Kinetic Theory of Gases & Thermodynamics

) 4

HINTS & SOLUTIONS

TOPIC : KINETIC THEORY OF GASES & THERMODYNAMICS

EXERCISE # 1
SECTION (A)
1
1. For isothermal, PV = constant, P a V . As area decreases . number of collision per unit area increases
2. P=MVa, As Vav =0 (in equilibrium) Pov =0
3. As Pav :MVHV, it depend mass and Vav of gas
5. Equation for ideal gas is
PV =RT
6. According to gas equation
PV = nRT
nRT 2/32x8.31x300
v= P 1x10°
9. Work does not characterize the thermodynamic state of matter, it is a path function gives only relationship
between two quantities.
10. Clear from the difinition.
11. At low pressure and high temperature inter molecular forces become ineffective. So a real gas behaves
like an ideal gas.
pRT
12.  pi= M 0
poRT
p= M ...i)
by (i) and (ii)
P8
P2 9
13. A stationary rigid body rotating about its axis has three degree of freedom.
14. From ideal gas equation
PV, PRV, PV, T,
PV=nRT =  PV«T T2 T 4p= TN
Here :p1=1x 105 N/mz, vi=1ms
T1 =300 K, v2 =v1 =2 ms,
T2=2T2=600 K putting given values in eq. (1)
1x10° x 1x 600
p2 = 2x300 =105 N/m2
15. A Q=pn CvAT

L 4

L 4



Kinetic Theory of Gases & Thermodynamics

) 4

2 1

Here: pu= 4= 2
Cv=ME/,=4x3=12
At constant volume

P, T
P = Ty
But p2 = 2p1 (given) T2=2T1=2x 273K

1
or DT=T2-T1=273K So AQ= 2 x 12 x273=1638J

Vi_ Ve

T T (at constant pressure)

16. We know that for ideal gas
vy 3V

To= V1 xTi= V x273=3x273K
T2=819 K=819 — 273 = 546°C

17. Ideal gas equation can be written as
n P
pv = nRT or v = RT =constant

So, at constant pressure and temperature, all gases, will contain equal number of molecules per unit
volume.

18. f=3+2

f=5
. m 5
10. No. of moles n = molecularweighf 32
iRT
So, from ideal gas equation PV =nRT = pv = 32
20. There will be no change in number of moles if the vessels are joined by valve. Therefore, from gas
equation
PV = nRT
PVi BV P(V+V,) PVIT, + PV T PV +V,)
N RT, + RT, _ RT N TT, - T
P(V1 + VZ)T1T2
N T= (F’1V1T2 +P2V2T1)

Internal energy of the system remains same before and after opening of valve, so
fnRT, v froRT, _ f(ng+ny)RT

2 2 2 = NiTi+n2Tz2= (N1 +n2)T

PiVi+ PaVa = P(Va+ \V2) Hence T= (PiViTa+PVoTy)
SECTION (B)
1 self explainatory
Pm
2. P =nRT slope of T1 > slope of T2

T1>T2
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3.

10.

11.

12.

13.

14.

one molecule has some single value of speed which is equal average speed and rms speed of the gas

Va = Vrms.
3RT
VM _
VRMs = =v for oxygen
3Rx2T
VRMs = M, /2 = 2v.

1

%

Vav a
oxygen molecule hits the wall with smaller average speed

M
pv= MoRT,
M MKT
pv = Mo knoT PV =m m1 = mass of each molecule it depends nature of gas.

The gases carbon-monoxide (CO) and nitrogen (N2) are diatomic, so both have equal kinetic energy

Skt

2 je Ei1=E2

Velocity of molecules depends on its temperature as V « JT )

3RT

\"IRmSHe _ mHe

VRmsA, 3RT Mar — ,ﬂzm
VMar = VMo 1 4 =3.16

Average kinetic energy of gas depends upon its temperature.
So, Hz2 and Oz both are at equal temperature ratio of their average kinetic energiesis 1: 1

RMS velocity urms « JT

If temperature is increased to 3 times ums increases by V3 times.

According to kinetic theory of gases, energy of molecule does not change when they collied with walls of
container. So, assumption is incorrect.

The rms velocity of the molecule of a gas of molecular weight M at kelvin temperature T is given by,

[ 3RT ]
Crms= M

Let Mo and M+ are molecular weights of oxygen and hydrogen and To and T the corresponding Kelvin
temperature at which Cms is same for both gases.
Crms(O) = Crms(H)

(IBRTO}_ [3RTH] T T,
Mo My Mo M,

Hence,
To=273+47=320K

2

Mo = 32, Mn = 2 Th= 32 x320=20K
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15.

16.

17.

18.

19.

20.

The kinetic energy of gas

3
E= 2nkT
e T 400 e 4
ExT E =T = 300 > E =3-133
3RT
_ M
Urms =
= )
= Urms & ﬁ U'rms = T
&
Here :ums=u, T'=3T - U'rms = T u=\/§u
Law of pressure is
T
Pz = T2
S
Lpx04 _X*273 250  x+273
N P 100 = x+(273+7) N 251 — x+243 X = _23°C =250 K

When temperature of a gas is increased then its internal energy increases.

The rms velocity of sound in gas is

\/yRT _\/1 4xRT
Vrms(molecules) = M M (1)

when the oxygen dissociates, its molecular mass becomes atomic mass,
M

soM= 2 and T = 2T given and =1.66

/1 .B6xRx2T
Vrms(atomic) = M/2

\/1.66><Rx2Tx2

M (2
From equations (1) and (2)
Vims(atomic) _ \/1-66XRX2TXZ x\/ M 1.66x4
Vims(moleculer) M 1.4xRT — 1.4

=2.18
Hence, Vims (atomic) = 2.18 Vrms(molecular)

We know that rms speed is directly proportional to square root of temperature

VrmsX ﬁ
Vrms(1) _ L
Hence, rrms(2} T2

400 V27 +273 [300
500

Vims2) V227 +273 _
500

Vims(2) = V = 300 x400

=1.29 x 400
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516.39 m/s
516 m/s

a1

21. Root mean square speed of molecules in a gas is defined as the square root of mean of squares of the
speed of different molecules ie,

Virme = \/(vf +v3+..)/N

3RT
or Vrms = M

(According to kinetic theory of gases)
While most probable speed is the speed which maximum number of molecules in a gas have at constant
temperature and is given by

[2RT
Vmp = M

It is obvious that vrms > Vmp.

