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Answer any FIVE FULL Questions co RBT
Given:c=3x102m/s; h=6.625x103*Js; k=1.38x1022J/K; me=9.1x103%%kg; e=1.6x10"°C MARKS
1 (a) State Heisenberg’s uncertainty principle and show that electrons cannot exist in the nucleus. [07] COl1 [L3
(b)  Ifthe output power of GaAs (Eg = 1.4 ¢V) semiconductor laser is 5 mW, calculate the number of  [03] COl [L3
photons emitted in 10 seconds.
2 (a) Find the eigenfunction and energy eigenvalues for a particle in a one dimensional potential well of [07] CO3 [L3
infinite height.
(b) A photon of wavelength 1ym is emitted due to a transition between two energy levels in a two- [03] COl L3
level atomic system at thermal equilibrium. Determine the atomic population of the excited state
if 10% atoms are present in the ground state at temperature 300K.
3(a) Derive time independent Schrodinger wave equation for a particle moving in one dimension. [07] COl [L3
(b)  Discuss the application of lasers in data storage in a compact disc. [03] COl1 [L2
4 (a)  Obtain an expression for energy density of radiation under thermal equilibrium in terms of [06] COl [L3
Einstein’s coefficients.
(b)  Calculate the de-Broglie wavelength of a quantum particle of mass 1Gev/c? , having energy 1eV. [04] COl [L3
5 (a) Explain the construction and working of CO; laser, with the help of suitable diagrams. [07] COl [L3
(b) Calculate the energy eigenvalue of an electron in the first excited state of a 1D infinite potential of [03] CO3 |L2
width 1A%,
6 (a) Explain the construction and working of a semiconductor laser, with the aid of suitable diagrams. [07] COl [L3
(b) Define (i)Acoustic waves (ii)Subsonic waves (iii)Supersonic waves [03] CO3 [L1
7(a) A supersonic plane in uniform motion travels 3000 km in two hours. Determine the Mach angle [05] CO3 [L4
for the plane, if the speed of sound in air is 330 m/s.
(b)  Determine the width of a spectral line corresponding to emission of photon of energy 3eV, ifthe [05] COl [L4
minimum time spent by the electrons in the upper energy state is 1nanosecond.
8(a)  Describe the construction and working of Reddy Shock tube with a neat diagram. [06] CO3 [L3
(b)  The position and momentum of an electron with energy 0.5 keV are determined. What is the [04] COl1 [L3

minimum percentage uncertainty in its velocity, if the uncertainty in position is 0.5A%?
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SCHEME
1a) [7]
HEISENBERG’S UNCERTAINTY PRINCIPLE:

The position and momentum of a particle cannot be determined

accurately and simultaneously.The product of uncertainty in the

measurement of position (AX) and momentum (Ap) is always

greater than or equal to —— .1 Mark
211

h
(Ax).(Ap) = AT Mark

TO SHOW THAT ELECTRON DOES NOT EXIST INSIDE
THE NUCLEUS:

We know that the diameter of the nucleus is of the order of 10-%m.If
the electron is to exist inside the nucleus, then the uncertainty in its

position Ax cannot exceed the size of the nucleus

AX =5x10"m

Now the uncertainty in momentum is

AX=5x10"m

AP = _h 0.1x10 ®kg.m/s
47rXAX

Then the momentum of the electron can atleast be equal to the

uncertainty in momentum.

. _ -19
P~AP=01x10"kgm/s .

Now the energy of the electron with this momentum supposed to be
present in the nucleus is given by (for small velocities -non-relativistic-
case)
PZ
2m

. The beta decay experiments have shown that the kinetic energy of the

E =548.8x10 2 J = 343MeV

beta particles (electrons) is only a fraction of this energy. This indicates
that electrons do not exist within the nucleus. They are produced at the

+

instant of decay of nucleus( N > P+€+v / P—>N+E+V
).2 Marks

1b) [3]

E = % =2.24x10° J 1 Marks

g

No.of Photons emitted in 10s =

nx10= 2 x10 = 2.2x10"
E 2Marks

2.a) [7]

Particle in an infinite potential well problem:

Consider a particle of mass m moving along X-axis in the region from X=0 to

X =ain aone dimensional potential well as shown in the diagram. The potential

energy is assumed to be zero inside the region and infinite outside the region.

