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Q1. [Dec 2015] . 3.5 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET

2015 Dec

3.5M

For a system of independent non interacting one-

dimensional oscillators, the value of the free
energy per oscillator, inthe limit T — 0, is

1. lhw
2

2. hw

3. Ehw
2

4. 0
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CSIR NET 2015 Dec 3.5M

The Hamiltonian of a system of N non interacting

spin —%particles isH = —ugBY,; S, where

S7 = +1 are components of ith spin along an

external magnetic field B. At a temperature T such
KoB
that ekBT = 2. the specific heat per particle is

16
1. kg
S kpln?2
o5 BT
kp (In 2)?
16 2
—kp(In2)

= 5 9
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. . . 1 . .
An ensemble of non-interacting spin — > particlesis

in contact with a heat bath attemperature T and is
subjected to an external magnetic field. Each
particle can be in one of the two quantum states of
energies t¢,. If the mean energy per particle is

— €0/2, then the free energy per particle is

In(4/v3)

1. —2€ — 0

2. —€,In(3/2)

3. —2€3ln?2

4. —€ .
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3.5M

A system of N non-interacting classical particles,
each of mass mis in atwo dimensional harmonic
potential of the form V (r) = a(x? + y%) where a is
a positive constant. The canonical partition
function of the system at temperature T is

(6=50):

L)

2 (in_;)z“
N
+ (%)
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CSIR NET 2016 Dec

3.5M

The partition function of a two-level

Y

governed by the Hamiltonian H = [_5

1. 2sinh (B\/yz + 62)

2. 2cosh (,8\/]/2 + 62)

3.

:cosh (B\/yz + 62) + sinh (ﬁ\/yz + 52):

Nl—= N
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5M

An atom has a non-degenerate ground-state and a

doubly-degenerate excited

state.

The energy

difference between the two states is €. The specific
heat at very low temperatures ( f&e > 1) is given by

1. kp(Be)

2. kpeF¢

3. 2kg(Be)?ePe
4. ky
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CSIR NET 2016 June 3.5M

A gas of non-relativistic classical particles in one
dimension is subjected to a potential V' (x) = a|x|
(where a is a constant). The partition function is

(B=717)

1 dmm
' | B3a2h2
2. 55?2?;2
3. ch’;’zz
4. 532121;2
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5M

The internal energy E(T) of a system at a fixed
volume is found to depend on the temperature T as
E(T) = aT? + bT*. Then the entropy S(T), as a
function of temperature, is

1 52 1554
1.2aT +4bT

2.2aT? + 4bT*

3.2aT + %bT3

4.2aT + 2bT3
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Q9. [Dec 2017] . 5.0 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2017 Dec

SM

A closed system having three non-degenerate
energy levels with energies E =0,t€, is at
temperature T. For €= 2kgT, the probability of
finding the system in the state with energy E = 0, is

1
(1+2cosh 2)
1

(2cosh 2)

3. lcosh2
2

1
cosh 2

1.

2.
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Q10. [Dec 2017] . 5.0 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2017 Dec

SM

Two non-degenerate energy levels with energies 0
and € are occupied by N noninteracting particles at
a temperature T. Using classical statistics, the

average internal energy of the system is

Ne
(1+e€/kBT)
Ne
(1_eE/kBT)

3 N € e~ €/ksT

4. ZNkpT

1.
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Q11. [Dec 2018] . 3.5 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2018 Dec 3.5M

The rotational energy levels of a molecule are

2
Ep=——£(£+1), where £=0,1,2,.. and I, is its
0

moment of inertia. The contribution of the
rotational motion to the Helmholtz free energy per
molecule, at low temperatures in a dilute gas of
these molecules, is approximately

hz
1. —kgT (1 + IORBT)

hz
2. —kgTe TokBT

3. —kgT

h2
4. —3kBT€ IORBT
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Q12. [Dec 2018] . 3.5 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2018 Dec 3.5M

The vibrational motion of a diatomic molecule may
be considered to be that of a simple harmonic
oscillator with angular frequency w. If a gas of
these molecules is at temperature T, what is the
probability that a randomly picked molecule will be
found in its lowest vibrational state?

