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2 1. Attempt any five of the following : 3x5=15

q (a) A metal surface when irradiated with light of wavelength 5896 A emits electrons for which

the stopping potential is 0.12 V. When the same surface is irradiated with 2830 A, it

0 V. Calculate the value of Planck’s

emits électrons for which the stopping potential is 2.2

éonstant.
p.T.O.
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Attempt five questions in all, Question No. 1 is compulsory.
Use of non-programmable scientific calculators is allowed,

Symbols have their usual meaning.

Q. 1 Attempt any five of the following.
nty Principle AXAp 2 h/2, obtain a similar

a) Starting from Heisenberg’s Uncertai
) is the de Broglie wavelength.

inequality for the variables x and A, where
b) The wave function for a particle confined in a one-dimensional box of length L is given

by
W(x) = Asin(nmx /L).

Normalize the wave function and evaluate the expectation values of its momentum.

¢) Determine which of the following wave functions are
the Schrodinger wave equation:

physically acceptable solutions of

() tanx (2)sinx (3)1/x (B exp(-x2 /2) (5)secx (6) exp(ikx)

d) An X-ray photon undergoes Compton scattering by 00°. If the frequencies of the
tively, calculate the de Broglie

incident and the scattered photons are U and v' respec
wavelength associated with the recoil electron.

rtainty in the velocity of a particle is eq
the position of the particle in

ual to its velocity. Calculate the

e¢) The unce
terms of its de Broglie wavelength.

minimum uncertainty in
group velocity of ocean Waves whose phase veloc
eration due 1o gravity-

f) Calculate the ity is given by

\/_2%' where ) is wavelength of ocean waves and g the accel

f angular momenty

Vo=
m L. What role does

g) Explain what is meant by space-quantization o
the magnetic quantum number m play in this quantization?



2
h) Let an electron be regarded as a linear harmonic oscillator with angular frequen
< Cy
» r4 s ~ [ a4 H : y - S o L LX)
5 x 10 /sec . Caleulate: (i) its zero-point encrgy and (11) the classical limits of its motion ;
the n = 1 state. ' SR
(3x5)

Q. 2 a) Why is the classical wave theory unable to explain the observations of the
photoelectric effect? How does Einstein’s photoelectric equation resolve these difficulties?

b) Show that a free electron cannot completely absorb a photon and conserve both
energy and momentum. l

¢) The stopping potent;al for photoelectrons emitted from a surface illuminated by light
of wave length A = 4900 A® is 0.7 V. When the incident light is changed, the stopping
potential changes to 1.41 V. What is the new wavelength?

(8, 3, 4)

Q. 3 a) Explain why it is necessary to create a wave packet to describe a particle in quantum
mechanics. Construct a wave packet using two simple harmonic waves and obtain
Heisenberg’s uncertainty principle connecting position and momentum of a particle.

b) Show that the Uncertainty principle can be used to derive an expression for the radius
of the first Bohr orbit of the Hydrogen atom.

(2,7,0)

Q. 4 a) Explain the de Broglie hypothesis for matter waves. Describe the Davisson Germer
experiment in detail and point out how it established the wave nature of electrons.

b) Calculate the de Broglie wave length for an electron with kinetic energy of
i) 1 eV and ii) | MeV.
( Rest energy of an electron = 0.511 Mev)

(ld, S)

Q. 5 a) Write down the time dependent one-dimensional Schridinger equation for a free
particle of mass m. Show that the states with definite energy E can be represented by the
wave function W(x,t) = @ (x) exp ( - iEV/ h), where ®(x) is the solution of the time

independent Schrédinger equation.

b) Obtain the energy eigenvaiues and the normalized wave functions for a free particle
of mass m trapped in a one dimensional box of length L

(8,7)
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853
e above parti s kinet:
If th particle has Kinetic cnergy K, then prove that tl ' for the
: s By ! '€ that the expressions for the
de-Broglie wavelength of this particle are given | I
N Cn JY. i
o h
(i) /2?71-0K (non-relativistjc case) 3
; &
@ " KK+ 2me) elativistic case s
free cle of i
A 1ree party Mass m moving in one-dimension (say along positive x-axis) with momentum
p and energ 1

wave \y(x, t) = AelPx-Et)/h

(i) Obtain the time-

» Where A is some constant -
dependent Schrédinger equation satisfied by this free particle. 7

(#) How can we normalize the above wave function W(x, 1) ? 2

Suppose V/;(x) and WY5(x) are the solutions of one-dimensional time-dependent Schrodinger
equation then prove that ' :

V) = aw(x) + ay Wh(x)
is also a solution_. Here a; and a, are-complgx constants. 6
A particle of mass m and energy E moves inside an infinite potential well :
'“_f@0<x<L
V =

w,x<0and x> L

The normalized wave functions of this particle are given by

nmnx

SN e T and n = 1, 258 .
THEE e e

Prove that the expectation values (xpx) and (Pﬁ) in the nth state are related by
ove tha -
w7 6
‘ (xpx)n = (pxx>n =i
REO:
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(0 Using y,,(x), obtain momentum e E,cnfunclnons and momentum eigenvalues of this Paﬂlcle

(¢) Find the ptobabihty of finding this particle in the range 0 < x < L/n when jt is in the

nh state.