22. Kinetic energy of gas molecules
3
E=—pV
5 p
5 5
=£=gx‘l.52><103 _ 10 ' — 5% 106
3V 3 20x10° 20x10° N.m-2
3p VisP  (3180)° x8.99x1072
23. Root mean square speed, Vims= P p= 3 = 3
=3x105 N/mz2
3 atm.
24. KE average is dependent on temp. Only not on nature of gas. So ans.(a)
25. Speed of sound
w1
b=V o Va
(for given same pressure, y and temperature)
Uy d;
SECTION (C)
Vi
|8 RT |8 RT —= 1/2 14
1. Vavr = Vo= i = M = VN2 = 1728 = 1
8RT
2. Vav = TCMO ,VAV a \/-T—
For same temp in vessel A, B and C, Average speed of O2 molecule is same in vessel A and C and is
equal to Vi.
SECTION (D)
3 3 2
1. As translation K.E is E=2nRT E=2PpV p=3V

where E = Translation K.E.
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2. For an ideal gas, the no of molecules in 1 mole of all gas at is same .
3. As AU is a state function i.e., it depends initial and final position
in process A and B initial and final temp are same.
" AU, = AU2
4, Internal energy
r il
U= 2 KT per molecule = 2 RT per mole
3
U= 2 RT f = 3 for mono atomic
f 5 3
U=ZnRT]  Z(2RT+Z(4)RT
6. U = Uoz + Uar =2 2 =11 RT
7. AU=Q =12%x100x5x%60J =30KJ
8. AU = AQ =300 cal.
300
aU= 50 =gcal
9. Temperature of a gas is determined by the total translational K.E. measured with respect to the centre of
mass of the gas. Therefore, the motion of centre of mass of the gas does not affect the temperature.
Hence, the temperature of gas will remain same.
11. In thermodynamic system, entropy and internal energy are state functions, entropy (AS) can be zero for
adiabatic process. Work done in adiabatic process may be non-zero.
12. The Change in internal energy does not depend upon path followed by the process. It only depends on
initial and final states.
Hence, AU1= AU2
13. Equating internal energy
5 3,(7
1><ERT0 +1><ER(§T0] =1XERTf+§RTf T, =§T0
2 2 = 2 (3) is correct.
14. As no work is done and system is thermally insulated from surrounding, it means sum of internal energy
of gas in two partitions is constant ie, U = U1 + U2
Assuming both gases have same degree of freedom, then
Assuming both gases have same degree of freedom, then
f(ng +ny)RT R, fnoRT,
U= 2 andUi= 2 | U= 2
(PVy + P, Vo )T T,
Solving we get T = P1ViTz +P2V, Ty
SECTION (E)
1. As AU = nRAT
For closed path
AT =0 AU = 0.
P
2. TaP or T = constant
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10.

11.

12.

13.

19.

P_nR
As TV =constant or V =constant - W = 0.
AU=0 T = constant

clearly, option B is correct.

V_mR 1 !
=

P P a slope or pqo Slope P2<P1

In isothermal expansion
T = constant AU =0 W =AQ
option (4) is correct.

W.D. = nt x Pressure Radius x volume Radius (area of ellipse)

pypitye
W=rt 2 2 ) = 4 (Pa—Pi1) (V2 V1)

L->M P=constant VaT. MN T = constant
Here, option B is constant

work done on the gas = negative work

W = PdV
when V - decreases
then W =-ve

hence option D is correct.

As W =PaVv
AV = same is both process
As Pe > Pa

AW2 > W1

As initial and final state are same

Ti=Te AS Vims, Pav and Kav depends on temperature
all are equal.

Area of cycle = | W |
n(4-3)(4-2) =n(2-1)(3-25) 25n 5=

- 2 . 2 = 2 = 4 amL
5

W=- 4 atm L

AQ = AW + AU for adiabatic process

AQ=0 > AW =— AU = (- 100) = 100 J

W = Area unden P -V curre = (P2 — P1) x (V2 — V1) = P AV for contant pressure = 105 (2 — 1) ms = 105 J

All processes can be shown as
P
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IPdV
W = = Area under P — V curve

Therefore, W2 > W1 > Ws
20. AQ = AU + AW
Process ABCA is cyclic, AU =0
AQ = AW
= AQ = AWas + AWsc + AWca = 5=10(2-1) +0 + AWca = AWca = —5]
1
21. W= 2 x3Vox4Po =6PoVo.
22. Heat given Q =400 % 4.2 J = 1680J
AQ = AW + AU
AU = 1680 — 1000 = 680 J
23. As AB has more pressure at same volume than DC then
Ta>To
24. Slope of adiabatic process at a given state (P,V,T) is more than the slope of isothermal process. The
corresponding P-V graph for the two process
P4
.
g \B
vV, )
is as shown in figure.
In the graph, AB is isothermal and BC is adiabatic.
Was = positive (as volume is increasing)
and Wec = negative (as volume is decreasing) plus,
[Wac| < |Was|, as area under P-V graph gives the work done.
Hence, Was + Wec =W <0
From the graph itself, it is clear that Ps > P1.
Hence, the correct option is (C).
Note : At point B, slope of adiabatic (process BC) is greater than the slope of isothermal (process AB).
SECTION (F)
1
1. In process AB T =constant P =increases P a V
or V =decreases AQ = AW . AW = —ve.
or AQ =—ve heat is rejected out of the system.
2. Q = AW (T = constant)
if heat is supplied then AW = +ve
3. AU = AQ — AW is same in both methods as it is a state function
T2 W_ i
5. The efficiency of heat engineis n=1- T or Q Ti

