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I B.Tech - I Semester — Regular Examinations - JANUARY 2024

ENGINEERING PHYSICS
(Common for CE, ME, IT, AIML, DS)

Duration: 3 hours Max. Marks: 70

Note: 1. This question paper contains two Parts A and B.

2. Part-A contains 10 short answer questions. Each Question carries 2
Marks.

3. Part-B contains 5 essay questions with an internal choice from each unit.
Each Question carries 10 marks.

4. All parts of Question paper must be answered in one place.

BL - Blooms Level CO - Course Qutcome

PART - A
BL | CO |
1.a) |Define pumping and population inversion. L2 {€CO1
1.b) | What are critical angle and acceptance angle? L2 | COl
1.c) | Why are x-rays diffracted by crystals? L3 [CO3
1.d) |How many Bravais lattices are possible for
tetragonal crystal system? Mention the lattice| L3 | CO3
parameters for the same system.
1.e) | Define orientational polarization. Give examples. | L3 | CO3
1.f) | Define . fnagnetlc field intensity and L | cot |
magnetization.
1.g) | Write down two properties of wave function. L3 [CO3
1.h) leferentlate between classical and quantum 13 | co3
particles.
1.1) |Define Fermi level. What is its importance? L4 | CO4
1.)) Wha-t _1s Hall coefficient? Mention one 13 | con
application of Hall effect. ]
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PART - B

| Max.
Bl 2 Marks
| UNIT-I
2 | a) Explain absorption, spontaneous and| L2 |[COl| 6 M
‘ stimulated emission of radiation with
' suitable energy diagram.
| | b)[Calculate the critical angle and|L3|CO2| 4M
| acceptance angle for a step index fiber in
I which the refractive index of core is 1-53
and the refractive index of cladding is
2.5 % less than that of core.
OR
3 | a) | Explain the construction and working| L3 |[CO2| 5M
\ principle of He-Ne LASER.
b) | Explain the different mechanisms of L2 |COl| 5M
losses in optical fibre.
UNIT-II
4 | a) | Calculate the packing fraction of FCC|L3 |CO3| 6 M
; structure with suitable diagram.
| b) | Draw the planes of Miller indices (110), L4 |CO5| 4 M
| (111), (001) and (112).
| OR
5 | a) | Explain the construction and working of | L3 |CO3| 5 M
x-ray diffraction method by Laue.
Mention its applications.
b) | Derive an expression for the inter-planar| L3 |CO3| 5M

spacing (dyy) between the planes (hk/) for
a cubic lattice of lattice constant a.
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UNIT-III

Derive the relation between
susceptibility x) and relative
permeability (i,-) of a magnetic material.

L3

CcOo3

SM

Classify different types of magnetic
materials with suitable examples and
mention their properties.

L4

CO5

5M

OR

The electronic polarizability of the Ar
atom is 1.7 x 10* F.m’. What is the
static dielectric constant of Ar gas at
300 K if the dielectric contains
1.67 x 10*" atoms/m’.

L4

CO5

5M

b)

Explain the formation of domains and
domain walls in magnetic materials.

L3

co3

5SM

UNIT-1IV

Obtain an  expression for  the
Schrodinger’s time independent one-
dimensional equation for an electron of
mass m moving in a potential V(x).

L3

CO3

6 M

b)

A proton and electron have the same de
Broglie wavelength. Calculate the ratio of
velocities of proton and electron. Which
particle is moving faster?

L4

CO5

4M

OR

Write down the postulates of quantum
free electron theory.

L3

co3

4 M

b)

Derive an expression for electrical
conductivity (o,) based on quantum free
electron theory.

L3

CO3

6M
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UNIT-V

10

Differentiate among conductors,
semiconductors and insulator based on
band theory.

L4

CO4

4M

b)

Define intrinsic and extrinsic
semiconductors with suitable examples.
Explain the formation of p-type and n-
type semiconductors with suitable
diagrams.

L3

co2

6 M

OR

11

Calculate the carrier concentration of n-
type semiconductor.

L3

CcO2

8§M

b)

Write down the Einstein’s equation and
explain it.

