
Temperature
● Temperature is the physical property of a 

system which underlines the common notion 
of “hot” and “cold”.

● Two systems placed in contact come 
ultimately into a state of mutual equilibrium 
and said to be at the same temperature.

● If a thermometer is placed in a gas container 
then the thermal equilibrium is reached when 
the energy exchange between the gas 
molecules and the walls of thermometer 
becomes zero. 



Temperature
● The energy exchange between gas and 

thermometer is through collisions of gas 
molecules with the walls of thermometers, 
therefore, it's the kinetic energy of molecules 
that can be exchanged and is a measure of 
temperature.

● All ideal gases would lead to the same 
temperature scale.
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Temperature
● We define temperature as a quantity 

proportional to the pressure of ideal gas 
at constant volume:

                      

where N-quantity of gas, R-constant for a 
given quantity of gas.                         

pV=NRT



Absolute Temperature Scale
● Let's introduce a temperature scale: the 

temperature interval between melting ice and 
boiling water under 1 atm pressure shall be 
100.

                           @ melting ice temperature
                           1 atm presure

                                    @ saturated water vapor temp,      
                             1 atm pressure

p0V 0=RT 0

p1V 1=RT 1=RT 0100



AbsoluteTemperature Scale

● Solving for T0:

● Thus, melting ice temperature corresponds to 
273.15 degrees in the absolute temperature 
scale; boiling water to 373.15 degrees. 

● The scale is named after Lord Kelvine, 1 
degree Kelvine is denoted by 0K.

T 0=
100 p0V 0

p1V 1− p0V 0
=273.15



Equation of State
● Equation of state of ideal gas:

where p-pressure, V-volume, N-quantity of gas, T- 
temperature in 0K.

R-gas constant for a certain quantity of gas (number 
of molecules).

Ru-universal gas constant (gas constant per 1mole). It 
can be calculated as:

where p0=101325 Pa, V0=22.414x10-3m3, T0=273.15 0K.

pV=NRT

Ru=
p0V 0

T 0
=8.3145 J

mole⋅0 K



Gas Constants
● Ru – gas constant per mole and is the same 

for all ideal gases.
● R – gas constant per kilogram-mole (number 

of molecules in 1 kg of the gas) and is 
specific for each gas:                  - molecular 
weight of the gas in kg.

● For example, for nitrogen N2 molecular 
weight is 28 g=0.028 kg: R=297 J/kg . 0K.

● k -Boltzmann constant is gas constant per 
one molecule: 
k=Ru/NA=8.314/6.022x1023=1.38x10-23.

R=Ru / ,



R.M.S. Thermal Speed
● Using Boltzmann constant we can rewrite 

equation of state of ideal gas as: p=n k T
   p-pressure in Pa, n-number density 

(molecules/m3), T-temperature in 0K.
● Combining the equation of state with the 

expression for pressure,   we get:

● That is root-mean-square thermal speed is 
proportional to the square root of temperature.

v r.m.s=v 
21 /2=3 km T .



● Root-mean-square thermal speed is also inversely 
proportional to the square root of the molecular mass. 
Common gases at room temperature (150C):

R.M.S. Thermal Speed

Gas Formula M.W. Mol. Mass RMS thermal speed 
m/s

Atomic hydrogen H 1.008 1.67 2669.60
Hydrogen H2 2.016 3.35 1887.69
Helium He 4.002 6.65 1339.80
Atomin nitrogen N 14.010 23.27 716.07
Atomic oxygen O 16.000 26.57 670.07
Water H2O 18.016 29.92 631.46
Nitrogen N2 28.020 46.53 506.34
Oxygen O2 32.000 53.14 473.81
Argon Ar 39.940 66.32 424.10
Krypton Kr 82.900 137.66 294.37
Xenon Xe 130.200 216.21 234.89

 10 -27 kg


