The Second Law Of Thermodynamics Entropy
(Part - 1)

Q. 113. In which case will the efficiency of a Carnot cycle be higher: when the hot
body temperature is increased by AT, or when the cold body temperature is
decreased by the same magnitude?

Solution. 113. The efficiency is given by

T,-T,
n= , Iy =»T.
T, 1 2

Now in the two cases the efficiencies are

e Ay T increased
;= T, T, decreased

Thus ~ ™<™

Q. 114. Hydrogen is used iu a Carnot cycle as a working substance. Find the
efficiency of the cycle, if as a result of an adiabatic expansion

(a) the gas volume increases n = 2.0 times;

(b) the pressure decreases n = 2.0 times.

Solution. 114.

For H,, y=



PVi= P Vo paVa= PV,

pVi=ps Vi, pyV]=p, V]

Define n by Vi=nV,
Then py= pn”" s0

Py Vy= p3 V3= FszHI_T' ” Vi“‘l_T

PaVi=p V] so Vi 7= V! TTalT or V= aV,

0, = v, ln 22 Q.= p V. o220t e v, In 22
Also 1= P2¥2 AR PaVs v, LE R
_ n= 1-%- 1-n'""= 0242
Finally !

Define n by py = %

(b)

P Vi= V] o V= n¥,

So we get the formulae here by #»— " in the previous case.

me1-n " e 1o . 018

Q. 115. A heat engine employing a Carnot cycle with an efficiency of n = 10% is
used as a refrigerating machine, the thermal reservoirs being the same. Find its
refrigerating efficiency .

Solution. 115.




Used as a refrigerator, the refrigerating efficiency of a heat engine is given by

Q_zr_ Q' - szf'rﬁ_ 1-n
A '91 = Qz i- Q_‘;

2,
Where 1 is the efficiency of the heat engine.

£ = = O here,

Q. 116. An ideal gas goes through a cycle consisting of alternate isothermal and
adiabatic curves (Fig. 2.2). The isothermal processes proceed at the temperatures
T1, T2, and Ts. Find the efficiency of such a cycle, if in each isothermal expansion
the gas volume increases in the same proportion.
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Fig. 2.2,
Solution. 116.

Given Vo= nV,, V= nV,

Q1 = Heat taken at the upper temperature

T,jr=1
-1 - 1
T,V ' =T,VI™' or V= [?] v,
Now 2

AL T\r-1
Vs-[F] V‘ l vi ) [F] Vl
- 3 3
Similarly



= -RT;In =
Thus Q2 = heat ejected at the lower temperature :

1 1
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Thus n+T

Q. 117. Find the efficiency of a cycle consisting of two isochoric and two adiabatic
lines, if the volume of the ideal gas changes n = 10 times within the cycle. The
working substance is nitrogen.

Solution. 117.
AV
373
Qs Q:
Pl B

i Ci"
Q= Gy, -Ty = ?Vz{f’z‘f’s]

CI"
2= ij. Py =Py

e mp)
Vil -py)
On the other hand,

Thus n=1

bp, Vi=pa Vi, p3 V3= p, V] also V= nV,

Thus py=p,n', p,= psn’

N=1-n'"", with y= %fur N,



Q. 118. Find the efficiency of a cycle consisting of two isobaric and two adiabatic
lines, if the pressure changes n times within the cycle. The working substance is an
ideal gas whose adiabatic exponent is equal to v.

Solution. 118.

Al |-QT "

i )

fos

Py el

C C
Q= Tﬂﬂplwi""'ﬂ: Q= ‘,&E P (V3-V)

nep P20
p(Vy-V))

1
Now p; = np,, p; Vi or Vy= nyV,
1
pVimp V] or V= nt¥,

1 1,

0 1= 1-;- nt=1-nt

Q. 119. An ideal gas whose adiabatic exponent equals y goes through a cycle
consisting of two isochoric and two isobaric lines. Find the efficiency of such a
cycle, if the absolute temperature of the gas rises n times both in the isochoric
heating and in the isobaric expansion.

Solution. 119. Since the absolute temperature of the gas rises n times both in the
iIsochoric heating and in the isobaric expansion



Qy
o ‘I_ b
h | i
'%L_ﬁ_? 7 Qa
| .

