Chpt 4 2nd & 34 Law of Thermodynamics Physical Chemistry For2rdY UGS I+ SE.

4- Second and third law of thermodynamics

4-1 Spontaneous and nonspontaneous processes
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Figure 4-1: Thermo motion between the ball and the floor
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Figure 4-23ShoWs,a) A ball resting on a warm surface and b) For the ball to fly upwards
dyald bl Ll Sued eld g cedad o I Jaes Lanl 8oledl clldSy caad! J Jues dsg d8Uall cou
Hgdes Y5 ASyomiall Jall Slisar Jaz Juomiunall (po 4] J) 3923 <3 § Caadly ASUEL Y Addas 943
Ol 058 sl Sy By A5G (8 5Ll oued dalas Lol Ll golol slegll (ya summe O Jisd O
Alisd e 8T Jlal @ 8y lgtapday j)l Gy
035 03 Sheolizaga il GUI Ol B e (585 K Wiy 9 il el oMel Wl st guar
19 (Kelvin) a8 Jd (e lgid oo cnd bludl 0da asT.8sleld 4540l S Gl (albas J) )L

(b)

2[Page Dr. Abduljabbar I. R. Rushdi 2025-2026

Ref. of PhysChem: Atkins_(12 ed) 2023, Levine_(8" ed.)_2020 & Zumdahl_(11%" ed.)_2020



Chpt 4 20d & 34 Law of Thermodynamics Physical Chemistry For2:dY UGS 15t SE.

(0 £33 OIS 090 (yo Jadds (1 bl O3l (0 B3935 Lall Bylyoell S g3 ool cyo ] J) ST
oo 8353l Byl O 2D (4-3 a) JSadl e - (4-3) Sl § zudge WSy BN Ol (3 8ylyedl 0da
((4-3 b) el 3 Ll W ozl Jd (e pael 43 Lgke Juldlly Jads J] lgarane Jgoxi 3 oLl Oyl

OIS Ao s oo 1y Jids ) Lgbigos @3 0B &Sl dyylyol A8l puaz & La>Dlid

[

Flow of —S
energy Work * Work

as heat \ —> \ ’ >

(a). W

Figure 4-3: a) Heat losses some of it in the cold reservoir and b) Heat converts completely to work
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Figure 4-4: Energy as heat migrates from a cool source to a hot sink, does not tike place speftaneously.

The entropy of an isolated system increases in the course of a spontaneous change:
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4-2-3 Calculating the entropy change for the isbthermal expansion of a perfect gas
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Example 1: When the volume of any perfect gas is doubled at constant'temperature,

Vi/Vi = 2, and hence the change in molar entropy of the system is

Solution 2:

Vs
4S,, =RIn-L (4-7)
V;

2
45, =8.314 ] K" 'mol™! lnI

45, =+ 576 ] K-Ymotl}
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Stor = Ssys RS sur (4-1)

PP YN Wb ecause its at equilibium

Homewaork 1: Calculate the change in entropy when the pressure of a fixed amount of

perfect gas is changed isothermally from pi to pf. What is the origin of
this change?
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ASgy = gsur (4-9)
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0
ASgy = T = 0 (4-10)

sur
Example 2: Calculate the ASs.,r when.1.00.mol H>O(l) is formed from its elements under
standard conditions. at'298.K, A:HS = -286 kJ mol™ from Table listed in

Chapter_3.

Solution 2: The energy released as heat from the system is supplied to the

surroundings, so qsur = +286 kJ. Therefore,

q

ASsur = % (4-9)
sur
2.86 x 10°] 1

ASsur =——oa e = +960JK
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1 10 20 30
vV

Figure 4-5: Entropy change dependent on the change in the volume of the gas that expands‘isothérmally.
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4-3 Phase transitions
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(4-2)

Ay cH
AipsSm = ;,L Entopy of phase transition at [T, ] (4-12)
trs

¢ DBl oS o J5ludd sleaidl didos 3 LS ¢(AH < 0, exothermic) )hal cacly JeladliingSh lodie
planl ] a5 @Iy Ayl BUall @ladl J) sga &5 (§ codly Wl oy plarl) 39 il padll Sl
AT Bl bz plasl Sy lezsdl ddas die ALl Dl § Leie AST ddualldlladl Breobuzdl
(S o ie AN D> 3 Lge

B9AY OB JUL cpllaill cyo 8yyomiell AUl el €Y duzrga diad (555 Jasmmall Ll gdis J) 53920l
(018 Al § Gwyshll 055) A dalaadl 055 o ) diglus dind S|

Al OB 3y Hlgasyl Al (3 WS ((AH > 0, endothermi€) &8>l Lol JWasdl o 13] Ll
pladl Ol 4dlghe 83L) ao @3Mialgay (Lirge) 8oLl 925 095 pllail) (39 AV

dosd el JUIL (duSlae )Ll SUg pUaill L3I A4S jubiag J85 dieud OIS Jawmall (396Y drudlls Lol
e dl Dglus S (394!

