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201 4
( Sth Semester )
PHYSICS

SIXTH PAPER

( Quantum Mechanics—II )

Full Marks : 75
Time : 3 hours

( PART : B—DESCRIPTIVE )
( Marks : 50 )

The figures in the margin indicate full marks
for the questions

1. (a) Obtain de Broglie relation by using
Lorentz transformation and the

standard wave equation. 7

(b) What do you mean by quantum

numbers? Write down the possible
quantum numbers for n = 2. 3

Or

(a) Show that de Broglie wavelength for a

material particle of rest mass mg, and
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(2)

charge g, accelerated from rest through
a potential difference of V volts
relativistically is given by

h

qV

(b) Show that material particle can only be
represented by a group wave, not by
single wave.

2. (a) Show that two eigenfunctions of a
Hermitian operator belonging to two
distinct eigenvalues are orthogonal.

(b) Show that if two Hermitian operators
cormnmute, theip product is also
Hermitian.

Or

(@) What do you mean by basis set? Do the
following matrices form a basis set for a

vector space of 2 x2 matrices?
1 0) 0 1
i M. - (0 O 0
o o =[5 o) =(2 ) w2
Justify your answer,

®) Let |y =2[uy) = 3|uy) +ifuy)

. Compute the j
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(3)

3. (a) Obtain the time-independent
Schrédinger equation. |

(b) The wave function of a particle is given
2.2

by y(x)=Ae @ %, —eo< x<+oo. Obtain

the expression for normalization

constant and the probability of finding
the particle in the region 0 < x <o 4

Or

(a) Obtain the equation for conservation of
probability in quantum mechanics.
Write the physical meaning of the

equation.

(bp) What do you mean Dby expectation
values in quantum mechanics? Show
that the expectation value of
Hamiltonian H is the total energy of the

system. 1+3=4

4. What do you mean by Quantum mechanical
tunneling - effect? Show that the
transmittance of a particle incident at
rectangular potential barrier is given by

_ 16E(V0 —E] e_2,/2m’(1V0 E)a

Vs

T

 where Vo 1s the potential barrier, a is barrier
10

thickness.
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(4)

Or

A free particle of energy E is incident on g
potential step given by V=0; x<0 and
V=V,; x20. Obtain the expressions for
transmittance and reflectance for the case
E>V,.

(a) Write down Pauli spin matrices and
~ show that [0?, 5,]=0. 1+4=5
(b)) Show that— | |
() 0,0,+0,0,=0;
(i) (o4, 04]=2ic,. 2+43=5
Or
(a) Show that commutation relation

between X and Y components of angular
momentum L, and L, is given by

Ly, Ly)=irL,. S
() What do you mean by orbital

gyromagnetic ratio for an electron?

Obtain the expression for it. 1+4=5

B & ¢
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PHYSICS
SIXTH PAPER
( Quantum Mechanics—II )

- ( PART : A—OBJECTIVE )
( Marks : 25)

The figures in the margin indicate full marks for the questions

SECTION—TI
( Marks: 10)

Put a Tick (v) mark against the correct answer in the
brackets provided : - 1x10=10

1. Of the following particles moving with the same
velocity, the one which has the largest wavelength is

(a) an electron ( )
(b) a proton ()

(c) a neutron ( )
(d) an a-particle ( )
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(2)

icle i ivalent to
2. According to Schrodinger, & particle is equiv

(a) a single wave
(b) a wave packet ( )
(c) a light wave ( )
(d) Cannot behave as wave

3. Eigenvalues of Hermitian operators
(a) are real only ( )
(b) are imaginary only ( )
(c) can be real or imaginary ( )

(d) are always éomplex ( )

4. Let u=(1, 2, 4 and v=(2, -3, 5) be any two vectors
in R3 space. Their inner product is equal to

@ 10 ()
® 7 ()

@ - ()
@ 16 ()
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(3)

5. Let y be a wave function, the quantity y+*y represents

(a) probability denéity ( )
(b) charge density ( )
(c) energy density ( )
(d) wave intensity ( )

6. Conservation of probability in quantum mechanics is
represented by the equation

PR L.T.F=
(a) 8t+v J=0 ( )
P _9.7-=
(b) o J=0 (. -
0 L+v.F=0 ()
dat
Qg_—).—)=
(d) v V-P=0 ( )

7. Let E3 be energy of the third energy level of a free
particle in one-dimensional infinite potential well.
The relation between first energy level E; and third

energy level Ej3 is

(@) E3 =3E; ( )
(b) E3=E, ( )
(c) E,=9E3 ( )
(d) E3=9E, ( )
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(4)

8. For a free particle in step potential, let Rand T be
reflectance and transmittance, then

(a) R+T =1 ( )
® R=T  ( )

() R-T =1 ( )
d R-T=1 ( )

9. The orbital magnetic moment of an electron is given

(where L is angular momentum and m is mass of
electron) by

el

(@ np = S ( )
_ et
(b) np = - ( )
_neL
(€ up = o ( )
(d) Both (a) and (b) ( )

10. For electron, the number of possible spin states for Z

component is
(@ 1 (
(b) 2 (
(c) 3 (

(

—— e

(d) 4
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(5)

SECTION—II
(Marks: 15)

~ive short answers to the following questions : 3x5=15

1. Show that a material particle cannot be equivalent to
a single wave starting from de Broglie relation.
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', whete £ I8 pPosition
momentum operator

" -
2. Show that [x, pll=ndp,
operator. p, is v component of
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(7)

3. What do you mean by eigenvalue and eigenfunetion?
Is the functan ™ an eigrnfunction with feaperct to

. o
the operator ; I mo, what are the rigrnvalue and
ek

cgenfunction?
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(8

4. The solution for a free ;ur'tuh inn an infintedy hagh
potential ia given by v = Asinnhy = Heoa ke M by
the constanta A and H are zero £ad h., what pl'-;',“,q
meamng does it imply?

V/PHY vi)/ 134

www.gzrsc.edu.in



Mutew 1 hat A
8. Show that electron RNN magnetic moment is equal to
Bohr magnetron .

v/ PHY (w1}
G15-250/134 ,

www.gzrsc.edu.in





