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For the same compression ratio, the efficiency of an
Onto engine 15 more than a diesel enginc. In practice the
compression ratio for an Otlo engine is from<7 to 9 and

for a diesel engine it 1s from 15 10 20. Due to the higher |

compression ralio, an actual diescl enzine has higher effi-
ciency than the Otto (Petrol) enginc. The cylinder must be
strong enough 1o withstand very high pressure.,

4.34 Multicylinder Engine

e —

With an engine havi;g_ one L;_(.l-indcr, the engine works |

only during (he working stroke. The piston moves during
the rest of the three strokes due (o the momentum of (he
shaft. In a multicylinder engine (say 4

| -cylinder engine)
the four cylindery are coupled. The working of each cylinder
15 given below:
L First Second
First quarter Working Exhaugt

Second quarter Fxhaug Charging
Third quarter pr‘n‘ Con :

Fourth quarter | Compression Working

In this way, the power of the engine increases ang the shafy

cycle.
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gificloncy

mfl}:;ﬂl:m&ﬁmm remulng constun, Considering | gram of the warking substance, the
0y = IXC(T)-T)

prom D o A the volome cemains constant,

The quantity of heat rejected,

0 = I1xC,(T,-T) '

Dividing, we gol % - H_E_v; %% %%:%

1]

Eificiency. 3

T | Ti-h '429
1Wh-T ‘ -i429)

T,-T, )
To cvaluaie {._'..._.TL]. all the temperatures are L0 be expressed in tlerms ol Ty

2
Let p be the ndiabatic expansion ratio, Then p
P 2
atoll atio= - -
L Te poﬁns A and B arc an (he same adiabalic,
: AR A

v,

¥, 4
= TJ’L and e the combustion cxpansion ratio or fuel
1

- , )
2R [l] .(4.30)
n
2. The points B nnd C are gl the SAINC pressure
A L _h
“,1‘ . Vz i ¥
'P
e 7= [I}] =Tyle) (43D
3. The points C and [ are on the same adinbnlic.
Is . 1
TV = W
Bu v, = Yl

v,
T, =T, ﬁ; N
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- Sliding valve moves up. Both the pons Py and Py
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W W
— el
Q' " Q
Q‘u > Q]' -
e-Q) = Q- 0,
0,-Q,) = Q,- Q/
Now because Q>0
& Q, > QI"
Now suppose the two engines are coupled to :
d gether so that  drives R bac
they use the same source Pnd smlf. The combination forms a self-acting mhin:::::; g«i} suppose
external wark W and R absorbs this amount of work in its reverse cycle. 1 in its cycle absorb :2?
cle absorbs 21

from the source and gives up heat 0, to the'sink, R inits reve
. Ise ) F
n‘n§ gives up heat Q, 10 the source, cycle, absorbs heat Q, from the sink

EE'Q &

The net result of the complete cycle of the coupled engines is given by
Gain of heat by the source at T\ =@, - @

Loss of heat by the sinkat ~ T,=Q, -0

External work done on the system =0

Thus, the coupled engines forming a sell-acling machine unaided by any external agency transfer
heat continuously from a body at low temperature to a body at a higher emperature.

This conclusion is contrary to the second law of thermodynamics, according to which in 2 cyclic
process heat cannot be transferred from one body to another al a highes emperature by a self-acting
machine. Hence our assumption is incorrect and we conclude that 1o enginc can be more efficient
than a perfectly reversible engine working betwcen the same lemperalures.

Second Part: The second part of the theorem may be proved by Lhe same argu m%n'u as before.
For this purpose, we consider two reversible engines R, and R, and assume that R, is more efficient
than R,. Proceeding in the same way we can show that R, cannot be more efiicient than }‘?1. Therefore,
all reversible engines working between (he same two temperatures have the same efficiency.

This, the efficiency of a perfectly reversible engine depends anly on the lemperatires besween
which the engine wark, and is independent of the nature of the working substance. A

430 Steam Engine , 5
1t consists of a steam chest and a cylinder. These &r¢ rognected by e FEC pﬁ%ﬂ:h;
isa piston that moves inside the cylinder. Vis a sliding valve wh{cl_a can also mwcmmcd i
the port P. or P. i the steam chest. The piston and the sliding valve are conn to
port P, or P, is open to (hC Sic= - hen the shaft rotates they move I
shaft eccenrically at diametrically opposiie points such tbat WhER ling between the mai rod
opposite directions. W is a flywheel “ltached to the main shaft. The COUPIAB o2

: : i motion of the
and the piston rod is such that the linear motian of the piston rod is converted 0 circular
. he main shaft.

_ shafi. The machinery to be operated is connecled 0 1 ’

Working -
- ers the cylinder
I Steam at high pressurc from the hoiler enters the sicam ek Triséﬁ:ﬂc:; (Fig. 4.19) The
through the 1o P is'pushed down duc to the high pressure 00 = & ter expands
> port P,. The piston is pus are closed. This steam inside lhﬁPC}f_l .
. . o P, s connected
aad moves the piston further in the downward direclion- Al this position, the port /'y

: the exhaust valve E and P, is opencd.

A1
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; ible. The engine must rejeey .
of work i.c. perpetual motion of the second kind iy impusaible. The eog ety D.mq:IJ

cav absorbed o a sk at lower lemperalure, ' g -
heat abso to o sink dl an he combined into one eguivalent statement, known gy
These two stalements v | :
. DAIICS.
Planck’s statement of the second law of thermodynani

Kelvin-Planck Statement in i cycele, has the sole offec
"It is impossible to construct an engine which, operating ina :_)“ “.-‘ o1f el g

ing heat from a reservoir and performing an eguivalens amount o

Clausius’s Statement

According 10 Clausius "lIUis impossible for a self-actmg michine working in a eyl Mg

Lovr b . s al a lower temperture 10 a hog al ,'_.I
unaided by external agency, o imnsfer heat from a body at 1 Y alaky
lemperature.”

lh{‘ H(Ihli

[tnn ]

In other words it may be stated as “Heat cannot flow of itsell from a ‘colder by (g }:"
hw)’:ﬂlis Statement is hased upon the performance of refngerator - a lil:lall cngfnc working g
hackward direction. Tins statement means that natural Mow of heat s 11!%";1) S frml_l ahat body u,mi
body, Il heat 15 to be wranslerred I'r_mn cold body to hot body, work will have 1o be done by ol
ageney. A refmgerator is a device which trunsfers heat i'm‘m a colder body w, hotter body byé:
external work on the working substance. The compression is brought about by an external

agene) !
“electricity” by performing work on the working substance.
4.29 Camot's Theorem )
) ) o i
Statement !
: ¢ . : |
From the second law of thermadynamics twao important ce !
results are derived; these conclusions are 1aken together 1 - SOUR '
. - |’
constitute Camot’s theorem which may be stated in the fol- . T |
lowing forms. , . Il
ta) "No engine can be more efficient than a perfecily Q,

teversible engy

ne working between the same two lempera-
lures.’ . '

SRR
|
( The efficieney of all reversible engines, working P i

between the same 1wa lemperatures is the same, whatever a’ ‘
the working subsunee.* o |
Proof: . , e
! v
!’lmi Part: To prove the firy pan of the theorem, we SINK

Comsider twuo engines R and f working between the temper- Fig. 4.18 f

. : T ¥ 'Y 2 K -~ - : ‘[
tares 1) and 7, where Ih>T,|Fig. 4 I8]. Of these wwo en- |
BN R 1y reverable g /4y imeversible, L |

Suppose £ is more elficient thap
from the source u Iy and rejects the
absorbs the quantity of heat @/
sink al T,. Let the (w cngines
assumption / iy more elhciem

)
R. S e 1 rbs the gquantity ol
- IPpose in each cycle, R absorbs the qu 1

i vip et "j
quanuity of heat (2, to the sink at Ty Sup;nm_nl“‘ )
from the source I, and gives up the quantity 0! Im.;r:‘"?

. ' |
of work W in each cyele. A¢ |

L

do the same mwount ¢
than g, .

&0y . 40 :
Q) Q- r
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e _ %
of Q| = Q:‘ ‘ji "T:
jon (4.25) can also be expressed as
Tws, equation (
1 T,

coclMicicnt of performance, P = 'fl';’i: A4.20)

428 Second Law of Tr_le_r_modynami;s

The Mirst Taw of thermodynamies states the equivalence of heat and cnergy It simply refls that
whalever work is obtmned. an qu.!i\'iilcnl amount of beat s ueed up. or vice versa It does not u)
anything about the direction in which the change might ocewr or about the range of limil to which it
can be possible. The fint law s_hnwa thin perpetuyl mobon ol the first hind s impossible e energy
can nol be created out ol outhing-or producton of energy witliou disappearance of an equivalent
energy of another [omi iy not possible .

The first law has no answer why heat always fows fron a body a high temperature w a body at
lowet lemperature and does not flow in the reverse direction. Tt ean no explaim why vast amon of 4
vailable heat connot be converted inta mechanical work. It we could control and make use of the
Iimitless store of heat viz-solad®hergy, we could ave an inexhaustible supply of uselul mergy Thus,
we could have a perpetual motion machime nor forbadden by the first Lew This i called perpetual
mation of the second Kind. In practice, howeser there is no engine which can convent the heat from
the single source in (o useful work without rejecting some heat (o a heut sk at o lower temperature

e, perpetual motion of the second kind i production o) uselul energy from the miernal encipy of
onc body 15 impassible.

1twas the quest of several such questions which led 1o the formulation of second law of thenno-
dynanies, The second faw is o generahizaiion of certan experiences and observations and is con-

wemed with the direction in whidl) ehergy wanler takes place The law has been stated in o number of
ways, which means the sume thing.

