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State Variables and Functions

Last Time

Microscopic Variables versus Macroscopic Variables

Extensive versus Intensive Variable

Canonical Conjugates

Derived Quantities or Densities

Zeroeth Law of Thermodynamics: Temperature




MIT 3.00 Fall 2002 © W.C Carter 31

_ State Functions

A state function is a relationship between thermodynamic quantities—what it means is
that if you have N thermodynamic variables that describe the system that you are interested
in and you have a state function, then you can specify N — 1 of the variables and the other is
determined by the state function.

A state function is a model for a material or a system.

Note that the definition of a state function implies a dependence between some variable
and the current value of the other thermodynamic values—in other words, it doesn’t matter
how the system arrived at a certain state. State functions cannot depend on the any of the
prior processes—state functions are history-independent.

Question: Can you write an equation that describes how far the lecturer is located from the
corner of the room?

Question: Is the distance of the lecturer from the corner of the room a state function? What
are the variables?

Question: Can you write a differential expression for this distance in terms of its variables?

Question: What assumptions have been made in writing down the model for distance?

Question: Imagine that you have closed your eyes for a few seconds and the lecturer walks to
a new location in the room, can you write an equation expressing how far he has walked?
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Question: Is the ‘distance the lecturer has walked’ a state function?

Question: If the ‘distance the lecturer has walked’ is not a state function, is there any modifi-
cation to the phrase that would make it a state function?

Some Example State Functions

Pressure could be a state function of the variables, N the number of atoms present, V' the
volume of the container, and T the temperature:

P = f(N,V,T) (4-1)

This says that we can pick any of the three and the fourth is determined by equilibrium
properties of the material.

Note that the word pressure plays two roles here! One role is as a thermodynamic variable
that could be measured and the other is the name of some function. Another way to think
of this is that for an arbitrary system, there is no reason to expect that there might be a
function called pressure that relates to only N, V', and T but there is nothing preventing us
from measuring the pressure anyways. However, if we are considering an ideal gas model for
our system, then there is a function P = P(N,V,T) which tells us that we need not bother to
measure P if we know N, V| and T—or we can use our knowledge of P(N,V,T) for an ideal
gas to construct a pressure gauge.

Another state function is total number of molecules or atoms:

ntotal — oon Ny N, L Ng) (vtotal = ZN (4-2)






















