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A 1kg Rock Is Held In Place By Against The Inside Wall Of The Rotating Drum. The
Radius Of The Drum Is a fundamental concept in understanding the physics of rotating
systems, particularly in industrial machinery, centrifuges, and rotating drums used in
various engineering applications. When a drum spins, objects inside it, like a rock,
experience forces that depend on the rotation speed and the geometry of the system.
Determining the radius of the drum based on the forces involved reveals insights into the
mechanics governing such systems, including the balance between gravitational and
centripetal forces. This article explores the physics principles behind a rock held inside a
rotating drum, how to calculate the radius, and the practical implications of these
calculations.

---

Understanding the Physics of Rotating Systems

Fundamental Forces at Play

In a rotating drum, the primary forces acting on an object like a rock are:

- Gravitational Force (Weight): The downward force due to gravity, calculated as \( F_g =
mg \), where \( m \) is the mass of the object, and \( g \) is the acceleration due to gravity
(~9.81 m/s²).

- Normal Force: The force exerted by the wall of the drum against the rock, which counters
the tendency of the rock to fall due to gravity.

- Centripetal Force: The inward force required to keep the rock moving in a circular path,
calculated as \( F_c = \frac{mv^2}{r} \), where \( v \) is the tangential velocity, and \( r \) is
the radius of the drum.

- Frictional Force: The force between the rock and the drum wall, which can prevent the
rock from slipping as long as it is sufficient to counter the component of gravitational force
acting to slide the rock downward.

Understanding how these forces interact is essential for calculating the radius of the drum
when the rock is held against the inside wall during rotation.

---



Conditions for the Rock to Remain in Place

Static Equilibrium in Rotating Systems

For the rock to stay pressed against the inside wall without slipping, the following
conditions must be met:

1. The normal force exerted by the wall must be sufficient to balance the component of the
gravitational force that tends to pull the rock downward.

2. The frictional force between the rock and wall must be enough to prevent slipping.

Mathematically, this can be summarized as:

\[
F_{friction} \geq mg \sin \theta
\]

where \( \theta \) is the angle of the inclined surface, which, in the case of the inside wall, is
effectively the contact surface. When the rock is held against the wall during rotation, the
normal force \( N \) and the coefficient of static friction \( \mu_s \) determine whether
slipping occurs:

\[
f_{friction} = \mu_s N
\]

If the frictional force equals or exceeds the component of gravity pulling the rock
downward, the rock remains in place.

---

Calculating the Radius of the Drum

Relating Rotation Speed, Radius, and Forces

The key to understanding the radius involves the relationship between the rotational speed,
the forces acting on the rock, and the geometry of the system. When the drum spins at an
angular velocity \( \omega \), the tangential velocity of the wall (and the rock pressed
against it) is:

\[
v = \omega r
\]



The centripetal force needed to keep the rock moving in a circle is:

\[
F_c = \frac{m v^2}{r} = m \omega^2 r
\]

Since the normal force exerted by the wall provides this centripetal force, we can equate:

\[
N = m \omega^2 r
\]

To prevent slipping, the maximum static friction force must satisfy:

\[
f_{max} = \mu_s N = \mu_s m \omega^2 r
\]

The component of gravity acting to pull the rock downward along the wall surface is:

\[
F_{g,\text{parallel}} = mg \sin \theta
\]

In the case where the rock is held against the vertical wall of the rotating drum, the critical
condition for no slipping simplifies to:

\[
\mu_s N \geq mg
\]

or

\[
\mu_s m \omega^2 r \geq mg
\]

Dividing both sides by \( m \):

\[
\mu_s \omega^2 r \geq g
\]

Rearranged to find the radius:

\[
r \geq \frac{g}{\mu_s \omega^2}
\]

Alternatively, if the rotation speed \( \omega \) is known, the minimum radius necessary to
hold the rock in place without slipping is:



\[
r = \frac{g}{\mu_s \omega^2}
\]

---

Practical Examples and Applications

Industrial Rotating Drums

In industries such as mining, cement manufacturing, or materials processing, rotating
drums are employed for mixing, grinding, or separation. Engineers must calculate the
appropriate radius and rotation speed to ensure materials stay in place or are effectively
moved.

