
APPLICATIONS OF ENTROPY AND THE SECOND LALU 40)
1] ENTROPY CHANGES IN REVERSIBLE PROCESSES

FROM IST LAN CURiTTEN IN TERMS Of ENTROPY, CUE CAN
COMPUTE AS (OR SPECIFiC SUTROPY, 1S) IN SPECIAL CERCUMSTANCE

1) ADiABATIC PROCESSES
8 Q = 0 → dS =F=0 → S CONSTANT (15=0)

2) ISOTHERMAL
, COMERE AQ IS HEAT INPUT TO

GO FROM STATE I TO 2 A CONSTANT TEMPERATURE T.

3) ISO CHORIC PROCESSES dV=0UsE dU = TdS - P d V= TdS
A N D du = CroT
→ AS = 1, Cut AT

IN PARTICUIAR, IF CV IS CONSTANT FOR TEMPERATURE BETLUBEN T, ATE
→ AS = Cv Ln (Ta/T,)

4) ISOBARIC PROCESSES dP=o
UsE dH = TdS + VdP = T d S

cH = CpdT
→ AS = 5, CRECONSTANT

C p   ‡ d Cp Ls (Ta/T,)

5) PHASE CHANGE (AT CONSTANT TEMPERATURE AND PRESSURE)
RECALL l = 19 - Sq IS LATENT HEAT (OF FOSiON
OR VAPORiZATiON) WiTM UNITS OF J/kg.
SO TO CHANGE THE PIASE OF A MASS M OF DUBSTANCE GIVES
AN ENTROPY CHANGE AS =(MO)/T 7 0 FOR MELINA /EVAPORATION

SPECiFiC ENTRODY CHENKE IS 1S = IS =1% ( 1 0 FOR FREEZINA /CONDENSATION)



4 9
27 CARNET HEAT ENGINE REViSiTED

EARLIER CUE PLOTTED THE STAGES

OF THE CARNOT ENGINE WiTH A PAV DiAGRAM:

THIS CAN BE REPLOTTED ON A TIS DiAGRAM

L ADDABATSGES SATRODEST
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I N INTERNALBEING A REVERSiBLE PROCESS, WE KNOLO THE CHANGEENERGY GOIN FROM A→B→C→D→A IS ZURO: SOU = UAR+ Us = 0

So, FROM 15 LA, O= PdU = 9TdS - $ PAV
→ W = PPdV = STdS = T, (Sy-S,) + Te(S, - Sa)

= (T, - Tz) (Sa - S,)
I.e. WORK Is THe AREA CONTAINeD IN ThE TIS DiAGRAM.

IN TERMS of HEAT QEC = TI(Sa-S,) Ms DA = Ta(S, -52)
So W= QBC + QUA AS BEFORE.



3 THE ENTROPY of AN IDEAL GAS

BY DEFiNiTiON, WE KNOW THAT S = CONSTANT FOR AN ISEUROIC PRaESS.
BUT SEPARATEL CUE FOUND THAT THE POTENTIAL TEMPERATORE,

8 = T (P/PO) -X , IS COUSTANT FOR A GAS THAT MOVES
ADiABATICALLY INTO DIFFERENT PRESSURES. THIS SUGGESTS
ThE TOO ARE RELATED.

From 1T LAL IN TERMS Of SPECiFIC ENTHALP%, WE HAVE

→ ds = cat dT - et dP
- g t d f - 背 d p
= Cp d(sT) - Rgd(LnP)

BuT LAD = LA[T (P/Po)X] = LAT - X LAP + CONSTANT
→ CP LAO = CALAT - RELAF + CONSTANT (USING X = PCp)

BECAUSE CP A RE ARE CONSTANT. FOR AN IDEAL GAS
→ d(coLnO) = codesT) - Redsp) = ds

SO, TO WiTTEN A CONSTANT (USUALLY TAKEN TO BE ZERO)

