shown 1s in the shape of a cylinder with hemispherical ends of the same
radius as that of the cylinder. The balloon is being inflated at the rate of 2617 cubic

centimeters per minute. At the instant the radius of the cylinder 1s 3 centimeters.. the
volume of the balloon 1s 1447w cubic centimeters and the radius of the cylinder is

. . ; . : . 2
increasing at the rate of 2 centimeters per minute. (The volume of a cylinder is nr~/7and

.4
the volume of a sphere is ;m*s ).

(a) At this instant, what 1s the height of the cylinder?

(b) At this instant, how fast is the height of the cylinder increasing?
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1985 AB5/BC2
Solution

(@) V= wr2h +%th'3

1447 =n(3)*h+ % 7(3)°
h=12

At this mstant, the height 1s 12 centimeters.

ar = @ + 2?{?')‘:ﬁ + 47r

5 dr
b) — 280
©) dt dt dt t

2617 =7(3)* % +27(3)(12)(2) +47(3)%(2)

ah_
dt

At this instant, the height is increasing at the rate of 5 centimeters per minute.
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1985 AB6

Note: This is the graph of the derivative of /. not the graph of f.

The figure above shows the graph of f”, the derivative of a function /. The domain of
the function f is the set of all x such that -3 <x<3.

(a) For what values of x, —3 <x <3, does f have a relative maximum? A relative

minimum? Justify your answer.

(b) For what values of x is the graph of f concave up? Justify your answer.

(¢) Use the information found in parts (a) and (b) and the fact that f(-3) =0 to sketch

a possible graph of f on the axes provided below.

vV
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1985 AB6
Solution

(a) f has arelative maximum at x = -2 because:
f' changes from positive to negative at x = -2

or
f changes from increasing to decreasing at x =—2

or
£(=2)=0 and £"(-2) < 0

f has a relative minimum at x = 0 because:
f' changes from negative to positive at x =0.

or
f changes from decreasing to increasing at x =0.

or

f'(0)=0and f"(0) >0

(b) f is concave up on (—1.1) and (2.3) because:
f' 1s increasing on those intervals

or
f" >0 on those intervals

(c)
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1985 BC4

Given the differential equation & = i y=>0.
dcx Iny

(a) Find the general solution of the differential equation.

(b) Find the solution that satisfies the condition that y = e* when x = 0. Express your

answer in the form v = f(x).

(c) Explain why x =2 is not in the domain of the solution found in part (b).
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1985 BC4

Solution
(a) ]n—l(ﬁ =—xdx
y
(In y) X e
2 2
or
(Iny)* =—x*+C
or
Iny=+yC- x*
or
Y= ei C—x?

(b) (lne*)*=0+C
C=4
(Iny)* =4-x*
Iny==+v4- ¥?
Butx=0,y= e = y=v4- x?

(¢) If x=2,then y=1and In y=0. This causes l_i to be undefined.
ny
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1985 BCS

Let f be the function defined by f(x)=—-Inx for 0 <x <1 and let R be the region
between the graph of f and the x-axis.

(a) Determine whether region R has finite area. Justify your answer.

(b) Determine whether the solid generated by revolving region R about the y-axis has
finite volume. Justify your answer.
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1985 BC5
Solution

(a) J.;—hlx(i\’ =— lim jllnxdr

a—0"+4a

Iim [x —xln \’]2

a—0"
= lim [1 —a+aln a]
a—0"
1
=1+ lim 1
a—>0" _ L
)

The area is finite.

(b) 2nI;x(—h1x)dr =27 lim Jlx(—hl.r)dr

a—0"+4a

r ] ] l
: —-x~ x°
=2n lim | —lnx+—

a—s0"| 2 4

=27 lim l+a_]na_a_
4 2

a—0"

or

T{jo x“dy :n]1111I e " dy

bz 0
b
T .. 9y
— " lim e
2 bo= 0

-7 .. - m
=— lim (e 2 —eo) =—
b—e

The volume is finite.
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1985 BC6

Let f be a function that 1s defined and twice differentiable for all real numbers x and that
has the following properties.

@ f(O)=2
(1) f'(x)>0 forall x
(111) The graph of f is concave up for all x >0 and concave down for all x <0

Let g be the function defined by g(x)=f (xz) :
(a) Find g(0).
(b) Find the x-coordinates of all minimum points of g. Justify your answer.

(¢c) Where 1s the graph of g concave up? Justify your answer.

(d) Using the information found in parts (a), (b). and (c), sketch a possible graph of g
on the axes provided below.
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1985 BCo6
Solution

@ g(0)=7(0)=2

®)  g@®=2v"(x")
g (x)=0=>x=0orf'(x*)=0.By (i), f'(x*)>0 for all x. Therefore x = 0 is the
only critical point.

g'(x)<0 for x<0 and g'(x) >0 for x>0 since f'(xz) >0 for all x. Therefore g
1s decreasing for x <0 and increasing for x > 0. Hence g is a minimum at x =0.

or

Using the second derivative test, x = 0 gives a minimum because g"(0) >0
(see part (c) below).

