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DEPARTMENT OF PHYSICS , C.M.Dubey P.G College Bilaspur
M.Sc Physics Sem-lll, ASSIGNMENT ON STATISTICAL MECHANICS

NOTE: The students are directed to form a group of four for submission of this
assignment. The students have to submit their respective groups. The MCQ’s
are to answered giving proper explanation. In each group, the students have to
highlight their contribution in solving the questions. Appropriate HINTS have
been provided for assistanée in solving the MCQ’s, if necessary. Q. No 1-19
carry 2 marks and Q.No 20-23 carry 3 marks. The last date of submitting the

assignment is 6-10-2022. TOTAL MARKS=50

“1. The direction of a spontaneous process fora system at constant pressure
(P) and temperature (T) is given by

~ dU-TS+PV)20

. dU-TP+V$)<0

A dU-TS+PV)<0

~ dU-TP-V$)20

HINT: The direction of a spontaneous process for a system at constant pressure
(P) and temperature (T) generally is dictated by the lowering of free energy i.e.

AGpT=0 .

73. A box contains red and white marbles. Two marbles are chosen one by
one, without replacement. The probability of selecting a red marble and
then a white marble is x, and the probability of selecting a red marble on
the first draw is y. The probability of selecting a white marble on the
second draw, given that the first marble drawn was red is

Xy
2

y/x
e~ X.y

= X+y

HINT: Probability of selecting a red marble on the first draw is P (A)=y
Probability of selecting a red marble and then a white marble is P (A, B) =x
Probability of selecting a white marble on the second draw, given that the first marble
drawn was red is P (B|A).
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3. Suppose you have n dice, each a different colour, all ur
sided. Given 2 distinguishable dice, what is the probability of the most
probable sum of their face values on a given throw of the pair
% 213
7136
~

136
18

HINT: Total number of sample space on throwing two unbiased dice is 6*6=36. Given 2

distinguishable dice, calculate the number of ways we can obtain sum of their face values

fora throw of the pair. Form a table showing probable sum, possible ways and probability.
e

4. If an unbiased green coin and an unbiased red coin are flipped 5 times
each, what is the probability of getting 4 red heads and 2 green tails?

501216
C 251216
' o5i512
C so12

c

HINT: Use the multiplication rule, N! / r! (n-r)! , P(H)=1/2, P(T)=1/2

‘5. Three unbiased coins are tossed. The probability of getting at most two
heads is

P
o

3/4
114

wX 3/8 e

718

HINT: To obtain the probability of getting at most two heads we need to take the sum of all
the probabilities i.e., probability of getting zero head + probability of getting one head
+probability of getting two heads.

‘6. Time average of a dynamical quantity X is defined as

D O3
\, X=!;n;?jq dsX (s)
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7. The entropy of the universe, for a reversible process, remains constant

N
C

True

False

HINT : The total entropy change of the universe for a reversible process is sum of entropy
change for system + entropy change in surroundings.

4. For a system being separated from its surrounding by an impermeable
diathermal rigid wall, the state of the system can be completely defined in
terms of the following three variables:

C T1.PN
C TVN
U VN
s, VN
HINT: When a system is separated from its surrounding by an impermeable, diathermal,
rigid wall, then particle exchange and work exchange through volume changes are
completely restricted.

9. A box contains 2 white, 3 red and 2 purple balls. Two balls are drawn at
random. What is the probability that none of the balls drawn is purple?

211021

C 21
C o7

XK 7

10. The phase space dimensions of a system of N particles in three-
dimensions is

3N
9N
2N

11. Equal a priori principle is valid only in

6N
e
c
c

© Grand canonical ensemble
€ tanonical ensemble
‘y Micro-canonical ensemble
€ |sothermal-Isobaric ensemble
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12. Number of ways we can rearrange N num_ber qf adsorbed molecules on
the solid surface having M number of lattice sites

N1 L M o L oty SO
DMIN-AD! NIGI-M)! (N+M)!  NUN-M)

Ao

G s
)
d

c
c

13. According to Stirling’s approximation:
1)
(@ ln N'xNla| —|
l\-\‘)
® mNI=aNhN
© hNIsNhN+N
@) M NIsNhN-N

4

a)
( b)
C )
T 9

14. Which of the following relations between pressure P and the micro-
canonical partition function W, is true?

b= 3:7)&_\.

