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PHYSICS
(Quantum Mechanics)
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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.
Calculators are not allowed.
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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.
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1. (i) Find the value of the following expression :

3 T

| cos(3x)6[x——j dx
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(ii)

(iii)

(iv)
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Angular momentum and momentum
operators are Ly and P, respectively. What is
the simplified expression of commutator
[Pz? Ly] 7
IO HT TH Ho HeHRE FwHEl: L, 7ol P, ¥
fafeeres [P, L] T AR S 1 T 2
For the trace :

Tr (ABC) = Tr (CXY)
what are X and Y in terms of A, B, C ?
9 & fau

Tr (ABC) = Tr(CXY)
X dMmY w1 °AH A, B, C % Wi # fafeu)

An electron of mass m moves inside the
infinitely deep one dimensional potential box

a

a
having width from x = S to x = then

write the expression for ground state energy

of the electron.
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(v) A wavefunction is given by :
\u(x,y, z,t) = Aez’(Sm‘—4x—3y+52)
Find the wunit vector representing the
propagation of this matter wave.
TH T = T
\V(x’ y,z,t) = Aez’(Sm‘—4x—3y+52)
9 qUTHEA 1 T=Ro &1 foon # s&E wfew
[ HIfST
(vi) If a and a* are lowering and raising operators
for one dimensional simple harmonic
oscillator, let |n> be energy eigen state of the
simple harmonic oscillator. Find the
atataa |n>.
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atataa |n>
(vil)) A one dimensional harmonic oscillator is in
the superposition of number of states |n>
given by :
1., 3
=—|2)+—I3
lw) S ) > )
Average energy of the oscillator in the given

state 1S akv. What is the value of a ? Here

hv

ground state enregy is >

w faia wa smgfa dfes #E W eTewensi
|n) & SR F A ot %
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1
|w>:§|z)+73|3>
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(viii) Pauli matrices are given by 6, ¢

M eyl & fau uw ife w1 SfEa S
ohv ¥ TG o 1 AF F B ? TR T TR

hv
o
2
c,. Write

y’

the final form of 3Gx6y + G0, in the terms

of Pauli matrix.

Gy O c, WSt dfgw ©1 36,0, + Gny‘_ﬁ
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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.
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. Prove that if A is Hermitian operator, then ¢ is

unitary operator.
T% ey f afs A =fiftem wowe & @ oA T
Il FHRE T
. Explain the spin half-angular momentum of an

electron.

TR & AY-TH BV T Il THSET |

. Deduce the time independent Schrédinger equation

from time dependent Schrédinger equation.

w3 N THwR &l eIdl 9 hid S

o

MR TR &1 fma wifsw

. Briefly explain the Thomas-Fermi statistical model
and Hartree’s self-consistent field method under
central field approximation.

HET & Giheal & oTd WY W ATHE-wH
Tiferda disal IR BEl W@ & Hied & 9ueEl |
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6. By Schrodinger wave equation obtain the equation

of continuity :

%
P div T=0
ot

_)
where p is the probability density and J 1is the

probability current density.

NS FHIHTOT R Hiaed GHIHI

%
P\ div T =0
ot

aﬁmaﬁﬁqaﬁpqmﬁmaﬂa%am?uﬁw

YN e |

. Prove that, if the wavefunction in coordinate space

is normalized, the momentum wavefunction is also

normalized.

fog =wifsw for ot wWrwen =9 s TEEISd

T, @ T TR JEEER
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8. What does mean by Stark effect ? Briefly explain
the first order Stark effect in ground state of

hydrogen atom.

W THE H F A © 7 SRS I H A
3T & T gorg wife Wi guE i 989 | FHeET |

9. Prove that the fundamental commutation relation :

ih
[xuvx]_%

remains unchanged under unitary transformation.
IE T fF qayd wAfar=g a=

ih

2n

et wuiRe § safiafia Tear 2|

Section—-C 2x16=32

[x, 1=

(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.
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10.(a) Using the matrices A and B, for the trace
show that :

TAAB) = Tr(BA)
(8—2i 4i 0 )
L 10 1—1'J
-8 i 6/
(=i 2 1-i)
B:L6 14 31'J
1 5+7; O

Bferm A @ B 1 ¥4 0 gY o9 & fow fag

wifora T
TAAB) = Tr(BA)

A

(8—2i 4i 0 )
t 1 0 1—1'J
-8 ) 6/

MPH-03/ 15 (10) TR-88

A



(—i 2 1-4)
B - Lé 14 31'J
1 5+7{ 0
(b) Show that commutation relation :

ih
[LoLy]=3-L,

e At aT Ty &1 9 &I

th
[anLy]:%Lz 8+8

11.(a) Consider the state :

Lo s, e

|\u>:ﬁ|¢1>+£|¢z>+ml¢3>

which is given by in terms of three

orthonormal eigen states |¢1>,|¢2> and |d>3>
and of an operator ﬁ such that
ﬁ|¢n>:n2|¢n>. Find the expectation value
of B for state |v).
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(b) With the help of W.K.B. method, calculate

the transmission coefficient for the given

potential barrier :

Vo—ax ; x>0
V@ =1 0 ; x<0

=1 fava sy & faw WK B. fafe &1 g
q YA TOME FI BN

Vo—ax ; x>0

V(x):{ 0 ; x<0
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12.(a) Consider the following kets :

(=51 (3]
M:L 2J and\d)>:t 81'J
i —9i

Is ‘\p> normalized ? If not, then normalize

it. Are |y) and |¢) orthogonal ? Check it.

= &1 ®e 71 oS -

(=50) (3
)

N |y) vEEEgd ® 7 AR |y) sEmed
T T W yEmEEEd wST R |y) q9@ [¢)

Al & 2 SHeh! Srg Hifteg |

(b) Represent graphically the wave functions for
states » = 0, 1, 2, 3 of simple harmonic

oscillator.
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13.(a)

(b)

T& WA T Sifes &t s/ # =0, 1, 2, 3

% forg e @ T faf @ T BT g4g

Using Bohr—Sommerfeld Quantization rule,
obtain the zero point energy of the one

dimensional harmonic oscillator.

IR-FRHeS FAUR o9 1 3T A BT
w fada smgfa <ifes & fau s fag =i
YT HifeT |

Prove that :

h
[JZ,JJF]:%J+

Symbols have usual meaning in angular

momentum.

MPH-03/ 15 (14) TR-88



h
[JZ7J+]:%J+
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