D
A

Region (1)
Region(2

)

X=0 X=a

Applying, Schrodingers equation for region (1) as particle is supposed to be

present in region (1)

d°¥Y 8II°’mEy
+
dx? h?
8I1°mE
h2

=0V = 0for region (1)

2
Butk =

2
-4 l2P+k2‘P:O
dx

2 2
Auxiliary equation is (D +k )X =0
Roots are D = +ik and D = -ik

The general solution is



x = Ae™ +Be ™
= A(coskx +isinkx) + B(coskx —isinkx)
= (A+ B)coskx+i(A—B)sinkx

= C coskx+ Dsinkx 2 Marks

The boundary conditions are

tAax=0, ¥=0..C=0

2. Atx=a, ¥ = 0

Dsinka=0 =>ka=nlIl ........ ?2)

wheren=1,23...

Y= Dsin(ngjx
a

n’h?

2
8ma” 2 Marks

From (1) and (2) Eigen value E =

To evaluate the constant D:

Normalisation: For one dimension

a
I‘I’de:l
0

IDZ sinz(E)xdx:l
a

0

But C0S260 =1—2sin? @

[D? 2@ -cos2("yxdx =1
2 a

0
a 2 a
[2-dx— [ 2 cos2(™hyxydx =1
177715 a
’a nIT) x
— sin2l ML) Xp g
sing{ 121
D223 o4
2
2
D= —
a

2 . I
O O 1/— sm(n—jx
a a8/ 3Marks

2.b) [3]
From Boltzmann’slaw,
N hc

ground — eﬁ

excited

Nexcited = 14X1014 (1+2:3 I\/Iarks)

3a) [7]

Time independent Schradinger equation

A matter wave can be represented in complex form as

Y = Asinkx(coswt +isinwt)
¥ = Asinkxe™

Differentiating wrt x

ar _ kAcoskxe™
dx

d?y

= —k2Asinkxe™ = —k?¥ .. )
dx

From Debroglie’s relation

1_h b
A mv p
2 2[1p
"1 h
p2
k? = 4112 —h2 ................ @4 Marks

Total energy of a particle
E = Kinetic energy + Potential Energy

2

E=P 4v
2m
E= —mv+V
p?=(E-V)2m

Substituting in (2)
_4IT*(E-V)2m

k? 3

.. From (1)



d’y s 8IT°m(E-V)¥ _

0
dx? h2

3 Marks

3b. [3]

LASERS IN DATA STORAGE

In a compact disc, series of microscopic holes known as pits are formed by
burning. Laser light is reflected from the disc surface and is detected by
photodiodes. The amount of light received by the diodes varies according to the

presence or absence of pits.

i 0.6um
1.6u t

Ina CD, 1s and Os are recorded in the form of pits along a spiral track on a plastic material
with a metal coating. The total length of the track would be around 6km.Any transition
from pit to land or land to pit is read as 1 while the region completely in the land or pit is
read as 0.Seperation between tracks is 1.6pum in CD and 1.1pm ina DVD (DVD DIGITAL
VIDEO DISK).The laser beam is focused on the surface of CD. The reflected beam
reaches photodetector and processed. The laser spot should have minimum size.
Holographic storage uses entire volume of the recording medium rather than the surface
and hence stores large data.

Ex: AlGalnP (640nm) is used to read the data in DVD as it can be focused on a very small

region.

4.a.{7 Marks}

Expression for energy density:
Induced absorption:

It is a process in which an atom at a lower level absorbs a photon to get

excited to the higher level.

Let E; and E; be the energy levels in an atom and N1 and N, be the number
density in these levels respectively. Let U, be the energy density of the

radiation incident..

