CHAPTER 8: MOTION

CBSE CLASS 9 SCIENCE < HIGH-YIELD EXAM-ORIENTED STUDY NOTES

| 1. Understanding Rest, Motion, & The Reference Point

In our physical world, states of rest and motion are completely relative. The structural branch of physics that
handles the study of moving objects is known as Mechanics.

» Motion: An object is defined to be in motion if its position changes continuously over time with respect to a
fixed surroundings.

* Rest: An object is at rest if its spatial coordinates remain completely unchanged over time with respect to its
immediate environment.

» The Reference Point (Origin): A fixed point chosen to specify the position or state of an object.

The Relativity of Motion Example: A passenger seated inside a moving high-speed bus is completely at rest
with respect to fellow passengers and internal seats (fixed positions inside the bus). However, the same

passenger is simultaneously in rapid motion with respect to trees, lampposts, or a person standing stationary
on the roadside outside.

2. Kinematic Taxonomies: Types of Motion

A. Rectilinear (Linear) Motion: C. Rotational Motion:
Movement along a perfectly straight-line track. Spinning movement centered around its own
internal axis.
« A train moving on a straight railway track.
« A car driving down a linear highway. » The Earth rotating to cause day and night.
» Spinning ceiling fan blades around the motor
pivot.

B. Circular Motion:

Motion tracking along a fixed circular path loop. D. Periodic Motion:

* The tip of a clock's moving hands. Oscillatory movement that repeats at regular time
* A stone tied to a string spun overhead. intervals.

* The rhythmic swing of a grandfather clock
pendulum.

* A child moving back and forth on a playground
swing.

3. Scalar vs. Vector Descriptors: Distance & Displacement

Tracking spatial transitions requires separating the total path length from the shortest direct route.
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[Image of difference between distance and displacement showing a curved path and a straight-line vector shortcut]

Definition The total length of the actual path traversed The shortest straight-line distance separating
by a moving body. initial and final positions.
Scalar quantity (possesses magnitude only;  Vector quantity (demands both magnitude
Physics Quantity ) q. y (P J i g y ( e 9
no directional context). value and a defined spatial direction).
Always positive; can never be zero or Can manifest as positive, negative, or exactl
Sign/Values Wi y positivi : v z i positiv gativ xactly
negative for a moving body. zero.
Path Reliance Highly path-dependent (varies with route Path-ind.ependent. (depends only on starting
taken). and ending coordinates).
Sl Unit Metre ($ ext{m}$) Metre ($ ext{m}$)

High-Yield Case Example: If an athlete runs exactly halfway around a circular running track of radius $r$, the
total actual path length covered (Distance) equals $\pi r$. However, the net straight-line shift separating
starting and ending points (Displacement) is equal to the track's diameter, $2r$. If the runner completes one
full lap, the net distance is $2\pi r$, while the displacement drops back to zero.
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4. Rate of Motion Matrix: Speed vs. Velocity

Speed (Scalar)

The total rate at which distance is covered per unit
of time.

$$ ext{Speed } (v) = rac{
ext{Distance }(s)}{ ext{Time }(t)}$
$

 Uniform Speed: Covering perfectly equal
distances in equal slices of time.

* Non-Uniform Speed: Variable distance slices
per unit time (e.g., city traffic navigation).
* Average Speed

Formula: $$ ext{Avg Speed} = rac{ ext{Total
Distance}}{ ext{Total Time}}$$

5. Acceleration (Rate of Velocity Change)

Velocity (Vector)

The rate of net displacement covered per unit time
in a specified direction.

$$ ext{Velocity } ( ec{v}) = rac{
ext{Displacement }( ec{s})}{
ext{Time }(t)}$$

« Velocity shifts whenever either the numerical
speed or the physical direction of travel is
altered.

» Uniform Velocity: Moving at a constant speed
along an unchanging straight line.

+ SI Unit for both parameters is meters per second
($ ext{m/s}$ or $ ext{m}\cdot ext{s}*{-1}$).

Acceleration ($ ec{a}$) is defined as the rate of change of an object's velocity over time. It is a vector quantity with

the standard Sl unit $ ext{m/s}"2$.

$$a = rac{v - u}{t}s$$

Where: $u = ext{initial velocity}, \ v = ext{final velocity}, \ t = ext{time duration for the shift}$

Dynamic Manifestations of Acceleration:

- Positive Acceleration ($a > 0%$): Occurs when the object's velocity increases over time in the direction of
motion (e.g., a motorbike accelerating down an open road).

