For Live Classes, Recorded Lectures, Notes & Past Papers VISIt
www.megalecture.com’ o

Chapter 2: Kinematics

O Level Physics Syllabus Content for CAIE 2018-19 Exams

Syllabus Content - .
2.1 Speed, velocity and acceleration
2.2 Graphical analysis of motion
~ 2.3 Free-fall '
Learning outcomes
Candidates should be able to:
a) State what is meant by speed and
velocity. :
b) Recall and use average speed = distance
travelled/time taken.
State what is meant by uniform

acceleration and recall and use
acceleration = change in velocity/time

taken.
Discuss non-uniform acceleration.

Recall that deceleration is a negative

acceleration.
*Plot and *interpret speed @e and

distance-time graphs.
*Racognize from the shape of a speed-

time graph when a body is

1. Atrest

2. Moving with uniform speed

3. Moving with uniform acceleration

4. Moving with non-uniform
acceleration

Calculate the area under

graph to determlnet

travelled for motlo '

or uniform accel N

State tha

a body

is appro O m /s’
ltatlvely the motion of

h constant weight falling with | .,
hout air resistance (including ~
rence to terminal velocity).
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Chapter 2: Kinematics <

Displacement
“Displacement is the distance move in a given direction”.
Displacement is vector measured inometers. o

Displacement/m

a .
; Time /s

8 The displacement-time graph represents the motion of a car from a reference point. During
3 the sections ab and bc, the displacement is increasing with time which indicates that car is

moving away. g
During the section ed, the displacement is constant6 which means that the car is at rest.

During de, the displacement is decreasing with time which indicates that the car is returning
5 back. '

The slope or gradient of the displacement-time
_ velocity at that moment.

Note that:

1. The velocity during section ab is higher than the velocity during be, bgcausg}&@aﬁe of

ab is higher than slope of bc. N\
2. The slope of section de is negative because the car is moving back in/Gpp

graph at any moment gives the value of the

{Ee trection

and has a negative velocity.

Y Speed, velocity and acceleration . /
& Speed Q>"
x5 "Distance covered per unit time is called speed” A\ \§

If 3 car travels 300 km from Lahore to Islamabad jx

h = 60 km/h. The speedometer would certainysg
might vary considerably from this value. @% e state the average speed. If a car
could travel at a constant speed of 60 meh v; e hours, the distance covered would still

",

be 300 km. It is always true that \\7\‘\2

Distance Moved
Time Taken \/

average speed =
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To find the actual speed at any instant we would need to
know the distance roved in a very short interval of time.
This can be done by nulti flash photography. In Figure the
golfer is photographed while a flashing lamp illuminates him
10Q times a second. The speed of the club-head as it hits the

ball is about 2°OO km/h.

Velocity
o “Velocity is the displacemeni moved p

OR
Velocity is the rate of change 0

er unit time”

f displacement with time”.

e; velocity is the distance travelled in unit time in
they have the same speed of 20
rth and the other south,
are

d in unit tim

Speed is the distance travelle
< travel due north at 20 m/s,

a stated direction. If two train
m/s and the same velocity of 20m/s due north. If one travels no
their speeds are the same but nct their velocities since their directions of motion

different. Speed is a scalar quantity and velocity a vector quantity.
vélie distance moyed in a stated direction ‘

eloCIty = : T T
htyﬁ Lo : Time:Taken:: i . wwkicst

.
P

y t, then the velocity, Vv, is given

If the displacement is denoted by s, and the time denoted b
. 60kin _ 6000m _ 4 ’
by: “h . 3600s--. 1717..”15 ‘ . =g
i ‘ =
. J
Averaged Speed ,
Usually, we are interested to measure the average speed in two cases:
Bl A
(a) For a whole journey, where
) “-. " Total distance moved