S = Cp LsO

ONE CAN GO FURTHER AN CONSIDER AIR THAT ABSORBS OR
CONDUCTS/RADIATES HEAT AS IT MOVES → TES = jE HEALE RATE ES]
S O → =   호 부 위

THIS IS INTERNAL ENERGY EQUATION INCLUSTNA HEAT ABSORPTION/ DISSiPATION



4] POTENTIAL DENSITY A POTENTIAL TEMPERATURE OF SEA WATER
FOR SIMPLiCITI, IGNORE INFLUENCE OF SALINITY AND WILL
ASSUME DENSITY AND TEMPERATURE CHANGE DUE TO PRESSURE

THROUG ADiABATIC PROCESSES. UNLIVE EXPRESSIONS FOR A
GAS: CPoT = P(P/P.) -18 , O= T(PRO)*, HERE CUE
CANNOT MAKE USE Of A "NICE" ECATION o STATE. INSTEAD
MANIPULATE DIFFERENTiALS TO FIND COEFFICiANIS MEASURED TO BE

APPROXIMATELY CONSTANT.

PoTATIAL DANSTTY: SUPPOSE S= s(e,P)

USE D2)s = C3 WHERE CSE1500M/S IS SPEED OF SONS IN CUATER
B u r （ 弹 l e 5 5 仁 = C X C L E c A A   R E A T I O N 品 說 ） ， 開 認 ） = - ！

= - d (Se)
So 0 → ds = (Be), [de - ddp]
FOR AN ADiABATiC PROCESS, d Ode- ddp= 0
I N THE OCEAN IT IS CONVENIENT TO RECAST PRESSURE I N

THEMS OS DETH THROUGH HYDROSTATIC BAINCE! dp = - e908 =9dE
→ d(e+d 69z) = 0

So DEfiNE CPor = l + loFe 4 5 POTENTIAL DENSITY : OR O
win He = C3/9 ( ~ (1500 ms) /(9.8 m/s) = 200 km )

A DENSSTY SCALE HEICHIT

CPOT IS DENSITY THAT FLUTA CIT DENSITY l AT DEATH Z (<O)
WOUS HAVE IF BROUGHT TO SURFACE (WMARE Z=O).
PYPICALLY, lO IS TAKEN TO BE THE DENSITY OF THE SURFACE CUATER
(1030 Kg/N$ IS TYPICAL )

EXAMPLE: FOR LATER BROUGT ADIABATiCALLY FROM SURFACE TO 5 KM DATH
TAVE CPUT = lO (DENSITI AT SURFACE). So AT 2=- 5Km, ITS
DENSITY IS l= PAT - loRe = lo (1 - (-50km) = 1.025 lo.
NOT MUCH, BUT STONIFICANT COMPARED DO DENSITI RANDE IN OCTAN (1025-1033%8



4J (coNTd)
POTENTiAL TEMPERATURE (OF WATER)

SUPPOSE S = S(T, P)
→ ds = (87), dT + (2), dp

BuT Cp = 27/中 - 告 p → (27)р = 7
X= E: SPECIFEC VOLUME

E A MACOELL RELATION (StE .42 OF NOTES)
THERE EXPANSION COEFFICIET

= マ ー （ - B r e ）
・ - B l e

So ds - 7 dT - 8 dp
FOR AN ADiABATIC PROCESS, dS: 0 → 7 dT - Bredp=→ dT - & dp= 0
AGAN USE HYDROSTATE BANCE: dp=-egdz

d T + T 配$ 0 7 = 0
FINALLY SUPPOSE TITO IN COEFFiCiANT AND THAT BE 9 C
ARE APPROXiMATELY CONSTANT TEMPERATURE SCALE HETGHIT

→ T +   T o F F = 0 h 三 2 g
DEFINE ⼦ THE "POTENTAL TEMPERATORE

9 : 7 . 8 8 1 3 2
Hy = 2000 km.

