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Distance, Displacement

Distance

Distance refers to the total length covered by a moving
object irrespective of the direction of motion.

has a unit of metres (m) or kilometres (km)

A scalar quantity, only

Displacement

Displacement refers to the linear distance of the position
ofi the moving object frrom a given reference point.

has a unit off metres; (m) or kKilometres (km)

A vector quantity, with and



Graphical analysis of motion

distance

Distance refers to the total length covered by a moving
object irrespective of the direction of motion.

displacement

Displacement refers to the linear distance of the position of
the moving object from a given reference point.

A _




Graphical analysis of motion

distance vs displacement

scalar quantity vector quantity

regardless of its dependent on direction
direction of motion




Speed, Velocity and Acceleration
speed

Speed| ofi an object is defined as the distance travelled by
the body per unit time.

has a unit ofi metres per second (m s:t) or Kilometres per
hour (km Q)

distance travelled
time taken

speed =




Speed, Velocity and Acceleration

average speed

Average speed of an object is defined as the total distance
travelled by the object divided by the total time taken.

has a unit of metres per second (m s1) or kilometres per
hour (km h1)

total distance

average speed =

total time

for moest journeys, speed is not: constant



Speed, Velocity and Acceleration

instantaneous speed

Instantaneous speed is the speed of an object at any instant
(any point in time).
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Speed, Velocity and Acceleration

speed measurement using a ticker-tape timer
object moving with constant speed

object moving with increasing velocity

ebject moving with, decreasing velocity,




Speed, Velocity and Acceleration

velocity

Velocity is the distance travelled per unit time in a stated
direction; or speed in a specified direction.

has a unit of metres per second (m s1) or kilometres per
hour (km h1)

distance travelled in a stated direction

velocity =
4 time taken




Speed, Velocity and Acceleration

speed vs velocity

scalar quantity vector quantity

regardless of its dependent on direction
direction of motion

A Negative VEIoCIty: Indica

l'.‘Ll
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L@t a bedy Is moving In the
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Speed, Velocity and Acceleration

velocity
Consider a vehicle travelling around a bend.

At a road bend, although the vehicle's speed|is constant; its
velocity Is continuoeusly: changing.



Speed, Velocity and Acceleration

acceleration
Acceleration is defined as the rate of change of velocity.
has a unit of metres per second square (m s2)

change of velocity

acceleration =

time taken for the change



Physical Definitions
uantities
Distance refers to the total length covered by a

moving object irrespective of the direction of
motion

Displacement

refers to the linear distance of the position
of the moving object from a given reference
point

Speed iIs defined as the distance travelled by the
body per unit time

Average Is defined as the total distance travelled by

Speed the object divided by the total time taken

Instantaneous |is the speed of an object at any instant (any

Speed point in time)

Velocity iIs the distance travelled per unit time in a

stated direction; or speed In a specified
direction

Acceleration

is defined as the rate of change of velocit




speed, velocity and acceleration

acceleration

Uniform acceleration occurs when the velocity increases
(or decreases) by the same amount per unit time.
[Or rate of change of velocity is constant/uniform]

velocity is velocity is
velocity of the increasing or decreasing or
moving object is velocity is velocity is
constant throughout  decreasing in the increasing in the
opposite direction opposite direction

S




graphical analysis of motion

displacement-time graphs

Gradient of the displacement-time graph gives the velocity
of the object.

displacement/m displacement/m




graphical analysis of motion

displacement-time graphs

The displacement-time graph of an object travelling with
constant velocity is always a straight line.

displacement/m

faster




graphical analysis of motion

displacement-time graphs

Time taken, t/s O 10 20 30 40 50 60 70

Displacement, x/m 0 50 100 200 350 550 850 1200

The instantaneous
velocity of the car
at a particular time In each successive time
can be obtained by interval, 0-10 s, 10-20 s,
finding the slope of and so on, the car covers a

greater distance than in the
the tangent to the previous one. This means

graph (gradient) at the car is going faster.
that point in time.

