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“}3 1. J'(xs—?}x)dx:

(A) 3x*-3+C B) 4x'-6x*+C
4 4 L2
X x 3x°
T _3x+C E) -2 4C
D) -3 ®

Q3 17 [(P+1)ldx=

2 3
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M+C
6x
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(©) (%+x}+c
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23c(x3 +1) LC

¥ 24

E) —+—+x+C
E) —+=3

®)

} (D)

4

(C) 53——3x2+c
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(D) 2e2+C
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(C) In2 (D) 22

1
E) s

3
(B) i(3x2 +5)5 +C

1
(E) %(3x2 s rc

(©) i(axz +5)5 +C

12

(A) 2Wx*+1+C

69 43.

ha

(B) % X +1+C

() VP +1+C
D) v +1+C

(E) hx*+D+C

fsin(2x+3)dx=
(A) %cos(2x+3)+c

(D) —%cos (2x+3)+C

(B)

&

cos (2x+ 3)+ C

-——;—cos(2x+3)+C

(©)

—cos(2x+3)+ C

R
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Q? 25. [ xsin(2x)dx=
Aa) - 325005(2%) + % sin(2x) +C
®) -%cos(Zx)—%sin(Zx)+C’
(C) gcos(2x) —i—sin(fzx) +C

(D) -2xcos(2x)+sin(2x)+C

(EB) —2xcos(2x)—4sin(2x)+C

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

3
(A) x?+cosx—x+1

3
(B) %—cosx—x+1

(9] x* +cosx—x+1
(D) x? —sinx+1

(E) x*+sinx+1

ge 30. ftan(Zx)dx=

(A) -2In|cos(2x)|+C (B) ——]2—1n|cos(2x)|+C (®) %1n|cos(2x)|+C

(D) 2Infcos(2x)|+C (E) %sec@x) tan(2x) +C

%x 5. _[seczxdx=

(A) tanx+C (B) csc? x+C ) cos? x+C
) ‘
sec® x 2
D) 3 +C (E) 2sec”xtanx+C

o 6



gQ 27, If%=tanx, then y=
¢

(A) %tanzx+C B) sec’x+C (€) Infsecx|+C

(D) In|cosx|+C (E) secxtanx+C

"o v
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Jexiniie Lﬂﬁﬁfmbw

Sf(c)
(A) P

—-a

©) f®&)-f(a

- b
QB 44 If f 1s continuous on the interval [a,b] , then there exists ¢ such that a<c < b and ja S(x)dx =

@) f@t-a9 E flob-a)

Q7 1.

(A)  F'a)-F'(b)
B) F®»-F(a)
©) Fla-F®)
(D) F(b)-F(a)

(E) none of the above

|7 4x® - 63 =

(a) 2
B) 4
© 6
D) 36
(E) 42

b
. If Fand f are continuous functions such that F'(x) = f(x) for all x, then Ia Sf(x)dx is

19 19
B —_
B) 3

©

v
el
o
—

™ = B —

(®)

©

D) 1 (E) 22



T
E%. j_IFdxls

(A) —6

© o

(A)

b | —

©
)

3 (E) none of the above

% 2 | (x+1)1/2;ix=

e

21
(A) Y

69 26. [ o -2s+ldris

(A)

© 2

(E) nonexistent

(E) In3

D)

u.:|§ '

E) -~

R .

1+ x

A8

(A) 1

gy 17. | (x-2) ax=

) &) -3

[\

(&

1
© 35

(D) 4

D) 1

(E) 6

(E) 3



73 27. [1/2\/2"_

NEY 1, 3
@ 1-3 ® Sk © = D) g—l ® 2-+3
?3 25, J-;Mtanzxdx:
n_ _z 1 _ n
(A) - @) 1 . © 3 D V2-1 | (E) 1
g 32 [ sin(3x)dk =
W 2 ® - © o ® 3 ®) 2
@3 33. Which of the following is equal to jO”sinxdx?
v .
.Ht cosx dx (B) I:cosxdx (&) fﬁsinxdx
=
J‘Eﬂ sin x (E) Ijﬂsinxdx
=
9% 5. [Tsinrdr =
(A) sinx (B) —cosx (C) cosx (D) cosx-1 (E) I-cosx
J-2 cosh
1+sm
| (A) —2(6—1) B) 242 ©) 242
D) 2(J§-1) (E) 2(J5+1)

Py _ |20



Rz cosx ,
%29' J-ﬂ/4 sinxdx_
(A) Inv2 (B) ln%:- € I3 D) mg (E) Ine
18. 4 dx'
Pp s I oy
A) 0 B) 1 © e-1 D) e (E) e+l
%5 7. Which of the following is equal to In4?
In8
®) M3+t @ 2 (©) L“e’dx D) I]4mxdx (B) j:%w
35'17. J.lee_xdx=
(A) 1-2e (B) -1 (C) 1-2¢71 D) 1 (B) 2e-1
2% 38 For x>0, j( j”i”]
1 8 2 .
@ Lic B) —-5+C ©) In(lnx)+C
x X X
In(x? 2
(D) (x)+c (E) (G
2 2
2x—4 .,
43 30. [ dv =
(A) _.;. '(B) In2-2 (€) 2 D) 2 ® h2+2
i € 2 -1
B ][5
1
2 2
@) et ® f-  © L-evr ) 22 ® T3
e

12 - 7 Y




2 x+1
3, X k=
gg L x+2x
@) hs-m3 @ D83 o ) 31;2 ® 0242
?3 7. I;x3ex4dx=
8¢
A) i(e—l) ®) %e © e-1 © e E) 4(e-1)
qg 25. IO xzexdxls
1 1
(A) (B) 0 ©) 3 D) 1 (E) divergent
e x2—1 ‘
Qg’ 7. L[ . de:
2 2
(@) e-: (B) e*-e ©) %—e+% O f£-2 9 @® -3
B 2L I;(x+1)ex2+2xdx=
w = ®) “"2'1 ©) ‘32“" D) &-1 E) e*-e
€S o 1t [\ e an=t, then [* e
@ -2 ®) -k © - ) % ® 2%
] Q5 24. If Ifz(x7+k)dx=16, then k =
(A) -12 (B) —4 © 0 (D) 4 E) 12

Py



?g 20. What are all values of k for which J.j; e =079

(A) -3 B) 0 ) 3 (D) -3and3 (E) -3, 0,and 3

g% 10. If j:(ziocmxz)dxﬂs, then f =

(A) -9 B) -3 © 3 (D) 9 (E) 18

10 |
88 39 If [ f()dx=4 and jfo Fx)dx =7, then jf f(ds=

A) -3 (B) 0 (C) 3 ®) 10

E 1
gs 27. [ |x-llde=
5
@A) o ®) % © 2 ® 2 ® 6
4
¥8 28 | |x—3|dx;
- 3 5 9
(A) Y (B) 5 © > (D) 5 (E) 5

22 |25
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500

93 28 f; (13"—11x)dx+j;°°(11"-131)azx=

(A) 0.000 (B) 14.946 (C) 34.415 (D) 46000  (B) 136364

. )
?4 89. If f is the antiderivative of ] X 7 such that F(1)=0,then f(4)=
+x

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

3
In
qg 88. Let F(x) be an antiderivative of ( x) If F() =0, then F(9)=

X

(A) 0.048 B) 0.144 (C) 5.827 (D) 23.308 () 1,640.250

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

sin” x

2

I. F(x)=
2

COS™ X

. Fx)= 3

—cos(2x)
4

1. F(x)=
(Aj Tonly
(B) Il only
(C) Ilonly
(D) Yand Il only

(E) 1Iand III only



26 % 4 [, Vi+dtai=

i
A = B 7 .
: L4 52 (B) vl+x® -5 (©) Vl+x
O S S
| Jies? A5 ® W+x? 245
?5 41 L[ cos@mu)du is
: T odx 30
|
| |
l (A) 0 B) %sinx (C) Elr-t-cos(ZTtx) (D) cos(2mx) (E) 2mcos(2nx)
1% 15. I F(x)= j;‘\/r3+1 dt, then F'(2)=
(A) -3 (B) -2 © 2 O 3 (E) 18
@3 25. Forall x>1, if f(x)= Lx %dt, then f'(x)=
Ay 1 (B) 1 (C) Inx-1 (D) Inx E) €
X
gq 12 1 F()= [ ¢ dt, then F'(x) =
-5 41
2 _»xz e
(A) 2xe* B) —2xe (© _x2+1—e
® e -1 ® &~
?K 14, If F(x)= J:2V1+t3 dt, then F'(x)=
e
3y
(&) 2x1+x° B) 2x\1+2° ©) 1+
/ A2 3
(D) Vi+ 3 (E) dt
o b

|AD ' 12



graph of f?
(A) ¥
4/\_
a O b
(C) 2
L N oy
a O/ '
\._.
(E) y

A

(B) y

i :
q ?. 88. Let f(x)= Ja h(t) dt , where h has the graph shown above. Which of the following could be the

D)

-t

/

a O

2

R

(A) Zero

j (B) One
(C) Two
(D) Three
(E) Four

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

88. Let f(x)= L;C sin? dt . At how many points in the closed interval [0,«/; :I does the instantaneous

a6



Ol a b

?3 88, Let g(x)= j: f@)dt, where a<x<b. The figure above shows the graph of g on [a,b]. Which of
be the following could be the graph of f on [a,5]?

Ay (B) y ©

' 3

0&\//f3x Oa\/bx 0 a b

(D) r By ¥
o a b Ol o/ b
¥y
4
0 a b c\/d
Q? 22. The graph of f is shown in the figure above. If g(x) = _[ : J(@)dt, for what value of x does g(x)
BC have a maximum?
(A) a
B) b
©) ¢
D) d

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

33 L



Gvophical Tadeepeetaton o AFTC

1\

I N
11

-2 ]. .
| % 2. The graphofa piecewise-linear function S, for =1<x <4, is shown above, What is the value of
[} reaxe
(A) 1 (B) 2.5 (C) 4 (D) 55 (E) 8

!
dl -
] oy =f)
:
a i
l f
O a b

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

2

® | 70y ®B) [ (d-F()dx © £ ®)-1)

D) @-a)[f(®)- f(a)] B [@d-9[f(®)-f()]

13 |



i i d 4,,
e(, represent the ateas of the shaded regions, then in terms of 4; and 4,
4
[* reoa=2f" fG)de=
— E) 4;,+24,
(A) 4 (B) 4y—A, (Cy 24,—4, (D) A+4, (EY 4
1

y

’ '(x)= then
q?v 78. The graph of f is shown in the figure above. If _[1 f(x)dx=2.3 and F'(x)= f(x),
F(3)-F(O)=

(A) 03 B) 1.3 (C) 33 (D) 43 E) 5.3

Barrels per Hour

=
Q

1

i

1

I

|

I

|

]

;

i
e

o 6 12 18 24

Hours

qg 9. The flow of oil, in barrels per hour, through a pipeline on July 9 is given by the graph shown

) BC. above. Of the following, which best approximates the total number of barrels of ofl that passed
‘ through the pipeline that day?

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

|29 129
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(~4,-1)

(3! —3)

\Se B Graph of f
4. The continuous function f is defined on the interval —4 < x < 3. The graph of f consists of two quarter circles

and one line segment, as shown in the figure above. Let g(x) = 2x + IOI f(z) ar.

(a) Find g(-3). Find g’(x) and evaluate g’(—3).

{(b) Determine the x-coordinate of the point at which g has an absolute maxinum on the interval —4 < x < 3.
Justify your answer.

{¢) Find all values of x on the interval —4 < x < 3 for which the graph of g has a peint of inflection. Give a
reason for your answer.
(&) Find the average rate of change of f on the interval —4 < x < 3. There is no point ¢, —4 < ¢ < 3, for

which f’(c) is equal to that average rate of change. Explain why this statement does not contradict the
Mean Value Theorem. ' :

. 0
;‘\,‘b Graph of g

6. Let g be the piecewise-linear function defined on [-27, 47] whose graph is given above, and

let f{x) = g{x)— cos(:—"zc—).

4
) {a) Find I : f(x) dx. Show the computations that lead to your answer.
* —&T
(b) Find all x-values in the open interval (—2#, 4z) for which f has a critical point.

' (c) Let A(x) = I;xg(t) dr. Find h’(*%).



O RS C e S T L e

}
(_3’ 2) (—2, 2) 24 (2, 2) (3, 2)

=5 f4-3 3 “No| A R 5
_ 14
-2

=5, -2) - (3, -2}
6“" A ‘ Graph of f
3. The graph of the function J shown above consists of gix lirie se

by g(x) = [ £(0) a.

gments. Let g be the function given

(@) Find g(4), g"(4), and g”(4).

{(b) Does g have a relative minimum, a relative maximum, or neither at x = 19 Justify your answer,

{c) Suppose that f is defined for all real numbers x and is per;

shows two periods of £ Given that 8(5) = 2, find g(1
graph of g at x = 108, ‘

4
(1,2)
, | (2! OI) | _
3 O i ! hl
(_ ]a ._2)
(3,=2)
- -
(-'4: "'3) 1
Graph of f

5-8
4. The graph of the function f above consists of three line segments.
(a) Let g be the function given by g(x) = J.: f(t)dt. Foreach of g(~1), g’(-1), and g”(-1), find the value
or state that it does not exist.

(b) For the function g defined in part (a), find the x-coordinate of each point of inflection of the graph of g on

the open interval ~4 < x < 3. Explain your reasoning.
3
(c) Let & be the function given by &(x) = J f{t)dt. Find all values of x in the closed interval —4 < x < 3 for
X
which A{x) = 0.
(d) For the function % defined in part (c), find all intervals on which % is decreasing. Explain your reasoning.
13\
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* r lo.p @, 1
O \
/T e

(-5! _2)

Graph of f

4-A

. The graph of the function f shown above consists of a semicircle and three line segments. Let £ be the function

given by g(x) = J‘i; fln)de.

(a) Find g(0) and g'(0).

(b) Find all values of x in the open interval (-5, 4) at which g attains a relative maximum. Justify your
answer.

(¢) Find the absolute minimum value of g on the closed interval [—5, 4]. Justify your answer.

(d) Find all values of x in the open interval (5, 4) at which the graph of g has a point of inflection.

_= 4

3

)

1~ \
o 1. 2 3 &NG5.6 7
Y R A A |

17 T |
Graph of f

39

5. Let f be a function defined on the closed interval [0, 7]. The graph of f, consisting of four line segments,

Y

is shown above. Let g be the function given by g(x) = _[: f() dt.

(a) Find g(3), g'(3), and g"(3).
(b) Find the average rate of change of g on the interval 0 < x = 3.

(¢} For how many values ¢, where 0 < ¢ < 3, is g’(c) equal to the average rate found in part (b) 7 Explain
yOur reasoning.

(d) Find the x-coordinate of each point of inflection of the graph of g on the interval 0 < x < 7. Justify your

'3
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2 ’B Graph of f

4, The graph of a differentiable function f on the closed interval [~3, 15] is shown in the figure above. The graph

of f has a horizontal tangent line at x = 6. Let g{x) = 5 + J-sx F(t)dr for 3 < x <15,

(a) Find g(6), g’(6), and g”(6).
(b) On what intervals is g decreésing‘? Justify your answer.

{c) On what intervals is the graph of g concave down? Justify your answer.

15
(d) Find a trapezoidal approximation of ‘[73 f{t)dt using six subintervals of length A? = 3.