Here, Q1 = heat absorbed from the source of heat = 6 kcal
T1 = temperature of source =227 + 273 =500 K
and T2 = temperature of sink = 127 + 273 = 400 K
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W . 400 ﬂ_1_100
Hence © 500 o 6 500 o W =1.2 kcal
6. At STP one mole of ideal gas occupy 22.4 lit. volume
w= 44.8
So no. of moles 224
3 [ 3
=2x—Rx10=30R|"" (C, )mono = —RJ
Since] (AQ), = pC AT 2 2
7. (a) In a cyclic process, according to the diagram Qabcda = Qab + Qbe + Qcd + Qda Here, ab, bc, cd and da
represents isothermal expansion, isochoric compression, isothermal compression and siochoric
expansion respectively.
ch = Qda
{—ZV‘J} uRT, In {—Vﬂ }
Qabeda = Qab + Qed = uRT1 In L 70 0J=2x8.3x0.69 (500 — 300) = 2290.3 J
8. In a cyclic process, system is not isolated from the surroundings.
In a cyclic process, a system starts from one point and ends at the same point. in this case, the change
in the internal energy must again be zero and therefore the thermal energy added to the system must
equal the work done during the cycle. That is, in a cyclic process.
AU =0 or E=0
9*, Statement (a) and (d) are wrong. Concept of entropy is associated with second law of thermodynamics.
10. From first law of thermodynamics,
Q=aU+W
For path iaf,
50 = AU + 20
- AU = Ur— Ui = 30 cal
For path ibf,
or Q=AU+W
W=Q-AU=36-30=6 cal
SECTION (G)
1. dQ =dw + dU
dQ = PdV + dU
dQ =nRdT +dU
2dU
do= f +du
1
du [2 )
— —+1
da - \'f
5
dQ - 7
Q.
2. s = MAT
For changing state
T= constor AT =0
~ S = oo (infinite)
3. As f=5

nfRdT
du=nCvdT= 2
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R 5R

1
According to law of equipartition of energy, the internal energy associated per degree of freedom is 2
kT, where k is the Boltzmann's constant.

1

Thus, internal energy associated per molecule = f 2 kT
If Na is Avagadro's number, then internal energy of one mole of an ideal gas is
1 1 1
U=Naf 2 kT=2f(Nak)T= 2 fRT
where R = Nak = gas constant
Molar heat capacity at constant volume

dau d(1 1
Cv = dT = =2
Molar heat capacity at constant pressure

1 1
~fR+R | 5T+]
Cph=Cv+R  (Mayor's relation) = 2 = R

1
& [2f+1JR=%f+1_

= — 1 + —
Cy 1]‘R 1f
Hence, y = 2 2
Given:Pe«Ts .. 0]
In adiabatic process
Ty P1y = constant
1
Ta p(1—".f)fv
Tyy-pecP L (i)
Comparing equations (i) and (ii), we get
—'Y =
v—1
3y—-3=y
2y =3
G 3
Ce =y =2
cal. C,
Cp_C":Rzz'gmolK L . c, ! .
= which is true for option (a) and (b) also value of ~v should be equivalent to

that for monoatomic, diatomic or polyatomic gas.

S _5
. . . : . . C, 3
With this point of view option (@) is correct because monoatomic
AQ =ms AT.

Using the relation

ntny My N v -1 [51] [71}
v=1  y-1 y-1 N 3 5
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10.

11.

13.

14.

2 3.3 2
- v—=1 2 2 - y-1_ 4
3 24
=  y=2 y=16
Cv=25R
As temperature increases, vibrational degree of freedom becomes 2 at high temperature.

7
Cv=2 R=35R

Q =ms AT =100 x 1.0 x 20 = 2000 cal.

AQ =nCp AT

[1R+RJ [§R+R} 2
= \2 AT=2 L2 x5=2x 2 x8.31x5=208J

(a) The ratio of molar specific heat at constant pressure to molar specific heat at constant volume is

denoted by y.
f
1R
CP _ [2+ ] =1

Y=<—=—F =1+
Cy fr f
2

where, f is degrees of freedom. The term degrees of freedom of a molecule or gas are the number of
independent motions that a molecule or gas can have. The independent motion of a system can be
translational, rotational or vibrational or any combination of these. A monoatomic gas molecule consists
of a single atom. It can have only 3 translational degrees of freedom, i.e., f = 3.

2 5

Hence, y=1+3 3 =167

(b) Yes, On increasing pressure on the surface of water (as in pressure cooker), its boiling point is
elevated. Similarly on decreasing pressure in a vessel having water, its boiling point will be lowered and
so the water will begin to boil without supplying heat.

Ce
Mayer’s formulais C,— Cv=R and y= Cy
Therefore, using above two relations, we find

R
Cv= Y= 1
5 __R 3
For a mole of monoatomic gas ; y = 3 . Cv= 3(5/3)_1 = 2R
When these two moles are mixed, then the heat required to raise the temperature to 1°C is
3 3
Cv=2R+ 2R=4R
4R
Hence, for one mole, heat required is = 2 =2R
R 3
- Cv = 2R > =T =2 5 y=2
Alternative :
n,+n, ny N, E Z
v=1 =1, 21 Here, ni=1,n2=1,y1= 3,v2: 5
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141 1 1

2 3 5
Y_1 :(5[3)_1+(7/5)_1 = Y_1 :2+2
2 2
= y=1 =4 = y=4 +1
3
Hence, y= 2
nC,, +n, C,
15,  Cv= Mt
16 5
For helium,ni= 4 =4andyi= 3
16 1 7
For oxygen, nz= 32 = 2 andyz= 9
R _3
C, = R §_1 2
Yor-123
= R
R R 5
C, = ===
’ 2 —1 1_1 2
5
4><§R+1,§R 6R+§R
C. = 2 22 4
Y 41 1 9 29Rx2 29R
2 - 2 - 9x4 18
R
Now Cv= ¥~
R
20 Gy _18 18 +19
= y-1= 18 +1 = Cy 19+1 = 29
16. According to Mayer's relation,
R_R
Cp—Cv=m 28
SECTION (H)
1. As Volume decreases
pressure of the gas in the cylinder increases
2. For adiabatic
PaVay = C . or Pawy = C ...(i0)
For isothermal
PsVe =C (1)
from (i) and (ii)
Pa < P8
3. For adiabatic

1

TV-ly=¢ ()
For isothermal T = const (D))
From (i) and (ii) Ta<Tb

=1.62

IS

—_

N | co
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4.

