
•What is the definition of an ideal gas, under which conditions can we consider a 
gas to be ideal? 


•Volume of particles and interactions between them neglected.


•What are different gas laws discovered in the 17-19th centuries?


•What is the equation of state of ideal gas?


•Which corrections are assumed for real gases (van der Waals gas)?

Recap… Chapter 3, Gas laws
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Thermodynamic (2nd week) 
The Laws of Gas  
The state of a gas depends on the volume (V), pressure (P), and temperature (T). The relation 
between the volume, pressure, temperature and mass of the gas is called an equation of state. The 
equation of state can be applied for a state in equilibrium, i.e. the pressure and temperature are 
uniform over the volume and do not change with time.  
Don't through a left over hair spray into fire. 
 
Gas laws are: 
 Boyle's law: PV is constant when T is kept constant, for a given quantity of gas.  
 Charles's law: V is proportional to T (in Kelvin) when P is kept constant. 
 Gay-Lussac's law: P is proportional to T (in Kelvin) when V is kept constant. 
 Avogadro's law: Gasses with identical P, T and V contain the same number of molecules.  
The first three laws lead to 

€ 

P ×V ∝ T .  
From the dimensional point of view,  

€ 

P :  N m2[ ],  V :  m3[ ],   
thus 

€ 

P ×V :  Nm = Joul[ ]  
has a dimension of energy. By combining four laws, we introduce the following equation of state for 
an "ideal" gas: 

€ 

PV = NkT  
where N is the number of gas molecules and k is called Boltzmann constant given by   

€ 

k =1.38 ×10−23 J⋅ K−1. 
Let us recall, the atomic mass unit, where 1 u corresponds the mass of the 

€ 

12C divided by 12 and  

€ 

1 u =1.6605 ×10−27  kg =1.6605 ×10−24  g  
Therefore, in 12 g of 

€ 

12C, there are  

€ 

12 g
12 ×1.6605 ×10-24  g

=
1

1.6605 ×10-24 = 6.02 ×1023 ≡ NA 

of 

€ 

12C  atoms. This 

€ 

NA  is called Avogadro's number. We introduce a new unit, called Mole, 
corresponding to 

€ 

NA  particles. We can then rewrite the equation of state for ideal gas to be   

€ 

PV = nRT  
where,  

€ 

R = NA × k = 8.314 J mol⋅ K( )  
is called the universal gas constant and   

€ 

n =
N
NA

 mol 
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▪ Van der Waals Introduced a constant (b) for volume correction
▪ A second term (a) is introduced for pressure correction

𝑃 =
𝑛𝑅𝑇

(𝑉 − 𝑛𝑏) −
𝑛2𝑎
𝑉2

(b) equal to the actual volume occupied by the molecules of 1 mol gas, with unit 
[ Τ𝐿 𝑚𝑜𝑙]
(a) reflects how strong the gas molecules attract to each other, with unit 
[𝐿2˗atm/𝑚𝑜𝑙2]

Both a and b are gas dependent.

Van der Waals equation:  𝑷 + 𝒏𝟐𝒂
𝑽𝟐

𝑽 − 𝒏𝒃 = 𝒏𝑹𝑻

Real gas:
Deviations from ideal behavior 

G
en

er
al

 P
hy

si
cs

 II
: T

he
rm

od
yn

am
ic

s

Y
ao

.C
he

n

6

(a: pressure correction, 

b: volume correction)
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Let us recall, the atomic mass unit, where 1 u corresponds the mass of the 
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(b) equal to the actual volume occupied by the molecules of 1 mol gas, with unit 
[ Τ𝐿 𝑚𝑜𝑙]
(a) reflects how strong the gas molecules attract to each other, with unit 
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•What is the definition of an ideal gas, under which conditions can we consider a 
gas to be ideal? 


•Volume of particles and interactions between them neglected.


•What are different gas laws discovered in the 17-19th centuries?


•What is the equation of state of ideal gas?


•Which corrections are assumed for real gases (van der Waals gas)?

