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Energy Of the system? This question touches on fundamental principles of physics, specifically the

conservation of momentum and the transformation of energy during collisions. Understanding what

occurs during such interactions is essential in fields ranging from automotive safety to sports physics

and engineering design. This article explores the various outcomes of these collisions, the concepts of

elastic and inelastic collisions, and the factors that influence how kinetic energy is conserved or lost in

these events.

---

Understanding Kinetic Energy and Collisions

Before delving into the specifics of collisions involving a moving object and a stationary one, it’s crucial

to grasp the basic concepts of kinetic energy and collision types.

What Is Kinetic Energy?

Kinetic energy (KE) is the energy an object possesses due to its motion. It is calculated as:

KE = ½ mv²

where:



- m is the mass of the object,

- v is its velocity.

Kinetic energy is a scalar quantity, meaning it has magnitude but no direction. It reflects the capacity of

a moving object to do work or cause change in its environment.

Types of Collisions

Collisions can generally be categorized into:

- Elastic Collisions: Collisions where both kinetic energy and momentum are conserved.

- Inelastic Collisions: Collisions where kinetic energy is not conserved; some energy is transformed into

other forms such as heat, sound, or deformation.

Perfectly elastic collisions are idealized; in real-world scenarios, most collisions are inelastic to some

degree.

---

What Happens When a Moving Object Collides With a

Stationary Object?

When a moving object strikes a stationary object, a series of physical processes occur, largely

governed by the laws of conservation of momentum and energy. The specific outcome depends on the

nature of the collision—elastic or inelastic—and the properties of the objects involved.

Conservation of Momentum

The total momentum of the system before and after collision remains constant:



m₁v₁ + m₂v₂ = m₁v₁' + m₂v₂'

where:

- m₁, v₁ are the mass and initial velocity of the moving object,

- m₂, v₂ are the mass and initial velocity of the stationary object (which is zero),

- v₁', v₂' are the velocities after the collision.

Since the second object is initially stationary (v₂ = 0), the initial momentum simplifies to:

m₁v₁ = m₁v₁' + m₂v₂'

This equation indicates that the moving object transfers some of its momentum to the stationary object

during the collision.

Behavior of Kinetic Energy During the Collision

The fate of kinetic energy depends on the type of collision:

- Elastic Collisions: Both objects rebound with their kinetic energies largely preserved, just redistributed

between them.

- Inelastic Collisions: Some kinetic energy is transformed into other forms of energy, such as heat,

sound, or deformation, resulting in a net loss of kinetic energy.

---

Elastic Collisions: Conservation of Kinetic Energy

In an elastic collision, the total kinetic energy of the system remains unchanged before and after the



collision. This scenario, while idealized, helps in understanding how energy is transferred and

conserved.

What Happens To Kinetic Energy?

- The moving object slows down as it transfers some of its kinetic energy to the stationary object.

- The stationary object gains kinetic energy, causing it to start moving.

- Total kinetic energy remains the same; energy is redistributed between the objects.

Example: Billiard Balls

A common real-world example of an elastic collision is billiard balls striking each other:

- When the cue ball hits a stationary ball, it transfers energy and momentum.

- Both balls move post-collision with velocities determined by their masses and initial velocity.

- The total kinetic energy is conserved, assuming negligible energy loss.

Mathematical Representation

For two objects with masses m₁ and m₂ and initial velocities v₁ and v₂ (with v₂=0), the final

velocities after an elastic collision are given by:

v₁' = ((m₁ - m₂) / (m₁ + m₂))  v₁
v₂' = (2m₁ / (m₁ + m₂))  v₁

This shows how the initial kinetic energy is redistributed.

---



Inelastic Collisions: Energy Transformation and Loss

Most real-world collisions are inelastic to some extent, meaning kinetic energy is not fully conserved.

Instead, some of the initial kinetic energy is converted into other forms of energy.

What Happens To Kinetic Energy?

- The total kinetic energy after collision is less than before.

