


Goals for Chapter 2

To describe straight-line motion in terms of velocity and
acceleration

To distinguish between average and instantaneous velocity
and average and instantaneous acceleration

To interpret graphs of position versus time, velocity versus
time, and acceleration versus time for straight-line motion

To understand straight-line motion with constant
acceleration

To examine freely falling bodies

To analyze straight-line motion when the acceleration is
not constant
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Introduction
Kinematics is the study of motion.

Velocity and acceleration are important physical
guantities.

* A bungee jumper speeds up during the first part of his
fall and then slows to a halt.
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Displacement, time, and average velocity

» A particle moving along the x-axis has a coordinate Xx.

» The change in the particle’s coordinate 1s AX = X, — X;.

 The average x-velocity of the particle is v, , = Ax/At.

Positionat#; = 1.0 s
START |

1P

Position att, = 4.0 s
- a | FINISH

*

I

// // X

Displacement from ¢, to f,

pasio 0

X-axis

O 3 ,-"'“‘fl = 19m
4

| “x-coordinate of
dragster at 1.0 s
x is positive to the right of the
origin (0), negative to the left
of it.

Xy = 277 m

| X

Ax =(xy — %) =258 m

x-coordinate of
dragster at 4.0 s

When the dragster moves in the +x-direction, the displacement
Ax is positive and so is the average x-velocity:
_Ax 258m

av-x At — 305 = 86 m/s

U
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Average Velocity

The average velocity Is rate at which the
displacement occurs

AX X, =X

» The x Indicates motion along the x-axis

The dimensions are length / time [L/T]

The S| units are m/s

Is also the slope of the line in the position — time
graph
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Negative velocity

 The average x-velocity iIs negative during a time interval if
the particle moves in the negative x-direction for that time
Interval.

Position at 1, = 25.0 s Position at t; = 16.0 s
START | ___ £l FINISH

| P4 | E— |

| le o yY— —J P1|
I

| |

|

| II'I X

< Ax = (x — x;) = —258 1%

. PN S = |
This position is now x,. This position is now x;

When the truck moves in the —x-direction, Ax is
negative and so is the average x-velocity:
_ Ax  —258m
Yavr T TAr T 790

= —29 m/s
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A position-time graph—Figure 2.3

A position-time graph (an x-t graph) shows the particle’s
position x as a function of time t.

» The average x-velocity is the slope of a line connecting the
corresponding points on an x-t graph.

x (m) For a displacement along the x-axis, an object’s average x-velocity

U,y €quals the slope of a line connecting the corresponding points
Dragster track 400 = on a graph of position (x)
(not to scale) versus time ().
300 - :
P, @ —— Xy - i
200
Ax = x, — x;
lllll *
gy 100 a8/ S e *, Ax
o ¢ - Slope = rise over run = <=
pe e over I o
[,, - tl
P le---xX|f-—F—FfFKc——— = — —
I 1 | | | £(s)
0 1 2 3 4 5
I 5)
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Average Speed

Speed Is a scalar guantity d
-same units as velocity Sag =7
-total distance / total time:

The speed has no direction and Is always
expressed as a positive number
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Instantaneous velocity

 The Instantaneous velocity is the velocity at a
specific instant of time or specific point along the
path and iIs given by

v, _IImAx dx
At—0 At dt

 The Instantaneous velocity can be positive, negative,
Oor Zero

* The Instantaneous speed is the magnitude of the
Instantaneous velocity. The instantaneous speed has
no direction associated with It.
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Finding velocity on an x-t graph

At any point on an x-t graph, the instantaneous X-
velocity Is equal to the slope of the tangent to the
curve at that point.

(a) (b) ©

x (m) x (m) x (m)
400 - 400 - 400
A | =L L 160m
300 300 A = 55 300 v
x=55m . 4.0 s ol
o H 7 (SANS A
P = SS 105 F il W\ oct
200 - 200 200 g X
: |
: |
100 100 100 1 160 m
|
L Reg=-=~ | =o e  SEUES. . aeen _.|
1 ‘{ 1 L 1(s) 1 L 1(s) 1 ¢(s)
O/ 1 2 B &4 3 o”" 1 2 3 4 s o 1 2 3 4 5
As the average x-velocity v,,._, is calculated ... its value v,,_, = Ax/At approaches the The instantaneous x-velocity v, at any
over shorter and shorter time intervals ... instantaneous x-velocity. given point equals the slope of the tangent

to the x-f curve at that point.
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Motion diagrams

Figure below shows the x-t graph and the motion diagram for a
moving particle.

(a) x-t graph (b) Particle’s motion
Sl()l_)e Zero: l)\. — O P e P 3 : : )
% v | 'he particle is at x < 0 and moving
" C tA e O—.-’= - . sgiecs .
A : : 0 in the +x-direction.
...... Slope negative
o T L, ;
Ip 6 - x From 1, to tz it speeds up, ...
t | v = 04" . and from 5 to 7. it slows down,
tC @ X .
0 then halts momentarily at 7.
g sapliPeg N : B
0 | = ” H()m.l(_ [(? Ip it speeds up in the
0 —x-direction, ...
.......... T EIC— v 3 - o :
Sl(’l’HPO““‘ c. t ke x and from fp 1o 1 it slows down
v, >0 0 in the —x-direction.

