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AP® Calculus AB/BC 2023 Scoring Guidelines

Part A (BC): Graphing calculator required
Question 2 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.

\)
=

0 1 2 3 4 5

For 0 < ¢ < 7, a particle is moving along the curve shown so that its position at time ¢ is (x(¢), ¥(¢)), where

dx

x(¢) is not explicitly given and y(¢) = 2sin ¢. It is known that i e“’. Attime ¢ = 0, the particle is at

position (1, 0).

Model Solution Scoring

(a) Find the acceleration vector of the particle at time ¢# = 1. Show the setup for your calculations.

x"(1) = %(3“’”) x"'(1) with setup 1 point

= —1.444407

t=1

»"'(1) with setup 1 point
¥(t) =2sint = y'(t) = 2cost

= —1.682942

t=1

" d
y'(1) = E(2cos t)

The acceleration vector at time ¢ =1 is
a(1) = (—1.444, —1.683 (or —1.682)).
Scoring notes:

e The exact answer is (x"'(1), y"'(1)) = <—e°051 sin 1, —2sin 1>.

o <—e°°St sin ¢, —2sin t> together with an incorrect or missing evaluation at # = 1 earns 1 of the

2 points.
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A response of <—e°°S’ sin 7, —2sin t> = <—e°°SI sin1, =2sin 1> or equivalent earns only 1 of the
2 points because it equates an expression to a numerical value.
An unsupported correct acceleration vector earns 1 of the 2 points.

The acceleration vector may be presented with other symbols, for example (, ) or [, ].

The components may be listed separately, as long as they are labeled.

Degree mode: A response that presents answers obtained by using a calculator in degree mode does
not earn the first point it would have otherwise earned. The response is generally eligible for all
subsequent points (unless no answer is possible in degree mode or the question is made simpler by
using degree mode). In degree mode, x"(1) = —0.000828 or —0.047433 and y"'(1) = —0.000609 or

—0.034905. A response that presents one of these values with correct setups earns 1 of the 2 points.

Total for part (a) 2 points

(b)

For 0 <t < 7, find the first time ¢ at which the speed of the particle is 1.5. Show the work that leads to
your answer.

2 2 cost )2 2 1 point
Speed = (@) + (ﬂj = \/(eCOSf)z + (2cos t)Z \/(e ) + (2cost)

dt dt

=15

2
0<¢<rx and \/(e“’”) +(2cost)’ = 1.5

=

t =1.254472, t = 2.358077 Answer 1 point

The first time at which the speed of the particle is 1.5 is
t =1.254.

Scoring notes:

A response with an implied equation is eligible for both points. For example, a response of

@ cost |2 2 : 2 :
Speed = \/(e ) +(2cos?)” and is first equal to 1.5 at ¢ = 1.254 > earns both points.

dt dt

Both of these responses are eligible to earn the second point.

2 2
(dx) + (ﬂj = 1.5 earns the first point. Speed = 1.5 by itself does not earn the first point.

A response need not consider the value ¢ = 2.358077.

A response of ¢ = 1.254 alone does not earn either point.
2
A response with a parenthesis error(s) in either (eCOSt) or (2cos t)2 does not earn the first point

2 2
. dy” . .
but does earn the second point for the correct answer. Note: % + d_)t/ is not considered a

parenthesis error.
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cos t\2 2 .
e Degree mode: In degree mode, \/(e ) +(2cost)” = 1.5 has no solution for 0 < ¢ < 7.

A response that finds no time ¢ at which the speed of the particle is 1.5 cannot be assumed to be

working in degree mode.

Total for part (b) 2 points

(©)

Find the slope of the line tangent to the path of the particle at time ¢ = 1. Find the x-coordinate of the

position of the particle at time ¢ = 1. Show the work that leads to your answers.

dy dy/dt 2cost

de  dx/dt  peost

ay
dx

_ 2cos1

cos 1
t=1 e

= 0.629530

The slope of the line tangent to the curve at £ =1 is 0.630 (or
0.629).

1
_ dx _ 1 cos t _

x(1) = x(0) + | =1+ joe dt = 3.341575

The x-coordinate of the position at # =1 is 3.342 (or 3.341).

