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Inelastic Collisions In One Dimension: A 2.00-kg Object Traveling East At
20.0 M/s Collides With A 3.00-kg object, understanding the principles of
inelastic collisions is essential for physics students and enthusiasts. This
scenario provides a practical example to explore how momentum and energy are
conserved or transformed during such interactions. Inelastic collisions are
characterized by objects colliding and sticking together or deforming,
resulting in kinetic energy loss but conserved momentum. This article delves
into the fundamentals of inelastic collisions in one dimension, analyzing a
specific case involving two objects with different masses and velocities, and
explains the key concepts, calculations, and implications for real-world
applications.

Understanding Inelastic Collisions in One
Dimension

What Is an Inelastic Collision?

An inelastic collision occurs when two objects collide and either deform or
stick together, leading to a loss in kinetic energy. Unlike elastic
collisions, where kinetic energy is conserved, inelastic collisions convert
some kinetic energy into other forms of energy such as heat, sound, or
deformation energy.

Key characteristics of inelastic collisions include:

- Conservation of momentum.

- Loss of kinetic energy.

- Possible deformation or sticking of objects post-collision.

Elastic vs. Inelastic Collisions

| Feature | Elastic Collision | Inelastic Collision |

|- |- SRR IR |

| Kinetic Energy | Conserved | Not conserved (lost) |

| Momentum | Conserved | Conserved |

| Deformation | No deformation | Deformation may occur |

| Example | Colliding billiard balls | Car crashes, clay balls sticking
together |



Understanding these differences is vital for analyzing real-world collision
scenarios, especially in fields like automotive safety, materials science,
and astrophysics.

Scenario Overview: Inelastic Collision of a
2.00-kg Object Traveling East at 20.0 m/s with
a 3.00-kg Object

In this scenario, a 2.00-kg object moving east at 20.0 m/s collides
inelastically with a stationary 3.00-kg object. The collision occurs along a
straight line, simplifying the analysis to one dimension.

Initial conditions:

- Mass of object 1 (m1): 2.00 kg

- Velocity of object 1 (vi): +20.0 m/s (east)

- Mass of object 2 (m2): 3.00 kg

- Velocity of object 2 (v2): 0 m/s (stationary)

Goal:

- Determine the velocity of the combined object after collision (v _f).
- Calculate the kinetic energy lost during the collision.

- Understand the implications of inelastic collisions in real-world
scenarios.

Conservation of Momentum in Inelastic
Collisions

Momentum conservation is a fundamental principle in physics, stating that the
total momentum of an isolated system remains constant if no external forces
act upon it.

Mathematically:
\[ p {initial} = p {final} \]

Where:
\[ p {initial} =m 1 v 1+ m2v 2\]
\[ p {final} = (m 1 + m 2) v f \]

Since object 2 is initially stationary:
\[ p {initial} = m 1 v 1+ 0 = 2.00\,kg \times 20.0\,m/s = 40.0\,kg\cdot m/s
\1]



Applying conservation of momentum:

\[ 40.0\,kg\cdot m/s = (2.00\,kg + 3.00\,kg) v f \]

\[ 40.0\,kg\cdot m/s = 5.00\,kg \times v f \]

\[ v_f = \frac{40.0\,kg\cdot m/s}{5.00\,kg} = 8.00\,m/s \]

Result:
- The combined object moves east at 8.00 m/s after the collision.

Kinetic Energy Analysis: Energy Loss in
Inelastic Collisions

While momentum is conserved, kinetic energy is not necessarily conserved in
inelastic collisions.

Initial kinetic energy (KE initial):

\[ KE {initial} = \frac{1}{2} m 1 v 172 + \frac{1}{2} m 2 v 272 \]

\[ KE {initial} \frac{1}{2} \times 2.00\,kg \times (20.0\,m/s)"2 + 0 \]
\[ KE {initial} 1.00\,kg \times 400\,m"2/s"2 = 400\,J \]

Final kinetic energy (KE final):

\[ KE {final} \frac{1}{2} (m 1 + m 2) v "2 \]

\[ KE {final} \frac{1}{2} \times 5.00\,kg \times (8.00\,m/s)"2 \]
\[ KE {final} 2.50\,kg \times 64.0\,m"2/s"2 = 160\,J \]

Kinetic energy lost during collision:
\[ \Delta KE = KE {initial} - KE {final} = 400\,J - 160\,J = 240\,J \]

This energy loss manifests as heat, sound, and deformation of the objects
involved.

