fiziks
LISIK2

fiziks

Institute for NET/JRF, GATE, IIT-JAM, M.Sc. Entrance, JEST, TIFR and GRE in Physics

THERMODYNAMICS AND STATISTICAL PHYSICS SOLUTIONS

GATE 2010
Q1. A system of N non-interacting classical point particles is constrained to move on the two-

dimensional surface of a sphere. The internal energy of the system is
@) %NkBT (b) %NkBT (©) Nk,T (d) gNkBT

Ans:  (c)
Solution: There are 2 N degree of freedom.

NksT N NksT

The internal energy of the system is = NksT

Q2. Which of the following atoms cannot exhibit Bose-Einstein condensation, even in
principle?
() H; (b) *H. (c) ®Nayy (d) *°Kyg
Ans:  (d)
Solution: For Bose-Einstein condensation:
Number of electron + number of proton + number of neutron = Even
For ** Ko
Number of proton = 19, Number of electron = 19, Number of neutron = 11.
19+ 19 + 11 =49 thisis odd. So it will not exhibit Bose-Einstein condensation.
Q3. For atwo-dimensional free electron gas, the electronic density n, and the Fermi energy Ef,

are related by

2mE mE
(@) n=" 37[;;12 (b) n="r
mE (ZmE )3/2
(C)n=2ﬂhi (d) n="—"——
Ans:  (c)
R 2m
Solution: n = j g(E)f(EAE , g(E)dE =" dE
0
1 if E<E, _2mE, mE,

f(){o, ifE>E, W 22
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Q4.  Which among the following sets of Maxwell relations is correct? (U-internal energy,

H-enthalpy, A-Helmholtz free energy and G-Gibbs free energy)

@ 7= (a—Uj and P = [a—UJ (b) ¥ = (aﬂj and T = (a—Hj
v ) as ), oP ) as ),
©) P- —(6_6') and V' = (a_Gj d) P= —(5_/1) and § = (G_AJ
v ), oP ) S ), oP),
Ans: (b)
Solution: dH =TdS +VdP = (%j = T(aﬂj =V
oS ), OP )
y . o 2 (k,T)’ .
Q5.  Partition function for a gas of photons is given as, InZ :%. The specific heat
of the photon gas varies with temperature as
@ | (o3, [t
c, o

Ny
Ny

€ (d) A
c, Gy
T T
Ans:  (a)
Solution: U =K,T? Olnz , Cy :(@j =C,xT?.
oT ot ),
Q6.  From Q. no. 5, the pressure of the photon gas is
(a) ﬂz(kBT)3 (b) 7 (k,T) © 7 (k,T) ) 7r2(kBT)3/2
154°C*® 8n°C?® 451°C? 45n°C°
Ans:  (c)
2(k,T)*
Solution: Since, p=—% P:KT(aInZJ == ( 3 3)
oV ov ), 45n°C
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Q7.

Ans:

GATE 2011

A Carnot cycle operates on a working substance between two reservoir at temperatures 7;
and 7, with 71 > T,. During each cycle, an amount of heat Q; is extracted from the
reservoir at 7; and an amount O, is delivered in the reservoir at 7,. Which of the
following statements is INCORRECT?

(a) Work done in one cycle is Q1 — 02

9 _9
(b) T

(c) Entropy of the hotter reservoir decreases
(d) Entropy of the universe (consisting of the working substance and the two reservoirs)

increases

(©

Solution: Entropy of hotter reservoirs decreases.

Q8.

Ans:

Q9.

Ans:

In a first order phase transition, at the transition temperature, specific heat of the system
(a) diverges and its entropy remains the same

(b) diverges and its entropy has finite discontinuity

(c) remains unchanged and its entropy has finite discontinuity

(d) has finite discontinuity and its entropy diverges

(b)

A system of N non-interacting and distinguishable particle of spin 1 is in thermodynamic
equilibrium. The entropy of the system is

(@) 2kpIn N (b) 3kgIn N (C) Nkg In 2 (d) Nkpin3

(d)

