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1. What is de Broglie hypothesis? Describe
Davisson-Germer experiment for the study of
electron diffraction. What are the results of
the experiment? 2+8=10

Or

(a) Obtain Schrédinger time-independent
equation. Write the equation in
eigenvalue equation form. 6

(b) Write four basic postulates of quantum
mechanics. 4
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2. A beam of particles of mass m and energy E
is incident from the left on a rectangular
potential barrier of the form

0, x<O
Vix)=1Vy, 0<x2a
0, x>a

where V|, is the height and a is the thickness
of the potential barrier. Discuss the solution
for E <V, and explain how tunnelling can be
understood without violation of energy. Give
two examples of quantum tunnelling. 9+1=10

Or

(a) What do you mean by operator in
quantum mechanics? What is a linear

operator? The operator (x + CZC) has the

eigenvalue A. Obtain its eigenfunction.
1+1+2=4

(b) What do you mean by eigenvalues and

eigenvectors of an operator? For a

Hermitian operator, show that the

eigenvectors corresponding to different
eigenvalues are orthogonal. 2+4=6

3. What is zero point energy of harmonic
oscillator? Derive the expression for the
eigenfunction in terms of Hermite
polynomials of a linear harmonic oscillator.

2+8=10
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Or

Solve the radial equation

1a(r2 E)R) +[sz _2mV(r) l(l+])
r2 or or n? 7> r?
of the hydrogen atom, where the symbols
have their usual meanings. Show that the

energy values are exactly the same as those
obtained by Bohr. 9+1=10

}R:O

(a) Describe Gram-Schmidt ortho-
normalization process. Apply this

process for a doubly degenerate system.
4+2=6

(b) Consider three elements from the vector
space of real 2 x2 matrices :

e
|3>=("02 :;j

Show whether they are linearly

(b)

()

dependent or not. 4 5. (a)
Or
(a) Define the basis and dimensions of a
vector space. 2 (b)
( Turn Over ) G7/128a
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Consider the following two kets :

5i 3
lv)=| 2| and [¢)=| 8i
—i -9i

(i) Find |y)* and (y|.

(i) Is |y) normalized? If not, normalize
it.

(iii) Are |y) and |¢) orthogonal? 1+2+1=4

Consider the state
W)=3i | vy)=7i | vy)
[0)=—1v)+2i|vy)

where |v;) and |v,) are orthonormal.

(i) Calculate |y +¢) and (y + ¢}

(@ Show that (y | ¢)=(¢ [ ¥). 2+2=4

Calculate Bohr magneton for an
electron moving in an elliptical orbit of

an area A and time period T. 4
Describe Stern-Gerlach experiment. 6
( Continued )



(5)

Or
(a) Using the eigenstates

l’ 1> and l’ 1
25 2 2 2
as basis vectors, obtain the Pauli

spin matrices. Hence, prove the
commutation relation

[Gi, GJ]=21 Sljk Ok

where
1, gk have cyclic permutation
gk =11, ijk have anticyclic permutation
0, otherwise 6+2=8
(b) A particle with spin 1 is in the state
1+
= 1( j, if we measure S,. What are

Jel 2

the probabilities of getting +g and —g ? 2

* k ok
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SECTION—I
( Marks : 10)

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

1. The calculated value of the wavelength of electron
using de Broglie’s formula is

(a) 0661 nm ( )
(b) 0-166 nm ( )
(c) 0:616 nm ( )

(d) 1:66 nm ( )
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2. For non-dispersive medium, group velocity and
phase velocity are related by the equation

(@ vg<vp, ( )

(b) Vg =VUp ( )

(c) vg>vp ( )

@ L=0 ()
Up

3. The eigenvalue of the particle inside a box is given by
the relation

@ Eo= s ()
b) Ep = S’jfL ()
() Ep-= QZZ ()
@) En=8’i—§; ()
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4. The potential function of a potential step is defined
by

(@ V(=0 , x<O

~Vy, x>0 ()
() V(x)=0 , x>0

=Vy, x<O ()
() V(x)=Vy, x<O

=0 , x=oo ()

(d V(ix)=1 , x<O

5. The energy of a harmonic oscillator is quantized in
steps of

(@) h*v? ()

(b) h/v ()
(c) — ()

(d) hv ()
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6. The solution of the azimuthal wave equation

d*y3

2
+miy3 =0
do?

is
(@) w3 (0)=Aexp(im ¢) ()
(b) w3 (9) =A% exp(imy 9) ()

() w3 (9)=Aexp(imy ¢ +2m) ()

(@ wS(¢)=Aexp(im1¢+§nj ()

7. The angular momentum operator is defined as

7 xV
th

(@ L=-

(b) L =—ih? x V2 ()

(¢) L=—inf xV ()

h
(@ L=-
7 xV
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8. The smallest unit of magnetic dipole moment is

(a) Bohr radius ( )

(b) Landé’s splitting factor ( )

(c) farad ( )

(d) Bohr electron magneton ( )

9. The eigenvalues of Hermitian operator are

(@) not real ()
(b) real ()
(c) zero ()
(d) infinite ()
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(6)

10. The scalar product of two vectors | y;) and |yy) is
defined by

(@ wilva)=[" wikwagde ()

) wilva)=[" wiwigde ()

( <w1I\U2>=fm$§—:§dX ()
1

@ wilwoy=[" ¥ qe ()
Vo (x)
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SECTION—II
( Marks : 15)

Give short answers to the following questions : 3x5=15

1. What is expectation value of an operator? Obtain the
expectation value for energy and momentum.
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2. Give the physical interpretation of wave function.
What does normalization condition mean?
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3. What are the three quantum numbers associated
with wave functions of a hydrogen atom? Give their
significance.
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4. What are linear vector space and Hilbert space?
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5. Show that|[L,, L2] is equal to zero, where L is angular
momentum operator.

* k ok
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