
Partition function 

In physics, a partition function describes the statistical properties of a system in thermodynamic 
equilibrium. Partition functions are functions of the thermodynamic state variables, such as the 
temperature and volume. Most of the aggregate thermodynamic variables of the system, such as 
the total energy, free energy, entropy, and pressure, can be expressed in terms of the partition 
function or its derivatives. The partition function is dimensionless, it is a pure number. Each 
partition function is constructed to represent a particular statistical ensemble (which, in turn, 
corresponds to a particular free energy). The most common statistical ensembles have named 
partition functions. The canonical partition function applies to a canonical ensemble, in which 
the system is allowed to exchange heat with the environment at fixed temperature, volume, and 
number of particles. The grand canonical partition function applies to a grand canonical 
ensemble, in which the system can exchange both heat and particles with the environment, at 
fixed temperature, volume, and chemical potential. 

It may not be obvious why the partition function, as we have defined it above, is an important 
quantity. First, consider what goes into it. The partition function is a function of the temperature 
T and the microstate energies E1, E2, E3, etc. The microstate energies are determined by other 
thermodynamic variables, such as the number of particles and the volume, as well as microscopic 
quantities like the mass of the constituent particles. This dependence on microscopic variables is 
the central point of statistical mechanics. With a model of the microscopic constituents of a 
system, one can calculate the microstate energies, and thus the partition function, which will then 
allow us to calculate all the other thermodynamic properties of the system.  

The partition function can be related to thermodynamic properties because it has a very 
important statistical meaning. The probability Ps that the system occupies microstate s is  

                                                            Ps = 1/Z e-Es 

Thus, as shown above, the partition function plays the role of a normalizing constant (note that it 
does not depend on s), ensuring that the probabilities sum up to one: 

                                       Ps =  1/Z e-Es = 1/Z × Z = 1 

This is the reason for calling Z the "partition function": it encodes how the probabilities are 
partitioned among the different microstates, based on their individual energies. The letter Z 
stands for the German word Zustandssumme, "sum over states". The usefulness of the partition 
function stems from the fact that it can be used to relate macroscopic thermodynamic quantities 
to the microscopic details of a system through the derivatives of its partition function. Finding 
the partition function is also equivalent to performing a Laplace transform of the density of states 
function from the energy domain to the β domain, and the inverse Laplace transform of the 
partition function reclaims the state density function of energies.  
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