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Understanding collision dynamics is fundamental in physics, especially when analyzing real-world
scenarios involving momentum and energy transfer. One intriguing example involves the collision
between magnetic toy cars, which are often used in educational settings to demonstrate principles of
conservation of momentum and energy. In this article, we delve into the specifics of a scenario where
a 5.0 kg magnetic toy car traveling east at 0.50 m/s collides with and sticks to a 2.0 kg toy magnetic
car. We will explore the physics principles involved, including momentum conservation, the nature of
inelastic collisions, and the resulting velocities post-collision. This comprehensive analysis aims to
enhance your understanding of collision mechanics and their practical applications.

Scenario Overview

Imagine two magnetic toy cars on a straight track:

- Car A: Mass = 5.0 kg, initial velocity = 0.50 m/s east
- Car B: Mass = 2.0 kg, initially stationary

At a certain point, Car A collides with Car B. Due to magnetic attraction, they stick together after the
collision, forming a single combined mass. Our goal is to determine:

- The velocity of the combined cars immediately after the collision
- The nature of the collision (elastic or inelastic)
- The implications of magnetic forces in collision analysis

Fundamental Concepts in Collision Physics

Before analyzing the specific scenario, it's essential to understand some core principles:

Conservation of Momentum

In physics, momentum (\( p \)) is defined as:

\[ p = m \times v \]

where:



- \( m \) = mass of the object
- \( v \) = velocity of the object

In the absence of external forces, the total momentum before a collision equals the total momentum
after the collision:

\[ \sum p_{before} = \sum p_{after} \]

This principle is crucial for analyzing the velocities of colliding objects.

Types of Collisions

- Elastic Collisions: Both kinetic energy and momentum are conserved.
- Inelastic Collisions: Only momentum is conserved; kinetic energy is not conserved.
- Perfectly Inelastic Collisions: Objects stick together after collision, maximizing energy loss.

In our scenario, since the cars stick together, it is a perfectly inelastic collision.

Analyzing the Collision

Let's break down the problem step-by-step.

Initial Conditions

- Car A:
- Mass, \( m_A = 5.0\,kg \)
- Velocity, \( v_A = 0.50\,m/s \) east
- Car B:
- Mass, \( m_B = 2.0\,kg \)
- Velocity, \( v_B = 0\,m/s \)

Calculating Initial Total Momentum

The total initial momentum is the sum of individual momenta:

\[ p_{initial} = m_A v_A + m_B v_B \]

Plugging in the values:

\[ p_{initial} = (5.0\,kg)(0.50\,m/s) + (2.0\,kg)(0\,m/s) = 2.5\,kg \cdot m/s + 0 = 2.5\,kg \cdot m/s \]

Since Car B is stationary, its momentum contribution is zero.



Post-Collision Velocity

Because the cars stick together, their combined mass after collision is:

\[ m_{total} = m_A + m_B = 5.0\,kg + 2.0\,kg = 7.0\,kg \]

Applying conservation of momentum:

\[ p_{initial} = p_{final} \]

\[ 2.5\,kg \cdot m/s = (7.0\,kg) \times v_{final} \]

Solve for \( v_{final} \):

\[ v_{final} = \frac{2.5\,kg \cdot m/s}{7.0\,kg} \approx 0.357\,m/s \]

Direction: Since the initial momentum was toward the east, the combined cars will move east after
the collision at approximately 0.357 m/s.

