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Understanding the dynamics of rotational motion is fundamental in physics and engineering,
especially when analyzing how objects respond to applied moments or torques. In this article, we
explore a classic problem involving a rod of negligible mass subjected to a couple moment, aiming to
determine its resulting angular velocity. This problem encapsulates core principles such as the
conservation of angular momentum, moments of inertia, and the relationship between torque and
angular acceleration.

Introduction to Rotational Dynamics

Rotational dynamics deals with the motion of objects rotating about an axis. When a torque (or
couple) is applied to an object, it causes angular acceleration, leading to a change in the object's
angular velocity over time.

Key concepts include:

e Torque (Moment of Couple): The rotational equivalent of force, causing objects to rotate
about an axis.

* Moment of Inertia (I): The rotational inertia of an object, indicating how much torque is
needed for a desired angular acceleration.

e Angular Momentum (L): The product of moment of inertia and angular velocity, representing
the rotational equivalent of linear momentum.

e Conservation of Angular Momentum: In the absence of external torque, angular momentum
remains constant.

Problem Setup and Assumptions

In our specific problem, we're given:

- A rod OA with negligible mass.

- A couple moment \( M = 9\, \text{N-m} \) applied to the rod.

- The goal is to determine the final angular velocity of the rod after the application of this couple.



To analyze this, certain assumptions are often made:
e The rod is rigid and rotates about a fixed axis.
e Mass of the rod is negligible, simplifying calculations by ignoring its inertia contribution.

e The couple is applied suddenly or over a short duration, allowing us to consider impulse or
angular impulse concepts.

e Frictional forces and other external influences are negligible.

Determining the Moment of Inertia for the Rod

Since the mass of the rod is negligible, its moment of inertia about the axis of rotation simplifies
significantly. Typically, for a uniform rod of length \( L \) rotating about its center, the moment of
inertia is:

\[
| =\frac{1}{12} mL"2
\]

However, as the problem states that the rod has negligible mass, the moment of inertia \( I'\)
effectively approaches zero, implying that the rod offers no resistance to rotation.

But in practical scenarios, even negligible mass can be considered for the sake of understanding
angular momentum transfer, especially if the rod is rotating about a fixed point, or if a small mass is
attached elsewhere.

Important note: The problem likely aims to analyze the angular velocity imparted to the rod purely
due to the couple moment, assuming initial angular velocity is zero.

Applying the Principles of Conservation of Angular
Momentum

For a sudden application of a couple (torque), the angular impulse-momentum theorem applies:

\[
\text{Angular Impulse} = \text{Change in Angular Momentum}

\]

Mathematically,

\[
M \times \Delta t = | \times \omega



\]

Where:

-\( M) is the couple (torque),

-\(\Delta t\\) is the duration over which the torque acts,
-\(I'\) is the moment of inertia,

-\(\omega)) is the resulting angular velocity.

In cases where the torque acts over a finite time, the impulse (torque multiplied by time) imparts an
angular momentum change.

However, if the problem states the application of a couple moment \( M \) without specifying duration,
often the context involves an impulse or a known energy transfer.

Calculating Angular Velocity Using Work-Energy
Principles

Another approach involves the work-energy theorem, which states that the work done by the couple
is equal to the change in rotational kinetic energy:

\[

W = \frac{1}{2} I \omega"2
\]

Where:

-\( W) is the work done by the couple,
-\(1\) is the moment of inertia,
-\(\omega ) is the final angular velocity.

If the couple acts through an angular displacement \( \theta \):

\[
W = M \times \theta
\]

This implies:

\[
M \times \theta = \frac{1}{2} I \omega"2
\]

But, in the absence of displacement or if the problem is asking for the angular velocity immediately
after application, the primary relation is the angular impulse:

\[
M \times \Delta t = | \times \omega

\]



Given that, if the torque acts instantaneously or over a known time, the angular velocity can be
determined directly.

