Chapter — 1
MOTION
(PHYSICS NOTES)

Motion
Movement of any object from one position to another position with respect to the observer is called
as Motion.

Position: Motion of any object is defined by its position with respect to the observer. Position is the location
of the object. If object changes its position with the passage of time, it is said to be in motion.

Reference point: It is the point from which the location of object is measured. It is often called as origin.
Any object can be located only with the help of reference point and its direction.

Example: Suppose a person changes its position with respect to a tree (a reference point) with passage of
time. In this example, person is an object and tree is a reference point. Direction is also necessary to locate
an object.

Motion in straight line

When an object moves in straight line with respect to the observer then the motion is called straight line
motion. For example, motion of lift.

Position in Straight line Motion:
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Positive sign shows position in right (positive) direction.

Negative sign shows position in left (negative) direction.

Zero is usually considered as reference point or origin.

For example;

Position of X =+1m,

Position of Y = -3m.

Here + and — sign represent direction of object from origin. While 1m, 3m represent distance of object from
origin.

Vectors & Scalar

Vector is a quantity which have both magnitude and direction.

Examples: Force, position etc.

Scalar is quantity with which direction is not associated.

Examples: Temperature, mass etc.

Note: Magnitude of vector only represents numerical value of the vector without its direction.

Distance & Displacement

Distance is the actual path travelled by an object from its initial position to final position. It is a scalar
quantity.

Displacement is the shortest straight-line path between initial and final position.
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e Ifthe initial and final points are same then displacement will be zero.
e Distance depends on path but displacement does not.

e Distance is always greater than or equal to displacement. They are equal only in straight line motion
without taking U- turn.

Uniform & Non — uniform Motion

Uniform motion is a motion in which equal distance is covered in equal time intervals.
Non-Uniform motion is a motion in which unequal distance is covered in equal intervals of time.
Speed and Velocity

Speed is the distance travelled by object in unit time.

Speed = Distance Travelled / Time Taken

Average Speed: The ratio of total distance travelled to total time taken by the body gives its average speed.
Average Speed = Total Distance Travelled / Total Time Taken

It’s a scalar quantity. SI unit of speed is metre/sec.

Velocity is the displacement of body in unit time.

Velocity is a vector quantity. SI unit of velocity is metre/sec.

Velocity = Displacement of Object / Time Taken

Note:

e Velocity has both magnitude and direction while speed has only magnitude and no direction.
e Velocity has same direction as displacement.

Average Velocity: The ratio of total displacement travelled to total time taken by the body gives its average
velocity.



Average Velocity = Total Displacement / Total Time Taken

e Average speed is always greater than average velocity except in case of straight-line motion without
u — turn when both are equal.

e [f body returns to its initial position, average velocity will be zero but average speed will not be
ZEeTo.

e When direction of motion changes, velocity also changes.

Instantaneous Speed and Velocity

Instantaneous speed is the speed of an object at a particular moment (instant) in time.

Instantaneous velocity is the velocity of an object in motion at a specific point in time.

Acceleration

Acceleration is measure of change of velocity with time. It is also called rate of change of velocity. SI unit
is metre/sec?. It is a vector quantity.

Acceleration = Final Velocity - Initial Velocity / Total Time Taken

If the velocity of an object changes from an initial value u to the final value v in time t, the motion is called
acceleration motion. In this case, acceleration a is given by

a=v-u/t

Acceleration motion is a motion in which acceleration is not equal to zero.

e Acceleration has same direction as of velocity if velocity increases.

e Acceleration has opposite direction as of velocity if velocity decreases. In this case acceleration will
be negative. Negative acceleration is also called Retardation/ De - acceleration.

Uniform and Non — uniform acceleration

e  When velocity of body changes by equal amounts in equal time intervals, acceleration is said to be
uniform.

e  When velocity of body changes by unequal amounts in equal intervals if time, acceleration is said
to be non - uniform.