(©)  g'(1)=2/"(x")+4x"f"(x")
By part (11). f’(xz) >0 for all x, and by part (111), xzf"(xz) =0 for all x.
Therefore g"(x) >0 for all x and hence the graph of g is concave up for all x.

(d) This is one possibility

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1986 AB1

Let f be the function defined by f(x)=7-15x+ 9x* —x° for all real numbers x.
(a) Find the zeros of f.

(b)  Write an equation of the line tangent to the graph of fat x=2.

(c) Find the x-coordinates of all points of inflection of £ Justify your answer.
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1986 AB1
Solution

(@) f(x)=7-15x+9x -’ =—(x-D*(x-7)
The zeros areatx=1and x = 7.

(b)  f(x)=—15+18x—3x"
f'(2)=-15+36-12=9
f(2)=7-30+36-8=5
The tangent line1s y—5=9(x—2) ory=9x—13.

(c) [f"(x)=18-6x
18—6x=0,x=3
There is a point of inflection at x = 3 because

fconcave up on (—=0.3) and concave down on (3.%)

or

/" changes sign from positive to negative at x =3

or
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1986 AB2

2
: : x° =3

Let f be the function given by f(x) = u :
x°=9

(a) Describe the symmetry of the graph of f.
(b)  Write an equation for each vertical and each horizontal asymptote of f.
(¢) Find the intervals on which f is increasing.

(d) Using the results found in parts (a). (b), and (c), sketch the graph of f on the axes
provided below.

Y
=
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1986 AB2
Solution

(@) f(x)= f(—x) indicates symmetry around the y-axis.

(b) Asymptotes:
Vertical: x=3, x=-3
Horizontal: y=9

(¢) Increasing f:

(x? —=9)(18x) - (9x —36)(2x) _ —9%x
(x* -9)* (x*—9)*

JS'(x)=
Then f'(x)>0 when —90x >0, 1.e. when x <0

re e -]
f inc |inc |dec |dec
-3 0 3

The graph of f is increasing on the intervals (—,-3) and (-3.0].

(d)
y
| 3 I
I I
I I
I I
I I
I I
i 9 i
_________ R 4 S
I I
I I
I 4 I
I I
I I
I I -
31 [-2 0 2\ 73
I I
I I
I I
I I
I I
I I
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1986 AB3/BC1

A particle moves along the x-axis so that at any time 7 =1, its acceleration is given by
a(t)=—. Attime 7 =1, the velocity of the particle i1s v(1) = -2 and its position 1s
I

x(1)=4.
(a) Find the velocity v(¢) for 7 =1.
(b) Find the position x(7) for 7 =1.

(c) What is the position of the particle when it is farthest to the left?
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1986 AB3/BC1

Solution
1
(@) a(r) :;_._ r=1
v(7) = j a(t)dt =1n(f)+C
—2=0+C

v()=In(7)-2

(b)  x(1) = [v(t)dr = [(In(r)=2)dr = tIn(r)—1 =21+ C
4=-3+C
7=C
x(t)=rln(r)-3r+7

(c) v()=0=1In(r)-2=0

r=e
Since v(1) = -2, the particle starts out moving to the left. The particle is farthest to

the left when 7 = ¢* . The position is x(ez) =T7—e".
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1986 AB4

Let f be the function defined as follows:

79 ﬂx—1|+2._ for x <1
x)=-

= . ‘
Im‘+bx,_ for x>1, where a and b are constants.

(a) If @a=2 and b=3,1is f continuous for all x? Justify your answer.
(b) Describe all values of @ and » for which f is a continuous function.

(¢) For what values of ¢ and b is f both continuous and differentiable?
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1986 AB4
Solution

(a) No. f1s not continuous for all x since it 1s not continuous at x = 1.

lim f(x)=2, f(1)=5

x—1

solm f(x) = f(D)
x—1

or
lim f(x)=2, lim f(x)=5
x—1" x—1"

o lim f(x)= lim f(x)
x—1" x—1"

® f(D=a+bd
or
lim f(x)=a+b

x—1"
The function f is continuous when ¢+5b=2.

© f'@ J'—l if x<1
c x)=-
[2ax+b if x>1
To be continuous and differentiable at x = 1, must have
a+b=2

2a+b=-1
Therefore ¢ =-3 and b=5.
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1986 ABS/BC 2

A(x)

7
/4
v

I
=
<
a

\j

v

Let A(x) be the area of the rectangle inscribed under the curve y = e

with vertices at
(—x.0) and (x.0), x = 0. as shown in the figure above.

(a) Find A(1).

(b) What 1s the greatest value of A(x)? Justify your answer.

