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8 Notes on Gaskell Text

= Multivariable Mathematics

An cquation of state s a function that defincs one variable in terms of several other variables, Thus cquations of

state follow the rules of mutlvarisbl os. In thermodynamics, we are ofien concered with how
something changes as we change the independent variables. A general analysis of such a problem can be written
down purcly in mathematical terms. Let £[# . %z, ... Xa] be a function of m variables xito x,. The total
differcntial in £(df) is given by
& of
o= 3 ()

where the partial derivative is taken with all x; # xbeing held cor.. at. In Mathematica notation, this total
differcatial is written as

u-i 8, fdx, ;

where @, Emeans the partial derivative of £ h .spec. to xwhile all other variables (here x; #.x.) are held
constant, This Mathematica notation will be uscd throughout these notes which were preparcd in 3 Marhematica

notebook.
» Example: V[P,T]

For example, the equation of state V[P.T] for a pure gas depends on only two variables and has the total

differential

v = 3 V[P, T) 4 = 3 V[P, T] 4T

arvi®! e, T +ap V4 IR, T)
Note: bluc text is thesc notes is Marhemarica output aficr valuating an input expression in red. Many input
expressions are followed be semicolons which simple supresses unintercsting Mathematica output,

Any change in volume due to a change in T and P can be caleuloted by integrating dV:

Deltav = jdv,
where § and fare the nital and final vakues of T and P.

This expression for dV is simply treating V{P,T] as an mathematical function of P and T. In thermodynamics we
are usually dealing with physical quantitics, In general, the partial derviatives for the total differentials themselves
often have physical significance. ln other words, they ofien comrespond to measurable quanties. In the dV
expression, 8 V[, 3] is the change in volume per degree at constant pressure which is thermal expansion of
the matter. Thermal expansion coefficient is normalized to give

& V[P, T]
as
VIP, T

ven e, 1)
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