Falling of ball is a uniform motion. Motion of car is a non — uniform motion.

Equations of Uniform Accelerated Motion

Relation among velocity, distance, time and acceleration is called equations of motion. There are three
equations of motion for bodies moving with uniform acceleration.



First Equation of Motion:

v=u-+tat.. (i

Second Equation of Motion:

s =ut + Y%at... (ii)

Third Equation of Motion:

Vv =+ 2as... (iii)

Here,

v = final velocity of body

u = initial velocity of body

a = acceleration of body

t = time taken by body

s = distance travelled by body in time t.

Average Velocity in Uniform Accelerated Motion

If a body moves ‘s’ distance in ‘t’ time interval. Then,

Average Velocity = Displacement / Time

=s/t

= (ut+ %ar’) / t [+ s=ut+ %af]

=ut+ %at

=ut+ % (v-u)

=u+v/2-u/2



=u/2 +v/2=utv/2

Here ‘a’ is uniform acceleration of body.

Graphical Representation of Motion

To describe the motion of an object, we can different graphs. Graphical representation of motion shows
dependence of one physical quantity such as distance, velocity on other quantity such as time.

1. Distance Time Graphs:

The change in the position of an object with time can be represented on the distance — time graph. The
distance time graph for a moving body can be used to calculate speed of the body.

1. Straight line graph: The distance time graph for a body moving at uniform speed is always a
straight line as body in uniform motion, body moves equal distance in equal time interval.
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2. Curved graph: When graph of distance Vs time is plotted for an object moving with non uniform
speed, the slope of graph will not be a straight line. The rising trend of slope shows the increasing



trend of velocity.
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3. The distance-time graph is parallel to time axis when the body is at rest.

Distance

>

To calculate speed of body at any point say P, first draw two perpendiculars on time axis and distance axis
say PA and PB respectively.

Time

Speed of object = PA/PB

Here,

PA represents distance travelled by body and PB represents time taken by body.

2. Velocity — time graph:



1. If a body moves with a uniform velocity (no acceleration) then speed time graph for this body
would be straight line parallel to time axis.

Speed

B

time

2. If body moves with a non uniform velocity (uniform acceleration) then speed time graph would
be a straight line. The pattern of slope of the graph depends on sign of velocity.
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If velocity increases (positive uniform acceleration) with time, graph would be a straight upward slope. If
velocity decreases (negative uniform acceleration) with time, graph would be a straight downward slope.

Speed, Speed

time time
Zig — zag graph and curved graph show that the object is moving with non-uniform velocity (with
non uniform acceleration).
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We can find out the magnitude of
displacement (distance) and acceleration of body using the velocity time graph.

The distance travelled by moving body in a given time will be equal to area under speed time graph.
For above graph,

Distance travelled = area of triangle PQBA = PQ x QB

s=v(t—t)

Acceleration of body = Change in velocity / time taken

As in above graph, velocity is constant, so in this case acceleration will be zero.

Derivation of Equations of Motion using graphs

Let an object moves from A to D in time interval t.
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1. Acceleration of moving object=V,-V,/t, - t,



2. Ifinitial velocity is u and final velocity is v then

=a=v-u/t-0

=at=v-u

=> yv=u+ at Hence Proved

1. Distance travelled by object = area under graph

= area of rectangle. ACBO + area of triangle ADC

— (OA) (OB) + 172 (AC) (CD)

= ut + 1/2(0B) (BD - BC)

=ut+ 1/2 t(v-u)

= ut + 1/2 t(at)

s=ut+ 1/2 at? Hence Proved

1. Distance travelled by object = area under graph

S =1/2 (Sum of || sides) x t

S=12(@utv)xt

2S /utv=t... (1)

v-u/a=t...(2)

Equating equations (1) and (2)

2S/u+tv=v-u/a

=>2as = (v-u)(vtu) =v2 - u?

=> y2= u*t+2as

Hence Proved



Circular Motion

Uniform circular motion is the motion in which an object moves on a circular path with constant speed.
For example: watch, moon revolve around earth etc.