L3

CO2

2M
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PART-A

1' ! '

L&T Defipition of pumping+ pépulation Inversion 1+1-2M
b | Definition of Critical angle+ Acceptance angle . 1+1-2M
¢ | The X-rays get diffracted by a crystal because the wavelength of X-rays | 2M

is similar to the inter-atomic spacing in the crystals
d | For tetragonal systems are a=b#c and a=f=y. 2m
e | Definition +exampes . 2m
1 1| Magnetic field intensity (H) +The magnetization . M
g 2M
.Any two properties
h Any one difference ' . ‘| 2m
i | Definition ) L : ' 2M
j Hall ¢oefficient ( R H ). Ry = V.t / application M

T UNIT-I -
1. a) Explanation of Absorrption, spontaneous, stimulated Emission ---2+2+2-------- 6M
b) FORMULA+ SSOLUTION -------m-vieen 24+2-ene- 4M
OR i

3. a) Diagram+ construction and working of He-Ne Iéser ----- 1+4M .
b) Mentioning various losses +Explanation of Any losses in optical fiber---1+4

UNIT-II -

4. a) Diagram+ explanation+calpculdtion----------mmumeeeeeev 1+2+3-6M
4.b)" Draw the planes of Miller indices (110), (111), (001) and (112)- 1+1+1+1 -4M

OR
S.a) Diagram+<explanation of laue method -t---meeeeee 1+4 -—---—--5M

5.b) Derivationif Interplahar distance --------- SM

\*
\



.

o=

Unit-111

1

6.4) Derivation of Susceptibility and relative permeability ---------- SM

6.b) list of various magneticmaterials and mention any two properties 2+4-----6M

.

OR
.7.a) formula + solu.tion --------- 2M+3M ) ‘
b) Diagram+ Pefinition+ Explanation -------------- IM+1M+4M
UNIT-IV
8.a) derivation of Scrodinger Time independent wave equation------------ 6M
b) formula + solution e IM+3M
l | OR

9)a) Any four postulates of Quantum free electron theory -4M
9).b) Derivation of electrical conductivity based on quantum free electron theory—6M

UNIT-IV

10 a) Any two Differences between conductors, semiconductors, insulators-------- 4M

b) Definition of Inrinsic, extrinsic semiconductor + explanation of p-type and n type
semiconductor ; 2M+4M

OR

t i

11 a) Derivation of N- 'i‘ype semiconductors-  --8§M

- - b) Write the Einstein relation waM
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material. Materials such as HCI and H,O will have a net permanent dipole moment
because the charge distributions of these molecules are skewed.

¥ i ’ ' PART-A
1' ' .
Definition of pumping+ population Inversion , 1+1-2M
pumping is a process in which external energy is used to raise (or "pump"’)
electrons from a lower energy level in an atom or molecule to a higher one.
population Inversion !
the number of atoms in the ground state (N1) is larger than
the number ofatoms in the higher energy state (N2) i.e.,
Ni1>Noa.
b | Definition of Critical angle+ Acceptance angle . 1+1-2M
"I Critical angle: Thg angle of incidence for whieh the angle of refraction is 90
degrees is called as the critical angle :
" n
Sing,= =
n
' Acceptance angle:
z A
Acceptance angle is the maximum angle of incidence at the end face of an optical
fiber ;
for which the light ray will propagate within the optical fiber
: . 1/11]2 = n{;‘ . '
sin (04) =—— : )
. ny
The X-rays get diffracted by a crystal because the wavelength of X-rays is similarto | 2M
the inter-atomic spacing in the crystals -
2m
For tettagonal systems are a=b#c and a=B=y. Tetragonal crystal systems arranged into
simple cubic,body centered cubic '
Orientational polarization arises when there is a permanent dipole moment in the 2m




A f ‘ ' o 2M
Magnetic field ém asity (H) at any point in the magnetic field is d;imui as the force
experienced by the urm north pole at that point. Ihn SI:

v 1s Ampere/meter (A/m).

| The magnetization of a material M can be defined as net magnetic moment for that
material per unit volume.

M = Mpsr
] ] v
Mathematically,
g | wave function is a mathematical description of a quantum state of a particleasa ' | 2M

function of momentum, time,.positian, and spin.
' The symbol used for a wave function is a Greek letter called psi, ¥.
Y shodld be continuous and single-valued. '

h | l.classical theory describes the nature of macroscopic level, whereas quantum theory | Any one ﬂ
describes the nature of microscopic level. - difference-2m

2. classical theory, the free electrons in a metal have random motions with equal
probability in.all directions. But according to quantum theory, the freg electrons
occupy different energy levels, up to Fermi level at 0 K. So, they possess different
energies and hence they possess different velocities. '

3. If any others

i | The highest energy level that an electron can occupy at the absolute zero ' |
temperature is known as the Fermi Level, The Fermi level lies between the valence
. band and, conduction band betause at absolute zero temperature the electrons are all

in the Jowest energy state.

