
:. d u  =  ($),dT+  (:)+I

.:  du = Tds - pdv

:. Tds = du + pdv

ds = $ (du + pdv) . . . . . . . . . . 5.3
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unufimmir  (5.2) ahw.mm  (5.3) ~kG$hi  GM

ds  =~(~),+~[P+(~)~dv . . ...5.4

In’ s = s(T, v)

:. d s  =  ($)IdT+($jTdv . . . . . . . . . . 5.5

LdOJ3lfl  dT UA: dv lfh.&h::  &IkhJlh~tYl&~~  dT UR: dv fUi3Jf-l-l~  (5.4) L&a:

(5.5) iJLriltii4  &Iii

(3,  = i(S), / . . . . . . . . . . 5.6

UFi::
(2jT=++(iij*] . . . . . . . . . . 5.7

1lfl8Ufll1  (5.6) UWZ  (5.7) ‘L?kll$w’ulkfoJ  (second derivative) 0%

E(SjJT  = [&lT=k& . . . . . . . . . . 5.8

. . . . . . . . . . 5.9

EfufI13  (5.8) 6-U (5.9) Wiln'u  Q:!;

1 a*”- -
T avaT ~=,[(g)“+$g.]  -+z[P+(ggJ

-‘- [( $),,+P] = T($), . . . . . . . 5.10
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unudi6xm.mi~  (5.10)

:_ c
P - C”

= T .m; . ,ZJ”  = $!

ainfwm  (5.6) UB:  (5.7) unuiiidn”Miuiu~3  a&&h

ainffwm  (5.6) ($),  = $ ($),

. . . . . . . . . . 5.11

=+[T(s),l=($)v

. . . . . . . ...5.12

unufiitwni~  (5.tlj  ukx  (5.12) ah.m.mis  (5.5) a:%?

ds = f dT +-[dv . . . . . . . ...5.13
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;.  Tds =c” dT+P--TdvI L
. ..5.14
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&=C d-T+&
“T V

&=C  L!LRd_p
pT P

ds= p
c dvC” 3 + p ;

s = s,,  + J’T,  cv c + R In zc,

s=s,,+JTC  dT-
Tn p r

R In p
PII

T Vs = s,,  + cv In T,,  + R In ;
II

s = s,,  + Cp In ; =RInP
0 P O

6 = s,, + Cv  In e + Cp In 1(
PO vO

(Helmholtz function and Gibbs
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fl&hJ6  87Q&ltl’h  Gibbs potential ?&I Gibbs free energy

G =  u - T S + p v

= F+pV

=H-TS

H, F UE$Z G TXll%‘h  Thermodynamic potentials

dlns"Yos=y3unlsw"un~~u'ou  q OiM

dH =. dti  .+ pdV + Vdp

dF = dU - TdS  - SdT

dG = dU - TdS  - SdT  + pdv  + Vdp

9in  F = I-J  - TS

dF = dU - TdS  - SdT

UB:: TdS  = dU + pdV

6dU dF = - SdT  - pdV

:.  dG = - SdT + Vdp
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dG  = dU - TdS  - SdT  + pdV  + Vdp

:_ TdS  - dU  = - dG - SdT  + pdV  + Vdp

dunlsr2;J~uaaJan~l~~~  6%

dU = TdS - SW

:. ii%' = TdS  - dlJ . . . . . . . . . . 5.16
uar iiw= -dF-SdT . . . . . . . . . . 5.17

us::  ~ = - dG  - SdT  + pdv  + Vdp . . . . . . . . . . 5.18
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g
r,, - f’  = (““a-  Ts”‘+  p,r’“,  - (u”  - Ts” + pv” ) .

= - (,“’ - .“) + T($”  - ,“) - p(v”’ - v”)

118

= 0
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%v = Tds = du + pdv

L’I’I~~$n0J  diierential &ii%lri  &

dh = Tds + vdp

df = -sdT-pdv

dg = - SdT + vqp

du = Tds - pdv

Lfl~~  h = h(s,  p)

. . . . . . . . . . 5.23

:.  dh = ($$d~.+($)$~ . . . . . . . . . . 5.24

. . . . . . . . . . 5.25

mmmi5  (5.25)

a ah-_
( 1

aT
ap as = dp,! 1 MC+($)  =($jp

a2h dT
( 1

a2h av
spas = aps -= as,asap ( 1

L a
ul4flo a2h

spas
a2h=-
asap

iiT
-.-,  ap s( 1 x5?!

( 1as  P

. . . . . . . ..5.26
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I23
= T(""'  - "")
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dP
I

13
-=
dT T(v”’ - v’)
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3 .

4.

5 .

6 .

7.
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1. (f-l) 0 (U) - T(dB/dT)

2. uo~~laq~u~~l~~u~lJ p : uo$hm4Lao?laA  %.Al p

3. (?l) a + bT - R

4. - 1.92 x 10’ J/deg

5. fl) nRln2 U) nRln2  fi) nRln2 LEE  0

6. fl)  - 4.5 J/kg,  U)q = - 153 Fl) AU = - 148 J/kgJ/kg. 9)0.41"K

7. llar3Jxu  82°C
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