Non uniform circular motion is the motion in which an object is moves on circular path with varying speed.

When an object is in circular motion, direction of its velocity keeps on changing.

=
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Speed in the case of circular motion

Suppose a body is moving in a circular path of radius .

Speed (v) = distance / time

= circumstance of circle / time

=2IIr/t

NUMERICALS

QUES.1

An athlete completes one round of circular track of diameter 200 m in 40 sec.
What will be the distance covered and the displacement at the end of 2 minutes
20 sec?

Answer 1:

Time taken =2 min 20 sec = 140 sec.

Radius, r =100 m.

In 40 sec the athlete complete one round.

So, in 140 sec the athlete will complete = 140 + 40 = 3.5 round.

= Distance covered in 140 sec = 2rtr x 3.5 =2 x22/7 x 100 x 3.5 = 2200 m.

At the end of his motion, the athlete will be in the diametrically opposite position.
Displacement = Diameter = 200m



QUES 2. Joseph jogs from one end A to another end B of a straight 300 m road in 2
minutes

and 30 sec and then turns around and jogs 100 m back to point Cin another 1
minute. What are Joseph’s average speeds and velocities in jogging (a) from A
to B (b) from Ato C?

Answer 2:

(a) For motion from A to B:

Distance covered = 300 m

Displacement = 300 m.

Time taken = 150 sec.

We know that, Average speed = Total distance covered + Total time taken

=300 m + 150 sec=2 ms-1
Average velocity = Net displacement + time taken
=300 m + 150 sec =2 ms-1

(b) For motion from A to C:

Distance covered = 300 + 100 = 400 m.

Displacement = AB - CB =300 - 100 = 200 m.

Time taken = 2.5 min + 1 min = 3.5 min = 210 sec.

Therefore, Average speed = Total distance covered + Total time taken

=400+ 210=1.90 ms-1

Average velocity = Net displacement + time taken
=200 m + 210 sec =0.952ms-1

QUES 3:

Abdul, while driving to school, computes the average speed for his trip to be 20
kmh-1. On his return trip along the same route, there is less traffic and the average
speed is 30 kmh-1. What is the average speed of Abdul’s trip?

Answer 3:

Let one side distance = x km.

Time taken for forward trip at a speed of 20 km/h = Distance / Speed = x/20 h.
Time taken in return trip at a speed of 30 km/h = x/30 h.

Total time for the whole trip =x/20+x/30 = (3x+2x)/60 = 5x/60h.

Total distance covered = 2x km.
We know, Average speed = Total distance +~ Total time

=2x + (5x/60) = 24 kmh-1

Question 4:

A motor boat starting from rest on a lake accelerates in a straight line at a constant
rate of 3.0 ms-2 for 8.0 s. How far does the boat travel during this time?

Answer 4:

Here,u=0m/s

a=3ms-2

t=8s

Using, second equation of motion :

s=ut+1/2at2

s=0x8+12x3x8 =96m.



Ques: 5
An artificial is moving in a circular orbit of radius 42250 km. Calculate its speed
if it takes 24 hrs to revolve around the earth?

Answer 5:

Here,

r=42250 km = 42250000 m
T=24h=24x60x%x60s

Using Speed, v=2mr+T

v =(2x3.14 x 42250000) + (24 x 60 x 60) m/s
=3070.9 m/s = 3.07 km/s



Chapter- 2

Physics Notes :-

Force and Newton’s Laws of Motion

A push or pull on a body is called force. Forces are used in our everyday actions like pushing, lifting,
pulling, stretching, twisting and pressing. A force cannot be seen. A force can be judged only by the effects
which it can produce in several bodies (or objects) around us.

Force has both magnitude and direction, making it a vector quantity. It is measured in the SI unit of
Newton and represented by the symbol F.

