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AP Calculus
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» Motion along a line

» Motion along a
curve
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Motion along a line
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Example 1
A particle moves along a line according to the law s = 2r' — 97 +
Barron's AP Calculus 12t — 4, where ¢ = 0. (a) Find all ¢ for which the distance s is increasing. (b) Find
p.111 #26 all ¢ for which the velocity is increasing. (c) Find all ¢ for which the speed of the

Motion along a line particle is increasing. (d) Find the speed when ¢ = 5 (©) Find the total distance

traveled betweenr=0and 1 =4,

g

(a) sincreases whent<1ort> 2.

(b) vincreases when 7 > % ’

(c) The speed |v| is increasing when v and « are both positive, that is, for 7 > 2, and

; A 3
when v and a are both negative, that is, for | <1< 7

(d) The speed when t = % equals |v| = |—%} = %
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(e) P’s motion can be indicated as shown in Figure N4—15. P moves to the right
if £ < 1, reverses its direction at 7 = 1, moves to the left when 1 < 7 < 2, reverses
again at 7 = 2, and continues to the right for all > 2. The position of P at certain
times f are shown in the following table:

Thus P travels a total of 34 units between times =0 and ¢ = 4.




Example 2

A particle moves along the x-axis so that its velocity at time 7 is
given by v(r) = 61> — 187 + 12. (a) Find the total distance covered between = ()
and ¢ = 4. (b) Find the displacement of the particle fromr=0tor=4.

Barron’s AP Calculus
p. 276 #2

HE:(a)34, (b) 32

In Questions 1~4 , the position of a particle moving along a straight line is given by
Ss=r—-6r"+12t-8.
1. The distance s is increasing for
(A) <2 (B) allrexceptr=2 (C) 'l<i<3
D) t<lort>3 (E) t>2
2. The minimum value of the speed is

(A) 1 B) 2 (C) 3 (D) 0 (E) none of these

3. The acceleration is positive

(A) whenr>2 (B) forallr,r#2 (C) whenr<?2
(D) forl<t<3 (E) forl<t<?2

4. The speed of the particle is decreasing for

(A) 1>2 (B) <3 (C) all¢
D <l oft>2 (E) none of these

Motion along a line

Barron’s AP Calculus
p. 127 #18~21

HEF: 1.(B) 2. (D) 3. (A) 4. (E)

Example 4
A particle moves along a line in such a way that its position at time  is given by
s =t — 61> + 91 + 3. Its direction of motion changes when

(A) t=1only (B) t=2only (C) t=3only
(D) t=landr=3 (E) t=1,2,and3
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Motion along a line

Barron’s AP Calculus
p. 286 #1

Motion along a line




Example 5
A particle moves along a line with velocity v = 37* — 61.
(A) The distance the particle covers from #=0to =3 equals

Barron’s AP Calculus
p. 286 #3, 4

Motion along a line. (B) The net change in the position of the particle is

gE: (A8, (B)O

Example 6
The graph for Questions 1 and 2 shows the velocity of an object moving along a
straight line during the time interval 0 < ¢ < 12,
Barron’s AP Calculus ;
(ft/sec)
p. 136 #82, 83 A

Motion along a line.

1. For what 7 does this object attain its maximum acceleration?

(A) O<r<4 (B) 4<t<8 (C) 1=5 D) =8 (E) r=12

2. The object reverses direction at t =

(A) 4 only (B) 5 only (C) Bonly
(D) Sand§ (E) none of these

HMEF:1.(B) 2.(B)




Page5of5 AP Calculus

Motion along a curve
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5) traveled distance

j|v(t)|dt—j( ] (dt]dt

Example 7

A particle moves according to the equations x = 3cost, y = 2sint.
(a) Find a single equation in x and y for the path of the particle and sketch the
curve. (b) Find the velocity and acceleration vectors at any time ¢, and show that

Barron’s AP Calculus
p. 115 #28

a=-R at all times. (c) Find R, v, and a when (1) ¢, = %, (2) t, =, and draw them

Motion along a curve.

on the sketch. (d) Find the speed of the particle and the magnitude of its accelera-
tion at each instant in (c). (¢) When is the speed a maximum? A minimum?