Lord Kelvin's Statement

In o hem engine the working substance extracts heat from the source, convents a part of il inlo
Motk and rejeets the rest 1o a sink at o lower tempersture The temperature of the source must be
lughet than the surroundings and engine will not work when the temperatures of source and sinh, are
the same. No cngne has ever been constructed which convens all the heal abxorbed from the source
ﬁil“l}?hw:l[llml. rejeeting a part of it to the cold hndy. As the cngmc\uhs_mbs murc and more heat
vorkis (IL‘:; ‘d)d.).rlh.: latter :.ule o continuous fall in u:mpcr.uurcl and il o m_numu,nus supply of

- “'illb.cn . t,llm‘l"" hﬂd)'_ will ]l\ the long ryn become as cold as i surmoundings. Then r}u heat
Meng y; “!':L?\l e, the engine will stop working and hence no mc_uhumcnl work g:ll be obtained. It
G not abtun a continuous supply of work fraom a single supply of it ¢, the presence

of ¢y -
I:cr bl. SR I— for the contipuous conversion of heat into work. Such considerations led
elvin 1 state thiy
% lis IMpassible 1o ge
INE T \
Thn thyy of jyy Surmoundings "
1}
K's Statemen|

LT
off Pnsibe
W other ypyy, the

L a continuous supply of work from a body by cooling it o a temperature

0 construct ar engine which, working in a complete cycle, will produce no
s, i 5 imlm\'\‘-::;l{\g ol a weight and the cooling of a h::a! reservoir,”

T thag l:‘lalmt to construct an epgine which working in a co'mpl.ctc cycle, will produce no
. “Mpuan of heat from a reservoir and its conversion inta an equivalent amount

ey
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(8) Heat Engine (b) Refrigerator

Fig. 4.17 :

When it is operated as a refrigerutor, it absorbs heat 0, fiom the sink
amount of work is done on it by some external means and rejects heat Q,
T.(T> T,) as shown in [Fig. 4.17 (). .

In the second case [Fig. 4.17 ()], heat Nows from a body
a higher temperature T, with the help of external work donc o
that of a refngerator. In every cycle, heat Q
if the cycle is not campletely reversible,

Al lemperature T, W
to the source at lemperature

at a lower lemperature T, 10 a hody o
n the working substance. This action 1s

218 extracted from the cold body. This will not be puossible

4.27 Coefficient of Performance

e —wtt— o

The amount of heal absorbed at the Towe
working substance by the Cxlernal agency (in
Here Q, is the desired ref rigerating effect in

F temperature
put energy) =
cach cycle,

CocfTicient of perfformance, P = -Q-3-=——-Q-?_.

' 4.2
l 'IV QI = Qz
Snp?um 200 joules of cnergy is absorhed a1 (he
done on it by external help. Then, 200 4 100 '

15 @,. The amount of work done on the
W and the amount of hey rejected =

lower lemperature and 100 joules of work s

=300 joules . T : eralure
The coeflicien of perfomunce 1oules are rejected at the higher tempera
&
P= X
W
< *
Ql i Qz
-
300-200 =
Theref, ;
In the ;; ‘l:'e '::fllu.em n:l Perfonmuncy qf , refrigerator iy 2009 .
. ENRIne, the efficiegioy . X S . ol
e c;Tmcm‘“ ﬁf rmance can he mull{;xyhcig:?‘l:: n';:m than 100% bu in case of a refrige
the Working suhstance i N deal gy e 0 100%,
"Q‘:' =4 Ql "'Q;
T &
o6 h~1,
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Firlwency, n = Useful Ompin
Inpun ),

“le Q,,

o

R(T, Tolog, :

: BT
.R ]‘l IHI‘-, ”,

1

wo hoh
= o L (4.23)
ar N =1 T, g
[ A4

From equation (4.24), we conclude that the efficiency depends onty upon the temperature of the
source and sink and 1s always less than unity. The ¢fMiciency 1s independent of the nature of working

: : T, :
substance. From eguation, 1 = |- ?‘— Jwe pety = 1 7, = oK e the temperature of the sink s at

asalute zero degrees. In practice. it '15 never possible to reach absolute zero and hence 100% conver-
siun of heat enerey imto mechunical work 18 not possible.

Agam, the clliciency is minimum o zcro when ) = T, f e the temperature of the source 1s cqual
to The emperature of sink, then 1= 0 e the eogine does not work.

The Care '~ heat engine is perfectly reversibie. It can be operated in the reverse direction also,
Then it works as a refngenntor. The heat (4 s taken from the sink and extermal work is done onthe working
substance and heat Q, is rejected o the source at a igher temperalure (principle of a refnyeraton).

Sereoser in the Camot's heat engine, the process of isothermal and adiabatic expansions and
Conipressions are carmied oul very-very slowly Le. quast-static. Tiis s an dead case: Any pracucal
engine can not satisfy these conditions. Therelore, all practical engines have an efficiency less than
the Carnot’s engine, '

4.25 Effective Way to Increase Efficiency

The expression for the effieiency ol a Camnol’s enpine 18

increased by one of the following ways.

The clfwciency 1) cin be
1, and heat-sink al lemperaure s low as pos-

() Usmg a heat-source it constant emperatire

sible, ar ;
() Using a heat-sink at constint lemparatui 7 and @ heat-source al emperaiure i gl as posstbic,
' 7 mperiiure beloy that vl the atimosphere

o use heat sink atate
e as

[n pracuee, it 1s nol convenient | A il
- . e efficiency 1s 10 use o heat-soec at lempe

Therelore, the more effc tive wiy 10 10CTCIN:
high as possihle.

426 Camot's Engine and Refrigeralor

1 work as o heat engine and also as a relnperaton

Camnot’s cycle is perfectly reversible Item e Srcei e T les
When 1t s operated as a heatengine. i ahsoihs heat @, from the \umu}- i

g L. . i’ . . as »

6 amount of wark W oand tejects heat ¢y to the sink at empurature Fy 20 = 21T

'l:lg 11 {)]
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Work done by the engine per cycle Py
During the above eycle. the working substance absorbs u.n amount of heat 0, fron 1y Wiy,
rejects O, (o the sink
Hence, the net amount of heat ahsorbed by the gas per eycle
= 0- O
The net work done by the engine per cycle
= W+ W, 4 W W,
= W+ W, oW,
s per cyele
From the graph, the net work dt:uairt:l ;fil(;M +area BCHGR  area CHEDC wea by,
= arca ABCDA
Thus, the area enclosed by the Camot’s eycle consisting of two isothermals and (wo
gives the net amount of work done per cycle
In the cyclic process,

by,

Net heat absorhed = Net wark done pur eycle.,
00 = W4 W,

T

V, 29 W,
= K7, log, v KT log, v (415
I f
Since the points A and 1 lie on the same :uli;thulic DA
FUARER A

T, (v Y]

L .
Similarly, ponty # and ¢ Jie on the same adighane B
1 V.'“ = T, Vu“

?2 1?‘, 71 1 M
hoT ‘ v
From equations (5.20) and (5.21), .

"

WYt (v
i) (7

ar v' = YJ
W T,
o Y . 4
T
1 ' = l !
.Sulssuluunp M equation (§, )

9 we per

Nul work d(;nc V

Q- ¢, = er !ug‘ "? - RT, log V.'_
Y B
g ye Q- () = kr, - Tydlog }/2 &
Emc{ency ¥
The eMicieney of '
TEY 0 the hoat enu: ¥
uui Sy TEEING 1y e r - g Al
P per ey, the 1oty amowng :’] ':::tdir’mt of Quantity of heat converted into work

\rbed per cy pf



and it docs soine cxtemal work W, given by
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This operation is represented by the adiabatic 8C, starting from the state 8 (1. V7, Vo the sate
C(Pw Vo T2 In this process. there is no transfer of heat, the empersture of the substance falls o 7,

=

LY ¥,
W, = J pav = k[ 4¥
- v, v VT
7 During adiahatic proces, PV = constam = K)
KV,‘I T __Kp:'"f
- I'_;-T e
T BVi- BV, |
) ﬂ. I:f ' Co ‘l:T‘:PuVlT""' K
_ KLk
= T3
R, -T) . .
= "_,"'_[‘— = Arca RCHGE 4 16)

3. Isothermal Compression. The cylinder is now removed from the inslatig stand and i
placed on the sk which s atatemperature T, The piston is now very slowly imeved wans so that
the waork is done on the gas. The wmperature temds 10 increase due 1o heat prxhiced by compression
since the conducting base of the cylinder s in contact with the sk, the heat developed passes 1o the
sink and the temperature of the pas remains constant at 1. Thus the gy uindengoes isothermal com-
pression at a constant lemperature I, und pives up some heat o the sink.
sented by the isothermal €O, startmg from the state Cf PV, T the
ance rejects heat Q, o the sink at £ and work W, s done

.

This eperation is rcpre
state (P, V,, T,). Inthis process, the subsl
on the substance given by
v W,
PdV, = RT, log, v
1

L 1% .

MENVY

1]

Q,= W,

r

KT, log, " = vea CHEDC
4

"

(- ve signe indicates that work 18 done on the working substanee)

4. Adiabatic Compression. The cylinder is now removed from sink and agn plaved on the
nsulating stand. The piston.is slowly moved inwards so that the pas is athabatically compressed anl
the temperature rises, The adiabalic compression 18 continued till the gas comes hack to ats onginal
condition r e state A (P, V,. T,), thus completing one full eycle.

This apertion is representéd by adiabatic DA, starting from D (P, ¥y, 75 to the final state A r.
Vi T)). In this process, wark W, 1s done on the substance and is given by

v,
I pav

!
W, = ),

- _R_‘_ﬁ_jﬁl = Arca DFEAD {418

y-1
. IT ve sign idicates that work s done on the
TPposite, they cancel cach other.)