displacement, x/m

i e e i S i i




graphical analysis of motion

displacement-time graphs

Gradient of a tangent to the displacement-time graph of
an object travelling with non-uniform velocity gives its
instantaneous velocity at a given time.

displacement/
m

increasing
velocity

displacement/
m

decreasing
velocity

> time/s

object has variable
velocity

> time/s



graphical analysis of motion

velocity-time graphs

Gradient of the velocity-time graph gives the acceleration
of a moving body.

velocity/m s1 velocity/m s1




graphical analysis of motion

velocity-time graphs

Gradient of the velocity-time graph gives the acceleration
of a moving body.

velocity/m st velocity/m st

I




graphical analysis of motion

velocity-time graphs

Gradient of the velocity-time graph gives the acceleration
of a moving body.

Velocity Gradient of line =
a = constant acceration

v final
velocity

u initial *\l“ s = displacement

velocity | (are:in1 under
time taken graph)

t seconds




graphical analysis of motion

variable acceleration

Gradient of the velocity-time graph gives the acceleration
of a moving body.

velocity/m s velocity/m s1




graphical analysis of motion

variable acceleration

Not all objects move with constant acceleration. Most
vehicles move with accelerations that keep changing.

The acceleration or deceleration of the object at any point in
time is still given by the gradient of the graph at that point.

velocity/m s

A

Sue]s) Sue]s)

> time/s

velocity-time graph of a car on a straight
road where it has to stop twice because of
traffic lights



graphical analysis of motion

area under a velocity-time graph

The area under the velocity-time graph gives the distance
travelled by the moving object.

velocity/m s-1

A

uniform

. velocity
distance travelled = vt,

» time/s




graphical analysis of motion

area under a velocity-time graph

The area under the velocity-time graph gives the distance
travelled by the moving object.

velocity/m s-1

1
distance travelled = ?vt1

» time/s



graphical analysis of motion

area under a velocity-time graph

The area under the velocity-time graph gives the distance
travelled by the moving object.

velocity/m s-1

A

1
uniform velocity distance travelled = 5 v(t, + t,)
\%

I

I

I

I

| =

I uniform
I

I

I

|

deceleration

» time/s
L, §

area of trapezium = %2 x (a + b) x height



Equation of motion for uniformly
accelerated linear motion

Consider the motion of a particle that accelerates from an
initial velocity u to a final velocity v with constant
acceleration a.

velocity /m s-1

\/




Equation of motion for uniformly
accelerated linear motion

Equation 1

- For constant acceleration, velocity increases uniformly
with time

(u+v)

<V >=

- From definition, displacement (S) during time t,

S =<V >1

1
S=—(Uu+V)t



Equation of motion for uniformly
accelerated linear motion

Equation 2

- From definition, acceleration is

A_v:(v—u)

a=
At t

V=U+at



Equation of motion for uniformly
accelerated linear motion

Equation 3

- From Equation 1 and Equation 2,

1
S=—(U+Ww)t
A

s:lut+£(u+at)t
2 2

S :ut+lat2
2




Equation of motion for uniformly
accelerated linear motion

Equation 4

- From Equation 1 and Equation 2,

1
s==(u+W)t
2( )

s =2 +v)Y)y
2 a

1 2 2
s=—(V" —u
2a( )

V2 =U°® + 2as




Linear Motion Under
The Action of Gravity

Two Situations

- Object is released and allowed to fall under gravity

- Object is projected vertically upwards such that it reaches
a certain maximum height and then falls back




Linear Motion Under
The Action of Gravity
Object is released and allowed to
fall under gravity

Displacement, velocity and acceleration are all pointing in
the same direction

Ifi no_air. resistance,

Acceleration = 9.81 m s2, downward




Linear Motion Under
The Action of Gravity
Object is released and allowed to
fall under gravity

Displacement, velocity and acceleration are all pointing in
the same direction

Ifi no_air. resistance,

Acceleration = 9.81 m s2, downward




Linear Motion Under
The Action of Gravity

In the presence of air resistance,

Terminal velocity
(Heavy object)