Solution: S= kBZInQ, Q=3 is number of microstate. S=1, S,=-1 0, 1

The entropy of the system is Nkg In 3.
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Q10. A system has two energy levels with energies ¢ and 2¢. The lower level is 4-fold
degenerate while the upper level is doubly degenerate. If there are N non-interacting
classical particles in the system, which is in thermodynamic equilibrium at a temperature
T, the fraction of particles in the upper level is

1 1
Q) ——— b) —————
( ) 1+eg/kBT ( ) 1+265/kBT
1 1

Zes/kBT +4626/kBT (d) Zes/kBT _4628//{BT

(©

Ans: (b)
26—26/ kT 1

QoK 4 Do 2elkT = 1+ 20/ T

Solution: Partition function Z = 4e™'*" + 2¢ <'*" = P(2¢) =

GATE 2012

Q11. The isothermal compressibility, x of an ideal gas at temperatures 7, and 7V} is given by

1o0r 1or oP OP
@ -—— (b) —— ©) -Vorrr @) Vo~
Vo 0P|, Vo 0P|, vl vl
Ans:  (c)
i I oP
Solution: Isothermal compressibility x = —V(—)
oV J;

Q12. For an ideal Fermi gas in three dimensions, the electron velocity 7 at the Fermi surface

is related to electron concentration ~ as,
@) V, cn®? (b) ¥V, cn (€) V, ocn''? (d) v, oc n'?
Ans:  (d)
Solution: E, :%mVFZ v Epen’ =1V cn®P=v, cn'
Q13. A classical gas of molecules, each of mass m, is in thermal equilibrium at the absolute

temperature 7. The velocity components of the molecules along the Cartesian axes are

v,,v, andv,. The mean value of (vx +v, )2 is

kT o) 3T

m Em

kT

© 1 2k,T
2 m

m

(@)

Ans:  (d)

(d)
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Solution: <(m+1/y)2>:<vf> < >+2<v v,

() ()2t - 2T

k

wlv) = )=0and (12)+(V?) =

Q14. The total energy, E of an ideal non-relativistic Fermi gas in three dimensions is given by

5/3

E o« ———, where N is the number of particles and Vis the volume of the gas. Identify the

V2/3 !
CORRECT equation of state (P being the pressure),
) PV:%E (b) PVz%E (©) PV=E (d) PV:%E
Ans: (b)
3 %
Solution: P = —(ﬁj :E(EJS =PV = 2 N™ e —E.
oV )y 3\V 3y% 3

Q15. Consider a system whose three energy levels are given by 0, ¢ and 2¢. The energy level ¢

is two-fold degenerate and the other two are non-degenerate. The partition function of the

. 1 . .
system with 3 = is given b
Y 4 kT g y
@ 1+ 2% (b) 2077 4 o72F (c) L+ eiﬂ“")2 (d) 1+ e P 4 e?F
Ans:  (c)

Solution: E, =0, E, =¢,E, =2¢; g, =1 g,=2,g, =1where g,,g, and g, are degeneracy.
The partition function Z = g,e 7 + g,e " + ge " =1+ 2¢* + e (1+e )2

GATE 2013

Q16. If Planck’s constant were zero, then the total energy contained in a box filled with
radiation of all frequencies at temperature 7" would be (% is the Boltzmann constant and

T is nonzero)
(a) zero (b) Infinite ©) ng d) kT

Ans:  (d)
Solution: If Planck’s constant were zero, then the system behaved as a classical system and the

energy is kT .
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Q17. Across a first order phase transition, the free energy is
(@) proportional to the temperature
(b) a discontinuous function of the temperature
(c) a continuous function of the temperature but its first derivative is discontinuous
(d) such that the first derivative with respect to temperature is continuous
Ans:  (c)
Q18. Two gases separated by an impermeable but movable partition are allowed to freely

exchange energy. At equilibrium, the two sides will have the same

(a) pressure and temperature (b) volume and temperature
(c) pressure and volume (d) volume and energy
Ans: ()

Q19. The entropy function of a system is given by S(E)= aE(E, — E) where a and E, are

positive constants. The temperature of the system is
(a) negative for some energies (b) increases monotonically with energy
(c) decreases monotonically with energy  (d) Zero

Ans: (a)

