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feasibility of a process. However, it gives no information

1] the - ! with regard 1o th
K change will proceed. Fhermodynamics deals only with the states of the

of the mechanism of how the change is accomplighed,
occurs but not 1o how it occurs.

Classical thermodynamics i1s based on the behaviour of bulk or mac:
systems, Le,, systems having many molecules and is independent of the atomic
Consequently, no information can be obtained regarding the molecular struciy
however, obviated in statistical thermodynamics where the laws ol mechanics are apph
of individual moleculeés and then a suitable statistical average is taken. The resuls

classical and statistical thermodynamics are, however, complementary o each othes
The first law deals with the equivalence between various forms ol energy, bul
about the conditions under which such an equivalence is achieved. The se ond law t
on ﬂl: first law and is concerncd with the directions of physico-chemical transiorm
whﬁmhips between the propertics ol the systems al equilibrium. The third law atlempls 16 evaluate

y I o o1 LAV
Cfunctions. The zeroth law provides an oper ational definition ol tem
1 RET

M bl.‘-applyln;u the laws of thermodynamics 10 Systems at ¢ thl rum and
ipot appear in all our discussions.
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5.2 THERMODYNAMI

of thermodynamics,
jerms have i
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A thermod
fele reltrenns.
wyf Of the Universe
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thermodynamics. These

(1) System and surroundings:
which is selected Jor shermoaynamic ¢ons
It is separated fram the Tt
w he real or imaginary- A sysiem s
seneoits if it 1s not pnifoirm throughotit and consisis of more o

i |
called Yerreitemelin .

specilic sihstance(s)
boundary, The boundary m
- gene
by sharp houere
unples af homi
nt 80
stem and the su

A Jm_'.l'rm'mf'h' oy

A system consisting of a pure mije

faries. t
yeeneous Systerns while a liguid and i

lids, ete. constitule |
rroundings differs in s
Il allows the passage of &

in all respects and s herere
separated from cach other
liquid or a solid. etc, are exi
ids or two differe
hetween the s¥
r through it
nts the passage of
ray nor maticr.

1EIETrOgenenus

of two immiscible ligu
The boundary (wally
passage of energy and matte
encray. a diathermal wall preve
adiabatic wall neither allows the passage of ene
(i) Types of systems:
depending on the interactions betwe
(if) closed systems and (itt) isolated systems.
(/) Open systems: A sysfem which can exchange botlt matter and energy wit)
known as an open system [Fig. jtter

remain constant in open systems.
(if) Closed systems: These are systems i w
sible while the transfer of marte
4 Conseguently, in a closed system mass remains constant
(iii) Isolated systems: It is a system thar prevents any interaction between the sys

In thermodynamics, we

en the system and the surroundings. These are

el #lia

hich exchange of energy with th

and only the energ

interaction of the system with the surroundings.
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matter but allows the flow of 5
deal mainly with three different yr
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5.1 (@)). Due to these exchanges, matter and ene;
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r 1o and fron the surroundines does not take place |E

roundings [Fig. 5.1(c)]. Both mass and energy of the sysiem remains consia

S of systems -~k

ystems (a) open system; (b) closed system; (¢) isolated system

Measurable properties of
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I :'”‘.'rf I .L]-u ‘volume. molur energy, molar entropy, molar heat caj .I.r,u-l ot S, OIS e
i HHI-'I',E'.._ ﬂﬂzg'illlf heat. thermal ‘_"‘""‘1"”“"”5'- refractive index, pressiie '-"-'ul"---'-l Iﬁ. .-I | R, -
Iy 5) :-.Jflhl \.'iv:uu.f p!'unu:'c of a liquid, etc.. are some examples of mtensiv Ilnl:;:ul-lrlr.'. SRR AL ARS DA
rq llt‘]"nitlr E d) State of a ,t.'_\'si!.'l‘l'i: Athermodynamic system 15 said 1o be in g delinite state wi
:?Ewl.‘hun: pave J.r:li:‘:ih‘ \".IWL_"'\' \l:ﬁmmh measurable properties of a system which completely d I-I it