Al

working substance. Sinee W and W, are equal and
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. o from whach
2. Source. A reservon maintained ula consnt “ ""“mm[r: :f'..ln'm:uni of m-..a'ff,nnm N |
- s ppracity und an it by
draw heat by perfect conduction 10 mfimie thermal cipacity drs
om it al constant temperatie Ty ‘ | | o
fr J {ectly AOD conducting |1Iu[|ll1'ln nets an b st foy Wi, O
3. Hent Insulating stand. A periectly '
processes
4, Sink. A rescrvoir maintuned al o const

engine can reject any wmount ul heat The |hwm.|. Sl .
\ " JAYM ¢ |
remanms constint at 7. 0o mauer how much heat s give |

4.24 Carnot's Cycle

an i ly of w

In order o oblnn o confimuaus supp T

Il ' L " - M 4 l .

ing cycle of quasi-static operations Known an Camot's eyele (Fig )

1. Isothermal expansion. The cyhnder s hind placed on lhu. !'“U:T'_M,]:h,m (he |}|‘ i,
the temperataie £ of the source. It is then '.|lluwu::nl 10 ||mlvrgn1 f|||.lm--. znhul.hc(.‘ I):T;::(:;' e
expandy, ity temperature wads (o fall. Heat passes into the cylinder throug - | b )’nt-mul.»
base which is in contiet with the source The gas therefore, underpoes slow isothermal cxpun .., |

|
§

at lower temperatuie 1 (5 < T whichy g, Js |
" H '
[ copacity of sink 1% infintie so thil it (e,

r
- gt S ivg vl 49 L]
ork, the working sulmtance 1 subjected 1 hye (0l

the constant temperatre 7,

[}
l APV |
1] " v N " '
1 k ~ \‘50)’/’(-” J |
1 ey
| % ‘L‘_fdtq :
LLe T, Q ~ |
| | ﬁ’ . - D ‘Pp- V;;} 4
i | ')a 1 |
| o I\ , 1
i ' i\
CH N '\ %
| | D1 [.‘ oVl :\fﬁ |
1 ] A |
‘ ' L ISon . © ﬁ
' : Ory,,. v \ .,
i ‘ ‘ Meryy, (P V) |
' ! I AL LY ol B ‘
f 1 ) [!' 0? | \ |
! ! [ ! . T
| I ] 1 . ‘
| 1 | . \ ‘
! ' 1 I ) |
| ] | | I |
0 E F a y |
V ey
' Flg. 4.16

Let the workin
the sate B (P, )
), from the sou

’ f '-l‘Jh'«I:mcc during isothermal expansion goes from its initial state A (7Y I}‘
»Hhal comtantwmiperature | |

; I along AL In this proce » substanee ahsorts”|
Feeat T and does work W, gn::n by e inws

V. |
O=W = fl*dtr R Nop 2 ) il
2 I : | IUL, vl = ureq -'1”(;’:/\

+ Qdlubutic cx ns . !
insulating stand, The uluxrll: iunllll. 1.1 e eyhnder is now removed from the source and 1» P“LLT 1
d the cxpense of 11y ihmﬁi l:md - P"dmp-“ slow adiahalic Cxpansion, periorming *wﬁ:i
‘ CIETRY. unti ity lemperature falls w 7. the s;;mc as that of the <"

; -

o
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421 Heat Engines
% 'Ani’ pmc_u::ul mitchine w.hich converis heat into mechani
el work 18 called I:ca.l engine. Heat engines in their apera.
i absarb heat an a higher lemperaure, converts part of it
o iechanical work, and rejects the renimng heat ata fow
jemperaure. In this provess, a working substince 1s used In
qloam eNRINCS. the \\-nrking.snhslanrc IS water vapour, and in
all gas engines the working substance 15 @ combustible mis-
ure of gascs. - o Heal Engine
- In auy heat engine, the working ﬁl"hh"mﬂ‘ goes through certain chinges of pressure, volunie
(emperalure. and then retums o the mital state The complete changes throupl which the working
substance underpoes [rom its initial state and back o its stating state constitute one cycle of operation,

4.22 Deﬁnﬂioﬁ of Efficiency

The efficicncy, T, of a heat engine s defined as the o of the mechanical work done by the
engine in ane cycle 1o the heat absorbed from the high emperature source. Thus
N = Q& . , (414)
¢ .
where Q, is the heat absorbed from the source al igh temperiture, (5. 3 the heat rejected o o sih
Jow lemperatore and (Q, - () is the mechanical work done by the engine in one cycle.
Since (Q, — (25) < Q. the efMiciency can never he 100% .

L Y

" 423 Camot's Ideal Heat Engine

In 1824 the French engincer Sadi Camot concerved theoretical engine which is free from all
practical imperfections. Such an engine can nol e realised i prictice. 1U has maxinum clhicieney
and it is an ideal heat engine. Sadi L‘urm_ﬂ's heat engine tequires the following importand parts
(Fig. 4.15): : .

|

l4— CYLINDER

4—|—+— WORKING SUBSTANCE

: . CONDUGTING
CONDUGTING. INSULATING S
SINK
SEMRCE STAND -
E i smanht
AT,
AT, Fig. 4.1 .

ducting buse and s pro

aing wishls, @ werfectly con ; :
ducting Wil o | I evhnder The eyl

hich moves without [rictionm 1

; ,. 1. AC lil'l[lll'l' . {eo -l
e i having perfectly nonee
.,.?lf‘u.!;”,'i . b e

tha perfectly noti-conducting piston W

Y0lains ane mole of perfect pas as e worhing sulstine
s by (]
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AZ0 Reveitible and Ieversible Process

Reversible Process

A sgvriuilie firocits 16 e el o e eotraceted in opposite direction by Changng (he Xl
Coriigmg finhisimlly, .

ﬂnwmnmummw(mnmnwmqmm%pMMHMMmmm“wmw§fQ3mmwwwm
A b sbeh o Wy it gl Giomgees gecnig o e dieect process i ""}",'J' Kopaale b (he OPping,
oA il i se e wind i CIges e fei i iy of e Biodies rtipalie o the process
s anirfimntioge. FF Dicin ie abiorbied by the substanee in the el i the same ‘!““'_“‘“? Of e,y
vl B givisi onb by 00 (e roverse pioness, amid 3 work i ‘.]"m' hy the sllhxll::laftjt.lll the (g,
prekess, mi el st ol wank wall be dome on e substunce in the reverse process, Thus, (e
I Al of Buss of erergy afall in il reversibile rocess,

Comsiden i o evs bt 1) cylintler, nisde il o perlectly n{mducling malcral wd My i
i et Dk o Wity of e constint emperature. Suppose the gas is compressed very *"‘_“'l)' stich (J,
e tamperabon fmiims ohaged roughoul Ohvioosly (0 do so, small pauses W.I” have 1
Ehven 1 between viious st compressinms to eobie the heat generated by compression Pass 1y
In 10 the surcomnding water, 10 sow ifter teducing considerably the volume of Ihr-.‘ BaS, 11 s
ulliwed 1o erpund dsoihermally wnd e eagmsion be just as infinitely small as done in COmpressyy,
Wit slmilin patses i etwecn, e will (low in (rom enclosing wier and the iemperature of (he pai
remmmm unchutied. Fxactly e siome smaosmt of heat will be received during the CXPANSIon ay vy
pven op during comprension, i, all the stages of the direet process are setricked in the oppog;,
ditection i invers onder Hence the infintessmally slow isothermal uxpnnfiun and compressionf
gt b reversible proeess. Infuct wll iydbiermn) und adiahatic operdtions are reversihle whia
currled onl very slowly, ,

Thu proseess will i bee reversible if there s any Joss of heat due 1o £ niction, radi

fon. 1 the chnnpes ke plive vapidly, e process will nog be reversibly, The ¢
GO fricton enty mot It setel,

"];!:.

),

alton or condug
nerpey used in o

© e comditions of sesersibility fo; iy heat engane or process can be stated as (ollows,

Lo e pressune umd winpegdare of the working substunce must not difler appreciably s
Wisine o the sarrounding af any stage of the eyule of aperation,

A Al the proceases Tubing place i the eyele of aperation must be infinitely slow.

& e working et of the engine it e completely free from friction,
A T hould it be any s of eneriy due o conduction, convection or radiation during
Cyele of operation,

I shold be ammentered gl the complere reversible process or cyele of operation is only #
sheal case, Iy ian ocrual e, here

iy alwitys loss of heat duc (o frction, conduction, convection®
tahution, : :

Irraversibile Process

I oature il e, g v
thermulynutmn cquhiyinm 5 o, me
CHUSE o atuatnd P ey g
Visatasuy, itelasty )

Esible becaise of (e following reasans : (1) The cul‘idl"l"“r‘r
chanical, thermal or chemica) equilibrium are not .sanibﬁ'-"'.h:
w0tk place aasiaarieally. (2) Dissipative effeets, such as 16
1 cleehie ieastanee, eddy farmation etc, are always present. '
Emamtples ol s mistusal Hisverible processes ure
- UVl Spage, Spentanoiny conichuetiog o hea oy :

Wl theother, ramsfier of by W radyation from o higer ::,

fesintor Nonetliplg g0 ensibily (rocesses gy
- e Dl anuly ity

1
Kpontancous expansion of a gt m":.ji
i metal bar which is hot al one cnﬂ g ; .
a colder body, transfer of electricty 'hn. :-ﬂ
st important in thermodynumics hecause i
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| . l"’ vM g
Faqnation {if) represents S.HLM.
unhclimcpcrindhcr
t =2 d‘ME
accelermtion
= ZHJ:- 1-.-‘.’-* -
-d°yldi’
{f = n -—I'-l:y‘1
YPA®
y = v :
Al (]

As V. M. P and A are already known, only the time penod 1is 1o be delermined
llence ¥ can be calculated.

This cxperiment 1s nol very accurate becanse the ball comes fo rest in a shor time due to faction
ond the time penod cannot be determined accwrately.