Recap… Chapter 3, Gas laws
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The state of a gas depends on the volume (V), pressure (P), and temperature (T). The relation 
between the volume, pressure, temperature and mass of the gas is called an equation of state. The 
equation of state can be applied for a state in equilibrium, i.e. the pressure and temperature are 
uniform over the volume and do not change with time.  
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 Boyle's law: PV is constant when T is kept constant, for a given quantity of gas.  
 Charles's law: V is proportional to T (in Kelvin) when P is kept constant. 
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thus 
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P ×V :  Nm = Joul[ ]  
has a dimension of energy. By combining four laws, we introduce the following equation of state for 
an "ideal" gas: 
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PV = NkT  
where N is the number of gas molecules and k is called Boltzmann constant given by   
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k =1.38 ×10−23 J⋅ K−1. 
Let us recall, the atomic mass unit, where 1 u corresponds the mass of the 
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12C divided by 12 and  
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Therefore, in 12 g of 
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where,  

€ 

R = NA × k = 8.314 J mol⋅ K( )  
is called the universal gas constant and   

€ 

n =
N
NA

 mol 
 1 

General Physics II at EPFL  
(2018-2019 SS, Wed 17:15-19:00 and Thu 8:15-10:00, Exercise Thu 10:15-12:00) 

 
Thermodynamic (2nd week) 
The Laws of Gas  
The state of a gas depends on the volume (V), pressure (P), and temperature (T). The relation 
between the volume, pressure, temperature and mass of the gas is called an equation of state. The 
equation of state can be applied for a state in equilibrium, i.e. the pressure and temperature are 
uniform over the volume and do not change with time.  
Don't through a left over hair spray into fire. 
 
Gas laws are: 
 Boyle's law: PV is constant when T is kept constant, for a given quantity of gas.  
 Charles's law: V is proportional to T (in Kelvin) when P is kept constant. 
 Gay-Lussac's law: P is proportional to T (in Kelvin) when V is kept constant. 
 Avogadro's law: Gasses with identical P, T and V contain the same number of molecules.  
The first three laws lead to 

€ 

P ×V ∝ T .  
From the dimensional point of view,  

€ 

P :  N m2[ ],  V :  m3[ ],   
thus 

€ 

P ×V :  Nm = Joul[ ]  
has a dimension of energy. By combining four laws, we introduce the following equation of state for 
an "ideal" gas: 

€ 

PV = NkT  
where N is the number of gas molecules and k is called Boltzmann constant given by   

€ 

k =1.38 ×10−23 J⋅ K−1. 
Let us recall, the atomic mass unit, where 1 u corresponds the mass of the 

€ 

12C divided by 12 and  

€ 

1 u =1.6605 ×10−27  kg =1.6605 ×10−24  g  
Therefore, in 12 g of 

€ 

12C, there are  

€ 

12 g
12 ×1.6605 ×10-24  g

=
1

1.6605 ×10-24 = 6.02 ×1023 ≡ NA 

of 

€ 

12C  atoms. This 

€ 

NA  is called Avogadro's number. We introduce a new unit, called Mole, 
corresponding to 

€ 

NA  particles. We can then rewrite the equation of state for ideal gas to be   

€ 

PV = nRT  
where,  

€ 

R = NA × k = 8.314 J mol⋅ K( )  
is called the universal gas constant and   

€ 

n =
N
NA

 mol 

 1 

General Physics II at EPFL  
(2018-2019 SS, Wed 17:15-19:00 and Thu 8:15-10:00, Exercise Thu 10:15-12:00) 

 
Thermodynamic (2nd week) 
The Laws of Gas  
The state of a gas depends on the volume (V), pressure (P), and temperature (T). The relation 
between the volume, pressure, temperature and mass of the gas is called an equation of state. The 
equation of state can be applied for a state in equilibrium, i.e. the pressure and temperature are 
uniform over the volume and do not change with time.  
Don't through a left over hair spray into fire. 
 