-ﬁ 10 N 3
-1+

/ _2 | \

34

('_2" _3) (2v "'3)
2 - - Graph of f
4. The graph of the function f shown above consists of two line segments. Let g be the function given by
X
s(x) =[] F@)ar
(a) Find g(-1), g’(-1), and g”(-1).

(b) For what values of x in the open interval (2, 2) is g increasing? Explain your reasoning.

(¢) For what values of x in the open interval (—2, 2) is the graph of g concave down? Explain your reasoning,.

{(d) On the axes provided, sketch the graph of g on the closed interval {~2, 2].
{Note: The axes are provided in the pink test booklet only.)

13% 175



3,3

-7,-1) ] (5,-1)
Graph of g’

\@’E& 5. The function g is defined and differentiable on the closed interval [-7, 5] and satisfies g(0) = 5. The graph of
y = g’(x), the derivative of g, consists of a semicircle and three linc segments, as shown in the figure above.

(a) Find g(3) and g(-2).

(b) Find the x-coordinate of each point of inflection of the graph of y = g(x) on the interval ~7 < x < 5.
Explain your reasoning. '
(¢) The function h is defined by A(x) = g(x) — L 5%, Fi i itical poi
s defined by A(x) = g(x) ~ %" Find the x-coordinate of each critical point of %, where

=7 < x < 5, and classify each critical point as the location of a relative minimum, relative maximum, or
neither a minimum nor a maximum. Explain your reasoning,

e e e e L S . 1
473 2 10 1 2 3 4 5 6

Graph ot f

C{, "B 3. A continnous fonction f is defined on the closed interval —4 < x < 6. The graph of f consists of a line segment
and a curve that is tangent to the x-axis at x = 3, as shown in the figure above. On the interval 0 < x < 6, the
. function f is twice differentiable, with f”(x) > 0.

{(a) Is f differentiable at x = 0 ? Use the definition of the derivative with one-sided limits to justify your
answer.

(b) For how many values of a, —4 < a < 6, is the average rate of change of f on the interval [a, 6] egual to 0 ?
Give a reason for your answer.

(c) Is there a value of a, —4 < g < 6, for which the Mean Value Theorem, applied to the interval [a, 6],

guarantees a value ¢, a < ¢ < 6, at which f’(c) = -31—? Justify your answer.

(d) The function g is defined by g(x) = J: f(t) dt for —4 < x < 6. On what intervals contained in [—4, 6]

is the graph of g concave up? Explain your reasoning.

134 131
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(3! _! )
Graph of f
3. Let f be the continuous function defined on [-4, 3] whose graph, consisting of three line segments and a

semicircle centered at the origin, is given above. Let g be the function given by g(x) = Lx f(@) de.

(a) Find the values of g(2) and g(-2).
(b) Foreach of g’(~3) and g”(-3), find the value or state that it does not exist.

(c) Find the x-coordinate of ¢ach point at which the graph of g has a horizontal tangent line. For each of these
points, determine whether g has a relative minimum, relative maximum, or neither a minimum nor a
maximum at the point. Justify your answers.

(d) For —4 < x < 3, find all values of x for which the graph of g has a point of inflection. Explain your
reasoning. ‘

Ul



AP® CALCULUS AB
2011 SCORING GUIDELINES

Question 4

The continuous function f is defined on the interval —4 < x < 3.

The graph of f consists of two quarter circles and one line
segment, as shown in the figure above.

Let g(x) =2x+ J:f(r) di.

(a) Find g(-3). Find g'(x) and evaluate g'(-3).

(b) Determine the x-coordinate of the point at which g has an
absohite maximum on the interval —4 < x < 3.

Justify your answer.

(c) Find all values of x on the interval —4 < x < 3 for which

the graph of g has a point of inflection. Give a reason for
YOUr answer.

(d) Find the average rate of change of f on the interval

i/ + + 0 i t + -

(-4, -1}

(3.-3)

Graph of f

-4 < x < 3. There is no point ¢, —4 < ¢ < 3, for which f"(c) is equal to that average rate of change.
Explain why this statement does not contradict the Mean Value Theorem.

@ g(-3)=2(=3)+ [ f(ydr=-6-2
g(x)=2+7(x)
g(-3)=2+f(-3)=2

(b) g'(x) =0 when f(x) = —2. This occurs at x =

| Lh

g’(x)>0for-—4<x<%ahd g'(x)<0for%<x<3.

1:g(-3)
3:401:g'(x)
18'(=3)

fu—y

1 : considers g'(x) =0
3: < 1:identifies interior candidate
1 : answer with justification

Therefore g has an absolute maximum at x = %

(¢} g"(x) = f'(x) changes sign only at x = 0. Thus the graph
of g has a point of inflection at x = 0.

{(d) The average rate of change of f on the interval —4 < x <3 is
fG-fEH 2
3-(-4) 7"
To apply the Mean Value Theorem, / must be differentiable
at each point in the interval -4 < x < 3, However, f is not
differentiable at x = -3 and x = 0,

© 2011 The College Board.

1 : answer with reason

| 1: average rate of change
"1 1: explanation

Visit the College Board on the Web: www ,collegeboard.org. \ a)b
' .



AP® CALCULUS AB
2011 SCORING GUIDELINES (Form B)

Question 6

Let g be the piecewise-linear function defined on [-27, 47]

whose graph is given above, and let f(x) = g(x) — cos (%)

4
(a) Find j ; f(x) dx. Show the computations that lead to your
—afT

R

answer. ‘
-2z
(b) Find all x-values in the open interval (-2, 4z) for which f
has a critical point. Graph of g
3
(©) Let h(x) = [*g(¢) . Find h’(——’}).
4 4 X . . .
(a) j F(x)dx = j (g(x) - cos (—)) dx 1 : antiderivative
2x 2 2 :
1 : answer
2 L (x x=4r
=6x1" - [251n(—ﬂ
2 x=-27
= 67°
1. ({x
1 1+ fsm(i) for 27 <x <0 4
B fi(x)=g(x)+ ——sin(i) = 1: ———(cos(i))
2 2 1 + ls.in(i) forO<x<4dnm e 2
2 2 2 4:31:g'(x)
l:x=0
£'(x) does notexistat x =0 s
For 27 <x <0, f'(x}=#0.
For 0 < x < 4z, f'(x)=0 when x = 7.
Jf has critical points at x =0 and x = 7.
© H(x)=g(x)-3 ;. {2 : K (x)
h’(—%) = 3g(-7) =37 1 : answer
© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org. \ 3‘}



Question 3

The graph of the function f shown above consists
of six line segments. Let g be the function given by

g(x)= [ f()a.
(a) Find g(4), g(4), and g"(4).

AP® CALCULUS AB
2006 SCORING GUIDELINES

(-3, 2} (~2,2) NI (2,2} (3,2)

(b) Does g have arelative minimum, a relative _%
maximum, or neither at x = 1 ? Justify your
; answer.
{-5,-2)

graph of g at x =108,

(5.-2)

Graph of f

(c) Suppose that f is defined for all real numbers x and is periodic with a period of length 5. The graph above
shows two periods of f. Given that g(5) = 2, find g(10) and write an equation for the line tangent to the

4
@ g@)y=[ fydr=3 1:g(4)
3:41:g'(4)
ga)=f#H=0 1:g°(4)
gi4)=r14)=-=2
(b} g has a relative minimum at x =1 5. 1 : answer
because g’ = f changes from negative to positive at "1 1:reason
x=1
(¢) g{(0) =0 and the function values of g increase by 2 for 1:g(10)
every increase of 5 in x.
4 1:g(108)
g(10) =2g(5)=4 3:41:2°(108)

105

£108) = [ ey ar+ [ 7o) a
=21g(5)+ g(3) =44

2'(108) = £(108) = F(3) = 2

_ An equation for the line tangent to the graph of g at
! x =108 is y — 44 = 2(x - 108).

1 : equation of tangent line

© 2008 The College Board. All rights reserved.
Visit apeentral collegeboard.com (for AP professionals) and www.collegebeard. com/apstudents (for AP students and parents).
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AP® CALCULUS AB
2005 SCORING GUIDELINES (Form B)

Question 4

The graph of the function /" above consists of three line
segments.

(a) Let g be the function given by g(x) = j: f(B)ar.
For each of g(-1), g'(-1), and g”(-1), find the
value or state that it does not exist.

(b) For the function g defined in part (a), find the
x-coordinate of each point of inflection of the graph
of g onthe open interval —4 < x < 3. Explain

your reasoning.

A
(1,2)
. . (2, Q)
T T 0 T T -
(-1,-2)
(33 _2)
(~4,-3) 1
Graph of f

3
(¢) Let & be the function given by A(x) = _[ f(#)dr. Find all values of x in the closed interval
x

—4 < x < 3 for which A(x) = 0.

(d) For the function A defined in part (c), find all intervals on which % is decreasing. Explain your

reasoning.

(@ g(-h= J'_m:f(r.) dt = —-;-(3)(5) - __155_
g(-H=f(-1)==2

g"(—1) does not exist because f is not differentiable

3:¢1:&(-D
1:g"°(-1)

2:7[1:x=1(0n1y)

1 : reason

54

at x = -1.

b x=1
g’ =f changes from increasing to decreasing
at x =1,

) x=-1,13

(d) & is decreasing on [0, 2]
W =—f<0 when f >0

2 : correct values
(-1) each missing or extra value

5. 1 : interval
" | 1 :reason

Copyright © 2005 by College Board. All rights reserved.
Visit apeentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP studegts and parents).
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AP® CALCULUS AB
2004 SCORING GUIDELINES

Question §

The graph of the function f shown above consists of a

semicircle and three line segments. Let g be the function (=3.2) i
X L2
iven b, x)= | _f(£)dr. T
g Y g( ) L3 ( ) /\'(& 1) 2. 1)
(a) Find g(0) and g'(0). S \J\ o
. 0
(b) Find all values of x in the open interval (-5, 4) at which ' i \\
g aftains a relative maximum. Justify your answer. 4=
(¢) Find the absolute minimum value of g on the closed 3,22
interval [-5, 4]. Justify your answer. Graph of f
(d) Find all values of x in the open interval (-5, 4) at which
the graph of g has a point of inflection.
= _1 = [ 1:2(0)
@ 50)= [ r0a=1ee+-3 2:{ 1150
g'(0)= f(0)=1
(b) g has arelative maximum at x = 3. | [rix=3
This is the only x-value where g’ = f changes from 11 :justification
positive to negative.
(¢) The only x-value where # changes from negative to 1: identifies x = —4 as a candidate
positive is x = —4. The other candidates for the . s ofed) = —1
3:41:g(-4)
location of the absolute minimum value are the | 1:justification and answer
endpoints.
g(-5)=0

—4
g-4)= [, /(O dt =1

L9, [y ) 1=z
3(4)“2+(2 2)‘ 2

So the absolute minimum value of g is 1.

(@ x=-3L2 - 2 : correct values
(~1) each missing or extra value

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Visit apeeniral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents).
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2003 SCORING GUIDELINES (Form B)

Question 5

Let f be a function defined on the closed interval [0,7]. The graph of
£, consisting of four line segments, is shown above. Let g be the
function given by g{zx) = L * ft)yds 3
(a) Find ¢(3), '(3), and "(3). 2
{b) Find the everage rate of change of g on the interval 0 < z < 3. !
(¢) For how many values c, where 0 < c < 3, is g'(c) equal tothe ~¢ I 5 3 4N5 76

average rate found in part (b)? Explain your reasoning. -1 } I I -i[ ¥ I :
(d) Find the z-coordinate of each point of inflection of the graph of Graph of f

g on the interval 0 < 5 < 7. Justify your answer.

3 1 | 1- (3)
(a) 9= [, FO)dt=5(4+2)=3 19
3:11:4'(3
§(8) = £3) =2 ¢')
0—4 1:4"(3)
magy = P ="_"2_ _9 |

9@ =r0=7—

(o) T2 52 = o [ S 2| : 9(3) ~ 9(0) = [, /0
i/1 1 7 1 : answer
===@24)+=(4+2)|=<
sGO@+36+2)=3

()

There are two values of ¢
We need g— = g¢'(c) = fle)

The graph of f intersects the line y = % at two

1 : answer of 2

1 : reason

Note: 1/2 if answer is 1 by MVT

(d)

places between () and 3.

r=2andz=5
because ¢’ = f changes from increasing to
decreasing at z = 2, and from decreasing to

increasing at £ = 5.

2:

1:z=2and x=>5only
1 : justification

(ignore discussion at z = 4)

Copyright © 2003 by College Entrance Examination Board. All rights reserved.

Available at apcentral.collegeboard.com.
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AP® CALCULUS AB
2002 SCORING GUIDELINES (Form B)

Question 4
The graph of a differentiable function fon the closed 3 o T
interval [—3,15] is shown in the figure above. The graph of ; / \
fhas a horizontal tangent line at z = 6. Let —
=5+ [ f(t)dt for -3 <z <15, 0 :
g(z) + fo f(t)dt for <z<15 _3/_] T ]IZ Iis
(a) Find ¢(6), ¢'(6), and g"(6). Graph of § ‘

{b) On what intervals is g decreasing? Justify your answer.

{¢) On what intervals is the graph of g concave down? Justify your answer.

15 :
{(d) Find a trapezoidal approximation of f s f(t)dt unsing six subintervals of length A = 3.

(a) ¢(6) =5+ fﬁﬁ f(H)dt = 5 1:¢(6)
#6)= 16 = 3 Bl
' 1:¢"(8
7'(6) = F(6) = 0 7o
(b) g is decreasing on [—3,0] and [12,15] since 1:[-3,0]
g'(z)= flz) < 0 for z <0 and z > 12. 31 1:[12,15]

1 : justification

¢’ = [ is decreasing on this interval. 1: justification

() _g(_l F20+14+3414+0)—1) 1 : trapezoidal method

=12

Copyright © 2002 by College Entrance Examination Board. All rights reserved.
Advanced Placement Program and AP are registered trademarks of the College Entrance Examination Board.
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AP® CALCULUS AB 2002 SCORING GUIDELINES

Question 4

The graph of the function f shown above consists of two line segments. Let g be the

Graph of £

(2, _3)

function given by g¢(z) = j;) * f(t)dt. A
(a) Find g(—1), g'(=1), and g"(~—1). N
(b} For what values of z in the open interval (—2,2) is ¢ increasing? Explain your : —

reasoning. 14
{¢) For what values of 5 in the open interval (—2,2) is the graph of g concave Y

down? Explain your reasoning. ‘ A al
(d) On the axes provided, sketch thfa graph of g on the closed interval [%3,2]. 23
@ o= jyd =" jydr = -3 te o)

S = -1 =0 ety

1: g"(-1)

(b)

(¢)

¢"(-1) = f=1) = 3

g is increasing on —1 < # < 1 hecause

g'(z) = f(z) > 0 on this interval. 1 reason

1: interval
2

The graph of g is concave down on 0 < z < 2

because ¢”(z) = f'(z) < O on this interval. 1: interval
or 2 { i: reason

because g'(z) = f(z) is decreasing on this

interval.

RE

(d)

1: g(—2)=9(0)=g(2) =0

and concavity behavior

< -1 > vertical asymptote

Copyright © 2002 by College Entrance Examination Board. All rights reserved.
Advanced Placement Program and AP are registered trademarks of the Coltege Entrance Examination Board.
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AP® CALCULUS AB

2010 SCORING GUIDELINES

Question b

(3,3)

(_7: _1}
' Graph of g’

(5,-1)

The function g is defined and differentiable on the closed interval [—7, 5] and satisfies g(0) = 5. The graph of
y = g'(x), the derivative of g, consists of a semicircle and three line segments, as shown in the figure above.

