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The 1 M Diameter Disk Rolls Without Slipping And Point B Of The 1 M Long Bar
AB Slides On The Plane Surface.
This intriguing mechanical scenario involves a combination of rolling motion and sliding
motion, which often appears in physics and engineering problems related to kinematics
and dynamics. When analyzing such a system, understanding the behavior of the disk and
the bar, their interactions, and the resulting motions is essential. This comprehensive
guide explores the mechanics behind the rolling disk and the sliding bar, providing
insights into their movement, the forces involved, and the mathematical relationships
governing their behavior.

Understanding the System Components
To analyze the motion accurately, it’s crucial to break down the components involved: the
rolling disk and the sliding bar.

The 1 M Diameter Disk
- Physical Characteristics:
- Diameter: 1 meter
- Radius: 0.5 meters
- No slipping condition: The disk rolls without slipping on the plane surface, meaning the
point of contact has zero velocity relative to the surface during rolling.

- Rolling Motion:
- When a disk rolls without slipping, its linear velocity \( v \) relates to its angular velocity
\( \omega \) by \( v = r \omega \).
- The rolling condition ensures a pure rolling motion, preventing any relative skidding or
slipping at the contact point.

The Bar AB
- Physical Characteristics:
- Length: 1 meter
- Points A and B: endpoints of the bar, with B sliding on the surface and A possibly fixed or
moving depending on the specific scenario.

- Point B Movement:
- Point B slides along the plane surface, possibly influenced by the motion of the disk or
external forces.
- The sliding is constrained along a straight line, and the motion of B can be analyzed in



relation to the disk's rolling.

---

Analyzing the Kinematics of the System
The core of understanding this scenario involves analyzing how the disk’s rolling motion
interacts with the sliding of point B on the plane surface.

Motion of the Rolling Disk
- Rolling without slipping:
- The disk’s center moves with velocity \( v_c \), related to the angular velocity \( \omega \)
by \( v_c = r \omega \).
- If the disk rolls a distance \( s \), then the angle rotated \( \theta \) is \( \theta = s/r \).

- Path of a Point on the Disk’s Rim:
- Points on the rim have complex trajectories, combining rotational and translational
motion.
- For example, point P on the rim traces a cycloid if the disk rolls along a straight line.

Motion of Point B on the Bar
- Slide along the plane surface:
- Point B moves with velocity \( v_B \), which may be related to the disk’s motion.
- The movement can be constrained to a particular direction or path, depending on the
problem's specifics.

- Relation to the Disk:
- If point B is attached to the disk or connected via a linkage, its motion depends on the
disk’s rotation and translation.

---

Mathematical Modeling of the System
Developing equations governing the system helps predict the motion and analyze the
behavior under various conditions.

Coordinate System and Variables
- Choose a fixed coordinate system:
- \( x \)-axis along the direction of motion.
- \( y \)-axis perpendicular to the surface.

- Define variables:



- \( s(t) \): displacement of the disk’s center along the plane.
- \( \theta(t) \): angular displacement of the disk.
- \( x_B(t) \): position of point B on the surface.

Rolling Without Slipping Condition
The primary condition is:
\[ v_c = r \omega \]
or in terms of displacement:
\[ \frac{ds}{dt} = r \frac{d\theta}{dt} \]

This relation ensures that at any instant, the linear and angular velocities are connected.

Sliding of Point B
- If point B slides along the surface, its velocity \( v_B \) can be related to the motion of the
disk and external forces.
- For example, if B is attached to the rim or a point on the disk, its position relative to the
center of the disk adds rotational components to its movement.

Combining Motions
- The total velocity of B:
\[ v_B = v_{disk} + v_{relative} \]
- Depending on the constraints, the equations can be written to relate \( x_B(t) \), \( s(t) \),
and \( \theta(t) \).

---

Key Scenarios and Analysis
Different configurations lead to varying analyses. Let's explore common scenarios.

