COMBINED FIRST AND SECOND SEMESTER B.TECH (ENGINEERING)

EXAMINATION; EN 14 103 - ENGINEERING PHYSICS
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PART A: Analytical/problem solving SHORT questions
Answer Eight questions out of Ten (Each Question carries 5 marks)

What is the difference between interference and diffraction?

What is Rayleigh’s criterion for resolving power? How to express resolving power of
a grating?

Define Brewster’s (polarizing) angle?

What is mean by double refraction?

What are the silent features of F.D. Statistics?

Define spontaneous emission and stimulated emission?

Define acceptance angle and numerical aperture?

What are the properties of nanomaterial?

Distinguish between intrinsic and extrinsic semiconductors?

Write short note on HTSC? (8*5 =40marks)

PART B: Analytical/Problem solving DESCRIPTIVE questions

Answer all questions (Each Question carries 15 marks) (15%4=60 marks)

11

12.

13.

14.

15.

16.

17.

18.

.1. Derive time dependent Schrodinger wave equation? ii. Explain the physical

significance of wave function?
(OR)

i. Explain construction and working of Laurent’s half shade polarimeter? ii. Explain
the production and detection of elliptically & circularly polarized light?

1. Describe the laboratory experiment to determine the velocity of ultrasonic waves in
a given liquid by forming an acoustic grating.
11.What is the properties of ultrasonic waves. (OR)

i. Discuss the theory of Newton’s Rings with relevant diagram and derive expression

for the wavelength of light using dark and bright rings.
i. Explain the principle, construction, working, advantages, disadvantages, and
applications of semiconductor laser? (OR)

1. derive the expression for N.A., in terms of nl(refractive index of core), and A
(fractional refractive index change) ii. Explain the construction and working of Ruby
laser.

1. explain type I and type 1I superconductors with suitable example. ii .write short
notes on LED & solar cell. (OR)

i. Derive expression for Fermi level in extrinsic semiconductors? ii. Explain the
construction and working of tunnel diode?



ANSWERS OF MODEL QUESTION PAPER
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We know that unpolarized light has two components one vertical and another horizon-
tal. When unpolarized light passes through certain anisotropic crystals such as calcite
or quartz, velocity of propagation of these two components vary. This means that the
material exhibits two different refractive indices. Since 1 = (sin Z/ sin ), though both
the components have the same angle of incidence, they have different angles of refrac-
tion. Hence when unpolarized light passes through such crystals, we get two refracted
beams and this phenomenon is called double refraction or birefringence.

\Optic axis
A

—D

¥Fig. Double refraction in calcite crystal
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Salient features of Fermi-Dirac statistics:

(a) Fermions are identical and indistinguishable.
there cannot be more than one particle

(b) They obey Paulis’ exclusion principle; i.e.,
in a single cell in phase space.

(c) Fermions have half integral spin.

(d) Wave function representing Fermions are antisymmetric i.e. ¥(1, 2) =

(e) Weak interaction exists between the particles.

(f) Uncertainty principle is applicable.

(8) Energy states are discrete.

o

—%(2,1).



Table 1 Properties of nanomaterials

Properties Examples

Catalytic Better catalytic efficiency through higher surface-to-
volume ratio

Electrical Increased electrical conductivity in ceramics and mag-
netic nanocomposites, increased electric resistance in
metals

Magnetic Increased magnetic coercivity up to a critical grain size,
superparamagnetic behaviour

Mechanical Improved hardness and toughness of metals and alloys,
ductility and superplasticity of ceramic

Optical Spectral shift of optical absorbtion and Huorescence
properties, increased quantum efficiency of semiconduc-
tor crystals

Biological Increased permeability through biological barriers (mem-
branes, blood-brain barrier, etc.), improved biocompati-
bility

ic semiconductor

Extrinsic semiconductor

= & pure semiconducting
3al without any impurity

ber of free electrons
wconduction band and
of holes in valence
are exactly equal.

cal conductivity
on temperature.

cal conductivity is

ium and silicon
are examples.