(a)
(®)

(©)

Find g(3) and g(-2).

Find the x-coordinate of each point of inflection of the graph of y = g(x) on the interval -7 < x < 5.

Explain your reasoning.

The function 4 is defined by h(x) = g(x) - %xz. Find the x-coordinate of each critical point of A, where

~7 < x < 5, and classify each critical point as the location of a relative minimum, relative maximum, or

neither a minimum nor a maximum. Explain your reasoning.

Ek

3 .92
(a) g(3)=5+Ig'(x)dx=5+7z R QU & 1:uses g{0)=>5
0 4 2 2 ) .
L 3:91:g(3)
g(-~2)=5+j0 gx)dx=5-=x 1:g(-2)
(b) The graph of y = g(x) has points of inflectionat x =0, x = 2, 1:identifies x = 0,2, 3

()

and x = 3 because g’ changes from increasing to decreasing at

x =0 and x =3, and g’ changes from decreasing to increasing at
x=2.

Wix)=g(x)-x=0=g(x)=x

On the interval 2 < x £ 2, g'(x) = v4 - x%.
On this interval, g'(x) = x when x = V2.
The only other solutionto g'(x) = x is x = 3.
H(x)=gl(x)-x>0for 0<x <2
H(x)=g(x)-x<0forv2<x<5

Therefore # has a relative maximum at x = +/2, and 4 has neither
a minimum nor a maximum at x = 3.

© 2010 The College Board.

Visit the College Board on the Web: www collegeboard.com.
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: explanation

W (x)

: identifies x = V2, 3

: answer for v2 with analysis
: answer for 3 with analysis
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AP® CALCULUS AB
2009 SCORING GUIDELINES (Form B)

Question 3

AT

Graph of f

A continuous function f is defined on the closed interval —4 £ x £ 6. The graph of / consists of a line
segment and a curve that is tangent to the x-axis at x = 3, as shown in the figure above. On the interval
0 < x < 6, the function £ is twice differentiable, with /”(x) > 0.

(a) Is f differentiable at x = 0 ? Use the definition of the derivative with one-sided limits to justify your
answer,

(b) For how many values of a, —4 < a < 6, is the average rate of change of f on the interval [a, 6]
equal to 0 7 Give a reason for your answer.

(¢) TIsthere a value of a, —4 < a < 6, for which the Mean Value Theorem, applied to the interval [a, 6],

guarantees a value ¢, @ < ¢ < 6, at which f'(c) = % ? Justify your answer.

(d) The function g is defined by g(x I f(t) dt for —4 < x < 6. On what intervals contained in

[—4, 6] is the graph of g concave up? Explain your reasoning.

(a) Iim_w =2 5. { 1 : sets up difference quotient at x = 0
70 " | 1 : answer with justification
U= 10)

B0 h

Since the one-sided limits do not agree, f is not

differentiable at x = 0.

6—a

(b) 1(8) = /(a) =0 when f(a) = f(6). There are 5 { 1 : expression for average rate of change
two values of a for which this is true.

1 : answer with reason

{c) Yes, a=3. The function [ is differentiable on the 5. 1 : answers “yes” and identifies a = 3
interval 3 < x < 6 and continuouson 3 £ x < 6, ’

Ato, L6 =FB) _1-0 _1

6-3 T 6-3 3
By the Mean Value Theorem, there is a value ¢,

3<e<b, suchthatf(c)-—

1 : justification

3
@ £()=fx), &'() = £1) 1: g'(x) = £(x)
g”(x) > 0 when f'(x) > 0 3:4 1:considers g"(x) > 0
Thisistruefor 4 <x <0 and 3 < x < 6. 1 : answer

® 2002 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.
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'IMESM\S - Piecewse Yuachos  § Trweoe Teig
Fx)=8-x* for —2<x<2 3
41, If 7 th dx i
§6q {f(x) _p clsewhere, en I_l f(x)dx is a number between
(A) Oand$ (B) 8and16  (C) 16and24 (D) 24and32 (E) 32 and 40
x forx<l1 ,
. X
@ 0 ® 3 © 2 D) e ® ers
1 . x+1 for x<0, 1 B
?’3 41, Given f(x)z{cosnx for x>0, I—l S ydx=
11 1 1 1 1 1
(A) E+; (B) 3 ©) > (D) > (B) 2“'“
' N
32. =
Ay T i n 1
(A) 3 (B) 2 (C) ; (D) 21n2 (E) -In2
@5 7. Which of the following is equal to J. . > dx?
gc ‘ 25—-x
(A) arcsin§+C (B) arcsinx+C (C) éarcsin—35£+c
D) v25-x2+C (B) 2425-x%+C
dx =
?3 32 J-1-1—x2
) (A) ('102")2+c (B) 2ix1n(1+x2)+c © 5x—%+C
1+x .

(D) Sarctanx+C

(E) 5]n(1+x2)+C
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(B 43, jarcsinx dx =

B

(A)

(B)

©)

D)

&)

sinx‘—j x dx
N

L \2
(arcsin x) wc

dx
1-x?
x dx

1-x?

arcsin x + I

xarccos x — J.

x dx

xarcsin x — j
\jl-xz

4%
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4
By 42. If j;‘ J(¥)dx =6, what is the value of [ f(5-x)dx?
X

(A) 6 B) 3 © 0 o) -1 (E) -6

43 38. If IIZ f(x—c)dx=5 where c is a constant, then Lic S(x)dx=

(A) S5+c (B) 5 ©) S5-c D) c¢-5 (E) -5

q7 3. i ij(x)dx=a+2b, then I:(f(x)+5)dx=

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

) gs 40. Let fbea continuous function on the closed interval [0,2] f 2< f(x) < 4, then the greatest
" 2
possible value of _f ’ S dx is

(A) 0 (B) 2 ©) 4 (D) 8 ® 16

and ¢ have continno and se

x, which of the following must be true?

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

1L, j; F)dx < jol g(x)dx

(A) None (B) Ionly (C) Ionly (D) TandWlonly (E) L II,andIII

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

!

bz-af2
b
(A) 0 ®) 1 © 92_ (D) b-a (E)
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{?3 43. [xf(xyde=

B xf(x)-[xf(x)dx

x? x? , 
®) [ [T f(ds
7 2
| © x/@-—f@+C
D) xf@)-]f@ax

l x2
®) - [fG)ds

| ?3 12. If fand g are continuous functions, and if f (x)=0 for all real numbers x , which of the
followmg must be true?

j: f (}c)g(x)dx = ( j: f(x)dx)( | : g(x)dx)

Lo L@+ g@)dv= [ foades | gxpa

@@= [ e

(A) Tonly (B) 1I only (C) TII only (D) HandIonly  (E) L II, and TII

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

(A) 2F(3)-2F()
1 1
(B) EF@)_EFO)

(C) 2F(6)—2F(2)
D) FO)-F()

1 1
E) SFO-SFQ)

19 - LY
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évemgc NOWE

fB’ 21. The average value of 1 on the closed interval [1,3] is

& X
In2 In3

w;  ®: o (B) I3

gg’ 36. What is the average value of ¥ for the part of the curve p =3x—x? which is in the first quadrant ?

@ -6 ®) -2 © 2 ®:  ® 3

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

I The average rate of change of f is % .
IL  The average value of f is % .

IfI.  The average value of /' is 3

(A) None

(B) TIonly

(C) Il only

(D) TandIll only
(E) Il and III only

8’8 24. If ¢ is the number that satisfies the conclusion of the Mean Value Theorem for flx)= x*~2x2 on
R the interval 0 <x <2, thenc =

@A) 0 ® © 1 ® 5 F) 2
?3 34. The average value of Jx over the interval 0<x <2is
) @I ® I O o ® 32
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85 44. The average value of f(x)=x*v/x" +1 on the closed interval [0,2] is

26 13 o 26 D) 13
(A) '§‘ (B) 3 © -3

(E) 26

Q; 20. The average value of c0sx on the interval [-3, 5] is

sin5-sin3
TR0

(A) p

sins—sin3
2oy A0

(B) 5

sin3-sin 5
2o se

© 5

sin3+sin 3
2

sin3+sins
; (E) s
_

6? 33. What is the average (mean) value of 3/ —1% over the interval —1<s <2 ?

& .
11 7 33
= = 8 = E) 16
(A) y (B) > (<) D) 2 E)

(D)

15]
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J : 2. The rate at which people enter an amusement park on a given day is modeled by the function E defined by
|

|

E6) = 15600 .
(t —24t+160)

The rate at which people leave the same amnsement park on the same day is modeled by the function 1,
defined by

U = 9890 _
| (z —~ 38t + 370)

Both E(t) and L(z) are measured in people per hour and time ¢ is measured in hours after midnight. These
functions are valid for 9 < ¢ < 23, the hours during which the park is open. At time ¢ = 9, there are no people

(a) How many people have entered the park by 5:00 P.M. (¢ = 17)? Round your answer to the nearest whole
number, :

{b) The price of admission to the park is $15 until 5:00 .M. (¢ = 17 ). After 5:00 P.M., the price of admission to

the park is $11. How many dollars are collected from admissions to the park on the given day? Round your
answer to the nearest whole number.

(c) Let H(t) = J: (E(x) = L(x))dx for9<t< 23, The value of H(17) to the nearest whole number is 3725,

Find the value of & ‘(17), and explain the meaning of H(17) and H ‘(17) in the context of the amusement
park.

(d) At whattime 7, for 9 < ¢ < 23, does the model predict that the number of people in the park is a maximum?

2-8

2. The number of gallons, P(z), of a pollutant in a lake changes at the rate Pr) = | — 3g702F gallons per day,
where ¢ is measured in days. There are 50 gallons of the pollutant in the lake attime ¢ = 0. The lake is
considered to be safe when it containg 40 gallons or less of pollutant.

(@) Ts the amount of pollutant increaéing attime ¢ = 9?2 Why or why not?
(b) For what value of # wi]l the namber of gallons of pollutant be at its minimum? Justify your answer.
(c) Is the lake safe when the number of gallons. of pollutant is at its minimum? Justify your answer.

(d) An investigator uses the tangent line approximation to P(t) at ¢ =

0 as a model for the amount of pollutant
in the lake. At what time 7 does this model predict that the lake bec

omes safe?

5 154



2. A tank contains 125 gallons of heating oil at time ¢ = 0, During the time interval 0 < ¢ < 12 hours, heating oil
is pumped into the tank at the rate :

] HH =2+ 10 ) galtons per hour.

(1+ @+
During the same time interval, heating oil is removed from the tank at the rate

2
R(t) =12 sin(%} gallons per hour.

' (a) How many gallons of heating oil are pumped into the tank during the time interval 0 < # < 12 hours?
' (b) Is the level of heating oil in the tank rising or falling at time ¢ = 6 hours? Give a reason for Your answer.
{¢) How many gallons of heating oil are in the tank at time ¢ = 12 hours?

(d) Atwhattime ¢, for 0 < ¢ < 12, is the volume of heating oil in the tank the least? Show the analysis that
leads to your conclusion.

5-8
2. A water tank at Camp Newton holds 1200 gallons of water at time 7 = 0. During the time interval Q < 7 < 18
hours, water is pumped into the tank at the rate
W(t) = 95+ sin® (—é—) gallons per hour.,

During the same time interval, water is removed from the tank at the rate

R(t) = 275sin? (%) gallons per hour.

(a) Is the amount of water in the tank increasing at time ¢ = 157 Why or why not?
(b} To the nearest whole number, how many gallons of water are in the tank at time ¢ = 18 9

(¢) At what time ¢, for 0 < ¢ < 18, is the amount of water in the tank at an absolute minimum? Show the work
that leads to your conclusion.

«(d) For ¢ > 18, no water is pumped into the tank, but water continues to be removed at the rate R(r) until the
tank becomes empty. Let & be the time at which the tank becomes empty. Write, but do not solve, an
equation involving an integral expression that can be used to find the value of £.
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2. The tide removes sand from Sandy Point Beach at a rate modeled by the function R, given by
_ - (4t
Rit)=2+ SSIH( 35 )

A pumping station adds sand to the beach at a rate modeled by the function S, given by

_ 15t
8() = 1+3¢

Both R(¢} and S() have units of cubic yards per hour and ¢ js measured in hours for 0 < £ < 6, At time t=0,
the beach contains 2500 cubic yards of sand,

(a) How much sand will the tide remove from the beach during this 6-hour period? Indicate units of measure.

(b) Write an expression for ¥ (#), the total number of cubic yards of sand on the beach attime 7.

1. Traffic flow is defined as the rate at which cars pass through an intersection, measured in cars per minute. The
traffic flow at a particular Intersection is modeled by the function 7 defined by
F(t) =82 +4sin(§-) for 0 <t < 30,

where F(¢) is measured in cars per minute and 7 is measured in minutes,

ta) 1o the nearest whole number, how many cars pass through the intersection over the 30-minute period?

(b) Is the traffic flow increasing or decreasing at r = 7 ? Give a reason for your answer.,

(c) What is the average value of the traffic flow over the time interval 10 < ¢ < 15 7 Indicate units of measure.,

measure.

194



q-h
2. The rate at which people enter an auditorium for a rock concert is modeled by the function R given by

R(z) =1380¢* ~ 675¢° for 0 < ¢ < 2 hours; R(z) is measured in people per hour. No one is in the auditorium
attime ¢ = 0, when the doors open. The doors close and the concert begins at time ¢ = 2.

(a) How many people are in the auditorium when the concert begins?
(b) Find the time when the rate at which people enter the auditorium is a maximum. Justify your answer.

(c) The total wait time for all the people in the auditorium is found by adding the time each person waits,
starting at the time the person enters the auditorium and ending when the concert begins. The function w
models the total wait time for all the people who enter the auditorium before time #. The derivative of w is
given by w'(t) = (2 - t)R(z). Find w(2) — w(1), the total wait time for those who enter the auditorium
after time £ =1,

(d) On average, how long does a person wait in the auditorium for the concert to begin? Consider all people
who enter the auditorium after the doors open, and use the model for total wait time from part (¢).

v

2501

200 1

150 +

100 1

30¢

0

f . +
3 < b4 12 15 8

€-A

2. At an intersection in Thomasville, Oregon, cars turn left at the rate L(t) = 60+t sin® (-g) cars per hour over the
time interval O < ¢ < 18 hours. The graph of y = L(z) is shown above.

{(a) To the nearest whole number, find the total number of cars turning left at the intersection over the time
interval 0 £ ¢ < 18 hours.

(b) Traffic engineers will consider turn restrictions when L(¢) 2 150 cars per hour. Find all values of 7 for
which L(¢) = 150 and compute the average value of L over this time interval, Indicate units of measure.

(¢) Traffic engineers will install a signal if there is any two-hour time interval during which the product of the
total number of cars turning left and the total number of oncoming cars traveling straight through the
intersection is greater than 200,000. In every two-hour time interval, 500 oncoming cars travel straight

through the intersection. Does this intersection require a traffic signal? Explain the reasoning that leads to
your conclusion.
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a-4
. 1. Atacertain height, a tree trunk has a circular cross section. The radius R(r) of that cross section grows at a rate
modeled by the function

% = —1%(3 + sin (tz)) centimeters per year

for 0 < 1 < 3, where time ¢ is measured in years. At time ¢ = 0, the radius is 6 centimeters. The area of the
cross section at time ¢ is denoted by A(z).

