MPH-03
June — Examination 2024

M.Sc. (Previous) Examination

PHYSICS

(Quantum Mechanics)
FATUSH JifAeht
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.
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Section—-A 8%x2=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.
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Pauli matrix is given by

0 1
G = .
L
Obtain the final matrix form of o, G, G,
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(ii)
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The unperturbed wave function for infinite

square well for n = 2 state is

\yg(x) = \/2 sin (Z_ij .
a a
Suppose we perturb the system by simply
raising the floor of the well a constant

amount V. The first order correction to n =2

state is given by

a

1
E, = I \|/g(x) Vo \ug(x) dx.
0

Calculate the value of El2
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a
1
Ey = [ va(x) Vo wy(x) d
0
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Write the ground state term symbol for the
following configuration (5s)!(4d)%, if given

that :

TT-88



fefafea fo=ma (55)!(4a)? & forg e srareen YR F &Y § TF IO ® fo erawen
o fettere, s Frerffan @ & & T ¥
1-1 o
2 8
(iv) Write the solution of ® equation for hydrogen Y = 7
atom for magnetic quantum number of value ﬂ
V71

of 3.

TS WA & AU g F@ved e 3 serR W forT o B it iR e 2
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(vi) Heisenberg equation of motion :

(v) An electron state is described by the spin as
d AH) _ z_hn [A(H), 4X]

given in the basis as : dt i
8 | What does X represent ?
J71
Y= NG ' erEoHe T % wele
V71

4 AW 2T ) gy
dr h ’
What is the probability that the electron has Z

spin up ? @1 X F YR wL § 2
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(vii) For spin half system : ARy, F F==d FEHRSA 9 Alfeh

b
Sz|_>—§|_> T S ©1 fEfafed Wwed 1 "E T

S, |[+)=2¢c|+). -

Symbols have usual meaning. What is the

1 F(b+0)? 3J. Vv, dq+4J. (UARU dq+SI v, vy dq .
value o 0) 7

Section-B 4%x8=32
fom o1g e & foao .
S |_> b |_> (Short Answer Type Questions)
L) =
2
S, [+)=2¢|+). Note .— Answer any four questions. Each answer should

T T s ¥1 (b + o) F AT FW not exceed 200 words. Each question carries

BT 2 8 marks.

(viii) The set of eigenfunctions v, forms a grs—a
complete set of normalized and Orthogonal (o1 AU W9H)
(Orthonormal) functions. Find the value of fror - fri W YR 3 v AT am g s A
following function : ST 200 T § TREifE T o T
3I v, \|/; d‘]+4J. v, \|/§ dq+SI v, \1/: dq . S 3% & Tl
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2. Show that the operator 5. Explain the zero point energy of the one

N hod dimensional harmonic oscillator.

o n N

TR WA i s & g fag s

1s Hermitian.

THART |
g I fF dhReE

6. Prove that the fundamental commutation relation :

21 d ih
7 [X, px] = %

GINCE R

remains unchanged under unitary transformation.

3. Explain Wentzel-Kramers-Brillouin approximation.

Tz f9s wifvT o qoa fafma sy

deST-hH-Toreigd |feheal AHET | ih

[xa px] = E

4. Prove the following commutation relation :

Il TR # fo gRafia gu @@ ¥

[Ly,L,]=:L.. 7. If the set of eigenkets {|a’)} forms a complete

Trafafea wafafa a=ry +1 fag sifse orthonormal set then show that :
2la) (@
a!

=1.

[L,, L,]=iL,.
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=1.

. A particle is constrained in a potential
Vix) =0for0<x<a

and V(x) = « otherwise. In the x-representation,

the wavefunction of the particle is given by

Find the momentum function ®(p).
T w0 TEfafed fave § wfaeiar © .
Vx) =0SRI0<x<a

T V(x) = oo ST T 8 W x TG H HOT &1 AA

e Trefafed e 9 fear s ®

2 . 2mx
y(x) =,[— sin —
a a

@ FAT He D(p) H A B |
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. Using the matrices A and B, for the trace show

that :
Tr(AB) = Tr(BA)

8—-2i 47 0

B=|6 1+i 3i

1 5+7i 0

fferd A qem B =1 @ifSe, 39 & fau fag wifsw .
Tr(AB) = Tr(BA)

B=|6 1+i 3i

1 S+7i 0
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Section-C 2x16=32 T HHRF g T A © [a, a¥] = 1 &1, @ fHfees

(Long Answer Type Questions) TFRE ot ¢ & U o= 79 9@ SISl ot ¢ &
Note .— Answer any two questions. You have to delimit S Figw ft T FITC 7T o ST T oo
your each answer maximum up to 500 words. F weiRia war ¥ [a, o] FEEAFEEE aat — ata
Each question carries 16 marks. g
Qre—H 11. Consider square well potential with finite depth,
(et ST u9e) obtain the wavefunctions in the different regions
9T ;- forsl Q1 Uval & ST SIS T 3T SR ] SATRaH for bound state of the particle.
500 vl H OREfid iU Yo Y 16 3w R TTeTE AT AIRR favE A T S | Sy ST
<l 4 %0 & fau faf= 9 § TThed 91 it |
10. Suppose operator a satisfies [a¢, a*] = 1. Then find 12.(A) Prove that :
the eigenvalues of the Hermitian operator a* a. A

USRS
Also find eigenvectors of a* a. Here a* denotes

fag =ifsm

the Hermitian conjugate of ¢ and [a, a*] is

h
commutator aa® — ata. J,,J. 1= > J..
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(B) Explain the Spin Half Angular Momentum

of an electron.
SO & 3G THI HIUNT GAT I GHAETI 8+

13. Describe the Stern Gerlach experiment. Also discuss

the important results of this experiment.

WA WAS YN H THART A1 TH YA & YHE
qRomm SdET |

MPH-03/ 15 (15) TT-88