Impurity atoms are added to the
pure semiconductors by doping.

The number of free electrons and
number of holes are never equal.
N-type semiconductors have
excess of electrons and p-type
semiconductors have excess of]|
holes.

Electrical conductivity depends
on both the temperatuie and the
quantity of impurity atoms

Electrical conductivity is high

Germanium and silicon crystals
with impurity atoms like arsenic,
antimony, phosphorus boron,
aluminium etc. are examples.
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SCHRODINGER'S WAVE EQUATION :
FOR A FREE PARTICLE AND TIME DEPENDE
EQUATION ‘
Schrodinger’s equation is the basic expression used in qus
mechanics. This cannot be derived from elementary rules.
derive it by considering the plane wave equation and combinil
Ei in's ion for of'energy and de Broglies'
for wavelength.

or Ae;'<px - Ey)

On partial differentiation of ¢/ with respect to x, twice, we get

A particle in motion is i witha i
the information about the motion. A plane progressi
propagates along X-direction is given by

These are equivalent to

W = Ael kx—20

p'Y = -’ o

2z 4
where k is the wave vector given by e and @
frequency.

Einstein's formula for photon energy is

S5
im 3 and 4, = —ih —
¥ % ,'54\‘

E=hv =— =hw; whereh=—hr
27z 27
"‘.

de-Broglie's expression for matter wavel Vhis is called space operator.

4 h h 2z
S PpE— = — e

- hk
A 27 2

A5
Using the above expression, equation ( ili
i

w 7% n (Fkx — hax)
= Ae

1wy is called time operator:
particle total energy is given by
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bollow glass tube. N, is another
eye-piece to observe the image. The
analyser N, can be rotated. Th
on a circular scale attached to it

optically active. Looking through the e
rotated until the two halves of the field
The reading of the circular scale is n
filled with the given solution.

2

E = - ., since V=0
2m
|
PSR - 3 s AN M aniedente - 6>
2m

Using equation (4) and (5). Equation (6) becomes

— N2 22 W = i o
— — —a = B e i S S 7
2m 2 O 5 St <72

This is Schrodinger’s equation for a fiee particle in one

In three dimension it becomes for a free pParticle.

as
—n2 - 2 ¥
e e T e
== i o 8)
== =
where V2 — = -+ e -+ e

is called Zapaicicirs Opercaror

If the particle is

= moving under a pPotential V(r.t) then
(8) becomes

—n=2 A 24
— 2 v, e 5N
[2.n s "~"] e

This is Schrodinger's time dependent equation

ICAL CONCEPT OF WAVE FUNCTION HSS
uantity with which quantum me'chanics is :omeoer:peﬁOdic
fv.m?:tion y ofaparticle. The quantity tl'u:; ur;t e:z e o
dy is called wave function 55 3 Pt
3:1:;0 ﬁmcty jon and itself’has no physical mtcrp‘retad::;dzl heis
b f the absolute magnitude /.\p /2 or Wy -g;, bt
(:‘mal to the probability of finding the \pyﬂ:tl A ko
dydz about the point X.y.Z. can sy
= e::':‘::r:ii,; o>;'the system if we know the wave function

;111e wavefunction should fulfil certain requir ‘s 2 £ finding
i rtional to the probability o
Since W W * dxdydz is propo

i *dxdydz
icle with in the volume element, the integral IW dxdy
W* dxdydz is
be finite if the particle is somewhere there. 1f I‘Y . y
the particle does'nt existand ifitis infinity, the particle is everywhere
2 i i lement *
Since the probability of finding the particle in the volume €

“+on
1 to 1. The wave
W'W* dxdydz must be equal
surety, then _-L

tion satisfying above condition is called normalised

- ec~muiramante of wave function

'S HALF SHADE POLARIMETER

er is a device used to measure the angle of rotation of
sed light, produced by a liquid or solution and hence to
specific rotation.

