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In the world of physics, collisions are ubiquitous phenomena that help us
understand the fundamental laws governing motion and energy. Among the
various types of collisions, inelastic collisions are particularly intriguing
because they involve the loss of kinetic energy, often resulting in objects
sticking together or deforming. One fascinating example of an inelastic
collision is the scenario where two skaters collide and embrace, effectively
sticking together after impact. This situation not only offers a captivating
real-life illustration of physics principles but also provides valuable
insights into conservation laws, energy transformation, and momentum
dynamics.

In this article, we delve deep into the physics behind such a collision,
exploring the concepts of momentum conservation, kinetic energy loss, and the
nature of completely inelastic interactions. Whether you're a student, a
physics enthusiast, or simply curious about how everyday activities reflect
fundamental science, understanding the dynamics of two skaters colliding and
sticking together offers a compelling window into the mechanics of inelastic
collisions.

---

Understanding Collisions: Elastic vs. Inelastic

Before analyzing the specific case of two skaters embracing after a
collision, it's essential to differentiate between elastic and inelastic
collisions, as they form the foundation of collision physics.

Elastic Collisions
- In an elastic collision, both kinetic energy and momentum are conserved.
- Typically occurs in idealized scenarios like molecular collisions or
billiard ball impacts.
- Post-collision objects retain their original shapes and energies, bouncing
off without permanent deformation or heat generation.

Inelastic Collisions
- In an inelastic collision, kinetic energy is not conserved; some energy is
transformed into heat, sound, or deformation.
- The objects may deform, generate heat, or stick together.
- A special case is the perfectly inelastic collision, where objects stick
together and move as a single entity after impact.

---



The Scenario: Two Skaters in a Completely
Inelastic Collision

Imagine two skaters gliding on an ice rink moving toward each other with
distinct velocities. When they collide and embrace, they effectively stick
together, moving as one mass post-impact. This is a textbook example of a
completely inelastic collision, where the two objects fuse into a single
combined mass after impact.

Setup of the Problem
- Let’s denote:
- Skater 1 has mass \( m_1 \) and initial velocity \( v_{1} \).
- Skater 2 has mass \( m_2 \) and initial velocity \( v_{2} \).
- The skaters collide and embrace, sticking together afterward.
- Post-collision velocity of the combined mass: \( v_f \).

Assumptions
- The collision occurs on a frictionless ice surface.
- External forces during the collision are negligible.
- The collision is perfectly inelastic, meaning skaters stick together.

---

Applying Conservation of Momentum

One of the core principles in analyzing collisions is the conservation of
momentum. In the absence of external forces, the total momentum before and
after the collision remains constant.

Mathematical Expression
\[
m_1 v_1 + m_2 v_2 = (m_1 + m_2) v_f
\]

From this, the final velocity after collision can be calculated as:
\[
v_f = \frac{m_1 v_1 + m_2 v_2}{m_1 + m_2}
\]

This formula demonstrates that the combined mass moves with a velocity that
is essentially a weighted average of the initial velocities, weighted by the
masses.

---



Kinetic Energy Considerations

While momentum is conserved, kinetic energy behaves differently in inelastic
collisions.

Initial Kinetic Energy
\[
KE_{initial} = \frac{1}{2} m_1 v_1^2 + \frac{1}{2} m_2 v_2^2
\]

Final Kinetic Energy
\[
KE_{final} = \frac{1}{2} (m_1 + m_2) v_f^2
\]

Since the collision is completely inelastic, the initial kinetic energy is
generally greater than the final kinetic energy, with the difference
transformed into other forms like heat, sound, or deformation.

Energy Loss in the Collision
\[
\Delta KE = KE_{initial} - KE_{final}
\]

This energy loss is characteristic of inelastic collisions and illustrates
the irreversibility of such interactions.

---

Detailed Example: Calculating Post-Collision
Velocity and Energy Loss

Suppose:
- Skater 1 has a mass of 70 kg and is moving at 5 m/s.
- Skater 2 has a mass of 60 kg and is moving at -3 m/s (opposite direction).