Step-by-Step Solution Approach

Assuming the torque acts suddenly (impulse):

1. Identify the nature of the problem:
- Is the torque applied over a specified time?
- Is the problem considering an impulsive torque?

2. Calculate the angular impulse:

\[
\text{Angular Impulse} = M \times \Delta t

\]

3. Determine the initial angular momentum:

Since the initial angular velocity \( \omega_0 = 0), initial angular momentum is zero.
4. Express the final angular momentum:

\[
L_f = I \times \omega
\]

5. Apply conservation of angular momentum:

\[
M \times \Delta t = | \times \omega

\]
6. Solve for \( \omega \):

\[

\boxed{

\omega = \frac{M \times \Delta t} {I}
}

\]

Note: Without the duration \( \Delta t \) or the displacement \( \theta \), the problem cannot be solved
directly numerically. Therefore, additional data is necessary for a precise numerical answer.



Special Cases and Practical Considerations

- If the torque acts over an indefinite or very short duration: The angular velocity can be considered as
imparted instantaneously, and the problem reduces to calculating the angular impulse.

- If the rotation occurs due to a sustained torque: The angular acceleration \( \alpha\) can be found
as:

\[
\alpha = \frac{M} {1}
\]

and the angular velocity after applying the torque for time \( t\):

\[
\omega = \alpha t = \frac{M}{I} t
\]

- If the mass is truly negligible: The moment of inertia approaches zero, and the angular velocity
theoretically approaches infinity, which is physically impossible—implying the problem is theoretical
or idealized.

Conclusion and Final Remarks

Determining the angular velocity of a rod subjected to a couple moment involves understanding the
interplay of torque, moment of inertia, and angular momentum. The key formula relates the applied
torque and the duration of its application to the resulting angular velocity:

\[

\boxed{

\omega = \frac{M \times \Delta t}{I}
}

\]

However, the problem's full numerical solution depends on known parameters such as the duration of
torque application or the initial conditions. In most practical applications, engineers and physicists use
these principles to design systems where rotational motion is controlled precisely.

Summary:

- Recognize the type of problem (impulse vs. sustained torque).

- Calculate the moment of inertia based on the object's geometry and mass distribution.
- Use the impulse-momentum theorem or work-energy theorem as appropriate.

- Solve for the unknown angular velocity.

In real-world scenarios, considerations such as friction, air resistance, and material deformation
should also be accounted for, although they are often neglected in theoretical problems for simplicity.
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Frequently Asked Questions

What is the significance of the couple moment in determining
the angular velocity of a rod?

The couple moment applies a torque to the rod, causing it to rotate. The magnitude of this moment,
along with the moment of inertia, determines the angular acceleration and thus the resulting angular
velocity after a certain time or rotation.

How do you calculate the angular velocity of a rod subjected
to a couple moment with negligible mass?

Since the rod has negligible mass, its moment of inertia about the pivot is zero, so applying a couple
moment results in an undefined or infinite angular acceleration. In practice, considering real
constraints, the angular velocity can be determined using energy methods or by integrating angular
acceleration over time if additional data is provided.

What assumptions are typically made when solving for
angular velocity in this problem?

Assumptions include negligible mass of the rod, no friction or other resistive forces, the couple
moment being constant, and the initial angular velocity being zero unless specified otherwise.

Can the angular velocity be calculated directly from the
couple moment and the moment of inertia? Why or why not?

Yes, if the moment of inertia and the duration or the angular displacement are known. The relation T
= | a (torque equals moment of inertia times angular acceleration) allows calculation of angular
acceleration, which can then be integrated over time to find angular velocity.

What additional information is needed to precisely determine
the angular velocity of the rod after applying the couple
moment?

The duration for which the couple moment is applied, the initial angular velocity, and the moment of
inertia of the rod are needed. Without the moment of inertia, an exact numerical answer cannot be
obtained.



How does the negligible mass of the rod influence the
calculation of angular velocity in this problem?