In the below shown images we can see how forces are being applied in our everyday life:

Effects of Force

e Force can make a stationary body in motion. For example a football can be set to move by kicking
it, i.e. by applying a force.

e Force can stop a moving body — For example by applying brakes, a running cycle or a running
vehicle can be stopped.

e Force can change the direction of a moving object. For example; by applying force, i.e. by moving
handle the direction of a running bicycle can be changed. Similarly by moving steering the
direction of a running vehicle is changed.

e Force can change the speed of a moving body — By accelerating, the speed of a running vehicle
can be increased or by applying brakes the speed of a running vehicle can be decreased.

e Force can change the shape and size of an object. For example; by hammering, a block of metal
can be turned into a thin sheet. By hammering a stone can be broken into pieces.

Balanced and Unbalanced Forces

1. Balanced Forces



If the resultant of applied forces is equal to zero, it is called balanced forces. Balanced forces do not cause
any change of state of an object. Balanced forces are equal in magnitude and opposite in direction.
Balanced forces can change the shape and size of an object. For example - When forces are applied from
both sides over a balloon, the size and shape of balloon is changed.

2. Unbalanced Forces

If the resultant of applied forces are greater than zero the forces are called unbalanced forces. An object in
rest can be moved because of applying balanced forces.

Unbalanced forces can do the following:

1. Move a stationary object.

2. Increase the speed of a moving object.
3. Decrease the speed of a moving object.
4. Stop a moving object.

5. Change the shape and size of an object.

Some Common Forces

1. Muscular Force: The force obtained by the working of human body muscles is called muscular
force. Ex: Lifting objects, doing exercise etc.

2. Gravitational Force: The force applied by earth on an object in downward direction is called
gravitational force.

3. Frictional Force: The force which opposes motion is known as frictional force. It acts in the
direction opposite to the velocity of body.

4. Air Resistance: When an object moves through air, air applies a small force in direction opposite
to velocity. This force is called air resistance.

Newton’s Laws of Motion

Newton has given three laws to define the motion of bodies. These laws are known as Newton’s laws of
motion.

Newton’s 1t Law

A body at rest will remain in rest, and a body in motion will continue in motion in a straight line with
uniform speed, unless it is compelled by an external force to change its state of rest or of uniform motion.



Inertia and Mass: Inertia is that property of body due to which it resists a change in its state of rest
or of uniform motion.

In this above shown picture the inertia of the coin tries to maintain its state of rest even when the
card flows off. The mass of an object is a measure of its inertia. Its Sl unit is kilogram (kg).
Application of Newton’s 1stLaw

1. A passenger in bus has a tendency to keep moving in a straight line inside a bus due to inertia.
When the bus takes turn, body of passenger wants to continue moving in straight line. Due to this,
it appears that his body bends outwards.

2. When we hit a carpet it loses inertia of rest and moves. But the dust in it retains inertia of rest and
is left behind. Thus dust and carpet are separated.

3. When a tree is shaken, it moves to and fro. But fruit remains at rest due to its inertia of rest. Due to
this fruit breaks off the tree.

4. When a car is braked suddenly, the man bends forward violently due to inertia of motion. The man
may collide with parts of car hurting himself. Seatbelt will not let the man bend forward. And thus
save them from accident.



5. Due to inertia of motion even when the car stops, the luggage on the top of car has the tendency to

move forward. Therefore luggage is tied.

Momentum:

The momentum of a body is defined as the product of its mass and velocity.

Thus, momentum = mass x velocity

Or,p=mxv

Where, p = momentum

m = mass of the body

v = velocity of the body

The Sl unit of momentum is kilograms meters per second (kg.m/s)

Note: The force required to stop a moving body is directly proportional to its mass and velocity.