Solution: From first and second law of thermodynamics

TdS =dU - PdV = dS = ~(dU - PdV) = oy _1 . v
T oE ),

1
T

oS

S(E)=aE(EO—E):>(a—Ej =a(E,—E)-aE=a(E,—-2E)=>T= !

a(E,-2E)

Q20. Consider a linear collection of N independent spin ¥ particles, each at a fixed location.
The entropy of this system is (& is the Boltzmann constant)
(a) zero (b) Nk ©) %Nk (d) NkIn(2)

Ans:  (d)

Solution: There are two microstates possible for spin % particle, so entropy is given by Nk In(2).
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Q21. Consider a gas of atoms obeying Maxwell-Boltzmann statistics. The average value of
e“? over all the moments p of each of the particles (where a is a constant vector and «

is the magnitude, m is the mass of each atom, 7 is temperature and & is Boltzmann’s

constant) is,

1 2mkT —§azka

(a) one (b) zero ©e? ) e ?

Ans: (c)
Solution: (e”?) = T T T f(pop, p. )" dpdp,dp. where f(p,.p,.p.) is Maxwell probability

—00 —00 —00

distribution at temperature T.

2
p

«© X «© p)z o z
pay _ " 2mkT Pl 2mkT Py  2mkT P-4
(e )—IAxe miT g dpx'[Aye m e“dp},'[Aze mi P
—00 —0 —00

2

—(al+ai+a?ymkT oo _(pX—kaax)z © (p,-mkTa,)? © _(p.—mkTa,)?

(e"’ﬁ):efIAxe 2mkT dpr‘Aye_ 2mkT dpyJ'Aze 20kl

—o0 —00 —o0

2,2, 2
—(ag+as+ kT 1
(a? +a+a?)m .

(" V=e 2 111 =e ?
Common Data for Questions 22 and 23: There are four energy levels E, 2E, 3E and

4F (where E > 0). The canonical partition function of two particles is, if these particles
are

Q22. Two identical fermions

(a) o 2PE L o E | ,SPE | ,BpE (b) o E | o E | P | SPE | TPE
(©) (e—ﬂE o 2E y pE | AE )2 (d) o 2PE _ g ME | g PE _ 8P
Ans:  (b)

Solution: The possible value of Energy for two Fermions
E, =3E,E, =4F,E, =5E,E, =6E,E. =TE

The partition function isZ = e + ™% 1 2™ 4 ¢ L &7/  then the answer may
be option (b).
Q23. Two distinguishable particles
(a) e PE 4 oM | o SPE | o BE (b) e 4 o ME | SPE | o SBE | TSE
(©) (e—ﬂE 4o 2E | oIE | ABE )2 (d) o 2PE _ g ME | g PE _ 8P
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Ans:  (c)

Solution: When two particles are distinguishable then minimum value of Energy is 2E and
maximum value iS8E .
So from checking all four options (Z = e Lo L o )2

GATE 2014

Q24. For a gas under isothermal condition its pressure P varies with volume ¥ asP oc V™2,

The bulk modules B is proportional to

(a) V—1/2 (b) V—2/3 (C) V—3/5 (d) V—5/3
Ans: (d)
Solution: P=KV™*?, B= _V;Z_I; BV

Q25. At a given temperature 7', the average energy per particle of a non-interacting gas of

two-dimensional classical harmonic oscillators is i/l

(k, is the Boltzmann constant)

Ans: 2
Q26. Which one of the following is a fermion?

(@) o particle (b) , Be* nucleus (c) Hydrogen atom  (d) deuteron
Ans  (d)

Solution: If total number of particles i.e., electron, proton and neutron is odd, then it is a
fermions: P+ N+ E =3

Q27. For a free electron gas in two dimensions the variations of the density of states. N(E)as a

function of energy E', is best represented by

A

@ N(E) (b) N(

NE)|L—
© @ M

E

’”K

E E
E)Z,

E

H.No. 40-D, Ground Floor, Jia Sarai, Near 11T, Hauz Khas, New Delhi-110016

Phone: 011-26865455/+91-9871145498
Website: www.physicsbyfiziks.com | Email: fiziks.physics@gmail.com




fiziks
LISIK2

fiziks

Institute for NET/JRF, GATE, IIT-JAM, M.Sc. Entrance, JEST, TIFR and GRE in Physics

Ans. : (c)
Solution: N(E)« E°

Q28. For a system of two bosons each of which can occupy any of the two energy levels 0 and

& . The mean energy of the system at temperature 7" with g = ﬁis given by

B
(@) se PP 4 2ge07¢ (b) 1+ge ™’ ©) 2ce % 4 ge Pt (d ce Pt 4 2ge7?P¢
1+2e7P¢ 4 ¢7%¢ 207 P 4 o7%P¢ 24P 4?0 24y

Ans. : None of the options are matched.