(a) Write an expression, involving an integral, for the radius R(t) for 0 £ ¢ < 3. Use your expression (o
find R(3).

(b) Find the rate at which the cross-sectional area A(#) is increasing at time ¢ = 3 years. Indicate units of

measure.

: 3 0 - - . [ +
i (c) Evaluate _[0 A’(t) dt. Using appropriate units, interpret the meaning of that integral in terms of cross-

sectional area.

Cr'r‘%m\ Thin k;%@_

ue 1 21 Ccl);l;ir:ldlic:il ca of radius 10 millimeters is used to measure rainfall in
and rain E:tr)l :sm CZS c:larré ;?;Eﬁl?iiﬂ;day pe(;'iod. The height of water in the can is modeled by the function §
s o eters and ¢ is measured in days for 0 < 7 < 60. Th ich y

of the water is rising in the can is given by §’(t} = 2sin (0.032) + 1.5 e aReh e hegh

Stormville. The can is initially empty,

(a) According to the model, what is the height of the water in the can at the end of the 60-

. day period?
{b) According to the model, what is th i i -
60y p e moC th’e h € average rate of change in the height of water in the can over the

mputations that lead to your answer. Indicate units of measure.
{¢) Assuming no evaporation occurs, at what rate
Indicate units of measure,

is the volume of water in the can changing at time t = 77
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! 3. The wind chill is the temperature, in degrees Fahrenheit (°F), a human feels based on the air temperature, in
: degrees Fahrenheit, and the wind velocity v, in miles per hour (mph). If the air temperature is 32°F, then the

wind chill is given by W(v) = 55.6 — 22. 1v%1® and is valid for 5 < v < 60.
(a) Find W’(20). Using correct units, explain the meaning of W’(20) in terms of the wind chill.

(b) Find the average rate of change of W over the interval 5 € v £ 60. Find the valve of v at which the
instantaneous rate of change of W is equal to the average rate of change of W over the interval 5 £ v £ 60.

(c) Over the time interval 0 < ¢ < 4 bours, the air temperature is a constant 32°F. At time ¢ = 0, the wind
velocity is v = 20 mph. If the wind velocity increases at a constant rate of 5 mph per hour, what is the rate
of change of the wind chill with respect to time at ¢ = 3 hours? Indicate units of measure.

2. A storm washed away sand from a beach, causing the edge of the water to get closer to a nearby road. The rate
at which the distance between the road and the edge of the water was changing during the storm is modeled by

f(2) = vt + cost —3 meters per hour, ¢ hours after the storm began. The edge of the water was 35 meters from

the road when the storm began, and the storm lasted 5 hours. The derivative of f(z) is f'(z) = ?-i/-}— —sint.

(a) What was the distance between the road and the edge of the water at the end of the storm?

(b) Using correct units, interpret the value f’(4) = 1.007 in terms of the distance between the road and the edge

£ il 4
UL wdalCl.,

(¢) At what time during the 5 hours of the storm was the distance between the road and the edge of the water
decreasing most rapidly? Justify your answer.

(d) After the storm, a machine pumped sand back onto the beach so that the distance between the road and the
edge of the waler was growing at a rate of g(p) meters per day, where p is the number of days since

pumping began. Write an equation involving an integral expression whose solution would give the number
of days that sand must be pumped to restore the original distance between the road and the edge of the water.
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2. Fortime ¢t = 0 hours, let r(z) = 120 (1 - e'm’z) represent the speed, in kilometers per hour, at which a car
travels aiong a straight road. The number of liters of gasoline used by the car to travel x kilometers is modeled
by g(x) = 0.0Sx(I - e—sz).

(a) How many kilometers does the car travel during the first 2 hours?

(b) Find the rate of change with respect to time of the number of liters of gasoline used by the car when
t = 2 hours. Indicate units of measure.

(c) How many liters of gasoline have been used by the car when it zeaches a speed of 80 kilometers per hour?

e e i e e R il

10A

1. There is no snow on Janet’s driveway when snow begins to fall at midnight. From midnight to 9 A.M., snow
accumulates on the driveway at a rate modeled by f(t) = 71¢*** cubic feet per hour, where 7 is measured
in hours since midnight. Janet starts removing snow at 6 AM. (¢ = 6). The rate g(t), in cubic feet per hour,
at which Janet removes snow from the driveway at time ¢ hours after midnight is modeled by

0 for0<r<6
g(t)=2125 for 6<t<7
108 for 7<¢<9.

(a) How many cubic feet of snow have accumulated on the driveway by 6 A.M.?

(b) Find the rate of change of the volume of snow on the driveway at 8 A.M.

(c) Let h{t) represent the total amount of snow, in cubic feet, that Janet has removed from the driveway
at time ¢ hours after midnight. Express / as a piecewise-defined function with domain 0 < 7 < 9.

(d) How many cubic feet of snow are on the driveway at 9 A.M.?
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2. For 0 < ¢ < 31, the rate of change of the number of mosquitoes on Tropical Island at time ¢ days is modeled
by R(t) = 5t cos(—;—) mosquitoes per day. There are 1000 mosquitoes on Tropical Island at time ¢ = 0.

{a) Show that the number of mosquitoes is increasing at time ¢ = 6.

(b) At time ¢ = 6, is the number of mosquitoes increasing at an increasing rate, or is the number of mosquitoes
increasing at a decreasing rate? Give a reason for your answer.

(c) According to the model, how many mosquitoes will be on the island at time ¢ = 317 Round your answer
to the nearest whole number.

(d) To the nearest whole number, what is the maximum number of mosquitoes for 0 < ¢ < 31 ? Show the
analysis that leads to your conclusion.
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2. The amount of water in a storage tank, in gallons, is modeled by a continuous function on the time interval
0=<¢<7, where ¢ is measured in hours. In this model, rates are given as follows:

(i) The rate at which water enters the tank is f(z) = 100¢2 sin{+) gallons per hourfor 0 < 7 < 7.

(ii} The rate at which water leaves the tank is

(1) = 250 for0 < £<3 allons per hour
BV = 12000 for3 < £ <7 B2 ONSP '

The graphs of f and g, which intersect at ¢ = 1.617 and ¢ = 5.076, are shown in the figure above. At time

¢ = 0, the amount of water in the tank is 5000 gallons.

(a) How many gallons of water enter the tank during the time interval 0 € ¢ < 7 ? Round your answer to the
nearest gallon.

(b) For 0 <t <7, find the time intervals during which the amount of water in the tank is decreasing. Give a
reason for each answer,

(C) For U= 7=/, at what ime 7 15 the amount of water in the fank greatest? To the nearest gallon, compute the
amount of water at this time. Justify your answer.
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4. The rate, in calories per minute, at which a person using an exercise machine burns calories is modeled by the
function f. In the figure above, f (1) = —-‘thE’ + %rz +1 for 0 <1< 4 and f is piecewise linear for 4 < 7 < 24,

(2) Find f(22). Indicate units of measure.

(b) For the time interval 0 < 7 < 24, at what time ¢ is f increasing at its greatest rate? Show the reasoning that
supports your answer. '

{c) Find the total number of calories burned over the time interval 6 < 7 < 18 mimtes.

(d) The setting on the machine is now changed so that the person burns f(t) + ¢ calories per minute. For this
setting, find ¢ so that an average of 15 calories per minute is bumed during the time interval 6 < 7 < 18,
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3. There are 700 people in line for a popular amusement-park ride when the ride begins operation in the morning.
Once it begins operation, the ride accepts passengers until the park closes 8 hours later. While there is a line,
people move onto the ride at a rate of 800 people per hour. The graph above shows the rate, r(t), at which
people arrive at the ride throughout the day. Time ¢ is measured in hours from the time the ride begins
operation.

(a) How many people arrive at the ride between ¢ = 0 and ¢ = 3 ? Show the computations that lead to your
answet.

(b) Is the number of people waiting in line to get on the ride increasing or decreasing between ¢ = 2 and
t = 3 7 Justify your answer.

(c) At what time ¢ is the line for the xide the longest? How many people are in line at that time? Justify your
answers.

(d) Write, but do not solve, an equation involving an integral expression of r whose solution gives the earliest
time ¢ at which there is no longer a line for the ride. o

—_—

“3 2. A 12,000-liter tank of water is filled to capacity. At time ¢ = 0, water begins to draiﬁ out of the tank at a rate
modeled by r(t), measured in liters per hour, where 7 is given by the piecewise-defined function

600z
r(t) =4t+3
1000e™ %% fort>5

for0<t<5

(a) Is r continuous at ¥ = 57 Show the work that leads to your answer.
(b) Find the average rate at which water is draining from the tank between time ¢ = 0 and time ¢ =8 hours.
(¢) Find '(3). Using correct units, explain the meaning of that value in the context of this problem.

(d) Write, bl..It do not solve, an equation involving an integral to find the time A when the amount of water in
the tank is 2000 liters.
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4. Water is pumped into an underground tank at a constant rate of 8 gallons per minute. Water leak's out of the tank

at the rate of v + I gallons per minute, for 0 < ¢ < 120 minutes. At time 7 = 0, the tank contains 30 pallons of
water. '

(@) How many gallons of water leak out of the tank from time r = 0 to 7 = 3 minutes?
{b) How many galions of water are in the tank at time ¢ = 3 minutes?

(c) Write an expression for A(z), the total number of gallons of water in the tank at time 7.

(d) Atwhattime 7,for0 < ¢ < 120, is the amount of water in the tank a maximum? Justify your answer.

|
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AP® CALCULUS AB 2002 SCORING GUIDELINES

Question 2

The rate at which people enter an amusement park on a given day is modeled by the function E defined by
15600

3 B0 = T2+ 100y

The rate at which people leave the same amusement park on the same day is modeled by the function L. defined by
9890

L = s a0y

Both E(t) and L(t) are messured in people per hour and time ¢ is measured in hours after midnight. These

functions are valid for 9 <t < 23, the hours during which the park is open. At time ¢ = 9, there are no people in

the park.

(a) How many people have entered the park by 5:00 P.M. (£ = 17 )7 Round answer to the nearest whole number.

(b) The price of admission to the park is $15 until 5:00 P.M. (¢ = 17 ). After 5:00 P.M., the price of admission to
the park is $11. How many dollars are collected from admissions to the park on the given day? Round your

answer to the nearest whole number.
(c) Let H{t)= ‘I:(E(:L') — I(z))dz for 9 <t < 23. The value of H(17) to the nearest whole number is 3725.

Find the value of H'(17) and explain the meaning of H(17) and H'(17) in the context of the park.
— (d) At what time 2, for 9 < ¢ < 23, does the mode! predict that the number of people in the park is a maximum?

17
(a) L E(f)dt = 6004.270 1: limits
6004 people entered the park by 5 pm. 31 1: integrand.
1: answer
17 23
b) 15 E{t)di +11 E(t)dt = 104048.165
(b) .]:J (t)dt + L? (*) 1: setup
The amount collected was $104,048,
or
23
L _ E(t)dt = 1271.283
1271 people entered the park between 5 pm and
11 pm, so the amount collected was
$15 - (6004) + $11 - (1271) = $104,041.
(¢} H'(17) = E(17) — L(17) = —380.281 [(1: value of H'(17)
: There were 3725 people in the park at ¢t = 17, 2: meanings
. The number of people in the park was deereasing 3 1: meaning of H(17)
at the rate of approximately 380 people/hr at 1: meaning of H'(17)
time ¢ = 17. < —1 > if no reference to £ =17
t = 15.794 or 15.795 1: answer

Copyright €@ 2002 by College Entrance Examination Board. All rights reserved.
Advanced Placement Program and AP are registered trademarks of the College Entrance Examination Board.
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AP® CALCULUS AB
2002 SCORING GUIDELINES (Form B)

Question 2

The number of gallons, P(t), of a pollutant in a lake changes at the rate P'(t) =1 — 37022
gallons per day, where ¢ is measured in days. There are 50 gallons of the pollutant in the lake at
time ¢ = 0. The lake is considered to be safe when it contains 40 gallons or less of pollutant.

{a) Is the amount of pollutant increasing at time £ = 9 ? Why or why not?

(b) For what value of ¢ will the number of gallons of pollutant be at its minimum? Justify your
answer. |

(c) Is the lake safe when the number of gallons of pollutant is at its minimum? Justify your
answer.

(d) An investigator uses the tangent line approximation to P(t) at t = 0 as a model for the
amount of pollutant in the lake. At what time ¢ does this model predict that the lake

: becomes safe?

’ 0.6 1 : answer with reason
(a) P9 =1-3e"=_0.646 <0

so the amount is not, increasing at this time.

(b) Pl{t)=1-3e"92" =9 1:sets P/(t) =0
t= (5In3) = 30.174 34 1:solves for ¢
P'(t) is negative for 0 < ¢ < (5In3)* and positive 1 : justification

for ¢ > (51n3)*. Therefore there is a minimum at
t=(5In3)?.

' 30,174 . ;
(c) P(30_174) = 50 + Jﬂ (1 — 3¢ VT )dt Tmtegrand

: limits
= 35.104 < 40, so the lake is safe. 3

= = (.Y

: conclusion with reason
based on integral of P’(¢)

(d) P'(0)=1- 8 = —2. The lake will become safe : slope of tangent line

when the amount decreases by 10. A linear model

RV —_——

T —

. answer

predicts this will happen when t = 5.

Copyright © 2002 by College Entrance Examination Board. All rights reserved,
Advanced Placement Program and AP are registered trademarks of the College Entrance Examination Board,
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AP® CALCULUS AB
2003 SCORING GUIDELINES (Form B)

Question 2

A tank contains 125 gallons of heating oil at time ¢ = 0. During the time interval 0 < ¢ < 12 hours,

heating oil is pumped into the tank at the rate
1
4 Q
(1+In(t+1))
During the same time interval, heating oil is removed from the tank at the rate

2
Rity= 12sin{L] gallons per hour.

H{ty=2 gallons per hour.

47
(a) How many gallons of heating oil are puraped into the tank during the time interval 0 <t < 12 hours?
(b) Is the level of heating oil in the tank rising or falling at time ¢t = 6 hours? Give a reason for your
answer.
() How many gallons of heating oil are in the tank at time £ = 12 hours?
(d) At what time £, for 0 < ¢ < 12, is the volume of heating oil in the tank the least? Show the analysis

that leads to your conclusion.

12 1
(& [ H@)dt = 70.570 or T0.571 .. { 1 : integral
0 :
1 : answer
(b) H(6) - R(6) = —2.924, 1 : answer with reason

so the level of heating oil is falling at ¢ = 6.

12 ( .
() 125+ fo (H(t) — R(®)d = 122.025 or 122.026 1 : limits
' 3:4{ 1:integrand
1: answer
" (d) The absolute minimum occurs at a critical point [(1:sets B (t)—R(#) =0
or an endpoint. 1 : volume is least at

H(t) - R(t) =0 when ¢ = 4.790 and ¢ = 11.318

P

1 — 11218
t ot

| b

1 : analysis for absolute
The volume increases until ¢ == 4.790, then

minimum
decreases until ¢ = 11.318, then increases, so the

absolute minimum will be at t = 0 or at

t = 11.318.

11.318
125+ [ (H(f) - R(t)dt = 120738

Since the volume is 125 at ¢+ = 0, the volume is
least at ¢ = 11.318.

