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PRESIDENCY UNIVERSITY
BENGALURU

SCHOOL OF ENGINEERING

TEST -2

Sem & AY: Odd Sem. 2019-20

Course Code: PHY 101

Course Name: ENGINEERING PHYSICS
Program: B.Tech (Physics Cycle) & |

Date: 16.11.2019

Time: 9.30 AM to 10.3C AM
Max Marks: 30
Weightage: 15%

Instructions:
(i} Read the question properly and answer accordingly.
(ii} Question paper consists of 3 paris.

(i) Scientific and Non-programmable calculators are permitted.

(v} Given k=138x100J/K, ¢=3x10%m/s h=6626x10"7"Js e=16x10""C

Part A [Memory Recall Questions]

Answer ail the Questions. Each Question carries two marks.

. Define induced absorption and stimulated emission.

1
2. Define total internal reflection.

(2

4. Define population inversion

Part B [Thought Provoking Questions]
Answer both the Questions. Each Question carries five marks.

5. Explain optical fiber communication through block diagram.

(4Qx2M=8M)

(C.O.NQ.2) [Knowiedge]
(C.O.NQ.2) [Knowledge]
Name the different types of fibers based on mode of propagation.

(C.O.NOC.2) [Knowledge]
(C.0.NO.2) [Knowledge]

(2Qx5M=10M)

(C.O.NQO.2) [Comprehension]

&. The refraclive indices of core and cladding are 1.51 and 1.49 respectively in an

optical fiber. Find the numerical aperture and angle of acceptance.
(C.O.NG.2) [Comprehension]

Pagelof2



Part C [Problem Solving Questions]
Answer the Question. The Question carries twelve marks. {(1Qx120M=12M}

7. ltis observed that, a wavelength of 10.6 um is emitted by a laser system which is
used in drilling. The active medium of that laser is formed by a mixture of CO2, N»

and He.
a) ldentify the laser system. [1]
(C.C.NC.2) [Comprehension]
b) Name the pumping mechanism used in the above mentioned laser. [1M]

{C.O.NC.2) [Comprehension]

¢) Explain the construction and working of the above mentioned iaser system

with the help of necessary diagrams. [10M]
(C.O.NO.2} [Comprehension]

Page 2 of 2
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SCHOOL OF ENGINEERING

B
I gy,

REACH GREATTR HEIGHTS

Semester: |

Course Code:

PHY 101

Course Name: Engineering Physics

Date: 16-11-2019
Time: 9.30 am to 10.30 am
Max Marks: 30
Weightage: 15

Extract of question distribution [outcome wise & level wise]

Memory recall Thought
type rovoking type
Unit/Module P P 9P Problem Solving | Total
Number/Unit | [Marks allotted]| [Marks allotted] type Marks
Q.NO | C.O.NO
/Module Title | Bloom’s Levels| Bloom’s Levels | [Marks allotted]
K C A
1 CO2 | Module 2 2 1 2
2 CO2 Module 3 2 2
3 CO2 | Module 3 2 2
4 CO2 Module 2 2 2
5 CO2 | Module 3 5 5
6 CO2 Module 3 5 5
7 CO2 | Module 2 12 12
Total 30
Marks

K =Knowledge Level C = Comprehension Level, A = Application Level

Note: While setting all types of questions the general guideline is that about 60%




Of the questions must be such that even a below average students must be able to
attempt, About 20% of the questions must be such that only above average students must
be able to attempt and finally 20% of the questions must be such that only the bright
students must be able to attempt.

Annexure- II: Format of Answer Scheme

@“‘5? SCHOOL OF ENGINEERING

GAIN MORE KNOWLEDGE
REACH GREATER HEIGHYS

Semester: |
Course Code: PHY 101

Course Name: Engineering Physics

SOLUTION

Date; 16- 11-2019

Time: 9.30 AM to 10.30 AM

Max Marks: 30
Weightage:15%

Part A (4Q x 2M = 8Marks)
Q No Max. Time
Solution Scheme of Marking required for
each Question
1 The absorption of an incident photon by an 1 mark for each definition 3
atom, as a result of which atom makes a
transition from ground state to an excited state
is called Induced absorption.
The interaction of photon of relevant energy
with an excited atom triggers the excited atom
to drop to the lower energy state giving up a
photon is called Stimulated emission.
2 When a ray of light travels from a denser 2 marks 3
medium to rarer medium and the angle of
incidence is greater than critical angle, the ray
will be completely reflected back into the same
medium. This is called TIR.
3 Single mode and multi-mode 1 mark for each 3
4 An artificial situation in which the number of 2 marks 3

atoms in the excited state are greater than
number atoms in the ground state is called as
population inversion