10.

11.

12.

13.

14.

15.

16.

For W.D. by gas in isothermal is more as compare to adiabatic process
~ AWa < AWDb

1
Isothermal Px V

1
Adiabatic Pox V'

Also, slope of adiabatic is more as compare to isothermal
-~ option (3) is correct.
Self explanatory

Gas has different specific heat for different processes
-~ gas has infinite number of specific heats.

As compare to gas solid expand very less.
~ Cpis slightly greater then Cv.

Adiabatic process

AQ=0

For any process

Av = nCvAT

Hence, option (3) is correct.

B = yP (for adiabatic process
B=1.4x1x10s=1.4 x 105 N/m2

vdP  (-PdV)

dv. =_ dV  (forisothermal process)

dP

Slope = —y av
As slope of A > slope of B
~yofA>yofB
or A > Helium
B - Hydrogen

B->A

AQ=0

0=-30+ AUsa
AUsa=30J

~ AUaB = —AUBa=-30J

For free expansion
AU=00rAT =0
~UorT =const

For free expansion
Q=0,W=0,aU=0

®av
P =_y V (For adiabatic)
av
05=-14 V

~ Volume decrease by 0.36%
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17.

18.

19.

20.

21.

22.

23.

24,

25.

XY Adiabatic compresion
YZ Isothermal Expansion

ZX Compression at constant pressure

As W.D. is isobaric > W.D. in Isothermal > W.D in adiabatic

or Wz2>Wi1>Ws
Hence option (1) is correct.

Process ...(i) is isobatic

AU1 = AQ — AW = positive
process (ii) is isothermal

AU2=0
Process (iii) is adiabatic

AQ=0

AU = — AW = negative

For polytropic process

R R
c=7"14 1x = As PV,=K
V = kT3
2 1
av=3KT? g7
nRT T
Pdv | — —
W:-[ :I Voodv =R‘V dv
2

=3 R (30)=20(8.31)=166.2 J

VPn = constant.
dV Pn +VNPn21dP =0
VdP P

dV' = n =pulk modulus

(nRT]o.sa
V =k vT

V1.33 = const
V = const

For adiabatic process PV, = constant
dp

VI——+pV' =0
vl

dp p

FVARAY;

d dv

°__ &

p V

Modules of elasticity
dp

AU1 > AU2 > AU3

= Put x=vy C=0

1
2T KT 3dT
EI 2 2
=R KT? =3 R(T2-T)

B=- 9V v forisobaric processdp=0thenB=0
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26.

27.

34.

35.

36.

Pa < P8
N\ B
NG
PA
v
dp
B=-dV v
isothermal
+p
B= V =1.5x 105 N/mz
adiabatic
1P
B= V =14x%x15x10s =2.1 x 105 N/m2

1

Number of moles of He = 4
Now  T1(5.6)y-1=T2(0.7)-1

(lsza
T1=T2 8

4T1=T2
%R[3T1]
nR[T, - T. 5
[T, -T] g gRT1
Work done=— ¥~ = 3 -_8
PT2=C
using PV =nRT in PT2=C
(EJTZ -C
v > TzxV
Differentiating we get
ar v
3T =V
1av 3

Coefficient of volume expansion (y) = Vdl = T
In an adiabatic process, there is no heat transfer into or out of a system i.e., Q = 0.
In an adiabatic process Q =0
So, from Ist law of thermodynamics.
W = -AU = — nCvAT

—n[ij(Tf—Ti)
= -1

nR
—(Ti=Tp)
=7 -1
Here : W=6R J, n=1 mol,
s
R=8.31Jmol-K,y= 3 Ti=TK
Substituting given values in Eq. (i), we get

L 4

74 | Page

L 4



Kinetic Theory of Gases & Thermodynamics

) 4

R

— —  (T-T
6R:(5/371)( &
3R
—(T-T;)
= 6R= 2 = T-Ti=4
Ti=(T-4)K

Note : Adiabatic expansion of mono, dia and polyatomic gases are shown below
1 - monoatomic, 2 - diatomic, 3 - polyatomic

37. In an isobaric process or at constant pressure
VT
Vo _To T _2v
or Vi T or T Voo of  T2=2Ti=2x 300 = 600 K

Work done in isobaric process
Wi1=P (V2—V1) = uR (T2 -T1)
=2 x 8.3 (600 — 300)
=2 x 8.3 x 300 = 4980 J.
Now, in adiabatic process

T V,-1 = constant or Vi 2
Here, in adiabatic process
T1=600 K, T2=300 K

E
V; )57 _ 600
40 300

or V2 = (2)32 x 40 or V2= 242 x a0
Final volume = 112.8 litre
Again PV, = constant

P_z_ﬁy_lwz
PV, 2

[ 1 JSIS

=\2) %249 x 105 N-m-

Thus, final pressure = 44.15 x 103 N-m-2
work done in adiabatic process

uR(T, -T,) 2x8.3(600-300)

(1]5’3X2x8.3x300
P2 =

2 20x107

= =

= r=1 = B/3-1T  -2%83x300x3/2=7470
SECTION (1)
(3] . 500
1. Efficiency (= © 1/ x100=" ©90)100=50%
Work done
2 Total Heat given 100 =
50 1000
w = 100 =500J
3. Heat rejected = total heat given — W = 1000 — 500 = 500 J
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10.

11.

12.

13.

