AP FRQ Review — Mr. Rich Name: Per: Seat:
AP Calculus AB
Topic 8: Particle Motion

Two particles move along the x-axis. For 0 <t < 6, the position of particle P at time r is given by
plt) = zcos(%r). while the position of particle R at time 7 is given by r(f) = > —6¢% + 9¢ + 3.

{a) For 0 <¢ < 6, find all times ¢ during which particle R is moving (o the right.
(b) For 0 < ¢ < 6, find all times ¢ during which the two particles travel in opposite directions.

{c) Find the acceleration of particle P attime ¢ = 3. Is particle P speeding up, slowing down, or doing neither at
time ¢ = 37 Explain your reasoning,

(d} Write, but do not evaluate, an expression for the average distance between the two particles on the interval
I1<s=3.
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For 0 £¢ £ 6, a particle is moving along the x-axis. The particle’s position, x(f), is not explicitly given.
The velocity of the particle is given by v(f) = 2sin (e“" 4} + 1. The acceleration of the particle is given by

a(t) = %e"“ cos(e’“) and x(0) = 2.

(a) Is the speed of the particle increasing or decreasing at time ¢ = 5.5 ? Give a reason for your answer.
(b) Find the average velosity of the particle for the time period 0 £ £ < 6.

(¢) Find the total distance traveled by the particle from time ¢ = 0 te £ = 6.

(d) For 0 <r <6, the particle changes direction exactly once. Find the position of the particle at that time.
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For 0 =1 < 12, a particle maves along the x-axis. The velocity of the particle at time ¢ is given by

() = ms(%t). The particle is at position x = =2 attime { =0,

(@) For 0 =1 <12, when is the particle moving to the left?

(b) Write, but do not evaluate, an integral expression that gives the total distance traveled by the particle from
time ¢ = 0 to time 7 = 6.

(c) Find the acceleration of the particle at time . 15 the speed of the particle increasing, decreasing, or neither at
time ¢ = 4 ? Explain your reasoning,

(d) Find the position of the particle at time { = 4.

AP Calc AB FRQ Review — Topic 8: Particle Motion Page 5 of 28



AP Calc AB FRQ Review — Topic 8: Particle Motion Page 6 of 28



A particle moves along a straight line. For 0 < ¢ < 5, the veiocity of the particle is given by
vt) =2+ (:3 + 3:]6!5 — 3, and the position of the particle is given by 5(t). Itis known that s(0) = 10.

(a) Find all values of # in the interval 2 < ¢ < 4 for which the speed of the particle is 2.

{(b) Write an expression involving an integral that gives the position s(£). Use this expression to find the
pesition of the particle at time z = 5.

(c) Find all times ¢ in the interval 0 < f < 5 at which the particle changes direction. Justify your answer.

{(d) Is the speed of the particle increasing or decreasing at time ¢ = 4 ? Give a reason for your answer.
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For ¢ = 0, a particle moves along the x-axis. The velocity of the particle at time ¢ is given by
: 2
() =1+ Zsin(%—). The particle is at position x = 2 at time ¢ = 4.

(a) Attime f = 4, is the particle speeding up or slowing down?

(b) Find all times ¢ in the interval 0 < ¢ <3 when the particle changes direction. Justify your answer.
(c) Find the position of the particle at time 7 = 0.

(d) Find the total distance the particle travels from time ¢ = 0 to time 7 = 3.
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A particle moves along the zaxis so that its velocity v at any time ¢, for 0 < ¢ < 16, is given by

v(t) = et _ 1. At time t = 0, the particle is at the origin.

(a) On the axes provided, sketch the graph of v(f) for 0 <t < 16.

(b) During what intervals of time is the particle moving to the left? Give a reason for your
answer.

(¢) Find the total distance traveled by the particle from ¢t = 0 to ¢ = 4.

(d) Isthere any time £, 0 < ¢ < 16, at which the particle returns to the origin? Justify your

answer.
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An object moves along the z-axis with initial position z(0) = 2. The velocity of the object at time ¢ > 0is given

by v(t) = si (31).
v v(i) sin 3

(a) What is the acceleration of the object at time ¢ = 47
(b) Consider the following two statements.
Statement I: For 3 < t < 4.5, the velocity of the object is decreasing.
Statement II:  For 3 < ¢ < 4.5, the speed of the object is increasing.
Are either or both of these statements correct? For each statement provide a reason why it is correct or not
correct.
(e) What is the total distance traveled by the object over the time interval 0 < ¢ <47
(d) What is the position of the object at time t = 47
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A particle moves along the z-axis with velocity at time ¢ > 0 given by w(t) = —1 + e~
(a) Find the acceleration of the particle at time = 3.