Since the mass is negligible, the moment of inertia is effectively zero, implying that any applied
torque would produce an infinite angular acceleration. Practically, this indicates the problem is
idealized, and in real scenarios, the mass and distributed inertia must be considered to find a finite
angular velocity.

Additional Resources

If Rod OA Of Negligible Mass Is Subjected To The Couple Moment M = 9 N.m, Determine The Angular
Velocity — this problem exemplifies fundamental principles in rotational dynamics, a vital area in
classical mechanics. Understanding how a couple moment influences the angular velocity of a
massless rod provides insights into the behavior of rigid bodies under applied moments, a concept
crucial in engineering, physics, and applied mechanics. In this comprehensive guide, we will explore
the problem step-by-step, delving into the core principles, assumptions, and calculations necessary to
determine the angular velocity resulting from a given couple moment.

Introduction to Rotational Dynamics and Couple Moments
Before diving into the problem specifics, it's essential to understand the core concepts involved:

- Couple Moment (or Torque): A pair of equal and opposite forces whose line of action do not coincide,
producing a pure rotation without translation. The magnitude of the couple moment is given by:

\[

M = F \times d

\]

where F_is the force and _d_ is the perpendicular distance between the forces.

- Angular Velocity (\(\omega\)): The rate at which an object rotates about a fixed axis, measured in
radians per second.

- Moment of Inertia (1): A measure of an object's resistance to changes in its rotation, dependent on
the mass distribution relative to the axis of rotation.

In this problem, the rod OA is assumed to be massless, implying that its inertia is negligible. This

simplifies calculations because the entire rotational inertia is considered to be concentrated at any
mass points or bodies attached to the rod.

Clarifying the Problem Statement

The problem states:



“If rod OA of negligible mass is subjected to the couple moment M = 9 N-m, determine the angular
velocity.”

Key assumptions and interpretations include:

- The rod is initially at rest (unless otherwise specified).

- The couple moment \( M = 9\, \text{N-m} \) is applied steadily or instantaneously, depending on
context.

- The massless nature of the rod implies it has no rotational inertia itself.

- There might be some attached mass or a point mass at a certain distance from the pivot or axis to
produce a measurable effect.

However, the problem as stated lacks explicit information about initial conditions, the presence of any
attached mass, or whether the moment is applied instantaneously or over time. For a well-structured
analysis, we will assume:

- The rod is initially at rest.

- The couple moment \( M \) acts about a fixed axis perpendicular to the plane of the rod.

- The goal is to determine the angular velocity \(\omega\) after the couple has been applied for a
certain duration or under steady application, considering energy or angular momentum principles.

Step 1: Understanding the Physical Setup
The Role of a Massless Rod
A massless rod simplifies the problem because:

- Its moment of inertia \( |_{\text{rod}} = 0).
- Any rotational inertia must come from attached masses or bodies.

Assumed Configuration

Suppose the rod is connected at point O and has a mass \( m\) attached at point A, at a distance \( r
\) from the pivot O.

- The mass \( m\) provides rotational inertia.
- The couple moment \( M) acts to accelerate the system.

Step 2: Establishing the Moment of Inertia
Given the massless rod, the total moment of inertia \( I\) about the pivot O is:

\[
I =1 _{\text{mass}} + |_{\text{rod}} \approx |_{\text{mass}}

\]

If a point mass \( m\) is located at a distance \( r\) from the pivot:



\[
l=mr~2
\]

This is a key relation because the angular acceleration and final angular velocity depend on this
inertia.

