first law of thermodynamics practice
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Understanding the First Law of Thermodynamics: Practice Problems and Key Concepts

The first law of thermodynamics, a cornerstone of physics and chemistry, governs the fundamental
relationship between energy and its transformations. Often referred to as the law of conservation of
energy, it states that energy cannot be created or destroyed, only converted from one form to
another. Mastering this principle is crucial for students and professionals across various scientific
disciplines. This comprehensive guide delves into the core concepts of the first law of
thermodynamics and provides a wealth of practice problems with detailed solutions to solidify your
understanding. We will explore key terms such as internal energy, heat, work, and enthalpy, and
demonstrate how they interact in various thermodynamic processes. By working through these
practical examples, you'll gain the confidence to tackle complex thermodynamic challenges and
apply the first law of thermodynamics in real-world scenarios. Whether you're studying for an exam
or seeking to deepen your scientific knowledge, this article on first law of thermodynamics practice
problems is your essential resource.
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Introduction to the First Law of Thermodynamics

The first law of thermodynamics is a fundamental principle that underpins our understanding of
energy and its behavior. At its heart, it's a statement of energy conservation, asserting that the total
energy within an isolated system remains constant over time. This means that while energy can
change its form - transforming from heat to work, or chemical energy to electrical energy, for
instance - it is never truly lost or gained. This principle has profound implications, shaping fields



from mechanical engineering to biology. For anyone grappling with the quantitative aspects of
energy transformations, understanding and applying the first law of thermodynamics is paramount.
This article aims to demystify the first law of thermodynamics by providing a solid theoretical
foundation and, crucially, a collection of practice problems designed to build practical proficiency.

Key Concepts and Definitions for First Law of
Thermodynamics Practice Problems

To effectively tackle first law of thermodynamics practice problems, a firm grasp of several core
concepts is essential. These terms form the language through which thermodynamic processes are
described and analyzed. Understanding these definitions is the first step towards accurate problem-
solving and a deeper comprehension of energy conservation.

Internal Energy (U)

Internal energy (U) represents the total energy contained within a system. This includes the kinetic
energy of the molecules due to their random motion (translational, rotational, and vibrational) and
the potential energy associated with the intermolecular forces and chemical bonds within the
system. Changes in internal energy are a direct consequence of heat transfer and work done on or
by the system. For a system undergoing a process, the change in internal energy, AU, is a key
variable in first law of thermodynamics practice problems.

Heat (Q)

Heat (Q) is defined as the transfer of thermal energy between systems due to a temperature
difference. Heat flows spontaneously from a hotter object to a colder object. In thermodynamic
calculations, heat is typically considered a positive value when it enters the system (heat absorbed)
and negative when it leaves the system (heat released). The units for heat are usually Joules (J) or
calories (cal).

Work (W)

Work (W) in thermodynamics is energy transferred when a force acts over a distance. In the context
of a gas undergoing expansion or compression, work is often done by or on the system through a
change in volume against an external pressure. Conventionally, work done by the system is
considered positive, and work done on the system is considered negative. This convention can
sometimes vary, so it's vital to clarify it within the context of specific first law of thermodynamics
practice problems.

Enthalpy (H)

Enthalpy (H) is a thermodynamic property defined as the sum of the internal energy of a system plus
the product of its pressure (P) and volume (V): H = U + PV. Enthalpy is particularly useful for



analyzing processes occurring at constant pressure, as the change in enthalpy (AH) is equal to the
heat transferred in such processes. This is a common concept in many first law of thermodynamics
practice problems, especially those involving chemical reactions.

System and Surroundings

A thermodynamic system is the specific part of the universe being studied. The surroundings
comprise everything else outside the system. The boundary separates the system from its
surroundings, and it is across this boundary that energy (heat and work) and matter can be
exchanged. Understanding what constitutes the system and surroundings is critical for correctly
applying the first law of thermodynamics.

Calculating Changes in Internal Energy

The first law of thermodynamics provides a direct relationship between the change in internal
energy of a system, the heat added to the system, and the work done by the system. The
mathematical expression of the first law is:

AU=Q-W
Where:

e AU is the change in internal energy of the system.
e Q is the heat added to the system.

e W is the work done by the system.

It's crucial to be consistent with the sign conventions for Q and W. If heat is released by the system,
Q will be negative. If work is done on the system, W will be negative, which effectively adds to the
internal energy (since -(-W) = +W).