Scenario 1: Point B Fixed Relative to the Disk
- If point B is fixed to the disk at a point on the rim, then as the disk rolls, B traces a
cycloid path.
- The position of B relative to the center:
\[ x_{B,rel} = r(\cos \theta - 1) \]
\[ y_{B,rel} = r \sin \theta \]
- The absolute position considering the center’s movement:
\[ x_B(t) = s(t) + x_{B,rel} \]
\[ y_B(t) = y_{B,rel} \]



Scenario 2: Point B Slides Independently on the Surface
- B slides with velocity \( v_B \), which might be independent or related to the disk’s
motion.
- Equations of motion depend on the external forces, friction, and constraints applied.

Scenario 3: Bar AB Connected to the Disk
- The bar can impose constraints on the motion of point B, such as maintaining a fixed
length or angle.
- These constraints lead to additional equations, derived from geometric relationships:

- For example, if the bar maintains a fixed angle \( \alpha \) with the horizontal, then:
\[ x_B = x_A + L \cos \alpha \]
\[ y_B = y_A + L \sin \alpha \]

---

Forces and Energy Considerations
Understanding the forces acting on the system can illuminate the dynamics involved.

Forces on the Disk
- Normal Force \( N \):
- Acts vertically upward from the surface.
- Friction \( f \):
- Static friction prevents slipping; direction opposes motion.
- Magnitude depends on normal force and coefficient of static friction \( \mu_s \).

- Driving or External Forces:
- Could include applied torques or forces to initiate rolling.

Forces on Point B
- Normal and Frictional Forces:
- If B slides, friction opposes its motion.
- External Forces:
- Any external push or pull along the surface.

Energy Analysis
- Kinetic Energy:
- Translational: \( KE_{trans} = \frac{1}{2} m v_c^2 \)
- Rotational: \( KE_{rot} = \frac{1}{2} I \omega^2 \), where \( I = \frac{1}{2} m r^2 \)
for a solid disk.



- Potential Energy:
- Usually constant if the surface is horizontal.
- Work Done:
- By external forces and friction influences the energy exchange.

---

Applications and Practical Implications
Understanding the behavior of rolling disks and sliding bars has numerous applications:

Design of wheels and rollers in machinery

Analysis of robotic components with rolling and sliding parts

Understanding of gear mechanisms involving rolling contact

Development of conveyor systems with sliding and rolling elements

Physics education tools for illustrating combined motion dynamics

Conclusion
The scenario involving a 1-meter diameter disk rolling without slipping alongside a 1-
meter long bar with point B sliding on a plane surface encapsulates fundamental
principles of kinematics and dynamics. By analyzing the relationships between
translational and rotational motion, applying constraints, and considering forces and
energy, one can predict and understand the complex movements involved. Such analyses
are not only academically interesting but also practically relevant in designing mechanical
systems and understanding real-world motion phenomena. Whether modeling a rolling
wheel with attached components or designing systems with combined sliding and rolling
parts, these principles form the backbone of mechanical motion analysis.

Frequently Asked Questions

How does the rolling motion of the 1 m diameter disk
affect the sliding of point B on the bar AB?
As the disk rolls without slipping, it causes the bar AB, with point B sliding along the plane
surface, to move in a manner governed by the rolling condition. The rolling motion
ensures that the disk's angular velocity relates directly to its translational velocity,
influencing the linear motion of point B along the plane.



What is the relationship between the angular velocity of
the disk and the linear velocity of point B on the bar?
Since the disk rolls without slipping, the linear velocity of the disk's center equals the
product of its angular velocity and its radius. This linear velocity is transmitted to point B
on the bar, causing it to slide along the plane; thus, the velocity of point B is directly
connected to the disk’s angular velocity through the rolling condition.

How can we determine the acceleration of point B as the
disk rolls without slipping?
By analyzing the rotational motion of the disk and the kinematic constraints of the bar, we
can use the relationships between angular acceleration and linear acceleration. Applying
the no-slip condition and the geometry of the system allows calculation of the acceleration
of point B along the plane surface.

What are the key assumptions made in analyzing the
motion of the disk and bar system?
The primary assumptions include that the disk rolls without slipping, the bar AB is rigid
and massless or its mass is negligible, the surface is smooth and frictional forces are
sufficient to prevent slipping but do not cause energy loss, and the system's motion occurs
in a plane without external disturbances.

