7., \\‘_ R 7
e . - 8.9 -Trd 0

P g QECTTON~C)
. "gratigricAL INTERPRETATION OF ENTROPY AND
CARNDT' CYCLE "

,—ﬁaﬁ/sﬁcnl Depinition of Enteopy = An mackestate  of 3 fem £ cha/cade/rt)se'd
by 4 ddiute value o Ahekmodynantic  probabiliy (W The thermocynants
Probability .cepends on volume V), enegy (V) and zhe 1 "‘é i)MﬁC{%Ln)
9& the ébﬁfe.m Since the value 0‘6 W s Ve z{o}vaé; po 1t Db convemtsdl
1o deal woith Jog.w kalhok Lhan W, because  logeW & very smal|
quantity . Tn ordek B describe the natukal  [enolen of the Aﬁéfe’”io
afteam. the most probable macostate  concept. of © /‘c’i’d hat  been

l&ocluced.
l-e. S x ,[08 W
O/‘\'. = k ,1.0 e l/\j . (D

the new poromeler S 3 called Entaopa‘
k=138 x {O'qJK" L Bo[t(;manw‘/s conslant . Sence /?oge,W 44

oloviensionless .Q}Lawh'{ay , 40 the wnd Aﬁ erﬂ/‘co})g 8 Aame _ak thok Oé
Bofléman'/s congtant
Thut untt  of emT/mb(y & JK op Cal K7
fore » A lemi whrch 15 . Alafe’ a’@wﬂlibf‘dqm y W= WMQJ:.)
»'U)e/r.bgo/t . the cn’(/wﬁzf o AawT&m which o wn egulibaum 8wc.wba
S= kﬂoge Wenax )

\HC/'[C S-= S(P,\/rT) ]

ohange of Edlishy due do_change o Shale = We Rrow thol the |
A" 4 U \"J

mfbb; o one. mg!e, q, percfect ,30/5 of volwme V ad tenpetralire T’

L5 ﬁu/em ; ™ ‘ e
S %R+ Rin(BVTT) [ 8- /kT]
| Q%. both sicddes o oblain
oS = 0 + @ [IBV% Tllsz g ﬁTSILdVJ

Nk
ds = R[,sgu _@J
‘ PR Y
_ dT RalV
s = BTN /O

The eqn oy #lale %ofc one mele aé Pe}(gectl ,?QA L4
PV = RT = V. RT ®

Scanned with CamScanner

— - T —




Subslilute this value of, V40 eqn @) do cblain \ =

RT T e o bt gos )
The melak Abea‘{jt‘r_ heat o coﬂ)’:tﬂwt volume 50 a 80}5

qiven ba Cy =3 R — ®

Usima s faudt v oegn @ we oblain
ds= qdl el — @
The molak ,she.u.‘&(c heed ol condant volume v ,awém ba

CU = ('a_y—\ @
Ty
The. nteroval e:ne&ﬁa q o podect as lepenals onlﬁ on lemperature .
TBW&OM ol © dV ®
(:)T)v oT
Thus eqn: (1) becomes
Co = AU
dT
dl = (T &)
Substitule  this resull an eqn. (6) ko oblan
as = dU , PV qut pav ®
T T T

Suppore  d® 1 the amount § heal gl b ihe syslem Lo
bang _akout ANOMH(/SCMAI small chamae g-{)

evﬁfceba dS. The ac. Lo
Bl)d» lawo o} ‘thkmodammu

d@= dU + PdV ®
Us«'na thin - psull i eqn. @ e oBlaim
dg = d& ©)
T

Addifive natute  of  Enlkopy '—  Consider q b}fs

| tern  1m libkesim ]
devieded il g0 parhs P and 6 ot thown o

g

bl Wand § be  Ehetmody namc P‘tolxxbi[i?a
and edﬂ/ioﬁa oE'Une whole Aydém.
9- Hoglf\} 0]

% whoand W be dheemodyuance  probabittyll " |

glGVbd 87_ be the emlicobrc& ab sth ”gﬁr&mg L\A_‘“‘__
A anel B )ccslnedr'vclﬁ _

B

il
Scanned with CamScanner |




N, B
! ’ )

S, = klo W, —t @
and 3, - kloa W, — @
Ve hmnoto, g blobablilies 06 occtkence <£1'b0° trolependent everty

Qe b\/l Aral WL) then the mgb,mbvwwmwg seas) I ,]