T
fﬁ}"n%’“ QE:‘-Z ?'E F?“

py=np, and Vy= nV,. Heat taken is

Q= Qu+0n
Q= C,(n-1)T, and Q,,= crrl(l-::)
Heat rejected is Q'2 = Q21 + Q’22 where

' ' 1
Q:]. Cprl{“"l}. sz- EFTI(].-;]

1L

o 0’ {n—l}+l:'p[ -n]
us = 1-—=1- 1
2, c {n-1}+Cu(l—--)

n

Q. 120. An ideal gas goes through a cycle consisting of

(a) isochoric, adiabatic, and isothermal lines;

(b) isobaric, adiabatic, and isothermal lines, with the isothermal process
proceeding at the minimum temperature of the whole cycle. Find the efficiency of
each cycle if the abso- lute temperature varies n-fold within the cycle.

Solution. 120.



1
! Y jsothermal
| Q2 (Zmpr)

v

(a) Here py=np,, p,Vi=py Vyy,

np Vi=p Vs

v
Q= RTM“FT: @,=CyTyin-1)

-1
But an'lt Vg']' or, V= Vynr-!

' RT. Tf] ETQ:
Q= RTyinn -T'l nH
Inn .
Thus q-l-u_l,onusmgc,, r-1

(b) Here Vo= nV,, p, V)= p V}
and py(nV)' = py Vg

- - - A
e n' VI eVl or V= a1V,

Vo

Alio 0, = C, Ty (n-1), Q'y= RTin 37

. .
or Oy= RTlnny-1= Y—}i-“?}'"nlnn- C,Tylnn



n=1- In &
Thus n-1

Q. 121. The conditions are the same as in the foregoing problem with the exception
that the isothermal process proceeds at the maximum temperature of the whole
cycle.

Solution. 121. Here the isothermal process proceeds at the maximum temperature
instead of at the minimum temperature of the cycle as in Q.120.

(Forbe, o)
BT jspthermal '
d AW, To isothermal
P fiochey  agubalic
diabat @ ) (A,W,To)
adiabatic Vi o (81, T +Q5_
{a) v y -

P
(a) Here pyVi= pyVy, p2= FI

PV =py Vg or p, V= np, V]

1
i V]T'i- an_l or V= Vyny-1

¥, RT,
Oy = EVTD{I_:_I, » D= anlﬂ‘t%- 'r_:i Inn= Cy,Tylnn.

-1-=2a1
Thus " &

V

- - = [y =1)
poVi=pVi=pn V] = Vi-tTTYT or Ve nTT RV,

, 1 Vi
0= c,:r,,[; -;], 0= RTyIn i} = %Tﬂ]nu- ¢, Tylnn



n=1

Thus ™~ ' ainn

Q. 122. An ideal gas goes through a cycle consisting of isothermal, polytrophic, and
adiabatic lines, with the isothermal process proceeding at the maximum
temperature of the whole cycle. Find the efficiency of such a cycle if the absolute
temperature varies n-fold within the cycle.

Solution. 122. The section from : s Vi To) to (2 V2 To/#l i 3 polytrophic process of index

a. We shall assume that the corresponding specific heat C is + ve.

Py Fo Vo, To
! isotfermal
AW To
Pa{#re‘rqrf: of
E indexd
adiabalic
Pz, V2 FEJ‘.H",.E

v

Here, dl = CdT = C,drI + pdV

Now pV® = constant or TV®~'= constant.

v u-ldr

Then C = Cy- fil' R(‘!il-uil]

RT, mV,
We have p, V= RTy= p, V.= T. —

PoVo=p Vi=np Vs py Vg = PszTs

‘l_ 1

PV = pa V3 oor VJ_I-IVJ_I or Vo= Vyny-1

1 1 1 1

VIl ZVETh or V=TT Vo= Ay a1V

V 1 1
Now ', = CT“[I_:T} o= RT“]“F:T'RT"LTI_Q—I]IHH- CTylnn



n-1
ninn

1= 1

Thus

Q. 123. An ideal gas with the adiabatic exponent y goes through a direct
(clockwise) cycle consisting of adiabatic, isobaric, and isochoric lines. Find the
efficiency of the cycle if in the adiabatic process the volume of the ideal gas (a)
increases n-fold; (b) decreases n-fold.