Step 3: Applying the Work-Energy Principle

The work-energy principle states that the work done by the couple moment is converted into
rotational kinetic energy:

\[
W = \Delta KE

\]

- Work done by the couple over an angular displacement \(\theta\):

\[
W = M \times \theta
\]

- Rotational kinetic energy at angular velocity \(\omega\):

\[
KE = \frac{1}{2} I \omega"2
\]

Assuming the system starts from rest and the couple acts over a certain angular displacement
\(\theta\), the relation becomes:

\[
M \theta = \frac{1}{2} I \omega"2
\]

However, if the problem specifies a time duration \( t \) over which the couple acts, and assuming a
constant torque, then:

\[

\text{Angular acceleration } \alpha = \frac{M} {1}
\]

\[

\omega = \alpha t = \frac{M}{I} t

\]

Alternatively, if the problem involves impulse and angular momentum, the angular impulse equals the
change in angular momentum:

\[



M \times t = | \times \omega
\]

Step 4: Determining the Angular Velocity
Case 1: Known Time Duration
Suppose the couple acts over a known period \( t\). Then:

\[

\boxed{

\omega = \frac{M}{l} t
}

\]

Without specific \( t\), this remains a general relation.
Case 2: Given Displacement \(\theta\)
If the couple acts over an angular displacement \(\theta\):

\[

\boxed{

\omega”2 = 2 \frac{M \theta}{I}
}

\]

Case 3: Instantaneous Application

If the couple is applied instantaneously (a torque impulse), then the change in angular momentum is:

\[
\Delta L = M \times \Delta t
\]

and:
\[

\omega = \frac{M \times t}{I}
\]

Step 5: Incorporating Additional Details
The problem as posed does not specify:

- The presence of attached masses.
- The duration of the applied couple.



- The initial conditions.
- The specific point or axis of rotation.

To proceed, we need to make plausible assumptions or explore typical scenarios.

Example Scenario: Mass Attached at a Distance
Suppose:

-Amass \( m =5\, \text{kg} \) is attached at a distance \( r = 2\, \text{m} \) from point O.
- The couple \( M = 9\, \text{N-m} \) acts steadily.

- The system starts from rest.

- The couple acts over a time \( t = 4\, \text{s}\).

Calculations:
1. Moment of inertia:

\[
[=mr~2 =5\times 272 = 20\, \text{kg:m} "2
\]

2. Angular acceleration:

\[
\alpha = \frac{M}{I} = \frac{9}{20} = 0.45\, \text{rad/sec} "2
\]

3. Final angular velocity after time \( t\):

\[
\omega = \alpha t = 0.45 \times 4 = 1.8\, \text{rad/sec}

\]

Final Remarks and Practical Considerations

- The massless rod simplifies the inertia calculations, but the attached mass's placement and
magnitude critically influence the angular velocity.

- If the system involves other masses or constraints, they must be incorporated into the moment of
inertia.

- The duration over which the couple acts determines whether we use work-energy, impulse-
momentum, or kinematic equations.

- In real-world applications, factors like friction, damping, and initial conditions also affect the
outcome.



Summary of Key Steps to Solve Such Problems

1. Identify the system and assumptions:
- Is the rod massless?

- Are there masses attached? Where?

- What is the initial state?

2. Determine the moment of inertia \( I'\):
- For point masses: \(1=mr~2\)
- For distributed masses: integrate or use standard formulas.

3. Apply the appropriate principle:
- Work-energy: \( M \theta = \frac{1}{2} | \omega”2)
- Impulse-momentum: \( M t = | \omega \)

4. Solve for the unknown (usually \(\omega\)):
- Plug in known quantities and compute.

Final Thought

Understanding the influence of a couple moment \( M = 9\, \text{N-m} \) on a massless rod involves
recognizing how torque interacts with rotational inertia over time or displacement to produce angular
velocity. While the problem provides a specific torque, the actual angular velocity depends on factors
such as the mass distribution, duration of the applied torque, and initial conditions. By methodically
applying fundamental principles of rotational dynamics, you can accurately determine the angular
velocity and gain deeper insights into the mechanics of rotating bodies.

This detailed analysis serves as a foundational guide for students and engineers tackling similar
problems in rotational dynamics, emphasizing clarity, assumptions, and systematic problem-solving
approaches.
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