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mechanical energy is not conserved when external forces or non-conservative forces act on a
system, causing the total mechanical energy to change over time. Mechanical energy, which is the
sum of kinetic and potential energies, is generally conserved in ideal situations where only
conservative forces, such as gravity or spring force, are present. However, in real-world scenarios,
various factors lead to energy transformations and dissipation, resulting in mechanical energy not
being conserved. Understanding when and why mechanical energy is not conserved is crucial in
physics and engineering to accurately analyze the dynamics of systems and predict their behavior.
This article explores the conditions under which mechanical energy is not conserved, with detailed
explanations of non-conservative forces, energy dissipation mechanisms, and practical examples.
The discussion includes friction, air resistance, inelastic collisions, and energy conversion into other
forms, providing a comprehensive insight into the topic. The following sections outline the key
aspects and causes of mechanical energy loss and transformation.

e Non-Conservative Forces and Their Impact

Role of Friction in Mechanical Energy Loss

Energy Dissipation Through Air Resistance

Inelastic Collisions and Mechanical Energy

Energy Conversion to Thermal and Other Forms

e Practical Examples Illustrating Energy Non-Conservation

Non-Conservative Forces and Their Impact

Mechanical energy is not conserved when non-conservative forces perform work on a system. Unlike
conservative forces, which store and release energy without loss, non-conservative forces dissipate
mechanical energy, transforming it into other energy forms such as heat, sound, or deformation
energy. The work done by non-conservative forces depends on the path taken, rather than just the
initial and final positions, making mechanical energy calculations more complex. Understanding the
distinction between conservative and non-conservative forces is vital to identifying when mechanical
energy conservation applies and when it does not.

Definition and Characteristics of Non-Conservative Forces

Non-conservative forces are forces where the work done is path-dependent and typically results in
energy dissipation. These forces include friction, air resistance, and applied forces that cause
deformation or irreversible changes in a system. Unlike gravitational or elastic spring forces, non-
conservative forces cannot be described by a potential energy function because they do not conserve
mechanical energy.



Examples of Non-Conservative Forces

Common non-conservative forces that cause mechanical energy to not be conserved include:

e Frictional force between surfaces
e Air resistance or drag forces
¢ Viscous forces in fluids

 Applied forces causing permanent deformation

Role of Friction in Mechanical Energy Loss

Friction is one of the most prevalent causes for mechanical energy not being conserved when two
surfaces interact. It converts kinetic energy into thermal energy due to microscopic interactions at
the contact surfaces. This conversion results in a net loss of mechanical energy from the system. The
presence of frictional forces means that the total mechanical energy decreases over time unless
external work compensates for the loss.

Types of Friction Affecting Energy Conservation

Several types of friction impact mechanical energy conservation:

¢ Static friction: Prevents motion up to a threshold, does no work when there is no
displacement.

¢ Kinetic (sliding) friction: Opposes relative motion and dissipates mechanical energy as heat.

¢ Rolling friction: Occurs when objects roll over surfaces, dissipating energy but typically less
than sliding friction.

Energy Transformation Due to Friction

When friction acts, mechanical energy is transformed mainly into thermal energy, increasing the
temperature of the contacting surfaces. This energy transformation is irreversible, and the lost
mechanical energy does not return to the system as kinetic or potential energy, thus mechanical
energy is not conserved.

Energy Dissipation Through Air Resistance

Air resistance, also known as drag, is a non-conservative force that opposes the motion of objects
moving through a fluid, such as air or water. Mechanical energy is not conserved when air
resistance acts because it continuously removes kinetic energy from the system, converting it into
heat and sound energy. This effect is especially significant at high velocities or with objects having
large surface areas.



Mechanism of Air Resistance

Air resistance arises from collisions between the object’s surface and air molecules. These collisions
exert a force opposite to the object’s direction of motion, performing negative work and reducing the
object’s mechanical energy. The result is a gradual decrease in speed and kinetic energy.

Impact on Mechanical Energy in Real-World Systems

Examples where air resistance causes mechanical energy to not be conserved include:

 Falling objects reaching terminal velocity
¢ Vehicles slowing down due to aerodynamic drag

¢ Projectiles losing speed over distance

Inelastic Collisions and Mechanical Energy

Mechanical energy is not conserved when collisions are inelastic because part of the kinetic energy
is converted into other forms of energy, such as heat, sound, or deformation energy. In contrast to
elastic collisions, where total kinetic energy remains constant, inelastic collisions result in a loss of
mechanical energy within the colliding bodies.

Characteristics of Inelastic Collisions

Inelastic collisions are defined by the fact that colliding objects stick together or undergo permanent
deformation, leading to a reduction in total kinetic energy. While momentum is conserved in all
collisions, mechanical energy conservation only applies in perfectly elastic collisions.

Energy Conversion During Inelastic Collisions

The lost mechanical energy is transformed into internal energy forms, such as:

e Heat generated by friction and deformation
e Sound energy produced during impact

e Potential energy stored temporarily in deformed materials

Energy Conversion to Thermal and Other Forms

Mechanical energy is not conserved when it is converted into other energy forms outside the
mechanical domain. This conversion is often irreversible and involves transformation into thermal
energy, sound energy, chemical energy, or electromagnetic energy. These processes prevent the
mechanical energy from remaining constant within the system.



Thermal Energy Generation

Thermal energy production is one of the most common results of mechanical energy dissipation.
Examples include friction-induced heating, deformation heating in materials, and viscous dissipation
in fluids. This transformation leads to an increase in the internal energy of the system or
environment.