Solution. 123.

T
o wmaiesfo-d) eahaofo

T, Vi ' T,(nVy)"™" o, Ty=T,n"""

Along the adiabatic line

_yln-1)
nt-!

Tl
QI-CL‘?{"T'I}- Thus n=1
(b) Here €2 CvnTy=T9), 0,= G, T, (n-1)
Along the adiabatic line TV""'= constant

=1
.V T
T,V '=T, [Tﬂ] or T,=n""'T,

n=1 ._'"T;l
Thus ra' 1)

Q. 124. Calculate the efficiency of a cycle consisting of isothermal, isobaric, and
isochoric lines, if in the isothermal process the volume of the ideal gas with the
adiabatic exponent y



(a) increases n-fold;
(b) decreases n-fold.

Solution. 124.
Vo Tz
1%.1 gl HH:‘J%EI@ & ﬂﬁ_"; Vo,7Ton
—1>
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| ¥

) —1*> Q2

bl Qy=RTol
- 2: alnin -
P (bl

n

. 1Y
{ﬂ] Q-}‘ C, Tn(l—;),, Q i = an]llﬂ, Q'I- Cvrﬂ[l_l]! Ql‘ Qr|+Q”1

1
o, C"[l "]
MNne=El-—=1- 1
2 Cv{l——]+ﬂlnu
So "
-] = T =] ?{H_ll}
1+£"]“" n=1+(y=1)nlnn
Cyn-1

(b) @,= C,Ty(n=1),Q" = C,Ty(n-1)

= I_E_z__ (_n-l+(y-Dinn

Q. 125. Find the efficiency of a cycle consisting of two isochoric and two isothermal
lines if the volume varies v-fold and the absolute temperature t-fold within the
cycle. The working substance is an ideal gas with the adiabatic exponent y.

Solution. 125.



We have

Q'] - '[RTull‘l v, Q”T’= Cprﬂ{'t- I}Q] = E'] +Q“I. and
Q"= RT,Inv, Q"= C, T;(x-1)

aswell as @, =Q,"+ @," and

sz - inﬂ + Qzlr!
sz CV{T—I}'FRIH.P

S = ]-—%1l=
°n @, * Cylt=1)+tRInv

1
vl
-1 "7 =Dy
-1 T-
+tlnv tinv+
y-1 Y-

Q. 126. Find the efficiency of a cycle consisting of two isobaric and two isothermal
lines if the pressure varies n-fold and the absolute temperature t-fold within the
cycle. The working substance is an ideal gas with the adiabatic exponent .

Solution. 126.

nPe

nTvo

& R

Here 0," = C,T, (x - 1), Q'1" = tRTnn and
0, =C'Tf1-1), @, = RTjmn



in addition to we have
0,=0,+Q," and
QEF-Q2JJ+QEHI'

o'y C,(x-1)+Rlnn
So. m= B NN e Py Ty

1
T_1+[lv¥]lnn
-] - N - (x=1}Inn
I-]+[1-F]t]nn t"”H_HT—l}

=1

Q. 127. An ideal gas with the adiabatic exponent y goes through a cycle (Fig. 2.3)

within which the absolute temperature varies t-fold. Find the efficiency of this
cycle.
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Fig. 2.3.

Solution. 127.

Because of the linearity of the section



BC whose equation is

B Winea
o Yo P "

T
We have L=V of v= Vi

Here Q"= C, T,V - 1),

T,
Q"= CPT“{l -ﬁ] - G, =0 -1

RT,
Thus Q'y= @",+Q""; = 'r-_';[ﬁ -1) [1 +%}

Along BC, the specific heat C is given by
CdT= C,dT +pdV = dei‘q-d(—;-a -.ﬂ]- [c,a,%a]dr

0,= LRT, ytlz=1

Thus 27 -1 Ve

1.2 oVrey 1 @eDOE-D
l 0, Ve+1v+1  (+1) (Ve +1)

Finally

Q. 128. Making use of the Clausius inequality, demonstrate that all cycles having
the same maximum temperature Tmax and the same minimum temperature
Tmin are less efficient compared to the Carnot cycle with the same Tmax and Tmin®

Solution. 128. We write Claussius inequality in the form
4q0 &0
f T-f T =0

Where 4€ s the heat transferred to the system but %€ is heat rejected by the

system, both are +ve and this explains the minus sign before #: €.

