state the first law of thermodynamics

state the first law of thermodynamics is a fundamental principle in physics
that establishes the conservation of energy within a thermodynamic system.
This law articulates that energy cannot be created or destroyed but can only
be transformed from one form to another, ensuring that the total energy of an
isolated system remains constant. Understanding this law is crucial for
fields ranging from engineering to environmental science, as it governs how
heat, work, and internal energy interact in various processes. This article
delves into the precise definition of the first law of thermodynamics, its
mathematical formulation, practical applications, and its distinction from
other thermodynamic laws. Additionally, the discussion will cover real-world
examples and the implications of this law in energy management and
technological innovation. Readers will gain a comprehensive understanding of
this essential scientific law and its role in describing energy
transformations in everyday and industrial systems.
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Definition and Statement of the First Law of
Thermodynamics

The first law of thermodynamics, also known as the law of energy
conservation, fundamentally states that the total energy of an isolated
system is constant. In other words, energy can neither be created nor
destroyed; it can only change forms or be transferred between the system and
its surroundings. This principle is a cornerstone of classical thermodynamics
and serves as the foundation for analyzing energy interactions in physical,
chemical, and biological processes.

Understanding Thermodynamic Systems

Thermodynamic systems can be defined as a specific portion of the universe
chosen for study, which exchanges energy in the form of heat or work with its
surroundings. Systems can be open, closed, or isolated, depending on whether
matter or energy crosses their boundaries. The first law applies universally
to all these systems, providing a framework to quantify energy changes.

Precise Statement of the Law

The law is frequently stated as: "The increase in the internal energy of a
closed system is equal to the heat supplied to the system minus the work done



by the system on its surroundings." This statement encapsulates the balance
between heat transfer, work performed, and changes in internal energy,
emphasizing the conservation principle.

Mathematical Formulation and Explanation

The first law of thermodynamics can be expressed mathematically, which allows
for precise calculations and predictions in thermodynamic processes. The
equation typically used is:

AU = Q - W

where AU represents the change in internal energy of the system, Q is the
heat added to the system, and W is the work done by the system.

Components of the Equation

FEach term in the equation carries significant physical meaning:

¢ AU (Change in Internal Energy): Represents the total energy stored
within the system, including kinetic and potential energies at the
microscopic level.

e QO (Heat): Energy transferred due to temperature difference between the
system and its surroundings.

e W (Work): Energy transferred when the system exerts force over a
distance, such as expansion or compression work.

Sign Conventions

Understanding the sign conventions is critical for correctly applying the
first law. Typically, heat added to the system (Q) and work done by the
system (W) are considered positive. However, some treatments use the opposite
convention; clarity on the adopted sign convention is essential for accurate
interpretation.

Applications of the First Law in Various Fields

The first law of thermodynamics is foundational in multiple scientific and
engineering disciplines, enabling the design and analysis of energy systems.
Its applications extend beyond theoretical physics to practical technologies
and environmental studies.

Engineering and Mechanical Systems

In mechanical engineering, the first law is used to evaluate engines,
refrigerators, heat pumps, and turbines. It helps in calculating efficiency,
energy losses, and work output, guiding the development of more effective and
sustainable machines.



Chemistry and Chemical Reactions

Chemists apply the first law to understand reaction energetics, such as
enthalpy changes and heat exchanges during exothermic and endothermic
reactions. This knowledge is critical for controlling reaction conditions and
optimizing industrial chemical processes.

Environmental Science and Energy Management

Environmental scientists use the first law to study energy flow in ecosystems
and the Earth's atmosphere. It is also fundamental in renewable energy
technologies, such as solar panels and bioenergy systems, where efficient
energy conversion is paramount.

Examples Illustrating the First Law of
Thermodynamics

To fully grasp the practical implications of the first law, examining
concrete examples is essential. These examples demonstrate how energy
conservation applies in real-world scenarios.

Heating a Gas in a Closed Container

When a gas inside a closed container is heated, heat energy (Q) is added to
the system. This energy increases the internal energy (AU), often raising the
temperature and pressure of the gas. If the container expands, the gas does
work (W) on the surroundings, and this work must be accounted for in the
energy balance.

Power Generation in a Steam Engine

In a steam engine, heat from burning fuel (Q) 1s converted into mechanical
work (W). The first law governs this conversion, ensuring that the total
energy input equals the sum of work output and any change in the internal
energy of the steam.

Refrigeration Cycle

A refrigerator operates by removing heat from its interior (system) and
expelling it to the surroundings. The first law explains how the work done by
the compressor enables heat transfer against the natural temperature
gradient, maintaining a cold interior.