273

I
_ T, e _ L 373 _ _ _
n= x100  T2=0°C =273K = x100  Ti1=100°C = 373 K = 26.81%

n=26.81+20
[1_T2} 4681 T
—4681=" 1/ x100 > 100 = T
T, 4681 (1 _ 46-81}
T - 100 ~  T,=373\ 100
373x53.19
T.= 100 -10839K
Now if T2 = constant
T1 = Changed
( _E] T, 4681
n=2681+20=" 1) x100 > T - 100
273x100

Ti= 9319 =-5132K
AT =Ti—Ti=513.2-373=140.2K or 140.2°C

[ _T‘-z} [ ~ 273} 200 200
n= T 100 = 473) 100 = 473 x 100in % orn= 473 in fraction

SINECRE
n= T1 x 100 = 273 = 273
My 200 / 200 73
n, 473 273 _ 473 _5g
Work done in first engine

200 4x10° x 200
W1 = Heat given x n1=4 x 103 cal x 473 cal= 473 x42J=7.1x%103J
Work = output of second engine
4x10° x 200

W2 = Heat given x n1 = 273 cal =2.93 x 103 cal.
W, 1.69x10° cal

- 3
W, 2.93x10° cal _ 0577

Efficiency of the Carnot engine is given by
T
n= 1-— T1
where Ti = temperature of source
T2 = temperature of sink
Given n=50% = 0.5, T2=500 K
Substituting in relation (i), we have
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500
T1

0.5=1-
500 o5
or T

500

. T:= 05 =1000K
Now, the temperature of sink is changed to T2 and the efficiency becomes 60% i.e., 0.6.
Using relation (i), we get

T T

0.6 =1- 1000 or 1000 =1 _06=04 or T2=0.4 x 1000 = 400 K
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14.

15.

16.

17.

18.

19.

The efficiency of Carnot engine is,

T2
n= 1-— T1
Where T1 is the temperature of the source and Tz that of sink.
T _Q Qy
Since, T G So, n=1- Q

To obtain 100% efficiency (i.e., n = 1), Q2 must be zero that is, if a sink at absolute zero would be available,
all the heat taken from the source would have been converted into work. The temperature of sink means
a negative temperature on the absolute scale at which the efficiency of engine is greater than unity. This
would be a violation of the 2nd law of thermodynamics. Hence, a negative temperature on the absolute
scale is impossible. Hence, we cannot reach absolute zero temperature.

Heat cannot flow itself from a lower temperature to a body of higher temperature. This corresponds to
second law of thermodynamics.

T1=627 + 273 = 900K
Q1=3 x 106 cal
Q_Q

T2 =27 + 273 = 300K T T

T 300

Q2= 1 x Q1= 900 x 3 x 106= 1x 106 cal
Work done = Q1—Q2=3x 106 —1 x106 =2 x10s cal =2 x 4.2 x 106 J = 8.4 x 106 J

qoi=T2 0.5 1—(273+7)
Initially] T > T
1 T,-280
N 2 T, N T, = 560K
S PR PN T,'-(273+7)
ny = T— #
Finally] 1 = 0.7= 1 = T1'=933K

Increase in temperature =933-560 = 273K
Efficiency of all reversible cycles depends upon temperature of source and sink which will be different.

The heat converted to work is the amount of heat that remains after going through sink.
From the relation

Q_T

Q T
Given Qi1 =6 x 104 cal,

T1=227 + 273 = 500K

T2=127 + 273 =400 K

Q, 400 L
_ YV —xBx
6x10* 500 = Q= ° = 4.8 x 104 cal

Now, heat converted to work = Q1 — Q2
=6.0x102—-4.8x 104

=1.2 x 104 cal
Note : Carnot cycle consists of following four stages :
(i) Isothermal expansion (ii) Adiabatic expansion
(iii) isothermal compression (iv) Adiabatic compression
After doing the calculations for different processes, we achieve the relation
QL _T
Q T
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20.

21.

22.

The efficiency of Carnot engine is defined as the ratio of work done to the heat supplied i.e.,

Work done W _Q-Q &—1—£
n= Heat supplied _ Q, Q _,_ & T
Here, T1 is the temperature of source and T2 is the temperature of sink
4_0 = 0.4
As given, n =40% = 100 and T2 = 300K
300
B 300 = 300 = 500K
So, 04=1- 1 = T.= 1-04 06
Let temperature of the source be increased by xK, then efficiency becomes
40 + S50 x0.4
n' = 40% + 50% of n = 100 100 =04+05x0.4=0.6
300 300 _ 0.4 300 _ 750
Hence, 0.6=1- 900+x = 500 +x >  500+x= 04
X =750 -500 =250 K
Efficiency of engine is given by
— T2
n= T,
T 1.5
- T-1_n=1-6 6 . 0
In other case,
T, -62
2=6 :1—11:1—3:3
T 6 3 (il
Using Equation (i),
2,_2.6
T2-62 = 3 3 571,
1
or 5 T.=62
T2=310 K =310-273°C = 37°C
ET2 = 6 x310
Hence, 1= 6 ° 9 =372 K =372 - 273 =99°C

Hence, temperature of souce is 99°C.

According to the figure
1 3

Qi1=ToSo+ 2 ToSo= 2 ToSo
Q2 =To (2So — So)= ToSo

Q3=0
.
2T,
T, IL\«A
s, 25, S
W oQ-Q
r]:Q'l: Q1

L 4

79 | Page

L 4



Kinetic Theory of Gases & Thermodynamics

) 4

Q 2 1
1- @ =9.3:-3
23. For Carnot engine using as refrigerator
T.
W=Q,| -1
? [Tz J
1 T2 L_9
Itis givenn = 10 = n=1- M N T, 10
S0,Q2=901J (asW=10J)
PV,-PV, nR(T-T,)
24. For adiabatic, W = y-1 = y—1
Putting values, we get y = 1.4, hence diatomic.
SECTION (J)
T,-T, W T.
—12:0—[1J __800 | 800-16004
1 hQ =T, ) _ (600-300)
T, 273 273
> T,-T, 303-273 30
3. In a refrigerator, the heat dissipated in the atmophere is more then that taken from the cooling chamber,

therefore the room is heated if the door of a refrigerator is kept open.