- Negative Acceleration / Retardation / Deceleration ($a < 0$): Occurs when velocity drops over time. The
acceleration vector points opposite to the direction of travel (e.g., applying vehicle brakes).

« Zero Acceleration ($a = 0$): Occurs when the object maintains a perfectly constant velocity ($v = u$).

6. Graphical Kinematic Representation Tools

Graphs translate equations into visual geometry, where tracking spatial slopes and areas reveals key motion

metrics:
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Distance-Time Graphs ($s-t$) Velocity-Time Graphs ($v-t$)

[Image of distance-time graph showing a straight [Image of velocity-time graph showing a linear
linear slope for uniform speed and curved profile for incline for acceleration and shading the area
non-uniform motion] underneath for displacement]
Plots distance trends along the vertical axis against Plots instantaneous velocity vectors against time
time parameters on the horizontal axis. variables.
» Uniform Motion: Yields a straight, linear sloping * A horizontal flat line indicates uniform velocity
line. (zero acceleration).
* Non-Uniform Motion: Yields a curved line. * A constant linear incline represents uniform
+ Core High-Yield Rule: The mathematical Slope acceleration.
of a distance-time graph directly gives the * Rule 1: The Slope of a velocity-time graph
object's Speed. directly reveals the Acceleration.

* Rule 2: The geometric Area enclosed under
the curve directly calculates total net
Displacement.
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7. Standard Equations of Motion (Uniform Acceleration Only)

For an object moving in a straight line with a constant, unchanging acceleration ($a$), its motion parameters are
linked by three fundamental equations:

First Equation (Velocity-Time Relation): v = u + at
Second Equation (Position-Time Relation): s = ut + %at?

Third Equation (Position-Velocity Relation): v2 - u? = 2as

High-Yield Numerical Problem Walkthrough

Exam Question Setup: A racing vehicle starts stationary from rest and accelerates smoothly at a uniform rate of
$2 ext{ m/s}*2$ for an interval of $5 ext{ seconds}$. Calculate its final velocity and the total distance covered during
this phase.

Step-by-Step Solution Workflow:

1. Identify given values: Initial velocity ($u$) = $0 ext{ m/s}$ (since it starts from rest), Acceleration ($a$) = $2 ext{
m/s}*2$, Time ($t$) = $5 ext{ s}$.

2. To find final velocity ($v$), use the First Equation of Motion: $$v = u + at ightarrow v = 0 + (2 imes 5) = 10 ext{ m/

s}$$
3. To calculate total distance covered ($s$), apply the Second Equation of Motion: $$s = ut + rac{1}{2}at"2
ightarrow s = (0 imes 5) + rac{1}{2} imes 2 imes (5)"2%$ $$s = 0 + rac{1}{2} imes 2 imes 25 = 25 ext{ metres}$

$

Final Board Exam Output Format: Final Velocity = $10 ext{ m/s}$; Total Distance Covered = $25 ext{ m}$.
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8. Uniform Circular Motion

When an object moves along a circular path at a perfectly constant, unchanging speed, its motion is defined as
Uniform Circular Motion.

[Image of uniform circular motion showing tangential velocity vectors changing direction at points along the circle
with centripetal force pointing inward]

The Acceleration Paradox in Circular Motion:

Even though the numerical value of speed remains constant, the object's direction of motion changes at every
instantaneous point along the circle. Because the direction vector shifts continuously, the overall velocity changes
continuously, making uniform circular motion an inherently accelerated motion phase.

$$v = rac{2\pi r}{T}%$%

Where: $r = ext{radius of the circular path loop}, \ T = ext{time period required to complete one full lap}$

Standard Real-World Examples:

« An artificial satellite tracking a stable circular orbit around the Earth.
* A cyclist maintaining a steady speed around a circular velodrome track loop.
» The continuous movement of a stone tied to a string being spun at a constant speed.

9. Comprehensive Kinematic Quick Revision Summary

Chapter Synopsis: Motion represents a continuous change in position relative to a chosen origin. Distance
tracks total path length as a scalar value, while displacement marks the direct straight-line vector shortcut.
Velocity introduces direction to speed, and its rate of change over time is measured as acceleration. Uniformly
accelerated systems can be analyzed using three foundational equations of motion, alongside distance-time
slopes for speed and velocity-time areas for displacement metrics.

Core Keywords for High-Scoring Board Answers:
Relative Motion Vector Displacement Scalar Velocity Retardation Profile
Graph Slope Metrics Enclosed Area Displacement Tangential Velocity Change

Quantized Equations
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