Air resistance increases
with speed

Terminal velocit_y
(Light object)




Linear Motion Under
The Action of Gravity

displacement / m

$
o

2
+
=
o
3
3
Q
-3

No air resistance

Assume g = 10 m s2

displacement / m

straight line as

velocity becomes
constant

downwards +ve

30 time /s With air resistance




Linear Motion Under
The Action of Gravity

velocity / m s

L
ot
+
=
o
3
c
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©

No air resistance

Assume g = 10 m s2

velocity / m s

-----------------------

-------------------

- terminal
......... : ; . velocity of
: : 23 ms!

downwards +ve

I resistance



Linear Motion Under
The Action of Gravity

acceleration / m s2

QL
>
=+
5e
e
]
=
C
3
2
©

No air resistance

Assume g = 10 m s2

acceleration / m s—2

acceleration = zero
at terminal velocity

downwards +ve

With air resistance



Terminal velocity

is the constant
velocity that is

reached by a falling @
object when the * gg:
drag force equals in =
magnitude to the 2 10—
force that is s
accelerating the <

4 Vvelocity /m s

object.

Drag force is the
retarding force that
is due to air

Terminal Velocity

-----------------------

................... . Y\

- terminal
......... : - . velocity of
: 23 ms!

i -

1.0 2.0 .0 time/s

resistance.

Provided the density.
ofi alr- stays
constant, the arag
OfiCe IS dIFECY:

downwards +ve

acceleration = zero
at terminal velocity

Proportiondl to the.
SPEEA Off LhE OPJECE




Methods of solving Kinematics
Problems

diagrams to gain a better understanding of the
problem

- the unknown quantities that are given
- the unknown quantities required

the positive direction and use the correct sign
convention for all the known and unknown guantities.

@ften, the direction of: the initial velecity: ulis taken as the
positive direction. A vector (v, s or a) whichi has an
OPPESIE dIECHERNS GIVERfa nEgative sign

e direction ofi the force acting|on the bedy Is the same
as| the direction ofi the acceleration



Methods of solving Kinematics

Problems
Example: A ball is projected upwards from point A
The is defined as the ball’s

initial direction of; travel

_

5
B
E
+

~ Direction

Displacements of projected
ball




Methods of solving Kinematics

Problems
Example: A ball is projected upwards from point A
The is defined as the ball’s

initial direction of; travel

o
@]
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§
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— Direction

IR

Velocities of projected ball




Solving Kinematics Problems

A motorist traveling at 13 ms™! approaches traffic lights,
which turn red when he is 25 m away from the stop line. His
reaction time is 0.70 s and the condition of the road and his
tyres is such that the car cannot slow down at a rate of more
than 4.5 ms=2. If he brakes fully, how far from the stop line
will he stop, and on which side of it?



Solving Kinematics Problems

A jogger with a constant velocity of 4.0 m s’ runs by a
stationary dog. After 1.0 s, the dog decides to chase the
jogger. The dog accelerates at 1.5 m s2.

(a) How long does it take the dog to catch the jogger (if O
time was when the dog starts running)?

(b) How far away from the spot where the dog was sitting
has the jogger gone when she is caught by the dog?

(Assume the jogger is listening to her iPod and does not
realise the dog chasing her until it is too late. In other
words, assume constant velocity for the jogger)



Solving Kinematics Problems

A lunar landing module is descending to the Moon’s surface
at a steady velocity of 10 m s'1. At a height of 120 m, a
small object falls from its landing gear.

Taking the Moon’s gravitational acceleration as 1.6 m s2, at
what speed does the object strike the Moon?



Solving Kinematics Problems

A balloon is going up at a steady velocity of 12 m s'1. At a
height of 32 m above the ground, an object is dropped from
it. How long does it take for the object to reach the ground?



