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PHY-502

Statistical Mechanics and Quantum Mechanics
M.Sc. Physics (MSCPHY-12/13/16/17)

First Year Examination, 2019 (June)
Time : 3 Hours] Max. Marks : 80

Note : This paper is of Eighty (80) marks divided into three
(03) sections A, B and C. Attempt the questions
contained in these sections according to the detailed
instructions given therein.

A : TE YA ST (80) FHl w1 B S oA (03)
wuel %, @ 9 T H fawfya B ySe wve o
feu T fomga feen & AR & U9 hl ' B
2

SECTION-A/ ©@US-%h )
(Long Answer Type Questions)/( ¥l 3w ated W9 )

Note : Section 'A' contains four (04) long answer type
questions of Nineteen (19) marks each. Learners are
required to answer any two (02) questions only.

(2x19=38)
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e @i ‘w H 9r (04) < S e v fI ™
2, T% Y & fou =9 (19) o fuif@ ?
forenfefll 1 T8 @ Haa I T B IW T B

1. (a) Give the statistical interpretation of entropy.

1
(b) What is B-parameter ? Establish the realtion B= ﬁ’

where symbols have their usual meanings.

(37) Tt & wifemsl e S

(9) -t #o €2 [5=% T Wi T i,

SEl Gehd T SeRiiE o W B

2.  What are fermions ? Give the assumptions of Fermi-Dirac
statistics. Derive Fermi-Dirac distribution law.

wHER R 2?7 wH-fedw giferat S 9feerne A
wH-fed® faero fom =t sgafa s

3. Explain rectangular potential barrier. Establish the expression
for transmission coefficient for a very large barrier.

AR fa9a 3Ry HT FRAT HIfWU| TH 9gd a8
e & folu qReT=ar e & fon e wenfua sife)

4. Calculate the first order energy correction for normal helium
atom without spin consideration.

o = & foeR fowel &, 9m= Eifaew 9= &
faw gog wife ol GIMEE *T TUAT HIFSC)
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SECTION-B/( @UeS-9 )

(Short Answer Type Questions)/( TTE I A1 T9T)

Note :

Section 'B' contains eight (08) short answer type
questions of eight (08) marks each. Learners are required
to answer any four (04) questions only. (4x8=32)

e : wig ‘W A e (08) o WU oA WA &
™ ¥, Y Y & fou ems (08) % fawifa@
g el w T @ Haa WR (04) wEA &
S T

1. If A(p) is real and origin is chosen so that <x> is initially

(Ap)r
m2 '

I A(p) aEfas ® R gt fag w1 W9 39 UER
o T ® R <> W H Y T, A

zero, prove the formula (A X2 )—o =(A x),zz0 +

(sz),:():(Ax)f:O+( ”) e fag wifau

m

What is an operator ? Explain different types of operators
used in quantum mechanics.

TH MM (Yodeh) M 87 FareA A o ¥ ed
g faf= eTRed = = wmifsu)

Throw the light on Pauli spin matrices for electron.

R % oy usel wwu Hfee W g el
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4. Write short notes :
(a) Vander waal's interaction.

(b) First order stark effect.
Hfa feomft fafew

(37) ar€X dicd YR 9|
(9) v wHife w@reh g9mE|

5. A particle of mass m with energy E is moving along x-axis
in a box of dimension L. Show that its energy is quantized.

TH m SHF &1 &0 E o1 ¥ L fomr & sem o
x-38 F SERW A W W Y <wEd fFocuer e
FLEE 2

2
6. Show that ¥ =cexp [—%] is the eigen function of

82
operator 8_2 - X2 .

X

2

ENIEEERED w:cexp[—%] 3TN (__xzj F
IMEST W B

7. Explain Bose-Einstein condensation.

Y-S oA i AT HIST

S-298-PHY-502 4



8. Show that F = —KT log Z, where Z is the partition function
and F is Helmoholtz free energy.

TWiEd fF F=-KT log Z &l Z fa9=m %M 3R F

A ¢
SeElees o el ¢l

SECTION-C/( @Ue-1)
(Objective Type Questions)/(aﬂﬁ'% T )
Note : Section 'C' contains ten (10) objective type questions

of one (01) mark each. All the questions of this section

are compulsory. (10x1=10)

e : @ue ‘T § @ (10) deatTs g A W F,
ToE T & fau ww (01) % fuifa ?1oz@
g & Tft g eAfer 2

1. The spin of poton is

@ O

1
b)) —
(b) 5

3
(©) 5
d 1
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2. The size of phase all in quantum statistics is

hz
(@) Ey.
(b) Al
© hy

@ hy

Far=q OifEd! § B9 R H1 STHER B

B2
(M) gy

() nd
() h,
() ng
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3. The partition function of ideal mono-atomic gas is
v 3/2
(a z= ? (2rmk T)

1
b) z= h% (27mk T)?

3
© 2= % QamkT)?

3
d z= h% (rm)?

T TAMEE T w1 faueE wed @
(a) z:h—‘;(ankT)yz

1
@) z= h% (27mk T)?

3
@) z =%(27rka)5

3
(%) 2= h% (mm)?
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4. In Fop\y = fy, fis called as
(a) Eigen function
(b) Eigen value
(c) Average value

(d) None of these

Fo oW = fv, " f w8 W T
(1) EH FeH

() o= HA

(®) 3f|d AM

() T ¥ *E TRl

S.  The quantity y*y represents
(a) Probability density
(b) Wave density
(¢) Charge density
(d) Energy density
Tl gy SO @
(1) Wikl =
() T A
(9) &9 o e
(%) Sl =
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6. The transmission coefficient if 1 ev electron will penetrate a
potential barrier of 4ev when the barrier width is 2A is

(@ 0.084
(b) 0.84
(c) 84
d) 0.74

A 1eV 1 SR Th 4eV fawa sy gt =eE
2A %, @ A © d IRl ONE @

(37) 0.084
(9) 0.84
(|) 8.4

(%) 0.74

7. The direct evidence of existence of momentum of a photon
is

(a) Photoelectric effect

(b) Raman effect

(¢) Joule effect

(d) Compton effect

WA % AT & ey w1 den gHr €

(1) Y19 SEM G99
(I) T 99
(9) & 99
(3) T 999
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8.  Which of the following transitions are electric dipole allowed
(@) 1s — 2s
(b) 3s — 5d
() 1s—>2p
(d) None of these.
= o & W GHEu Ggd fgyd tese ©
(31) 1s = 2s
(F) 3s > 5d
(F) 1s > 2p
() =™ 9 FE T

9. Which is correct

@ [, I 0=Fh],

® [J, I 1=%n]

Z
© J_J,=1-1.-hJ,
@ 1,7 =r-1
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HA-T1 HEl ®

(30) [1,3,1=F 1)

Z

(@) [, I ]=%Jnl

Z
(@ J_J,=1-02-nJ,

() 1,1 =1-1

10. The number of maximum probable states in case of odd
number of particles is

(@ 1
by 2
© 3
@ 4
foom em i %) feofs § afudan W et §
(o) 1
() 2
) 3
(%) 4
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