3 U Y

J Hall coefficient (R H) is defined as the ratio between the induced electric ==
field and to the product of apphed magnetic field and current density . Ry =Vu.t/IB

*Applications:

1, Determination of type of semiconductor whether it is p-type or n-type.
The carrier concentration can be calculated ) .

UNIT-1

&; a) Explanation of Absorption, spontaneous, stimulated Emission ---2+2+2-------- 6M

'ABSORPTION:- If the electrons are excited to the hlgher energy level from ground level
' by absorbmg energy 1s called as absorption.
<+ The process of particle transfer from normal

state to a highel'r energy state is termed as

excitation. The process is called




Before After

Atom~y

Excited State £,

. — 8 : Ground St §
: _+ Fig, 1{a): Absorption
SPONTANEOUS EMISSION:-' B g™

® & '

<+ The atoms in the excited state can remaln for a short time 108 seconds is known as life time.
% The process of returning of an electron from the excited state to ground state by itself
After the completion of life time is .Spontaneous emission.

% It is incoherent. Example is light from electric bulb. It was postulated by Bohr.

[ =3 - LEFY T .
z ,_\_M}ﬂ;‘lu,tcd photon
' of energy v
E, r =,
Spontaneous emission

STIMULATED EMISSION:-

# The transition from a higher eriergy state to a lower energy state when radiation of
same-frjéquen_cy is incident on an atom in the excited state is stimulated emission.
o The electron under transition releasing a photon of the same frequency as that ofincident

radiation. Example is Laser light. In this emission a double photon energy isemitted.

Emitted photon

h S B 3 . ,
W{)F energy h‘viz
Incident pﬁw ' AN Tncident photon
of energy hv . = B, = ofenergy hv),
< iy Stimulated emission
b) GIVEN DATA+ Formula+ Solution -------s------ 1+1+2-----:4M ‘
Refraetive Index of core n1 =1.53 e ' ~ =) [-53- 0.63%
i ol . _ : i i 9 2 i
Refractive Index‘ofﬁl@’ =2.5% m - 2 ¥ _]___51-3 z g0 3 Y ?c}'}

R

SN E2A loo
Criticalangle=Sin6’c=;—1& = I Z‘Aqi =7

L !5‘3‘ E | @é . 75";75 !

o ) 4T
6, 7 S iﬁ'_% )

(1-§3)= (F4 491

Acceptance angle = sin (6a) =

Vn12_”22 o g\/‘:@ﬂ-:
BTN 5.3407 -2:223

. - ' ‘ , : _ $.3033 |
A <§w7'~) 0‘3({_3_.3)* 'Q/C@ﬂ " ‘/m' 0-3% |
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3. a) Diagram+ cor;struction and working of He-Ne laser -----1+4M

HELIUM-NEON GAS LASER:

< Th:s was designed by Ali Javan in the year 1961. it is a four level laser system. *

"

< Usmg He-Ne gas laser, a continuous laser beam can be produced.

CONSTRUCTION: : | ;

*

% It consists of a long cylindrical gas discharge tube. Its length is about 100cm and

diameter will be 1to 1.5cm. ! .

LB~ '

% The tube is filled with a mixture of He and Ne gasin mixture as in the ratio 10:1.

< Brewster windows made up of quartz are sealed to the tube at both ends, One of the

v i

mirror acts as perfect reflector and other as partial reflector.

< About 10,000 volts is needed to ionize the gas.
' : Power supply )
,L_%LL |
N Laser
=" ~¥ heam

He-Ie gas mixture

N eI
-
| — voemed ) S— R 1]
1
Discharge tube . Partially
! : ) silvered
mirror

Working: ‘
< When a voltage of 10,000 V is applied between the electrodes, the electrons afe accelerated.

% The accelerated electrons collide with He atoms and excite them to higher energy levels F, and Fs.

K‘y Through atomic collisions
: u _ L\ -. .
F 5 EEE S

F, - T Ey
Znl _ L. ¢ l.iﬁpn\

- Excitation |’
: of He atoras

y levels

Non radjative
transition

Spontancous emission

S o
by electrons : ] A = 6000A"
1 E2
De-gxeitation
by coliisions
¥
E,

T}
4
@

He




BRI : =

% When He atoms in levels F> and F3 collide with Neon atoms in the ground level Ei, an

Exchange of energy takes place.
*¢ This results in the excitation of atoms (Ne) to the levels Es and Es .

