
angular momentum practice problems
Angular momentum practice problems are essential for students and enthusiasts
looking to deepen their understanding of this fundamental concept in physics.
Angular momentum plays a critical role in understanding rotational dynamics,
and mastering its principles can significantly improve problem-solving skills
in mechanics. In this article, we will explore various angular momentum
practice problems, discuss key concepts, and provide step-by-step solutions
to enhance your learning experience.

Understanding Angular Momentum

Angular momentum, often denoted by the symbol L, is a vector quantity that
represents the rotational analog of linear momentum. It is defined for a
point mass as the product of the mass (m), the distance from the point of
rotation (r), and the tangential velocity (v) of the mass. The formula for
angular momentum can be expressed as:

Angular Momentum Formula

\[
L = r \times p = r \times (mv)
\]

Where:
- L is the angular momentum,
- r is the radius or distance from the axis of rotation,
- p is the linear momentum (mv),
- m is the mass,
- v is the linear velocity.

Angular momentum is conserved in a closed system where no external torques
act, making it a critical concept in solving various physics problems.

Types of Angular Momentum Problems

When practicing angular momentum problems, you may encounter several types,
including:

Simple point mass problems

Rigid body rotation problems



Conservation of angular momentum problems

Systems of particles

Each type presents unique challenges and learning opportunities.

Angular Momentum Practice Problems

Let's dive into some practice problems to strengthen your mastery of angular
momentum.

Problem 1: Point Mass Rotation

A 2 kg mass is rotating in a circle of radius 3 m at a speed of 4 m/s.
Calculate the angular momentum of the mass.

Solution:
1. Identify the variables:
- Mass (m) = 2 kg
- Radius (r) = 3 m
- Velocity (v) = 4 m/s

2. Use the angular momentum formula:
\[
L = r \times mv = r \times (mv)
\]
\[
L = 3 m \times (2 kg \times 4 m/s) = 3 \times 8 = 24 \, \text{kg
m}^2/\text{s}
\]

3. Final Answer: The angular momentum is 24 kg m²/s.

Problem 2: Conservation of Angular Momentum

A figure skater with an initial moment of inertia of 6 kg·m² is spinning at a
rate of 3 rad/s. She pulls her arms in, reducing her moment of inertia to 2
kg·m². What is her new angular velocity?

Solution:
1. Use the conservation of angular momentum principle:
\[
L_i = L_f



\]
This translates to:
\[
I_i \omega_i = I_f \omega_f
\]
Where:
- \(I_i = 6 kg·m²\)
- \(\omega_i = 3 rad/s\)
- \(I_f = 2 kg·m²\)
- \(\omega_f = ?\)

2. Substitute the known values:
\[
(6 kg·m²)(3 rad/s) = (2 kg·m²)\omega_f
\]
\[
18 = 2\omega_f
\]

3. Solve for \(\omega_f\):
\[
\omega_f = \frac{18}{2} = 9 \, \text{rad/s}
\]

4. Final Answer: The new angular velocity is 9 rad/s.

Problem 3: System of Particles

Two particles, A and B, each with a mass of 5 kg, are located at points (2,
0) m and (0, 2) m, respectively. Calculate the total angular momentum of the
system about the origin if both particles are moving with a velocity of (3,
4) m/s.

Solution:
1. Calculate the angular momentum of each particle:
- For Particle A:
- Position vector \(r_A = (2, 0)\) m
- Velocity vector \(v_A = (3, 4)\) m/s
- Angular momentum \(L_A = r_A \times (m_A v_A)\)
\[
L_A = (2, 0) \times (5 \times (3, 4)) = (2, 0) \times (15, 20) = 0 + 2 \cdot
20 = 40 \, \text{kg m}^2/\text{s}
\]

- For Particle B:
- Position vector \(r_B = (0, 2)\) m
- Velocity vector \(v_B = (3, 4)\) m/s
- Angular momentum \(L_B = r_B \times (m_B v_B)\)
\[



L_B = (0, 2) \times (5 \times (3, 4)) = (0, 2) \times (15, 20) = 0 - 2 \cdot
15 = -30 \, \text{kg m}^2/\text{s}
\]

2. Total angular momentum:
\[
L_{total} = L_A + L_B = 40 - 30 = 10 \, \text{kg m}^2/\text{s}
\]

3. Final Answer: The total angular momentum of the system is 10 kg m²/s.

Conclusion

Mastering angular momentum practice problems is crucial for students and
anyone interested in physics. By working through various problems, including
point mass calculations, conservation principles, and systems of particles,
you can develop a strong grasp of the concept. Remember that practice is
vital, so continue to explore different scenarios and challenges to enhance
your understanding of angular momentum.

Frequently Asked Questions

What is the formula for angular momentum in terms of
moment of inertia and angular velocity?
The formula for angular momentum (L) is L = I ω, where I is the moment of
inertia and ω is the angular velocity.

How is angular momentum conserved in a closed
system?
In a closed system with no external torques, the total angular momentum
remains constant, meaning that the initial angular momentum equals the final
angular momentum.

Can you provide an example of an angular momentum
problem involving a rotating disk?
Sure! If a disk with a moment of inertia of 2 kg·m² is rotating at 3 rad/s,
its angular momentum would be L = I ω = 2 kg·m² 3 rad/s = 6 kg·m²/s.

What is the relationship between linear momentum and



angular momentum?
Angular momentum is related to linear momentum through the radius of
rotation: L = r p, where p is the linear momentum (p = mv), and r is the
distance from the pivot point.

How does the angular momentum of a figure skater
change when they pull in their arms?
As a figure skater pulls in their arms, their moment of inertia decreases. To
conserve angular momentum, their angular velocity must increase, causing them
to spin faster.

What is the effect of external torque on angular
momentum?
External torque can change the angular momentum of an object, as described by
the equation τ = dL/dt, where τ is the torque and dL/dt is the rate of change
of angular momentum.

How do you calculate the angular momentum of a
particle moving in a circle?
The angular momentum (L) of a particle moving in a circle is calculated using
L = m v r, where m is the mass, v is the linear velocity, and r is the radius
of the circular path.

What is the significance of angular momentum in
planetary motion?
Angular momentum is crucial in planetary motion as it helps explain why
planets maintain their orbits. The conservation of angular momentum ensures
that as planets move closer or farther from the sun, their speed changes to
keep angular momentum constant.
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