E2

Ex

Rate of absorption is proportional to the number of atoms in lower state and

also on the energy density U,

Rate of absorption = By, N;U,

Here By, is a constant known as Einsteins coefficient of spontaneous
absorption.1 Mark
Spontaneous emission:
Itis a process in which ,atoms at the higher level voluntarily get excited emitting
a photon. The rate of spontaneous emission representing the number of such
deexcitations is proportional to number of atoms in the excited state.

Rate of spontaneous absorption = Ay N,
Here By, is a constant known as Einsteins coefficient of spontaneous
emission. 1 Mark

Ex

Es

Stimulated emission:
In this process, an atom at the excited state gets deexcited in the presence of a
photon of same energy as that of difference between the two states.

E2

The number of stimulated emissions is proportional to the number of atoms in

higher state and also on the energy density U,
Rate of stimulated emission = By, N,U,

Here B,; is the constant known as Einsteins coefficient of stimulated

emission.1 Mark

At thermal equilibrium,



Rate of absorption = Rate of spontaneous emission + Rate of stimulated

emission
B NiU, = AN + Ba N2 U,
U — A21 N 2
b4
B12 N1 - leN 2
Rearranging this, we get
U A, 1
, ==
821 BlZ Nl _ 1
le N 2
hy
From Boltzmanslaw , 1= ekt
2
Hence
A, 1
r B B hy
21 T
12 ekT _1
21
From Planck’s radiation law,
87hy® 1
U7 = 3 hy
¢ | 7]
e -1

Comparing these expressions, we get

3
ﬁ = 8ﬂh—yandi =14 Marks

3
BZl c B21

2mE
1x10°x1.6x107*°
m =
(3x10°%)?
E =1x1.6x10°J
A2 =0.27x10"m

0.3

5.a.{7}

Carbon dioxide laser

Construction

1.Active medium — Mixture of CO, N, and He in the ratio 1:2:8. Nitrogen
absorbs energy from the pumping source efficiently.Helium gas conducts away
the heat and also catalyses collisional deexcitation of CO, molecules.

2.The discharge tube consists of a glass tube of 10-15mm diameter with a
coaxial water cooling jacket.

3.Partially reflecting and fully reflecting mirrors are mounted at the ends of the
tube.

4.0Optical pumping is achieved by electric discharge caused by applying
potential difference of over 1000V.3 Marks

Working:

1.CO; is a linear molecule and has three modes of vibration —Symmetric
stretching (100), Asymmetric stretching (001) and bending (010).

2. Asymmetric stretching (001) is the upper laser level which is a metastable
state. (100) and (020) are the lower lasing states

3.During electric discharge, the electrons released due to ionisation excite N,
molecules to its first vibrational level which is close to upper lasing level of
CO..

4.N, molecules undergo collisions with CO, molecules and excite them to
(001). This results in population inversion.

5.Lasing transition occurs between (001) and (100) emitting at 10.6pm and
(001) to (020) emitting at 9.6pum

6. CO, molecules deexcite to ground state through collisions with Helium

atom.
Upper
Lasinglevel
A A
10.6
- 4 /\4\ 9.61
Collisional
transfer of Lower
Laser

—————»

Collisionnaldeexcitation

with He atoms

Ground state

B

Level



10-15mm diameter
and length 1-2m
depending on power

Water
cooling

Fully
silvered

3000V Voltage
source to produce
100 W Laser

Working of CO; laser: Diagram 1 mark, Explanation 3 Marks

5.b. [3]
n’h?
Eigen Value E= 8mL2
1mark
21n2
E_ n h2
8mL

ForL=1A° n=2

E =24X1078)= 148eV 2 Marks

(Formula 1 Mark Substitution andCalculation 2 marks)

6a [7]
Gallium — Arsenide Semiconductor laser :

It is the only device which can be used for amplification in the infrared
and optical ranges.
Amplification is possible if the population of the valence and

conduction bands could be inverted as shown in the diagram.