Solution: If both particle will in ground state the energy will 0, which is non-degenerate. If one
particle is in ground state and other is in first excited state then energy is ¢ and non
degenerate. If both particles will in first excited state, then energy will 2&, which is
non-degenerate.

Then partition function is Z =1+exp(—f¢)+exp(-2p¢)

exp— fe +2cexp—2p¢
1+exp— fe +exp—2p0¢

Average value of energy =

No one answer is correct, but answer may be (a).
Q29. Consider a system of 3 fermions which can occupy any of the 4 available energy states
with equal probability. The entropy of the system is
@) kyzIn2 (b) 2k, In2 (€)2k,In4 (d) 3k, In4
Ans:  (b)
Solution: Number of ways that 3 fermions will adjust in 4 available energy is ‘C, =4 so
entropy is k,In4 =2k, In2
GATE 2015
Q30. In Boss-Einstein condensation, the particles
(a) have strong interparticle attraction
(b) condense in real space
(c) have overlapping wavefunctions
(d) have large and positive chemical potential
Ans.: (c)
Solution: In Bose- Einstein condensates, the particles have overlapping wave function.
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Q3L1.

Ans.:

For a black body radiation in a cavity, photons are created and annihilated freely as a
result of emission and absorption by the walls of the cavity. This is because

(a) the chemical potential of the photons is zero

(b) photons obey Pauli exclusion principle

(c) photons are spin-1 particles

(d) the entropy of the photons is very large

(@)

Solution: The chemical potential of photon is zero

Q32.

Ans.:

Consider a system of N non-interacting spm—E particles, each having a magnetic

moment 4, is in a magnetic field B = BZ. If Eis the total energy of the system, then

number of accessible microstates Q is given by

E
(2) Q= il (b)Q(N_—’uB)!
GRS N
(©) Q=%(N—£J! %(N+£J! (d) oS M
"R\
(a)

. . . . . . 1
Solution: Number of microstate is “C, , where », is number of particle in +§ state and

. . 1
n, =(N —n,) is number of state in —= state.
2

where n, :%(N—ij, n, =1(N+£J

UB 2
LV

oy Etfy, E
2 UB )2 uB

So, number of microstate =
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Q33. The average energy U of a one dimensional quantum oscillator of frequency wand in

contact with a heat bath at temperature 7'is given by

@ U :%ha)coth(%ﬂha;] (b) U =%ha)sinh(%ﬂha}j
(U =%ha)tanh6,b’ha)j d) U :%hwcosh(%ﬂhwj
Ans.: (a)
. g5, & P 1 1
Solution: ~Z=Ye =) e where E=|n+= lho=>Z=—">——
i=0 2 . pho
2sinh| ——
2
','U:__amZ:_im ; :h_wcoth(@j

o8 o8 2sinh (,Biz'za)j 2

Q34. The entropy of a gas containing N particles enclosed in a volume ¥V is given by

3/2
S = Nk, In(%} , Where E is the total energy, ais a constant and k, is the

Boltzmann constant. The chemical potential s of the system at a temperature 7 is given

by
[ (aVE®?Y 5 [ (avE¥?) 3]
(a) Iu:—kBT In( N5/2 J_Ei| (b) Iu:-kBT In[ N5/2 j—E
[ (aVE¥?)\ 5  (avE¥?) 3]
(C) ,u:—kBT_In( N3/2 j—5j| (d) lu:—kBT_ln( N3/2 —E_
Ans.: (a)

5/2

3/2 3/2
Solution: (a—GJ =—8=—Nk,In ave 8 =NkyIn ave
or ), N N

3/2
= G=-Nk,TIn (%j+ In 4

oG aVE®¥? N¥% (-5/2 aVE®? | 5
3#2(5)2—{1637"'”(? +NkBTW.(]V72)aVE3/2 Z—kBT In 5 _E

NE
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GATE-2016
Q35. The total power emitted by a spherical black body of radius R at a temperature 7' is F,.