J
<+ Due to continuous discharge, more Neon atoms are excited to the levels E4 and Eg,

%+ This creates population inversion between Es (Es) and the lower energy level Ez (Es).

¢ The stimulated emissions from Es —Es, Es —Es, Es —>E3 levels leads to wavelengths

-
-

3.39 wm, 1.15 pum and 6328A0.

** The Neon atoms undergo transition from E; to E; in the form gfuffast decay by
/ 5

e !
1

spontaneous emission. ;
< The Neon atoms are returned E; by non-radiative diffusion and-collision process.

% The continuous Laser output can be obtained from He-Ne Laser.

Use 7 ! . ;
¢ He-Ne lasers are useful in making holograms and interferometric experiments
v [ i

. .




b) Mentioning various losses + Explanation losses in optical fiber---1+4

Optical Fiber Losses consist of absorption loss, and scattenng loss , connector loss, and bending
loss and their explanation

Absorption loss is a significant type of loss in optical fiber that occurs when light is absorbed by
thg material of the fiber which can be caused by impurities in the fiber or by the natural

absorption of the material-itself. -

Scattering lossis a phenomenon where light waves interact with small particles or
inhomogeneities in the glass lattice of the fiber, causing the light to scatter in different directions

Any other give marks

The transmission loss or attenuation in an optical fiber is very important in the optical fiber communication.

Different mechanisms are responsible for the signal attenuation. ‘
" % Due to attenuation, the output power is always less than the input power.
** It is a function of fiber materials, wavelength and length of the fiber.

%+ The attenuation coefficient of the signal is,given by
) o ;

0. F )
= fl g})— dB/Km| where L is length of the fiber:

0

] i

UNIT-II

4, a) Diagram+ explanation+caluculation- 1+2+3-6M

STRUCTURE AND PACKING FRACTION OF FACE CENTEi'\’ED CUBIC (FCC):

+« It has eight atoms at the corners of the unit cell and six atoms at the centres of six
faces of the cube.




% Each atom at the corner is shared by eight unit cells and each atom at the centre of
the face is shared by two unit cells. The no.lof atoms per unit cell = 8x (1/8) + 6x

(1/2) = 4 atoms/cell é g

% The unit cell of FCC structure is non-primitive. For the atom at the centre of the

faces there are 12 atoms at the same distance. Hence the Co-ordinatien number is

12.

:ATO]VHC PACKING FACTOR IN FCC STRUCTURE:.
From the figure it is clear that AC = V2a and also AC = 4r.
Hence its face diagonal=4r = xa = a=2\2r
a =2V2 xr '

Packing factor < volume of atoms / volume of unit cell = v/V
i 4

_ ax(a/3m) (16/3)17*"

« var)

o
= T==0.74=74%
32 °

‘ In FCC structure, 74% of its volume is occupied by the atoms and the |,
remaining 26% is empty. FCC has the highest packing density. It is tightly packed
than SC, BCC Structures. .

4.b) Draw the planes of Miller indices (110), (111), (001) and (112)- 1+1+1+1-4M
: [ Aot
A

a2
/\‘-—J,

)




1 OR [
5.a) Diagram+ explanation of laue method 1+4 SM

i

LAUE METHOD:-

‘% In this method; the crystal is held stationary in the beam of X-rays. A crystal is
. imagine to g :

possess different set of planes with different orientations and different interplanar

spacing. & : -
% For any values of 0 and d, each reflecting plane in the crystal will select particular
. 4 . _

wavelength A such that diffraction can occur. ‘ ;

<+ The resulting diffraction pattern is recorded on a ph(;tographic plate.

Experimental Arrangement:-

% A beam of X-rays in the wave length range 0.2A° to 2Ac is made to incident on a
 crystal. '

3 A
. % These X-rays are produced from a suitable source. Before passing through the

crystal, the
X-rays are limited to a fine pencil by a slit system (lead diaphragms).

