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M.Sc. (Previous) Physics Examination

Quantum Mechanics
FIIeH A
Paper - MPH-03

Time : 3 Hours ] [ Max. Marks :- 80

Note:

fAder :

Note:

fAder :

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. Check your paper code
and paper title before starting the paper. Calculators is not allowed.
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Section - A 8§x2=16
(Very Short Answer Type Questions)
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) Energy of a particle in a one dimensional potential box in ground
state is £,. What is the energy of the particle in fourth excited state?
U faH fawa e o ot ST § Soll £, BT B aqed
ST TaReAT H Foft T gRIT 2

(i) “The expectation value of an anti-Hermintain operator is purely

real.” Is this statement true?

Ticrgfie AdRe & UTem 99 JE ¥9 | IRAfID ard
gl T I HYT A g7

(i11)) What is the eigenvalue of a unitary operator?
TP HHRD P AT T &1 81 2 2
d (x)

) m— =—(VV())

What is the name of the above equation in quantum mechanics?

Here symbols have usual meanings.
d (x)
m =—(VV(x
. (V)
FICH Il H IURIGT FHIBRUT DBl A FIT RN ? Tl
Uil &b AT 31ef B
v) Ifa |4)=b[5) What is the value of constant b? Here a" is
creation operator.
A @ [4)=b|5) IR b P HAA AT E? TgT BHUIA HPRSD

a*%l

(vi) What is the value of Probability current density corresponding

to real wave function.
NI T ol & AT UTRIST 9RT O-icd T |1 T

BN ?
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(vii) The eigenvalue of operator L’is % . What is the value of b in
T

terms of function of azimuthal quantum number / ?

WLW@@?W4 21 feeft Faren v | &
7Z'

el & 4 H » DT JF FAT BRI ?

(viii)For hydrogen atom, what are possible values of / and m for
quantum number n=1 ? Symbols have usual meanings.
EIEHIoT URHTY & foTU FaieH FT n=1 & o [T m B
AT HIT T R 2 JgI Uctiehi b A 37ef g

Section - B 4 X8=32
(Short Answer Type Questions)

Note: Answer any four question. Each answer should not exceed 200

words. Each question carries 8 marks.

(s - 9)
(oTg ITRIT Ue)

fAder: gl IR goi & IR SINIUI 3T 3199 TR I 3fehad

2)

200 greci o AT HIRTTI T U9 8 37! & gl

Write the expression for energy of one dimensional harmonic
oscillator in nth state and also plot the wavefunctions corresponding

to ground state ¥, first excited state 1; and second excited state ¥, .
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Define inner product of a bra and ket. Write its important properties.

ST Ud e b AIND O Dl IR HIRTTI $ch I&= Ul i
ferRau)
Suppose that A and B are compatible observables and the eigenvalues

of A are B nondegenerate. Then show that matrix elements <a”| B |a'>

are all diagonal.

Ig g f5 A T B uferuedf Derofiy g dem A der B & s
q SIS g I8 H gy 1 (o'|Bla’) AT fepol Afga
T gl

Show that a unitary operator remains unitary under a unitary

transformation.
Ig ISy 13 I Hopre s wurRur | gfHes g & gl

Evaluate <0’x4\0>, where x is the position operator of simple

harmonic oscillator, \0> state is the ground state of simple harmonic

+
oscillator, Here x= \/% <a %x )

et gy Qifer & g (olx*lo) @1 A st BRYl @t et
SGRT QIfers & oY |0) et 37l gl

v . h a aJr
W%Wx=4/2mﬁw( +/5 )%l
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Using operator x = ,/ 2mh7r ” ( a :%f )

evaluate <n| x2 ’n> for simple harmonic oscillator.

. _ h a+a
Wx—Jme( 7 )mw&ﬁvaﬂénga@%
Qe & 1T (ul ¥’ ) &1 7 ST BRYY

Obtain the Time Independent Schrodinger Equation from Time

dependent Schrodinger Equation.

BTt T SNFESTR FHIARUT I BTeT IHTHT SNETR FHAor e
I

Explain the W.K.B. Approximation.
W.K.B. Af~ehed &l THe|

Section - C 2X16=32
(Long Answer Type Questions)

Note: Answer any two questions. You have to delimit your each answer

maximum upto 500 words. Each question carries 16 marks.

(Tvs - ¥)
(Sref ST T9d)
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10) (i) A wavefunction ¢ = A sin nLﬂ exists in a region 0 <x <L
potential is given by
{ 0 ; 0<x<L

oo otherwise

V=

Heren=1,2,3,4, ..........

By normalization condition determine the constant A.

e TR = Asin /7 & 0 <x <L ¥ ¢ gl fqwa e &
0 ; 0<x<L

-]

00 otherwise

TRATTAIERRUT 9T SRT 3R A I ST1d |

(i) Show that J X J =i J

Here symbols have usual meanings.

g gorisy b J><J=i%]

Jgl ucltent & AT 3ref R

11) Using Schrodinger Equation, Obtain the r,0,¢ equations for

hydrogen atom. Also discuss the solution of 6 equation.

RISGIST URHIY] b foTq SNTSTR FHIRU bl IUART &Rl §Y 7, 0, b
FHIPRON DT U HRY JoAT TR0 O & g Dbl ot =
DI
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Find the probability current density corresponding to plane

wave

gﬁ(x,t)ZAeikxe

=T TN o b T TR URT O-icd bl ST BT
. (2w Et

zﬁ(x,t):Aelkxe { )

h
Using annihilation operator a evaluate the matrix elements

i( 27Z'hE t )

(m|aln). Write the matrix representing a. Here symbols have

usual meanings.

TR BB o BT SUAN B g Ao 3FRId (m|aln)
ST TR @ DT TSRIT dxedrel Afgast @ faRay| Tl Uit
& I 3ref g

What do you mean by stationary states? Explain it.
How probabilities of various values of the energy of the system

are determined.

TURIT STITATN I YD AT AT 82 T FHSIN |
T &6 Seif & AT URpd B FufRa gt 82

Explain the Bohr somerfield Quantization rule using a bound
stationary state in a potential well

Tep faHe U H e ag FARIY 3Rl T SUANT bR gY IR
AR FaTfIhul 710 B FHsTal|
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