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UNIT- 1 (WAVE OPTICS)

Define Interference.

Define Diffraction.

Define Polarisation.

Define Diffraction Grating.

Define Resolving Power of Grating.

State and explain principle of superposition.

Discuss the theory of interference of light due to thin films by
reflection with suitable ray diagram.

Describe the formation of Newton’s ring with necessary theory
with relevant diagrams.

Explain how the wavelength of light sources is determined using
Newton’s rings.

Distinguish between Fraunhofer and Fresnel’s diffraction.
Compare Interference and Diffraction.

In the study of Fraunhofer diffraction due to single slit how the
diffraction fringes formed. Derive the conditions for bright and
dark fringes.

Describe Fraunhofer diffraction due to double slit and derive the
conditions for principal maxima, secondary maxima and minima.
A plane transmission grating having 4250 lines per cm is
illuminated with sodium light normally. In the second order
spectrum, the spectral lines are deviated by 30°. What is the
wavelength of the spectral line?

Describe the Fraunhofer Diffraction Due to N-Slits.

Define Dispersive power and resolving power of Grating and
write their expressions.

Mention the representation of the Plane polarized light and
unpolarized light

Explain the various types of polarizations.

Explain the Polarization by reflection with neat sketch.

Illustrate the Double refraction in crystal.

Explain the production of plane polarized light using Nicol Prism.
Describe the propagation of polarized light in Quarter —Wave
plate.

Describe the propagation of polarized light in Half —Wave plate.
Calculate the thickness of Half-Wave plate, given that pe = 1.533,
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[ He = 1.544 and A = 5000 A, |

UNIT - 11 CRYSTALLOGRAPHY & X-RAY DIFFRACTION

Define lattice parameter? [CO2]
Draw the planes for given Miller indices 1). (111) ii). (202) [CO2]
in cubic system.
Define unit cell . [CO2]
Define Bragg’s condition for X-Ray diffraction. [CO2]
What are applications of Powder X-Ray diffraction method? [CO2]
What is (i) Unit cell (ii) Basis (iii) Bravais Lattice. [CO2]
Explain the various types of crystal systems with a neat sketch [CO2]
and examples
Explain the various types of Bravais lattices with a neat sketch [CO2]
Define atomic packing fraction and derive it for simple cubic [CO2]
crystal structure.
Define atomic packing fraction and derive it for body centered [CO2]
cubic crystal structure.
Show that Face centered cubic crystal structure has more closely | [CO2]
packed structure than SC and BCC.
What are Miller indices? Mention the procedure to find Miller [CO2]
Indices
Write the important features of Miller indices [CO2]
Deduce the expression for the inter planar distances in terms of [CO2]
miller indices for a cubic system
Draw miller indices of planes (1 00), (101)and (o11)ina |[CO2]

cubic system.
Define the Bragg’s law of X-ray diffraction and derive [CO2]
2d sin0 = nA
Calculate dioo : di10: d111 for a cubic crystal system. [CO2]
Derive the Bragg’s condition for X-ray diffraction. [CO2]
A beam of X rays of wavelength 0.71 nm is diffracted by (110) [CO2]
plane of rock salt with lattice constant of 0.28nm. Find the
glancing angle for the second order diffraction.

Explain how crystal structure determined by Laue X-Ray [CO2]
diffraction method.
What are the advantages of Laue X-Ray diffraction method? [CO2]
Explain how crystal structure determined by Powder X-Ray [CO2]
diffraction method.
What are the advantages of Powder X-Ray diffraction method? [CO2]
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NIT - I (DIELECTRICS AND MAGNETIC MATERIAL

1. | a | Define dielectric polarization [CO3] | [2M] | [L1]
b | Define dielectric polarisability [CO3] | [2M] | [L1]
c | Define magnetic susceptibility and magnetization. [CO4] | [2M] | [L1]
d | What is Bohr magnetron? [CO4] | [2M] | [L1]
e | What is hysteresis? [CO4] | [2M] | [L1]

2. | a | With usual notations, show that P= ¢, (& -1)E [CO4] | [6M] | [L3]
b | Write the differences between polar and non -polar molecules [CO3] | [4M] | [LZ]

3 3 Explain the different types of polarizations. [CO3] | [4M] ) [L2]
b | Derive the expression for electronic polarizabilty, ae in

dielectrics. [CO3] | [6M] | [L3]

4. | a | Deduce an expression for Lorentz field relating to Dielecric material. | [CO3] | [TM] | [L4]
b | The relative permittivity of argon at 0° C and at 1 atmospheric [CO3] [L2]

pressure is 1.000435.Calculate the polarizability of the atom if the [3M]
gas contains 2.7x10% atoms/m3.Given g= 8.85 x 102 F/m.
5. | a | Obtain Clausius-Mosotti equation and explain how it can be used [co3] | [7M] | [L4]

to determine the dipole moment of a polar molecule.

b | A solid elemental dielectric with 3x102¢ atoms/ m® shows an
electronic polarisability of 10° F-m? assuming the internal electric

field to be a Lorenz field. Calculate a dielectric constant of the [CO3] | [3M] [L1]

material.

6. | a | Discuss the frequency dependence of various polarization [CO3] [7TM [L2]
processes in dielectric materials. ]
b Write the causes for Dielectric loss. [CO3] [B]M [L4]
7 a | Describe the origin of magnetic moment in an atom. [CO4] | [6M] | [L1]
b | Acircular loop of copper having a diameter of 10 cm carries a
current of 500mA.Calculate the magnetic moment associated with [CO4] [4M] | [L3]
the loop.
8 Describe the classification of magnetic materials based magnetic [coa] | pom] | [Lig
moments.
9 a
Explain hysteresis of ferromagnetic material. [CO4] | [8M] | [LZ2]

b | A magnetic material has magnetization 3300A/m and flux density
of 0.0044 Wh/m?. Calculate the magnetizing force and relative [CO4] [2M] | [L3]
permeability of the material.

10 | a Explain the domain concept of ferromagnetism. [CO4] | [TM] | [LZ2]

b | A paramagnetic material has a magnetic field intensity of 10 A/m.
If the susceptibility of the material at room temperature is 3.7 x 103. | [COA4] [3M] | [L3]
Calculate the magnetization and flux density in the material.
11 | a | Distinguish between Soft and Hard magnetic material. [CO4] | [8M] | [LZ2]

b | A paramagnetic material has 10%® atoms per m?. Its susceptibility at
350 K is 2.8 x 10*. Calculate the susceptibility at 300 K. [CO4] [2M] | [L3]
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NIT-1V ANTUM MECHANI EREE EI ECTRON THEORY

What are matter waves [CO5] | [2M]
Mention any two properties of matter waves. [CO5] | [2M]
What is drift velocity? [CO5] | [2M]
Define mean free path. [CO5] | [2M]
What is Fermi energy level? [CO5] | [2M]
Derive the expression for de Broglie wavelength [CO5] | [6M]
Explain the properties of matter waves [CO5] | [4M]
Derive Schrodinger’s time independent wave equation [CO5] | [TM]
Explain the physical significance of wave function [CO5] | [3M]
Derive Schrodinger’s time dependent wave equation. [CO5] | [TM]
An electron is moving under a potential field of 15 kV. Calculate | [CO5] | [3M]
the wavelength of the electron wave.
Explain Heisenberg uncertainty principle [CO5] | [TM]
The position of an electron in an atom is located within a distance | [CO5] | [3M]
of 0.1 A° using a microscope. What is the uncertainty in the
momentum of the electron located in this way?

Describe the behavior of particle in a one dimensional infinite | [CO5] | [8M]
potential well in terms of Eigen values and function.
An electron in bounded in a one dimensional infinite well having | [CO5] | [2M]
a width of 1 x 10"° m. Find the energy values in the ground state
and the first two excited states.

What are the postulates of classical free electron theory? [CO5] | [4M]
Derive an expression for electrical conductivity in a metal by | [CO5] | [6M]
using classical free electron theory.
Derive an expression for electrical conductivity in a metal by | [CO5] | [7TM]
using Drude & Lorentz theory.
Find relaxation time of conduction electron in metal if its | [CO5] | [3M]
resistivity is 1.54x108Q-m and it  has 5.8x10%8 conduction
electron/m3.Given m=9.1 x 103! kg, e= 1.6 x10° C.

What are the advantages of quantum free electron theory over | [CO5] | [4M]
classical free electron theory?
Derive an expression for electrical conductivity in a metal by | [CO5] | [6M]
quantum free electron theory.
Write brief note on Fermi Dirac distribution. What is the effect of | [CO5] | [7TM]
temperature on Fermi Dirac distribution function?
Find the probability at which there is 1% probability that a state | [CO5] | [3M]
with energy 0.5 eV is above Fermi energy.
Define density of states in metals. [CO5] | [2M]

Derive an expression for the number of allowed states per unit | [CO5] | [8M]
volume of a solid.

|| T2 T Q0o |T D
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UNIT -V (SEMICONDUCTORS)

1|a | Write any two difference between Intrinsic and Extrinsig [CO6] | [2M] | [L2]
semiconductors.

b | What is extrinsic semiconductor? [CO6] | [2M] | [L1]
c Define Hall effect. [CO6] | [2M] | [L1]
d | What is Drift and Diffusion in semiconductors. [CO6] | [2M] | [L1]
e | What are the applications of Hall effect [CO6] | [2M] | [L1]
2 | a | WhatisFermi level? Prove that the Fermi level is lies exactly [CO6] [6M] | [L4]
In between conduction band and valance band of intrinsic
semiconductor.
b1 1f Ry of a specimen is 3.66 x 10 m® ¢ Its resistivity is [COB] | 1amy | [L3]
8.93 x 102 Q- m. Find mobility and electron concentration.
3 Derive the expression for the conductivity of intrinsic semiconductor with [CO6]
a . [7M] | [L3]
relevant energy band diagrams.
b The following data are given for an intrinsic Ge at 300K. [CO6] | [3M] | [L3]

Calculate the conductivity of the sample? (ni= 2.4 x10 **'m?,
te = 0.39 m2-V-1S, 1y = 0.19 m2-V-1S?y,

4 | a | Explainthe formation of n-type semiconductors with banddiagram [CO6] | [7TM] | [L2]

b In an Intrinsic semiconductor, the energy gap is 1.2 eV. Calculate the| [CO6] | [3M] | [L3]
ratio between conductivity at 600K and at 300K.

5| a Explain the formation of p-type semiconductors with banddiagram. | [CO6] | [TM] | [L2]

b The following data are given for an intrinsic Ge at 300K. Calculate | [CO6] | [3M] | [L3]

the resistivity of the sample? (ni= 2.4 x10 °m?3, pe = 0.39 m>V-1s?,
tp = 0.19 M-Sy,

6| a Enumerate the expression for current generated due to drifting of [CO6] | [5M] | [L1]
charge carriers in semiconductors in the presence of electric field.

b | Enumerate the expression for current generated due to diffusion of{ [CO6] | [6M] | [L1]
charge carriers in semiconductors in the absence of electric field.

7 | a | Derive Einstein’s relation for charge carriers in semiconductor [CO6] | [TM] | [L3]

b Find the diffusion co-efficient of electron in Si at 300 K if ue =0.19 |[CO6] | [3M] | [L3]
m?-V1st,

g A Describe the Hall Effect in semiconductors. [CO6] | [BM] | [L1]

b |What are the applications of Hall Effect? [CO8] [2M] | [L1]

9| @ Explain the formation of energy bands in solids. [CO6] | [4M] | [L2]

b |Classify the solids into conductor, semiconductor & insulators based [CO6] | [6M] | [L2]

on band theory of solids.

10 | a EctEy [CO6] | [TM] | [L4]

in the case of an intrinsic

Prove that Fermi Level Ep =

semiconductor.
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b | Mobilities of electrons and holes in an intrinsic germanium at [CO6] | [3M] | [L3]
300K are 0.36 m?/V-sand 0.17 m?/V-s respectively. If the

resistivity is 2.12 Q- m. Calculate the intrinsic concentration.
11 | a | Distinguish between Intrinsic and Extrinsic semiconductors. [CO6] | [BM] | [L2]

b | Explain the temperature dependence of Fermi Energy Level (Ef) inan|[CO6] | [5M] | [L2]
Extrinsic semiconductor.

Prepared by: Dept. of Physics
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UNIT — 1

WAVE OPTICS

Two sources are said to be coherent if their emitted waves have | [D ]
A |Same wavelength |B | Same amplitude | C | Constant phase
difference

In the presence of a plane parallel film, the path difference is equal to | [B ]
A | 2usini /B | 2utcosr |C | 2utcotr |D | 2ut cosi

In Newton’s rings experiment, what is the condition for dark fringes in case of [C ]
reflected light.

Al Da 2n+1 B |[Dan C |Da n D IDa 2n
If alight wave is refracted from air to denser medium then the phase and path
difference is

A | mand ) B |[mand A2 |C [ n/2and | D | /2 and A2
When the light wave is reflected from the glass-air interface, the change of the [ A]
reflected wave will be

A]O B [n2 |C | w4 D |1
Which of the following phenomenon can only be seen in transfers wave. | [ C]
A | Diffraction B | Interference

C | Polarization D | Disperssion

When the light wave is reflected from the air-glass interface, the change of phase of [ D]
the reflected wave will be

AlO | B [ n2 |C [ n/M4 D |
In Newton’s rings experiment, what is the condition for bright fringes in case of | [ D ]
reflected light — — ——
ADa “n+1 B |Dan C |Dan D/pg 201

In a diffraction grating, the condition for principal maxima is | [B]
A esinfd =nAl B (e+d)sinf=nA |C|dsinf =nAa D sinf = ni

.| Diffraction phenomenon are usually divided into

A | One | B [ Two | C| Three

.| On increasing width of the slit, the width of the diffraction pattern
A [ Increases | B | Decreases | C| Remains same | D | None

.| Diffraction grating has a | [A]
A | Large number of | B | Large number of | C | More than D | Circular slits
equidistant slits randam distant slits two slits

g o A
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.| In a grating, the combined width of a ruling and a slit is called | [C]
A | Diffraction | B | Corresponding points | C| Grating element | D| None

.| The spreading of waves when they pass through an aperture the edge of barrier is| [ B ]
called as
A | Interference | B_| Diffraction | C|[ Polarization | D | Scattering
.| Approximately how many lines can be found on a diffraction grating

A | 5,000 | B [ 15,000 | C| 30,000 | D | 50,000

.| Number of types of polarization

All B [2 IC 3 D[4

.| Which phenomenon Causes the polarization of Light. \
A | Diffraction B | Reflection Double D | None
Refraction
.| Nicol Prism is based on the phenomenon of | [A]
A | Double B | Reflection C | Refraction Scattering
Refraction
.| In which experiment the screen and sources are at finite distance [ [B ]
A | Fraunhofer B | Fresnel’s C| Young’s Newton’s
Diffraction diffraction diffraction diffraction

.| Maximum number of orders possible with a grating is [ C ]
A | Independent of B | Inversely C | Directly Directly

grating element proportional to proportional to proportional to
grating element grating element wavelength

.| In Positive crystal the relation between refractive indices of e-ray and o-ray is

A [ Ho > pe [B [Ho<e C [ Ho=pe [ D | None

.| Phase difference between coherent waves is

A | Constant | B | Zero | C| BothAandB | D | None

.| Ifamplitude is doubled then the intensity raises by i

Al2 |B |16 D |8

.| Soap bubbles produces colours due to the phenomenon of

A | Reflection | B | Interference | C | Diffraction | D | Polarization

.| If different frequencies of waves superposition to each other, then the result is [ B]
A | Clear | B[ More complicated | C|BothAandB | D | None

.| When the film is observed by white light, colours are observed due to [A ]
A | Interference | B | Diffraction | C| Polarization | D | Coherence

.| In Negative crystal the relation between refractive indices of e-ray and o-ray is [ [A]
A | Ho > e | B | Ho < e | C| Ho = e | D | None

.| Ifthe thickness of the parallel film increases, the path difference | [ B]
A | Decreases | B | Increases | C | Remains same | D | None

.| The vibrations of the light rays are restricted to only one direction is--- [ [A]
A | Polarized light | B | Unpolarized light | C| BothA&B | D | None

.| Resultant amplitude of the waves of equal phase and frequency [ B]
Al A=A1-Ao+——| B | A=sAi+As+——— | C| ASAZ-AZ4—— D | A=AZHAZH———

.| Wave nature of light is evidenced by

A | Photoelectric effect | B | Interference | C | Black body radiation |D|[ All
.| Along the optic axis the velocities of e-ray and o-ray.....

AT Ve>Vo [B[Ve.< Vo |C [Ve=Vo

.| In Fraunhofer diffraction the wave front undergoing diffraction has to be

A | Spherical | B | Cylindrical | C | Elliptical | D| Plane
.| In interference pattern fringes have I

A | Equal | B [ Unequal | C| BothAand B | D | None
.| Indiffraction pattern fringes have
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A | Equal | B | Unequal |C |BothAand B | D | None
36. When a thin film of oil or soap bubble is illuminated with white light, multiple | [ B ]
colours appears. This is due to
A | Diffraction | B| Interference | C | Polarization | D] Total internal reflection
37.| In single slit diffraction, the first diffraction minima is observed at an angle of 30°, | [ B ]
when the light of wavelength 500 nm is used. The width of the slit is
A|5x10°cm B [25x10™cm  [C [10x10°cm | D [ 1.25x10° cm
38.| Calacite crystal is a----- | [ B ]
A | Uni-axial Positive | B | Uni-Axial C | Bi-axial positieve | D| None
Crystal Negitive crystal
39.| The light rays that are vibrating in all directions is called | [ B]
A | Polarization | B | Unploarization |C [ Both Aand B | D | None
40.| The light rays that are vibrating in only one direction is called [ [A]
A | Polarization | B | Unploarization | C | Both Aand B | D | None
UNIT — 11
RYSTALLOGRAPHY& X — RAY DIFFRACTION
1.] Lattice + Basis = | [ B ]
Al Unit cell B Crystal C Amorphous D | None of these
solid
2.| Asmallest block whose repetition in space indefinitely generates a crystal is called \ [ C ]
Al Primitivecell | B | Space lattice | C | Unit cell | D | Basis
3.| The number of atoms present in a unit cell of simple cubic structure ‘ [ B ]
Al 8 /B |1 | C | 4 | D |6
4. | The number of atoms per unit cell in a BCC lattice is \ [ B]
A1 | B [2 K | D] 8
5.| The number of atoms per unit cell in an FCC lattice is \ [ C]
A 1l B|2 |C|4 D] 8
6. | Atomic packing factor of FCC crystal system is ‘ [ B ]
4 0.68 |B [ 074 |C| 052 |D |
7. | Atomic packing factor of simple cubic crystal system in ‘ [ A ]
4 0.68 | B [ 07 | C| 10 | ] 0.52
8.| Atomic packing factor of BCC crystal system is ‘
A | 0.68 | B | 072 | C | 1.0 |D| 052
9.| Atomic packing factor of FCC crystal system is ‘ [ A]
A | 0.68 | B | 0.74 | C| 0.52 | D] 1.00 |
10| Which of the following has the greatest packing fraction | [C] \
A | SC | B | BCC | C| FCC | D] None |
11| The relation between atomic radius ‘r’ and lattice constant ‘a’ for the case of simple [ A]
cubic structure is
A | a=2r B a=_ C a=2v2r D a=lfr
12| The relation between atomic radius ‘r’ and lattice constant ‘a’ for the case of BCC [B ]
system is
A | a=2r B a= 4+ |C a=2v2r D[, _V3,
V3 7z
13| The relation between atomic radius ‘r’ and lattice constant ‘a’ for the case of FCC [C]

system is
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A | a=ar B a=_"r c a=2V2r > azigr
V3 )
14] The crystal system of primitives a=bG c and interfacial angles a= g = 90°,y = [D ]
120° is known as
A | Cubic | B Tetragonal | C| Monoclinic | D] Hexagonal
15] The crystal system of primitives a=bG c and interfacial angles o =p=y= 90° known as \ [B1]
A | Cubic | B | Tetragonal | C| Trigonal | D| Hexagonal
16/ Triclinic system possesses lattice parameters is \ [A]
A aGbGeg B aGbGeg d aGbGeg D a=bGcg;
aGBGy a=pGy a=p=y a=p=y
17] The three axes of a crystal are mutually perpendicular but all lattice parameters are [C]
unequal. The crystal system is
A | Cubic | B | Tetragonal | C| Orthorhombic | D | Hexagonal
18] The number of crystal system is \ [D]
A [4 |B|] 5 |C |6 | D| 7
19| The coordination number ofa simple cubic is | [C] |
A |6 | B] 8 | | 12 D] 13 \
20/ If miller indices are (101) then it represents \ [B]
A |Plane parallel to | B Plane parallelto Y- | C Plane parallel | D Plane parallel to
X-axis axis to Z-axis X-axis and Z-axis
21| The planes (112) and (224) are | [B]
A | Perpendicular to each | B| Parallel to C Intersecting D| None of these
other each other at an angle
other than 90°
22| The miller indices of the plane parallel to z-axis are [ C ]
| A [(001) B[ (101) [ { (110) | D [ (200) |
23] For a cubic system if 1A° is the lattice constant then the interplanar separation for (212)
plane is
| A 5A B| 0.33A | 9A D [ 011 A
B|  24] Interplanar distance for (111) plane is [B ]
I A w3 B a C 3a D a I
V3 3
B 25. The Miller indices (hkI) represents (81
i A| Thedirection [ B] Aplane | C [Systemofplanes [ D [ Aset of parallel pland]|
B 26.[ Afamily of directions is represented by - [c1
i A[_(hkI) [ B {uw} [C [ {hki} [ D [ [uww] |
I 27. The angle between [112] and [224] directions in a cubic crystal is (in degrees) [A] I
| Al 0 | B 45 [ C[ 90 [ D [ 180 |
28.| ----m-m-m-- is a system of notation of planes within a crystal of space lattice [ C]
A[ Space lattice | B| Crystalline | C| Miller indices | D | Identical
29.| Bragg’s condition for X-ray diffraction ‘ [A]
Al 2dsind =ni | B dsinf=nh | C| sin6=ni | D | 2d=n}
30.| Minimum interplanar spacing required for Bragg’s diffraction is ‘ [ B]
Al A B A Cl A D 2
4 2
31.| Bragg’s reflection can occur only for wavelengths ‘ [ A ]
Al r<2d | B A <d | C| A<2a | D | Allofthe above B
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32.| Which radiation produces diffraction as they pass through the crystals? \ [ A]
A| X-rays | B| IR-rays | C| y-rays | D | UV-rays
33.| X-rays are used to study the crystal structure by means of diffraction because \ [B]

