Block Y With Mass M, Falls Onto And
Sticks To Block X, Which Is Attached
To A Vertical Spring, As Shown

Block Y With Mass M, Falls Onto And Sticks To Block X, Which Is Attached To A
Vertical Spring, As Shown is a classic physics problem that demonstrates the
principles of conservation of momentum, energy, and elastic and inelastic
collisions. Such problems are fundamental in understanding the dynamics of
systems involving collisions and oscillations, and they have practical
applications in engineering, material science, and physics education. This
scenario involves a block of mass M (Block Y) falling under gravity,
colliding with another block (Block X) attached to a vertical spring, and
then studying the subsequent motion of the combined mass. Analyzing this
system provides insight into energy transfer, damping, and oscillatory
motion.

Understanding the System Components and Setup

The Blocks and the Spring

The system comprises:

— Block Y: A mass M, initially positioned at a height that allows it to fall
freely under gravity.

- Block X: A mass that is fixed to a vertical spring, which can compress or
extend as the system moves.

— The Spring: Attached to a rigid support at the top, capable of storing
elastic potential energy when compressed or extended.

The arrangement typically shows Block X resting on a frictionless surface or
mounted in a way that allows vertical movement, with the spring fixed at the
top. Block Y is released from a certain height directly above Block X,
falling vertically down.

Initial Conditions

- Block Y starts with an initial height \( h \) and initial velocity zero.
— Block X is initially at rest, attached to the spring, which is at its
equilibrium position.

— The system is isolated, with no external horizontal forces acting.

Step-by-Step Analysis of the System



1. Free Fall and Impact

As Block Y is released, it accelerates downward under gravity:

- Initial velocity \( u_Y = 0 \).

- Final velocity just before impact \( v_Y \) can be found using energy
conservation:

v_Y = \sqgrt{2gh}

where \( g \) is acceleration due to gravity.

2. Collision Between Blocks

The impact between Block Y and Block X is inelastic, meaning:
- The blocks stick together after collision.
— Conservation of momentum applies:

Mv.yY=(M+m v_f

where:
- \( v_f \) is the velocity of the combined mass immediately after collision.
- \(m \) is the mass of Block X (assuming Block X has mass \( m \)).

Solving for \( v_f \):

\ [
v_f = \frac{M v_Y}{M + m}
\]

Since the blocks stick together, their combined mass moves downward with
velocity \( v_£f \).

3. Post-Collision Motion and Spring Compression

After impact, the combined mass \( (M + m) \) moves downward, compressing the
spring:
— The kinetic energy immediately after collision:

\ [
KE = \frac{1}{2} (M + m) v_£f"2
\]

— As the mass moves downward, it compresses the spring, converting kinetic
energy into elastic potential energy:

\ [
PE_{spring} = \frac{l1}{2} k x"2
\]

where:
- \( k \) is the spring constant.
- \( x \) is the maximum compression of the spring.



Applying conservation of energy (neglecting damping) :

\ [
\frac{1}{2} (M + m) v_£f"2 = \frac{l1l}{2} k x"2
\]

from which:

x = \sqgrt{\frac{(M + m) v_£f"2}{k}}

Calculating the System’s Motion and Key
Parameters

Maximum Compression of the Spring

Using the previous relation, the maximum compression \( x \) can be
explicitly computed once the initial parameters are known:

- Fall height \( h \),

- Masses \( M \) and \( m \),

- Spring constant \( k \).

\ [

x = \sgrt{\frac{(M + m) }{k} \times \frac{(M v_Y)"2}{(M + m)"2}} = \frac{M}{M
+ m} \sgrt{\frac{(M + m) 2gh}{k}}

\]

This value indicates how much the spring compresses after the collision.

Velocity and Oscillation of the Combined Mass

After maximum compression, the spring pushes back, converting elastic
potential energy into kinetic energy:

— The combined mass oscillates vertically.

— The motion can be modeled as a simple harmonic oscillator:

\ [

a(t) = - \frac{k}{M + m} x(t)

\1]

— The period of oscillation:

\ [

T = 2\pi \sgrt{\frac{M + m}{k}}

\]

— The maximum speed during oscillation:
\ [

v_{max} = \omega x_{max} = \sqgrt{\frac{k}{M + m}} \times x
\1



where \( \omega \) is the angular frequency.

Energy Considerations and Dissipation

Inelastic Collision and Energy Loss

Since the collision is inelastic:

- Not all initial potential energy converts into elastic potential energy.
- Some energy 1is lost as heat, sound, or deformation.

— The energy conservation applies only from the kinetic energy after impact
to the maximum compression point, with losses accounted for.

The energy lost during the collision can be estimated by comparing the
initial kinetic energy before impact with the elastic potential energy at
maximum compression.

