“ENTROPY

The entropy ol a system is a thermodynamics state parameter and can be defined by
number of ways as | ine

DEFINITION 1|

The measure of disorderness or randomness of the system is called entropy.
EXAMPLE

Consider a -box havine rows ol black and white v
balls arranged neatly upon cach other. It is called ordered Ordered state
state of the system as shown in f1y P0PO00@
Now shake the box gently. The balls will get
mixed together and ordercd sate will be lost. This state 1s Dierderat
now called disordered st 7l 6 ©
v o . B @
The measure of disorderness or randomness of the % (4 e JONS '
n . . s T I L ; ! g :
Wslem is called entropy. The entropy once increased in |

’ va e 4 ﬂ
Maural way can never be restored by that natural way. It O 0 6 @
Means no amount of shake can restore original state.

DEFINITION 2

. vele at is unavailable to do work
Thc IT,C'L\SL”'C “l‘ IIIC illlll)l]nl u|-L‘IIL‘T}_1)’ ()l [hC h) S[L”l l]lsll 15 unasv Jlldb

IS calleq cntropy.
EXAM PLE

0
. o e . alled LTR and
Consider two heat reservoirs such thatonc 15 at lunptrmy."' SRy TlR\‘:iIl
Other g at temperat 200 "C called HTR. Now make their thermal contact. It w
> dblemperature ‘ "

Chy M , 1, Y ~ B 1 ’ .
have as heat engine and energy 18 available for doing work
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¢ attained and
heat energy but
now

Afler some time thermal equilibrium
stem will be at 150 "C. The system has |
wavailable for doing work because this :1rrquenwnl 1S
scomes single reservoir and no more a heat engine. |

The mke;\surc of the amount of energy of the system that 18
navailable to do work is called entropy.

DEFINITION 3

The thermal property of a system that renx
called entropy.
EXPLANATION

The entropy of a system cre
temperature because by addition of heat in a
molecules. The entropy in this case 1s taken
decreases when heat leaves the system at constant temperature because molecules g

iins constant during adiabatic process s

ases when heat flows into a system at consta
system produces disordemess in is
as positive. The entropy of a sysez

arranged. The entropy in this case 1s taken as negative.
The entropy of a system depends upon nitial and final states of the system, hen®
we can measure only change in entropy ot the system. _
The adiabatic process is that in which no heat enters or leaves the system, thereld®
entropy of the system remaimns constant. -

= r r \ . ] » . ~ L, 0 L'ﬂ‘
Finally, it may be concluded that increase i entropy means transition from e

- a A Y . AO O - 2 T wlip A B 8 a0 ‘-ﬂ
ordered state to less ordered state or from more avalable enerey 1o less available enct:

or from more probable state to less probable state ot the system, £
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REVERSIBLE PROCESS

The process that can be retraced afier differential changes in the environment®

called reversible process.

The Carnot cycle is a reversible process that operates between HTR having heat &
and LTR having heat Q. The respective temperatures of HTR and LTR are Tuand

The efficiency of Camot heat engine in terms of heats is

O
C | - === .. )
Qn (h
The efficiency of Carnot heat engine in terms of temperatures 1s
—— o .
) T|| /
Comparing eq(1) and cq(2)
- A
Qu T
(-)| Tl‘
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g,uflu

The heal Qg enters into system and taken
as positive where

asn v as heat leaves the

_ and 1aken as egative when cycle of Camot heat engine operates. %ow CsCrove

;;bso!uzc values, we can write as
Qu _ -Q
Ty T,
Qu = Q
Tw To 0
Q tP

This equation shows algebraic sum of T

; zer0 for Camot cycle. This statement can be
f‘"&]lled for any reversible process and
ziad 25 2Ny reversible process is assembly of
~mot cycles that consists of isotherms and
Jizbals.

\?

Under these conditions we can Write as

—,

Q
T
In limiting case X changes 1o

j 40

1 .

_ Where circle on lﬂlc"r'tl N

ol ¢ heal dQisa quLmnn of heat tl

:{C}c‘]e of heat engine, this can be used 10 define a
“LuTiten as

b

199

T

3 = (

| Therefore, for rev ersible process we can write as

0
aluated for a complete cycle.

stem. For any part( a 1o b) of
S for the system

ficates that mtegral 15 ev

1t leaves or enlers the sy
change In entropy

AS = S(b) - S(a) =

inee 1n state variable and called entropy change.

d
The quantity dQ is differenuial ¢h

T
d“-"nmt:d by dS
dS = 2
- T
The 0 1S Ca]]ed rev cmblc This 1s called Clausius
ve when heat

y ChdﬂLL is negati

- Process having entropy change zero 15 ¢
J/K. The entrop
rs into system.

2":1 1
h ,;ht SI unit of entropy is ¢al led
©System and entropy change 1S posilive

'L“'"Eonrml

e :i“"lug theorem stales that proce
;,3‘4‘3“’5&; 10, Conversely if net chanse

o will be reversible if its net change in
' is zero that process will be

in entropy

Sa e cale Srusu e Sl ile
e
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PROOF ; ' A
crsible process.