ExAMPLE: FOR CUATER AT SURFACE BROUGHT TO 5KM DEPTM, ITS
TEMPERATURE CHANCES FROM To

T = 8 - 丁 番 ＝ 7 6 （ 1 - 7 ） - 7 （ 1 - 2 6 0 5 2= 1.0025 T
So, IF To = 300K, T = 300.75K =0.8°C INCeRASE



5 ENTROPI CHANGE IN AN IRREVERSIBLE PROCES

CONSIDER ENTROP CHANGE AS A BODY OF TEMPERATURE T, WARMS
TO THE SURRONDE TEMPERATURE TR. IN DOING SO, SUPPOSETHE SURROUDINGS ARE SO LARGE THAT TEMPERATURE REMAINS AT TZ.

e n INSULATION ISOBAREC

SURRUNDIUGS From Sg= CadT - adP = cdT
(RESERVOIR) → ds = 8 = 4 dT

→ ASBoy = Cp LA (T2/T,) (>0 IF T27T, )

BECAUSE BODY + SURRONANES ARE INSULATO, ALL HEAT C(T2-T,)
COMES FROM SURRONDINGS

→ A S a s a a e = ⼀ ⾔ （ C A T T ） （ S O T E   E O T ）
SO, THE TOTAL ENTROPY CHANGE Of THE BODY + RESARVOR
I S

ISUNTUESE = ASBODY + IS RESERUEER
- C p L b o （ F / T ） ⼀ （ 1 ⼀ 元 ⽄ ）

NOTE ASUNIVERSE = O IF TR=T,

SUppoSE T2 = T, + S T
→ Ln (Ta/T,) = Ln (1 + 7 ) = ⼀ 点 （ 祭 ） + 3 （ ） - ＋ ・ ・硫   （   等 ）   1 ⼀ 等   （ ）

S o   A s o u o e s ⼆ G I 供 ⼀ 這 了 ） ⼀ 1 + （ 1 - 答 - 問 ） ］
2 C l え （ 祭

SO ASINIRS 7, O WiTH EQUALITY ONLY IF T, = T2
INDEED, THiS PIRCUMSTANCE IS IRRERERSIBLE - THE BODY WRL
NOT SPONTANEOUSLY COOL DOLN



6] FREE EXPANSiON Of AN IDEAL GAS

CONSIDER TWO CHAMBERS CONE WITH A GAS, ONE IN VACUUM) ALL
COiTHIN AN INSULATED VESSEL. ThE MEMBRANE SEPARATING THE
CHAMBERS IS SUDDENLY POPPED ALLOWING THE GAS TO EXPAND TO FILI BOTH CHAMBERS

G A S
Vo, To V, -vo Vi , T,

BECAUSE INSULATED SQ=0.
ALSO, BECAUSE EXPANDELA GAS MOVES INTO 2480 PRESSURE SW=poV=0

dU = 8Q - SW= 0 → CoT=O → T CONSTANT
½ > T , a T 。 ！

LENAGO, ASTERPIS BY JOVE TO MEASURE TEMPERATURE CHANGE GANE NO DEFEREE
BECAUSE THE SYSTEM CHANCES IRREVERSiBLY, THERE SHOULO BE
AN ENTROPY INCREASE. d Tr o

ToS = CroT + P o V = PdV
→ dS a # dv= 22dV = nR d ( V )

So 1S = nR Ln (V, /V.) (>0 SNE V, > V.)

NoTE, If WE CONSEDERED WORK DONE IN A REVERSIBLE
ISORtEMAL PROCESS, CUE GET [StE P. 18 of NOItS]

W= nRT Ln (V,/V.)
SINCE ISOTHERmAL dU=0 → 5Q = SW
SO HEAT INTO SYSTEM WOrD BE Q = W = nRT LA (V./VoI
SO ENROPY CHANE IS 15 - 67 = 7552 = 7 = 1RLAVN.)
THAT IS IRREVERSiBLE ENTROPY CHANGE IN O IS THE SAME
AS WOUND OCCUR FOR A REVERSIBLE PROCESS.



