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Understanding Thermodynamics Problems with
Solutions

Thermodynamics is a branch of physics that deals with heat and temperature and their
relation to energy and work. It provides crucial insights into how energy is transformed
and transferred in physical systems. Thermodynamics problems with solutions are
fundamental in helping students and professionals alike grasp the principles and
applications of this field. In this article, we will explore common thermodynamic problems,
their underlying principles, and detailed solutions to enhance understanding.

The Laws of Thermodynamics

Before diving into specific problems, it is essential to understand the four laws of
thermodynamics, which form the foundation for solving thermodynamic issues:

Zeroth Law: Defines thermal equilibrium and establishes temperature as a
measurable quantity.

First Law: States that energy cannot be created or destroyed, only transformed (ΔU
= Q - W).

Second Law: Introduces the concept of entropy, indicating that natural processes
tend to increase disorder (ΔS ≥ 0).

Third Law: Asserts that as temperature approaches absolute zero, the entropy of a
perfect crystal approaches zero.

Understanding these laws will aid in solving various thermodynamic problems.

Common Thermodynamic Problems and Solutions

Let’s explore some typical thermodynamic problems encountered in coursework and real-
world applications.



Problem 1: Heat Transfer in a Heat Engine

Problem: A heat engine absorbs 500 J of heat from a hot reservoir and performs 200 J of
work. What is the efficiency of the engine?

Solution:

1. Identify the formula for efficiency (η):
\[
\eta = \frac{W}{Q_H}
\]
where:
- \(W\) is the work done by the engine,
- \(Q_H\) is the heat absorbed from the hot reservoir.

2. Plug in the values:
\[
\eta = \frac{200 \, J}{500 \, J} = 0.4
\]

3. Convert to percentage:
\[
\eta = 0.4 \times 100 = 40\%
\]

The efficiency of the engine is 40%.

Problem 2: Ideal Gas Law Application

Problem: A sample of an ideal gas occupies a volume of 0.5 m³ at a pressure of 200 kPa
and a temperature of 300 K. Calculate the number of moles of the gas using the ideal gas
law.

Solution:

1. Recall the Ideal Gas Law:
\[
PV = nRT
\]
where:
- \(P\) is pressure (Pa),
- \(V\) is volume (m³),
- \(n\) is the number of moles,
- \(R\) is the ideal gas constant (8.314 J/(mol·K)),
- \(T\) is temperature (K).

2. Convert pressure to Pascals:
\[



P = 200 \, kPa = 200,000 \, Pa
\]

3. Rearrange the formula to find \(n\):
\[
n = \frac{PV}{RT}
\]

4. Substituting in the values:
\[
n = \frac{200,000 \, Pa \times 0.5 \, m³}{8.314 \, J/(mol \cdot K) \times 300 \, K}
\]

5. Calculating:
\[
n = \frac{100,000}{2494.2} \approx 40.1 \, mol
\]

The number of moles of the gas is approximately 40.1 moles.

Problem 3: Phase Change and Latent Heat

Problem: A 2 kg block of ice at -10°C is heated until it turns into steam at 100°C. Calculate
the total heat required to accomplish this. (Specific heat of ice = 2.1 kJ/kg·°C, latent heat
of fusion = 334 kJ/kg, specific heat of water = 4.18 kJ/kg·°C, latent heat of vaporization =
2260 kJ/kg, specific heat of steam = 2.0 kJ/kg·°C).

Solution:

1. Calculate the heat required to raise the temperature of ice from -10°C to 0°C:
\[
Q_1 = m \cdot c_{ice} \cdot \Delta T = 2 \, kg \cdot 2.1 \, kJ/kg \cdot °C \cdot (0 - (-10)) \,
°C = 42 \, kJ
\]

2. Calculate the heat required for the phase change from ice to water:
\[
Q_2 = m \cdot L_f = 2 \, kg \cdot 334 \, kJ/kg = 668 \, kJ
\]

3. Calculate the heat required to raise the temperature of water from 0°C to 100°C:
\[
Q_3 = m \cdot c_{water} \cdot \Delta T = 2 \, kg \cdot 4.18 \, kJ/kg \cdot °C \cdot (100 - 0)
\, °C = 836 \, kJ
\]

4. Calculate the heat required for the phase change from water to steam:
\[
Q_4 = m \cdot L_v = 2 \, kg \cdot 2260 \, kJ/kg = 4520 \, kJ



\]

5. Calculate the heat required to raise the temperature of steam from 100°C to final
temperature (assumed to be 100°C for simplicity):
\[
Q_5 = 0 \, kJ \text{ (since there is no temperature change)}
\]

6. Total heat required:
\[
Q_{total} = Q_1 + Q_2 + Q_3 + Q_4 + Q_5 = 42 \, kJ + 668 \, kJ + 836 \, kJ + 4520 \, kJ =
6066 \, kJ
\]

The total heat required to convert the ice to steam is 6066 kJ.