Rinkle’s Modification

Riakle suggested a madhification in Ruchhardt's expenment. The hall 1s kept in the cquilibrium
position where the pressure of air (or gan) is exactly equal o the atmosphenc pressure, The bull i
allowed to drop and the distance 1. through which 1t diops before sListing to move up agam 18 noted
This distance is found accurately by taking a <eries of photographs ol the moving hall.

{
Work done = J-‘ - aly

)

k W::"‘:."

But Fa N

‘!”u-"“ r
i

vely
V

=
i

2,2 ‘ -
hA'l- i)
v

Mgl. -¥)

Work done
Bquating (iv) and (v)

Ya.2 -

Lii 143 L—- = Mgl.

-

MgV )
Y= pAL

« measured fram the phiotographic film. Hence °f can be

-Nw‘g' ¥ ro and A arc known, [ 1 hat there 1 1O (riction, (1)

ol s:
e . The error in the resolt s duc 10 (he following assumptios )

AR i ideul and (1) the process 18 complutely adiabanic.

a3}
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!'1- T" o :!} \J
L Ty
(Y- 1) og P, -log ) = yllog T, - log T |
Clog A -log £y
o= b Bl s

* (log B ~log )~ (logT, ~logT,)

::.s Py, Py, T, and T, are known, ycan be caleuluted. The value of y for air at 17°C is foung U1
1.4034.

Advantages.
1. Due to the large volume of the vessel, the cxp:mxi:zn is adiubatic.
2. The tempermiures are measured accurtely just before and after the adiabatic expansion,

Drawbacks.

This method cannot be used 1o find the value of ¥ at higher lemperatures bécausp iL 15 not po
sible to determine the cooling correction accuralely.

1

i

7]

4.19 Ruchhardt's Experiment ' .
1n-192Y9, Ruchhardt designed an apparatus te find the value of y, Tt is
based on the principle of mechames. Air (or gas) is enclosed in a big jar

(lg. 4.14), A whbe of uniform arca of cross section is fitted and a ball of ‘E
mass an fits in the wbe just ike & piston. An the equilibrium position, the ball B
is at the point A. The pressure P of air side the vessel, is given hy ) 7 L . )
) 1
. P = [}IJ‘"E‘: - cC
where ) is the atmospheric pressurc and A 1s-the area of cross-section . :K
of the tube. :
The ball is given i small dow nward imovement through a distance y. It
moves up and down and executes sunple harmonic motion. Lei the change
in volume be AV and change in'im:ssurc he dP. - p-p, s M
dV = yA ' ¢ A
and = : ;
A Fig. 4.14
where #is the resloning foree
As the hall moves quite rapidly, the precess of change in 2 and V is adiabatic.
PV = const
Differentating, Py dV + V0 dp =0
YOIV 4+ Vit =
Substtuting the values of (V and dP,-
1 P'yA 4 -\;;" =0
z
Bul ‘ F=M ‘:u g
14l il
ur ‘ PR i X ; ‘
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"
’:! 1
,\plumim;m-l}. T ol T
Il
I
CH .
similarly, Y for any gas can he deternined by this methud,

mwan:ks

Wwhent the stop-cack s opened o senes of oscillabons are set up. This is shown by the up and
down fuovement ol the liquid m the mimometer Therefore, the exact momenmt when the stopeoch
stould be closedd 1y not known The prossuse may not be cqual o the atimosphenic pressure whers thy
op-coch i closedd Jomay be Ingher or fess than the stmosphens pressure. Thus the result obtamed
will not he accuraie,

MB Parlingion s Method

l.umnwt Pringshem and l’zllmpmn dessgned an apparatis to (IL|L rmine the value of y I ths
method, the pressure and temiperiture are meesured accurtely before and alter the aliahatic Capan
si0n. .

The appiuatus consists of i vessel A having @ capaaity between 130 and 1530 hares The valve /
can he apencd and closed sudidenly. M

s controtled by aspring amangement (Fig, 4 13) DIn i (or gas) ata pressure Tughor tan the
atmosphieric pressure 1s foreed imta the vessel A and the stop-vock $ 18 closed. The ol manometer M
1s used to measure the pressure of wn mside the vessel 4 The bolometer 2 G platnum ware) i o
sensilive galvanometer are used m the Wheatstone's bnidge arrangement

The vessel is surrounded by i constant temperature banle Let the wtial pressure and luupu.um-
be !, and 7, Groum temperature). The bridge s hept shightly distuebed from the halimeed position

The valve £ i< suddenly opened and closed. The Wheatstone™s brdge isar once adyusted 1
halanced position. The temperature of air inside A has decrcased duge to adiabatic expanston ol e
Let il temperature instde be 7, and the atimosphene pressure P 1 the apparatus s allowed o
Tman @ such for some tme, ot will pain beat frons the sulrnumlmp and the balance poimt g

.dmurbgd In order that the balapee ponit remiins undisinrbed . some preces ol e ang alded e

Waler surmounding the vessel A When the temperature ol water bath is the same as that OF 11 Just atter
diahatie cxpansion., 1he by adpe will remeam halanced

_ S S R
AIR T ART A
i "o
I
S
. | !
4 L (O |
' v ]
l . 1'\‘: ot
- L P
St
M
: Mperature 7, 0f the bath represents the winpeiature of air after the adishatic expinse
| .- A
i (A
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just al the mament W hen the Tevels o the

[he stop-cock 3 is suddenly opened and closed
on the two sides of the manoineter are the same
i mande the vessel expands adibatically. The temperil
baue expansion, The mr e the vessel iy allowed wop
ans the temperature of the surrotidmps Lot the prossie
levels on the 1wo sides of the manometer be /.

Theory

Constder o Tived mass of air Jofvm the vessel in the end
This niass of air has expanded Trom volime Vo tless than the
valume of the vessel) at pressure 2, 1o volume Vyoal pressure
I', he process is adiabane as shown by the curve AH (e
112),

1]

P! 1"I'r 'Pn'lv'_“r

noo(wY

!El = ‘l | A1)

J
Finally the point (" is reached. The ponts A and C are al
the room temperature. Therefore AC cant be considered as an
sothermal. .
PV o= Py,
"o 4
Vi T A
— _ v, |
Substituting the valuc ol v in equation (1),
!
Ao (8]
RoTn

Taking logarithms,

]

log P, - log P, Yllog P, - log p,)

I_“_[:' R -logr

“7 g ogn,
B ~
Py = Pyt itand Py=P, 44
- r‘lnp{!{!vi»lll log ny
.Ing(li, | f‘llhlcwgiﬁlql-!ﬁ
fp I
log, Dovlf
R
1= E r
i

Sunu: l["ﬂ"“‘} al air escapes 10 the '"“"“I"hl f
ure of arr mnsude the vessel lalls iy,
am heat from the surreundhngs ang "y
a the end be P and the dingy,,
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gubstituting in eqn. (1), the change in temperature “

' .o =Tfay
i’ = —— (-_.) ar
Ce NIl - (vlil)
.. length increasess with increase in temperature, {9/} is nosi
P PETRNIC, (g | positve. from eqn (v therefore,
o conclude that wirc of those substances which cxpand on he

qreiched adiabatically. ating, show a cooling cffeel when

It B is cocfficient of linear expansion, i the mass - per unit tenpth, then B.—-'[—ai‘) or
' i

. Ty
_@L) =1 and Cpe=miC,, .
aT ‘
T ~Th
dT s = — y
™ HII’CP [i,d ""'C’. d}: ) .-.{l‘x.’

* This gives fall in temperature due to adiabatic stretching of a wire,
2. Adlabatic demagnetisation of paramagnetic salt

In this casc, X=-H and x=1

Suhstituting in eqn. (v}, the change in temperature

iT %~ —a—’-) dn : : A7)

where Cyyis the specific heat of the substance ut constani ficld.

Here (%) is always negative. Hence R.H.S. is always positive. I{ H decreases, dH 1s — ve and
1 .

hence dT is —ve. Hence, a cooling is produced during adiabatic demagnetisation of a paramagnetic
substance. -

417 Clement ar_ld Desormes Meihod—Detenninaﬂoﬁ of y

e e e A —————— —— St

Clement and Desormes in i_f_ng designed an experiment o find ¥, the ratio between the two
specific heats of a pas.

S
PPN g i S
. [ L s,

L%l

/l I, || ]

e S
M ; . A
Fig. 4,11 - 1on and wool. &7

in a box containing ¢o

dry air is forced into the V¢
an the atmospheric pres-
ospheric pressure

“;ﬂle vessel A has u capacity of 2010 30 litres and is fitted in & vesscl A.
- 100 end, three tubes are fitted as shown in Fig. 4.11- T]quugll Sp
"0p cock §, is closed when the pressure inside A s slightly greater th

Te, . . m
be p th difference in level on the twao sides of the manameler be Hand the @
o UBe Pressure of air inside the vessel is Py
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Al vonstant pressure, differentung w . 1o T, we pel

r (ﬁl } = nR

(”‘ !
Muliplving both ades by 7, we gel
1% .
PT (%= = nRT=rV
( ar ), nk1
aV ;
h T(ar ™
Substituting for Van equ. Giit), we have
T (aV
PdV = ~£ ), 4
Suhstntuning for PV in egn. (17), we pet _
f (aV )
= — =] dP
a TG, \oT Pl
Cp
Bu: Y = a or 'y(].='(',,
‘T {oV .
- L(2) 4p .
dT C, (BT ,.‘ V)

fo terms of generalised coordinates, the change in temperature during adiabatic process may be

wWilicn as
L

- Z(2) .