AST Juoling a4 ¢(4-2) Jgua Lal lgloIMeiIany guladll (39 AV @3 pans b ¢(4-1) szl
Apaidall LGLLE doys die ilgandl (o dodal) (qoladll y3all (39701

35)1152 (85 J K mol) (oludl iyl (39 701 o Lo 85 Lg) Sl guadl (0 cpcal G s JamDlall g
Al s Juasw 431 Je e G619 ¢(Trouton’s rule) (g5 Buslis das Laad Zooww JamMall quyoeill
By g 80 o o) gl acr O @iy S 5l ] el U5 i el

Table 4-1aStandard entropies of phase transitions, A:sSS/(J KX mol?), at the corresponding normal transition

temperatures
Fusion (at T)) Vaporization (at T,) l
Argon, Ar 14.17 (at 83.8K) 74.53 (at 87.3K)
Benzene, C.H, 38.00 (at 279K) 87.19 (at 353K)
Water, H,0 22.00 (at 273.15K) 109.0 (at 373.15K)
Helium, He 4.8 (at 8K and 30bar) 19.9 (at 4.22K)
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Table 4-2: Standard entropies of phase transitions, Auss©/(J KX mol?), vaporization of liquids at their boiling

temperatures
AL H/(KImol™)  6,°C ‘év;g?f ! o I
Benzene 30.8 80.1 87.2
Carbon tetrachloride 30 76.7 85.8
Cyclohexane 30.1 80.7 85.1
Hydrogen sulfide 18.7 —60.4 87.9
Methane 8.18 -161.5 73.2
Water 40.7 100.0 109.1

e 555 o Bl Slissr o Ao loull Dosa)l OIS oy 0552 (59,5 BB G L33 (301 Bl
iay elodl &3 Jlo e J) Sl Jgo5 i pladl 3 8 Oblassl ) 68 lae lisadl oda pllas)
e o9l Jund Cum esloll J5ludl ST 3 nrg i) ol9l 3895 (e (506 Jle (o9ld 135 (39541
Ol Jball Jaws e dollaml AST allasdl o I S350 las gty ae oLyl SST sladl by Jazr )
slact o5 ¢ toly (29,761 ) Oladl 5 Blaalb oAy i olsl drgi Y Lis) Abludl (g gl CoinnS
Jeall Juaw e &5yl toly LY (§ (1869 K mol at 298 K) Gliall (39551 & 529 ) Lo e
L gl Jgnooll oSaw a3l oozl dilysully ad@nyl eyl & gas (196 J KT mol™?) Ny 5o
ddgall JiSUl I3 Yl (§ Yoy JE10SS ally Olieall 5L Jio dabolgll & gall ASU 48,301 Byly> Ay
sl gall A1 193 oliyl) Al iboly (39691 055 g dl
Example 3: There-is no hydrogen bonding in liquid bromine and Br, is a
heavy molecule which is unlikely to display unusual behaviour in the gas
phase, so it is safe to use Trouton’s rule. To predict the standard molar
enthalpy of vaporization of bromine given that it boils at 59.2°C, use

Trouton’s rule in the form.

