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Calculus Exam

105in (0472
2. A particle moves along the x-axis with velocity given by v(¢) = —5—— fortime 0 <7<35.
-+
The particle is at position x = —5 at time 7 = 0.

(a) Find the acceleration of the particle at time ¢ = 3.

(b) Find the position of the particle at time # = 3.

35 35
(c) Evaluate -[0 v(t) dt, and evaluate -[0 |v(¢)] dt. Interpret the meaning of each integral in the context of

the problem.

(d) A second particle moves along the x-axis with position given by x,() = 2 — tfor 0 < < 3.5. At what

time ¢ are the two particles moving with the same velocity?

Source: 2018 AP Calculus AB and BC Free-Response Questions
Copyright (© 2018 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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(@) v'(3) =-2.118 1 : answer

The acceleration of the particle at time ¢ = 3 is —2.118.

3 3 3
(b) x(3) = x(0) + jo v(t)di = 5 + jo w(t) dt = —1.760213 1: jo W(t) dt
3: 1 : uses initial condition
The position of the particle at time 7 = 3 is —1.760. 1 : answer
35
(c) -[0 v(t) dt = 2.844 (or 2.843) 1 : answers

. . 35
3. ) 2:interpretations of .[0 v(t) dt

35
t)| dt =3.737 3.5
[, ol and [ |v(o)] a

35
The integral Io v(t) dt is the displacement of the particle over

the time interval 0 < ¢ < 3.5.

3.5
The integral .[0 [v(2)| dt is the total distance traveled by the

particle over the time interval 0 < ¢ < 3.5.

Source: 2018 AP Calculus AB and BC Free-Response Questions

Copyright (© 2018 The College Board. 7
Reproduced with permission. http://apcentral.collegeboard.com. b TEXAS INSTRUMENTS



Calculus Exam

1 : answer

@ v(r) = x,(1) 5. { 15 sets v(¢) = x, (1)
Wt)=2t—1 = t=157054

The two particles are moving with the same velocity at time
t =1.571 (or 1.570).

Source: 2018 AP Calculus AB and BC Free-Response Questions
Copyright (© 2018 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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Part (a)

_ 10sin(0.4¢?)

"
v =3

a(3) =v'(3) = —2.118

KR SR *Doc < rap {J1) B3 EEDEER’ *Doc < rao {7119
5
BNRLE sin(0.4- £2) Done 10- sm(ﬁ. ,2) Done
12—t+3 V(f)== !2_I+3
d -2.1182
()=2 ;

I
[
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Part (b)

3
x(3) = z(0) + / v(t) dt FTC or Net Change Theorem
0
= —5+ 3.32979 Evaluate definite integral
= —1.76 Simplify.
m T2 m *Doc = rap {1 B3
[2]
3 3.23979
W) de
0
3.2397868128047-5 -1.76021
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Example 1 Position Function

Suppose the particle moves along the z-axis with velocity given by v(t) for time
0<t<T.

(a) Sketch a graph of the position function.

(b) At what time ¢ is the particle farthest to the right? What is the position of
the particle at that time?

v
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Part (c)

Evaluate the two definite integrals.

s(3.5)-s(0) 2.84394

35 3.73708

3.5
/ v(t) dt : displacement of the particle over the time interval 0 < ¢ < 3.5.
0

3.5
|v(t)| dt : total distance traveled by the particle over the time interval

t <3.5.

o
[

i3 TExAs INSTRUMENTS



2018 AP@J Calculus Exam Technology Solutions and Problem Extensions
Part (c)

These graphs illustrate the two definite integrals.
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Part (d)

reo {1 AN« EEREEREED ‘o2~
S By ]
x(r):=:2 -t Done £2(x)=2- x-1
=1.57054 .
A solve(v(t)=i(x(r)),f) ! (1.571,2.141)
dt .
X,
o 1 i
fl (,\')=v(,\)
-2
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Example 2 More Particles

Particle 1 moves along along the z-axis with velocity given by
10sin(0.4¢%) _ _ . .
vl(t) = m for time 0 <t < 7 and is at position x = —5 at time t = 0.

Particle 2 also moves along the z-axis with velocity given by vy (t) = 1.5 cos(1.5¢)
for time 0 < ¢ < 7 and is at position x = —1 at time ¢t = 0.

(a) Find the position of particle 2 at time ¢ = 5.

b) Find the total distance traveled for particle 2 over the time interval 0 <t < 7.

d

(b)
(c) Find the times when the two particles are traveling in the same direction.
(d) Find the time when the two particles are farthest apart.

()

e) Find the time(s) when the particles are at the same position and determine

whether the particles are moving in the same direction or opposite directions.

(f) Find tlim v(t) and explain this result in the context of the problem.
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