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ENGINEERING PHYSICS - [107002]

Credits ‘ Examination Scheme :
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Unit III Quantum Mechanics

De-Broglie hypothesis - Concept of phase velocity and group velocity
(qualitative) - Heisenberg Uncertainty Principle - Wave-function and its
physical significance - Schrodinger's equations : time independent and
time dependent - Application of Schrodinger’'s time independent wave
equation - Particle enclosed in infinitely deep potential well (Particle in
Rigid Box) - Particle in Finite potential well (Particle in Non Rigid box)
(qualitative) - Tunneling effect, Tunneling effect examples (principle
only) : Alpha Decay, Scanning Tunneling Microscope, Tunnel diode -

Introduction to quantum computing. (Chapter-6)

Unit IV Semiconductor Physics

Free electron theory (Qualitative) - Opening of band gap due to
internal electron diffraction due to lattice Band theory of solids -
Effective mass of electron density of states - Fermi Dirac distribution
function - Conductivity of conductors and semiconductors - Position of
Fermi level in intrinsic and extrinsic semiconductors (with derivations
based on carrier concentration) - WorkRing of PN junction on the basis
of band diagram - Expression for barrier potential (derivation) - Ideal
diode equation - Applications of PN junction diode : Solar cell (basic
principle with band diagram) IV Characteristics and Parameters, ways
of improving efficiency of solar cell - Hall effect : Derivation for hall
voltage, hall coefficient, applications of hall effect. (Chapter-7)

(iii)



Unit V Magnetism and Superconductivity
Magnetism

Origin of magnetism - Classification of magnetism on the basis of
permeability (qualitative) - Applications of magnetic devices
transformer cores, magnetic storage, magneto-optical recording.

Superconductivity

Introduction to superconductivity, Properties of superconductors : zero
electrical - resistance, critical magnetic field, persistent current,
Meissner effect - Type I and Type II superconductors - Low and high
temperature superconductors (introduction and qualitative) - AC/DC
Josephson effect, SQUID : basic construction and principle of working,
Applications of SQUID - Applications of superconductors. (Chapters-8. 9)

Unit VI Non Destructive Testing and Nanotechnology
Non Destructive Testing

Classification of non-destructive testing methods - Principles of physics
in non-destructive testing - Advantages of non-destructive testing
methods - Acoustic emission testing - Ultrasonic (thickness
measurement, flaw detection) - Radiography testing.

Nanotechnology

Introduction to nanotechnology - Quantum confinement and surface
to volume ratio - Properties of nanoparticles : optical, electrical,
mechanical - Applications of nanoparticles : Medical (targeted drug
delivery), electronics, space and defense, automobile. (Chapters-10, 11)
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Mind Map - Chapter 7 : Semiconductor physics
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Mind Map - Chapter 8 : Magnetism
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Mind Map - Chapter 9
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Engineering Physics (xiii) Mind Maps

Mind Map - Chapter 11 : Nanotechnology
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FORMULAE AT A GLANCE

Unit - llI

Chapter 6 - Quantum Mechanics

de Broglie hypothesis
h

1) A :ﬁ
h
2 A=
) N2mE
2, I T
2meV

Heisenberg's Uncertainty principle

1) AxAp = h
2) AEAt = h
Particle in rigid box
E = n?h?
8ml>

Unit - IV

Chapter 7 - Semiconductor Physics

Fermi-Dirac probability distribution function

1
) = (E-Ep)/kT

1+e

Conductivity of conductors
!

1) R=pE
_ Y
2) W=

(xiv)



Engineering Physics (xv)

Formulae at a Glance

Il

3) G = neu
4) I =neavy
Conductivity in semiconductors
o = en, +nyuy)
For intrinsic semiconductor
c = ne(u,+uy)
For n-type semiconductor
c = n,epl,
For p-type semiconductor
G = Nyt

Barrier potential in diodes

E, = KTlIn

n.
1

Ideal diode equation

[ = Io(e"/"T-1)

where, I is the reverse saturation current,

YT = 11600

temperature,

T = Absolute temperature

-ND NA

is known as volt equivalent of

n is a constant which is 1 for germanium and approximately 2 for

silicon.