Gas laws are: 
 Boyle's law: PV is constant when T is kept constant, for a given quantity of gas.  
 Charles's law: V is proportional to T (in Kelvin) when P is kept constant. 
 Gay-Lussac's law: P is proportional to T (in Kelvin) when V is kept constant. 
 Avogadro's law: Gasses with identical P, T and V contain the same number of molecules.  
The first three laws lead to 

€ 

P ×V ∝ T .  
From the dimensional point of view,  

€ 

P :  N m2[ ],  V :  m3[ ],   
thus 

€ 

P ×V :  Nm = Joul[ ]  
has a dimension of energy. By combining four laws, we introduce the following equation of state for 
an "ideal" gas: 

€ 

PV = NkT  
where N is the number of gas molecules and k is called Boltzmann constant given by   

€ 

k =1.38 ×10−23 J⋅ K−1. 
Let us recall, the atomic mass unit, where 1 u corresponds the mass of the 

€ 

12C divided by 12 and  

€ 

1 u =1.6605 ×10−27  kg =1.6605 ×10−24  g  
Therefore, in 12 g of 

€ 

12C, there are  

€ 

12 g
12 ×1.6605 ×10-24  g

=
1

1.6605 ×10-24 = 6.02 ×1023 ≡ NA 

of 

€ 

12C  atoms. This 

€ 

NA  is called Avogadro's number. We introduce a new unit, called Mole, 
corresponding to 

€ 

NA  particles. We can then rewrite the equation of state for ideal gas to be   

€ 

PV = nRT  
where,  

€ 

R = NA × k = 8.314 J mol⋅ K( )  
is called the universal gas constant and   

€ 

n =
N
NA

 mol 

 1 

General Physics II at EPFL  
(2018-2019 SS, Wed 17:15-19:00 and Thu 8:15-10:00, Exercise Thu 10:15-12:00) 

 
Thermodynamic (2nd week) 
The Laws of Gas  
The state of a gas depends on the volume (V), pressure (P), and temperature (T). The relation 
between the volume, pressure, temperature and mass of the gas is called an equation of state. The 
equation of state can be applied for a state in equilibrium, i.e. the pressure and temperature are 
uniform over the volume and do not change with time.  
Don't through a left over hair spray into fire. 
 
Gas laws are: 
 Boyle's law: PV is constant when T is kept constant, for a given quantity of gas.  
 Charles's law: V is proportional to T (in Kelvin) when P is kept constant. 
 Gay-Lussac's law: P is proportional to T (in Kelvin) when V is kept constant. 
 Avogadro's law: Gasses with identical P, T and V contain the same number of molecules.  
The first three laws lead to 

€ 

P ×V ∝ T .  
From the dimensional point of view,  

€ 

P :  N m2[ ],  V :  m3[ ],   
thus 

€ 

P ×V :  Nm = Joul[ ]  
has a dimension of energy. By combining four laws, we introduce the following equation of state for 
an "ideal" gas: 

€ 

PV = NkT  
where N is the number of gas molecules and k is called Boltzmann constant given by   

€ 

k =1.38 ×10−23 J⋅ K−1. 
Let us recall, the atomic mass unit, where 1 u corresponds the mass of the 

€ 

12C divided by 12 and  

€ 

1 u =1.6605 ×10−27  kg =1.6605 ×10−24  g  
Therefore, in 12 g of 

€ 

12C, there are  

€ 

12 g
12 ×1.6605 ×10-24  g

=
1

1.6605 ×10-24 = 6.02 ×1023 ≡ NA 

of 

€ 

12C  atoms. This 

€ 

NA  is called Avogadro's number. We introduce a new unit, called Mole, 
corresponding to 

€ 

NA  particles. We can then rewrite the equation of state for ideal gas to be   

€ 

PV = nRT  
where,  

€ 

R = NA × k = 8.314 J mol⋅ K( )  
is called the universal gas constant and   

€ 

n =
N
NA

 mol 

 1 

General Physics II at EPFL  
(2018-2019 SS, Wed 17:15-19:00 and Thu 8:15-10:00, Exercise Thu 10:15-12:00) 

 
Thermodynamic (2nd week) 
The Laws of Gas  
The state of a gas depends on the volume (V), pressure (P), and temperature (T). The relation 
between the volume, pressure, temperature and mass of the gas is called an equation of state. The 
equation of state can be applied for a state in equilibrium, i.e. the pressure and temperature are 
uniform over the volume and do not change with time.  
Don't through a left over hair spray into fire. 
 