4 T, 500 5 Q 5 Q
T, 30 350
n=1l--=-—=1—
5. T, 100 T,
390 _4 50 _ 70 _ 7 _ 3 _ 500Kk = 227°C
T 100 100 10
=
n=1-12
6. T for 100% effocoemcu n = 1 which gives T2 =0 K.
n__T_2:1_(273+123):1_150:1:50%
7 T (273 +27) 300 2
ot Tz 4300 2
8. T, 500 5
500 3
9. In first case, (n1)) =1 — 800-8
600
and in Second case, (n2) =1—- X
3 600 600 2 5

Since n1= n2 therefore 8=1 X

x10%* =1.2x10%J
5
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10.

11.

12.

13.

14.

15.

T, 300 1
—1-_2 12 __ _925Y
Mmax =17 00 4 0"
So 26 % efficiency is impossibel
T.
=12 o1 (273+0) 200

In first case T (273+200) 473

4 1 .
—1 = =1:1.73
(273-0) 200 Ny [473}

1 (273+0) 473 273

In second case n2 =

71_3317 _@3@71
=77 72 T T, 2

60 _, L, _T,_ 2

100 T, T, 5

Dividing equation (i) by (ii)

500 _5
T2 4 5 17 =400k

We know that there is no loss of heat in an ideal flask. Therefore mechanical energy wasted in shaking,

is changed into heat energy and hence, temperature rises.

When the electric fan is switched on, the electric energy is converted into mechanical energy, which in
turen is conveted into heat energy. It is so because the rotating fan in a closed room will increase the
kinetic energy of translation of molecules of air in the room and hence, temperature of the room increases.

Heat engine Refrigerator
10J 10J
1J 1J
9 9J
] ] s=g=9
sink sink 1
EXERCISE # 2
From gas equation
PV = nRT
nRT
P= V =Constant
P.AV = nRAT
nR
AV 1R [_"RTJ v AV 1 1
AT=P = UV J_T = VAT = T = 5= T

Hence, graph will be as shown
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S

T

w| o,

3]
For adiabatic expansion, [
TV, -1 = Constant = TiViy-1= T2V -1
5
|

w1 213
T (V—J (&} T (L_]
T, _ Vs _ AL, - T, _ L

(—dedP]
p=" Y

At constant temperature;
PV =K
PdV +VdP =0
—-dVv/dP 1
V =P Thus, B=
There fore, B versus P group will be
BI\

1
P
a rectangular hyperbola.

N
>

P

Out of the alternatives provided, none appears completely correct.
1

AB is an isothermal process (T = constant, P « V). So P - V graph should be rectangular hyperbola with
P decreasing and V increasing.

BC is an isobaric process. (P = constant V « T). Temperature is increasing.

Hence volume should also increase.

CA is an adiabatic process (PV, = constant) Pressure is increasing. So volume should decrease. At point
A, on isotherm AB and an adiabatic curve AC are meeting. We know that (slope of an adiabatic graph in
P-V diagram) =y (slope of an isothermal graph in the same diagram) with y > 1 or (Slope)

In horizontal plane Kinetic Energy of the block is completely converted into heat due to Friction but in the
case of inclined plane some part of this Kinetic Energy is also convert into gravitational Potential Energy.
So decrease in the mechanical energy in second situation is smaller than that in the first situation. So
statement-1 is correct.
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PA
32P,

6. v, 32v,

) oo o)
o . (A Vo

In F->G work done in isothermal proces isnRT In ~ "'/ =32 Po Vo In

=32 PoVoIn 25=160 Po VoIn 2

InG > E, AW = Po AV = Po (31 Vo) = 31 PoVo

In G - H work done is less than 31 PoVo i.e., 24 PoVo

In F > H work done is 36 PoVo

7. From ideal gas equation,
pV = uRT
20
p= RT
~ Number of moes of gas in first container,
Y
_ RT,
H1 =
Number of moles of gas in second container,
P,V
2= RT,
Number of moles in containers when joined with each other,
PV
p= RT
But, M= 1+ g2
p2Y) _ PV PV 2 _Pi Py P_Pi Py
RT RT, RT, - T T T, T 2T, 2T,
8. Heat Energy
dU = V,dT _[ERJdT qT = 2dY)
2 N 5R
By First law of thermodynamics
Q
dU-da-aw - 377
du = 3Q
4
Now molar heat capacity is
Co dQ_ Q@ _ 5RQ
dT 2 du 2 3Q _ ER
5R 4 3
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I
I
|
I
|
I
I
|
I
A

EXERCISE #3

PART -1
Given Ti1= 800K
T2 = 400K and W = Q1 — Q2 = 800W
The work done per unit amount of heat absorbed is given by

W_Ti-T, 800-400 1 800 1
Q T _ 80 2 > Q2 1=1600W or Jsa
1600 _ 1 1600
oo Q= U 2 50,-1600Wordss or Q1= 42 =38lcalsa

T,-T, 800-400 1

Efficiency, n= 800 -2 o 50%
(i) In adiabatic change ideal gases do not obey boyle's law but obey Poisson's law.
TVy-1 = constant

1 54
v, ' 3
[\/1} xT, [L} %300
or TiVe—1=TaVay-1 =Ta= L2 = [22v =150 K

(i) Change in interanl energy AU = uCvdt
3
AU=4x 2 R (150 — 300) = 2 x 8.3 x (-150) = —7500 J
Heat given to a system (AQ) is equal to the sum of increase in the internal energy (Au) and the work done
(AW) by the system against the surrounding and 1 cal = 4.2 J.

