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When observing objects rolling down an inclined plane, a common question arises: which object reaches
the bottom first? Specifically, if a cannonball and a marble are both released from rest at the same height on
an identical incline, which one will arrive at the bottom earlier? This question is not only intriguing but
also fundamental in understanding principles of physics related to rotational motion, energy conservation,

and friction.

Understanding the dynamics of rolling objects involves analyzing their moments of inertia, contact
conditions, and the forces acting upon them. In this article, we will explore these factors in detail, compare
the behavior of a solid cannonball and a marble rolling without slipping, and determine which object

reaches the bottom first under ideal conditions.

Fundamental Concepts in Rolling Motion

Before delving into specific objects, it is essential to revisit some core principles of physics that govern

rolling motion.

1. Conservation of Mechanical Energy

When an object rolls down an incline without slipping and without energy losses due to friction (other
than the static friction that enables rolling), its total mechanical energy remains constant. The initial
potential energy at the top converts into kinetic energy at the bottom, partitioned between translational

and rotational forms.

Equation:

\[ mgh = \frac{1}{2}mv"2 + \frac{1}{2}T\omega"2 \]
where:

- \( m \) = mass of the object

- \( g \) = acceleration due to gravity



h \) = height from which the object is released
v \) = linear velocity at the bottom
I

\) = moment of inertia

_\(
_\(
_\(
_\(

\omega \) = angular velocity

Role of Moment of Inertia and Mass Distribution

The moment of inertia \( I \) reflects how the mass of an object is distributed relative to its axis of rotation.

For rolling objects, this influences how much rotational kinetic energy they acquire as they descend.

Key points:

- Objects with smaller moments of inertia relative to their mass accelerate faster.
- The ratio of rotational to translational kinetic energy depends on \( I\).

- The general relation for a rolling object without slipping is:

\[ v = \omegar \]

- The total kinetic energy at the bottom:

\[ KE_{total} = \frac{1}{2}mv"2 + \frac{1}{2}I\omega’2 \]

Analyzing Specific Objects: Cannonball vs. Marble

Let's examine the characteristics of the two objects:

1. Solid Cannonball

- Typically modeled as a solid sphere.
- Moment of inertia:
\[ I_{cannonball} = \frac{2}{5}mr"2 \]

- Mass distribution: uniform throughout the volume.

2. Marble

- Usually a small sphere with a different mass distribution.
- For a solid sphere:
\[ I_{marble} = \frac{2}{5}mr"2 \]



- Assuming both are solid spheres, their moments of inertia are identical if mass and radius are the same.

Note: In most practical scenarios, marbles are smaller and lighter than cannonballs, but for comparison,

assume equal mass and radius for simplicity.

Deriving the Velocity at the Bottom

Using conservation of energy:

\[ mgh = \frac{1}{2}mv"2 + \frac{1}{2}T\omega"2 \]

Substituting \( I \) and \( \omega = v/r \):

\[ mgh = \frac{1}{2}mv"2 + \frac{1}{2} \left( \frac{2}{5}mr"2 \right) \left( \frac{v}{r} \right)"2 \]
Simplify:

\
\

\
\

mgh = \frac{1}{2}mv"2 + \frac{1}{2} \times \frac{2}{5}mr"2 \times \frac{v"2}{r"2} \]
mgh = \frac{1}{2}mv"2 + \frac{1}{5}mv"2 \]

mgh = \left( \frac{1}{2} + \frac{1}{5} \right) mv"2 \]

mgh = \frac{7}{10} mv"2 \]

Solve for \( v \):
\[ v = \sqrt{ \frac{10}{7} gh } \]

This result indicates that, for a solid sphere rolling without slipping, the final velocity at the bottom
depends only on the initial height \( h \) and gravity \( g \), and not on mass or radius.

Implication: Both the cannonball and the marble, if modeled as solid spheres with the same height and

radius, will reach the same velocity at the bottom.

Does the Moment of Inertia Affect Which Reaches First?

