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Introduction

When you sit in a car that takes a sharp turn, feel the seat push you sideways, or watch a spinning merry go round,
you are witnessing the everyday wonders of circular motion. In the 12th HSC physics curriculum, the chapter on
circular motion is not just another set of formulas; it is the gateway to understanding how forces work in systems
that move in a curved path. Whether you are a student preparing for board exams or a curious learner looking to
strengthen your physics foundation, this article will provide you with a comprehensive, engaging, and SEO friendly
guide. We'll explore the core concepts, highlight the most important notes, and give you practical examples that
make the abstract equations come alive.

What Is Circular Motion?

Circular motion refers to the movement of an object along a circular path. Unlike linear motion, where an object
moves in a straight line, circular motion involves a continuous change in direction, which means that even if the
speed remains constant, the velocity (a vector quantity) is constantly changing. The key components that define
circular motion are:

¢ Radius (r) — The distance from the center of the circle to the moving object.

¢ Angular displacement (;,’ b The angle subtended by the arc that the object travels.

e Angular velocity (<" b The rate of change of angular displacement, usually measured in radians per second.

« Centripetal acceleration (ac) — The acceleration directed towards the center of the circle, responsible for
changing the direction of the velocity vector.

¢ Centripetal force (Fc) — The net inward force required to keep the object moving along the circular path.

Key Concepts in Circular Motion

1. Linear vs. Angular Quantities

It is essential to keep linear and angular quantities separate. Linear velocity (v) and linear acceleration (a) are
related to angular velocity (<" &B sewVA " 66VAEW ation (; ' Ff&+Vv, FTR adius:

1. v=r/<e
2. a=rl/

These relationships allow you to switch between the two perspectives depending on what is easier to measure or
conceptualize in a given problem.

2. Centripetal Acceleration and Force

In circular motion, the acceleration is always directed towards the center of the circle. The magnitude of centripetal
acceleration is given by:

a<sub>c</sub>=v2/r=r/<
The corresponding centripetal force required to maintain circular motion is:

F<sub>c</sub>=m /a<sub>c</sub>=m /v2/r=m /r [<>



These equations form the backbone of the circular motion chapter in the 12th HSC physics syllabus.

3. Uniform vs. Non Uniform Circular Motion

When an object moves with constant speed around a circle, the motion is called uniform circular motion. Even
though the speed is constant, the velocity vector changes direction, producing centripetal acceleration. If the speed
changes, the motion becomes non uniform circular motion and both centripetal and tangential accelerations may
be present.

4.Tangential and Radial Components of Acceleration
In non uniform circular motion, the total acceleration can be decomposed into two perpendicular components:

¢ Radial (centripetal) acceleration (ar) = v2/r
¢ Tangential acceleration (at) = dv / dt

The magnitude of the total acceleration is then:

a=" (a<sub>r</sub>2 + a<sub>t</sub>?)
Important Equations for the 12th HSC Circular Motion Chapter

Below is a concise table of the most frequently used formulas. Memorizing these will help you solve a wide range of
problems quickly.

 Angular velocity: < O ”;, 0 "t

« Angular displacement (in radians):** 9C, = 2< 8A vfW&R & —2 FR aumber of revolutions.
e Linear velocity: v =r /<e

e Centripetal acceleration: ac =v2/r=r/<

e Centripetal force: Fc=m/ac=m/N2/r=m/r /<>

e Period (T)*T=2< 0E=2<"0"

» Frequency ():**f=1/T =< 0#A

Types of Circular Motion in Real Life

1. Rotational Motion

Rotational motion involves an object spinning around its own axis, such as a planet or a wheel. The concepts of
angular velocity and angular momentum become vital when analyzing such systems.

2. Orbital Motion

When one celestial body orbits another, like Earth around the Sun, the motion can be approximated as circular for
many calculations. Newton's law of universal gravitation provides the centripetal force needed to maintain the orbit.
3. Circular Motion of Projectiles

In certain engineering contexts, projectiles follow curved trajectories that can be broken down into segments of

circular motion, especially when considering the effects of centripetal forces due to air resistance or magnetic fields.

Forces Acting in Circular Motion

Understanding the sources of centripetal force is crucial. Some common examples include:

e Gravitational force: In orbital motion, gravity provides the necessary inward pull.
« Normal force: When a car takes a turn, the friction between tires and road supplies the centripetal force.



 Elastic tension: A pendulum or a mass on a string experiences tension that acts as centripetal force.
* Magnetic force: Charged particles moving in a magnetic field follow circular paths due to the Lorentz force.

Important Notes for 12th HSC Students

Below are the most crucial points you should remember when studying the circular motion chapter. These notes
are tailored to the HSC syllabus and will help you ace both conceptual and numerical questions.

¢ Always check the direction of the centripetal force. It is always directed towards the center of the circle.

* Use consistent units. If radius is in meters and velocity in m/s, the centripetal acceleration will be in m/s2.

« Remember that angular velocity is measured in radians per second. Converting degrees to radians (1° =<6 f
rad) is often required.

e For uniform circular motion, tangential acceleration is zero. The only acceleration present is centripetal.

« In problems involving a rotating wheel, the linear speed at the rim is v = r /<’a This relationship is handy for quick
calculations.

¢ When the motion is non uniform, decompose acceleration into radial and tangential components. This
approach simplifies the analysis.

e Use the formula Fc = m /v2 / r for centripetal force unless another force is explicitly mentioned.

» Be careful with sign conventions. Radial acceleration is usually taken as negative if outward is considered
positive.

Sample Problems and Solutions

Let’s reinforce your understanding with a few practice questions that reflect the style of HSC exam problems.

Problem 1: Speed of a Ferris Wheel

A Ferris wheel has a radius of 15 m. It completes one full rotation every 30 seconds. What is the linear speed of the
seat at the rim?

1. Calculate the angular velocity: < O#A /T=2< 603 O &#’ + ad/s.
2. Find the linear speed:v=r/<’O Ryr 6 a#’ O 24 B 60+0.
Problem 2: Centripetal Force on a Car

A car of mass 1200 kg is moving at 20 m/s around a circular track with a radius of 50 m. Determine the centripetal
force acting on the car.

1. Compute centripetal acceleration: ac = v2/r = 202/50 = 8 /m/s2.
2. Find the force: Fc = m /ac = 1200 /x /8 = 9600 /N.
Problem 3: Tangential Acceleration in Non Uniform Circular Motion

A satellite is moving in a circular orbit of radius 7000 km with a speed that increases from 7.5 km/s to 8.0 km/s in
10 /minutes. What is the tangential acceleration?

1. Convert time to seconds: 10 /min = 600 /s.
2. Calculate change in speed: 9Gb O ,4 brdaR O 4R 6710+20S 60+0.
3. Determine tangential acceleration: at = 9Gb 0 "t = 500 / 600 "H 0.833 /m/s2.

Applications of Circular Motion

Understanding circular motion is not just academic; it has practical applications across engineering, astronomy, and
everyday life.



¢ Automotive safety: Designing tires and suspension systems to handle centripetal forces during turns.

e Spacecraft trajectory planning: Calculating the required thrust to maintain orbital paths.

¢ Electrical engineering: Cyclotron and synchrotron designs rely on magnetic forces to keep charged particles
in circular orbits.

e Sports science: Analyzing the forces on athletes running around a track or cyclists on a velodrome.

Common Mistakes to Avoid

Even seasoned physics students can fall into traps when dealing with circular motion. Here are some pitfalls to
watch out for:
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