A Block Of Mass M=4.15 Kg Slides Along A
Horizontal Table With Speed V0=6.00 M/s. At
X=0, It Hits A Spring

Introduction

A Block Of Mass M=4.15 Kg Slides Along A Horizontal Table With Speed V0=6.00 M/s. At
X=0, It Hits A Spring is a classic physics problem that combines concepts of kinematics, energy
conservation, and Hooke’s law. Understanding the dynamics of such a system is fundamental for
students and engineers alike, as it models real-world scenarios such as impact mechanics, vibration
analysis, and elastic collisions. In this article, we will explore the physics principles governing this
situation, analyze the forces involved, and compute key quantities such as maximum compression of
the spring, work done during compression, and the energy transformations involved.

Problem Setup and Assumptions

Initial Conditions

- The block has a mass \( M = 4.15\, \mathrm{kg} \).

- It starts with an initial velocity \( V_0 = 6.00\, \mathrm{m/s} \).

- The block slides along a frictionless horizontal table towards a spring positioned at \( X=0\).
- The spring is initially at its natural (uncompressed) length.

Assumptions

- The surface is frictionless, eliminating energy losses due to friction.

- The spring obeys Hooke’s law, with a spring constant \( k \) (to be specified or assumed).

- The collision between the block and the spring is perfectly elastic, meaning no energy is lost during
contact.

- Air resistance and other external forces are negligible.

- The system is analyzed in one dimension along the x-axis.

Fundamental Concepts Involved

Kinetic Energy and Potential Energy

The initial kinetic energy of the block is given by:
\[



KE {initial} = \frac{1}{2} MV 0"2

\]

As the block compresses the spring, its kinetic energy converts into elastic potential energy stored in
the spring:

\[

PE_{spring} = \frac{1}{2} kx"2

\]

where \( x\) is the compression of the spring from its natural length.

Hooke’s Law and Spring Force

Hooke’'s law states that the restoring force exerted by the spring is proportional to its compression:
\[

F {spring} = -k x

\]

This force acts opposite to the direction of compression, providing the acceleration necessary to
decelerate the block.

Energy Conservation

In an ideal, frictionless environment, total mechanical energy remains constant:

\[
KE {initial} = PE_{spring_{max}} + KE_{final}

\]

At maximum compression, the block comes momentarily to rest, so:
\[

KE {final} =0

\]

and the maximum elastic potential energy in the spring equals the initial kinetic energy of the block.

Calculations and Derivations

Determining the Maximum Compression \( x_{max} \)

Since energy is conserved and the block comes to rest momentarily at maximum compression:

\[
\frac{1}{2} MV_072 =\frac{1}{2} k x_{max}"2
\]

Rearranged:

\[

x_{max} = \sqrt{\frac{M V_0"2}{k}}
\]



To proceed, the spring constant \( k \) must be known or assumed. For demonstration, assume \( k =
2000\, \mathrm{N/m} \).

Calculating:

\[

x_{max} = \sqrt{\frac{4.15\, \mathrm{kg} \times (6.00\, \mathrm{m/s})"~2} {2000\,
\mathrm{N/m}}}

\]

\[

x_{max} = \sqrt{\frac{4.15 \times 36}{2000}} = \sqrt{\frac{149.4}{2000}} =\sqrt{0.0747}
\approx 0.273\, \mathrm{m}

\]

Thus, the spring compresses approximately 0.273 meters at maximum.

Work Done on the Spring

The work done by the spring force during compression is equal to the change in the spring’s elastic
potential energy:

\[

W_{spring} = \frac{1}{2} k x_{max}"2

\]

Using the assumed \( k \):

\[

W_{spring} = \frac{1}{2} \times 2000 \times (0.273)"2 \approx 1000 \times 0.0747 \approx 74.7\,
\mathrm{J}

\]

This is the amount of energy transferred from the block’s initial kinetic energy into the spring’s elastic
potential energy.