(c) What 1s the average value of A(x) on the interval 0 <x <27
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1986 AB5/BC2
Solution

(a) A(l)=2e-= %
e

(b) A(x)= 2x%¢2* for x>0
A(x) =262 +2xe™2F (<4x) =2¢72F (1-4x%) =0

1
Xx==
2
1 1 2
4(—J:2-—e 4 =72
2 2

(1) The sign of 4'(x) 1s determined by the sign of (1— 4.\'2) )

A'(x)>0for 0<x <% and A4'(x) <0 for % <X.

or

aw| + | -
|
0 1/2

Therefore the greatest value of A(x) 1s e V2.

or

)2 , 22 )
(1) A"(x)=-8xe " (1 —4x° ) —16xe™=" . Therefore 4" {%J <0 and so x :%

also

o | =

gives a relative maximum. Since there is only one critical value, x =

1/2

1

gives the absolute maximum. Therefore the greatest value of 4(x) 1s e~

1 2 1,2 a2
i = — = — 2 ? <X A
(c) Average value o _[0 A(x)dx 5 Jo 2xe cx

2 q,2 -8 7
:j xe " dx= —l_l. e du U =-2x": di =—4xdx
0 4790
-8
:—le” :l(l—e_g)
4|, 4
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1986 AB6/BC3

> x

o

The shaded region R shown in the figure above is enclosed by the graphs of
2 1 :

y=tan"x, y= Esec‘ x . and the y-axis.

(a) Find the area of region R.

(b) Setup, but do not integrate, an integral expression in terms of a single variable for
the volume of the solid formed by revolving region R about the x-axis.
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1986 AB6/BC3
Solution

1 2 2 T
(a) —sec"x=tan"x>x=—
2 4

/4

. 2 )
Area = —sec” ¥ —tan xJa&’

0 2

n/4 1 Y
:j [1——sec‘ dex
0 2

1 n/4
=x——tanx
2

0

m 1
4 2

(b) Disks:
A sec’ x
Volume :n[ { 1 : —tan4x]a‘x
0

or

Shells:

12 1
Volume = 2rr‘|‘ / y arctan (\/1_ )(.h-' + 2TEI , 1-‘[81‘0‘[311 ) —arcsecy |2y ]fﬁ--‘
0 - ya 1/2° . .
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1986 BC4

Given the differential equation ?— =2y—S5sinx:
2

(a) Find the general solution.

(b) Find the particular solution whose tangent line at x = 0 has slope 7.
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1986 BC4
Solution

(a) Method 1: Undetermined Coefficient

Yn = Ce™
Vp =Asimx+Bcosx
v

—2 _ 4cosx—Bsinx
dx

Acosx—Bsinx=2A4sinx+2Bcosx—5sinx

[24+B=5
|4-2B8=0
A4=2.B=1

2 .
y=Ce™" +2sinx+cosx

Method 2: Integrating Factor

dy :

——2y=-3smx

dx

Integrating factor is e T oo, Multiplying both sides by the integrating factor

and antidifferentiating gives
-2 2x -
ye <t = —SIe *sin x dx
—2x _: 1 —2x : 1 —2x
je smxd‘c:—;e smerEje cos x dx

1 -, . 1 5 1e o .
=———e¢ ““sinx——e °* cosx——je “*sin x dx
2 1 1

or

iy | . iy -2
Ie Fsinxdr=—e " cosx—.?je “* cos x dx

-2 7 . g |
=—e"cosxy—2e “Fsinx —4Ie <X cosxdx

| b2

2y - 1 -
e “Fsinx——e " cosx, and therefore

_F‘ -
Thus Ie “Fsinxdy=-

Lh

—2x

iy —
ye  =e Fcosx+2e "

sinx+C,ory=cosx+2sinx+Ce™”

(b) Using either 7= 2((."9O +2sm0+cos0)—5sin0 or 7= C2¢% +2cos0—sin0, we

5 5 .
get that 7=2C+2. Hence C = 5 and so y = Eezx +2smx+cosx.
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1986 BCS

(a) Find the first four nonzero terms in the Taylor series expansion about x =0 for

f(x)=+1+x .

(b) Use the results found in part (a) to find the first four nonzero terms in the Taylor

series expansion about x =0 for g(x)=+1+ X,

(¢) Find the first four nonzero terms in the Taylor series expansion about x =0 for the

function 7 such that //(x)=+v1+x* and /(0)=14.
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1986 BCS

Solution
(@) f(x)=+1l+x f(0)=1
' _l —1;"2 ' :l
f(-r)—2(1+-‘f) /(0 3
PR | -3/2 ey - L
f(x)= 4(1+-Y) f1(0) 1
me~_ 3 -5/2 meoy _ S
S (-T)—S(H-‘f) f (0)—8
PR VS V- ST U
Tf(x)_1+2x Sx +16x + .
.13 1 s 1 o
(b) Tg(x)—1+2x 8.\' +16x +...

(c) Integrating the Taylor series in (b) gives

1, 1 5
L,(x)=C+x+—x" ——x"+
n(x) < 56
n0)y=4=C=14

1 4 1 =
L(x)=4+x+—x" ——x +_..
n(x) . >
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1986 BC6

For all real numbers x and v, let / be a function such that f(x+y)= f(x)+ f(¥)+2xy

and such that lim @ =7.

h—>0 h
(a) Find f(0). Justify your answer.
(b) Use the definition of the derivative to find f'(x).

