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identify the examples of the first law of thermodynamics. The first law of
thermodynamics is a fundamental principle in physics and engineering that
governs the conservation of energy within a system. Understanding this law is
essential for analyzing energy transfer, work, and heat in various scientific
and practical contexts. This article explores how to identify the examples of
the first law of thermodynamics in everyday phenomena, industrial processes,
and natural systems. It highlights different scenarios in which energy
transformation and conservation are clearly demonstrated, providing a
comprehensive overview of the law’s practical applications. By examining
these examples, readers will gain a deeper understanding of how the first law
applies in real-world situations and how it governs energy interactions. This
knowledge is crucial for students, professionals, and researchers working
with thermodynamic systems. The following sections will outline key examples
and explain the underlying principles involved.
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Understanding the First Law of Thermodynamics

The first law of thermodynamics, also known as the law of energy
conservation, states that energy cannot be created or destroyed in an
isolated system. Instead, energy can only be transformed from one form to
another or transferred between the system and its surroundings.
Mathematically, it is often expressed as ΔU = Q - W, where ΔU 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. This principle forms the foundation for
analyzing energy flow and efficiency in various processes.

To identify the examples of the first law of thermodynamics, one must
recognize instances where energy conversion or transfer occurs without any
net loss or gain in total energy. This includes scenarios involving heat
engines, refrigerators, chemical reactions, and even biological systems. The
law emphasizes the balance between heat and work interactions affecting a
system's internal energy, making it a universal concept across multiple
disciplines.

Common Examples in Daily Life

Many everyday activities provide clear examples of the first law of
thermodynamics in action. These examples illustrate how energy is conserved



and transformed in routine processes, helping to visualize abstract
thermodynamic concepts.

Heating Water on a Stove

When water is heated on a stove, electrical or chemical energy from the stove
is converted into heat energy that raises the water’s temperature. According
to the first law, the heat transferred to the water increases its internal
energy, which can be observed as a temperature rise. The work done by the
stove’s heating element is transformed into thermal energy, demonstrating
energy conservation and transfer.

Automobile Engine Operation

In a car engine, chemical energy stored in fuel is converted into mechanical
work and heat. Combustion releases energy that increases the internal energy
of gases inside the engine cylinders. Part of this energy is used to perform
work by moving pistons, while the rest is expelled as heat to the
surroundings. This process exemplifies the first law by showing the balance
between heat released, work produced, and changes in internal energy.

Refrigerators and Air Conditioners

Refrigerators operate by transferring heat from a cold interior to the warmer
external environment using work input from electrical energy. The first law
governs this process by accounting for the work done by the compressor and
the heat absorbed and rejected, maintaining energy conservation within the
system.

Boiling water on an electric kettle

Using a microwave to heat food

Charging and discharging of batteries

Riding a bicycle and converting muscular energy to motion

Industrial and Engineering Applications

In industrial and engineering contexts, the first law of thermodynamics is
crucial for designing efficient systems and understanding energy management.
Identifying the examples of the first law of thermodynamics in these fields
helps optimize processes and reduce energy waste.

Steam Power Plants

Steam power plants convert heat energy from burning fuel into mechanical work
to generate electricity. The first law applies by tracking the energy input
as heat, the work output by turbines, and changes in the steam’s internal



energy throughout the cycle. Engineers use this principle to maximize
efficiency and minimize losses.

Internal Combustion Engines

The operation of internal combustion engines involves rapid combustion of
fuel-air mixtures, which increases the internal energy of gases and produces
work to move vehicles. Energy balance equations based on the first law allow
for performance evaluation and emissions control.

Heat Exchangers

Heat exchangers transfer thermal energy between fluids without mixing them.
The first law ensures that the heat lost by one fluid is equal to the heat
gained by the other, preserving total energy within the system.

Gas turbines in aerospace applications

Industrial furnaces and kilns

Chemical reactors with exothermic or endothermic reactions

Hydroelectric power generation

Natural Phenomena Demonstrating the First Law

Beyond engineered systems, the first law of thermodynamics is evident in
various natural processes where energy conversion and conservation occur
seamlessly. Identifying these natural examples reinforces the universality of
energy conservation laws.

Photosynthesis in Plants

Photosynthesis converts solar energy into chemical energy stored in glucose
molecules. The energy absorbed by chlorophyll increases the plant’s internal
energy by forming chemical bonds, illustrating the transformation of energy
forms without net loss.

Evaporation and Condensation

During evaporation, heat energy is absorbed to convert liquid water into
vapor, increasing the internal energy of the molecules. Conversely,
condensation releases heat back to the environment. The first law governs
these phase changes by balancing heat exchange and internal energy changes.



Earth’s Energy Balance

The planet’s climate system maintains an energy equilibrium where incoming
solar radiation is balanced by outgoing infrared radiation. Energy
conservation at this scale exemplifies the first law through the constant
transformation and transfer of thermal energy.

Volcanic activity and magma heat transfer

Ocean currents driven by thermal energy differences

Respiration in living organisms converting chemical energy

Identifying the First Law in Thermodynamic
Cycles

Thermodynamic cycles are engineered sequences that convert heat into work or
vice versa, serving as primary examples for the application of the first law.
Understanding these cycles is vital for recognizing how energy conservation
operates in practical systems.

Carnot Cycle

The Carnot cycle is an idealized thermodynamic cycle that defines the maximum
efficiency a heat engine can achieve. It involves isothermal and adiabatic
processes where heat and work interactions follow the first law strictly,
ensuring energy is conserved throughout the cycle.

