
Boyle’s Law 
 
Boyle's law, sometimes referred to as the Boyle-Mariotte 
law, describes the inversely proportional relationship 
between pressure and volume of a gas, if the temperature 
and amount of substance are kept constant within a closed 
system. The law was named after chemist and physicist 
Robert Boyle, who published the original law in 1662.  
 
The law itself can be stated as follows: For a fixed amount 
of an ideal gas kept at a fixed temperature, P (pressure) 
and V(volume) are inversely proportional. 
 
1. Fill the gaps: 
 

Boyle’s law: When ____________ is held constant, the 
pressure and volume of a gas are ____________ 
proportional. 

 
Mathematically, Boyle’s law is stated: 

 
    PV = ____________ or P1V1 = ____________. 
 
2. What two gas law variables are constant in Boyle’s law? 
 
3.Use Boyle’s law to answer the following questions: 
 
A. 1.00 L of a gas at standard temperature and pressure is 

compressed to 473 mL.  What is the new pressure of the 
gas? 

B.In a thermonuclear device, the pressure of 0.050 L of gas 
within the bomb casing reaches 4.0 x 10

6
 atm.  When 

the bomb casing is destroyed by the explosion, the gas 
is released into the atmosphere where it reaches a 
pressure of 1.00 atm.  What is the volume of the gas 
after the explosion? 

C. Synthetic diamonds can be manufactured at pressures of 
6.00 x 10

4
 atm.  If we took 2.00 L of gas at 1.00 atm and 



compressed it to a pressure of 6.00 x 10
4
 atm, what 

would the volume of that gas be? 
D. The highest pressure ever produced in a laboratory 

setting was about 2.0 x 10
6
 atm.  If we have a 1.0 x 10

-5
L 

sample of a gas at that pressure, and then release the 
pressure until it is equal to 0.275 atm, what would the 
new volume of that gas be? 

E. Atmospheric pressure on the peak of Mt. Everest can be 
as low as 150 mm Hg, which is why climbers need to 
bring oxygen tanks for the last part of the climb.  If the 
climbers carry 10.0 L tanks with an internal gas pressure 
of 3.04 x 10

4
 mm Hg, what will be the volume of the gas 

when it is released from the tanks? 
F. Part of the reason that conventional explosives cause so 

much damage is that their detonation produces a strong 
shock wave that can knock things down.  While using 
explosives to knock down a building, the shock wave can 
be so strong that 12 L of gas will reach a pressure of 3.8 
x 10

4
 mm Hg.  When the shock wave passes and the 

gas returns to a pressure of 760 mm Hg, what will the 
volume of that gas be? 

G. Submarines need to be extremely strong to withstand 
the extremely high pressure of water pushing down on 
them.  An experimental research submarine with a 
volume of 15,000 L has an internal pressure of 1.2 atm.  
If the pressure of the ocean breaks the submarine 
forming a bubble with a pressure of 250 atm pushing on 
it, how big will that bubble be? 

H.Divers get “the bends” if they come up too fast because 
gas in their blood expands, forming bubbles in their 
blood.  If a diver has 0.05 L of gas in his blood under a 
pressure of 250 atm, then rises instantaneously to a 
depth where his blood has a pressure of 50.0 atm, what 
will the volume of gas in his blood be?  Do you think this 
will harm the diver? 

I. At a pressure of 405 kPa, the volume of a gas is 6.00 
cm

3
. Assuming the temperature remains constant; at what 

pressure will the new volume be 4.00 cm
3
? 



Charles' law 
 
Charles' law, also known as the law of volumes, is an 
experimental gas law which describes the direct 
proportional relationship between volume and temperature 
of a gas, if the pressure and amount of substance are kept 
constant. It was first published by Frenchnatural 
philosopher Joseph Louis Gay-Lussac in 1802, although he 
credited the discovery to unpublished work from the 1780s 
by Jacques Charles. The law was independently discovered 
by British natural philosopher John Dalton by 1801, 
although Dalton's description was less thorough than Gay-
Lussac's. 
The law itself can be stated as follows: For a fixed amount 
of an ideal gas kept at a fixed pressure,V (volume) and T 
(temperature) are direct proportional. 
 