How does the length of the bar AB influence the motion
of point B during the rolling of the disk?
The length of the bar (1 m) determines the possible range and nature of B's sliding motion;
a longer bar may allow greater displacement of B, while the fixed length constrains the
relative motion between the disk's center and point B. The geometry affects how the
angular motion of the disk translates into the linear sliding of B along the plane.

Additional Resources
The 1 M Diameter Disk Rolls Without Slipping And Point B Of The 1 M Long Bar AB Slides
On The Plane Surface

---

Introduction

In the realm of classical mechanics, the interplay between rolling motion and sliding
friction offers a rich tapestry for exploration. Consider a scenario where a sizable disk,
measuring 1 meter in diameter, rolls without slipping across a horizontal plane, while
simultaneously, a point B located at the end of a 1-meter long bar AB slides along the
same surface. This setup, seemingly straightforward, encapsulates fundamental principles
of kinematics and dynamics, including the relationship between linear and angular



velocities, constraints imposed by rolling without slipping, and the analysis of relative
motion. Such a configuration is not only a theoretical curiosity but also finds applications
in engineering systems, robotics, and the design of mechanical devices where coordinated
motion is essential.

This article delves into the detailed mechanics of this system, exploring the conditions for
rolling without slipping, the kinematic relationships governing point B, and the
implications of the combined motions. We will dissect the problem systematically,
providing clarity and depth to understanding the motion dynamics involved.

---

System Description and Fundamental Assumptions

The Components

- The Disk:
- Diameter: 1 meter
- Radius: 0.5 meters
- Rolls on a horizontal plane without slipping

- The Bar AB:
- Length: 1 meter
- Point A: Fixed point on the disk or a reference point on the plane
- Point B: Located at the end of the bar, capable of sliding along the plane surface

Assumptions

To analyze the system effectively, certain idealizations are made:

- Pure Rolling Condition: The disk rolls without slipping, meaning the point of contact with
the surface has zero velocity relative to the plane at the instant of contact.
- Rigid Bar: The bar AB remains rigid throughout motion, maintaining its length.
- Friction: Sufficient friction exists to prevent slipping of the disk, but frictional forces do
not cause energy loss or deformation.
- Surface: The plane is smooth and horizontal, with no incline.
- Point A: For simplicity, often assumed to be fixed or moving in a known manner,
depending on the problem's specifics.
- Coordinate System: A fixed Cartesian coordinate system is used for clarity.

---

Kinematic Analysis: Rolling Without Slipping

The Fundamental Relationship

For a disk rolling without slipping on a flat surface, the relationship between its linear
velocity \( v \) of the center of the disk and its angular velocity \( \omega \) about its center
is given by:

\[



v = \omega r
\]

where \( r \) is the radius of the disk.

Since the disk's diameter is 1 meter, its radius \( r = 0.5\, \text{m} \). This relation
ensures that the point of contact with the surface is momentarily at rest relative to the
plane, satisfying the no-slip condition.

Implications for Motion

- The disk's center moves with velocity \( v \), which is directly proportional to its angular
velocity \( \omega \).
- If the disk rolls at a constant angular velocity, its center moves at a constant linear
velocity.
- The rolling motion means the disk's rotation and translation are inherently coupled.

---

The Motion of Point B on Bar AB

Positioning of Point B

- Point A can be assumed to be at the center of the disk or at a fixed point on the plane,
depending on the problem specifics.
- Point B is located at the end of the bar, which is of length 1 meter from point A.
- The motion of B involves both the translation of A and the rotation of the bar about A (if A
is free to rotate), or simply translation if A is fixed.

Relative Position and Velocity

If point A is moving with velocity \( \mathbf{v}_A \), and the bar makes an angle \( \theta \)
with respect to some fixed axis, then:

\[
\mathbf{r}_{B/A} = \text{position vector from A to B}
\]
\[
|\mathbf{r}_{B/A}| = 1\, \text{m}
\]

The velocity of B can be expressed as:

\[
\mathbf{v}_B = \mathbf{v}_A + \boldsymbol{\omega}_\text{bar} \times
\mathbf{r}_{B/A}
\]

where \( \boldsymbol{\omega}_\text{bar} \) is the angular velocity of the bar about point
A.



Depending on the constraints, various motion scenarios arise:

- Scenario 1: Point A is fixed, and B slides along the plane.
- Scenario 2: Point A moves along with the disk's center, and B's motion results from the
combined rotation of the disk and the bar.