4
One-dimensional harmonic oscillator (mass = m and angular frequency = w) is in the groung

state given by

By etat | i
Wolx)=|-—| exp y—o<x<oo and B=,—
: T 2 : : h

(@) Prove that in this state

h ; ;
AxApx=§ ' : 10

[Note Ayn/ 0,(f f wo(x)fwo(x)dx D, =—1h%

The radial Schrﬁdinge; equation fcpi: hydrogeﬁ atom is given as

&7+F[E*V‘“§n‘;@—]u=0

; 200
where u(r) = R(r) and V(r) = Z;—Z—-;
e A 0

Prove that the radial wave function, R, L () 1S given by

R,(r) = Ae” Y"’2('}0')" B

wat (yr), n-123 S 3




. co-efficients O

853

92 9
whel'e, "}!::-—-——,ao :% is B h ‘o g
na, me ohr radius and A is some constant.

2

. d°h
Note : Solution of v——= _.nah
[ ydy2+(21+2 J’)@+(nﬂl—1)h:0, is given by

25y, C 19 S0M€ constant]

h(y ) = CLn-H’

Verify that the most probable value of » for ls electron in a hydrogen atom is
equal to ap. : b0
[Given R (r) 2 e"""’J
e ' aox/&_t;

A particle of mass m and energy E moves in a finite potential well :
; 0,0<x<L '
V= |y,x<0and x>L (here, Vo = 0)
7

Show that the bound state energies (E < V) are given by equation
okk!
tan T kz 7 k.z

o
where, kK = | 52 and k' = o~ 7’
btain the expressions for the reflection and transmission

=
ht
8

Use the Schrédinger-equation to

fa particle of mass and energy E, approaching a potential step of heig

2,200
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(@)  Define adjoint of an operator in the bra and ket notations and explain the properties

of Hermitian operators.

(b)' Show that :

o (V@)
8, p]= i ( dx )’

where H is the Hamiltonian. :

(¢)  State and prove Ehrenfest’s ’Eheprem.
nd Triplet states ? Explain with dia

ectron system are [/ = 2
n them, find all the possible
5%3

grams.

(d)  What are Singlet a

umbers of electrons in a two-el
-j coupling betwee

Z2.5,= 12a0d

(¢)  The quantum n
L = 3, 5, = 1/2. Assuming J

; statfesi | g L PTO
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(b)

)

(a)

(b)

(0)

(oS 7127

b an eigenfunction of :

() |s the state y = ¢ cos 0

Ay = 0/0p or of By = ol b
(i) Are Ay and By Hermitian 7

(i) Find the commutator [Ay» Bol-
Derive the effect of the operations of /. and j_ operators on the eigenstates

of j2. 6.9

Solve the Harmonic Oscillator problem using ladder operators.
State and prove Schwartz inequality.

Explain the Normal Zeeman splitting of spectral lines due to the 2p and 3d levels using
the energy level diagram.

Derive the expression for the Spin-Orbit interaction energy and show that the

doublet separation decreases as the quantum numbers ‘»> and ‘I’ increase and tha

it is also directly proportional to the fourth power of the periodic number of th

atom. 6,

Calculate by the variation method, the ground state energy of a Helium atom explainin

your choice of the wave function.

Evaluate the Lande ‘g’ factor and the total magnetic moment for the *P;

2D3 /p states. 123
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)i. Write your Roll No. on the top immediately on receipt of
this question paper.

Attempt five questions in all.
Question No. 1 is compulsory.
Use of non-programmable scientific calculator is allowed.

Symbols have their usual meaning.

Attempt any five of the following : (5%3=15)

(a) What is the minimum uncertainty in the energy state of
g =3 . -8
an atom if an electron remains in this state for 107°s?

(b) Using the expression [x, p,] = i/, find [x, Lyl
PO,

37
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(c) A proton is moving non-re lativistically having Kineg,
energy | MeV. Iind its de-Broglice wavelength 1
|

(d) Determine whether the following wave function, ar

physically acceptable solutions of Schrodinge; Wavgl

equation or not:
(1) Ag*
(i1) Ae™

(iii) Ae**, —o<x<®

(e) Find the probability that a particle in a box L wide czg
be found between x =0 and x = L/2 when it is in thé

first excited state.
(f) For hydrogen atom what are the possible values ofd_
and m, for n.= 27 ~

(g) The azimuthal wave function for the hydrogen atom is

D(dp) = Ae/"* 0<¢d<2m.

Find the normalization constant A.

(h) An electron in H-atom 1s in the 3p state. Which

downward transitions (ls 2s, 2p) are forbidden by the
selection rules? |

2. An x-ray photon of wavelength 0.05 nm strikes a ¢
electron at rest and the scattered photon departs al o0’
from the initial photon direction.

