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 7(¢), measured in liters per hour, where 7 is given by the piecewise-defined function

6007

r(t) = 1+3

1000e % for ¢ > 5

for0<¢<5

(a) 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 4 when the amount of water in
the tank is 9000 liters.

(@) lim r(z) = lim (%) =375 =r(5) 2 : conclusion with analysis
t—>5" t—5"

lim r(¢) = lim (1000¢7"*") = 367.879

t—>57" t—5%

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

18 1( (600t 8 021 :

= == il : l:
() J'O r(t) dt 8( 113 dz+j51000e dt integrand

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

(c) (3)=50 5. 1:7'(3)

The rate at which water is draining out of the tank at time # =3 hours is " | I : meaning of 7(3)

increasing at 50 liters / hour?

4 1:int 1
(d) 12,000 — jo r(1) dt = 9000 . { integra

1 : equation
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Do not write beyond this border.

Work for problem 2(a)

. ot
r(8) =& =315

=.3671.879

Work for problem 2(b)

(1T Thlooo )t ) 28

{1234 .507+ 829 9150 +&
=25%.053 liters/ hour .

_'.:épmq _sy_tii_puo&eci :911.1@ jou oq
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Continue problem 2 on page 7.



Do not write beyond this border. -

Work for problem 2(c)

1 | a .
r(3) = £ R8Y)

x 2800 - 1800
6.

= 5Q

The rate of ot which water is drai_nmj 'S increasing
ol B0 liters /1 at b3,

Work for problem 2(d)

1000 = 2000 - [*r©) 4t

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.

"IopI0q ST} PUOAQ(Q QJLIM JOU O(]
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Do not write beyond this border.

Work for problem 2(a) 72 Hft% ptrect L Lpte 1 lerete) e _
¢ Fua £00 = L 00 = fa)
oot _ | _ _
@w =" = iﬁ) (OO 5 2,__3%_
X-> K" ) 8
;ﬁ”"; toooe P = 263 819
!/
?Fu}_ #(é) # 4%’”}{:{!&) = %LM—( d/fc‘/‘{cz,u o4 pLot—
> 5 -

Cocetr o
& =

A 3
Work for problem 2(b) A V%&a,c = op-'{—c: " Z e f ()l

*TANTAO QTN TWTNAAN TTAL 1AIT AT

&
¢coo t 0.2+ ) _ _ — p o
[/{J(%‘:@{"* fflt‘*aoe aifj - 25‘82:5:(_
/\{}%_
2
émwr
-6- Continue problem 2 on page 7.
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Do not write beyond this border.

Work for problem 2(c)

! -é) 5@0(‘(143)“ Eo0t
f\j( /o‘_gé-gb'* B (% -f-?:’)2
, _ oot #1300 “600% 18360 _
T T TS e s T@vmes”

— ??;BQOO': 50 2
| boce ©

-’qu et e c{ c&o_a.zgc &vgf todes esr

L‘?//‘ + e et &z«:ﬁ/
=3
Work for problem 2(d)

4 |
[ rt0de = seoc

END OF PART A OF SECTION i
IF YOU FINISH BEFORE TIME IS CALLED, YOUMAY 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.

2 2

Work for problem 2(a)

/*wﬂ?.érawwéﬁnaad/?({ékffygf"éﬁwzéijfxb peer LALL
VA% /’/f}-a_ éh/ //%)
€57

-5

cood -
A%W 5 = J73
#5" /
Lny roo0e %07 369, 8754

Lr 7/% kO 4 2
fosm | A5t

Work for problem 2(b)
I

affg;; # /jwyz Gl =

*1ADI0A STN DIOAAN 2TTA 1001 Or T

-6- Continue problem 2 on page 7.
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Do not write beyond this border.

Work for problem 2(c)

coof
0325 po we wre A1) = 715

, oo ({r3) - €ooF
rY .
r(3) = 608 BRI L 50 Lens /h;MWW

g [lter s

11 17 a mite
FF) A aetetrton

D 1[3) « 50 Lfons™/ Four

Work for problem 2(d)

/Qoa?,e-of?”z - Zop0D
e'”/‘”zi 4
—0 24 - Z

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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AP® CALCULUS AB
2011 SCORING COMMENTARY (Form B)

Question 2

Sample: 2A
Score: 9

The student earned all 9 points. In part (a) it is sufficient to show that 7(5) # lim r(¢). In part (d) an ideal solution
t—5*

would present an A as the upper limit of integration.

Sample: 2B
Score: 6

The student earned 6 points: 2 points in part (a), 2 points in part (b), 1 point in part (¢), and 1 point in part (d). In
part (a) the student’s work is correct. Note that the last digit in the student’s calculation looks like an 8, but when
compared with the student’s work in part (¢), this digit is clearly intended to be a 9. In part (b) the student earned the
points for the integrand and the limits and constant. The student’s answer is not accurate to three decimal places, so
the answer point was not earned. In part (c) the student computes the value of #'(3). The student’s interpretation of

the meaning is vague. In part (d) the student earned the integral point.

Sample: 2C
Score: 4

The student earned 4 points: 2 points in part (a), 1 point in part (b), 1 point in part (c¢), and no points in part (d). In
part (a) the student’s work is correct. In part (b) the student earned the integrand point. The response is missing

1
the g,

interpretation of the meaning is insufficient. In part (d) the student’s work is incorrect.

so no other points were earned in part (b). In part (c) the student computes the value of 7'(3). The student’s
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