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The figures in the margin indicate full marks for the questions

( SECTION : A—OBJECTIVE )
( Marks : 10)

Tick (/) the correct answer in the brackets provided : 1x10=10

1. In the interaction of light with matter, light behaves

(a) as a wave ( )
(b) as a wave and as a particle ( )
(c) as a particle ( )

(d) neither as wave nor as particle ( )
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2. According to Wien’s displacement law, the intensity maximum of

blackbody radiation shifts towards with increase in temperature
of the blackbody.

(a) shorter wavelength ( )

(b) longer wavelength ( )

(c) lower frequency ( )

(@) Intensity is independent of temperature ( )

3. A stationary state is that for which the probability of finding the particle
at a point in space is

(a) a function of time (t) ( )
(b) a function of position (x) ( )
(c) a function of both x and t ()

(d) independent of both x and ¢t ( )

4. The wave function y (7, 1) is said to be normalized, if
@ [lv(@ t)|dr=1 ()
®) [lv@ofdr=1 ()
© [lv@tFdr=1/N%> ()

@ [v'@old=1 ()
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5. If A is a linear operator and C is a constant, then

6. The value of [i, aﬂ-]

(@) O ()
() 1 ( )
(c) -1 ( )
(d) = ( )

7. Which of the following is correct?
(@) (62 &x]="2io, ()
(b) (62 6,)#0 ()
(c) [626]=0 ()

(d) [U O l=0, ( )
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‘8. The eigenvalue of 12 ig
(@) 1% ()
®) w+yn®
© W+na® ()

(@) (I+1)2 2 ()

9. If S be a linear vector space, which of the following is not true?

(a) If |A)e S, then c|A)

€S, where ¢ is a complex number ( )
(b) 1f |A) and |B) belong to S, then (|A)+|B))e s ()
(c) For any |A)e S, there exists another element |A)e S, such that
[A)+|a)20) ()

(d) 1f|A)es, |A)+|0) =|4), where |0)

1s a null element

10. |4) is said to be normalized, if
@ (ajaf=1 ()
®) falaf? -0 ()
() (Ala)=1 ¢

@ (al4=0 ()

4
td.
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( SECTION : B—SHORT ANSWERS )
( Marks: 15)

\nswer the following : 1x5=15

UNIT—I

1. Show that the maximum change in the wavelength of incident X-ray
photon occurs when photon gets scattered in the direction of incidence.

OR

2. Show that the group velocity v, is equal to the particle velocity v.

UNIT—II

3. If yy(x 1) and yy(x, {) are two solutions of Schrodinger wave equation for
a given potential V(x, t), then show that y = a,y; + @y is also a solution
of the Schrodinger wave equation.

OR

4. For the wave function y(x) = Ja e, calculate the probability of finding
the particle within x=1/a and x=2/ a.

UniT—III
5. For the step potential
Vix) = 0, for x<O
)= Vp, for x>0

show that wave function vanishes in the region x>0 if Vj — e,
OR

6. Calculate the transmission probability if electrons of energy 2 eV are
incident on a barrier of 3 eV height and 0-4 nm width.
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UnNiT—IV

. 2.2
7. The ground-state of a harmonic oscillator is given by y(x)= Ae™® X ,

where o2 = 5:— and k is the force constant. Show that the mean potential
0}

energy (V)= % hao,

OR

8. Calculate the radial probability function for the ground-state of hydrogen
atom.

UNIT—V

9. Write down the addition and multiplication conditions to be satisfied by
a vector space.

OR

10. Describe the Gram-Schmidt orthogonalization process.

( SECTION : C—DESCRIPTIVE )
( Marks : 50 )

Answer the following : 10=5=5C

UNIT—I

1. (@) Explain photoelectric effect. Derive the Einstein’s photoelectric
equation. Explain the characteristics of photoelectric phenomena

based on Einstein’s equation, 2+9+3=7

(b) Explain why Compton effect is not observed with visible light. 3
OR

2. (@) Describe Davisson and Germer’s experiment and interpret its results i

(b) On the basis of uncerta?u'nty principle, explain why the wave and
particle aspect of a physical entity are not observed simultaneously

£

6
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UNIT—II

3. (a) Derive the one-dimensional Schrédinger’s time-dependent wave

(b)

equation for a particle of mass m moving under the action of
a conservative force field derivable from V/(x), hence deduce

Schrodinger’s time-independent wave equation. 4+2=6

Discuss the physical interpretation of the wave function y. Explain

Born’s interpretation of the wave function. 4
OR

4. (@) A particle travelling with energy E is incident on a potential barrier

(b)

5. (a)
(b)