Change in momentum:

It is defined as the difference between final momentum and initial momentum. Suppose initial
momentum is mu, and final momentum is mv, then
Change in momentum = mv — mu

Rate of change of momentum:

The rate at which momentum is changing is known as rate of change of momentum.
Rate of change of momentum = (mv—mu) /t

Or,

=m(v-u)/t

Newton’s 2~ Law

The rate of change of momentum of a body is directly proportional to the applied force, and takes

place in the direction in which the force acts.
Force = change in momentum / time taken
F=mv-mu/t

But we know that

F=mxa

Or Force = Mass x Acceleration



Its Sl unit is Newton (N).
Thus, one unit of force is defined as the amount that produces an acceleration of 1 m s2in an object
of mass 1 kg.

Application of Newton’s 2~ Law:

1.  When we stop the ball gradually, we need to apply less force. This is easy and safe. If we stop the
ball suddenly, we need to apply larger force which is difficult and can also injure our hand.

2. In high jump if surface is hard, athlete’s body changes velocity in very less time. Large force acts
on his body due to which he may get injured. If the surfaces are soft, athlete’s body changes
velocity in more time. And less force acts on his body which is safe.

Newton’s 3« Law

Whenever one body exerts a force on another body, the second body exerts an equal and opposite force to
the first body. Or, to every action there is an equal and opposite reaction.

Action and reaction forces are equal and opposite.

Application of Newton’s 3 Law:

1. Gun applies force on bullet due to which it moves ahead. By Newton’s 3 Law, bullet will also
apply same force on gun in backward direction. Due to this force, gun moves back. This is called
recoil of gun. Gun moves back only by small amount due to its heavy mass.

2. Hose pipe applies large force on water due to which water moves ahead. By Newton’s 3 Law
water applies the same force on pipe backwards. Due to this force, pipe can move backwards. To
stop it, many people need to hold it.

3. Man pushes the boat backwards and by newton’s 3+ law, boat pushes man forward.

4. Man pushes water back by applying force. By Newton’s 3« Law, water applied equal and opposite
force on swimmer. Due to this force man moves ahead.

5. Cheetah applies forces on ground in backward direction. By 3 law, ground applies force equal
and opposite on cheetah in forward direction. It is due to this force that cheetah moves ahead. For
running faster cheetah needs to apply more force on ground in forward direction.



Conservation of Momentum

If two or more objects apply force on each other with no external force, their final momentum remains
same as initial momentum.

Total momentum before collision = Total momentum after collision
Practical examples of conservation of momentum:

1. Inrocket, fuel is burnt due to which gases are ejected downwards. For conservation of momentum,
rocket moves up.

2. Fuel in jet plane burns and ejects gases in backward direction. Then by conservation of
momentum, plane moves ahead.

State the law of conservation of momentum and derive related expression :-

Law of conservation of momentum states that when two objects collide with each
other, the sum of their linear momentum always remains same or we can say
conserved and is not effected by any action, reaction only in case is no external
unbalanced force is applied on the bodies.

Let,

ma = Mass of ball A

ms= Mass of ball B

ua= initial velocity of ball A

us= initial velocity of ball B

va= Velocity after the collision of ball A

ve= Velocity after the collision of ball B

Fab= Force exerted by Aon B

Fba= Force exerted by B on A

Now,

Change in the momentum of A= momentum of A after the collision - the
momentum of A before the collision

= MAVA—MAUA

Rate of change of momentum A= Change in momentum of A/ time taken
= (mava— maua)/t

Force exerted by B on A (Fba);

Fba= (MAVA-MAUA ) t........ [i]

In the same way,

Rate of change of momentum of B= (msvs-msus)/t

Force exerted by Aon B



Fab= (msvB—msus) /t.......... [ii]

Newton's third law of motion states that every action has an equal and opposite
reaction, then,

Fab=—Fba [ ' -- ' sign is used to indicate that 1 object is moving in opposite direction
after collision]

Using [i] and [ii] , we have

(mBvB—mBuB) /t =— (MAVA—MAUA) /t

mBVB—MBUB=—MAVA+MAUA

Finally we get,

MBVB+MAVA=MBUB+MAUA

This is the derivation of conservation of linear momentum.....
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