A | The X-rays are electromagnetic waves B | The wavelength of X-rays is of the same order of
interatomic spacing

C | The wavelength of X-rays is larger than | D | The X-rays can be scattered by ions in the lattice.
the interplanar distance

34.| In the powder method ,incident X-rays reflected back when the incident angle is \ [B ]
Al = Bl n C| 3rn D T
4 2 2
35.| In X-ray powder camera technique, the detector used is \ [ B
A | PMT B| Photographic C| Bolometer D Thermister
film
36.| The X-ray diffraction is based upon \ [ C ]
A Illkovic equation | B] Boltzmann equation |[C | Bragg’sequation |I Van deemter equation
37.| Laue’s model pictures XRD as reflection from parallel crystalline planes. Refection is [ D]
different from refraction as
A | Diffraction B| Intensity of C | Diffraction in D All of the mentioned
occurs throught diffracted beam crystals occurs
the bulk is less only at Bragg’s
angles
38.| Bragg’s law was proposed in | [A ]
Al 1903 | B| 1913 | C| 1893 |D | 1853
39.| Bragg’s law is used in which process \ [ C]

A | X-ray production | B| Gamma-ray production C X-ray crystallography | O X-ray scan

40.| If X-ray of wavelength 100 A is incident on an atom at an angle of 90°, then what should [C]
be the value of d for first-order sepctrum?
Al 30A | B| 40A | C|50A |D |60A
UNIT - |
DIELECTRICS AND MAGNETIC MATERIALS
1.| What is the process of producing electric dipoles inside the dielectric by an external [A] I
electric field?
Al Polarisation B| Dipole moment | C| Susceptibility | D| Magnetization |
2.| Dielectricsare_ [ [c1
Al Metals B| Semiconductors | C| Insulating material | D | None i
3.| How does ionic polarisation occur? ‘ [C] I
Al Splitting of ions B| Passing C | Displacement of D | Never occurs
magnetic field cations and anions
4.| Which of the following is the slowest polarisation method? ‘ [D]
Al ionic polarization | B| electronic C | Orientation polarization | D| Space charge
polarization polarization
5. When does a dielectric become a conductor? ‘ [C]
Al At avalanche B| At high C | At dielectric breakdown | D, In the presence of
breakdown temperature magnetic field
6.| Dielectric material's atoms and molecules are microscopically ‘ [C]
Al Positive | B[ Negative | C [ neutral | D| None
7. Which of the following easily adapt itself to store electrical energy ‘ [B]
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A | Superconductors B [Passive C | Polar molecules D | Active dielectric
dielectrics
8. | Local electric field is calculated by using the method suggested by \ [A]
Al Lorentz B | Weiss |C | Curie | D | Coulomb
9. | Find the capacitance of layer of Als Os that is 0.5um thick and 2000mm? of square area [B ]
e =38.
Al 1000Mf |B | 0.283uF |C | 16uF | D] 2.83F
10.| A Dielectric material can be polarized by applying field on it \ [C ]
A| Magnetic |B| Gravitational  |C | Electric | D | Meason
11.| Polorization per unit applied electric field is called \ [C ]
A | Electric B | Magnetic C | Electric polorization D | Dielectric constant
susceptability susceptability
12.| Dipolar polarization is actually applicable to \[D ]
A| Gases | B| Liquids |C | Solids | D | Both A&B
13.| Dipole moment is defined as the of one of the charge and separation [A ]
between the charges
A Product | Bl Sum |C | Ratio | D | None
14.| Dipole moment per unit volume of material is called ‘ [ A]
A| Polorization | B| Plorizability ~ |C | Both A&B | D | None
15.| In the agbsence of an applied electric field on a dipolar substance ,the polarization is \ [B ]
A| Finite | B Zero |C | High | D | All the above
16.| By applying electric field on a dipolar substance ,it results in polarization \ [D]
A| Eletical | B lonic | C| Orientatinal | D | All the above
17.| The total polorizability of a substance,it is the sum of polorizabilities ‘ [D]
A| Dipolar | B lonic | C| Electric | D | All the above
18.| Orientation polarization is due to the of polar molecules in dielectric [ A]
substance.
A| Rotation B | Change in C| Both D| None
separation
19.| Clausius-Mosotti relation makes relation between microscopic and macroscopic | [C ]
quantities of
A| Electric field | B| Capacitance | C [ Polorization | D] None
20. The electronic polarization exists up to a frequency of : ‘ [A ]
Al 10%°Hz | B| 10%Hz | C | 10°°Hz | D| 10°Hz IH
21. | Copper is magnetic material. [ A ]
A |Dia |B [ Para | C| Ferro |D | Anti -ferro i
22. | The Sl unit of magnetic moment is [ D ] |
A [Wb/m? B [Wb [C] A/M? [D | Am? i
23. | Relation between B, H and M is TA 11}
A [B=p(HtM)  [B [M=po(H+B) [C[H=p(B+™M) [D [B=pH+™m) 1§
24. | Magnetic susceptibility is [ [C ]
A torque per unit B | dipole moment per C | magnetization |D | none of these
area unit volume per unit
magnetic field
intensity
25. | One Bohr magneton pg is equal to [ [D ]
A mm B | 4mmhe C | me D _eh
eh 4mth 4mm
26. | Relative permeability i is related to magnetic susceptibility y by | [ B ]
A Jw=1—y [B [m=1+y [Clpw=y-1  [D[wm=1xy
27. | A field of strength 100 A/m produces a magnetization 2000 A/m in a ferromagnetic\ [ C ]
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material. The relative permeability of the material is \

A |19 ERIE | C| 21 | D] 1.05

28.| The area enclosed by hysteresis loop is a measure of | [ D ]
A Retentivity B | susceptibility C| permeability | D | energy loss per

cycle

29.| Material which lack permanent dipoles are called_ magnetic material. | [A ]
A | Dia |B | Para | C| Ferro | D | Anti-ferro

30.| The permeability of free space is [B ]
A \ 4m x 10 "H/m ] B] 47 x 107 H/m |C \ 21 X 107 H/m \D\ 21 X 108 H/m

31.| The magnetisation retained by the specimen when the magnetizing field is reduced from| [ B ]
saturation value to zero is known as
A Coercivity B | retintivity C |hysteresis D| Spontaneous
magnetisation
32.| When a material is used in a magnetic field B, a magnetic moment proportional to B but [A ]

in opposite direction is induced. Then the material is magnetic.
A | Dia | B[ Para | C |Ferro | D] Ferri
33.| Magnetic materials which can be readily magnetized in either direction are called [ B ]
materials.
A Hard magnetic B| Soft magnetic C| Low hysteresis D | Low hysteresis
loss loss
34.| Soft magnetic materials possess [ D ]
A Low coercivity B | Low remanent C | High remanent D | All of the above
and hysteresis magnetisation permeblility and
loss susceptibility
35.| Hard magnetic materials possess [ D ]

A Low permeblility | B| High hysteresis C| High remanent D | All of the above

loss magnetisation and
coercivity
36.| Paramagnetic susceptibility varies as [ B ]
A T? B 1 C 1 DT
T T2

37.| The magnetic dipole moments of neighboring atoms are antiparallel and equal for | [ D ]
magnetic material.

A | Dia | B| Para | C| Ferri | O Anti-ferro
38.| Diamagnetic materials possesses [ B ]
A Permanent B | No permanent C | Induced dipoles D | No induces
magnetic dipoles magnetic dipoles along field dipoles even
direction when  external
field is applied.
39.| One nuclear magneton equals [ B ]

A [927x10**A-m* |B [ 5.05x10%" A-m*’| C| 5.05x10° A-m* | D| 9.27 x 10** A-m?
40. | The magnetic dipole moments of neighboring atoms are antiparallel and unequal for| [ C ]

magnetic material.
A | Dia | B | Para | C| Ferri | D| Anti-ferro
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UNIT - IV
QUANTUM MECHANICS AND FREE ELLECTRON THEORY
1. | When an electron is accelerated by a potential of VV volts. Then the de Broglie [ D]
wavelength is given by
Al p) 1220 B [ 2612 4o B| 1220 D 12.26
A)  m s A  Hm = 40
2. | Anelectron, neutron and proton have the same wavelength. Which particle has greater [ C ]
velocity?
A| Neutron | B | Proton | C| Electron | D [AI
3. | Probability density of wave function is [B ]
Al T | B ||TP |C| TT'T | D [ none

4. | When an electron is accelerated through a potential field of 100 V then it is associated [C ]
with a wave of wavelength equal to

Al)0.1226nm | B | 1.226 nm | C| 12.26 nm | D [122.6 nm
5. | The wavelength of de Broglie wave associated with a moving particle is independentof |[ B ]
it’s
A| Mass | B | Charge | C| Velocity | D | Momentum
6. | IfE is the kinetic energy of the material particle of mass m then the de Broglie [A ]
wavelength is
Al L B VZmE C| ) h2mE D h
V2mE —h 2mE
7. | The characteristic of particles are [D ]
A | A) Wavelength | B | Frequency | C| Amplitude | D | Momentum
8. | Dual nature of matter wave proposed by [A]
A | de Broglie | B| B) Planck | C| Einstein | D | Newton
9. | The dual nature is exhibited by [D]
A | Particle only | B| Wave only | C| Photon only | D | BybothAand B
10.| The wave function ¥ associated with a moving particle [ D ]
A | Isnot an B | does not have C |isacomplex D | all of the above
observable direct physical quantity
quantity meaning

11.| The most probable position of a particle in a one dimensional potential well of width [ B ]
a in the first quantum state is

A | a/4 |B | a/3 | Clar2 D | 2a/3
12.| Einstein mass —energy relation is [ A ]
A 2 B C D
v =mc v ="m¢ \% =h_c A="¢
h h A h
13.| The uncertainty principle is applicable to [C ]
A | Only small B | Microscopic C | All material D | None
particles particles particles
14.| The wavelength of electron moving with a velocity of 500 m/s is [ A ]

A [ 1.45nm | B [0.50 nm | C[2.90 nm | D [3.00 nm
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15.| Ifan electron is moving under a potential field of 15 kV. Calculate the wavelength [ B ]
of electron waves
A 1A B ]01A | C][10A | D [ 0.01A
16.| Which of the following equation is the normalized wave equation [ B ]
A |T|2dxdy dz =0 B IT|2dxdydz=1 | C |T|dx dydz =0 D |IT|dxdydz=1
17.| In a one dimensional infinite potential box, particle energy is given as [ D ]
A n2h B 2h2 C nh?2 D n2h2
2ma? 2ma? 2ma? 8ma?
18.| The characteristic of particles are [D ]
A | Mass | B | Velocity | C | Energy | D | Allthe above
19.| For n=1, the most probable position of the particle is at [ A ]
A |ar B | a/4 | C| a3 | D] a
20.| The wavelength ‘A’ of de Broglie wave associated with a moving particle is [ C ]
A | =" B|A»=1m C| =1 D a=_1
h vh mv mvh
21.| Classical free electron theory was developed by [ B ]
A | Sommerfeld B | Drude and C | Bloch Dl Einstein
Lorentz
22.| Quantum free electron theory was developed by [ A]
A | Sommerfeld B | Drude and C | Bloch D | Einstein
Lorentz
23.| According to quantum free electron theory the expression for electrical conductivityis | [ C ]
A | net B | ne*t ] C ne’t ] D| e* ]
m m m" nm
24.| The Classical free electron theory is based on the principle of [ A ]
A | Classical B | Quantum mechanics | C | Statistical D | None
mechanics mechanics
25.| The Quantum free electron theory is based on the principle of [B ]
A | Classical B | Quantum mechanics | C | Statistical D | None
mechanics mechanics
26.| The time taken by electron to reach original position from the disturbed position is [C]
called as

A | Mean free path  B| Drift velocity

| C| Relaxationtime| D | Average velocity

presence of applied field is known as

27| Sl unit of electrical resistivity is [B]
A | ohm | B | ohm-m | C| mho | D [ mho-m

28.| Sl unit of electrical conductivity is [ D ]
A | ohm B | ohm-m | C| mho | D | mho/m

29. Random motion of electron produces [ A ]
A | No current | B | Current | C| Volatge | D | None

30.| The average distance travelled by an electron between two successive collisions in the [A ]
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Relaxation
time

Mean free path | B |Drift velocity C

Average velocity

highest filled energy level occupied by electrons is called as

[A ]

Fermi energy B | Conduction band C | valence band

level

lonic band

.| The SI unit of mobility is

m B m m?
V —s? VZ—s V—s

expression for Fermi-Dirac distribution function is given as

FE) = Blr&y = __ ' [Clpg- — 1 1D F

_EF—_E) L—EF) E—EF
1+ e(KsT 1+ e(KpT”

E=Eh
1 — e(KpT

.| The drift velocity vq of electron in a metal is related to the electric field E and collision

time as

A e B

e ek C E D
mE m me

.| Classical free electront

heory failed to explain

A | Specific heat of
metals

B | Magnetic
susceptibility of

Thermionic
emission

All the above

metals

.| According to quantum free electron theory, the expression for electrical resistivity ‘p’
Is

Cl

A ne? B m C
m ne?

m D
ne?

.| The value of Fermi function in the Fermi level at T= 0K is

A |05 |B|1 IC |0 ID L5

.| At any temperature other than 0K , the probability of finding an electron at Fermi level
Is

[ C

A |1

B [0

| C| 05 D |1

.| The expression for electrical conductivity ‘c’ ( in terms of mobility of electron and
density of electron

[ A ]

A | Nep

|B |n/eu |C |u/ne \ D \ I/nep

The value of Fermi function for an Energy KgT above Fermi energy is

[B ]

A |27 | B | 027 |C |0.72 | D [7.2

UNIT -V
SEMICONDUCTOR

The number of valence electrons in Si atom is

Al 1 B 2

Under forward bias, the width of depletion region

[A ]

A | Decreases | B | Increases | C| Constant

[D | None

If the charge carriers are electrons, the Hall coefficient is

[ B]

A | Positive

[B | Negative | C| zero

| D | None




R-23 ENGINEERING PHYSICS QUESTION BANK
4. | Electric conduction in a semiconductor occurs due to the motion of [C ]
A | Freeelectronsonly | B |Holes only C | Both electrons D I ne
and holes
5. | Holes are majority charge carriers in [ D]
| A | Intrinsic Semiconductor B | Extrinsic Semiconductor
| C | N-type Semiconductor D | P-type Semiconductor
| 7 | Even when no light is applied, minimum reverse leakage current is called [A]
| A [Dark current | B | Forward | C| Reverse [D  None
| 8 Phosphorous, arsenic and antimony are elements [A]
| A [Pentavalent | B |trivalent | ¢| Mono | D Pivalent
| 9 | In intrinsic semiconductors the carrier concentration varies as [ B]
AlT B | T c|T D 1T*
| 10 | The excess concentration of carrier injected into a semiconductor --- with time [[ B ]
A | Increases linearly | B | decreases C | Increases D d creases
exponentially exponentially linearly
| 11. | The product np varies by changing [[A ]
A | Temperature B | Pressure C | doping trivalent D [doping
impurities Pentavalent
impurities
| 12. | Under reverse bias, the width of the depletion region [[B]
| A | Decreases [ B | Increases | C | Constant [D  None
| 13. |[Siliconisa band gap semiconductor. [[ B ]
| A | Direct [B | Indirect |C [BothA&B [D  None
| 14. | The ratio of diffusion coefficient to mobility of charge carriers is proportional to [A]
| AlT [B |T° [c [uT [D [uT?
| 15. | AtOK, a pure semiconductor is [C ]
| A | Conductor | B Semiconductor | C | Insulator [D [|None
| 16. | The majority charge carriers of a P-type semiconductors are B ]
| A | Electrons [ B Holes [C |lons [D [None
| 17. | The majority charge carriers of a N-type semiconductors are [ A]
| A | Electrons [B t les [C] lons [D N ne
| 18. | The Fermi level in an n-type semiconductor lies [ B]
A | Near the valence | B |Near the conduction| C | Exactly at the middle |D None of
band band of the energy gap these
19. | The Hall coefficient, Ry = [ A ]
A | line [B n/e [ C e [D | en
20. | Ifthe Hall coefficient is negative then the semiconductor is [ B ]
A | P-type [ B N-type [ C [ Intrinsic |[D DM ne
21. At 0 K, pure silicon is [ C ]
| A |Conductor [B | Semiconductor  [C [Insulator [D | None
22. | The Fermi level in an p — type semiconductor lies [ A ]
A |Near the valence |B | Near the C | Exactly at the middle D [None of
band conduction band of the energy gap these
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23. | The diffusion current is proportional to of charge carriers. [ A]
A | Concentration B | drift velocity C | Mobility D | none of
gradient these
24. Ifthe Hall coefficient is positive then the semiconductor is [ A ]
A | P-type | B | N-type | C | Intrinsic | D | None
25. | Ann—type germanium (Ge) is obtained by doping pure Ge with | [ A ]
A | Pentavalent | B | trivalent | C | Mono | D | Divalent
26. | In case of intrinsic semiconductor | [ A]
A B C D —
E, et By E, > etEy E, < FotBy g, - e By
2 2 2 2
27. | The carrier concentration in an intrinsic semiconductor ----- with increase of [ A ]
temperature
A | Increases | B | Decreases | C | constant [ D | None
28. | The electrical conductivity of a semiconductor at absolute zero of temperature is [ D ]
A | Verysmall | B | Verylarge [C | Finite | O zero
29. | The drift velocity acquired by a carrier per unit electric field strength is called [ C ]
| A | Conductivity | B [ Resistivity | C [ Mobility | D]  None
30. | With increase of temperature the Fermi energy level moves ------- in P-type [ B ]
semiconductor.
A | Downwards | B | Upwards | C | Left | D [ Right
31. | With increase of temperature the Fermi energy level moves ------- in N-type [A]
semiconductor.
A | Downwards | B | Upwards [C | Left | D[ Right
32. | Einstein’s relation between the diffusion constant D and mobility p ofacarrier isgiven [ B ]
Al 2K,T B KgT C e D e
e e 2K T KgT
33. | In intrinsic semiconductor the electron concentration is equal to [B ]
A | lon concentration B | Hole C | Proton D | Neutron
concentration concentration concentration
34. | The energy gap of a conductor is [ A ]
A | Constant B | varies with C | Varieswith D| Varies with
temperature voltage doping
concentration
35. | The ratio of diffusion coefficient to mobility of charge carriers is proportionalto | [ A ]
AlT [B | T° [C] uT Dl UT®
36. | Electrical conductivity of a semiconductor at absolute zero of temperature is [D]
A | Very small [ B [ Verylarge | C | Finite | D Zero
37. | The excess concentration of carrier injected into a semiconductor withtime. | [ B ]

A | Increases linearly | B | Decreases | C [ Increases | D | Decreases
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| | | exponentially | | exponentially [ [ linearly

38. | As compared to an intrinsic conductor , the resistivity of an extrinsic (doped) [B ]
semiconductor is
A | Higher [ B | Lower [C | same | D | None

39. | When a pure semiconductor is heated, its resistance [ B ]
A | Increases | B | Decrease [C| Same | D] Can not say

40. | An n-type semiconductor is [ C ]
A | Positively charged | B Negatively C Electrically D None

charged neutral

Prepared by: Dept. of Physics




HORT ESTIONS- ANSWER

UNIT- 1 (WAVEOPTICS)

1. Define Interference.

When two light waves of nearly same amplitude ,same frequency,and travelling in the same
direction of medium ,superimpose over each other then there occurs variation of intensity of
light with distance(maximum and minimum) .This phenomenon is defined as interference of
light.

2.Define Diffraction.

When light falls on an obstacle whose size is comparable with the wavelength of light then
light bends around the edges or corners of an obstacle and enters into the geometrical
shadow.This bending of light is known as diffraction.

3.Define polarization

Polarisation of light is a property shown by transverse waves. The light waves which travel only
in a single plane are known as polarized light waves. The process of transforming unpolarized
light waves to polarized light waves is called the polarisation of light.

4.Define Diffraction Grating.
An arrangement which consists of a large number of parallel slits of the same width and separated by
equal opaque spaces is known as diffraction grating.

-~ Transparent (Slit)

(e_j;d)[ e Opaque

l» Ruled Lines

Transparent Materials

Figure 2.8 Diffraction grating
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5. Define Resolving Power of Grating.

The ability to separate spectral lines which have nearly the same wave length is called resolving power.

A __ N(e+d)sin0
dv A
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UNIT - 11 CRYSTALLOGRAPHY & X-RAY DIFFRACTION
1) Define lattice parameters?

The lattice parameters are the quantities specifying a unit cell or the unit of the periodicity of the
atomic arrangement. The lattice parameters (constants) are composed of "a, b, c,” lengths of the unit
cell in three dimensions, and "a, B, y," their mutual angles.

3) Define unit cell?
A unit cell is the smallest portion of a crystal lattice that shows the three-dimensional pattern of the
entire crystal. A crystal can be thought of as the same unit cell repeated over and over in three
dimensions.

4) Define Bragg’s condition for X-ray diffraction.
The conditions for a sharp peak in the intensity of the scattered radiations are as follows: The x-rays
should be reflected by the ions in any one of the planes. The reflected rays that come out from the
crystal's successive planes should interfere constructively.

To interfere constructively, the difference in path length between the beams reflecting off two atomic
planes must be a whole number (n) of wavelengths (1), or n\.

This leads to the Bragg law 2d sin 6= nA

A C
Diffracied x-rays

A

Atomic-scale crystal lattice planes

5) What are the applications of powder X-ray diffraction method.

X-ray powder diffraction is most widely used for the identification of unknown crystalline
materials (e.g. minerals, inorganic compounds). Determination of unknown solids is critical to
studies in geology, environmental science,
material science,
engineering and biology.

2) Draw the planes for given millerindices i) (111), ii) (202) in cubic system.

(111) plane (202) plane

z4 z4
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UNIT-1TTDILECTRICS AND MAGNETIC MATERIAL

1. Define dielectric polarization?

When an electric field is applied to a capacitor, the dielectric material (or electric insulator) becomes
polarized, such that the negative charges in the material orient themselves toward the positive
electrode and the positive charges shift toward the negative electrode

2. Define dielectric polarizability?

When an external electric field is applied to a dielectric material this material becomes
polarized, which means that acquires a dipole moment. This property of dielectrics is known as
polarizability. (or)

Dielectric polarizability defined as the ratio of average dipole moment to the electric field applied.

o =&

E
3. Define magnetic susceptibility and magnetization?
Magnetic susceptibility (y) :-
The magnetic susceptibility is defined as the ratio of the magnetization(M) produced in a sample to
the magnetic field strength (H).