Solution 3:

BuapH = BoaySu X Ty (412
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ApapH = 85 ] K=*mol™! x 332.2 K = 28237 Jmol™!
ApapH = 85 ] K=*mol™! x 332.2 K = 4+ 28 kJmol™!
(+29 k) mol?) (26 dulea)l dogall ol byad dygaueall dogll a3 oDl doyd

4-4 Heating

ldg cdll> s (39,78 095 ¢(43gl) AL 8)lyml dmyd ddyae S 40 o0& pladl 3 948YL il Ol
HIES OR k}jﬂyb _;}:'.1“ g,ALwa- R 5)|)>J| Js!) was G,UJJ c(aﬁ\u\lg}”) Jjg)” 5)\_,.2]\ ZL?)J ZL.QJ.&A d
Il dolaoll

f
S(T;) = S(T) + J dqu‘“’ (4-13)

Bl ooy cipeadl ke IS5 (gl ko) o Jad ) g Uil O g s gl e

dH B Cp dT (2_32)
ide dram Gl Ggimall daid e (gailly
dq e, = Cp dar (2-33)

e Ui (4-13) Dslaodl (3 (2-33) Dolaall (30 Grev Ao e Grsgaill is

fc,dr
S@e)= S(T;) + f pT BS chnages with T at constant ptE)
i

ol lais Coxdy Bylymdl dayds sl ae 3 98VL il Ol Lis oMel dalasll ARSI
13U Dol e Juams (4-13) Dslasl) JoI i uie g

f T
S(T;) = S(T;) +C, f # = S(T)+C, In (4-14)

f
T;
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L}.‘gﬂ}“ Ol lgadsand of OSas9 ol s cod L}_gjb)’b Al Oleid (4-14) Dol pusuiuns

Cv Al Cp o0 30l 33 Blelye o ol n s
830 o (39 AV 21355 o (Bylyaddl dzydo pidl Jolie g9 AL sl o A8MAl o g0 (4-3) ) S5l
ol lais o dis ol x> dis plaill 08T slgu Byl Ay

15

10

AS/nR

Table 4-3: The logarithmic increase in entropy of a substance as it is heated at either constant volume or constant
pressure.

Example 4: The molar constant-=volume heat capacity of water at 298 K is
75.3 J K'* mol™. Calculate the change in molar entropy when it is heated
from 20 °C (293 K) to 50 °C (323 K).

Solution 4: Supposing the heat capacity to be constant in that range, is therefore

T
AS = S (T) —Sm(T)) = Cy lan (4-14)
i
323K
AS,, = $,,(323 K)-S,,(293K) = (75.3JKmol™1) x In
293 K
AS,, = +7.34 ] Kmol™?!
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4-5 The Carnot cycle
O e (@ls cdpuSe Wlghas dayl yo O9SB (29 516 byl ukigall ] drid 538 B9) Copons

ol (o calompe (3 Teadake Byl (3 ek (akdS 9 sued dides UM (0 0BT slgus LI B (e Jaeiall Jaddl
& 290 WS el of o3-ludl Hosaadl ) ol oy Jgo Byl S (e @ gomiall dBUall (18 dmy Il el ghasell

'3t (4-6) Jsad!
|
Stage 4
Stage 1
i S

tage 3

Pressure, p

Volume, V

Figure 4-6: The four stages which make'upthe Carnot cycle In stage 1 the gas (the working substance) is in thermal
contact with the hot reservoir, and in‘stage 3 contact is with the cold reservoir; both stages are isothermal. Stages
2 and 4 are adiabaticawith the'gas isolated from both reservoirs.

Il >l 6de (o dlope S (§ peadly aisall Aol olpad! g, «(4-7) Sl
(Th B> Ao dae O3S GI) oLl Hasdl ae @b b § W1 050 B9kl oda 3 -1
0 ez G970l (B U] A (pe Hyadl die Bylyoedl dryd galy denSie 3l Aulea) sy
ol asll e )l S e plaill ] Bjgamell A8Uall i3 g Eo cqn/Th A8Ma) I3

ol dis ¢ uSe $ilaol sded ddes) puasn JWLs p3ludl jluadll ge peles 330 Y s -2
d1 bglus 0955 g 3AYL sl O Wy Byl S e plladl &Ll 533 Y JWbs «C JI B s

(ol Byly> dy) Tc dl Th oo Byl dys (olasdl cn> Jl)l&)\ Sl ddos yoikud dde . yauo
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Byl Ay gy dunSe (alds dudas ] puase JWhy 3l o (wlel 095 SWI OB s el -3
Joazss llail) (39 YL sl S8 140 capall ) Bylyonll 5yox Ly T i <D J) € cpo Slyonil i
Al 055 e dad OB 4ule ¢e/Te 8Vl 30 e

i &S 2S5kl Dlasni] dand S s JUb ¢ S o el § 20all 050 Y Bl 3 -4
Byl IS e pllanl J) 3BUall 55 Y Ty ] doglume 09533 831yl dary Lol LA I D ¢y 2yl
oo Jl bglus 0550 39 YL sl S8 ades

