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In Part A Of The Figure, Particles 1 And 2 Move Around Point O In Circles With Radii 2cm And 4 M. In
this article, we will explore the fascinating dynamics of particles moving in circular paths, analyze their
velocities and accelerations, and understand the physics principles underlying their motion. Whether
you're a student studying circular motion or an enthusiast interested in physics, this comprehensive guide

will shed light on the concepts involved in such rotational movements.

Understanding Circular Motion of Particles

Circular motion is a fundamental aspect of physics that describes the movement of objects along a circular
path. When particles move around a fixed point, such as Point O in the figure, their motion involves
concepts like angular displacement, velocity, acceleration, and centripetal force. In this case, Particles 1 and
2 have different radii—2 centimeters and 4 meters respectively—making their analysis particularly

interesting.

Differences in Radius and Their Effects

¢ Radius of Particle 1: 2 cm (0.02 meters)

¢ Radius of Particle 2: 4 meters

Understanding how these different radii influence the particles’ motion is essential. The larger the radius,
the greater the circumference of the circle, which affects the particle's speed and acceleration for a given

angular velocity.

Key Concepts in Circular Motion

Circular motion involves several important physics principles. Below are some core ideas necessary for

analyzing the movement of particles in circles.



Angular Displacement and Angular Velocity

Angular displacement refers to the angle through which a particle rotates about a fixed point, usually

measured in radians. Angular velocity (\(\omega\)) indicates how fast this displacement occurs over time:

\

\omega = \frac{\theta}{t}

\]

where \(\theta\) is angular displacement, and \(t\) is time.

Centripetal Acceleration

Any object moving in a circle experiences acceleration directed toward the center of the circle, called

centripetal acceleration (\(a_c\)). It is given by:

\

a_c = \frac{v"2}{r}

\]

where \(v\) is the tangential velocity and \(r\) is the radius.

Tangential Velocity

The linear speed of the particle along the circumference is called tangential velocity:

\

v =1 \omega

\

It depends directly on the radius and angular velocity.

Analyzing Particles 1 and 2 in the Figure

Given the different radii, the particles will have different linear velocities and accelerations even if they

rotate with the same angular velocity.

Calculating Tangential Velocity

Suppose both particles rotate with a common angular velocity \(\omega\). Their tangential velocities can be

calculated as:
e Particle 1: \(v_1 = r_1 \omega = 0.02 \times \omega\)

e Particle 2: \(v_2 = r_2 \omega = 4 \times \omega\)



This shows that Particle 2 moves faster along its circular path due to its larger radius.

Determining Centripetal Acceleration

Using the velocities, the centripetal accelerations are:
e Particle 1: \(a_{c1} = \frac{v_1"2}{r_1} = \frac{(0.02 \omega)"2}{0.02} = 0.02 \omega’2\)

e Particle 2: \(a_{c2} = \frac{(4 \omega)"2}{4} = 4 \omega"2\)

Thus, Particle 2 experiences a much greater centripetal acceleration than Particle 1 for the same angular

velocity.

Implications of Different Radii and Velocities

The differences in radius lead to significant variations in the particles' motion characteristics. Understanding
these differences is crucial for applications such as designing rotating machinery, analyzing planetary orbits,

or studying particle accelerations in physics experiments.

Impact on Kinetic Energy

The kinetic energy (\(KE\)) of each particle depends on its mass (\(m\)) and velocity:
\
KE = \frac{1}{2} m v"2

\
Since \(v\) varies with radius, particles with larger radii will have higher kinetic energy if they have the

same mass and angular velocity.

Real-World Examples and Applications

e Planetary Orbits: Planets orbit stars with varying orbital radii, affecting their velocities and

accelerations.

¢ Rotating Machinery: Parts of turbines or wheels with different radii rotate at specific speeds to

achieve desired acceleration and force distributions.

e Particle Accelerators: Particles are accelerated in circular paths with large radii to reach high

velocities, illustrating principles similar to those with particles 1 and 2.



Additional Factors to Consider

‘While the basic analysis provides insight into the particles' motion, several other factors can influence their

dynamics.

Angular Acceleration

If the particles are speeding up or slowing down, angular acceleration (\(\alpha\)) comes into play, affecting

their tangential velocities over time.

Friction and External Forces

External forces such as friction, air resistance, or applied forces can alter the velocities and accelerations,

especially in real-world scenarios.