V.(Average) = Tashmime mkes: | | o
(b) For one stage of a trip, where is the initial velocity and v is the velocity reach %thns
/ : <
/ \

sAtage, thus. @
B9

V(Ayerage)= %
crease of velocity from 20m/s to 50m/s in 55.
= R 5 _20 / sy R . . .
Acceleration G2l — 6m/s?
g mmad TR i, Jo 2 BRI RS E
d both its magnitude and direction sho
straight line and so the

Acceleration is also a vector an
present we will consider only motion ina n'é\

e of the acceleration will equal the hafi
ing on a straight road are shown below.

the speed, and the magnitud
5|6

The speeds of a car accelerat
Speedm/s [0 ] 5 10]15/20]25]30

Fora stgady in

peed in unit time.

[ Time /s ol1]2 |3 |4

ation of 5 m/s2is said to be uniform. An

dler
e acceleration

The speed increases by 5 m/s every second g
sgative if it decreases. A negativ

acceleration is positive if the velocity increases apd
is also called a deceleration or retardati
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Chapter 2: Kinematics

When the velocity of a body changes we say the body acce!erate.s. Ifa c?r startsdfrsmz:;; -
and moving due north has velocity 2m/s after 1 second, its velocuty h.us—uncrezase \: -
1's and its acceleration is 2m/s per second due north. We write this as 7m/s” for a steady

increase of velocity from 20m/s to 50m/s in 5s.

~Velocity-Time Graphs o
The velocity-city graph usually describes a certain trip.

uniform velocity
) e g 5 -
< . g
E \ . ~
N / = 8
0
2D ‘
o .
= . :
\J =
> ” -
- - Ld 7/ ’
0 Ttme /5

A journey usually starts from rest, the body accelerates and ‘he velocity increzse to a certain

value, then it traveis at a constant speed (uniform velocity), and finally it slows down
(decelerates) until it comes to a complete stop at & certain station.
o The slope (gradient) of the velocity-time graph at a certain moment gives the val
offhe acceleration at that moment: ' '
(a) The slope is positive when the body is accelérating (the velocity is increasing).
(.b) The slope is zero when the velocity is uniform (the velocity remains constgnt).
(c) The slope is negative when the body is deceltrating (the velocity is decreasing).

The Distance Travelled during trip can be calailated by:

ue

(1) Distance traveiled = averagaspeed X total time R
(2) Distance travelled equals the area under the (v, t) gra@lﬁ\\

IIl.  Acceleration: @<>/ /\/\
7

Acceleration is the rate of change of velocity with time

e
Acceléiation = Shange In ve'ocly 1\\x/
Time taken >
_v-u N\
=T A
N §
N\

Acceleration is vecter measured in (m/sz’ A \8\/

Acceleration is occurs only during the app@ét\)\\(f nbalanced force.

Acceleration may remain constant, %\’:\/f rm acceleration” or it may increase
edArom the shapes of v-t graphs shown :

s ¥

or

2
g

or decrease by time, this can be ¢
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Constant ‘a’ t Increasing ‘a’ t
Speed, Velocity and Acceleration
Speed
» Speed is the distance moved per unit time.

-

> S1unit of speed is metre per second (m %)

" Distance
> Speed=——7+
v rai s Timess

» Speed = Gradient of distance-time graph
» Speedis a scalar quantity. (It has only magnitude and no direction.)

Velocity .

> Velocity is the distance moved in a givén direction per unit time.
> S1unit of velocity is metre per second (m s)
" .. Distance moved in a specified direction

> Speed

LS fe 0l BV c_.Time b AL O Guie
> Velocity = Gradient of displacement-time graph.’
> Velocity is a vector quantity. (It has both magnitude and direction.)

S
&

Distance-time Graph
> Speed, v = Gradient of distance-time graph.

distance/m

%

(x=y7)

decreasing ‘a’ t

®

1VD31LVIAKILINIL
[

ALVVL™IO

o

Distance is @
Scalar quantity

Velocity is speed
in agiven
direction.

|

109c£E9FHED |BPLPLESZIED

Displacement is
distance
Travelled in a

given direction.