Consider a Carnot cycle that 1s P
diabals as 1
It operates between two isotherms and (wo d iabals ¢
shown in fig. Q,
Now calculate change in entropy for Carnot cycle D B
AS = |dS
dQ (4, [ | c
AS = e - Q
,!T B T ¢ B ) & g
V|

The process along B 1o C < adiabatic where no heat dQ enters or leaves the sysien
C '

o d ' : ST A
so | T? = 0. Similarly process along D to A 15 adiabatic where no heat dQ entersa |
B .

|
A

. d
leaves the system so ,[ T
D

= (). The above eq becomes

§)

R

ey,

D
0
as=19Q 0+ [ 8 40
L

0

A

The process along A to B 1s isothermal expansion in which heat Qu enked L
system at temperature Ty and taken as positive. The process along C to D is isother™|
compression in which heat Qp leaves the system at temperature Ty and taken as negali®

s - Qi Qs
QO e
Qu _ Qu
AS Tw To
L\S = T(?L”- — Q_U‘ = 0
lll F||
AS = ()

The Clausius theorem is proved

Q.8 Discuss entropy change in irreversible process and calcu
change in different irreversible processes? '

IRREVERSIBLE PROCESS :
The process that cannot be retraced by differential changcs'in the cnvimmu.-m :

called irreversible process. . X
The efficiency 18 less than that of the Camot cycle in any reversible pms." a}f :

sociated with less heat flow 1o the system or more heat flow il of the

f entropy change is called Clausius inequality and written a3

§ <L <0

can be as
The formula 0
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e equality in above res
v equalit result represents i

_2ng) or Camnot cycle. Since the cpresents the Clausius Theorem and applies only to
sl \ 'ntegral represents the net change in entropy in one

T e '{‘E(‘, ILC L I'lllSiU“; ln@qll:l -[\
g L N b / les a

< change 1N entropy o e cvele '
qve chang PY on the cycle. That is, the entropy given to the environment

B« the ovele is larger th S -
grmg Syl 2 an the entropy transferred to the engine by heat from the hot
2TV

~v r=al eneine cve L= - . .
-‘«\ m.::}bn‘_mi u‘};l‘e will result in more entropy given to the environment as
. | 10 taken trom 1t leading 1o an overall net increase in entropy

- A ATV O [ e i i

To oind entropy change for irreversible process, first connect the path between two

_~a—-m states with reversible process '
bl S5 ith reversible process and then calculate the entropy change by using
L f

d
AS - JQ
|
—=iz method of calculation of entropy change for irreversible process becomes
= clezr with following examples

{ . 15 an example of irreversible process. Consider two

7as 1S an

- ho1l ~~ has n moles of ideal gas and other 1s

spEMSTS WSO &7 nsujated such that onc u
) ' ' " - :
s 20d having stopcock between them as shown 1n N1g.

a1 f TITRT FINAL EQUILIBRIUM
‘ STATE

= 7 1 "_'._",_.‘l

Y

..!.“.*' r ) ’ g / / ’
AL f{f}’ ".;/ 1'/// S A
1/:’5_1!:- ;"’/!:(,/»‘:’1/7) //t/ /v//i {’fl;“ //-':’//'//
7
- " — J
I_3 o = & -]
vacuum /

/

———

- = 7 p, ,//// Stopcock Op<T:

St : f
= ) —| [ T
| 7/

stopcock 15 opened. No weight is

B
= e
% - "T'(_, = - v a3l “i ‘-‘:_:.r-cr .‘,'hgn {t’:
[te pas rushes nlo €VaCLSIE =0
e ord . o3 < Acne i this process- : ‘ '
f and np work is done in this pro o eversible path in the form of isothermal
- 3 . . ~hanee ChOOSE & 1% " ° Thr | g 1
o find the enropy CRADES © (PN, T) 10 find equilibrium sLale (P Ve T)
. -~ 1318 » ¥
o eoilioriem swte (Fetr T i is used to connect these WO
. - ‘:. :- . T -l'f:r'-’ f‘f\?lr.;’tc‘] B‘EI !‘ 1: d ’
Eacedure 1 QuUIICTC i
. . .wle process s
1 Cogrmmiie nf eaprops OF reversioi€ prv
Wl L s e - a [ !
aQ - - -(1)
. [¥
i %= }
i
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For isothermal process dEa i‘ ST
The first *a“ of thermodynamics under these condinons becomes
-‘c.h-n B \‘:Q“‘ dwW

Q= \‘IQ < ("‘P\i\.‘
dQ = PdV
@S pvean
Put value of dQ in eq (1)
. \l-’f nRTd\V
ay = | Vv
V,; T
\'1'\‘
AS = nRln WV,

This 1s the entropy change
positive because Vyis greater than \
ISOCHORIC PROCE SS

The proc
ireversible process.

tor ireversible free expansion proce

T3S

n which volume remains constant 1s called 1sochone process. It |

The work done at constant volume 1s zero. The amount of heit |
transfer at constant volume 1s dQy = Cy n dT
The entropy change for this 1sochone imeversible process is given as
I Iy
! dQ 1Q
AS I ‘—l.‘ I et
i L |
Ly
. CyvndT Ir
AS I ~ T - nCuln L—‘)
I 1, J

The entropy change is positive because T
ISOBARIC PROCESS

The process 1s called 1sobarice process when as I8 heated at constant pres SsUre. Ite

irreversible process. The work is done because |\|\lnn mioves sikien HeEes |r.||hh"“'
system. The amount of heat transterred s dQy = ndT
|\

The entropy change for this isobaric ”Tk‘\Ll\lhlL process is given as

T 1-&

(18 ereater than T, tor isochonic proces>

N

. CpndT g ¢
aS = [ SLREL Ty |
T | nCp Ll‘l (T. ) }

I

The entropy change 18 positive forisobaric process because Ty is greater (3 I
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