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AP® Calculus AB/BC 2024 Scoring Guidelines

Part B (AB or BC): Graphing calculator not allowed
Question 4 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.
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The graph of the differentiable function f, shown for —6 < x < 7, has a horizontal tangent at x = -2 and is
linear for 0 < x < 7. Let R be the region in the second quadrant bounded by the graph of f, the vertical line
x = —6, and the x- and y-axes. Region R has area 12.

Model Solution Scoring

@) The function g is defined by g(x) = J(:f(t) dt. Find the values of g(—6), g(4), and g(6).

g(-6) = _[;f(f) dt = —J:Oéf(t) dt = -12 g(-6) 1 point
g(4)=j04f(t) dt=%-4-2=4 g(4) 1 point
! g(6) 1 point

6 1
g(6) =j0f(t) di=7-4-2-2-2:1=3
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AP® Calculus AB/BC 2024 Scoring Guidelines

Scoring notes:

e Supporting work is not required for any of these values. However, any supporting work that is
shown must be correct to earn the corresponding point.

e Special case: A response that explicitly presents g(x) = J‘x6 f(¢) dt does not earn the first point it

would have otherwise earned. The response is eligible for all subsequent points for correct answers,
or for consistent answers with supporting work.

-6 4 6
o Note: L f(t)dt =0, Lf(t) dt = 16, L’f(z) dt =15

e Labeled values may be presented in any order. Unlabeled values are read from left to right and
from top to bottom as g(—6), g(4), and g(6), respectively. A response that presents only 1 or 2

values must label them to earn any points.

Total for part (a) 3 points

(b)

For the function g defined in part (a), find all values of x in the interval 0 < x < 6 at which the graph

of g has a critical point. Give a reason for your answer.

g'(x) = f(x) Fundamental 1 point
Theorem of Calculus

g(x)=f(x)=0= x=4 Answer with reason 1 point

Therefore, the graph of g has a critical point at x = 4.

Scoring notes:

e The first point is earned for explicitly making the connection g’ = f in this part.

o A response that writes g" = f” earns the first point but can only earn the second point by

reasoning from f = 0.

e A response that does not earn the first point is eligible to earn the second point with an implied
application of the FTC (e.g., “Because g'(4) = 0, x = 4 is a critical point”).

e A response that reports any additional critical points in 0 < x < 6 does not earn the second point.

o Any presented critical point outside the interval 0 < x < 6 will not affect scoring.

Total for part (b) 2 points
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AP® Calculus AB/BC 2024 Scoring Guidelines

© " The function h is defined by A(x) = [ XG £'(t) dt. Find the values of (6), #'(6), and 4"(6). Show

the work that leads to your answers.

h(6) = .[_66/”(1) dt = f(6)— f(=6)=—-1-05=-15

Uses Fundamental 1 point
Theorem of Calculus

h(6) with supporting 1 point

work
H(x) = f(x), 50 K(6) = '(6) = -3 '(6) 1 point
H'(x) = f"(x), s0 h"(6) = 1"(6) = 0. H'(6) 1 point

Scoring notes:

Labeled values may be presented in any order.

Unlabeled values are read from left to right and from top to bottom as 4(6), 4'(6), and 4"(6),

respectively. A response that presents only 1 or 2 values must label them in order to earn any
points.

A response of /(6) = —1.5 does not earn either of the first 2 points. A response of

h(6) = f(6) — f(—6) earns the first point but not yet the second point.
A response of /4(6) = —1— 0.5 is the minimum work required to earn both of the first 2 points.

To earn the third point a response must state either /4'(x) = f'(x) or 4'(6) = f'(6), and provide
1

an answer of ——.
2

The fourth point is earned for a response of /4"(6) = 0, with or without supporting work.

A response that has one or more linkage errors does not earn the first point it would have otherwise

earned. For example, /'(x) = f(6) = —% does not earn the third point but is eligible for the fourth
point even in the presence of another linkage error, such as 4"(x) = f"(6) = 0.