Probabilifies 06 octukence o lwo  everits brmd'fameo{,wld A atém bd
W= Wy

Tak';‘ﬂ naluxal ioga/{dhms ) we ?x,t

Jogl/\/- Joa w, +Jog Wy

{\’?ult_iblying bslh aldes bﬂ k, we have
klog W = kﬂoa W + Uog W,

Usr‘na eqn. U b @), we
8- §té — @
Thuy enlko 66 the lem a3y a whole 43 en. by Ahe
/bumoé exnithopies of Awo paxls In neral ,  the c:n//’mf’&l 05 /?:S(@‘h
& fioan A‘(f sum mation cé'm??cbbt'& o ~f all the  s¢b —/s?f?slema

'061146 A‘JﬁTcm_ K
I eis —o

Reversible Peocess — A pkocess wn  wohich /&(lfs_fe.m can be kdkaced |

o 8 initial state /‘ce\/&‘d&('n,a the con't/‘ro”éng, ) ¢PV)

nﬁado/os 8 called  reversthle procest . PW B
Fore example, ohen a Afw‘umg 1 Mpou)%' Sfrelehed

the avork 13 done ont Ik Now, ,Lg' the Aame /S[)&t'mdc:

B allowed 4 conlract ig[ou)[a b bhe ofttg),m?. B AN
length ) the same amsunt o ok & done = )
the  Ap/u st 2he éﬁcemu}vﬁ «ba/&fe, Howevex, v
it must be semembered phat the exlension.  oi conlkaclion. must

bt done Veky Mowly . Inm othex  words , the rwegsible process g
\q}[a,sf-/;rah'c brocess.
In ks of slotishios, .a revewcble process 13 one vn which
the changl M eﬂ'[/cbfva n gtho \
(e NS =0
Covalitions {,olc Ravmtluii‘lg —  The bartc }ceqpl}aw\e.ntg B&‘c 0
biscers 4y be joverstble ps

® The subslance Atnd ) q teeverstble c_hcmgt must nbt loke 1
heat ovekwmimy ,gxa'c.ﬁom ok 1htough conduchon , canveclion ox Joadetiove

'r—*—’*

Scanned with CamScanner



TEMPERATURE - ENTROPY (T-9) DIAGRAM —
Accoralimg to  pcconal  Lawo o the,tﬂbclé/mmio&

dS = d& Ok dQ = TelS 0
wohich g5 amfotesimal  amount §) chan

41 heat o q seversible [a/tcce/%_
ﬂ)@tegoq,e, lslal amo Lt ag heat ﬁ'con,séméd wm a keversible proc

o ' .
L5 -?LUCJLL bﬂ
‘ / aQ - / 1dS ok § - [ TS ©
l ;

The RHS. can be mlexprelect jka,b’ﬂm“at QA5 Ahe akto ook

& ClkVe om A didoram o which § & plolted q{omdc, X-axwis anal T £3
platted a.fomﬁ 5-er,§.8u¢h a .dag)tam 8 eqllea T-$ dwyk-qu

An wothekmal — process, dm  tohich {emperaluie
ranaring  eonslant |, 18 obva‘owsta keptesenled

bav &m(?/ht fine parallel ko S-axis. T

In a ktversible aollabalic process dB-=0,

hence 5&0’” egn. (1), e have d$=0 L, S
remauins  comslant e tpe '&deem umole/a(?oes . .
an W Thus fevedslble adiabatic g
process ont @ T2$ diagram .5 0bvc'ouzslé{ a Verlicle ]
Jine /Jaﬂa”d B T-axs - Hence the Top wsobheemal and two adiaba
process & which a0 to make wp the Cakmol cac(e forem a /‘cCchm(?[e
on o a T-§  diegiam . a0 maller what #he g.oo/‘c.kr‘na_ subslance 48

The comount 06 heat O, .absorbecl wn  tsotheemal expansiort A6

e

aF Tembv‘cofwcc T, 44 ?7{06“ by .ara A85S.. Mm a Stvilak e
the améant ,05 heat @, ./tc(:[cc’lac[ an asotheremal  compresscon  CD
femperature T, o 3&'6’-1& b-(c/ arxta  DCSS,
Hew, lolal heal absorbec &, = T (S -8) - atea PBS.S,
Tolal  heak fcc;/ecftfd 0 = T (8.-8) = are DCS.S,