This it the equation of state of the sysiem i terns of generalised parameters. Substituting the
comesponding values of parameters, the change in temperature of (he system undergoing adiabatic
process can be evaluated. Let us examine the samie for the three cases:

1. Adiabatic expansion of gas
In casc of a pas _
X=0" und x=V
substituting in egn. (v), the change
. (f"'
C’- l"?
During expansion, dP decreases i.e falls. It means the temperature of the gas also decreasc

Thus, il 2 highly campressed Bas is suddenly allowed o expand adiabaltically, the gas cools consid
erably '

) dr L
i

-

I ais the coelficient of volume expasision, given by (g - 1 [“H l—) » then
/\aT |,
N«

T="c

dr ; g ,("’ﬂ

2. Stretching of a wire
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3, Puramagnetic salt : A synie . L
~3 S+ of magnciismion { ‘}h ¢m of paramagnetic sall is g funey .
he intensity 01 m gnctisation (/) and the lemperature of the saly o 1on of the magnetic field (#)
e A (D, & .
fn all these cases, we can caleulate the work done (dW) in o re i r:l.,f(lf. I.‘T!.‘
the comespondiny’ changes 0 above purameters Let us wn o i versible miinitesimal change e,
Wi Lhe ‘-':mi,' done 1n cach case.

1. Ingus cxpansion Ox w”fk done hy the system s

dwW - P gv t
2. Instretching a wire, the work dong is

JdW = Lol
3, The parnmagnetic salt i a magnetic feld,

dw = 1idl

We presume here that the work done by the system i e _
expansion. (he gns does work against “’Pﬂ'\su):e' in ‘l}r'rlcl::ﬂ‘,; ;m?,:v:[;c]::,rin:jﬂlf- lm $sc of pas
privduce nchange in length through Jf, becmise the wire by “CSC"\Vm;l-. mCllniﬁq d::: l?’l n';lu:? f-_ml
andl not to expand. o8 is the case moagas. Henee  ve sign s used with Fdl. The same i: : nem :u:_ :cn;}
case of a parmmagnetic salt in magnetic fick!, e, dW = - Hdl. ' or the

A general formula, which will describe the above three systems can be of.the form
dW = Xk AN
where X is called ax peneritlised force and dx as generalined extension, The generalised force ( P.=F.
1) is s unigue function of the extenstons (V, 1, Ny respectively, at a fixed iemperature, The generalised
parameters for each case will be
1. for Gas cxpansion, X = £ nnd du = dV
2. for Stretching a wire, X = Fanddh = dl
3, for paramagnetic salt n ficld, X = Hand dv=dl

From the first Jaw of thermodynamies

' 50 = dU+8W
In adinhatic process, 60 =0
! du = W

In terms of gencralised parameters
(’U = - Jk’ ‘h

Bul in adinbatic process,
diy = €, dT

C 1= X
or i = =X ()
In adinbatic process, P and V arc related by
o py! = consumt
DilTerentiating, we get
PV gV + VAP = 0
, i)
. .
nl. * - l!}'
PdV y

for n gm. moles of a gas, the cquation of stale 1S
PV = aRT
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415 Reiation Between Adiabatic and |

1WEasﬁcity

Dunsg = rsathormal pooces
) F\ vonstant

Dilferentialing,

Pn.ﬂ <+ ‘t;P = “‘
vae .
or —a = |
From the definttion of . sucly of a gas
_ dP
E. = Zavin |
. & | Au)
- =V |
From (1) and (1) .
E.=F i)

2. Admsbatic Elasticity
Dz an adiabatic process
g PV’ = constant

Diffezentiating. Py V"' @V + VIdP =0 ‘ -
or Yj{: = 7P P i)
From: the defimuion of elastcity of a gas
£, - 2~
V.dP .
= dv )
From(iv) and (1), . d |
e = YP _.fh"i
(Companng (ui) and (11) ‘
E. =YE,

Thass, tie sdsabatyc clasucity of a gas 1s y times the isothermal clasticity,

4.16 Cooling Due to Adiqb_alje:_ Reversible Processes

'-Onthuu”':-‘m N i — e - o
™ law of thermodynamics, we can show that whea a thermodynamic sy
T @ paramagnzue salt is made 1o undergo an adiabatic process ms‘ff‘{f

) q'cm Cha : : . i i
threz pracesses am diccusse | below nges The thermodynamic coordinates taking part in the ¥

el

: of stretched wire : ‘ el
the swzadbung wire (/) and the temperatre of l:;ﬂ:vlis a [unction of stretching force (F), the kn:hf"

Z naglered W be constany_ - Ic (T). Le., f(f’. l, n Here prcs'\lm! ,||](| v

}
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# lie on the same adiabatic

Sim’tﬁand
. P’IVIT - P: V;:h’

W =

I
I~y

1

AN l
r-1 —_'1
v, pl?

CA U TS
1 {4.10)

'i‘p | d .

. (N ;
. , - ) ) TN
Taking T, and 7, as the temperaturcs ot points A and B respectively ami considenng one gram

nolecule of the gas - A

P|VI = RTI
}}?v - RT:,
j Substiluting these values'in equation (4 10)
’ L
\ .
l
W = KT, ,
| - : I"'T l 1 RT”
/ R ]
| we 2L,
R
2 = 1};;”!"734 (4.
Hene the work done in adinb:itic process depends only upon the initiat and final cmperaiUres T,
cen twg isothermals 1S indepeadent of the
.

Jdone along any adiabatic betv

and 7. Thus, the work

particular adiabalic.
diabatics and Isoth Is v
414 Siopes of ACADTTE and lsothermal_~
In an isothermal process .
Differemiating
4 pdv+\VdP = ‘9__,,. .
ar . L
or AT ...{4.12)]
- "
In an adiabatic pro-ess P
_ p ! = consant
Differeptinting. -
pyvtav+ VP =0 )
P g
T E g R s -
y .f!_:: = = (413} . E—
- Fig. 410

-
#

14

Mﬂﬂ‘- the slope | -35 ) of an adiabatic s ¥ |
: 5 I visial curve (f;i_g 4.10) 3 point A where

= A
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Let the initial and final volumes be V, and V, respectively. Fig 4.8 represents the indicator g,

gram The area of the shaded sirip fepresents the work done for a smull change in volume ¢V . her,
the volume changes from V, v,

v

Work done = J!’JV = arca ABbu

-
i n
| 1
! ] -
. 4‘! ' | I“'ﬁ, -
Considering one gram molecule of the gas wed S ."'\‘E
PV = RT P L i h
- H I I .
; RT i) | !
= = ! oy !
or r Vv | : . ;
| ! [ ,
¥ oL N 1 L..i- = .'f_-~_;__ sl ] -
W = mrjﬂ , B8 v, dv ‘V: vV,
v Y LS Y =L
' y L Flg. 48
& - 2 "
W = RT %2303 log,, — £ ,*,'. . .(4.8)
» Y
Alsa v PyVy =P, d_.:{ .
"#_,:; ~

v, _ B

o ke (( .
b AT .
P -

‘ =—. T 3 -_’
v .'R:Fx 2.303 log,, P . ~(49)

Here, the change in the internal encrgy of the system j
S 18 28ro {because the temperat Auns
constant). So the heal absorbeg by the system is equal to'the whrk done by it m-
" . E—-—————' —
4.13 Work done During an Adiabatic Process R

During an adiabatic process, the

Syslem is thermall
expancs from volume V, (o V, as sho

y insulated from tiye sarrouﬁdings. The gas

wn by indicator di 18- 4.91. The viork dorj
o Sty o e y or diagram [Fig, 4 9], The viork dorie by the gas for
Work done when the Eas expands from V) 1o V, is given ﬁa
by ‘ :
y I\
W= _rPdv - ' g e
= Area ABba !
. V ;
During an adiabajc process P : \
PV = constan = k : iy
-:: . ‘ '
- or ' P = .4 : : 'l ‘
. Sy ! !
7. y . : '
. - 1
s y W=Kj~'-"-$ % b v
V -'——-h.._ »-——-' )
V' 7 v| dv V? \J
=_5_.[_!__1 vﬁg_w ( N
1-y| vy yr! o | \( K\/’
s 4
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Poasre o deoreaat and wol s done by the
worting saTane 1t (he (st i i wternal encryy
st xellons o (0 W RBYeIOWNe Bt the system w oo Ao, Vi)
et comduatin W the saroundings, T ahamiys AN
sy Bvi the SO ORRAIRE and maintans a constan I
REBTHT 2
Thes, from A to 8, e tomgenanune remains awy-
et The corve AR s callad the isothermal curve w
wothermal, In goangt from B o A hack the sysiem f- o qmmv oo s - - “58 0 vy
goves ot eatra beat the swrroundings and wain-
aains RO ROMPETRIT Constant, . R Y N
Thes, danng wothermal procesy, the temypera- L.
aare of the wodkang substance remrins constant. 1t o
cam adsoed heat of give heat to the sumoudings. The equation for wothermial process is

- o e s o o

- -
-

- PV =RT = constant (for one pram molecule of o gis)
For » gram molacnles of a gas,
PV = nRT
For an wdeal pas underpoing 1sothermal process,
W, -t =50
ce From the first law of thermodynamics, we get
Q=W

Le. in an isothermal p vcess the heat supplied Lo an ideal gas is equal W the work dane by the pas.
411 - The Indicator Diagram ‘

ks m-; convenient to represent the behaviour of an A
eagine by an indicator diagram. This helps to underst ;m1d \
the pecformance of beat engines, Suppose that a system is —
taken {rom an initial equilibrium state A to the final I o

equilibrium state B along path AB and the process 1S
quasistanic (Fig 4.7).

