Lesson Note on Charles' Law (Part of the Ideal Gas Law)

Topic: Charles' Law
Subject: Physics/Chemistry

Level: High School/Undergraduate

Objectives:

By the end of this lesson, students should be able to:
1. Understand the basic concept of Charles' Law.
2. Describe the relationship between temperature and volume for a given amount of gas at

constant pressure.
3. Apply Charles' Law to solve problems involving temperature and volume changes in

gases.
4. Conduct a simple experiment to demonstrate Charles' Law.

Introduction:

Charles' Law is a fundamental principle in the study of gases. Itis part of the Ideal Gas Law,
which describes the behavior of gases under different conditions of temperature, pressure,
and volume. Charles' Law specifically focuses on the relationship between the volume and
temperature of a gas when the pressure is held constant.

Key Concepts:

1. Definition of Charles' Law:

- Charles' Law states that the volume of a given mass of a gas is directly proportional to its
absolute temperature, provided the pressure remains constant. Mathematically, it can be
expressed as:

V T (at constant pressure)

Alternatively, it can be written as:



Where:
V1 and V2 are the initial and final volumes of the gas.
T1 and T2 are the initial and final absolute temperatures (measured in Kelvin).

2. Absolute Temperature:

- The temperature used in Charles' Law is measured in Kelvin (K), where 0 Kis absolute
zero, the point at which all molecular motion theoretically stops.

- To convert Celsius to Kelvin, use the formula:

3. Implications of Charles' Law:

- As the temperature of a gas increases, its volume increases, provided the pressure is
constant.

- Conversely, as the temperature decreases, the volume of the gas decreases.

Derivation of Charles' Law:

- Imagine a gas in a sealed, flexible container (like a balloon). If the gas is heated, the
kinetic energy of the gas molecules increases, causing them to move more rapidly and
push outward against the container. As a result, the volume of the gas increases.

- If the gas is cooled, the kinetic energy of the molecules decreases, causing them to
occupy less space, and the volume decreases accordingly.

Applications of Charles' Law:
1. Hot Air Balloons:

- Hot air balloons rise because heating the air inside the balloon increases its volume,
making it less dense than the cooler air outside.

2. Automobile Engines:
- In internal combustion engines, the air-fuel mixture is compressed and then heated
during combustion, causing it to expand and push the pistons.

3. Breathing:
- The expansion and contraction of gases in the lungs during inhalation and exhalation
can also be explained by Charles' Law.



Experimental Demonstration:

Objective:
To demonstrate Charles' Law by observing the relationship between the temperature and
volume of a gas.

Materials:

- Container

- Gas tank

- lce water bath
- Heater

- Thermometer
- Barometer

Procedure:
1. Preparation:
- Inflate a balloon partially and measure its volume.
- Record the initial temperature of the gas inside the balloon.

2. Heating:
- Place the balloon in a hot water bath and allow it to reach thermal equilibrium.
- Measure the temperature of the water and the new volume of the balloon.

3. Cooling:

- Place the balloon in an ice water bath.

- Record the temperature and the new volume of the balloon.
4. Analysis:

- Compare the volumes at different temperatures to see how they correlate.
- Use the data to verify the proportional relationship stated in Charles' Law.

Example Problem:

Problem: A gas occupies a volume of 2.0 L at 300 K. If the temperature is increased to 450
K, what will be the new volume of the gas, assuming pressure remains constant?

Solution:



9 X {5 C
v, — 2.0L -1’301& —30L
300K

Answer: The new volume of the gas will be 3.0 L.
Conclusion:

Charles' Law is a vital concept that illustrates the relationship between the volume and
temperature of a gas at constant pressure. Understanding this law allows us to predict how
gases will behave under different conditions and has numerous practical applications in
everyday life.

Assignment:

1. Research and write a report on how Charles' Law applies to weather balloons.
2. Solve problems involving changes in gas volume with temperature using Charles' Law.

This lesson note provides a comprehensive overview of Charles' Law, including theoretical
explanations, practical applications, and experimental demonstrations. It can be used as a
guide for both teaching and self-study.