---

Constraints and Their Effects

No Slipping of the Disk

The no-slip condition imposes a non-holonomic constraint linking the disk’s translational
and rotational motions. If the disk moves along a straight path:

\[
v_\text{center} = \omega r
\]

This directly constrains the possible velocities during motion.

Sliding of Point B

The sliding of B along the plane surface introduces additional degrees of freedom,
especially if B is not constrained to follow the disk's rotation solely. The motion of B
depends on:

- The angular velocity of the bar about A.
- The translation velocity of A.
- The relative motion between A and the disk's center.

---

Analyzing Specific Motion Cases

Case 1: Disk Rolling at Constant Speed with Fixed Point A

Suppose the disk rolls at a constant linear velocity \( v \), implying a constant \( \omega =
v/r \). If point A is fixed on the surface (say, at the origin), then:

- The disk's center moves along a straight line.
- The bar AB, connected to A, rotates about A at some angular velocity \(
\omega_\text{bar} \).

If point B is at the end of the bar:

\[
\mathbf{r}_{B/A} = 1\, \text{m} \times (\cos \theta, \sin \theta)
\]

and the velocity of B is:



\[
\mathbf{v}_B = \boldsymbol{\omega}_\text{bar} \times \mathbf{r}_{B/A}
\]

Assuming the bar rotates with angular velocity \( \omega_\text{bar} \):

\[
v_{B} = 1\, \text{m} \times \omega_\text{bar}
\]

The combined motion of B results from the rotation of the bar about A and the translation
of A (which may be stationary).

---

Case 2: Both the Disk and Bar Are Moving Simultaneously

In a more complex scenario, both the disk's center and point A can move, with B sliding
along the surface. The analysis involves:

- Calculating the velocity of the disk's center.
- Determining the rotational motion of the bar about A.
- Ensuring the no-slip condition at the contact point.
- Considering the constraints that the bar remains rigid and connected.

This involves solving coupled equations:

\[
v_\text{center} = \omega r
\]
\[
\mathbf{v}_B = \mathbf{v}_A + \boldsymbol{\omega}_\text{bar} \times
\mathbf{r}_{B/A}
\]

and the constraints that B slides along the plane, which can be expressed as:

\[
\mathbf{v}_B \cdot \mathbf{n} = \text{desired component along the surface}
\]

where \( \mathbf{n} \) is the normal vector to the surface.

---

Energy Considerations and Constraints

Conservation of Energy

In the idealized scenario with no slipping and no frictional losses, the total kinetic energy
of the system comprises:



- Translational energy of the disk's center.
- Rotational energy of the disk.
- Translational and rotational components of the bar's motion.

The energy conservation principle can provide insight into the velocities and accelerations
during the motion.

Constraints and Their Mathematical Representation

The physical constraints can be summarized as:

1. Rolling without slipping:

\[
v_\text{center} = \omega r
\]

2. Rigid bar length:

\[
|\mathbf{r}_{B/A}| = 1\, \text{m}
\]

3. Sliding of point B:

\[
\mathbf{v}_B \text{ tangent to the surface}
\]

These constraints lead to differential equations governing the system's motion, which can
be solved using methods from analytical mechanics.

---

Practical Applications and Significance

Understanding such motion scenarios extends beyond theoretical exercises and finds
practical relevance in:

- Robotics: Designing wheeled robots with articulated arms where the wheels roll without
slipping, and arms slide or rotate.
- Mechanical Engineering: Analyzing gear or wheel systems with attached linkages.
- Vehicle Dynamics: Studying how wheels and connecting bars or suspensions behave
during motion.
- Educational Demonstrations: Illustrating fundamental principles of kinematics and
constraints.

---

Conclusion



The scenario of a 1-meter diameter disk rolling without slipping while point B on a 1-
meter-long bar AB slides on a plane surface encapsulates key principles of classical
mechanics. By dissecting the relationships between translation and rotation,
understanding the constraints imposed by rolling without slipping, and analyzing the
motion of interconnected components, we gain a comprehensive view of complex planar
motion.

This problem exemplifies the elegance of kinematic analysis, where
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