Solving Kinematics Problems

A ball is thrown vertically upwards from the ground with an
initial velocity u. The time taken by the ball to reach a height
h is t;. The ball then takes a further time of t, to return to
the ground. Find in terms of t;, t, and g,

(a) the initial velocity u,
(b) the height h, and
(c) the maximum height H reached by the ball



Average Speed =

Average Speed

Total Distance
Total Time Taken

Slunit:ms!

Equations of Motion

' 2

_l(u+ V)t

u+at

ut + sat’

u’ +2as

Sl unit: m

Distance

describes motion (a = constant) with

Acceleration

Rate of Change of Velocity

L=t a = ﬂ

a=
t dt

Slunit:ms?

Lo o _

to define

Time

Slunit:s

KINEMATICS

describes
motion with

Displacement
Ax =x,— x,

Sl unit : m

Velocity

Rate of Change of
Displacement

Slunit:ms™!

Equations of Motion
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) uses
Prefixes

Prefix Symbol Submultiple
pico p 10"
nano n 107
micro H 10°
milli m 10+
centi ( 107
deci d 10!

Prefix Symbol Multiple

kilo k 10°
mega M 10°
giga G 10°
tera T 10"

S| Units Consist of

to Y represent

Numerical Value

* has

messurabie ]

Parallelogram

Head to tail

Vector addition

are

PHYSICAL QUANTITIES

4

F,=Fsin®
)
F=~NF’'+F,*

= F cos O

F,
t.m(*)_;T

& UNITS

— Mass

kilogram (kg)

— Length metre (m)
— Time second (s)
o — Electric current ampere (A) o
W — Temperature kelvin (K) =
— Amount of substance mole (mol)
Base Quantities i— Base Units :

\hrough /

Defining Equations

Derived Quantities I

Derived Units J

Velocity
Acceleration
52
wi Force
Pressure
Work Done
Power

ms' —
ms* —s
kgms? —u
kgm s —
kgmlsl—
kg m?s? —

6.02 X 10
particles,
atoms,etc.

this constant
Is known as

Avogadro Constant

N4=6.02 X 10* mol™

1 mole

m = mass of 1

n mole ¥

Molar mass M

B Mass of substance (m,)

contains atom or molecule
mass of 1 mole Molar M =N,m
of substance
mass M
Y is the

e No. of atoms or molecules (N)

N

Relative molecular mass

of the substance in grams.




MEASUREMENT TECHNIQUES

. ' Error l Estimating the size of an error

Measurement I Uncertainty ]

arises |in a

metre rule

I h . 5 Random Systematic Treatment Powers
engt vernier caliper Error Error of Error
micrometer Reading - A
is - Y single determination
is Predictable s 2 of a value
volume measuring cylinder ‘g jg on a measuring
Ig P scale
Unpredictable 1] s
© [ =
s 2 determination | of 2 readings
angles protractor o g
Y Repeated measurements Yy ;.% 3l
yield 3 £
spring balance Different ; - Similar RS = A
mass and . 7 Errors S Errors Measurement
weight triple beam balance Y
‘ electronic balance '50% v
! ”
simple pendulum above can be either |
time stop watch G’ue Value ) described 100%
scalar " in terms above or Absolute Num'ber
| e v of 100% below Error Slgn‘l,ﬂcant
ow )
temperature figray InDeos ’ @ Ax Figures
digital thermometer ‘ ——
ammeter Precise Accuracy Not Precise Maximum
electric and and and
current galvanometer Accurate Precision Inaccurate Fractional
digital multimeter Error
Ax
voltmeter *
tential S=A+B
ifference galvanometer
digital multimeter Not :'::cise AS =AA + AB
GrO Accurate Inaccurate D=A-B Percentage Error
magneti Ax
'er:: c —— Hall probe AD =AA+AB (__\_) 100%
—
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Projectile Motion

If a body is into the air at an
, the body will move in a parabolic path (in the
absence of air resistance)

Taking upward direction as positive,

UX = U cos6 The vertical component Uy and
horizontal component Ux; of velocity

Uy =Usino6 are independent of each other.