Implications and Real-World Applications of
Inelastic Collisions

Understanding inelastic collisions has numerous practical applications across
various fields:

1. Automotive Safety and Crash Testing

In real-world vehicle collisions, the inelastic nature of crashes means
energy is dissipated through deformation and heat. Engineers utilize
collision physics to design safer vehicles that absorb impact energy
effectively, minimizing injuries.



2. Material Science and Engineering

Studying how materials deform and absorb energy during collisions helps in
developing stronger, more resilient materials for construction, sports
equipment, and protective gear.

3. Space Physics and Astrophysics

Inelastic collisions explain phenomena like asteroid impacts and planetary
formation, where bodies collide and merge or deform, affecting their
evolution.

4. Sports and Billiards

Understanding collision dynamics improves strategies and equipment design in
sports such as billiards, where inelastic collisions affect ball trajectories
and outcomes.

Advanced Topics in Inelastic Collisions

1. Coefficient of Restitution

The coefficient of restitution (e) measures the "bounciness" of a collision:
- \(e=1)\) for perfectly elastic collisions.

- \( e =0\) for perfectly inelastic collisions (objects stick together).

In the current scenario, because objects stick together, \( e = 0 \).

2. Energy Dissipation and Material Deformation

Inelastic collisions often involve permanent deformation, requiring energy
input to deform materials beyond their elastic limit. Studying this helps in
designing materials that better absorb impact energy.

3. Collisions in Multiple Dimensions

While this article focuses on one-dimensional collisions, real-world
collisions often occur in multiple dimensions, adding complexity to analysis
involving angles, momentum components, and energy transfer.

Summary and Key Takeaways

- Inelastic collisions involve objects colliding and sticking or deforming,
leading to kinetic energy loss but conserved momentum.

- In the given scenario, the 2.00-kg object moving east at 20.0 m/s collides
with a stationary 3.00-kg object, resulting in a combined velocity of 8.00
m/s east.

- The kinetic energy decreases from 400 J initially to 160 J after the



collision, with a 240 J energy loss.

- Understanding inelastic collisions is essential for applications in
automotive safety, material science, astrophysics, and sports.

- The coefficient of restitution and material deformation are critical
factors in analyzing and designing systems involving inelastic collisions.

Conclusion

Inelastic collisions are a fundamental aspect of physics that explain many
real-world phenomena, from car crashes to planetary impacts. Analyzing a
simple collision between a 2.00-kg object traveling east at 20.0 m/s and a
stationary 3.00-kg object reveals the core principles of momentum
conservation and energy dissipation. Recognizing the difference between
elastic and inelastic collisions allows scientists and engineers to better
understand, predict, and optimize outcomes in various fields. Whether
designing safer vehicles, developing resilient materials, or exploring cosmic
events, the physics of inelastic collisions remains a vital area of study
with broad implications for technology and our understanding of the universe.

Keywords: inelastic collisions, one-dimensional collision, momentum
conservation, kinetic energy loss, impact analysis, collision physics, energy
dissipation, vehicle crash safety, material deformation

Frequently Asked Questions

What is an inelastic collision in one dimension?

An inelastic collision in one dimension is a collision where the colliding
objects stick together or deform such that kinetic energy is not conserved,
but momentum is conserved.

Given a 2.00 kg object traveling east at 20.0 m/s
collides with a 3.00 kg object, what is the total
momentum before the collision?

The total initial momentum is p = (2.00 kg)(20.0 m/s) + (3.00 kg) (0 m/s) =
40.0 kg-m/s east, assuming the second object is initially at rest.

How do you calculate the final velocity after an



inelastic collision between the two objects?

Use conservation of momentum: (ml vl initial) + (m2 v2 initial) = (ml + m2)
v_final, then solve for v final.

