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2016
: MSc Part-I Examinatio'n
PHYSICS
PAPER—II
Full Marks : 75
Tirﬁe 23 _Hdurs
The figures in the margin indicate full marké.

Candidates are required to give their answers in their

own words as far as practicable.

Tllustrate the answers wherever necessary.
Use separate Answerscripts for Gr. A & Gr. B.

= Group—A
- [Marks—50}

Answer Q. No. I and 2 and any two from the rest.

1. Answer any six of the following : | 6Xx2

(a) Can we measure the kinetic and potential energies of
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(b

(€

@

e)

(0

a particle simultaneously with arbitrary precision?

Show that linear momentum is not quhntized.

A and B are Hermitian operators and [A,E]—*ié-_ '

Prove that ¢ is a Hermitian operator. .

A beam of 12 eV electrbhs is incident on a potential &

bamer of height 30 eV and width 0- 05 nm. Calculate

the transmlssmn coefﬁment

Evaluate- the moét probable distance‘ of the electron
of the hydrogen atom in its 2p state.

S
R 2a0

For a spmless particle movmg ina potent1a1 V(r) show

)A al01~/5 :

Given R21 = (—-
0

that the time. reversal operator T Commutes with the

Hamlltoman ¢

(g)
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A real operator j satisfies the equatlon

- 5A+6=0. What are the eigenvalues of A ?

- (Continued)

i

(h) A hydrogen atom in the ground state is placed in an

(i)

2. Answer any three bits :

(@

(b)

electric field Ealong the z-axis. Calculate the first

order correction to the energy.

The invariance of the A Hamiltonian (I:I) under

. translation in space requires that linear momentum

(f)) must commute with H.

3x4
Show that the zero point energy of a linear harmomc

oscxllator is a manifestation of the uncertamty

" prmmple.

Prove that the trace of a matrix is invariant under

umtary transformatlon

(c) Prqve that the parity of spherical harmonics
Y7 (6, 6)is(-1)° .
(Turn Ouer}‘
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{d) Calculate the second ofder correction to the ei,;ergy !

of the n=1 st;itc of an osqill_atof of mass m and
angular frequency @ subjected to a potential |
2

V(x):%mm x? +bx. ;

3. (a) The Thomas-Reich-Kuhn sum rule connects the 3

completg set of eigen fﬁncti_on's and energies of a

particle of rha_ss m. Show thét
(2m) o, e
By Y(Ex —Es) [xax|” =1
XGRS e ]
(b) Show that

d(x) _ (px)

mia

L
.o Sl p S (RO i
(11).‘ dt< x) < 6x>
; (c) A particle is trapped in an infinite by dé_ep square
well of width a. What is fhe probability that the
‘particle has iriomentum between p and p+dp?
: 5+4+4
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4. (a)

(b)

(©)
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A simple harmonic ‘os_cillator of mass m and angular

frequency o is perturbed by an additional potential

1 : : :
2 bx? . Obtain the first and second order corrections

to the ground state energy.

The Schrodinger equation of a particle cor_lﬁned to the

aitive v.axia is—f-gf-\l-i-mgk S5
po i S

Use the trial function x exp (- ax) and obtain the best
value of the parameter a. -

A particle of mass m moves on a ring of radius ‘a’
on which the po_tential is constant.

Find the allowed energies and eigenfunctions. -

| 5+4+4
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» 5. (a) Deduce the expressxon of Fermls golden rule.

(b) Show that dlpolar trans1tlon probablhty for absorptlon

y 1: 2
of radiation per unit time is @=§§|“Io1| P (o).

8+5
Group—B
".[M_ar.ksl—25]‘ |
~ Answer Q{No. 1 and any ttvo from the'.l'est.
l. ‘Answerva‘ny: three :‘ ; o frivd .‘3><3'
(a) Explain what is meant hy Hot Bond. .‘3 i

(b) Clearly distinguish Harmonic and Anharmonic

vibration assuming a diatomic molucules. 3

(c) The force constant of the bond in co ‘molecule is
| 1187 N/m and its reduced mass is 1-14 x 10-26 kg.
‘ Compute the frequency of vibfation of CO moluc‘:ule
and the spacing between its vihrational ene'rgyv levels.

3
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(d) The fundamental bond for CO is centered at 2143-3

cm! and first overtone at 245917_cm‘1. Calculate w,-

' »(e)V A certain transxtlon mvolves an energy change of
4-005 x 10-22 J/molecule. If there are 1000 molecules
in- the ground state, what is the approximate

,equlllbrxum population of the excited state at a-

temperature 29K. _ e : " : .

() What is the change in the rotational constant B when
hydrogen is replaced by deutenum in the hydrogen‘

molecule ? ! " v 3

2. Assummg the molecule as a v1brat1ng rotatxon and »

‘ 1gnor1ng the mteractlon find the expression for energy
levels. Clearly show the transxtlon correspondmg to P and ‘
R Branch & i il - 6+2.

I

Find the rotatlonal ﬁne structure of electromc vxbra.tlon |

transxtlon in a molecule What is Band ongxn and Band

head? : . G ., B ‘6"';2:
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4. What is the average period of rotation of HCI1 molecule

(if it is in the J =1 state. The 1ntemuclear distance of HCI

is 0-1274 nm. Given the mass of hydrogen and chlonne'

atoms e 1-673X 10-27 kg ‘and 58- 06x10-27 kg
respectlvely

The first rotational line of 120160 is observed at 3:84235

‘cm™! and that of !3C160 3:67337 cm™l. Calculate the

atomic - weight of 13C‘;' assuming the molar mass

12C = 10,93 x 1027kg: 160 = 2656 X 1027kg. The

microwave speCtrum of CN radical shows a series‘of‘ lines‘

spaced by a' 'ne_arly constant amount of 3-798cm’1. What

is the bond length of CN ? ‘

Molar Mass of C=19.92168 x 10-27kg,

. N=23.25x 10-27kg. ‘

‘ 4+2+2
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