Relation to Other Thermodynamic Laws

The first law of thermodynamics is part of a broader framework of
thermodynamic principles that describe energy and entropy in systems. Its
relationship with other laws clarifies its scope and limitations.



Second Law of Thermodynamics

While the first law addresses energy conservation, the second law introduces
the concept of entropy and the directionality of processes. It states that in
any energy transfer, some energy becomes unavailable for work, often lost as
heat, highlighting the irreversibility of natural processes.

Third Law of Thermodynamics

The third law focuses on the behavior of entropy as temperature approaches
absolute zero, establishing that entropy approaches a constant minimum. It
complements the first law by providing insights into the limits of energy
states and temperature effects.

Distinction from the Law of Conservation of Mass

Although the first law emphasizes energy conservation, it is distinct from
the law of conservation of mass, which applies to matter. In many
thermodynamic processes, both laws must be considered simultaneously to fully
describe system behavior.

Frequently Asked Questions

What is the first law of thermodynamics?

The first law of thermodynamics states that energy cannot be created or
destroyed in an isolated system; it can only be transformed from one form to
another. Essentially, the total energy of a closed system remains constant.

How is the first law of thermodynamics expressed
mathematically?

The first law of thermodynamics is mathematically expressed as AU = Q - W,
where AU is the change in internal energy of the system, Q is the heat added
to the system, and W is the work done by the system.

Why is the first law of thermodynamics important in
physics and engineering?

The first law of thermodynamics is important because it establishes the
principle of conservation of energy, allowing scientists and engineers to

analyze energy transfer processes in engines, refrigerators, biological
systems, and more, ensuring energy accounting in all processes.

Can the first law of thermodynamics be applied to
open systems?
Yes, the first law of thermodynamics can be applied to open systems by

accounting for the energy entering and leaving the system through mass flow,
heat transfer, and work interactions, ensuring the total energy balance is



maintained.

How does the first law of thermodynamics relate to
perpetual motion machines?

The first law of thermodynamics implies that perpetual motion machines of the
first kind, which produce work without energy input, are impossible because
they would violate the conservation of energy principle.

Additional Resources

1. Fundamentals of Thermodynamics

This comprehensive textbook introduces the core principles of thermodynamics,
with a clear explanation of the first law. It covers energy conservation,
internal energy, and work interactions in various systems. Ideal for students
beginning their study of energy systems and physical processes.

2. Thermodynamics: An Engineering Approach

This book offers a practical approach to thermodynamics, emphasizing real-
world applications of the first law. It integrates problem-solving techniques
with theoretical concepts, helping readers understand energy balances in
engineering contexts. The content supports both undergraduate learning and
professional reference.

3. Introduction to Chemical Engineering Thermodynamics

Focused on chemical processes, this text explains the first law of
thermodynamics with examples from chemical engineering. It discusses energy
changes in reactions and phase changes, providing a foundation for process
design. The book blends theory with practical case studies.

4. Thermodynamics: Concepts and Applications

This title presents fundamental thermodynamic concepts, highlighting the
first law as the cornerstone of energy analysis. It uses clear language and
numerous illustrations to make complex ideas accessible. Readers gain insight
into both classical and modern thermodynamic applications.

5. Principles of Engineering Thermodynamics

This book covers the first law of thermodynamics in-depth, focusing on
engineering systems such as turbines, compressors, and heat exchangers. It
stresses the importance of energy conservation in system design and
operation. Exercises at the end of each chapter reinforce key concepts.

6. Applied Thermodynamics for Engineering Technologists

Designed for technologists and practitioners, this book explains the first
law with practical examples and calculations. It bridges the gap between
theory and practice, emphasizing energy efficiency and system optimization.
Readers learn to apply thermodynamic principles in industrial settings.

7. Thermodynamics and Heat Power

This text delves into the first law of thermodynamics within the context of
heat engines and power cycles. It covers energy transformations and
efficiency considerations, helping readers understand how energy is conserved
and utilized in power generation. The book is rich with diagrams and worked
examples.

8. Engineering Thermodynamics: Work and Heat Transfer
Focusing on the mechanisms of work and heat transfer, this book explains the



first law through detailed analysis of thermodynamic processes. It includes
numerous examples involving gases and vapors, making it useful for mechanical
and chemical engineers alike. The clear explanations support a strong
conceptual foundation.

9. Thermodynamics: Principles and Practices

This title offers a balanced treatment of the first law of thermodynamics,
combining theoretical rigor with practical applications. It explores energy
conservation in closed and open systems, supported by real-life engineering
problems. The book is suitable for both students and practicing engineers
looking to deepen their understanding.
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