Find The Linear Velocity Of A Point
Moving With Uniform Circular Motion, If
The Point Covers A Distance

Find The Linear Velocity Of A Point Moving With Uniform Circular Motion, If The
Point Covers A Distance is a fundamental concept in physics that helps us understand
the dynamics of objects moving along circular paths. Whether it's a satellite orbiting a
planet, a car turning around a circular track, or a spinning wheel, grasping how to
calculate the linear velocity in uniform circular motion (UCM) is essential for analyzing
various physical phenomena. In this article, we will explore the principles behind uniform
circular motion, derive the formulas for linear velocity, and provide practical examples to
deepen your understanding.

Understanding Uniform Circular Motion

What Is Uniform Circular Motion?

Uniform circular motion refers to the movement of an object along a circular path at a
constant speed. Despite the speed remaining constant, the object experiences continuous
change in direction, which means it is accelerating toward the center of the circle. This
acceleration is called centripetal acceleration.

Key characteristics of uniform circular motion include:
- Constant speed but changing velocity due to a change in direction.

- Centripetal force acting toward the center of the circle.
- The path being a perfect circle.

Basic Parameters of Circular Motion

To analyze uniform circular motion, we need to understand several key parameters:

e Radius (r): The distance from the center of the circle to the moving point.
e Period (T): The time taken for one complete revolution around the circle.
e Frequency (f): The number of revolutions per second, given by \(f = 1/T\).

¢ Circular path length (Circumference): The total distance covered in one
revolution, calculated as \(C = 2\pi r\).

e Angular displacement (\(\theta\)): The angle in radians swept out by the radius
vector during motion.



Linear Velocity in Uniform Circular Motion

Definition of Linear Velocity

Linear velocity (\(v\)) is a vector quantity that describes the rate at which an object covers
distance along its path. In the context of circular motion, it is tangent to the circle at any
point.

Mathematically:

\[

v = \frac{\text{distance covered} } {\text{time taken}}
\]

For uniform circular motion, the object covers the circumference \(C = 2\pi r\) in a period
\(T\). Therefore:

\[

v = \frac{2\pi r} {T}

\]

Relation Between Linear Velocity, Radius, and Period

Since the object moves with a constant speed around the circle, the linear velocity can be
directly related to the radius and period:

\[

\boxed{

v = \frac{2\pi r} {T}
}

\]

where:

-\(v\) is the linear velocity,
-\(r\) is the radius of the circle,
-\(T\) is the period of revolution.

Alternatively, using frequency \(f = 1/T\), the formula becomes:
\[

v=2\pirf

\]

Finding Linear Velocity When Distance and Time Are
Known

In many practical situations, you're given the total distance traveled and the time taken,
rather than the period. If a point covers a distance \(d\) in time \(t\), then its average linear
velocity \(v\) is:

\[

v = \frac{d}{t}



\]

In uniform circular motion, if the point completes multiple revolutions or a partial arc, the
total distance covered is:

\[

d = n \times 2\pir

\]

where \(n\) is the number of revolutions.

If you know the total distance \(d\) covered in time \(t\) during uniform circular motion,
then the linear velocity is:

\[

v = \frac{d}{t}

\]

and if this corresponds to the motion along a circular path, then the average velocity
equals the instantaneous linear velocity at the given point.

Calculating Linear Velocity From Distance
Covered

Scenario 1: Point Completes One Full Revolution

Suppose a point moves along a circular path of radius \(r\) and covers exactly one full
revolution in time \(T\). The total distance covered is the circumference:

\[

d=2\pir

\]

Given that \(d\) and \(t\) (which equals \(T\)) are known, the linear velocity is:

\[

v = \frac{d}{t} = \frac{2\pi r}{T}

\]

which matches the earlier formula involving period.

Scenario 2: Point Covers a Partial Distance

If the point covers a distance \(d\) along the circular path in time \(t\), the linear velocity is

straightforward:
\[

v = \frac{d}{t}
\]

This velocity remains constant in uniform circular motion, assuming no external forces
alter the speed.



Relating Linear Velocity to Angular Velocity

Angular Velocity (\(\omega\))

Angular velocity is a measure of how quickly an object sweeps through an angle in radians

per second:

\[

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

For uniform circular motion, the relationship between linear and angular velocity is:
\[

v = r \omega

\]

where:

- \(v\) is the linear velocity,

-\(r\) is the radius,

-\(\omega\) is the angular velocity in radians per second.

Expressing Linear Velocity in Terms of Angular Velocity

If the angular velocity \(\omega\) is known, the linear velocity can be calculated as:
\[

v = r \omega

\]

This relation simplifies calculations, especially when dealing with rotational systems.