®) P=—ipThh O

o P_k'T(aan

7 s
% 2 In2
WiF=ht ( W Jox
C a) ’
C b)
C )
“ 9

HINT: A small variation in entropy due to small variations in control variables E, N and V
leads to a relation well-known in thermodynamics.
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15. For a free particle of mass ‘m’ with initial coordinate xo, po the equation
of motion (i.e. with the progress of time ‘1) is
Pt

a)x(®) =x, b)x(0) =0 c)x(r) = xy¢ d)x(f) = x5+ ——

m

HINT: Use Hamilton’s equation of motion
16. Six distinguishable particles are distributed over three non-degenerate
levels of energies 0, e and 2e. The total energy of the distribution for
which the probability is a maximum, is
C 106
6¢&
C a¢
C oe
HINT. Since the levels are non-degenerate, there is only one state associated with each
energy. Let, the number of particles in the three energy states be N1, N2 and N3

respectively.
17. A system of N non-interacting and distinguishable particles of spin 1is

in thermodynamic equilibrium. The entropy of the system is

0
(¢) 3kzla N
(d) Nkgln2
¢ @
C b)
8
C d)

HINT: Count the no of microstates
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i isti i le particles.
ving two distinguishab

h: ex?st in states with energies 0, e,
otal energy of the combined system
3e and the system B has

“18. Consider two systems A and B each
In both the systems, each particle ca
2e and 3e with equal probability. The t
is 5e. Assuming that the system A has energy

m is
energy 2e, the entropy of the syste
() kyln6
(b)kyIn12
(kg 1n 30
(d)kyln 24
o
a)
v i
£ g
G o

HINT: Let’s consider the two distinguishable particles of System A are denoted by P and Q, while
those of System B are represented by R and S respectively. The number of ways in which four
distinguishable particles (2 for system A and 2 for system B) can be distributed in four energy states
0, e, 2¢ and 3e with equal probability, such that the total energy of the combined system is Se (the
energy of System A be 3¢ and the energy of System B be 2¢) , is to be calculated.

9. The entropy(S) of a system as a function its internal energy (£) is given

by S(E) = aB(Ey ~E) \yhere a and Eoare  positive constants. The
temperature of the system is

T zero. ™

© increases monotonically with energy.

negative for some energies.

© decreases monotonically with energy.
HINT: Use the definition of temperature in terms of entropy

~20. Five identifiable particles are distributed in three non-degenerate levels
with energies 0, e and 2e. If the number of particles occupying the three
energy states be N1, N2 and N3, the most probable distribution for a total

energy 3e is
A N=3 N,=1 and N = 1
C Ny=2,N~=2andN, =1
® N=4,N~=landN,=0
¢ N|=2,Nz=l andN)=2
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For a one-dimensional harmonic oscillator of mass m and frequency @ |, the canonical

partition is
(a) Q=£§£
®
®) Q=kT
y i3
@ 9=—
@
@) Q=£;_,9_I_
®
gy
C oy
T
' 8
“22

I;'or a classical system having N indistinguishable particles, which have coordinates g, and

momenta p,, partition functionis given by
1 Wy gV o PHED
@ i I d"pdq

) ;;F j‘ ¥ pd¥g o PH D

© X fapaia e e?

1 N N, -PH(RD)
d d'pdiqe
@ rld'ed'e

(a)
(b)
(c)
(@
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23. '
o Consider a container divided into two chambers, one chamber of volume V1 having &
molecules of a monatomic ideal gas at temperature T and pressure P, and the other chamber
of volume P2 having N2 molecules of a different monatomic gas at the same temperature and

pressure. If the partition between the two chambers is now removed, what is the overall
change in the entropy
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(25 points) Delivery is controlled and smooth. 5 -%
Good language skills and pronunciation are used. 5 q
Length of presentation is within the assigned time limits. 5 (1
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