This question is taken from:
http://en.wikipedia.org/wiki/Maxwell–Boltzmann_statistics
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Question:
I don’t get why they first define  
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Where they say:
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[bookmark: _GoBack]Then they say:
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I don’t get the difference between the same energy defined by  and degeneracy. From a definition I found of degeneracy it seems it also is ad efintion of energy level. Why do they define the energy level twice?:
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If the /th box has a “degeneracy” of gj. that s, it has g; "
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In physics, two or more different quantum states are said to be degenerate if they are all at the same energy level.
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In physics, two or more different quantum states are said to be degenerate if they are all at the same energy level. Statistically this means that they are
all equally probable of being filled, and in Quantum Mechanics it is represented mathematically by the Hamiktonian for the System having more than one
linearly independent eigenstate with the same eigenvalue. Conversely, an energy level is said to be degenerate if it contains two or more different states.
The number of different states at a particular energy level is called the level's degeneracy, and this phenomenon is generally known as a quantum
degeneracy.
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A quantum mechanical system or particle that is bound — that is, confined spatially—can only take on certain discrete values of energy. This contrasts
with classical particles, which can have any energy. These discrete values are called energy levels. The term is commonly used for the energy levels of
electrons in atoms or molecules, which are bound by the electric field of the nucleus, but can also refer to energy levels of nuclei or vibrational o rotational
energy levels in molecules. The energy spectrum of a system with such discrete energy levels is said to be quantized.
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Details of derivation [hide]

‘Suppose we have a container with a huge number of very small partcles al with identical physical characteristics (mass, charge. etc ). Lets refer to this as the system. Assume that though
the particles have identical properties, they are distinguishable. For example, we might identify each particle by continually observing their trajectories, or by placing a marking on each one.
e.g.. drawing a diferent number on each one s is done with lottery balls

The partcles are moving inside that container in al directions with great speed. Because the particles are speeding around, they possess some energy. The Maxwell-Boltzmann distribution
is a mathematical function that speaks about how many particles in the container have a certain energy.

In general. there may be many particles with the same amount of energy ¢ Let the number of particles with the same energy €1 be 'y, the number of particles possessing anather energy
€3 be Ny, and so forth for all the possible energies {€; 1=1.2.3,..). To describe this situation, we say that IN; is the occupation number of the energy level ;. Ifwe know all the occupation
numbers {N; 1i=1.2.3...). then we know the total energy of the system. However, because we can distinguish between which particles are occupying each energy level, the set of occupation
numbers (N |i=1.2.3...) does not completely describe the state of the system. To completely describe the state of the system, or the microstate, we must specify exactly which particles
are in each energy level. Thus when we count the number of possible states of the system, we must count each and every microstate, and not just the possible sets of occupation numbers

To begin with, lets ignore the degeneracy problem: assume that there is only one way to put NN particles into the energy level ; . What follows next is  bit of combinatorial thinking which
has litle to do in accurately describing the resenvoir of particles

The number of diflerent ways of performing an ordered selection of ane single object from N objects is obviously N The number of diflerent ways of selecting two objects from N objects, in @
particular order, is thus (N - 1) and that of selecting n objects in a particular order is seen to be N(N = ). The number of ways of selecting 2 objects from N objects without regard to order
is NV - 1) divided by the number of ways 2 objects can be ordered, which is 21. It can be seen that the number of ways of selecting 1 objects from \' objects without regard to order is the
binomial coefficient: AV(rI( - r)). If we now have a set of boxes labelled &, b, G, d. e, ..., k. then the number of ways of selecting N objects from  total of N objects and placing them in box

2, then selecting Ny objects from the remaining N ~ N objects and placing them in box b, then selecting N objects from the remaining N — N, — Ny objects and placing them in box c. and
‘continuing until no object is left outside is

N (N —N)! (N = N.—Ny)! (N—...=N)!

W= NI ) NV =N, - Nl NIV N, —N, - N NN = . N - N
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and because not even a single object is to be left outside the boxes, implies that the sum made of the terms Ny, Np, Ne. Nou Ne. ... Ny must equal N, thus the term (N - Ny - Np - Ne - .. - Nj
- Ny in the relation above evaluates to 0!. (01=1) which makes possible to write down that relation as

L
W:N!Hm

i=abe,..

Now going back to the degeneracy problem which characterize the resenvoir of particles. If the /th box has a "degeneracy” of g, that is. it has g "sub-boxes” such that any way of filing the
#h box where the number in the sub-boxes is changed is a distinct way of filing the box. then the number of ways of filing the ith box must be increased by the number of ways of
distributing the N7 objects in the ; "sub-boxes". The number of ways of placing [V distinguishabls objects in J "sub-boxes" is gIVi. Thus the number of ways 1/ that a total of '

particles can be classified into energy levels according to their energies. while each level ; having s distinct states such that the /h level accommodates IN; particles is
Ni
9

W= NI
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Let the number of particles with the same energy &1 be Ny