Each point on the path traced represents the state of P
the system in ternsS of coordinates (P V). Such a trce
obtained in an actual engine is called indicator diagram ot

P - ¥ disgram. _ : B{ O L I
The work done by the gas in cxpanding agunst . Ty—
pressure P is PdV, where dV is the infinitesimal change in Fig. 4.7
Yolume. For finite process AB, the work donc
=IP¢N = area ABba'

; v enaine during each cycle
Thus, the indicator diagram directly indicates the work done by the engine dll;l-ll\}_‘. ; -‘(frk “}"mc
of operation, the work being equal 10 the arca enclosed by the indicator diagram. the

b o i F Lection is anticlock
% 4ve if the indicator dingram 15 traced in clock-wisc diection and —ve 1l the direchon
Wise, .
IR TN [ -2 !
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Thus, durning an adiabatic process
n Pv' = const nl
(i) V"' = constant, and

vl
(e} P 4 = ¢oltunt
T

4.10.5 Cyclic process i
For the cychic process. the law can be statcd as A
§dQ = §dU + §dW . Tt
In a cyche process. the systen is restored to the it ' "\E'\
tate at the cnd of the vycle. :
Since, the intcmal energy is a state funclion, T ! ' \
R §diy =0 : D \.‘\.\J
or . 'dQ = §dW . I q B
Total work obtained = Net Heal supplied ! :
Thus, no work is obtained if no heat1s supplicd orwork '
can be obtained only a1 the cost of energy. From indicator v —>
diagram (Fig. 4.5), we write ;

(0 = Arca ACBDA

4.10.6 Non-solated system (internal 2nergy of the Universe)

System and surroundin s together constitutes the universe. In a nbin-jsolated system, heat tran
fer between the system and the sur oundings s allowed When a sear 80 is supplied to the system is
intcrnal energy increases by dU/ and 1t performs an exteral work SW.

dQ = dU + &W
or dU = 8- «W
This gives the change in intemal encrgy of the system,
Here 80 is +ve, since heal cniers the sysicm.
SW is +ve, since work 1s donc by the system.
On applying the first law of thermodynamic Lo the surroundings. which loses a heat 50 24

receives a2 work OW Le a work §W is done on the s moundings; hence hoth §Q and W arc ncgau
for the surroundings. -

-

Change 1n inicmal energy of the surroundings .

dU' - -8Q- (- W)
dU = 5W- 8Q @
Net change ir internal encrgy = dU + dU)’
= (8Q - 5W) + (8W - 8Q)
=

Thus. the net change in intemnal cnergy is always zero.
4.10.7 isothermal process

: . Rrig
Il a system is pv:.rfncl_ly conducting to the suroundings “nd the teiperature remains ““m,
throughout the process. it is called an isothermal process. Consider a working substance 4 o
pressurc and temperature and having volume represenied by the poin A (Fig 4.6).

% s L W
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for a1 benl s of 1 g am, we have - :
PY = 7 -

ey . Aiin
v di A% Cons Jnl
m‘ ri% o ,l'l?r} E
Differemipliny.
pav - var = - ,
ub tuting the value ol dT 10 cquanon (ii), _ $ l
r or I ’
C Pdir 4 VAP P‘:LT -0
"’ r
C |PdV + VdP) 4 r fi‘{" =0
. , o
BU‘L o j = (?’ (..
s CPdV+C VAP - CldV - C PdV =0 .
CPdV - ChdP = ()
Dividing by C PV. \
C ; p
r ‘d.'kl' d}J - :
A : ‘
C, !
But c =71 -
dr  _dV ) -
p Y v = 0
Integrating, bog /> + Ylog V= constant
log PV _ constanl _
or "PV' = constant | —_ v
This is the equation connecting pressu'c and volume during an adiabatic process and is known as
Poisson's lnw. LR TS
Ta.’kmg . PV =T
.« Tyt 'a - rT
3 - —
or . : e v
' lr—T‘)VT = "constant ‘ '
But r is constant
TV = constant .
7v"' = constant (V)
Also _ T ' !
L4 P
' 1
P{E] = constanl ' . »
P
77y '
or T constant
i p\""
-1 . _ o T
9 . P-—T = conslant or |:T.\'-'l ’ 7w=c0nsla{ll vi)
r S
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1.10.3 Isobaric process (i.e. pressure constant) !

If a system undergoes a change in which the pressure is hepl 'unn!f!lm.ll.n :]hfullfmﬂ: u:‘ .,;.‘M
isobaric. Suppase @ is the heat absorbed by a system at constant pressui - - ind SUppose Une
increases from V, to Vo Then rom the first law, we have

or " Q = (Uy-Up+P(Vy- V)
ar 0 = [U1+PV2) (U|*PVI' %
wAALh
= H, -H, ., )
where = U+PV '

From equation {4.6), we conclude that the heat absorbed at cunsu?m pn.:ssurc 5 L-qu.d.' dlo InCreay
in quantity H, called as enthalpy. Like the internal encrgy U, the quantity H is a function of thermaoy,
namic variables. The quantity A is also called the heat function at constant pressurc.

4.10.4 Adiabatic process
When a sysiem undergoes from an initial stale to a

final state in such a way that no-heat leaves or enters thic
system, the process is called adiabatic. In this process.

Q=0) . T

CAPLY,T)

k3 U,-U, = -W P
For an ideal gas U,-U, = C,d,

I P

Here W is the work done by the syftem.Thus, when
a system expands adiabatically, its inlernal energy de-

creases. If the system 15 compressed adiabatically then W
1S nepative. Thus, in case of compression
U,-U, = -(-W)=W
Therefore, in an adiabatic compression of a syslem ils inlemnal energy increases.
The processes that take place suddenly or quickly arc adiabatic processes.

Adishalic Equation of a Perfect Gas.

Consider | gram of the working subslance (ideal gas) perfectly+insulated from the surround®f
Let the external work done by the gas be SW,

Applying the first law of thermodynamics '

50 = dU+ W ‘
But . -80 =0 4
and W =_pdy '
) ~—
where P is the prossure of the Bas and dV'is the change in volume

0L duy -"-’f v ut :

where J is mechanica| equivalent of hear. |
As the external i itsi | i
el b work i5 done b:r the gas at the costof ils internal energy, there is fall in temp*
dU =
C: AT + f-‘-‘;-v = 1)

| X C xdT | (. m®
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For a Reversible Adiabatic Process o

We write, o0 =
Therefore, from equation (ix)
‘ . al/
- . 4 + cdV
0 = Gl [P (dv )
or : C,dr = —|p: (B_U) -|d-‘f""
v 1 |
Dividing throughout by dV, . :
or PN S ' i
o) - {2
S ¥XOV) 5 _“[av,_ | .
The isobaric volume cocfTicient of expansion
.- L)
B ‘V aT P
7
ol i (3\
We have ’ _C,,-C._% = P(BT)
CP_C\'
, v =F
vy - e
Bm . (—-—) =0=pP-P
av Iy
\ (B_U.) _ :P.ﬂ.:_.)f.. —-p =
o ‘ V4 T aV .

wew e Cp=Cy
y {u%y

Fram equation (xii) and (xiv),

)]

[
e——
-

+
—
QJ]Q.J
<<
::-——f
———F
i
¥

ory (et
C'J(EW = [ aVv

ar ) G -Gy L=
o aV " (4§ V (-.\r ‘ﬂ-\l

This expression holds good for un adinbatic reversible process.

4102 !lochdrlc process (l.e. Volume constant)

Ifa systcm undergoes a chahge In Whith (he volume remaing constant, B paess st
isochoric. At constant volume, no exteninl work i done e 88 9

v Heal absorbed is given by dQ = dU)
This expression muy be used 1o dufine the fternal eneigy of a s

Thus, the incrense in the internal enorgy o1 waysten by s il hea s . SRR
at constant volume, The work done fn Iochuorie prodess iv 2o

b L]
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_:ﬂ
ilﬂ,d‘ dT

[ lﬂ- 1"
when the gas is heated at constan! pressure,
e

Q) _c |
ar) L _ |

from equauon () - |
U v\ (v |
e BN ;

v |
¢ =G +[P+(%%]r](%¥.)r i
\

or C-Cy = [f” {%%}r](%}%]r -

From Joule's experiment, for an ideal gas on opcning the .stupcoc'kilnu :{:;kc \::I.Ld;m c::d ,,‘i
heat transfer ook place. So 8Q =0 = dU + 0. Iherefore, dU = 0. Even though U anpe |

while the temperature 15 constant, there 1s no change in the internal encrgy. ‘

=)

(t.j.l‘i) :{'.‘, ' h‘]u
Ve

aT

:u1c:

1

&U) : -
vl -~
H'V T L
From the idcal gas equation |
PV = RT ‘f
vy _ o '
Pl=' =R _
(57), =% i
dV E}U) (E}V)
- = Pl—]| +|=— LA
aU v — |
= (55 A |
B'.f] _ a
C _C. = .P —_— = i
P ¥ a;‘ ) R P |
Cf"Cv =R ; _{rﬁ‘."

This fcrmula 1s known as Mayer's relation,

Here Cp, €, and R are expressed in the same unit From equation (jii)

al
2l rlr@le
= E
For a process at constant lemperature '

dT:[}.