Example Calculation:

Suppose a rotating drum is spinning at an angular velocity of \( \omega = 10 \,
\text{rad/sec} \), and the coefficient of static friction between the rock and the wall is \(
\mu_s = 0.4 \). To ensure the 1 kg rock remains pressed against the wall without slipping:

\[
r = \frac{g}{\mu_s \omega^2} = \frac{9.81}{0.4 \times 10^2} = \frac{9.81}{40}
\approx 0.245 \, \text{meters}
\]

Therefore, the radius must be at least approximately 24.5 centimeters.

---

Design Considerations

When designing rotating systems, engineers consider:

- The maximum expected rotation speed
- The coefficient of static friction of materials
- Safety margins to prevent slipping
- Mechanical constraints on the size of the drum

Adjusting the radius or rotation speed ensures that objects stay in place during operation.
Larger radii allow for lower rotation speeds to achieve the same centripetal force, which can
be beneficial for energy efficiency and safety.

---



Additional Factors Influencing the System

Coefficient of Friction

The value of \( \mu_s \) significantly impacts the radius calculation. Surfaces with higher
friction coefficients allow for smaller radii or lower rotation speeds, making system design
more flexible.

Rotation Speed Limitations

Exceeding certain rotation speeds can cause the rock to slip or even be ejected from the
drum, posing safety risks. Engineers determine maximum safe speeds based on material
properties and system geometry.

Gravity and Orientation

The analysis varies if the drum is oriented horizontally or vertically. In horizontal drums, the
balance between centrifugal and gravitational forces changes, requiring different
calculations.

---

Conclusion

Understanding the physics behind a rock held against the inside wall of a rotating drum
involves analyzing the interplay of gravitational, normal, and frictional forces, alongside the
rotational dynamics. The key relationship derived—\( r \geq \frac{g}{\mu_s \omega^2}
\)—provides a foundation for designing and operating such systems safely and efficiently.
Whether in industrial applications or experimental setups, calculating the appropriate
radius based on rotation speed and material properties ensures objects remain securely in
place during rotation. Mastery of these principles enables engineers and scientists to
optimize equipment performance, maintain safety standards, and innovate in the design of
rotating machinery.

---
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Frequently Asked Questions

What is the significance of the radius of the drum in
determining the forces on the 1kg rock?
The radius affects the centripetal force required to keep the rock in circular motion,
influencing the normal force exerted by the drum wall on the rock.

How does the rotational speed of the drum relate to the
radius in holding the rock in place?
The rotational speed must be sufficient such that the centripetal force (dependent on the
radius and angular velocity) balances the weight of the rock, preventing it from sliding
down.

What is the minimum rotational speed needed to keep
the 1kg rock pressed against the inside wall of the
drum?
The minimum speed can be calculated using the formula v = √(g r), where g is gravity and r
is the radius, ensuring the normal force counters gravity.

If the radius of the drum increases, how does that
affect the required rotational speed to hold the rock?
Increasing the radius means a higher linear or angular velocity is needed to generate
sufficient centripetal force to keep the rock pressed against the wall.

What physical principles explain why the rock stays
against the inside wall during rotation?
Centripetal force, which results from the drum's rotation, provides the necessary inward
force to counteract gravity and keep the rock pressed against the wall.

How can we determine the normal force exerted on the
rock by the inside wall of the drum?
The normal force can be found by analyzing the balance of forces: normal force plus
gravitational force equals the centripetal force required for circular motion.

What happens if the rotational speed of the drum is too
low for the given radius?
If the speed is too low, the centripetal force will be insufficient, causing the rock to lose
contact with the wall and slide downward due to gravity.