Part B

(2Q x 5M = 10 Marks)

Q Scheme of Marking Max.
No Solution Time
required
for each
Question
5 2 Marks for Labelled 10
Diagram Minutes
Transducer Wlodulator Optie Amplifier
fi Signal : N
NO“'E'W%EWM Explanation — 3 Marks
Signal IIP 1 Amplifier taser y y Photo ™ Demodulator
Electrical signal Diode  Light deteclor Electicalsignal
Transmilter i’ ) Receiver
{Bock diagram of Optical Fibre Communication System)
+  The non-electrical signal such as sound, to be
communicated over a long distance, is first
converted into an electrical signal using a transducer
(say, microphone).
»  The electrical signal is then amplified using
electronic amplifiers and modulated with a high
frequency electrical signal.
»  The modulated signal is then fed to a laser diode,
which converts the signal into corresponding optical
signal.
«  The light signal is transmitted through an optic fiber.
« At the receiver, the light signal is fed to a photo-
detector, which converts it into electrical signal.
+  This is amplified, demodulated and then fed to a
transducer (say, loud speaker) which converts the
electrical signal back to the original sound signal.
» Ifitis transfer of digital data from one computer to
another, then there is no need for the transducer, as
the input and output signals are both electrical.
6 | Givenni=1.51 Given Data 1 Mark 10
n=1.49 NA formula 1 Mark Minutes
NA = yn,2 —n,? Substitution 0.5 mark
Ans = 0.244 Ans NA 0.5 Mark
8, = Sin~L(NA) Acceptance angle formula 1
Mark
Ans=14.17 Substitution 0.5 mark

Ans 0.5 Mark




Part C

(1Q x 12M = 12Marks)

Q Scheme of Max.
No Solution Marking Tin.1e
required
for each
Question
CO;, Laser 1 Mark
7i
7 ii | Electric discharge 1 Mark
- 20
7iii | Construction 2 marks for Minute.
o ) construction
The carbon dioxide laser consists of a tube of about 25 cm length and 2.5 diagram

cm diameter.

* The ends of the tube are closed with Brewster’s windows which gives
makes the laser beam plane polarized.

¢ Beyond the windows are arranged mirrors of which one is perfectly
reflecting and the other is partly reflecting. This forms the resonant cavity.

* The active medium in this laser is a mixture of CO2, N2 and He gases in
the ratio 1:2:3, with pressures 0.32, 1.2 and 7 mm of Hg respectively.

!

? Power Supply
i Discharge tube \\ Electrodes

; beam
‘\ \“‘ Brewster windows ——-—// Partially exit

Fully silvered mirror
silvered mirror

CARBON DIOXIDE LASER

Working

1. When a high D. C. voltage is applied to the gas, electric discharge takes
place through the gas mixture, during discharge many electrons are
rendered free from the gas atoms. These free electrons collide with N2and
CO2molecules, so these molecules absorb energy and get excited to higher
energy levels. It is called collision of first kind

Here, e1 + N2 — e2+ Na*

Where e1 and e2 are the energy values of the electrons before and after
collision, N2 and N2+ are the energy values of N2 molecules in the ground
and v=1 state.

2. There is a close coincidence in energy of energy levels of CO2and v=1
state of N2molecule and hence more CO2molecules are raised to the level
Es by collision with N2 molecules. This transfer of energy between N2 and

2 marks for
explanation

Energy level
diagram 2
Marks

Explanation 4
Marks




COz, in the excited states, is called resonant energy transfer. And this
type of collision is known as collision of second kind.

COz+ N2x— CO2¢+ N2

3. Thus the population of ES state of COz increases rapidly which leads to
population inversion between Es level with respect to the E3 and E4 levels.

4. Transition from the level Esto E4 produces laser of wavelength 10.6 pm
and that from Es to E3 results in a laser beam of wavelength 9.6 pm. Both
these radiations lie in the IR region.

5. E2level has a tendency of being over populated as not only molecules
from E3and E4 but molecules from E1 also accumulate there by absorbing
thermal energy. This adversely affect the population inversion for Es level.
6. CO2molecules in E2 level undergo collisions with He present in the tube
and comes back to ground state and further laser emission continues.

