FORCE AND LAWS OF MOTION

CBSE CLASS 9 SCIENCE « CHAPTER 9 - PREMIUM HIGH-YIELD STUDY NOTES

| 1. Introduction & The Concept of Force

In our daily activities, operations like pushing a door, kicking a football, pulling a loaded trolley, or braking a bicycle
involve the application of force. Force serves as the fundamental link explaining why objects move, accelerate, or
change their mechanical pathways.

Scientific Definition: A force is an external push or pull acting upon an object that alters or attempts to alter its
current state of rest or uniform motion along a straight path.
SI Unit: **Newton ($ ext{N}$)** or $ ext{kg}\cdot ext{m/s}"28$.

Primary Dynamic Effects of a Force:

+ Can set a stationary object into active motion (e.g., kicking a resting football).

» Can completely stop a moving body (e.g., catching a cricket ball).

+ Can alter the current speed or magnitude of motion.

» Can systematically redirect the physical trajectory / direction of travel.

« Can alter the physical shape or geometric size of an object (e.g., compressing a rubber sponge).

| 2. Balanced vs. Unbalanced Force States

Forces working concurrently on a system are mathematically evaluated based on their net vector summation:

[Image of balanced and unbalanced forces acting on a block showing net force calculation]

Property Profile Balanced Forces Unbalanced Forces

Net Resultant ($F_{ The net resultant force is exactly equal to ~ The net resultant force is always non-zero
ext{net}}$) zero. ($F_{ ext{net}} eq 0%).

Does not alter the object's current state Directly changes the state of rest or
Effect on Rest/Motion . , J . . Y . g

of rest or uniform linear motion. uniform motion.

Does not generate any acceleration in Inherently produces acceleration ($a e
Net Acceleration ($a$) g y . / p . ($a eq

the system ($a = 03). 0$) in the direction of the net force.

Two teams pulling a rope with matchin A heavy block sliding across the floor
Real-World Example puiing P d J g .

strength (Tug-of-war stalemate). when pushed hard from one side.
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3. Galileo's Observations & Newton's First Law of Motion

Galileo Galilei challenged ancient misconceptions by demonstrating that objects move with a constant velocity
when no net force acts on them. By studying marbles rolling down ideal, frictionless opposing inclined planes, he
deduced that a body in motion would continue moving indefinitely along a horizontal track if no external resistance
intervened.

Building on these foundational ideas, Sir Isaac Newton formulated his **First Law of Motion**:

"An object remains in its state of rest or of uniform motion in a straight line unless compelled to change that
state by an external, unbalanced force applied to it."

The Phenomenon of Inertia

The First Law is widely known as the **Law of Inertia**. Inertia is the natural tendency of an object to resist any
change in its current state of rest or uniform motion.

» Mass as a Quantified Measure of Inertia: The magnitude of an object's inertia relies entirely on its physical
mass. Greater Mass = Greater Inertia. A heavy iron anvil has far more inertia than a plastic toy brick, making
it much harder to accelerate.

The Three Categorized Manifestations of Inertia:

1. Inertia of Rest: The tendency of a stationary body to resist moving.
Example: When a stationary bus starts suddenly, passengers experience a backward jerk because their
lower body moves forward with the bus floor while their upper body tries to stay at rest.

2. Inertia of Motion: The tendency of a moving body to resist changing its uniform speed.
Example: When a speeding bus brakes suddenly, passengers are thrown forward because their lower body
stops with the vehicle while their upper body tends to maintain its forward velocity.

3. Inertia of Direction: The tendency of a body to resist changing its straight-line path.
Example: When a car takes a sharp turn, passengers slide outward because their bodies try to maintain their
original straight-line direction.
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4. Momentum & Newton's Second Law of Motion

The dynamic impact of a moving body relies both on its mass and its instantaneous velocity. This combined
relationship is defined as **Momentum ($ ec{p}$)**.

$$ ext{Momentum } ( ec{p}) = ext{Mass } (m) imes ext{Velocity } ( ec{v})$$

« Momentum is a vector quantity, pointing in the exact direction of the velocity vector.
« Sl Unit: Kilogram-meter per second ($ ext{kg}\cdot ext{m/s}$ or $ ext{kg}\cdot ext{m}\cdot ext{s}*{-1}3).

Newton's Second Law of Motion

"The rate of change of momentum of an object is directly proportional to the applied unbalanced force and
takes place in the direction in which the force acts.”
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Mathematical Derivation of the Ultimate Force Equation ($F = ma$)

Consider an object of mass $m$ moving along a straight line with an initial velocity $u$. A uniform external force
$F$ acts on it for a duration $t$, uniformly changing its final velocity to $v$.