Projectile Motion

The projectile motion is

in the x-y plane.

54



Projectile Motion

Horizontal direction

a, = 0, if the air resistance is negligible

Motion will be uniform, V, = U, ; i.e horizontal component
of the velocity is the same throughout the motion

c=U +at=U_ + (0}
. =U =Ucos0

55



Projectile Motion

Vertical direction

a,, = - g, if the air resistance is negligible

y
Vertical motion will be non-uniform

Uy:iJgne

y =U, +at
, =usind—gt

56



Projectile Motion

Direction

tano =

(falling)

V

y

X

57



1.

2.

3.

Projectile Motion

Horizontal Displacement, X
X =(ucoso

Vertical Displacement, y

Horizontal Range, R

= u’sin20

g

58



Solving Kinematics Problems

When a rifle is fired horizontally at a target P on a screen at a
range of 25 m, the bullet strikes the screen at a point 5.0 mm
below P. The screen is now moved to a distance of 50 m and
the rifle again fired horizontally at P in its new position.

Assuming that air resistance may be neglected, what is the
new distance below P at which the screen would now be struck?

;

_’_——._.?—__...___...______.
2L m;n f point of impact I
|

I
second position

I
|
| of target
|
|

25 | first position

— .lof target

+-—50 m —




Solving Kinematics Problems

You throw a ball with a speed of 25.3 m s'! at an angle of
42.0° above the horizontal directly toward a wall as shown
below. The wall is 21.8 m from the release point of the ball.

60



Solving Kinematics Problems

U = 25.3 ms!
// |

42°

(a) How long is the ball in the air before it hits the wall?
(b) How far above the release point does the ball hit the wall?

(c) What are the horizontal and vertical components of its
velocity as it hits the wall?

(d) Has it passed the highest point on its trajectory when it
hits?

61



Solving Kinematics Problems

You throw a ball from a cliff with an initial velocity of 15.0 ms-!

at an angle of 20° below the horizontal. The height of the cliff
is 1000 m above the ground. Find

(a) its horizontal displacement as it hits the ground

(a) 1949 m, (b) 37.7m




Projectile Motion in the real world

In the presence of air resistance, the path of the projectile
Is no longer symmetric about the maximum. We say that
the projectile motion is no longer parabolic.

Without drag — "\

: f_, With drag

x(m)
63



Without air resistance, a projectile undergoes inertial motion with uniform velocity
in the horizontal direction and, simultaneously but independently, frree-falling motion
with uniform acceleration in the vertical direction.

1.e. The components of its acceleration (a,, a,) in the x-y plane are given by:

With initial speed » and projection angle «, the trajectory of a projectile could be
as shown.

The angle @ may also be zero or ¥4 ”
negative and the corresponding . v
graphs could be as shown:
; S IAP LR
The equations of motion (in the 7 > Vx N
usual notations) include: i SO \
: \
) A
u, =usina i \
0 or \‘ T~ A N .
V., =, =wucosa (constant) e T 3 \\ X
a1
vy =U,—gt =usina—gt S » \
y— & g N W )
\ N
X = Ut = (ucosa)t N 2
y=u).t—'/zgt2 =(usinoz)1—'/zgt2 ) a=0
\
a<(




®  The magnitude v and direction @ of
the velocity at any instant can be
calculated from the components v,
and v, as follows:

: 3 Vy
V= \/Vx' +v,” and @ =tan" (—'J

Vi

® The vertical (y-) range of motion should be small compared to the Earth's radius so
that the value of g may be taken as (approximately) constant.

* The effects of air resistance on projectile motion are as follows:

[ The horizontal component v, of the velocity will decrease continuously, tending
towards zero.

& The vertical component v, of
the velocity will decelerate
more when rising and
accelerate less when falling.

The effects are identical to

those of a body falling with
air resistance.

with without
air resistance air resistance

A trajectory with air resistance (. .

anmnarad anth ane anthatit atr roctctancra - - Y canld ke ae choawn fabhavel