What is the velocity of the combined objects after
the inelastic collision?

v_final = (ml vl initial + m2 v2 initial) / (ml + m2) = (2.00 kg 20.0 m/s +
3.00 kg 0) / (2.00 kg + 3.00 kg) = 8.00 m/s east.

Is kinetic energy conserved in this inelastic
collision?

No, kinetic energy is not conserved in inelastic collisions. Some energy 1is
converted into deformation, heat, or sound.

What is the kinetic energy of the system before the
collision?

K.E. = (1/2) ml1 v17°2 + (1/2) m2 v27°2 = (1/2) 2.00 kg (20.0 m/s)"2 + O = 400
J.

What is the kinetic energy of the combined object
after the collision?

K.E. = (1/2) (m1 + m2) v final®2 = (1/2) 5.00 kg (8.00 m/s)"2 = 160 J.

How much kinetic energy is lost during the
collision?

Energy lost = initial kinetic energy - final kinetic energy = 400 J - 160 J =
240 J.

Why does kinetic energy decrease in inelastic
collisions?

Because some of the initial kinetic energy is transformed into internal
energy, deformation, heat, or sound during the collision.

Can momentum be conserved if one object is initially
at rest in an inelastic collision?

Yes, momentum is conserved regardless of initial velocities; the total
momentum before equals the total after the collision, even if one object
starts at rest.



Additional Resources

Inelastic Collisions in One Dimension: A Comprehensive Analysis of a 2.00-kg
Object Traveling East at 20.0 m/s Colliding with a 3.00-kg Object

When delving into the fundamental principles of classical mechanics,
especially in the realm of collision dynamics, inelastic collisions stand out
as a fascinating phenomenon. Consider a scenario where a 2.00-kg object,
moving eastward at 20.0 m/s, collides with a stationary 3.00-kg object. Such
an event offers a rich landscape for exploring the conservation of momentum,
energy dissipation, and the resulting velocities post-collision. This article
examines this scenario in meticulous detail, providing insights akin to a
product review but in the context of physics concepts and calculations.

Understanding Inelastic Collisions: The Basics

What Is an Inelastic Collision?

An inelastic collision is characterized by the inability of the colliding
objects to bounce apart after impact; instead, they either stick together or
deform permanently. Unlike elastic collisions, where kinetic energy is
conserved, inelastic collisions involve a loss of some kinetic energy, often
transformed into heat, sound, or deformation energy.

Key Features:

- Kinetic Energy Loss: The total kinetic energy before and after the
collision is not conserved.

- Momentum Conservation: Despite energy loss, the total linear momentum of
the system remains conserved, assuming no external forces act during the
collision.

- Post-Collision Behavior: Objects may stick together (perfect inelastic
collision) or deform, but they move with a common velocity after the
collision in the case of a perfectly inelastic collision.

Why Focus on One-Dimensional Collisions?

In one-dimensional collisions, the motion occurs along a straight line-here,
the east-west axis. This simplification allows for straightforward
application of conservation laws without the complications introduced by
multi-directional momentum components. This scenario is ideal for analytical



calculations and understanding fundamental principles.

Scenario Setup: Initial Conditions and
Assumptions

Let's define the initial conditions:

- Object A: Mass \( m A = 2.00\, \text{kg} \)

- Object B: Mass \( m B = 3.00\, \text{kg} \)

- Initial velocity of Object A: \( v _{A,i} = +20.0\, \text{m/s} \) (eastward)
- Initial velocity of Object B: \( v_{B,i} = 0\, \text{m/s} \) (stationary)

Assumptions:

- The collision occurs along a straight line (one dimension).

- External forces (like friction or air resistance) are negligible during the
brief collision.

- The collision is perfectly inelastic—objects stick together after impact.

- No rotational effects are considered; motion is linear.

Applying Conservation of Momentum

The cornerstone of analyzing collisions is the law of conservation of
momentum, which states:

\ [

\text{Total momentum before collision} = \text{Total momentum after
collision}

\1]

Mathematically:

\ [

mAv {A,i} + m B v {B,i} = (m A+ mB) v f
\]

Where:

- \( v_f \) is the common velocity of the combined mass after the collision.