(c) Find f(x).
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1986 BCo6
Solution

(a) Letx=vy=0
Then f(0+0)= f(0)+ f(0)+2-0-0
7(0)=27(0)
7(0)=0

v SR = f ()
(®) f()=lim p

~ im f(x)+ f()+2xh— f(x)

h—0 h

(¢) fllx)=7+2x
f(x)= Tx+x2+C

Usex =0:
0=f(0)=0+C=C

Therefore f(x)=T7x+ X2,
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1987 AB1

A particle moves along the x-axis so that its acceleration at any time 7 1s given by
a(r)y=61—18. At time 7 =0 the velocity of the particle is v(0) =24, and at time 7 =1, its
position 1s x(1) =20.

(a) Write an expression for the velocity v(¢) of the particle at any time 7.

(b) For what values of 7 1s the particle at rest?

(c) Write an expression for the position x(7) of the particle at any time 7.

(d) Find the total distance traveled by the particle from 7 =1 to 7=3.

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1987 AB1
Solution

(a) a(r)=6r—-18
v(1)=31* 181+ C
24=v(0)=C
v(7) = 3t% —18¢ +24

(b) () =0 when 3(+* —67+8)=0
3t—-4)r-2)=0
The particle is at rest when 7 =2 and 7 =4.

(¢) x()=f£ -9 +241+C
20=x(1)=1-9+24+C
C=4

x(1)=1—9* + 241 +4

(d) The particle changes direction at 7 =2.
x(1)=20

x(2)=8-36+48+4=24
x(3)=27-81+72+4=22
Distance = x(2) —x(1)+x(2)—x(3)=4+2=6
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1987 AB2

Let f(x)= V1-sinx.

(a) What is the domain of f?
(b) Fmd f'(x).

(¢) What is the domain of f'?

(d) Write an equation for the line tangent to the graph of fat x=0.
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1987 AB2
Solution

(a) f(x)=4/1-sin(x)

The domain of f is all real numbers.
®)  /(x)=(-sin(x)"?

1) =5 (=sine) 3 (~cos(x)

—cos(x)

() Sm= 2,/1—sin(x)

We must have 1—simn(x) > 0 and therefore the domain of f* 1s all

-
xi%%—ﬂ’n

or
T
Rm{x x:t5+2kn_._ A‘ef}

or
5m
b 2 E

-7 37
272

XF---

o2

, 1
(d) f(O)Z—E.. f(0)=1
The tangent line is
1
y—l=——(x-0
. 5 ¢ )

or

V= —lx+1
' 2

or
x+2y=2
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1987 AB3

1
Let R be the region enclosed by the graphs of v =(64x)* and y=x.

(a) Find the volume of the solid generated when region R 1s revolved about the x-axis.

(b) Set up, but do not integrate. an integral expression in terms of a single variable for
the volume of the solid generated when region R is revolved about the y-axis.
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1987 AB3

Solution
¥y
(a) (643:)15;4 =X
4-.
64x = x*
x=0andx=4
Disks:

Volume = TEJ‘:((64.‘C)1’!2 —x? )dx

= RJ‘:(le""z —x? ] dx

4

B 128n B 64 B 64r
3 3 3

or

Shells:

4 1
Volume =2n| v _1:—L dv
0 64

.‘3 :6
P P
3 6-64

(b)  Shells:

Volume = 2nj: x((64x)1-'f4 - x] dx

or
Disks:
-4
n 1'_,4 \'2
Volume =n Vo —| — | |dv
64
0
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1987 AB4
Let f be the function given by f(x)= 2In(x* + 3)—x with domain -3 <x<5.

(a) Find the x-coordinate of each relative maximum point and each relative minimum
point of f. Justify your answer.

(b) Find the x-coordinate of each inflection point of f.

(¢) Find the absolute maximum value of f(x).
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1987 AB4
Solution

(a) f(x)=2In(x*+3)—x

F(x)=2- 2x _1:—(x—3)(x—1)
43 43
A e N
/ |dec | inc | dec |
-3 1

There 1s a relative minimum at x = 1 because f' changes from negative to positive.
There is a relative maximum at x = 3 because /' changes from positive to negative.

Ax?+3)—4x-2x  12—4x7  4(3-x?
(x?+3)° (x*+3)* (x*+3)

b))  fx)=

[ ] -

The inflection points are at x = ﬁ and x = —\/5 )

(¢) f(-3)=2Inl12+3
f(3)=2In12-3
The absolute maximum value is 2In12+3.
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1987 ABS

The trough shown in the figure above is 5 feet long, and its vertical cross sections are
inverted isosceles triangles with base 2 feet and height 3 feet. Water 1s being siphoned out
of the trough at the rate of 2 cubic feet per minute. At any time 7, let /2 be the depth and
V' be the volume of water in the trough.

(a) Find the volume of water 1n the trough when it 1s full.
: . : 1
(b) What 1s the rate of change in / at the instant when the trough 1s " full by volume?

(¢c) What 1s the rate of change in the area of the surface of the water (shaded in the

figure) at the instant when the trough 1s % tull by volume?
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1987 ABS
Solution

(a) Volume = %-23‘5 =15
b ¥ =510k
T2
. . b 2 5.9
By similar triangles, 7 =3 Therefore V' = ;h‘ and
1 - 3
v _10, d
dr 3 dt

When the trough 1s % full by volume, % = %}'}2 and

therefore 7 :E.
2
At this instant -2 = mi@ and thus j_ —2
3 2 dt dt
(c) Asz:?h
dd_10dh
dr 3 dt
dd _10 2 4
di 3 5 3
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1987 AB6

Let f be a function such that f(x) <1 and f'(x)<0 for all x.

