I~ 5.3.0 HEAT LAFARITT
P comed S )

unt of heat which is required to raise the temperaty,,
“It is the amoO

°a
y,
through L10tc supply ‘g calories of heat to a system and the temperature rigeg from T o '
et us o
2l
ity ‘C'Is, : -
heat capacity g . ma n
C=71_7 =~ AT

Heat capacity is affemperature dependent function (Jﬁ s S Ay 4270

of 'C" has fo be considered over very narrow temperature range It canhlso be deﬁned as fhev&;
c . M

R (2)

Heat capacity ‘C' is not a state function because 'q’ is not a state function, 80, i yg
know the value of ‘C' then we can fix the constant volume % beCause Wantf
things define the path of the reaction.
Types of Heat Capacities:

Heat capacities are of two types. |
(i) Heat capacity at constant volume (Cy). . 1

(i) Heat capacity at constant pressure (C).

9.3.1 Heat Capacity at Constant Volume (C) (../U.»JL/ wlS /._xl;‘}"')
We know that, according to the definition of heat capacity,
c - N
A R B Rl e (2)
According to first Jaw of thermodynamics,
_ SRR e, T (3)
Putting the value of 8q from €quation into (2)ssnis
Coe EES Ry :

The defnwp of C, is witien b )
I the rate of char ‘ accordmg to equalon 4
eal gas e uatnoq

e w constant volum°

[
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oot . (6)
ot capacity at Constant Pressure (Cp):
y j ‘
) ; (2ol S wf$ /) 5. )

his heat capacity 1S measured, when the pressure is kept constant. It means that the volume
T 4 so dV = 0. Equation (4) can be written as,

. thore A
s OF + Pow .
C=" 5T

s that ‘Cp. is controlled by rate of change of internal energy with respect to temperature
with respect to temperature. The enthalpy is related with the internal

OB\ | o[V
T

it meahn
e of changé of volume

d
lows,
el ® o 4 = E+PV

Letus differentiate this eq

Nl EA o

comparing the equation y)aod (8),
(aH) s 7 wwew (9)

uation with respect to temperature.

‘ CP = -é—f p
' l -:fp(gla(/uw/fp,{-/?/U/JLﬂJiiL/L,aA/.?/:KJL’I;’L}:/M4,.',«1” 5T P
P " ; -2 S > . _5.’_) i
-ﬁd‘/iy;..,zc‘-t'//;wfzulp(@xlg AL L7 200" g7 P~
For an ideal gas, the equation can be simply writen as,
C, = %f% s (10)

"t means that the ‘C,’ of a System IS the rate of change of enthalpy with respect [0
: tempe(ature'n : m

%3 Relationshi | 3 -
pBetween Cpand Cy: | :
When we measure C of a system, then volume s kept constant and no worktrl‘s i;::;bgaﬁhde
- SI%em. The heat so. absortd omly increases the internal energy of the system. 02 (e g J:r)'
- szss Ueis kept constant during the supply of heat, then some work of expanston s rt ."re“ ired for
0 done, in addition to the increase in internal energy-: It means some extra heat is req
g s o, - s
Let us deduce this fact logically.
We know that |
Fo H = E+PV
rone mole of gas
PV 2RI
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Ay = AH#AG (T T h

ing the values, o
Z:tztng " 1505 +236 % 1073 (400 - 300) {_

AH, = — 1525 +0.236 D
AH, = ' o ”/’2 &
=0 ISOTHERMAL EXPANSION OF A Gas~\

((f.l.‘%"/ [J‘}V J'/ 7 ..3/)( u’-'-f)

In isothermal process, the temperature is kept constant. We kno
e ——— R e S NS T

W that g N

eXPanSjon ofa gas is 'E_q\‘/:- i ’ f s from 'V.' to V. ; dl!
ble charige of volume of a ga V1 10 Vy, then the yoy dongy,