ofmonochromatic light. L is convex lens to produce
beam of light. N, is a nicol prism (polarizer) to produce a
polarised light. H is Laurent's half shade plate. T isa

nicol prism used as analyser. E is
polarizer N, is fixed.
€ angle of rotation can be measu
The glass tube T is initially filled with pure water, which is n
ye-piece E, the analyser N2 I
of view appear cqually brig]
oted. The glass tube T is th

Looking through the eye-piece,
analyser N, is rotated until the T F:

appear equally bright. The reading of the circul

difference in the two readings gives g ., the angle of rotation of
plane polaris=d light

The length ' /7 'of the tube T is
concentration ‘¢’ of the solution is found
rotation of the substance in solution is ca

- 10 & - ¥ -

Sl S degrees/decimeter/unit concentration.

measured in cms and the
in gm/cc. Then the spcciﬁc'
Iculated using the formula.

The specific rotation s is a constant for a substance.
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ol N, is crossed and hence the field of view will be dark. The
er wave plate P is mounted on a tube A in between N and N,
jin figure. The tube A can be rotated coaxially inside an outer fixed
B. The angle of rotation of the tube A can be noted from a
ar scale. There is a fixed mark M on the plate P.

‘The plane polarised light from N, falls normally on the quarter
plate P. The field of view may be bright. Now the plate P
ne is rotated so that the field of view becomes dark. Keeping P
d, the tube A is rotated until the fixed mark M coincides with zero

. CIRCULARLY POLARISED LIGHT

a) Production

A beam of plane polarised 150 con A. Now the quarter wave plate P alone is rotated exa_clly
lightis made to fall normally on /] 4t 45°% (The mark M is against 45). This is the required
a quarter wave plate Optic axis The plane polarised light is incident on P with its vibrations
perpendicular to the optic axis, o-ray gle 45° with optic axis. So the plane polarised light splils‘ up

nary and linary with equal ampli

with vibrations inclined at 45" >
ing. they recombine to form circularly polarised light.

with the principal section. The
beam splits up into ordinary
and extra-ordinary C
components  of equal PM
amplitudes. The quarter wave ~ Fig. 3.22

plate introduces a phase

<« eray

sity of the light coming out remains unchanged, the given
light is circularly polarised. The same effect is exhibited by

ary unpolarised light also.

: given beam of light is then passed through a quarter wave
fthe beam is circularly polarised, it splits up into ordinary and

-ordinary P of equal amplitudes and with a phase

difference of 12! b the two P When they co

out, they recombine to produce circularly polarised light.

EXPERIMENT

A parallel beam of monochromatic light is allowed u.: fall ond

nicol prism N, . The beam emerging from N, is plane polarised.
; P 8

e of %— The quarter wave plate introduces an additional

el nceof’;‘ between them. Then the total phase differe; :

n the two components will be either 7z or zero accorg’® 35
fference is introd p other.
they come out, they recombine to form plane pol1S¢S light.
am of light is then passed through a rotatips niicol prism. If

unpolarised Plane
light Polarised light

- rutanm neerng Physics
the intensity of the emergent light varies between maximum an
the given beam of light s circularly polarised. If the intensity still
unchanged, the given beam of light is ordinary unpolarised lj

105
il figure. The tube A can be rotated coaxially inside an outer
tube B. The angle of rotation of the tube A can be noted from
ular scale. There is a fixed mark M on the plate P.

‘The plane polarised light from N, falls normally on the quarter
Vo plate P. The field of view may be bright. The beam coming
Wl the plate Pis elliptically polarized light (care must be taken so
the vibrations of the plane polarised light must not make 45°
the optic axis). .