- The lost kinetic energy is transformed into:

- Heat

- Sound

- Deformation of objects (permanent dents or fractures)

- Internal energy within the materials

Implications in Real Life

Examples include:

- Car crashes, where vehicles deform and generate heat and sound.

- Sports impacts, where energy is dissipated as noise, heat, or deformation.

- Bouncing balls that do not bounce back to their original height, indicating energy loss.

Coefficient of Restitution

A key measure of how elastic a collision is:

- Ranges from 0 (perfectly inelastic) to 1 (perfectly elastic).

- Defined as:

e = (relative speed after collision) / (relative speed before collision)



- For a stationary object (v₂=0), the coefficient simplifies to:

e = v₂' / v₁

- The closer e is to 1, the more elastic the collision.

---

Factors Influencing the Outcome of the Collision

Several factors determine whether kinetic energy is conserved or lost, and how the objects behave

during and after the collision.

Masses of the Objects

- Equal masses tend to result in more predictable energy transfer.

- A heavier object imparts more momentum and kinetic energy to a lighter stationary object.

Velocity of the Moving Object

- Higher initial velocity increases the kinetic energy involved.

- The energy transfer and deformation depend heavily on initial speed.

Material Properties

- Hard materials tend to bounce with less energy loss.

- Soft or deformable materials absorb more energy, leading to more inelastic collisions.



Collision Surface and Angle

- Friction and surface roughness influence energy dissipation.

- Oblique collisions involve components of motion, affecting energy transfer differently than head-on

impacts.

---

Real-World Applications and Examples

Understanding how kinetic energy behaves in collisions involving stationary objects is vital in multiple

domains.

Automotive Safety

- Crash tests analyze energy absorption to improve vehicle safety.

- Designing crumple zones helps convert kinetic energy into deformation, reducing impact forces on

occupants.

Sports Physics

- Athletes and equipment are optimized to manage energy transfer, maximizing performance or

minimizing injury.

Engineering and Material Science

- Materials are tested for their energy absorption capacity.

- Engineers design systems to either conserve or dissipate energy effectively.



Physics Education and Research

- Collisions serve as fundamental demonstrations of conservation laws.

- Analyses of elastic and inelastic collisions underpin advancements in many technological fields.

---

Conclusion

When a moving object collides with an object that isn't moving, the fate of kinetic energy depends

largely on the nature of the collision. In ideal elastic collisions, kinetic energy is conserved and simply

redistributed between the objects. In real-world, inelastic collisions, some of the initial kinetic energy is

lost to other forms of energy, such as heat, sound, or deformation. Factors such as mass, velocity,

material properties, and collision angle influence these outcomes.

Understanding these principles not only enhances our comprehension of fundamental physics but also

informs practical applications across safety engineering, sports, and technology. Recognizing how

energy transfer occurs during such collisions enables us to design safer vehicles, better sports

equipment, and more resilient structures, ultimately applying physics principles to improve everyday

life.

---
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Frequently Asked Questions



What happens to the kinetic energy when a moving object collides

with a stationary object?

The kinetic energy is redistributed during the collision; some may be conserved if the collision is

elastic, while in inelastic collisions, part of the kinetic energy is transformed into other forms of energy

like heat or deformation.

Does the kinetic energy of a moving object increase or decrease after

colliding with a stationary object?

Typically, the moving object's kinetic energy decreases after the collision, especially in inelastic

collisions, as energy is transferred or transformed into other forms.

How does the type of collision (elastic vs inelastic) affect the kinetic

energy during the collision?

In elastic collisions, total kinetic energy is conserved, so the moving object retains some kinetic energy

after the collision. In inelastic collisions, kinetic energy is not conserved and is partly lost as heat,

sound, or deformation.

Can the stationary object gain kinetic energy after the collision, and

under what conditions?

Yes, the stationary object can gain kinetic energy if the moving object transfers some of its energy

during the collision, such as in a perfectly elastic collision where both objects may end up moving.

What factors influence the change in kinetic energy during such a

collision?

Factors include the masses of the objects, their velocities, the elasticity of the collision, and whether

energy is conserved or lost to other forms like heat or deformation.