This equation Tepresents the ;
shle process. ang g5

ruergy

Mmount of heai ener % L o
Cqual .IU the sum of lh(‘ work EY Sllppllcd oa Syslem in an Imghcn’nﬂ J

J . i
done by the system and increase in 1 in

SPUNS =

®Q); = P(av), +(%%)T (1), o

N3 -« i

4
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et ai consiand volume (C,) : It is defined as the amount of h
. of h i ise the
unit mass of 2 gas through ! °C, whe1 its volume s kept cunsl?r:t.r??i‘::rr:[irl:s;ﬁ:il:; '

cvlnd«ls Bim b)’ ]
; . AQ Y - 5
C, = | a7 , ,
4 [AT l - ) I 4 1)

ter than C,, : Heal capacity of a gas is different under these two conditions. Suppose

€, b pred .
e et is su pplicd (0 a gas and is allowed to expand at constant pressurc. Then, the heat supplicd 1s -

st 0P 0 doing two things:
(i) it raises the temperature of the gas (i.c. increase in its inlernal cnergy) and
(i) it docs work in expanding the gas against the external pressure. '
. 850 = dU+ &W .
2 dU+PdV - : _

On the other hand, Whpn nas is heated at conslaft valume, no work is done (8W = P.dV=0) andg
¢ of the heal supplicd is used to raisc ils temperature. Thus, more heat is required for
he lcmperature of Lhe gas through 1 °C at constant pressure than al constant volume. .
f a gas al constait pressure (Cp) is greater than the specific heat at constant

1]

fence who!
increasing
Hence specific heat 0
yolumie (C): i€, Cp>Cy

410 Applications of First Law of Thermodynarhics
1.10.1 Specific Heat of a Gas (Vand Tindependent) '

The intemd)-enérgy of a system is a single valued function of the statc variables viz. pressurc,
volume, temperature etc. In the case of gas, any two of the gariables P_V. T are sufficient to define
completely its SIECTT V and T are chosen as the indgpendent variables,

U =fVT)

Y

. oo ()
 Differentiating equation (1) ' '
_ (U] 4 (B_U.) dv i
w = (5 ), G ) ~4if
If an amount of heat 8Q is supplicd 10 3 thermodynamical sy
P, then according 10

stem, say an ideal gas and if the
the first 1aw of thermodynamics

 volume increases by dV al a constant pressure
| ! 50 = dU+dW
Here ' : W = P.dV
50 = dU+PdV
Substituting the value of dU from equation (ii), '
‘ _(@Q) JTJ,(?E) dv + PdV i)
r = \aTly ' av T
Dividing both sides by dT. ¢
' 50 _ (1) +(3] av , v
dr B BT v d T dT dr
50 VAR [ QE] }i‘i (i
or o) _ |=—= HP* ; . Y

I'the gas is heated al constant volume,

[DT , =C‘r
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In e her words, the ternal en ey is ¢ lunction of any two ol the thermody namic variables p |
o T

Tha, U (v oo =D o U=t

Hene | the difTerential

at! ) [QU )

: dPa | o) dV oy
U =5 PH\%7), \
w 2 perfect differential of the thennody namie vanables * and v Tnternal cnergy 18 @n exiensy,
vanahle .

49 Specific Heals of a Gas
" Heat ﬂ 7[;;[{;_-;;;( materials have deffefem capacity (o absorb heat 10 produce a give
change »f temperature m a given mass. 1fa material of mass i ahsorhs heat (), so that its lemperaty

nses through AT, then

Heal capacity = % {

Snﬁ haat (C) : Heat capacily per unit mass is know 1 as specific heat and is denoted by ¢
I eat capatily '
T mas
o
C = mar -

Defimition : The specific beat of a matenial is defined as the quanuty of heat required (o raise
temperature of unil mass of the maltenial through | degree

The unit in C.G.S. 1s calorics per gram per °C. In S.1. U loule per kg per "C. For example

Specific heat of water = 1 cal/gm °C ‘
1 Kilo calones/kg °C.
" = 418 % 10" Joule/kg °C

This definition is sulficient for solids and liquids. Since, the gases re compressible, the sp
heat of a gas may vary from 0 to infinity. For examples, if a gas 1s compressed, it's temperature nst
without supplying any heat Io'it‘ re. Q =0. Hence, specific heat

Specific beal =

.{‘

_ e '
= m.AT ~ g A
mm the contrary, if the gas is allowed to expand freely, without any rise in temperature (AT=
o M |
mxa

Hence specific heat of a gas is defined b i i
S y conside 1ng any onc of the two (cither Pre®
volumc) as constant. Thus, a gas has two specific heats:
{_n Cp the specific bea at constant pressure, and
{if) C,. the specific heat at constant volume.
S
pecific heal at constant pressure (C,) + s defined as the ar ount of heat required ml:d

temperature of unit mass of a gas through 1 °C. . hen i . e )
(. and 1s given hy gh1 °C. when its pressure is kept constant. [115 P
] \0 \
G = =
Pooobar l

el
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ery small change in the statc of the system, the law is expressed in the diffrential { 1 5

CHarrer 4 © Laws of .:E::c.;:..._umﬁ o 11:

fForaV
80 = dU +6wW (4.
_ {4
50 and SW are not perfect differéniials but dU s a perfect differential hecause 1) 1s a funclio
u_ he qale of the sysicm. —_— . .
reme #g i 1 " alt .
I sheuld be _”_u”n_.__.d“m :n“:nm :._n %W.un,__m_n.. n S._.E::_:._PN_ or (4.3) must be expressed i
gt of €TErEY .—._..n am Ea) O 08 (2 15 taken posinve if heat is susplied 10 the system, an
pegalive il heat 18 :u.ﬁc«_na mi_: i Similar _.w. _:n work W or W is posilive when the external work, |
jon* b the syslem in €xpansion and negative if the work 1s done on it in compression,
significance of the First Law; o = B
The first law of thermodynamics i First .aw of Thermodynamics
iporiant because . i
(1) its applicable to any process ti\
which a system undergocs .
physical or chemical change.’

(ii) 1t introduces the concepl of (h
;nternal energy, and

(i) it provides method for = ‘ ansa
deternuining the change in the State 1 't = Internal Energy State 2
intemnal cnergy. U,-u,=0-W

—.wagg of the First E Any lhermodynamic system in an equillbrium state

The first law of thermodynamics is  possesses stale vanable called the intenal energy (U)
Between any two equilbrium states, th: change in Interna

bascd on the principle of conservation of i g s 12 o
_ Thoagh il i icabl energy Is equ 1o the difference al transfer inlo the
energy of sy it is applicable system and wark done b the sysiem,

lo every process in nature between the
equilibrium states, it does not specily ‘the condition under which a sysiem can use its heal encrgy
Eﬁniﬁ% work. It also does not say how much of e heat encrgy can

convert :d into wesk. —_ .
1"’]!!\\

43 Inlemel Eneegy as a State Function | -

== . ' P'H..nll.MiIl Fremina o eucleme and ET.. ——.Ku % -_g* Q
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2, Slnnl__ng fron: point A the volume V15 kepl constant in gomg from A w0 D, the —
decrea© from P, 1o P, and then 7, 1s kept copstant [rom 1 1o B. The work dose m this process ;
song, ADB path given by

W =Py(V.- V) = area DBFE
3, Agam starting from point A, the pressur> P 1s kept constant in geing f5om A (c-C 1nd O

ihe volume V318 kept constant from Clo B. The work donc in this process Le. along path ACB s giv.

by
, W, =P, (V.-V)) = arca ACI'E
Wz W W,
Thus. the work donc depends on the sath of the process when (he sys em goes from onc (hetme
Jdvnamic staie 1o another.

4.6 nternal Energy (U)
=23 ﬁ; c.n;{;y_ content of a sysiem is called its !nu:mnl energy. It is the sum of following forms ¢
energy of The system.
(i) kinctic crergy duc to translational, rotational and vibrational moticn of the molecules, alj ¢
which depend only on the 1 *mperature, §
(ii) potential encrgy due Lo intermolecular forces, which depends on the sepa alion between iy
molecules, and
(i) the encigy of clectrons and nuclei. '
In practice, it 15 not possible to measure the total internal encrgy aof a sysiem m any given sz
Only change 1n its value can be measured
"7 Ifthe statc of the system is changed from an initial state | 10 a final stxte 2, by supplying he |
10 the system and if W is the work done by the system during the change, then mcrease in the intenz
cncrgy of the system is given by
- (U,-U) = 0-Ww S
where U, is Lhe intermal energy in state 1, and U, the internal energy in state 2.

intemal Energy of a Real gas and Ideal gas

The internal energy of a perfect (or ideal) gas 1s only dependent upon temperature where & &=
of a real gas, 1L 1s a funcuon of both temperature and volume.

For a perfect gas, the mternal energy 1s only kinetic energy of its molecales. It is proportionz!t
kT and hence only depends upon temperature (7), k being Boltzmann's constant. The intemal e£7
of a perfect gas 15 mdependent of its volume.

For a rcal gas, say a pes obeying Vin der Waals' equation, the internal energy is the sum of ®
kinctic and potential energics of molccules due (o their mutual forces of attraction The foret’
auraction between the mo]acuigs depends upon the intermolecular distance and is thus a funcio®’
volume. Hence, for a real gas, internal cnergy is a function of both, the temperature and volur®

Equation (4.1) is the mathematical statement of the firsel h ‘nami aven?
form the law is stated below, sflaw ol thermodynamics. In a c©

4.7 Fust Law of Thermodynamics

e —
——

Statemen(: When a certain amount of hea

Wi pnnng from state | 10 slale 2, the amou
energy of the sy

tQ 1s supplied 10 a system which docs externd) “";
nt bf heat is equal (o sum of the increase i (< e
stem and (he extemnal work done by the system. in symbols, the law 15 ﬂp,—gss”“_

AR

Q = ‘l,-!_ UII* w
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.

work done by the campusitc system W + W
o b oo 01 s
il * nel heal lmnsrﬁnﬂD U1 1he compasite sysiem rs
$ Icm . hetomer itgunydt s i

‘ipﬂ‘l'lull
Qv =0 :
or Q=-¢ . , .
Thus, for two systems A and 8 w thermal contact wi fiw)
. ntact with each other, and the x Ty
! compasilc syslcm

‘unmmdﬂl by adinbatic walls, the heat gained b
y on¢ system is equal (o the heat Jost
by the other

“ﬂﬂn' .
44 Thermodynar nic Equilibrium
Any staie of mOgCnCOS system in which.ahy two of the three vaciables F:, Vand 7 r-mal
r n
hermodynamic equilib-

coi stant, 8 long os the cxternal conditions remain unchan d is sai i
l ol ped is said tobe it

fium, ,

A sysiepn in thermodynam

({J] Mechanlcal Equilibrium. For a system (0

po MACroSCL Pic movement within the system (i.e. D un

1 to its surroundings. e |

(i) Thermal Equilibrium. For a system to be in thermal nquilibn’u?u. there should be no tem-
perature difference between the parts of the system onbetween the sysicm and the surroundings.’

if) Chemical Equilibrinm. For a sysicm o be i chemical cciuilih&unu there should be po

chemical reaction within the system and 4lso no movement of any chemical constituent from ¢nc¢ part

of ¢ system to the other. .

ng eqirements ity
al cquilibrium, there should be
or of the system with

ic equilibrium must satisfythe followi
be in mechani.
balanced forces acting)

Quasistatic Process

A firitc unbalanced forcc may cause fhe sysicm [0 Piss through pon-equilibrium Sics- £
yrocess 1S defined ns the process in which the devalion fro. mcnﬂod)m:.:mi: copuilibrium
gl which thy, sysiem passcs during a quasistatic process can be

quasistatic p
1 and all the staies throu

rigorously in practice.

is infinitestma
considered as equilibrium Sales:

A quasistatic process is an ideal concep! which can ncver be s:.ltisﬁ'ﬂ A i
However, in actunl practice, many processes closely gpproach a quasistauc process with 00 s
cant cITOL.
43_%Ammdgpgn9,eﬂt_f}'ﬂcﬂ,.°ﬂ -

A sysiem can be taken from state A 10 cate B by R -
many ways as shown in fig, 4.2. 1<l the coordinales of 5 ¢ .« .
state A and B be A (P, ¥)) and B (Py V2 respectively  Pif SR ol |
where P, and V, - pressurc and volume of smt-r ¥ !