7. Helium gas has excellent thermal conductivity and transfers the heat of
discharge to the tube wall.

8. The discharge tube containing the gas mixture is continuously cooled
by circulating water

N2 y —Resonanty, Cs [Meta-stable
k Energy transfer state]
Cy
Energy
Excitation by electric discharge ™ Cs | Inelastic
\ v Collisions
i Cy
Ny Ground state =—— [of [
Nitrogen Carbon dioxide

Energy level diagram
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A——.. PRESIDENCY UNIVERSITY
' ' BENGALURU
SCHOOL OF ENGINEERING
END TERM FINAL EXAMINATION
Semester: Odd Semester: 2019 - 20 Date: 28 December 2019
Course Code: PHY 101 Time: 9:30 AMTO 12:30 PM
Course Name: ENGINEERING PHYSICS Max Marks: 100
Program & Sem: B.Tech (Physics Cycle), & | Weightage: 50%

Instructions:

(i) Read all the questions carefully and answer accordingly.

(i) Question paper consists of 3 parts.

(iii) Scientific and Non-programmable calculators are permitted.

(iv) Given : Planck’s constant h = 6.625x10"* Js; Boltzmann’s constant kg = 1.38%x10% J/K , Speed
of light ¢ = 3x10° m/s, Mass of the electron m = 9.1x10°" kg, Charge of the electron

e=1.6x10"C
Part A [Memory Recall Questions]
Answer all the Questions. (30 Marks)
1. Fill in the blanks (15Qx1M=15M)
(a) Acronym LASER stands for -----------—--- (C.0O.No.2) [Knowledge]

(b) The emission of photon without being aided by any external agency is called-----------
(C.0O.No.2) [Knowledge]
(c) Transmission of light in the optical fiber is based on the principle of------------
(C.0O.No.2) [Knowledge]
(d) The maximum angle below which a ray of light can enter through one end of the fiber and

get totally internally reflected inside the core of the fiber is called --------------
: (C.0.No.2) [Knowledge]

(e) When the light enters from denser to rarer medium, the light bends------- from the normal.
(C.0O.No.2) [Knowledge]
(f) - converts light signal into electrical signal in point to point communication system.

(C.0O.No.2) [Knowledge]
(g) The de Broglie wavelength (A) associated with a particle having mass ‘m’ and velocity ‘v’
is given by the relation----------—-- (C.0.No.3) [Knowledge]

(h) The rate at which the phase of the wave propagates in space is called---------------
(C.0O.No.3) [Knowledge]

Page 1 of 3



(i) Superconductors are those materials whose-------------- falls to zero below critical temperature.
(C.0.No.1) [Knowledge]

(j) According to BCS theory, the cooper pair is pair of------------ (C.O.No.1) [Knowledge]
(k) A semiconductor in its purest form is called---------—— (C.O.No.1) [Knowledge]
(). === polarization occurs due to the displacement of the positively charged nucleus and
the negatively charged electrons of an atom in the opposite directions when an electric field
is applied. (C.0O.No.1) [Knowledge]
(m) =~ polarization occurs in liquids or solids which possess molecules with permanent
dipole moment (i.e., in polar dielectrics) (C.O.No.1) [Knowledge]
(n) Solar cell is a device which converts light energy into--——--—--——-- energy

(C.0O.No.1) [Knowledge]
(o) The minimum magnetic field required to destroy the superconductivity in the material is

called------------—- (C.O.No.1) [Knowledge]
2. (a) Mention the characteristic properties of matter waves. [3M] (C.O.No.3) [Knowledge]
(b) What is group velocity? [2M] (C.O.No.3) [Knowledge]

3. (a) What is attenuation? Mention the causes of attenuation in optical fibers
[3M] (C.O.No.2) [Knowledge]

{b) Define efficiency of solar cell. [2M] (C.O.No.1) [Knowledge]
4. (a) What is Meissner effect? [3M] (C.O.No.1) [Knowledge]
(b) Define fill factor of a solar cell [2M] (C.O.No.1) [Knowledge]

Part B [Thought Provoking Questions]
Answer all the Questions. Each Question carries 8 marks. (5Qx8M=40M)

5. (a) Derive the relation between group velocity (Vg) and phase velocity (Vp).
[5M] (C.O.No.3) [Comprehension]

(b) The trotting speed of an elephant is 10 m/s. Calculate the associated de Broglie
wavelength. (Mass of the elephant = 1000 kg). [3M] (C.O.No.3) [Application]

6. Explain in detail the types of polarization in dielectrics. [BM] (C.O.No.1) [Comprehension]

7. (a) Explain the principle and working of semiconductor laser with neat diagram.
[6M] (C.O.No.2) [Comprehension]

(b) Calculate the minimum energy of an electron in an infinite deep potential well of
width 4 nm. [2M] (C.O.No.3) [Application]

8. (a) A step index fiber has a numerical aperture of 0.26, core refractive index of 1.5 and core
diameter of 100 um. Calculate the refractive index of cladding.