Copyright © 2003 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com.
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AP® CALCULUS AB
2005 SCORING GUIDELINES (Form B)

Question 2

A water tank at Camp Newton holds 1200 gallons of water at time ¢ = 0. During the time interval
0 < ¢ <18 hours, water is pumped into the tank at the rate

W (1) = 95V sin? (%) gallons per hour.
During the same time interval, water is removed from the tank at the rate

R(t) = 275sin® (%) gallons per hour.

.(a) Is the amount of water in the tank increasing at time # = 15 ? Why or Why not?
(b) To the nearest whole number, how many gallons of water are in the tank at time s =18 ?

(c) Atwhat time ¢, for 0 < ¢ <18, is the amount of water in the tank at an absolute minimum? Show the
work that leads to your conclusion.

(d) For ¢ > 18, no water is pumped into the tank, but water continnes to be removed at the rate R(2)
until the tank becomes empty. Let & be the time at which the tank becomes empty. Write, but do not
solve, an equation involving an integral expression that can be used to find the value of .

L S P S RS

() No; the amount of water is not increasing at ¢ = 15 1 : answer with reason
since W(15) — R(15) = —-121.09 < 0.

13 ,
by 1200 + }'0 (W () — R(t)) dt = 1309.788 J 1 : limits
1310 gallons ' 3:< 1:integrand
( 1 answer
| © W(E)-R()=0 (1 :interior critical points
: t =10, 6.4948,12.9748 | 1 :amount of water is least at
PR 4 TPReeen g NP, | PR ) 314 4 o £ ADA e & A
PO S T B AU U v alicd LRl ® Pl e VI RRLE My S o)
0 1200 1 : analysis for absolute minimum
6.495 525
12.975 1697
18 1310

The values at the endpoints and the critical points
show that the absolute minimum occurs when
t = 6.494 or 6.495,

@ LZR(r) dt = 1310

1 : limits
1 : equation

Copyright @ 2005 by College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parenis).
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AP® CALCULUS AB
2005 SCORING GUIDELINES

Question 2

The tide removes sand from Sandy Point Beach at a rate modeled by the function R, given by
_ in| 27

R(t)k— 2+ Ssm( % )

A pumping station adds sand to the beach at a rate modeled by the function S, given by

15¢
S) = 1+ 3t

Both R(f) and $(¢) have units of cubic yards per hour and ¢ is measured in hours for 0 <7 < 6. At time 7 = 0,
the beach contains 2500 cubic yards of sand.

(a) How much sand will the tide remove from the beach during this 6-hour period? Indicate units of measure.
(b) Write an expression for Y(z), the total number of cubic yards of sand on the beach at time £

(c) Find the rate at which the total amount of sand on the beach is changing at time ¢ = 4.

(d) For 0 < ¢ £ 6, at what time ¢ is the amount of sand on the beach a minimum? What is the minimum value?
Justify vour answers.

6
(a) j'o R(t) dt =31.815 or 31.816 yd° . { 1 : integral
' " | 1 : answer with units

(b) Y(r)=2500+ I;(S(x) _ R(x)) dx 1 : integrand
' 3:9 1:limits
1 : answer
() Y(O=SE)-RE) 1 : answer

Y'(4) = $(4) - R(4) = —1.908 or -1.909 yd® /hr

(d) Y’(r) = 0 when S(r) - R(t) = 0. lisets Y'(1) =0
The only value in [0, 6] to satisfy S(¢) = R(¢) 39 1 critical £-value
is a = 5.117865. i : answer with justification
t Y(t)
0 | 2500
a | 2492.3694
2493.2766

The amount of sand is a minimum when # = 5.117 or
5.118 hours. The minimum value is 2492.369 cubic yards.

Copyright © 2005 by College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents).
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- AP® CALCULUS AB
2004 SCORING GUIDELINES

Question 1

Traffic flow is defined as the rate at which cars pass through an intersection, measured in cars per minute.
The traffic flow at a particular intersection is modeled by the function F defined by

F(r)=82+ 4sin(—£—) for 0 < £ <30,

where F(t) is measured in cars per minute and ¢ is measured in minutes.

(a) To the nearest whole number, how many cars pass through the intersection over the 30-minute
period?

(b) Is the traffic flow increasing or decreasing at # = 7 2 Give a reason for your answer,

(c) What is the average value of the traffic flow over the time interval 10 < 7 < 15 2 Indicate units of
measure.

: (d) What is the average rate of change of the traffic flow over the time interval 10 < ¢ < 15 ? Indicate
! units of measure.

' 30 e
@ [ F()d =247 cars L+ Timits
0 3:4{ 1 :integrand
1: answer
(b) F'(7)=-1.8720r-1.873 1 : answer with reason
Since F(7) < 0, the traffic flow is decreasing
atf="17.
15, . £1899 , {3 timits
O = | F(I)dar = 81.899 cars/ min
T he MY / 3: 4 1:integrand
1 : answer
- 1:
@ FUS=FA0) o0 sig cars / min® answer
| 1510
Units of cars/min in (c) and cars/min® in (d) 1+ units in (c) and (d)

Copyright © 2004 by College Entrance Exarmination Board. All rights reserved,
Visit apeentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents).
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2009 SCORING GUIDELINES

Question 2

The rate at which people enter an auditorium for a rock concert is modeled by the function R given by

R(t) = 1380t* — 675¢* for 0 < ¢ < 2 hours; R(t) is measured in people per hour. No one is in the
auditorium at time # = 0, when the doors open. The doors close and the concert begins at time ¢ = 2.

(a) How many people are in the auditorium when the concert begins?

(b) Find the time when the rate at which people enter the auditorium is a maximum. Justify your answer.

{c) The total wait time for all the people in.the auditorium is found by adding the time each person waits,

starting at the time the person enters the auditorium and ending when the concert begins. The function
w models the total wait time for all the people who enter the auditorium before time ¢z The derivative

of w is given by w'(¢) = (2 — ¢) R(¢). Find w(2) — w(l), the total wait time for those who enter the

(d)

auditorium after time ¢ = 1.

On average, how long does a person wait in the auditorium for the concert to begin? Consider all people
who enter the auditorium after the doors open, and use the model for total wait time from part (c).

(@)

(b)

2
jo R(#) dt = 980 people

R'(t) =0 when ¢t =0 and ¢ = 1.36296
The maximum rate may occur at 0, a = 1.36296, or 2.

R(0) =0
R(a) = 854.527
R(2) =120

The maximum rate occurs when ¢ = 1.362 or 1.363.

|

1
1

: integral
: answer

: considers R'(¢) = 0
: interior critical point
: answer and justification

(c)

(d)

2 2
w(2) - w(l) = L w'(t) dt = L (2~ £)R(t) df = 387.5
The total wait time for those who enter the auditorium after
time # =1 is 387.5 hours.

L o= L e _ |
555" = 350 j'o (2~ £)R(2) dr = 0.77551

On average, a perscn waits 0.775 or 0.776 hour.

© 2008 The College Board. All rights reserved.
Visit the College Beard on the Web: www.collegeboard.com.
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AP® CALCULUS AB
2006 SCORING GUIDELINES

Question 2
At an intersection in Thomasville, Oregon, cars turn ¥
¥ 1
left at the rate L(z) = 607 sin’ %) cars per hour
2501
over the time interval 0 < 7 <18 hours. The graph of
y = L{t) is shown above. 200 4
(a) To the nearest whole number, find the total
number of cars turning left at the infersection 150 1
~ over the time interval 0 < ¢ < 18 hours,
(b) Traffic engineers will consider turn restrictions 100_ T
when L(f) 2 150 cars per hour. Find all values
of ¢ for which L(¢) > 150 and compute the
average value of L over this time interval. Y R, N O S R SN
Indicate units of measure. 3 6 -9 12 15 18

(c) Traffic engineers will install a signal if there is any two-hour time interval during which the product of the
total number of cars turning left and the total number of oncoming cars traveling straight through the
intersection is greater than 200,000. In every two-hour time interval, 500 oncoming cars travel straight
through the intersection. Does this intersection require a traffic signal? Explain the reasoning that leads to
your conclusion.

18 :
(&) jo L(z)dt = 1658 cars 5. 1 : setup
“| 1:answer
(b) L(r) =150 when ¢ =12.42831, 16.12166 1 : t-interval when L(#) = 150
Let R =12.42831 and § =16.12166 3: 5 1:average value integral
L{r) 2 150 for ¢ in the interval [R, S] 1 : answer with units

1 s _
S°F JR L(t) dt =199.426 cars per hour

b} b

turning left in a two-hour interval must be greater than 400. 1 :valid interval [A, & + 2]

h+2
15 :
[[, 20ty ar = 431931 > 400 Lsvalue of [ 2(¢)

1 : answer and explanation
OR OR

The number of cars turning left will be greater than 400
on a two-hour interval if L(#) 2 200 on that interval.

L(t) 2 200 on any two-hour subinterval of
{13.25304, 15.32386].

: considers 200 cars per hour
: solves L(¢) = 200

: discusses 2 hour interval

: answer and explanation

Yes, a traffic signal is required.

© 2006 The College Board. All rights reserved.
Visit apcentral. collegeboard. com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents).
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a rate modeled by the function
dR
dar

the cross section at time ¢ is denoted by A(¢).

Question 1

} AP® CALCULUS AB
| 2009 SCORING GUIDELINES (Form B)

At a certain height, a tree trunk has a circular cross section. The radms R(t) of that cross section grows at

116 (3 + sin (t2 )) centimeters per year

for 0 <t < 3, where time ¢ is measured in years. At time ¢ = 0, the radius is 6 centimeters. The area of

{(a) Write an expression, involving an integral, for the radius R(¢) for 0 < ¢ < 3. Use your expression to

find R(3).

(b} Find the rate at which the cross-sectional area A(¢) is increasing at time ¢ = 3 vears. Indicate units

of measure.

3 .
(c) Ewvaluate j.o A(t) dt. Using appropriate units, interpret the meaning of that integral in terms of cross-

; sectional area.

(@ R()=6+ f 116(3 + sm( ))dx
R(3) = 6.610 or 6.611

(b) A(f) = m(R(t))
A(t) = 2zR(1) R (t)

4772 Qo

: integral
: expression for R(7)
: R(3)

: expression for A4(¢)
: expression for 4(¢)

- answer with units

Q 2
AT =0:000Cm ) year

(©) J';A'(t) dr = A(3) - 4(0) = 24200 or 24201

From time ¢ = 0 to ¢ = 3 years, the cross-
sectional area grows by 24.201 square
centimeters.

: uses Fundamental Theorem of Calculus

:valueofj A dr

: meaning of .[0 A1) dt

© 2009 The Coliege Board. All rights reserved.

Visit the College Board on the Web: www.collegeboard.com.
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AP® CALCULUS AB
2011 SCORING GUIDELINES (Form B}

Question 1

A cylindrical can of radius 10 millimeters is used to measure rainfall in Stormville. The can is initially empty,
and rain enters the can during a 60-day period. The height of water in the can is modeled by the function S,
where S(¢) is measured in millimeters and ¢ is measured in days for 0 < ¢ < 60. The rate at which the height

of the water is rising in the can is given by $'(r) = 2sin(0.03¢) + 1.5.

(&) According to the model, what is the height of the water in the can at the end of the 60-day period?

(b) According to the model, what is the average rate of change in the height of water in the can over the
60-day period? Show the computations that lead to your answer. Indicate units of measure.

(c) Assuming no evaporation occurs, at what rate is the volume of water in the can changing at time # = 7 ?
Indicate units of measure. '

(d) During the same 60-day period, rain on Monsoon Mountain accumulates in a can identical to the one in
Stormville. The height of the water in the can on Monsoon Mountain is modeled by the function A4, where

M(t) = ml)—O(Bt"' - 30¢% + 330t). The height M(¢) is measured in millimeters, and ¢ is measured in days

for 0 < ¢ < 60. Let D(z) = M'(t) — S'(t). Apply the Intermediate Value Theorem to the function D on
the interval 0 <7 < 60 to justify that there exists a time ¢, 0 < # < 60, at which the heights of water in the
two cans are changing at the same rate.

o 1 : limits
(8) S(60)= jﬂ S'() dt =171.813 mm 3:4 1:integrand
1 : answer
(b) 8(60—)665:(2) = 2.863 or 2.864 mm /day 1: answer
(¢) V(t) =100ZS(r) 5. { 1 : relationship between V" and S
V'(7) =100z §'(7) = 602.218 " { 1: answer

The volume of water in the can is increasing at a rate of
602.218 mm® /day.

(d) D(0) = -0.675 < 0and D(60) = 69.37730 > 0 1 : considers D(0) and D(60)

2: { L i
Because D is continuous, the Intermediate Value Theorem 1 : justification

implies that there is a time #, 0 < ¢ < 60, at which D(t) = 0.

At this time, the heights of water in the two cans are changing
at the same rate.

fa—

: units in (b) or (¢)

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



AP® CALCULUS AB
2007 SCORING GUIDELINES (Form B)

Question 3

The wind chill is the temperature, in degrees Fahrenheit {°F), a human feels based on the air temperature, in
degrees Fahrenheit, and the wind velocity v, in miles per hour (mph). If the air temperature is 32°F, then the

wind chill is given by W (v) = 55.6 — 22.1v*!® and is valid for 5 < v < 60.
(a) Find W'(20). Using correct units, explain the meaning of #'(20) in terms of the wind chill.
(b) Find the average rate of change of W over the interval 5 < v < 60. Find the value of v at which the
_ instantaneous rate of change of # is equal to the average rate of change of # over the interval 5 < v < 60.
(c) Over the time interval 0 < ¢ £ 4 hours, the air temperature is a constant 32°F, At time ¢ = 0, the wind

velocity is v = 20 mph. If the wind velocity increases at a constant rate of 5 mph per hour, what is the rate of
change of the wind chill with respect to time at ¢ = 3 hours? Indicate units of measure.

(2) W'(20) = -22.1-0.16 - 2078 = _0.285 or —0.286 5. [1:value
" | 1 : explanation

When v = 20 mph, the wind chill is decreasing at

0.286 °F / mph.
(b) The average rate of change of W over the interval 1 : average rate of change

5<v<60is w(60) -w(5) _ —0.253 or ~0.254. 3:9 1:W'(v) = average rate of change

W (60) I?V()(S_)S 1 :value of v

W (V) = W when v = 23.011.

dw|  _[dW vl m3sy.s = —0.892° (1.9 _
(c) e ( EE a’t]_,_q =W'(35)-5 = -0.892°F /hr 1: i 5

‘ 1 :uses v(3) = 35,
OR - 31 o
uses v(f) = 20 + 5¢

W =556 -22.1(20 + 51)*¢ | 1: answer

aw| .

v 0.892 °F /hr
Units of °F/mph in (a) and °F /hr in (¢) 1 : units in (a) and (¢)

© 2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals} and www.collegeboard.com/apstudents (for students and parents).
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AP® CALCULUS AB
2009 SCORING GUIDELINES (Form B)

Question 2

A storm washed away sand from a beach, causing the edge of the water to get closer to a nearby road. The
rate at which the distance between the road and the edge of the water was changing during the storm is

modeled by f(#) = v + cost — 3 meters per hour, ¢ hours after the storm began. The edge of the water
was 35 meters from the road when the storm began, and the storm lasted 5 hours. The derivative of f(¥)

is ()= 21—\/; —sint.

(a) What was the distance between the road and the edge of the water at the end of the storm?

(by Using correct units, interpret the value 7'(4) = 1.007 interms of the distance between the road and
the edge of the water.

(c) At what time during the 5 hours of the storm was the distance between the road and the edge of the
water decreasing most rapidly? Justify your answer.

