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AP® CALCULUS AB/CALCULUS BC

2017 SCORING GUIDELINES

Question 1

p—

(a) Volume = I;OA(h) dh

~(2-0)-4(0)+(5-2)-A(2) + (10 -5)- A(5)
=2-503+3-144+5-6.5
=176.3 cubic feet

—

(b) The approximation in part (a) is an overestimate because a left Riemann
sum is used and A is decreasing.

10
(c) jo f(h) dh =101.325338

\]

The volume is 101.325 cubic feet.

(d) Using the model, V(%) = J()h Sf(x) dx.

[4r.
pes  Ldh o dt Jy_s
_ Ldh
- [f(h) dt L_s
= £(5)-0.26 = 1.694419

av
dt

When # = 5, the volume of water is changing at a rate of
1.694 cubic feet per minute.
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: units in parts (a), (¢), and (d)

5. 1 : left Riemann sum

" | 1 : approximation

: overestimate with reason

[ 1: integral
" | 1:answer

v
:{2' dt

1 : answer



Do not write beyond this border.

z 3 5
h
(feet) 0 2 5 10
A(h)
(square feet) | 903 | 144 | 6.5 2.9

1. A tank has a height of 10 feet. The area of the horizontal cross section of the tank at height h feet is given by
the function A, where A(h) is measured in square feet. The function A is continuous and decreases as i
increases. Selected values for A(h) are given in the table above,

(a) Use aleft Riemann sum with the three subintervals indicated by the data in the table to approximate the
volume of the tank. Indicate units of measure,

Vi [a(sb.3)4 3 ()4 5(05))
51338

(b) Does the approximation in part (a) overestimate or underestimate the volume of the tank? Explain your
reasoning.

The Q_Ppm-lw\&_ﬁw n Pm’{» o 1S an restimate because A is a.

du;(@og “ﬁ ‘KJHC;HOV\.
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Continue question 1 on page 5.
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Do not write beyond this border.

(c) The area, in square feet, of the horizontal cross section at height h feet is modeled by the function f given

50.3 . ; y
by f(h) = W Based on this model, find the volume of the tank. Indicate units of measure.

V=Sl

101,325 #+°

(d) Water is pumped into the tank. When the height of the water is 5 feet, the height is increasing at the rate
of 0.26 foot per minute. Using the model from part (c), find the rate at which the volume of water is
changing withjrespect to time 'when the height of the water is 5 feet. Indicate units of measure.

h=sf+ ‘; (wuﬂ dh

N7 , dt " de
& # 50.%
e i i b b P2 — . . 5 1
= 21694 £3/win
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Do not write beyond this border.

h

(feet) 0 2 5 10
Alh .
, (squa:(e)feet) 503 | 144 6.5 2.9

1. A tank has a height of 10 feet. The area of the horizontal cross section of the tank at height h feet is given by
the function A, where A(h) is measured in square feet. The function A is continuous and decreases as &
increases. Selected values for A(h) are given in the table above.

(a) Use a left Riemann sum with the three subintervals indicated by the data in the table to approximate the
volume of the tank. Indicate units of measure.

V = o1 (2) 40 3] (AT M)
= (0@ + (D4 ?)(’5)1763 3 1)

(b) Does the approximation in part (a) overestimate or underestimate the volume of the tank? Explain your

ressomne The voluwe 5 Qver esjamm’:d bﬁtauje the pf[[’l)
Coninyosly decﬂ?ﬂsvg 3y So dier dhe “due o ACh) o fe (&
. ‘Q"\f}\ d-L eoclfl Su}am Na H{h) luwer J\w e MHH the
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Do not write beyond this border.

(c) The area, in square feet, of the horizontal cross section at height # feet is modeled by the function f given

50 3
y f(h) = 2, . Based on this model, find the volume of the ta.uk Indxcate umts of measure.