Isotherm I"“"-.,__Adia bat

Pressure, p
W)

Isotherm 3

Volume, V

Figure 4-7: The basic structure of a Carnotcycle:Stage 1 is the isothermal reversible expansion at the temperature
Th. Stage 2 is a reversible adiabatic expansionsin‘'which the temperature falls from Ty to T.. Stage 3 is an isothermal
reversible compression atg Tc. . Stagé “4. is an adiabatic reversible compression, which restores the

system to its initial state.
oMl 3 5)35..'\,0.]\ Zb.gj)’\ Ol glasclly L}ﬁﬂ}" s ddas o o ghoSO QﬁlijS)gJJ L}jju}U L?J&JU}QJI
I@UJ\ dalaell w9 ¢

qdn qc
AdSiop= — + — -
(bl Sl Sam ) goluns Aslaall o el dgzdl (§ claiaall Eaazme O Ol 5 A1 B5lasll
Al dls 52 (3978Y1 0T S5 1iag
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4-6  Entropy as state function for a perfect gas

doty JUodl HUl Sl (Sl sdadll O dasdle o OF Comy ! 8 «29AYL sl e Jgaaxl
«(4-7) K&l (B-C) 4ol sglasdll (3 zup g0 WSy ¢(Te) HWI yauasdl I (Th) o3-ladl souanll e pllaill
(2-51) 3 (2-55) (£ s4ail (o E3dl g 298VL padll iluuse) Aol Aslaadl 56 WL

C, Tg Vs ]
AS = —In— + R In— AR N Y1)l 02 02 (2-51)
n T; V;

VT, = VT, whereVT® = constanti;Z5201] 1= 2-55
iti frr

e JUdl 3L 8yl Ay @909 AnSiall dudoall IS 831y St e Al 28Ul O AasDle Cams LSy
1(4-2) skl Je sleieYbg ¢(4-7) SKad! [(C-D) 3 8glaslly (A-B) 1 8glasdl]

qrev
= 4'2
ds T (4-2)

1(4-17) 9(4-16) rdtdl cdolandl JMS e Lplws Sao

1%
qn =nRT, an—B,Stage 1 (4-16)
A
Vi
q. =nRTy an—,Stage 3 (4-17)
C

Z&Lﬁg.};}“ dded! ddon] ‘«ae_x“ Ol ass MM
IS ¢y Lo Loty 33155l dyng onsedl (0 AN 18 quSiall Saill doalg (Sbadl ol
161 Uy ¢(2-55) Wslasl!

VISR Y WA for the path D to A (stage 4) (4-18)
|0 IR 4 ISl for the path B to C (stage 2) (4-19)
AU @oleadl e Juames (4-19) Wolaally (4-18) olaall ups Licg
VVTLT.S = VpVTy T, (4-20)
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CL}I— de (4-20) FIRYPN| M adJolaa]! Lg).la R 5)b.>:.]| ZL?:).) LOd> Lo

ViV o T= = VpVp T T° (4-21)
V V

-4 (4-22)
Ve Vg

g kel iyl o @Bl AST oy Lo AU glasdl
dolaa)l a9 310l d\ aduia]l d8la)l Oluws @ «(4-22) dJolal! e\.lm' | ('Su“ 59.h.>d’ [ odd UM O

W]
D A Vg
q.=nRT . In— = nRT . In— = -nRT In— (4-23)
c B A
Vg
an nRT,, an—A T,
Th _ = (4-24)
e _ nRT, In2 c
A

Lol (3 Ludl yduaadl oo Cusew 33 Bylyadl GY) LI ByLaY) cllins g T dasDe (Sew oMel Uslandl (ye
oSy ULy cddls 090 Laginy danddl 1A ((y00dl) ] il U3 8yl GY) dugll 8)LisY! ellial ¢qic
;A Dolead) Cansg LS Bolel

dn  Y9c -
TR AL (4-24)

o Gl JERIGEU Gl il OB 1 sy 8y90 g U1 29 YL pasll Jaa oDl Aslaall
(2-24) Dolaa)l Cansg

