A 1.10 Kg, Horizontal, Uniform Tray Is
Attached To A Vertical Ideal Spring Of
Force Constant 180 N/m

Introduction to the System: A 1.10 Kg
Horizontal Tray Attached to a Spring

A 1.10 Kg, Horizontal, Uniform Tray Is Attached To A Vertical Ideal Spring Of
Force Constant 180 N/m describes a classic physics setup often encountered in
mechanics problems and laboratory experiments. This system combines the
principles of harmonic motion, elastic potential energy, and Newtonian
mechanics to analyze how objects behave under spring forces. Understanding
this setup provides foundational insights into oscillations, energy
conservation, and force interactions, which are essential topics in classical
physics.

In this scenario, a uniform tray of mass 1.10 kg is placed horizontally and
connected to an ideal spring with a force constant (spring stiffness) of 180
N/m. The spring is assumed to be ideal, meaning it obeys Hooke'’s Law
perfectly within its elastic limit, and the system is typically studied in
the context of oscillations or equilibrium analysis. This configuration
serves as an excellent model for various real-world applications, such as
balance scales, shock absorbers, and vibration isolators.

This article explores the physics principles underlying this system,
including the forces at play, equilibrium conditions, oscillatory motion,
energy considerations, and related calculations. By examining these aspects,
students and enthusiasts can deepen their understanding of mechanics and
develop problem-solving skills relevant to both academic and practical
physics.

Understanding the Components of the System

The Uniform Tray

- Mass: The tray's mass is 1.10 kg. This mass influences the system's
equilibrium position and the dynamics of oscillation.

- Shape and Material: While it is described as uniform and horizontal, the
specific material and shape can affect factors like moment of inertia if
rotational motion is considered, but for simplicity, the tray is typically
treated as a point mass or a rigid body moving translationally.



The Vertical Ideal Spring

- Force Constant (Spring Stiffness): 180 N/m signifies that the spring exerts
a force proportional to the displacement from its equilibrium position,
according to Hooke's Law.

- Ideal Spring Assumption: No damping or energy loss occurs; the spring obeys
Hooke’'s Law perfectly within its elastic limit.

- Orientation: Although the spring is described as vertical, in many
problems, the spring's orientation affects the analysis. If the tray moves
horizontally, the spring's vertical orientation indicates that the spring’s
deformation occurs in response to the tray's horizontal displacement,
possibly with some misinterpretation or a special setup where the spring
might be oriented differently. For clarity, in the typical scenario, the
spring's force acts in the direction of displacement—here, horizontally.

Physics Principles Governing the System

Hooke's Law and Spring Force

- The force exerted by the spring is given by:

\ [

Fs=-kx

\1]

where:

- \(k 180\, \text{N/m}\) is the spring constant,

- \(x\) is the displacement from the equilibrium position,
- The negative sign indicates that the force opposes the displacement.

Equilibrium Condition

- When the system is at rest (no acceleration), the net force on the tray is
zero.

- If the tray is displaced horizontally by a distance \(x\), the spring
exerts a restoring force trying to bring it back.

- The equilibrium position is where the forces balance, typically at \(x =
0\) in the absence of other forces, or shifted if external forces are
present.

Oscillatory Motion

- If displaced from equilibrium, the tray undergoes simple harmonic motion
(SHM) .
- The period \(T\) of oscillation is given by:



\ [
T = 2\pi \sqrt{\frac{m}{k}}

\1

where:

- \(m = 1.10\, \text{kg}\),
- \(k = 180\, \text{N/m}\).

Calculating the Oscillation Parameters

Period of Oscillation

Using the formula:

\[
T = 2\pi \sqrt{\frac{m}{k}}
\1]

Substituting the known values:

\ [
T = 2\pi \sqrt{\frac{1.10}{180}}
\]

Calculations:

\ [
\sqrt{\frac{1.10}{180}} = \sqrt{0.006111} \approx 0.0782

\1]

\ [

T \approx 2\pi \times 0.0782 \approx 6.2832 \times 0.0782 \approx 0.491\,
\text{seconds}

\1]

Result: The period of oscillation is approximately 0.49 seconds.