Additional Considerations

Effect of Spring Constant Variations

- Alarger \( k'\) results in smaller maximum compression for the same initial velocity.
- Conversely, a smaller \( k\) leads to larger compression, potentially exceeding practical limits.

Impact of Friction and Damping

- If friction or damping were present, some energy would be lost as heat, reducing the maximum
compression.
- The maximum compression would be less than the ideal case calculated here.



Multiple Collisions or Oscillations

- After maximum compression, the spring pushes the block back, converting potential energy back
into kinetic energy.

- The system undergoes oscillations if un-damped.

- The period of oscillation can be calculated using:

\[

T = 2\pi \sqrt{\frac{M} {k}}

\]

Energy Transformation Summary

- Initially, the system has purely kinetic energy.

- As the block compresses the spring, kinetic energy decreases, and elastic potential energy
increases.

- At maximum compression, kinetic energy is zero, and potential energy is at maximum.

- When the spring releases, the potential energy converts back into kinetic energy, propelling the
block forward.

Practical Applications and Extensions

Design of Impact Absorbers

- Springs are used in crash barriers and cushioning devices.
- Understanding maximum compression helps in designing systems that absorb energy without
damage.

Vibration Analysis

- Systems similar to this model are fundamental in understanding mechanical vibrations and
resonance.

Further Investigations

- Introduce damping to model real-world energy losses.
- Study non-elastic collisions where energy is dissipated.
- Analyze the effects of friction on maximum compression.

Conclusion

The problem of a block sliding into a spring encompasses essential physics principles, notably
conservation of energy, Hooke’s law, and dynamics. By applying these principles with assumed
parameters, we find that the maximum compression of the spring is approximately 0.273 meters for



the given initial conditions and a spring constant of 2000 N/m. This analysis provides a foundation for
understanding more complex systems involving impact mechanics and elastic collisions, with
numerous practical applications ranging from engineering design to vibration control. Mastery of
these concepts enables engineers and physicists to predict system behaviors accurately and optimize
designs for safety, efficiency, and performance.

Frequently Asked Questions

What is the initial kinetic energy of the block before it hits the
spring?
The initial kinetic energy is given by KE = 0.5 M V0™2 = 0.5 4.15 kg (6.00 m/s)"~2 = 74.7 Joules.

How much potential energy is stored in the spring when the
block compresses it by a distance x?

The potential energy stored in the spring is PE_spring = 0.5 k x~2, where k is the spring constant and
x is the compression distance.

What is the maximum compression of the spring if no energy
is lost to friction?

The maximum compression occurs when all initial kinetic energy has been converted into spring
potential energy: 0.5 MV0”™2 = 0.5 k x_max”2, so x_max = sqrt((M V0~2)/k).

How does the coefficient of restitution affect the block's
motion after hitting the spring?

If the block bounces back after hitting the spring, the coefficient of restitution determines the ratio of
relative velocities after and before impact, affecting whether the block rebounds or comes to rest
sooner.

What role does energy conservation play in analyzing the
motion of the block and spring system?

Energy conservation allows us to equate the initial kinetic energy of the block to the spring's potential
energy at maximum compression, assuming no energy losses.

If the spring is compressed to maximum x and then released,
what is the velocity of the block after it leaves the spring?

Assuming no energy losses, the velocity after leaving the spring is zero at maximum compression,
then it accelerates again; if released, the block will regain initial speed VO when leaving the spring if
no damping occurs.



How would friction between the block and the table influence
the maximum compression of the spring?

Friction dissipates some energy as heat, reducing the total energy available for spring compression,
thus decreasing the maximum compression compared to the frictionless case.

What is the significance of the initial speed VO in determining
the system's behavior?

The initial speed VO determines the initial kinetic energy, which influences the maximum compression
of the spring and whether the block can fully compress the spring or not.

How can this system be modeled to include damping effects
such as air resistance or internal friction?

Damping can be included by adding a damping force proportional to velocity, leading to differential
equations that describe energy loss over time and affect maximum compression and oscillation
behavior.