J

38
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(a) Determine the momenta of the incident photon. the

scattered photon and the scattered electron.

[Given: tan '(0.9542) = 43.66°, in (43.66°) = 0.69]

(2,4,6)
(b) Determine the Kinetic cnergy of the scattered
electron. (3)

conservation, determine the value(s) of v,

(b) The photoelectric threshold w
‘ is 5000 A. Find

() the work function of thijs materia]

‘ (i) the maximum kinetic ener

if light of 4000 &
materia]

gy of the photoelectrons
strikes the surface of this

(3,5)

(b) A free Particle of magg is described by a wave function

P.T.O.

39
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y(x) = e P¥" pis the momentum of the particle

prove that the probability current density is equal tq the

speed of this particle. (7)

5. (a) A particle of mass m moves inside an infinite potentig|

well :

y = 0,0<x<n
©,x<0and x> L

Find the energy eigenvalues and the normalized wavs

functions of this particle. (10)

(b) Determine the average of squared-momentum, <p*>

of this particle, when it is in the ground state. (3)

6. (a) A particle of mass m is moving in a harmonic potentiak
well,
1 5 =
V(x)==mae® x* -0 <x <o,
2
io[l:

If this particle is described by a wave funct

W(x) _ Axe ™" then find

(i) A

y of this particle in the given state

(4, 6)

(i) Enere

40
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(b) Determine the probability of fmdm;: this harmonic
oscillator in the classically forbidden region, if it is In

the ground state. (5)

3 3 I/ 2,2
[Gi\fen:%(x)=[%] exp[ ﬁzx ], -0 S x<Lw, f= mha)

3 o 2 %
and e du=0.843, — |e™ du=0.157
! o }

(a) Prove that z-component of angular momentum operator
is given by

f’z — _ih_?_.

o4 L
(b) An electron in hydrogen atom is in the state
v(6, ¢) = Asin’0 &2, find
1) A,
(i) L, the magnitude of angular momentum

(i) L, the magnitude of z-component of angular
momentum

2 2
Given: [? = -h? 0 4 29 0
|: (692 +cot069+cosec 19-6-;7
(3,4.2)

B0,

41
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3. A particle of mass W and cnergy E moves from
d re
of polcnlml Vs Bl

towards the region of zero potent
nti
shown below in Fig. (1)

(a) Explain why energy of this particle should be
great

than V.

{ve the expressions for the reflection »

(b) Der
ts of this particle. (2,1%

ansmission €O~ _efficien

tr
. |
A Vo i
® |
o =% |
X
Fig. (1) i
Physical Constants:
h = 6.626 x 107* J.s = 4.136 x 10 eV.s
] eV = 1.602 % 10 )
= 31
9.1 x 107" kg, mec® = 0.511 MeV, m, o2 =938.3 MeV

“ 1 n+l
- L —
Ix" e dx = e—-——’;;l-I"(-——J
i) m
0 ma"

42
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1. Attempt any five of the following:
(a) State linearity and superposition principle.

(b) Prove that:
e, p 1= —ink" ™

(c) What are stationary states? Why are they called

s0?

(d) What are the conditions for a wavefunction to be

hysically acceptable?
physically accep p. T.O.

E g : - 3 -
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3.

4.

2

(¢) What do you mean by space quantizatig,,

Explain.

(f) Write the quantum numbers for the gy, |
represented by:

(g) Define group velocity and phase velocity.
= SIx3=15

(a) Set up the time dependent Schrodinger equation
and hence derive the time independent
Schrédinger equation. |

(b) Derive the expressions for probability density and
probability current densities in three dimensions
and hence derive the equation of continuity. 78

(a) Give the theory to explain spreading of &
Gaussian wave packet for a free particle in on¢
dimension.

(b) Normalize the following wave function for
particle in one dimension:

A sin (%—) 0<x<a

0 outside 109

(a) Solve the Schrodinger equation for a Linea!

-

sl

44
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Harmonic Oscillator 10 show that the energy

b = ,e_igenva!ues are:
7 y
= (n+=) iw.

E,= (+3)

scillator has a wave function which

n of its ground state and first
d eigenfunctions are. given

(b) A Harmonic O
is superpositio
excited state no;malize

by: . ,
: e e

W()=75 [o@+¥)]
Find the ex_pectation value of the energy- 10,5

Write the Schrodinger equation for a 3D hydrogen
~ atom in spherical polar coordinates. Derive three
~ separate equations for 7, 6, ¢ using the method of '

separation of variables. Solve the equation for ¢ to
. obtain the normalized cigenfunctions and show that .

' ' =>4

 they are orthogonal.

2) Describe Stern Gerlach experiment with necessary
g theory. What does it demonstrate? -
p  (b) Explain Normal Zeeman Effect with examples and SRR
~ energy diagram. ik

) What is spin orbit coupling? Calculat

45
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