3. ELLIPTICALLY POLARISED LIGHT

a) Production
Plane polarised light is made

to fall normally on a quarter wave e

plate perpendicular to the optic 4 TR Potection

axis, with vibrations inclined at an

angle other than 45° with the o-ray given beam of light is passed through a nicol prism which is
principal section. The beam splits pld ol Wy rotated about the direction of light. If the intensity of the
up into ordinary and extra- ent light varies by imum and mini the given beam
ordinary components of unequal Lis cilher elliptically polarised or a mixture of plane polarised
amplitudes. The quarter wave > eliptically d ordinary light.

plate introduces a path difference polarised The given beam of light is then passed through a quarter wave
of% A i ity 0‘_121_ Fig. 3.2 Il the beam of light is elliptically polarised, it splits up into

and extra-ordinary components of unequal amplitudes, with
between them. Hence, when they come out of the pla

1 e < SR . n
recombine to produce elliptically polarised light. difference of 2 The quarter wave plate introduces an

EXPERIMENT f n

A parallel beam of moniochromatic light is allowed to fal il phase diﬂ'erenwofg between them. Then the total phase
nicol prism N,. The beam emerging from N,is plnryz
nicol N, is crossed and hence the field of view will be d
quarter wave plate P is mounted on a tube A in between N, l‘

¢ between the two components is either 77 or zero according
phase difference is introduced on one component or the other.
they come out, they recombine to form plane polarised light,
feam of light s then passed through a rotating nicol prism. If the
lty of the emergent light varies between maximum and zero, the
| beam of light is elliptically polarised. If the intensity still varies
| naximum and minimum, the original beam of light is a mixture
polarised light and ordinary unpolarised light.
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In a glass cell liquid under study is taken. Ultrasonic transducer is fixed at one side
wall inside the cell and ultrasonic waves are generated. The waves travelling inside the
liquid get reflected from the reflector in the opposite wall. Due to the interference of
incident and reflected waves standing wave pattern called acoustic grating is formed.

Applying the theory of diffraction, if ‘d’ is the distance between two adjacent nodal or

antinodal planes, ‘d’ will be the grating element.

Hence the general formula

sinf@ = nNA

can be written as sin@® = n(l1/&A since (1/d) = IV is the number of lines per unit

length.



dsin @, = A CIH
where 72 is the order of diffraction, A is the wavelength of light and &,, is the angle of

diffraction for n*” diffracted order.
If A, is the wavelength of ultrasonic waves

=N /2 (€3]

Substituting Eq.(2) in Eq.(1),
(Aa/2)8in@,, = n\ or Aa = 212/ sin @ 3
Knowing the wavelength of laser A, and measuring ¢,,, A, can be calculated. If Fis

the frequency of the ultrasonic waves (as given by oscillator) and v its velocity in the
liquid, then

v = fA, = 2fnA\/sin @ )

GENERAL PROPERTIES OF ULTRASONICS

1. Ultrasonic waves are acoustic waves with a frequency
than 20 kHz. They travel through any medium like solid ligs
and gas. But they cannot travel through vacuum.

2. They are high energetic waves
3. Speed
The speed of ultrasonic waves in a thin rod or crystal is gi

YA '% where Y is the Young's modulus of the material

P its density.

Its speed in a liquid is given by v - ,5 where K is the
Ve

modulus of liquid and p is its density. Its speed ina gasis

by v = |ZP \here P is the pressure of gas, o its density
P2

7 is the ratio of specific heats of gas (}' - %) :

4. Their speed depends on frequency. Greater the frequency. hi;
the velocity

14.i.

THEORY OF NEWTON'S RINGS BY REFLECTI
A plano-convex lens L is placed on a plane glass plate G.
be the radius of curvature of the lens. A thin film of air of
thickness is formed between lhce lens and the glass plate.
A 1




Since the lightis incident normally. r=o0 or Cosr= 1.

Also 1 = | for air.

B o e 2)
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136 Laser Physics

4. SEMICONDUCTOR LASER £
Semiconductor laser is a solid state laser. ¥

Principle
The light emitted by a LED is incoherent.It can be made
coherent by using suitable material and proper biasing.When a
lar value of current is passed through a highly doped pn junction
snmulated emission takes place producing laser light. Whenapn
junction is forward biased electrons and holes are injected into the
bine with holes producing laser

depletion layerNowel
beams. £ g
A semiconductor laser is a pn junction diode formed by two
heavnly doped semiconductors.Gentrally there are two kin

ductor lasers. (1)Homojunction laser in which pn jun
formed on the same material by proper doping.(2)Heterojunction
laser in which the junction is made between two dissimilar
semiconductors.