Otto Cycle

Used in gasoline engines, the Otto cycle involves compression, combustion,
expansion, and exhaust phases. The first law helps analyze the energy input
from fuel combustion, work output, and heat loss during each stage.

Rankine Cycle

Commonly used in steam power plants, the Rankine cycle converts heat into
mechanical work via phase changes of water and steam. The first law is
applied to quantify energy transfer and efficiency at each stage of the
cycle.

Understand the heat added and work done in each cycle phase1.

Calculate changes in internal energy using energy conservation2.

Optimize cycle parameters for maximum efficiency3.



Frequently Asked Questions

What is the first law of thermodynamics?

The first law of thermodynamics states that energy cannot be created or
destroyed, only transferred or transformed. It is a statement of the
conservation of energy.

Can you give an example of the first law of
thermodynamics in everyday life?

Boiling water in a kettle is an example: electrical energy is converted into
heat energy, increasing the water's internal energy without any energy being
lost.

How does a car engine demonstrate the first law of
thermodynamics?

A car engine converts chemical energy from fuel into mechanical work and
heat, illustrating energy conservation as described by the first law of
thermodynamics.

Is heating a gas in a piston an example of the first
law of thermodynamics?

Yes, heating a gas in a piston increases its internal energy, and the gas can
do work by moving the piston, demonstrating energy transfer and conservation.

How does a refrigerator illustrate the first law of
thermodynamics?

A refrigerator uses electrical energy to transfer heat from inside the fridge
to the outside environment, conserving energy as stated by the first law of
thermodynamics.

What example shows the first law of thermodynamics
during photosynthesis?

In photosynthesis, plants convert solar energy into chemical energy stored in
glucose, exemplifying energy transformation without loss or creation of
energy.

Does the melting of ice involve the first law of
thermodynamics?

Yes, when ice melts, heat energy is absorbed and used to change the state
from solid to liquid, increasing internal energy consistent with the first
law.



Can charging a battery be explained by the first law
of thermodynamics?

Charging a battery converts electrical energy into chemical potential energy
stored within the battery, illustrating energy conservation.

How does the first law of thermodynamics apply to a
steam engine?

In a steam engine, heat energy from steam is converted into mechanical work,
demonstrating the conservation and transfer of energy.

Is the expansion of gas in an insulated container an
example of the first law of thermodynamics?

Yes, in an insulated container, when gas expands, internal energy changes and
work is done, but no heat is exchanged, demonstrating energy conservation.

Additional Resources
1. Thermodynamics: An Engineering Approach
This comprehensive textbook by Yunus A. Çengel and Michael A. Boles provides
a clear introduction to the first law of thermodynamics with numerous
practical examples. It explains energy conservation principles in systems and
control volumes, supported by real-world engineering applications. Readers
will find detailed problem sets illustrating the application of the first law
in various scenarios.

2. Fundamentals of Thermodynamics
Authored by Richard E. Sonntag, Claus Borgnakke, and Gordon J. Van Wylen,
this book delves into the foundational concepts of thermodynamics. It offers
clear explanations and examples that demonstrate the first law through energy
balance calculations in closed and open systems. The text is well-suited for
students seeking to understand theoretical and practical aspects of energy
conservation.

3. Introduction to Chemical Engineering Thermodynamics
By J.M. Smith, Hendrick C Van Ness, and Michael M. Abbott, this book focuses
on thermodynamics in chemical engineering contexts. It illustrates the first
law with examples involving chemical reactors, phase changes, and energy
interactions. The explanations help readers connect thermodynamic principles
to chemical process design.

4. Thermodynamics and an Introduction to Thermostatistics
This classic text by Herbert B. Callen presents a rigorous approach to
thermodynamics including the first law. It combines theoretical development
with illustrative examples that help readers identify energy exchanges and
conservation. The book is suitable for advanced undergraduates and graduate
students.

5. Applied Thermodynamics for Engineering Technologists
T. D. Eastop and A. McConkey provide practical insights into the first law of
thermodynamics, emphasizing engineering applications. The book includes
numerous worked examples and case studies related to power plants,
refrigeration, and heat engines. It is particularly useful for technologists



aiming to apply thermodynamic principles in industry.

6. Engineering Thermodynamics
By P.K. Nag, this textbook covers the first law with clear explanations and
examples relevant to mechanical and chemical engineering. It discusses energy
conservation in various systems, including turbines, compressors, and
nozzles. The book offers a balance of theory and practical problem-solving.

7. Thermodynamics: Principles and Applications
This book by J. Richard Elliott and Carl T. Lira provides an introduction to
thermodynamics with a focus on applications. The first law is explored
through examples such as boilers, heat exchangers, and internal combustion
engines. Its accessible style makes it ideal for students new to the subject.

8. Introduction to Thermal Systems Engineering: Thermodynamics, Fluid
Mechanics, and Heat Transfer
By Michael J. Moran, Howard N. Shapiro, Daisie D. Boettner, and Margaret B.
Bailey, this multidisciplinary text integrates the first law of
thermodynamics with related fields. It presents practical examples involving
energy conservation in thermal systems, supported by clear diagrams and
calculations. The book is designed for engineering undergraduates.

9. Principles of Engineering Thermodynamics
This book by Michael J. Moran and Howard N. Shapiro offers a thorough
treatment of the first law with numerous examples and exercises. It
emphasizes the concept of energy conservation in closed and open systems,
demonstrating real-life applications in power generation and refrigeration.
The text is well-regarded for its clarity and practical approach.
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