Example Calculation

Consider a system that absorbs 500 Joules of heat (Q = +500 J) and performs 200 Joules of work on
its surroundings (W = +200 ]). The change in internal energy would be:

AU =500]-200] =300]

This indicates that the internal energy of the system has increased by 300 Joules.



Practice Problem 1: Internal Energy Change

A gas in a cylinder is heated, and it absorbs 750 J of heat. During this process, the gas expands and
does 300 J of work on the piston. What is the change in the internal energy of the gas?

Solution:

Given: Q = +750 J (heat absorbed), W = +300 J (work done by the gas).
Using the first law of thermodynamics: AU = Q - W

AU =750]-300]=450]

The change in internal energy of the gas is 450 ]J.

Understanding Heat Transfer and Work Done

The concepts of heat transfer and work done are central to applying the first law of thermodynamics.
These are the mechanisms by which energy crosses the boundary of a thermodynamic system.

Types of Heat Transfer

Heat can be transferred through three primary mechanisms: conduction, convection, and radiation.
While the first law focuses on the net amount of heat transferred, understanding these mechanisms
can provide context for how heat enters or leaves a system.

Types of Work Done

The most common type of work encountered in introductory thermodynamics is pressure-volume
(PV) work. This occurs when a system's volume changes against an external pressure. For a
reversible process, the work done is given by the integral of P dV. In simpler cases, like a constant
pressure process, W = PAV,

Practice Problem 2: Heat Absorbed and Work Done

A system undergoes a process where its internal energy decreases by 150 J. If the system releases
200 J of heat to the surroundings, how much work is done on the system?

Solution:

Given: AU = -150 J (internal energy decreases), Q = -200 J (heat released).
Using the first law of thermodynamics: AU = Q - W

We need to find W. Rearranging the formula: W = Q - AU

W =-200] - (-150])

W=-200]+150] =-50]



The negative sign for W indicates that work is done on the system. Therefore, 50 J of work is done on
the system.

Applying the First Law of Thermodynamics to Different
Processes

The first law of thermodynamics can be applied to various types of thermodynamic processes, each
with specific characteristics regarding heat, work, and internal energy changes.

Isothermal Process

An isothermal process occurs at a constant temperature. For an ideal gas, if the temperature is
constant, its internal energy (U) is also constant, meaning AU = 0. Therefore, for an isothermal
process involving an ideal gas, the first law simplifies to Q = W. All the heat absorbed is converted
into work done by the system, or vice versa.

Adiabatic Process

An adiabatic process is one in which there is no heat transfer into or out of the system (Q = 0). This
often occurs in well-insulated systems or when processes happen very quickly. For an adiabatic
process, the first law becomes AU = -W. This means that any change in internal energy is solely due
to work done on or by the system.

Isobaric Process

An isobaric process occurs at constant pressure. In this case, the work done is given by W = PAV,
where P is the constant pressure and AV is the change in volume. The first law equation is AU = Q -
PAV. For isobaric processes, the heat absorbed (Qp) is equal to the change in enthalpy, AH.

Isochoric (or Isovolumetric) Process

An isochoric process occurs at constant volume. If the volume of the system does not change (AV =
0), then no PV work is done by the system (W = 0). The first law of thermodynamics then simplifies
to AU = Q. In an isochoric process, any heat added to the system directly increases its internal
energy.

Practice Problem 3: Adiabatic Expansion

A gas expands adiabatically from an initial volume of 0.1 m3 to a final volume of 0.3 m3. During this
expansion, the internal energy of the gas decreases by 1200 J. How much work did the gas do?



Solution:

Given: Adiabatic process, so Q = 0]. AU = -1200 ] (internal energy decreases).
Using the first law of thermodynamics: AU = Q - W

Since Q = 0, the equation becomes: AU = -W

To find the work done by the gas (W), we rearrange: W = -AU

W = -(-1200J) = 1200 ]

The gas did 1200 J of work during the adiabatic expansion.

Solving First Law of Thermodynamics Practice
Problems: Step-by-Step

Successfully solving first law of thermodynamics practice problems involves a systematic approach.
Following these steps will help ensure accuracy and clarity in your calculations.

Step 1: Identify the System and Surroundings

Clearly define what constitutes the system under consideration. This helps in determining which
quantities are internal to the system and which are external interactions.