Scoring notes:

. . d
e To earn the first point, the response must communicate d_y
X

dy  2cosl
© a_ ecosl
dy/dt _
o o fdi 0.63

o x(1)=1.716526, y'(1) = 1.080605, slope = 0.63

Q:

0 2cost, slope = 0.63

Slope with supporting 1 point
work
J‘lecost dt 1 point
0
x(1) 1 point
_dy/dt, .
= axfdr for example:

e A response may import an incorrect expression for y'(¢) or value of y'(1) from part (a), provided it

was declared in part (a).

U dx

1
e The second point is earned for a response that presents the definite integral .[0 e ldt or | == dt

with or without the initial condition.

o dt
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e For the second point, if the differential is missing:

1
o Io e“*" earns the second point and is eligible for the third point.
1
o x(1)= jo e“®" earns the second point but is not eligible for the third point.
1
o x(l)=1+ Io e“>" earns the second point and is eligible for the third point.

1
o x(1)= Io e®*" +1 does not earn the second point but earns the third point for the

correct answer.

e The third point is not earned for a response that presents an incorrect statement, such as

1
x(1) = joe“’” dt =1+ 2.342.

1
e Degree mode: In degree mode, % = 0.735759 or 0.012841 and 1 + _[0 el dt = 3.718144.

Total for part (c) 3 points

(@

Find the total distance traveled by the particle over the time interval 0 < ¢ < 7. Show the setup for your
calculations.

2 Int | 1 point
I”\/(eCOSt) + (2cos t)2 dt niegra pomn
0

= 6.034611 Answer 1 point

The total distance traveled by the particle over 0 < ¢ < 7 is

6.035 (or 6.034).

Scoring notes:

e The first point is earned for presenting the correct integrand in a definite integral.

e Parentheses errors were assessed in part (b) and, therefore, will not affect the scoring in part (d).

e Ifthe integrand is an incorrect speed function imported from part (b), the response earns the first
point and does not earn the second point.

e An unsupported answer of 6.035 (or 6.034) does not earn either point.

e Degree mode: In degree mode, the total distance is 10.596835 or 8.536161.

Total for part (d) 2 points

Total for question 2 9 points
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Answer QUESTION 2 parts (a) and (b) on this page.

o 1 2 31 a4 s
Response for question 2(a) =Tt y(p) = 15iA*
_ oS+ i et y'(y) = 205t
vit) = (0 )

oty ==

vit) = (2 ;W”">

e e (AL, Hlses]y
tmcr) S (-1 444, . m%)j

Response for question 2(b)

i lvit)| = J("l"‘f’f yew))

.5 = ff;”’)ﬂ (20vt)

Page 6
Use a pencil or a pen with black or dark biue ink. Do NOT write your name. Do NOT write outside the box.
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Answer QUESTION 2 parts (c) and (d) on this page.

Response for question 2(c)
A TSt oty W‘*'] T-0.as1)
W e len ?| e ) T

Wj o = x (- xte)

T 4% 2 = wbd =Y

\ xph = 3_3;41.'

Response for question 2(d)

T
digane s L ,ﬂ;wﬂ’% (uywaf At

i)

Page 7

Use a pencil or a pen with black or dark biue ink. Do NOT write your hame. Do NOT write outside the box.
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- Answer QUESTION 2 parts (a) and (b) on this page. -
= f‘

- T

. . R SR TN TN TN T

E Response for question 2(a)

- = 2000t - ——L -1ont | $ A
: e < '
e “ﬁ—- -C_’m,__&;.(:_w d;?‘t .-e ."\S'In*.'

- ag oo at’ . .
- 2 {» - ;
= %——}:—. b ﬁ't , o = <€ Jlﬂu\ umm\ﬂ:
= - e Tant, 728 .
2 {~1YuM,=1.683

: Response for question 2(b)

- Jamti+(e™t) =15

- t=1.264

= -

s Use a panail or & pen with black or dark biue ink. Do NOT write your name. Do NOT write outside the bax.
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Answer QUESTION 2 parts (c) and (d) on this page.