Since the final velocities are identical under ideal conditions, the time it takes to reach the bottom depends



on the acceleration along the incline.

Key point:
- The acceleration \( a \) of a rolling object down an incline is given by:
\[ a = \frac{g \sin \theta}{1 + \frac{I}{mr"2}} \]

where \( \theta \) is the incline angle.

For a solid sphere:
\[ a = \frac{g \sin \theta}{1 + \frac{2}{5}} = \frac{g \sin \theta}{1 + 0.4} = \frac{g \sin \theta}{1.4} \]

If both objects are identical in size and mass, then their accelerations are the same. Thus, they will reach the

bottom simultaneously.

However, if their moments of inertia differ, or if one is not rolling purely without slipping, the

acceleration and hence the time to reach the bottom will differ.

Effects of Friction and Real-World Factors

In practical situations, factors such as static friction, surface roughness, and rolling resistance influence the

outcome.

Considerations:

- Friction is necessary for rolling without slipping. It does not do work (assuming no energy loss) but
enables the rotation.

- Rolling resistance due to surface deformation causes energy loss, typically slowing objects down.

- Material differences: A heavier or more massive object may experience different rolling resistance effects.

Under ideal, frictionless conditions (except for static friction needed to prevent slipping), both objects should

reach the bottom simultaneously if they are identical spheres and released from the same height.

Summary: Which Gets To The Bottom First?

Given the assumptions:
- Both objects are solid spheres.

- Released from rest from the same height.



- Roll without slipping.

- No energy losses due to friction or air resistance.
The conclusion is:
They reach the bottom simultaneously.

This result stems from the fact that the final velocity depends solely on the initial height and gravity, and
the acceleration is determined by the ratio involving the moment of inertia. When the objects are identical
in shape and mass distribution, their acceleration along the incline is the same, leading to simultaneous

arrival.

Real-World Variations and Practical Insights

While theoretical physics predicts simultaneous arrival under ideal conditions, real-world factors can

influence outcomes:

- Differences in size and mass: Larger or heavier objects may experience different rolling resistance.
- Material and surface interactions: Variations in surface roughness can cause energy dissipation.

- Initial conditions: Slight differences in release point or initial velocity can affect timing.

- Shape and mass distribution: Non-uniform objects or irregular shapes alter moments of inertia and

acceleration.

In practice, a smaller, smoother marble may reach the bottom slightly earlier than a heavier, rougher

cannonball, or vice versa, depending on conditions.

Conclusion

In the idealized scenario of a cannonball and a marble rolling without slipping from the same height down
an identical incline, both objects will reach the bottom at the same time. Their final velocities are
determined solely by the initial height and gravity, and their accelerations are governed by their moments

of inertia relative to their mass and size.

This exploration underscores key physics principles—conservation of energy, the role of moment of inertia,

and the dynamics of rolling motion—and highlights how theoretical models can predict outcomes that are



sometimes counterintuitive but fundamentally sound. Understanding these principles enhances our grasp

of motion, energy transfer, and the physics underlying everyday phenomena.
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Frequently Asked Questions

In a scenario where a cannonball and a marble are rolled down an

inclined plane without slipping, which one reaches the bottom first?

The marble reaches the bottom first because, despite both rolling without slipping, the marble's lower
moment of inertia relative to its mass allows it to convert more potential energy into translational kinetic

energy, making it faster than the heavier, more rotationally dominant cannonball.

How does the moment of inertia influence which object reaches the
bottom of the incline first?

An object with a smaller moment of inertia relative to its mass accelerates faster because less energy is used
for rotational motion, allowing more energy to be converted into translational speed, thus reaching the

bottom sooner.

Does the mass of the objects affect their time to reach the bottom of the
incline in this rolling scenario?

In ideal conditions without slipping and neglecting frictional losses, mass does not affect the time; instead,

the distribution of mass (moment of inertia) determines which object accelerates faster.



What role does the no-slip condition play in determining the relative

speeds of the cannonball and marble during descent?