Maximum Displacement (Amplitude)

- The maximum displacement \(x {max}\) depends on the initial conditions,
such as the initial push or displacement.

- If no initial displacement is given, the system remains at equilibrium.

- For illustrative purposes, if the tray is displaced by a known amount, say
0.05 m (5 cm), this would be the amplitude of oscillations.



Energy Analysis of the System

Potential and Kinetic Energy

- At maximum displacement, the system's energy is purely elastic potential
energy:

\[

U s = \frac{1}{2} k x"2

\1]

- At the equilibrium position, the energy is entirely kinetic:
\ [

K = \frac{1}{2} m v*2

\1

- Total mechanical energy remains constant in an ideal, frictionless system.

Calculating Elastic Potential Energy
Suppose the maximum displacement is \(x_{max} = 0.05\, \text{m}\):

\ [

U s = \frac{1}{2} \times 180 \times (0.05)"2 = 90 \times 0.0025 = 0.225\,
\text{J}

\1

This energy converts to kinetic energy at the equilibrium position.

Practical Applications and Experimental
Considerations

Real-World Applications

- Vibration Isolation: The system can model how devices are protected from
external vibrations.

- Mechanical Oscillators: Used in clocks, sensors, and measurement devices.
- Educational Demonstrations: Demonstrating principles of SHM, energy
conservation, and force interactions.



Factors Affecting the System in Real Life

- Damping: Friction and air resistance cause energy loss, reducing
oscillation amplitude over time.

- Spring Non-Ideality: Real springs have limits, and their stiffness may vary
with temperature or deformation.

- External Forces: External pushes or pulls can modify oscillation
characteristics.

Advanced Analysis: Damped and Forced
Oscillations

While the initial discussion assumes an ideal system, real-world systems
often involve damping or external forcing.

Damped Oscillations

- Damping introduces a damping force proportional to velocity:

\ [
Fd=-bv
\1]

where \(b\) is the damping coefficient.
- The system's amplitude decreases over time, and the motion becomes less
ideal.

Forced Oscillations

- External periodic forces can sustain or modify oscillations, leading to
resonance phenomena when the forcing frequency matches the natural frequency.

Summary and Key Takeaways

- The system of a 1.10 kg tray attached to a 180 N/m spring exhibits simple
harmonic motion characterized by a period of approximately 0.49 seconds.

- The maximum displacement and energy exchange between potential and kinetic
forms are governed by the initial conditions and the spring constant.

- Understanding these principles is fundamental for designing mechanical
systems that require controlled oscillations or shock absorption.

- Real-world applications involve damping and external forces, which
complicate the dynamics but can be analyzed with similar principles.



Conclusion: Significance of the System in
Physics Education and Engineering

The analysis of a horizontal tray attached to a spring encapsulates core
concepts of classical mechanics, including Hooke's Law, energy conservation,
and harmonic motion. Such systems serve as foundational models for more
complex phenomena and engineering applications. By mastering these
principles, students and engineers can design and analyze systems ranging
from simple oscillators to sophisticated vibration control devices.

This exploration highlights how a seemingly simple setup offers profound
insights into the behavior of mechanical systems, emphasizing the importance
of understanding force interactions, energy transformations, and motion
dynamics in physics.

Frequently Asked Questions

What is the natural length of the spring when the
tray is at equilibrium with the 1.10 kg mass
attached?

The natural length of the spring can be determined by setting the spring
force equal to the weight: kx = mg. Solving for x gives x = mg/k = (1.10

kg) (9.8 m/s?)/180 N/m = 0.06 m. The natural length is the length of the
spring without any extension, which can be found by subtracting this
extension from the total length if known, or by considering the extension at
equilibrium.

How much does the spring stretch when the 1.10 kg
tray is placed on it?

The spring stretches by an amount x = mg/k = (1.10 kg)(9.8 m/s2)/180 N/m =
0.06 meters, or 6 centimeters, at equilibrium.

What is the maximum extension of the spring if the
tray is pulled downward and released?