Heal converled wto work oW O, -0 = (Ti-T) ($-5)= bhagc;céoﬁ"’tm

q-ll.(\llcy'](‘l n = _ﬂj_ - .‘.(T“_ TL) (Sp__"‘g;)
‘ d d' 7‘r (S')_" gl)

Sy EE
r = ‘
Scanned with CamScanner



e n. L=l

T, T, ! ‘eost -
The eljaticnty expression 06 same as toe have oblaumed b 3
] "
Eetabnient an P-v _d(a(y,mm -o£ a Caxnel cade-chm cH)zcremaL\

EXPA LIS ' ) ’ K
!3‘(L35l0u oblal.‘ﬂd(t on T' ‘g dla_gkqnl (L5 mUCh Ig 'm l)lC/LL a% C.OmﬁO/‘LCCf -tﬁ
P-\/ mﬂdic‘.ﬂfbk ol(.& kam.

asuql

Ei’?‘ch:jj ChOj-L(?r» n C&‘cﬂ(’i{lé Cﬂild ey J_g+ b consldet the g,y/stém a5
¢}

Nal J.Ohf.‘l(‘_ (,L‘hrCh C_(‘TLSL\{:S C\{‘ 'SOLUCCC) ,'.Sf'ﬂ;\' Ond .LUO/‘(;kf' ASL(/)J_GWCG, .}’n"lhe

llﬁﬂf bfdf’ ¢f Caxmot c.ﬁcle-, the. wo&kr‘ng Subslance  absokbs Heat

N ot T, b—‘com Ahe Asollece

Garn  im Cﬂ’-“(@l)('j o wokcking aubslance = + Q'/T,
and  loss an cnﬁ’zo‘ba C‘E AOCE . -G:/r’

S onNet clmmgg ol anb‘m/JH 0‘5 ohole A(?.-s'fcm o Ahis skep @6

= @J-»-—@—‘—-.:D
e

In the  pecerd plep  of the CHCfe; which 43 adiabalic , e heat
5 either .absoxhed o /t%/ajgd. Th@ug&‘cc’. CJ‘IG!’L(?& ) @n'ff‘cf’b# X
AS - dG/T =0
In Ahe thed sfep /?,as /t@Jccts heal Qx .ab demp. To 4o the sink.

ot o enffmf)(y cré sk =t Ao /T)..

and {os 1m eﬂbtbb(tl c—é ACO«‘r,kL%g subslance = 8= /p
ﬂ& tahole «Sys'lewa o= ‘/qu

As - S Qo | &

T T

T1_ f\le.f Chqwge_ 4 c—nﬁf’cofoa

[n  Lhe {’,owc'ih slep 5 wohich 15 agam  acliabalic , ne heal o eithet
absorhed ok .ﬂc%lederl . ﬂacm()ofte, Chan(ya o enlkopy °B é(t;{ldm & ko,

Hence  lolal chonﬂe o en’fﬁof:a of whole. 4{ys’|ém v a Coenslls C‘J‘le
1A ‘?’/e’(b‘

‘E'Tﬂ/cof)‘g}r c!’lm’lé;e. of wootking gubstance
b 1]

lel ws caleulate the  cha Vl(fﬁ u 5'“""{'0/)(‘[- of {‘W“L’l:ﬂﬁ subslance °"[d
o Casenolls u cle ‘

ln the Int Alep, the .too/ckr'n(f substance  .abssxhs  _heal O .at
,rdmk,@.kga‘[wrc Ty,

. c(mwﬂa LA c-nlzto[;(tf of wo/ck’m(? subslance , AS= @'/'r',

gr et i) /CMP&CHVGW n

Scanned with CamScanner




@

he  llnd blab, theve I8 1o nbw'tb'flbn ok }c%!Cétfbﬂ C‘é heal btd‘-ihc
okk;’rﬂ Aubslance

chc1-18< wm cnt‘(ob(t! c{ u‘\o’tkt'n(y Aubslance, DS =0

,_,_," —I- B
| K Lu
n the |llxol ,5h_f,, wotkm(.? Atthsfance &ﬂdf 1 "

L, D

— Pl
heat Qv .at h:mbekohttc To T . E|
) c.hotuge m cnbtob[/ %Lm'chb‘?"m’bla"““ as- 4, l|