Example 5: The Carnot cycle can be regarded as a representation of the
changes taking place in a heat engine in which part of the
energy extracted as heat from the hot reservoir is converted
into work. Consider an engine running in accord with the
Carnot cycle, and in which 100 J of energy is withdrawn from
the hot source (gn = — 100 J) at 500 K. Some of this energy is
used to do work and the remainder is deposited in the cold
sink at 300 K. According to eqn (4-24), the heat deposited is
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Solution 5: qp==100J, Th = 500 K and T. = 300 K

T,
G =—qn X 7= (4-24)

1

300K

qc = (-100)) X oo

lgoldseiunl S by JUodl JUal) Jad puseind Y (4-2) dolaall G e zluaudl oSy odkeT JERI M- 50
(Efficiency) 854Sy Lo Lo Olu (3 Aslaall oda plasil oS JWby cdogllas Bole Af Ol (&
A sl g c(eta) 775050 1) e @lly lyoll Byl
Work per formed W]

= +60]

|| (4-25)

" heat absorbed from the hot source  |qy|

403 8:aSU1 BY 3 o([I]) o)l 85Lay) pusins Dstaall Shdlasdle JSa (4-25) Uslasd!l IS (o
duaadl B e Bgzall Bylymedl dys oslsi] LS &1 o ASTI Wolaadl ol IS (1o oSes W3 .du>go
(ol Jid oy sl Jaddl) @, xed BelaS nlal WS (o Ludl 0l331) )lyell

& (4-8 Sl Hhail) Jas S e Hyomoll b (o Bygmall 8Uall G Jgall Sy ¢(4-25) Aslaall 03
LSy pall (3 Badall dylyoell d8lally op3-Lull uumall Jid (e Bygamall dyly=ell &Blall cry Byal s Bye
AW Dslaall (3 e

_ lawl—lacl _ 14|

= 1- (4-26)
|qn |qnl

I

QWS 8ylyoxl dzys DY (4-26) Dslaall e padd] S (4-24) Dolaall 09

IT|

Il = 1- ——, Carnot Ef ficiency (4-27)

T
aBUallgu 5Ll Hduadl e (| gn|= 20 KJ) 8yl JS& e il BBUJI ¢2)yall 8S e AaYl 09
Pl Sluna 0950 Hymeadl b (30 jamiedl Jsetdl O JWbg (| gc|= 15 k) 300dl (3 Bauatall
|9nl — 191 =120 k]| - [15 k]| = 5 k]

(4-8) JSadl § oo LSy
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Figure 4-8: A sample of measuring the efficiency of the enegin.

Example 6: A certain power station operates with superheated steam at
300°C (Th = 573 K) and discharges the waste heat into the
environment at 20 °C (Te. =. 293 K). The theoretical efficiency
is therefore

Solution 6: Th =573 K and T, = 293/K

T
Y

L = 203K
Lty -yl - 489 or 48.9 %

O a5ty ¢ LSl ZEaY1 dons 38Ul (§ Olaall yamy clla O J g9 pddude (riglac (udasdle
(uSal plaills Jos3 Y Bl
1AW (2-45) DWslaall I 30 wsd Jassiall 8yl doyld AU (39,8YL sl Lol

Cp, Ty Py .
AS = —In——R In— WA AN Y511 (2-51)
n T; Pi

n=1 (4-27)
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4-7  The Helmholtz and Gibbs energies

aBlall JWsly il Eigds dis 1 cdigas B)ly> dmpd i dlacms ae Gy Olg3 (§ pllas L O giaid

31 Dolaall (po o (39 AVL il S8 cdasmally pladl o Byl S e

di
as- 2 > o (4-28)
T
Lais o) Gy, bal) Ta8g Aslaall o yslat (B, il B1B dule (8lglunall d83le s Ylslaoll o

Hginlio Ggllaall ddasll adie (552l (ol pars o ol cols
4-7-1 Criteria of spontaneity

A- Heating under constant volume and pressure

:L";Lﬁl JKadb d8Mall T I (du = dqgv) Z)!g el Jad dzga Y sco,vd\ gl die
du
ds—— =0 (4-29)
T
} QW ISl e Lgas i 8ol (Sasg talad! BN sl e pad oMlel Aalanll

dU -
ds > 52 at constan V and no additional work (4-30)

LB KL (4-30) Dslaall g &0 dus1u)l 8lall 585 Ledieg

dS\=>#0 (4-31)
: QW1 JSadU Dalaadl BHUS (,Say 10 T > 0 318 oDkl dslaadl o 3809
dSyy = 0 (4-32)