The steeper the slope (positive or negative) of an object’s x-f graph, the
greater is the object’s speed in the positive or negative x-direction.
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Average Acceleration

Acceleration is the rate of change of the velocity
_ AVx Vi = Vyi

ad =
SOOAL -t

Dimensions are L/T?

Sl units are m/s2

In one dimension, positive and negative can be
used to indicate direction
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Instantaneous Acceleration

The Instantaneous acceleration is the limit of the
average acceleration as At approaches O

_im AV, _dv, _ d*x
Ll At dt  dt?

The term acceleration will mean instantaneous
acceleration
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Instantaneous Acceleration -- graph

The slope of the velocity- «, ~ Av
time graph is the
acceleration

Uxf
The slope of the green
line represents the 0,
Instantaneous

acceleration

The slope of the blue line
IS the average
acceleration
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Finding acceleration on a v,-t graph

« Asshown in Figure 2.12, the v,-t graph may be used to
find the instantaneous acceleration and the average
acceleration.

For a displacement along the x-axis, an object’s average x-acceleration
x equals the slope of a line connecting the corresponding points on a

graph of x-velocity (v,) versus time (7).
P2
U2x _____________________
|
|
|
8 |
(\u |
| — _
3 |Avx = Uy Ulx
|
» Y.'-. I ~ . .
\QQ +t=--== Slope of tangent to v -7 curve at a given point
| : ; ; .
p S , = Instantaneous x-acceleration at that point.
vl.\‘ '_;.;,’l._ _______________ I
At=1t,— 1
| | t
O t ty
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Graphical Representations of Motion
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Kinematic: Motion with Constant Acceleration

For constant a, the velocity is a linear function of time
V.=V, +atl

Can determine an object’s velocity at any time t when
we know its initial velocity and its acceleration

 Assumest;=0andt. =t

For constant acceleration, the average velocity can be
expressed as the arithmetic mean of the initial and final

velocities
_ in +fo
x,avg 2

Vv
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Kinematic Equations, specific
Ifx,=0 then Ax=x x=v ,*t and

wo Vu Vi VitV tat

2 2

By substituting the value of t from Vv, =V, +a;t

t =V,t+ Lat?

Into v, t+%at? we can obtain additional expression for

displacement: |
2 _y2
fo vxi

2a

X =
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The equations of motion with constant acceleration

 The four equations shown to
the right apply to any straight-
line motion with constant
acceleration a,.

Vy = Vg, +ayt

_ 1,42
x—x0+vOXt+?aXt

(v v )
V>%=V§X+ZaxLX—XoJ
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(a) The position — time
graph is parabola.

(b) The velocity-time
graph is a straight line,
the slope of which is
the acceleration

(c) The acceleration —
time graph is a
straight line with a
slope of zero

Slope = v,;

Slope = v, /-~

(a)

Slope = a,

e —

0
(b)

a,

Slope = 0

0
(c)

® 2007 Thomson Higher Education
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X(t) = x; + vi*t + Y/ at? cece
Example . -9
P v(t) = v, + at % .
o0
o o

A European sports car dealer claims that his car will
accelerate at a constant rate from rest to 100 km/hr in 8.00
s. If so, what is the acceleration? (Hint: First convert
speed to m/s.)

km 1000m 1h

100 hx 1km x3600s
t=8.00s

=27.78m/s v=27.78 m/s v;,=0

(V- v)t=a

3.47 m/s?



- 1/ af2 o000
X(t) = x; + v*t + Y at cooe

Example -

e A car travels 105 m with constant
deceleration of 2.4 m/s?in 3 sec. Whatis
the initial velocity of the car ?

x+%at? = vt Vv, =
x+%at2 B 105 m+%x2.4m/$23|c(35)2

= =38.6 m/s

t 3s




Example:Average and instantaneous velocities

A cheetah is crouched 20 m to the east of the observer. At time
t=0 the cheetah begins to run due east toward an antelope that
1s 50 m from the observer. The cheetah’s coordinate X varies
with time according to the equation x = 20m+(5m/s?)t2. (a)
Find the cheetah’s displacement between 1 s and 2 s. (b) Find
Its average. velqclty during this interval. (c) Find its instaneous

‘ WWV
velomty al: t = 1s o f

(a) The situation ;

Cheetah

Vehicle starts Vl"_;?' Antelope
(b) Our sketch C[) ® ® , X (m)
X0=200m  X1=¢ X2=? 50.0m
=0 t,=10s 72205
—— Ax =7 —
Vav-x = ¢

(c) Decisions @ Point axis in @ Place origin @ Mark initial @ Mark positions @x‘\dd the known

direction cheetah runs, at vehicle. positions of cheetah for cheetah at 1 s and unknown

so that all values will and antelope. and 2 s. quantities.

be positive.
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Example: A motorcycle with constant acceleration

A motorcyclist heading east through a town accelerates at
constant 4 m/s? after he leaves the city limits. At time t=0 he
IS5 m east of the city-limits signpost, moving east at 15

m/s. (a) Find his position and velocity at t = 2 s. (b) Where
IS he when his velocity Is 25 m/s

a, = 4.0 m/s2
, Vg, = 15 ms
XO — 50 m
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Freely falling bodies

* Free fall is the motion of
an object under the
Influence of only gravity.