Additional Resources

When A Moving Object Collides With An Object That Isn't Moving, What Happens To The Kinetic

Energy Of?

Understanding the dynamics of collisions is fundamental in physics, engineering, and various applied

sciences. One particularly interesting scenario involves a moving object colliding with an object that is

initially stationary. This situation is prevalent in real-world applications—from vehicle crashes to sports,

and even in microscopic interactions. The question that often arises is: When a moving object collides

with an object that isn't moving, what happens to the kinetic energy? To answer this comprehensively,

we must explore the principles governing such collisions, analyze different types of interactions, and

examine the factors influencing energy transfer and dissipation.

---

Introduction to Collision Dynamics

In physics, a collision is an event where two or more bodies exert forces on each other for a relatively

short duration. The nature of the collision—whether elastic or inelastic—dictates how energy is

conserved or transformed during the interaction.

Types of Collisions

- Elastic Collisions: Both kinetic energy and momentum are conserved. After collision, objects may

continue moving separately with different velocities but their total kinetic energy remains unchanged.

- Inelastic Collisions: Momentum is conserved, but some kinetic energy is transformed into other forms

of energy such as heat, sound, or deformation.

- Perfectly Inelastic Collisions: The colliding objects stick together post-collision, moving with a

common velocity. This results in maximum kinetic energy loss among inelastic collisions.



Understanding where the collision between a moving object and a stationary object fits within these

categories is essential for analyzing energy transfer.

---

Fundamental Principles Governing Collisions

Conservation of Momentum

For any collision in an isolated system, the total momentum before and after impact remains constant:

\[

m_1 v_{1i} + m_2 v_{2i} = m_1 v_{1f} + m_2 v_{2f}

\]

where:

- \( m_1, m_2 \): masses of the objects

- \( v_{1i}, v_{2i} \): initial velocities

- \( v_{1f}, v_{2f} \): final velocities

In the specific scenario where \( v_{2i} = 0 \), the equation simplifies to:

\[

m_1 v_{1i} = m_1 v_{1f} + m_2 v_{2f}

\]

Conservation of Kinetic Energy



- Elastic collisions:

\[

\frac{1}{2} m_1 v_{1i}^2 = \frac{1}{2} m_1 v_{1f}^2 + \frac{1}{2} m_2 v_{2f}^2

\]

- Inelastic collisions: Kinetic energy before and after are not necessarily equal; some energy is lost.

---

When A Moving Object Collides With A Stationary Object: Analyzing the Outcomes

The result of the collision depends on multiple variables, including the masses involved, the nature of

the collision (elastic or inelastic), and the physical properties of the objects.

Case 1: Elastic Collision with a Stationary Object

If both objects are elastic and the collision is head-on, the kinetic energy distribution can be precisely

calculated.

Equal Masses

Suppose:

- \( m_1 = m_2 \)

- Object 1 moves with initial velocity \( v_{1i} \)

- Object 2 is stationary (\( v_{2i} = 0 \))

The final velocities are:



\[

v_{1f} = 0,\quad v_{2f} = v_{1i}

\]

Implication: The moving object transfers all its kinetic energy to the stationary object, which then

moves with the initial velocity of the moving object. The initial kinetic energy:

\[

KE_{initial} = \frac{1}{2} m_1 v_{1i}^2

\]

becomes entirely the kinetic energy of the second object after collision. The initial object comes to rest,

and kinetic energy is conserved.

Unequal Masses

When \( m_1 \neq m_2 \), the velocities after collision are given by:

\[

v_{1f} = \frac{m_1 - m_2}{m_1 + m_2} v_{1i}

\]

\[

v_{2f} = \frac{2 m_1}{m_1 + m_2} v_{1i}

\]

The kinetic energy post-collision is less than the initial kinetic energy, unless the masses are equal.

Key Point: In elastic collisions, kinetic energy is conserved, and the initial kinetic energy of the moving

object is redistributed between both objects.