Construction

rough surface

Optically flat and
polished face

end faces are pamllel and perp

16.i.







aceepta large range of wavelengths. The transitions to | —
. 1andE

0 0
caused by 6600A and 4000A respecti
pectively. Th
andE, hav‘e avery short life time in the ordez of 1?: M
the chromlum ions suddenly jump to the metastabl
-non radiative transition. The metastable state M haz

alarge i

17.i.

1HType -1 or Soft Superconductors

<—— NORMAL
STATE, s

L Ho ——— H

When a superconductor is placed ina magnetic field H, the
intensity of magnetization M is induced in it. When k1 increases, ™M
also increases. The variation of M with H is shown graphically. The
intensity of magnetization increases linearly with H so that ™M =
H.(slope = 1).The magnetic lines of force are expelled from the ma-
terial due to the repulsive force.But when the applied field reaches
the eritical He(H=H). M suddenly falls to zero indicating that the
material has lost its superconducting property and changed into its
normal state.Upto Fc, it behaves like a diamgnet and strictly obeys
Meissner law. At He, magnetic lines of force are penetrating through
it since there is no repulsive force. The value of critical field Hc is
very small in the order of 0.1 T and 0.2T. Such type of supercon-
ductors for which M becomes zero abruptly when H = K, are
called Type—1 superconductors. Since H_is small, very low mag-



netic field can destroy the supercond ucting property.So they
soft superconductors.

Properties

a» Transition to normal state is very abrupt.

) H_ is very small in the order of Q. 1°T.

3 Superconductivity can be easily destroyed.

(4 At H_the transition is reversible.If the field is reduced L

H, the superconducting property is reinstated. !

Examples : Lead. tin,Hg, aluminium, magnesium.Al

pure metals belong to this group ¥
Uses : Since H_is very small, Type I superconductors

no physical importance. The current remains only on the su -

the materials.

(2)Type - IT or Hard Superconductors

1

i

or °4 |
I

i

Vortex
(mixod state)

| Nomar
Stata

—— 2
H 5
|

When external magnetic field H increases, intensity of ma
netization M also increases linearly as in the case of Type-1 . This
continued upto H_, called lower critical field where M begins
decrease.Upto H_, repulsive force expels all the magnetic lines and
is diamagnetic. i.e. It strictly obeys Meissner law upto H_, Beyo
H_,, magnetic lines of force begin to penetrate through the materie
slowly and material loses diamagnetic property correspondingly. This

Is continued upto H_, called upper critical field where the material
loses diamagnetic property completely and all the lines of force are
penetrating exclusively through the material. Upto H |, the material be-
haves as a superconductor. H_, is very high.Beyond H_, it reaches to
its normal state. The material is in a mixed state in the region between
H_ and H_, It behaves partially conducting as well as partially su-
perconducting in this region and the region is called vortex. It does
not strictly obey Meissner law in this region. Here the transition
from superconducting state to normal state is very slow and
gradual. The upper critical H,, field is very high in the order of 10T to
20T and hence a very strong magnetic field is needed to destroy
superconducting property completely.
Both Type-I and Type-11 obey Meissner law upto the lower -

critical field and hence both are ideal superconductors upto that limit.

Properties

(1)  Transition to normal state is gradual.

(2)  H,is very high in the order of 10T to 20T.

(3)  Very strong magnetic field is required to destroy supercon-
ducting property.

(4)  Thetransition is irreversible since there is hysteresis loss.

Examples : Niobium, Germanium, niobium—tin, niobium-zirconium,

niobium-titanium etc.

Uses : (1) very strong magnetic field can be produced using

Type-Il superconductors.Such huge magnetic field is very essential

in particle accelerators, plasma-production, fusion reactors etc.

:2) This strong magnetic field is used for magnetic levitation(maglev).
3) Used in power generators.



3. V¥riie a note on bipolar juncuon iransistors.

When a third doped element is added to a crystal diode in such a way that in two PN
junctions are formed, the resulting device is known as a transistor.