(a) Suppose that f(b)=0 and a < b <c. Write an expression involving integrals for
the area of the region enclosed by the graph of f. the lines x = gand x=c, and the
X-axis.

: 1 . } . X
(b) Determine whether g(x) =———— 1s increasing or decreasing. Justify your answer.

Jf(x)-1

(c) Let /1 be a differentiable function such that /'(x) < 0 for all x. Determine whether
F(x)=h(f(x)) is increasing or decreasing. Justify your answer.
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1987 AB6
Solution

(a) Area= J.j f(x)dx— J; f(x)dx or Area= j;|f(x)|dr

—/'(x)
(f(x)-1)*
f'(x)<0and (f(x) ~1)*>0> g'(x) =0 for all x. Therefore g is increasing.

(b) &)=

It is possible to give a non-calculus argument. Since f'(x) <0 for all x, the function

f 1s decreasing for all x. Therefore the function f(x)—1 is decreasing for all x.

Since f(x)—1<0 for all x, it follows that !
J(x)-1

() F'(x)=n(f(x) f'(x)
W'<0and f'<0= F'>0 forall x.
Therefore F is increasing.

Non-calculus argument:
X <X, = f(x7) > f(x,) since [ 1s decreasing.
Therefore /( f(x;)) <h(f(x,)) since / is decreasing.

So x; <x, = F(x;) < F(x,).Hence F 1s increasing.
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1987 BC1

At any time 7 =0, in days, the rate of growth of a bacteria population is given by y' =4y,
where £ 1s a constant and y 1s the number of bacteria present. The initial population 1s
1.000 and the population triples during the first 5 days.

(a) Write an expression for y at any time 7> 0.

(b) By what factor will the population have increased in the first 10 days?

(¢) At what time 7, in days. will the population have increased by a factor of 6?
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1987 BC1

Solution
(a) v= A"
1(0)=1000= 4
3= ek-S
¢ ln3
5

tn3
Therefore ¥ =1000e 5 or y=1000-3"°

101n3
(b)  ¥(10)=1000e 5 =1000-3*
Therefore the population will have increased by a factor of 9.

thn3

(¢) 6000=1000e 3
tin3
6=e 3
r:5h16
In3
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1987 BC2

Consider the curve given by the equation _1--'3 + 3x3_1--' +13=0.
.y
a) Find —.
(a) e

(b) Write an equation for the line tangent to the curve at the point (2.-1).

(¢) Find the minimum y-coordinate of any point on the curve. Justify your answer.
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1987 BC2
Solution

(@) 39y +3x7) +6xy=0

, 6xy 2xy
.‘l’: =

o 2 . 2 T T 2
3x°+3y° x“+y°

(b) At the point (2,-1). y'= 2@ _4

441 5
. . L 4 4 13
The equation of the tangent line is y+1= < (x=2)ory= Ex S
(C) .vr _ :2rl'q _ 0 — x= 0 or 1. — O
xT+y°

Since y cannot be 0 for any point on the curve, we must have x = 0. We claim that
this gives the minimum y-value on the curve. Atx =0, y=—3/13.

v(»* +3x?) =-13= y < 0. Therefore ' <0 forx <0 and y' >0 forx >0 . Thus

x=0 does give the minimum value of y =—3/13.

Non-calculus argument: _1;(_1-'2 + 3x2) =-13= v <0. Therefore .1-‘3 +13= —3.‘{2}: =0
for all points on the curve. Thus y = ~313 forall points on the curve. But

y=—313 when x =0, thus y =—3/13 is the minimum.
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1987 BC3

Let R be the region enclosed by the graph of y =Inx. the line x =3 and the x-axis.
(a) Find the area of region R.
(b) Find the volume of the solid generated by revolving region R about the x-axis.

(¢c) Setup. but do not integrate. an integral expression in terms of a single variable for
the volume of the solid generated by revolving region R about the line x =3.
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1987 BC3
Solution

(a) Area = L3 In x dx
= (xh1x—x)|f
=3In3-2

(b) Disks:

Volume = Trjlj (In x)% dx

= rr(x(]nx)z‘f —J.132h1xdr}

] NE
Tt(x(ln x)"—2xlnx+ 2x) 1

=7(3(In3)* - 6ln3+4
(30n3) )

or

Shells:
In3 .
Volume = ZHIO v(3—e)dy

3 In3
= 211(—_1-‘2 —ye’ +e’
2 0
i \
= Zﬂ([i(lﬂ3)h —In3-e 4t J—l ]
2 )

3 > )
=2n| —(Iny)~ —31113+2J
2

(c) Shells:
Volume = 2:1'[_[13 (B3-x)lnxdx

or

Disks:
In3 o
Volume = TEIO 3-e") " dy
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1987 BC4

1
1-2x

(a) Find the first five terms in the Taylor series about x =0 for f(x)=

(b) Find the interval of convergence for the series in part (a).