---



Case 2: Inelastic or Partially Inelastic Collisions

When the collision is inelastic, some kinetic energy is converted into other forms, such as heat, sound,

or permanent deformation.

Completely Inelastic Collision

- The two objects stick together after impact.

- The combined mass moves with a common velocity:

\[

v_{f} = \frac{m_1 v_{1i}}{m_1 + m_2}

\]

- The kinetic energy after impact:

\[

KE_{final} = \frac{1}{2} (m_1 + m_2) v_{f}^2

\]

- The energy lost:

\[

\Delta KE = KE_{initial} - KE_{final}

\]

which is dissipated as heat, sound, or deformation.

Implication: The initial kinetic energy of the moving object is not fully conserved; some is lost during

collision.



---

Quantitative Analysis: Energy Transfer Dynamics

Calculating Kinetic Energy Before and After Collision

Given initial parameters:

- \( m_1 \), \( v_{1i} \)

- \( m_2 \), initial velocity \( v_{2i} = 0 \)

Initial Kinetic Energy:

\[

KE_{initial} = \frac{1}{2} m_1 v_{1i}^2

\]

Final Kinetic Energy (for inelastic collision):

\[

KE_{final} = \frac{1}{2} (m_1 + m_2) v_{f}^2

\]

where:

\[

v_{f} = \frac{m_1 v_{1i}}{m_1 + m_2}

\]

Thus,



\[

KE_{final} = \frac{1}{2} (m_1 + m_2) \left( \frac{m_1 v_{1i}}{m_1 + m_2} \right)^2 = \frac{1}{2}

\frac{m_1^2 v_{1i}^2}{m_1 + m_2}

\]

Kinetic Energy Loss:

\[

\Delta KE = KE_{initial} - KE_{final} = \frac{1}{2} m_1 v_{1i}^2 - \frac{1}{2} \frac{m_1^2 v_{1i}^2}{m_1 +

m_2}

\]

\[

\Rightarrow \Delta KE = \frac{1}{2} m_1 v_{1i}^2 \left( 1 - \frac{m_1}{m_1 + m_2} \right) = \frac{1}{2}

m_1 v_{1i}^2 \frac{m_2}{m_1 + m_2}

\]

Interpretation: The fraction of initial kinetic energy lost equals \( \frac{m_2}{m_1 + m_2} \), illustrating

how the mass of the stationary object influences energy dissipation.

---

Practical Implications and Real-World Examples

Vehicle Collisions

In automotive safety, understanding how kinetic energy dissipates during collisions is critical. Crumple

zones, airbags, and other safety features are designed to absorb energy, reducing the force

transmitted to occupants.

- Elastic collisions are rare in real-world crashes because materials deform, generating heat and



sound.

- Inelastic collisions dominate, with significant energy loss due to deformation.

Sports and Mechanics

- When a billiard ball strikes a stationary ball, kinetic energy transfer depends on elastic properties.

Nearly elastic collisions allow energy transfer without much loss, while inelastic impacts lead to energy

dissipation.

Micro-Scale Interactions

- In molecular collisions, inelastic interactions involve energy transfer into vibrational or rotational

modes, leading to non-conservation of kinetic energy in the macroscopic sense, but conservation of

total energy including internal energy.

---

Factors Influencing Energy Transfer

Several factors determine what happens to the kinetic energy of a moving object upon collision with a

stationary object:

| Factor | Effect |

|---|---|

| Mass Ratio | Larger stationary mass results in greater energy transfer and loss |

| Material Properties | Deformable materials dissipate more energy as heat or deformation |

| Collision Speed | Higher speeds generate more energy dissipation and potential damage |

| Surface Roughness & Friction | Increased friction converts kinetic energy into heat |

---



Theoretical Limitations and Real-World Considerations

While theoretical models provide a framework for understanding energy transfer, real collisions are

complex:

- Deformation: Permanent or temporary shape changes absorb energy.

- Sound and Heat Emission: Part of kinetic energy converts into sound waves and thermal energy.

- Rolling and Frictional Losses
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