e .u':firn,-l cystem i Pressure, ‘-"‘I'L'LI!HL‘. temperatare and concentration. These are kne I-.: i I-i I- 1 fif
Yises ”r. ‘ ',,:;,-.--r:l-"ﬂr."'”‘”?";" ;-‘”-.u.fnr't:.w_ Any L'E'I'L'I.]-'I“_"L‘ in the property due 1o a « e i | Wi g

i ;-m-xt“ru '\|,.-]-.-;m'lh only on the initial and thc final states of the system, These ”

o L‘SPC”’“"‘[“'\ -.m.d do not require any assumplon regal ding the structure of n -':I--- d

:1“11“, 'Ihc L||-|L1'I.11C|-' h}' a1 h‘ql“““"” L".I.”L'I'..{ the l_'-'Jl'th'fll Nt o) Siat FFor an wdeal vas, the l_-!': |I|.I: -l-' 1 |
ill“cr a | .

While 2: PV = aRT while for a van der Waals gas, the cquation of state i e M \v— o
f SYStems |h|:l'lﬂ'~"d}"mmic state of a system in such cases can be d efined completely by specifyin

SVstems {hree variables. Any change inthe value of these variables will change the of th sy

qitain & new state, If it s desired to bring the system back to its ::I':ili.:-:l state, the var

ndings iy griginal values. %
¥ do not (¢) Change in state: Change in the state of the system is completely defined when 1o

final states are specified.
(fy Path: It is the sequence of intermediate 51
from its initial to the final siate.

v be inoa state-of thermodynantt

¥ =
25 15 pos- eps orstages arvan oeed in

5.1(8)] in going
(g) Thermodynamic equilibrium: A system is said 1

1o chanee
g

' the sur- if none of the observable properties of the system appears
=Te is no thermodynamic equilibrium assumes the existence of three types of equilibria in the syster Th
ibriunr-and (iif) chemical equ

tiythermal equilibriun, (if) mechanical equil
system is said 1o be in thermal equil
system. Systems in thermal equilibrium

ihritum

(i) Thermal equilibrium: A
the same in all parts of the
same temperature while systems 1l
lemperatures. This state is known s the zeroth law of the Fmodynami

"i'_Lt'. i}

ot in thermal equilibrinm W ith ¢
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ical equilibrium: /1 implies the uniformity o) 1ole 5)
librium: If the composition of the system reniains o spsrant and Hniformmreis
2 iy said to be chemical equilibriunt.

3

If after displacement 1o

siote, the

{0 15 Origidl

nay be stable, metastable of unstable
sing displacement, it 20€S back
pritm. But if the sysien fails to return 1o s
n. In metastable equilibrium,
acements.

ynamic process 15 defined as the nt thod of ope
Bostem is effected. The VALOUS Processes
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ctyhle for smaller dispia

