i. What is Motion?

Motion is one of the most fundamental concepts in science. We see it everywhere
around us, from a falling leaf to a racing car.

e Definition of Motion: An object is said to be in motion if it changes its position
with respect to its surroundings over time.

o Definition of Rest: An object is said to be at rest if it does not change its position
with respect to its surroundings over time.

e The Concept of a Reference Point: Motion is always relative. To know if
something is moving, we must compare it to a stationary object called a
reference point (or origin).

o Example: If you are sitting on a moving train, you are at rest compared to
the person sitting next to you. However, you are in motion compared to a
tree outside the train. Here, the person next to you and the tree are
different reference points.

ii. Key Points and Important Terms
Understanding these terms is crucial for describing and measuring motion.

e Distance: The total length of the path covered by a moving object, regardless of

its direction.

o ltis a scalar quantity (it only o Unit: meter (m), kilometer
has magnitude/size, no (km).
direction).

e Displacement: The shortest distance between the initial and final positions of a
moving object, measured in a specific direction.

o It is a vector quantity (it has o Unit: meter (m), kilometer
both magnitude and (km).
direction).

e Speed: The rate at which an object covers distance. It tells us how fast an object

is moving.
o ltis ascalar quantity. o Unit: meters per second
o Formula: Speed = Total (m/s), kilometers per hour

(km/h).

Distance / Total Time Taken




Velocity: The rate at which an object changes its position in a specific direction.
It is the speed of an object in a given direction.

o Itis avector quantity. o Unit: meters per second
o Formula: Velocity = (m/s), kilometers per hour
Displacement / Time Taken (km/h).

Scalar Quantity: A physical quantity that has only magnitude (a numerical
value). Examples: Distance, Speed, Time, Mass.

Vector Quantity: A physical quantity that has both magnitude and direction.
Examples: Displacement, Velocity, Force.

iii. Types of Motion

Objects can move in different ways. The main types of motion are:

Rectilinear Motion (or Linear Motion):

Description: Motion along a straight line.

Examples: A car moving on a straight road, a ball dropped from a height, a
sprinter running a 100m race.

Circular Motion:

Description: Motion of an object along a circular path. The distance from the
center of the path remains constant.

Examples: The tip of a fan blade, a satellite orbiting the Earth, a stone tied to a
string and swung in a circle.

Rotational Motion:

Description: Motion of an object turning or spinning about a fixed axis. All parts
of the object move in circles around the axis.

Examples: A spinning top, the rotation of the Earth on its axis, a spinning wheel.

Periodic Motion (or Oscillatory Motion):

Description: Motion that repeats itself after a fixed interval of time. Oscillatory
motion is a type of periodic motion where the object moves back and forth
about a central position.

Examples: The motion of a swing, the pendulum of a clock, the vibration of a
guitar string.
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Note: An object can have more than one type of motion at the same time. For
example, the Earth has both rotational motion (spinning on its axis) and circular
motion (orbiting the Sun).

iv. Uniform and Non-Uniform Motion

This describes how the speed of an object changes over time.

Uniform Motion:

e Description: An object is in uniform motion if it travels in a straight line and
covers equal distances in equal intervals of time.

o Key Idea: The speed of the object remains constant.

e Example: A car moving at a constant speed of 60 km/h on a straight highway.

Non-Uniform Motion:

e Description: An object is in non-uniform motion if it covers unequal distances in
equal intervals of time.

o Key Idea: The speed of the object changes. It can speed up or slow down.

e Example: A car moving in busy city traffic, stopping and starting frequently.

v. Measurement of Motion: Calculating Speed
The most common calculation at this level is for speed.
Formula: Speed = Distance / Time

This can be rearranged to find other values: Distance = Speed x Time Time =
Distance / Speed

Units:
e The standard (SI) unit for speed is meters per second (m/s).

e A common unit is kilometers per hour (km/h).

Detailed Example with Solution:

e Problem: A cyclist travels a distance of 300 meters in 60 seconds. What is her
speed?

e Solution:
1. Identify the given information:

o Distance =300 m

o Time=60s
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2. Write down the formula:
o Speed = Distance / Time

3. Substitute the values into the formula:
o Speed=300m/60s

4. Calculate the result:
o Speed=5m/s

5. State the final answer with units:

o The cyclist's speed is 5 m/s.

vi. Common Misconceptions and Clarifications
e Misconception: Distance and displacement are the same thing.

o Clarification: They are only the same if the object moves in a straight line
without changing direction. If you walk 5 meters east and then 5 meters
west, your distance is 10 meters, but your displacement is 0 meters
because you are back where you started.

e Misconception: Speed and velocity are the same thing.

o Clarification: Speed is just how fast you are going (e.g., 80 km/h). Velocity
includes the direction (e.g., 80 km/h North). Two cars can have the same
speed but different velocities if they are going in different directions.

e Misconception: If an object is not moving, it has no motion.

o Clarification: Motion is relative. A book on your desk is at rest relative to
you and the room. But the room, you, and the book are all on Earth, which
is rotating and orbiting the Sun. So, the book is in motion relative to the
Sun.

vii.Practice Problems with Step-by-Step Solutions

Problem 1: A train travels at a constant speed of 75 km/h. How far will it travel in
2 hours?

Solution:
1. Given: Speed =75 km/h, Time = 2 hours

. Formula: We need to find distance, so we use Distance = Speed x Time.

2
3. Substitute: Distance =75 km/h x 2 h
4

. Calculate: Distance = 150 km
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5. Answer: The train will travel 150 km.

Problem 2: A cheetah runs a distance of 270 meters at a speed of 30 m/s. How long
did it take the cheetah?

Solution:

1. Given: Distance =270 m, Speed =30 m/s

2. Formula: We need to find time, so we use Time = Distance / Speed.
3. Substitute: Time =270 m /30 m/s

4. Calculate: Time=9s

5. Answer: It took the cheetah 9 seconds.

Problem 3: A bus travels from Town A to Town B, a distance of 180 km, in 3 hours.
What is its average speed in (a) km/h and (b) m/s?

Solution:

e (a)Speed in km/h:

Given: Distance = 180 km, Time = 3 hours
Formula: Speed = Distance / Time
Substitute: Speed =180km /3 h
Calculate: Speed = 60 km/h

A N

Answer (a): The average speed is 60 km/h.
e (b) Speed in m/s:
1. Convert: We need to convert 60 km/h to m/s.

o 1km=1000m o 1 hour = 3600 seconds (60
min x 60 sec)

2. Conversion Formula: Speed in m/s = (Speed in km/h x 1000) / 3600
3. Substitute: Speed = (60 x 1000) / 3600

4. Calculate: Speed = 60000 / 3600 = 16.67 m/s

5

. Answer (b): The average speed is 16.67 m/s.

viii. Summary of Main Concepts

e Motion is a change in position with respect to a reference point.
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e Distance is the total path length (scalar), while Displacement is the shortest path
with direction (vector).

e Speed is how fast an object moves (scalar), calculated as Distance / Time.
e Velocity is speed in a specific direction (vector).

e Types of Motion include Rectilinear (straight), Circular, Rotational (spinning),
and Periodic (repeating).

e Uniform Motion means constant speed in a straight line.

e Non-Uniform Motion means changing speed.

e The standard unit for speed is m/s. A common unit is km/h.