>T>T,

In this inequality Tooan o and we can write



&, Q &0
fﬁ:" T < °
2 2y T O
r T T
-I—huS max mun max EI
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or

Q. 129. Making use of

Solution. 129. We cons

the Carnot theorem, show that in the case of a physically
uniform substance whose state is defined by the parameters T and V

(@UIaV)y = T (3ploT)y —
Where U (T, V) is the internal energy of the substance.

Instruction. Consider the infinitesimal Carnot cycle in the variables p, V.

P

ider an infinitesimal carnot cycle with isothermal process at

temperatures T + dT and T.

Let 0A be the work done in the cycle and 6Q, be the heat received at the higher

temperature. Then by Carnot's theorem

R -1
Fra‘; ! 2
4 3
| I
! [
i !
: |
i I
! |
Vv V+dv
8 _dr
80, T
A = dpdV = (—‘_’% dT dv
On the other hand T,



00 = dl , + pdV = [(%V] +p]rﬂ"r
while T

au )
(3] o= (3,
Hence

Q. 130. Find the entropy increment of one mole of carbon dioxide when its
absolute temperature increases n = 2.0 times if the process of heating is (a)

isochoric; (b) isobaric. The gas is to be regarded as ideal.

Solution. 130. (a) In an isochoric process the entropy change will be

MzJ‘ ‘;. = Cy Iu}'l.[- Cylnn= -,r-l:l]

For carbon dioxide ¥= 130

S0, AS = 19-2 Joule/°K - mole

(b) For an isobaric process,

]f yRinn
= = -
AS CInT C lnn 3

= 25 Joule/*K —mole

Q. 131. The entropy of v = 4.0 moles of an ideal gas increases by AS =23 J/K due to
the isothermal expansion. How many times should the volume v = 4.0 moles of the
gas be increased?

Solution. 131. In an isothermal expansion

¥V
- I
AS=vERIn V.

¥

Vv
I}L - o AEVR

s0, = 24 times

Q. 132. Two moles of an ideal gas are cooled isochoric ally and then expanded
isobaric ally to lower the gas temperature back to the initial value. Find the
entropy increment of the gas if in this process the gas pressure changed n = 3.3
times.



Solution. 132.
\ fﬁﬂfﬁﬁrm

The entropy change depends on the final & initial states only, so we can calculate it
directly along the isotherm, it is 45= 2Rlan = 207K

(assuming that the final volume is n times the inital volume)
Q. 133. Helium of mass m =1.7 g is expanded adiabatically n = 3.0 times and then
compressed isobarically down to the initial volume. Find the entropy increment of

the gas in this process.

Solution. 133. If the initial temperature is To and volume is Vo then in adiabatic
expansion,

-1 -1
TV =T, V]

1- l'."rl
T=Tyn "=T, where n= v
SO, ¢

V1 being the volume at the end of the adiabatic process. There is no entropy change in

this process. Next the gas is compressed isobarically and the net entropy change is

T,
AS = (ﬂ Cp) n =L

M T,
Vi W Vo
— = —, of T;= T,—=T,n™"
But I T A A

m 1 m
AS = [FCP]In;-—HCFInn- ._E RI InH'I-Q'TJ/K
So My=1



The Second Law Of Thermodynamics Entropy
(Part - 2)

Q. 134. Find the entropy increment of v = 2.0 moles of an ideal gas whose
adiabatic exponent y = 1.30 if, as a result of a certain process, the gas volume
increased a = 2.0 times while the pressure dropped p = 3.0 times.

Solution. 134.
B, Vo, To

Y

D
_ﬁi}vaig ‘%}&Vﬂ;aj’

The entropy change depends on the initial and final state only so can be calculated for
any process whatsoever.