Energy Conservation

In ideal conditions without external forces, the total mechanical energy remains conserved, with kinetic

and potential energy transforming as particles move.

Conclusion

Analyzing the motion of particles moving around a fixed point with different radii reveals fundamental
principles of circular motion and dynamics. Particles 1 and 2, with radii of 2 cm and 4 meters respectively,
demonstrate how radius influences velocity, acceleration, and kinetic energy. Understanding these
concepts is essential in various scientific and engineering fields, from astrophysics to mechanical design. By
mastering the relationships between angular displacement, velocity, and acceleration, students and

professionals can better interpret the behavior of rotating systems and their applications in the real world.

Whether you're studying basic physics or designing complex machinery, the principles outlined here offer

a foundational understanding of circular motion that can be applied across multiple disciplines.

Frequently Asked Questions



What are the radii of particles 1 and 2 in Part A of the figure?

Particle 1 has a radius of 2 cm, and particle 2 has a radius of 4 meters.

Why is there a difference in the units of the radii for particles 1 and 2?

The radii are given in different units—centimeters and meters—likely to illustrate different scales or to test

unit conversion understanding.

How do the circular motions of particles 1 and 2 differ in terms of speed if

they complete one revolution in the same time?

Particle 2, with the larger radius, will have a greater linear speed than particle 1 if both complete one

revolution in the same duration.

What is the significance of the common point O in the motion of particles
1 and 2?

Point O serves as the center of the circular paths for both particles, acting as the pivot point around which

they move.

If both particles start at the same point and move in the same direction,

how will their positions compare after a certain time?

They will be at different positions along their respective circles, with particle 2 covering a larger arc due to

its larger radius, assuming equal angular velocities.

What factors determine the period of revolution for each particle around
point O?

The period depends on the angular velocity and radius of the particles; larger radius typically results in a

longer period if angular velocity remains constant.

Additional Resources
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Introduction



The study of particles executing circular motion around a fixed point is foundational in classical mechanics,
providing insight into rotational dynamics, angular velocity, and related phenomena. In a typical problem
setup, two particles—designated as Particle 1 and Particle 2—are observed to rotate around a common point,
O, following circular trajectories of differing radii. Specifically, Particle 1 traverses a circle of radius 2
centimeters, while Particle 2 moves around a circle of radius 4 meters. This scenario, often introduced in
physics curricula, extends into more complex analyses involving angular velocities, tangential speeds, and

the interplay between different rotational parameters.

This article offers an in-depth investigation into such a system, emphasizing the physical principles
governing circular motion, the implications of differing radii, and the mathematical relationships that
describe their motion. Through detailed examination, we aim to clarify the underlying mechanics and

provide a comprehensive understanding suitable for advanced review or scholarly analysis.

Context and Significance

Understanding the movement of particles along circular paths has profound implications across various
domains, from celestial mechanics to engineering applications. The specific case where two particles move
around a common point with different radii serves as a simplified model for a broad class of rotational

systems, including gears, planetary orbits, and mechanical linkages.

In Part A of the figure, the focus is on the kinematic aspects of such motion, particularly how particles with
different radii can be coordinated or compared in terms of their speeds and angular velocities. The
problem's core lies in analyzing the relationship between the particles' linear (tangential) speeds, angular

velocities, and their respective radii, which forms the basis for understanding more complex rotational

phenomena.

Fundamental Principles of Circular Motion

Kinematics of Particles Moving in Circular Paths

When a particle moves along a circular path, its position can be described using angular parameters:
- Radius (r): The distance from the center point O to the particle.

- Angular displacement (8): The angle swept out in radians.

- Angular velocity (w): The rate of change of angular displacement, measured in radians per second.

The tangential (linear) speed (v) of the particle relates to these parameters as:

\[ v = r \times \omega \]



This relation indicates that for a given angular velocity, the linear speed scales directly with the radius.
Uniform Circular Motion
In uniform circular motion, the angular velocity remains constant. Consequently:

- The particle's linear speed is constant.

- The period \( T \) (time for one complete revolution) is related to angular velocity:
\[ T = \frac{2\pi}{\omega} \]

- The frequency \( f\), number of revolutions per second, is:

\[ f = \frac{\omega}{2\pi} \]

Understanding these relationships is crucial for analyzing how particles with different radii can maintain

various motion profiles.