The no-slip condition ensures that both objects roll without slipping, meaning their translational and
rotational motions are linked, which influences their acceleration based on their moments of inertia and

shapes, ultimately affecting which object reaches the bottom first.

If both objects start from rest and roll down the same incline without
slipping, what physical principles explain which one arrives first?

The principles involved are conservation of energy and rotational dynamics. The object with less rotational
inertia relative to its mass (the marble) converts more potential energy into translational kinetic energy
and thus accelerates faster, reaching the bottom before the heavier, more rotationally inert object (the

cannonball).
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‘When analyzing the motion of objects sliding down an inclined plane without slipping, the question often
arises: which object reaches the bottom first? Specifically, comparing a cannonball (a solid sphere) and a
marble (another sphere, but potentially of different size and mass distribution), both starting from rest and
rolling down an identical incline, provides interesting insights into rotational dynamics, energy

conservation, and the influence of physical properties on motion.

This review delves into the physics behind such a scenario, exploring the fundamental principles, deriving

relevant equations, and discussing the factors that influence the outcome.

Understanding the Physical Setup

Before analyzing which object reaches the bottom sooner, it’s essential to clearly understand the scenario:

- Objects involved: A cannonball (solid sphere) and a marble (also a sphere, potentially hollow or solid but
typically smaller).
- Initial condition: Both objects start from rest at the same height \( h \) on an inclined plane.

- Frictional interaction: The objects roll without slipping, implying a static friction force acts to prevent



slipping but doesn’t dissipate energy.
- Incline parameters: Inclination angle \( \theta \), length of the incline \( L \), and height \( h \).

The key assumptions include:

- No slipping occurs during the motion.

- Air resistance is negligible.

- The surfaces are smooth enough for rolling without slipping but rough enough to provide static friction.

- Both objects are rigid bodies with specific mass distributions.

Fundamental Principles Involved

The analysis hinges on several core physics concepts:
1. Conservation of Mechanical Energy

Since no energy is lost to frictional heating (static friction does no work), the total mechanical energy

remains constant:

\

\text{Initial potential energy} = \text{Kinetic energy at any point}
\

2. Rolling Motion Dynamics

An object rolling without slipping combines translational and rotational motion. The key parameters are:

- Mass \( m \)
- Radius \( R \)
- Moment of inertia \( I \)

The no-slip condition links translational velocity \( v \) and angular velocity \( \omega \):

\
v = \omega R
\

3. Moment of Inertia and Its Effect

The moment of inertia \( I \) reflects how mass is distributed relative to the axis of rotation. For a sphere:



\[
I = \frac{2}{5} m R"2

\]

The distribution influences how much rotational kinetic energy the object has for a given angular velocity.

Deriving the Time to Reach the Bottom

Step 1: Mechanical Energy at the Top

At the starting point (rest):

\

E_{initial} = mgh

\]
where \( g \) is acceleration due to gravity.
Step 2: Energy at the Bottom

At the bottom, all potential energy converts into kinetic energy:

\

mgh = \frac{1}{2} mv"2 + \frac{1}{2} I \omega’2

\

Using the no-slip condition \( v = \omega R \):

\
\frac{1}{2} mv"2 + \frac{1}{2} I \left( \frac{v}{R} \right)"2 = mgh

\

Substituting \( I = \frac{2}{5} m R"2 \):

\[
\frac{1}{2} mv"2 + \frac{1}{2} \times \frac{2}{5} m R"2 \times \frac{v"2}{R"2} = mgh
\]
\[

\frac{1}{2} mv"2 + \frac{1}{5} m v*2 = mgh



\]

\[

\left( \frac{1}{2} + \frac{1}{5} \right) m v"2 = mgh
\]

\[

\frac{7}{10} m v"2 = mgh

\

Cancel \( m \):

\

v"2 = \frac{10}{7} gh

\

\

v = \sqrt{\frac{10}{7} gh}

\

Step 3: Expressing the acceleration

The acceleration \( a \) along the incline for rolling without slipping is derived from dynamics:

\[
a = \frac{g \sin \theta}{1 + \frac{I}{m R"2}}

\]

