
 

 
 

GAS LAWS I        20 MAY 2014 

 
Lesson Description 

In this lesson we: 

 Explain the gas laws 

 Define and explain Boyle’s Law 

 Define and explain Charles’ Law 

 Do calculations based on both Boyle’s Law and Charles’ Law 

 
Summary 

Gas Laws 

Gas laws show the relationships between temperature, pressure, volume and the number of 
moles (quantity) of gas in a given sample. When a relationship between any two variables amongst 
temperature, pressure and volume is investigated, the other variables must be kept constant. In 
scientific terms, the variables that are kept constant during an investigation are called the controlled 
variables. 

Boyle’s Law 

Robert Boyle, an Irish philosopher, chemist and a physicist, investigated the relationship between the 
pressure and the volume of a given mass of gas when the temperature is kept constant. His findings 
led to what is now called the Boyle’s Law: 

The pressure of a fixed amount of gas is inversely proportional to the volume provided the 
temperature remains constant. 

When the temperature is kept constant for a fixed mass of gas, the average kinetic energy of the gas 
molecules remains the same. When the volume of the container in which the gas is kept is decreased, 
the space for the gas particles to move around becomes small. Hence the rate at which the particles 
collide with each other and the surface of the container increases and so the pressure of the gas, 
increases too.  

Boyle’s Law is represented as follows mathematically:      
 

 
 

When multiplied by a constant, k, the equation becomes:   
 

 
 

Therefore pV = k. When a graph of pressure versus 1/volume is drawn, a straight line is obtained. The 
gradient of the straight line equals to the constant k. Thus the value of pV throughout the graph is 
constant or the same at any given point. Thus, the following equation results from Boyle’s Law: 

p1V1 = p2V2 

The SI units of measurement for pressure and volume are the pascals (Pa) and cubic metres (m
3
) 

respectively. However, other units of measurements can be used but you need to ensure that the 
same units of measurements are used for both readings of pressure and volume. 

For real gases in every day scenarios, a compression (reduction in volume) or an expansion (increase 
in volume) always results in a change in temperature too.  

Charles’ Law 

Jacques Charles was a French scientist and a mathematician who was the first to launch a hot air 
balloon in 1783. Charles investigated the relationship between the (absolute) temperature and the 
volume of a fixed amount of gas when the pressure is kept constant. His findings led to what is called 
Charles’ Law: 

The absolute temperature is directly proportional to the volume of a fixed amount of gas provided the 
pressure of the gas remains constant. 



 

 
 

When a sample of a fixed amount of gas is heated at constant pressure, the average kinetic energy of 
the gas molecules increases. The gas particles begin to move faster and further away from each 
other resulting in the increase of the volume of the container. When we plot a graph of volume and 
temperature readings, the graph is a straight line but it does not pass through the origin if the 
temperature of the gas is measured in degrees Celsius. We need to change the scale of the 
temperature reading. The zero cannot be the freezing point of water but the point where the average 
kinetic energy of the gas molecules is zero. We call this point absolute zero. When we extrapolate to 
find where the straight line will cut the temperature axis you will see that the reading is -273 °C. This 
point is taken as zero Kelvin (0 K). When we draw a volume versus temperature (measured in Kelvin), 
we get a straight line passing through the origin.  

Now we can state Charles’ Law mathematically as follows: V α TK 

When a constant, k, is introduced, the equation becomes V = kTK where TK is the absolute 
temperature measured in Kelvin. From the equation V = kTK we can change the subject of the 

equation to get, k  
 

 
 . But k is a constant which equals the gradient of the graph and since the 

gradient of the graph is constant, we can write the equation:  
  

  
  

  

  
 

Converting Temperature 

Converting from degrees Celsius to Kelvin: K = T(°C) + 273. 

Converting from Kelvin  to degrees Celsius: °C = T(K) - 273. 

 
Test Yourself 

Question 1 

Which variable of the gas is kept constant when Boyles’s law is investigated? 

A. Temperature 
B. Volume 
C. Pressure 
D. Mass  

Question 2 

Which law gives the relationship between the absolute temperature of a gas and its volume? 

A. Boyle’s Law 
B. Charles’s Law 
C. Ideal gas Law 
D. Standard Temperature and Pressure Law 

Question 3 

What happens to the average kinetic energy of gas molecules when heated? 

A. Increases 
B. Decreases 
C. Remains the same 
D. Increases and then decreases 

  



 

 
 

Question 4 

Which pair of variables is controlled during Boyle’s Law? 

A. Pressure and volume 
B. Volume and temperature 
C. Pressure and temperature 
D. Temperature and the mass of the gas 

Question 5 

Which one of the following is the correct temperature value in Kelvin for 25
0
C? 

A. 273 K 
B. – 273 K 
C. 298 K 
D. – 298 K 

Question 6 

The absolute zero temperature is ... 

A. – 273 
0
C 

B. 273 
0
C 

C. – 273 K 
D. 273  

Question 7 

Which variable is the independent variable during Charles’s Law ? 

A. Pressure 
B. Volume 
C. Temperature 
D. Amount of gas 

Question 8 

Give one word or phrase for the following: 

a.) the variable that is kept constant during a practical experiment or investigation. 

b.) the equivalent of the average kinetic energy of gas molecules in a container. 

c.) The SI unit of measurement for pressure. 

 
Improve your Skills 

Question 1 

1000 cm
3
 of gas at a pressure of 100 kPa is kept in a sealed container at 25 

0
C. The volume of the 

container is increased such that the pressure of the gas decreased to 80 kPa whilst the temperature 
remains constant. Calculate the volume of the gas. 

Question 2 

An amount of gas is heated under constant pressure so that its temperature increased from 25 
0
C to 

30 
0
C. The volume of the gas at 30 

0
C is 150 cm

3
. What was the initial volume of the gas? 