Step 1: Calculate Final Velocity

\[
v_f = \frac{(70)(5) + (60)(-3)}{70 + 60} = \frac{350 - 180}{130} =
\frac{170}{130} \approx 1.31\, \text{m/s}
\]

Step 2: Calculate Initial Kinetic Energy

\[
KE_{initial} = \frac{1}{2} \times 70 \times 5^2 + \frac{1}{2} \times 60
\times (-3)^2 = 35 \times 25 + 30 \times 9 = 875 + 270 = 1145\, \text{J}
\]



Step 3: Calculate Final Kinetic Energy

\[
KE_{final} = \frac{1}{2} \times 130 \times (1.31)^2 \approx 65 \times 1.716 =
111.5\, \text{J}
\]

Step 4: Energy Loss

\[
\Delta KE = 1145 - 111.5 = 1033.5\, \text{J}
\]

This significant energy loss exemplifies how inelastic collisions convert
kinetic energy into other forms.

---

Real-Life Implications and Applications

Understanding the physics of skaters colliding and sticking together has
practical implications beyond the ice rink.

Sports Science and Safety
- Coaches and athletes analyze collision dynamics to improve safety
protocols.
- Protective gear can mitigate injuries from inelastic impacts.

Design of Mechanical Systems
- Engineers apply inelastic collision principles when designing crash
barriers, safety mechanisms, and accident simulation models.

Educational Value
- Demonstrating inelastic collisions with skaters provides accessible, real-
world examples for physics education.
- Visualizing momentum transfer and energy transformation enhances conceptual
understanding.

---

Visualization and Simulation of Inelastic
Collisions

Modern technology allows for simulation and visualization of collision
scenarios, providing deeper insights into the dynamics involved.



Using Physics Software
- Tools like PhET simulations or custom physics engines can model skaters'
velocities, masses, and collision outcomes.
- These simulations often include sliders to adjust initial velocities and
masses, illustrating how parameters influence final velocities and energy
loss.

Experimental Demonstrations
- Physical experiments with carts or mannequins can replicate the collision
process.
- High-speed cameras capture the moment of impact, providing data for
analysis.

---

Conclusion: The Physics of Embracing Skaters

The scenario of two skaters colliding and embracing, sticking together in a
completely inelastic collision, beautifully illustrates key principles of
physics. Through the conservation of momentum, we see how their combined
velocity post-impact depends on their initial masses and velocities.
Meanwhile, the loss of kinetic energy underscores the irreversibility of
inelastic collisions and the transformation of energy into other forms.

This simple yet profound example highlights the importance of understanding
collision dynamics in various fields, from sports safety to engineering
design. Whether on ice or in laboratory simulations, analyzing such
interactions enriches our comprehension of the fundamental laws that govern
motion and energy transfer in the universe.

By studying these collisions, we gain not only academic knowledge but also
practical insights that help us design safer environments and improve
athletic performance. The next time you see skaters embrace after a
collision, remember the fascinating physics unfolding in that moment—a
perfect demonstration of the principles that shape our physical world.

Frequently Asked Questions

What is a completely inelastic collision between two
skaters?

A completely inelastic collision occurs when two skaters collide and stick
together afterward, moving as a single combined mass with a common velocity.

How does momentum conservation apply in a completely
inelastic collision?

In such collisions, the total momentum before the collision equals the total
momentum after the collision, allowing us to calculate the combined velocity
after they stick together.



What factors determine the final velocity of the two
skaters after they collide and stick together?

The final velocity depends on the initial masses and velocities of both
skaters, as momentum is conserved during the inelastic collision.

Can kinetic energy be conserved in a completely
inelastic collision?

No, kinetic energy is not conserved in a completely inelastic collision
because some of it is transformed into other forms of energy, like heat or
deformation.

How can we calculate the combined velocity of the
skaters after a completely inelastic collision?