[4M] (C.O.No.2) [Application]

(b) The ratio of population of two energy levels is 10°. Find the wavelength of

light emitted at 300 K. [4M] (C.O.No.2) [Application]
Page 2 of 3



SCHOOL OF ENGINEERING

~
o goonsy,
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GAN MORE KROWLEDGE
REACH GREATFR HEUMTS

END TERM FINAL EXAMINATION

Extract of question distribution [outcome wise & level wise]

Memory recall Thought
Q.NO C.O.NO ype provoking type Problem Solving Total
(% age of IL(Jani’[/Modu [Marks allotted]| [Marks allotted] type Marks
CO) Number/U Bloom’s Levels| Bloom'’s Levels | [Marks allotted]
nit K C A
/Module
Title
1(a) COo2 02 01 01
(b) Co2 02 01 01
(c) CO2 03 01 01
(d) Co2 03 01 01
(e) Co2 03 01 01
) CO2 03 01 01
(9) COs3 04 01 01
(h) CO3 04 01 01
(i) CO1 01 01 01
() CO1 01 01 01
(k) CO1 01 01 01
() CO1 01 01 01
(m) CO1 01 01 01
(n) CO1 01 01 01
(0) CO1 01 01 01
2 (a) CO3 03 03 03




(b)COT 01 02 02

3 | (a)CO2 03 03 03

(b) CO1 01 02 02

4 | (a)COf 01 03 03

(b) CO1 01 02 02

5 | (a)CO3 04 5 03 08
(b) CO3 04

6 CO1 01 08 08

7 (a) CO2 02 06 02 08
(b) CO3 05

8 @coz | 03 04 08

o coz | 02 04

9 (@ Cco3| o4 03 05 08
(b) CO1 01

10 CO3 05 10 10

11 CO3 05 10 10

12 co2 03 10 10

13 CO2 02 10 10

Total Marks 33 64 13 110

K =Knowledge Level C = Comprehension Level, A = Application Level
Note: While setting all types of questions the general guideline is that about 60%

Of the questions must be such that even a below average students must be able to
attempt, About 20% of the questions must be such that only above average students must
be able to attempt and finally 20% of the questions must be such that only the bright
students must be able to attempt.

| hereby certify that all the questions are set as per the above guidelines.

Faculty Signature:

Reviewer Commend:




«?Z’ SCHOOL OF ENGINEERING

.
SOLUTION
Semester: Odd Sem. 2019-20 Date: 28.12.2019
Course Code: PHY 101 Time: 3 HRS
Course Name: Engineering Physics Max Marks: 100
Program & Sem: B.Tech, | SEM Weightage: 50%
Part A (30 Marks)
Q No Max. Time
Solution Scheme of | required for
Marking each Question
1 (a) | Light amplification by stimulated emission of radiations 01 01 min
(b) | Spontaneous emission 01 01 min
(c) | Total internal reflection 01 01 min
(d) | Acceptance angle 01 01 min
(e) | Away 01 01 min
) Photo detector 01 01 min
(9) 1= _ﬁ. 01 01 min
_ my
(h) | Phase velocity 01 01 min
0] Resistivity 01 01 min
) Electron-electron 01 01 min
(k) | Intrinsic semiconductor 01 01 min
) Electronic 01 01 min
(m) | Orientation 01 01 min
(n) | Electrical 01 01 min
(0) | Critical magnetic field 01 01 min
2 1 (a) 03 03 min
Matter waves are the waves that are associated with a moving
particle. The wavelength A4 of the waves are given by




h . . .
A= — where ‘m’ is the mass of the particle and ‘v’ is the
velocity of the particle.

Lighter is the particle, greater is the wavelength associated with
it.

Smaller is the velocity of the particle, greater is the wavelength
associated with it.

Matter waves are independent of the charge of the particles.