Implications and Further Analysis

Understanding the velocity after collision provides insights into the energy dynamics:

Kinetic Energy Before and After Collision

- Initial Kinetic Energy:

\[ KE_{initial} = \frac{1}{2} m_A v_A^2 + \frac{1}{2} m_B v_B^2 \]

\[ KE_{initial} = \frac{1}{2} \times 5.0\,kg \times (0.50\,m/s)^2 + 0 \]

\[ KE_{initial} = 2.5\,kg \times 0.25\,m^2/s^2 = 0.625\,J \]

- Final Kinetic Energy:

\[ KE_{final} = \frac{1}{2} m_{total} v_{final}^2 \]

\[ KE_{final} = \frac{1}{2} \times 7.0\,kg \times (0.357\,m/s)^2 \]

\[ KE_{final} = 3.5\,kg \times 0.127\,m^2/s^2 \approx 0.445\,J \]

- Energy Loss:

\[ \Delta KE = KE_{initial} - KE_{final} \approx 0.625\,J - 0.445\,J = 0.18\,J \]

The decrease in kinetic energy indicates energy is lost during the collision, primarily converted into



heat, sound, or deformation — typical in inelastic collisions.

Magnetic Forces and Their Role in Collisions

Since magnetic toy cars are involved, magnetic forces influence their motion both before and during
the collision. These forces can:

- Attract or repel the cars, depending on magnetic pole orientation
- Alter the collision dynamics by modifying the effective force during impact
- Affect the energy transfer and potentially cause non-ideal inelastic behavior

In analytical calculations, magnetic forces are often considered external forces that can influence the
timing and nature of the collision. However, for simplified physics problems, magnetic forces are
usually assumed to be internal or negligible during the short collision duration unless specified
otherwise.

Real-World Applications and Educational Significance

Analyzing toy car collisions provides a practical way to understand fundamental physics concepts:

Demonstrates conservation of momentum in inelastic collisions

Highlights energy loss during real-world impacts

Showcases the influence of magnetic forces in motion and collision scenarios

Serves as an engaging educational model for physics students

Such experiments help students visualize abstract concepts and develop intuition about collision
mechanics.

Conclusion

The analysis of a 5.0 kg magnetic toy car traveling east at 0.50 m/s colliding and sticking to a 2.0 kg
stationary toy magnetic car reveals several key physics principles. The final velocity of the combined
cars is approximately 0.357 m/s east, illustrating the conservation of momentum. The collision is
inelastic, evidenced by the kinetic energy loss, which transforms into other energy forms like heat or
sound, typical in real-world impacts involving magnetic forces.

Understanding these principles enhances comprehension of collision dynamics, which is applicable
not only in toy models but also in engineering, automotive safety, and material science. Magnetic toy
cars serve as excellent educational tools, making abstract physics concepts tangible and engaging.



Further Reading and Resources

- Physics textbooks on conservation of momentum and energy
- Educational videos demonstrating inelastic collisions
- Interactive simulations of collision scenarios
- Articles on magnetic forces in physics experiments

By mastering the concepts outlined in this analysis, learners can better appreciate the complexities
and beauty of motion, forces, and energy transfer in physical systems.

Frequently Asked Questions

What is the initial momentum of the 5.0 kg magnetic toy car
moving east at 0.50 m/s?
The initial momentum is calculated as mass times velocity: p = 5.0 kg × 0.50 m/s = 2.5 kg·m/s east.

What happens to the momentum after the 5.0 kg car collides
and sticks to the 2.0 kg magnetic toy?
The total momentum after the collision is the sum of the individual momenta, which is conserved in
an inelastic collision, so the combined mass moves with a velocity determined by the conservation of
momentum.

How do you find the velocity of the combined toy cars after
they stick together?
Use conservation of momentum: (mass1 × velocity1) + (mass2 × velocity2) = (total mass) × (final
velocity). Since the second car is initially at rest, the formula simplifies to: v_final = (mass1 × v1) /
(mass1 + mass2).

What is the final velocity of the combined toy cars after the
collision?
v_final = (5.0 kg × 0.50 m/s) / (5.0 kg + 2.0 kg) = 2.5 kg·m/s / 7.0 kg ≈ 0.357 m/s east.

Is kinetic energy conserved in this collision?
No, kinetic energy is not conserved in inelastic collisions where objects stick together; some energy is
converted into heat, sound, or deformation.

What role does magnetic attraction play in this collision?
Magnetic attraction causes the two toy cars to stick together upon contact, facilitating the inelastic
collision and affecting the overall momentum and energy transfer.