the SysLemm 1s
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(i) Adiabatic | ; ¢ an adiabatic process. The systom is ey, lose Wity |'5 s
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(n Ilmlh;l?::'_il ._"I‘ isopiestic process: A process that 18 carrie el ot winde Conditip.,
() Isody . : 3
»
';‘“-”- sible process: A process 18 said to be reversible if ar ey i et eltyein,, o
' L e A i 3 Hi.
(v} \.L'll.l_. I ; o not-deviate from equilibrinm by miore than i i firnie "
fromn, Hie syvisfem adoes ol . ~ el (h L
eversible process must be carried out extremely slowly so that the PrOfert i "
[L_ =5 - 20 Saneed atany stage of the L‘|‘.;|[llr',l" In a reversghle Oriven ‘ﬂfp
virtually remain unchanged at any E (l ¥ %, w1 ,.-1"
occurring in any part of the process are exactly reversed when the proceg ;  Cars ;--:n_-.h'
reverse Jirm‘:inu_ On completing a reversible cyclic path, the system and the gy, 3=
both restored exactly to their original states. A reversible pr \: 15, therefope alwy, :-"‘;‘J;l
of equilibrium at each of the small stages. As an example of 4 reversible Proces bl
case in which a system absorbs heat from the surroundings. Rey ersibility in thi ;
that the temperature of the surroundings should be infinitesimally highe, than tha ..
tem. If heat is to flow from the system to the surroundings, the lemperature of the g L the ,.ﬂ‘t
; e o = lalle Tm . ..
only infinitesimally lower than that of the system. Similarly, the EeXPANSIon of 4 ga. i, o
2 . - - - i ; i g fel I ; 45 pe g1
temperature enclosed in a cylinder fitted with a weightless and (rictionless Piston will .
ible only if the pressure on the gas during expansion is reduced hy an ir-.!'mi::ni-.,l_.l' 5
/ 1 - R Bl B 1
During compression, the pressure on the 2as at each stage is increased by 4+ EEY Small
y 3 S i) A
A truly reversible process has to be carried out in an infinite number of steps gre i
would thus require infinite time for its completion. In actual practice. the small chanee.
process have definite magnitudes and are only approximately closer to a stricts rf' : ad
5 - it et B L .
process. A reversible process has, therefore. only d conceptual importance, Tt is an ideal new..
. s F T TR Al IUCE] Droge
and extremely useful in dealing with problems related to energy transfers. :
or Sy MIaneon k','rl' S ‘:'li' fllll TE i E Fae
i 4 clt that it dpes G

(vii) Irreversible process: A process that occuirs rapidly
remain in equilibrium during the transformation is called an irreversible process. Such »
cesses do not involve a succession of equilibrium states of the system. After Ll"l':.l:"-"'-;-'-
change, such processes do not return ther s[;ll.:u but can be L‘
with the help of external agencies. Expansion of 4 a8 Ao ety
of a solute in a solvent, mixing of gases. flow ul'L quu}d from
examples of itreversible Processes. All irreversible processes take
t1on and are real processes in actual practice. R

nselves to their initia
dinst zero applied pressure, dissolutic

i

higher to lower levels. et

finite time for their comple-

SSHIE, lemperature, energy, Enlropy, etc. are state functions.

ties does not depend on how (he change is carried out bul
: Pf..[he S}fSlcm. If Z is any thermodynamic property of &
100 then s value is completely determined by the three

d emperature, They are related to one another by &
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these three variables are sufficie
| jon of state. ARY oot €5 are sufficient to define any thermodynamic property.
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N ﬁmd::m; by Eq (5.2) s called a complete or exact differential. If we put (0Z/6F ) = L |/ and
= as define - (5. alled a
= Z' —M(PT)in Eq, (5.2), we get
Jer 2 (@i, =

pli dz = L(P,T) dP+M(P, T)dT
es v Py T e
| to T keeping P constant anc M(P T)[=(c&
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If W is an exact differential
W atw
arar  arar

2 -~ a2
or P o +(£V) i GV
fl
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ar ),

The conclusion is obviously incorrect which me:

Faracyahc 'll_ﬂnﬁfnnnatinn carried out re
processes would be

;'l

ﬁerent This can be shown as follows
sible transformation: Suppose the ga

s and then compresse rom V. to V, with P

HJIJ_‘;l'(: 1 H‘::x.p tW,

comp
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B RU;-E_ The FIRST Law of THERMODYNAMICS
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then [ S [.-/ .
l_'l. :I I“I \ AT I dl
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av .IIF. or J ' l

5.5, (B
ov f\ar ) \ez ), :

Eguation (5.6) expresse g i
! Jui presses the eyclic rle, Similar types of expressions can be deduced for any

Rearranging we get

thermodynamic quantity. For example, Z is the pressure of a gas, Eq. (5.6) id b
a gas, Eq. (3.6) would be
| -
[*-‘P l ‘ av I aT
v e ==l
al Jr -':'T,j. ””]1-'

Homogeneous Functions

L

unction (X, ¥ & ...} is-he a =" I
A 1_”” -I-ltu'r;-« {. e )18 If“‘?—“-‘gk neous “_I degree n, if upon replacement of each independent variadle
by an arbitrary parameter 4 times the variable, the function is multiplied by A", that is
f }'\- ;“- :’L )-" Wl » ]
. g1 ey fagy can | =4 b o Jok M
5.4 { i : L )
As a simple example, consider the function
3
flx, y)=ax® +bxy+cy”
).5) If we replace the variable x by Ax and y by Ay, we can write

F(hx,hy) = @ x* + b3 xy +chly?