Analytical Exploration of Particles 1 and 2
Describing the Motion

Suppose both particles start from a common reference point at a specific initial time \( t=0 \), with known

initial angular positions \( \theta_1(0) \) and \( \theta_2(0) \). Their subsequent motion can be modeled as:

\[ \theta_1(t) = \omega_1t + \theta_{1_0} \]
\[ \theta_2(t) = \omega_2 t + \theta_{2_0} \]

where \( \omega_1\) and \( \omega_2 \) are the angular velocities for particles 1 and 2 respectively.
Given the radii:

-\(r_1 =2\, \text{cm} = 0.02\, \text{m} \)
-\(r_2 =4\ \text{m} \)

The linear (tangential) velocities are:

\[ v_1(t) = r_1 \times \omega_1 \]
\[ v_2(t) = r_2 \times \omega_2 \]



Key Relationships and Comparative Dynamics
Angular Velocity and Radius

If both particles are constrained to move with the same angular velocity \( \omega \), their linear speeds

will differ proportionally to their radii:

\[ v_1 =r_1 \times \omega \]

\[ v_2 = r_2 \times \omega \]
Given the radii, Particle 2's linear speed will be 200 times that of Particle 1 for the same \( \omega \):
\[ \Mfrac{v_2}{v_1} = \frac{r_2}{r_1} = \frac{4\, \text{m}}{0.02\, \text{m}} = 200 \]

This highlights a core principle: particles with larger radii, rotating at the same angular velocity, travel

faster linearly.
Different Angular Velocities

Sometimes, the problem specifies or requires the particles to have different angular velocities. For example,

if the particles complete the same number of revolutions in a given time, their angular velocities relate as:
\[ \frac{\omega_1}{\omega_2} = \frac{T_2}{T_1} \]
where \( T_1\) and \( T_2\) are the periods of particles 1 and 2.

Alternatively, if both particles are synchronized such that they pass through the same point at the same

time, their angular velocities must satisfy specific conditions:
\[ r_1 \omega_1 =r_2 \omega_2 \]

which implies their linear speeds are equal at that instant.

Investigating the Physical Setup: Constraints and Implications
Practical Constraints
In real-world systems, particles moving along different radii may experience various constraints:

- Constant Angular Velocity: Both particles rotate at a fixed \( \omega \). The larger radius yields higher

linear speed, which could lead to mechanical or energetic considerations.



- Constant Linear Speed: Particles might be driven to maintain a specific linear speed, resulting in differing

angular velocities:
\[ \omega_i = \frac{v}{r_i} \]

- Synchronized Motion: For systems like gears or coupled rotors, the angular velocities are related such that

the particles maintain specific relative positions.
Energy and Power Considerations

The kinetic energy for each particle is:

\[ KE_i = \frac{1}{2} m_i v_i"2 \]

with \( m_i \) being the mass of the particle. As the radii differ significantly, the kinetic energies and

power requirements for maintaining motion vary accordingly.

Advanced Topics and Broader Implications

Relative Motion and Phase Differences

If particles start at different initial angles, their relative phase over time is:

\[ \Delta \theta(t) = (\omega_1 - \omega_2) t + (\theta_{1_0} - \theta_{2_0}) \]

This phase difference is critical in systems where synchronization or phase locking is required, such as in

coupled oscillators or synchronized gears.

Rotational Dynamics and Torque

In rotating systems, torque \( \tau \) and angular acceleration \( \alpha \) are connected via:
\[ \tau = I \alpha \]

where \( 1) is the moment of inertia. For particles moving in circles, the moment of inertia depends on

mass distribution, influencing how external torques alter their motion.
Non-Uniform Circular Motion

If either particle accelerates or decelerates, their angular velocities change over time, leading to non-

uniform circular motion. Analyzing such cases involves differential equations and energy conservation



principles.

Conclusion

The scenario depicted in Part A of the figure, where particles 1 and 2 move around point O with radii of 2
centimeters and 4 meters, encapsulates fundamental principles of rotational kinematics and dynamics. The

key insights derived include:

- The direct proportionality between linear speed and radius for a given angular velocity.
- The importance of angular velocity in dictating the particles’ motion profiles.
- The interplay of constraints, such as synchronized rotation or constant linear speeds, influencing their

motion.

This investigation underscores the significance of understanding circular motion's core principles, which
are vital for analyzing more complex rotational systems encountered in both theoretical physics and
engineering applications. Further studies could extend this analysis to include acceleration, energy transfer,

and real-world mechanical considerations, enriching our comprehension of rotational dynamics.
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