Step 2: Determine the Given Information

List all the known variables: heat (Q), work (W), initial and final internal energy (U: and Uz),
pressure (P), volume (V), or temperature (T). Pay close attention to the units.

Step 3: Clarify Sign Conventions

Understand the conventions for heat and work. Typically, heat added to the system is positive (Q >
0), and heat removed is negative (Q < 0). Work done by the system is positive (W > 0), and work
done on the system is negative (W < 0). Ensure you are consistent with the chosen convention.

Step 4: Identify the Type of Process (if applicable)

Is the process isothermal, adiabatic, isobaric, or isochoric? Recognizing the type of process can
simplify the application of the first law or provide additional relationships between variables.

Step 5: Apply the First Law of Thermodynamics Equation

Write down the fundamental equation: AU = Q - W. If a specific process type simplifies this equation
(e.g., Q = 0 for adiabatic, AU = 0 for isothermal ideal gas), use the simplified form.



Step 6: Calculate the Unknown Variable

Substitute the known values into the equation and solve for the unknown variable. Ensure units are
consistent throughout the calculation.

Step 7: Interpret the Result

State your answer clearly, including units, and interpret its meaning in the context of the problem.
For example, a positive AU means the internal energy increased, while a negative W means work
was done on the system.

Practice Problem 4: Isobaric Heating

A gas is heated at a constant pressure of 2 atm. It absorbs 800 J of heat and its volume increases
from 0.05 m3 to 0.1 m3. Calculate the change in internal energy of the gas. (1 atm = 101325 Pa).

Solution:

Given: P =2 atm, Q = +800 ], V1 = 0.05 m3, V2 = 0.1 m?3.

Convert pressure to Pascals: P = 2 atm 101325 Pa/atm = 202650 Pa.
Calculate the work done (W) for an isobaric process: W = PAV

AV =V2-V1i=0.1m3-0.05m?=0.05m?d.

W = 202650 Pa 0.05 m® = 10132.5].

Now, apply the first law of thermodynamics: AU = Q - W

AU =800]-10132.5] =-9332.5].

The change in internal energy of the gas is -9332.5 J.

Common Pitfalls in First Law of Thermodynamics
Practice Problems

Despite the seemingly straightforward nature of the first law, several common pitfalls can lead to
errors in practice problems. Being aware of these can significantly improve your accuracy.

Inconsistent Sign Conventions

This is perhaps the most frequent error. Students often mix up whether work done by the system is
positive or negative, or how to handle heat absorption versus release. Always be explicit about your
sign conventions and apply them consistently.



Incorrectly Calculating Work

For non-isobaric processes, simply using W = PAV is incorrect. Work is the integral of P dV. If the
pressure is not constant, you need to know the functional relationship between P and V or use
graphical methods (area under the P-V curve).

Unit Conversion Errors

Mixing units (e.g., Joules for energy, atmospheres for pressure, liters for volume) without proper
conversion is a common mistake. Always ensure all quantities are in consistent units before
calculation (e.g., Pascals for pressure, cubic meters for volume, Joules for energy).

Confusing Internal Energy with Enthalpy

While related, internal energy and enthalpy are distinct. For processes at constant volume, AU = Q.
For processes at constant pressure, AH = Q. Misapplying these can lead to incorrect results.

Misinterpreting the System and Surroundings

If the problem involves heat or work crossing the boundary, correctly identifying what is inside the
system and what is outside is crucial for applying the first law correctly.

Practice Problem 5: Identifying Pitfalls

A closed system absorbs 200 ] of heat. If the system does 150 J of work, what is the change in
internal energy? A common mistake is to add the work instead of subtracting it.

Solution:

Given: Q = +200 J, W = +150 J (work done by the system).
The correct application of the first law is AU = Q - W.

AU =200]-150] =50].

The change in internal energy is 50 J. A common pitfall would be to calculate 200 J + 150 J = 350 ],
which is incorrect.

Advanced First Law of Thermodynamics Practice
Problems

Once you've mastered the basics, you can move on to more complex scenarios that integrate
multiple concepts or involve non-ideal gases and more intricate processes.



Enthalpy Change in Chemical Reactions

Chemical reactions often involve heat exchange and volume changes. The enthalpy of reaction (AH)
is a key concept here, representing the heat absorbed or released at constant pressure. The first law
can be used to relate enthalpy changes to internal energy changes.