2 2
HEt: (a) X ); =1

(b) R :3costT+25int], V=-3sinti +2costj, @ =-3costi —2sintj =—

W3- - - 3= 33+ -

© ) I§1=T|+J,v1=—5|+ 3,8 = =i

—

@ R,=-3i, v,=-2j, 4 =3i

N

() (1) |\71|—— |=— 2 [V,|=2, [a,[=3

(e) maximum att=% ort=37”, minimumatt=0ort=7x

1 R is from 0 to P
a=-R,soaisfromPto0

(3,0)




Example 8

The motion of a particle satisfies the equations

d’x d’y
—=0, —=S=-g.
dr dr

Find parametric equations for the motion if the initial conditions are x = 0, y =0,
dx

dy .
— = Vocos o, and — = Vsina, where v, and o are constants.
[ (4

Barron’s AP Calculus
p. 278 #4

e x(t) =(v,cosa)t, y(t) = —%gt2 +(Vpsina)t

A particle P(x, y) moves along a curve so that its acceleration is
given by

d e T T
a=—4cos2ti—2sintj (——Eré—):
2 2
——— N - dy : "
when 7 = 0, the particle is at (1, 0) with &= 0 and =ia 2. (a) Find the position

vector R at any time 7. (b) Find a Cartesian equation for the path of the particle,

and identify the conic on which P moves.

Motion along a curve

Barron’s AP Calculus
p. 278 #4

2

X (@) R=cos2ti +2sintj (b) x=1—y7 (-1<x<1, —2<y<?2)

Example 10

If a particle moves along a curve with constant speed, then

(A) the magnitude of its acceleration must equal zero

(B) the direction of acceleration must be constant

(C) the curve along which the particle moves must be a straight line
(D) its velocity and acceleration vectors must be perpendicular

(E) the curve along which the particle moves must be a circle

Motion along a curve

Barron’s AP Calculus
p. 134 #73

e : (D)

Motion along a curve




Barron’s AP Calculus
p. 134 #74

Motion along a curve.

Barron’s AP Calculus
p. 128 #27~30

Motion along a curve.

Example 11

A particle is moving on the curve of y = 2x — In x so that d-: = -2 at all times .
(
At the point (1,2), %:— is
!
(A) 4 (B) 2 Cc 4 (D) (E) -2
gE: (B)

Example 12

- T . s H0ZL e ; -
In Questions 1-4, R =3 cos 2% 2 sin F018 the (position) vector xi + yj

from the origin to a moving point P(x, y) at time 7.

1.

A single equation in x and y for the path of the point is

(A) x*+y*=13
D) 4*+9y'=1

(B)
(E)

When = 3, the speed of the particle is

g
@y =X

3

The magnitude of the acceleration when =3 is

A) 2

At the point where t =

moves is

2+/3
a): = 9

2+/3
(D) 3

(B)
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none of these

Ox?+4y* =36
4x* + 9y* =36

2
© 3

(©)

2n’

2%t +3y*=13

(E) ¥ 13

b

(E) n

, the slope of the curve along which the particle

Xt 1. (E), 2. (A), 3. (B), 4. (D)




For Questions 8—10 use the following information: The velocity v of a particle moving
on a curve is given, at time t, by v = fi — (1 — 1)j. When 1 = 0, the particle is at point
(0.1).

*8. At time f the position vector R is

2 1—¢2 2 1— )2
Lyl ble oy g B g
2 2 2 >
& : 2.5 9
€ Syt -2y o Ligi=ttey
2 > g

. i 2%
(E) -j-|+{| —1)j

#9,  The acceleration vector at time t = 2 is

(A) i+] B) i-j (C) i+2j (D) 2i-j (E) none of these

*10.  The speed of the particle is at a minimum when ¢ equals

(A) O (B) Gy (D) 1.5 (E) 2

b | —

JEH:8.(D), 9. (A), 10. (B)

A particle moves along a curve in such a way that its position vector and velocity
vector are perpendicular at all times. If the particle passes through the point (4, 3),
then the equation of the curve is