4 The size of the pinhole should be small to get sharp interference pattern. The

‘smallest is the ' .

diameter, the sharper is the interference.s ) ;

% The laue method employs white radiation which is usually obtained from the
tungsten target at about 60,000 volts.

i

i ' i s ¥
* Tead sheet | //. i - & ™

Lyteayy %A&»f/ - i . ® é & i
B vl "9 ® s i
soures i /ﬁﬁ e o L ;

{ pencil of
/( E i 5 | &

|
1
¢ g f e v o @ o o |
x ; : i
of X rays Nora - S W
g pin holes | b Smﬂ‘fi = = ° ‘ ® ®
i by i B a 8 4 @ ¢
~ T~ | ]
i s I ¢ @ .
\0 | 1 L3 &
’ P e i
' i Phom?m?m‘ plate Li_ 1 5 _ i 2 @
i.aue diffraction arrangement and Laue spots Laue pattern of cubic crysta




< X-rays are then made to fall on the crystal then penetrate in to the crystal. Each

reflecting ;

plane will select the wave length which it can iage diffract.

i -

% The diffraction pattern consists of a bright central spot and a large number of spots

arranged symmetrically about the central spot. .
Applications:-
' % To check the orientation of crystal planes. i

++ To study the defects in solids

5.b) Derivation of Interplanar distance mmemmmne SM ; '

i

DISTANCE OF SEPARATION BETWEEN SUCCES§IVE (h k1) PLANES:

“ Let us consider a rectangular co—ordin.ate system with  origin ‘o’ at any
of the lattice points. Construct a plane  ABC. Let (h k 1) be the mﬂlei‘;‘
indices of the plane ABC. -

iy
i

~#% The direction of the plane is given by a normal L ST ON = dis noral
i vt
2 |

drawn to  the plane passing through the origin. Splans bt

¢ Let ON be the normal drawn to the plane y }iw — I
} o a/n *
ABC such that ‘ON’ =d. Let the normal gt i b
makes angles a, B,y  with X, Y and Z axes.
% OA, OB and OC be the intercepts of the
plan.e ARC. . " : ' AB(‘} Is a plane, ‘" is inter planar separation

»

‘X-intercept OA =a/h. Y-intercept OB=b/k.

Z- Intercept OC=c/I.

<+'From the figure Cosa =0ON/OA=d/(a/h)
= dh/a. . : .

Cos B = ON/OB=d/(b/h)
= dk /b.



: Cos y= ON/OC=d/(c/h) =
dl Je.

% From the cosine rule cos2a +cos? B+cos2y=1 d2h2/a? + d2k2/b2 + d212/c? =1.

L]

1
hl E [2

a2 b2 cl

= d2=

a

< For a simple cube a=b=c¢, d=————.
. . NS

1 1]

1

h.’l k2 .12
PO

' Unit-I11

6.a) Derivation of Susceptibility and relative permeability ---------- M
.Relation Between u, and y:

BaH

B = uH

B = p L] Ju r H

B =p,p,H+ pH — pH :

B =pu,H + p,H(p, —'1)

B'=u,H + p,M

]

Where M is the magnetization
B = p,(H + M) |

g B
"(H + M)
relative permeability uz , =
b e dd T M
M, T |
. M :
= 1, —
4 H
r:l-lu_xll :

10




6.b) list of various magnetic materials and mention any two properties 2+4-----6M

CLASSIFICATION OF MAGNETIC MATERIALS:

' : )
& Magnetic materials are classified on the basis of magnetic properties of the atomic dipoles and

the interaction between them.

! -

& [f the atoms of an element possess net moment, they act as magnetic dipoles.

& Based on the nature and degree of response to the external magnetic fields, materials are classified

_into different magnetic materials.
.
4

# Based on the values of relative permeability and magnetic susceptibility y, the materials are

classified into Dia, Para and Ferro magnetic materials.
# Materials which lack permanent dipoles are called diamagnetic.

# If the permanent dipoles da not interact among themselves, the material is

1

paramagnetic. ' : .
& [f the interaction among permanent dipoles is strong then the material is Ferromagnetic material.
o If the permanent dipoles line up in anti péraliel,the material is anti-ferromagnetic.

#"Based on the nature of magnetization curve (Hysterisis), ferromagnetic are divided into soft and

hard magnetic materials.

DIAMAGNETIC MATERIALS:

# The substances which are repelled by magnetic are called diamagnetic materials. '
i

Ex :-'Antimony, Bismuth, ‘Coppe;, etc.,

+

# The atoms in the diamagnetic material contains as many electrons orbiting in clockwise as in
, ,

1
anticlockwise direction.

L)

# Thus net magnetic moment is zero in these materials.

®

PROPERTIES:

it



# The induced mégne;tic moment is always in the 'opposite direction of the applied field.

# Permanent dipoles are absent.

a"When placed in a magnetic field, the magnetic lines of force are repelled.