M

X =__

H
Magnetization:- Magnetization is defined as the magnetic moment per unit volume of a material.
4. What is Bohr magnetron?
Bohr magneton (ug) is a physical constant value and it is the magnitude of the magnetic dipole
moment of an electron orbiting an atom with this angular momentum.

eh
= — = —24 2
Bohr magneton(us) ypm 9.27 X 10-2* Am

5. What is hysteresis or B-H curve?

The meaning of hysteresis is “lagging”. Hysteresis is characterized as a lag of magnetic flux density
(B) behind the magnetic field strength (H). All ferromagnetic materials exhibit the phenomena of
hysteresis.

BFlux density

o Saturation
Retentivity ¢

H
Magnetising Force in Magnetising
opposite direction Force

Saturation in
opposite direction -B Flux density in_
opposite direction




ENGINEERING PHYSICS(23HS0840)

UNIT-1V QUANTUM MECHANICS & FREE EIL ECTRON THEORY

1.What are matter waves?

All moving particles have dual nature ( particle and wave) and moves through space as a wave.

The matter wave is also called as de Broglie wave. The matter-wave describes the relationship between
momentum and wavelength. The wavelength is inversely proportional to the momentum (mass and velocity) of

the particle and it is given by

Where h is Plank’s constant and P is momentum of the particle

2. Mention any two properties of matter waves?

Since A= =h
mv p

The lighter the particle, the greater the wavelength associated with it.
Lesser the velocity of the particle , longer the wavelength.
When v = 0, A= oo, if v = o0, A=0 this shows that matter waves are generated by the motion of
particles.
Matter waves are independent of charge of the particle.
Matter waves are not electromagnetic waves.
Matter waves are pilot waves guiding the particles.
While the position of the particle is confined to a location at any time, the matter wave
associated with it has some spread as it is a wave.
3. What is drift velocity?

The average velocity attained by the charged particles (eg. Electrons) in a material due to the application of an
eternal electric field.

r = mean collision time

e =charge of an electron

E= electric field

V= drift velocity The S.1 unit of drift velocity is - m/s
4. Define mean free path.
The average distance over which a moving particle (such as an atom) travels before collosion is known as mean
free path (A) and is given by

= (rms velocity X mean collision time) =@

“& rms velocity

= mean collision time
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5. What is Fermi energy level?

The highest energy level that an electron can occupy at the absolute zero temperature is known as the Fermi
energy level (E).

(or)
The energy level which separates the both filled and unfilled energy levels at T=0 K is called Fermi energy
level (Eg).

eejefaefee

Metal (Conductor)
[ T=0K
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UNIT -V SEMICONDUCTORS

1. Distinguish between Intrinsic and Extrinsic semiconductor.

Comparison of Intrinsic and Extrinsic semiconductors

S.NO Intrinsic Semiconductor Extrinsic Semiconductor

It is formed by adding trivalent or

It is in pure form. pentavalent impurity to a pure
semiconductor.

No. of free holes are more in p-type
and no. of free electrons are more in

n-type.

Holes and electrons are equal.

Fermi level lies near valence band
in p-type and near conduction band

in n-type.

Fermi level lies in between
valence and conduction Bands.

Ratio of majority and minority | Ratio of majority and minority
carriers is unity. carriers is not unity.

2. What is the effect the temperature on Fermi energy level in Extrinsic semiconductor.

With increase in temperature of extrinsic semiconductor, minority charge carriers increase because of
bond breakage and minority charge carriers may become almost equal with majority charge carriers.
Thus, extrinsic semiconductor behaves almost as an intrinsic semiconductor with increase in

temperature.

3. Define Hall effect.
The Hall effect is the production of a potential difference (the Hall voltage) across an electrical

conductor that is transverse to an electric current in the conductor and to an applied magnetic field
perpendicular to the current.

Hall Coefficient Ry =_1
e

4. What is Drift and Diffusion in Semiconductors.
e Diffusion current = the movement caused by variation in the carrier concentration. Direction of
the diffusion current depends on the slope of the carrier concentration.
e Drift current = the movement caused by electric fields. Direction of the drift current is always
in the direction of the electric field.

5. What are the applications of Hall effect.
Applications of Hall Effect

By knowing the sign of Ry , we can know the type of charge carrier as well as semiconductor.
If the sign is negative then the charge carriers are electron and it is a n-type semiconductor and

vice versa.
Magnetic field sensing equipment
For the measurement of direct current, Hall effect Tong Tester is used.
It is used in phase angle measurement
Hall effect Sensors and Probes
Linear or Angular displacement transducers
For detecting wheel speed and accordingly assist the anti-lock braking system.
Prepared by: Dept. of Physics
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UNIT-1:: WAVE OPTICS
INTERFERENCE AND DIFFRACTION

2(a) State and explain principle of superposition.

Principle of superposition:
When two or more waves meet, they interfere and produce a resultant wave whose properties can
be calculated by using the principle of superposition

Fig: Superposition of two waves
The principle of superposition states that whenever two or more waves travelling in the same

region superpose, the total displacement(y) at any point is equal to the vector sum of their
individual displacements(y-,ys.....) at that point .i.e,

Y=V1 Y2 £Y3+eeenn

If there only two waves, then the resultant displacement is given by;
y=y1ty2

1|Page




Casel:
» If the two waves are in phase with each other, they undergo constructive interference
producing maximum intensity of light called bright band or fringe.

y=y1ty2
= gita since la A?
s Y ‘ )
1 2

> The condition for constructive interference to occur is

Path difference = nA (or) phase difference =2nm

Case: 2
» If the two waves are out of phase, then they undergo destructive interference producing
zero intensity of light called dark band or fringe.
y=Yyi-Yy2

min= A15a2
min — Faz - aZ)
1 2

» The condition for destructive interference to occur is
Path difference = (2n — 1)% (or) phase difference =(2n — )7

2(b) Discuss the theory of interference of light due to thin films by reflection
with suitable ray diagram.

Interference in uniform thin films by reflection of light:

A transparent thin film of uniform thickness which is bounded by two plane parallel surfaces is
known as plane parallel thin film.

When light is incident on plane parallel thin film, some portion of light gets reflected from the
top surface and the reaming portion is transmitted into the film. Again, some portion of the
transmitted light is reflected back into the film by the bottom surface and emerges through the
top surface. These reflected light waves superimpose with each other, producing interference and
forming interference patterns. This is the principle of interference in thin films by reflection.

Theory:

» Let us consider a transparent film of uniform thickness’t” bounded by two parallel
surfaces, as shown in fig.

> Let the refractive index of the material be w.The film is surrounded by a common
medium say, air on both sides.

» Let a monochromatic light ray AB is incident on the top surface at an angle ‘.

2|Page
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The ray AB is partly reflected along BC and is partly transmitted into the film along CD
makes an angle r with the normal CH and meets the lower surface.

At C, it is again partly reflected back into the film along CD

The reflected ray CD refracts at the outer surface and emerges out along DF which is
parallel to the ray BE.

The waves travelling along directions BE and BCDF are obtained from the incident wave
AB.

v VY V V V¥V

Fig: Interference in uniform thin films by reflection of light

Therefore, these two light rays superimpose and produce interference patterns. Condition
of interference depends on the optical path difference between the rays 1 and 2.

Let us now calculate the optical path difference between the reflected ray BE (rayl) and
the refracted ray BCDF (ray 2).

A normal DG is drawn on line BE. From points G and D onwards the rays GE and DF
equal distances.

The reflected ray BE travels in air while the refracted ray (BC+CD) travels in the film of
refractive index u.

The Optical path difference (OPD) between the rays (1) and (2) is

Total path difference (T.P.D) = u (BCD) in film - u BG in air

= W (BC+CD) - pair (BG) [Since pair= 1]
=1 (BC+CD) - BG —— —5()

3|Page




b) Derive the condition for bright and dark rings interference in the case of reflected
system.

Step 1: Calculation of geometrical path BED in film
Let us calculate path BC+ CD in film,

From fig; ABCH, Cosr :g_g

BC=+ _ _ _ _ __ _ -(2)
L. Cosr
Similarly;
From ADCH, Cos r = HC
CD
CD=_t ————>(3)
Cosr
~BC+CD=—t_ +_*
Cosr Cosr
~ BCD=BC+CD= 2t _ _ _ _ _ —(4)
Cosr
Step 2: Calculation of geometrical path BH in air

To calculate BG air, first BD which is equal to (BH+HD) has to be obtained.
From ABHC; tan r =BH = BH

CH t
BH=t.tanr — — ——— —-(5)
Similarly;
FromAHCD; tan r = HD = HD
HC t
HD=t.tanr — — — — — —(6)
~ BD=BH+HD =t.tanr +t. tanr
=2ttanr ——— — — —(7)
From ABGD; Sin i =26
BD
BG=BD Sin i
=2ttanr Sini — — ———(8)
From Snell’s law 1 =Sini
Sinr
Sini=pSinr

From equation (8)
BG=2ttanr u Sinr
=2uttanr. Sinr

=2ut $inr Sinr

Cosr
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21‘
Total path difference = 2pt s _ _ _ _ __ > (9)

Cosr

Substituting equation (4) and equatiozn (9) inequation (1); we have,
= 2oy sin T —(10)

Cosr Cosr
_ 2ut

Cosr
_ 2ut
Cosr

(1- Sin?r)

Cos?r

Total path difference =2ut Cos r — — ———(11)
At the point B, reflection occurs from the upper surface of the thin film (denser
medium) Light ray 1 under goes an additional phase change of = or an additional

path difference of hE

Total path difference =2ut Cos r+%

_ ition for bright band (or) maxi or ive interf _

When the path difference is equal to integral multiples of A then the ray (1) and (2) meet in phase
and undergo constructive interference.
The condition for bright fringe is

2utCosr+g =nl
2ut Cosr=nld —L4
2
2ut Cosr :(2n-1)h7 wheren=0, 1, 2, 3...

This is the condition for maxima. The film appears bright under this condition.

_ ition for dark band (o) mini or ive interf _

When the path difference is equal to half integral multiples of A then the ray (1) and (2) meet out
phase and undergo destructive interference.
The condition for dark fringe is

2ut Cosr + % :(2n+1)h?

2utCosr =2nh + -1
2 2 2

2utCosr = nA wheren=0, 1,2, 3...

This is the condition for minima. The film appears dark under this condition.
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3a) Describe the formation of Newton’s ring with necessary theory with
relevant diagram and derive the expressions for dark and bright fringes.

Newton’s rings:

Newton’s rings are one of the best examples for the interference in a no uniform thin film.

Definition:

If a Plano-convex lens with its convex surface is placed on a plane glass plate, then air film is
formed between the lower surface of the Plano-convex lens and the upper surface of the glass
plate. The thickness of the air film is zero at point of contact and gradually increases from the
point of contact outer wards.

If a monochromatic light is allowed to fall normally on this air film, a system of alternate bright
and dark circular rings is formed in the air film. These rings were discovered by Newton and are
called Newton’s rings.

Principle:

Newton’s rings are formed due to interference between the light rays reflected from the top and
bottom surfaces of air film between the glass plate and the Plano-convex lens.

Experimental Arrangement:

Glass plate

Air film
. Planoconvex
\‘ "4 lens
Plane glass

plate

Figure: Experimental arrangement of Newton’s rings.
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Fig: The experimental arrangement for producing Newton rings.

=

The experimental arrangement for producing Newton rings is as shown in fig (1).

2. Keep the convex surface of the Plano-convex lens over the plane glass plate and arrange glass
plate G at an angle of 45° over the base set.

3. Switch on the monochromatic light source ‘S’ (Sodium vapor lamp) and it is focus on the
Double convex lens (L). This sends parallel beam of light. This beam of light falls on the
glass plate B at 45°.

4. The glass plate ‘G’ reflects a part of light towards the air film enclosed by the Plano-convex
lens and the plane glass plate.

5. A part of the light is reflected by the curved surface of the Plano-convex lens and a part is
transmitted which is reflected back from the plane surface of the plane glass plate.

6. These reflected light rays superimpose with each other producing interference and forming
interference and forming interference patterns in the form of bright dark circular rings.

7. These rings are seen with a microscope (M) focused on the air film.

Theory of Newton’s rings:

To find the diameters of dark and bight rings, let ‘L’ be a Plano convex lens placed on

a glass plate P.

The convex surface of the lens is the part of spherical surface with centre at C as shown in fig.
Let R be the radius of curvature and r be the radius of Newton’s ring corresponding to the thin
film thickness‘t’

7|Page




Fig: Theory of Newton’s rings
From the property of circle,
NAx NB = NO x ND
Substituting the values,
rxr=tx(2r-t)

r? = 2Rt —t?
As t is small, t? will be negligible
r’ = 2Rt
2
t="_
2R
(1) Calculation of Diameters of the bright rings:

Let us now suppose that a bright ring be located at the point Q.
Therefore, the radius of the nth bright ring will be given by
rh? = 2Rt
We know that, the condition of the bright band is 2t= (2n-1) hg

From above equations we have,
rn2 =(2n-1)" R =(n-1) AR
2 2

r=v(n- L) AR — (7)

This is the condition for radii of the bright rings.
The diameter of the bright ring is therefore given by

% =(n- 5)R

D2 2n—1
—_n —
y =

) AR

Dn=V(2n-1)2AR — (8)
- The diameters of the bright rings is directly proportional to (i) v2n — 1
(i) V24
(iii) VR
(2) Calculation of diameter of the dark rings:
Thus, the radius of the nth dark ring will be given by,

r? = 2Rt
We know that, the condition of the dark ring is 2t= nA
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From the above equations we have,

r? =nAR
h=v nAR

This is the condition for radii of the dark rings.

The diameter of the dark rilglg is therefore given by 5
n =nAR [Since, rh=1 ]
Ea -2

Dn= \% 4‘an
Dn= 2 V an i (9)

- The radii (diameters) of the dark rings is directly proportional to (i) v/ n( natural nuber)

(i) VA

3 b) Explain how the wavelength of light sources is determined by forming
Newton’s ring.

Determination of wavelength of monochromatic light source.

Let ‘R’ be the radius of curvature of a Plano-convex lens, A be the wavelength of monochromatic
light source.

Let Dm and Dy are the diameters of m™ and n™ dark rings respectively.

y

,|B

Then, D?%n = 4mAR, br Iy

D% = 4niR, | afor-o8
And D?y- D%n=4nAR — 4mAR %
D2n‘ D2m = 4(n'm)/1R b*
D’-D* !
_ n m C (11— m)>| D
4(n —m)R 0 m n
No. of Rings
Fig: A graph between (D?)
Experiment and number of rings.

Experimental arrangements after forming the Newton’s rings, the microscope is adjusted so that the
center of the cross wire is adjusted at the central dark spot of the ring pattern. By counting the number of
the rings, the microscope is moved the extreme left of the pattern and the cross wire is adjusted

tangentially in the middle of the n (21% ) dark ring. The reading of the microscope is noted. Now the
microscope is moved to the right and its reading are noted successively at
(n — 3)Mis(18™),(n — 6)" is(15™ ) ....rings, etc., with a difference of three rings up to the central dark
spot. Again crossing the central dark spot in the same direction, the readings corresponding to

9|Page




(n—6)"is(15™), (n—3)Mis(18™) and nth (21%*) rings are noted. The difference between the left and
right reading gives the diameter of the particular ring.

A graph is drawn with the number of rings on the x-axis and the square of the diameter of the
: 2
St B BG4 s cEPr%s%ra B T P e o D e AP "R R
m
calculated.
From graph,

D4-D% _ AB
(n—m) CD

The radius of curvature ‘R’ of the Plano-convex lens can be obtained with the help of a
spherometer. Substituting these values in the formula, the wavelength of the light source can be
known.

4(a) Distinguish between Fraunhofer and Fresnel’s diffraction.

Differen ween Fresnel’s diffraction and Fraunhoffer diffr

Fresnel’s Diffraction Fraunhoffer diffraction

1.For diffraction to occur,the light source and | 1.For diffraction to occur,the light source and
screen are at finite distance from the obstacle. | screen are at infinite distance from the
obstacle.

2.No lenses are necessary to study the
diffractiondiffraction. 2. Lenses are necessary to study the
diffractiondiffraction.

3.Study of diffraction is complicated.
3.Study of diffraction is easy.
4.Either a point source or an illuminated
narrow slit is used. 4.Extended source at infinite distance is used..

5.Diffraction can be studied only in the
direction of propagation of light. 5. Diffraction can be studied in any direction of
propagation of light.

6.In this case the incident wavefronts are either
spherical (or) spherical. 6.In this case, incident wavefronts are plane.

4b) Compare Interference and Diffraction

Interference Diffraction

1.Superposition is due to two separate | 1.Superposition is due to secondary wavelets
wavefronts originating from two cohenent originating from different parts of the same
sources. wavefront.
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2.Interfernce bands are of equal widths. 2.Diffractionbands decrease in their width as
the order increases.

3.All the bright fringes have same intensity.
3.The intensity of bright fringes usually

4.All the dark fringes have zero intensity. decreases with increase of order.
4.The intensity of dark fringes is not zero.

5 In the study of Fraunhofer diffraction due to single slit how the
diffraction fringes formed. Derive the condition for bright and dark
fringes .

FEraunhoffer diffraction at Single Slit:

e Consider a slit AB of width ‘e’ perpendicular to the plane of the paper. Let a plane
wave front of monochromatic light of wavelength ‘A’ incident at this slit.

e At slit, each and every point is able to generate secondary wavelets. These wavelets
are focused through the lens ‘L.

e The wavelets travelling normal to the lens are brought to focus at at Po and the
wavelets travel with an angle 6 are focused at P1 .Now the intensity at Po is central
maximum with bright fringe ,and intensity at Pi is either maxima or minima
depends upon the angle ‘6°.

e To find the intensity at Py, first we should calculate the phase difference at point Ps.
For this, AC is perpendicular to BC.

W A ar : / i
> f l‘v . - P1
e b 4
: | O]L \ ; BPEPENT PO
I T o 16 T
w’ B|
Plane ,j Lens Screen

Wave Front  Slit

Figure 2.2  Fraunhofer difﬁ'action——single slit

Path difference between the wavelets along P, & P1 is given by,

5=BC
From AACB, Sinf = B¢
AB
BC = ABsin0d
BC = esind
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. 0 =BC = esind
But the phase difference ¢ :2—’; (Path difference o)

) :25 (e sinB) ---------------- > (1)
Let the slit ‘s’ is decided into ‘n’ number of small slits of each with amplitude ‘a’, then,

Phase difference at each slit (d) =Lotal phase difference

number of slits

d=2=2" (esin@) ------------- > (2)

n ni
After diffraction, the resulting amplitude R can be obtained by using vector addition
method with each of amplltude
a Sin
2 ~>(3)
Sind/2
Substitute eq(2) in eq(3) we get,

2meSind

R= aSin(n { H/2

eSlnG/Z}

Sin {

R= a Sin (negine)

Sin ( eSlnG)/n
Put % esind =a., then
__aSina
" Sin (n)
Since - IS small, Sin(a/n) = a/n
R= a Sina
(as/n)
R=na==
R= A Slna _ _—> (4)
a
Intensity at Py is given by, 2,
| =R? = (AsSing)2 = A2 sin @ . > (5)
a a?

Condition for dark and bright fringes

(1) Principal maximum :

From eq(4) The resultant amplitude R can be written in ascending power of a. as,

R = A[ ~a3+a5.a7 ]
31 51 71

= Aaf o-a2+a4-a6
[OL 3|+5| 71 ]
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In above equation for ‘R’ maximum, the negative terms and higher order terms vanishes
i.e, 0=0.

But : esind =a =0

..Sin6 =0 =6=0°

ThenR = A= I?> = A’>=R?

At 6 =0°, the maximum intensity is formed at P, known as principal maximum.

2.Minimum intensity position :
From eq(5) for ‘I minimum , Sina=0
sLoa=xmrn , m=0,1,23,--------
For m=0, o =0 which gives principal maximaand for a = +m, +2n, *3m,------------
minimum intensity is observed at Py,
Lo=+tmn

%esine =+mn

esind = tmh
The above condition is for minimum intensity position.

3. Secondary Maxima:

Between two secondary minima, the secondary maxima can be obtained by differentiating
eq(4) w.r.to o and equating to zero , we get

d=0 = d = d[ A2 (Sinx)2] =
da da da a

2,25i Cosa—Si _
A ( ;na )[a DSL;Z ma] = O

A2( 251;04 )% 0, then aCosa;—zSina -0
o Cosa — Sina =0

a Cosa = Sina

a = Tana

which is interms  y=a and y=Tana

Now draw graphs y=o and y=Tana.
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y=tana
 anifEaaes
L y: (83
0 3l &
2 2

?, Figure 2.3 Plotsof y = 0tand y = tan @
From graph, it is clear that y=a line touches the y=Tano curves at

0=0,#3% 5% 47n 7
2 2 2
So, at these a values, secondary maxima can be obtained.We already know that o = 0 is

principal maxima. So,

o|¢
(93]
3

Sin(*h) A2 2

— — A2 . .

l.a=% 32—“ ,I=A [—(T2 = 57 = giz ---=> first secondary maxima
— L T

= ---—> second secondary maxima

2512 25
4

2
2.a:12 A=A [@2—]

$ -
The intensity distribution of diffraction intensity depends on o values, i.e, a = 0, principal
maxima.

=0, 43T 51 47T secondary maxima.
2 2

For a = +m,+27,+3m1 , ----------- minimum distribution of intensity.

-3 =5r -2n -3m -7 0 ‘7w 3m 2% OF
2 2 2 '

Figure 2.4 Intensity distribution

6(a) Describe Fraunhofer diffraction due to double slit and derive the
conditions for principal maxima, secondary maxima and minima.

b) A plane transmission grating having 4250 lines per cm is illuminated with sodium
light normally. In the second order spectrum, the spectral lines are deviated by 30°. What
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is the wavelength of the spectral line?

Eraunhoffer diffraction at double slit:
> Let S1 and S2 be double slits of equal widths ‘e’ and separated by a distance‘d’. The
distance between the middle points of the two slits is (e+d).
» A monochromatic light of wavelength of A is incident normally on the two slits .The light
diffracted from these slits is focused by a lens on the screen placed in the focal plane of
the lens.

Double Slit Screen
Figure 2.5 Fraunhofer diffraction—double slit

» The diffraction at two slits is the combination of diffraction as well as interference.i.e, the
pattern on the screen is the diffraction pattern due to a single slit on which a system of
interference fringes is superimposed.