Total for part (c) 4 points

Total for question4 9 points
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Answer QUESTION 4 part (a) on this page.

Response for question 4(a)
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Answer QUESTION 4 parts (b) and (c) on this page.

Response for question 4(b)

A0 ndAmenta
37 (x) = ;Tya{—(e)at = £ (x) mﬁ‘mmwn

a’(x)= £(x) =0
L ox=|4

g hWas a ov itical poinvk at x=4 because S)CK), Hae
Slope of 5(x)y cquals O at X =4, we, kvow +Hais bemuse
g’(x) = £ (Y by Ane fwdamedal Theovem of Laleulus I, & £()=p,

Response for question 4(c)

h(x)= K:,f’az)dt : F(f)ll

\ﬂzm = S:—V(ﬁ)d% = -F,f‘b).];: 4(6)-4?_\(-6)-: -1- 0.5=[1.5)

h (%) = = #(fc) ae = £7(x)

W (0)= +‘*(c,) (j

W(e)= £7(e)=[0)
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Answer QUESTION 4 part (a) on this page.

Response for question 4(a)
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Answer QUESTION 4 parts (b) and (¢) on this page.

I

Response for question 4(b)

90) = SECte

0
9'(x) = £Ct)
af t=u ‘ ]l { becadl
fial pornt ot x=Y bea
Y% ond E0RD o §-0% x=|

)

Response for question 4(c)

B ) o B PR - =
h(b)= 5;&) 5 £6)- 665 L-05L

W (o)==
h'(o)=£"(o) 7 Q)
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Answer QUESTION 4 parts (b) and (c) on this page.

Response for question 4(b)

oy

S

Crfﬂ‘(‘df fPornts imgegs,

ot ‘h Bt coriony whan taleing
devivdhiyg eqoution

Response for question 4(c)
hicd) = e'cey~t"-6)
i __-3_ B
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AP® Calculus AB/BC 2024 Scoring Commentary

Question 4
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

In this question the graph of a differentiable function f, for —6 < x < 7, and the shaded region R in the second
quadrant bounded by the graph of f, the vertical line x = —6 and the x - and y -axes are shown. Students are told
that f* has a horizontal tangent at x = —2 and is linear for 0 < x < 7. Students are also told that region R has area
12.

In part (a) the function g(x) = J: f(2) dt, is defined and students are asked to find the values g(—6), g(4), and
-6
g(6). A correct response would recognize that g(—6) = .[0 f(¢) dt = —(area of R) = —12. In addition,
4
g(4) = Io f(¢) dt is the area of a triangle of base 4 and height 2, so g(4) = 4. Finally,

6
g(6)=g(4)+ L f(¢) dt, where is the area of a triangle with base 2 and height —1. Thus, g(6) =4 -1 = 3.
Throughout this part of the problem, students are asked to demonstrate knowledge of the properties of definite

integrals.
In part (b) students are asked to find all values of x in the interval 0 < x < 6 at which the graph of g has a critical

point. A correct response would recognize that by the Fundamental Theorem of Calculus, the derivative of the
function g is the function f (g’ = f'), and therefore the critical points of g occur where f(x) =0 or where

f(x) is undefined. Because f(x) is differentiable, f(x) is defined for all x in the interval [0,6]. Therefore,
f(x) =0 = x = 4. Thus, the only critical point in this interval occurs at x = 4.

In part (c) a third function, 4, is defined as A(x) = J.; f'(¢) dt, and students are asked to evaluate this function and

its first two derivatives at x = 6. A correct response will use the Fundamental Theorem of Calculus and the given
6
graph of f to find that A(6) = Jl()f’(t) dt = f(6) — f(-6) = —1.5. Applying the Fundamental Theorem of

Calculus again, a correct response would indicate that /'(x) = f”(x) and use the fact that /" is linear for
0 < x <7 to find that 4'(6) = f'(6) equals the slope of f* at x = 6. Finally, a correct response would report that
h"(6) = f"(6) = 0 because f islinear for 0 < x < 7.