Can you derive an expression for the radius of the drum
given the mass of the rock and the rotational speed?
Yes, using the relation v²/r = g + (additional forces if any), or in terms of angular velocity, r
= v² / g, assuming the normal force balances the weight at the threshold of slipping.

Additional Resources
A 1kg Rock Is Held In Place By Against The Inside Wall Of The Rotating Drum. The Radius Of
The Drum Is a fascinating scenario that combines principles of physics, mechanics, and
rotational dynamics. Understanding this setup involves exploring the forces at play, the
conditions under which the rock remains stationary relative to the drum, and the
implications of varying the radius of the drum. This article delves into the physical
principles governing this situation, analyzing the factors that contribute to the rock’s
stability, the role of rotational speed, and the potential applications or implications of such
a system.

---

Understanding the Setup: The Rotating Drum and
the Embedded Rock

The scenario involves a drum rotating about its central axis, with a rock of mass 1 kg
pressed against its inner wall. The key parameters are the mass of the rock, the radius of
the drum, and the rotational speed or angular velocity of the drum. As the drum spins, the
rock experiences forces that can either cause it to slide or stay in place relative to the wall.

The Basic Physical Principles

At the core of this problem are Newtonian mechanics and circular motion principles:

- Centripetal Force: To move in a circular path along the wall, the rock requires a centripetal
force directed towards the center of the drum.
- Frictional Force: The contact between the rock and the drum wall provides friction, which
can resist slipping and hold the rock in place.
- Normal Force: The normal force exerted by the wall on the rock influences the maximum
possible static friction.

Understanding the balance of these forces allows us to determine the conditions under
which the rock remains stationary relative to the wall.

---



Forces Acting on the Rock in Rotational Motion

When the drum rotates, the rock is subjected to several forces:

Centripetal Force

The centripetal force \( F_c \) required for the rock to follow the circular path is:

\[
F_c = m r \omega^2
\]

where:

- \( m = 1\,kg \) (mass of the rock)
- \( r \) = radius of the drum
- \( \omega \) = angular velocity (in rad/s)

This force acts inward, directed toward the center of the drum.

Normal Force and Friction

The normal force \( N \) exerted by the wall on the rock is a reaction force balancing the
contact pressure. For simplicity, if the wall is rigid and the contact is uniform, the normal
force can be approximated as equal to the force needed to provide the necessary
centripetal acceleration:

\[
N \approx m r \omega^2
\]

The maximum static friction force \( F_f \) that can act to prevent slipping is:

\[
F_f = \mu_s N
\]

where \( \mu_s \) is the coefficient of static friction between the rock and the wall.

---

Conditions for the Rock to Remain in Place

The key to the rock staying against the wall without slipping lies in the static friction force



being sufficient to provide the necessary centripetal force:

\[
F_f \geq F_c
\]

Substituting the expressions:

\[
\mu_s N \geq m r \omega^2
\]

Since \( N \approx m r \omega^2 \):

\[
\mu_s m r \omega^2 \geq m r \omega^2
\]

which simplifies to:

\[
\mu_s \geq 1
\]

This indicates that, for the rock to stay in place at a certain angular velocity, the coefficient
of static friction must be at least 1. Alternatively, we can solve for the angular velocity:

\[
\omega \leq \sqrt{\frac{\mu_s g}{r}}
\]

where \( g \) is acceleration due to gravity, assuming the normal force is influenced by
gravity in a different context or considering the maximum possible static friction.

However, in a purely rotational system without gravity, the key is that the static friction
must be sufficient to provide the centripetal force at the given rotational speed.

Implications of Radius and Rotational Speed

- Increasing Radius \( r \): For a fixed rotational speed \( \omega \), increasing the radius
increases the required normal force and friction to hold the rock in place.
- Adjusting Angular Velocity \( \omega \): A higher \( \omega \) increases the required
frictional force, which might surpass the maximum static friction, causing slipping.