# In a non uniform magnetic field they move from stronger part to weaker part of field.

4 Ifit is suspended freely.it comes to rest perpendicular to the direction of field.

# The magnetic lines of force shows less performance to pass thfough the substance

than through the air, so relative permeability £, is less than 1,

# The susceptibility X B is small and negative.

L}

# The diamagnetic susceptibility is indepehdent of temperature.

.

{
. i
H=0 My ]
e i i M=yH
T TS % RN RN TON + P!
xed A B Rl R %<0
e N '_,.~~A“‘. ‘,,rlh\_t E‘,w«\_! r,.w‘-'._( ,’, “\ ;,r“-\-,“ fa""""\ . 1 L
l\mi Lot A ‘__‘,'3 \\:ﬂf L__:_/; i “;f:‘ 1\:_/,-’ ‘ H ¥ = constant
P e o o T e o i A slope=y © =, Cpeipeeseeesipinial
WU SO\ } "
P R 2 W TR oo B i W e T . . :
RGN R R R . Diamagnetism
L]
‘ : 4
T R Y ] 1 )
Sl byl nll | !
| EELR LIS EREL | 1)
o404l :
: i
. " 4l Rk DR B :
: ki L mageeie e apthied ¢ magach s fodd semceeerd
oy | DIAMAGNETIE MATERIALS |
: i
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PARA MAGNETIC MATERIALS: _ .

]

- & The substances which are aftracted by the magnet are called paramagnetic.

' [

# The induced magnetism is the source of Para magnetism.

Ex :- Aluminum, Platinum, Tungsten, Nitrogen - .

= AR N

XN e

— A a R )
':——;»V\‘“#-A/K 0 -

PROPERTIES:

& The spin of unpaired electrons is responsible for pafamagnetic behavior of materials.

.

# The induced magnetism is in the direction of applied magnetic field.
& [n each atom there is a resultant magnetic moment even in the absence of field:
4 But due to thermal agitations, orientation is random: Thus the material is unmagnified.

& When placed in a non-uniform magnetic field, they move from weaker part to stronger part of the

field. K
& If it is suspended freely it comes to rest in the field direction.
# The magnetic lines of force shows little more performance to pass through the substance than

_through air. So K, is greater than 1.

& Susceptibility ¥z is small and positive.

13 .



. e ey s " s ' 1
& The paramagnetic susceptibility is inversely proportional to temperature. 1.€., |7, < —

# Spin alignment is as shown in the figure.

Note: Weiss formulated the following relation from the Curie’s law as

[ , ‘ :
where € is Curie temperature.

Ky .

If T<@, paramagnetic become diamagnetic.

FERROMAGNETIC MATERIALS: .

& The substances which are strongly attracted by magnets are called ferromagnetic
Materials.

Ex :- Iron, Nickel, Cobalt

& Ferromagnetism is a phenomenon by which spontaneous magnetization occurs when and

so even in the absence of applied field.

1]

. PROPERTIES:

# These materials acquire strong rﬁagnet‘ism in the direction of applied field.

& In non-uniform magnetic field they move from weaker to stronger part of the field.

& When it is suspended freely after some time it comes to rest in the field direction.
i .
& The magnetic lines of force shows more performance to pass through the substance L

than through air, so permeability is large. i.e., | H,>>1

& Susceptibility jy,is large and positive.
1

i ' ' -
& When heated these materials turn:into paramagnetic materials above a temperature

known as CURIE TEMPERATURE.

L i

14



4
& The stronger effect of ferromagnetism is explained on the basis of magnetic dipole domains.

# Spin alignment is parallel in the same direction.

) ey

— P —p —p
—_— e —p T
—_— > —p —
— > — — —> —>
— —p —p — P — —P
— P P e e

52

(a4

Variation of susceptibility with temperature is shown in the above figure

]

OR .
7.d) formula + solution ---------2M+3M .
| E I = /.7)(;65’0,5.»7"
A’) E[ﬁé[rmc /)ﬂlﬁ)”;ga_é/ Ae ~

Ff = 1673167 alog fin?

A | :9(@_: 20(27'4) | y
A
&= N1
So ; !

. . ! : 2—7 .' ’O?O
& & R T B AT
TE
‘ - 535 x /o _
. 5o

$r- [+ 2839 = 17093

‘ — = ST

£:5¢ /2}/, 1‘03

b) Diagram+ Definition+ Explanation —---------- 1M+1M+4M :

DOMAIN THEORY OF FERROMAGNETISM:

15



& Weiss proposed the concept of domains in 1907 to explairi the hysteresis effect of ferromagnetic.