= A2 (u:;‘q‘ +bxy+ L-_rj')

=" f(x,y)

. The net result is a change in the function by a factor of %2 The function is called a homogene:

| function. In the above equation, the exponent of A gives the degree of homogeneity. All extensive

variables are homogeneous functions of first degree in moles and intensive vari ables are functions of

zero degree with respect to moles. Volume is a homogencous function of first degree in mole because

‘at constant pressure and temperature doubling the number of moles doubles the volume, Le..
V=P T n)

V‘I = ;[P T. 2”} = :I(P,f, ”:I — 2V
egree 1, then

z) i5 a homogeneous function of de

HIS

. of O _ o

;+ y-i + :ii_ = IJ.;. (|'\l' I\II :’-}
dy 2
tial molar quantities.

!
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| mole of agas is e

: If the pquation of state for
P{V - b) = RT

dP is an exact differential and

prrahlem 5.1

AP would be gxact differential if
#p &P

—_—

avaT érev

i
Solution:

From the equation of state we have
il
V-b

(aﬁ*) R &P ___R
Hence, . vV_b ovoT (V-—b)! 3

gy 0P TR

G [E"—”)r i (‘lf—b)1 ' aTev (V—Ir)1

From (i) and (ii) we see that

&p _ 2P
gver érev

therefore, dP is an exact differential.

¢V
The di : : ‘ . .
e differential (_ET] from the above equation of state 1s

P
[ﬂi) _R
aT), P
and [J?"_} [5_"_) [g[) __(1«'--»}z R P
oP)\eTJ\av ), RT (V-b)i
_(v-b
=
1 VR
PP(.' RT P



%
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v ig7 )
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Evaluate them for an wdeal Ras wnd prove tha
| l .”"-‘| L
| '
ar )k
Solution: For a mole of an ideal gas /1 RT
() .

Ditferentiating Vowith respect to 7" at constant £ vields

wlit) :‘IL:H ]

l.H \1 R
dlil P
l[.n] LR R
(R
VidT ), VP RT T

Dilferentiation of V with respect to P at constant T gives
[-:.H' ] RT
df T f"l

; |L‘.".-'] CRT BT
T

vidr ve: RT:P P

TAIE
).\ ),

.H') 1
V| - : |
E {m- , —kV

<
o
Lul
=
<
O
o
<
>
o
<

o
O
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dP )y
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ﬂ,T v k

da) ok _p
Problem 5.3: Show that ar . ot ) =

Solution: Since
(=) -2(3) (2] vi
op), oP\V),\aT), Vapar
.. el (avJ (av) 1 v
= +.__
vz\arP),\éT ), VapPer
k=_-1_[ﬂ
vier ),
()30
ar), or\ v)\ér), V@erTep

_ | (av) (av] 1 a2
vi\er)p,\opr), Vérep

5]
P)p \OT), Vv|\orPer &ToP)

Adding (i) and (ii) yields

5.4 WORK, HEAT AND ENERGY

The concepts .

algebraic qu:lifil?:f:r:n?!nguzcﬁi . m fundamental importance in lthMYW'
the syste ey * positive or negative. : ing
ystem and appear only at the boundary n%thei):l:ﬁ ';?g):;“ga?-