6. (a)

/855

(b)

of height Vj and width a. Show that there is a finite probability of

transmission even if E <Vp. 6
Define probability current density. Derive the equation of continuity for
probability current density, 4
UNIT—III
What are Hermitian operators? Show that p, is Hermitian. 1+2=3
The ground-state wave function for the hydrogen atom is
V= 1 S e /%0
nap

Show that the average distance of the electron from the nucleus is
1-50‘.0. 4

2
Show that ( p2> = (?J for the wave function

w(x) = %sm——. O<x<L
o, |x|> L 3
OR

Derive the expressions for normalized wave function and total linear
momentum for a free particle of mass m moving in a rectangular
potential box with sides a, b and c parallel to x, y and z axes
respectively. 5+2=7
Show that [x", px]= innx™"1, where n is a positive integer. 3
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7. (a)

(b)

8. (a)

(b)

9. (a)

(b)

10. (a)

(b)

UNIT—IV

Derive the commutation relation for the components of angular
momentum L,, Ly, L, and show that all the three components

: 2 2 2 2
commute with L® =L5 + L7, + Lj 4+4=g

' ‘ 0 1
Find the eigenvalues of Pauli spin matrix o , ={1 D}

i

OR

Describe Stern-Gerlach experiment with a suitable schematic diagram.

Discuss how the experiment demonstrated the existence of two spin
states of the electron. 4+2=6

Show that the magnetic dipole moment of an electron due to its
orbital motion is quantized. Hence define Bohr magneton. 3+1=4

UNIT—V

Apply Gram-Schmidt process to derive orthogonal basis vectors
(vy, v, v3) from the basis vectors uy =1, 1, 1), up =(-1, 1, 0) and
uz =(1, 2, 1) 4

For the states ]'4!’) - 3f| i'..-"l} - ?fl Ug} and |¢} = —| Ul} + 25!1}2} where
|v1) and |vy) are orthonormal bases.

(i) Evaluate |y + ¢) and (y + ¢|. 2+2=4

(i) Show that {w|4) =<¢|‘-If}‘- 2:
OR
Write down the procedure to construct orthonormal basis set from
non-orthonormal vectors (v, vy, v3, -+, U,). 4
Construct orthonormal basis set from the given vectors uy =(1, 2, 3,
up =(3, =1, 1) and uz =(1, 1, -2). 6
* k&
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1. In the interaction of light with matter, light behaves

(a) as a wave ( )

(b) as a wave and as a particle ( )

(c) as a particle ( )

(d) neither as wave nor as particle ( )
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2. According to Wien’s displacement law, t.hc ljntenslty_ tem ratun
blackbody radiation shifts towards ____ with increase i PSSR
of the blackbody.

(@) shorter wavelength ( )
(b) longer wavelength ()

{c) lower frequency [}

(d) Intensity is independent of temperature (i)

3. A stationary state is that for which the probability of finding the particle
at a point in space is

(a) a function of time (t) ( )
(b) a function of position (x) ()
(c) a function of both x and t ( )

(d) independent of both x and ¢ ()

4. The wave function (7, f) is said to be normalized, if
@ [lv@ t)de=1 ()
®) [lv@ufdi=1 ()
@ [lv@of dt=1/N*> ()

@ [lv'@olde=1 ()
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(@ Ac=cA ()
(b) AC =24 ()

(c) A=A+C ()
(@) A% -ci ()

6. The value of [ X, i] ia
dx

(@) O ()
(b) 1 (.
(c) -1 )

(d) = ( )

7. Which of the following is correct?

(@) [62 &x]=2i0; ()
(b) [6% G]#0 ( )
() [6%8,)=0 ()
(d) 162 8x)=02 ()
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‘8. The eigenvalue of 12 s
(@) 1?2 ()
() 1(1+1)4? ()
(c) (1+1)n? ()

(d) (1+1)% 42 ( )

9. If S be a linear vector space, which of the following is not true?
(@) If |A) e S, then c|A)e S, where c is a complex number ( )
(b) 1f |A) and |B) belong to S, then (|A)+|B))e S ( )

(c) For any |A)eS, there exists another element |AYe S, such that
&) +1aY 210y ()

(d) If|A)es, |A) +|0) =|4), where |0) is a null element

10. |A) is said to be normalized, if
@ [ala)?=1 ()
m) [alaff=0 ()
(c) (AlA)=1 )

4
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( SECTION : B—SHORT ANSWERS )
( Marks : 15)

Answer the following : 3x5=15

/556

UNIT—I

Show that the maximum change in the wavelength of incident X-ray
photon occurs when photon gets scattered in the direction of incidence.