(A) x*+y*=5 B) ¥*+y*=25 (C) x*+2y’=34

D) x¥*-y*=7 (E) 2x*-y*=23

¥ ()

Example 15

The velocity of a particle is given by (3 —e™)i + (¢ — 1)j. When ¢ = 0, the particle is
at (1,2). The position vector R at time 7 is

(A) QBt+eMi+(e-1)j B) Bt+e’'+1i+(e—1t+1j

(C) Br+eNi+(e—t+1)j M @Gt+e'+Di+(e'—1+2)j

(E) none of these

M (B)

Barron’s AP Calculus
p. 287 #8~10

Motion along a curve

Barron’s AP Calculus
p. 287 #11

Motion along a curve

Barron’s AP Calculus
p. 287 #13

Motion along a curve




2005 AP Calculus AB FREE-RESPONSE QUESTIONS (Form B)

A graphing calculator is required for some problems or parts of problems

3. A particle moves along the x-axis so that its velocity v at time 1, for 0 <t < 5, is given by

v(t) = ln[:‘2 -3t + 3). The particle is at position x = 8 at time ¢ = 0.
(a) Find the acceleration of the particle at time t = 4.

(b) Find all times ¢ in the open interval 0 <t < 5 at which the particle changes direction. During which time
intervals, for 0 <1 £ 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 <1 < 2.

2004 AP Calculus AB FREE-RESPONSE QUESTIONS

A graphing calculator is required for some problems or parts of problems

3. A particle moves along the y-axis so that its velocity v attime r 2 0 is givenby v(f) =1— tan ™! (e’ ) At time
t = 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 t = 2 7 Give a reason for your answer.

(c) Find the time r = 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 t = 2 7 Justify your answer.




2003 AP Calculus AB FREE-RESPONSE QUESTIONS (Form B)

No Calculator is allowed for these problems.

4. A particle moves along the x-axis with velocity at time 1 = 0 given by v(r) = -1 + e

(a) Find the acceleration of the particle at time ¢ = 3.
(b) Is the speed of the particle increasing at time ¢ = 3 7 Give a reason for your answer.
(c) Find all values of t at which the particle changes direction. Justify your answer.

(d) Find the total distance traveled by the particle over the time interval 0 < f < 3.

2005 AP Calculus BC FREE-RESPONSE QUESTIONS

No Calculator is allowed for these problems.
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5. A caris traveling on a straight road. For 0 < r < 24 seconds, the car’s velocity v(z). in meters per second, is
modeled by the piecewise-linear function defined by the graph above.

(a) Find -lo v(r) dt. Using correct units, explain the meaning of J.D v(t) dr.

(b) For each of v’(4) and v/(20), find the value or explain why it does not exist. Indicate units of measure.
(c) Let a(r) be the car’s acceleration at time 1, in meters per second per second. For 0 < ¢ < 24, write a
piecewise-defined function for a(z).

(d) Find the average rate of change of v over the interval 8 < ¢ < 20. Does the Mean Value Theorem guarantee
a value of ¢, for 8 < ¢ < 20, such that v/(¢) is equal to this average rate of change? Why or why not?
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Talk to your AP teachers and/or AP Coordinator about
taking the exams. Contact the disabilities (SSD)
coordinator at your school if you will need testing
accommodations.

Deadline for submitting complete disability

February 22 documentation for students with disabilities whose SSD

Eligibility Forms require Documentation Review.

Deadline for homeschooled students and students
whose schools do not offer AP to contact AP Services
for a list of local AP Coordinators at whose schools they
could arrange to test.

e = Deadline for submitting complete student Eligibility
= F S0EAZ. March 7 Forms for students with disabilities using the School
Verification Process.

2008 3 A3l £ Tfo| Et .
e BolZa Deadline for homeschooled students and students

FAS] A3 AE EL7|E March 15 whose schools do not offer AP to contact AP
7| st} Coordinators identified by AP Services.

May 5-9 and May

12-16 Exam dates (AP Calculus — May, 7)
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