MPH-03

June - Examination 2026

M.Sc. (Previous) Examination
PHYSICS
Quantum Mechanics

FATICH FifAbl
Paper : MPH-03
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Note :-  The question paper is divided into three Sections A, B and C. Write answers as per the given

instructions in each section. In case of any discrepancy, the English version will be final for

all purposes.
fAde — I8 g3 o, 9 SR " AW wvel # e 21 uRe wre & AdRgeR Tl &
SR AT | =l Y farfr @ Rerfay # ool wu & sifts /ST |

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.

QGug—3y"
@fr org ITNg ueH)

fder — ot geAl & SR AT | MU S/ ITR &1 URAER U ¥es, U a9 a1 JAfddhad
30 real # aRWAMAT ST | yde I3 2 3id &1 © |

1. (i)

(i)

(iii)

Consider wave function Y/(x) = y; (x) + ¢, (x)

Probability of finding

P(x) = Z+ [y;(x)]? + a {Real part of [{] (x) P, (x)]}

What do represent Z and a?

T B P(x) = P(x) + P, (x) @1 fifvrg |

qe &1 gTfdar

P(x) = Z+ |P;(x)|* + a {Real part of [Y](x) Y, ()]}

7 TAT a RIT UfEd B 87

Plot the wave function for state n = 5 for one dimensional harmonic oscillator.

U faHi amaddt qiferd & folv n =5 3raven & folv a7 Bl 99118V |

For one dimensional harmonic oscillator n state is given as |u,). What is the

value of (U4 |uy)?
e i Qmafd qiferd @ forw ndl sreRer |uy,) B 1 (uq|uy) &1 A9 F
BITT?

MPH-03/4

Page 1 of 4 [411443] Turn Over



(iv) The energy operator Hamiltonian is H.

Here A ) = 1514

Obtain the value of the commutator [ﬁ, t]

Soll HehReb f¥reditra H 2 |
et Al W) = i35 1)
w7 fafre [H, t] &1 79 e aRy |

(v) Eigen functions of the angular momentum operator L 1is spherical
harmonics Y}, (6, $). Plot Yyq on xz-plane.
DI HRT HBRS L & AT B Mt w=aral Yy, (0,9) 1 Yoo @7
xz- aat # fafa &Ry |

(vi) Pauli matrices are given by Oy , Oy , Oy .Write the final form of

6040y + 30,0y in the terms of Pauli matrix.
Oy, Oy, Oy UISall Aga 816050y + 30,0, B 3 U Bl ursell Afga
@ wY H forRau |

(vii) An electron of mass m moves inside the infinitely deep one dimensional
potential box having width from x = —% to x = % , then write the expression

for ground state energy of the electron?

9= fava & te fai fovg 9fT & U SHM &1 Solaee © dfed @l
et x = — S x Sa%wsﬁ?@ﬂaﬁwaﬂeﬂzﬁmwﬁ%@ql

(viii) Write the solution of ¢ equation for hydrogen atom for magnetic quantum

number of value of 4.

g WA & oy gRad FdicH S&T 4 & oy ¢ TR0 BT &
ferfay |

Section-B 4x8=32
(Short Answer Type Questions)
Note :- Answer any four questions. You have to delimit your each answer maximum up to
200 words. Each question carries 8 marks.
Gus—q’
(cTg TR uE)
ffder — &= IR usAl & SR RY | 31T U gD IR DI AfeIHad 200 eeal H R
DI | TS YT 8 3id &I ¢ |
2. What do you mean by creation, annihilation and number operators in operator?
HAHRS H creation, annihilation T number HHRDI A MY RAT FHIA &I?
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Use the W.K.B. method to calculate the transmission coefficient for the potential
barrier -
V(x) = {VO —ax ;x>0
0 x<0
e sk @ forg W.K.B. fafer g§1RT URIA ToMies §i1d SRy —
Vo—ax ;x>0

V(x) =
(x) {0 ;x<0
Using the matrices A and B, for the trace show that Tr(AB) = Tr(BA)

AfeRT A TAT B BT AIfviY, 29 & o Rig #RY Tr(AB) = Tr(BA)

(8 — 20 4i 0
A= 1 0 1-—i
—8 [ 60 |
[—i 2 1—1]
B=1]16 1+i 3i
L1 5+7i 0
5. Write the fundamental properties of well-behaved wave function.
GARIRT T Wl & Held o1 HI faRag |
6. Briefly explain the Thomas-Fermi Statistical Model and Hartee’s Self-Consistent

Field Method under Central Field Approximation.
S o WidedT & I Held W AWE—%hAHl Gk dfed 3R
TR W & Afed TRy |
7. Let a wave package be described at time t = 0 by
2
P(x,0) = Aexp (— ZX? +i kox)
Express (X, 0) as a superposition of plane waves.

Ig HifAu fb o™ Ude 999 t= 0 R = dve 9 fear <iar g

2
P(x,0) = Aexp (—% + i kox)
FHAS TN B AR & vy H P(x, 0) BT @b BT |
8. Show

that Hermitian operator remains its Hermitian character under a

Unitary Transformation.

g <ofel fh el wurmmur & oiaefa eI dare sfRme deror v&dT 2 |
9. Evaluate (n|(a + a*)*| n)
= (n|(a + a*)*| n) stTa HIRTT|
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Note :-

Section-C
(Long Answer Type Questions)

gus—9'
(@ SR uEE)

2x16=32

Answer any two questions. You have to delimit your each answer maximum up to
500 words. Each question carries 16 marks.

frder — =8l Q1 uvl & SR IRTT| 3T 3T U IR B SIOedH 500 el H gR™IAT

10. (A)

(B)

1. (A)

(B)

2. (A)

(B)

PITT | UAD T2 16 b BT B |

Consider two operators 61 and O 2 defined by the following operations —

a1 PRSP BT AT I (75T AR I IRAMT & —
01b() = Y(x) +x
0,400 = 22+ 24(x)

Check for the linearity of each operator 61 and O 2.

T bR 0,2 0, & g Iasar & sitar SR |
ih

Prove that, the fundamental commutation relation [X, pPy| = o remains

unchanged under unitary transformation.

Ie g BN, 6 Hera fafrm wde [x, py] = %tgﬁeﬁwﬁ
fo=T uRafda gy <&ar 2|

Calculate  the  probability current density for the  wave
function P(X) = u(x) exp[id(x)]. Where u, ¢ are real.

T Bed P(x) = u(x) explid(x)] @ forg wi¥iewdr arT a9 S
PN | T u, ¢ IRATSD © |

Prove that, if the wave function in coordinate space is normalized, the
momentum wave function is also normalized.

feg @ISy, afe seTer qene H TR B gaE=ATdd 8, HaT =T
e I TG © |

Find the simplified form of the following operator products writing all steps
by operating on wave function :

@ (% + x) (d% + x) and (ii) (% + x) (d% - x)

TR Bl W HHIRT R 8¢ T UGl &l foreadd gy =1 ddpRe ol

T IReAHd w9 Il

. d d .. fd d
M (dx + X) (dx + X) o (i (dx + X) (dx X)
What does mean by Stark-Effect? Briefly explain the First Order Stark Effect
in ground state of hydrogen atom.

D AT T AT 57 BTSRIo URHY] BT q 3wl & oy UM
PIfC TIh TATT BT FeT H FAHST |

13. Describe the Stern-Gerlach Experiment. Also discuss the important results of this
experiment.

T IRAD TART BT TSV | $9 TART & YR RO 1 918y |

[8]

[8]

[8]

[8]

[8]
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MPH-03/4

Page 4 of 4 [411443]