Velocity is
Different from
speed.
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Acceleration '
» Acceleration is the change in velocity per unit time. v=locity/m s )

. " Change Jn veloci
» Acceleration = Change In yeorly ‘)}
Time
N . 1al velocity—Inltial veloc
% Accoleration = Final veloc ty' nltlai veloclty
Time (x2,

o ©°
%> S1 unit of acceleration is metre pgr square second (r
o

Velocity-time Graph
> Acceleration, a = Gradient of velocity-time graph.

Chapter 2: Kinematics

vy
o &

> Distance, s = Area under velocity-time graph
Distance, s = Shaded area
Distance = (2+4)(10)=30m

velocity/(m s°) ‘éf}:
Horizontal line: A
» Object is at rest. 4 ,_C _.\
(line A) R / i
| Foo
TR
> Object is at uniform velocity. / A p
o
(line C) ’l ' \‘
T
e J
0 2 354 time/s
N\
Straight line with a slope: Line B gradient
» Object is moving with a uniform acceleration (the gradienf\ <&\ =+ 4, means
N N\ L
is a positive value). \ \Q\\} acceliratlon is
(line B) A \‘_,_., f m sD. ot
. ne ien
> Object is moving with a uniform deceleratlon’/{t@ ient : gracie
: . QD ™ = - 8, means
is a negative value). ("\ X acceleration is
(line D) 8 \%3 ~Bms>
Q@ i (Deceleration
AR Y \ ¢
AN S is8@ms
(‘\/
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Curve: g

~ Object is moving with an acceleration which is not uniform (gradient 1s decreasing). =
(curve E) g
o Curve E gradient -

velooty/{m s ) is clecreasin g

o © S gl Q-
: . & means g
° \ acceleration is =

. & : F decreasing (not - E
Fo constant). -;'
o E.~ -/ . z g
b / Curve F gradient A
, e is increasing, o0
4 /'/ a
; y means >
/ A ioni T

s acceleration is
-~ _ > increasing (not
0 time/s constant).
» Object is moving with an acceleration which is not constant (gradient is increasing).

(curve F)

Acceleration of Bodies Falling Near to Earth

> An object falling near to Earth, where the air resistance is negligible, has a velocity-time graph
that is a straight line, F. It falls with a constant acceleration {straight line).

Acceleration = 10 m s-2 (gradient = 10).

f&‘ A straight line
velocity/(m s'') & implies no air
resistance.
A
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elocity-time graph given, find: (a) the acceleration,(b) the deceleration, (c)

Example: In the v
rage velocity during the journey.

the total distance travelled, and (d) the ave

Y TTVH N3N0

v/ s
2 /_'__—'__\
U
Y ‘
1 ;
] [
! '
1 H
1 ' t/s
1o 4O 43
Solution: .
Acceleration . 12-0
(o) =——— =g~ U= "= 1.2m/s?

(M A=—=v-u=" = 0.48/s

Declaration = 0.48m/s*

= area under the trapezium

(c) Distance travelled
=1 (65+30) x 12 =570m

8YiIpLIESzZIE 6’
l suaamgo!@) JM’()Q]O:)

0
WYHO

pewdistnes T TS0 CE L g mys
(d) Average velocity = ——————Tot?] e 570/65 = 8.8m/s.

s

€l

g the domestic AC power, the frequency f =50 Hz and the time between two successi@.
N

Usin
 dots, T=1/50 =0.02s

The following examples sh

ow hot to use the ticker-tape to calculate the velocity and

YEEEALLED 999EE
NMOL

=
o
=
c=}
=
~
s
2=
e o=
~

B2 acceleration. :
§§ Example 1: In the given tape, the distance between dots is equal which indicates that is
Q \f-’ ' - -
3’5 money moves at constant velocity, Use the tape to calculate the trolley;s velocity.
g{ ..Cf 1s
-~ . 8o _
G2 l ...............................................................
5
O -
< .
5% Figure Tape from 3 trolley moving at
&
§~—; Solution:
K& " The distance of ten spaces = 5¢CmM : A