» When a plane wave front is incident normally on two slits, the secondary wavelets from
the slits travels uniformly in all directions. The wavelets travelling in the direction of
incident light comes to a focus at P, while the wavelets travelling in a direction making
an angle 6, come to focus at Py (see figure 2.5).

From the study of diffraction due to single slit, the resultant amplitude = % where

_ meSinf

Since we use double slit,from each slit we get a wavelet of amplitude 45in« jn a direction 6.These

a
two wavelets interfere and meet at a point P1 on the screen .To calculate the path difference
between the wavelets, let us draw a normal S;K to the wavelet through S .

Path difference = S, K
= (e+d)Sin6

Phase difference 6 =2z (e + d)Sinf

To find the resultant amplitude at P1 we use vector addition method (see fig.2.6) in which the
two sides of a triangle are represented by the amplitudes through S; and S,.The third side gives
the resultant amplitude.
From figure,

(OH)?> = (0G)*+(GH)?*+2(0OG)(GH) Coss
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R2 _ (AS;na)Z + (ASina)Z +9 (AS(iZna) (ASZm; Coss

a

=A? @[%2 c0s8]
= 2( 4sina)? (1+ Cos3 )

= 2( 4sin@)? (142 Cos? (3/2) -1)

A sin a
(8}

Figure 2.6 Vector

RZ = 4A? (Si%)2 Cos2 n(e+d)Sin9]

addition method

Letp = m(e+d)Siné

R? = 4A2(5Mf Cos?B

The resultant intensity | = R? = 4A? (Sﬂf Cos?p

a
From the above expression it is clear that the resultant intensity is the product of two factors i.e,
1. 4N (Si”"‘)2 which represents the diffraction pattern due to a single slit.

a

2. Cos? which gives the interference pattern due to wavelets from double slits.
The resultant intensity is due to both diffraction and interference effects.

L. Diifraction effect -

The diffraction term 4A?2 (SM ) gives the principal maximum at the centre of the screen with
a

alternate minima and secondary maxima of decreasing intensity.

We get principal maximum for 6=0.We get minima for Sina=0.

o=+mm , where m=1,2,3,4---

meSinf
— = +tmn

eSinf = +mAi
The positions of secondary maxima occurs for o = 37 57 477 — — — — — —
2 2 2
2. Interference effect :
The interference term Cos?B gives the equidistant bright and dark fringes.
The maxima will occur for Cos?=1.

B=+nA wheren=0,1,2,3-------
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1(e+d)Sin — i ni

(e + d)SinB = +nAa
The minima will occur for Cos?B=0.

B= i(2n+1)§ where n=0,1,2,3,-----

(e + d)Sin6 = £(2n+1)
2

Intensity Distribution:

The figures shown here represents the intensity variations due to diffractions as well as
interference effect individually (fig.(2.7 a) and fig.(2.7 b )) . When both effects are combined,
then we get the resultant intensity variations(fig.2.7(c). From the figure, it is clear that the
resultant minima are not equal to zero still they have some minimum intensity due to interference
effect.
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Figure 2.7: (a) Diffraction effect (b) Interference effect (c) Resultant Intensity

b) A plane transmission grating having 4250 lines per cm is illuminated with
sodium light normally. In the second order spectrum, the spectral lines are

deviated by 30°. What is the wavelength of the spectral line?
Given data Number of lines in the grating N=4250 lines/cm

Angle of diffraction 0 = 30°
Order of spectrum n=2
Solution: (e +d)sin® =nA

Each slit width (e+d)= i = O =2.353x10%cm
N 4250
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2.353x107* xsin 30° = 2,
2.353x10* x 0.5 = 2\
1.1765x10* = 2\

A = 0.5882 x10~*cm

A =5882A°

7(a) Describe the Fraunhofer diffraction Due to N-slits.

An arrangement which consists of a large number of parallel slits of the same width and
separated by equal opaque space is knowns as diffraction grating (N-slits)

WA X

YYVYYY

W' B
Grating Y

Screen
The intensity at point p1 on the screen due to a Fraunhofer diffraction due to N-sits is given as
| = R? = 4A2 (Sing)? ( sinNB)2
a Sinp

Where aq = mesind

B —_ T e+d)Sinf

e The factor (asine) gives the diffraction effect due to single slit.

a
o (Sin¥B)2 represents combined effects of interference and diffraction due to all slits of
Sinp
gration.
7(b) Define Dispersive power and resolving power of Grating and write their

expressions.

Dispersive power

> The dispersive power of a diffraction grating is defined as the rate of change of the angle of
diffraction with the wavelength of light.
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>t is expressed as dO/dA.

>The angle of diffraction 6 for the principal maximum is related to the corresponding
wavelength by

> (e+d) Sinf =n A

Differentiate with respect to A

do
(e +d)cos8 () =n

dA
do n . . .
= dispersive power of grating.
d (a+b)cosb
From the above equations the following conclusions can be
< Dispersive power is directly proportional to the order n .

« Dispersive power is inversely proportional to the grating element or directly proportional to
the number of rulings.

« Dispersive power is inversely proportional to cos 0, i.e. larger the value of 6 higher is the
dispersive power.

Resolving power

It is defined as the capacity to forms separate diffraction maxima of two wavelengths which are
very close to each_other

The ability to separate spectral lines which are nearly the same wavelength is called resolving
power.

Resolving power=i
dn
A

o N

A (e+d)Snd

dAr A
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8(a)Mention the representation of the plane polarized light and un polarised
light.

Unpolarized light : The ordinary light also called as unpolarized light, consists of a very large
number of vibrations in all planes with equal probability at right angles to the direction of
propagation. Hence the un polarized is represented by a star as shown in fig .

(a)

F———

Plane polarized light:

We know that in plane polarized light the vibrations are along a straight line. If the direction of
vibration is parallel to the plane of paper, it is represented by a straight line arrow as shown in
Fig. 2.

If the direction of vibration is perpendicular to the plane ofthe paper, it is represented by a dot as
shown in Fig. 3.

4 4 4 VIBRATIONS PARALLEL TO THE
'K W R PLANE CF PAPER

-4

e—t—t—o—t—v—e—ay VIBRATIONS PERPENDICULAR
10 THE PLANE OF PAPER
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8(b) Explain the various types of polarisation.

Linear Polarization

In linear polarization, the electric field of light is confined to a single plane along the direction
of the propagation .of light.

v

Linear Polarization

Circular Polarization

In circular polarization the electrical field of light has two linear components that are
perpendicular to each other and have identical amplitudes such that their amplitudes , but the
phase difference is 7/2. The electric field that occurs will propagate in a circular motion.

'\

v

Circular Polarization
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Elliptical Polarization

In elliptical polarization the electric field of light propagates along an elliptical path. The two
linear component do not have the same amplitude and phase difference in elliptical polarization.

A

— AN
/

v

Eleptical Polarization

9(a)Explain the polarisation by reflection with neat sketch.

If light incidents on a refractive surface so that the refracted light and the reflected light are at
90° angle, then the reflected light will be linearly polarized, and the plane of polarization will be
parallel to the plane of the interface.

The following diagram shows the polarization by reflection.
7

Unpolarised light Polarised light

i
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The angle of incidence that produces 90° angle between the refracted and reflected light
wave is called Brewster angle.

When the light falls on the medium at Brewster angle, the reflected wave has no electric field
vectors that are parallel to the refracted ray.

The only direction possible for the light wave is perpendicular to the plane of the image.
So, the reflected wave is completely polarized. Whereas, the refracted wave is partially
polarized.
Brewster’s law formula is given by, p=tani

Where,
u= is the refractive index of the material
i= is the polar ization angle.

We can write from Snell’s law,
U=SINI/SINT e (¢D)

The reflected light and refracted light should be perpendicular to each other.
Hence, we can write,

i+r+90=180

=1r=90—1

Hence,quation (1) such that,
p=sini/sin(90—1)

=p=sini/cosi

=u=tani

This is the formula of Brewster’s law.
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9b) Ilustrate the double reflection in crystal.

When unpolarised light passes through anisotropic crystals such as calicite (or )quartz,it spilt
into two refracted beams and this phenomenon is called Double refraction (or)Bifringes.

Consider a beam AB of unpolarised light incident on the A calcites crystal at an angle of
incidence 'i' as 9shown in Fig. Inside the crystal the ray breaks up into ordinary and extra-
ordinary ' rays. The ordinary ray along BD makes an angle of refraction ry while the
extraordinary traveling along BC makes an angle of refraction rz¢ Since the two opposite faces of

the crystal are always ,both the rays emerge parallel to the incident rays.

The ordinary ray(O-Ray) travels with the same velocity in all directons .The

corresponding refractive index is called ordinary Refractive index po.

e The exordinary ray(E-Ray) travels the velocity decreases gradually . The corresponding
refractive index is called extra-ordinary Refractive index g,

e The refractive index of ordinary Ray, o is same for all angles of incidence while
refractive index of exordinary ray varies with angle of incidence.

e Hence O-ray travels with same velocity and it is represented by a spherical wave front.

e E-ray trvels with different velocities in different direction and is given by ellipsoidal

wave front.

Both the rays travel with same velocities along optic axis
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10 (a)Explain the production of plane polarized light using Nicol prism.
A Nicol prism is an optical device made from a calcite crystal for producing and analysing plane
polarised light .

Working

When a ray SM of unpolarised light nearly parallel to BD’ is incident on the face A’B, it splits
up into two refracted rays, O and E-rays, both being plane polarised.

> The O-ray has vibrations perpendicular to the principal section of the crystal, while E-ray has
vibration in the principal section.

> The refraction indices of Canada balsam, O-ray, and E-ray for calcite crystal are in order as
MCB =1.55, po=1.658, and pPE = 1.486.

>Now the refractive index of Canada balsam is less than the refractive index of calcite for the
O-ray(1.658).But greater than the refractive index of calcite for the E-ray(1.486).Therefore,
when the O-ray reaches the layer of the Canada balsam.

>t is passing from an optically denser to rarer medium Since the length of the crystal is
large,the angle of incidence of the O-ray at the calcite balsam surface becomes greater than the
crystal angle (69°%)for the O-ray. Hence ,the O-ray is totally reflected at the calcite balsam
surface & is absorbed by the tube containing the crystal.

>The E-ray however,on reaching the calcite balsam surface passes from a rarer to a denser
medium and is transmitted.

>Since, the E-ray is plane polarised,the light emerging from the Nicol is plane polarised with
vibrations

Parallel to the principal section

>These vibrations are parallel to the shorter diagonol of the end face of the crystal.
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10(b)Describe the propagation of polarized light in Quarter wave plate.

Quarter wave plate is the thickness of the crystal plate at which the path difference between o-ray
and e-ray inside the crystal is equal to A /4 .
Consider a light of wavelength ‘A’ falls normally on a crystal surface; the refracted light splits up
into o-ray and e-rays.
Let ‘t’ is the thickness of crystal at which path difference of o-ray and e-ray is A 4 , then
Path difference of o-ray and e-ray = A/4 --------- (1)
optical path of o-ray = o t,
optical path of e-ray = = [ ¢t
optical path difference between o-ray and e-ray = ([Lo-pe) t-------- (2)
fromegns (1) & (2),

(Mo-He) t = 1/4

t =14 (Ho-He)

p | Optics axis

27al
i
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|
m

Applications

e QWP isused to produce circularly polarized light, if the optic axis of the crystal makes
an angle of 45° with the incident beam of light .
e QWP isused to produce epllitically polarized light if the incident beam makes an angle

other than 45° with the ptic axis of the crystal.
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11(a) Describe the propagation of polarized light in Half wave plate

A half wave plate(HWP) is a doubly refracting uniaxial negative or positive crystal cut in such
a way it can produce a path difference between o-ray and e-ray inside the crystal is equal to 1 /2

Consider a light of wavelength ‘A’ falls normally on a crystal surface; the refracted light splits up
into o-ray and e-rays.

Let ‘t’ is the thickness of crystal at which path difference of o-ray and e-ray is A 2, then
Path difference of o-ray and e-ray = /2 --------- (1)
optical path of o-ray = o t,
optical path of e-ray = [ ¢t
optical path difference between o-ray & e-ray = (o~pe) t -------- (2)
fromeqgns (1) & (2),
(Ho-He) t = 1/2
t =22 (Ho-He)

P | Optics axis
i A
1 Vil
s 7]
. .3

Applications

e HWP produces a phase difference of = between the ordinary and exordinary rays.
e The emergent beam froma HWP is a plane polarized light .
e It rotates the azimuth ofa beam plane polarized light by 90° ,provided the incident light

makes an angle of 45° with the optic axis of the half wave plate.
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11(b)Calculate the thickness of Half Wave plate,given that p.=1.533,
pno=1.5444 and A=5000A°

FOR HALF WAVE  t=M2 (to-e)

t = 5000x10°%/2 (1.544-1.533)

t = 5000x10%/2 (0.011)

t = 5000x10%/0.022
t=2.7272mm
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UNIT — 11

CRYSTALLOGRAPHY & X-RAY DIFFRACTION

2a) Whatis (i) Unit cell (ii) Space Lattice (iii) Bravais Lattice

Unit Cell: The unit cell is the smallest portion of crystal lattice which have repeated in
different directions we generate the entire lattice. It is formed by application of translational

group.

Space lattice : A space lattice is an array of points showing how particles (atoms, ions or
molecules) are arranged at different sites in three dimensional spaces.

Bravais lattice: If all atoms are identical at lattice point then that lattice known bravais
lattice. We have fourteen kinds of bravais lattices that all belongs to seven crystal system.

2 b) Explain the various types of crystal systems with a neat sketch and examples.

There are 7 basic crystal systems which are distinguished based on three vectors or the
intercepts and the3 interfacial angles between the 3 axes of the crystal. They are

1. Cubic

2. Tetragonal

3. Orthorhombic

4. Monoclinic

5. Triclinic

6. Trigonal (Rhombohedral)
7. Hexagonal

1) Cubic crystal system
a=b=c,a=p=y=90°

i 0
¢ P )
be | ek "l"f”'
] | e
Simple Body-centered Face-centered
(bee) (fee)

a=b=c, a=pf=y=90"
The crystal axes are perpendicular to one another, and the repetitive interval in the same along
all the three axes. Cubic lattices may be simple, body centered or face-centered.



2) Tetragonal crystal system
a=bGc,a=p=y=90°

Simple Body-centered
a=bzc, a=8=y=90°

TETRAGONAL SYSTEM

The crystal axes are perpendicular to one another. The repetitive intervals along the two axes

are the same, but the interval along the third axes is different. Tetragonal lattices may be
simple or body-centered.

3) Orthorhombic crystal system
aGbGec,a=p=y=90°

. | *
‘ 1 H
1 ) '
: S S P
[ l ¥ '
] 1 '
+ 3 13
a L ]

Simple Base-centered Body-centered Face-centered

azb#c; and a=f=y=90°

ORTHORHOMBIC SYSTEM

The crystal axes are perpendicular to one another but the repetitive intervals are different along

the three axes. Orthorhombic lattices may be simple, base centered, body centered or face
centered.

4) Monoclinic crystal system
aGbGec,a=p=90Gy

Simple Base-centered
azb#c, a=y=90°=p

MONOCLINIC SYSTEM
Two of the crystal axes are perpendicular to each other, but the third is obliquely inclined. The

repetitive intervals are different along all the three axes. Monoclinic lattices may be simple or
base centered.



5) Triclinic crystal system
aGbGc,aGB Gy G 90°

g

a=x=b=xc
axzBz2xy*90°
TRICLINIC SYSTEM
None of the crystal axes is perpendicular to any of the others, and the repetitive intervals

are different along the three axes.

6) Trigonal (Rhombohedral) crystal system
a=b=c,a=p=y G90°

4/

a=b=¢
a=f=y290°
IOMBOHEDRAL (TRIGONAL) SYSTEM
The three axes are equal in length and are equally inclined to each other at an angle other
than 90°.
7) Hexagonal crystal system
a=bGc,a=8=90%and y = 120°

Two of the crystal axes are 60° apart while the third is perpendicular to both of them. The
repetitive intervals are the same along the axes that are 60° apart, but the interval along the
third axis is different.

a=b#c
oa=3=90°, y=120°
HEXAGONAL SYSTEM



3 a) Explain the various types of Bravais lattices with a neat sketch.

Bravais lattice: If all atoms are identical at lattice point then that lattice known bravais
lattice. We have fourteen kinds of bravais lattices that all belongs to seven crystal system.

G { Qg .
(* ]
QG q Pe Ve Q
Q o o
P, < P Ve ¢

C r b, P, i P,
Simple cubic Body-centred cubic Face-centred cubic
° Q
Simple tetragonal Body-centred Simple orthorhombic Body-centred
tetragonal orthorhombic
o Q
' Q *}
o / °
[+ Q
Base-centred ace-centre exagon:
orthurhontl:)ic frthurhor‘:bii Ehombiehedeal e
Simple monoclinic Base-centred monoclinic Triclinic
S.N Types of
o Name of the L atti ¢ Byr%vais
. attice parameters )
crystal system lattices
1 Cubic a=b=c: a=p=y=90° P, IF
2 Tetragonal a=b=c: a=p=y=90° P I,
3 | Orthorhombic azb#cia=p=y=90° P,I,F,B
4 Monoclinic azb#cia=p=90°=y P, B
- . . . o
o Triclinic azbzcia=pB#y=90 P
6 Trigonal a=b=c:a=p=y=90° p
7 Hexagonal a=bzc:a=p=90°;y =120 P




3 b) Define atomic packing fraction and derive it for simple cubic crystal structure.
Atomic packing factor or fraction:
It is the ratio of the volume occupied by the atoms in unit cell(v) to the total volume of
the unit cell (V).
PF.=vIV

_ Number of atoms present in a unit cell X Volume of the one atom

P.F=

Volume of the unit cell

Simple cubic (SC) structure
In the simple cubic lattice, there is one lattice point at each of the 8 corners of the unit
cell. The atoms touch along cubic edges.

Nearest neighbouring distance 2r = a
Atomic radiusr=a/2
Lattice constant a = 2r

Coordination number = 6 (since each corner atom is surrounded by 6 equidistant nearest
neighbours )

Effective number of atoms belonging to the unit cell or no.of atoms per unit cell = (%4)x8 =1
atom per unit cell.

volume of the all atoms in the unit cell

Atomic packing factor = :
volume of the unit cell
=1x@/3)nr*/a=4nr3 /3(2r)®
=n/6=0.52=52%
This structure is loosely packed. Polonium is the only element which exhibits the simple
cubic structure.
4) Define atomic packing fraction and derive it for body centered cubic crystal structure.

Atomic packing factor or fraction:
It is the ratio of the volume occupied by the atoms in unit cell(v) to the total volume of
the unit cell (V).
PF.=v/IV

_ Number of atoms present in a unit cell X Volume of the one atom

P.F=

Volume of the unit cell



Body centered cube structure (BCC)
BCC structure has one atom at the centre of the cube and one atom at each corner. The
centre atom touches all the 8 corner atoms.

Diagonal length = 4r

Body diagonal = (¥3)a

i.e. 4r= (\3)a

Nearest neighbouring distance = 2r = (\V3)a / 2

Atomic radius = r = (\3)a / 4

Lattice constant = a = 4r /3

Coordination number = 8 (since the central atom touches all the corner 8 atoms )

Effective number of atoms belonging to the unit cell or no. of atoms per unit cell = (%4)x8 + 1 =
2 atom per unit cell.

i.e. each corner atom contributes (%)™ to the unit cell. In addition to it, there is a centre atom.

volume of the all atoms in the unit cell

Atomic packing factor=v/V = :
volume of the unit cell

=2x(4/3) w3/ a®=8ur®/ 3(4r N3 )3

=\3n/8=0.68 = 68%
Tungsten, Na, Fe and Cr exhibits this type of structure.
5) Show that Face centered cubic crystal structure has more closely packed structure
than SC and BCC.
Simple cubic (SC) structure

In the simple cubic lattice, there is one lattice point at each of the 8 corners of the unit

cell. The atoms touch along cubic edges.

Nearest neighbouring distance = 2r=a

Atomicradius=r=a/2

Lattice constant =a = 2r

Coordination number = 6 (since each corner atom is surrounded by 6 equidistant nearest
neighbours )



Effective number of atoms belonging to the unit cell or no.of atoms per unit cell = (%4)x8 =1
atom per unit cell.

volume of the all atoms in the unit cell

Atomic packing factor=v/V = :
volume of the unit cell
=1x(4/3)nr/ad=4nr3/3(2r)3
=n/6=0.52=52%
This structure is loosely packed. Polonium is the only element which exhibits the simple
cubic structure.
Body centered cube structure (BCC)
BCC structure has one atom at the centre of the cube and one atom at each corner. The
centre atom touches all the 8 corner atoms.

Diagonal length = 4r

Body diagonal = (V3)a

i.e.4r=(V3)a

Nearest neighbouring distance = 2r = (V3)a / 2

Atomic radius =r = (V3)a / 4

Lattice constant = a = 4r / 3

Coordination number = 8 (since the central atom touches all the corner 8 atoms )

Effective number of atoms belonging to the unit cell or no. of atoms per unit cell = (%6)x8 + 1 =
2 atom per unit cell.

i.e. each corner atom contributes (') to the unit cell. In addition to it, there is a centre atom.

volume of the all atoms in the unit cell

Atomic packing factor=v/V = :
volume of the unit cell
=2x(4/3) w3/ a®=8ur®/ 3(4r N3 )3
=\3n/8=0.68 = 68%
Tungsten, Na, Fe and Cr exhibits this type of structure.

Face centered cubic (FCC) structure
In FCC structure, there is one lattice point at each of the 8 corners of the unit cell and 1
centre atom on each of the 6 faces of the cube.
Face diagonal length = 4r = (\2) a
Nearest neighbouring distance = 2r= (V2)a/2=a /2
Atomic radius = r=a/ 22
Lattice constant=a =2v2r



£ A

Coordination number = 12 (the centre of each face has one atom. This centre atom touches 4
corner atoms in its plane, 4 face centered atoms in each of the 2 planes on either side of its
plane)

Effective number of atoms belonging to the unit cell or no. of atoms per unit cell = (4)x8 +
(1/2)x 6 =1 + 3 = 4 atom per unit cell.

i.e. each corner atom contributes (%)™ to the unit cell. In addition to it, there is a centre atom

on each face of the cube.
volume of the all atoms in the unit cell

Atomic packing factor = v/ V = :
Volume of the unit cell
=4 x(4/3)nd/a® = 16mr3 / 3(2V2r)®
=n/3V2=0.74 = 74%
Cu, Al, Pb and Ag have this structure.
So FCC has highest packing factor.