Sample: 4A
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 earned the first point on the first line with the conclusion g(—6) = —12. The response
earned the second point on the second line with the conclusion g(4) = 4. The response then earned the third
point on the third line with the conclusion g(6) = 3. Although supporting work was not required to earn any of

these three points, any supporting work presented must be correct. The response has all correct corresponding
work with the presentation of integrals on each of the three lines.

In part (b) the response earned the first point on the first two lines with the explicit application of the Fundamental
Theorem of Calculus (FTC), with correct supporting work, resulting with the conclusion that g'(x) = f(x). The
response earned the second point on the last three lines with the conclusion that “ g has a critical point at x = 4

© 2024 College Board.
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Question 4 (continued)

because g'(x), the slope of g(x), equals 0 at x = 4.” The response continues correctly to refer to the fact that
g'(x) = f(x) by the FTC.

In part (¢) the response earned the first point on the second line with the intermediate step indicating that
h(6) = f(6) — f(—6). The response earned the second point by correctly linking the above work with the

numerical value —1 — 0.5 = —1.5. Note that the expression —1 — 0.5 appropriately linked to /4(6) would have
earned both the first two points. The response earned the third point on the third line with the conclusion on the

penultimate line that A'(6) = —% with the supporting work on the line above indicating that A'(x) = f”(x). The

response earned the fourth point on the last line with the conclusion /"(6) = 0.

Sample: 4B
Score: 6

The response earned 6 points: 2 points in part (a), 2 points in part (b), and 2 points in part (c).

In part (a) the response did not earn the first point as the answer presented for g(—6) at the end of the first line is
12, which is incorrect. The response would have earned the second and third points with the 4 and 3, presented

at the ends of lines two and three, unsupported. Because support is presented, that support must be correct to earn
each point. The supporting work on lines two and three is correct, thus the second and third points were earned.

In part (b) the response earned the first point with the equation on the second line. This is then reinforced on the
third line with the indication that g¢" is 0 where f is 0. Note that although there is a difference between the

independent variables presented with the above functions, this point is earned for correctly identifying the
relationship between g and f via the FTC, as this response has done. The response earned the second point with

the conclusion on the last two lines that ““ g(x) has a critical point at x = 4 ” and the supporting reason that g’ is
0 at x =4.

In part (c) the response did not earn the first point as the presentation on the first line that 4(6) is f'(6) — f'(-6) is
incorrect. The response did not earn the second point as the value presented for 4(6) is incorrect. The response
earned the third point on the penultimate line with the conclusion that 4'(6) = f'(6) = —l. Note here that the

2
intermediate step A'(6) = f”(6) is necessary to earn the third point. It would have also sufficed to present

h'(x) = f'(x) tojustify a correct evaluation of 4'(6). The response earned the fourth point with the correct
conclusion that 4"'(6) is 0.

Sample: 4C
Score: 3

The response earned 3 points: 1 point in part (a), no points in part (b), and 2 points in part (c).

-6
In part (a) the response did not earn the first point as the first statement that .[0 f(¢) =12 is not true. Note that as
this response does not label the three answers, it is assumed that they are in the order presented in the question.

4
The response earned the second point on the second line with the statement J.o f(t) = 4. The response did not

earn the third point as the answer of 5 presented is not correct.

© 2024 College Board.
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Question 4 (continued)

In part (b) the response did not earn the first point as no connection is presented between functions f and g via

the FTC. Although the response presents the correct location of x = 4 for a critical point, the reasoning is that
“Critical points match inflections when taking derivative equation.” is not correct.

In part (c) the response earned the first point on the second line in the work on the left, as the presented expression
f(6) — f(—6) provides evidence for the use of the FTC in evaluating /4(6). The response would have earned the
second point on the third line on the left with the expression —1 —.5 without simplification. The simplification is
correct, and the point was earned on the last line. The response did not earn the third point as the answer presented
for A'(6) is incorrect. The response did not earn the fourth point as no answer is presented for 4"(6).
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