How can this collision be used to teach principles of
conservation of momentum?
This scenario demonstrates that, despite energy loss, total momentum before and after the collision
remains constant, making it an effective example for understanding momentum conservation in
inelastic collisions.

Additional Resources
Magnetic Toy Car Collision and Conservation of Momentum: An In-Depth Analysis

Understanding the physics behind toy car collisions, especially when magnetic forces are involved,
offers fascinating insights into fundamental principles such as momentum, energy conservation, and
forces. The scenario involving a 5.0 kg magnetic toy car traveling at 0.50 m/s east and colliding with a
2.0 kg magnetic toy stationary or moving differently provides an excellent case study. This review
delves into the mechanics, calculations, and implications of such a collision, offering a comprehensive
exploration suitable for students, educators, and enthusiasts.

---

Overview of the Scenario

Imagine a magnetic toy car with a mass of 5.0 kg moving east at a velocity of 0.50 m/s. It collides
with a stationary or differently moving magnetic toy of 2.0 kg. Upon collision, the two toys stick
together, forming a single combined mass. This type of collision is classified as an inelastic collision
because kinetic energy is not conserved, although momentum remains conserved in an isolated
system.

Key facts:

- Mass of the moving car, \( m_1 = 5.0\, \mathrm{kg} \)
- Velocity of the moving car, \( v_{1i} = 0.50\, \mathrm{m/s} \) (east)
- Mass of the magnetic toy, \( m_2 = 2.0\, \mathrm{kg} \)
- Velocity of the second toy before collision, \( v_{2i} \). Assuming it is stationary unless specified
otherwise, \( v_{2i} = 0\, \mathrm{m/s} \)
- Post-collision velocity of combined mass, \( v_f \)

---

Physical Principles Involved



Conservation of Momentum

In the absence of external forces, the total momentum before the collision equals the total
momentum after. This principle is a cornerstone of classical mechanics and applies robustly to this
scenario.

Mathematically:

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

Energy Considerations

Since the collision is inelastic (the toys stick together), kinetic energy is not conserved. Some energy
is transformed into internal energy, heat, sound, or deformation. Recognizing this helps contextualize
why the system’s total kinetic energy reduces after the collision.

---

Calculations and Analysis

Step 1: Determine the Initial Conditions

Assuming the second toy is stationary:

\[
v_{2i} = 0\, \mathrm{m/s}
\]

Initial momentum:

\[
p_{initial} = m_1 v_{1i} + m_2 v_{2i} = (5.0\, \mathrm{kg})(0.50\, \mathrm{m/s}) + (2.0\,
\mathrm{kg})(0\, \mathrm{m/s}) = 2.5\, \mathrm{kg \cdot m/s}
\]

Step 2: Find the Final Velocity \( v_f \)



Applying conservation of momentum:

\[
p_{initial} = p_{final}
\]
\[
2.5\, \mathrm{kg \cdot m/s} = (5.0\, \mathrm{kg} + 2.0\, \mathrm{kg}) v_f
\]
\[
2.5\, \mathrm{kg \cdot m/s} = 7.0\, \mathrm{kg} \times v_f
\]
\[
v_f = \frac{2.5}{7.0} \approx 0.357\, \mathrm{m/s}
\]

Direction: Since the initial momentum was eastward, the combined mass moves eastward at
approximately 0.357 m/s.

---

Implications of the Result

Post-Collision Dynamics

The combined object’s velocity (~0.357 m/s east) is less than the initial velocity of the moving toy
(0.50 m/s). This reduction indicates that some kinetic energy was lost during the collision—a
characteristic feature of inelastic collisions.