"0
g 5 The time of ten spaces = 0.02x10= 0.2s. ,/v<\
< \E_ ::E“‘E"'_ b L 5 Scm \ .\/~,
g Velocity == = —5= A §

gl t  02s N v . _
=2 Example 2: In the given tape, the distance bgtween\dots IS increasing regularly, which
&= indicates that the trolley is accelerating. 3

Q
»
%
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Using the tape to calculate the acceleration

__._.l , d
0.25 0.2s ____'____Q._Z_S_-_n —

Solution:

Chapter 2: Kinematics

0.2s

1. Choose two equal and successive parts of tape ( take the parts d ande). «

2. Take the ten space of section o
The distance of section “d” = 4.5¢cm
The time of section “d” = 10x 0.02 = 0.2s

4.5cm

U: Average velocity during interval “d” e

", n .

3. Take the ten spaces of section “e" :
The distance of section “e” =5.6cm

The time of section “e” =0.2's
5.6¢cin

V: Average velocity during section “e" = 3
- 0.2s"

v-u . (28-225), . i . S
e LR S

4. The acceleration, ai= 7= ="

Falling Bodies § >
In air, a coin falls faster than a s | piece of paper. Ina

vacuum they fall at the same rate, as may be shown
with the apparatus. The difference in air is due to air
resistance having a greater effect on light bodies than

on heavy bodies.

The air resistance to a light body is large when
compared with the body’s weight. With a dense piece of
metal the resistance is negligible at low speeds. There is
a story, untrue we now think that in the 16th century
the Italian scientist Galileo dropped a small iron ball and
a large cannonball ten times heavier from the top of the
Leaning Tower of Pisa. And we are told that, to the ¢
surprise of onlookers who expected the cannonball to

reached the ground (5\%

arrive  first, they
simultaneously.

+92 336 7801123

- H — 925em /s

= 28cm /s

screw clip

iy ;. \ rubber
STt stopper
\g‘.v/ J' N\ p
& N
X
—= Perspex or
Pyrex tube

paper
/

> o

q-f./
1.5m J/@%——— coin

———— pressure
tubing

to vacuum
.. pump

ABDUL HAKEEM 03004810136

tps://www.youtube.com/c/Megalecture

< ey

LN

Scanned by CamScanner

LVOHILYIANILINILVSII2027 ¥/Ol1-0/6 - 2pRI0

Jpa g

YN
e

uone3INPa[|BYuda1H ‘ 3 A0 (1 YD) AL v IRETH ]
3 917 4
e ) PEOR | RYLLD;



E—— ]

" For Live Classes, Recorded Lectures, Notes & Past Papers visit:
www.megalecture.com b

Chapter 2: Kinemati¢s

o

Terminal Velocity J
o

When an object falls in air, the air
resistance (fluid friction) opposing its
motion increases as its speed rises, so %2

reducing its acceleration.” Eventualfye cife
v 2 air resistance acting upwards equals
i the weight of the object acting
downwards. The resultant force on the
object is then zero since the
gravitational force balances the
frictional force. The object falls at a
constant velocity, called its terminal . .
‘ " velocity, whose value depends on the size, shape and weight of the object. A small dense
‘ object, such as a steel ball—beéring, has a high terminal velocity and falls a considerable
: ‘ distance with a constant acceleration of 9.8m/s2 before air resistance equals its weight. A
light object, like a raindrop, or an object with a large surface area, such as a parachute, has a
low terminal velocity and only accelerates over-a comparatively short distance before air
resistance equals its weight. A skydiver has a termina! velocity of more than 50 m/s (180
km/h) before the parachute is opened. Objects falling in liquids behave similarly to those

D e o e e 2

B T

ot

.

falling in air.
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