Hall effect

1 Ve ™ s
2) Ry = ”iq

3) Vo = B #

—
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Engineering Physics (xvi) Formulae at a Glance

Unit - V

Chapter 9 - Superconductivity

Critical magnetic field

2
1
e afelf)
Isotope effect

i MY2 = Constant

END... &5
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UNIT - 111

Quantum Mechanics

6.1 : de Broglie Hypothesis

Q.1 State de Broglie's hypothesis and derive the equation for de
Broglie's wavelength in terms of 1) Energy 2) For an electron

I=5" [SPPU : May-12, Marks 6]

Ans. : de Broglie hypothesis : According to de Broglie's
hypothesis, every moving particle is associated with a wave, called
the matter wave or de Broglie wave, whose wavelength (1) is given

by,

A= ok
p  mv
where, h = Planck's constant,

m = Mass of the particle

and v = Particle velocity.
de Broglie Wavelength for a Free Particle in terms of its Kinetic

Energy

e For a free particle the total energy is same as its kinetic energy
which is given by

E = %mvz
e Multiplying and dividing by 'm/,
22
m-v
b E 2m
But p = mv
P
2m

(6-1)



Engineering Physics 6-2 Quantum Mechanics

p = v2mE
By de Broglie hypothesis,
l = E
P
2 = h
N 2mE

de Broglie Wavelength of an Electron Accelerated through Some
Potential Difference

¢ If an electron is accelerated through a potential difference of 'V’
volts, the work done on the electron is eV which is converted into
kinetic energy.

o2
5 mos = eV
2
L. -
E‘I eV
p = ~2meV
e The de Broglie wavelength is given by,
h
A= —
4
3 = h
N2meV
As h = 6.63x1073* J-s,

m = 9.1x 103! kg

(Neglecting relativistic correction)

e = 1.6x10717 C
A o 6.63x 10~ *
V2x9.1x 10731 x 1.6x 10712 v
_ 1227x107 1
NiY
1227 ..
A = WA_

- TEcamcal
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Engineering Physics 6-3 Quantum Mechanics

Q.2 State de Broglie's hypothesis. Hence obtain the relation for
de Broglie's wave length in terms of energy.

Ans. : Refer Q.1.

h h
.3 Starting from ), = — , obtain . = —— , where E is KE of
- 8 mo [2mE
the particle. == [SPPU : May-14, Marks 3]

Ans. : Refer Q.1.

Q.4 What is De-Broglie's hypothesis of matter waves. Show that
the De-Broglie's wavelength of a charged particle is inversely
proportional to the square root of the accelerating potential.

Ans. : Refer Q.1.

Q.5 What is de-Broglie hypothesis. Derive an expression for
de-Broglie wavelength for an electron when it is accelerated by
potential difference 'V'.

Ans. : Refer Q.1.

Q.6 State de-Broglie hypothesis of matter waves. Derive the
expression for matter waves for an accelerating particle in terms of
its kinetic energy.

Ans. : Refer Q.1.

Q.7 What is De-Broglie hypothesis ? Derive an expression for
de-Broglie wavelength for an electron when it is accelerated by
potential difference V.

Ans. : Refer Q.1.

Important Formulae h
k # Do Y
p mv
5 @ h
2 mE
5 o HE
N2meV
1227
A= —A°
JV

UBLICATION
Au L Pt o Kivoweiesipe

= T
e
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Engineering Physics 6-4 Quantum Mechanics

Q.8 Determine the velocity and kinetic energy of a neutron having
de Broglie wavelength 1 A°. Mass of neutron = 1.67x 10~ %7 kg.
0=5" [SPPU : Dec.-99,09, May-04, Marks 4]

Ans. : Given data : h = 6.63x 10~ 3* J-s
m = 1.67x 10~ % kg
A=1A2=1x10"10m

Formulae: A = i and A= h
Mo 2mE
U — i
mh
. 6.63x 10~ >4
1.67x 10" % x1x 10~ 10
v = 3970 m/s
3 h
v2mE
- hr (6.63%x 10~ 3%)2
2mA2  2x1.67x10” % x (1x 10~ 10)2
-20
o= 1816xi020 ] = 220X .y
1.6x10~ ¥

E = 8225%x 10~ 2 eV

Q.9 Find the de Broglie wavelength of

i) An electron accelerated through a potential difference of 182 volts
and

ii) 1 kg object moving with a speed of 1 m/s.

Comparing the results, explain why the wave nature of matter is not
more apparent in daily observations. U<5” [SPPU : Dec.-01]

Ans. : Givendata: V=182V , h =6.63x10" 3 J-s, m = 1 kg,
v=1 m/s.

Formulae : i) A= ——- A°ii)) A= —

= 5 e —
DECODE = TECHNICAL
= PUBLICATIONS
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Engineering Physics 6-5 Quantum Mechanics

) - 1227
V182
o= 091 A°
- 34
A = 8O3X10 7 (63x10-3 m
1x1

A = 6.63x10° %4 A°

This wavelength is too small and hence is not measurable whereas
the wavelength of electron is measurable. Hence wave nature of
matter is not apparent in daily observations.