- L

Sl‘ SL
In Vit step , the change m c,nU‘u:ba =0 g —
Ths con be  demonslaaled with hd{a cﬁ T-S ,de'a(y&O'rn.
F«‘Lbfﬂ W
—éa ; ] | ‘ wewn k
[nckease  (n cnb&oba o st slkep 48 i 4
‘gl - :g| = _@_l_ Ok G‘ —_ VT‘ (,SL_’S')

T,' ‘
Peckease Cﬂb&oloef o (ke mteh 45 ’?LUC"L bap
S{' SZ. = ____Gi& = Q.= T~ (s)_’—gl)
Tj_ }

I steps lInol  .avd [Vth chcmae; N e,nbw,—,au, 3pk0.
' W= G -Qs = (T~ Ta) X (8750
= fxea ABCD  am T-S dz‘agaam,

Entopy o .a Pefect  Gas = Comsider one mole 66 o pedect ,ﬁoi )
L pect  _Oas . .
ob tgt[oeka’[wce T . let Peonel V be prtiSUAC and Velume o) ?ﬁ.n
! petarw’ct T Suppose an ngmdwmf small amount 4 heat d@ &
e e , )

f ! wes .
Aupplied b 203 Then acc. 4o ﬁu’cgt‘ lawo oé _thdfm()ddmn(

A = du+ dw — 0 |
The InckLase 4m enbrr@pd, o/) ?&& olue to bmb d@ 4%
dd= d@
=
da = TdS A

Gubstitabe this value of df i ‘“tn.UJ ty  oblain

48 = dU+ diw — @ Aoy
e h L\jl‘ the A})ut‘bc‘c heab at constant voltume (v &8
we  pmow .

e
'?4» bg CU - (g-%_)v ___,_..-@
A aun (deal ,f}aﬁ ,Jel;)end.{, 'onﬁa |

. Since the :'ﬂre/crla{ c,ﬂefcgg o
Lperdluxe T, therfoke

P vl OIPOYVEN “h AN N LAYV VPO

1
Scanned with CamScanner




Thus

dU = Cu C‘H.' ____@
Subgd tluling  this value . )
d of AU wn eqn B e oblaim

TdS = Cuell 4 Ay - —®
The amount wotk oy 7 '

y te by .gas olwwng  volume ha
AV & % d 7 (Y A
A~ pay. —®

Thus eqn . (7)  jeduces do

T7adS = CudT + PdVv
QS =G T &t L

T T

@

The egn . CS stale o one mole o perfect gas V&

PV=A"RT
Sl ®

KLLb/SfituTMg thg value 66 P egn.(9) we cblaing ¥

C‘{S: CU_C._tI—-f-R_d__.v__..
T \%

Suppose the gas i lakew ﬁ&cm slate A (P, V), T) toslate

BCPs Vs Ta) by . reveksible peocess . Them the lolal chcw»ae, £n,

Cn/:tab(t/ xg Ld.er.l6 ?fui;g i A N
A
A

Mo\ ———(
g -Sa - Cuh((%) + R Au —ﬁ) @
whtee  Sp and S ake  evlkopied  of  the ,Zra& v slates B ong

A lusheclively -
g%n(m) W the shange o eﬁ/hc./a(y ,60,-‘@ £ aole o&’

[ ( .
/m%eci (70/3- 76 deleemunce the enlio CL/ Clg the —8“‘ on a Slate ) L0
.ak/Jf'Tf"ﬂQﬁf[‘ ,(wf:tﬁ'n a \alue lo Hhe a-rﬂ&oﬁ(t/ eZ Acmme ﬂh’h'&dn Slate

Asae /.5'(&":’.( A .
d

a anal B )CU-{'PECDVG[”' )_———#

Scanned with CamScanner



al cases
Suppose  Lhe os s healed ol conslant wolume . They

Va=Vg — ®
Eqn- (D lakes the .6’0‘¢m

Sg- Sa - Cv M( )—r— Rinr — ® ]
A
Since Inl =0 we oblain )
S}_"SL = Cp dn (%) e — @

(ly Suppose  the ZaAS R healed at c:on,sfa%; {em'be/‘ca'lwce. Then
Ta = Tg —

Eq,fn C’L) bCCGmC’/S . .
SB"’S,(.) = Glul F Rl‘i( )

@ ‘\
5. % - R Vn) |
U Suppose - the 3% s healed ot conslaut {:,x_zwswfe_. They |
o= Ps ——

The ?a& eq atioun,

Pa \/g _ Po Vs
Tn Ts l
be_com@g . ann ) Pf—) \/B |
Ta [ ;“
Tn g
T Ve @
Ta Va

Subslitute  Ahe velue  wn eqn (2 4o oblan

G-% = (cv-m)m(\_@,) — &

2

Fore L mole c\é bwéec[ j,a.g
Cp = Gy +R  —— @

w eqn. @0 we oblaim

) —©

Usn”ﬁ L Acselt

% - Gln Yvﬁﬁ

AV ueavueyo .

