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2. A particle, P, is moving along the x-axis. The velocity of particle P at time ¢ is given by vp(f) = sin (tl's)

for 0 <t < 7. Attime ¢ = 0, particle P is at position x = 5.

A second particle, Q, also moves along the x-axis. The velocity of particle Q at time # is given by

vo(t) = (t — 1.8) - 1.25" for 0 < 7 < 7. Attime f = 0, particle Q is at position x = 10.
(a) Find the positions of particles P and Q at time 7 = 1.

(b

=

Are particles P and Q moving toward each other or away from each other at time # = 1 ? Explain your
reasoning.

(c) Find the acceleration of particle Q at time ¢ = 1. Is the speed of particle Q increasing or decreasing at
time r = 1 ? Explain your reasoning.

(d

=

Find the total distance traveled by particle P over the time interval 0 < ¢ < 7.

Source: 2021 AP Calculus AB and BC Free-Response Questions
Copyright (©) 2021 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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(a) Find the positions of particles P and Q at time 7 = 1.

1
xp(1) =5 + [ vp(t) di = 5.370660

At time ¢ = 1, the position of particle P is
x =5.371 (or 5.370).

1
xg(1) =10 + [ vp(r) di = 8.564355

At time ¢ = 1, the position of particle Q is x = 8.564.

Source: 2021 AP Calculus AB and BC Free-Response Questions
Copyright (©) 2021 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.

One definite integral 1 point
One position 1 point
The other position 1 point
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(b) Are particles P and O moving toward each other or away from each other at time ¢ = 1? Explain your

reasoning.

vp(1) = sin(ll»S) — 0841471 > 0 Direction of motion for 1 point
one particle

At time ¢ = 1, particle P is moving to the right.

vQ(l) =(1-1.8)- 125 =-1<0 Answer with explanation 1 point

Attime ¢ = 1, particle O is moving to the left.
Attime ¢ =1, xp(1) < xp(1), so particle P is to the left of
particle Q.

Thus, at time ¢ = 1, particles P and Q are moving toward

each other.

Source: 2021 AP Calculus AB and BC Free-Response Questions
Copyright (©) 2021 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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(¢) Find the acceleration of particle Q at time ¢ = 1. Is the speed of particle O increasing or decreasing at

time ¢ = 1? Explain your reasoning.
ag(1) = vp(1) = 1.026856 Setup and acceleration 1 point
The acceleration of particle Q is 1.027 (or 1.026) at time ¢ = 1.

vo(l) =-1< 0 and ay(1) >0 Speed decreasing with 1 point

. . . . reason
The speed of particle Q is decreasing at time ¢ = 1 because the

velocity and acceleration have opposite signs.

(d) Find the total distance traveled by particle P over the time interval 0 < ¢ < 7.

I;\Vp(t)\ di = 1.93148 Definite integral 1 point
Answer 1 point
Over the time interval 0 < ¢ < 7, the total distance traveled by

particle P is 1.931.

Source: 2021 AP Calculus AB and BC Free-Response Questions

Copyright (©) 2021 The College Board. 7
Reproduced with permission. http://apcentral.collegeboard.com. b TEXAS INSTRUMENTS
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Part (a)

Two applications of the Net Change Theorem (or the FTC).
1 1
xp(l) =:CP(0)+/ ’Up(t)dt=5+/ Up(t)dt=5.371
0 0

xQ(l):xQ(O)-I-/va(t)dt:10+/1UQ(t)dt:8.564
0 0

<{RRR’ *Doc RaD [l] X m 12 1 *ab2 rap [i] X
w(r):=sin(t1'5) e vg(e):=(r-1.8)- (1.25)° Done

t Done Done
ple):=5+ | ple) dx =10+ vq(x

0
(1) 5.37066 xq(1) 8.56435
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Part (b)

Consider the sign of the velocity of each particle at time ¢t = 1.
vp(1) = sin(t*?) = 0.841 > 0 vo(l) = (1-1.8)-1.25' = -1 <0
From part (a): at time ¢t =1, zp(1) < 2¢(1), particle P to the left of particle Q.

Particle P moving to the right; Particle Q moving to the left.
Therefore, particles P and @) are moving toward each other.

w(1) 0.841471

vg(1) -1.
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Acceleration is the derivative of the velocity with respect to time.

ag(l) = vh(1) = 1.027

ao(1) =1.027>0 and wo(l)=-1<0

Therefore, the speed of the particle is decreasing at time ¢ = 1.

vg(1)

i(vg(r))lﬁl

1.02686
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Total distance traveled by particle P over the time interval [0, 7].

/ lop (1)) dt = 1.931
0

ERIE

b3
h(e)] ar
0

*ab2

raD [I] X

1.92148

f1 (\] 2‘ vp (\)

a1 1e
Y
1.
0.75
0.5 1.931
0.25,
n
-0.25 2
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(e) Find the net distance traveled by the particle @ over the time interval 0 < ¢ < 7.

Solution

/ vo(t) dt = —0.215
0

T 1 D oo ]

7 -0.214692

vq(r) ds
0
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(f) Find the first time ¢ at which the particles are at the same position.

Solution

Consider a graph of the position functions.

vp(t) = sin(t'?)
vo(t)=(t—1.8)-1.25'=0 = t=18
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Solution (Continued)

vo(t) = (t — 1.8) - 1.25

For0<t¢t<1.8:wvg(t) <0 and fort>1.8: vg(t)>0

Therefore, particle @ is farthest to the left when ¢ = 1.8: 2¢(1.8) =8.139 > 7

Particles P and (Q are never at the same position at the same time.
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Example 1 Particle Motion

A particle moves along a horizontal line. For t > 0 the velocity of the particle is given by
v(t) = e~ /10 cos(t’/4) _ 1 and the position of the particle is given by s(t), a
continuous, differentiable function. It is known that s(0) = 4.

(a) Find the position of the particle at time ¢ = 5.

(b) How many times does the particle change direction on the interval [0, 27]? Justify
your answer.

(c) For 0 <t <5, find all the values of ¢ for which the speed of the particle is 0.2.

(d) Is the speed of the particle increasing or decreasing at time ¢ = 57 Justify your
answer.

(e) Find the displacement of the particle and the total distance traveled by the particle
over the time interval [0, 27].
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