The maximum extension occurs when the tray is pulled downward and released,
converting initial potential energy into spring potential energy. Assuming no
damping, the maximum extension x max can be found using energy conservation:
(1/2)k(x max)~2 = (1/2)k(x _e)"2 + mg(x max - x e), where x e is the
equilibrium extension. Simplifying, x max = 2x e = 0.12 meters, or 12
centimeters.



What is the period of oscillation for the tray
attached to the spring?

The period T of simple harmonic motion is given by T = 2mv(m/k). Substituting
m=1.10 kg and k = 180 N/m, T = 2nv(1.10/180) = 2nx0.0783 = 0.491 seconds.

If the spring is stretched by 0.06 meters at
equilibrium, what is the elastic potential energy
stored in the spring?

The elastic potential energy U = (1/2)k x2 = (1/2)(180 N/m)(0.06 m)?2 = 0.324
Joules.

Additional Resources

Comprehensive Analysis of a 1.10 Kg Horizontal Uniform Tray Attached to a
Vertical Ideal Spring of Force Constant 180 N/m

Introduction

In the realm of classical mechanics, understanding the behavior of mass-
spring systems is fundamental. The specific setup of a 1.10 kg uniform tray
attached horizontally to a vertical ideal spring with a force constant of 180
N/m offers a rich context for exploring principles such as Hooke's law,
oscillations, equilibrium states, and energy conservation. This configuration
exemplifies fundamental concepts used in various engineering and physics
applications, from damped oscillators to vibration analysis.

This comprehensive review delves into the physical characteristics,
mathematical modeling, and practical implications of such a system. It aims
to serve as an in-depth resource for students, educators, and engineers
interested in the dynamics of mass-spring systems, emphasizing core
principles, calculations, and real-world applications.

Physical Description and Key Components



The Mass (Tray)

- Mass: 1.10 kg

- Shape and Material: The tray is uniform, implying consistent mass
distribution throughout its volume. The material's specifics (metal, plastic,
etc.) influence factors like the moment of inertia if rotational effects are
considered, but in this idealized context, the focus remains on translational
motion.

- Dimensions: Not specified, but relevant for calculating moments of inertia
or considering rotational effects if needed.

The Spring

- Type: Vertical ideal spring — assumes no mass, internal damping, or energy
loss.

- Force Constant (Spring Constant): 180 N/m

- Spring Behavior: Follows Hooke's law, where the restoring force \( F_s \)
is proportional to the displacement \( x \), i.e., \( F s = -kx \).

The System Setup

- The tray is attached horizontally, meaning its primary movement under
consideration is translational along the horizontal axis.

- The spring is fixed vertically, providing a restoring force when the tray
moves horizontally away from equilibrium.

- The system is assumed to be frictionless and free of damping unless
otherwise specified, facilitating ideal oscillatory behavior.

Fundamental Concepts and Theoretical Framework

Hooke’s Law and Restoring Force
- The spring exerts a restoring force proportional to displacement:
\ [

F s = -kx
\]

where:
- \( k = 180\, \text{N/m} \)
- \( x \) is the horizontal displacement from equilibrium.

- The negative sign indicates the force opposes the displacement direction.



Equilibrium State

- When the tray is at rest and no external force acts on it, it is in
equilibrium.
- At equilibrium, the net force is zero:

\ [
F {\text{net}} =0
\1

- If displaced by a distance \( x \), the spring exerts a restoring force
tending to bring it back to equilibrium.

Oscillatory Motion and Simple Harmonic Motion (SHM)

- Given the ideal spring and mass setup, the system undergoes simple harmonic
motion when displaced.

- The key parameters are:

- Angular frequency \( \omega \):

\ [

\omega = \sqrt{\frac{k}{m}}
\1]

- Period \( T \):

\ [

T = 2\pi \sqrt{\frac{m}{k}}
\1]

- Frequency \( f \):

\ [

f = \frac{1}{T}

\1]

- These parameters dictate the oscillation characteristics, such as how
quickly the system oscillates and the energy exchange between kinetic and
potential forms.

Calculations and Quantitative Analysis

1. Determining the Natural Frequency

Given:



- Mass \( m = 1.10\, \text{kg} \)
- Spring constant \( k = 180\, \text{N/m} \)

Calculating:

\ [

\omega = \sqrt{\frac{k}{m}} = \sqrt{\frac{180}{1.10}} \approx \sqrt{163.636}
\approx 12.79\, \text{rad/sec}

\1]

This angular frequency indicates how rapidly the tray oscillates about the
equilibrium position in the absence of damping.