OR

Show that the group velocity vy is equal to the particle velocity v.

UNIT—II

If wy(x 1) and wy(x, 1) are two solutions of Schrédinger wave equation for
a given potential V(x, f), then show that y = a,y; + azy2 is also a solution
of the Schrédinger wave equation.

OR

For the wave function ur[x]=«.-‘E e” ™, calculate the probability of finding
the particle within x=1/a and x=2 [ a.

UNIT—III

For the step potential
0, for x<0O

Vo, for x>0

Vi(x) ={

that wave function vanishes in the region x >0 if Vo — oo
OR

show

Calculate the transmission probability if electrons of energy 2 eV are
incident on a barrier of 3 eV height and 0'4 nm width.
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UniT—IV
2

]

2
I e
7. The ground-state of a harmonic oscillator 18 given by y(x)=Ae™ x

2 _ K and k is the force constant. Show that the mean potentia]
2hw

where o

energy (V) = % .
OR

8. Calculate the radial probability function for the ground-state of hydrogen
atom.
UNIT—V

9. Write down the addition and multiplication conditions to be satisfied by
a vector space.

OR

10. Describe the Gram-Schmidt orthogonalization process.

( SECTION : C—DESCRIPTIVE )
( Marks : 50 )

Answer the following : 10x5=30

UNIT—]

1. (@) Explain photoelectric effect. Derive the Ej

equation. Explain the characteristics of
based on Einstein’s equation,

nstein’s photoelectric
photoelectric phenomena

2+2+3°7
(b) Explain why Compton effect is not observeq with visible light. ]
OR
2. (a) Describe Davisson and Germer’s experiment and interpret its results. d
(b)) On the basis of uncertainty I-"TinCiPle, explain why the wave and

particle aspect of a physical entity are

not observed simultaneously-
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3. (a)

(b)

4. (a)

(b)

S. (a)
(b)

UNIT—II

Dcrivg the one-dimensional Schrdodinger’s time-dependent wave
equation for a particle of mass m moving under the action of

a conservative force field derivable from V(x), hence deduce
Schrodinger’s time-inde

pendent wave equation. 4+2=6
Discuss the physical interpretation of the wave function y. Explain
Born’s interpretation of the wave function. 4
OR

A paljticle travelling with energy E is incident on a potential barrier
of height Vo and width a. Show that there is a finite probability of

transmission even if E <Vy. 6
Define probability current density. Derive the equation of continuity for
probability current density, 4
UNIT—III
What are Hermitian operators? Show that p x 18 Hermitian. 1+2=3
The ground-state wave function for the hydrogen atom is
V= 1 e~ T/ao
map

Show that the average distance of the electron from the nucleus is
1- 5{10.

4
M 2
(c) Show that ( p2> = (T) for the wave function
2 . mx
V(%) = “ESIHT’ O<x<L
0, |x|> L 3
OR
6. (a) Derive the expressions for normalized wave function and total linear
momentum for a free particle of mass m moving in a rectangular
potential box with sides a, b and c¢ parallel to X, y and z axes
respectively. 5+2=7
(b) Show that [x", p,]=iAnx"" !, where n is a positive integer., 3
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8.

9.

10.
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(@)

(b)

(a)

(B)

(a)

(b)

(a)

(b)

UNIT—IV

Derive the commutation relation for the components of angular
momentum Ly, Ly, L, and show that all the three components

: 2 2 2 2
commute with L® = L% + Ly + Lz 4443

01
Find the eigenvalues of Pauli spin matrix 6, = [1 0)'

OR {

Describe Stern-Gerlach experiment with a suitable schematic diagram,
Discuss how the experiment demonstrated the existence of two spin
states of the electron. 4+2=6

Show that the magnetic dipole moment of an electron due to its

orbital motion is quantized. Hence define Bohr magneton. 3+1=4
UNIT—V

Apply Gram-Schmidt process to derive orthogonal basis vectors

(vq, v, v3) from the basis vectors u;=(1, 1, 1), upy =(-1, 1, 0) and

uz =(1 2, 1). &

For the states |y)=3i|v;)-7ilvz) and |¢)=—|v))+2i|vy) where
|v1) and |vy) are orthonormal bases.

(i) Evaluate |y + ¢) and (v +¢|. 2+2=4
(i) Show that (IFHI} = {(PI‘IIJ}- o |
OR )

Write down the procedure to construct orthonormal basis set from
non-orthonormal vectors (vy, vg, v3, **+, Up). +

Construct orthonormal basis set from the given vectors u; =(1, 2, 3),

iy = (3, =1, 1} and uz =(1, 1, -2} 6
* d ok
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