(¢) Use partial fractions and the result from part (a) to find the first five terms in the
1

Taylor series about x =0 for g(x) = —m8—.
Y )= oy
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1987 BC4
Solution

(a) Using geometric series, ~1+2x+ (2.1()2 + (2:{)3 + (23’)4

or
f(n) (x)=2"nk(1- 2.\’)_(”“)
f(n)(o) — 2?1 ‘”!

Therefore ~14+2x+4x% +8x° +16x"

1-2x

(b) The Taylor series for

= 1s a geometric series and thus converges for |2x| <1 or
-2x

‘x‘ ql.
2

Alternatively, can use the ratio test.

2n+l n+l

1
T :|2X‘<1:>‘X‘<E
X

Checking the endpoints,

At x= —% . the series is 1-1+1-1+___ which diverges.
At x= % , the sertes 1s 1+1+1+1+ _ which diverges.

. : : 1
Theretfore the interval of convergence is |1c| < 5

1 2 1
(c) = -
(I-2x)(1-x) 1-2x 1-x
1

A2+ 4x 487 4167 +32xH) -+ x+xF + 7 +xh)
(I-2x)(1—-x)

—143x+ 7% +15%° +31¢%
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1987 BCS

The position of a particle moving in the xy-plane at any time 7, 0 <7 <2m, 1s given by
the parametric equations x =sin7 and y =cos(27).

(a) Find the velocity vector for the particle at any time 7, 0 < 7 <2m.

(b) For what values of 7 1s the particle at rest?

(c) Write an equation for the path of the particle in terms of x and y that does not
involve trigonometric functions.

(d) Sketch the path of the particle in the xy-plane below.

Yy
A

B T -—--

N | [ | i ——

----------------------------

R R | (I | i ———

_________________________
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1987 BC5
Solution

(a) x=sin(7), v =cos(2r)

% = cos(!),% = —2sin(2r)
v = (cos(7).—2sm(2r))
or

v = cos(r)i +(—2sin(27)) 7

b)) v=0> cos(f) =0 and —2sin(27) =0
Therefore cos(7) =0 and —4sin(z)cos(7) = 0. The only choice 1s cos(7) =0.
T 37

Therefore the particle is at rest when 7 = 57

(¢) x*=sin’(r). y=cos’(r)=1-2sin’(7)

y=1- 252

(d)
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1987 BC6

Let f be a continuous function with domain x > 0 and let ¥ be the function given by
F(x)= jlx f(r)dt for x >0. Suppose that F(ab)=F(a)+ f(b) forall a>0 and b >0
and that F'(1) =3.

(a) Find f(1).
(b) Prove that aF'(ax) = F'(x) for every positive constant a.

(¢) Use the results from parts (a) and (b) to find f(x) . Justify your answer.
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1987 BCo6
Solution

(a) F'(x)=f(x)
F'()=71=3
(b) F(ax)=F(a)+F(x)

aF'(ax) = % F(ax)= %(F(n) +F(x))=F'(x)

(¢) Forall >0, aF'(ax)=F'(x). Letx=1.

aF'(a)=F'(1)=3
F'(a)= 3
a

Replace a with x:

Fix)=>
X

F@W=F0=2
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1988 AB1

Let f be the function given by f(x) = Vxt —16x7 .

(a) Find the domain of f.

(b) Describe the symmetry, if any, of the graph of f.
(¢c) Find f'(x).

(d) Find the slope of the line normal to the graph of f at x =5.
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1988 AB1

Solution

(a) x*—16x*=0
x*(x*-16)=0

x*>160rx=0
The domain of f 1is all x satisfying |r| >4 orx=0.

(b) The graph of f is symmetric about the y-axis because f(—x)= f(x).

© f(x)= %(:«4 ~16x%) 12 (4% —32%)

_ 2x(x*-8)

B |x|\-‘ ¥ -16

sy = 21257165
J625-16-25
170
15
34
E)

(d)

.. 3
Therefore the slope of the normal line 1s 71 = e
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1988 AB2

A particle moves along the x-axis so that its velocity at any time 7 >0 1s given by

v(r) =1—sin(2m1).
(a) Find the acceleration a(?) of the particle at any time 7.
(b) Find all values of 7, 0 <7 <2 for which the particle is at rest.

(¢) Find the position x(7) of the particle at any time 7 1f x(0) = 0.
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1988 AB2
Solution

(@ a®)=v()

=—2mcos(2nt)

(b) v(r)=0 gives 1-sin(277) =0 or 1 =sin(2nz). Therefore 2nr = g +2km

where £#=0.£1,+2....,and 0<r <2 . The two solutions are
15

[=—.,—.

44

(¢) x(r)= jv(r) dt = I(l —sin(2nr))dt = r+icos(2m‘) +C
2n

«(0)=0=0=0+39 ¢
2n
c--L
2n

Therefore x(7) =7+ 1 cos(2mt) L
2n 2n
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1988 AB3

Let R be the region in the first quadrant enclosed by the hyperbola x? - _1--'2 =9, the
x-axis, and the line x=5.