Energy Analysis

Initial kinetic energy:

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

\[
KE_{initial} = \frac{1}{2} \times 5.0\, \mathrm{kg} \times (0.50)^2 + 0
\]
\[
KE_{initial} = 2.5 \times 0.25 = 0.625\, \mathrm{J}
\]

Final kinetic energy:



\[
KE_{final} = \frac{1}{2} (m_1 + m_2) v_f^2
\]
\[
KE_{final} = \frac{1}{2} \times 7.0\, \mathrm{kg} \times (0.357)^2
\]
\[
KE_{final} \approx 3.5 \times 0.127 \approx 0.445\, \mathrm{J}
\]

Energy lost:

\[
\Delta KE = KE_{initial} - KE_{final} \approx 0.625 - 0.445 = 0.18\, \mathrm{J}
\]

This energy discrepancy is typical for inelastic collisions, especially when magnetic forces cause the
objects to stick together, resulting in internal energy changes such as deformation or heat.

---

Magnetic Forces and Their Role

The magnetic nature of the toys introduces additional complexity. Magnetic forces are non-contact
forces that can influence collision outcomes in several ways:

- Magnetic Attraction or Repulsion: Depending on polarity, magnetic toys can attract or repel each
other before contact, affecting initial velocities or collision angles.
- Magnetic Damping: Magnetic forces can act as a form of damping, dissipating energy during the
collision.
- Force Magnitude and Contact Duration: Magnetic attraction can increase the effective contact time
or force during collision, potentially affecting deformation or energy transfer.

In this case, assuming the magnetic interactions are primarily attractive, they would have facilitated
the collision, possibly increasing the effective impact force, but the primary analysis remains
governed by classical mechanics and conservation laws.

---

Real-World Factors and Considerations

While idealized calculations assume perfectly inelastic collisions and neglect external forces, real-
world scenarios involve additional factors:

- Friction: Surface friction between toys and the surface can dissipate energy, influencing post-
collision velocities.



- Air Resistance: Although small at such speeds, it can still contribute to energy losses over multiple
collisions.
- Magnetic Field Strength: The intensity and orientation of magnetic fields affect the force during
approach and contact, potentially altering collision dynamics.
- Material Properties: The elasticity of materials impacts how much kinetic energy is converted into
internal energy or deformation.

---

Applications and Educational Significance

Studying such toy collision scenarios is invaluable in physics education:

- Demonstrates Conservation of Momentum: Real-world experiments can visualize the principle
effectively.
- Illustrates Inelastic Collisions: Shows how energy is not conserved in kinetic form, emphasizing the
importance of energy transformation.
- Highlights Magnetic Forces in Mechanics: Offers insight into how non-contact forces influence motion
and collisions.
- Encourages Critical Thinking: Students can explore how variables like mass, velocity, magnetic
strength, and surface conditions influence outcomes.

---

Advanced Topics for Further Exploration

- Elastic vs. Inelastic Collisions: Extending the analysis to elastic collisions where kinetic energy is
conserved.
- Energy Dissipation Mechanisms: Quantifying heat, deformation, or sound energy generated.
- Magnetic Field Calculations: Modeling magnetic field interactions to predict forces at play.
- Collision Angles: Analyzing oblique collisions where momentum components in different directions
are involved.
- Multi-Object Interactions: Exploring collisions involving multiple toys or complex magnetic
arrangements.

---

Conclusion

The collision between a 5.0 kg magnetic toy car traveling east at 0.50 m/s and a 2.0 kg magnetic toy
exemplifies core physics principles with tangible, observable phenomena. Through momentum
conservation, energy considerations, and the influence of magnetic forces, this scenario encapsulates
the complexity and beauty of classical mechanics. It underscores how real-world objects, even simple
toys, can serve as effective models for understanding fundamental scientific concepts, fostering



curiosity and deeper comprehension of the physical universe.

---

In summary:

- The final velocity after collision is approximately 0.357 m/s east.
- The collision is inelastic, with about 0.18 Joules of kinetic energy lost.
- Magnetic forces can influence the collision dynamics, adding depth to the analysis.
- Such experiments and calculations reinforce vital physics principles and serve as excellent
educational tools.

This comprehensive review emphasizes the importance of integrating theoretical calculations with
practical considerations, enriching our understanding of motion, forces, and energy in everyday
objects.
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