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AP® Calculus AB/BC 2021 Scoring Guidelines

Part B (AB or BC): Graphing calculator not allowed
Question 3 9 points

General Scoring Notes

Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should be
correct to three places after the decimal point. Within each individual free-response question, at most one
point is not earned for inappropriate rounding.

Scoring guidelines and notes contain examples of the most common approaches seen in student responses.
These guidelines can be applied to alternate approaches to ensure that these alternate approaches are scored
appropriately.

A company designs spinning toys using the family of functions y = cxv4 — x*, where ¢ isa positive constant.

The figure above shows the region in the first quadrant bounded by the x-axis and the graph of y = cxv4 — X2,

for some c¢. Each spinning toy is in the shape of the solid generated when such a region is revolved about the
x -axis. Both x and y are measured in inches.
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Model Solution Scoring

Find the area of the region in the first quadrant bounded by the x-axis and the graph of y = cxv4 — x°

for ¢ = 6.
6xV4 — 2 =0 = x=0.x =2 Integrand 1 point

Area = Ioz6xxl4 —x% dx

Let u = 4 — X2 Antiderivative 1 point

du = 2x dx = —%duzxdx

x=0=u=4-0>=4

x=2=>u=4-2>=0

2 0 0 4
j 6xV4 — x2 dx = j 6(—1)6 du = —3j u'l? du = 3j u'? du
0 4 2 4 0

u=4
=2-8=16
u=0

= 2532

The area of the region is 16 square inches. Answer 1 point

Scoring notes:

e Units are not required for any points in this question and are not read if presented (correctly or
incorrectly) in any part of the response.

e The first point is earned for presenting cxv4 — x* or 6xV4 — x* asthe integrand in a definite

integral. Limits of integration (numeric or alphanumeric) must be presented (as part of the definite
integral) but do not need to be correct in order to earn the first point.

e Ifan indefinite integral is presented with an integrand of the correct form, the first point can be
carned if the antiderivative (correct or incorrect) is eventually evaluated using the correct limits of
integration.

e The second point can be earned without the first point. The second point is earned for the
presentation of a correct antiderivative of a function of the form Axv4 — x?, for any nonzero

constant A. If the response has subsequent errors in simplification of the antiderivative or sign
errors, the response will earn the second point but will not earn the third point.

e Responses that use u -substitution and have incorrect limits of integration or do not change the
limits of integration from x- to u -values are eligible for the second point.

e The response is eligible for the third point only if it has earned the second point.

e The third point is earned only for the answer 16 or equivalent. In the case where a response only
presents an indefinite integral, the use of the correct limits of integration to evaluate the
antiderivative must be shown to earn the third point.

e The response cannot correct —16 to +16 in order to earn the third point; there is no possible
reversal here.

Total for part (a) 3 points
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(b) c(4 - 2x?
b _ ( ) . For a particular spinning toy, the radius of the

) g 2oay  “\7T e )
It is known that, for y = cxv4 — x°, dx m

largest cross-sectional circular slice is 1.2 inches. What is the value of ¢ for this spinning toy?

The cross-sectional circular slice with the largest radius occurs Sets dy _ 0 1 point
where ¢xV4 — x? has its maximum on the interval 0 < x < 2. dx
o4 - 2x?
a_22) g
dx 4 — x?
x=2 = y= 244 - (ﬁ)z =2c Answer 1 point

2c=12 = ¢c=0.6

Scoring notes:

dy c(4—2x2)

e The first point is earned for setting — =0, ———+ =0, or 0(4 - 2x2) =0.
o VI ’

e Anunsupported x = v2 does not earn the first point.
e The second point can be earned without the first point but is earned only for the answer ¢ = 0.6

with supporting work.
Total for part (b) 2 points
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For another spinning toy, the volume is 27 cubic inches. What is the value of ¢ for this spinning toy?

2 2 2 F f the int d 1 point
Volume = .[0 7r(cxx/4 - x? ) dx = 7[02.[0 x? (4 — xz) dx ofm oF the Integtan pot
Limits and constant 1 point
> 2 Antiderivative 1 point
= 71'c2J. (4x2 — x4) dx = rc? ix3 - lx5
0 3 57 o
2(32 32\ 64rxc? Answer 1 point
- (T a ?) T 15
64rc? 2 _ 15 _[15
15 —27r:>c—32:>c— 3

Scoring notes:

2
e The first point is earned for presenting an integrand of the form A(xV4 -x’ ) in a definite integral

with any limits of integration (numeric or alphanumeric) and any nonzero constant 4. Mishandling
the ¢ will result in the response being ineligible for the fourth point.

e The second point can be earned without the first point. The second point is earned for the limits of
integration, x = 0 and x = 2, and the constant 7 ( but not for 27 ) as part of an integral with a

correct or incorrect integrand.

e Ifan indefinite integral is presented with the correct constant 7z, the second point can be earned if
the antiderivative (correct or incorrect) is evaluated using the correct limits of integration.