(a) Find the volume of the solid generated by revolving R about the x-axis.

(b) Set up, but do not integrate. an integral expression in terms of a single variable for
the volume of the solid generated when R is revolved about the line x=—1.
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1988 AB3
Solution

(a) Disks:
Volume = T[I; (.\'2 -9)dx

5

= rr(lx3 —93’}
3

3

125 44
_n[(T—4SJ—(9—2?)J_?n

or
Shells:
_1
Volume = 2nj [5 —/9+ y? )1 ay
0
- ] -"'!\' 4
= 2n(3y‘ —1(9+,v‘)3f‘J
27 3 ,
125 27\ 44
= 2n(40——+—J:—n
: 3 3

(b) Shells:
Volume = Zﬂj: (x+Dydx

= 2:!1_[; (x+ 1)\}.1(2 —9dx

or

Disks:
Volume = nj;(% —(x+1)* ) dy

:nj:(_%s—( 9+ 7 +1)3)dv
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1988 AB4
Let 1 be the function defined by f(x)=2xe " for all real numbers x.

(a) Write an equation of the horizontal asymptote for the graph of f.

(b) Find the x-coordinate of each critical point of £ For each such x. determine
whether f(x) is a relative maximum, a relative minimum, or neither.

(¢) For what values of x is the graph of f concave down?

(d) Using the results found in parts (a), (b). and (c). sketch the graph of y = f(x) on
the axes provided below.

Y
.-1
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1988 AB4
Solution

(@ y=0

(b) f'(x)= 2(—3::{?_'xc + e_x) =2¢ *(1-x)
There 1s a critical point at x = 1 where f(x) has a relative maximum since
f'(x)>0 for x<1and f'(x)<0 for x>1.

() f'(x)=2¢"(-D)+(2e")1-x)=2¢ "(x-2)

The graph of f 1s concave down when:

27 (x=2)<0

x—2<0
x<?2
(d)
}:
A
3_
2_
l-
-4 -3 -2 -] 1 2 3 4

3_
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1988 ABS

Let R be the region in the first quadrant under the graph of y = qx for 0<x <6 ?
x“+2

(a) Find the area of R.

(b) Ifthe line x =% divides R into two regions of equal area, what is the value of £?

(c) What 1s the average value of y = on the interval 0 <x<+/6 ?

2

X“+2
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1988 ABS

Solution
V6 X
(a) Area = [ —dx
Jo x°+2
1 2 e
=—In(x"+2)
2 0
:llnS—l]an =In2
2 2
1 k X
(b) —In2= q dx
2 Jo x°+2
N
=—In(x" +2)
2 0

1 5 1
=—In(k*+2)—=In2
2 ( ) 2

lln(;r2 +2)= T2+ timo—m2

2 2 2
In(k*+2)=In4

Therefore k> +2 =4 and so k = \/5 )

N
al d\':ihﬂ

—|
J6-0Jo *+2 6

(c) Average value =
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1988 AB6

Let f be a differentiable function, defined for all real numbers x, with the following
properties.

Q) f'(x)=ax®+bx
(i) f'(1)=6 and f"(1)=18

(M)jffuyk:m

Find f(x). Show your work.
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1988 AB6
Solution

Differentiating the expression in (i) gives f"(x) =2ax+b
Let x = 1. Then from (11),

a+b=f'(1)=6
2a+b=f"(1)=18

Solving these two equations gives @ =12 and b =—6. Therefore f'(x)= 12x* —6x and
hence

f(x) —4x° —3x*+C
Using (111) gives
lS:I;(4x3—3x2+(U(h

=(x*-x* -|-Cx)‘l2

=(16-8+2C0)-(1-1+C)=8+C

Hence C =10 and f(x)=4x> —3x* +10.
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1988 BC1
Let f be the function defined by f(x)= (x2 —3)e” for all real numbers x.

(a) For what values of x is f increasing?
(b) Find the x-coordinate of each point of inflection of 1.

(c) Find the x- and y-coordinates of the point. if any, where f(x) attains its absolute

minimuim.
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1988 BC1
Solution

@ ()= =3)e" +2xe" =" (x +3)(x-])
f'(x)=0 for x=-3,1.

roe -]
f inc | dec | inc
-3 1

Therefore f 1s increasing for x < -3 and x >1.

(b) [f"(x)= (x2 —3+2x)e" +(2x+2)e" =€” (xz +4x-1)
—4+20
2

f"(x)=0forx=

The points of inflection occur at x =2+ J5 .

(¢)  f(x) has arelative mmmimum at x=1; f(1)=-2e.

f(x) has a relative maximum at x =—-3 and limit f(x)=0
X——0

So, f has an absolute minimum at x =1, y=-2e.

Yy
A
} y=(x"=3)e"
— \ X
(1,-2e)
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1988 BC2

vV

3+
DXy, )
2..
Ix,y
1t 2
——t X
% I /32 3
. 3 3x
Let R be the shaded region between the graphs of vy =— and y=— from x=1 to
X x°+1

x= \/5 . as shown 1n the figure above.

(a) Find the area of R.