Use the conservation of momentum: (m1 v1) + (m2 v2) = (m1 + m2) v_final, then
solve for v_final.

What real-world scenarios resemble a completely
inelastic collision involving skaters?

Examples include two ice skaters colliding and sticking together or objects
colliding and moving together afterward, such as in certain sports or
accident reconstructions.

Why is understanding inelastic collisions important
in physics and safety analysis?

Understanding inelastic collisions helps analyze energy transfer, impact
forces, and safety measures in accidents, vehicle crashes, and sports
dynamics.

Additional Resources
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In the world of physics, collisions between objects can take many forms, from
bouncing off each other to shattering upon impact. Yet, one of the most
intriguing phenomena is the perfectly inelastic collision—an event where
colliding bodies stick together and move as a single entity afterward.
Imagine two skaters gliding toward each other on an ice rink, colliding, and
then moving forward as one. While that might seem like a simple, graceful
move, it encapsulates complex principles of momentum and energy transfer that
underpin much of classical physics.

This article explores the fascinating physics behind such a scenario,
dissecting what happens when two skaters collide and stick together in a
completely inelastic collision, and what that reveals about the conservation
laws governing motion.

---



Understanding the Basics: What Is a Completely Inelastic Collision?

Defining Inelastic Collisions

In physics, a collision is classified based on how kinetic energy behaves
during the event. There are three primary types:

- Elastic Collision: Both momentum and kinetic energy are conserved.
Typically seen in idealized collisions like billiard balls bouncing off each
other, where they rebound without losing energy to deformation or heat.

- Inelastic Collision: Momentum is conserved, but some kinetic energy is
transformed into other forms of energy such as heat, sound, or deformation.
Most real-world collisions fall into this category.

- Perfectly (or Completely) Inelastic Collision: A special case of inelastic
collision where the colliding objects stick together, moving as a single
combined mass afterward. This is the extreme end of inelasticity, where
maximum kinetic energy loss occurs consistent with conservation of momentum.

In our skating analogy, when two skaters collide and embrace, they form a
single combined mass and continue moving together. This exemplifies a
perfectly inelastic collision.

Why "Stick Together"?

The phrase "stick together" isn't just poetic—it's a precise description of
the physical outcome. After the collision:

- The two bodies share the same velocity.
- Their combined mass moves as one object.
- The collision results in maximum kinetic energy loss for the given initial
momentum.

This behavior is crucial in understanding how momentum conservation guides
the aftermath of such impacts, despite the apparent loss of kinetic energy.

---

The Physics of Two Skaters Colliding and Embracing

Setting Up the Scenario

Imagine two skaters on an ice rink:

- Skater A has a mass \( m_1 \) and is moving with a velocity \( v_{1,i} \).
- Skater B has a mass \( m_2 \) and is moving with a velocity \( v_{2,i} \).

They glide toward each other, and at some point, they collide. Due to the
nature of the collision, they stick together and move as a single entity
afterward, with a combined mass \( m_1 + m_2 \) and a common velocity \( v_f
\).

Conservation of Momentum

One of the core principles at play is the law of conservation of momentum,
which states:

\[



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

Expressed mathematically:

\[
m_1 v_{1,i} + m_2 v_{2,i} = (m_1 + m_2) v_f
\]

From this, we can solve for the final velocity \( v_f \):

\[
v_f = \frac{m_1 v_{1,i} + m_2 v_{2,i}}{m_1 + m_2}
\]

This equation indicates that the combined velocity after the collision
depends solely on the initial momenta of both skaters.

Kinetic Energy Considerations

Unlike momentum, kinetic energy isn't conserved in a perfectly inelastic
collision. The initial kinetic energy is:

\[
KE_{initial} = \frac{1}{2} m_1 v_{1,i}^2 + \frac{1}{2} m_2 v_{2,i}^2
\]

Post-collision, the kinetic energy of the combined mass is:

\[
KE_{final} = \frac{1}{2} (m_1 + m_2) v_f^2
\]

Since energy isn't conserved, the difference:

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

represents the energy lost, often transformed into heat, sound, or
deformation of the bodies—though in this case, deformation is minimal because
skaters are rigid bodies.