55)
7J PHASE EQUILiBRiUM

C O N S i D E R   2   S Y S T E M S   I N
EQUILiBRiUM WHICH CAN EXCHANGE

THE SAME PARTICLES (eg. ICE → WATER)

TA, PA, VA
LA, DA

T3, Ps, Vs
½ : 7 8

SA

I N S U L AT E D

MusT HAVk: DA+ AB = n CONSTANT (MASS CONSERVATION)
VA + VB = V CONSTANT (VAUME CONSERVATION)（ # ）
UA +Ив = И CONSTANT (ENERGY CONSERVATiON)
SA + SE=S MAXiCOOM (AT EQUiLiBRiUM)

So O=SA+dSB = TA COUA + PAdVA - MAGRA ) + t8 (dUs+ PadV- uphz)④ ） 》 = （ 当 ⼀ 元 ） d u a + （ 只 ⼀ 票 ） d a - （ 岩器 ， 鴿 ） d n a

BECAUSE dUlA, dVA AND CRA ARE ARBITRARI
》 五 ⼆ 下 ， 。PA= PB

THERMAL EO" MECHANTCAL FELIE DIFFUSIVE EBE

IF NOT IN EQUELEBRUM, THEN SA+SE MUST BE INCREASING
TOMARD MAXiMUM ( 2 " ' LALO OF THERMODYNAMICS)

》   C n d s , d s s " （ ⾔ ⼀ 這 ） d u a ， （ ⼀ 惡 ） 始 ⼀ （ 岩 ⼀ 架 ） c a
D → IF VEN FiXED BUT TA#TE THEN dUATO IF

ie. HEAT ENERGY FLONS EOM HOT TO COLO
TA < TB

D → IF UEn RUES (So TFiXAD) BUr PA# PR, THEN dVA> O IF PA?PE
i e . VOLUME GAINES AS HIGHER PRESSURE BODY EXPANDS

3 → IF TOP FiNED BUT MA#MO, THEN ChADO If MASMS
i.e. MASS FLOWS FROM BODY WiTH HIGH CHEMICAL POTENTIAL TO LOCS

Ci -e. G I B B s FREÉ ENERGY APPROACHES MiNiMOM)



8. MiXING PROCESSES
V= Vi+V2

Now CONSiDER 2 SYSTEMS EACH n,

CONTAININA DIFFERENT TYPES OF T , P T,P
n = 0,+22

T , P : P ， + 2
PARTiCIES Ceg. Os IN Out, Na IN THE OTHER)
SPECiFICALLY WE WiLL ASSUME THESE ARE IDEAL GASES SO

THAT PV, = R.RT 9 PV = nERT BEFORE
AND PV = MRT
I C H I C H I P = P, + Pr c o n   P = R + n e P ,   R e = A P

(DARCY'S VAN OF PARTIAL PRESSURES FOR GASES).

EXPECT ENTROPY TO INCREASE GOINA FROM UNMIXED TO MIRED STAR.
CALCULATE ThIS USINA GIBES FREE ENERGY.

BEcAUSE P AND

G ITSELF CHINSES BECAUSE PRESSURE Of EACH GAS GOES FROM
PI TO PARTiAL PRESSURE P, ce Pr.
FOR ISOTMERMAL PROCESS, FOR EACH GAS FIPE, HAVE

dGi = - S d T + Vidi - edn: = Vide
= (FBT) dPi = niRT d(LnP:)

→ Gi = DiRT LoPi (TO WiTHEN AN ARBiRARY COUSANT)

So GuNnins = MIRTLAP + DERTLAP = ARTLAP
GMixED : nIRTLAP, + MERTLAP2

= MIRT LA(EP) + R2RTL (EP)
• MIRT LA (2) + N2RTL(2) + ARTLP

→ 1G = M,RT LA(R) + M2RT L(2) = nRT (2,Ln0x, + 22 L102)
WiTH x =2

So 1 5 = -nR(K, LAX, + 22L022)
A S = - R ( ½ 5 6 h u t ) - D R I 2 2 0

021 THEN A S = 0