B

D S

s 24| zomsi
du - ay - 208t Gx| T
-aﬂt"" 'lCOW 'aji c(wt t=0
ox  g@t

dat ay

Y -0=01351(K"\)
Y= 0T3S 1K~ 01357
D= 01357 x-0.1357 )

LB‘%M = 01351x-01357 7 =397

ay 2Cos t
Response for question 2(d) —
ORr C(ast"‘

T acost = —2551
SO eCOG‘t at e

Page 7

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 2 parts (a) and (b) on this page.

|

2t
It /\
- 4 A

o 1 2 3 4 5

Response for question 2(a)

DY), Yoo = Lt 2an)

X', ‘i““ =Le™* | oot
Ly L= Leont €37 3 -swb)

X X
=) 5 LAY - \ehie)

Response for question 2(b)

Qv':- \%

dawb=\%
Sat= 1D
=%

Page 6
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Answer QUESTION 2 parts (c) and (d) on this page.

L'J

Response for question 2(c)

>

R Q)D‘bt
LOoWbe  _ Yy .
RIS G

R -b395) |

Response for question 2(d)

X‘ L*)\ = E‘Qﬂ& L)

XU = ¢

Page 7
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AP® Calculus BC 2023 Scoring Commentary

Question 2
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

In this problem students were told that a particle is moving along a curve so that its position at time ¢ is

(x(2), ¥(¢)), with y(¢) = 2sin¢, % = ¢’ and 0 < ¢ < 7. Students were also told that at time ¢ = 0, the

particle is at position (1, 0).

In part (a) students were asked to find the acceleration vector of the particle at time ¢ = 1. This requires using a
2 2
calculator to find the values dx = —1.444 and ay = —1.683.

2 2
di? |, i |,_,

In part (b) students were asked to find the first time ¢ at which the speed of the particle is 1.5. A correct response

2
will show the setup \/(e“’”) +(2cos7)* = 1.5 and then use a calculator to find the first time ¢ in [0, 7] that

satisfies this equation (¢ = 1.254).

In part (c) students were asked to find the slope of the line tangent to the particle’s path at time ¢# = 1 and then to find
the position of the particle at this time. A correct response will indicate that the slope of the line tangent to the

particle’s path is L = dy dt , then will use a calculator to find L = 0.630. The response will continue by
dx  dx/dt dx|,_,
1
noting that the x-coordinate of the position of the particle at time ¢ = 1 is x(0) + % dt and will use a calculator
0

to find that this value is 3.342.

In part (d) students were asked to find the total distance traveled by the particle over the time interval 0 < ¢ < 7.
A correct response will show the calculator setup of the integral of the particle’s speed over this time interval, then
evaluate the integral to find a total distance of 6.035.

Sample: 2A
Score: 8

The response earned 8 points: 2 points in part (a), 2 points in part (b), 2 points in part (c), and 2 points in part (d).
In part (a) the response earned both points with the last two lines.
In part (b) the response earned the first point with the second line and earned the second point with the last line.

In part (c) the response did not earn the first point due to an incorrect evaluation of a correct derivative expression.
The response earned the second point in the second line and earned the third point in the last line.

In part (d) the response earned the first point with the first line and earned the second point with the last line.

© 2023 College Board.
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Question 2 (continued)

Sample: 2B
Score: 5

The response earned 5 points: 2 points in part (a), 2 points in part (b), 1 point in part (c), and no points in part (d).

In part (a) the setup for both second derivatives occurs in the first two lines. The response earned both points with
the work in the third line. Note also that the last line gives the correct decimal approximations.

In part (b) the response earned the first point with the first line. The response earned the second point with the
second line.

In part (c) the response earned the first point with the second line. The response did not earn the second point
because no definite integral is presented. The response did not earn the third point due to an incorrect value in the
last line. (Note that the response attempts to approximate the position of x at time ¢ = 1 using a tangent line instead
of finding the exact position using an integral.)

In part (d) the response did not earn the first point due to an incorrect integrand. The response did not earn the
second point due to an incorrect value.

Sample: 2C
Score: 2

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

In part (a) the response did not earn the first point because it presents an incorrect value of x"'(1). The response
earned the second point with a correct setup and value of y"(1).

In part (b) the response did not earn the first point because it presents an incorrect equation. The response did not
earn the second point because it presents an incorrect solution for ¢.

In part (c) the response earned the first point with the work presented. The response did not earn any further points
because no additional work is presented.

In part (d) the response did not earn the first point because there is no integral presented. The response did not earn
the second point because it does not present a value for the total distance traveled.
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