' [

# A region of ferromagnetic material where all the magnetic moments are aligned in the same

direction is called domain varying from 10 to 10° m*-
- .

& Each domain contains about 10'7to 10 2! atoms which are spontaneously magnetized.

4 In each domain spontaneous magnetization is due to parallel alignment of all magnetic dipoles.

L}

The direction of spontaneous magnetization varies from domain to domain.
I

& These domains are oriented randomly so that the net magnetic moment is always zero.

& Each domain posses dipoles aligned in the samé direction.

& When magnetic field is applied the domains may tend to rotate in the direction of B

¢ :
# Thus magnetic material will be strongly magnetized

by the external magnetic field induction B.

# In ferromagnetism the adjacent atomic dipoles are interact with exchange coupling.
I

1

The resultant magnetization may hence be zero or nearly zero. When an external field is applied

there are two possible ways of alignment of a random domain.

1
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Domain

1. Displacement of Boundaries of the domains:
The domains which are oriented favourable with respect to the external magnetizing field
increases in size while those oriented opposite to the external field are reduced as shown in

1

Fig.(b). Fig.(a) shows domain arrangement in a ferromagnetic specimen when no magnetic field

is applied. '
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Fig (a) Ferromagnetic domains (b) Domain magnetization by wall movement

(c) Domain magnetization by rotation.

; 2. Rotation of Domains:
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Il

o Domain rotate until their magnetic moments are aligned more or less in he direction of

external magnetic field as shown in fig.(c). When the external magnetic field is weak the

specimen is magnetized mostly by the boundary displacement. In the strong magnetic field, the

magnetization takes place mostly by the rotation of domains.

When the domain vectors are oriented parallel to the direction of field, the stage is called as

saturation limit. On the removal of external field the boundaries do not move completely back to

their original position and hence the specimen is not completely demagnetized. i.e there still

remains some residual magnetism. At high temperatures, the domains are broken up and the

-

“ferromagnetic material becomes paramagnetic. 5
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9)a) Any four postulates of Quantum free electron theory -4M Aro Z(m

1. In a metal the available free electrons are fully responsible for electrical conduction.
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2. The electrons. move in a constant potentia! inside the metal.
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9).b) Derivation of electrical conductivity based on quantum free electron theory—6M
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UNIT-1V

]

i 10 a) Any two Differences between condpctors, semiconductors, insulators-------- 4M

' +

[]
Answer:

o S B P : ; ) :
According to the width of the gap between the bands and band occupation by electrons, all solids
can bg classified broadly into three groups, namely conductors, semiconductors and insulators.

s
; Conduction Band Conduction Band - Conduction Band s
: = w5y
Conductor 0 .
_ v Semiconductor |
' ' , , - Insulator

Fig: tlzs;iﬁmtima of $ulids on the basis of electricity Conduction

Conductors: - They have very high electrical conductivity and large no. of mobile charge
carriers or free electrons which carry electric current. When temperature of conductors increased,
its resistivity also increases. They have positive temperature coefficient of resistance .

‘ eg.. Cu, Ag, Al, Au etc... And Gold is the best conductor of electricity

A good conductor should possess the following characteristics

i High electrical and thermal conductivity,
ii. High melting point,
iii. Good oxidation resistance, £ g oo '
iv.  Low cost, :
i v Good wear and abrasion resistarice
‘Vi. Better mechanical properties . L
Semiconductols:- '

Semiconductors are those materials whose conductivities lie between conductors and insulators.
They have poor conductivity than conductors and higher than insulators. Therefore, they are
-neither good conductors nor good insulators. When temp of a semiconductor is increased, its
resistivity decreases or conductivity increases. At higher temp, a semiconductor conducts better.

Therefore, the semiconductors have negative temp coefficient of resistance.
For e.g: Si, Ge, gallium, Arsinic, etc..

22



Insulators:- Insulators are those materials whith are bad conductors of electivity. i.e, they have
very high resistivity because they have no charge carriers or free electrons to carry electric
current.

.For eg: Glass, quartz, rubber, bakelite etc..

4
'OJ' b) Definition of Inrinsic, extrinsic semiconductor + explanation of p-type and n type
- semiconductor c2M+4 M

- Answer:

Intrinsic (or) pure Semiconductor: A pure semiconducting material without any impurity is
called intrinsic semiconductors. LV group elements are the intrinsic (or) pure semiconductors.