Sound and Vibrational Energy

Mechanical energy can be transformed into sound waves and vibrational energy during impacts,
collisions, or mechanical resonance. These energy forms generally dissipate quickly into the
surroundings, contributing to non-conservation of mechanical energy.

Chemical and Electromagnetic Energy Conversion

In some cases, mechanical energy can initiate chemical reactions or generate electromagnetic
energy, such as in piezoelectric materials or combustion engines. These conversions remove
mechanical energy from the system, leading to its non-conservation.

Practical Examples Illustrating Energy Non-
Conservation

Understanding when mechanical energy is not conserved is essential for analyzing various real-
world scenarios. The following examples demonstrate how mechanical energy changes due to non-
conservative forces and energy transformations.

Sliding Block on a Rough Surface

A block sliding on a rough surface experiences kinetic friction, which converts part of its mechanical
energy into heat. As a result, its speed decreases, and the total mechanical energy is not conserved.

Parachute Descent

During parachute descent, air resistance plays a major role in dissipating mechanical energy. The
kinetic energy of the falling parachutist is converted into thermal energy and sound, preventing
mechanical energy conservation and enabling a safe landing speed.

Car Braking System

When a car brakes, friction between brake pads and wheels converts the car’s kinetic energy into
heat. This transformation leads to a decrease in mechanical energy, illustrating another instance
where mechanical energy is not conserved.

Inelastic Collision in Vehicle Crashes

In vehicle collisions, kinetic energy is partially converted to deformation, heat, and sound energy.
The total mechanical energy after impact is less than before, demonstrating non-conservation due to
inelastic collision effects.



Frequently Asked Questions

When is mechanical energy not conserved in a system?

Mechanical energy is not conserved when non-conservative forces, such as friction or air resistance,
do work on the system, causing energy to be transformed into other forms like heat or sound.

Why is mechanical energy not conserved during inelastic
collisions?

In inelastic collisions, some mechanical energy is converted into internal energy, heat, or
deformation, so the total mechanical energy is not conserved even though momentum is conserved.

How does friction affect the conservation of mechanical
energy?

Friction converts some mechanical energy into thermal energy, resulting in a loss of mechanical
energy in the system, thus mechanical energy is not conserved.

Is mechanical energy conserved when external forces do work
on a system?

No, when external forces do work on a system, they can add or remove energy from the system,
causing mechanical energy to not be conserved.

Does mechanical energy remain conserved in the presence of
air resistance?

Mechanical energy is not conserved in the presence of air resistance because air resistance
dissipates mechanical energy as heat and sound.

When analyzing a pendulum's motion, under what condition is
mechanical energy not conserved?

Mechanical energy is not conserved in a pendulum's motion when there is air resistance or friction
at the pivot point, which dissipates mechanical energy as heat.

Additional Resources

1. Friction and Its Role in Mechanical Energy Loss

This book explores how friction forces cause mechanical energy to dissipate as heat, preventing the
total mechanical energy from being conserved. Through detailed explanations and practical
examples, it illustrates the impact of friction in various mechanical systems. Readers will gain
insights into how engineers account for energy loss in design and operation.



2. The Physics of Non-Conservative Forces

Focusing on forces like friction, air resistance, and applied forces, this book explains why
mechanical energy is not conserved in many real-world scenarios. It provides a thorough analysis of
work done by non-conservative forces and how it changes the mechanical energy of systems. The
text is ideal for students seeking a deeper understanding of energy transformations.

3. Energy Dissipation in Mechanical Systems

This comprehensive guide addresses the mechanisms through which mechanical energy is converted
into other forms, such as thermal energy, in mechanical systems. It covers topics like damping,
internal friction, and material deformation. Practical case studies demonstrate how energy
dissipation affects the performance and efficiency of machines.

4. Mechanical Energy and Heat Generation: Understanding the Connection

This book delves into the relationship between mechanical energy loss and heat generation,
explaining why energy is not conserved mechanically in processes involving friction and
deformation. It highlights experimental methods to measure energy loss and discusses implications
for engineering applications. The book is suitable for both students and professionals.

5. Work-Energy Theorem in Non-Conservative Systems

Exploring the work-energy theorem beyond idealized systems, this text explains how non-
conservative forces perform work that alters mechanical energy. It includes mathematical
treatments and real-life examples where mechanical energy is not conserved. The book aims to
bridge theoretical concepts with practical observations.

6. Energy Conversion and Loss in Mechanical Engineering

This book provides an engineering perspective on how mechanical energy is transformed and lost in
mechanical devices and machines. It discusses efficiency, energy conservation principles, and
common sources of mechanical energy loss. Readers will find insights valuable for designing more
efficient mechanical systems.

7. Dynamics of Systems with Energy Dissipation

Focusing on dynamic mechanical systems, this book examines how energy dissipation affects motion
and system behavior. It covers topics such as damping, vibration attenuation, and stability analysis.
The content is geared toward graduate students and engineers interested in system dynamics.

8. Non-Conservative Forces in Classical Mechanics

A detailed treatise on the role of non-conservative forces in classical mechanics, this book clarifies
why mechanical energy is not conserved when such forces act. It combines theoretical discussions
with problem-solving techniques. The book serves as a useful resource for advanced physics
students.

9. Practical Implications of Mechanical Energy Loss

This book discusses the real-world consequences of mechanical energy not being conserved,
particularly in industrial machinery and everyday devices. It provides strategies to minimize energy
loss and improve system longevity. Case studies illustrate how understanding mechanical energy
loss leads to better design and maintenance practices.
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