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1. Temperature

� EMBED Equation.2  ���.

Absolute temperature (Kelvin scale):

� EMBED Equation.2  ���

Absolute temperature can be measured precisely and is fundamental. Therefore, this is the definition of the Celsius scale. Unit of temperature in SI is kelvin [K]. It value is the same as OC, but the origine of the scale is shifted. 

Absolute temperature cannot be below zero. Even zero cannot be reached (Third Law of Thermodynamics).

Thermodynamical comparison of two temperatures: 

�









With two bodies in contact, higher T decreases, lower T increases.

�2. Ideal Gas Laws

Ideal gas laws are supported by both experiments and theory. The most general form is The Ideal Gas Law,

� EMBED Equation.2  ���

Here P is an absolute (not gauge) pressure, and R is the universal gas constant. Its value is found experimentally

� EMBED Equation.2  ���

The number of moles is defined as

� EMBED Equation.2  ���



�From the universal gas law we can obtained three particular gas laws.



Boyle’s Law:

� EMBED Equation.2  ���

for temperature kept constant. 

Isotherm:

����







�Charle’s Law: Volume is proportional to T

� EMBED Equation.2  ���

for pressure kept constant and T in Kelvin [absolute] scale.       Isobars:



�

�

�

Gay-Lussac’s law: 

� EMBED Equation.2  ���

Isochores:

�

�

�



Example 1: An average human breathes 12 times a minute, and consumes about 3 L of air per one breath. Thus, the consumption per minute is 36 L of air at standard temperature and pressure (STP), i.e at 1 atm and 0OC. The volume of gas in SCUBA is approximately 20 L. What should be pressure of the gas to allow a diver 1 hour underwater (at normal temperature).

Solution: The total required volume of air at STP is 

� EMBED Equation.2  ���.

We also know that � EMBED Equation.2  ���. The solution is given by the Boyle’s law,

� EMBED Equation.2  ���.

This is a realistic value.

�Example 2 What volume is occupied by 1 mole of a gas at STP?

Solution: We use the universal gas law,

� EMBED Equation.2  ���

This number is universal: one mole of any gas at STP occupies this volume.

�Ideal Gas Laws in Terms of the Number of Molecules

The number of molecules in a mole is the same for any substance (by the definition of mole). It is called Avogadro number:

� EMBED Equation.2  ���

One can rewrite the Ideal Gas Law as

� EMBED Equation.2  ���,

where N is the number of molecules in the gas.

� EMBED Equation.2  ���.

Here the Boltzmann’s constant is

� EMBED Equation.2  ����Example: How many molecules a diver breathes in during a 1-hour dive?

Solution: P=100 bar=107 Pa, V=20 L=0.02 m3. We use the Universal Gas Law in terms of the number of molecules,

� EMBED Equation.2  ���.

This is almost one hundred moles of the gas.





�3. Kinetic Theory

�� EMBED Package  ���Double-click to activate the demonstration package.�

�

�Postulates of the Kinetic Theory:

 There are large number of molecules moving with random speeds in random directions.

 The molecules are on the average far apart from one another.

 The molecules obey laws of the classical mechanics in their motion and collisions with one another and with the walls. Long-range interaction between molecules is negligible.

 The collisions are perfectly elastic.

�Kinetic Theory and the Universal Gas Law�� EMBED Package  ���Double click to activate the simulation package���� EMBED Word.Picture.6  ���

From the Second Law, the average force acting on the wall during the collision:

� EMBED Equation.2  ���

The average total force (exerted by all the molecules);

� EMBED Equation.2  ���

The mean square velocity of a molecule is defined as:

� EMBED Equation.2  ���

Thus, the average force is

� EMBED Equation.2  ���

Pithagorian theorem states that 

� EMBED Equation.2  ���

Substituting this, we obtain the average force on a wall as

� EMBED Equation.2  ���

Dividing the force by the wall area, we obtain the pressure on the wall

� EMBED Equation.2  ���.

It can be rewritten in the form of the Universal Gas Law:

� EMBED Equation.2  ���

From this, we obtain the kinetic interpretation of temperature as related to the averaged kinetic energy of a molecule:

� EMBED Equation.2  ���

Thus, the temperature of the ideal (simple monoatomic) gas is the average kinetic energy of a molecule times 2/(3k).



Example 1: What is (average) internal energy U of 1 mol of the (simple) ideal gas at 20OC?

Solution: 

� EMBED Equation.2  ���

It does not depend on pressure (for an ideal gas only!).

�Example 2: What is rms velocity of hydrogen atoms in Sun’s chromosphere (T=6000 K)?

Solution:

� EMBED Equation.2  ���



��Distribution of Molecular Speeds
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