13

‘For eg: Si, Ge.' i .,

Extrinsic Semjconductors (or) impure semiconductors: The semiconductor in which
impurities are added is called extrinsic semiconductor.

N-type semiconductor

When pentavalent .impurity is added to an intrinsic or pure semiconductor (silicon or

"germanium), then it is said to be an n-type semiconductor. Pentavalent impurities such as
~ phosphorus, arsenic, antimony etc are called donor impurity.

Pentavalent impurity phosphorus is added to silicon as shown in below. ﬁgure Phosphorus
atom has 5 valence electrons and silicon has 4 valence electrons. Phosphorus atom has one
excess valence electron than silicon. The four valence electrons of each phosphorus atom form
4 covalent bonds with the 4 neighboring silicon atoms. The fifth valence electron of the
phosphorus atom cannot able to form the covalent bond with the silicon atom because silicon
atom does not have the fifth valence electron to form the covalent bond.Thus, fifth valence

it electron of phosphorus atom does not invalve in the formation of covalent bonds. Hence, it is
freg to move and not attached to the parent atom. .

This shows that each phosphorus atom donates one free electron. Therefore, all the pentavalent

~ impurities are called donors. The number of free electrons are depends on the amount of impurity
.4 (phosphm us) added to the silicon. A small addition ofi 1mpur1ty (phosphorus) generates millions
of free electrons. , ;
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P-type semiconductor
When the trivalent impurity is added to an intrinsic or pure semiconductor (silicon or
germanium), then it is said to be an p-type semiconductor. Trivalent impurities such as
Boron(B), Gallium (G), Indium(In), Aluminium(Al) etc are called acceptor impurity.
i

Trivalent impurity boron is added to silicon as shown in below figure. Boron atom has
three valence electrons and silicon has four valence electrons. The three valence’ electrons of

each boron atom form 3 covalent bonds with the 3 neighbouring silicon atoms.

. -

In the fourth cévalent bond, only silicon atom contributes one valence electron, while the boron
atom has no valence electron to contribute. Thus, the fourth covalent bond is incomplete with
shortage of one electron. This missing electron ‘is called hole. This shows each boron atom
accept one electron to fill the hole. Therefore, all the trivalent impurities are called acceptors. A
+small addition of impurity (boron) provides millions of holes.

4

e -

OR
11 a) Derivation of N- Type semiconductors- = --8M

Answer:

}

Carrier Concqntration In N-Tvp'e: .

L]

In n- type donor level is just below the conduction band.

Eq is donor enlergy level

Ng is donor concentration

B w

: | 2 Mk T
e

EF == EC 4
i )

Bak ( kpT
No of vacancies per unit volume of donor level is
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]

Ng[1—F(Eg)] = Ng|1-

" /Es— E
Ny[1—-F(E)] = Njexp (dTBT—f)

The number of vacancies present in the donor level is equal to density of electrons. So

v

. 3 ;
1 (Zn m;kBT)E, (‘EF a EC) o (Ed - EF)
: | Tz exp T )T 4exp P
By By fhy—E - 21 mikpT\Z
r—E. a— Ep T mgkpT\2
-(4) - e -togors ()
( kT ) ( kpT ) log log Ny —log log 2 \ —5
o N,
2Ep — (Eq+ E.) = kgT loglog ——
(Zn m;kBT)f‘
g hz 4
E;+ E. kgT = N
Ee = 2 > X 'Bz log log 4 3
2w mikgT\2
()
This is the Fermi energy level in n-type sémicondu_ctors. '
]
Then : : ;
) : ;
: ot Bg: kgl Eoglog-—'Nd——~Ec
2 2 3
3 2n mikpT\2
_y (er m;kBT)Z . (—‘_—hz )
= h? e ks T
e P
21 m;kBT 2 Ed "‘EC 1 Nd
= 2(—-———h2 ) exp| —r— + -Z-log log —3
. : 2 mikgT\2
1)
{ v
* , . 3 i " 1
2nmykgT\2 ' —E z
= 2(F5 ) e () + fog Log s
‘ g ‘ T (2mmgkpT\?
2 (TR
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3
. (271' mZkBT z Ed = EC Ndz
= n2 )e(ZkBT)l 3 ‘
23 (2?‘[ ngkBT)ﬂ:

‘ -
- b) Write the Einstein relation

—2M . '
| R /{é[ﬁ,&,'m "éf/é-’e_eﬂ OWM%Z?XL %qw# }
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