Practical Examples and Applications

Example 1: Calculating Linear Velocity from Period

Suppose a satellite orbits the Earth with a radius of 6,700 km (including altitude). The
orbital period \(T\) is 90 minutes (or 5400 seconds). To find its linear velocity:

- Convert radius to meters: \(r = 6,700,000\, \text{m}\)

- Use the formula:

\[

v = \frac{2\pi r} {T}

\]

\[

v = \frac{2\pi \times 6,700,000} {5400} \approx \frac{42,095,000}{5400} \approx 7794\,
\text{m/s}

\]

Thus, the satellite's linear velocity is approximately 7794 meters per second.



Example 2: Determining Velocity from Distance and
Time

A cyclist completes a 2 km circular track in 10 minutes:

- Total distance: \(d = 2000\, \text{m}\)

- Time: \(t = 600\, \text{s}\)

- The average linear velocity:

\[

v = \frac{2000} {600} \approx 3.33\, \text{m/s}

\]

If the track's radius is known, say \(r = 318.31\, \text{m}\), then the angular velocity:
\[

\omega = \frac{v}{r} \approx \frac{3.33}{318.31} \approx 0.01047\, \text{rad/s}
\]

and the period:

\[

T = \frac{2\pi}{\omega} \approx \frac{6.2832}{0.01047} \approx 600\, \text{s}

\l
which matches the total time taken.

Important Considerations in Calculating Linear
Velocity

e Constant Speed Assumption: In uniform circular motion, the speed remains
constant. However, if the speed varies, the calculation becomes more complex, and
instantaneous velocity must be considered.

e Direction of Velocity: The velocity vector is always tangent to the circle at the
point of motion.

e External Forces: Factors like friction, gravity, or applied forces can affect the
velocity, especially in non-ideal conditions.

e Units Consistency: Always ensure that units are consistent when performing
calculations (e.g., meters, seconds).

Summary and Key Takeaways

e The linear velocity of a point moving with uniform circular motion can be calculated
using the formula:
\[
v = \frac{2\pi r}{T}



\]

or

\[
v=2\pirf
\]

If the total distance \(d\) covered and the time \(t\) are known, the average linear
velocity is:

\[

v = \frac{d}{t}

\]

The relationship between linear velocity and angular velocity is:
\[

v = r \omega

\]

Understanding these relationships helps in analyzing the motion of various physical
systems, from satellites

Frequently Asked Questions

How is the linear velocity of a point moving with
uniform circular motion calculated if the distance
covered is known?

The linear velocity (v) is calculated by dividing the distance traveled (s) by the time
(t) taken, i.e., v = s/ t. If the point moves along a circle of radius r, and the distance
covered is a fraction of the circle's circumference, the velocity can also be found
using v = (2mr 0) / t, where 0 is the angle in radians.

What is the relationship between the linear velocity
and angular velocity in uniform circular motion?

Linear velocity (v) is related to angular velocity (w) by the formula v = rw, where ris
the radius of the circle. This means that knowing the angular velocity and radius
allows calculation of the linear velocity of the point.

If a point covers a quarter of the circular path in 10



seconds, what is its linear velocity?

First, find the distance covered: s = (1/4) 2ur = (ur)/2. Then, linear velocity v=s/t
= (ir/2) / 10 = (1r) / 20 units per second.

How does the radius of the circular path affect the
linear velocity of a moving point?

The linear velocity is directly proportional to the radius; increasing the radius while
keeping the same angular velocity results in a higher linear velocity, since v = rw.

Can the linear velocity be constant if the point
covers different distances in equal time intervals?

No, if the distances covered in equal time intervals vary, the linear velocity is not
constant. For uniform circular motion, linear velocity remains constant in magnitude,
but the direction changes continuously.

What is the significance of knowing the distance
covered in analyzing the linear velocity in circular
motion?

Knowing the distance covered helps determine the linear velocity directly, especially
when the time taken is known. It allows for calculation of speed at any segment of
the motion, which is essential in understanding the dynamics of the moving point.

Additional Resources

Find The Linear Velocity Of A Point Moving With Uniform Circular Motion, If The
Point Covers A Distance is a fundamental concept in physics that explores how an
object moving along a circular path behaves in terms of its velocity. Understanding
how to determine the linear velocity of a point undergoing uniform circular motion is
essential for grasping various phenomena in mechanics, from the motion of satellites
to the rotation of wheels. This article aims to provide a comprehensive overview of
the principles involved, methods to calculate linear velocity, and related concepts,
making it a valuable resource for students, educators, and enthusiasts alike.



Understanding Uniform Circular Motion

What Is Uniform Circular Motion?

Uniform circular motion refers to the movement of an object along a circular path
with a constant speed. Despite the speed remaining constant, the velocity (which is a
vector quantity) continuously changes direction, leading to acceleration directed
toward the center of the circle. This acceleration is known as centripetal
acceleration.

Key features of uniform circular motion:

- Constant speed, but variable velocity due to continuous change in direction.

- The object moves along a circular path of radius \( r).

- The motion is maintained by a centripetal force pointing towards the center of the
circle.