* Initial Momentum of the body ($p_1$) = $mu$
« Final Momentum of the body ($p_2%) = $mv$
* Net Change in Momentum ($\Delta p$) = $p_2 - p_1 =m(v - u)$

According to the Second Law's definition:

$$ ext{Applied Force } (F) \propto rac{ ext{Change in Momentum}}{ ext{Time Duration}}$$ $$F \propto rac{m(v -
u)Ht}$$

Since linear acceleration ($a$) is defined as the rate of velocity change ($a = rac{v - u}{t}$):
$$F \propto m \cdot a \implies F = k \cdot m \cdot a$$
Where $k$ is a constant of proportionality. In the International System of Units (Sl), the units are chosen such that

$k = 13$. Therefore, the baseline equation becomes:

$$F = m \cdot a$$

Definition of 1 Newton Unit Force: One Newton ($ ext{1 N}$) is defined as the exact amount of unbalanced
force required to produce an acceleration of $1 ext{ m/s}*2$ in an object with a mass of $1 ext{ kg}$.

High-Yield Real-World Applications of the Second Law

* [Image of a cricket fielder catching a ball moving his hands backward to increase time and reduce
force]Cricket Fielding Technique: A fielder pulls his hands backward while catching a fast-moving cricket
ball. By moving his hands back, he increases the total time ($t$) required to bring the ball's momentum to
zero. This increased time reduces the rate of change of momentum, significantly lowering the impact force
($F$) on the fielder's palms.

+ Athletic Cushioning: High jumpers land on thick foam mattresses or sand beds. The soft landing surface
extends the duration of the stop, reducing the impact force and protecting the athlete from injury.
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| 5. Newton's Third Law of Motion

Forces in nature always arise as simultaneous interactions between two bodies. This balance is defined by the
**Third Law of Motion™*:

| "To every action, there is always an equal and opposite reaction."”

Crucial Features of Action-Reaction Pairs:

« Action and reaction forces **never act on the same body**; they act on two completely different interacting
bodies simultaneously.

* They are perfectly identical in absolute magnitude but point in exactly opposite directions.
Everyday Real-World Examples:

» The Recoil of a Fired Gun: When a bullet is fired forward (Action), it exerts an equal and opposite force on
the gun, pushing it backward into the shooter's shoulder (Reaction).

* [Image of rocket launch demonstrating action and reaction forces where exhaust gases push down and
rocket moves up]Rocket Propulsion Mechanics: High-velocity exhaust gases are pushed downward
through the nozzle (Action), creating an equal and opposite upward force that drives the rocket into space
(Reaction).

* Swimming: A swimmer pushes the water backward using his hands and feet (Action), and the water exerts
an equal forward force on the swimmer, driving him ahead (Reaction).
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6. The Law of Conservation of Momentum

When multiple bodies interact inside an isolated system, their overall momentum behaves according to a
fundamental conservation law:

"The total momentum of an isolated system remains completely constant or conserved if no external
unbalanced force acts upon it."

[Image of two balls colliding demonstrating law of conservation of momentum before during and after collision]
Mathematical Formulation:

Consider two distinct colliding balls ($A$ and $B$) with masses $m_1$ and $m_23$, moving initially at velocities
$u_1$ and $u_2$ along a straight path. They undergo a head-on collision for a time duration $t$, resulting in final
velocities $v_1$ and $v_28%.

$$ ext{Total Momentum Before Collision} = ext{Total Momentum After Collision}$$ $
$m_1u_1 + m_2u_2 = m_1v_1 + m_2v_2%%

7. Core NCERT Laboratory Activities

Activity 1: Pulling a Postcard from Beneath a Coin

Place a smooth index card or postcard over an empty glass tumbler, resting a heavy five-rupee coin directly on
top. Flick the edge of the card sharply with a finger.

Observation & Conclusion: The card flies away horizontally, but the coin drops straight into the glass below.
This demonstrates the inertia of rest, as the coin resists any sudden change to its resting state.

Activity 2: Action-Reaction Verification Using Spring Balances

Connect two identical spring balances ($A$ and $B$) hook-to-hook. Secure the open ring of balance $B$ to a

rigid wall support, and pull the ring of balance $A$ horizontally.

Observation & Conclusion: Both balances show identical weight readings on their scales, but their directions
are exactly opposite. The force balance $A$ exerts on $B$ (Action) is perfectly matched by the returning force

$B$ exerts on $A$ (Reaction).

8. High-Yield Chapter Summary & Key Concepts Index

Chapter Summary: Force is an external push or pull that can alter an object's velocity, direction, or shape.
Balanced forces produce no acceleration, whereas unbalanced forces cause a net change in motion. Newton's
First Law defines inertia as a property proportional to mass. The Second Law links net force to the rate of
change of momentum ($F=ma$), and the Third Law outlines how action-reaction force pairs operate. Finally,
the Law of Conservation of Momentum states that total momentum remains constant within an isolated system.
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Essential Exam Keywords for High Scoring:
Resultant Vector Force Mass-Proportional Inertia Rate of Momentum Change
1 Newton Definition Action-Reaction Pairs Isolated System Limit Recoil Momentum Loss

Impact Time Extender
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