2. Oscillation Period and Frequency

- Period:

\ [

T = \frac{2\pi}{\omega} = \frac{2\pi}{12.79} \approx 0.491\, \text{seconds}
\1

- Frequency:

\ [

f = \frac{1}{T} \approx \frac{1}{0.491} \approx 2.037\, \text{Hz}

\1

Thus, the system completes roughly two oscillations per second.

3. Maximum Displacement and Energy Considerations

Suppose the system is displaced by a maximum distance \( x {max} \):
- Potential Energy at maximum displacement:

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

- Kinetic Energy at equilibrium:

\ [
K = \frac{1}{2} m v*2
\1

- Total Mechanical Energy:



\ [
E {total} = U {spring} + K
\1

At maximum displacement, velocity is zero, so total energy equals maximum
potential energy:

\ [
E {total} = \frac{1}{2} k x {max}"2
\1]

If the initial displacement is known, the maximum potential energy and
oscillation amplitude can be precisely calculated.

Practical Implications and Real-World
Applications

1. Vibration Analysis and Damping

- While the ideal model assumes no damping, real systems experience energy
loss due to internal friction, air resistance, or damping materials.

- Understanding the ideal case provides a baseline to analyze damping
effects, which influence the amplitude decay over time.

- Engineers design systems (e.g., vehicle suspensions, building supports)
considering damping to prevent destructive oscillations.

2. Measuring Spring Constants and System Response

- This setup can serve as an experimental platform to verify Hooke'’s law.

- By displacing the tray by a known amount and measuring oscillation period,
students can experimentally determine the spring constant.

- Such experiments reinforce the link between theoretical calculations and
real-world measurements.

3. Energy Storage and Transfer

- The system exemplifies conservative energy transfer between potential and
kinetic forms.

- It is a foundational model for understanding energy conservation in
oscillatory systems.



4. Applications in Engineering Design

- Such systems underpin designs of:
- Seismic isolators

- Vibration dampers

- Mechanical watches

- Oscillatory sensors

Understanding the dynamics of a mass attached to a spring aids in optimizing
design specifications for stability, responsiveness, and durability.

Advanced Considerations

1. Effect of Spring Mass

- The ideal spring is assumed massless; however, real springs have mass,
influencing oscillation frequency.

- For a spring with mass \( m s \), the effective mass becomes \( m {eff} =m
+ \frac{1}{2} m s \).

- This adjustment slightly reduces the natural frequency, an important
consideration in precise engineering applications.

2. Nonlinearities and Large Displacements

- At large displacements, the linear approximation of Hooke's law may break
down.

- Nonlinear springs exhibit different force-displacement relationships,
leading to complex oscillatory behaviors.

3. Damping and External Forces

- Introducing damping (viscous or Coulomb) transforms SHM into damped
harmonic motion.

- External forces (e.g., periodic driving forces) produce forced
oscillations, resonances, and complex response behaviors.

Conclusion

Analyzing a 1.10 kg uniform tray attached to a vertical ideal spring with a
force constant of 180 N/m offers profound insights into fundamental



mechanical principles. From calculating natural frequencies and oscillation
periods to understanding energy conservation and practical applications, this
system encapsulates core concepts of classical mechanics.

Its relevance extends beyond theoretical interest, serving as a foundational
model for designing real-world vibration systems, measuring material
properties, and exploring dynamic responses. Recognizing the ideal
assumptions provides a baseline; incorporating factors like damping, spring
mass, and nonlinearities further enriches the understanding and applicability
of such systems.

In essence, this setup exemplifies the elegance and utility of simple
harmonic motion, anchoring the study of oscillatory phenomena in both
academic and engineering contexts.

A 1 10 Kg Horizontal Uniform Tray Is Attached To A Vertical
Ideal Spring Of Force Constant 180 N M

A 110 Kg Horizontal Uniform Tray Is Attached To A Vertical Ideal Spring Of Force Constant 180 N
M
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