\l \\LW\{: eq/ua{s B J'DHL\) Iy £ & NNE
(e o yo\phl wlelabd

(d) Water is pumped into the tank. When the height of the water is 5 feet, the height is increasing at the rate
of 0.26 foot per minute. Using the model from part (c), find the rate at which the volume of water is
changing with respect to time when the hﬁt of the water is 5.feet. Indicate unitg,of measure.

V= ,\5‘5 - LL@ g@;
AV (é §2-509) (02b) ’“ngg WEE/“’”‘“D
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Do not write beyond this border.

h
(feet)

A(h)

D] 63| 1
(square feet) 50.3 1'4‘\4) @ 9

1. A tank has a height of 10 feet. The area of the horizontal cross section of the tank at height h feet is given by
the function A, where A(h) is measured in square feet. The function A is continuous and decreases as &
increases. Selected values for A(h) are given in the table above.

(2) Use a left Riemann sum with the three subintervals indicated by the data in the table to approximate the
volume of the tank. Indicate units of measure.

LMD F 2 (s r5(a)
298 * 1g r g5 = e EY

T \dune O Fhe dank 1B e O AURY frectmee
Uf)iﬁ% G\UH' Rtmann -/ uim (The volume e
pak 6 \@Se L.

(b) Does the approximation in part (a) overestimate or und®restimate the volume of the tank? Explain your

reasoning. ' .
becnuge The funchion As dewreaSing pver fhe MY

whwoen 0 € WS\0 e L&AR
o e Volume i hu WK .
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Do not write beyond this border.

(c) The area, in square feet, of the horizontal cross section at height k feet is modeled by the function f given

-~ by f(h) = ua%%—?)—. Based on this model, find the volume of the tank. Indicate units of measure.
20

+h

The Y olwme A fre fank 15 fhe Jfah

(P 222 dh= 1o],275 K¢

20 | ﬁfﬁzi”‘q_h

-]
(d) Water is pumped into the tank. When the height of the water is 5 feet, the height is increasing at the rate
of 0.26 foot per minute. Using the model from part (c), find the rate at which the volume of water is
changing with respect to time when the height of the water is 5 feet. Indicate units of measure.
1, — r]
A~ 2
@&TC: o Fr\enin
(j'\ ) ) - = ;;’)1 Y
bV - B()= 507 e W=5 = (.59
et - 3 e i 3
&}C ) € lei'\"&‘&f) {t lmﬂ-ﬂ}
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AP® CALCULUS AB/CALCULUS BC
2017 SCORING COMMENTARY

Question 1
Overview

In this problem students were presented with a tank that has a height of 10 feet. The area of the horizontal cross
section of the tank at height % feet is given by a continuous and decreasing function 4, where A(%) is measured
in square feet. Values of A(%) for heights # = 0, 2, 5, and 10 are supplied in a table. In part (a) students were

asked to approximate the volume of the tank using a left Riemann sum and indicate the units of measure. Students
needed to respond by incorporating data from the table in a left Riemann sum expression approximating

10
J-o A(h) dh using the subintervals [0, 2], [2, 5], and [5, 10]. [LO 3.2B/EK 3.2B2] In part (b) students needed to

explain that a left Riemann sum approximation for the definite integral of a continuous, decreasing function
50.3

0.2h
e +h
is presented as a model for the area, in square feet, of the horizontal cross section at height % feet. Students were
asked to find the volume of the tank using this model, again indicating units of measure. Using the model f for

overestimates the value of the integral. [LO 3.2B/EK 3.2B2] In part (c) the function f given by f(4) =