Polarise
d laser
beam

~ le

vy Metal Contact
v /f Partially
!f =M =—>polished
] face
Power p —> Laser
Supply Polished Cutput
Face ¢=| /L» Metal Contact
v
pn junction
v
Roughened Face
- |
\ p region .
1 nregion
i/ N—
: [ —
i \NNA
2% —y
i N
paan

/|

The first laser action was observed in a GaAsjunction(8400A) which
is a direct gap semiconductor.

When a heavily doped junction is forward biased, electrons from n side
are injected into p side causing population inversion. They combine
with holes on the p side releasing photons. The junction region is the
active region .The optical cavity is formed by the faces of the crystal
itself which are taken on the cleavage plane and are then polished. The
wavelength of the radiation depends on temperature. The wavelength
of laser increases as the temperature increases as the energy gap

decreases. The frequency can be increased to the optical region by

alloying with phosphor according to the relation Ga(AS)l_X P, .

hc

If Eq is the energy gap, then Eg = erorward = 7

Construction with Diagram 3 Marks
Working with Energy level diagram 4 marks
6b [3]

Acoustic waves:A longitudinal wave that consists of a sequence of pressure
pulses propagating in a medium. The speed of an acoustic wave in a
material medium is determined by the temperature, pressure, and elastic
properties of the medium.

Subsonic waves: These are sound waves with Mach number less than 1.
Velocity of the object is less than velocity of sound.


http://www.its.bldrdoc.gov/fs-1037/dir-032/_4774.htm
http://www.its.bldrdoc.gov/fs-1037/dir-022/_3265.htm

Ex: Low intensity shock waves produced during the motion of ordinary
aircrafts.

Super sonic waves: These are shock waves with Mach number greater than 1.
Velocity of the object is greater than velocity of sound.

Ex: shock waves produced during the motion of jet planes, bullets etc.

7a. [2+1+2 =5]
3000000

dook = ———— =416m/s
2x3600
M = —VSh"Ck =1.26
sound
=sin? 1 =524°
emach angle — sin M =52
AEAt=h/4r
AE = _h 5.27x10°%J
47 At
g_fe
A
7b. Differentiate
AE = —%AZ

A= % =4130x10™"°m

2
ABXAT _ 45510 m

[1+2+2 =5]

width AL =

8A. [6]

Reddy shock tube:

A shock tube is a device used to study the changes in pressure & temperature
which occur due to the propagation of a shock wave. A shock wave may be
generated by an explosion caused by the buildup of high pressure which
causes diaphragm to burst.

It is a hand driven open ended shock tube. It was conceived with a medical
syringe. A plastic sheet placed between the plastic syringe part and the needle

part constitutes the diaphragm.

Driver Driven section

section

] A high pressure (driver) and a low pressure (driven) side separated

Diaphragm

by a diaphragm.

J When diaphragm ruptures, a shock wave is formed that propagates
along the driven section.
J Shock strength is decided by driver to driven pressure ratio, and

type of gases used.

Piston
Diaphragm
L '7"1/
& /7
~ ‘////7
Compression <,
tube ™
Needle / -
Driven Section
Driver Section /Diaphragm Driven Section

(a)

Contact surface\ /Shock Wave

3 2
Expansion/

Waves
LITE = Bl
Working:

. The piston is initially at rest and accelerated to final velocity V in a
short time t.

. The piston compresses the air in the compression tube. At high
pressure, the diaphragm ruptures and the shock wave is set up. For
a shock wave to form, V piston> V sound.

Formation of shock wave:

As the piston gains speed, compression waves are set up. Such
compression waves increase in number. As the piston travels a
distance, all the compression waves coalesce and a single shock

wave is formed. This wave ruptures the diaphragm.



Piston

@ M—
1

> "M

2
(© |

n 4 321

(d) |
© ||

1

Shock

Pressure signals

—Sensor 1
——Sensor 2

Voltage (V)

Sensor 1 X Sensor 2

8B [1+2+1=4]

p=+/2mE =1.2x10%kgm/s

Ap = =1.05x10*kgm/s

A7 AX
(Ap/ p)100=8.7%
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