Relevance of Linear Velocity in Circular Motion

Linear velocity (\( v \)) describes how fast a point moves along its path in a straight
line. In circular motion, even with a constant speed, the linear velocity vector
changes direction at every point, making it crucial to distinguish between scalar
speed and vector velocity.

Understanding the linear velocity helps in:

- Calculating the time taken to complete a revolution.
- Analyzing forces acting on the object.

- Designing mechanical systems involving rotations.

Key Concepts and Definitions

Angular Velocity (\( \omega \))

Angular velocity refers to how quickly an object sweeps through an angle as it moves
around a circle. It is given by:

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



where \( \theta ) is the angle in radians, and \( t ) is time.

For uniform circular motion, \( \omega \) remains constant.

Relationship Between Linear and Angular Velocity

The linear velocity \( v \) of a point moving along a circular path is directly related to
its angular velocity \( \omega \), by the relation:

\[

v = r \omega
\]

where:

-\( ) is the radius of the circle.
-\(\omega)) is the angular velocity.

This relation forms the basis for calculating linear velocity when the angular velocity
is known or can be derived.

Distance Covered in One Revolution

When a point completes one full revolution around a circle, it covers a distance equal
to the circumference:

\[
\text{Distance} = 2 \pir
\]

If the point covers a certain distance \( s \) along the circular path, the number of
revolutions can be calculated as:

\[
\text{Number of revolutions} = \frac{s}{2 \pir}

\]

Calculating Linear Velocity When a Point
Covers a Distance



Given the Distance and Time

Suppose a point moves along a circular path and covers a distance \( s ) in a time \( t
\). To find the linear velocity:

\[
v = \frac{s}{t}
\]

This straightforward calculation assumes uniform motion, where the speed remains
constant throughout the journey.

Example:
If a point covers 50 meters in 10 seconds along a circular path, then:

\[
v = \frac{50\, \text{m}} {10\, \text{s}} = b\, \text{m/s}
\]

Considering Multiple Revolutions

If the point completes multiple revolutions, the total distance \( s ) is:

\[
s =n \times 2 \pir
\]

where \( n \) is the number of revolutions.
The linear velocity remains:

\[
v = \frac{s}{t} = \frac{n \times 2 \pi r}{t}
\]

For example, if a point completes 3 revolutions in 30 seconds on a circle of radius 4
meters:

\[

s = 3 \times 2 \pi \times 4 \approx 3 \times 25.13 \approx 75.39)\, \text{m}
\]

\[

v = \frac{75.39)\, \text{m} } {30\, \text{s}} \approx 2.51)\, \text{m/s}

\]



Relation to Angular Velocity and Period

Angular Velocity from Linear Velocity

Since \( v = r \omega \), the angular velocity can be derived as:

\[
\omega = \frac{v}{r}
\]

This is particularly useful when the linear velocity is known and the angular velocity
is required for further analysis.

Period of Motion (\( T \))

The period \( T')) is the time taken for one complete revolution:

\[
T = \frac{2 \pi r}{v}
\]

Knowing \( v ), you can easily compute \( T \), which is essential in applications like
pendulums, gears, or celestial mechanics.

Features and Applications of the Concept

Features of Calculating Linear Velocity in Uniform
Circular Motion

- Dependence on Radius and Distance: The linear velocity depends directly on radius
and the total distance covered.

- Constant Speed in Uniform Motion: The linear speed remains constant, simplifying
calculations.

- Relation to Other Quantities: It links angular velocity, period, and revolutions
seamlessly.



Applications in Real-World Scenarios

- Mechanical Engineering: Designing rotating machinery like turbines, gears, and
flywheels.

- Astronomy: Calculating the orbital velocity of planets and satellites.

- Transportation: Analyzing the speed of wheels in vehicles or amusement park rides.
- Sports Science: Understanding the motion of athletes and equipment during
rotational activities.

Pros and Cons of the Methodology

Pros:

- Simplicity: The relation \( v = s / t \) makes it straightforward to compute linear
velocity when distance and time are known.

- Applicability: It applies to any uniform circular motion scenario, regardless of the
specific object or context.

- Versatility: Can be extended to calculate angular velocity, period, and revolutions
seamlessly.

Cons:

- Assumption of Uniformity: The calculations assume constant speed; real-world
situations may involve acceleration.

- Requires Accurate Measurement: Precise measurement of distance and time is
necessary for accurate results.

- Neglects External Factors: Friction, air resistance, and other forces might affect
actual velocity but are not considered in simple models.

Conclusion

Understanding how to find the linear velocity of a point moving with uniform circular
motion when it covers a certain distance is fundamental in physics. By leveraging the
relationship between linear and angular velocity, along with the known geometry of
the circular path, one can accurately determine the velocity, period, and other key
parameters of the motion. This knowledge not only enhances conceptual
understanding but also has numerous practical applications across engineering,
astronomy, sports, and everyday life. Whether analyzing the motion of a spinning
wheel or the orbit of celestial bodies, mastering these calculations provides vital
insights into the dynamics of rotational systems.
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