Work
If an object is displaced through a distance against a force F (x) then the & mod

to be done is defined as
W= —F (x) dx
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o Nt i vh '
rLJ : lL Hll‘”hr Wihe charge js o Xpressed -~ cone when a chirged hody §
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electmeily (€2 is the ¢ APACItY Fact 1 difference (V) ik he i
actor, !
Mechanical
i al waork;
et 1 “.\1[|'. ASKOCIaled with the |
pressuee s referved o pe the mech: SR he chinge in volume of
i i
T Pressure-yolume werk. The o agiitids

isothermal expansion of g £as can he ghy;

in a eylinder fined with » weightless .mLJ”[”ri L]t o tonews, Cansider a e
exteirnal pressure, !‘ The force szting on I[thill;jll.:::‘ I‘Nlnn [l].l.- _. is held ih o
and the cross-se L_nurmt arca of the piston P A) .u I'\ n.Ln by the produc
immersed in a thermostar 1o et u'[hm”l 1._:;“ .‘:.'.lll-[.Ll.l-ﬁlH-l.lh arda of cross sectie
state of the system is described by P, V. and T IE ILHI'(:H:![L curing the expansi '
tends to expand. During expansion, lllt:, piston moves rl“]I Y USIE S ciicn
system are P, V, and T This is shown i in Fig, 5.2 : -!h}{ 1 i lI i lII\I“ L
he . The work done by the gas during expansion is LJ\{:I'I‘ :\hu" =i

W = —(Force x distance)

(a)

3

o) pinal stme

Fig. 5.2 Isothermal expansion of a gas (o) Initial state; (

Since the work is being done by the system on the surroundings, 1t decreas
Similarly, if work
the internal energy of the system,

sion is given as

1% bt

nnd conseqlhulh- the work is given a negative sign.
and, lh-Lm e, work IS given
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< the change in volume,
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But U aansion is ;
work of € KPR W Py AV
ig not the pre gsure of the gas, it iy the Pre

t Py
It may be mentioned "'; Giie 5.8) 15 indicated by the « ade;
The work e

is the usual igotherm ©

as given by Eq. (5

expansion of the gas. [ the gas.
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(a)
Fig. 5.3 Work done in (a) one-step expansion; (b) two-step expansion ang
(¢) multi step expansion of an ideal gas

(b)

The magnitude of work depends on the value of external pressure that opposes eXpansion
have any values in the range 0 < P, < P,. Consequently, W can have values ranging from ze..
upper limit.

The sign of W is determined by the sign of AV, Since F,,, is always a positive quantity. Iy
sion, AV is positive and Wis negative. A negative value of work implies that work is being done
system on the surroundings. In compression, AV is negative and therefore W will be pt:I:ELi'-'e ~,_
thereby that the work is done by the surroundings on the system.

The above expansion has been carried out in a single step. If the same expansion were camei
in two steps, first from ¥, to some intermediate volume V. with an opposing pressure F.;; andthenfm
V_ o Vg with B ']]13 total work W in two steps of expansion is equal to the sum of the ime

duced in Bﬂﬂh Gmp
W =8W, +3W,
Ly
= ) PE'J:l (V” i l”) -+

; presentalmn of this two- -step expansion work and its mamﬁ‘ltﬂ

Xpansion for the same change in the state of the syse™ i
.ber of steps with a constant external pressute § such ‘h;‘
ount dV, then (he quantity of work for each step is gVé! a

5
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\
: work done in I'rt_‘v expansion of the g8t I the xtoinil nrascrm & .
vacuum, no work is done by the system I U] 7OrG, i
' SW=p_dv-q
work Involved in Reversible Expansion of a Gas
As seen above, in a two-step expansion the magnitude of the work nroducesd i e
L 21 ! & e g « PIOAUCCd 15 mos
ind SII‘IEIC'S'»C'F‘ EHpRISISK If the }""U‘IIISIHH were carnied out in an infinite number of sten:
external ;"rrt:'ssurc at each stage of 1I?c expansion is only infinitesimally less than the o
the magnitude of the work goes on increasing and attains a maximum value, This is ¢
Eqg. (5-10).
v,
I Weey = J Fext @V
i ¥,
| r s
For expansion of the gas, P, should be less than the pressure (P) of the gas ie., P = F -
where dP is infinitesimally small. Therefore the magnitude of work involved is
A
Woe = —I{P- dP)dV
Y
' i i in the limit P —dP = F, hence
Since dP is exceedingly small and in the limit P’ —dP = I, hence
Vy
Weev = "j PdV
A
nRT
=
Y o
nkL ...
W :J——'t'“
ey l_.'
rl
= " . 2+ ' ';Il‘lul"f equanion vicikds
ant therefore integration ( [ the ]
o V, g
= nRT In
= - nil v
i (5.1

