AP® CALCULUS AB
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 the rate 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 = zr2h.)

(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) Calculate the total 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.

’ 1: midpoint
(@ Il P(t) dt ~ 46-4+57- 4+ 62- 4 = 660 ft° 2:{ midpoint sum

° 1: answer

N 1:integral

R = 225.594 ft° 5.
(b) [ "R(t) ct = 225,504 ft {1:aHSNer
12 12

() 1000+ [ “P(t)dt - [ “R(t) it = 1434.406 1 answer

Attime t = 12 hours, the volume of water in the pool is
approximately 1434 ft3.

(d) V'(t) = P(t) - R(t) 1:V/(8)
V,(8) = P(8) - R(8) = 60— 256_0'4 = 43.241 or 43.242 ft3/hr 1: equation relanng dd_\t/ and %
4:
V = z(12)*h 1. dh
N _ 140,80 Hlee
dt dt 1: unitsof ft®/hr and ft/hr

dh 1 dv

@\ = Tadr dr] ., = 0% or 0096 ft/hr
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Do not write beyond this border

3 i3 3

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

Work for problem 3(a) | i
waTef A[ppep wid  Pool "‘Jf’(‘«}df ~ 4’(45"" S7#+ 62) s !JJO &ta ’
o
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o 660 &ts oF WAZL ARE Apps¥ bo Tnd Pool

sraM t zo) To t= 2 A

b b

Work for problem 3(b) ] 12
WAL LEANED = JR& ﬂzse‘.os'%t ::E:Z/‘S. C3% 8&3]

%(5 OF WATR  LeAN FRuM THE P)JL FRoM t‘u}‘
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Continue problem 3 on page 9.
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Do not write beyond this border.

Work for problem 3(c)
V{lh m)-]—{wme/e Iv)- @wu wﬁ lc)ooi(P(t,Jde Iﬁ(:.)olt <1640 - :5.594 <

—— ~~—
THZ yoLuMB OF UARR [N THe P

AT Ting t=124 IS ABsT 434 043
L— %K

Work for problem 3(d) [
2 d 4 =/RATC WATRR WV T§ WATSR QU1
V = "ﬂ-f‘7j | ( ) (m ) i
Vg .d_z-::f’(g)—'R(R):: 43.242 gtﬂm

gt - dt J,K | AT b‘-}i, I8 VoLuvme In Thig Tavk
43,2?2:?’5235_92';— ’ s INCREASING AT 43.2-4_1%(3[!“% |

’ —

—

B L e
TRl -

AT f:f-h,t, THE  WATCR LeVveL S RISING \
/ )

AT _._056*%(//&,«,7, , ———

END OF PART A OF SECTION Il
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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Do not write beyond this border

t 0|24 |6)|8/([10]12
P(t)| 0 |46 |53 |57 |60 (62|63
I Work for problem 3(a) I

vty e e
me (4bm+5*>) b

=3 b, 10, p=4, §pb2

| Work for problem 3(b) I

Vmwlﬁgﬁ J

st
)t = fzﬁe, Tt

"19pI0q STY] pUOA2q )M J0U O(J

— 229 574

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

Work for problem 3(c)

— Vournpea— Visab L
v : bpmz/;é‘;@“"’f cubic fed

Work for problem 3(d)

= = (-.o o5t) € ¢ _s-e5 -]
X
< x ::8"_3’ +2/r)¢o_0’5-)( 3
jina: >4 =246 . il the rate “"f 2.48] mft/ﬂ
gt of e 4P
Tht:j:g ﬂ dV _ 2%
at Vf,TTT dt
= 0.0 -t
dh_ fﬁgz 53] ok at £
=3 dt 2 mrﬂt{%)omﬁf
The Watmf)ﬁwwﬂ ok
END OF PART A OF SECTION Il

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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Do not write beyond this border

Pay| 0 [ 46|53 |57|60]|62]|63

| Work for problem 3(a) |

Tha p\FPf‘oxiMU tote tmannt E}T w ey

- (0+53)x4 _{_(_M +(bo+6’;)>~’4
b > : _—____-1_

= 289 =2
= §7? imbic Test

| Work for problem 3(b) |

The total owawet of wete [eaking vt

l -
~ -

_ \ _D.OI'tCA
S e M = 260 194 Gabic fest
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Continue problem 3 on page 9.
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Do not write beyond this border.

Work for problem 3(c)
m QPPNK;M—B Uﬁlvwwa- af watar W —C’M t: 1y

= {MO+C78~255.174

= 1322 tubic fet

Work for problem 3(d) ok o _otit
The rote = o (607 25e )= (2.8
= 0.8319 onbic Tth pes sww{
The rc?t;c'.‘e'f P15 = __‘2&__ ot -~ 0,07+
| E -
~o.o8%

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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AP® CALCULUS AB
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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