6 a) What are Miller indices? Mention the procedure to find Miller indices

Planes in Crystals (Miller Indices)

It is possible for defining a system of parallel and equidistant planes which can be
imagined to pass through the atoms in a space lattice, such that they include all the atoms in
the crystal. Such a system of planes is called crystal planes. Many different systems of planes
could be identified for a given space lattice.

The position of a crystal plane can be specified in terms of three integers called Miller
indices.

Consider a crystal plane intersecting the crystal axes.

Procedure for finding Miller indices
1. Find the intercepts of the desired plane on the three coordinate axes.
Let these be (pa, gb, rc).
2. Express the intercepts as multiples of unit cell dimensions or lattice parameters i.e. (p, g, 1)
3. Take the reciprocals of these numbers i.e. 1/p: 1/q: 1/r
4. Convert these reciprocals into whole numbers by multiplying each with their LCM to get the
smallest whole number.
This gives the Miller indices (h k I) of the plane.
Ex: (3a, 4b, ac)
(3,4, o)
1/3 1/4 1/
(430)=(hkl)



Def: Miller indices is a set of 3 lowest possible integers whose ratio taken in order is the same
as that of the reciprocals of the intercepts of the planes on the corresponding axes in the same

order.

6 b) Write the important features of Miller indices
Important features of Miller indices

1.

A plane that is parallel to in the least one of the coordinate axes comes with an intercept of
infinity (o) and consequently, the Miller index for the said axis becomes zero.

All of the similarly spaced parallel planes having a specific alignment come with the same
index number (h k 1).

Miller indices don’t only give the definition of the specific plane but a combination of many
parallel planes.

Only the ratio of indices is considered important over everything else. The planes do not
matter.

A plane fleeting over the origin is defined in comparison to a parallel plane that has nonzero
intercepts.

Altogether the parallel equally far planes consist of the same Miller indices. Therefore, the
Miller indices are used in relation to a set of parallel planes.

A plane that is parallel to anyone out of the many coordinate axes comes with an intercept of
infinity.

If the Miller indices relating to two planes comes with the same ratio, for example, (8 4 4) and
(4 22) or (2 11) then the planes can be proved as parallel to each other.

If h k I am the Miller indices relating to a plane, then the plane will divide or cut the axes into
a/h, b/k, and c/l equivalent sections individually.



7 a) Deduce the expression for the interplanar distances in terms of miller
indices for a cubic system
Separation Between successive (h k 1) Planes

Let (h k I) be the Miller indices of the plane ABC.
Let OP=d(s 1y be the normal to the plane ABC passing through the origin O.
Let OP make angles a, B, y with X, Y & Z axes respectively.
ThenCosa=d/OA=d/x=d/ (a/h)

Cosp=d/OB=d/y=d/(b/k)

Cosy=d/OC=d/z=d/(cN)
(Since convention in designing Miller indices x=a/h,
y=b/k, z=c/l)
Now Cos? a + Cos? B +Cos?y =1
Hence d? / (a/h)? + d?/ (b/k)? + d? / (c/l)? =1

(dh/a)? + (dk / b)? +(dl / c)? =1
dikny = OP = 1/~ (h¥/a? + k¥b? + I2/c?).

Therefore for cubic structure, a=b =,
d(hk|):a/\/(h2+ k2 + |2)

Let the next plane be parallel to ABC be at a distance OQ from the origin.
Then its intercepts are 2a/h, 2a/k, 2a/l.
Therefore OQ = 2d =2a /V (h? + k? + )
Hence the spacing between adjacent planes = OQ - OP = PQ.

ie.d=al/V(h2+ K2+ P

7 b) Draw miller indices of planes (1 0 0), (1 0 1) and (011) in a cubic system.

(100) (101) (011)
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8 a) Define the Bragg’s law of X-ray diffraction and derive 2d sin® = ni

Bragg’s Law

It states that the X-rays reflected from different parallel planes of a crystal
interfere constructively when the path difference is integral multiple of wavelength
of X-rays.

Consider a crystal made up of equidistant parallel planes of atoms with the
interplanar spacing d.

Let wave front of a monochromatic X-ray beam of wavelength A fall at an
angle 6 on these atomic planes. Each atom scatters the X-rays in all directions.

In certain directions these scattered radiations are in phase i.e., they interfere
constructively while in all other directions, there is destructive interference.

Consider the X-rays PE and P’A are inclined at an angle 6 with the top of the
crystal plane XY. They are scattered along AQ and EQ’ at an angle 6 w.r.t plane
XY. Consider another incoming beam P’°C is scattered along CQ”

Let normal EB & ED be drawn to AC &CF. If EB & ED are parallel incident
and reflected wave fronts then the path difference between the incident and

reflected waves is given by N =[O T ¢ b ) — (1)
In AABC,sin0=BC/EC=BC/d
i.e., BC=dsin0

Similarly, in ADEC, CD =dsin6
Hence path difference A =2d sin 6

If the 2 consecutive planes scatter waves in phase
with each other, then the path difference must be an
integral multiple of wavelength.
e, A=niwheren=0,1,23, ... is the order of
reflection
Thus the condition for in phase scattering by the planes in a
crystal is given by

2dsinO=ni.........ccoeunn. (2)
This condition is known as Bragg’s Law.
The maximum possible value for 6 is 1.
na/2d<1

The wavelength A should not exceed twice the interplanar spacing for

diffraction to occur.
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8 b) Calculate dioo : di10: d111 for a cubic crystal system.

a

dm?= \(12_*_02 +02 =&,
i fa0r V2
a a

d., = =
R RiR V3

9 a) Derive the Bragg’s condition for X-ray diffraction.

Bragg’s Law

It states that the X-rays reflected from different parallel planes of a crystal
interfere constructively when the path difference is integral multiple of wavelength
of X-rays.

Consider a crystal made up of equidistant parallel planes of atoms with the
interplanar spacing d.

Let wave front of a monochromatic X-ray beam of wavelength X fall at an
angle 6 on these atomic planes. Each atom scatters the X-rays in all directions.

In certain directions these scattered radiations are in phase i.e., they interfere
constructively while in all other directions, there is destructive interference.

Consider the X-rays PE and P’A are inclined at an angle 6 with the top of the
crystal plane XY. They are scattered along AQ and EQ’ at an angle 0 w.r.t plane
XY. Consider another incoming beam P°C is scattered along CQ”

Let normal EB & ED be drawn to AC &CF. If EB & ED are parallel incident
and reflected wave fronts then the path difference between the incident and
reflected waves is given by A=BC + CD ------------mm - @)

In AABC,sin6=BC/EC=BC/d

e, BC=dsin9
Similarly, in ADEC, CD =dsin6
Hence path difference A =2d sin 6




If the 2 consecutive planes scatter waves in phase with each other, then the
path difference must be an integral multiple of wavelength.

e, A=nAiwheren=0,1,2,3,....... is the order of reflection
Thus the condition for in phase scattering by the planes in a crystal is given by
2dsSiNO =Nk ..cccevvnneennnnn. (2)

This condition is known as Bragg’s Law.
The maximum possible value for 0 is 1.
ni/2d<1

The wavelength A should not exceed twice the interplanar spacing for
diffraction to occur.
9 b) A beam of X rays of wavelength 0.71 nm is diffracted by (110) plane of
rock salt with lattice constant of 0.28nm. Find the glancing angle for the
second order diffraction.

Given data are:

Wavelength (1) of X-rays = 0.071 nm
Lattice constant (a) = 0.28 nm

Plane (hkl) = (110)

Order of diffraction = 2

Glancing angle 6 =7

Bragg’s law is 2d sin 6 = nA

i

d = , because rock salt is FCC
II‘JFJJ + ;:2 e jirl
0.28 x 10”7 0.28 x 107
JEHT+0 V2

Substitute in Bragg’s equation
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0.28 x 107’

V2

2 x sinf#=2x0071x10"°

sin # = /2 0071 _ 3504
0.28
= sin! (0.3586) = 21.01° =~ 21°

10 a) Explain how crystal structure determined by Laue X-Ray
diffraction method.

The Laue method is mainly used to determine the orientation of large single
crystals. White radiation is reflected from, or transmitted through, a fixed crystal.
The experimental arrangement is shown in fig.

X-rays _ Ay G i
- $2::c----g0 soh it e

ZnS

P

Fig (a) Laue experimental set up Fig (b) Laue spot

The crystal whose structure has to be studied ,is held stationary in a continuous X-
ray beam. After passing through the pin hole of lead diaphragms, we obtain a fine
beam of X-rays.These X-rays are allowed to fall on the crystal. The crystal planes
in the crystal diffract the X-rays satisfying Bragg’s law.

The diffracted X-rays are allowed to fall on a photographic plate.The diffraction
pattern consists of a series of bright spots corresponding to interference maximum
for a set of crystal planes satistfying the Bragg’s equation 2dsine =nA for a
particular wavelength of the incident beam.

The distribution of spots depends on the symmetry of the crystal and its orientation
with respect to X-ray beam. For a simple cubic crystal the Laue photograph is
shown in fig.
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10 b) What are the advantages of Laue X-Ray diffraction method?
1 This method is used for determination of crystal orientation and symmetry.
2. This method is used to study crystalline imperfections(defects).

3. Itis used for checking the orientation of crystals and their quality. It can
be used for analyzing specimens that are thick and large.

11) a) Explain how crystal structure determined by Powder X-ray
diffraction method.
Powder method (Debye — Scherrer Method)

This method is widely used for experimental determination of crystal
structures. A monochromatic X- ray beam is incident on randomly oriented
crystals in powder form. In this we used a camera called Debye — Scherrer camera.
It consists of a cylindrical cassette, with a strip of photographic film positioned
around the circular periphery of cassette. The powder specimen is placed at the
centre, either pasted on a thin fibre of glass or filled in a capillary glass tube. The
X- ray beam enters through a small
hole in the camera and falls on the
powder specimen. Some part of the
beam is diffracted by the powder fetBgcian
while the remaining passes out
through the exit port.

Since large no. of crystals is
randomly oriented in the powder, set
of planes which make an angle 6 =1 ?’fﬂ]:‘:——(—v T
with the incident beam can have a 1 . -
no. of possible orientations. Hence o "RJ) I
reflected radiation lies on the surface of a cone whose apex is at the point of
contact of the radiation with the specimen. If all the crystal planes of interplanar
spacing d reflect at the same bragg angle 0, all reflections from a family lie on the
same cone.

After taking n=1 in the Bragg’s law
2dsin 6 = A

film

exit point

"
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There are still a no of combinations of d and 0, which satisfies Bragg’s law.
Hence many cones of reflection are emitted by the powder specimen. In the
powder camera a part of each cone is recorded by the film strip.

The full opening angle of the diffracted cone 40 is determined by measuring the
distance S between two corresponding arcs on the photographic film about the exit
point direction beam. The distance S on the film between two diffraction lines
corresponding to a particular plane is related to Bragg’s angle by the equation

40 = (S/ R) radians (or)

40 = (S/R) x (180 /IT) degrees where R- radius of the camera

A list of 6 values can be thus be obtained from measured values of S. Since
the wavelength ‘A’ is known, substitution of A gives a list of spacing‘d’. Each
spacing is the distance between neighbouring plane (h k I). From the ratio of
interplanar spacing, the type of lattice can be identified.

11 b) What are the advantages of Powder X-ray diffraction
method.
1) The powder method is used to determine the value of the lattice
parameters accurately.

2) Itis mostly used to characterize and identify phases, and to
refine details of an already known structure.

3) Using filter ,we get monochromatic X-rays.
4) Knowing all parameters ,crystal structure can be studied completely.
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UNIT -3

DIELECTRIC AND MAGNETIC MATERIAL

2 a) With usual notations, show that P= & (r -1)E

Consider a polarized dielectric in a result electric field ‘E’. The field is characterized by electric lines of

forces.

These lines of forces while passing through the dielectric make it polarized.

e

L10)

"W_J
O

Figure 8.3 Electric lines of forces in

a polarised dielectric

The total number of electric lines of force passing through the dielectric is known as electric flux

density ‘D’.

D=¢osE+P-——-—>1
buttD=¢E————>2

eE=e0E+P(..€ =¢€o&r)
coerE=€0E+P

€oerE—coE=P
eoE(er 1) =P
sr—lzi ——————— >3
goE
I( P\|
er=l=yl ..y =
\ €oF )




b) Write the differences between polar and non -polar molecules

Polar dielectrics Nonpolar dielectrics

These are material which have inherent dipole moment These materials do not have dipole moment.

In presence of electric field, positive and
negative charges are not separated by small
distance

In presence of electric field, positive and negative charges
are separated by small distance.

These materials show the property of polarity. These materials do not show the property of

polarity.
Polar dielectrics are the polar compounds that do not Non polar dielectrics are the non-polar
conduct electricity. compounds that do not conduct electricity.
Shape of these dielectrics are asymmetric. Shape of the dielectrics are symmetric.
Polar dielectrics are polar. Non polar dielectrics are non-polar.
Example: ammonia,HCI and water Example: benzene and methane

3 a) Explain the different types of polarizations.

Depending upon the type of displaced charges causing polarization of dielectric in the presence of an
electric field, we have three type of polarization

1. Electronic polarization, 2. lonic polarization, 3. Orientation or dipolar polarization

1. Electronic polarization:- When electric field is applied on a dielectric material then all the positive
nuclei of atoms move in the field direction and all the negative electron clouds of atoms move in
opposite direction, hence dipoles will be formed. This phenomenon is known as electronic polarization.
Electronic polarization takes place in all dielectrics as they are made up of atoms.

[E-0
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|+
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+
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+
I
+
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Electric Polarization

2. lonic polarization:- When electric field is applied on an ionic dielectric material then positive ions
move in the field direction where as negative ions move in the opposite direction, hence dipoles will be
formed. This phenomenon is known as electronic polarization. lonic polarization takes place only in




ionic dielectrics due to displacement of positive and negative ions by the influence of external electric
field.

TN TN T TRYaR o
T A | o + ) = 1+ ]
\._+_/ A Ik___ I\--*’J e R
N Y Y - YR
'-\___/' I‘».__ A ‘\___f'l I:‘-\_-__,—' "._\_'_,"I I\ B _(I
PN ,f'\l S P
. A -~ LR W S
R
E=0, E =1,

3. Orientation or dipolar polarization:- When electric field is applied on a polar dielectric then all the
dipoles tends to rote in the field direction, hence dipole moment increases enormously.

This phenomenon is known as dipolar polarization or orientation polarization. This polarization takes
place only in polar dielectrics.

el l s —» —»
T el \\i / r—
E=10 T

b) Derive the expression for electronic polarizabilty, ae in dielectrics.

Consider an atom consisting of nucleus at the centre and electronics revolving in their orbits. These
electrons from an electron cloud surrounding the nucleus. In the absence of an electric field, the centers
of net positive and negative charges coincide and the atom is not polarized. When an electric field E is
applied to the atom as shown in fig, displacement of an electron cloud takes place w.r.t nucleus in a
direction opposite to the applied field taking place due to action of electrical force. Now the centre of
net positive and negative charges do not coincide and it act as a dipole having dipole moment. As a
result, the atom gets polarized. Such type of polarization due to displacement of electron cloud in atom
in the presence of an electric field is known as electronic polarization

o o s e 1icia 1§ Known as

No electric

field £ =0 Appli

. = _ pliad
electric field E

_+ Nucleus

n s

Electro —» Electron cloud

cloud
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Ficure 8.4 (a) Llnpolariscd atom in the absence of ficld, (b) Electronic po\ar'\sation
due to distortion of clectron cloud by the field E




The induced electronic dipole moment is given by

Where o is the permittivity of free space. From the above relation, it is clear that o depends on the size
of the atom.

The induced electronic dipole moment per unit volume is the electronic polarization P, . If ‘N’ is the
number of atoms per unit volume then

Pe = N]J,e
Pe = NaeE ___________ 9(3)
But P, =goE(er -1) ------- >(4)

Comparing the equation 3 and 4, we have
eoE(er —1) = NoE
SO(Sr —1) = N(Xe

_ 80(8r _1)
a,= —N

From the above relation, it is clear that electronic polarization is independent of temperature. It takes place in
a time period of 10~**and 10 second.

4 a) Deduce an expression for Lorentz field relating to Dielecric material.

“The total resultant electric field acting on an atom inside the polarized dielectric is known as Local Field or
Internal Field or Lorentz field.”

e Tofind the expression for local on an atom at point ‘A’ inside the dielectric, this is placed inside the
charged parallel plate capacitor.

e Now the dielectric is placed in the electric field across the charged plates.

e According to Lorentz method, let us imagine a spherical region with the atom at ‘A’ as the center so
that the spherical region can cover the maximum surface of polarized dielectric as shown in fig.




_— =y
—_— E=E1 —-—-Ez

S

Figure 8.7 Polarised dielectric
in electric field

Let E;be the electric field due to charged capacitor

E. is the electric field due to induced charges on the dielectric
Es is the field due the dipoles present within the spherical region
E, is the field due to the surface charges on the spherical region.
Then the total electric field on an atom at point ‘A’ inside the dielectric is given by

Local field E; =E1+E,+E3+E, ------m-m-m-—- >(1)

As shown in the fig, let E be the resultant field due to E; and E;

For a cubic structure, due to symmetrical distributions of charges within the spherical region E ;=0

Calculation of field E4

The enlarged view of the spherical region is shown in fig. If dA is the surface area of the sphere of

radius r lying between 0 and 0 +d0 , where O is the direction with reference to the direction of the applied
field, then

dA =2n (SQ)(QR)
sin® =SQ/r d0 =QR/r
SQ=rsin0 " QR=rd0

dA=2n(rsin0)(rdo)

dA = 27tr?sin 6d0 --------------- >(4)

The charge dq on the surface dA is equal to the normal component of the polarization multiplied by the
surface area. Therefore,




dg = P cosBdA

L Surface charges
on the dielectric i
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Figure 8.8 En]arged view of spherical region

dg = P(2nr?sin© cos0do ) ------ >(5)
The field due to the charge dq is denoted by dE;, it is in the direction is 6=0

dEs dgcosO

~ 4dnerc

° >(6)
_ P(27r? sin 6 cos®)d6 cos6
dne,r?> >0
_ Pcos?0sin6do
9 260 5@

integrating the above equation within the limit O, 7t

IdE4 :LJ“coszesianG
2g0 90

cosO =X 0=0=>x=1

—sin0dO =dx 0= =>x=-1
-1

_—Ixzdx
0




Total field E;=E; +E, + Es + E4

E=E+0+ i
30
Ei—E+_
3¢eo

This equation is known as Lorentz equation or local field or internal field.
Local field is greater than the electric field applied

b ) The relative permittivity of argon at 0° C and at 1 atmospheric pressure is 1.000435.Calculate the
polarizability of the atom if the gas contains 2.7x10%° atoms/m?3.Given go= 8.85 x 10'? F/m.

Dielectric constant ¢, =1.000435
Number of atoms/m3, N=2.7X102° atom/m?
*go=8.85 x 10712 F/m.

Electronic polarisability o, = ?

8O(Sr _1)

Electronic polarisability o, = N

_ 8.85x107 (1.000435 1)
2.7x10%

Ol

o, =1.42x10% Fm?

5 a) Obtain Clausius-Mosotti equation and explain how it can be used to determine the dipole
moment of a polar molecule.

The relation between the dielectric constant and the polarizability of polarized dielectric is known as
Clausius — Mosotti equation.

To derive the relation, let its consider a polarized dielectric in which E; is the local field.
Then the induced dipole moment is proportional to E;
Ho E

where « is the polarisability of dielectric.
N is the number of atoms per unit volume of a dielectric
Then the polarization is given by

P=Np




P=NaE >

Displacement vector D =¢,E+ P
but, D=¢E =¢4,E

€& E=¢,E+P

But local field, E,=E+_— - ->(4)

From equation (2), P = NakE;

P:NO{E"'%FI)E—TJ

o]

P = No.E + No, ——
3g0

P = No.E + No, ——

3e0

From (3) and (5) equations

NeE
1)=—"
eoE((er -1) Nat
]__
380
No NoE

T 380 €0 E(er -1)

NoE _ No
so(sr—l) 3¢,

1—

Na4_ NoE
3gp &g (8r —1)

1=




_Nal 3 1

1 _+1‘
380 [(Sr _1) J
L No[3+er ~1]
3eo| &r-1
L _Naler+2]
380L8r—1J
Na _E&r -1
350 &r+2

The above reaction relating o and €, known as the Clausius — mosotti relation (or) equation.

b) A solid elemental dielectric with 3x10?® atoms/ m?® shows an electronic polarisability of 104° F-m?
assuming the internal electric field to be a Lorenz field. Calculate a dielectric constant of the material.

Density of electric atoms, N=3X10% atom/m?

Electronic polarisability, o =107 Fm?

Dielectric constant €, =?

3x10%8 x1040
g =———+1
8.854x10°12

_3+1

- 8.854

r

g, =1.339

6 a) Discuss the frequency dependence of various polarization processes in dielectric materials.
When dielectric is subjected to an electric field, the polarization process occurs as a function of time.
The total polarization, P as functions of time can be expressed as
[ -t
P=P|l-e" |
i
Where Py is the maximum polarization gained on continuous application of electric field and

T, is the relaxation time for the particular polarization process




T, is defined as the time taken for a polarization process to reach 0.63 of its maximum value. This T,
will be different for different polarization process.

1. Electronic polarization:-
Electronic polarization is due to displacement of positive nuclei and negative electron cloud the

frequency of the applied voltage is very high in the optical range (near 10*°Hz)
Electronic polarization takes place during every cycle of applied voltage.
Electronic polarization is rapid process.
2. lonic polarization :-
lonic polarization is due to displacement of ions over a small distance.
Since ions are heavier then electron cloud, the time taken for displacement is larger.
When the frequency of the applied voltage is in the same order of the frequency of lattice
vibration (near 10%*Hz)
The ionic polarization takes place during every cycle of applied voltage. It clearly says that for

optical frequency the ions will not respond.

Because the time required for lattice vibrations is nearly 100 time larger than the period of
applied voltage at optical frequency.

3. Qrientation polarization:-
Orientation polarization is even slower process than ionic polarization.
When the frequency of applied voltage is in the audio range (near 10°Hz), orientation
polarization takes place.
This means in the frequency range 10°Hz to 10%° Hz

Polarization

Orientation
Polarization

lonic
Polarization

Electronic =
[ [ Polarization , &
0 » Frequency
I — o »
Electrical Frequencies Optical

Frequencies

Fig. 6.9: Frequency dependence of polarization processes
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b) Write the causes for Dielectric loss.