Gas laws are: 
 Boyle's law: PV is constant when T is kept constant, for a given quantity of gas.  
 Charles's law: V is proportional to T (in Kelvin) when P is kept constant. 
 Gay-Lussac's law: P is proportional to T (in Kelvin) when V is kept constant. 
 Avogadro's law: Gasses with identical P, T and V contain the same number of molecules.  
The first three laws lead to 

€ 

P ×V ∝ T .  
From the dimensional point of view,  

€ 

P :  N m2[ ],  V :  m3[ ],   
thus 

€ 

P ×V :  Nm = Joul[ ]  
has a dimension of energy. By combining four laws, we introduce the following equation of state for 
an "ideal" gas: 

€ 

PV = NkT  
where N is the number of gas molecules and k is called Boltzmann constant given by   

€ 

k =1.38 ×10−23 J⋅ K−1. 
Let us recall, the atomic mass unit, where 1 u corresponds the mass of the 

€ 

12C divided by 12 and  

€ 

1 u =1.6605 ×10−27  kg =1.6605 ×10−24  g  
Therefore, in 12 g of 

€ 

12C, there are  

€ 

12 g
12 ×1.6605 ×10-24  g

=
1

1.6605 ×10-24 = 6.02 ×1023 ≡ NA 

of 

€ 

12C  atoms. This 

€ 

NA  is called Avogadro's number. We introduce a new unit, called Mole, 
corresponding to 

€ 

NA  particles. We can then rewrite the equation of state for ideal gas to be   

€ 

PV = nRT  
where,  

€ 

R = NA × k = 8.314 J mol⋅ K( )  
is called the universal gas constant and   

€ 

n =
N
NA

 mol 

 1 

General Physics II at EPFL  
(2018-2019 SS, Wed 17:15-19:00 and Thu 8:15-10:00, Exercise Thu 10:15-12:00) 

 
Thermodynamic (2nd week) 
The Laws of Gas  
The state of a gas depends on the volume (V), pressure (P), and temperature (T). The relation 
between the volume, pressure, temperature and mass of the gas is called an equation of state. The 
equation of state can be applied for a state in equilibrium, i.e. the pressure and temperature are 
uniform over the volume and do not change with time.  
Don't through a left over hair spray into fire. 
 
Gas laws are: 
 Boyle's law: PV is constant when T is kept constant, for a given quantity of gas.  
 Charles's law: V is proportional to T (in Kelvin) when P is kept constant. 
 Gay-Lussac's law: P is proportional to T (in Kelvin) when V is kept constant. 
 Avogadro's law: Gasses with identical P, T and V contain the same number of molecules.  
The first three laws lead to 

€ 

P ×V ∝ T .  
From the dimensional point of view,  

€ 

P :  N m2[ ],  V :  m3[ ],   
thus 

€ 

P ×V :  Nm = Joul[ ]  
has a dimension of energy. By combining four laws, we introduce the following equation of state for 
an "ideal" gas: 

€ 

PV = NkT  
where N is the number of gas molecules and k is called Boltzmann constant given by   

€ 

k =1.38 ×10−23 J⋅ K−1. 
Let us recall, the atomic mass unit, where 1 u corresponds the mass of the 

€ 

12C divided by 12 and  

€ 

1 u =1.6605 ×10−27  kg =1.6605 ×10−24  g  
Therefore, in 12 g of 

€ 

12C, there are  

€ 

12 g
12 ×1.6605 ×10-24  g

=
1

1.6605 ×10-24 = 6.02 ×1023 ≡ NA 

of 

€ 

12C  atoms. This 

€ 

NA  is called Avogadro's number. We introduce a new unit, called Mole, 
corresponding to 

€ 

NA  particles. We can then rewrite the equation of state for ideal gas to be   

€ 

PV = nRT  
where,  

€ 

R = NA × k = 8.314 J mol⋅ K( )  
is called the universal gas constant and   

€ 

n =
N
NA

 mol 

▪ Van der Waals Introduced a constant (b) for volume correction
▪ A second term (a) is introduced for pressure correction

𝑃 =
𝑛𝑅𝑇

(𝑉 − 𝑛𝑏) −
𝑛2𝑎
𝑉2

(b) equal to the actual volume occupied by the molecules of 1 mol gas, with unit 
[ Τ𝐿 𝑚𝑜𝑙]
(a) reflects how strong the gas molecules attract to each other, with unit 
[𝐿2˗atm/𝑚𝑜𝑙2]

Both a and b are gas dependent.