If we have reasona
calculated by doing the integration of 'PdV" from 'V,"to 'V,

)

7.
W= fPav (1)
Y4
If we have 'n" mole of a gas, behaving ideally, then g
PV = nRT |
Rearranging it ’
or R E L
EBARE R BB ot somrcrne wirg .. s5ees (2)

Putting the value of pressure from equation (2) into (1),

Vg
R
W= f"TTdv
Y4

will not u,f:;rag i':fth;rt’;‘oﬂ :nrgcite:%o téi?ggrature is constant, so nRT in above equation is const’
We should know that = BN oulside the = gaon sign.

fﬂa- |
X M
—

W= pr ,d_V_ '
Bl
| i AR
Performing integration of RH.S P
W: nRT[hVﬁQ{' et f
Putting ""““:mv, S

e T - . i .
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’ me’ gapeEem g v = w- oo e

jca
cﬂe'" "~ the formula of In 229
Usind V :

2
W = nRTIn (VJ I o (3)
his equation can be converted into common logarithmic system, so

2

w = 2.303 nRT log G—J ' ceene (4)

. gp, if we know the two volumes i.e. initial (V,) and final (V,) and the temperature () at which

- /——_——" 1 ‘ i .
«change IS being studied, thep_\n_lork dorhweabx the expansion of the gas can be calculated.
s This equation (4) convinces us that greater the number of moles of gas (n), and greater the

gfeence of V and Vo, greater the work done due to isothermal expansion.

gnple Problem (5.3)

= - 2 - L a2 a -~ 1] T L ArEns
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S0, lAn=Ag] -

553 Adiabatic Expansion of an Ideal Gas ) :
o Cnens o ?{CLL‘ (‘f"dﬂ/ Lt*. (,(c:u’/ U:Adiabatic Pl'Oces"

In adiabatic process, no heat enters or leaves the system, so for every infinitesima chang]e .

e - o l

a process.

sSa= 0 e 1
The mathemaggal shape of the first law of thermodynam(ic)s is, . 3
Su-dE+rwo = E = sg-sW e )
Putting equation (1) in (2)
dE = W LA, -8 (3)
?’J'“J"fs”KJZL*?‘CdP}Jbz'f"t}’b"fé—v“" KJ'-Jé-lgnH,dE&/'IJu;t??nWorkﬁJf
-q.:i.’/:?ulﬁfﬁj.)'wé (3)ehbee

It means that, there is work done at the ex ' ‘ ol

. " pense of internal energy. Suppose that, tis i

Horgdsdue to exPagxon of agas. LetdV be very small change at constant pressure, then -~
: =Py s

Putting equation (4) into (3), 4)

dE = PV ot L e g aat s (4)

According to th it ‘C it i ‘
g to the definition of ‘C, it is the rate of change of internal energy With respect?

d )
5

|

.. dE
tgmperature, ie., dq7 S0

_ GE

Cv = a7

Separating variables
dE = C,dT e (5)
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equahon (4) and (5)

e mole of an ideal gas,
Ly °',',V = RT
RT
PEY et et (7)
of
value of ‘P" in equation (6),
putig RT
c,dT = - e (8)

(8) has two variables ie., temperature (T) and volume (V). Lef us separate the

Equale” yation and rearrange as follows.

in this €9

c,dT dv
_.\LT,_ = Ry e (9)
quppose, the volume of the gas changes from 'V.' to 'V,', when is changed

0 Ty Tz, ten 1 above equation (8) can be integrated wathm limits. ‘C,,, and R‘ are constants and
outsnde the integration S|gn

Ty V2
a1 [‘ dv
G |7 * RV "
‘l’1 V1 A

Doing the integration. Integration of dT in‘In T' and of d\)/ in'lnV'.