S cwcwl Ceqtn o9

Scanned with CamScanner



Shliglical Comsplekatou -

Sualiow o Sate o Pefecl Gas fom
= 3 b4 [ the c:n'f%ohd | i

Ree o Salistical :dt-&md,bu o{) cﬂ[fl’“tﬁé‘/ '
A3 3105»{ ba

S=- klul
ohere k o &[Ejmm( conslant
h'ﬁc’habdila 06 .szlsTd;-L-L
Consides 11 moles 06 H tdeal gasy al a Pﬁ:
irlrlLPt'_’tOfLLE(’_ T We. hm(,o Ahat -n')o[du'ea 46 .Q fx'}(ge.ci' 40k Obt‘ld Mawwcﬂ'
&lfémmin slatistics . The Ehb'cmod(t/nawttc ’ytmbabff.dg Gb magioslale

CN;) N;_ oo Nk) 33 ﬁzutbL b'('fN'

S

and W s the '(hw:'nodammfc

oswe P Volume. \/ and

w- N1 (Y

whese nol W R Ltha theremoclt awu'c]

& Boltéma:r{_ conglant

,Jz'cobabilfla B the & Jsfen
Connid 1 oles a3 o a pfsie £, Volfuwme V
anel fentperalivee T mdecules off @ pmge_c{' q 5 Obfa
cg J

de wel[~ Boltamamt l’ah',&t['a . The }tht?/cmod(l!mombﬂ f)kobabdih
macroslale (N, N

’ AN
pe N GV [Hee gi- «V]
©oep Nil
Ve cv —_— it
where ¢ slanos ,é,o,t
- d- [}
C = NI Tgk ,C,_‘_)j T
NG

@3) we oblawt

Usfna eqn. 9wl qn-
S - kln C ¢ \/N)
8- kdn €+ kil %
- klnC NV —— )

g W QLOCLL

Suppose A .aiul:‘uti‘fefsdml small — amotml 56 heat @ > 4 ‘
P Ll-b,‘ . ) . 'y et Jawo OB ;lhe)cmoddwwmcg
lo b be&de,ci' :]0.5. Then accoﬁcdmzr b fuat la
Ao A&
(dm: dU + PdY — &

¢ince. Lthe ?a& jemapns o equuilibiueom ‘dlm_”(? mguww.qu

l, s ( | ‘ |

hq e Lhe lo!'ab «j..-n!.'clmof C,I’IUtﬁ{t/ U A0 aunA Cf"?'!-‘%’mll ~'”7€‘dd@‘f¢

c‘ v = ) s

9 M
A ancl B )ces[nedwc.la. ‘

Scanned with CamScanner



dU =0 — @
Qgﬂ- @Q) bCCome/S

al@ - Pdy —— B)
The cbanae_ wm e,nf,'[o‘ba 66 ﬁab dwtmg t'n&(‘mfo&‘mal c.hanﬁe. 13

d$- dQ !

g | 4

ad® - TdS @ )

Subslitute  thy valye 68 dQ 1 egm- (8 1o oblain
Tas - Pdv
6k (—Eﬁ - £ —&

Ny T

Riffeenliale eq. (27 f:wch'aﬂa wrt V kee,[wﬂa U conslant

Thc;sﬂtua (88) _ o+_’f’—,5:-'y—l<-————®
0

aVv. Y, Vv
Cemb@kmg eqs . (32 and (3) we oblam
£ . Nk |

pv- NkT —— @D

3 No « Hw?adko numbet , that mo. ¢ molecules N w1

moler t:{) petgecf ﬁa& o @

Gubslilu h/l’lﬁ this value i eqn. () < obTaunt ‘
N"’ Noﬂ.k T |
e Nok = R = wnl versal gas ocotSlant
_ & ;
Thub pv= nRT —— | 5
They 1A e?}zahbn 06 slale Bofe auw rdleal /?M 0)6 n molek

AT

Scanned with CamScanner