(b) 1Is the speed of the particle increasing at time f = 37 Give a reason for your answer.
(¢) Find all values of # at which the particle changes direction. Justify your answer.

(d) Find the total distance traveled by the particle over the time interval 0 < ¢ < 3.
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A particle moves along the raxis so that its velocity at time ¢ iz given by
[
v(t) = —(t +1)an 5|

At time t = 0, the particle iz at position =z = 1.

(a) Find the acceleration of the particle at time ¢+ = 2. Is the speed of the particle increasing at ¢t = 2?7
Why or why not?

(b) Find all times ¢ in the open interval 0 < ¢ < 3 when the particle changes direction. Justify your
answer.

(¢) Find the total distance traveled by the particle from time ¢ = 0 until time ¢ = 3.

(d) During the time interval 0 < ¢ << 3, what 15 the greatest distance between the particle and the

origin? Show the work that leads to your anawer.
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A particle moves along the y-axis so that its velocity v at time # > 0 is given by v(f) =1— tan (er).
At time f = 0, the particle is at y = —1. (Note: tan™ x = arctan x )

(a) Find the acceleration of the particle at time f = 2.

(b) Is the speed of the particle increasing or decreasing at time f = 2 ? Give a reason for your answer.
(c) Find the time # > 0 at which the particle reaches its highest point. Justify your answer.

(d) Find the position of the particle at time f = 2. Is the particle moving toward the origin or away from
the origin at time 7 = 2 ? Justify your answer.
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A particle moves along the x-axis so that its velocity v at time . for 0 < ¢ < 5, is given by
v(r) = ]11(!.*2 -3+ 3). The particle is at position x = 8 at time ¢ = 0.
(a) Find the acceleration of the particle at time ¢ = 4.

(b) Find all times ¢ in the open interval 0 < f < 5 at which the particle changes direction. During which
time intervals, for 0 < 7 < 5. does the particle travel to the left?

(c) Find the position of the particle at time f = 2.

(d) Find the average speed of the particle over the interval 0 <7 < 2.
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A particle moves along the x-axis so that its veloeity v at time v(1)

t =0 is given by v(t) = sin(a‘g‘]. The graph of v is shown above

for 0 =t < V57. The position of the particle at time £ 1s x(r) and

its position at time ¢ = 0 is x(0) = 5.

(a) Find the acceleration of the particle at time t = 3. -t
N ABL3

(b) Find the total distance traveled by the particle from time ¢t = 0
to =3

(¢) Find the position of the particle at time ¢ = 3. 1l

(d) For 0 <t < 57, find the time ¢ at which the particle

1s tarthest to the right. Explain your answer.
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A particle moves along the x-axis with position at time ¢ given by x(#) = ¢ 'sin# for 0 < < 27.
(a) Find the time ¢ at which the particle is farthest to the left. Justify your answer.

(b) Find the value of the constant 4 for which x(#) satisfies the equation Ax"(¢) + x'(¢f) + x(¢) = 0
for 0 <t <27
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I

(hours) 0 0.3

.7

2.8

4

'r’,n{-l']

(meters per hour) 0 33

-29

35

48

The velocity of a particle, P, moving along the x-axis is given by the differentiable function vp, where vp(f)
is measured in meters per hour and ¢ is measured in hours. Selected values of vu(t) are shown in the table

above. Particle P is at the origin at time f = 0.

(a) Justify why there must be at least one time £, for 0.3 < t < 2.8, at which vp'(f), the acceleration of

particle P, equals O meters per hour per hour.

(b) Use a trapezoidal sum with the three subintervals [0, 0.3], [0.3, 1.7], and [1.7, 2.8] to approximate the

2.8
value of J.n vp(t) df.

(c) A second particle, 0, also moves along the x-axis so that its velocity for 0 < t < 4 is given by

volt) = 45./tcos ([‘-‘.063:*2) meters per hour. Find the time interval during which the velocity of particle Q

is at least 60 meters per hour. Find the distance traveled by particle  during the interval when the

velocity of particle Q is at least 60 meters per hour.

(d) Attime = 0, particle Q is at position x = —90. Using the result from part (b) and the function Vo from

part (c), approximate the distance between particles P and Q at time t = 2.8.
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