_ o
1. 1—e kBT
hw
2_ e_ZkBT
3. tanh(h—w)
kgT

1 hw
4. =cosech ( )
2 2kgT
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Q13. [Dec 2018] . 5.0 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2018 Dec 5M

The energy levels accessible to a molecule have
energies E; = 0,E, = A and E5 = 2A (where A is a
constant). A gas of these molecules is in thermal
equilibrium at temperature T. The specific heat at
constant volume in the high temperature limit
(kgT > A)varies with temperature as

1 —7
2. =
3.%

4. =
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Q14. [June 2018] . 3.5 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2018 June 3.5M

In a system of N distinguishable particles, each
particle can be in one of two states with energies 0
and —FE, respectively. The mean energy of the
system at temperature T is

1 k
1. _EN(l + 38/ BT)
2. —NE(1 + e/ksT)
1
3. —-NE

4. —NE(1 + e¢/ksT)
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Q15. [Dec 2019] . 3.5 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2019 Dec

3.5M

The angular frequency of oscillation of a quantum
harmonic oscillator in two dimensionsis w. If itisin
contact with an external heat bath at temperature T,

its partition functionis (in the following f =

o 2Bhw

.(BZﬁhw__l)z
pPhw
(efho-1)’

ePhw

" efho_1
e2Phw

" e2Phw_q

3

4
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Statistical Mechanics > Canonical Ensemble

CSIR NET 2019 Dec 3.5M

The energies available to a three state system are
0,E and 2E, where E > 0. Which of the following
graphs best represents the temperature
dependence of the specific heat?

1. @ 5
0 T 0 T
C, o
3 4.
0 T 0 T
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Statistical Mechanics > Canonical Ensemble

CSIR NET

2019 Dec

5M

For a crystal, let ¢ denote the energy required to

create a pair of vacancy and interstitial defects. If n

pairs of such defects are formed, and n < N, N’,

where N and N’ are respectively, the total number of
lattice and interstitial sites, then n is approximately

1./ NN e—®/(2kpT)
2. NN'e=®/(ksT)

3.2 (N + N')e9/@ksD

1 \o—®/(kpT)
4.2(N+N)e ¢/UepT
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Q18. [Dec 2019] . 5.0 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2019 Dec 5M

The Hamiltonian of two particles each of mass m,

is H(q1,p1; 92, 02) = pl + + k (‘h +q5 ++ Q1Q2)
where k > 0Ois a constant. The value of the partition

function
Z(B)
— dql dpl dqz dpze_ﬁH(QL?Jl;qupZ) iS
. 2mm? E
R
2mm? |15
2. 52 T
2mm? |63
3. 52 ”
2mm? |64
4. 52 =
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Q19. [June 2020] . 3.5 marks
Statistical Mechanics > Canonical Ensemble
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3.5M

An idealised atom has a non-degenerate ground

state at zero energy and a g-fold degenerate excited
state of energy E. In a non-interacting system of N

such atoms, the population of the excited state

may exceed that of the ground state above a

temperature T >

2kgln 2

for which this is possible is

1. 8
2. 4
3. 2

4. 1
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Q20. [June 2021] . 5.0 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2021 June

oM

The energy levels of a non-degenerate quantum
system are €, = nE,, where E;, is a constant and
n=1,273,.. At atemperature T, the free energy F
can be expressed in terms of the average energy E by

1. Ey + kgTln—
EO
E
2. Eo+ 2kpTIn_
0
E
3. E, — kgTln—
EU

4. Ey — 2kgTIn—
Eg
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Q21. [June 2021] . 5.0 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2021 June oM

A polymer, made up of N monomers, is in thermal
equilibrium at temperature T. Each monomer
could be of length a or 2a. The first contributes zero
energy, while the second one contributes €. The
average length (in units of Na) of the polymer at
temperature T =€/kp is

5+4+e
1_ -
44e
44e
2. —
3+e
3+e
3. —
2+e
2+e
4, —

14+e
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If the average energy (E);r of a quantum harmonic
oscillator at a temperature T is such that (E)r = 2(E)r_0,
then T satisfies

1. coth (}ZT“’T) =
2. coth (22‘;) =2
3. coth (’ZT“’T) =
4. coth (zz‘: ) =4
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Q23. [June 2022] . 3.5 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2022 June 3.5M

An elastic rod has a low energy state of length L.«
and high energy state of length L., . The best
schematic representation of the temperature (T)
dependence of the mean equilibrium length L(T) of

the rod, is
1 2.
L(T)4
Lmzx + me
Lmax
» T
> T
3 4.
L(T) L(T)
A A
L,m,; + L ax Lrn'm
2
L
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Q24. [June 2022] . 5.0 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2022 June