According to first law of thermodynamics
AU =Q—-W =2 x 4.2 x 1000 — 500 = 8400 — 500 =7900J

by first law of thermodynamics AQ = AU + AW
for adiabatic expansion AQ =0
= AU = -AW

Let Cv and Ce be molar specific heats of the ideal gas at constant volume and constant pressure,
respectively, then
Cp = MCp and Cv = MCv Cp—Cv=R ~MCp-—MCv=R = Cp—Cv=R/M

Ideal gas equation, for an adiabatic process is

PV, = constant T1=273 + 27 = 300K
7

pP\PJ) —constant  T2=273+927 = 1200K

P1-, T, = constant

= Pi1-, Ty, =P21-, Ty

= 21-1.4 (300)14 = P21-14.(1200)1.4

1— N Y
R L RS
= P1 = T2 = P1 = T2
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10.

11.

12.

13.

14.

15.

S

1.41

P2=P1 4[ﬁi

In cyclie process AU = 0

So heat absorbed

AQ =W = Area under the curve
=—(2V) (P) =-2PV

so heat rejected = 2PV

1st process is isothermal expansion which is only correct shown in option (4)
2nd process is isobaric compression which is correctly shown in option (4)

P
P2

o, B
P, = (4)14 = P

|

1200
300

]0.4
=414

?\
= P2 4[2J: P1(27) = 2 x 128 = 256

Intial and final condition is same for all process

AU1 = AU2 = AUs3
AQ = AU + AW
Work done Awi > Aw2 > Aw?
S0 AQ1> AQ2> AQs3
1

wnet = Area = 2 AC. BC

1
2 x5x10-3 x 4 x 10s

(Area of P.V. graph)

103J
P1> P2
P,
Vb o P.
0,
0,
T
as V =constant = P «T
Cpr—Cv=R
Ce
y=Cv
3
AQ=AU+AW= 2 4 =8
PxTs
PTs=C
PTY =C

;

NaK (T2 —Ta)
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1
g— '
16. Mean free path J2nd?
1 1

oo — o —
So d? = r?

5 5
E{vaf_PiVi} _E{2x103x6—5x103x4]

f
17. AU= 2 nR(Ti—Ti) =

5
— 3
_ 2 (12-20)x10°J = 5 x(=4) x 103 J = —20 KJ

Refrigerators
q,=100J g, = 100 J
w =104 w =10J
q,=90J 0, =90J

18.
So, 90J heat is absorbed at lower temperature

_&_[;*_1}‘_(1;}

¥
i
10. 2

20. For a complite cycle
Qcycle = chcle
1

+400 +100 + Qcsa= 2 (2x 10-3) (4x 105) = Qcoa=—-460J = Qasc =+ 460 J
P

+\_ adiabatic
iisobaric
21. 1 v
Since area under the curve is max for adiabatic process so work done on the gas will be max for adiabatic
process.
T
cop=h__% __Tc _g
22 w a1 -0y TH - TC
Tc=5TH—-5Tc
6Tc =5TH
6 x 253k
Th= O = 303.6 k = 30.6°C = 31°C
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23.

24,

25.

26.

27.

28.

29.

3RT
AV — (2
RMS Mo
M _ [T
Vo \ T
200 _ [300
V, V400
400
V,="—
= \/5

PV3 = constant
for a polytropic process. PV® = constant

R 3R+ R 3R R=R

C:CV+1_0(:E 1_3: 2 2

Qmore _ Qmore _ Tmore t1 +273

w Qmure - QIess - Tmore - Tless (t1 + 273) - (t2 + 273)

t, +273
t’l - t2

PV__mass PV
n:RT Molarmass RT

mass  (Molarmass)P (MmN, )P mP
density = Volume — RT = RT = KT

Isochoric parallel to y axis
Isobaric - parallel to x axis
Along the curve isothermal
So, correct option (2)
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f—‘n1RT +%n2RT

30. Utotal =
5 3
=§x2RT+E4RT _11RT
o]
w
Q2

31.

w_1_10

% 10 q >  q=1001J

SO g2=100-10=90J
32. VT = pressure = constant so the process is an isobaric process

W NRAT 1

W  nRAT S+~

A Q f 3 2

Q nCpAT _ n(R+§R)AT _ 1+§:§

Tiess 273
33 n=1- Tmoe =1_ 373 =268%
3KT \/3x1.38x10-23xT
—26

34, M =ve = 2.76x10 = 11.2 x103

= T=8.36 x 10K
35. In adiabatic process AQ =0

36. KE % Temp
i.e. increasing temperature, increases KE of gas filled in container

2
37. y=1+ T
2 7 2 5 2 9
yH2:1+f:5 = YHe=1+3=3 = v3:1+7:7
38. Q=aU+W
AU=Q-W
Q=2256J AU = 2256 — 167
W = PAV AU =2089 J
W =105 (1671 — 1) x 106
W=1671J
PART -1l
1. At A, temperature = To, volume = Vo, pressure = Po for n moles of monoatomic gas.

At A, PoVo = nRTo (cold)
At B, 2PoVo = nRThigh = T'=2To
Maximum thermal efficiency of the reversible engine of this Carnot's cycle
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B P R
T 2T, 2
T. T.
=1 2ot
2. Using 1 or 1
Accoring to first case
L 4 1.5
T 66 . 0
According to second case
T,-62
2= =1-2x 1 = 2
1 6 3 ... (i)
T, _62_2
T T, 3
From equations (i) and (ii), we get
5.62_2 5.2_862
6 T, 3 = 6 3 T,
1_62
N 6 T
T1=372Kor T1372-273
T1=99°C
4, According to gas equation
PV = nRT
PV, PRV, P, Vi T,
or T2 T‘T or P1 V2 T1

Here, T2 = 3000 K, T1 =300 K
Since Hz splits into hydrogen atoms, therefore volume becomes half

PV ><3000

1 P, 1., 300
2 =§V1 ! va
ie.,

I3—2:20
or P orP2=20P:
PART - 1ll
1. n (moles) = 2

A to B is isobaric process
Was = PAV = nRAT = (2) (R) (200) = 400 R

Was =400 R
2. D to A is isothermal process
Work done by the gasin D to A is
Va Ll
Wba = nRT In Vio NRT In P2
10°
= (2) (R) (300) In 2x10°
= (600 R) [-In 2]
=— (600 R) (0.693)
=—-414R