The velocity of matter waves depends on the velocity of particle.
i.e., it is not a constant, while the velocity of electromagnetic

wave is constant
(b) Group velocity is the velocity of the wave packet which is

formed due to superposition of two or more traveling waves of o) .
slightly different wavelengths. 03 min
Or
Group Velocity is the velocity with which the envelope of the
wave packet, propagates through space
3 (a) The loss of power of optical signals in the fibre during 03 03 min
transmission is known as attenuation.
1) Absorption 2) Scattering 3) Radiation Loss or Bending Loss
(b) Efficiency of a solar cell can be defined as the ratio of 02 »
maximum output electrical power converted by the solar cell 03 min
to the total input optical power available for energy
conversion.
4 (a) A superconducting material kept in a weak magnetic field 03 03 min
expels the magnetic flux out of its body when it is cooled
below the critical temperature and thus becomes perfect
diamagnetic. This effect is called Meissner effect.
(b)The fill factor of a solar cell is defined as the ratio of the 02 03 min
maximum output power of solar cell to the ideal power.
Part B (5Q x 8M = 40 Marks)
Max.
Q Solution Scheme | Timr
of required
No : for each
Marking Question
(a) We have the equation for group velocity and phase velocity as
5 .
_ do 10 min
=do 1
= (1)
o 01
Vp= — oo (2)
K 01

Where ‘®’ is the angular frequency of the wave and ‘k’ is the propagation
constant

From equation (2) ® = Vy k
_ do

d
=90 = 9 vk
eT g gV




dv,
Vg:VP+k—p

01

dk
- dvp di
=Vp+k [t — 3 +, x by dA
Ptk SRS © [+ x by d2]
Butk = 2
A
dk _ Zn—g— L 27 L
dx drx \ A 32
LI
©dk 2n
Hence equation (3) because 01
dv 2
Vg=Vp+ 2n _F’_[_Lj
Lo di 2n
dv,
Vg=Vp-A—F
g~ Vp .
Ve <V,
(b) Sol: m = 1000 kg, v=10 m/s
01
A=
mv o1
A= 6.625 x10% m
01 05 min
01
Electronic polarization
Electronic polarization occurs due to the displacement of the positively
charged nucleus and the negatively charged electrons of an atom in the
02 15 min

opposite directions when an electric field is applied. The dipole moment-u due

to electronic polarization is proportional to the applied electrical field strength

(E).




M, < B
U, =a,k

M, is the dipole moment due to electronic polarization E is applied  the

electric field and ¢ is called the electronic polarizability. Electronic polarization

is independent of temperature. Electronic polarization takes place in almost all
dielectrics. Electronic polarization sets in very quickly because it involves the
displacement of lighter electron cloud. It also disappears quickly after the electric

field is switched off.

{:«‘:‘\:‘ f{ - )
R
g_\:&: -

E=0 B0

Chatge distnbution  Charge displacemant
inthe absence due 1o the
of the field applied fretd

:\
i

Flectronic polarization

Tonic polarization

Tonic polarization is due to the displacement of the positively and negatively
charged ions in the ionic crystal in the opposite directions when the electric

filed is applied.

For example, when electric field is applied to ionic crystals like NaCl and KCl-
ionic polarization sets in. lonic polarization is independent of temperature.lonic
polarization sets in slowly as it involved the movement of ions which are

relatively heavier.
M=o E

Where, ,is the dipole moment due to ionic polarization, &is the ionic

polarizability and E is the applied electric field.

02




® e 8 B @

C & @
ton distmibution fon displacement
in the absencs due 1o the
of the field appdred freld
E=0 >
E>Q

Tonic polarization

Orientation polarization

Orientation polarization occurs in liquids or solids — which possess
molecules with permanent dipole moment (i.e., in polar dielectrics).The
orientation of these molecules will be random normally due to thermal
agitation.Because of the randomness in orientation, the material has net zero
dipole moment.But under the influence of an applied electric field, each of the
dipoles undergo rotation so as to reorient along the direction of the field
because of which, the overall cancellation of dipole moments due to
randomness does not hold good any more.Thus the material acquires
electrical polarization. Orientation polarization depends strongly on the
temperature.Orientation polarization takes more time to set than ionic

polarization.
Ho = Aol

where M, is dipole moment due to orientation polarization, & is the

orientational polarizability and applied electric field E.

VT o

O
E=0 E>0Q
Chipade orientation Dipate alignenent
o the abrenin w2 1o the
of the Yited applied finld

Orientational pelarization

Space charge polarization

Space charge polarization occurs due to the accumulation of charges at the
interfaces in multiphase dielectrics.It occurs in ferrites and semiconductors.The

value of space charge polarization is very small compared to other types of

02




polarizations.The space charge polarization is not an important factor in most

dielectrics .

