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AP® Calculus AB/BC 2022 Scoring Guidelines

Part B (BC): Graphing calculator not allowed
Question 5 9 points

General Scoring Notes
The model solution is presented using standard mathematical notation.

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.

Figure 1 Figure 2

Figures 1 and 2, shown above, illustrate regions in the first quadrant associated with the graphs of y = % and

y = Lz’ respectively. In Figure 1, let R be the region bounded by the graph of y = %, the x-axis, and the
X

vertical lines x =1 and x = 5. In Figure 2, let /' be the unbounded region between the graph of y = Lz and
X

the x-axis that lies to the right of the vertical line x = 3.

Model Solution Scoring

(a) Find the area of region R.

5 Integral 1 point
Area = f 1 dx 8 P

1 X
- In x|]5 Answer 1 point
=In5-Inl=1InS5
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AP® Calculus AB/BC 2022 Scoring Guidelines

Scoring notes:
e A definite integral with incorrect bounds does not earn either point.
e An unevaluated indefinite integral does not earn either point.

e An indefinite integral that is evaluated in a later step may earn one or both points. For example,

f% dx =In5—-1In1 (or In5) does not earn the first point but does earn the second. However,
f% dx=Inx+C = Area =1In5 - Inl earns both points.

Total for part (a) 2 points

(b)

Region R is the base of a solid. For the solid, at each x the cross section perpendicular to the x -axis is

a rectangle with area given by xe*!*. Find the volume of the solid.
5 o .

Volume — J-l !5 g Definite integral 1 point
Using integration by parts, u and dv 1 point

u=x dv = e*/° dx

du=dx v=5¢"°
Ixex/de = 5xe*!S - ISex/S dx J.xex/5 dx 1 point
= 5xe*/5 — 25615 + C =5xex/5—ISex/5 dx
=53 (x=5)+C

Answer 1 point

5
Volume = Sex/s(x - 5)‘1

= 5¢(0) — 5¢'/° (-4) = 20¢!/°
Scoring notes:

5
e The first point is earned for cL xe*!’ dx, where ¢ # 0. Errors of ¢ # 1, for example ¢ = 7, will

not earn the fourth point.
e Incorrect integrals that require integration by parts are still eligible for the second and third points.

Both of these points will be earned with at least one correct application of integration by parts.

e The second point will be earned with an implied # and dv in the presence of sxet/’ - J.Sex /5 dx.

e The tabular method may be used to show integration by parts. In this case, the second point is earned

by having columns (labeled or unlabeled) that begin with x and /5

cither 5xe*/5 — J‘Sex/5 dx or 5xe*!5 — 25615,

. The third point is earned for

e Limits of integration may be present, omitted, or partially present in the work for the second and
third points.

e The fourth point is earned only for the correct answer.

Total for part (b) 4 points

© 2022 College Board



AP® Calculus AB/BC 2022 Scoring Guidelines

(¢) Find the volume of the solid generated when the unbounded region W is revolved about the x -axis.

0V b Improper integral 1 point
Volume = ﬂf (—2) dx = lim [ —-dx
3 X b—0 3 X
b Antiderivative 1 point
= 7z lim
b—oo| 3 x3 3
. ( 1 ) 1 1 Answer 1 point
=z lim|—=|—-—=
bh—oo\—3 b3 33

Scoring notes:

0 2 b
e The first point is earned for either ¢ (%) dx or limc % dx, where ¢ # 0. Errors of
3 X b—0 3 X

¢ # n will not earn the third point.

e The second point is earned for a correct antiderivative of any integrand of the form Ln, for any
X

integer n > 2.

e To earn the answer point, a response must use correct limit notation and cannot include arithmetic

with infinity, such as %
0

Total for part (c) 3 points

Total for question 5 9 points
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Answer QUESTION 5 part (a) on this page.

Response for question 5(a)

5 5
(“")mﬂn GFRL)’I %%?D“lx[]’ "'"9‘,‘1,-«-
The area of rqon R s [In 5.

Page 12
Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Answer QUESTION 5 parts (b) and (c) on this page.

Response for question 5(b) Y
5 it, /
v
V= xe J -y ¢ X

A

V=, “xe¥ dy
"X dyv e */.?Jx
duz dx V'*';ﬁx/s- |

\/ LSF@F/B\] I g&k‘@ J)e'h-(zs‘f,"gf, )‘bedsjlg
=~ 1Ge - 5@,/‘ (250 25e%) =

Response for question 5(c)
YT o3 e W= Tord & ¢
— S n( o) dw
1 - ] . X%/

It

t’m S 3 ;q‘P
lim
T o J

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Answer QUESTION 5 part (a) on this page.

y y

-

o 0
Response for question 5(a)
5
S 1A dnx ]f
X |
[}
Page 12

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Answer QUESTION 5 parts (b) and (c) on this page.

|

.

Response for question 5(b)

5 .
Sme!’o\h s
=¥ \(:5@

lu:-é" A= 2.}30‘
SM;]S.' JSSL%Ax

Suﬂf N 159.5‘]?