 The gas expands as the temperature increases and the 
gas compresses when the temperature decreases. 
 
1. Fill the gaps: 
 

Charles’law: When ____________ is held constant, the 
volume and temperature of a gas are ____________ 
proportional. 

 
Mathematically, Charles’ law is stated: 

 
V/T = __________ or V1/T1 = ______________. 
 
The ____________ temperature scale must be used in all 

gas law problems. 
 
2. What two gas law variables are constant in Charles’ law? 
 
3.Use Charles’ law to answer the following questions: 
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A. The temperature inside my refrigerator is about 4
º
C. If I 

place a balloon in my fridge that initially has a 
temperature of 22

º
C and a volume of 0.5 L, what will be 

the volume of the balloon when it is fully cooled by my 
refrigerator? 

B. A man heats a balloon in the oven.  If the balloon initially 
has a volume of 0.4 L and a temperature of 20 

º
C, what 

will the volume of the balloon be after he heats it to a 
temperature of 250 

º
C? 

C. On hot days, you may have noticed that potato chip bags 
seem to “inflate”, even though they have not been 
opened.  If I have a 250 mL bag at a temperature of 19 
º
C, and I leave it in my car which has a temperature of 
60

º
C, what will the new volume of the bag be? 

D. A soda bottle is flexible enough that the volume of the 
bottle can change even without opening it.  If you have 
an empty soda bottle (volume of 2 L) at room 
temperature (25 

º
C), what will the new volume be if you 

put it in your freezer (-4 
º
C)? 

E. If I inhale 2.2 L of gas at a temperature of 18
º
C and it 

heats to a temperature of 38
º
C in my lungs, what is the 

new volume of the gas? 
F. How hot will a 2.3 L balloon have to get to expand to a 

volume of 400 L?  Assume that the initial temperature of 
the balloon is 25 

º
C. 

G. I have made a thermometer which measures 
temperature by the compressing and expanding of gas in 
a piston.  I have measured that at 100 ºC the volume of 
the piston is 20 L.  What is the temperature outside if the 
piston has a volume of 15 L?  What would be 
appropriate clothing for the weather? 

Gay-Lussac's law 

Discovered by Joseph Louis Gay-Lussac in the early 1800's 



Gay-Lussac's law gives the relationship between pressure 
and temperature when volume and amount of substance 
are held constant.  

If the temperature of a container is increased, the pressure 
increases.  

If the temperature of a container is decreased, the pressure 
decreases.  

Why?  

Suppose the temperature is increased. This means gas 
molecules will move faster and they will impact the 
container walls more often. This means the gas pressure 
inside the container will increase, since the container has 
rigid walls (volume stays constant).  

Gay-Lussac's law is a direct mathematical relationship. This 
means there are two connected values and when one goes 
up, the other also increases.  

Notice the similarities to the Charles' law graphic. This is 
because both laws are direct relationships.  

Make sure to convert any Celsius temperature to Kelvin 
before using it in your calculation.  

1. Fill the gaps: 

Gay-Lussac's law: When ____________ is held constant, 
the pressure and temperature of a gas are 
____________ proportional. 

Mathematically, Gay-Lussac's law is stated: 
 
P/T = __________ or P1/T1 = ______________. 
 
2. What two gas law variables are constant in Gay-

Lussac’s Law? 



 
3.Use Gay-Lussac's lawto answer the following questions: 
 
A. A rigid container has an initial pressure of 1.50 atm at 21 

ºC. What will the pressure be if the temperature is 
increased to 121 ºC? 

 
B. The pressure inside a container is 770 mmHg at a 

temperature of 57 ºC.  What would the pressure be at 75 
ºC? 

 
C. A rigid container is at a temperature of 112 ºC. When 

heated to 224 ºC, the pressure was 288 kPa.  What was 
the initial pressure? 

 
D. Use Gay-Lussac’s law to explain why you should never 

throw a pressurized aerosol container into a fire.  A fire’s 
temperature is approximately 400 ºC. 

 