VA -
K@ t’: E}
E=0 )

Space charge polarization

02

(a) Consider a two level energy system with ground state energy L1 and excited 0.5 10 min
state energy L.

Let N1 and N2 be the number densities of atoms in the ground state and excited state

respectively.

Let photons of energy hu= (E2 - E1) and having energy density (v) be incident on

the system.

This interaction of radiation with matter results in three processes.

1. Stimulated Absorption:
0.5




When an incident radiation falls on a system, the atoms in the lower energy level
will absorb the radiation and move to excited level — stimulated (induced)
absorption.

The rate at which this absorption takes place (Y12) is proportional to the number of
atoms in the lower energy level (N1) and the energy density (¢) of incident
radiation.

i.e, Y1izocN1 and Yi2e(v)

Combining these eqns:

Y12=B12N1&g(v) ......... ey

Where Bi2is a constant of proportionality that depends on E1 and E2

2. Spontaneous Emission:

An atom in the excited state, of energy E2, makes a transition to the ground state, of
energy E1, on its own within a fraction of a second, typically 10-9¢s, resulting in the
emission of radiation of energy E2— E1. This is known as spontaneous emission.
The rate at which this emission takes place (W21) is proportional to the number of
atoms in the energy level E2

ie, W21 N2

OrWz21=A21N2......... (2) where A21 is the constant of proportionality.

3. Stimulated Emission:

The de-excitation of an atom from higher energy level to lower energy level with
the help of an incident photon is known as stimulated emission.

The rate at which this emission takes place (Y21) is proportional to the number of
atoms in the energy level E2 and the incident energy density.

ie, Y21 x N2g(v)

Or

Y21 = B21N2g(v)......... 3)

Where B21 is the constant of proportionality

Let, the system be in thermal equilibrium, i.e. total energy of the system remains
unchanged.

So, Absorption = Emission

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

Using equations 1, 2, 3

Yiz=Wai+Y21............. “4)

B12N1e(v) + A21N2= B21N2¢&(v)

so, (B12N1-B21N2) e(v) = A21N2

Az Ny

So. ff;l?) == TR v R ALy
{B1aNy-BpyNa}

by rearranglng we get (v) = (Nl

=A L (5)
B, BuM '
BN,

From Boltzmann’s relation,

05

0.5

02




Ny
N,

= plE2—E 3/ kgT — phu/kpT

. Ay 1 i N
Therefore e(v}= = ——— (6}
( ) B 8}: C,L’?." RIS

According to Max Planck. if £{(¥) 1s the energy density {energy-unit volume) emitted by the black
body through radiation of frequency v, at a temperaturs T, then

P B

AL R el {7
R P SRS ™

Comparing equs {3} and {83, we have

A b - B
A ?” asid B"" = l,or Biz=Bn

A.. - e

So. droppimg subscripts. we refer Ay and Bar By as A and B respeetively.

Henve. ot thermal equilibrinm the squation of energy density 16 w11 = “[

Ble
(b) L =4 nm = 4x109 m

We know for minimum energy n=1

n%h?
" 8mlz

(6.625X10734)2

- (8%9.1x10~31x(4Xx1072)2)
=3.764x1021]
=0.0235eV.

01

01

01

05 min

- L5 NA =026

926 1.5
1260 - 1.5
iy = AT 0267 1, = 1477

(b) Grem Ne Ny = 1077 T=300K. n=7

s .
did. ke,
B o o FARL

.- N
Wehave, -~ =e ¢
¥,

Takiog namal loganthm.
W0 e  Re/ kT -6 R2A x0T 30 1381077 300
g, -GURTTE -0 048N 10T

Hence. = DO4Bx 10 -UBOOTTE= 60408 % 10-"m = 68488 A

01
01
01
01

01

01

01

01

7 mir

8 min




(a) We have the expression for group velocity as,

do
=__ -—-(1
Ve S M
_ . E _ E
Buta)—27ry~27tH —————————————————— (2) [“E=hy= -h-]
- do = (%j dE 3)
2% P h 1 P
K = =" = L e ————— e )\, = _ = _
Also - 27 - 4) [ > = h]
dK = (zh_“jdp 5)
Dividing Equation (3) by equation (5)
27
=~ |dE
a _[7)
dk 2n
B
do _ dE
9@ (6)

, .
But we know that, E = g—m where P is the momentum of the particle

. dE _ 2P
. — = S~ or
dp 2m

But P = mvparticle, Where vparticle 15 the velocity of the particle

dE _ P

dP m

. dE — mvparticle

9 -
-g—s— = Vpartilce (7)
From equation (1), (6) and (7)
dE
= Vg = %E- = a—a = Vparticle . Vg = Vparticle

.. The de Broglie wave group associated with a particle travels with a

velocity equal to the velocity of the particle itself.