* In the figure, a strobe
light flashes with equal
time intervals between
flashes.

» The velocity change is
the same In each time
Interval, so the
acceleration Is constant.
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Acceleration of Free Fall, cont.

We will neglect air resistance

Free fall motion is constantly accelerated motion
INn one dimension

Let upward be positive

Use the kinematic equations with a, = -g =

-9.80 m/s?
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A freely falling coin

» Aristotle thought that heavy
bodies fall faster than light

ones, but Galileo showed that y
all bodies fall at the same rate. N B
o { ty=18,y4=7
- If there is no air resistance, the i I
downward acceleration of any e
freely falling objectis g = 9.8
m/s? = 32 ft/s?. 3
lvay-? 735157 ¢
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Free Fall — equations:

Vi =V, + at

X; = X;+V;t+Y2at?

YE=Yit

Copyright © 2012 Pearson Education Inc.



Example: Up-and-down motion in free fall

You throw a ball vertically
upward from the roof of a
24 m tall building with a
speed of 15 m/s. on its way
back down, It just misses
the railing. (a) Find the
ball’s position and velocity
1.00 and 4.00 s after leaving
your hand. (b) At what time
after being released has the
ball fallen 5 m below the
roof railing? © Find its
velocity just before it hits
the ground.

The ball actually moves straight up and
then straight down; we show
a U-shaped path for clarity.

t= 10050—‘7 -

t = ‘70—‘7

t=0,vp, = 150m/qf y

AR R R R R e

S !
|

M

~

y =17
y =2
y =5.00 m
y=20
a,=—¢
= —9.80 m/s?
p=1
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Free Fall -- object thrown upward

A ball is thrown upward from the
ground ( y; = 0) with initial velocity v, . Find
the maximum height reached by the ball.

_Vf2—Vi2

_2g

Solution: y

The instantaneous velocity at
the maximum height is zero

The maximum height is

Vi2

Y max =2—g

v=_0
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Is the acceleration zero at the highest point?—Figure 2.25

« The vertical

velocity, but not
the acceleration,

IS zero at the
highest point.

(@) y-t graph (curvature is
downward because a, = —
is negative)

y (m) Before t = 1.53 s the
15 - _ball moves upward.
10 | %/ TN\ After = 1.53 s
: the ball moves
5H 1 downward.
1
I 11 L ¢
O 2 3 (s)
_5 -
_]O -
_15 -
_20 -

8

(b) vt graph (straight line with

negative slope because a, = —g

1s constant and negative)

v, (m/s)
15 & _.-—Beforezt=153s
*  the y-velocity is
10 - -
positive.
5 -
| L £ (s
0 3 4 (s)
S\ Aftert = 1.53 s
—10 the y-velocity is
negative.
_15 -
_20 -
_25 -
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Velocity and position by integration

» The acceleration of a car is not always constant.
»  The motion may be integrated over many small time intervals to

give  Va=Voxt [adt and x=x+ [ vt

Area of this strip = Av,
= Change in x-velocity

a
X : .
during time interval At /
. /
//
H pd
oz [——————— =
av-x e
]
4
obm KA n
ke g .

Total area under the x-¢ graph from #; to 1,
= Net change in x-velocity from #; to 7,
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Motion with changing acceleration

* Follow Example 2.9.

* Figure 2.29 illustrates the motion graphically.

x (m)

800 - -t oraph curve

a, (m/sz) v, (m/s) x-t graph curves
of = upward before
20 |k e x-acceleration is 30 + 600 t=20s.
S positive before t = 20 s. : 2
e | Xx-1 graph curves

1.0 - o 20 400

. . downward after
x-velocity x-velocity A

L l [ L 1(s) 10 increases before | decreases after 200 : r=dim
O 5 10 15 20725 30 t=20s. t=20s. |
~1.6 |- .\'—ucclclmutj(m is N ! ! ! I | L £(s) ‘ ' : " . L— 1(s)
negative after t = 20 s. 0 5 10 15 20 25 30 0 5 10 15 20 25 30
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Two bodies with different accelerations

* Follow Example 2.5 in which the police officer and
motorist have different accelerations.

(b)

The police officer and motorist
meet at the time r where their
x(m) x-t graphs cross. 3

@) 1| .
Police officer: initially at rest, 120 - Motoris
constant x-acceleration Motorist: constant x-velocity 20 ]
Umox = 15 mfs 40 Officer !
# 1 e |
X s —— e ©))
0 (@) 2 4 6 8 10 12
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