Van der Waals equation:  𝑷 + 𝒏𝟐𝒂
𝑽𝟐

𝑽 − 𝒏𝒃 = 𝒏𝑹𝑻

Real gas:
Deviations from ideal behavior 
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(a: pressure correction, 

b: volume correction)



•What is the definition of an ideal gas, under which conditions can we consider a 
gas to be ideal? 


•Volume of particles and interactions between them neglected.


•What are different gas laws discovered in the 17-19th centuries?


•What is the equation of state of ideal gas?


•Which corrections are assumed for real gases (van der Waals gas)?

Recap… Chapter 3, Gas laws
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uniform over the volume and do not change with time.  
Don't through a left over hair spray into fire. 
 
Gas laws are: 
 Boyle's law: PV is constant when T is kept constant, for a given quantity of gas.  
 Charles's law: V is proportional to T (in Kelvin) when P is kept constant. 
 Gay-Lussac's law: P is proportional to T (in Kelvin) when V is kept constant. 
 Avogadro's law: Gasses with identical P, T and V contain the same number of molecules.  
The first three laws lead to 

€ 

P ×V ∝ T .  
From the dimensional point of view,  

€ 

P :  N m2[ ],  V :  m3[ ],   
thus 

€ 

P ×V :  Nm = Joul[ ]  
has a dimension of energy. By combining four laws, we introduce the following equation of state for 
an "ideal" gas: 

€ 

PV = NkT  
where N is the number of gas molecules and k is called Boltzmann constant given by   

€ 

k =1.38 ×10−23 J⋅ K−1. 
Let us recall, the atomic mass unit, where 1 u corresponds the mass of the 

€ 

12C divided by 12 and  

€ 

1 u =1.6605 ×10−27  kg =1.6605 ×10−24  g  
Therefore, in 12 g of 

€ 

12C, there are  

€ 

12 g
12 ×1.6605 ×10-24  g

=
1

1.6605 ×10-24 = 6.02 ×1023 ≡ NA 

of 

€ 

12C  atoms. This 

€ 

NA  is called Avogadro's number. We introduce a new unit, called Mole, 
corresponding to 

€ 

NA  particles. We can then rewrite the equation of state for ideal gas to be   

€ 

PV = nRT  
where,  

€ 

R = NA × k = 8.314 J mol⋅ K( )  
is called the universal gas constant and   

€ 

n =
N
NA

 mol 
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The Laws of Gas  
The state of a gas depends on the volume (V), pressure (P), and temperature (T). The relation 
between the volume, pressure, temperature and mass of the gas is called an equation of state. The 
equation of state can be applied for a state in equilibrium, i.e. the pressure and temperature are 
uniform over the volume and do not change with time.  
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where N is the number of gas molecules and k is called Boltzmann constant given by   
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where,  
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R = NA × k = 8.314 J mol⋅ K( )  
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n =
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▪ Van der Waals Introduced a constant (b) for volume correction
▪ A second term (a) is introduced for pressure correction

𝑃 =
𝑛𝑅𝑇

(𝑉 − 𝑛𝑏) −
𝑛2𝑎
𝑉2

(b) equal to the actual volume occupied by the molecules of 1 mol gas, with unit 
[ Τ𝐿 𝑚𝑜𝑙]
(a) reflects how strong the gas molecules attract to each other, with unit 
[𝐿2˗atm/𝑚𝑜𝑙2]

Both a and b are gas dependent.

Van der Waals equation:  𝑷 + 𝒏𝟐𝒂
𝑽𝟐

𝑽 − 𝒏𝒃 = 𝒏𝑹𝑻

Real gas:
Deviations from ideal behavior 
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(a: pressure correction, 

b: volume correction)



•What is the definition of an ideal gas, under which conditions can we consider a 
gas to be ideal? 


•Volume of particles and interactions between them neglected.


•What are different gas laws discovered in the 17-19th centuries?


•What is the equation of state of ideal gas?


•Which corrections are assumed for real gases (van der Waals gas)?