Ideal Gas Law and Work Calculation

For processes involving ideal gases, the ideal gas law (PV = nRT) can be used to determine pressure,
volume, or temperature at different stages of a process, which are often necessary for calculating
work done.

Cyclic Processes

A cyclic process returns the system to its initial state. For any cyclic process, the total change in
internal energy is zero (AU total = 0). This means that the net heat transferred must equal the net
work done (Q net = W _net).

Practice Problem 6: Cyclic Process

A thermodynamic system undergoes a cycle consisting of three processes: A to B, B to C, and C to A.
During A to B, the system absorbs 400 ] of heat and does 200 J of work. During B to C, the system
releases 100 J of heat and does no work. During C to A, the system does 150 J of work. What is the
heat transferred during process C to A, and what is the net change in internal energy for the entire
cycle?

Solution:

For the entire cycle, the net change in internal energy is zero: AU total = 0.
This means Q net = W _net.

Process A to B: Q AB = +400 ], W AB = +200 ].

Process Bto C: Q BC =-100], W BC=0].

Process Cto A: Q CA =7, W CA =-150 ] (work done on the system).
Calculate net work: W net =W AB+ W BC+W CA=200]+ 0]+ (-150]) = 50]J.
Since Q net = W net, we have:

Q AB+Q BC+Q CA=W net

400] + (-100]) + Q CA=50]

300]+Q CA=50]

Q CA=50]-300] =-250].

So, 250 ] of heat is released during process C to A.

The net change in internal energy for the entire cycle is 0 J.



Conclusion: Mastering the First Law of
Thermodynamics

The first law of thermodynamics is a powerful tool for understanding energy transformations and
conservation within physical and chemical systems. By diligently working through first law of
thermodynamics practice problems, you reinforce theoretical knowledge and build practical
problem-solving skills. We have explored the fundamental concepts of internal energy, heat, and
work, and applied them to various thermodynamic processes like isothermal, adiabatic, isobaric, and
isochoric changes. Remember to pay close attention to sign conventions and units to avoid common
errors. Consistent practice with a variety of first law of thermodynamics practice problems is the key
to achieving a deep and confident understanding of this essential scientific principle, empowering
you to analyze and predict energy behavior in diverse applications.

Frequently Asked Questions

What is the first law of thermodynamics often referred to as in
simpler terms, and what is its core concept regarding energy?

The first law of thermodynamics is often referred to as the Law of Conservation of Energy. Its core
concept is that energy cannot be created or destroyed, only transferred or changed from one form to
another. The total energy in an isolated system remains constant.

How is the first law of thermodynamics mathematically
expressed for a closed system, and what do the terms
represent?

The first law of thermodynamics is mathematically expressed as \u2206U = Q - W. Here, \u2206U
represents the change in internal energy of the system, Q represents the heat added to the system,
and W represents the work done by the system. Alternatively, \u2206U = Q + W, where W is the
work done on the system, is also used depending on convention.

In a practice problem, if a gas absorbs 500 J of heat and does
200 J of work on its surroundings, what is the change in its
internal energy?

Using \u2206U = Q - W, where Q = +500 J (heat absorbed) and W = +200 ] (work done by the
system), the change in internal energy is \u2206U = 500 ] - 200 J = 300 J. The internal energy of the
gas increases by 300 ].

What is the significance of the sign convention for heat (Q)
and work (W) in first law of thermodynamics problems?

The sign convention is crucial. Heat added to the system is positive (Q > 0), and heat removed from



the system is negative (Q < 0). Work done by the system on its surroundings is positive (W > 0), and
work done on the system by its surroundings is negative (W < 0). Adhering to a consistent
convention is key to correct calculations.

If a system experiences an adiabatic process, what is the value
of heat transfer (Q), and how does this simplify the first law
equation?

In an adiabatic process, there is no heat transfer between the system and its surroundings, so Q = 0.
This simplifies the first law equation to \u2206U = -W (or \u2206U = W, depending on work
convention). This means any change in internal energy is solely due to the work done.

What is an isobaric process in the context of the first law, and
how is work calculated for such a process?

An isobaric process occurs at constant pressure. For an isobaric expansion or compression of an
ideal gas, the work done is calculated as W = P\u2206V, where P is the constant pressure and
\u2206V is the change in volume. The first law then becomes \u2206U = Q - P\u2206V.

When does the internal energy of a system remain constant
according to the first law of thermodynamics?