(d) After the storm, a machine pumped sand back onto the beach so that the distance between the road
and the edge of the water was growing at a rate of g(p) meters per day, where p is the number of
days since pumping began. Write an equation involving an integral expression whose solution would

give the number of days that sand must be pumped to restore the original distance between the road
and the edge of the water.

5
@) 35+ ja £(¢) dt = 26.494 or 26.495 meters

5. { 1 : integral
" | 1:answer

(b) Four hours afier the storm began, the rate of change of 5. 1 : interpretation of f7(4)
the distance between the road and the edge of the water "1 units

is increasing at a rate of 1.007 meters / hours? .

(c) f(¢#) =0 when # = 0.66187 and ¢ = 2.84038 1 : considers 7°(t) =0
The minimum of £ for 0 < ¢ < 5 may occur at 0, 3: 4 1:answer
0.66187, 2.84038, or 5. | 1: justification
J(0)=-2

£(0.66187) = —1.39760
£(2.84038) = —2.26963
F(5) = —0.48027

The distance between the road and the edge of the
water was decreasing most rapidly at time ¢ = 2.840
hours after the storm began.

5 L .
@ "Jof(f)df= J-:g(p) dp 2:{1:1ntegralofg
1 : answer

© 2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.
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AP® CALCULUS AB
2008 SCORING GUIDELINES (Form B)

Question 2

X :
For time ¢ > 0 hours, let 7(¢) = 120(1 — el ) represent the speed, in kilometers per hour, at which a

car travels along a straight road. The number of liters of gasoline used by the car to travel x kilometers is
modeled by g(x) = 0.05x(1- /),

{a) How many kilometers does the car travel during‘ the first 2 hours?

(b) Find the rate of change with respect to time of the number of liters of gasoline used by the car when
t = 2 hours. Indicate units of measure.

(c) How many liters of gasoline have been used by the car when it reaches a speed of 80 kilometers per
hour?

2 1 : integral
(a) Io r(t) dr = 206.370 kilometers 2: { ket

1 : answer

= e—— — _—= . i 1
b == =) ; {2 useschan.u'ue.
1 : answer with units
dg dg|
7 e -7(2)
=2 =206.370
= (0.050)(120) = 6 liters / hour
(¢) Let T be the time at which the car’s speed reaches 1 : equation r(¢) = 80
80 kilometers per hour, 4: { 2 : distance integral

1 : answer
Then, »(T) = 80 or 7 = 0.331453 hours.

Attime T, the car has gone
T
x(T) = jﬂ #(£) di =10.794097 kilometers

and has consumed g(x(7')}) = 0.537 liters of gasoline.

© 2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.ccllegeboard.com.
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AP® CALCULUS AB
2010 SCORING GUIDELINES

Question 1

There is no snow on Janet’s driveway when snow begins to fall at midnight. From midnight to 9 AM., snow
accumulates on the driveway at a rate modeled by f(¢) = 7¢¢°*" cubic feet per hour, where # is measured in
1 hours since midnight. Janet starts removing snow at 6 AM. (¢ = 6). The rate g(¢), in cubic feet per hour, at

which Janet removes snow from the driveway at time ¢ hours after midnight is modeled by
0 for 051 <6

g(t)=4<125 for 6<t<7
108 for 7<¢t<9.

cos ¢

(a) How many cubic feet of snow have accumulated on the driveway by 6 A.M.?

(b) Find the rate of change of the volume of snow on the driveway at 8 A.M.

{¢) Let A(¢) represent the total amount of snow, in cubic feet, that Janet has removed from the driveway at time
t hours after midnight. Express % as a piecewise-defined function with domain 0 < £ 9.

(d) How many cubic feet of snow are on the driveway at 9 A.M.?

. .
(a) ID £(2) dt =142.274 or 142.275 cubic feet

5. { 1 : integral
" 1:answer

(b) Rate of change is f(8) — g(8) = —59.582 or —59.583 cubic feet per hour. 1 : answer
© A(0)=0 1:h(t) for0<t<6
! t 3:q91:h(t)for6<t<7
For 0 <t <6, h(t) = h{(0)+ ds=0+10ds=0.
o (1) = 40 _‘-Og(s) * JO * 1:h(t)yfor7<t<9

For 6 <7 <7, MW7) = A(6) + j;g(s) ds =0+ | 125 ds = 125(¢ - 6).

For 7<f<9, h(t) = h(7) + L’g(s) ds =125 + j;108 ds =125 +108( — 7).

0 for 0<t<6
Thus, A(t) =4125(¢ - 6) for 6<t<7
125+108(r -7) for 7<t<9

o 1 : integral
(d) Amount of snow is J-o F(2) dt — h(9) = 26334 or 26.335 cubic feet. 3:41:h(9)
1 : answer

© 2010 The Caliege Board.
Visit the College Board on the Web: www.collegeboard.com.
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AP® CALCULUS AB
2004 SCORING GUIDELINES (Form B)

Question 2

For 0 <1 <31, the rate of change of the number of mosquitoes on Tropical Island at time 7 days is
modeled by R(¢) = 5Vt cos (-5{) mosquitoes per day. There are 1000 mosquitoes on Tropical Island at

time £ = 0.

(a) Show that the number of mosquitoes is increasing at time ¢ = 6.

(b) Attime ¢ = 6, is the number of mosquitoes increasing at an increasing rate, or is the number of
mosquitoes increasing at a decreasing rate? Give a reason for your answer.

(¢) According to the model, how many mosquitoes will be on the island at time ¢ = 31? Round your
answer to the nearest whole number.

(d) To the nearest whole number, what is the maximum number of mosquitoes for 0 < ¢ £ 31? Show
the analysis that leads to your conclusion,

(a) Since R(6) = 4.438 > 0, the number of mosquitoes is 1 : shows that R(6) > 0
increasing at ¢ = 6.

(by R'(6)=-1913 5. 1 : considers R'(6)
1 : answer with reason

Since R'(6) < 0, the number of mosquitoes is
increasing at a decreasing rate at ¢ = 6.

31 .
() 1000+ | R(f)dt = 964.335 5. ] 1:integral
0 1 : answer
To the nearest whole number, there are 964
mosquitoes.

I (d R(t)=0whent=0,¢=257,0r¢f="7.57 [ 2 : absolute maximum value
Rt)>0on0<t<25x 1 : integral
RY<O0on 257 <i<15m 1 : answer
R(t)>0on 7.5z <t <31 4: 4 2:analysis
The absolute maximum number of mosquitoes occurs 1 : computes interior
att =257z orat ¢t =31, critical points

1 : completes analysis

257
1000 + jo R(f) dr = 1039357,

There are 964 mosquitoes at # = 31, so the maximum

number of mosquitoes is 1039, to the nearest whole
number.

Copyright © 2004 by College Enirance Examination Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP siudents and parents).
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AP® CALCULUS AB
. 2007 SCORING GUIDELINES

Question 2

The amount of water in a storage tank, in gallons, is modeled
by a continuous function on the time interval 0 < 7 < 7,
where ¢ is measured in hours. In this model, rates are given
as follows:

(1) The rate at which water enters the tank is

£(#) = 100¢* sin (%) gallons per hour for 0 <7 < 7.

(ii) The rate at which water leaves the tank is
250 for0 <1 <3
(=1,

000 for3<s<7 gallons per hour.

Galtens per Hour

o

. . . p
1 2 3 4 5 6 7
Hours

The graphs of 7 and g, which intersect at £ =1.617 and ¢ = 5.076, are shown in the figure above, At

time ¢ = 0, the amount of water in the tank is 5000 gallons.

(a) How many gallons of water enter the tank during the time interval 0 < ¢ < 7 ? Round your answer to

the nearest galion.

{b) For 0 £¢ <7, find the time intervals during which the amount of water in the tank is decreasing.

Give areason for each answer.

(c) For 0 <¢ <7, at what time ¢ is the amount of water in the tank greatest? To the nearest gallon,
compute the amount of water at this time. Justify your answer.

(a) jOT £() dt = 8264 gallons

(b) The amount of water in the tank is decreasing on the
intervals 0 £ ¢ £1.617 and 3 < ¢ < 5.076 because
flt)y<gl(r) for 0<¢ <1.617 and 3 < ¢ < 5.076.

¢) Since f(#)— 2(¢) changes sign from positive to negative
only at ¢ = 3, the candidates for the absolute maximum are
att =0, 3, and 7.

t (hours) gallons of water

0 5000

3
3 | 5000+ J‘O F(t) dt - 250(3) = 5126.591

: 7
7 | 5126591+ L £(2) dr = 2000(4) = 4513.807

L
—_ bt [

The amount of water in the tank is greatest at 3‘ hours. At
that time, the amount of water in the tank, rounded to the
nearest gallon, is 5127 gallons. :

© 2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).
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: integral
: answer

: intervals
: reason

: identifies £ = 3 as a candidate

: integrand

: amount of water at t = 3
: amount of waterat £ = 7
: conclusion
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The rate, in calories per minute, at which a person using an
exercise machine burns calories is modeled by the function

/- In the figure above, f{f) = -%tg'

AP® CALCULUS AB
2006 SCORING GUIDELINES (Form B)

Question 4

+ %rz +1 for

0 <t =<4 and fis piecewise linear for 4 < ¢ < 24.

(a)
®

{(c) Find the total number of calories burned over the time

Find f’(22). Indicate units of measure.
For the time interval 0 < ¢ £ 24, at what time ¢ is f

increasing at its greatest rate? Show the reasoning that

Supports your answer.

interval 6 < ¢ < 18 minutes.

Calories per Minute

(16, 15)

(20, 15)

4 8 12 16 20 24
Minutes

(d) The setting on the machine is now changed so that the person burns f(¢) + ¢ calories per minute. For this
setting, find ¢ so that an average of 15 calories per minute is burned during the time interval 6 < ¢ < 18.

(a)

15-3

= 20 =24 = -3 calories/min/min

r(22)

(b) f isincreasing on [0, 4] and on [12, 16}].

y 15-9 _ 3

constant slope on this interval.
On (0,4), f(f) = —%tﬁ + 3 and

since f has

) = —%r +3 = 0 when ¢ = 2. This is where f”

has a maximum on [0, 4] since 7" >0 on (0, 2)
and f* <0 on (2, 4).

On [0, 24], f is increasing at its greatest rate when

1: £7(22) and units

—_

: 7 on (0, 4)

:shows f  has amaxat? =2 on (0, 4)
:shows for 12 < ¢ <16, f(¢) < f(2)
: answer

|50

(¢}

(@

=2 because f{2J=3 > %

[ 7ty dr = 6(9) + 2(4)(9 +15) + 2(15)
=132 calories
We want —- ls(f(t) +c)dt =15.

12 8
This means 132 + 12¢ = 15(12). So, ¢ = 4.

OR.

Currently, the average is % =11 calories/min.

Adding ¢ to f(z} will shift the average by c.
So ¢ = 4 to get an average of 15 calories/min.

: method
: answer

: setup
: value of ¢

© 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com {for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents).
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AP® CALCULUS AB
2010 SCORING GUIDELINES

Question 3

There are 700 people in line for a popular amusement-park ride
when the ride begins operation in the morning. Once it begins
operation, the ride accepts passengers until the park closes 8 hours
later. While there is a line, people move onto the ride at a rate of
800 people per hour. The graph above shows the rate, #(¢), at

which people arrive at the ride throughout the day. Time ¢ is
measured in hours from the time the ride begins operation.

People per Hour

(a) How many people arrive at the ride between r =0 and ¢t =3 7
. Show the computations that lead to your answet.
(b) Is the number of people waiting in line to get on the ride
increasing or decreasing between ¢ = 2 and ¢ = 3 ? Justify

Time {(hours)
yOour answer.
(¢) At whattime ¢ is the line for the ride the longest? How many people are in line at that time? Justify your
answers.

(d) Write, but do not solve, an equation involving an integral expression of  whose solution gives the earliest
time ¢ at which there is no longer a line for the ride.

3 1000 +1200 , 1200 +800 _ | [ 1:integral

(a) _[0 r(t)de =2 3 + > = 3200 people 2: { |- answer

(b) The number of people waiting in line is increasing because 1 : answer with reason
people move onto the ride at a rate of 800 people per hour
and for 2 <t <3, r(t) > 800.

(¢) r(¢)=800 onlyatt=3 ‘ 1 : identifies ¢ = 3
For 0 €7 <3, r(t)>800. For 3<t<8, r(r)< 800. 3: 4 1:number of people in line
Therefore, the line is longest at time ¢ = 3. 1 : justification
There are 700 + 3200 — 800-3 = 1500 people waiting in line
at time £ = 3.

: 1:800¢

(d 0=700+ jer(s) ds — 800¢ 3: 4 1:integral

1 : answer
© 2010 The College Board.

Visit the College Board on the Web: www.ccllegeboard.com.
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AP® CALCULUS AB
2011 SCORING GUIDELINES (Form B)

Question 2

A 12,000-liter tank of water is filled to capacity. At time ¢ = 0, water begins to drain out of the tank at a rate
modeled by r(z), measured in liters per hour, where » is given by the piecewise-defined function ‘
600t

r(t) = t+3

1000e°%  fort > 5

for0<sr<s

() Is r continuous at ¢ = 5 ? Show the work that leads to your answer.
(b) Find the average rate at which water is draining from the tank between time ¢ = 0 and time ¢ = 8 hours.
(¢) Find #'(3). Using correct units, explain the meaning of that value in the context of this problem.

(d) Write, but do not solve, an equation involving an integral to find the time A when the amount of water in
the tank is 9000 liters.

(@ lim »(z) = lim (ﬂ) =375 = r(5) 2 : conclusion with analysis
135 (57\E+3 :
fim #(7) = lim (1000e™°%) = 367.879
5% -5+

Because the left-hand and right-hand limits are not equal, » is not
continuous at ¢ = 5,

8 5 8 .

®) 1 [r(ryar=1% f 600 i + | 10006702 g 1 : integrand

8J0 8lJor+3 5 P .

3: 4 1:limits and constant
= 258.052 or 258.053 :
1 : answer

© 7'(3) =50 | L. [1:70)

The rate at which water is draining out of the tank at time ¢ = 3 hours is " | 1 : meaning of r'(3)

increasing at 50 liters / hour?.