2 2
e A response that presents 2 = Jo (cx«/4 - x° ) dx earns the first and second points.

e The third point is earned for presenting a correct antiderivative of the presented integrand of the
7\2 .. . .
form A(x\/4 - X ) for any nonzero A. If there are subsequent errors in simplification of the

antiderivative, linkage errors, or sign errors, the response will not earn the fourth point.

e The fourth point cannot be earned without the third point. The fourth point is earned only for the
correct answer. The expression does not need to be simplified to earn the fourth point.

Total for part (c) 4 points

Total for question 3 9 points
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Sample 3A
33 33
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Answer QUESTION 3 part (a) on this page.

t a4
_I":O
Yrar
0 -
 Response for question 3(a) |

4= bxly- =0

x=0 , x= 1

1 o
Fl=f bxy—yz dy T i

0 dw= -25d)

A- o.. e Y B Y y
j Slw du *5[ u*du -KM.ET..
' 1 0 X

[ 4

ﬁ: 2(‘1111.:0”;:) . 1(2N‘1_0) _ 1(5) Z[L —
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Answer QUESTION 3 parts (b) and (c) on this page.

'Response for question 3(b) |
Lasgest Cevss Secron Whae o 15 qeatest (maimum 0 y on EI“*M'

Find Max:
dy | (4D Ly c(4-25) =0
SN Y= 2xt

X=V2

- ods 7,
;J‘ =1 llf st rodmd of cross ~Cechion eqv
A+ . 2"‘ "d C 1‘5 Mk Y valug )

= ox VY%t

b= (VN = o vi (4 = clitRy =2¢

= 1’2 _ 0.6 —') _
C N - o

Hesponutorqueeﬁonsaﬂ | 7 7
V= ﬂf yrdy = ﬂ'f (cxﬁ) dy = ITc"j ;’-L'l-m‘)M=1T(LJ('U~?"xﬂJ‘L
o

0
= 3 - _
Vv mz[ﬂ% = L ] = Wc‘[(u%-%g)-(?f)] i
V= T (3?_[:) ;m) R ?«_,39) _L!

3}{ = h’cl (@

14
0 =
-_ 4
b\

il

¢t= 3 5 =

-
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Sample 3B
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Answer QUESTION 3 part (a) on this page.

y
¥

0
.-Hesponseforqueatlona(aj Gzﬁ; =0
U g "“ﬁ’-? :‘.zo
(A
A= jéx,“}-af" dx
0
.,{eq—a," ta'-‘—"sl---i',‘L q,lf-oq'
dod® -20¢ die U= Q uzt
“3«:2).1.;;‘“
0
N
‘fa I‘L % '}'.-..
"(=-'3JJ§— dn .
v
* -3[14-1‘% - 2(4-0%) J .
¥ = .
'3(°-L‘4) "‘I. ® . .
LR : -5(0 - 2(4)%) ]
-3 | a (u-x) | v o3 )
l—i—;—yj]; = E,fr‘*l— = amw’t
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Answer QUESTION 3 parts (b) and (c) on this page.

| Response for question 3(b)

e e
111 2 x4 -(F)
fu-ay: 0 e
— = ¢Je J(J‘f"t
|- ;
= L
clg-w?) =0 | cJox |
Y2270 = 2c
y= 22° H c=z I
z:wi | z
“’;\r?:- C'; 006
' Response for question 3(c) | y= =
dut * 22 S
z A -2 -t
Y z}d vy e
we 4-2 20

V W]C‘zj/a’z, ot e ¥
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\ Y
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b
""'/W da = o 0 -un™ .
+ 4 > ¢ =
(7 t A .z CE
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Answer QUESTION 3 part (a) on this page.

¥

0
Response for question 3(a) =
2y : Uy

RUPI o R

4 _ %6@)1
” nh -
A= S o [ux") e

3
!\ﬂf}s Ry o

B bf H-’x\) }
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-
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Sample 3C
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Answer QUESTION 3 parts (b) and (c) on this page.