Let P, be the total power emitted by another spherical black body of radius g kept at

temperature 27 . The ratio, % is . (Give your answer upto two decimal places)
2
Ans.: 0.25
274 274
Solution; Poc AT* = L _Kih __ RT :%:%:0-25

BORT (Rjz(zT)“
2

Q36. The entropy S of a system of N spins, which may align either in the upward or in the
downward direction, is given by S =—k,N[ pIn p+(1-p)In(l-p)| . Here k, is the
Boltzmann constant. The probability of alignment in the upward direction is p. The value
of p, at which the entropy is maximum, is . (Give your answer upto one decimal
place)

Ans.: 0.5

Solution: S ==k,N[ pIn p+(1-p)In(1-p)]

(-1)=0

For maximum entropy, b, 0 = |np+px£—|n(l—p)+(l—p)x
dp p 1-p

Inp+1-In(1-p)-1=0= |n[ﬁJ:O:>p=1—p:p=0.5
Q37. For a system at constant temperature and volume, which of the following statements is
correct at equilibrium?
(a) The Helmholtz free energy attains a local minimum.
(b) The Helmholtz free energy attains a local maximum.
(c) The Gibbs free energy attains a local minimum.
(d) The Gibbs free energy attains a local maximum.
Ans.: (a)
Solution: dF =-SdT — PdV
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Q38. N atoms of an ideal gas are enclosed in a container of volume 7. The volume of the
container is changed to 4V, while keeping the total energy constant. The change in the

entropy of the gas, in units of Nk, In2,is , Where £, is the Boltzmann constant.

Ans.: 2
Solution: S; = =Nk, Inl, S, = —Nk, In% = AS=S8,-8 =Nk In4d=2Nk;In2

Q39. Consider a system having three energy levels with energies 0, 2¢ and 3¢ ,with
respective degeneracies of 2,2 and 3 . Four bosons of spin zero have to be
accommodated in these levels such that the total energy of the system is 10 & . The

number of ways in which it can be done is
Ans.: 18

Solution: The system have energy 10 &, if out of four boson two boson are in energy level

2¢ and two boson are in energy level 3¢ and

n+g;—1
W=[l=————,ny=2,g=2and n,=2,g,=3
i |ﬁgi—1
_|2+2—1X|2+3—1
122-1 [23-1

=3x6=18

Q40. A two-level system has energies zero and £ . The level with zero energy is non-
degenerate, while the level with energy E is triply degenerate. The mean energy of a

classical particle in this system at a temperature 7 is

£ - - -
Ee®’™ EeT 3Ee T 3Ee"T
(a) =% (b) 3 (c) 3 (d) =
1+ 3efs” 1+e"? 1+e"? 1+ 3ers”
Ans.: (d)
E.
i 0 E —E
Solution: _g‘g’E"e _Oxe T +3xExe T 3EeMT
olution: (E)= 5= — 5= =
Zgie kT e kT +3X€ kT l+3ekBT
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GATE 2017

Q41. Consider a triatomic molecule of the shape shown in the figure in three ‘ __________ ’

dimensions. The heat capacity of this molecule at high temperature
(temperature much higher than the vibrational and rotational energy scales ‘

of the molecule but lower than its bond dissociation energies) is:

3 9
(@) Sk (b) 3k, ©) Sk (d) 6k,

Ans. : (d)

Solution: If given molecules are at lower temperature i.e. atoms are attached to rigid rod then

degree of freedom is 6, so internal energy is 6k§T , but at high temperature, vibration

mode will active, so there are three extra vibration mode will active, so total energy
U =3k,T +3kyT =6k,T

C, = (a—Uj = 6k,
or ),

Q42. A reversible Carnot engine is operated between temperatures 7, and 7, (7, >T7;) with a
photon gas as the working substance. The efficiency of the engine is
3T T T 3/4 T 4/3
@ 1-—- (b) 1-—- ©1-] - (d)1-] +
4T, L L T
Ans. : (b)

Solution: Efficiency of Carnot engine does not depends on nature of working substance rather

Q43.