The causes for Dielectric loss are
i) high frequency of the applied electric field
ii) high temperature
iii) presence of humidity

iv) high applied voltage

7 Describe the oriain of magnetic moment in an atom.

Origin of Magnetic Moment: Magnetism arises from the Magnetic Moment or Magnetic dipole of
Magnetic Materials. When the electrons revolves around the nucleus Orbital magnetic moment arises,
similarly when the electron spins, spin Magnetic moment arises. The Magnetic moment in a material
originates from the orbital motion and spinning motion of electrons in an atom
The permanent Magnetic Moments can arise due to the
1.The magnetic moment due to orbital motion of the electrons
2.The magnetic moment dur to spin of the electrons, and
3.The magnetic moment due to spin of the nucleus.

plm
e
—/
Consider an atom & each electron in that, orbiting around the nucleus produces a loop current
i=q/t
i=qf

Where fis a frequency of electron..
If L is the angular momentum of electron, the Magnetic moment of the electron
Mim = (Area of loop) x (Current)

11




4 =<m2)(f—)
fe = (Tr 3 gf )

¥, e (mﬂ)(;—ﬁxzrﬁ)
B = (20 o< @)

_ 2 of i
gy = (77 )(—EH s r)

. [ R
o = >
2
o
— g R
AL e = sz

Where L is a Angular Momentum of electron
i

L=myr=—
o

¢ h
= i+ —
Hy o ( )ZJT

L
4
Hay = Hypfl0 1)
where., fy Bhor magnaton) = f—h 907408107 4- e
m

Electron Spin :
The value of spin angular momentum is given by

1( eh
HUs = —( ¢ \
2\ 4nn )
Thus the spin magnetic moment is half of a Bohr Magneton

Nuclear Spin: -
The atomic nucleus possesses nuclear spin. As the electron magnetic moment is expressed in the
unit of Bohr Magneton, the nuclear magnetic moment is expressed in the unit of nuclear magneton un.
eh

U = = 5.05%102" Am?
4ntMp

Where Mp is the mass of the proton

b) A circular loop of copper having a diameter of 10 cm carries a current of 500mA.Calculate the
magnetic moment associated with the loop.

Diameter of the circular loop d = 10cm

12




"Radius of the circular loop r=5cm=0.05m

d=2r=10cm =0.1m

Current in the circular loop 1I=500mA=0.5A

Magnetic moment

u=Al=nr?

1 =3.14x0.05% x 0.5
1 =3.93x10"3 Am?

8 Describe the classification of magnetic materials based magnetic moments.

Diamagnetic Paramagnetic materials Ferromagnetic Antiferromagnetic Ferrimagnetic
materials materials materials materials
1 Net magnetic 1 Net magnetic moment | 1 Large net 1 Net magnetic 1 Net large
moment exists in exists in the direction of | magnetic moment | moment exists inthe | magnetic
the presence of applied magnetic field exists in the direction of applied moment exists
magnetic field in direction of magnetic field. in the direction

opposite direction.

2 There is an
induced
magnetism
opposite to applied
magnetic field.

3 It repels the
magnetic lines of
force due to the
external magnetic
field.

4 Relative
permeability
M, <1

5 Susceptibility (%)
IS negative.

6 When it is placed
in magnetic field
all magnetic lines
of forces are reples

2 There is an induced
magnetism direction of

the field.

3 It allows the magnetic
lines of force pass

through it.

4 Relative

permeability

u, >1

5 Susceptibility () is
low and positive.

6 When it is placed in
magnetic field all
magnetic lines of forces
are in same direction

applied magnetic
field.

2 There is strong
induced
magnetism in the
direction of field.

3 It allows a large
number of
magnetic lines of
force pass
through it.

4 Relative
permeability

u, >>1

5  Susceptibility
(%) is high and

positive
6 When it is
placed in

magnetic field all
magnetic domains
aligned in a single
direction

2 There is an induced
magnetism in the
direction of the field.

3 It allows the
magnetic lines of
force pass through it.

4 Relative
permeability p, >1

5 Susceptibility (%)
is low and positive.

6 It consisting of
equal magnitude and
parallel magnetic
lines of forces

of applied
magnetic field.
2 Thereisa
large induced
magnetism in
the direction of
field.

3 It allows a
large number
of magnetic
lines of force
to pass through
it

4 Relative
permeability

p, >>1

5 Susceptibility
) is high
and positive

6 It consisting
of equal
magnitude and
anti parallel
magnetic lines
of forces

13




7 Susceptibility (%)
is independent of
temperature

8 Intensity of
magnetization M is
negative.

9. E.g.: inert gases:
He, Ar etc.

Metals: Au, Zn,
Cu, Hg, Bi, Sb, Pb,
Sn,

7 =Ewhich is Curie
T

law where C is constant.

8 Intensity of
magnetization M is
positive and moderate.

9 E.g.: gases : 02, N2
Metals : Al, Pt, Mn, Cr,
Pd

Alkali & alkaline earth
metals

And rare earths

C

T+£T.
which is curie
Weiss law where
T.=Curie
temperature.
8 Intensity of
magnetization M
is positive and
high.
9 E.g.: Fe, Co, Ni,
Gadolinium
(Gd), Dysprosium
(Dy) alloys
Like Alnico

7y =

7 v =
X T+T.

8 Intensity of
magnetization M is
positive and
moderate

9 Salts of transition
elements

8 Intensity of
magnetization
M is positive
and high.
9 Ferrites

9 a) Explain hysteresis of ferromagnetic material.

a i1ndagmnetnc tield,

Anownona 111

4

a

Figure 8-15

Hysteresis

When a specimen of ferromagnetic material is placed in a magnetic field, the specimen is magnetized
by induction. As he magnetic intensity H is varied, the flux density B in the material does not vary linearly
with H is shown in fig. The point O represents an initially unmagnetised specimen and a zero magnetic
intensity. As H is increased, B also increases, but not uniformly, and a point such as ‘a’ is reached.

If H is now decreased, B also decreases but following a path ab. Thus, B lags behind H. When H
becomes zero. B still has a value equal to Ob. This magnetic flux density remaining in the specimen in the
absence of any external field is called the residual magnetism. The power of retaining this magnetism is call
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the retentivity of the specimen. Thus, the rentivity B, of specimen is a measure of the magnetic flux
remaining in the specimen when the magnetising force is removed.

If the magnetic intensity H is now increased in the reverse direction, the value of B further decreases,
still lagging behind H, and becomes zero when H has a value equal to OC. This value of magnetic intensity is
called the coercive force or coercivity of the specimen. Thus coercivity H. is a measure of the magnetic
intensity required to destroy the residual magnetism of the specimen.

As H is increased beyond OC, the specimen is increasingly magnetized in the opposite direction, and
a point such as d is reached.

By taking H back from its negative maximum value, through zero, to its original positive maximum
value, a similar curve defa is obtained. At point b and e where the specimen is magnetized in the absence of
any external magnetic intensity, it is said to be a permanent magnet.

It is thus found that the flux density B always lags behind the magnetic intensity H. the lagging of B
behind H is called Hysteresis. The closed curve abcdefa which represents a cycle of magnetization of the
specimen is known as the hysteresis curve of the specimen.

b) A magnetic material has magnetization 3300A/m and flux density of 0.0044 Wb/m?. Calculate the
magnetizing force and relative permeability of the material.

Magnetization M = 3300A/m

Flux density B =0.0044 Wb/m?

B=w(H+M)
H 23_ M
Lo
H= 00044 _3300
4x3.14x1073
H =203A/m
pn= M_+1
" H
o= 3&—%1:17.5
r 200

10 a Explain the domain concept of ferromagnetism.

Magnetic Domains
A ferromagnetic material is divided into a large number of small region is called domains (0.1

to 1 of area). The direction of magnetization varies from domain to domain and the net magnetization
is zero, in the absence external magnetic field. The boundary line which separates two domains is
called domain wall or Block wall. When the magnetic field is applied to the Ferromagnetic material,
the magnetization is produced by two ways.

++» By the motion of domain walls.
++ By the rotation of domains.

By the motion of Domain walls
When a small amount of magnetic field is applied, the dipoles in the domains are aligned parallel
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To the applied magnetic field. It increases domain are a by the motion of domain walls..
By the rotation of Domains

If the applied magnetic field is further increased, the domains are rotated parallel to the field
direction by the rotation of domains.

Energies involved in the domain growth (or)

Origin of Domain theory of Ferromagnetism

Fig (1) Fig (2) Fig (3}
N //" "‘ \\ - .
. 7 Yot LN We can understand the origin of
."‘\ ./" \ 1 - - . . -
,/-..\ J \ p I \ 7 domains from the thermodynamic principle i.e.,
/ s A O . A :
SN, A 1 ,“(/ in equilibrium, the total energy of the system is
P . .. .
== = = minimum. The total internal energy of the
(H 15 small) {H 1s large}

domain structure in a ferromagnetic material is

made up from the following contributions.

1. Exchange energy(or)Magnetic field
energy.

2. Crystalline energy(or)Anisotropy energy.

3. Domain wall energy(or)Bloch wall
energy.

4. Magnetostriction energy

1. Exchange energy(or)Magnetic Field energy

“The interaction energy which makes the adjacent dipoles align themselves” is the called
exchange energy (or) magnetic field energy. It arises from an interaction of electron spins. It depends
upon the inter atomic distance. This exchange energy also called magnetic field energy. Whose energy
is required in assembling the atomic magnets into a single domain and this work done is stored as
potential energy. The volume of the domain may very between 102 to 10°® cm®.

R " LN Ny
= 1 — { PEted] \ --|++ -+ -
i - e e f \ i
QP = ' I
0 2,_'_.-i.7,_,-;".:-;‘7,_-,,,,:,,,,,.,, {
gl 7 ! i % §
0.08f——————i—- | | ‘
: : g| 'l E ! %
107 1| I S e \o [zBa=] of |4+~ - ||+
He i N R e’ B
0 16,000 32,000 48,000
H = Single Domain Multi Domain
Fig:3.19

2. Anisotropy energy
Theexcessofenergyisrequiredtomagnetizeaspecimenalongtheeasydirectioniscalledthe
crystallineanisotropyenergy. Inferromagneticmaterialstherearetwotypesofdirectionsof
namely,
+«+ Easy direction and
«+ Hard directions.

magnetization

16




In easy direction of magnetization, weak field can be applied and in hard direction of
magnetization, strong field should be applied.

Crystalline an isotropy energy is energy of magnetization which is the function of
crystal
orientation.Asshowninfiguremagnetizationcurvesforironwiththeappliedfieldalongdifferent
crystallographic direction crystallographic directions have been drawn. For example, in BCC
iron the easy direction is [100], the medium direction is [110], and the hard direction [111].
This energy is very important in determining the characteristic domain boundaries.

3. Domain wall energy or Bloch wall energy

A thin boundary or region that separates adjacent domains indifferent directions is
called domain wall or Bloch wall. The size of the Bloch walls is about 200 to 300 lattice
constant thickness. The energy of domain wall is due to both exchange energy and anisotropic
energy. Based on the spin alignments, two types of Bloch walls may arise, namely

Thick wall: When the spins at the boundary are misaligned and if the direction of the spin
changes gradually as shown in below figure, it leads to a thick Bloch wall. Here the
misalignments of spins are associated with exchange energy.

Wide wall

Y )

| & M N
\! s - "}/'// {-'l f

| ; ', \ .:\.\\\‘\;?-a-)) 7 ,,’) ’

I !

ARRA

Fig:3.21

Thin wall: When the spins at the boundaries changes abruptly, then the anisotropic
energy becomes very less. Since the anisotropic energy is directly proportional to the
thickness of the wall, this leads to a thin Bloch wall.

H

4. Magetostriction energy

When a material is magnetized, it is found that it suffers a change in dimensions. This
phenomenon is known as Magneto striction. This de formation is different along different
crystal directions. So if the domains are magnetized indifferent directions, they will either
expand or shrink. This means that work must be done against the

Elastic restoring forces. The work done by the magnetic field again sttheseelasticre

storing forces is called magneto- elastic energy or Magnetonstrictive energy.
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b) A paramagnetic material has a magnetic field intensity of 10* A/m. If the
susceptibility of the material at room temperature is 3.7 x 103, Calculate the
magnetization and flux density in the material.

Intensity of magnetic field H=10* A/m

Susceptibility v =3.7x10°*
Magnetization (M) =?

flux density (B) =?

Magnetization M= yH

M =3.7x10" x10*
M =37A/m

B=po(H+M)
Flux density B =4x3.14x10~7(10* +37)
B =12.6x10-3wh/m?

11 aDistinguish between Soft and Hard magnetic material.

Soft magnetic materials Hard magnetic materials
Satiraion Saturation
P Megnetzation P Magnetization
M ............ " ) M5 """"""" Ir
Restul | Residual i
Magtzain'y | Magnetization”y, Q i
| I
| I
| I
| :
| I
'Hs R | -I-Is R |:'|
| H
i Coercivity He 0
Coeriy 0 Hs *
S
""""""""""""""""""" ] M
S~ Ferto Magnetic Materi
Ferro Magnetc Meterl ‘
» Magnetized and demagnetized of hard
> Soft  magnetic material can Dbe easily magnetic material are very difficult.
magnetized and demagnetized. > The nature of the hysteresis curve is very
» The nature of the hysteresis loop of a soft board and has a large area.
magnetic material is very steep. > The hysteresis loss is very large.
> The hysteresis area is very small and hence the |3 These materials have low valve of
hysteresis loss is also small. susceptibility and permeability.
» These materials have large valves of
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susceptibility and permeability.

» Their coercivity and retentivity values are
small.

» These materials are free from irregularities like
strain (or) impurities.

» These are used to make electromagnets.

» Soft magnetic materials are used in the
preparation of magnetic core materials used
transformers, electric motors, magnetic
amplifiers etc.

» Ex: (1) Iron — Silicon alloys (2) Nickel —
Iron alloys (3) Iron — Cobalt alloys.

Their coercivity and retentivity values are
large.

These materials have large amount of
impurities and lattice defects.

These are used to make permanent
magnets.

Hard magnetic materials are used in the
preparation of permanent magnets which
are used in loud speakers, microphones,
magnetic detectors etc.

Ex. Carbon Steels, Tungsten Steel,
Chromium Steal, Alnico etc

b) A paramagnetic material has 102 atoms per m?. Its susceptibility at 350 K is 2.8 x 10

4, Calculate the susceptibility at 300 K.
Number of atoms, N =10% atoms/m?
Susceptibility at 350 K, y, = 2.8x107*

Temperature T; =350 K
Temperature T, =300 K

Susceptibility at 300 K, », =2

Y= E =>C=yT
T

AT =x2T,
T

1= A1l
T,

B 2.8x10 x 350
2 300

72 = 3.267x10°

19




NIT-IV : ANTUM MECHANI FREE ELECTRON THEORY

2 a) Derive the expression for de Broglie wavelength.

Ans. De-Broglie Concept of Matter waves: -

In 1924 de-Broglie suggest that an electron ‘or’ a material particle must exhibit wave like
properties in addition to particle nature. The waves associated with material particles are called
‘matter waves’

From theory of light considering a photon as a particle, the total energy of the photon is
given by
E =mc? (1)
m = mass of the particle
¢ = velocity of light
Considering the photon as a wave the total energy is given by

E=hv (2)

h = planck’s constant

v = frequency of radiation
From equations (1) and (2)

mc=hv
mc.c=hv
pc=hv (-mc =p)

P= [c=v] i

SN
I

Y=

I
I<

mv [p = mv]

We know that

KE=l mv2
2

Multiplying ‘m” with both sides

m. KE=l m2v?
2



De — Broglie wave length interms of voltage: -

If a charged particle of charge ‘e’ is accelerated through a potential difference ‘v’

We know that
_1 2
KE= 5 mv Where v = velocity of electron

Also we know energy = eV Where V = potential difference
eV==mv?
2
Multiplying ‘m’ with both sides
meV==m?y?
2
2mev=p> (mv=p)

The charged particle is taken as electron then

h
A 2meV

m=9.1x103! Kg , e = 1.6x10*° coulombs

A=

h=6.626x103* JS ,
10

sub these values in above equation , we get 4 =%m
|4

_ 1226 40
A—WA



b) Explain the properties of matter waves.
Properties of de-Broglie Waves: -

__h
h A=

The de-Broglie Wavelengt mvV

1. The lighter the particle, the greater the wavelength associated with it
2. Lesser the velocity of the particle, longer the wavelength associated with it

3. When v=0,A=o0and if v= 00 L =0. This shows that matter waves are generated by
the motion of the particles.

4. Matter waves are produced when the particles in motion are charged or uncharged.
5. Matter waves are not electromagnetic waves, they are pilot waves guiding the particle.

6. Matter waves travel faster than velocity of light i.e.

2

c
U=~ as the particle velocity v cannot exceed the velocity of light.

7. While a position of a particle is confined to a particular location at any time, the matter
wave associated with it has some spread as it is a wave. Thus the wave nature of matter
introduces an uncertainly in the location of the position of the particle.

3 a)Derive Schrodinger’s Time — Independent Wave Equation.

According to de Broglie hypothesis, the particle in motion is always associated with a wave. To
describe the motion of a particle in terms of its associated wave, Schrodinger derived a wave
equation which is termed as Schrddinger’s wave equation.

Consider a particle of mass ‘m’ moving with velocity ‘v’ along the x direction. It is
associated with a wave. The displacement of a wave is given by the wave function V.

Since the wave function depends upon the x coordinate of the moving particle and time ‘t’,
it is given by the complex form

R Il VL N
where A is amplitude
diff eqn(1) w.r.t, x we get



W _ ik Aeikx—wt)
dx

2
Again diff , we have % = 2k24eiltkx—w)
dx
= i2k2¥
2
W= K2y
dx?
- 2W 2
Since k=27, weget ¢ =-7 Y. > (2)
dx2 2

de Broglie wavelength associated with the particle is

A= h_
mv
2.2 2m(lm172)
1 move 2 .
. >0

Let E be the total energy of the particle and V be the potential energy of the particle. Then
KE=1mv=E -V
2
Using the above value in eqn(3), we get
L=m(E-V)

Using the above value in eqn(2), we get

2 2
W= ™ (E — V)P
dzxz ]%2
W s ™ (E V)P =0
dx? h?
dw

Y pam (E— V)W =0(a h=h)
dx? e 2m

The above equation represents Schrodinger’s one-Dimensional time independent wave equation.
For three dimensional motion of the particle the above equation becomes

AT + 2(E — V)T = 0

2
— d? d?
Where A2=d ¢
dx? = dy?

o7 is called Laplace operator.



b) Explain the Physical Significance of Wave Equation.
Physical Significance of Wave Equation: -

1. The wave funcion w has no direct physical meaning. It is a complex quantity
representing the variation of matter wave. It connects the particle nature and its
associated wave nature statistically.

2. yy'orly’ is the probability density function. wwdxdydz gives the probability of

finding the particle in the region of space between x and x+dx, y and y+dy and x and
z+dz. If the particle is present.

.['/"/’ *dxdydz =1| This is known as normalized condition of wave function.

3. It can be considered as probability amplitude since it is used to find the location of the
particle.

4. 1t can be considered as probability amplitude since it is used to find the location of the
particle.

5. It must be finite everywhere.

6. It must be single valued.
7. It must be continuous and have a continuous first derivative everywhere.

4 a) Derive Schrodinger time dependent wave equation.
ANS:

hrodi ime d I -
Let us eliminate the total energy E from time independent wave equation.

The wave function is given by
P(x, t) = Aeitkx—wt)
Diff the above eqn w.r.t, ‘t’, we get

aw — —jw Aellkx—wt)
dt
= — 1 (2nP) Aeiltkx—wt)
= —2miP ¥
Since E=hP,P=Z
d_W - _ 2miE T
dt h
= —20ET  (since h=2nh)
2mh
dw _EW

dt ih



ET =ihd%
dt

using the value %EM];T in the eqgn
 +M(E-VP=0
zﬁ}fz e
We get 47 +2m[ihd¥ —VT] =0
2 h? dt
¢ W — 2m [jh aw — J'T]

dxz PYA

_ 2
AW Ly = ih =7
2m dx?
The above equation represents time dependent

dimensional wave equation.

For three dimensional motlons the above equation becomes
AT + VT =ih aw
Zm dt
Hy =Ey
252
(V-— —)=H is called Hamiltonian operator
2m ox?

. 0
E=i 6_ Is called energy operator
t

Schrédinger’s

one-

b) An electron is moving under a potential field of 15 kV. Calculate the wavelength of an

electron wave?

Solution:

Given data:

Potential field V = 15 kV = 15000 Volts
Calculate the wavelength =?

Formula Wavelength k=@°A

v
12.26

" 115000

°A=0.1 °A




5 a) Explain Heisenberg uncertainty principle.

Heisenberg’s uncertainty principle states that for particles exhibiting both particle and wave

nature, it will not be possible to accurately determine both the position and velocity at the same
time.

Mathematically,it is given as

h
Ax.Ap > __
4n
Where Ax is uncertainty in position and Ap is uncertainty in momentum

Consider a particle of mass ‘m’ moving with velocity
< along x direction. According to classical theory, ———v
this moving particle will have specific position and . =
momentum at any time 7 i.e., its position is given by x = Farsicle o)

yt and its momentum p = mv. Relating the position and
momentum, we get

Figure 6.2 Moving

article
x=2; ¥
m

From this it is clear that any time, 7, particle position and momentum can be
measured accurately.

According to de Broglie hypothesis, this moving particle is associated with a
matter wave. As this wave has some spread in the moving region, and even the
particle is some where with in the wave spread region, it is difficult to locate its
exact portion. Therefore, there is an uncertainty Ax in its position. As a result, the
momentum of the particle, cannot be determined precisely.

It means that the position and momentum Matter wave
of a matter wave associated particle cannot be —
simultaneously determined with accuracy. Any TQGQ 4
attempt to determine these parameters will !ea.d
to uncertainities in each of the parameter. This is Particle (m)

known as Heisenberg’s uncertainity principle fo.r
position and momentum and is stated as, “It iS  gijgure 6.3 Moving particle
not possible to find simultaneously with the exact associated with matter wave
accuracy of both the position and momenturr,x, of a
moving particle associated with matter wave. N : .