(b)

1. The energy values of the conduction electrons are quantized. The allowed
energy values are realized in terms of a set of energy levels.

2. The distribution of electrons in the various allowed energy levels occurs as

per Pauli Exclusion Principle.
3. The free electrons travel in a constant potential inside the metal but stay

confined within its boundaries.
4. The attraction between the free electrons and the lattice ions, and the

repulsion between the electrons themselves are ignored.

01

01

01

01

01

03 (any
three)

10 min

05 min




PartC

(3Q x 10M = 30Marks)

Max.
Q Solution Scheme | Time
N of ;equm
o} . or eac
Marking )
Questic
Consider a particls of mass m moving with velocily v The de-Broghe waveiength associated with 01
1]
1 0 the pafticieis 1 = L ¥ we consider the particle is moving ondy along x-axis {ons —dimensional) and
£ 24 mir
exhibiting simple harmonic wave pattern the travelling wave egquation can be wrilten as
d*v 1 d'r
T
dvt o+t ar
s . - Hkx—on} L .
The spiulion of the above sgnis V'™ Ae . where y is displacement, o I5 anguiar frequsncy,
A is amplitude of wave, v is velocily of wave. 02
Analogous o this, the equation of the ravelling wave in the present cass is
L3 Foxr
a¥Y 1 d% i
T =Ty SRR )
dys u de”
i . i \{; _ {P il R ) - .
Soktion of the sguation{1}is — Tt 423, where We is constant
Differentiating egn(2y w.r i ttwice, we gel
S .
= -»—z(r)‘*i’ge’{h o,
€1
F R -
=—={0o¥e it =1
T 02
02
The total energy of the particle in non-relativistic case is E=KE.+P.E.
1 N
E=—pn" =¥
2
,2
E= \&““T‘I’::p: =2miE -V 02
Since pomy pirn
22 i . ;;: <2aiE-V
o o q L\ﬁi I}f{E lx?:(}
Substituting in egni{d) 2y 'S




This equation represents the time independent Schridnger wave equabion.

Since only the space coordinate X' appears in the equation, partial derivative can be replaced by
total derivative and then the above equation can be written as:

dv ST mlE-V)

i - e V=0
b

L 46Y Or

C2mE

) i
¥ =0 where h = e
T

01

11

Particle in a one dimensional potential well of infinite height.
[Derive the expression for wave function of a particie in an infinite potential well}

Conzider a one dimenziona! problem in which a particle of masz 'm’ moving with speed V' along x-
axis is confined to & box of length (width} L with perfectly ngid walls at x=0 and x=L. Within x=0 and

x=L. iz potential V will be zero, outside this region, it is taken o be mfinite.

WV omea 3 Vzoa
i V=0
R W Y=l
3
x=0 x=h

As the particle 5 confined to the box and does not exist at the walls and beyond them, the wave function
exists anly within the box. Inotherwords, w=0forx<Gandx2Landw=yw for0<x <L

Such a configuration of potential mn space is called infinite potential well. A particie bound within such
an mnfinite potential well defined in three dimensions is referred o as particle in a box.

Schridinger's tme ndependent aquation 1s:

dv 87 mlE-V)
— iy =0
dx” h”

Putting v = {4, for 0 < x < L, the equation bacames,

=y . $x L »

e 3 ={
dx” i
8z mE s
Put, T 23
k-
d : s L
Then equation { 1} becomes, — + N =0 (3}
dy

The geners! solution to equation {3} 15 of the form,

v = ASn K+ B Cos KY ~——-—— {4y,

02

01

02

24 mir




where A and B are arbitrary constanis and can he evaluated by appiving the beundary condifions.

