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Note:

ﬁi@T :

Note:

The question paper is divided into three sections A, B and
C. Write answer as per the given instructions. Check your
paper code and paper title also before starting the paper.
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Section - A 8§x2=16
Very Short Answer Questions (Compulsory)

Answer all questions. As per the nature of the questions
you delimit your answers in One word, one sentence or
maximum up to 30 words. Each question carries 2 marks.
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An electron is in a state described by the spinwave function
i

inthe S, - basisas x = J; . What is the probability that

/5

the electron has spin up?
i

U Selag Pl U qRThe, S, - aR™ | x = ? gl

75
Solarg A @ RO 31T BN bl UTRIehaT /T grit ?

What is a Hermitian operator? If C and D are two arbitary
Hermitian operators, then find whether CDC is Hermitian
or NOT. Answer ‘Yes’ or ‘No’.

IR HepRD a7 81T & ? g C T27 D 31 WaTe oIl
HHRE g, Al FT AbRDd CDC HF gHIRIT g ? IR ‘gl
ar A H )

(i11) Usingtherulesofbra-ketalgebra,prove Tr(XY) = Tr(YX),

where X and Y are operators and Tr is the abbreviation for
Trace.

F-PT TS PTOSEN dRd | g W
Tr(XY) = Tr(YX), T8 R X TT Y FHREG g del, Tr

HigeRT &1 o4 Gffd @Rl 2l
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(iv) Express the Hamiltonian of a linear simple harmonic

v)

oscillator in terms of annihilation operator a and creation

operator a'.

T NI AR I QIfersl BT gfiieei3m™ Tffgete affRex
a 3T fhUeM STRER ¢ & wY H Jad pul|

For Pauli matrices, o, G,, 6. what is the value of

0.6, + 6,6, ?

el #fea™ 6., 6,,0. ¥ ol 6.0, + 6,0, ? BT HF A
T g ?

(vi) Write the angular momentum operator L, in spherical polar

coordinates.

PV HT HepReb L, Pl Metld gefl Fere! J forat

(vii) Write the ground state wave function of harmonic oscillator.

Plot the wave function.

TN 3Tad ol & faq Shoff 3TaTAT T aNT Thol
oI | 39 G Bt T UTfthebed I S|

(viii)What is a stationary state? Write the wave function of the

Note:

stationary state of a free particle.
Fared R & ‘RRR’ (Ferrft) eraver a1 g2 fadt gaa
BT T TR (RRR) awT & T he Bl o |

Section - B 4X8=32
Short Answer Questions

Answer any four questions. Each answer should not
exceed 200 words. Each question carries 8 marks.
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Using the rules of bra-ket algebra, prove that

(XY)" = Y" X", where X and Y are operators.
ST-hC TeloldT b ! T ST ral §¢ RAg I b
(XY)" = Y' X", ST@T ®R X T Y HhRE &l

Prove the following commutation relations:

(i) [LoL,|=ikLz

(i) [L%L:]=0

=1 sy Ty @ Rig |

(i) [LoL,|=ihLz

(i) [L%L.]=0

Find the energy eigenvalues and eigen functions of a particle

in a one dimensional infinite deep well of width a; the motion

takes place only between the points x = 0 and x = a.

IR o & qUT 3T TS & b AT fava gu & Fifed wor
P STl 3T ol dUT Tl ST JIF ST DRI hUT bl e
f87g x =0 qT x = a 7EY &l
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Set up the schrodinger wave equation for a one-dimensional
harmonic oscillator. Plot the wave functions Wy, Vi, V>, ¥s of

harmonic oscillator.
e faiftg avar ad cifors & ford snfesR e Uy |
amad Qe & a9 Bl W, Wi, Wa, s BT Saren|

Prove the relation
(8- X) (8- §) = (X- ﬁ) +ic- (XX ﬁ) where 6's are the Pauli
spin matrices, if the components of A and B Commute with

those of G.

g 1 % (6-A)(c-B)=(A B)+ic (AXB)

Sef R o = (0., 6,,0.) TSt O Afgad ueffa a=a g, den
AT AT B & TCH 6 & gcdhl A IR I ¢

Obtain the solution of radial equation of hydrogen atom. Find

energy eigenvalues for hydrogen atom.

EISIoT WA & ford NfSaret (Brfir) |Hienur o1 g1 UTH o |
EISIoT URATY] & ford St M A UTH v |

Show that the first order perturbation energy connection for a
non-degenerate system is the expectation value of the perturbed
Hamiltonian over the unperturbed state of the system.

g o b fpdl A-feoRe oaiey o & ford gyem @ife
BT Sofl T 7 H AT & HRUT 89 Iredm Foned T &
JrfIenfya srawen W el e~ & g a1 g g
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9) (i) Define an unitary operator.

(i1) An operator corresponding to infinitesimal transformation

Note:

can be expressed as U =~ 1+ ie F, where ¢ is infinitesimal.

Show that U is unitary if the operator F is Hermitian.

Ifredt mReR @t R @l

U e U 3iferged duoRvl & o) 7 29 o e
fopar ST Fepar 8 U= 1+ieF, S8l W 31fa geq e 2
g o1 fb efiRer U Jfred avft g Sefd siawer F
gfeT 2l

Section - C 2%X16=32
Long Answer Questions

Answer any two questions. Each answer should not exceed
500 words. Each question carries 16 marks.
(Tvs - ¥)
arel IR 99T

fAder: fohgl QA Ul & IR IR | 3T 31U IR DI 3BaH 500

grect o g Hifvw| g w99 16 3t a1 Bl

10) Find energy eigenvalues and eigenfunctions of a one-

dimensional simple-harmonic oscillator.
U fafig IR smad eifor & forw Soif 3e= 9= Jer St
ST Bl UTH |
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11) Using commutation rules for angular momentum J, find out the
eigenvalues of J*and J,.

IV AT T, & ford ey Fea=g b1 SUAMT e g9 J°, J, B
TS A Dl ITH BN

12) If a and a* are two operators which satisfy the commutation
rule [a,a"]= 1 then prove that

(1) a+a|n>=n|n>, where 7 is positive integer

(i) aln)=n|n—1)

(i) a" |n)=Vn+1|n+1)

IR ¢ qAT ¢ Q) FhRS & SN 6 e Rfr dey Fegse axa
2

[a,aﬂIl,?‘ﬁ%ﬁ%

(i) a"a|n)=n|n), & R n @ GIHD QU g

(i) aln)=n|n=1)

(i) a" |n)=Vn+1|n+1)
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13) A particle in an impenetrable potential box with walls at x = 0

and x = a has the following wave function at some initial times:

W) = X 3 . 3mx

(1) What are the possible results of the measurement of energy
and with what probability would they occur?

(1) Suppose immediately after a measurement, energy is
remeasured. What are now the relative possibilities of the

possible outcomes?
Uh Hul sl erier digw | ffed g1 fa &t AR x =0 e
x=qa W T g 9aq § Ffgd dor &1 TRothe fohedt URfYw
&7 IR

3 .3
\lf(.X) \/5 Sln7 + \/5 SlnTnx

3 &z mm Bl
(i) U1 DY SHoit 79T ¥ AT A FT R ToAT ID 71O H
femaTet 79 6t Fr wilear g 2

(i) IS SHoff AO P qegeATd gH: Soll A fhar SR ar
fremaTel Furfad g1 Y T Afés uriear gt ?

MPH-03/ 700/ 8 8)