We choose to evaluate the entropy change along the pair of lines shown above. Then

=1

@y

dar
\rCP?

2
A Sl
B
. hl... E:]
ol

Joule
K

=(-Cylnp+C,Ina)vs= ;ﬂ_'*;l{ﬂnu-lllﬂ}— -11

Q. 135. Vessels 1 and 2 contain v = 1.2 moles of gaseous helium. The ratio of the
vessels’ volumes V2/V1 = a = 2.0, and the ratio of the absolute temperatures of
helium in them T+/T> = B = 1.5. Assuming the gas to be ideal, find the difference of
gas entropies in these vessels, S; - Si.

Solution. 135. To calculate the required entropy difference we only have to calculate
the entropy difference for a process in which the state of the gas in vessel 1 is changed
to that in vessel 2.



[ H}W}ﬁ

Pr - P
EM% JDZ‘;—Q!VIJ"E
T, T, \
ap P

dT daT
AS = v f CP?+f CP-]'T
1 w

- v{CP]nu-C,Inuﬂ-}
= v(R Ina—%]ﬁﬂ]- vﬂ{lnu-l—nﬁ]

=1

With y= g-*, a=2and f= 15, v= 12,

this gives AS = 0-85 Joule/"K

Q. 136. One mole of an ideal gas with the adiabatic exponent y goes through a
polytrophic process as a result of which the absolute temperature of the gas
increases t-fold. The polytrophic constant equals n. Find the entropy increment of
the gas in this process.

Solution. 136. For the polytrophic process with index n
pV" = constant

_ 11\ n-y ;
c-R[5-75) g !

L

= Q_LH;
AS fczr‘(-f-mn-n n

So Ta

Q. 137. The expansion process of v = 2.0 moles of argon proceeds so that the gas
pressure increases in direct proportion to its volume. Find the entropy increment
of the gas in this process provided its volume increases a = 2.0 times.



Solution. 137. The process in question may be written as

Where a is a constant and po, Vo are some reference values.

1o 1 1) L y+l
C= Cy+3R R(T—-—_I»fz] 2R

Along the line volume increases o times then so does the pressure. The temperature
must then increase o? times. Thus

u.!T{l
ﬂ..’!i'-fvtfg- ﬂ-.ll."—llru:tz- vR:r"—llnu
r 2y-1 y-1

T,

ve=12,y= % a= 2,A5 = 461 Joule/°K
If

Q. 138. An ideal gas with the adiabatic exponent y goes through a process p =
pPpo — aV, where po and a are positive constants, and V is the volume. At what

volume will the gas entropy have the maximum value?

Solution. 138. Let (p1, V1) be a reference point on the line

WAV

A
(AV;)

p=Po-aV
and le t (p, V) be any other point.
The entropy difference

M- SE-P&W'S{P[!V]}



p v po-aV Vv
=Cyln=+C_ ln=—= Cy,ln +
Y " PV v M PV

For an exetremum of AS
aas_ -eCy G
vV  pp-aV ¥

or C,(pp-aV)-aVCy=0

or Y(pp-aV)-aV=0 o V= F"-E:?FT_]]

1
Mhecau&:a bfq[l
v

This gives a maximum of
(Note : a maximum of AS is a maximum of S (p, V))

Q. 139. One mole of an ideal gas goes through a process in which the entropy of the
gas changes with temperature TasS=aT + Cy In T, where a is a positive
constant, Cy is the molar heat capacity of this gas at constant volume. Find the
volume dependence of the gas temperature in this process if T =Ty at V = V..

Solution. 139. Along the process line: S=aT +CyIn T

ds
. . c=TB o arec
or the specific heat is : ar- Tty

On the other hand : : dQ = CdT = C\dT+pdV for an ideal gas.

pav=Rlav= irar

Thus,
Aiﬂ-- dT or, EIn V+ constant = T
or a Vv a
. T= T, when V= V,, we get, T= ]'”ﬂ+£|naE
Using a V¥

Q. 140. Find the entropy increment of one mole of a Van der Waals gas due to the
iIsothermal variation of volume from V1 to V2. The Van der Waals corrections are
assumed to be known.