Recap… Chapter 3, Gas laws
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The Laws of Gas  
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between the volume, pressure, temperature and mass of the gas is called an equation of state. The 
equation of state can be applied for a state in equilibrium, i.e. the pressure and temperature are 
uniform over the volume and do not change with time.  
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Thermodynamic (2nd week) 
The Laws of Gas  
The state of a gas depends on the volume (V), pressure (P), and temperature (T). The relation 
between the volume, pressure, temperature and mass of the gas is called an equation of state. The 
equation of state can be applied for a state in equilibrium, i.e. the pressure and temperature are 
uniform over the volume and do not change with time.  
Don't through a left over hair spray into fire. 
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 Boyle's law: PV is constant when T is kept constant, for a given quantity of gas.  
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 Avogadro's law: Gasses with identical P, T and V contain the same number of molecules.  
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From the dimensional point of view,  
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thus 
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P ×V :  Nm = Joul[ ]  
has a dimension of energy. By combining four laws, we introduce the following equation of state for 
an "ideal" gas: 

€ 

PV = NkT  
where N is the number of gas molecules and k is called Boltzmann constant given by   

€ 

k =1.38 ×10−23 J⋅ K−1. 
Let us recall, the atomic mass unit, where 1 u corresponds the mass of the 

€ 

12C divided by 12 and  
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1 u =1.6605 ×10−27  kg =1.6605 ×10−24  g  
Therefore, in 12 g of 
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12 g
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of 
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where,  
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R = NA × k = 8.314 J mol⋅ K( )  
is called the universal gas constant and   
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▪ Van der Waals Introduced a constant (b) for volume correction
▪ A second term (a) is introduced for pressure correction

𝑃 =
𝑛𝑅𝑇

(𝑉 − 𝑛𝑏) −
𝑛2𝑎
𝑉2

(b) equal to the actual volume occupied by the molecules of 1 mol gas, with unit 
[ Τ𝐿 𝑚𝑜𝑙]
(a) reflects how strong the gas molecules attract to each other, with unit 
[𝐿2˗atm/𝑚𝑜𝑙2]

Both a and b are gas dependent.

Van der Waals equation:  𝑷 + 𝒏𝟐𝒂
𝑽𝟐

𝑽 − 𝒏𝒃 = 𝒏𝑹𝑻

Real gas:
Deviations from ideal behavior 
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(a: pressure correction, 

b: volume correction)



Recap… Chapter 4, Kinetic theory of gases
•What is meant with the kinetic theory of gases, and for which type of gas is it valid?


•Connection between macroscopic variables of a gas, such as P, T, V etc. and 
microscopic properties of atoms/molecules, such as their kinetic energy and 
velocity.

•Applicable for ideal gas, elastic collisions and random velocities which are 

isotropic.


•What is the relation between Pressure, Volume and particle velocity?


•How is the kinetic energy of ideal gas related to macroscopic T?


•How can we compute the root-mean-square velocity vrms of gas particles?
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By denoting the area of the wall A to be S, the pressure is given by  
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where V is the volume of the container. It follows that  
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where 

€ 

K = m v2 2 is the average of the kinetic energy of the gas molecule. By comparing this to 
the equation of the state for the ideal gas,  

€ 

PV = NkT  
we can conclude 

€ 

K =
3
2
kT  

i.e. the average kinetic energy of the molecule of an ideal gas is directly proportional to the absolute 
temperature. What is the average kinetic energy of an ideal gas molecule at   

€ 

37!  C? Noting that 
  

€ 

37!  C  is 310  K and we obtain  

€ 

K =
3
2
kT =

3
2
⋅ 1.38 ×10−23 J K ⋅ 310 K = 6.42 ×10−21 J

 
For one mole of molecules, the kinetic energy becomes 

€ 

NA K = 6.02 ×1023⋅ 6.42 ×10−21 J = 3860 J ≈1 kcal. 
The root-mean-squared velocity of an ideal gas molecule at an absolute temperature T is then given 
by  
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Recap… Chapter 4, Kinetic theory of gases
•What is meant with the kinetic theory of gases, and for which type of gas is it valid?


•Connection between macroscopic variables of a gas, such as P, T, V etc. and 
microscopic properties of atoms/molecules, such as their kinetic energy and 
velocity.