Problem 4: Entropy Change in a Reversible Process

Problem: A reversible process occurs where 5 kg of water is heated from 20°C to 80°C.
Calculate the change in entropy.

Solution:

1. Recall the formula for entropy change (ΔS):
\[
\Delta S = m \cdot c \cdot \ln\left(\frac{T_f}{T_i}\right)
\]
where:
- \(m\) is mass (kg),
- \(c\) is specific heat capacity of water (4.18 kJ/kg·K),
- \(T_f\) and \(T_i\) are final and initial temperatures in Kelvin.

2. Convert temperatures to Kelvin:
\[
T_i = 20°C + 273.15 = 293.15 \, K
\]
\[
T_f = 80°C + 273.15 = 353.15 \, K
\]

3. Substituting values into the entropy formula:
\[
\Delta S = 5 \, kg \cdot 4.18 \, kJ/kg \cdot K \cdot \ln\left(\frac{353.15}{293.15}\right)
\]
\[
\Delta S = 5 \cdot 4.18 \cdot \ln(1.203)
\]
\[
\Delta S \approx 5 \cdot 4.18 \cdot 0.185 = 3.86 \, kJ/K



\]

The change in entropy for the process is approximately 3.86 kJ/K.

Conclusion

Thermodynamics problems are essential in understanding the principles that govern
energy interactions. By exploring various problem types—from calculating efficiency in
engines to determining entropy changes—we gain valuable insights into thermodynamic
systems. Mastering these concepts and problem-solving techniques will not only enhance
academic performance but also prepare individuals for real-world applications in
engineering, physics, and beyond.

Frequently Asked Questions

What is the first law of thermodynamics and how can it
be applied to solve a closed system problem?
The first law of thermodynamics states that energy cannot be created or destroyed, only
transformed. To apply it to a closed system problem, you can use the equation ΔU = Q - W,
where ΔU is the change in internal energy, Q is the heat added to the system, and W is the
work done by the system.

How can you calculate the efficiency of a heat engine
using thermodynamics?
The efficiency of a heat engine is calculated using the formula η = (W_out / Q_in), where
W_out is the work output of the engine and Q_in is the heat input. It can also be expressed
as η = 1 - (T_cold / T_hot) for a Carnot engine, where T_cold and T_hot are the absolute
temperatures of the cold and hot reservoirs, respectively.

What is entropy and how does it relate to
thermodynamic processes?
Entropy is a measure of the disorder or randomness in a system. In thermodynamics, it
quantifies the energy in a system that is not available to do work. During irreversible
processes, the total entropy of a closed system always increases, indicating the direction
of spontaneous processes.

How do you solve a problem involving phase changes
using the latent heat formula?
To solve problems involving phase changes, you can use the latent heat formula Q = mL,
where Q is the heat absorbed or released, m is the mass of the substance, and L is the



latent heat (either latent heat of fusion or vaporization, depending on the phase change).

What is the significance of the Carnot cycle in
thermodynamics?
The Carnot cycle is significant because it represents the most efficient possible engine
cycle, setting an upper limit on the efficiency of real engines. It consists of isothermal and
adiabatic processes and is used to derive the formula for maximum efficiency: η = 1 -
(T_cold / T_hot).

How can the ideal gas law be used to solve
thermodynamics problems?
The ideal gas law, PV = nRT, relates the pressure (P), volume (V), number of moles (n),
gas constant (R), and temperature (T) of an ideal gas. It can be used to solve problems by
rearranging the equation to find any one of the variables if the others are known.

What are the types of thermodynamic processes, and
how do they affect calculations?
The main types of thermodynamic processes are isothermal (constant temperature),
adiabatic (no heat transfer), isobaric (constant pressure), and isochoric (constant volume).
Each type affects calculations differently; for example, in isothermal processes, internal
energy change is zero, while in adiabatic processes, the temperature changes without heat
exchange.

How do you apply the concept of specific heat in solving
thermodynamics problems?
Specific heat is the amount of heat required to raise the temperature of a unit mass of a
substance by one degree Celsius. It can be applied using the formula Q = mcΔT, where Q
is the heat added or removed, m is the mass, c is the specific heat capacity, and ΔT is the
change in temperature. This is useful in calculating heat transfer in various processes.
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