SM

The energy levels of a system, which is in equilibrium
at temperature T = 1/(kgf3), are 0, € and 2 €. If two
identical bosons occupy these energy levels, the

probability of the total energy being 3 €, is

—-3pB€
7 e
" 1+e Pete2Pe 3P4 o—4pE
- e—sﬁe
" 142e P€+2e 2P€1e3F€ e —4PE
—3pe€
e
3. —Fera2 — —
e PE€42e72P€re—3L€1o—4pE
4 e—SBE

1+e~P€+2e2P€+e—3L€1o—4P¢E
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Q25. [June 2022] . 5.0 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2022 June

SM

A paramagnetic salt with magnetic moment per ion
Uy = Tug (where ug is the Bohr magneton) is in
thermal equilibrium at temperature T in a constant
magnetic field B. The average magnetic moment

(M), as a function of k"i, is best represented by

UBB
1. 2.
M) (M)
:
keI ugB
3 4.
(M) (M) /B

kT ugB
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Q26. [June 2022] . 5.0 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2022 June

SM

The energies of a two-level system are +E. Consider
an ensemble of such non-interacting systems at a
temperature T. At low temperatures, the leading

term in the specific heat dependson T as

7 ie—E/kBT
=
ie—zE/kBT

2
T2

3 Tze_E/kBT
4

T2p—2E/kpT
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3.5M

A quantum system is described by the Hamiltonian

H=]S, + 1S,

where §; = gcr,; and 0;(i = x,y,z) are the Pauli

matrices. If 0 < A « J, then the leading correction
in A to the partition function of the system at

temperature T is

2
1. ik coth( Jh
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Q28. [Dec 2023] . 3.5 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2023 Dec 35M
A system of N non-interacting classical spins,
where each spin can take values o = —1,0,1, is

placed in a magnetic field h. The single spin
Hamiltonian is given by

H = —ugho + A(1 — ¢2),
where upg, A are positive constants with appropriate

dimensions. If M is the magnetization, the zero-
field magnetic susceptibility per spinla—M ,ata

N 0hlp-o
temperature T = 1/[ kg is given by

1. Bug

2BUp
" 2+e~hA

3. Buge — BA

Bug
T1+eFA
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Two electrons in thermal equilibrium at
temperature T = kg/P can occupy two sites. The
energy of the configuration in which they occupy
the different sites is J]$;-S, (where J]>0 is a
constant and S denotes the spin of an electron),
while it is U if they are at the same site. If U = 10],
the probability for the system to be in the first
excited state is

1. e—381/4/(3e81/4 + e~3BI/4 4 26—103])
2. 3eFl/A/(3ePI/4 4 3P/ 4 27108
3. e—BI/4/(2e—BI/4 + 3e3B1/4 4 26—1081)
4. 36—361/4/(2861/4 + 3e~3BI/4 4 2e—105])
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CSIR NET 2024 Dec

3.5M

A system comprises of N distinguishable atoms
(N > 1). Each atom has two energy levels w and

3w(w > 0). Let egq denote the average energy per
particle when the system is in thermal equilibrium,

the upper limit of & is

3w

1.7

2. 3w
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Q31. [June 2024] . 3.5 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2024 June 3.5M

Quantum particles of unit mass, in a potential

1cuzxz x>0
V(x) =42
co x <0

are in equilibrium at a temperature T. Let n, and n;
denote the numbers of the particles in the second
and third excited states respectively. The ratio
n,/ns is given by

()
. eon(2)
s ()

4hw
4. exp (k—)

www.physicsbyaaryan.com . www.csirnetphysics.com . Contact: 9501976811 Page 32/ 39



PhysicsByAaryan Canonical Ensemble - CSIR NET Physics PYQs
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Statistical Mechanics > Canonical Ensemble

CSIR NET 2024 June

3.5M

A single particle can exist in two states with
energies 0 and E respectively. At high temperatures
(kgT > E) the specific heat of the system (Cy) will

be approximately

: 1
1. proportlonalto;

2. proportionalto%2

E
3. proportional to e*BT

4. constant
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Q33. [Dec 2025] . 3.5 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2025 Dec 3.5M Stat. Mech.