2 2
¢, [ T]T1 = —R[in v]v1
Putting limits Cy (In T, —In Ty) = =R (in V, ~ In'Vy)
Using formula of In

i T2 v,
or hs = =-RInT
v T1 v

Iverting the R H.S to change its sign
T, Vv,
Cvln— = RInV """ (10)

This equation (10) is for one mole of an ideal gas,
Putling the value of 'R' as (Cp — Cy) in equation (10),
. v
Cvln = (CP--CV)M"' ,
Oividing this equat > !
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"é; is the ratio of two heat capacities and that is represented by y.
T Vv,

g = 0=,

Rearranging the equation, keeping in view the rule of In.

T Vi g
lnﬁ = In (VJ XIny=Iny
~ When we take the antiln of this equatior: on both sides, then In vanishes on both g i
T, A —\{:_”_ v
T—1 — ("\72') = V; T . e (1 1)

Cross-multiplication
IAARRESN AAR
Just as you did in Boyle s law. {That P4V, = P,V, So, PV = constt))

So, . |TV'—'=constant
Q: means that, when the temperature is multuglled with 'Y — 1", at constant pressure, te
factor ‘ ' o

s COHStw T
SAMPLE PROBLEM ( o

_ _£ AR duad Paleilal
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,T,,ermad}'”ami‘s | 237
ifatha which can take place without the help of an external agency. All the natural processes
955 1° neosg'/same of the definitions of second law of thermodynamics are as follows.

""", the spontaneous processes (Ui, Ui Lx T &-1) are thermodynamically

I ) ' 4 "
iﬁ)le =7 LMIN" o shaderment A = W
s s impossible to have a compiete conversion (4 ) of heat into work without

s0me offects elsewhere.” 12 eliin Staterrent

g i wt is not possible to construct a machine which is functioning 7 (%) in cycle
) which can convert heat completely into equivalent (+14) amount of work without

bc/i ng changes elsewhere.”
< "Heat can not pass from colder to hotter body without the use of an external

oy (A" |

7 Spontaneous Processes (U= I Ulsdl_ss#7):

~ Althe natural processes (=¥ d..4) are spontaneous and they happen without the help of an
ol ergy. Some of the spontaneous and irreversible process are as follows.

~ () Heat flows from a hot reservoir (2.2 5¥=17) to cold reservoir. For the reverse process,
sy has to be supplied from outside. - ;

(i) Electricity can flow from a higher t;;otentia| (<3 asl)) to a lower potential. If we want to

erse the direction of the current, then an exierna ield (e’ dsz) has to be applied in opposite
action. -

(ii) Water flows from higher evel to the lower level. We can not reverse the direction of the
wwithout some external help.

(v) Heat can not fiow from colder to the hotter end of the metal bar (;f Fele).

: (v) A gas expands (& GE{) spontaneously from a region (i) of high pressure to low
~ Spontaneous processes proceed at a definite (Ut) and measurable rates (U207 & U).
1y al lead to a change in a dirention which reaches the equilibrium stage. These processes are

’°°ﬁ°':‘a”| (67 L). They do not reverse themselves.

Bfimte e . ¢ = _ e .
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Zimi py,, '

of the system.” When system moves from ordered state to disordered state the 055 (4.
entropy of the system has increased. For example, ’ . W

()

(i)

"E 7 . ” 2 ] g ysj(.al Ch
ntropy is the quantitative measurement (7 e 17 L 15+ of Fandop o
n

" 5 ”‘-an:

When a solid is melted, there happens a net increase of entropy. The atoms
' mo"u‘tul‘.,

——————— N '}

ions find more places to be accommodated (ujuc SR J."j.’u:p_‘) n the g
occupied as compared to when the substances is in the solid state. |n . so“dme 13: ’!
Slafe

particle are fixed in their positions. So, we say that the entropy or the fandomnggy f-!e
Oh’

i

d

atoms, fons or molecules are more disordered as compared to the liquid state. | "'eans}a

system is less. , :
When the liquid is evaporized, there happens Increase of entropy. In the vapour Stat ¢
the molecules of the gaseous substances can ro§m’aQouRn a My‘
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57.7 Entropy Change for an Ideal Gas in Terms of Temperature and Volun'