•Applicable for ideal gas, elastic collisions and random velocities which are 

isotropic.


•What is the relation between Pressure, Volume and particle velocity?


•How is the kinetic energy of ideal gas related to macroscopic T?


•How can we compute the root-mean-square velocity vrms of gas particles?
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Recap… Chapter 4, Kinetic theory of gases
•What is meant with the kinetic theory of gases, and for which type of gas is it valid?


•Connection between macroscopic variables of a gas, such as P, T, V etc. and 
microscopic properties of atoms/molecules, such as their kinetic energy and 
velocity.

•Applicable for ideal gas, elastic collisions and random velocities which are 

isotropic.


•What is the relation between Pressure, Volume and particle velocity?


•How is the kinetic energy of ideal gas related to macroscopic T?


•How can we compute the root-mean-square velocity vrms of gas particles?
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€ 

37!  C  can be calculated using the above equation. Since 1 u corresponds to 

€ 

1.66 ×10−27  kg , the 
masses of one molecule for them are given by  

€ 

m O2( ) = 32⋅ 1.66 ×10−27  kg = 5.3 ×10−26  kg

m N2( ) = 28⋅ 1.66 ×10−27  kg = 4.6 ×10−26  kg
 

and 

€ 

vrms O2( ) =
3kT
m O2( )

=
3⋅ 1.38 ×10−23 J K⋅ 293K

5.3 ×10−26kg
= 480 m s

vrms N2( ) =
3kT
m N2( )

=
3⋅ 1.38 ×10−23 J K⋅ 293K

4.6 ×10−26kg
= 510 m s

. 

Note that the lighter gas molecule moves faster at a same temperature.  



Quizzzz time
•The T of an ideal gas increases. Which of the following is true? a) the pressure must 

decrease. b) the pressure must increase. c) the pressure must increase while the 
volume decreases. d) the volume must increase while the pressure decreases. e) the 
pressure, the volume or both may increase.


• PV = nRT —> e) is the correct answer.


•An ideal gas in a sealed rigid container (closed system). The average kinetic energy of 
the gas molecules depends mostly on a) the size of the container; b) the number of 
molecules in the container; c) the temperature of the gas; d) the mass of the 
molecules. What about the rms velocity of gas molecules?


• c) the T of the gas.


• The rms velocity is additionally dependent on the mass of a particle/molecule.


•Why should you not put a closed, empty glass jar with the lid on tight into a 
campfire? What could happen?


• Heat Expansion: —> pressure increase! 

• Glass Breaking: Glass can break or shatter due to thermal stress caused by uneven heating or 

rapid temperature changes, in particular if the glass transitions quickly from being hot to cool.

• —> Risk of Explosion due to combination of increased internal pressure and the thermal stress
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Quizzz time

• Two ideal gases, A & B, are at the same T. If the molecular mass of the molecules in gas A is twice that of 
molecules in gas B, the molecules’ root-mean-square velocity is a) the same in both gases; b) twice as 
great in A; c) 1.4 times greater in A; d) twice as great in B; or e) 1.4 times greater in B?


• e) is correct. v_rms ~ 1/sqrt(m) —> This is because if the molecular mass of A is twice that of B, 
the rms velocity of A will be smaller by a factor of 1/sqrt(2), and hence, the rms velocity of B will 
be 1.4 times greater than that of A.


• mA = 2 mB; & v_rms,B ~ 1/sqrt(mB)


• then: v_rms,A ~ 1/sqrt(2 mB) = 1/sqrt(2) v_rms,B


• Solving for v_rms,B = sqrt(2) v_rms,A


• In a mixture of the gases Oxygen and Helium, which statement is valid? a) The He atoms will be moving 
faster than the O molecules on average; b) both will be moving at the same speed. c) The O molecules will 
be on average moving faster. d) The kinetic energy of the He atoms will exceed that of the O molecules. e) 
none of the above.


• a) is correct, because He atoms are lighter… Oxygen (O₂) is a diatomic molecule with a molar 
mass of approximately 32 g/mol (16 g/mol for each oxygen atom), whereas Helium (He) is a 
monatomic gas with a molar mass of about 4 g/mol. Thus, oxygen molecules are heavier than 
helium atoms.
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