Five indistinguishable atoms are sitting on the
distinguishable vertices of a pentagon. The
atoms can be in one of the two states: g with
energy 0, and e with energy E. However
neighboring atoms cannot both be in the e state.
The partition function of this system at
temperature T, is

__E __2E
1.1+ 5e kBT 4 2¢ kBT
__E _2E
2.1+ 5e BT + 3e kBT
__E _2E
3.1+ 5e kT 4+ 10e *BT
E 2F

4.1+ 5e k8T + 5e kpT
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Statistical Mechanics > Canonical Ensemble

CSIR NET 2025 Dec 5M Stat. Mech.

Consider a one-dimensional lattice (with lattice
spacing a ) along X -axis with sites labelled by

x =0,1,2 ..... L. A particle carrying a charge —q can
occupy any one of these sites. An electric field of
strength E is applied in the positive x-direction. The

average energy of the particle at a temperature T (in
the limit L — o0) is (,6’ = L)
kpT

Eqa
Eqa

" 1+ePEqa

Eqa

2

4. —Eqa

1
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Q35. [June 2025] . 5.0 marks
Statistical Mechanics > Canonical Ensemble

CSIR NET 2025 June 5M Stat. Mech.

A rigid molecule can have two possible rotational
states:j = 0 orj = 1. Its rotational energies are
hZ

given by e; = Ej(j + 1), where [ is its moment of

inertia. For an ensemble of such molecules in
thermal equilibrium at temperature T, the ratio of
the number of molecules in the j = 1 state (N;), to

those in j = 0 state (Ny), is 1+ = 0.003. The
0

. . h? .
temperature T (in units of YT where kp is the
B

Boltzmann constant) is closest to
1. 0.29 2. 0.21 3. 0.15 4. 0.34
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Statistical Mechanics > Canonical Ensemble

CSIR NET

2025 June

5M

Stat. Mech.

A thermodynamic system (attemperature T and
volume V'), is described by its internal energy

U = AT*V and pressure p = %AT’*, where A is a

constant of appropriate dimension. The Helmholtz
free energy of the system is

1. gAT“V

1

2. gAT“V

3. —éAT’*V

4

4, ——AT*V

3

www.physicsbyaaryan.com

. www.csirnetphysics.com

. Contact: 9501976811

Page 37 /39




PhysicsByAaryan Canonical Ensemble - CSIR NET Physics PYQs

Answer Key

36 questions . Subject and topic for quick revision

Q. No Subject Topic Answer
Q1 Statistical Mechanics Canonical Ensemble 1
Q2 Statistical Mechanics Canonical Ensemble 4
Q3 Statistical Mechanics Canonical Ensemble 1
Q4 Statistical Mechanics Canonical Ensemble 4
Q5 Statistical Mechanics Canonical Ensemble 2
Q6 Statistical Mechanics Canonical Ensemble 3
Q7 Statistical Mechanics Canonical Ensemble 3
Q8 Statistical Mechanics Canonical Ensemble 3
Q9 Statistical Mechanics Canonical Ensemble 1
Q10 Statistical Mechanics Canonical Ensemble 1
Q11 Statistical Mechanics Canonical Ensemble 4
Q12 Statistical Mechanics Canonical Ensemble 1
Q13 Statistical Mechanics Canonical Ensemble 4
Q14 Statistical Mechanics Canonical Ensemble 4
Q15 Statistical Mechanics Canonical Ensemble 2
Q16 Statistical Mechanics Canonical Ensemble 4
Q17 Statistical Mechanics Canonical Ensemble 1
Q18 Statistical Mechanics Canonical Ensemble 4
Q19 Statistical Mechanics Canonical Ensemble 2
Q20 Statistical Mechanics Canonical Ensemble 3
Q21 Statistical Mechanics Canonical Ensemble 4
Q22 Statistical Mechanics Canonical Ensemble 2
Q23 Statistical Mechanics Canonical Ensemble 4
Q24 Statistical Mechanics Canonical Ensemble 4
Q25 Statistical Mechanics Canonical Ensemble 3
Q26 Statistical Mechanics Canonical Ensemble 2
Q27 Statistical Mechanics Canonical Ensemble 4
Q28 Statistical Mechanics Canonical Ensemble 2
Q29 Statistical Mechanics Canonical Ensemble 2
Q30 Statistical Mechanics Canonical Ensemble 4
Q31 Statistical Mechanics Canonical Ensemble 1
Q32 Statistical Mechanics Canonical Ensemble 2
Q33 Statistical Mechanics Canonical Ensemble 4
Q34 Statistical Mechanics Canonical Ensemble 1
Q35 Statistical Mechanics Canonical Ensemble 1
Q36 Statistical Mechanics Canonical Ensemble 3
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