(J,v S Q, /-'Ju—f ST u:ﬁ_xum_dvcﬂ) B

In order to have a relationship between entropy change and the change of temperature 2
volume we take the help of fundamental defi mtlon (,}/ UsL3) of entropy change and first law ¢
————— —————

thermodynamics.
Bebgbldisa Ll

Consider one mole of an ideal gas, enclosed in a cylinder. There is f ’QMS_W
(r-/ g .ﬁu) in the cylinder. Now, supply a small amount of heat 5q revers:bly and isothermal
at temperature 'T', then t e entropy change is given by the followgt,uon

Scanned with CamScanner



4 e~
7 s
’ "SR |
o for 84, according to first | .
Rt i
oW o( rmodynamics is applied under the
Pt e dE 4w reversnb|e(§)o ntions fher
work ne is due o the expansion of the
Leuhe g BV gas, then
ion (3) can be written as
AR PV T T e @)

Hence:
iAW ,
o, put equatw" (d)E"lm Vo get the value of change of entropy.

7 o

T

Rearrangmg this equatlon <
= dE + PdV ) ...... (5)

: According :: the jefénétnon of heat capaclty at constant value (Cy), we have
"I i
dE CvdT Sadiaadage (6)
The genergl vgas :m'xaation for one  mole of an |dea| gas is
: P:Bl g (7)
Yot equaion () and 0 -sequaﬁon (5)
| TdS = CVdT +—IdV

 Diiding tis equatlon by ‘T‘

equal

i

’n Qc‘p (8)
tm!atln the value of s

'small change of volume AV
in terms of apprecia

mall change of
dV'. If we want

2ble changes of

-iemperature change from T, 10 Ty,

e “Iimits to get the change of entropy 'AS' from
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246 7 =real Chey,
Keep it in mind that 'C,/' i thought to be constant when the temperature change tae..

from'T," to 'T,". Actually ‘C," is not constant for appreciable change of temperature,

Performing integration ; % .
S 2 2
[s]? = c,fnTir,+RinVly,
Putting the limits
S-S, = Cylin T, — In'T,) +R(InV, — nV,)
Applying the formula of In

m Ty 2 |
AS=C,In (TJ +RIn (\V/_J ...... (9)

With the help of equation (9), we can calculate the entropy change (L/ ¥ Cx i
when the temperature of one mole of an ideal gas is increased from 'T;' to 'T;' and consequent}, E

volume changes from 'V.' To 'V,)". It is clear from thi i : o
i8 positive. 1 2 m this equation (7), that if T, > T, and V, > V, ther
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P~

y Change in Terms of Temperature and Pressure:

' trop
e

r
(904/@)-‘!;9:/';: a7 21)

(e can Use the general gas equation and substitute the term —://f In equation (3) of 5.7.7. For
" moleoi an ude:: 3135,: AT,
PV, = RT,
pivide these two equations
« v G
P1 1 ) T1
V,_ Lhy )
1 1 A T1 p2 ...... ( )

put equation (10) in (9) of 5.7.7

P! TP
AS = Cyin T; +Rn T_J; ------ (11)

-
In order to make the two terms In Tg together, from two separate factors from R.H.S. of
1

guation (1) we take the help of C,, and C,.

Since, C,-Cv = Rso,Cy = Cy—R
Put this value of Cy in equation (11)
S = (Co—R)IN2+RINE
AS = (Co—R)IhT +RInTp
i -Riny, TP,

- Opening the brackets and using the formula of log system, we get
T T T Py

A
3 PZ i
. Eq“a‘m (12) tells us the change of entropy for one mole of an ideal gas when the temperature
M T,'o'T,', and the pressure change from P, to P,

B e g (12)

. ,Tz '
AS=Cpin7 +RIn
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