Additional Resources
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Introduction

In the realm of classical mechanics, the intriguing behavior of a mass sliding along a frictionless
surface and interacting with elastic or inelastic components like springs offers profound insights into
energy conservation, motion dynamics, and oscillatory systems. This scenario, involving a block of
mass \( M = 4,15\, \text{kg} \) moving at an initial velocity \( V_0 = 6.00\, \text{m/s} \) towards a
spring positioned at \( X=0), exemplifies fundamental principles that underpin many engineering and
physics applications. Whether examining simple harmonic motion, energy transfer, or collision
dynamics, understanding this setup provides clarity on how momentum and energy are conserved
and transformed in idealized systems.

This article provides a comprehensive analysis of this scenario, dissecting each phase of the motion,
the forces involved, and the resulting behavior of the system. Through detailed explanations,

equations, and contextual insights, it aims to bridge theoretical concepts with practical
understanding, making it a valuable resource for students, educators, and enthusiasts alike.

Initial Conditions and System Setup

The Configuration



Imagine a horizontal, frictionless table—an idealization that simplifies analysis by neglecting resistive
forces such as friction and air resistance. Positioned along this table is a spring, anchored at one end
at\( X=0\). A block of mass \( M=4.15\, \text{kg} \) starts from some initial point \( X_i \), moving
toward the spring with an initial velocity \( V_0=6.00\, \text{m/s} \).

The initial conditions are critical:

- Position: The block begins at some position \( X_i \) where the spring is uncompressed.

- Velocity: The initial velocity \( V_0\) indicates the block is moving toward the spring.

- Spring Location: At \( X=0), the spring is at its natural (uncompressed) length, ready to resist
compression.

Assumptions for Simplification

To facilitate analysis, the following assumptions are made:

- Frictionless Surface: No energy loss due to friction or air resistance.

- Ideal Spring: The spring obeys Hooke's law perfectly, with spring constant \( k \).

- No Damping: The spring does not experience damping forces.
- Point Mass: The block is modeled as a point mass, neglecting rotational effects.

These assumptions allow the focus to rest on fundamental energy and momentum exchanges during
the interaction.

Kinematic and Dynamic Analysis
The Motion Before Impact
Initially, the block is moving with velocity \( V_0\) toward the spring. Its kinetic energy at this stage is:

\[
KE {initial} = \frac{1}{2} MV 0"2
\]

Substituting the known values:

\[

KE {initial} = \frac{1}{2} \times 4.15\, \text{kg} \times (6.00\, \text{m/s})"~2 = 2.075 \times 36 =
74.7\, \text{J}

\]

This kinetic energy represents the energy available for conversion as the block interacts with the
spring.

Approach to the Spring

As the block moves closer, it maintains its velocity (assuming no forces act until contact). When the
block reaches \( X=0), it begins to compress the spring.



Interaction with the Spring
Hooke's Law and Force of the Spring
The spring's restoring force follows Hooke's law:

\[
Fs=-kx
\]

where \( x \) is the compression or elongation of the spring from its equilibrium position. The negative
sign indicates the force acts opposite to the direction of compression.

The maximum compression \( x_{max} \) occurs when the block's velocity reduces to zero, as all
initial kinetic energy converts into elastic potential energy stored in the spring:

\[
PE_{spring} = \frac{1}{2} k x_{max}"2
\]

Applying conservation of energy:

\[
KE_{initial} = PE_{spring} \Rightarrow 74.7\, \text{]J} = \frac{1}{2} k x_{max}"2

\]

From this, \( x_{max} \) can be expressed in terms of \( k \):

\[
x_{max} = \sqrt{\frac{2 \times 74.7}{k}}
\]

Determining the Spring Constant \( k \)

Suppose the spring's constant is known or specified. For illustration, assume:

\[
k = 1000\, \text{N/m}

\]

This is a typical value for a stiff spring. Then:

\[
x_{max} = \sqrt{\frac{2 \times 74.7} {1000} } =\sqrt{0.1494} \approx 0.387\, \text{m}

\]

This indicates the spring compresses by approximately 0.387 meters at maximum during the
interaction.