2 { 1 : integral

A
2 —_ ! =
(d) 12,000 -[O r(t) di 9000 1: equaﬁon

© 2011 The Coliege Board.
Visit the College Board on the Webh: www.collegeboard,org. ‘ g a



Vi Meenbal tquahony

? 3/ 21. If %: ky and k is a nonzero constant, then vy could be

(A) 2% B) 2" (O M43 D) kiy+s ® % bhe ;
g< 4. If%=cos(2x), then y =

1 1,
(A) -—%cos(Zx)+C ®) —Ecosz(Zx)+C (©) Es1n(2x)+C

1.
(D) —12—sin2(2x)+C ®) -sin(2x)+C

n

d
7 36. If y=e™, then Y

]

(A) wn'e™ B) nte™ (C) ne™ (D) n"e” (E) nle*

% 37. If%=4y andif y =4 when x = 0, then y =

(A) 4e* (B) e* ©€) 3+e¥ D) 4+e¥ (B) 2x%+4

K 32. The general solution of the differential equation Y =y+x%is y=

8C
e
(A) Ce (B) Ce*+x? (€) —x*-2x-2+C
D) e*—x*-2x-2+C B Ce*-x?-2x-2
3. 12 -, dify= , i oot i,
%C'S‘ . o - 2y an 1fy—~lwhent=0,whatlsthevalueoftforwhich y==2?
) @w b2 In2 V2
> (B) ) () N (D) BN (B) 2

-—_
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gg‘ 37. The general solution for the equation % +y=xe " is

x2 JC2
(A) y="—e  +Ce™ (B) y=—e "+ +C (C) y=—e +—
2 2 1+x

(D) y=xe*+Ce” (E) y=Ce*+Cyxe™

25 39, If %=yseczx and y =5 whenx =0, theny =

ec

(A) ™ +4 B) ™ +5 (C) 5e™*

(D) tanx+35 (E) tanx+5e”

6q 23. Ifthe graphof y=f(x) contains the point (0, 2) ,% = —xz and f(x)>0 forallx, then f(x)=
X

e , re
(A) 3te™* B) 3+ | €) 1+e7*

(D) V3+e™ B V3+e*

d
73 13. 1If —X:xzy , then y could be
6c dx '
x3 x3' 3

(A) 3ln(—;£) (B) e3 +7 (C) 2¢% (D) 3¢ E) o+l

dy .
qs’ 8 If Ex}-}- =sinxcos® xand if y = 0 when x =g, what is the value of y when x=07

@) -1 ®) —% © o ®) -:1,; ® 1
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Q? 83. ——-(1+lnx)y andify=1whenx=1,theny=

2
A (A) e”
®B) l+nx
) Inx
(D) 62x+x1nx-2
(E) exlnx
| dy 1
; g_z 39, If —&;z—;,then the average rate of change of y with respect to x on the closed interval [1,4] is
! _l 1 2 2
ﬂ.: (A) 7 ®) 2 (O Fin2 (D) < E) 2
-—
y
4
S22
~——s/7 Y77 1]}
N~——2s XSS
NN~——y / / / //
NNN~—~F -/ /7 /[
\\'\\\\“ - ///_,"—x
2 N\NNh—— g2
VAN N~ -y
VAANANN RN SN— s
LU W W W N (N N
B SN
qu 24.  Shown above is a slope field for which of the following differential equations?
dy d_ 2 dy &y x dy
A) —=—=1+ B) —= C) “=x+ D) —=—=x Ey —=]
()dxx()dxx()dxxy()dxy()dxny
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43. Bacteria in a certain culture increase at a rate proportional to the number present. If the number of

B®e bacteria doubles in three hours, in how many hours will the number of bacteria triple?
3In3 2In3 In3 27 9
A B C) — D) In|— E —
A = B) —= © 5 D) (2] (E) 11‘1[2)

38 26. The population P(f) of a species satisfies the logistic differential equation iidi =P (2.—L) ,
C o t 5000
where the initial population P(0)=3,000 and # is the time in years. What is lim P(z)?

{—

(A) 2,500 (B) 3,000 (C) 4,200 D) 5,000 (E) 10,000

q 6 84. Population y grows according to the equation %— =y, where & is a constant and ¢ is measured in

years, If the popul-ation doubles every 10 years, then the value of k is

(A) 0.069 B) 0.200 (C) 0.301 (D) 3322 (E) 5.000

?3 38. During a certain epidemic, the number of people that are infeqted at any time increases' at a rate

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

(A) 343 (B) . 1,343 (©) 1,367 (D) 1,400 (E) 2,057

AB 17. The number of bacteria in a culture is growing at a rate of 3, 00023 per unit of time £. At £ =0,

the number of bacteria present was 7,500. Find the number present at £ =35.

15,000 -

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

|96 180



Slope Felds and D+ EQs

G'A dy 1+y

5. Consider the differential equation Pl where x # 0.

(a) On the axes provided, sketch a slope field for the given differential equation at the eight points indicated.

(Note: Use the axes provided in the pink exam beoklet.)

‘j

[
[ 1+ .
—r * * . X
-2 -1 o ! 2
. -1 .

(b) Find the particular solution y = f(x) to the differential equation with the initial condition f(-1) =1 and
state its domain.

5 -A .
6. Consider the differential equation Exyﬁ = —%

<
{a) On the axes provided, sketch a slope field for the given differential equation at the twelve points indicated.
{Note: Use the axes provided in the pink test booklet.) '

¥

'3
Y 2 "
» ¢ ®
Lt
—1 0 1
. 14 *
. —24 "

(b) Let y = f(x) be the particular solution to the differential equation with the initial condition f(1) = —1I.
Write an equation for the line tangent to the graph of f at (1, —1) and use it to approximate 7(1.1).

(c) Find the particular solution y = f(x) to the given differential equation with the initial condition

Q) =-1

13 13}



6-8 ' _
5. Consider the differential equation % = (y - 1)* cos (mx).

(a)

On the axes provided, sketch a slope field for the given differential equation at the nine points indicated,
{(Note: Use the axes provided in the exam booklet,)

¥y

¢

4
—

[
—_
—
*

(b) There is a horizontal line with equation y = c¢ that satisfies this differential equation. Find the value of ¢,

(¢) Find the particular solution y = f(x) to the differential equation with the initial condition f(1) = 0.

1-8

5. Consider the differential equation b

P x*y-2).

(a) On the axes provided, sketch a slope field for the given differential equation at the twelve points indicated.
(Note: Use the axes provided in the test booklet.)

y
f

- 34 3

» X ) .

[ 1 .

1 0 " "

(b) While the slope field in part (a) is drawn at only twelve points, it is defined at every point in the xy-plane.
Describe all points in the xy-plane for which the slopes are negative.

(¢} Find the particular solution y = f(x) to the given differential equation with the initial condition f(0) = 0.

\ 86
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‘ . . . . dy x+1
5. Consider the differential equation I Y

(a) On the axes provided, sketch a slope field for the given differential equation at the twelve points indicated,
and for -1 < x < 1, sketch the solution curve that passes through the point (0, ~1).

(Note: Use the axes provided in the exam booklet.)

y

4
. 24 .
- 14 .

X

-1 0 1
. ] .
. -2 -

(b) While the slope field in part (a) is drawn at only twelve points, it is defined at every point in the xy-plane for

which v # (. Describe all points in the xy-plane, y # 0, for which % =-1.

(c) Find the particular solution y = f(x) to the given differential equation with the initial condition £(0) = -2.

L3

3. Consider the differential equation % = ~y;21~ where x # 0,
x

(2) On the axes provided, sketch a slope field for the given differential equation at the nine points indicated
(Note: Use the axes provided in the exam booklet.)

¥
f
- 2J 1] .
L 14 ) .
-1 0 ! 5y

(b) Find the particular solution ¥ = f(x) to the differential equation with the initial condition f2)=0.
(c) For the particular solution ¥ = f(x) described in part (b), find lim f (x). ( 86{
I—do0
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5-6 A ?
6. Consider the differential equation -3% = ng .
equation with the initial condition f(-1) = 2.

Let y = f{x) be the particular solution to this differential

(a) On the axes provided, sketch a slope field for the given differential equation at the twelve points indicated,
{Note: Use the axes provided in the test booklet.)

.)?
F 3
L) 21 » o
. | . L]
» - - -3
~1 o 1 2

(b) Write an equation for the line tangent to the graph of f at x = —1.
(c) Find the solution y = f(x) to the given differential equation with the initial condition f(-1) =2

4-A

6. Consider the differential equation % =x*(y-1).

(2) On the axes provided, sketch a slope field for the given differential equation at the twelve points indicated.
(Note: Use the axes provided in the pink test booklet.)

|90

y
b
] 30 .
. 21 [}
. 1 .
+ * -
-1 0 1

(b) While the slope field in part (a) is drawn at only twelve points, it is defined at every point in the xy-plane.
Describe all points in the xy-plane for which the slopes are positive.

(¢) Find the particular solution y = f(x) to the given differential equation with the initial condition £(0) = 3.
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5. Consider the differential equation i %x +y-1

dy

(a) On the axes provided, sketch a slope field for the given differential equation at the nine points indicated.
(Note: Use the axes provided in the exam booklet.)

y
4
. 2¢ .
] 14 ]
—_— -
-1 o 1

2
(b) Find i% in terms of x and y. Describe the region in the xy-plane in which all solution curves to the

differential equation are concave up.

(c) Let y = f(x) be a particular solution to the differential equation with the initial condition £(0) = 1. Does I
have a relative minimum, a relatjve maximum, or neither at x = 0 ? Justify your answer.

(d) Find the values of the constants m and b, for which y = mx + b is a solution to the differential equation.

1"0 dy 3—x.

5. Consider the differential equation s

19

F

i i i i jon for 1 < x < 5 such that the line
i the given differential equation
= f(x) be the particular solation to . . e
Wi 2 'ft(arzgent to the graph of f. Find the x-coordinate of the point of tangency, and determine whe
- IS ) - - . . .
; has a local maximum, local minimurm, or neither at this point. Justify your answer

i i i = ith the initial
(b) Let y = g(x) be the particular solution to the given differential equation for -2 < x < 8, with the 1
ety = |

condition g(6) = —4. Find y = g(x).

14|



.bd-\ 5. At the beginning of 2010, a landfill contained 1400 tons of solid waste. The increasing function W models
the total amount of solid waste stored at the landfill. Planners estimate that W will satisfy the differential

3 equation %? = %(W — 300) for the next 20 years. W is measured in tons, and ¢ is measured in years ﬁoﬁ
the start of 2010,
(a) Use the line tangent to the graph of W at t = 0 to approximate the amount of solid waste that the landfill
7 contains at the end of the first 3 months of 2010 (time £ = 11—).
(b) Find ‘i:;’ it terms of W. Use iglzv— to determine whether your answer in part (a) is an underestimate or

an overestimate of the amount of solid waste that the landfill contains at time ¢ = %
(c) Find the particular solution W = W(¢) to the differential equation aw %(W —-300) with initial

dt
condition W(0) = 1400,

6. Let f be the function satisfying f‘(x) = x./ f(x)

for all real numbers X, where £(3) = 25.
(&) Find f “(3).

(b) Write an expression for y =

F(x) by solving the differential equation Y = 1 /5 werp o1« oo .
quation — = X with .
condition £(3) = 75 dx Yy with the initia]
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4. Let f be a function with f(1) == 4 such that for all points {(z,y) on the graph of f the slope is

iven b 8% +1
g ¥ W

{(a) Find the slope of the graph of f at the point where z = 1.

(b) Write an equation for the line tangent to the graph of f at x = 1 and use it to approximate

f(1.2).
. dy 32241
(c¢) Find f(z) by solving the separable differential equation & _ +

dz 2y
condition f(1) = 4.
{(d) Use your solution from part (c} to find f(1.2).

with the initial

w . . dy 3 _x2
6. Consider the differential equation it et

. . 1
(a) Find a solution y = f(x) to the differential equation satisfying f(0) = = .

(b) Find the domain and range of the function f found in part (2).

9%



. 2 .
\{}pé’*“ 6. Solutions to the differential equation % = xy° also satisfy %} =y (1 + 3x2y2). Let y = f(x) be a particular

solution to the differential equation % = xy® with f(I) = 2.

(a) Write an equation for the line tangent to the graphof y = f(x) at x = 1.
(b) Use the tangent line equation from part (a) to approximate f(1.1). Given that f(x) >0 for 1< x < 1.1, is

the approximation for f(1.1) greater than or less than f(1.1) ? Explain your reasoning.

(c) Find the particular solution y = f(x) with initial condition Fa)y=2.

(\}' 5. The rate at which a baby bird gains weight is proportional to the difference between its adult weight and its
current weight. At time = 0, when the bird is first weighed, its weight is 20 grams. If B(z) is the weight of the
bird, in grams, at time ¢ days after it is first weighed, then

a8 _1
dt 5

Let y = B(t) be the solution to the differential equation above with initial condition B(0) = 20.

(100 - B).

(a) Is the bird gaining weight faster when it weighs 40 grams or when it weighs 70 grams? Explain your
reasoning,.

2 2
(b) Find %TB in terms of B. Use %—g to explain why the graph of B cannot resemble the following graph.
¢ t '

f

Weight (grams)

2(H

0
Time (days)

{c) Use separation of variables to find y = B(1), the particular solution to the differential equation with jnitial
condition B(0) = 20.



AP® CALCULUS AB
2006 SCORING GUIDELINES

Question §
Consider the differential equation % = 1—-;1, where x = 0.

{a) On the axes provided, sketch a slope field for the given differential equation at the eight points indicated.
(Note: Use the axes provided in the pink exam booklet.)

4
L] | .
= IR SR
. S E .

(b) Find the particular solution y = f{x) to the differential equation with the initial condition f(~1) =1 and
state its domain.

(a) 2 : sign of slope at each point and relative
¥ steepness of slope lines in rows and
1 columns

()] ﬁ dy = 1;ax [~ separates vanables
2 : antiderivatives
In[1+y|=In|x|+ K 6 1. : constant of integration
1 : uses initial condition
1+ y|= o=+ K 7. ] 1 : solves for y ‘
14y =Clx| Note: max 3/6 {1-2-0-0-0] if no
2=C constant of integration
14y =2x| Note: 0/6 if no separation of variables
y=2|x|-1land x<0
or | 1 : domain

y==-2x-land x <0

® 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals} and www.collegeboard.com/apstudents (for AP students and parents),
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AP® CALCULUS AB
2005 SCORING GUIDELINES

Question 6

Consider the differential equation % = —2%.

(a) On the axes provided, sketch a slope field for the given differential equation at the
twelve points indicated.
(Note: Use the axes provided in the pink test booklet.)

(b) Let y = f(x) be the particular solution to the differential equation with the initial
condition f(1) = —1. Write an equation for the line tangent to the graph of 7 at (1, -1)

and use it to approximate f{1.1).

(c) Find the particular solution y = f{x) to the given differential equation with the initial
condition f(1) = —1.

‘ (a) ¥ 5. { 1: zero slopes
: 2“ " | 1: nonzero slopes
PO SN
/TN
-
- 0 1
L/
-2
N
(b) The line tangentto fat (1. —1) is y +1=2(x —1). - [ 1 : equation of the tangent line
Thus, f(1.1) is approximately —0.8. ) i 1 : approximation for £(1.1)
(©) % = —Zyﬁ 1 : separates variables
ydy = —2x dv 1 :antldenvatn"es .
2 5 1 : constant of integration
y? = +C 1 : uses initial condition
1 3 1 : solves for y
F=-1+C C=3 .
P = =22 43 Note: max 2/5 [1-1-0-0-0] if no

96

Since the particular solution goes through (1, ~1),
y must be negative.

Thus the particular solutionis y = —3 — 2x2 .

constant of integration
Note: 0/5 if no separation of variables

Copyright © 2005 by College Board. All rights reserved.

Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents).
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AP® CALCULUS AB
2006 SCORING GUIDELINES (Form B)

Question 5

Consider the differential equation % = (y — 1)* cos(7x).

{a) On the axes provided, sketch a slope field for the given differential equation at the nine points indicated.
(Note: Use the axes provided in the exam booklet.)

4

L 4 K 3 *®

+ i
-1 o |

. -] ¥ .

(b} There is a horizontal line with equation y = ¢ that satisfies this differential equation. Find the value of c.

{c) Find the particular solution y = f(x) to the differential equation with the initial condition f(1) = O.

