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Review:

Unknowns

n
Vol.

A~

Equations
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(2)

3)
4
)
(6)

N =nVol.
p=nk,T
U=(3/2)pVol.
AU =00, +oW
AS = 5Qm /T
oW =—-pAVol.

(2a)

(3a)
(4a)

pVol.= Nk, T
U=3/2)Nk,T
AU=TAS - pAVol.
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The First Law of Thermodynamics

(4) AU =00, +0W s

Since

(3a) U =(3/2)Nk,T ,

it yields

(3b) AU =(3/2)Nk,AT

Substituting equation (3b) and equation

(6) OW szm=—pAVol.

into equation (4) to eliminate AU and oW , it yields
(4b) (3/2)Nk,AT =00, — pAVol.
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Case 1: Isochoric Process

For 1sochoric process (constant-volume process), we have
AVol.=0 .

Substituting AVol.=0 1nto equation
(4b) (3/2)Nk,AT =00, — pAVol.
it yields

(4c) 00, =(3/2)Nk, AT

where C, is the heat capacity at constant volume ZEFZLE.

=C, AT

Vol .=constant Vol .=constant Vol .=constant
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Case 2: Isobaric Process

For 1sobaric process (constant-pressure process), we have
Ap=0.

Differentiating equation (2a) once, 1t yields

(2b) Vol.Ap+ pAVol.= Nk, AT

Substituting A p =0 1nto equation (2b), then substituting the

resulting equation into equation
(4b) (3/2)Nk,AT =00, — pAVol.
to eliminate pAVol., it yields

(4d) 60, =(5/2)Nk, AT

where C, is the heat capacity at constant pressure Z¢FAZAZS

=C, AT|

p=constant p=constant p=constant
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In summary, we have

(40) 5Ql” Vol .=constant - (3 / 2)NkB AT Vol .=constant = CV AT Vol .=constant
(4d) 5Qm p=constant - (5 /2)Nk3 AT p=constant = CP AT‘ p=constant
where

(4c) C, = (3/2)Nk,
4d) C,=(5/2)Nk,
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Now, let us consider the entropy S as a function of pressure p

and volume Vol., 1t yields

ASzApa—S + AVol. oS

dp oVol.

Vol .=constant p=constant

+AS

= AS Vol .=constant

_ 5Qm
T

p=constant

4+ 6Qm
T

Vol =constant p=constant

AT AT
=Gy T —

Vol =constant p=constant

Now, we need to determine (AT /T),, _.oosane K(AT /T)

p=constant *
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Since the 1deal gas law, equation (2a), can be rewritten as
(2¢) Inp+InVol.=In(Nk,)+1InT
Differentiating equation (2¢) once, 1t yields
(2d) g_l_AVol.:A_T
p Vol. T
Equation (2d) yields
AT _Ap

(2e) ES

and

Vol =constant p Vol .=constant

AT AVol.
2f) == —
(/) T Vol.

p=constant

p=constant
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Substituting equations (2e) and (2f) into

AT
AS=C, —
T

it yields

AS(p.Vol.) =

or

AS(p,Vol.)=

Vol .=constant

A
c, =L

AT
+Cp—
T

+C

p Vol .=constant

-

C,{Alnp

\

Vol .=constant C
%4

p=constant

AVol.
" Vol.

p=constant

+&Aanol.‘

Thus, S(p,Vol.)=C, In[ p(Vol.)*""“" ]+ constant
1s a solution of the above differential equation.

p=constant

'

J
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Since
oS Ap
AS Vol .=constant - Ap a_ = CV o
p Vol =constant p Vol =constant
oS AVol.
AS‘ =constant = AVol. - CP )
- aVOl p=constant VOZ p=constant
it yields
N _C, 3Nk,
ap Vol =constant p 2 p
3S C, 5Nk,
Vol | _onare VOl 2 Vol.
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Exercise: Write down the entropy S as a function of pressure
p and temperature 7' . Please show that

N
dp

T =constant

Nk,
p

and

9s
oT

5 Nk,
2 T
Exercise: Write down the entropy S as a function of volume
Vol. and temperature 7 . Please show that

p=constant

08 Nk, OS 3Nk,
aVOl T'=constant VOZ aT Vol =constant 2 r
Namely,
oS dS oS dS
— #* — and #
ap T'=constant p Vol =constant aVOl I'=constant aVOl p=constant
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In summary, the entropy S can be written as

3
S(p,Vol.) = ENkB In[ p(Vol.)’”* 1+ constant

or
S(p,T)= Nk, In[T>" / p]+ constant
or

S(Vol.,T) = Nk, In[(Vol )T ** 1+ constant
or
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