---

Effect of Radius on the Stability of the Rock

The radius of the drum plays a pivotal role in the stability of the embedded rock:



Larger Radius

- Advantages:
- Allows for higher tangential velocities at the same rotational speed.
- Distributes the normal force over a larger surface area.
- Disadvantages:
- Requires higher rotational speeds to achieve the same centripetal force.
- Increased risk of the rock slipping if friction limits are exceeded.

Smaller Radius

- Advantages:
- Easier to achieve the required centripetal force at lower speeds.
- Less stress on the material of the drum and the contact interface.
- Disadvantages:
- Limited maximum speed before the rock might slip.
- Potential for the rock to be pressed too firmly, risking damage or deformation.

Optimal Radius Selection

Choosing the right radius involves balancing these factors:

- Ensuring the static friction coefficient is sufficient at the desired rotational speed.
- Avoiding excessive stresses or mechanical failure.
- Achieving the desired rotational dynamics for processes like grinding, mixing, or testing.

---

Calculating the Critical Rotational Speed for a
Given Radius

Suppose we have a specific static friction coefficient \( \mu_s \) and want the rock to stay in
place without slipping. Rearranging the earlier inequality:

\[
\omega \leq \sqrt{\frac{\mu_s g}{r}}
\]

Using \( g = 9.81\,m/s^2 \), \( \mu_s \), and \( r \), we can compute the maximum angular
velocity.

Example:

- \( r = 0.5\,m \)
- \( \mu_s = 0.5 \)

\[
\omega_{max} = \sqrt{\frac{0.5 \times 9.81}{0.5}} = \sqrt{\frac{4.905}{0.5}} =



\sqrt{9.81} \approx 3.13\,rad/s
\]

Corresponding tangential speed:

\[
v = r \omega = 0.5 \times 3.13 \approx 1.565\,m/s
\]

This calculation helps in designing the system to operate below this threshold.

---

Practical Applications and Considerations

Understanding the dynamics of a rock held against a rotating drum’s inside wall has several
practical applications:

Industrial Mills and Tumblers

- Ball mills: Rotating drums grinding materials with balls or rocks.
- Advantages:
- Efficient material processing.
- Control over particle size through rotational parameters.
- Design considerations:
- Ensuring the rocks do not slip or get ejected.
- Balancing rotational speed with the size and friction properties.

Material Testing and Friction Studies

- Analyzing the maximum static friction between materials.
- Understanding how radius and rotational speed influence slip thresholds.

Safety and Mechanical Limits

- Excessive rotational speeds can lead to mechanical failure.
- Material selection for drums and rocks must consider stress limits.

---

Pros and Cons of Varying the Radius

Pros:

- Larger radius can facilitate higher velocities and processing capacities.
- Smaller radius allows easier control over rotational speed and force application.



- Adjusting radius helps tailor the system for specific applications, balancing speed, safety,
and efficiency.

Cons:

- Larger radii demand more structural support and may increase material costs.
- Smaller radii may limit the maximum achievable speed and force.
- Both require careful consideration of friction properties to prevent slipping or damage.

---

Conclusion: The Interplay of Radius, Speed, and
Friction

In summary, the scenario of a 1kg rock held in place against the inside wall of a rotating
drum highlights fundamental principles of circular motion and friction. The radius of the
drum significantly influences the rotational speed required to keep the rock stationary, with
larger radii demanding higher speeds or better frictional properties. Achieving the right
balance involves understanding the forces at play, selecting appropriate materials, and
designing for safety and efficiency.

By meticulously analyzing these factors, engineers and scientists can optimize rotating
systems for various industrial, scientific, or recreational purposes. The fundamental physics
involved not only explain everyday phenomena but also underpin advanced machinery and
equipment used across multiple fields. Whether designing tumblers for material processing
or studying the limits of static friction, the principles outlined here serve as a foundational
guide for understanding and harnessing rotational dynamics in practical applications.
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