(b) Find the volume of the solid generated by revolving R about the y-axis.
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1988 BC2
Solution

V3
(a) Areazj (i— ?x Jn’x

1 X x +1

:{3]11.1;—%]11(.\’3 +1]J 1

3 A 3
=|3lny3—=In4|-10—-=In2
{ W3- ) ( 21J

J3

:Eh13—31n4+§1112
2 2

=—In—
2 2

V3 3 3x
(b) Volume :2th x(;— - Jd’r

1

3 3
:ZJTJ — clx

1 2 +1

= (6marctan x)‘ I’E

= 6m(arctan \/3_) —arctanl)

; A
:6ﬁ[2_£ J
3 4

2 ‘ '-]Iq
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1988 BC3

=

A
100

The figure above represents an observer at point 4 watching balloon B as 1t rises from

point C. The balloon 1s rising at a constant rate of 3 meters per second and the observer is
100 meters from point C.

(a) Find the rate of change in x at the instant when y =50.
(b) Find the rate of change in the area of right triangle BCA4 at the instant when y =50.

(¢) Find the rate of change in 6 at the instant when y =50.
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1988 BC3

Solution
(a) x"=y"+100"
2*(£:21;ﬁ
dt dat
3 343
At y=50, x:SO\/g and dY —50 J_ m's
504/5
Explicitly: x =+/y* +100? dY %i
_J v +100° @
3)
\/12‘30
W5
=—1ms

(b)

(c)

4=209 5o,
2
d—A: OQ—SO 3=150 m/s
dt dt
tan@zi
100
5 B 1 av 3
secc—=—-———=—
di 100 dr 100
@:icosge
dr 100
At y=350, cosb= 100 and therefore —:i(_]
5045 dr 100\ /5

= 1ad1ansf sec.
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0 k_k
2
Determine all values of x for which the series Z =X
paur) In(k+2)

converges. Justify your

answer.
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1988 BC4

Solution
2k+1 xk+1
lim In(k+3)) _ lim ‘2.wr|M
koo| 2k ik k—=' ln(k+3)
In(k+2)
By L’Hopital’s Rule,
1
- 1A ')
lim In(k +2) = lin k+2 _ lim 3 =1 and so lim ‘2x|M :|2x‘.
ks ln(k+3) koo 1 koo k+2 k—wo In(k+3)
k+3

1
‘2x| <l< |r| <—
2
. : 1 1 .
Therefore the series converges at least for — 5 <x< 5 Now check the endpoints.

1 . = 1 . . : .
At x=— the series becomes Z ———— which diverges by comparison with the

2 iz In(k +2)
harmonic series Z
k=0

k42

1 . ) . .
At x =——_ the series becomes Z D which converges by the alternating series
2 imo In(k+2)
test.
- : . 1 1
Therefore the series converges for — Y <x< >

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1988 BCS

— X
0

The base of a solid S 1s the shaded region in the first quadrant enclosed by the coordinate
axes and the graph of y =1-sinx ., as shown in the figure above. For each x. the cross

section of § perpendicular to the x-axis at the point (x.0) 1s an isosceles right triangle
whose hypotenuse lies in the xy-plane.

(a) Find the area of the triangle as a function of x.

(b) Find the volume of S.
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1988 BCS

Solution
(a) 2b% = (1-sin .\')2
" 1 . 5
b*==(1-sinx)" b
2( )
1. - 1-sinx
Area =—0°
2
Alx)= l(l —sin r)z
=7 : b

/2

(b) Volume = J %(l —sin x)2 ax

0
1 (7? 1 )
== 1—23111x+—(1—cos2x)Jdr
40 2
N\ TEJ.'"E

1
= —(.‘c+2cosx+lx—lsin 2xJ
4 2 4

A
:l((zg)_z
4l\2 4

_3n 1

16 2

0

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com



1988 BC6

Let f be a differentiable function defined for all x =0 such that f(0)=5and f(3)=-1.

Suppose that for any number b > 0, the average value of f(x) on the interval 0 < x <5

O 0Y

2

3
(a) Find Io f(x)dx.

S(x)—5

X

(b) Prove that f'(x)= forall x>0.

(¢) Using part (b), find f(x).
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1988 BCo6
Solution

f(0)+f(3) _5-1_
j f(x)dx =2

Therefore jo f(x)dx=6

(b) lj *pydt =L OO a0
x+0 2

j; F(&)dr = %x—k%x 7(x)

Differentiating both sides with respect to x gives
5.1 1
X)=—+=f(x)+=xf'(.
S (x) 5 2f(‘f) 3 x f(x)
2f(x)=5+f(x)+x f'(x)

e St R N
x
? P — (, J
(¢) & Y2 Separating variables gives b :ﬁ.
ah x y—=5 x

In(v-5)=In(x)+1InC
y-5=Cx
Smce f(3)=-1. C=-2 andso f(x)=5-2x.

_ldx

The integrating factor is e* * = 1 . Multiplying both sides by this factor and
X

antidifferentiating gives

1

X

——+C

v=5+Cx
Since f(3)=-1. C=-2 andso f(x)=5-2x.
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