Response for question 3(b)
?)’ Cﬂm ‘?% " CL{«-W‘) % n
N
bz X
Lev PR i T L
X=vz (N & ..{{ )
yAD* 1 s AT
Ms LYITR
112 20
G

Response for question 3(c)

9o (Vi > 2
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Question 3
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

In this problem a company designs spinning toys using various functions of the form y = cxv4 — x>, where ¢ isa

positive constant. A graph of the region in the first quadrant bounded by the x -axis and this function for some ¢ is
given and students were told that the spinning toys are in the shape of the solid generated when this region is
revolved around the x-axis. Both x and y are measured in inches.

In part (a) students were asked to find the area of the region in the first quadrant bounded by the x -axis and the
2
region y = cxv4 — x? for ¢ = 6. A correct response will set up the definite integral J.o 6xv4 — x> dx and use the

method of substitution to evaluate the integral to obtain an area of 16.

dy c(4 — 2x2)
T odx V4 — X2
particular spinning toy the radius of the largest cross-sectional circular slice is 1.2 inches and were asked to find the

value of ¢ for this particular spinning toy. A correct response will solve % = 0 to find that the largest radius

occurs when x = 2. Then using this value of x in the equation y = cxV4 — x* = 1.2, the value of ¢ is found to
be 0.6.

In part (c) students were told that for another spinning toy, the volume is 27z cubic inches. They were asked to find
the value of ¢ for this spinning toy. A correct response would set up the volume of the toy as the integral

In part (b) students were told that for y = cxv4 — x? . They were also told that for a

2 3 2
f 72'(6‘)6\/4 - X ) dx, evaluate this integral, and set the value equal to 27z. Solving the resulting equation for ¢
0

neo 15
results in ¢ = 3
Sample: 3A
Score: 9

The response earned 9 points: 3 points in part (a), 2 points in part (b), and 4 points in part (c¢). In part (a) the response

presents the correct integrand in a definite integral and earned the first point. The antiderivative of 3312 % with

the definition u = 4 — x? is correct and earned the second point. The response has the correct answer and earned the
dy c(4 - 2x? )
dx V4 - x2

and the response earned the second point. In part (c) the response presents y2 as the integrand of a definite integral

third point. In part (b) the response earned the first point for stating = 0. The answer is correct,

and earned the first point. Note that because y = cxv4 — x? s given in the statement of the problem, a response can
reference the function by using » for the first point. The limits and constant are correct and earned the second point.
The antiderivative is correct and earned the third point. The response is eligible for the fourth point. The answer is

correct and earned the fourth point. Note that @ = ,}é—;
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Question 3 (continued)

Sample: 3B
Score: 6

The response earned 6 points: 3 points in part (a), 2 points in part (b), and 1 point in part (c). In part (a) the response

. . - . o 2u)/?]
presents the correct integrand in a definite integral and earned the first point. The antiderivative —3 {% with

the definition u = 4 — x* is correct and earned the second point. Note that the sign of the antiderivative is consistent
with the limits of integration. The response is eligible for the third point. The answer is correct and earned the third

point. Note that the substitution of u = 4 — x?* after finding the antiderivative and using the limits of x = 0 and
x = 2 is not necessary to evaluate the antiderivative. In part (b) the response earned the first point by stating

dy
dx
the response did not earn the first point. The limits and constant are correct and earned the second point. Because the
integrand is not of the correct form, the response is not eligible for and did not earn the third point. Without earning
the third point, the response is not eligible for and did not earn the fourth point.

= (. The answer is correct and earned the second point. In part (c) the integrand is not of the correct form and

Sample: 3C
Score: 3

The response earned 3 points: 1 point in part (a), 2 points in part (b), and no points in part (c). In part (a) the response
presents the correct integrand in a definite integral and earned the first point. The antiderivative presented is
incorrect because the sign of the antiderivative is incorrect, and the response did not earn the second point. The
response is not eligible for and did not earn the third point. In part (b) the response earned the first point by stating

dy 0(4 - 2x2)
dx V4 — x?
presented is not of the correct form and the response did not earn the first point. The constant 27 is incorrect and
the response did not earn the second point. Without an integrand of the correct form, the response is not eligible for

the third point and is not eligible for the fourth point. The response did not earn the third point and did not earn the
fourth point.

= (. The answer is correct, and the response earned the second point. In part (c) the integrand
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