Vibration Damping and Real-World Factors

In practical applications:

— Damping mechanisms, such as friction or material damping, reduce
oscillation amplitude over time.

— This leads to a gradual cessation of motion, unlike the idealized undamped
harmonic oscillations.

Applications and Practical Implications

Engineering and Design

Understanding such collision and spring systems helps in:

— Designing shock absorbers in vehicles.

— Creating safety mechanisms that absorb impact energy.

— Developing sports equipment such as trampoline mats or spring-loaded
devices.

Educational Demonstrations

This problem is frequently used in physics classrooms to:
— Illustrate conservation laws.

— Demonstrate inelastic and elastic collisions.

— Show harmonic motion resulting from energy exchange.

Material Science and Impact Testing

Studying the energy transfer and damping in such systems informs:
— Material selection for impact-resistant structures.



— Testing protocols for safety equipment.

Conclusion

The scenario of Block Y with mass M falling onto and sticking to Block X
attached to a vertical spring encapsulates fundamental physics principles,
including momentum conservation, energy transfer, and harmonic motion. By
analyzing the impact, subsequent compression, and oscillation, one gains
comprehensive insight into dynamic systems subject to collisions and elastic
forces. Understanding these principles is crucial for designing safer
structures, developing effective damping systems, and enriching physics
education. Whether in theoretical studies or practical engineering
applications, mastering such systems provides a solid foundation for
exploring the complex interplay of forces in dynamic environments.

Frequently Asked Questions

What is the primary goal when analyzing the collision
between Block Y and Block X in this setup?

The primary goal is to determine the velocity of Block Y just before impact,
analyze the conservation of momentum during the inelastic collision, and then
evaluate the maximum compression of the spring after the blocks stick
together.

How does the inelastic collision between Block Y and
Block X affect the subsequent motion of the combined
blocks?

Since the blocks stick together during the collision, kinetic energy 1is not
conserved, but momentum is conserved. This results in a combined velocity
immediately after impact that can be calculated from initial velocities and
masses, influencing how the spring compresses afterward.

What role does the spring attached to Block X play
after the collision?

The spring stores elastic potential energy as the combined blocks move
downward and compress it, and then converts this stored energy back into
kinetic energy as the blocks rebound, determining the maximum compression and
subsequent motion.

How can the maximum compression of the spring be
calculated in this scenario?

The maximum compression can be found by applying conservation of energy
principles, considering the kinetic energy of the combined blocks immediately
after collision and the elastic potential energy stored in the spring at
maximum compression.



What assumptions are typically made in analyzing this
problem?

Common assumptions include ignoring air resistance and friction, considering
the collision to be perfectly inelastic (blocks stick together), and assuming
the spring is ideal with no damping or energy loss.

How would the analysis change if the spring was not
ideal and had damping effects?

If damping is considered, some energy would be lost as heat or friction
during compression and rebound, making the maximum compression less than in
the ideal case and requiring the inclusion of damping forces in the energy
and motion equations.

Additional Resources

Block Y With Mass M, Falls Onto And Sticks To Block X, Which Is Attached To A
Vertical Spring, As Shown — this intriguing physics problem combines concepts
of momentum conservation, elastic and inelastic collisions, and simple
harmonic motion. Analyzing such a system reveals the interconnectedness of
various mechanics principles and demonstrates how energy transforms during
the process. In this detailed guide, we will break down the problem step-by-—
step, explore the underlying physics, and provide a comprehensive approach to
understanding and solving it.

Introduction: Understanding the Scenario

Imagine a setup where a block Y with mass M is initially moving downward with
some velocity and falls onto a stationary block X, which is attached to a
vertical spring. Upon collision, the two blocks stick together, forming a
single combined mass. The combined mass then interacts with the spring,
causing it to compress or extend depending on the energy transferred.

This situation encapsulates multiple physics phenomena:

— Inelastic collision (since blocks stick together)

— Conservation of momentum

- Energy transfer between kinetic energy and elastic potential energy

— Simple harmonic motion (SHM) of the spring-mass system after collision

Understanding each phase of this process allows us to predict the maximum

compression of the spring, the velocities involved, and the overall energy
transformations.

Step 1: Setting Up the Scenario and Known Data
Before diving into calculations, clearly define the variables involved:
- M: Mass of block Y (kg)

- m: Mass of block X (kg) — optional if given
- v_Y: Velocity of block Y just before collision (m/s)



- u_X: Velocity of block X before collision (m/s), usually zero if stationary
- k: Spring constant (N/m)

- h: Height from which block Y falls (m)

- g: Acceleration due to gravity (9.8 m/s?)

Step 2: Analyzing the Falling Block Y

Gravitational Potential Energy and Velocity

If block Y is initially dropped from rest at height h (assuming no air
resistance), its velocity just before impact can be found using energy
conservation:

\[ v_Y = \sqgrt{2gh} \]

This velocity serves as the initial velocity for the collision.
Important considerations:

— If block Y is given an initial velocity other than free fall, use that

directly.
— Make sure the units are consistent.

