Statistical ideas, Ensembles and M-B distribution law

Some statistical ideas:
		Statistics is that branch of science which deals with the collection, classification and tabulation of numerical data as the basis of explanation, description and comparision of various phenomenons. When statistical concepts are applied to physics, the new branch that emerges is called statistical physics.
		Statistical physics deals with macroscopic systems. i.e., the system consisting of a large number of individual particles such as atoms, molecules, etc. it is not concerned with the behavior of the individual particles of the system but takes in to consideration the average or most probable particles of the system . As a system is a collection of a large number of particles of one type, we may have a system composed of atoms, molecules, protons, neutron or electrons.
	There are three statistics depending upon three different kinds of particles:
1. Maxwell-Boltzmann statistics: This is applicable to the identical, distinguishable particles of any spin. The molecules of a gas are the particles of this kind. 
2. Bose-Einstein statistics: This is applicable to the identical, indistinguishable particles of zero or integral spin. These particles are called bosons. The examples of bosons are helium atoms at low temperature and the photons.
3. Fermi-Dirac statistics: This is applicable to the identical, indistinguishable particles of half-integral spin. These particles obey Pauli-exclusion principle and are called fermions. The examples of fermions are electrons, protons, neutrons, etc.
Importance in statistical physics:
		In statistical physics, particularly in statistical thermodynamics, we handle the systems having a very large number of particles and assume that the system exists in the most probable state i.e., equilibrium state. Since ‘n’ is very large, no significant error is caused by making this assumption. In other words, the importance of most probable state in determining the behavior of a macroscopic system in equilibrium lies in the fact that all the properties of the system can be deduced by knowing the most probable or equilibrium state of the system.
Phase space:
A combination of the position space and momentum space is known as phase space. Thus phase space has six dimensions. A point in phase space is, therefore, completely specified by six co-ordinates x, y, z, px, py, pz. Complete information about any particle in a dynamic system can be obtained from knowledge of these six co-ordinates which completely determine its position as well as momentum. As there are ‘n’ particles knowledge of 6n co-ordinates gives complete information regarding position and momentum of all the n-particles in the phase space for a dynamic system. The concept of phase space is very useful while dealing with dynamical systems actually existing in nature.

A small volume element in phase space is denoted by dґ and is given by:
  dґ= dx dy dz dpx dpy dpz
                 and in position space:  dx dy dz= dV
                        in momentum space:  dpx dpy dpz  =dҐ
                               Therefore,      dґ= dV. dҐ
Statistical ensembles:
		Ensemble is defined as a collection of large number macroscopically identical but essentially independent systems. Macroscopically identical, we mean that each of the systems constituting an ensemble satisfies the same macroscopic conditions, e.g. Volume, Pressure, Temperature, total number of particles etc. By the term independent systems, we mean that the systems consisting an ensemble are mutually non-interacting, just like the role of non-interacting molecules does in a gas.
		According to Gibbs, there are three standard ensembles to which real experiments could be approximated. 
These are:
1. The micro canonical ensemble
2. The canonical ensemble , and
3. The grand-canonical ensemble.
Micro canonical ensemble:
		The micro canonical ensemble is a collection of essentially independent systems having the same Energy E, Volume V and number of particles N.
		We assume that all the particles are identical. The individual systems of a micro canonical ensemble are separated by rigid, impermeable and well insulated walls that the values of E, V, N for a particular system are not affected at all by the presence of other systems.
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Canonical ensemble:
               The canonical ensemble is a collection of essentially independent systems having the same temperature T, Volume V and n umber of identical particles N.
              The below figure represents symbolically a canonical ensemble. The individual systems of the canonical ensemble are separated by rigid, impermeable but diathermic walls, i.e., conducting walls. As the separating walls are conducting, heat can be exchanged between the canonical ensembles, systems can exchange energy but not the matter, i.e., particles.
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Grand canonical ensemble:
              The grand-canonical ensemble is a collection of large number of essentially independent system having the same Temperature T, Volume V and chemical potential µ. The individual systems of a grand-canonical ensemble are separated by rigid, permeable and conducting walls, as shown in figure. As the separating walls are conducting and permeable, the exchange of heat energy as well as that of particles between the systems take place in such a way that all the systems arrive at common temperature T and the chemical potential µ.
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Uses of ensembles:
              In practice, we consider the three main types of ensembles and each ensemble corresponds to a different experimental situation. In fact, the three ensembles, which we have introduced and discussed above, are only examples of the infinite number of ensembles that can be considered. These are particularly useful for two main reasons:
a) Firstly, they correspond approximately to the types of thermodynamic measurements most frequently made in practices.
b) Secondly, in large number of systems, it is useful to find that the values of thermodynamic quantities that are not very sensitive to the method of measurement.
For example, in the measurement of specific heat of a liquid of known mass and thus known particle number, at temperature for below the boiling point, it matters very little whether the liquid is boiling point, it matters very little whether the liquid is isolated at constant temperature so that the number of particles is fixed as in a micro canonical ensemble or in equilibrium with its vapour so that the number of particles can fluctuate as in grand canonical ensemble
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