: ""ﬂdl’;mdv’,umaqmﬂ. R % S ) ye - B

1. Starting from point A, the pressure S continu-P  * D! :
ously decreased from P, to P, ulong the curve ABso ! e
T i ¥, ¥y, T work (05 bythe | E--- i
sysicm is given by Uy gttt

- rig 42

.
jmf _ ara ABFE
) .

W,

LN
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o FiPa Ve PV = 0
\lso Po = [Vl V) i)
Irom cqaatons (i) and (i) fot A and € 1o be m thermal cquilibrum scparately,
WPV VR = Ve PV i

W 1 an) < are 'n thermal equilibrium with B separately, then according 10 the zeroth Lw, A i
( are also i thermal equuliboum wath one another
FaP VPV =0 ' 0
Equation () contains a vanuble Vi, whereas cquation (v) does not contain the variable V, |
means
O PLVY) = & (P VD) oy
In gencral,
QP VY = 8Py V=8 (P V) ol
These tiree fanctions have the same numencal value though the paramieters (P, V) of each s
different. This mumerical valuc is termed as lemperature (T) of the body.
¢P.V) =T wdw
Thas 15 called the equation of state of the fliud
Therelore, the temperature of a sysicm can be defined as the property that determines whether
not the body 18 in thermal equilibium with the neighbounng systems. 1f a number of sysicms arc
thermal equlihnum, this common property of the system can be represented by a single numen;
valuz called the temperature. 1t means that if two sysiems arce not in theomal equilibnum, they are

different temperaiures.

Example. In o mercury glass thermometer, the pressure above the mercury column is zerox
volume of mercury measures the temperature If a thermometer shows a constant reading m b
wstems A and B seperately, it will show the same reading cven when A and B are brought in conla

4.3 Concept of Heot

" Heat s defmed us energy in transit. As il is nol possible to speak of work ina body, it is alsor
possible to speak of heat in a body. Work 1s either done on & body or by a body. Similarly, heat¢
flow from a body or to a body. Il a body is at a constant temperature, it has both mechamecal :
therma) energies due 1o the molecular agitations and it 1s not possible to scparate them. So, int
case. we cannot talk of heat energy. 1t means, if the flow of heat siops, the word heat cannot be
1t 1s only used when there is transfer of energy between two or more syslems. .
Consider two systems A and B in thermal contact with one another and surrounded by adi!
walle. |

For the sysiem A,

e Q' L U: - U‘ “ W )
where ( 15 the heat energy transferred, U, is the initial interhal ; (2t g
and W s the work done. : energy, U, is the final inter®

Sirmilarly for the systenr B o
Qg =0"-U'+W S

Addinr (1) and (i)~ ’ ;
Fo O+ = (Uy- U+ WU, -U)+ W

- - 0+ W+ U - (U, + U+ (W W)
'H_‘-.- total change in the iniernal energy of the composite syslem
§, s e U, + U))- (1,4 U)"))
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@ Isolated syslem: A-system which i< thermall jnsyfateq and has
o work wilh the surroundings s called isolateg system

42 1eroth Law of MmW[cs

When a-hat body A 1s brought in thefmal Thennodynam'ic Equilibrium
contact with a cold body 8, heat flows from A (Zeroth Law)
10 B and after some time Lhe flow stops. The
podics arc then said 1o b 1n thermal equilib.

no colnmumcation of hea

ffum wth each other. g
Objeci 1
Biatewent: The cerath law of thermody- (Thermometer)
each separutely in thermal equilibriam with

a turd body C, then A and B are also in ther-

mal equilibrium with each other,

ﬁnd B insulated from cach other but in good When two objects are separately In the
thermal contact with acommon sysiem C, Sys- | thermodynamic equillbrium with & third
tems A and B will allain thermal equilibriuny «  Object d, then both are in thermodynamic

namics siales that if two bodies A and B are
_Explanation: We consider two systems m m
with third system C [Fig. 4.1 (a)]. equilibrium with each other.

fnsulating panition
Vi

. |
| Iﬂ B | M::'Tm\ A | 8

(a) S (b)

Fig. 4.1
| Now if the insulating partition is removed and systems A and B are brought into thermal contist,
| we ﬁnd.dni there is no further change. This means that the systems A and 8 are also in therm!
“l“ﬁl\"am with another, This is known as zeroth law of thermodynamics.
| Comversely the law can be stated as follows:

"!’Iﬂc Or more systems are in thermal Ct;ntacl. cach o each, by means of diathermal walls ond
e all 1 thermal equilibrium together, then any two systems Laken scpaately are in thermal cquilib
il with one another
Consider three fluids A, B and C. Let P,. V, represent the pressure and volume of A, P, V,, the
Pressure angd volume of B, and P, Voare the sressure and volume of C
A 204 B are in thermal equilibrium., then
' 3 VPLV) = 6, (P V) -
F, u‘:. VoPe V) =0 ol
- : BB
Pression () can be solved, and
. Py = Ji(Py Vi Vy) "
m thermal equilibrium
6, (P V,) = 0,(P.V,)
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108 e Heal, Thermodynamics and Statistical Physics : |

A system rmay be separated from its surroundings by a real or imagi |
\ : _ ginary boundary through whiy |
heat ormechmtcﬁl cnergy may pass. The existence of the boundary is, however, essential to ﬁm.':.llft
the system distincily from rest of the universe. A thermodynarmic system may contain no 5“'“51“;1{2&
\ @

all, but may miﬂ of radiant energy or electric and magnetic field. The combination of a system 2
s surroundings 15 called an universe, nd

g————

4
Thermodynamic Variables and equation of state
\ The thermodynamic stale or macroscopic state of a system is determined by four observabf:
properties. These properics arc the ‘composilion, pressurc, volume and temperature, and are called
the vanables of state For a homogeneous system, consisting of a singlc substance, the composifiong
fixed. Hence the state of the system is determined complelely by the three vaniables: pressurc (I
‘ volume (V) and temperature (7). ;
4 For a system, in general, there 1s an equation of stale
il R J(PV.D) =0
' Therefore, the pressure, volume and (emperature are not independent variables. Consequent]
1% % the thermodynamic state of a homogencus system is determined completely by knowing two ould
three variables
For cxample: the cquation of state for an ideal gas in a static candition is represented as
! | PV = RT
} it where R is universal gas constant.
! i | For a Van der Waals' gas, the equation of state is
18 .
I '{P+%)w-b) =RT - .
iy Ve
|
_ . where a and b arc Van der Waal's constants.
q :
5’{1 Limitations
{
i () The equation of state is not applicable to sysiems which are not in thermodynamic equil®

numn.
(if) Every thermodynamic sysu;m has its own equation of state indépendent of the others
{iif) Anequation of stale EXpresses the peculiar behaviour of one individual system which ds
guishes it from the others. t

(iv) An cquation of state 15 not 2 theoretical deduction from thermodynamics but 15 a0 exper
menta! backing to iL.

The thermodynamic systems in engincenng are gas, vapour, steam, mixture of gasolin® v
and air, ammonia vapours and its liqud. In physics, ll']n‘rnody]mmiﬁ includes besides the phot
systcms like streiched wires, thermocouflcs, magnetic aterals. clcctrical condenscr, elecri’
versible cells. solid and surface films elc.

There are three classes of system

(i) Opensystem : A system which can exchange matter and energy with the sunwﬁf“!‘zi
called an open system. c.p. Aif compressor : Air al low pressurc eniers and air at high press"®
the systcm 1.¢ there is an exchange of matter and energy wilh the surroundings.

(li) Closed system : A system which can cxchange only encigy (and not matier
roundings is called a closed system. c.g, Gas enclosed in a cylinder expands when heated nr‘_{‘ ’
the prston culwards. The boundary of the system moves but the maltef (here gas) 1n )"
mains conslant
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4.1 Themodynamic System
4 s=iem may b defined 2¢ a definite quantity of matter (solid, hquid or gases) bounded hy
#omz clustd serfoce. The simplest cxample of a system 1s a gas contained 1n « cylinder'with « MOv-.
“Se g Wlee x sysem s completcly uniform throughout, such as gas, of mixture of fases, or a
pare selis. o 2 Lgod or s solunon is called a homogencous system. When a system corsists of (v o or
=T pi s winos e separated from one another by definite boundary surfaces, it s said 1o be a
=loropzmos s -y o 2 emples of heterogencous sysiem are: a liquid and s VApULT, LWO 1iNis-
@olzorr 2, mosshle guids,  ything outside this syslem which can cxchange energy with it
@ bre g Grrse = ornpenthe be' . oour of the system is called as s surroundings.