If Ax and A p are the uncertainities in the position anfi rrgoinentume? a moving
particle then according to Heisenberg’s uncertainity principie, we g

AxAp = At

, h - 2
or : AxAp =5 [whereh— 27,]

- i ately then the other
B is it i i ameter is measured accur e ot
o e it et d accurately and vice versa. This gives

associated parameter can not be measurec d i rigiyes
only the Pl'sbability of finding the particleina spread region in steadfof c::'t an):i
The uncertainity relation for the simultaneous measurement of energy

AE At =2

N3



where AE and At are the uncertainity in energy and time of a particle.

Applications
1. Using uncertainity principle, non-existence of electrons in the nucleys
can be proved.
2. Existence of protons, neutrons and ¢ particles in the nucleons is
conformed by the uncertainity principle.
3. Binding energy of an electron in an atom can be calculated from this

uncertainity principle.
4. Emission of radiation of light from an excited atom is also conformed by

this principle.

b) The position of electron in an atom is located within a distance of 0.1 A°using a
microscope. What is the uncertainty in the momentum of the electron located in this way?

SOLUTION:

Given data: The uncertainty in the position of an electron,

Ax=0.1x101"m

Solution: According to the uncertainty principle AX- Ap = o
T

h
21T AX

6.626 X 10734
2X314X0.1X10%

Ap=

=1.054 X 10 ® kgms™

The uncertainty in the momentum of the electron = 1.054 X 10-2 kgms™



6. a)Describe the behavior of particle in one dimensional infinite potential well in terms
Eigen values and functions.

ANS:

Particle in One Dimensional Box: -

Consider an electron of mass ‘m’ in an infinity deep one dimensional box with width of
‘a’ units which potential is constant and i.e. zero the motion of the electron is considered by
walls of the box as shown in fig.

X=0 X=L
Fig.1. Energy of the particle
present in a potential well.

The motion of the electron in one dimensional box can be described by the Schrédinger
wave equation.

d2y 2m
—X‘Z+h—2(E—V)w=O (1)

Inside the box the P.E. “V” is zero hence the above equation written as

d%y , 2m

W+h_2 y=0 (2)

d2

d—)Z+K2t//=O (3)
K2= 2mE

Where h (4)

The solution of equation (1) can be written as

w(x) = AsinKx +BcosKx (5)



Where A, B and K are unknown quantities these are calculated by using boundary
conditions.

(i) When x = 0, then the wave function =0 i.e. °=0

(ii) When x = L then the wave function =0 i.e. y2=0
Applying the (i) boundary condition for eq. 5
O =Asin(0) + B cos (0)
B=0 (6)

Sub Eq (6) in Eq (5)

w(x) = AsSInKX (7
Applying (ii) boundary condition to (7) equation

O =AsinKL

Consider a particle is present inside the box and it cannot come out from the box, because the
potential is infinite outside the box. Therefore ‘A’ cannot be zero. Hence

SinKL=0

KL=nm

K="C (8)

From Equation (4)

2mE
K? = 2

From equation (8)

K="%

L

n‘z® _ 2mE

Then L2 —h—z
2_2 2
E= nz Xh_

L2 2m



_n‘z®  h?

L? 47°m.2

2 2
E= n°h
8mL2

The width istaken as ‘a’ i.e. L=a

(ENERGY IS QUANTIZED)

From the above equation, it is clear that

1) The lowest energy of the particle is obtained by putting n=1

h2
E1 = — and ki = n?Ex
8ma

This is known as zero point energy of the system.

2) For n=1, 2, 3, we get discrete energy values of the particle in the box shown in Fig.2.

/\ E3=9E1

/\\/ E2=4E:

Q W

By=

\‘Y

2
Sma

\
) X=L

Fig.1. Energy of the particle
presentin a potential well.

h2
E =
' 8ma?
h2
E,=22 = 4E
2 8ma? !
h2
E, =32 = OE,



The eigenwave function for the motion of the particle are

T,(x) = A sinZZX in the region O<x<a
To(x) = 0 intheregionx <0andx = a
The total probability that the particle is somewhere in the box must be unity.
[~ Pydx —f |Tn|2dx = 1
f“Azsm2 o mx dx = 1

2
4 e [1 — cos 2'”Tx]dx =1

2 9
_[x—_e sm 2mx] “= 1
2 21Tn a 0
The second term becomes zero at both the limits

A%a _ 4
2
A= \/z

a

The normalized wave function is
Tn(x) = V2 sinrmx

a a

‘Wave and Probability Solutionsj
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Pr ility of the location of th icle ;

The probability of finding a particle over a small distance dx at x is given by
P(x) = |Tnl|?
P(x) = _ gjnz 7%
a a
The probability density is maximum when
nmnx —=

w 3w 5w

Case 1 : if n=1, then the probability of position of the particle is at x = a}
Case 2 : if n = 2, then the probability of position of the particle isat x = 2,32

—_) —

Case 3 : if n = 3, then the probability of position of the particle isat x = 2,32,5¢

—_)—_— ) —

6 6 6

b)An electron in bounded in a one dimensional infinite well having a width of 1 x 10-10 m.

Find the energy values in(in eV) the ground state and the first two excited states.

Given data Width of the potential well, a = 1x107%m
For ground state, n =1

Solution = n'h’
— . & " 8ma?
For ground state n = 1
E = wh 12 x (6.63 x 107342
8ma® 8x9.1x107! x 10710 x 1071

” (663 x10°%
8x%9.1x 107!

_43.9569 .
=58 X1077=0.6038 x 10717

0.6038 x 1077
1.6x 107"

Similarly, E, = 4E; =4 x 0.6038 x10™7J = 2 415 10~
E3=9E, =9 x0.6038 x1077J = 5434 x 10~

eV =37.737 eV

175 =150.95 V.
175 = 339,639 eV.



7.a) What are the postulates of classical free electron theory?

Postul f classical free electron th
Classical free electron theory proposed by Drude and Lorentz.

1.According to this theory the metal is composed of atoms or molecules similar in a perfect gas.
Therefore the electrons are free and hence they are free electrons.

2. The outer most orbit electrons are called valance electrons of an atom and free to move about
the whole volume of a metal.

3. According to this theory the metal is supposed to consists of +Ve ions fixed in the lattice

whose free electrons move freely and randomly in the metal like gas molecules in a vessel.

4.The electron velocities in a metal obey the Classical Maxwell- Boltzmann distribution law of
velocities.

5.The moments of free electrons obey the laws of Classical kinetic theory of gases.

Imv2 = 3 kgT
2 2

6. The free electrons move in a completely uniform potential field doe to ions fixed in the lattice.
7.When an electric field is applied to the metal, the free electrons are accelerated in the direction
opposite to the direction of applied electric field. These accelerated electrons collide with the

positive ions losing some of their energy and acquires a constant velocity along the metal. This
constant velocity of electrons is known as drift velocity vg.

8.The average distance travelled by the free electrons between two successive collisions is called
mean free path A. The time taken to travel means free paths A is known as mean free time or

relation time denoted by 7.



b) Derive an expression for electrical conductivity in a metal by using classical free
electron theory.

An expression for electrical conductivity(o) in a metal:

Metal
E <=— /T
= | &= [ | vy
A |
E5—= | G—= a—=
| |
—

As shown in Fig.1, let an electric field E is maintained between two ends of a metal of area of
Ccross section A.

Force acting on the electron in electric field = eE -2 (1)
Where, e is the charge of an electron
Then the acceleration of electron ‘a’ = Force _ eE > (2
mass m

If the electron collides with a positive ion then it’s drifting tendency decreases and random
motion increases at its next collision its velocity changes.
On an average its velocity = at -2 (3)
Where, tis the time between two collisions. This average velocity is the drift velocity of
electron.

S Vg=art -2 (4)
= > (5)

m

Let ‘n’ is number of electrons per unit volume of each charge “e” and mass “m”

In small time dt electrons move ‘1’ length
ool =v,dt > (6)
Number of electrons crossing through the volume element = volume x number of electrons per
unit volume

=AlX n=Av,dt(n) 2> (7)
Total charge cross through the volume element = Number of electrons crossing through the
volume element X charge of one electron

= Av,dt (n) (e) - (8)
Current (i) = totalcharg e _Ch arg € -2 (9
time
i:A@;m@ > (10)
t

i=Av, (n) (e) > (11)



Current density J = IKZ V4 ne > (12) (-v, :%r)

= Er (ne)
m
ne’Er
J = - (13)
m
Conductivity g = J _ ne’rE _ ne’r —->(14)
E mE m
I m _mc A
Resistivity P = — = = (t="2
c ne’t ne’h c
- - . - 3kBT
From kinetic theory of gases we know root mean square velocity ¢ = -
. m  |3kgT \/3kaT
. Resistivit = = -—> (15
Y P = e \/ m ne?\, (19)
The steady state drift velocity per unit electric field is known mobility (p)
\'
Mobility p="" _€E __et . >(16) (v ZE)
E mE m d m
2
Relation between conductivity and mobility o = ner _neer _ nep ———>(17)
m m

8. a) Derive an expression for electrical conductivity in a metal by using Drude &
Lorentz theory.

Postulates of Drude and Lorentz theory:

1. According to this theory the metal is composed of atoms or molecules similar in a perfect
gas.Therefore the electrons are free and hence they are free electrons.

2. The outer most orbit electrons are called valance electrons of an atom and free to move
about the whole volume of a metal.

3. According to this theory the metal is supposed to consists of +Ve ions fixed in the lattice

whose free electrons move freely and randomly in the metal like gas molecules in a vessel.

4. The electron velocities in a metal obey the Classical Maxwell- Boltzmann distribution

law of velocities.

5. The moments of free electrons obey the laws of Classical kinetic theory of gases.

Imv2 =3 kT
2 2




6. The free electrons move in a completely uniform potential field doe to ions fixed in the

lattice.

7. When an electric field is applied to the metal, the free electrons are accelerated in the

direction opposite to the direction of applied electric field. These accelerated electrons

collide with the positive ions losing some of their energy and acquires a constant velocity

along the metal. This constant velocity of electrons is known as drift velocity vaq.

8. The average distance travelled by the free electrons between two successive collisions is
called mean free path A. The time taken to travel means free paths A is known as mean free

time or relation time denoted by .

An expression for electrical conductivity(c) in a metal:

E =— /1
G—=> ‘ o= > ‘ vy
A ‘
o= ‘ o> G
|

1
As shown in Fig.1, let an electric field E is maintained between two ends of a metal of area of
cross section A.

Force acting on the electron in electric field = eE 2> (1)
Where, e is the charge of an electron
Then the acceleration of electron a> = Force _eE > (2)
mass m

If the electron collides with a positive ion then it’s drifting tendency decreases and random
motion increases at its next collision its velocity changes.
On an average its velocity = at -2 (3)
Where, tis the time between two collisions. This average velocity is the drift velocity of
electron.

S Vg=art 2> (4)
= > ()

m

Let ‘n’ is number of electrons per unit volume of each charge “e” and mass “m”
In small time dt electrons move ‘1’ length
ool =vydt > (6)
Number of electrons crossing through the volume element = volume x number of electrons per
unit volume



=Al X n=Av,dt(n) > (7)
Total charge cross through the volume element = Number of electrons crossing through the
volume element X charge of one electron

= Av,dt (n) (e) - (8)
Current (i) = total charg e f:h arge -2 (9
time
- A (n)(;{[ddt(e) > (10)
i=Av, (n) (e) 2> (11)

Current density J = %: V4 ne > (12) (-v, =%r)

= fr (ne)

m
ne’Et
J- > (13)
m

2

Conductivity g = / _ ne’rE _ ne’r - (14)
E mE m
1 m . N
Resistivity P = — = =me_ (1="2
c ne’t ne’r c

3Kk T

From Kinetic theory of gases we know root mean square velocity c=

L m 3k.T [3mk, T
. Resistivi =—0 B = ——> (15
yop ne’A \' m ne?\ (15)

b) Find relaxation time of conduction electron in a metal if its resistivity is 1.54 x 108 Q—-m
and it has 5.8 x 10% conduction electron/m?. Given m=9.1x10% kg, e = 1.6 x 10*° C.

Solution:

Given data:

Resistivity (p)=1.54 x 108Q-m
Conduction electron/m? (n) = 5.8 x 10%®
Mass of electron (m) = 9.1x1073! kg
Charge of electron (e) = 1.6 x 10*° C
Find relaxation time (t)=

We know that resistivity p=

ne?t



From above equation relaxation time t =

ne p

9.1X107%

‘C =
5.8 X 10% (1.6X 10-9)2 X 1.54 X 108
=3.97 X 10 sec.

9. a) What are the advantages of quantum free electron theory over classical free
electron theory?

ANS:

Advantages of quantum free electron theory:
1. Itexplains the specific heat of metals

ok wn

It explains the magnetic susceptibility and permeability of metals

It explains thermal of metals.

It explains electrical conductivity of metals

It explains photoelectric effect and thermionic emissions in a metal.

It derives Wiedemann — Franz law ( i.e relation between electrical conductivity and

thermal conductivity).
b) Derive an expression for electrical conductivity in a metal by quantum free electron

theory.

ANS:

To overcome the drawbacks of classical free electron theory the scientist Summerfield
introduced the Quantum free electron theory.
According to this theory :

1.
2.

3.
4.
5. The occupation of electrons in these energy levels obey Pauli’s exclusion

Metal consists of positive ion cores and free electrons.

The free electrons bound to move with in the metal in a completely uniform
potential field among these ion cores.

The free electrons obey Quantum Laws ( electron is associated with wave
nature)(fermions).

The free electrons will have discrete energy levels in a metal.

principle and Fermi-Dirac Stastistics.

In the absence of external electric field the free electrons are moving within the velocity
space from origin of sphere. The velocity of electron at highest occupied energy level, Fermi
energy level known Fermi velocity V.



nder an Electric field :

According to quantum mechanics the velocity of quantum particle is given as
[ h 2n ]
ek

P=Momentum = - K |MV='K=

S>Mmy= —=A = — |
i A mv |

mv='K
V=_ K-—-(1)
m
A= —AK - —— —>(2)
m

Force on quantum particle due to external electric fields E is F = eE ---> (3)
From Newton’s second law F = ma --=> (4)

eE
From equations 3 and 4 we get acceleration 8 =— ————>(5)
m

. dk
Differentiating the equation (1) with respect to time then we get av_ -——=>(6)

dt m dt

From equation (5) and (6) we get eE_ - dk
m m dt
dk _eE

dt
dk=E gt——>)

Integrating the above equation with respect to time tEen we get
e
K(t)-K(0)= Ak = —t—=—>(8)

At Fermi surface t =t =Meancollission time at Fermi surface t ="

F F
Ve



eE
Ak =S o5 (9)

. F
Due to increasing electric field velocity of Fermi ions changes as

AV= _AK ----eeeeee -2 (9)
m
Substitute equation (8) in equation (9), we get AV= = Eﬂ: zﬁrp
F
e’E

Current density J = ne Av = n ?T F - > (10)

We know that current densityJ=c E ------- -2 (11)
By comparing the equation (10) with equation (11)

we get conductivity of free electron (Fermi ion) in solids is

Conductivity m* ( where m* = Effective mass)

10. a) Write brief note on Fermi Dirac distribution. What is the effect of temperature
on Fermi Dirac distribution function?

ANS:
Eermi - Dirac Distribution: -

In the absence of an electric field. Free electrons move at random, similar to the behavior
of the electron gas in metals. Since electrons are indistinguishable particles, they are known as
fermions or Fermi particles. Hence, such an electron gas obeys Fermi-Dirac distribution.

e The Fermi-Dirac distribution describes the behaviour of free electron gas, taking into
account the quantum theory and Pauli’s exclusion principle.

e As shown in fig, According to to quantum mechanics , the electrons will have discrete
energy states and the occupation of electrons among these energy levels will be governed

by Pauli’s exclusion principle, i.e. not more than two electrons can occupy the same
energy level.
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Figure 3.3: Distribution of Electrons at T = O/

e At absolute zero temperature, two electrons occupy the ground state and two into
each state of next higher energy levels.

e The highest energy level occupied by electrons at absolute zero is known as Fermi
energy level which divides the occupied states from the an occupied states. The
energy of Fermi level is denoted as Er .

The probability of the occupations of an energy level ‘E’ by an electron at temperature
“T” is given by

I
F(E)=
(E=EF)
1+ e KsT

Where F(E) is the Fermi Dirac distribution function, and
Kg is the Boltzmann constant = 1.38 X 102 J/K

ffect of E L_Dirac distributi -

A graph has been plotted between F(E) and E, and different temperature OK, T,K, T2K,
T3K is shown in figure.
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= 0°K
L  ALT=0K (E<Ef)

Substitute T = OK in the Fermi-Dirac (B

distribution, we have T>0K

0
1 E —— Er

F(E) = T+exp (E - E, /kBO) VARIATION OF f(£) WITH £
=1
i.e_All the enerqy levels below the Fermi level are completely occupied.

) ALT=0K (E>Er)

Substitute T = OK in the Fermi-Dirac distribution, we have

_ 1
~ 1+exp (E - E; /kBO)

F(E)

=0

i.e All the energy levels above the Fermi level are completely empty.



i E=E T>0K

At T>0K
1
F(E) = )
1+e KT
F(E) = JON
1+ ek
_ 1
T 1+e0
=1
T 1+1
1
=9 forE=Ef

As the temperature is raised from absolute zero to T,K the distribution cure begins to
departs from step-like function and tails of smoothly to zero again with a further increase in
temperature to T2K and T3K, the departure and higher energy states with an increase of
temperature and as a consequence to no of vacancies below the Fermi level increase in the

same proportion.

At non zero temperature, all these curves pass through a point whose F(E) =% at E = Er.

So Ek lies half way between the filled & empty states.

b) Find the temperature at which there is 1 % probability that a state with energy 0.5 eV is

above Fermi energy.
. . 1
Given data: Probability F(E)= 1% =ﬁ=0-01

E=Er+05eV
E-EF=0.5eV

Solution :

Probability F(E) =



1
0.05
1+exp Ko
0.05
0.01exp X' = (1-0.01)
0.05
or_ 0.99
exp Ke' = ———=09
P 0.01
05 —2.303X log,_99
KoT

0.01=

1= 0.5
2.303 X log1o 99

_ 05
2.303X1.9956
0.5
45959
0.109 X 1.6 X 1019
T 138X107
T =1263K

=0.109 eV

11. a) Define density of states in metals.

The density of states is defined as the number of energy states per unit volume per unit volume
in an energy interval of a metal. It is used to calculate the number of charge carriers per unit

volume of any solid.

Number of energy states between E and E + dE
Volume of the metal

N(E)dE =

—— D(E)dE




b) Derive an expression for the number of allowed states per unit volume of a solid.

Derivation of densi f Ener

Let us consider a sphere of radius ‘n’ and ‘n+dn’in space with quantum numbers ny, ny, n;

Such that n? =n2+4+n2 +n?
X bY% z
Number of energy states within a sphere of radius’n> =2 7n3
3

Consider a sphere of radius’n’ due to one octant = 1. (4 mn3)
8 3
Similarly, Number of energy states within a sphere of radius 'n+dn’ = L. [~ (n + dn)3]
8 3

Therefore
Number of energy states available in ‘n” and 'n+dn’ is

D(E)dE =1 [* t(n+dn)3] —+mn3
3

3

| =

=1.[2 (3 n*dn)] =2 (n*dn)  ---------- 2> (1)

(dn? and dn® are very small, so they can be neglected)

From Schrodinger wave equation, allowed energy level is

1
2p2 . . 2 255
"h” and it can be writtenas  n?2=8mL f = , _ (8mL’E)2

E=
8ml2 h? h

Differentiating the above equation , we get

2
dE = EnbL_Z (2n dn)



2
ndn=238nL_dF
2h?

8mL? dE
dn=

2h2 n

dn= 8mlL?2 e h ) dE

2 1
2h% (8mL2E)2

Substituting value of nand dn in eq.(1), we get

PEME =] (*fkp) [ e () E]
(8mL E)2

3
_ 8mL2., 1
=I (=5)? E2dE

- 3 3 1

T (8m)L E:dE

Volume V= L3%=1 (per unit volume)

3 1

D(E)IE =—— (8m)7 E2 dE

This energy states accommodates 2 electrons as per Pauli’s exclusion principle

T 3 1

D(E)E =2X_~ (8m)2 E2 dE

3 1
Density of Energy states D(E)dE = % (8m)z E2 dE



UNIT-V
SEMICONDUCTORS

2.a. What is Fermi level? Prove that the Fermi level is lies exactly in between conduction
band and valance band of intrinsic semiconductor.
Fermi level

The Fermi level indicates the probability of occupation of energy levels in conduction and
valence bands. For an intrinsic semiconductor, hole and electron concentrations are equal, and it

indicates that the probability of occupation of energy levels in conduction and valence bands are
equal. Thus, the Fermi level lies in the middle of the energy gap E .
)

For an intrinsic semiconductor,n = p
—(E —E )/k,T —(E —E)/kT
e Cc F —_ N e F 14 B

¢ ( )k 4
—(E —=E)/kT
e ¢ F B _ N
=@ -E)ET — N

fZEF—(VE YE YWkt N
e F c v B =_IL

N
c

Takini log on both side, we get
2E —( E +E _ ] l &
er = log log (Nc)
E ool 1k Tloglog (—5)
2 2 B N

F c

E +E
WhenN =N thenE = <1
14 c F 2
Thus, the Fermi energy level in an intrinsic semiconductor lies in the middle or centre of
the energy gap.
Fermi level is lies exactly in between conduction band and valance band of intrinsic
semiconductor.

b. If Ry of a specimen is 3.66 x 10 m3cL. Its resistivity is 8.93 x 10°Q m. Find mobility and
electron concentration.
Solution:
The relation between the Hall coefficient (Hall constant) and the doping concentration are related
as:
Rn=-1/nq
1
From these,ni:_ 3.66x 10_4X 1.6x 10_19

=0.17x10%
We know, Mobility = Hall coefficient/resistivity
p=Rnp
Hall coefficent Ry = 3.66 x 10-4 m® ¢
Resistivity, (p) =8.93 x 10°Q m




3.66 x 10—4 m'c™
u=RWp= 8.93x 107 Qm

n=0.04 m?vist,

3.a.Derive the expression for the conductivity of intrinsic semiconductor with relevant
energy band diagrams.