A transistor consists of two PN junctions formed by sandwiching either p-type or n-

type semiconductor between a pair of opposite types. Accordingly, there are two types
of transistors namely

1. n-p-n transistor 2. p-n-p transistor.

An n-p-n transistor is composed of two n-type semiconductors separated by a thin
section of p-type as shown in Fig.(a). However a p-n-p transistors is formed by two
p-types separated by a thin section of n-type as shown in Fig.(b).

(a) ()
Fig. Bipolar junction transistor (a) n-p-n type and (b) p-n-p type

(a) These are two PN junctions. Therefore, a transistor may be regarded as a combi-
nation of two diodes connected back to back.

(b) There are three terminals taken from each type of semiconductor.

(c) The middle section is a very thin layer. This is the most important factor in the
function of a transistor.

A solar cell (also called a photovoltaic cell) is an electrical device that converts the
energy of light directly into electricity by the photovoltaic effect. Itis a form of photo-
electric cell which, when exposed to light, can generate and support an electric current
without being attached to any external voltage source. Solar cells generate electricity
from sunlight. Cells can be described as photovoltaic even when the light source is not
necessarily sunlight (lamplight, artificial light, etc.,).

The solar cell works in three steps:

(a) Photons in sunlight fall on the solar panel and are absorbed by semiconducting
materials, such as silicon.

(b) Electrons (negatively charged) are knocked loose from their atoms, causing an
electric potential difference. Current starts flowing through the material to cancel
the potential and this electricity is captured. Due to the special composition of
solar cells, the electrons are only allowed to move in a single direction.

18.i.







A tunnel diode is a special type of p-n junction between two heavily doped semi-
conductors which operate in a region of incremental negative resistance of its 7 — V'
characteristic. The hanical ling of electrons takes place through the
finite potential barrier of the junction.

In a 1 diode cc ion of impurity atoms is very large (about 108 1o 1019
cm~?) in both p-and n-region, the barrier width being very small(in the order of 100°A).
Because of heavy doping, the donor level widens and overlaps the edge of the conduc-
tion band.

Equilibrium Reyerse blas Forward bias

Region almost . Ec
filled with
Ey electrons Ev Ey
FP:
[ :Fr\ = Ern - B
b 2 Ec Ewp Ec
Region almost E
filled with n % 7 Ev Y

holes. @ ®) ©

Fig. Energy level diagram of zener diode (a) unbiased (b) reverse biased and (c) forward
biased

©

(@

(a) Zero bias (Equilibrium condition)
Under equilibrium condition of a p-n junction no current flows.

(b) Reverse bias
‘When a small reverse bias is applied , filled states in the valence band on the p-side
and the empty states in the conduction band on the n-side are separated by a narrow
layer of depletion region. Because of high doping concentration and there is a large

electric field at the junction which is quite sharp thus ing on
for tunneling. There is, therefore, a tunneling of electrons from the filled valence
band states on p-side to the empty conduction band states on n-side. As the reverse
bias is i d the ber of i from p — n also increases.
This is equivalent to an increasing conventional current from 7 to p. This is shown
by the portion O A of the 7 — V characteristic (Fig.d).

-X =V
Reverse Bias

A
Fig. (d) I-V characteristics of a tunnel diode

Small forward bias
When a small forward bias is appli 1 ing takes place from n to p
with Iting i 1 from p to n. This forward tunneling current
i to i with i ing bias. This is shown by the portion OB of the
I-V curve (Fig.d). With further increase in forward bias the number of empty states
in duction band ite to the filled states in band d ing
in a di in i and ponding d in as sh by the
portion BC of the I-V curve.
Large forward bias
If the forward bias is increase beyond OC”, the current begins to increase again
forming a valley in the I-V graph because as the bands pass each other, the behav-
ior becomes similar to that of a conventional diode. The forward current in now
dominated by the electrons diffusing from n to p up the potential barrier and the
holes diffusing from p to n. This is shown by the portion DE.