---

Deep Dive: Calculating the Outcomes

Numerical Example

Suppose:

- Skater A: mass \( m_1 = 70\,kg \), velocity \( v_{1,i} = 3\,m/s \) (moving
forward)
- Skater B: mass \( m_2 = 65\,kg \), velocity \( v_{2,i} = -2\,m/s \) (moving
backward)

Applying the conservation of momentum:



\[
v_f = \frac{(70)(3) + (65)(-2)}{70 + 65} = \frac{210 - 130}{135} =
\frac{80}{135} \approx 0.593\,m/s
\]

The final velocity of the combined skaters is approximately 0.593 m/s
forward.

Initial and Final Kinetic Energy

Initial kinetic energy:

\[
KE_{initial} = \frac{1}{2} \times 70 \times 3^2 + \frac{1}{2} \times 65
\times (-2)^2 = 35 \times 9 + 32.5 \times 4 = 315 + 130 = 445\,J
\]

Final kinetic energy:

\[
KE_{final} = \frac{1}{2} \times (70 + 65) \times (0.593)^2 = 67.5 \times
0.352 \approx 23.8\,J
\]

Energy lost:

\[
\Delta KE = 445 - 23.8 \approx 421.2\,J
\]

This significant energy loss underscores the inelastic nature of the
collision, where most of the initial kinetic energy dissipates as other forms
of energy.

---

Real-World Applications and Implications

Sports and Safety

Understanding inelastic collisions is vital in designing safety equipment and
protocols. For example:

- In football or rugby, players often collide and "stick" or fall together,
dissipating energy to avoid injury.
- Helmets and padding are designed considering energy absorption during such
impacts.

Engineering and Material Science

Engineers analyze inelastic collisions to:

- Develop crash test models for vehicles.
- Design materials that deform intentionally during impacts to absorb energy.

Physics and Education

The skater example is a classic teaching tool to illustrate conservation laws
and energy transformation principles in a tangible context.



---

Beyond the Skaters: Broader Physics Context

Momentum vs. Energy

The key takeaway from the skaters' collision is that while momentum is
conserved regardless of the collision type, kinetic energy isn't necessarily
preserved unless the collision is elastic. The fact that the skaters stick
together exemplifies a perfectly inelastic collision, a concept fundamental
in understanding real-world impacts.

Limitations and Assumptions

Real collisions involve additional factors:

- Friction with the ice, which can dissipate energy.
- Deformation of bodies, though minimal in rigid objects like skaters.
- External forces, such as air resistance.

For simplicity, the calculations assume an idealized, frictionless
environment and rigid bodies, focusing purely on conservation laws.

---

Summary: The Physics of Embracing Skaters

In essence, when two skaters collide and embrace, they undergo a perfectly
inelastic collision. The primary physics principles governing this event are:

- Conservation of momentum: The total momentum before and after the collision
remains constant.
- Energy transformation: Kinetic energy decreases, converting into other
forms like heat, sound, or minor deformations.
- Final velocity: Determined by the ratio of initial momenta and masses,
leading to a shared velocity post-impact.

This scenario serves as a compelling illustration of how fundamental physics
principles manifest in everyday situations, from sports to safety
engineering. It demonstrates that even a simple collision—like two skaters
embracing—embodies rich, complex dynamics that help us understand the
universe's basic laws.

---

Final Thoughts

While the image of two skaters colliding and embracing might evoke a poetic
moment on the ice, it also offers a window into the intricate dance of
forces, momenta, and energy transfer that define classical physics.
Recognizing the principles at work not only enriches our appreciation for
everyday phenomena but also equips us to design safer, more efficient systems
in technology and sports. Whether in a classroom, a laboratory, or on the
rink, the physics of inelastic collisions remains a fundamental pillar of
understanding motion and impact.
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