= HHTIII ‘P;
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done 1R Lwi ; f1oum f Voo S0Mme rm,.uh“h o | e, [
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of work will be done [H the ‘\UFIUHH:'IH:- 5 (F i, 5.4 MEf Vi and then ¢ -.f'I |
. arry
of steps taking Il 8l edach slage only, slishils i By e I || QuUl compression in 3 lu
P+ dF, then the l‘-an\ mvolved is given |u” ¥ greater than tl,._ ressure () of the oae -
W v
* (5 ”m'.'u = _[‘F',"J dV J|f' PV
- ‘}4] ! "

B T AT N b

Fig. 5.4 Work done in (a) one-step compression; (B) two-step compression and
() multi-step compression of an ideal gas

Since dP is very small and can be neglected, therelore the work done on the ideal gas is given ©

min

v
W. =nRTIn— 3.1
\.

I ONERE Sy S

'he masnindes of he

g compression and is obviously the arca under the curve (Fig. 5.4 (€))- 2nit
SWork of expansion and compression as may be seen {rom Egs: (5.13) and (5.17) are cqual

‘work: W is not a thermodynamic que antity. Its value as seen from 1 qs. (3:8), (3.8
\me (:haﬂ"x. in state L|L|‘+L‘|ni‘. on the path followed for the 1sotherme a
. gally, one can prove that Wis not an ex: act differential. If W is an exact differen-

, one may wrile

This is the limiting minimum value of the work which the surroundings will perfor

ansfornuation of

~dW = PdV
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Figure 2+ vae 5.12) or (5.13) is ahtained only under reversible condition it P
work 0% given by ¥‘.=I- ['.' 2)¢ | 1."““" ctate. This i the |n;|.v.|m|1n_1 amount of work ”.-| Thiyy ' | 2 i.‘f;
viate from its equill out rapidly the equilibrium of (he il g Y ¢

does not e
from the system. 10 th
and the process will he dir

is carried - YSIem g, 4
(.“”“,qm.mw. the magnitude of work would b, il e | f{.ﬂ‘
PR — ! ) |- P
™ which an ideinl gas ¢ !-!Thmrl.-. reversibly - Ty | ._-l" in Iﬂ
d from the following ,\-:|||1|1;1||.t.|1n I fitions ¥ oany i, l‘ {
e v, undel i.'iufhl.‘l"l11:'|| conditions =i} \ A‘ﬂd}‘iﬂ
1 -

c L-_\p.'lil'-ii i
sversible

VHIWYD aYND IV OO

state Py, ¥ to state Iy, T Ya Rt in y
2T In—= alkT In L
wrr.r i v P,
Pl o
— nRT'In l—{!- ,' Jl #
Wi o

B .slecting higher terms we gel
Expanding In P --[I— ?,'_]j‘ and neglecting hig

il
-

I
Wy .—-HRI{ P‘ —-IJ

4
-

versibly at consiant pressurc P,, we have

~Wi = Pp.("’z B Vi}

nRT nRT
i)
2 1

= IIRT(I - fl]
R

Therefore, the difference in the magnitude of W, and W, is

When the gas expands irre

P = = R -1 1.

AP

=nkT f

"
ds

nRT
P_' »
Ple( i ~h)

i . . . orealel o
drrespective of whether P is less than, equal o Of gredl
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(i) Bsothermal irveversible g wnslormn|
i

| v, with £ = P The ganis then o Orpre
' and the network (W7 ) s piven gy

! The o Lpansim of the os
el fromm U. Ie3 '|,"I with J? o= e

J.,.,w Wese = <1y (Vs = V) - B (¥, - v,

“1 f',:_lf'f’-{. Vi)

Since Vy, = Viand P, < P, herefore, w
system. In other words, the surroundings

| original state than the work done by the ;}’Hu:m during expansion. From this or .