(a) ¥ i [ 1: zero slopes
t " | 1: all other stopes
—— o —
N N 1
* o
-1 ]
yo-ify
(b) The line y =1 satisfies the differential equation, so l:e=1
c=1.
(€) ———— dy = cos(mx) dx [ 1: separates variables
r=1 2 : antiderivatives
~(y =~ 1)‘1 = lsin (zx) +C 6: ¢ 1: constant of integration
1 1 z 1 : uses initial condition
1—_3}- = Esin(yrx) +C 1: answer
1= —};sin(z) +C=C Note: max 3/6 [1-2-0-0-0] if no
1 1. constant of integration
-y ;sm(ﬂx) +1 Note: 0/6 if no separation of variables
T _ .
=y sin(zx)+ 7w
—_ —_ jr —— —
y=1 sin(yrx)+;'rf0r TRxe®

© 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents {for AP students and parents).
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AP® CALCULUS AB
2004 SCORING GUIDELINES (Form B)

Question 5

Consider the differential equation jx—y =x'(y-2).

» 3 .

(a) On the axes provided, sketch a slope field for the given
differential equation at the twelve points indicated.

(Note: Use the axes provided in the test booklet.) * 2 *

(b) While the slope field in part (a) is drawn at only twelve
points, it is defined at every point in the xy-plane, Describe

all points in the xy-plane for which the slopes are negative. ) 1 )
(c) Find the particular solution y = f(x) to the given
differential equation with the initial condition f(0) = 0. 7 0 i *
@ ¥ : 1 : zero slope at each point (x, y)
V4 e i where x = Oor y =2
5. ] positive slope at each point (x, y)
Bl T — where x % Oand y > 2
l:
N g N negative slope at each point (x, y)
where x # 0 and y < 2
\ \ N
Y o Y ¥

(b) Slopes are negative at points (x, y) { : description

wiete x = 0amd y < 2:

©) Ll dy = x'dx 1 :sep‘arat.es Vfiriables
‘ y—2 2 : antiderivatives
In|y-2|= % L+ C 6 d 1 : constant of integration
L s 1 : uses initial condition
|y—2|=ece§ 1 : solves for y
1s . ' . 0/1if yis not exponential
y—2=KeS , K=+
=K =K Note: max 3/6 [1-2-0-0-0] if no
1s constant of integration
y=2-2e5 Note: 0/6 if no separation of variables

Copyright © 2004 by College Entrance Examination Board, All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstidents (for AP students and parents).
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~ AP® CALCULUS AB
2010 SCORING GUIDELINES (Form B)

Question 5

dy  x+1

Consider the differential equation i

(2) On the axes provided, sketch a slope field for the given differential equation at the ¥
twelve points indicated, and for ~1 < x <1, sketch the solution curve that passes

through the point (0, -1).
(Note: Use the axes provided in the exam booklet.)

(b) While the slope field in part (a) is drawn at only twelve points, it is defined at every
point in the xy-plane for which y # 0. Describe all points in the xy-plane, y = 0, for

{c) Find the particular solution y = f(x) to the given differential equation with the initial
condition f(0) = 2.

(@ y 1 : zero slopes
A
3: ¢ 1: nonzero slopes
e & 4 1 : solution curve through (0, -1)

-
by -1= x;l =>y=-x-1 1 : description
dy .
— =—]forall (x, ) with y=-x-1and y # 0
{c) _fy dy = _{ (x+1)dx 1 : separates variables
2 2 1 : antiderivatives
"Jiz“ =5 tx+C 5: 1 1: constant of integration
<2¢ o 1 : uses initial condition
3 =—2-+0+C=>C=2 1 : solves for y
2 .2
y- =%+ 2x + 4 Note: max 2/5 [1-1-0-0-0} if no
Since the solution goes through (0,-2), y must be constant of integration
negative. Therefore y = —Vx% + 2x + 4. Note: /5 if no separation of variables
® 2010 The College Board.
‘ q q Visit the College Board on the Web: www .collegeboard.com. ‘ C'\q



AP® CALCULUS AB
2008 SCORING GUIDELINES

Question b

Consider the differential equation % = y——zl, where x # 0.
x ‘
(a) On the axes provided, sketch a slope field for the given differential "
equation at the nine points indicated. . 24 " "

{Note: Use the axes provided in the exam booklet.)

(b) Find the particular solution y = f(x) to the differential equation with = 7 . .
the initial condition f(2) =0.
. + + i)
(c) For the particular solution ¥ = f(x) described in part (b), find -t 0 ! 2
lim f(x).
X->o0
(a) ¥ ) { 1: zero slopes
[} :
1 : all other slopes
Ao A et slop
—t— I+ —— ——
S e e N LI
T o 1T 2z
(b) %1 dy = Lz dx 1 : separates variables
Y X 1 2 : antidifferentiates
In|y 1| = T c 6 : < 1 :includes constant of integration
Ll 1 : uses initial condition
hr=lf=e = tsotvesfory
— = C., x
ly-1]=e ‘13 : Note: max 3/6 [1-2-0-0-0] if no constant
y-1= ke *, where k = +¢€ of integration
1 Note: 0/6 if no separation of variables
“l=ke ?
L
k=—e?
54
f)=1-¢2 * x>0
i
(¢) liml-e? *=1-+e 1 : limit
X0 ‘

© 2008 The College Board. All rights reserved.
Visit the Coliege Board on the Web: www.collegeboard.com.
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AP® CALCULUS AB
2005 SCORING GUIDELINES (Form B)

Question 6
, . . . dy  —x* ¥
Consider the differential equation o Let !
¥ = f(x) be the particular solution to this differential y 2 ¢ .

equation with the initial condition f(-1) = 2.

(a) On the axes provided, sketch a slope field for the

given differential equation at the twelve points * A * *
indicated. '
(Note: Use the axes provided in the test booklet.)

(b) Write an equation for the line tangent to the graph of _I D | 5 -

fatx=-1

(c) Find the solution y = f{x) to the given differential equation with the initial condition f(~1) = 2.

() : 5. [1:zem0 slopes
M " | 1:nonzero slopes
/ 5T \ \
~ —+ ~ ™~
e e —pam -
-1 -0 1 2
(by Slope = _(_21)4 =2 1 : equation
Cy-2=2(x+1)
(c) %dy = —%dx 1 : separates variables
Y , 2 : antiderivatives
1 _14_ +C 6: < 1: constant of integration
Y 1 : uses initial condition
_%z—i—-—FC; C=—% 1: solves for y
y= 1 __ 4 Note: max 3/6 [1-2-0-0-0] if no
x* L1 x* +1 constant of integration
4 4 Note: 0/6 if no separation of variables

Copyright © 2005 by College Board. All rights reserved.
Visit apeentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents).
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AP® CALCULUS AB
2004 SCORING GUIDELINES

Question 6

Consider the differential equation % =x>(y-1).
{a) On the axes provided, sketch a slope field for the given
differential equation at the twelve points indicated.

(Note: Use the axes provided in the pink test booklet.)

(b) While the slope field in part (a) is drawn at only twelve points,

it is defined at every point in the xy-plane. Describe all points
in the xy-plane for which the slopes are positive.

(c) Find the particular solution y = f(x) to the given differential
equation with the initial condition f(0) = 3.

s

(@) ¥
| / ER. / 1 : zero slope at each point (x, y)
wherex =0or y =1
i
4 4 5 positive slope at each point (x, 3)
R
where x # 0and y > 1
negative slope at each point (x, y)
:\ -5 \1\ X L where x # 0 and y <1
(b) Slopes are positive at points (x, ) 1 : description
where x # 0 and y > 1.
© —dy = x2d
Cy-1 Y 1 : separates variables
In|y~1] = —x s C 2: antlderlvatn.fes .
6 - 1 : constant of integration
c %xa "] 1: uses initial condition
y=1=¢"e
! s 1 : solves for y
y—1= Ke3 K =+ 0/1 if y is not exponential
2=Ke’ =K :
1 Note: max 3/6 [1-2-0-0-0] if no constant of
y=1+2e3 - integration
Note: 0/6 if no separation of variables

PLOAN

Copyright © 2004 by College Entrance Examination Board, All rights reserved.
V131t apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents),
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AP® CALCULUS AB
2007 SCORING GUIDELINES (Form B)

Question 5

Consider the differential equation % = —;-x +y-1L
¥
{a) Om the axes provided, sketch a slope field for the given differential equation A
at the nine points indicated. ' . 2¢ .
{Note: Use the axes provided in the exam booklet.)
2 .
: (b) Find % in terms of x and y. Describe the region in the xy-plane in s iy -
which all solution curves to the differential equation are concave up.
(c) Let y = f(x) be a particular solution to the differential equation with the _f 0 f -
. initial condition f(0) = 1. Does f have a relative minimum, a relative
! maximum, or neither at x = 0 ? Justify your answer.
: {d) Find the values of the constants m and b, for which y = mx + b isa
solution to the differential equation.
(a)
) 2 Sign of slope at each
point and relative
o2 / - steepness of slope lines in
rows and columns.
N . S X
- o)
d* 1 ady 1 1 " d*y
b) —F=ot—=3x+y-3 3.) 20—
ax L (%= = = = ax
Solution curves will be concave up on the half-plane above the line t 1 : description
- lxel
yETRET Y
2
(c) % x0+1—1=0and-d—§ :0+1—l>0 5 1 : answer
©.1 (0,1) ' " { 1 :justification
Thus, f has a relative minimum at (0, 1).
(d) Substituting y = mx + £ into the differential equation: 5. { 1 : value for m
m=%x+(mx+b)—1=(m+%)x+(b—1) L: value for b
Then0=m-!-l and m=b-1: m=—l and‘b=l.
2. 2 2

200
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AP® CALCULUS AB
2002 SCORING GUIDELINES (Form B)

Question 5

Consider the differential equation % _3 ; z

(a} Let y = f(z) be the particular solution to the given differential equation for 1 < 2 < 5
such that the line y = —2 is tangent to the graph of f Find the x-coordinate of the point of
tangency, and determine whether fhas a local maximum, local minimum, or neither at this
point. Justify your answer.

(b) Let y = g(z) be the particular solution to the given differential equation for —2 < z < 8,
with the initial condition g(6) = —4. Find y = g(z).

(a) j—zzo when =3
dy —y - y'(3—2) 1 e
— =2 =, 3 1 1: local minimum
dm (3,_2) Y (3,—2) 2

1 : justification
so f has a local minimum at this point. '

ar
Because fis continuous for 1 < z < 5, there
is an interval containing x = 3 on which

dy
dz

the left of z = 3 and % is positive fo the

y << 0. On this interval, is negative to

right of £ = 3. Therefore fhas a local

minimum at = 3.

(b) ydy=(3—x)dz : separates variables
1 y? = 835 — 13:2 +C : antiderivative of dy ferm
2 2 : antiderivative of dz term

: constant of integration
8=18-18+C;C=38
: uses initial condition g{6) = —4

I T

: solves for y

Yy =6z — x4 16

y= _m Note: max 3/6 [1—1—1—0—0—0] lf no constant
of integration

Note: 0/6 if no separation of variables

Copyright © 2002 by College Entrance Examination Board. All rights reserved.
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; Question b

At the beginning of 2010, a landfill contained 1400 tons of solid waste. The increasing function # models
the total amount of solid waste stored at the landfill. Planners estimate that W will satisfy the differential

equation %Ef— = %(W - 300) for the next 20 years. # is measured in tons, and ¢ is measured in years from

the start of 2010.
(a) Use the line tangent to the graph of W at ¢t = 0 to approximate the amount of solid waste that the landfill

contains at the end of the first 3 months of 2010 (time ¢ = %).

2 2

. dTW a-w
Find in terms of W. Use
® ar? dar?

10 determine whether your answer in part (a) is an underestimate or

an overestimate of the amount of solid waste that the landfill contains at time ¢ = %

(c) TFind the particular solution W = W (¢) to the differential equation %/—;/— = 21_5(W —300) with initial
condition W(0) = 1400.
W _ 1 r0) - 300) = L (1400 - 300) = | AW
(a) ., T2 (W(0)-300) = 2% (1400 —300) = 44 2 1: = ar= 0
The tangent line is y = 1400 + 441. 1+ answer
W(l) ~ 1400 + 44(-1-) = 1411 tons
) 7
AW _1dw _ 1 dw
2 , .
Therefore 2. . g he interval (< ¢ o L 1 : answer with reason
dt* 4
The answer in part (a) is an underestimate.
(c) %g/— = %(W - 300) 1 : separation of variables
1 : antiderivatives
L _aw-(La infeera
W — 300 = |25 5:4 1:constant of integration
| —300| = 1 feC 1 : uses initial condition
n| = 25 1: solves for W
1
In(1400 - 300) = ==(0)+ C = In(1100) = C
( ) 25 ) (1100) Note: max 2/5 [1-1-0-0-0] if no constant of
1 . .
=zl mtegration
- = 35
W - 300 =1100e 1 Note: 0/5 ifno separation of variables
==t
W(f) =300 +1100e? , 0<¢ <20
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Question 6

Let f be the function satisfying f'(z) = z,/f(z) for all real numbers z, where f(3) = 25.
(a} Find f"(3).

{b) Write an expression for y = f(z) by solving the differential equation j—g = z/y with the nitial

condition f(3)= 25.

- f'(z) 2’ 2: f'(x)
(@) ['(z)=f(z) +z =@+ 5
2y f(z) 2 . < —2 > product or
) chain rule error
f”(3)=~/ﬁ+-§—:% 1:valueat z =3
(b) 1 dy = zdo [ 1 : separates variables
VY 1 : antiderivative of dy term
) 1 : antiderivative of dx term
Ay = 532 +C 61 1 constant of integration
1 : uses initial condition f(3) = 25
2\/—2—:1(3)2_‘_0.0:2 1 : solves for y
2 ’ 2 )
1 11 Note: max 3/6 [1-1-1-0-0-0} if no
V¥ =2t +=— . :
4 4 constant of integration
Note: 0/6 if no separation of variables
2
y:(}—'rz 4—2\ hi(T2+Tl\2
14 4] 6° !

Copyright © 2003 by College Entrance Examination Board. All rights reserved.
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__‘ Question 6

: : 2
- Solutions to the differential equation % = xy3 also satisfy -f—ix_zji = y3 (1 + 3x2y2). Let y = f(x) be a

particular solution to the differential equation % = x° with /(1) = 2.

(a) Write an equation for the line tangent to the graph of y = f(x) at x = 1.

(b) Use the tangent line equation from part (a) to approximate f(1.1). Giventhat f(x) >0 for 1 < x < 1.1, is
the approximation for f(1.1) greater than or less than f{(1.1) ? Explain your reasoning.

(¢) Find the particular solution y = f(x) with initial condition f(1) = 2.

@ ()= =38 1: f°(1)
dx 2:
.2) 1: answer
An equation of the tangent lineis y = 2+ 8(x - 1).
(b) f(1.1) = 2.8 5. [ 1 : approximation
Since y = f(x) > 0 onthe interval 1< x < 1.1, " | 1: conclusion with explanation
d*y

Ex_z = y3 (1 + 3x2y2) > 0 on this interval.
Therefore on the interval 1 < x < 1.1, the line tangent to the
graphof y = f{x) at x =1 lies below the curve and the
approximation 2.8 is less than f(1.1).

(c) % = xy3 1 : separation of variables
| 1 : antiderivatives
J-_'_),— dy = Jx dx 5: 4 1:constant of integration
Y 5 1 : uses initial condition
—51—2=£2-+C I : solves for y
Y
ErEre=ceg | et megion
. gration
2 _ 1 Note: 0/5 if no separation of variables
V=5 2 .
4
2 -5
W= 2 7
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