AP® CALCULUS BC
2010 SCORING GUIDELINES (Form B)

Question 3
| 12 ft T
t |0l 2|4|6)|8|10|12 4 ft
P(t)| 0 |46|53|57|60|62|63 l

The figure above shows an aboveground swimming pool in the shape of a cylinder with aradius of 12 feet and a
height of 4 feet. The pool contains 1000 cubic feet of water at time t = 0. During thetimeinterval 0 <t <12
hours, water is pumped into the pool at therate P(t) cubic feet per hour. The table above gives values of P(t)

for selected values of t. During the same time interval, water is leaking from the pool at therate R(t) cubic feet

per hour, where R(t) = 25e %%, (Note: Thevolume V of acylinder with radius r and height h is given by

V = zr°h.)

(8 Use amidpoint Riemann sum with three subintervals of equal length to approximate the total amount of water
that was pumped into the pool during thetimeinterval 0 <t <12 hours. Show the computations that lead to
your answer.

(b) Calculatethetotal amount of water that leaked out of the pool during thetimeinterval 0 <t <12 hours.

(c) Usetheresults from parts (a) and (b) to approximate the volume of water in the pool at time t = 12 hours.
Round your answer to the nearest cubic foot.

(d) Find the rate at which the volume of water in the pool isincreasing at time t = 8 hours. How fast is the water
level inthe pool rising at t = 8 hours? Indicate units of measure in both answers.

2 1: midpoint
@ jl P(t) dt =~ 464+ 57-4 + 62. 4 = 660 ft° 2: { ricipolft sum
0 1: answer
12 1:integra
R = 225504 ft 2:
(b) jo (t) dt = 225504 ft {1:ansmer
12 12
(c) 1000 + j Pt dt - j . R(t) dt =1434.406 1: answer
Attime t = 12 hours, the volume of water in the pool is
approximately 1434 ft3.
(d)y V’(t) =P(t) - R(t) 1:V'(8)
V,(8) = P(8) - R(8) =60 - 258_0'4 = 43.241 or 43.242 ftg/hr 1: equation reIat|ng dd_\t/ and %
4:
V = z(12)*h 1. dh
N _ 144,80 Ulis
dt dt 1: unitsof ft2/hr and ft /hr
dh| _ 1 av| _
O e = 1247 ot e = 0.095 or 0.096 ft/hr
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o 12 ft

P(r)| 0 |46 |53 |57 |60 62|63

Do not write beyond this border.

Nork for problem 3(a) I 1z
waTe  [pdev wio Pl sz(t}c}f 4,4 4?' 4-6'}‘ S; + 62) = &JO &3
o]

L

Work for problem 3(b) |
WAl LEANID = Jk(t dt = j,(ZSZ JS)J{,_ :EZ—E 5&,.%‘ ]

"19p10q ST} puoAkaq 2 10U 0q

j
225 s:ﬂ-%«‘ OF WABR oAk FROATIE Pl —_——
._...——:—-—-—'"
70 t=kA |
Continue problem 3 on page 9.
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Do not write beyond this border.

Work for problem 3(c)
2 12
$1¥m)+[WATB/? w) ( :Bm\ﬁ:léoo{f’ﬁ)dt ‘kat)dt =640 - 225.594 <
Q
r———‘_’—______,———7 S

—TH-E VOL-UMB OF pnTeL IN THe PooL

AT Timg =124 1S Arsouﬂ%ﬁf&.g
-—-‘"”——-_.

blem [
e I oo wne w)- (s i 07)
V= TFrJ | d
el GEB)-RG)= B2 L,
At dt A e A 5—31 The VoLums v Thi Tavk
43,242< 452369 —— e I 1< INCREASIWG AT 5]-32.4'7./3{&41»'6

A -

-

A |
22038 - o =
e X/M

e

e

AT :E,L THE  WATLR (BVEL 1S RISIN(G

AT 6%’(/}.,«;1, /____.)

END OF PART A OF SECTION I
IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.

"JapI0q SIYI pUOAaq 1LIM JOU O(]

-9-

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.



P(t)| 0 | 46|53 |57 |60 62|63

Do not write beyond this border

Iﬂ:/orkfoi:;(;:lcr;;zj |/~f_-—2 'b 1o ,P(‘U-—"I-& %7 62
&1
t G 4(4b+47+6") jio

| Work for problem 3(b) I t’

1>50). b = & .’ﬁes-\’d,t ’
Vmwrlgﬁf"g - Jo o [ 0 e
P I 14

Continue problem 3 on page 9.
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Do not write beyond this border.

38
7

Work for problem 3(c)

— Voumped — V2l e
v__ bpm};a = 44 ook

o, 434 whic fet
Work for problem 3(d) i e
] =— (-2 )
?&) —pLH). g
- (.,a 96"{)‘ & _s- 05X
Xé
_ _g—> a0 f5HY
sinte * k=8 ) gt rate ] 2.a6] &40
s ey _
w, “the, THTE of werer v ”ﬁ 2 dh
-4 o ALz T
at {" y="" dt
= | dh _ 214/1’] oobfﬂt
kg™ V'l
Ed A" 02 rate of © ooss foh *
The, waktr o tlo oy M9
END OF PART A OF SECTION I

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.
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12 ft

| T

Pit)| 0 |46|53|57|60|62]63

Do not write beyond this border

| Work for problem 3(a) |

The p\FPf‘oxi‘w@U Yot tamonnt D:r W (2

— (0tf0)x4 | (T3too )x4  (Loeby) x4

= 289 %2
= 6§73 wnbic Test

| Work for problem 3(b) |

The totad wannt o wetor f%(fﬂ'“ﬁ il

~ 12

= (a5t = oy (94 ubic £
_ ~ .- LAADI1C Qp:t

49

"13p10q ST puoAaq UM 10U O]

Continue problem 3 on page 9.
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L0 not write beyond this border.

Work for problem 3(c)

'ﬂu aPPNX‘,M‘\'g. Uglw Gf weler w "g‘:,-‘rhﬂ +=12
= [ee0 +C78 255174

o.eit -0-00%
The rete = o (- 25e )= (2T ¢

Work for problem 3(d) 0\

= 0«8-)’70\ nbie TQ(.T_' f?@r 5wa0{

IS --t}\oI't

EA 2
_D.oq"t

~ — 0.004. ¢

i

| | "

= "‘l?‘-‘-]ﬁ .‘/\-"-blt '(ﬂa_;{- {7“ 3;}’u,a-f"t’ ie-wi‘ﬁ{

END OF PART A OF SECTION II
IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.

"Iop10q STy} pUuOAaq )M 10U 0

-9-

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.



AP® CALCULUS BC
2010 SCORING COMMENTARY (Form B)

Question 3

Sample: 3A
Score: 9

The student earned all 9 points.

Sample: 3B
Score: 6

The student earned 6 points: 2 points in part (a), 2 points in part (b), no points in part (c), and 2 points in part (d).
In parts (a) and (b), the student’s work is correct. In part (c) the student does not use the initial condition, and the
point was not earned. In part (d) the student’s presented value for V’(8) is incorrect. The relationship between

O(Ij—\t/ and % is correct, and the value of % is consistent with the student’s V’(8). The second and third points

were earned. The units on % are incorrect.

Sample: 3C
Score: 3

The student earned 3 points: no points in part (a), 2 points in part (b), 1 point in part (c), and no points in part (d). In
part (a) the student does not use a midpoint Riemann sum. In part (b) the student’s work is correct. In part (c) the
student correctly combines the results from parts (a) and (b) along with the initial condition. In part (d) the student’s
work is incorrect.
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