Ans, :

depends on temperature of source and sink

T
_1-4
@ T,

Water freezes at 0°C at atmospheric pressure (1.01><1O5 Pa). The densities of water and
ice at this temperature and pressure are 1000kg /m® and 934kg/m® respectively. The
latent heat of fusion is 3.34x10°J / kg . The pressure required for increasing the melting

temperature of ice by 10°C is............... GPa . (up to two decimal places)

0.01x1072
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. dP L Pe L ©dT L
Solution: (—j =———= [dP= [—=P-B= In—2
L

In 5 =1x10° Pa = 0.01x102GPa
(Vz _Vl) I

Q44. Consider N non- interacting, distinguishable particles in a two-level system at

=>F=0R+

temperature 7. The energies of the levels are 0 and ¢, where £>0. In the high

temperature limit (k,7 > &), what is the population of particles in the level with energy

e?
N N 3N
a) — b) N c) — d) —
@ (b) © 5 @ =,
Ans. : ()
&
exp——
Solution: P(g) =—kT, population of particle in the level with energy ¢ is
1+exp——
kT
exp—i exp—i
NP(¢)= N——KL_ for (k,T > &), NP(¢)=N Ly 1 N
1 g g 1+1 2
+EXp——— 1+exp——
kT kT

Q45. The energy density and pressure of a photon gas are given by u =aT* and P = % . Where

T is the temperature and « is the radiation constant. The entropy per unit volume is given

by aaT®. The value of « is............... (up to two decimal places)
Ans.: 1.33
Solution: 7dS = dU + PdV = T(a—Sj = (8—Uj + P
ov ), oV );

4 4
(a_sj =1(5_U) (P _al” al” 4 rs_ a3
o). T\ov ) T T Tar 3
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Q46. Consider two particles and two non-degenerate quantum levels 1 and 2. Level 1 always
contains a particle. Hence, what is the probability that level 2 also contains a particle for
each of the two cases:

(i) when the two particles are distinguishable and (ii) when the two particles are bosons?
L1 1 L1 1
a) (i) = and (ii) = b) (i) = and (ii) =
()()2 ()3 ()()2 ()2
N 2 1 : .
(c) () 3 and (ii) 5 (d)(i)1and(ii) O
Ans. : (c)
B A 5

Solution: (1): For distinguishable particle: 4 B AB P(2):§

(11): For indistinguishable particle (Bosons): i P(2):%
GATE-2018

Q47. A microcanonical ensemble consists of 12 atoms with each taking either energy 0 state,
or energy < state. Both states are non-degenerate. If the total energy of this ensemble is
4 ¢, its entropy will be k, (up to one decimal place), where &, is the
Boltzmann constant.

Ans. : 6.204

Solution: The number of ways having total energy 4 <, out of 12 atom is

Q48.

12~ IQ _12)(11)(10)(9
Tl4s 4x3x2

=495

Hence, entropy, S =k, Inw=k, In(495) =k, (6.204) =6.204 k,

An air-conditioner maintains the room temperature at 27°C while the outside temperature

is 47°C . The heat conducted through the walls of the room from outside to inside due to

temperature difference is 7000 /. The minimum work done by the compressor of the

air-conditioner per unit time is w.
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Ans. : 466.67
Solution: Q, +W =Q, =47+273=323k
o L
Coefficient of performance of refrigerator (AC) 0
w 1
Also, coefficient of performance of refrigerator, = ! <> «—Ww
00 7000 0, =7000J/S
TR I | |+— 0, (Heatcoming in room)
2000% 20 1400 T,=27+273=300k
S W=l g s =2 = 466.67 W
300 3

Q49. Two solid spheres 4 and B have same emissivity. The radius of 4 is four times the
radius of B and temperature of A is twice the temperature of B. The ratio of the rate of
heat radiated from A to that from B is

Ans. : 256

. Rate of heat radiation from solid sphere(4) 4zR2T;

Solution: - - = 2ma
Rate of heat radiation from solid sphere(B) 4zR;T,

R,=4R, and T, =2T,

_ 4xRIT, _ (4R, )2 x (2T, )4

=0 0] T 1616 = 256
4RI, (R,) %(T,)

Q50. The partition function of an ensemble at a temperature 7 is

N
=| 2cosh d
k,T

where &, is the Boltzmann constant. The heat capacity of this ensemble at T:ki is
B

X Nk, , where the value of X is (up to two decimal places).