Solution. 140. For a Vander Waal gas



[F+ﬁ]ﬁ’-b}- RT

The entropy change along an isotherm can be calculated from

VI
as
M'.!(ﬁ]}_dv
It follows from (Q.129) that
a8\ _ () | _R_
()

aT|,” V-b
Assuming a, b to be known constants.

Q. 141. One mole of a Van der Waals gas which had initially the volume V1 and the
temperature T1 was transferred to the state with the volume V; and the
temperature T». Find the corresponding entropy increment of the gas, assuming its
molar heat capacity Cy to be known.

Solution. 141.
LF
V. T, ¥
We use, AS -fcﬂ'(V. IN= f[% ﬂ"T+'r (*S%] dv
v T= T,
VI."TI TI ! l"II. :
'rl. vi

C,dr R T, V,-b
-f T +J‘V_h¢ﬂ’- CVIHT1+RIIIV1-b
T, v,

Assuming Cy , a, b to be known constants.

Q. 142. At very low temperatures the heat capacity of crystals is equal to C = aT?,
where a is a constant. Find the entropy of a crystal as a function of temperature in
this temperature interval.

Solution. 142. We cantake 5 — 0 as T — 0 Then



I T

E- z -l 3
S-J-C'r fﬂT dr 34?"

0 i}

Q. 143. Find the entropy increment of an aluminum bar of mass m = 3.0 kg on its
heating from the temperature T1 =300 K up to T> = 600 K if in this temperature
interval the specific heat capacity of aluminum variesas c =a + bT, where a=0.77
J/(g* K), b = 0.46 mJ/(g* K?).

Solution. 143.

I I

CdT b T.
u.f : -f"”";_ndr- mb{T;—TlhminT—:
T, T,

i I

Q. 144. In some process the temperature of a substance depends on its entropy S as
T =aS", where a and n are constants. Find the corresponding heat capacity C of
the substance as a function of S. At what condition is C < 0?

Solution. 144.
1

Here T= a5" or 5= ({J

Clearly C<0ifn<0.

Q. 145. Find the temperature T as a function of the entropy S of a substance for a
polytrophic process in which the heat capacity of the substance equals C. The
entropy of the substance is known to be equal to Sp at the temperature To. Draw
the approximate plots T (S) for C>0and C <0.

Solution. 145.



T C>0

7o
C<0

Assuming C to be a known constant.

5-5,
Then  Tw= Tyexp Fod

Q. 146. One mole of an ideal gas with heat capacity Cy goes through a process in
which its entropy S depends on T as S = a/T, where a is a constant. The gas
temperature varies from T1 to T». Find:

(a) the molar heat capacity of the gas as a function of its temperature;

(b) the amount of heat transferred to the gas;

(c) the work performed by the gas.

ds s
(a) C=T ===
Solution. 146. ar 1

T

(b) @O= | CdT= uln-i,.'—
2

I,

T
= aln—+Cy(T,-T
© W=ag-au "M, ro@-T)

Since for an ideal gas Cy is constant and AU = Cy(T2- T1)

(L does not depend on V)



Q. 147. A working substance goes through a cycle within which the absolute
temperature varies n-fold, and the shape of the cycle is shown in (a) Fig. 2.4a; (b)
Fig. 2.4b, where T is the absolute temperature, and S the entropy. Find the
efficiency of each cycle.

N 4

F 5
(@ (17
Fig. 2.4.

Solution. 147.

s ~
So,To Qs Si,To

(a) We have from the definition



o= f Td5 = area under the curve

=T J:51 = Su}

Qrz = %{T“'f T]] {S] - SD}

. Ty
Thus, using T, = "

27, ) 2n
1
(b) Here 0= 2(5,-5) (T; + Ty
Q5= T,(5, -5y
2T, T,-T, n-1

Tt+TD- Tn—T,- e+l

MN=1-

Q. 148. One of the two thermally insulated vessels interconnected by a tube with a
valve contains v = 2.2 moles of an ideal gas. The other vessel is evacuated. The
valve having been opened, the gas increased its volume n = 3.0 times. Find the
entropy increment of the gas.