Applyving the boundary condition, w = U for x = 0, the abave equalion becomes:
G=ASn0+BCox0 o, B=0
Then equation {4} becomes, = A S KX - e [§)]

Now, applying the houndary condition w = 0 for x = L, eguation (&) becomes,

in the above equation. A # 0. and therelfore Sin KL = 0,
Or KL=nm, wheren=1,2,3 .

nT .
SRS e e T
L

Subshiluiing 2q. {71 eg. (5}, the wave function of the particle 0

o B
v o= ASin ~- |
L

%

)

£

To normalize the wave function, fet us evaluaiej wodx

i

5 s 2 B :
A Sin di= A4

/

[y ——

f widy=

]

: 1L
= LefL-0)=1
2" 2
R A . 2
For the function to be normalized, .}'cff “dx=1.0r, T: o1, A = L and hence A =

@

Substituting the value of An eq {8), we gst the normalized wave function as:

----- (10)

02

03
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Expression for Numerical Aperture:

Consider a ray of light AB entering an optical fibre at an angle of incidence equal to the acceptance angle
0. It proceeds along BCD, as shown in figure.

Cladding (n3}

Applying Snell's law for refraction at B,

neSing:=n: Sind

n,
Or, Singa= —Sind
Hy

(i
At C, the angle of refraction is 80°. Hence for refraction at C,
nt Sin {80 — 6} = n2 Sin 90

s
Or,Cos o= ,

SSmB=~N1-Cest8 = 1 E 2 i

\’ Ly

Or, Sing=

Substituting this in eq. {1}, we gst,

1

{2 2
i ;zz -1, ETIES T
. 1N 2 v 2
Binfg= —X =
R 1, 1

[N]
Fl

eemmermeenees (2)

a

But, Sin 8o = numerical aperture {NAj

If the surrounding medium is air, ng = 1 and therefore,

e

NA = 7, 1,

02

02

03

03
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Principle: Radiagve recombination
4 When the pmnchon is forward eased holes from p region move towards & region and
electrons from o region move towards p region and e recombine with each other.
% During the recombination process. the hight radiation (photons} is released from a certam
specified direct band gap semiconductors tike Ga-As.

% This hght radiation is known 25 recombination radiation.
% The photon emitted during recombination stumunlates other electrons and holes to
recoribine. As aresult, stisnulated enussion takes place which produces laser.

Construction

A semiconductor laser is a specially fabricated po juaction device (bot the p and 2 remions are
baghlv deped) which emits coberent light whesn it 15 forward biased. If s made from Gallum
Arsenide {GaAs) winch operated at low temperature and enuts light m near IR region. Thev are
of very smiall size, each side is in the order of 1 mm. The p and p regions are made fom same
semiconductor material (Gads). The p type region is formed by doping with zine atoms and n
tvpe by doping with tefhurium. Doping concentration 1§ very high i the order of 10%7 ro 107
atomsian’, The top and bottom faces has metal contacts 1o pass the carrent. The front and rare
faces are polished to constitute the resonator

O iy o L
[ e ’
[ R gt 9]

R e ]
Farett

R SN R Y A

]

Wearking:
< When the amnction i3 forward based. a1 low voltage the electron and hole recombine
and cause spordaneous eNussION.
% But when the forward voltage reaches a threshold value the carsier concentration rises
to very high value,
% As a result the sonction contams large mumber of electrons in the conduction band and
at the same time large number of holes in the valence band.
<+ Thus the npper energy level has targe aumber of electrons and the fower energy level
bas large number of vacancy. thus population inversion 15 achieved.
«+ The recombination of electron and hole leads to spontanecus emission and
#+ When the forward — biased voliage is increased, more and more light ghotons are
emitred and the light production instantly becomes stronger. These photons will
trigger a cham of stimnlated recombination resulting in the release of photons In
phase.
< The photons moviag at the plane of the juaction travels back and forth by reflection
between two sides placed parallel and oppostte to each other and grow m strength,
Be

< The wavelength of laser light is givenby 4 = 2

o

Aoty reglon

Under forward bias

01

02

02

03

02
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9. Show that group velocity of de Broglie wave is equal to particle velocity

[8M] (C.O.No.3) [Comprehension]

Part C [Problem Solving Questions]

Answer any three Questions. Each Question carries 10 marks.

(3Qx10M=30M)
10. Derive Schrodinger’s time independent one dimensional wave equation.

(C.0.No.3) [Comprehension]
11. Derive an expression for normalized wave function for a particle in one dimensional

potential well of infinite height, using Schrodinger’s time independent wave equation.

(C.0.No.3) [Comprehension]

12. Derive an expression for numerical aperture in terms of refractive indices of core and
cladding of an optical fiber.

(C.0.No.2) [Comprehension]

13. Derive an expression for energy density at thermal equilibrium condition in terms of
Einstein’s coefficients

(C.0.No.2) [Comprehension]
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