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M.Sc. Semester-I (C.B.C.S. Scheme) Eremin.tiorr

PHYSICS

1-PHY-3 : Quantum Mechanics-I
Tirne:Three Hours] [Maximum Marks: 80

Credit:4
EITHER

1. (a) Whal is Photoelectric elTect'l Deduce Einstein's photoelectric equation. 5

(b) Obtain enetgy cigen values and eigen functions for a panicle in the inirnite potenrial

well. 8

(c) An electron and a proton have the same velocity. Compare the wavelenglhs zLnd phasc

and group velocities of their DeBroglic waves. 3

OR

(p) Civc thc explanation of Complon eIlect with the help of quantum thcory and find an

expression for Compton shifl. 6

OblaiD cnergy eigen valucs and eigcn functions for a linear harmonic oscillator. 8

The avcragc pcriod that elapses betwcer thc exCitation of an atom and thc rime ir
radiatcs is l.0x l0 3 sec. Find thc inherent uncertainty in thc frequency of the photon.

2

(q)

(.)

EITHER

2. (a) Outline Dirac's Bra and Ker notations. 4

(b) Show lhat Hcrmitiah mahix can be cxpressed a-s diagonal matrix. 4

(c) Show that the operators having common set ofcigen functions commute to each other.

4

(d) l'rove that the fundamental commutation relation [x, p,] = ii remains unchanged

under unitary lransformation. 4

OR

(p) Show that, iI opcrator A is Ilermitian then :

[u'Aua.- ia'u''d.. 4JJ

Whal is unitary ransformalion ? In a unitary hanslormation sho\r'that the operator

equation remains unchanged in form. 4

Obtain the Schrddingcr cquation in matdx form. I

(q)

G)

(s) Show lhat operator
d
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dx
is Hennitian.
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3

EITHER
(a) Write do$'n the Schrddirger equation fot l[-alom in sphcrical poli coordirates and

septrrate it in to radial, Jolar and azirDual \!avo equations. Obtain solution of polar

wave equation- 8

(b) Obhin the operatonr t.,. t,r. L., L. and L in spherical polar coordinates. 8

OR

(p) Write down radial wav( cqualion [i)r ]l-ltom. obtain its solution and energy eigen

lallrcs. 8

(q) A ground slatc \r'avc funcrtion ()1 a lincar harrnonic oscillator is :

I -,,,*r'\r(,(x)=Aexpl ---..-
\!

u,here A is a const3nt I'sing the rrising and lowering operators, obtain the *ave
function of the e\cited slates oa the harmonic oscillator. 8

EITHER
(a) W}lat are Pauli s spin matriccs :) Sho\\ thal thc) anlicommulc in pairs. 4

(b) Delemine the total angular momentunr lhat tua]' arisc when thc following angular

momenta are added :

(i) ir =. r. j.: 1

(i0 j,=3. j"-1.
Obrain eigen vaiues of .[' and J, operators

I

(c)

OR

tu)

+

t

Ilvaluate dle foLlou' ng comnrutation rclations

(i) fL". lL.. L,ll
(iD ir..,. r.11.

(q) Oblain the matrix frrr .l-, for j 1'2. 4

(r) Evalualc Clcbsh-Gordan cocllicicnts 1or ?r systcm having j, - ll2 arrd 1.: ll2. 8

EITHER
(a) Explain the Ileisenberg licture. Oblain the equilion of motion for an opcrator in it.

8

(b) lf the Hamiltonjan [l(t) . II0 I ll'(). sho$ that the srale vectors change in accordance

$ith H'(t) q,hile dvnamical rariahlcs,:lrangc in accordancc \\'ith H0 in thc interaction

piciurc. 8

-1

OR

(p)

(.r)

l,rs{) variation rlctho.l 1(, obtain thc gRrund stalc cncrSy of hy'Jrogen atom assuming

trial function y(r) = Ae r'. where )- ls a variational parameter rnd A is normalization

constant. 8

Describe \\'I(B approximlltion method for a one dimensional case:rnd de ve the connecdo[

lbrmulae. g
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