Calculating the Final Velocity

Given the initial conditions:

\ [

(2.00\, \text{kg}) (20.0\, \text{m/s}) + (3.00\, \text{kg}) (0\, \text{m/s}) =
(2.00\, \text{kg} + 3.00\, \text{kg}) v f

\1

\ [
(40.0\, \text{kg-m/s}) + 0 = 5.00\, \text{kg} \times v f

\1]

\ [
v f = \frac{40.0\, \text{kg-m/s}}{5.00\, \text{kg}} = 8.00\, \text{m/s}
\1

Interpretation:
- The combined object moves eastward at 8.00 m/s after the collision.

- The velocity reduction from 20.0 m/s to 8.00 m/s indicates kinetic energy
has been dissipated, as expected in an inelastic collision.

Energy Considerations: Kinetic Energy Before
and After

While momentum is conserved, kinetic energy is not necessarily preserved in
inelastic collisions.

Initial Kinetic Energy

\ [
KE i
\1

\frac{1}{2} m A v {A,i}"2 + \frac{1}{2} m B v {B,i}"2

\ [
KE i
\1

\frac{1}{2} \times 2.00\, \text{kg} \times (20.0\, \text{m/s})"2 + 0

\ [
KE i
\1]

1.00\, \text{kg} \times 400\, \text{m}"2/\text{s}"2 = 400\, \text{J}



Total initial kinetic energy: 400 Joules.

Final Kinetic Energy

\ [
KE f
\1

\frac{1}{2} (m A + m B) v f*2

\ [
KE f
\1]

\frac{1}{2} \times 5.00\, \text{kg} \times (8.00\, \text{m/s})"2

\ [
KE_f
\1

2.50\, \text{kg} \times 64\, \text{m}"2/\text{s}"2 = 160\, \text{J}

Total final kinetic energy: 160 Joules.
Energy lost in collision:

\ [
\Delta KE = KE_i - KE f = 400\, \text{J} - 160\, \text{J}
\]

240\, \text{J}

This energy dissipation accounts for deformation, heat, sound, and other
forms of energy, characteristic of inelastic collisions.

Interpreting the Results: What Do They Tell Us?

Velocity after impact: The combined mass moves eastward at 8.00 m/s, a
significant reduction from the initial 20.0 m/s of Object A. This illustrates
how inelastic collisions transfer some kinetic energy into other forms.

Energy loss: The 240 Joules lost is a substantial portion (~60%) of the
initial kinetic energy, emphasizing the nature of inelastic collisions as
energy-dissipating events.

Implications for real-world systems:

- In vehicle crashes, the kinetic energy loss manifests as vehicle
deformation and energy absorption.

- In sports, such as billiards, inelastic collisions are minimized to
conserve energy for predictable outcomes, but understanding energy



dissipation helps in designing safer systems.

Extensions and Additional Considerations

While this analysis offers a clear picture, several factors can influence
real-world inelastic collisions:

- Partial Inelasticity: Most collisions are neither perfectly elastic nor
perfectly inelastic. The coefficient of restitution, ranging from 0 to 1,
quantifies the "bounciness" of a collision.

- Rotational Effects: In practice, objects may spin or rotate, complicating
the analysis.

- External Forces: Friction and air resistance can alter velocities during
the collision process.

- Elastic vs. Inelastic Spectrum: Understanding where a specific collision
falls on this spectrum helps in engineering applications, from material
design to safety analysis.

Conclusion: The Significance of Inelastic
Collision Analysis

This detailed examination of a 2.00-kg object traveling east at 20.0 m/s
colliding inelastically with a stationary 3.00-kg object underscores
foundational principles in physics. By applying conservation laws,
calculating post-collision velocities, and quantifying energy dissipation, we
gain a comprehensive understanding of how energy and momentum behave during
inelastic impacts in one dimension.

Such insights extend beyond theoretical interest—they inform engineering,
safety assessments, and the design of systems where collision dynamics are
critical. Recognizing the energy loss and resulting velocities provides a
practical framework for predicting outcomes in real-world scenarios,
emphasizing the importance of mastering collision mechanics in both academic
and applied physics contexts.
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