AP® Calculus AB 2022 Free-Response Questions

6. Particle P moves along the x-axis such that, for time ¢ > 0, its position is given by xp(#) = 6 — 4e ",

1
Particle O moves along the y-axis such that, for time ¢ > 0, its velocity is given by vQ(t) = —.Attime 7 = 1,
t

the position of particle Q is yQ(l) =2.
(a) Find vp(?), the velocity of particle P at time .

(b) Find aQ(t), the acceleration of particle Q at time ¢. Find all times ¢, for ¢+ > 0, when the speed of
particle Q is decreasing. Justify your answer.

(c) Find yQ(t), the position of particle Q at time ¢.

(d) Ast — oo, which particle will eventually be farther from the origin? Give a reason for your answer.

Write your responses to this question only on the designated pages in the separate Free Response
booklet. Write your solution to each part in the space provided for that part.
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AP® Calculus AB/BC 2022 Scoring Guidelines

Part B (AB): Graphing calculator not allowed
Question 6 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.

Particle P moves along the x-axis such that, for time ¢ > 0, its position is given by xp(¢) = 6 — 4e”",

Particle Q moves along the y -axis such that, for time ¢ > 0, its velocity is given by vQ(t) = Lz At
t

time ¢ = 1, the position of particle Q is y,(1) = 2.

Model Solution Scoring
(a) Find vp(t), the velocity of particle P at time ¢.

vp(t) = xp (t) = de”’ Answer 1 point

Scoring notes:
e A response that equates xp(¢) with vp(#) does not earn the point.

e An unlabeled response earns the point.

Total for part (a) 1 point
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(b) Find ay(t), the acceleration of particle O at time . Find all times ¢, for ¢ > 0, when the speed of

particle O is decreasing. Justify your answer.

' -2 ap(t 1 point
aQ(t)QO (t)zt—3 Q( )
For ¢ >0, ap(t) <0 and vy(t) > 0. Considers signs of 1 point
aQ(t) and VQ(t)
Because the velocity and acceleration have opposite signs, the Answer with 1 point
speed of particle Q is decreasing for all # > 0. justification

Scoring notes:

e Earning the first point is not necessary for a response to be eligible to earn the second or third
points; however, the response must present an expression for aQ(t) to be eligible for third point.

* Aresponse earns the second point with either of the following statements: “v,(¢) and ay(t) have
opposite signs” or “vy(#) and ay(¢) have the same sign.” This statement, however, must be

consistent with v, (#) and the presented expression for ag(?).

e A response must earn the second point to be eligible for the third point. The answer must be
consistent with the presented justification. Furthermore, responses for which aQ(t) >0 fort>0

must conclude that there is no time at which the speed of the particle is decreasing.

e Aresponse that indicates vj(¢) < 0 does not earn the third point, even if the answer and

justification are consistent with a reported sign of aQ(t).

Total for part (b) 3 points
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(¢) Find yQ(t), the position of particle O at time ¢.
t Integral 1 point
1 g P
J’Q(t)zJ’Q(l)J“j_zdS L ..
s Uses initial condition 1 point
t Answer 1 point
:2_(1 j:2_1+1:3_1
ST t t
Scoring notes:
t
e A response that presents J Lz dt (using the same variable as a limit and integrand function) does
1t
not earn the first point unless it is followed by an attempt at integration.
e A response that presents either Jiz dt or —% (with no integral) earns the first point. If the
t
response continues and presents 2 = —1 + C, then the response earns the second point.

e A response that presents only yQ(t) = —% + 3 will earn all 3 points. Note that the right side of this
equation suffices to earn all points. A response of yQ(t) = —% + C, where C # 3, (with no
additional supporting work) earns only the first point.

Total for part (c) 3 points
(d) As t — oo, which particle will eventually be farther from the origin? Give a reason for your answer.

For particle P, lim (6 —~ 4eft) = 6. One correct limit 1 point
t—00

For particle O, lim (3 - l) =3.
t—00 t

Because 6 > 3, particle P will eventually be farther from the Answer with reason 1 point

origin.

Scoring notes:

e A response with an incorrect yQ(t) from part (c) is eligible for both points in part (d) provided
¥o(t) is a non-constant function. The second point is earned for a consistent answer with reason,
and limits correct for particle P and the presented y, (7).

e Responses that present statements such as “6 — 4e”™" approaches 6” or “Q goes to 3” earn the first
point and are eligible for the second point.

A response that treats 0 as an input for xp(¢) or y,(t), such as “6 —4e” ™7 or “3 — % ” is not

eligible for the second point.

Total for part (d) 2 points

Total for question 6 9 points
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