The internal energy of a system remains constant (\u2206U = 0) if the net heat added to the system
equals the net work done by the system (Q = W). This occurs in certain cyclic processes or specific
isothermal expansions of ideal gases.

How does the first law of thermodynamics relate to the
concept of enthalpy, especially in constant pressure
processes?

In processes occurring at constant pressure, the enthalpy (H) is often a more convenient quantity.
Enthalpy is defined as H = U + PV. For a constant pressure process, the change in enthalpy
\u2206H is equal to the heat transferred (Q) when only PV work is done. This arises from \u2206U =
Q - P\u2206V, which can be rearranged to Q = \u2206U + P\u2206V = \u2206(U + PV) = \u2206H.

Consider a scenario where a system is insulated. What does
this imply for the first law calculation, and what are the
potential outcomes for internal energy?

An insulated system means it is isolated and does not exchange heat with its surroundings, so Q = 0.
Therefore, according to the first law (\u2206U = Q - W), any change in internal energy is solely due
to work done: \u2206U = -W. If work is done on the system, its internal energy increases. If work is
done by the system, its internal energy decreases.



Additional Resources

Here are 9 book titles related to first law of thermodynamics practice problems, with descriptions:

1. Introduction to Thermodynamics: Solved Problems

This book offers a foundational approach to understanding the first law of thermodynamics, focusing
on practical application through a wealth of solved examples. It covers essential concepts like work,
heat, internal energy, and enthalpy with clear step-by-step derivations. The exercises range from
basic calculations to more complex system analyses, making it an excellent resource for students
new to the subject.

2. Thermodynamics Practice Workbook: Energy and Its Transformations

Designed as a companion to introductory thermodynamics courses, this workbook is packed with
practice problems specifically targeting the first law. It emphasizes the conservation of energy in
various physical and chemical processes. Each problem is accompanied by detailed solutions,
allowing students to identify and correct their understanding of energy transfer and transformation.

3. Engineering Thermodynamics: Applied First Law Problems

This title delves into the application of the first law of thermodynamics within engineering contexts,
such as power cycles and refrigeration. It presents numerous practical scenarios and challenges
students to apply thermodynamic principles to real-world engineering systems. The book’s focus on
problem-solving equips aspiring engineers with the skills to analyze energy efficiency and
performance.

4. Classical Thermodynamics: Mastery Through Problem Solving

This comprehensive text uses a problem-centric approach to build mastery of classical
thermodynamics, with a strong emphasis on the first law. It progresses from simple closed systems
to more intricate open systems and cycles, ensuring a thorough grasp of energy conservation. The
solutions provided are highly detailed, fostering a deep understanding of the underlying principles.

5. Thermodynamics for Chemists: First Law Practice

Tailored for chemistry students, this book provides targeted practice problems focused on the first
law as it applies to chemical reactions and physical transformations. It covers concepts like
calorimetry, Hess's Law, and the thermodynamics of phase changes. The solutions highlight
chemical reasoning and the interpretation of thermodynamic data.

6. Fundamentals of Thermodynamics: A Problem-Solving Guide

This guide serves as a supplementary resource for anyone studying the fundamentals of
thermodynamics. It is replete with practice problems that test comprehension of the first law,
including work done by gases, heat transfer, and specific heat capacities. The clear explanations and
accessible language make it suitable for self-study and reinforcing classroom learning.

7. Applied Thermodynamics Problems: Energy Analysis and Control

This book focuses on the analytical aspects of the first law, providing problems related to energy
efficiency, system optimization, and control. It covers a broad range of applications, from HVAC
systems to industrial processes. The problem sets are designed to encourage critical thinking and
the development of practical problem-solving strategies.

8. Thermodynamics: Conceptual Questions and Worked Examples (First Law Focus)
This unique title combines conceptual understanding with practical application, offering both
challenging qualitative questions and detailed worked examples of first law problems. It aims to



build intuition about energy transfer and its consequences. The book is ideal for students who want
to deepen their conceptual grasp alongside their quantitative skills.

9. Thermal Physics: First Law Practice Sets

While broader in scope, this book includes dedicated practice sets specifically addressing the first
law of thermodynamics within the context of thermal physics. It explores energy concepts in relation
to heat, temperature, and statistical mechanics. The problems help bridge the gap between
macroscopic thermodynamics and microscopic behavior, with a focus on energy conservation.
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