[L;(ﬂc - "55@- @5\’- - 25¢ b}

Response for question 5(c)

£HOo
j‘ I \*
E =
3
v
i -‘—.;"" ‘b‘
X
b2 oo 3 .
:-'h"(— - |
booe x 3

—
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Response for question 5(a)

Area o region R

Jox® gy

=[Py
(Y LA
\hx|
(n%5=|hl

Page 12
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Answer QUESTION 5 parts (b) and (c) on this page.

Response for question 5(b)

N=[A

ﬁfw,s?
V‘—If‘xt”sd!

S

x? X/9

ﬂ'-—,é—e li
515 v M9
)-(3¢")

.._?'_.{,‘fs

Response for question 5(c)

NGRS

e

x|,
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Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.

asiiyis ® 00 e 0o o o0 o000




AP® Calculus BC 2022 Scoring Commentary

Question 5
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

This problem provided two figures, illustrating regions R and W in the first quadrant, associated with the graphs of

y = 1 and y = L, respectively.
X x2

In part (a) students were asked to find the area of region R. A correct response would recognize the need to compute

the definite integral of y = % from x =1 to x = 5, find an antiderivative of In x, and present an area of In 5.

In part (b) students were asked to find the volume of a solid that has region R as its base and whose cross sections

perpendicular to the x -axis are rectangles with area xe*!’

x/5

. A correct response would integrate the given area

function y = xe’/° from x =1 to x = 5 and then proceed to use integration by parts to evaluate the integral.

In part (c) students were asked to find the volume of the solid generated when the unbounded region W is revolved
about the x -axis. A correct response would recognize this volume as 7 times the improper integral of the square of
the function y = Lz’ starting at x = 3. The response would use correct limit notation to rewrite the improper
X
integral with a variable upper limit, find a correct antiderivative (J% dx = —% +C j, and continue the correct
X 3x

limit notation to find a volume of %

Sample: 5A
Score: 9

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

5
In part (a) the response earned the first point with the correct definite integral f % dx in line 1. The response
1

would have earned the second point with In 5 — In 1 in line 1. In this case, the response correctly simplifies to the
boxed answer of In 5 at the end of line 1 and earned the second point. The response confirms this answer with the
sentence in line 2.

5
In part (b) the response earned the first point with the correct definite integral J | xe*!? dx in line 2. The response
earned the second point by correctly identifying u and dv on line 3. The response correctly applies integration by

5 5
parts with the expression [Sxex/ > ]] - J.I 5¢*/% dx in line 5 and earned the third point. The expression at the start of
line 6 would have earned the fourth point with no simplification. In this case, simplification to the boxed answer of
20¢'/5 at the end of line 6 is correct, and the fourth point was earned.

© 2022 College Board.
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AP® Calculus BC 2022 Scoring Commentary

Question 5 (continued)

o0

2

2
E(Lj dx. The response
X

In part (¢) the response earned the first point on line 3 with the improper integral J

3
-3
earned the second point with the correct antiderivative x_3 in line 5. The response earned the third point with the

boxed answer % at the end of line 7 and the correct use of limit notation in lines 4 through 7.

Sample: 5B
Score: 7

The response earned 7 points: 2 points in part (a), 4 points in part (b), and 1 point in part (c).

5
In part (a) the response earned the first point with the correct definite integral f 1 dx in line 1. The response
1 X

earned the second point with the circled answer of In 5 in line 2.

5 X
In part (b) the response earned the first point with the correct definite integral 'fl xe> dx inline 1. The response

correctly identifies # and dv in the side work to the right and earned the second point. The response earned the

£5
5

5 X
third point with the correct application of integration by parts, Sxe || — J-l 5e3 dx, in line 2. The response earned

the fourth point with the boxed answer in line 4. Numerical simplification is not required.

o0

In part (c) the response did not earn the first point in line 1 with the incorrect improper integral j Lz dx. The
30X

response is eligible to earn the second point because the integrand is of the form Ln, n > 1. The response earned
X

the second point with —l, the correct antiderivative of Lz The response did not earn the third point because the
X X

answer is not correct.

Sample: 5C
Score: 2

The response earned 2 points: 1 point in part (a), 1 point in part (b), and no points in part (c).

5
In part (a) the response earned the first point with the correct definite integral f % dx in line 2. The response
1

would have earned the second point with the evaluation In 5 — In1 in line 5. In this case, there is a simplification
error that results in an incorrect boxed answer in line 6. Therefore, the second point was not earned.

5
In part (b) the response earned the first point with the correct definite integral V' = L xe*!3 dx in line 3. The

response did not earn the second, third, and fourth points because the response does not use integration by parts,
and the answer is not correct.

© 2022 College Board.
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AP® Calculus BC 2022 Scoring Commentary

Question 5 (continued)

In part (c) the response did not earn the first point because the improper integral in line 1 has limits of integration
that are not consistent with region W. The response is eligible to earn the second point because the integrand is of

the form Ln, n > 1. The response did not earn the second point because the antiderivative in line 3 is not correct.
X

The response did not earn the third point because the boxed answer is not correct.
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