Intrinsi N vity > Electric field E
Consider an intrinsic semiconductor to which a potential S S Bt

difference V is applied. It establishes an electric field E and the ———

change carriers are forced to drift in the respective directions to e Qe —

constitute an electric current I. The drift velocity acquired by the

change carrier is given by 11
v = uE
p [
Where p is the mobility of charge carriers.
Let n be the concentration of electrons in the semiconductor. Then the current density due

to an electron is given by

J] =nev =nepy E
n d n

Similarly, current density due to hole is given by

1p= peupE
Where p is the hole concentration and u is the mobility of the hole. Total current density

p
J=]+]
n p
J] =nep E + pep E
n p
= + 7 S
J =(nu ngl) (1)

But total current density | = oE----------------------- (2)
Where o is the total conductivity
From (1) and (2), we get

= +
o=, oy
For an intrinsic semiconductor,n = p = n_
l
i SR b
1/2 —E /2k T
Butn =(NN) ¢ ¢ °
i c Vv
1/2 —E /2kT
cz(u +u)e(NN) e 9 B
n c v

—E J2k.T
c=2A4e * °

_ 1/2
where A = (N.N,) e(”n + up)

b. The following data are given for an intrinsic Ge at 300K. Calculate the conductivity of
the sample? (ni= 2.4 x10 *m3,pe = 0.39 m2V-istp, = 0.19 m?v-ist).




Given data:

Solution:

Charge of electron () = 1.6 x 10° C
ni= 2.4x10%°/m3,

yg=0.39mz V-8,
yP=0.19m2/V—S).

Temperature T = 300K

c=me(, +H1,)

bur p _1
o

1

P e, +1,) 24X10°X1.6X10 " (0.39+0.19)
=0.448 Q—m

1

O =
0.448

o—=—2083/Q2—m

4.a. Explain the formation of n-type semiconductors with band diagram

0 —type extrinsic semiconductor

When a small quantity of pentavalent material is added to an intrinsic
semiconductor during the process of crystallization, the resulting crystal is called
n — type extrinsic semiconductor.

When penta valent impurity such as P, As, Sb, Bi added to pure Ge or Si atoms
then form four covalent bonds with neighboring atoms of Ge.

The fifth atom electron of impurity atoms from a level is called donor level. Here
impurity atom is donating the free electron so these atoms are called donor atoms.
At room temperature, donor level is so closed to the bottom of the conduction
band.

If the thermal energy is sufficiently high, in addition to the ionization of donor
impurity atoms, breaking of covalent bonds may also occur thereby giving rise to
generation of electron — hole pair.

Hence, in n — type semiconductors electrons are majority charge carriers and
holes are minority charge carriers.
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b. In an Intrinsic semlconductor, the energy gap is 1.2 eV. Calculate the ratio between
conductivity at 600K and at 300K.

Given:
Energy gap in a semiconductor, Eg=1.2eV
For a temperature-dependent intrinsic semiconductor:

n=n.exp(-Eg2ksT)

Simplifying the equation:
nil  Eg| 1 1
w2 —2k|T1 T2

1.2 1 1
[—-——]=11.59
= 2x8.62x10-5"300 600
Therefore,
1.2eV

nil L 2% kB x 600

2x kBx300

n_il_el.Zev[ 1 3 1 ]
ni2  2xkB 600 300

. 1.2x1.6x10-19
= 2x1.381x10-23x600

nil
— =
ni2 11.59
nil
= ni2 =1.072x10°
5.a. Explain the formation of p-type semiconductors with band diagram

p — type extrinsic semiconductor
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When a small quantity of trivalent impurity is added to an intrinsic semiconductor
during the process of crystallization, the resulting crystal is called p — type extrinsic
semiconductor.

When any tri valent impurity such as B, Al, Ga, is added to pure Ge or Si atoms
then form three covalent bonds with neighboring atoms of Ge.

Impurity atom needed one more electron to complete its bond. This electron may
be supplied by Ge, thereby creating a vacant electron site i.e., hole on the
semiconductor atom.

Since impurity atom accepts extra electron. So, it is called acceptor impurity and
energy level of this impurity atom is called acceptor level.

Even at low temperatures these acceptors atom get ionized taking electron from
valence band and this giving rise to hole in valence band for conduction.

In this process no electrons are created. If the temperature is sufficiently high, in
addition to the holes, electron — hole pairs are generated due to breaking of
covalent bonds.

Thus, holes are more in number than electrons and hence holes are majority
carriers and electrons are minority carriers in p — type semiconductor.
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b. The following data are given for an intrinsic Ge at 300K. Calculate the resistivity of the

sample? (ni =

Given data:
Charge

2.4 x10 *'m3, pe = 0.39 m?V-is?t, pp =0.19 m2v-ist)

of electron (e) =1.6 x 10*° C

ni= 2.4x10%°/mq,
H, =039m>/V -8,

pp=0.

19m*/V - 5).

Temperature T = 300K

Solution:



o=ne(p, +H1,)

but p :l
o

1 1
pP= me(pu,+p,) 24X10°X1.6X107(0.39+0.19)
=0448 Q—m

1

o=——
0.448
c=2.083/Q—-m

6.a. Enumerate the expression for current generated due to drifting of charge carriers in
semiconductors in the presence of electric field

Drift

Under the influence of an external electric field, the charge carriers are forced to move in a
particular direction constituting electric current. This phenomenon is known as the drift.

..... >Electric field E

—me -l @ -l &
Electron flow

Hole flow
O e==fie O E==-O mmfiie-

|
Let there be ‘n’ electrons in v a semiconductor. Under the
electric field E, they are drifted with a drift velocity v Then the current density

] = nev
d

nev
Then conductivity o =_J = _°
E E

The drift velocity is also given by V=R E where p is the mobility of electrons.
n n

~] =nen E

n

~0 = = nep
E n

In the case of a semiconductor, the drift current density due to electrons is given by
J (drift) = nep E and the drift current density due to hole is J (drift) = peu E.
n n p p

Then the total drift current density J(drift) =] (drift) + ] (drift)
n p
J{drift) = nep E + pep E
n p
J{drift) = (nu + pu )eE
n p
o(drift) =Ldrif) = (nu + pu )e
E n 4
For an intrinsic semiconductor, n = p = n then
2

o (drift)=ne(n + up)



b. Enumerate the expression for current generated due to diffusion of charge carriers in
semiconductors in the absence of electric field

Diffusion E-—>
Due to non — uniform carrier concentration in a ez
semiconductor, the charge carriers moves from a region of >
higher concentration to a region of lower concentration. e e
. . e - . 5 Diffusign of
This process is known as diffusion of charge carriers. R S chargré carriers
Let An be the excess electron concentration. Ther

according to Fick’s law, the rate of diffusion of electrons a_—9(4n)
=D J0(An)

n 0x

Where D is the diffusion coefficient of electrons, the diffusion current density due to
n
electrons is given by J (dif fusion)
n

- eFl—D a(An) |=é) a(An)
n ox n 0x

The diffusion current density due to holes is given by J (dif fusion)
p

=efl-D 2w ||__ 5 owo
The total current density due to electrons is the sum of the current densities due to drift and

diffusion of electrons.

J =] (drift) + ] (dif fusion)
=nep E + eD igAnJ.

X

Similarly,] = pep E —d 2L
P P p Ox
7.a. Derive Einstein’s relation for charge carriers in semiconductor.

Einstein’s Relati
The relation between mobility p and diffusion coefficient D of charge carriers in a
semiconductor is known as Einstein’s Relation.

At equilibrium with no applied electric field, if the charge distribution is uniform, there is
no net current flow. Any disturbance in equilibrium state leads to diffusion current which creates
an internal electric field. This field causes the drifting of charge carriers resulting in a drift
current. At equilibrium condition, the drift and diffusion current balance each other.

Let An be the excess electron concentration of a semiconductor. Then at equilibrium the
drift and diffusion current densities due to excess electrons are equal.

i.e., (An)epn E = eD 2ln)
n n a

X
The force on excess electrons restoring equilibrium in equal to the product of excess

charge and electric field i.e., F = (An)eE. From the above egn

D
_ Thowny
F=ce o (1)

n

From kinetic theory of gases, the force on gas molecule is given by




F =k ol e (2)
B ox

Comparing (1) and (2), we get
D

kT =e>
1

n

k

e

o~

:'::Lb [So)

Similarly for holes, we get
D kT

e — 2
[T
P
D H
el — L
YD =T
P P

The above relation is known as Einstein’s Relation.

b. Find the diffusion co-efficient of electron in Si at 300 K if pe =0.19 m?V-is!
Given data:

w,=0.19m*/V -8

Charge of electron (e) = 1.6 x 101° C
Temperature T= 300K
Ks =1.38 X 102)/K
Find diffusion coefficient D, =?
Solution:
p KT

Dn= e

_0.19X1.38X10 X300
1.6 X107"

=4.9X107° m* /sec

n
8.a. Describe the Hall Effect in semiconductors.
Hall Effect:

“When a current carrying a conductor is subjected to a transverse magnetic field, then a
potential difference or electric field is developed across the semiconductor. This phenomenon is
known as Hall Effect.

The potential difference is known as Hall voltage and electric field becomes Hall electric field.
Consider a semiconductor slab of thickness’d’ and width ‘w’ in which a current I is
flowing along X direction. It is subjected to magnetic field of strength B along Y direction. The
charge carriers inside the semiconductor experience a force due to the applied magnetic field. As
a result, electron will accumulated on the lower surface of the slab. Due to this fact the upper
side will be positive charge of the semiconductor. Thus, a transverse potential difference is
developed. This emf is known as Hall emf. If the charge carriers are
Due to displacement of charge carriers give rise to a transverse field known as Hall electric
field E,. This field acts inside the conductor to oppose the side way drift of the charge carrier.




When the equilibrium is reached, the magnetic deflecting forces on the charge carriers are
balanced by the electric forces due to the electric field. Magnetic deflecting force will be
q(vde)

Hall electric deflecting forcel = qEH

As the net force on the charge carriers becomes zero
vxB)+qgE =0
(v 2B)+ aE,

E =— (v xB)
H d
In terms of magnitude EH = vdB ............ (1)
We know that drift velocity vd is related to the current density J is vd ==L (2)
nq
e | 1
//"§,.' 4 Hall voitage (VH)
- —= Hall slectric field ()
72 . A

J

Where n is the number of charge carriers per unit volume.
By eqn(2) in egn(1), we get

E=1JB e )
If VHbe the Hall voltage in equilibrium, then
%4
B, = g# e (4)

The ratio of Hall electric field EH to the product of current density J and magnetic

induction B is known as Hall coefficients. This is denoted by RH.
E

So R =—4&
H ™ JB

1

E
From eqn(3) 1—;’ =

~R =1L
H nq

b. What are the applications of Hall Effect?
Applications of Hall Effect:
o To determine the type of semiconductor
o To determine the carrier concentration
o To determine the power flow in an electromagnetic wave
o To determine the mobility of charge carriers
o To determine the sign of the current carrying charges



9.a. Explain the formation of energy bands in solids.
Formation of energy bands in solid:

In a single isolated atom, the electrons in each orbit have definite energy associated with
it. But in the case of solids all the atoms are close to each other, so the energy levels of outermost
orbit electrons are affected by the neighbouring atoms.

When two single or isolated atoms are brought close to each other than the outermost
orbit. The electrons in the outermost orbit of one atom experience an attractive force from the
nearest or neighbouring atomic nucleus. Due to this, the energies of the electrons will not be at
the same level, the energy levels of electrons are changed to a value which is higher or lower
than that of the original energy level of the electron.

The electrons in the same orbit exhibit different energy levels.The grouping of this
different energy levels is called energy band.

However, the energy levels of inner orbit electrons are not much affected by the presence
of neighbouring atoms.

Insultaor: Insulator is material, in which there is a large energy gap between the conduction
band and the valence band, A large amount of energy is required to shift the electron from
valence band to conduction band.

Semiconductor:Semiconductor is the material, in which there is a less energy gap required with
respect to the insulator, When some amount of energy flow in the semiconductor, then it allows
to flow the electron from valence band to conduction band.

Conductior:Conductor is the material in which, there is no energy gap between the conduction
band and valence band, so no extra energy is needed to flow the electron from valence band to
conduction band.

. Energy of electrons

Conduction Bamnd I

Large enargy

gap batwaan
walanca and
conduction bands.

Fermi
Conduction Bamnd / lenwel

....................... Conduction Band ]

—— ——— =

a. Insulator b. Semiconductor c. Conductor

b. Classify the solids into conductor, semiconductor & insulators based on band theory of
solids.
Classification of solids based on energy bands
1. Conductors
Definition
Conductors are materials that allow current to flow easily.
When conductors and semiconductors are compared, conductors enable better current flow, and
are said to be good electrical conductors.
Categories of conductors



1.

1.

Metals

Most conductive materials used in practical applications are metals. For example, the wiring
used in a house probably employs copper wire or its alloy as a conductive material. The electric
plug contains metal, and the internal mechanism of the electric iron also uses metal as a
conductive material. This is because metals have many free electrons and promote mobility. A
few of the best metal conductors are silver (Ag), copper (Cu), and gold (Au).
Nonmetals

Some nonmetals are very good conductors of electrical energy. For example, carbon in the form
of graphite is a very good conductor. Looking at the structure of graphite, only three of the four
carbon atoms are used for bonding. This releases the electrons and binds them together. Most
nonmetals are poor conductors of electricity.

lonic conductors

Conductors in a solution form are known as ionic conductors. For example, saltwater is an ionic
solution and is an excellent electrical conductor.

Examples of conductors are gold, silver, aluminium, and copper;

2. Semiconductors

Definition

Semiconductors are materials that exhibit conductivity between conductors or metals and
non-conductors or insulators. Semiconductors are mixtures such as gallium arsenide or pure
components such as germanium and silicon.

Categories of semiconductors

1. Intrinsic semiconductors: Intrinsic semiconductor materials are chemically very purely
made. They consist of only one element type. When the temperature rises due to collision, some
electrons move freely in the lattice without being bound and do not exist in their original
positions (holes). These free electrons and holes contribute to the conduction of electricity in the
semiconductor. The number of negative and positive charge carriers is the same.

2. Extrinsic semiconductors: The conductivity of semiconductors can be significantly improved
by introducing a small number of suitable surrogate atoms called impurities. The process of
adding foreign atoms to a pure semiconductor is called doping.

Examples of semiconductors are gallium arsenide, germanium, and silicon

3. Insulators

Definition

Electrical insulators are different from conductors. Conductors are materials that propagate the
ease of current flowing through them. They allow charges to flow easily. Insulators, on the other
hand, are materials that do not allow electric charges to flow freely.

Examples of insulators include rubber, plastic, wax, and wood.

While the classification of solids is done based on band energy into conductors, semiconductors,
and insulators, they all have their respective applications in different fields. Examples of
conductors are gold, silver, aluminium, and copper; semiconductors are gallium arsenide,
germanium, and silicon; and insulators include rubber, plastic, wax, and wood.

10. a. Prove that Fermi Level Er =E—C-if—V in the case of an intrinsic semiconductor.

Fermi level
The Fermi level indicates the probability of occupation of energy levels in conduction and
valence bands. For an intrinsic semiconductor, hole and electron concentrations are equal, and it



indicates that the probability of occupation of energy levels in conduction and valence bands are
equal. Thus, the Fermi level lies in the middle of the energy gap E .
9

For an intrinsic semiconductor,n = p
—(E —E )/k,T —(E —E)/kT
e C F — N e F 4 B

C %4
—(E —E)/kT

N
e ¢ F B v

—T=oRT =N

F 14 B C
efZEF—(EC+EV)]/kBT _ L
=7

Takinﬂ log on both side, we get
2E —\ E.+E

N
= log log (#)
C

kT
E=_"c"% _ 1k Tloglog (\v
F_ > +7B glog N—C)
E +FE
When N =N thenE = —/—<X
1% c F 2

Thus, the Fermi energy level in an intrinsic semiconductor lies in the middle or centre of
the energy gap.

b. Mobilities of electrons and holes in an intrinsic germanium at 300K are 0.36 m?Vs* and
0.17 m?V1s? respectively: If the resistivity is 2.12 Q -m . Calculate the intrinsic
concentration.

Given data
Mobility of electronu, = 0.36m” /v—s
Mobility of electronu, = 0.1 Tm* [v—s
Resistivityo =2.12Q—m
Conductivityo = 1 =me([, +H,)
Solution: P

L x1.6x107(0.36+0.17)
2.12

n, =556.25x10" /m’

11.a. Derive the expression for energy gap(Eg) of an intrinsic semiconductor.

Expression for Energy band gap
The energy gap between valence and conduction bands is the energy band gap E .
9

—E /2kT
From the equationc = Ae ° °, we get y
1 1E2kT E 2k T N\
p=_,=,e’ " =Be? ’

where B =—1A — constant
dy

logp dx




Taking log on both side, we get
loglogp = loglogB + E /2kBT
g

log of the resistivity when plotted with 1/T, produces a straight line. The slope of the line gives

the energy band gap of the semiconductor.
E

From fig. - =%
B
E =2k dv
g B dx

b Explain the temperature dependence of Fermi Energy Level (Ef) in an Extrinsic
semiconductor.

IN n-TYPE SEMICONDUCTOR.

¢ At OK the fermi level E_{Fn} lies between the conduction band and the donor level.

+ As temperature increases more and more electrons shift to the conduction band leaving
behind equal number of holes in the valence band. These electron hole pairs are intrinsic
carriers.

+ With the increase in temperature the intrinsic carriers dominate the donors.

+ To maintain the balance of the carrier density on both sides the fermi level EFn gradually
shifts downwards.

+ Finally at high temperature when the donor density is almost negligible E_Fn is very
close toEFi.

IN p-TYPE SEMICONDUCTOR.

F <
+ At OK the fermi level EFp in a p- | Becon Bleciad e
. . enevgy e enegy o
type semiconductor lies between | : <3 cg.
the acceptor level and the valence (e R — A " .
€o | 0 ____ bbb —fm————— - PRI VIR
band. . . E | €
« With the increase in temperature g {—— - _ 6] ————— W ——
more and more holes are created in
the valence band as equal number \8. VB 8.
of electrons move to the .. J ,P:‘jl;’w _— \
conduction band. eresag ¥ (@) ot OK tblat ik @V ) o4

« As temperature increases the
intrinsic  holes dominate the ==
acceptor holes.

+ Hence the number of intrinsic carriers in the conduction band and in the valence band
become nearly equal at high temperature.

+ The fermi level EFp gradually shifts upwards to maintain the balance of carrier density
above and below it.

+ At high temperature when the acceptor density become insignificant as compared to the
intrinsic density, EFp is positioned very close to the intrinsic fermi level EFi but little
below it.
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	3 a)Derive Schrodinger’s Time – Independent Wave Equation.
	Schrodinger’s One – Dimensional Time – Independent Wave Equation: -
	b) Explain the Physical Significance of Wave Equation. Physical Significance of Wave Equation: -
	4 a) Derive Schrodinger time dependent wave equation.
	b) An electron is moving under a potential field of 15 kV. Calculate the wavelength of an electron wave?
	5 a) Explain Heisenberg uncertainty principle.
	b) The position of electron in an atom is located within a distance of 0.1 Aο using a
	SOLUTION:
	6. a)Describe the behavior of particle in one dimensional infinite potential well in terms Eigen values and functions.
	Particle in One Dimensional Box: -
	Calculation of Eigen Values of Energy: -
	The width is taken as ‘a’ i.e. L = a
	Probability of the location of the particle :
	b)An electron in bounded in a one dimensional infinite well having a width of 1 x 10-10 m. Find the energy values in(in eV) the ground state and the first two excited states.
	Postulates of classical free electron theory:
	b) Derive an expression for electrical conductivity in a metal by using classical free electron theory.
	8. a) Derive an expression for electrical conductivity in a metal by using Drude & Lorentz theory.
	An expression for electrical conductivity(σ) in a metal:
	
	b) Find relaxation time of conduction electron in a metal if its resistivity is 1.54 x 10-8  m
	9. a) What are the advantages of quantum free electron theory over classical free electron theory?
	Advantages of quantum free electron theory:
	b) Derive an expression for electrical conductivity in a metal by quantum free electron theory.
	Under an Electric field :
	10. a) Write brief note on Fermi Dirac distribution. What is the effect of temperature on Fermi Dirac distribution function?
	Fermi – Dirac Distribution: -
	Effect of temperature of Fermi-Dirac distribution Function:
	i) At T= OK (E < EF )
	i.e All the energy levels below the Fermi level are completely occupied.
	i.e All the energy levels above the Fermi level are completely empty.
	b) Find the temperature at which there is 1 % probability that a state with energy 0.5 eV is
	11. a) Define density of states in metals.
	b) Derive an expression for the number of allowed states per unit volume of a solid.
	2.a. What is Fermi level? Prove that the Fermi level is lies exactly in between conduction band and valance band of intrinsic semiconductor.
	b. If RH of a specimen is 3.66 x 10-4 m3 c-1. Its resistivity is 8.93 x 10-3Ω m. Find mobility and electron concentration.
	Rh = -1/nq
	=0.17x1023
	μ = 0.04 m2V-1s-1.
	Intrinsic conductivity
	b. The following data are given for an intrinsic Ge at 300K. Calculate the conductivity of the sample? (ni= 2.4 x10 19m-3,μe = 0.39 m2V-1s-1,μp = 0.19 m2V-1s-1).
	Solution:
	4.a. Explain the formation of n-type semiconductors with band diagram n – type extrinsic semiconductor
	● Hence, in n – type semiconductors electrons are majority charge carriers and holes are minority charge carriers.
	Given:
	=1.072×105
	● Thus, holes are more in number than electrons and hence holes are majority carriers and electrons are minority carriers in p – type semiconductor.
	Given data:
	Solution: (1)
	Drift
	b. Enumerate the expression for current generated due to diffusion of charge carriers in semiconductors in the absence of electric field
	7.a. Derive Einstein's relation for charge carriers in semiconductor. Einstein’s Relation
	b. Find the diffusion co-efficient of electron in Si at 300 K if μe =0.19 m2V-1s-1
	8.a. Describe the Hall Effect in semiconductors. Hall Effect:
	b. What are the applications of Hall Effect? Applications of Hall Effect:
	9.a. Explain the formation of energy bands in solids. Formation of energy bands in solid:
	b. Classify the solids into conductor, semiconductor & insulators based on band theory of solids.
	1. Conductors Definition
	Categories of conductors
	1. Nonmetals
	1. Ionic conductors
	2. Semiconductors Definition
	Categories of semiconductors
	3. Insulators Definition
	10. a. Prove that Fermi Level EF Fermi level
	b. Mobilities of electrons and holes in an intrinsic germanium at 300K are 0.36 m2V-1s-1 and
	Given data
	11.a. Derive the expression for energy gap(Eg) of an intrinsic semiconductor. Expression for  Energy band gap
	b Explain the temperature dependence of Fermi Energy Level (Ef) in an Extrinsic semiconductor.
	IN p-TYPE SEMICONDUCTOR.




