
A 500 G Air-track Glider Moving At 0.50 M/s
Collides With A Horizontal Spring Whose
Opposite End Is Anchored

Introduction
A 500 G Air-track Glider Moving At 0.50 M/s Collides With A Horizontal Spring Whose
Opposite End Is Anchored presents a classic physics scenario involving conservation of
momentum, energy transfer, and elastic collision principles. Such systems are fundamental in
understanding the behavior of colliding bodies and elastic potential energy storage. This article
explores the physics behind this problem in detail, analyzing the initial conditions, the interaction
between the glider and the spring, the energy transformations involved, and the subsequent motion
post-collision. Through this comprehensive analysis, readers will gain a thorough understanding of the
key concepts and calculations relevant to this scenario.

Initial Conditions and Basic Assumptions

Given Data

Mass of the glider, m = 500 g = 0.5 kg

Initial velocity of the glider, v₀ = 0.50 m/s

Spring is horizontal, with one end anchored

The collision occurs along a straight line (linear motion)

Assumptions

The collision between the glider and the spring is perfectly elastic, meaning kinetic energy and1.
momentum are conserved.

The air track provides negligible friction, allowing us to ignore dissipative forces.2.

The spring is ideal (massless and obeys Hooke's law perfectly).3.

Initially, the spring is at its equilibrium position (not compressed or stretched).4.

The collision occurs instantaneously at a specific point along the track, and no external forces5.



act during the collision.

Understanding the System Components

The Air-Track Glider
The air-track glider is designed to glide with minimal friction, making it suitable for physics
experiments involving conservation laws. Its mass and initial velocity are critical in predicting its
behavior during collision and energy transfer.

The Horizontal Spring
The spring acts as an elastic potential energy storage device. When the glider collides with it, part of
the glider's kinetic energy is transferred into the spring as elastic potential energy, resulting in
compression of the spring.

Analyzing the Collision Dynamics

Conservation of Momentum
Assuming no external forces during the collision, the total momentum before and after the collision
remains constant. The initial momentum of the system is solely due to the glider:

p_initial = m v₀ = 0.5 kg 0.50 m/s = 0.25 kg·m/s

Elastic Collision Considerations
In an ideal elastic collision with a stationary spring, the glider transfers some of its kinetic energy into
the spring during compression. At maximum compression:

The glider momentarily comes to rest if the entire initial kinetic energy is converted into
spring's elastic potential energy.

The velocity of the glider just after impact depends on the mass and the nature of the collision.

Energy Transformations
Initial kinetic energy of the glider:

KE_initial = (1/2) m v₀² = 0.5 0.5 kg (0.50 m/s)² = 0.0625 J



At maximum compression:

The kinetic energy of the glider is zero if it comes to a complete stop at maximum compression.

This energy is stored as elastic potential energy in the spring:

U_spring = (1/2) k x², where k is the spring constant and x is the compression distance.

Calculating the Spring Constant and Compression

Determining the Spring Constant (k)
The problem does not specify the spring constant, so assumptions or additional data are needed. If it
were provided, calculations could proceed as follows.

Maximum Compression (x)
If all initial kinetic energy is converted into spring potential energy at maximum compression, then:

KE_initial = U_spring

0.0625 J = (1/2) k x²

Therefore, x = sqrt(2 KE_initial / k)

Post-Impact Motion of the Glider

Rebound and Energy Considerations

The glider may rebound after compression, depending on elasticity.

If the collision is perfectly elastic, the glider will rebound with a velocity determined by
conservation of momentum and energy.

Velocity After Collision
For a one-dimensional elastic collision where the spring is fixed and massless, the glider's velocity
after impact (v₁) can be approximated by:

v₁ = -v₀ (assuming an elastic collision with a fixed boundary)

The negative sign indicates reversal of direction.



In real systems, the actual rebound velocity might be slightly less due to energy losses.

Energy Conservation and Final States

Maximum Compression State
At maximum compression:

The glider's velocity is zero.

The entire initial kinetic energy is stored as elastic potential energy in the spring.

Subsequent Motion

The spring pushes back, accelerating the glider away from the spring's equilibrium position.1.

The glider accelerates with a velocity depending on the energy transferred.2.

Depending on damping (which is negligible here), the system may oscillate back and forth,3.
gradually losing energy if friction or air resistance is present.

Practical Applications and Experimental Considerations

Measuring Spring Constant (k)

Attach known masses to the spring and measure compression to determine k.

Use the relation KE_initial = U_spring at maximum compression to find k if x is measured.

Verifying Conservation Laws

Measure initial velocity and mass of the glider.

Track the velocity before and after collision to confirm momentum conservation.



Use high-speed cameras or sensors for accurate velocity measurements.