Solution. 148. In this case, called free expansion no work is done and no heat is
exchanged. So internal eneigy must remain unchanged Us = U; For an ideal gas this
implies constant temperature T = T;. The process is irreversible but the entropy change
can be calculated by considering a reversible isothermal process. Then, as before

¥,

3
M-f‘—’?-f%- vRInn = 201 I/K
F'Il

Q. 149. A weightless piston divides a thermally insulated cylinder into two equal
parts. One part contains one mole of an ideal gas with adiabatic exponent vy, the
other is evacuated. The initial gas temperature is To. The piston is released and the
gas fills the whole volume of the cylinder. Then the piston is slowly displaced back
to the initial position. Find the increment of the internal energy and the entropy of
the gas resulting from these two processes.

Solution. 149. The process consists of two parts. The first part is free expansion in
which U = Uj. The second part is adiabatic compression in which work done results in
change of internal energy. Obviously,



Y

0= UF-Uf+f_pdV, V=2V,
L

¥

1
, _ = =Py Vy= 2V, :
Now in the first part £~ 2P "1™ ="® pecause there is no change of temperature.

1 -1
Vie —p, (2V,) = 27 Ve
In the second part, * 270 @ Po*o

¥,

uﬂ

fpdV 1*'1pnv.}dv z‘f'lpuif"uvl_,, b

v, VI ~v+l ¥
a

2 ¥

o
ye1 27701 @7

= RT
y=1 y=1

-1 -
= 2" p, ViV,

RT, -1
Thys AU=Ue-Ui= sop@i-1)

The entropy change A5= 45;+ 45y

AS;= RIn2 and AS;= 0 55 the process is reversible adiabatic. Thus AS =R In 2.

Q. 150. An ideal gas was expanded from the initial state to the volume V without
any heat exchange with the surrounding bodies. Will the final gas pressure be the
same in the case of (a) a fast and in the case of (b) a very slow expansion process?

Solution. 150. In all adiabatic processes
Q=U-U+A=10

by virtue of the first law of thermodynamics. Thus,

¥

A'-Ip:ﬂ-’

. . . . L
For a slow process, % where for a quasistatic adiabatic process PV = constant

A" <A’ In fact A" = 0 £

On the other hand for a fast process the external work done is or

free expansion. Thus U’y (slow) <U" (fast)



Since U depends on temperature only, Ty<T

Consequently, Consequently, p% > p'y

(From the ideal gas equation pV = RT)

Q. 151. A thermally insulated vessel is partitioned into two parts so that the
volume of one part is n = 2.0 times greater than that of the other. The smaller part
contains vy = 0.30 mole of nitrogen, and the greater one v, = 0.70 mole of oxygen.
The temperature of the gases is the same. A hole is punctured in the partition and

the gases are mixed. Find the corresponding increment of the system’s entropy,
assuming the gases to be ideal.

Solution. 151, ™ ¥i= Vo V2= n¥y
Since the temperature is the same, the required entropy change can be calculated by

considering isothermal expansion of the gas in either parts into the whole vessel.

Vi+V, V,+V,
AS = AS, + AS;= v;Rln v +v, Rln v
1 2
Thus
= v,RIn(l +n)+v,RIn 12 = 5.1 1/K

Q. 152. A piece of copper of mass my = 300 g with initial temperature t1 = 97°C is
placed into a calorimeter in which the water of mass m, =100 gisata
temperature t; = 7°C. Find the entropy increment of the system by the moment the
temperatures equalize. The heat capacity of the calorimeter itself is negligibly
small.

Solution. 152. Let c; = specific heat of copper specific heat of water = ¢

T ¥1+1I73
cymy dT my ¢, dT Ty 370
Then M-f T —f T - m, €5 In 280 =™ f,ln?n

7427 I,

To is found from



280 mycq + 370 m, ¢,

. c,= 03912 °K, c,= 418]"°
using 1 8K, o e°K

Ty= 300°K and AS = 28-4-245= 39]/"K

Q. 153. Two identical thermally insulated vessels interconnected by a tube with a
valve contain one mole of the same ideal gas each. The gas temperature in one
vessel is equal to T1 and in the other, T>. The molar heat capacity of the gas of
constant volume equals C.. The valve having been opened, the gas comes to a new
equilibrium state. Find the entropy increment AS of the gas. Demonstrate that AS
> 0.