! 4 state function or 8Wis an itexact diffarantiar 5 SApansion. From this one can state that W

! If the system contains n moles of 4 real i

eye 18 POSItive indicating that werk has Feer

have 1o do maore work in brineing ihe o e e

ringin

as obeying van der Waals equatior
2
an
(!’ + T;T]I‘V —nh) = nRT

then the work (=W, ) in isothermal reversible expansion is given by

2
tn

J:R?'Infvurlh}+7
¥

V, —nb ‘[_l_l_l & 18
1 LA

2.303nRT log —=———+an" J
1 og = v V)

!

Il

der Waals gas 15

mitude of work of expansion for an ideal and a van

Vs RT V, = nb - a? [ ] 1__\
T == iy —_— = [ v
=nRT In v nRTIn v nb Vi Vi,
[ | 1!"'1- —_ V
2 L e =an®| = I

-|W,d‘=ﬂﬂ vV v W
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an’” AV a positive quantity o
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3 " eiom: For an ideal gig is alwiy

of reversible work of expansios IWays preq, r

in overcoming the attractive forces o,
e |

The magnitude
e dlone |1

¥y ¢ ~
he gl .

dor Waals gas s work has (@ ) Fif :
Wl

van der Waals gas

Energy 1 as the capacity w0 do work. Every _-.}‘,qlt'.Tnl{.:{ MLnIng some quantyyy, o

ay ovcur i vairi WIS .‘-‘llL’lﬂi as kinetie encrey due to the i IIr i
| position in i force field; thermal energy due | '
ittion of the ‘-'-“T”[“”“m-‘;'- nuclear Chnergy

Energy is define IJ
4 store of energy. [t m .

pgy by virtue ol s
ue Lo const

ous [t

AT r
potential ene the 1
body, ¢chemical encrgy d .
electrical energy, elc.

The energy passessed by
molecules along with the encrgy O
internal or intrinsic energy or enerk,
avitational surface, etc., are termed as external eneraia

Mt

a system due 10 translational, vibrational and rOtatior
£ - IM:

; i il
[ the electrons, nuclel and molecular interacti, My
o ST T (2 i TR i =LICINg | :
v content of the system. The energy acquired by , .. "
- A Sired
‘ Bl

field like electrical, magnetic, g1 _ i in
ot considered as part of the internal energy of the system. The energy content of 4 ., Wi,
by F and depends on the internal structure and the constitution of the materia| t”n'lrr'q_“l'm 1§ ey
5 O8N ok

It is independent of the previous history of the system. The magnitude of energy is dea. " W
state of the system and in turn by the variables of the system like pressure, volume ;mu't'l'_"nm_j:a_,._
these variables are related to one another by an equation of state, the energy of w] ite 4
composition may be described in terms of any two of these state variables, i.¢. 22

E=f(P.T)=£,(V.T)=f(P, V)

Energy is an extensive property, i.e., its magnitude depends upon the quantity of
system. In SI system, it is expressed in J or kl. A
If in a transformation the system changes from state A to some other state B, the eneroy o

; oY chapos

tenal i &

= (£ — E,) is determined by the values of variables in the two states. The change in th .
' et = Ll ] e

system can be brought about by a number of paths but the change in E is always the sam stale
[= & h ¥ \l‘_ -Ill_':__ ™~

£,) is determined by th ' i
wo slates. The change in the state of the system sz

be brought about by a number of paths but the change in E is always the same. vis E.—E m
5, ¥ s iy B = L, e

independent ; S . : j
ﬁmcg;n Iﬂ;::i*f; pa_ﬂ_:ﬁs hy whfc.h_ the transformation is carried out. Enerey i3, therafors k%
uncton. In g process, the initial state of the system is restored and the encrey change ~,x-a=."_;-‘.

m{;ﬁmfacts canba stated mathematically as

dE yields