Step 3: Collision Dynamics
Inelastic Collision: Blocks Stick Together

When the falling block Y hits the stationary block X and sticks to it, the
collision is perfectly inelastic. The key principles are:

— Conservation of Momentum:
\IMv.Y+muX= (M+m) v_{final} \]

- Since u_X is zero (block X is stationary), the final velocity after
collision simplifies to:

\[ v_{final} = \frac{M v_Y}{M + m} \]
Implication:

- The combined block mass now moves downward with velocity \( v_{final} \).

Step 4: Post-Collision Energy and Spring Compression
Kinetic Energy Immediately After Collision

The kinetic energy of the combined mass just after impact:
\[ KE_{post} = \frac{1}{2} (M + m) v_{final}"2 \]

Substituting \( v_{final} \):



\[ KE_{post} = \frac{1}{2} (M + m) \left( \frac{M v_Y}{M + m} \right)"2 =
\frac{1}{2} \frac{M*2 v_Y¥Y""2}{M + m} \]

Energy Transfer to Spring

As the combined mass contacts the spring, the kinetic energy is converted
into elastic potential energy stored in the spring:

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

Where \( x_{max} \) is the maximum compression of the spring.
Assuming no energy losses:

\[ KE_{post} = PE_{spring} \]

So,

N[ \frac{1}{2} \frac{M"2 v_Y"2}{M + m} = \frac{l1}{2} k x_{max}"2 \]
From this, solve for \( x_{max} \):

\[ x_{max} = \sqgrt{ \frac{M"2 v_Y"2}{(M + m) k} } \]

This gives the maximum compression of the spring immediately after the
collision and at the peak of the motion.

Step 5: Complete Energy and Motion Analysis

Total Energy Perspective

The entire process involves the conversion of gravitational potential energy
into kinetic energy, then into elastic potential energy, and possibly back
into kinetic energy during spring recoil. The key points:

- Initial potential energy: \( M g h \)

— Kinetic energy before collision: \( \frac{1l}{2} M v_Y"2 \)

— Energy after collision: kinetic energy of combined mass

— Maximum spring compression: all remaining kinetic energy is converted into
spring potential energy

Considering Energy Losses

In real systems, some energy may be lost due to:

— Inelastic deformation

— Friction

— Air resistance

But in ideal physics problems, these are often neglected.

Step 6: Additional Considerations and Variations

1. Different initial velocities



If block Y is given an initial velocity \( v_0 \), then:

N[ v._Y = v_0 \]

and the earlier formula applies directly.

2. Elastic collision case

If the blocks undergo an elastic collision, conservation of kinetic energy
applies, and the analysis becomes more complex, involving separate
calculations for velocities of both blocks post-collision.

3. Spring parameters

- Spring constant \( k \): determines the maximum compression.

— Spring damping: For real systems, damping reduces maximum compression over
cycles.

4. Vertical motion of the spring-block system

After maximum compression, the system oscillates, and the motion can be
modeled as simple harmonic motion:

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

\[ \omega = \sqgrt{\frac{k}{M + m}} \]
and the period of oscillation:

N[ T = 2\pi \sgrt{\frac{M + m}i{k}} \]

Step 7: Summary of Key Equations

| Step | Equation | Description |

| Falling velocity | \( v_Y = \sqgrt{2 g h} \) | Velocity just before impact
from height \( h \) |

| Final velocity after inelastic collision | \( v_{final} = \frac{M v_Y}{M +
m} \) | Velocity of combined mass immediately after collision |

| Maximum spring compression | \( x_{max} = \sgrt{ \frac{M"2 v_Y"2}{ (M + m)
k} } \) | Peak compression of the spring |

| Spring oscillation frequency | \( \omega = \sqgrt{\frac{k}{M + m}} \) |
Angular frequency of subsequent oscillations |

Final Remarks: Practical Applications and Experimental Considerations

— Designing safety devices: Understanding inelastic collisions and spring
dynamics helps in designing crash barriers and safety harnesses.

- Engineering shock absorbers: The principles of energy transfer and damping
are crucial.

— Educational demonstrations: This problem serves as an excellent teaching
tool for illustrating conservation laws and harmonic motion.



In conclusion, analyzing Block Y With Mass M, Falls Onto And Sticks To Block
X, Which Is Attached To A Vertical Spring involves carefully applying
conservation of momentum, energy transformations, and oscillation theory. The
key takeaway is how energy and momentum interplay during impact and how the
spring’s elastic properties determine the subsequent motion. Mastery of these
concepts enables a deeper understanding of real-world phenomena involving
collisions and elastic systems.
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