Ans.: 042

N
Solution: The partition function, z =| 2cosh ¢
k,T

8(In Z)
oT

The average energy, (E)=k,T°
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Nk, T? {ZSinh [kgTﬂ(k_Yg"Z]
= £ 5 =—Ngtanh (kiTj
2cosh (gj B
k,T

d{E _
Czﬁz—Ngsech2 € 82
dT k,T )\ k,T

N{;‘z 2 2
, C =——————sech” (1) = Nksech”(1)=0.42Nk
k_(gZ/kZ) ( ) ( ) B

GATE-2019
Q51. Consider a one-dimensional gas of N non-interacting particles of mass m with the

Hamiltonian for a single particle given by
2
H =p—+£ma)2 (x2 + 2x)
2m 2

The high temperature specific heat in units of R = Nk, (%, is the Boltzmann constant) is

(@)1 (b) 1.5 (€) 2 (d) 2.5
Ans. : (c)
2
Solution: (H)=(2- v <x2>+£ma}2 (2x) _ A N +Uy
(H)= NkT
CV = a_H = NkT
oT

Q52. A large number N of ideal bosons, each of mass m , are trapped in a three-dimensional

ma’r?

potential V(r)= . The bosonic system is kept at temperature 7"which is much

lower than the Bose-Einstein condensation temperature 7,.. The chemical potential (y)

satisfies

3 3
@) ,uSEha) (b)2ha>>,u>§ha)
(¢) 3w > u>2hw (d) u=3nw

H.No. 40-D, Ground Floor, Jia Sarai, Near 11T, Hauz Khas, New Delhi-110016

Phone: 011-26865455/+91-9871145498
Website: www.physicsbyfiziks.com | Email: fiziks.physics@gmail.com

18



fiziks
LISIK2

fiziks

Institute for NET/JRF, GATE, IIT-JAM, M.Sc. Entrance, JEST, TIFR and GRE in Physics

Ans. : (a)
Q53. At temperature 7 Kelvin (K) the value of the Fermi function at an energy 0.5¢V

above the Fermi energy is 0.01. Then T, to the nearest integer, is
(k, =8.62x107°eV /K )

Ans.: 1262

1

1 _
— e(E Ep )l kT I P

o E~Er) kT

Solution: F(E)= .
+

e
ky In( = j

=e = =1In

F(E)
,(E,EF)//(ET:].—F E—EF _I 1_F :>T= E_EF
F ke, T F

0.5 0.5
I'= 0.99) 8.62xIn(99
8.62><105In('j 62xIn(99)
0.01
5
=ﬂ=1262_3 K
8.62x 4.595

Q54. In a thermally insulated container, 0.01 kg of ice at 273 K is mixed with 0.1 kg of
water at 300 K . Neglecting the specific heat of the container, the change in the entropy
of the system in J/K on attaining thermal equilibrium (rounded off to two decimal
places) is

Ans. : 1.03

Solution: 7,, =290.29 K (Heat gain= Heat lost)

m L+m,,C(T-273)=m,C(300-T)
T'=290.29K
As=As;,, +As

water

(As) el cind—1a85 71k

(AS) = meInM =-1382 J/K
water 300

AS =103 J/K
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Q55. Consider two system A4 and B each having two distinguishable particles. In both the
systems, each particle can exist in states with energies 0,1,2 and 3 units with equal

probability. The total energy of the combined system is 5 units. Assuming that the
system A has energy 3 units and the system B has energy 2 units, the entropy of the

systemis k, In 4. The value of 4 is

Ans. : 12
Solution: E, =3 E,=2
A|B 3
Q=4x3=12 A|B o AlB
B4 1 AB
S=InQ=k,In12 Bl 4 0 B |4
A=12.
Q,=4 Q, =3
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