@ LS) plasl Ads-ul ABlall cighug ol e i 39,8YL k! S8 (4-32) Wolandl IS (e
healion go Al L31le OPWI ao 320 bo g9 LAY dukont! ‘_g 3133 (Jg el plaidl
B- Heating under constant pressure

: QW1 Sadb zruas (4-31) Dslaadl $18 cdigp = dH d8Mal (p0 Boliiwdl
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dH -
ds > g@ 4t constanp and no additional work] (4-33)

dSy, >0 (4-34)
s Caxxlg I cpllall Lol gylhoell Sgieall S0 Lodie 39 AN Slajy &SI ddeall § Ll Ly
6 i Jaseall 39 8YL patll Gl 9yl
8ol &Selianges WS UM o ol lasus Caxly Coll e o plad) &51al| Gennaadl (Sen
1AL dolaad) (3 o ge WS A 50)0L 4 50,09 «(Helmholtz energy) sy L]

A=U-TS, Gl r&LT14] (4-35)
I Dalaall (§ 90 WSy G 305Jb 4 30,09 (Gibbs energy) (s 3y

G = H - TS, [q]JXXL 4] (4-36)

LSy Ol iy CBguw ¢p540,]! M O16 Al 8)ly> dmmyd oz pladl Al s e 1 cpllasdl ) Oladn (pie )l S
tod W) it o laad| S oge

dA = dU - TdS @ T constant (4-37)

dG = dH — TdS\@"T constant (4-38)
: QW JSadb (4-38) Wslaall 09Saud Coll x> s Ll

TdS.>aU. (4-39)
:JW USadb (4-39) Wslaall s el daiss e ! O813] Lol

Tds2dU, (4-40)
AW Sl Lo OF SCes Loyl ao dG 5 dA cp3e)dl (pe 6 16 oMl puidolaoll Loy

dA;y < 0,and dGp, < 0 (4-41)

Ssizall 38545 ella O aBgis cull Jais o Bylymll pole Jeladdl OF (161 wis g (4-38) Wslaoli lasy
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Lo e UL Jeladl 08 13] Ll L(AG = +) plaill 8yl dsUall dod (3 8ol JWLy cplal) 5)ly=]!
(295 881 8L Cany Byl 8L (3 Oliadts el OF 2895 OF e ARl Byly> dmyng ol
JWLs sa0 e JBT 0555 (Gl Sgimall dad S 3Lk 0S5 Bale Ul Byly=l) Liely Jelatll 08 13) Lol
8T 8T el e Wl 190 Tds el ladie G ((AG = —) siuo opo J8T 0955 Ll 8,241 d8Uall 1
Byl Loldl Jeladl Al oo

[dG =05 dA =0 o0 IO Al 8ol :&a>Mo

4-8 The third law of thermodynamics

Q9 Ol e pany Wy 3ol Ehaalipad] ST 93l UM ¢y Balal) Blaall (3981 dpae (Say
T = 0K dillaodl 8,5l domys s o ] Daglade dxisdly ektd) Aol &gl Balell

c@landl yauall o Y1 Bylydl Sl wis Lrge 09SOl s Slgall auazed (39 AV O slaiel o3 13)
1AW Dalal M (10 39VL sl ass OF oSy

AS = ST — SO (4'42)
Tc
Sr= j Tp i¥@where q, = C, dT| (4-43)
4]
Tc
AS = f 2P, (4-44)
(]
S—fT&dT—Cl T (4-45)
T — T - %p n
0

Jiodl Juoaw A&y gl Ggenll oo A1 Adall Slgall (39761 5T I g3l (39 76L St 35ad o
WS35k a8 3579 Lo Adle A 39,8V dad O Jamgd 093,SI1 Aol Ul lyghy Al dis
3 Byl dpmng s oS0 bl haabioall I3 O IS pe 11 «plail il tie ro i Las

1(4-43) Aslaall Gadai M- o 39 T Bl dryag Gllaall jauall dys o 398V

AS=Sr-Sg=f,2dT -0
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el oS e sl oSy 3laall jasall die 397691 ] dnd dyply> dps & e Salall g 9,891 O
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TZ AfusHe TZ AvapH6
ST = Cp(s) lnT—1 + T—f + Cp(l) In—=+ ———

4-47
T, T, (4-47)

The End of Chapter Four
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