Limitations and Real-World Factors

Friction and air resistance, though minimal in an air track, can dissipate energy.

Spring mass and imperfections may introduce energy losses.

Elasticity assumptions are ideal; real springs have some internal damping.

Summary and Conclusions
This scenario exemplifies fundamental physics principles involving momentum conservation, elastic
collisions, and energy transformations. The key takeaway is that the initial kinetic energy of the glider
is converted into elastic potential energy stored in the spring at maximum compression. The exact
outcomes depend on the spring constant, initial velocity, and the elastic properties of the collision.
Understanding these interactions not only deepens knowledge of classical mechanics but also
provides practical insights into designing experiments, measuring material properties, and analyzing
dynamic systems.

Further Exploration

Investigate how damping affects oscillations after the initial collision.

Explore inelastic collisions where some energy is lost as heat or deformation.

Examine multi-mass systems or springs with non-linear characteristics for more complex
behavior.

Frequently Asked Questions

What happens to the air-track glider's velocity after colliding
with the spring?
The glider's velocity decreases as it compresses the spring, transferring its kinetic energy into spring
potential energy, and may eventually come to rest if the spring fully absorbs the impact.



How can we calculate the maximum compression of the spring
during the collision?
Using conservation of energy, the initial kinetic energy of the glider (0.5 m v^2) is equal to the
spring's potential energy at maximum compression (0.5 k x^2), allowing us to solve for the
compression x.

What is the significance of the glider's mass and initial
velocity in this collision?
The mass and initial velocity determine the initial kinetic energy, which influences how much the
spring compresses and the dynamics of the collision, including the rebound behavior if any.

If the spring is perfectly elastic, what happens to the glider
after hitting the spring?
In an ideal elastic spring collision, the glider would rebound with a velocity equal in magnitude but
opposite in direction, conserving kinetic energy and momentum, assuming no energy losses.

How does the spring's stiffness (spring constant k) affect the
collision outcome?
A higher spring constant results in less compression for a given impact energy, leading to a more
elastic collision with potentially higher rebound velocity; a lower k results in greater compression and
energy absorption.

What are the key assumptions made when analyzing this
collision in a physics context?
Assumptions typically include neglecting friction and air resistance, considering the spring to be
massless and perfectly elastic, and assuming an isolated system with conservation of momentum and
energy during the collision.

Additional Resources
Air-track Glider Collision with a Spring: An In-Depth Analysis

---

Introduction

In the realm of physics experimentation and educational demonstrations, precision and understanding
of fundamental principles are paramount. Among the myriad of apparatus used to illustrate concepts
such as energy conservation, elastic collisions, and harmonic motion, the air-track glider combined
with a spring setup stands out as a versatile and insightful tool. Today, we delve into a detailed
analysis of a specific scenario: a 500 g air-track glider moving at 0.50 m/s colliding with a horizontal



spring anchored at one end. This exploration will not only clarify the physics involved but also serve
as a comprehensive guide for educators, students, and enthusiasts eager to grasp the underlying
mechanics of such interactions.

---

Overview of the System

Before diving into the physics, let's understand the key components involved:

- Air-track glider: A lightweight, friction-minimized object designed for smooth motion along an air
track, which reduces contact friction and allows near-ideal conditions for experiments.
- Mass of glider: 500 grams (or 0.5 kg).
- Initial velocity (v₀): 0.50 meters per second, moving toward the spring.
- Spring: A horizontal, elastic spring anchored to a fixed point, capable of storing and releasing energy
during compression and decompression.

This setup is a classic example used to demonstrate conservation of momentum and energy during
elastic collisions, as well as harmonic motion of springs.

---

Fundamental Principles at Play

Understanding the collision involves several key physics principles:

- Conservation of Momentum: The total momentum before and after collision, assuming no external
forces, remains constant.
- Conservation of Mechanical Energy: The sum of kinetic and potential energy in an ideal (frictionless,
perfectly elastic) system remains constant.
- Spring Mechanics: The spring obeys Hooke's Law, where the restoring force is proportional to
displacement.
- Elastic Collision: The interaction between the glider and the spring is assumed to be elastic, meaning
no energy is lost to deformation, heat, or sound.

In real-world experiments, some energy loss might occur, but for ideal analysis, these assumptions
simplify calculations and conceptual understanding.

---

Step-by-Step Analysis

Let's analyze the collision process in stages:

1. Initial Conditions
2. Collision and Compression of the Spring
3. Maximum Compression of the Spring
4. Rebound and Post-Collision Dynamics

Each stage involves specific physics considerations, which we will explain comprehensively.



