MPH-03

December — Examination 2023

M.Sc. (Previous) Examination

PHYSICS
(Quantum Mechanics)

FATUeH Aifreht
Paper : MPH-03

Time : 3 Hours | [ Maximum Marks : 80

Note .— The question paper is divided into three Sections
A, B and C. Write answers as per the given
instructions. In case of any discrepancy, the
English version will be final for all purposes.

o .- 'y ‘e, ‘e SR ‘W A wuel § faafea
T TO® wve & FRIgER v & SW e faRe
ot fammfa =t feafq § sfsh &9 & ifew w1 S
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Section-A 8x2=16
(Very Short Answer Type Questions)

Note .— Answer all questions. As per the nature of the
question delimit your answer in one word, one
sentence or maximum up to 30 words. Each
question carries 2 marks.

gug—H
(3tfa &g ST u9)

9T ;- It UeAl & IW G A T IW HI YIATIR
TH Vg, UF 9 a1 Afushaq 30 w5 | 9iEifaa
FIT | JAF G 2 3T HT &

d
1. (i) Obtain the value of commutator {y,g]

FHHI TS {y,%} HT HAE A B

(ii)) What do you mean by Stark effect ?
W 9 ¥ SR F qqd § 2
(ii1) What do you mean by Adiabatic

approximation with reference to Hamiltonian
of the system ?

o & et & 9<yd ¥ Tgrey gfsean
T A T gEed o ?
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(iv) A particle to move from a to b and back. Bohr

Sommerfeld quantization rule :

b
q‘)pdx :2dex :(2nB+1jh

What is the value of B ?
TH F9 ¢ ¥ b A w1 § R oo olear

I-Ahee FaveeRo o9 ¢

(v) Express the angular momentum operator L,

in spherical polar coordinates.
HIE T ARk L, 1 e et e
T =R It |

(vi) In total angular momentum representation
J, |j,m>:oc|j,m>, what is the value of o ?
B A wAT usfk F I, | j,m)=alj,m), @

o, ST HM 1 Brm ?
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(vii) Write the value of commutator [y, py].
HAAATIS [y, p,] AR fafe)

(viii) Pauli matrices are given by o, Gy O Wirite

the final form of 3o, o, + G, Oy in the terms
of Pauli matrix.

Oy Oy o, ISl AfgrE gl 36, 6, + 6,0, A
e w9 =1 usel Afes® & w9 § fafem)
Section-B 4x8=32
(Short Answer Type Questions)

Note .— Answer any four questions. Each answer should not
exceed 200 words. Each question carries 8 marks.
us—d
(g I q9)
feor .- fo=l 9R 9ol & SW SIfSu Y 9 I Al
sifasram 200 v O Ui SifSTl TAE T9H
8 3w A Tl

2. Let a wavepackage be described at time # = 0 by :

a

2
y(x,0)=A exp (—Zx—z—ki ko x}

Express y(x, 0) as a superposition of plane waves.

MPH-03/8 (4) TC-88



g "WIiT foF aTehe 999 ¢ = 0 W = @@ 9 fean
Grl?lT%X:

2
y(x,0)=A exp (—zx—z—lrz' kg xj

a
A A F FAERUT H T H y(y, 0) H R
T |
. What do you mean by inner product and other
product of a bra vector and a ket vector ?

T o |G 9 TH he WA¥ & AR [OF o S
oM ¥ A9 1 q9d § 2

. Show that Hermitian operator remains its
Hermitian character  under a  Uunitary
transformation.

TE TET fF (Al TR & SR SHREE THRE
TAfem e @ )

. What do you mean by creation, annihilation and
number operators ?

H&RE H creation, annihilation 991 number R
¥ ST A F9Ed o ?

. Write the fundamental properties of well behaved
wavefunction.

ARG TR & JAyd i & fafen |
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. . nmTx . . .
7. A wavefunction y = A sin T exists in a region

0 < x < L. Potential is given by :

Ve 0 ; O<x<L
00 otherwise

Here n = 1, 2, 3, 4, ............ by normalization
condition determine the constant A.
@Ww:Asin% g1 0<x<L ¥ Tl
fave 1w @ feon w1 w1 ®

{0 ; O0<x<L
V_
0 3T

. Find the commutator [J,, J,].

st [J,, J,] %1 A A i |

. Use the W.XK.B. method to calculate the

transmission coefficient for the potential barrier :

Vo—ax ; x>0

V(x):{o L x<0
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fawa ey & faw WK.B. fafy gm1 romm womes
H RIS
sl
Section—C 2%x16=32
(Long Answer Type Questions)
Note .— Answer any two questions. You have to delimit
your each answer maximum up to 500 words.
Each question carries 16 marks.
gus—H
(& T u)
e .- forl S wel & SW SIS 31 ot SR W Stfiehan
500 =i # Wi ST | Y&E TR 16 3% H T
10. Consider square well potential with finite depth,

obtain the wavefunctions in the different regions

for bound state of the particle.

IR T o] SRR faee a1 TifeTg | sie svaen
T o & foau fafi= wr § dTTweE g sifea |
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11. Explain the stationary perturbation theory for non-
degenerate system.

Uy fem & fau womh faany fagm a9smse)
12.(a) Write W.K.B. approximation.
W.K_.B. approximation & fafewi

(b) Using Schrodinger waveequation obtain the
equation of continuity :
: -
a—erDiv J=0
ot
. g . _) .
where p is the probability density and J is
the probability current density.

AR FHIHIOT T START I U TIA FHRT

_)
a—p+Div J=0
ot

. —>
F U RIS p WIhal ¥ § adr J
EURELIEC R
13. Solve the Schrodinger waveequation for the case

of Hydrogen atom and discuss the 6 and ¢
solutions.

TEESH WA & fau sifemr afteor 1 ga &S
T O TAT ¢ T HI AT FHIC
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