13. THERMODYNAMICS FROM OBSERVER’S MATHEMATICS
POINT OF VIEW

13.1 Thermodynamical equations from Observer’s Mathematics point
of view

Thermodynamic physical quantities are those which describe macroscopic states of bodies. They
include some which have both a thermodynamic and a purely mechanical significance, such as
energy and volume. There are also, however, quantities of another kind, which appear as a
result of purely statistical laws and have no meaning when applied to non-macroscopic systems,
for example entropy.

We consider now thermal natural variables: T - temperature and S - entropy, and mechanical
natural variables: P - pressure and V - volume. Also we consider thermodynamic potentials as
functions of their thermal and mechanical variables: the internal energy U = U(S, V') with given
T and P considered as the parameters, enthalpy H = H(S, P) with given T and V' considered
as the parameters, Helmholtz free energy A = A(T,V) with given S and P considered as
the parameters, and Gibbs free energy G = G(T, P) with given S and V' considered as the
parameters.

The combined first and second thermodynamic laws give equation written in Observer’s
Mathematics arithmetics:

(TD1)
Definition of enthalpy can be written as
(TD2)

H=U+,Px,V
Definition of Helmholtz free energy can be written as
(TD3 )

A=U+,T x, S
Definition of Gibbs free energy can be written as
(TD4 )

G=H+,Tx,S

By (TD1 ), (TD2 ) and (IN14) we get
(TD2’)
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AH =AU+, Px, AV +,Vx,AP+,m =T x,AS—, PX, AV 4+, P X, AV 4,V X, AP+,n =

:TXRAS+nVXnAP+n771

Te.

AH =T x, AS +,V X, AP 4+, m
where 7); is a random variable depends on n and m.
We assume that all elements of this equality belong to W,,.
So, the probability of equality

AH =T x, AS+,V x,, AP

is less than 1.
By (TD1 ), (TD3 ) and (IN14) we get
(TD3’)

AA =AU -, Tx, AS—, Sx, AT +,n =T x, AS —, Px, AV —, T x,, AS —, S X, AT+, =

= P xy AV =, S X AT 4, 1

T.e.

AA=—P x, AV —, 5 x,, AT +, 12

where 7, is a random variable depends on n and m.
We assume that all elements of this equality belong to W,.
So, the probability of equality

AA=—-Sx%x, AT —, P x, AV

is less than 1.
We get
(TD4’ )
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AG = AH—,Tx,AS—,Sx,AT+,n3 =T X, AS+,V X, AP+, m—nT X, AS—, S X, AT +,n3 =

IVXHAP—.—n’fh —nSXnAT+n7]3
Le.

AG =V x, AP —, S % AT 4, n4

where 73,74 are the random variables depend on n and m.
We assume that all elements of this equality belong to W,,.
So, the probability of equality

AG = -5 x, AT +,V x, AP

is less than 1.
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13.2 Maxwell relations in Thermodynamics from Observer’s
Mathematics point of view

We get
T = 8U/6S +n s

and

—P =0U/0V 4, ns

where 7);, 16 are random variables depend on n and m.
And we get
(OMTD1 )

oT/oV = —0P/IS +, n7
where 77 is a random variable depends on n and m.
We assume that all elements of (OMTD1 ) belong to W,.
We get
T =0H/0S 4+, ns

and

V = 0H/OP +, 1o

where 7g, 79 are random variables depend on n and m.
And we get
(OMTD2 )

(9T/(9P = (9V/8S +n N0

where 7);9 is a random variable depends on n and m.
We assume that all elements of (OMTD2 ) belong to W,.
By (N16 ) and (TD3’ ) we get

and
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—P = 8A/0V —l—n M2

where 711, 712 are random variables depend on n and m.
And we get
(OMTD3 )

0S/0V = OP/IT +, m3
where 713 is a random variable depends on n and m.
We assume that all elements of (OMTD3 ) belong to W,,.
We get
-5 = 8G/8T +n N4

and

V =0G/OP +, ms

where 714, 715 are random variables depend on n and m.
And we get
(OMTD4 )

—0S/0P = OV /IT +,, me

where 714 is a random variable depends on n and m.
We assume that all elements of (OMTD4 ) belong to W,.
THEOREM 13.1. Equations (OMTD1 ), (OMTD2 ), (OMTDS3 ) and (OMTD4 ) are

Mazwell relations in Thermodynamics from Observer’s Mathematics point of view.
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