


2] THE SECONO LAW OF THERMODYNAMICS

IN IRREVERSIBlE PROCESSES SOME ENERGY FROM WORK (eg PaV)
IS LOST (e.g. THROUCH FRICTiON) BEING TRANSFORMED
INTO RADIAND OR CONDUCTED HEAT ENERGY THAT CAN NEVER BEE

RETURNED AS WORK. [LiKENSE, ABATTERY CAN PASS A CURRENT THIRDOC
A RESISTOR MEATING IT UP, BUT HEATING A RESISTOR WiLL NOT CHARGA

TOTAL WORK REVERSIBU WORK (e.g, PAV)
1 DISSIPATiNE WORK

SO WE CAN CRiTE S w H S W ，
Of SYSTEM ON ENViRCENT

BY ENERGY CONSERVATION, THE DiSSiPATIVE WORK BECOMES HEAT
COMICH IS NOT PART OF A REVERSiBLE PROCESS

TOTAL HEAT LE SYSTEM HEAT FROM REVERSTBE WORK

NoTE, THE INTERNAL ENERGY DOESN'T CHANGE LUMETHER REVERSIBLE OR NOT
du = 8Q - 8W = (SQr-E) - (Sw -E) =ба, -бш.

IMPORTANTLY, E>O SO S Q I S Q WAH EQUALITY
ONLY FOR REVERSIBLE PROCASSES.
RECASTiNG THIS IN TERMS OF ENTROPY, WMICH NOW IS DERND
EXPLiCITLY FOR HEAT ASSOCIATID WITH REVERSiBLE PROCESSES:

So d S ? , 0 CUMM EQUALITY FOR ADiABATiC PROCESSES (8Q=0)

THES IS 2N0LAW OF THERMODYNAMICS: ENTROPY ALCUAYS
INCREASES OR, AT BEST, IS CONSTANT.
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31 FIRST LACO OF THERMODYNAMICS (REPRISE)

BEFORE WE MAD d u = 8Q - PdV
Now, wiTh dS = $ WE CAN CURiTE ME PTLALO
IN TERMS Of DIFFERINTiALS IN EACH TERM:

d U = T d s - PdV!

THUS WE MINK Of U EU(S, V), AND IT IS UNDERSTOOD
THAT T=T(S,V) , P(S,V) IN GENERAL.

COMPARE WiTH TOr DIFFUriAL of U: dU = (25), ds + (ov)LV
SO (AT LAST) WE HAVE AN EXPLiCiT (TMOUGH NET INTUITINE)
DEFINITION OF TEMPERATURE:

T ⼆ （ 器 ）
ALSO

P =-(34)s
ALTERNATELY, CUE C A N CURiTE LACO IN TERMS OF ENTHALPY:

C H = T d S + VdP
IN CHECH COR UNDERSTANS H=H(S,P)

AGATU COMPARED CUTH dH = (BS) dS + (SP)s dP
T - （ 张 ） ， ） V = （ 骗 ） ：

THESE FORMULAE CAN ALSO BE CURITE IN INTRENSIC PROPESTiES
du = Tos - Pdv
dh = T a s + vdP

S= MS (OR HS) IS THE "SPECIFIC ENTROPY"
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4] GIBBS + HELMHOLTZ FREE ENERGIES

USUTERNAL ENERGY) AND HEATHALY) ARE TWO Of FOUR
COMMONLY USED ENERGIES IN THERMODYNAMICS. THE

OTHER TWO REPLACE S WiTH T AS THE STATE VARiABLE.

HELMHOLTZ FREE ENERGY: F = U-TS
- SdT - PdV

GIBBS FREE ENERGY: G = U-TS + PV = H-TS, G= 4(T,P)
→ dG = - SdT + VdP

WE WiLL SEE THAT GIBBS FREE ENERGY IS PARTiCULARLYUSEFOL TO STUDY PHASE TRANSFORMATIONS (FOR WONCHT MSP ARE CONSTANTS).

THE GIBBS FREE ENERGI IS ALSO USED (AS OF 2010) TO CHARACHZE
THE THERMODYNAMIC PROPERTiES OF SEA WATER. THIS IS
BECAUSE THE ARGUMENTS TO G ARE DIRECTLY MEASUREABLE.

THE EXPRESSIONS Of TME 1" LAL FOR
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51] MAXWELL RELATIONS

WE FOND dU = TdS- PJV = T = (35) →, P=- (5v)
ASSUMING U(S, V) IS "NICH" (AKA TWICE DEFFERENTIABLE *e tC)

=WE K N O w a s a v a s CORDER OF DERIVANUES DOESNT MATTIR!

AND SO WE HAVE 1(27,= -1
THIS IS ONE Of MAXULS RELATIONS. ANOTMER RELATiON
I S FOUND ENTHALPY:

d H : T d s +   V d P s   T - （ B p , V ： （ .
Sp)s = (35

FROM HELMHOLTZ FREE ENERGY:dF = - SaT - PaV → S= BF)v, P:(St)+
[ 3 ) ,   =   3 7 )

FROM GIBBS FREE ENERGY:
dG= - ST + VdP → S=- (67p, V=+(),
→ （ 3 ） ， = （ 3 P



6 RECiPROCAL RELATIONS A CYCLICAL RELATiONS
IN COMAT FOLLOWS WE WILL NEED SOME USEFUL IDENTiTiES
INVOLVINA 3 PROPERTIES X, Y, Z (e.g. PIVAT) INTERRELATEDBY SOME FORMULA EXPRESSED ABSTAACTLY AS f(X,y,Z)=O.

WRiTTEN EXPLiCiTLY AS X = X(Y, z), WE GET THE DIFFERENTiAL

dx - (By)e dy + ($), da
CRiTTEN EXPLiCiTLY A S Y : Y C X ， そ ） 、WE GET THE DIFFERENTIAL

dy = (Ex)e dx + (6), dz
SUBSTiTUTING ② u T o   ①

dx = (37) 5x)e dx + [(Sy)z(7) + (6), ] dz ( 3

T F   X + E   A R E   C O N S T D E R E D   A S   M E   I N D E P E N O N   V A R i A B E S ,   꺼 E N
( 3 HOLDS FOR ALL dX a dE.

IN PARTICULAR, I E

2x
- O y 、

dz=0 A N D （ w
= ду

以 冬
THE RELATiON

I f d x = 0
SOMETIMES

d z # 0 ,

(дх ) (ду)う そ ん

→ （ 3 ） を （ 3 ） メ ニ ー （ 3 ）
RECURiTTEN USING THE RECIPROCAR RELATION (SE,

ニ ー ト T h E   " C Y C L E C A L   R E A T T i O N "

THE NEGATIVE SION IS A RESULT Of CHANGING SUBSCRiPTS IN 6
DO NOT CONFUSE 5 WiTM THE CHAINRULE OF DIFFERENTIATION!

0₴ )u = (57/a (57) u & NO NEGATiVE SION

U = UIX,Y) FiXAD IMPLiCiTLY RELATES X 9Y