Motion During Compression
Equations of Motion
During compression, the block experiences an acceleration due to the spring force. Ignoring damping:

\[

M\frac{d"™2 x}{dt"~2} + kx =10

\]

which is the differential equation describing simple harmonic motion (SHM).

- Solution: The displacement follows:

\[
x(t) = x_{max} \cos (\omega t + \phi)
\]

where

\[
\omega = \sqrt{\frac{k}{M}} \quad \text{and} \quad \phi \text{ is the phase constant}

\]
Given \( k=1000\, \text{N/m} \) and \( M=4.15\, \text{kg} \):

\[
\omega = \sqrt{\frac{1000} {4.15}} \approx \sqrt{241.0} \approx 15.52\, \text{rad/s}
\]

The period of oscillation is then:

\[
T = \frac{2\pi}{\omega} \approx \frac{6.283}{15.52} \approx 0.405\, \text{s}
\]

Velocity During Compression
The velocity of the block as it compresses the spring is:

\[
v(t) = -x_{max} \omega \sin (\omega t + \phi)
\]

At maximum compression (\( t = t {max} \)), the velocity drops to zero; at the initial contact, the
velocity is\( V_0\).



Rebound and After the Interaction
Post-Compression

Once the spring reaches maximum compression, the elastic potential energy peaks, and the block's
velocity reduces to zero momentarily before reversing direction.

- Rebound: The block is propelled back with a velocity of the same magnitude but opposite in
direction, assuming an ideal elastic spring with no energy loss:

\[
V {after} =-V 0
\]

- Conservation of Energy: Entire initial kinetic energy transfers into spring potential energy at
maximum compression, then back into kinetic energy as the block moves away.

Final Velocity and Motion
After passing the spring, the block continues with velocity:

\[
V_f=-V_0=-6.00\, \text{m/s}
\]

assuming no energy losses, and the magnitude of velocity remains unchanged but reverses in
direction.

Energy Considerations and Real-World Implications
Elastic vs. Inelastic Collisions

In real-world scenarios, no spring or collision is perfectly elastic. Factors such as internal damping,
deformation, and friction cause energy dissipation:

- Inelastic behavior: The maximum compression would be less than predicted, and the rebound
velocity lower.

- Energy losses: Some kinetic energy converts into internal energy, heat, or sound.

Practical Applications

Understanding such interactions is critical in:

- Vibration isolation systems: Springs absorb shocks.

- Automotive safety: Crumple zones and shock absorbers utilize elastic and inelastic principles.
- Industrial machinery: Managing vibrations and impacts.



Advanced Topics and Analytical Extensions
Non-ldeal Conditions

Introducing damping, friction, or mass distribution complicates the analysis, requiring numerical
methods or energy dissipation models.

Multiple Interactions

If the system involves multiple springs or masses, the dynamics resemble coupled harmonic
oscillators, with phenomena such as beat frequencies and resonance.

Experimental Verification

Laboratory experiments can measure maximum compression, rebound velocities, and energy
transfer, validating theoretical models and highlighting real-world deviations.

Conclusion

This scenario, involving a block of mass \( 4.15\, \text{kg} \) sliding toward a spring at an initial speed
of \( 6.00\, \text{m/s} \), encapsulates fundamental principles of mechanics—energy conservation,
simple harmonic motion, and elastic collisions. By analyzing initial conditions, forces, and energy
transformations, we gain a detailed understanding of how systems behave under idealized conditions.
While real-world systems involve complexities like damping and non-idealities, the core concepts
remain essential in designing and understanding mechanical systems, from simple playground toys to
complex automotive safety devices.

In essence, the interplay between kinetic energy and elastic potential energy in this setup exemplifies
the elegance of classical mechanics, offering both a theoretical framework and practical insights into
the dynamics of moving objects interacting with elastic elements.
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