Solution. 153. For an ideal gas the internal energy depends on temperature only. We
can consider the process in question to be one of simultaneous free expansion. Then the
total energy U = Uz + Ua. Since

T, +T,
U= CyT, Uy= C, Ty U= 2¢, -2 . :
oo e v vT2 ad (T,+T)/2 s the final temperature. The entropy

change is obtained by considering isochoric processes because in effect, the gas remains
confined to its vessel.

(T + V2

TI
Cydl f dT (T + T‘!,}I
ﬂs'f T ~J OO IhTgTT
T, ¥2

(T+T,

Since (Ty+T) = (T, -T,Y +4T, T, AS=0

Q. 154. N atoms of gaseous helium are enclosed in a cubic vessel of volume 1.0
cm3 at room temperature. Find:

(a) the probability of atoms gathering in one half of the vessel;

(b) the approximate numerical value of N ensuring the occurrence of this event
within the time interval * = 19" years (the age of the Universe).

of this event within the time interval t 101° years (the age of the Universe).

Solution. 154. (a) Each atom has a probability 1/2 to be in either compartment Thus
p=2"



(b) Typical atomic velocity at room temperature is i~ 10° cm/s so it takes an atom 10
® sec to cross the vessel. This is the relevant time scale for our problem. Let T = 10

® sec, then in time t there will be t/ T crossing or arrangements of the atoms. Ttys will
be large enough to produce the given arrangement if

Inr't
In2

:2-"',. 1 or N - 75

Q. 155. Find the statistical weight of the most probable distribution of N = 10
identical molecules over two halves of the cylinder’s volume. Find also the
probability of such a distribution.

Solution. 155. The statistical weight is

N 10x9xB=xTx6b
NKII!—:'! BxdxIx2

= 252

Cl"ﬂ

The probability distribution is

Ne 27%a252x27"< 246%
N2

Q. 156. A vessel contains N molecules of an ideal gas. Dividing mentally the vessel
into two halves A and B, find the probability that the half A contains n molecules.
Consider the caseswhenN=5andn=0,1, 2, 3,4, 5.

Solution. 156. The probabilities that the Jia If A contains n molecules is

N! N

-N_.
ﬂ'l-':"-!"crz ‘n!{N-n}!z

Q. 157. A vessel of volume Vo contains N molecules of an ideal gas. Find the
probability of n molecules getting into a certain separated part of the vessel of
volume V. Examine, in particular, the case V = Vo/2.

Solution. 157. The probability of one molecule being confined to the marked volume is

P Vn

We can choose this molecule in many We,) ways. The probability that n molecules

get confined to the marked volume is clearly



Nep"W-p' "= Sy =P
Q. 158. An ideal gas is under standard conditions. Find the diameter of the sphere
within whose volume the relative fluctuation of the number of molecules is equal to

n = 1.0.103. What is the average number of molecules inside such a sphere?

Solution. 158. In a sphere of diameter d there are

3
N= Enn molecules

Where no = Loschmidt’s number = No. of molecules per unit volume (1 cc) under NTP.
The relative fluctuation in this number is

aN_VN 1
NNy "
ﬁ 173
or — = —da,ph or ,—f- or d= 3 'ﬂ'“ﬂj.lm
v Tmn' N My
1 '
= 10
"

The average number of molecules in this sphere is

Q. 159. One mole of an ideal gas consisting of monatomic molecules is enclosed in a
vessel at a temperature To = 300 K. How many times and in what way will the
statistical weight of this system (gas) vary if it is heated isochoric ally by AT = 1.0
K?

3
. . Cp= =R per mole
Solution. 159. For a monoatomic gas @ 2 pe

The entropy change in the process is

5= 5-50n jc,,r a1 )

Now from the Boltzmann equation
S =k InQ

w,
A jnﬁxmn

Q2 F-50E 'ﬁ_T 1) = 10" » 103
on € (1 + 1':] [1 *300 x

Thus the statistical weight increases by this factor.
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