---

1. Initial Conditions

The initial state of the system is straightforward:

- The glider has a mass \( m = 0.5\,kg \).
- Its initial velocity \( v_0 = 0.50\,m/s \) directed toward the spring.
- The spring is at its equilibrium position with zero initial deformation.

Key assumptions:

- Air track reduces friction and air resistance.
- The collision is perfectly elastic.
- The spring's mass is negligible or significantly less than the glider's mass.

---

2. Collision and Compression of the Spring

Physical interaction during collision:

When the glider contacts the spring, it begins to compress it. Since the system is ideally elastic:

- The glider's kinetic energy is gradually transformed into elastic potential energy stored in the spring.
- The collision duration is brief, but the energy transfer is efficient.

Calculations involved:

- Conservation of momentum: Since the spring is anchored and fixed, the system's total momentum
before and after impact is primarily due to the glider.
- Maximum compression (\( x_{max} \)): The point at which the glider's velocity reduces to zero, and
the maximum spring deformation occurs.

Applying energy conservation:

\[
\frac{1}{2} m v_0^2 = \frac{1}{2} k x_{max}^2
\]

where:

- \( k \) = spring constant (unknown initially),
- \( x_{max} \) = maximum compression of the spring.

Rearranged:

\[
x_{max} = \sqrt{\frac{m v_0^2}{k}}
\]



To determine \( x_{max} \), the spring constant \( k \) must be known. For the purpose of a detailed
analysis, let's assume a typical spring constant \( k \) suitable for such experiments, say \( k =
200\,N/m \).

Plugging in values:

\[
x_{max} = \sqrt{\frac{0.5 \times (0.50)^2}{200}} = \sqrt{\frac{0.5 \times 0.25}{200}} =
\sqrt{\frac{0.125}{200}} = \sqrt{0.000625} \approx 0.025\,m
\]

Result:

- The maximum compression is approximately 2.5 centimeters.
- The glider comes to a momentary stop at this point.

---

3. Maximum Compression and Energy Transfer

At maximum compression:

- The glider's kinetic energy is entirely stored as elastic potential energy.
- The system is momentarily at rest, with all initial kinetic energy transferred to the spring.

Post-compression dynamics:

The spring then decompresses, pushing the glider back, reversing its velocity.

- If the spring is ideal and energy is conserved, the glider will rebound with the same speed but in the
opposite direction.
- In real experiments, small energy losses may occur, slightly reducing the rebound speed.

---

4. Rebound and Post-Collision Motion

Assuming an ideal elastic collision:

\[
v_{after} = - v_0
\]

meaning the glider's speed after rebound is 0.50 m/s but in the opposite direction.

Implications:

- The total energy after collision remains equal to the initial kinetic energy.
- The momentum reverses direction but magnitude remains the same.

In practical terms, the glider will travel back along the air track, retracing its original path,



demonstrating the conservation principles vividly.

---

Additional Considerations

While the above analysis assumes ideal conditions, real-world factors can influence outcomes:

- Friction and air resistance: Slight energy losses leading to lower rebound velocities.
- Spring mass and damping: Non-negligible spring mass or internal damping can affect maximum
compression and recoil.
- Imperfections in contact: Surface irregularities can cause energy dissipation.

These factors can be accounted for in more advanced models or experimental measurements.

---

Practical Applications and Educational Significance

This setup and analysis serve as an excellent teaching tool for:

- Demonstrating conservation of energy and momentum.
- Visualizing harmonic motion through spring oscillations.
- Understanding elastic collisions in a controlled environment.
- Exploring parameters influencing energy transfer, such as mass, velocity, and spring stiffness.

Moreover, by varying initial velocities, spring constants, or mass, students can observe how these
factors influence the maximum compression, rebound velocity, and energy transfer efficiency.

---

Summary and Key Takeaways

- A 500 g air-track glider moving at 0.50 m/s collides elastically with a horizontal spring.
- Assuming a spring constant \( k = 200\,N/m \), the maximum compression is approximately 2.5 cm.
- The collision involves a complete transfer of kinetic energy into spring potential energy at maximum
compression.
- Post-collision, the glider rebounds with the same speed, illustrating conservation laws.
- Real-world factors may slightly alter the ideal behavior, but the core physics principles remain valid.

This comprehensive analysis emphasizes how simple experiments with air-track gliders and springs
can beautifully demonstrate fundamental physics concepts, making them invaluable in educational
and research contexts.

---

Final Thoughts

Understanding the dynamics of a glider-spring system is more than an academic exercise; it
encapsulates core principles of physics with tangible, visual outcomes. Whether used in classrooms or
research labs, such experiments deepen comprehension and inspire curiosity about the elegant laws



governing motion and energy.

Embrace the physics, and let the air-track glide your understanding to new heights.
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