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HHoo6T Thermodyramic. Identities
In $he nofey, we wouldd ke To wunderatend the chart below 3
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Mearwhile, We also want to show the thermedhnamic identitren,
du = -CdO'-i'/LLC’IN"‘PdV : dF=—JCIt+/4dM—PdV
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@D Legerdire trarntzrmation .
RecaQ #he Tranatormation fiom L(9,9) To H(@Q.p). The vapables

are defines by the dematives s P='§-£ o O _ g

o)
The relation between L & H & i =
E”(PC?)"P' HETY Note that 9 does not parkeipate the
Q) = - ; ol
| 5 L%Wreﬁw\b@rmcma} —a%i- =

Now go back To thema® physica. The I@e@@ne/gy F(gua)
Can be viewed a» Legarclre framtdmof UG uN). The
Trandidrmeol wenables T €7 T are defined by derivatives.

F = U- 0T g — E_Q) —r—g= —aE)
2y A

Netice #hadt V, N do not participale the Legendlre frerstarm andl
he O@maopona&rgdenva,ﬁueaa/e%ewe
fgg).._af::) = -p| ad () - (E
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@ Entrop dlerivadives
The erfropy cenvatives °Y6u, °%6v, °76n Can be relifed G
T, P k. To exfablish the refations, @A review the math fnck
o evaludle. the plope of a 2D curve. .

p2.

~Y B
Slops o >
/\ﬁ\%%:? 2 == *ég—— for the Curve Fy)=C.
Ty e 5 SV
/Qewn‘ﬁfg the 1amilbiar Brmdda cn themma®
Foyy=c pPhysics 8 3 ( _@_Z_) _ (a’%x),v
oX £ @%Y)x
Now A o the cane —
F— U, X—>V, y—=>o __E_B___O‘):_@?Q@:_E_
Sf’hu‘éarQy, we can alleo 2 dy (g'éé)v N:,CW\
Chooae a cufferent ret of variaobles, (aU)
a___Q_- = - ._g_@__.g' = — ./_L{_
>t X—=>N y-> O CBN y (gg)v M,:EN

D Suilibrium Oriteria revisited .
Conaidler Two systems cn themal and dliffiwive covects .
In actlition, theirvolunes Vi, Vo Can charge oo welQ bud
the tofa® volme V'=\V+*V, & constant. WhatS s the most

r-——é;_e ﬁrl
U, > A | U,
NI z “ Nl
A
VoSS L 5 |- vz
exdwgee/\ag—y
do=0 | — doj+dg, =0
o0; g5 —F
= oI
(au, AV T 58 N 5

Strajght Brwad olerivation B
ol eguwlibricem Critera ® Well,
maximize the entropy =09+ U3

with the condtramnty  U+U,=Const,
Ny#N, = Connt, VitV = Const.

5 Sfmp@}g/ by uhing Confrants .

AV ) * (G2 + S, + G2y, )=

2 a/\}2
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P3

20, _ o0 o0 _ O0; od; o0 —
el -+ o T e e e =
U, au) L é/\&) W+ (v~ av ) Vg
W e R

Becawse U N,V are independent variobles, The abore equaton
Leach To threr criferia. 13 reoching aquilibniums

o0y _ 202 B S——1 W Comblhfna alf criterc 1‘:@@‘»‘160
ou 9, L ! we reach the equilibrricem
o0 0% ., M _ Ay ConcliBors: T=Tp, U~M3

_C S L - T - s " L e P
M N, L2 m Very reaorobla.
__Lag - oA > _.Ef. - _EZ-_ /\/WOIQQOI t\D"
oV, oV, N T

@D Tota® diferentialo
Corwider The entropy (U VN) with Ch rafedal varables .

o= (35 ) v +(BE) v +35 ) o £A ol mbies

B :{’:dup’_:@dv"%dl\) Energy changr comed from

— [oiu= TAg + uckn) ~ pelV | THREE clifrent s
, Parhicke @ndl ;

Since there & no agproximation inelres i deriving the
folal differertial, You Can denie the dame identity by fakirg
derivative to UCT\V, N) direct@y, & Hhesame

% 1% U = - =
olv ao~dO-+ gfodl\)w*aa\;oh/ TAT +UceiN - paV/.

We can alse derive the Totalk differenhal for the Heldnholtz
frer energy F(TVN). Nofethat il ratumd varables

QIE TN N,

dF = %{éd‘c +-§Ed/\!+—§——5d\/ = —O'O{'C+/(AOI/\)—PO’\/
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P4
Lets try To denve the vame. denhty flom F= U-To
dF = dU - odtT-Tdo = TNO‘-:-/(AoI/\)—,DoIV—— o=t —}:glo

e —O‘d‘c-i-,tsi:o!/\)—pd\/ <— Jthe hame w3

You oy wordler: whether we Can obteinthe dame resultif we
Iness up the rotural \ariabls, F(T,v,N)= F(T@), v n)

dF = _ég") ok]‘—f-(.—E dN-;-ﬁ\l/:)aNdv Qfew F=U-To

v— (E&N 50‘ Nv -\C - _o(éo Y

FF v“ 6N0v~0§’5> D Ual)v
a\/)avv ( )U'N av)ow=—,D o S\-(;)N

Combine all terma fogether cn dF.
i = —U[(ao. oio+ )o)/\J-r(ﬁI)dv] + UelN) — peV

Now you shouldd have confidence cn these. themmadlyromic cdentities,
Nno matter which way you derve them )
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