10
cross-sectional areas of the tank, students needed to express the volume of the tank as Io f(h) dh and use the

graphing calculator to produce a numeric value for this integral. [LO 3.4D/EK 3.4D2] In part (d) water is pumped
into the tank so that the water’s height is increasing at the rate of 0.26 foot per minute at the instant when the
height of the water is 5 feet. Students were asked to use the model from part (c) to find the rate at which the
volume of water is changing with respect to time when the height of the water is 5 feet, again indicating units of
measure. Students needed to realize that the volume of water in the tank, as a function of its height #4, is given by

h
V(h)= .[0 f(x) dx and then use the Fundamental Theorem of Calculus to find that the rate of change of the

volume of water with respect to its height is given by V'(%) = f(h). Then, using the chain rule for derivatives,

students needed to relate the rates of change of volume with respect to time and height and the rate of change of
the water’s height with respect to time. Information in the problem suffices to be able to find these rates when the
water’s height is 5 feet. [LO 2.3C/EK 2.3C2, LO 3.3A/EK 3.3A2] This problem incorporates the following
Mathematical Practices for AP Calculus (MPACs): reasoning with definitions and theorems, connecting concepts,
implementing algebraic/computational processes, connecting multiple representations, building notational
fluency, and communicating.

Sample: 1A
Score: 9

The response earned all 9 points: the units point, 2 points in part (a), 1 point in part (b), 2 points in part (c), and

3 points in part (d). The units point was earned because the units of ft* in parts (a) and (¢) and ft*/min in part (d)
are all correct. In part (a) the left Riemann sum point was earned by the numerical expression in the first line. This
expression would have also earned the approximation point without simplification. The student chooses to
simplify, does so correctly, and thus earned the approximation point. In part (b) the statement “overestimate
because A is a decreasing function” earned the point. In part (c) the definite integral earned the integral point, and
101.325 earned the answer point. In part (d) the second line on the right earned the 2 points for CZ—Z/ The third
line on the right would have earned the answer point without simplification. The student chooses to give a final
answer of 1.694 that is computed correctly and earned the answer point.
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AP® CALCULUS AB/CALCULUS BC
2017 SCORING COMMENTARY

Question 1 (continued)

Sample: 1B
Score: 6

The response earned 6 points: the units point, 2 points in part (a), 1 point in part (b), 1 point in part (c), and

1 point in part (d). The units point was earned because the units of ft* in parts (a) and (c) and ft*/minute in part (d)
are all correct. In part (a) the left Riemann sum point was earned by the symbolic expression in the first line. The
approximation point was earned by the second line. The numerical expression in the second line would have
earned the approximation point without simplification to 176.3. The student chooses to simplify, does so
correctly, and thus earned the approximation point. In part (b) the response of “overestimated” with the reason

that “ 4(4) is continuously decreasing” earned the point. In part (c) the expression I;O f(h) dh earned the
integral point. The answer of 101 did not earn the answer point because the result is not accurate to three places
after the decimal point. In part (d) the equation ii_lt/ =[f(5)-f (0)]% earned 1 of the 2 ii_lt/ points for using
the chain rule. The student has made an error in the application of the Fundamental Theorem of Calculus. The

numerical evaluation of the student’s expression for CZ—Z/ is not eligible to earn the answer point.

Sample: 1C
Score: 3

The response earned 3 points: no units point, no points in part (a), 1 point in part (b), 2 points in part (c), and no
points in part (d). The units of ft/min? in part (d) are incorrect, so the student did not earn the units point. Because
the student uses a right Riemann sum, no points were earned in part (a). The confusion of left with right has
implications in part (b). Because the setup in part (a) for a right Riemann sum is accurate, the student is eligible to
earn the point in part (b) if the response is consistent for a right Riemann sum. In part (b) the implication that 4 is
decreasing leads to an “under-estimate” is consistent with a right Riemann sum. Thus, the student earned the

10
point. In part (c) f % dh earned the integral point, and 101.325 earned the answer point. In part (d) no
0o e +

points were earned because the statement of c;_lt/ = f(h) is incorrect, and the remaining work only implies,

incorrectly, that CZ—Z/ = f(5) = 6.517. The answer point was not earned because the student’s expression for ‘2—2/

is not eligible to earn the answer point.
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