Using \( I = \frac{2}{5} m R"2\):

\[
a = \frac{g \sin \theta}{1 + \frac{2}{5}} = \frac{g \sin \theta}{\frac{7}{5}} = \frac{5}{7} g \sin \theta

\]

Calculating the Time to Reach the Bottom

Since the objects start from rest and accelerate uniformly:

\
L = \frac{1}{2} a t"2

\]



Solving for \(t \):

\[
t = \sqrt{\frac{2L }{a}}
\]

Substituting \( a = \frac{5}{7} g \sin \theta \):

\[

t = \sqrt{\frac{2L }{\frac{5}{7} g \sin \theta}} = \sqrt{\frac{14L}{5 g \sin \theta}}
\]

Key insight:

- The time to reach the bottom depends on:
- Length of the incline \( L \)
- Inclination angle \( \theta \)

- Gravitational acceleration \( g \)
- It does not depend directly on mass because mass cancels out during the derivation.

Thus, for both the cannonball and marble (assuming both are solid spheres with the same radius, incline,

and starting conditions), they will reach the bottom simultaneously.

What If the Objects Differ? Size, Mass, or Moment of Inertia

The above derivation assumes identical spheres with the same radius and shape. If the objects differ in size,

shape, or mass distribution, the outcome can change.
Factors affecting which object arrives first:

1. Moment of Inertia

- For a solid sphere: \( I = \frac{2}{5} m R"2\)

- For a hollow sphere: \( I = \frac{2}{3} m R"2\)

- For other shapes: different \( I \) values.

A larger \( I\) (relative to \( m R"2 \)) means more rotational inertia, which reduces the translational

acceleration:



\[
a = \frac{g \sin \theta}{1 + \frac{I}{m R"2}}
\]

- Hollow spheres with larger \( I \) will accelerate more slowly.

- Solid spheres with smaller \( I \) accelerate faster.
2. Radius of the Spheres

- Larger radius increases \( I \), hence reduces acceleration.

- If the marble is smaller, it has a smaller moment of inertia, leading to faster acceleration.
3. Mass

- Since mass cancels out in the acceleration derivation, mass alone doesn't influence the time unless shape or

inertia distribution varies.
4. Density and Material

- For spheres of the same size, mass differences won't influence acceleration.

- For different sizes, the mass distribution impacts \( I \) and thus acceleration.
Conclusion for different objects:
- The object with the smaller moment of inertia relative to \( m R"2 \) (usually a solid sphere) will reach

the bottom first.

- Conversely, if one sphere is hollow or has a larger radius, it may arrive later.

Real-World Factors and Practical Considerations

While theoretical derivations suggest identical objects with the same shape and size will arrive

simultaneously, real-world factors can influence the outcome:

- Surface roughness and friction: Variations can cause different accelerations.
- Initial conditions: Slight differences in starting position or initial push.
- Air resistance: For very lightweight or large objects, air drag can slow down the object more.

- Rolling resistance: Deformation or surface imperfections can act as additional resistances.

In controlled experiments, these factors are minimized, and the theoretical predictions hold well.



Summary and Final Insights

- In an idealized setting with both objects being solid spheres of the same size and starting from rest on the
same incline, both will reach the bottom simultaneously because their acceleration depends only on the

incline angle and gravity, not mass or size.
- Differences in moment of inertia dramatically influence the acceleration:

- Solid spheres with lower moments of inertia accelerate faster.

- Hollow or larger-radius spheres with higher moments of inertia accelerate more slowly.

- Practical applications include understanding the behavior of rolling objects in physics experiments,

engineering designs involving rolling elements, and even sports dynamics.

- In real-world scenarios, subtle differences in shape, size, or material can lead to one object reaching the

bottom slightly before the other.

Conclusion

The question—which gets to the bottom first: a cannonball or a marble rolling without slipping from rest
down an incline?—has a nuanced answer rooted in rotational dynamics. Under ideal conditions with

identical spheres, both objects will arrive simultaneously,
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