Wba = — 414 R, it is work done by the gas
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So work done on the gas is + 414 R
3. Wascpa = Was + Wse + Web + Wba
Ps

= nR (AT)as + NR (Ts) In TC +nR (AT)co + R (To) In
1

= nR (200) + 500 nR In 2 + nR (= 200) + 300 nR In 2

Po

Pa

=2In2[500 R - 300 R] = (400 R) (In 2) = (400 R ) (0.693) = 276 R

Waecpa = 276 R

m 1

4., d 4= ms
kE = for diatomic
5 5 1

KE= 2 PV=2 x8x104%x 4 =5x104J

5. TVy-1= constant
7 L
71 V8 =, (32VP°
T 1 1

T1 = (32)2!‘5 =4
T2

1
n:l_ T1 :1_4

E 1 T,

Alw

1
6. n=1- " =6 = T 21_6=
1, (T,-62) T, 62

3 - T
5(T,-62) 2

T, _3
5T2—310 = 4T2

T2 =310 and Ti= °
T1=372K Ans.

N T, +n,T, +n3T5

7 T= Mtng+ng
1hr 2 Tz R
—Mv? =C,,.AT My = —— AT
8. 2 =3
MvZ(y—1)  (y—1Mv?

PT
® vacuum

It is the free expansion
So, T remain constant
Pi1V1i = P2V2
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10.

11.

12.

v
P 2=P2V)

)

PoVo

1

n=

For 1st case

_l]xmo

efficiency = n = [ 2

’I—L x100 =40
500

T1 =300 K
for 2nd case

[1—@}100—60
n= T2

T2=750 K

3 5 13
SPVo+52PoVe o PoVe

f f 3
E(po"o )+ §(2P0 Vo +2pgVy 2 +3+2

200

= 13 =154%
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13. AU = 2 nRAT
For cyclic process AU =0
For process CA
5
AU = 1x 2 R (- 200) = =500R
For process AB : -
R
AU =1x 2  x(+400) = 1000R
For process BC :-
R
AU =1x 2 x(-200) = — 500R

14,
For air trapped in tube Pi1Vi = P2V2
P1 = Pam = pg76
V1= A. 8 (A = area of cross section)
P2 = Pam — pg (54 — X) = pg (22 + X)
V2 = A.X
pg76. A8 = pg(22 + x) Ax
X2+ 22x—-78x%x8=0
= x =16 cm.
1u nRT 1
15. p=3V => V o« 3T,
4
VT3 = const = 3 Rs T3 = const
il
TR = const = Tx R
16. Since entropy is a state function, therefore change in entropy in both the processes should be same.
Therefore correct option is (2)
1
T= ﬁ
17. since NN 2V d
1 T oC v
noc— =
Vand ~ Vms* JT = JT
¥+
n=CiVa <v>=Cz2Tw2 since TV,1=constant= T*V 2
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~Pov-2v,)
18, P-Po= Yo
Py
P=3Po— Yoo L (1)
MRT s Py
\Y Vo
_P_0V2
nRT = 3PoV Vo differentiate w.r.t. Volume
oy g 3V
3pp— Vo -~  v= 2
Put in (1)
P_o[?’Vo } _3Py
P =3P — Vol 2 2
Now,
PV =nRT
9PV, _nRT T gPOVO
4 = 4 xR

19. C = (Mo)s

For Hz as well as N2

Cpr—Cv=R

(Mo) Sp— (Mo) Sv =R
R

Sp—-Sv= Mo

For Hz gas
R

Sp—Sv= 2

For N2 gas

=a

8|

Sp—Sv=

ai

=14=a=14b

PN

So

[ﬂ} (ﬂ}
20. ni— Ni = RT )i \RT);

(105)(30)( 11 J
ﬂ(i_ij 25 300 290

ni—ni = R T 3
90x105[ 10 } 90x10*  3x10* 3x10* 23 25
- = mole 6x10%° = —2.48x10
_ 25 ((300)(290))__ 25x3x29 25x29 " __ 25x29 g
21. For adiabatic process
5 2 , T, =29 _ 180k
TV =TV, ,=3 o 300(V)? = T,(2V)° - 3
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22.

23.

24,

25.

26.

27.

28.

AU—f 3,25 )

—NRAT —2—(189 300
2 =-2.7kJ

VRMS He / ~J10
VRMS Ar =3.16
For ABC AQ = AU + AW
60 =AU + 30
AU =30J

For ADC
AQ=AU+AW=30+10=40J

3RT
Vims = M = Vms X ﬁ
To double the Vims, Temp must be 4 times of the initial temperature
T2=4 x 300 = 1200K
15 5

heat added = n C, dT= 28 x 2 x 8.314 x (1200 — 300) = 10021.3J~ 10 kJ

=

() and (2)

Ta = (T 1) Tp(TET)

C
I
— I\J|—h
>
py)
_|
I\Jl—h
- =

2py = 2p
3 2
2

1.

x 4 x 103 x 8
5x103]

W =nRAT =291J

1st condition:
AQq = AQ:
100 x Sa x (100 —90) =50 x Sgx (90 — 75) ()
2nd condition:
Aeg = Aeff
100 x Sa (100 — 8) = 50 x Sp(6 —50) ... (i)
dividing (ii) by (i)
100-6 06-50
100-90 90-75
300-36=206-100
6 =80°C
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29. For adiabatic process
TV¥-1 = Constant

2 7
y=1+ 5-5 (For diatomic gas)
7 2

L q1==

SOX:v—1:5 5

1

1I=——
V2nnd®Vv,,,

30.
ne Number of molecules
Volume

= P
u_ |2 P

o LI

15 =6><‘108><‘/g><‘I
- 3 2

~4x108s

Y
N~ — 1%

nT|p, (h

31. N~
nRT +m _ nRT
- LA A A

nRT[1 1}
m=——~fj ————
N 9 \[L [
nRT[Eh—IZbJ
- 9 \ Ok
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