Q.10 If electron had existed inside the nucleus, then its de Broglie
wavelength would be roughly of the order of nuclear distance, i.e.
100 'Y m. How much momentum corresponds to this wavelength ?
How much energy corresponds to this momentum ? Express this
energy in MeV and explain how this result proves that the electron
cannot exist inside the nucleus. (The maximum nuclear binding
energy is 8.8 MeV per nuclear particle.)

Given : Planck's constant = 6.63x 10 % J-s. [ [SPPU : May-02]

Ans. : Given data : 1 = 6.63x 10~ 3* J-s
A=10""m

Formula : A=

| =

_h _663x10" %
PR 10~ 1

p = 6.63x10" 20 kg-m/s

The corresponding energy is,
_p* (663x107%)?
2m - 2%9.1x 10”3

E = 2415x107 7 J

As 1 MeV = 16x10" 137,
-9

£ - 2.415% 10 MeV
1.6x 1013

“ = TECHNICAL
= PUBLICATIONS
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Engineering Physics 6-6 Quantum Mechanics

E = 15093.75 MeV

This energy of the electron is much larger than the 8.8 MeV energy
required to keep the electron inside the nucleus. Hence, the
electron cannot exist inside the nucleus.

Q.11 An electron is accelerated through a potential difference of

10 kV. Calculate the de Broglie wavelength and momentum of
electron. U5 [SPPU : Dec.-04]

Ans. : Given data: V=10 kV =10x 103 V
Formula : A = Er7—A° and p:l_l

JV A
12.97

\J10x 103

A = 0.1227 A°

A =

6.63x 10~ 34
0.1227x 10~ 10

p = 5403x 10~ > kg-m/s

Q.12 A proton and an o-particle are accelerated by the same
potential difference. Show that the ratio of the de Broglie
wavelengths associated with them is 2V2. Assume the mass of
o-particle to be 4 times the mass of proton. =" [SPPU : May-05]

Ans. : Given data : The charge of proton is '¢' and that of an

o-particle is 2¢, m, =4m,

Formula : A =

For proton,

. (1)

h
3 |2m,eV

For a-particle,

Ay = .. (2
& J2@m,) 29V @)

a0 —
DECODE ~~ TECHNICAL
=~ PUBLICATIONS
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Engineering Physics 6-7 Quantum Mechanics

From equations (1) and (2),

A 2(4m,) (2e) V
P - h x\/ P walB
A JZmPBV h
A
P
— = 242
Ag 42

Q.13 Calculate the velocity and de Broglie wavelength of an
o-particle of particle of energy 1 keV. Given : Mass of « - particle

= 6.68x 107%7 kg. I [SPPU : May-07]
Ans. : Given data : h = 6.63x 107 J-s

m = 6.68x 10~ % kg

E =1keV=16x10"17

Formula : A= h , A= i
2mE muo
6.63x 10~ 34

5

V2% 6.68x 10~ 2 x 1.6x 10~ 16
A= 4535x10" 13 m

A =4535x10"3 A°

A=
mo
i} h 6.63x 10~ 34

mh  6.68x10~ 27 x 4535x 10~ 13

v = 219x 10° m/s

Q.14 Which has a shorter wavelength - 1 eV photon or 1 eV
electron ? Calculate the value and explain.

Ans.: Given data : 1 = 6.63x 10~ 3 J-s
c = 3% 108 my/s
E=1eV=16x10"1]

Formula : The energy of photon is given by,

(DEconsg “ TECHNICA

PUBLICATIONS
A Guide for Engineering Students vouinape

A ihp-Fhrwst fas



Engineering Physics 6-8 Quantum Mechanics

he
E = hv=—
YO
For an electron with energy 'E'
h
Ae =
2mE
he
}"ph - E
h = 6.63x107 3 J-s
= 3x10% m/s

E=1eV=16x10"1]J
6.63x 103 x3x 108
2 1.6x 10~ 19

1.2431x 10" ® m

Ay = 12431 A°

For an electron with energy 'E ’

_h 6.63x 10~ 34
, = _
V2mE \/Zx 91x10" 3 x1.6x10" 1
=1229%x10"? m
A = 1229 A°

The wavelength of electron is shorter than the photon. This is
because of the larger momentum of electron (mv or +2mE)

compared to photon(’%V or %)

Q.15 An electron has kinetic energy equal to its rest mass energy.
Calculate de Broglie's wavelength associated with it.
IS [SPPU : Dec.-07]

Ans.: Given data : E = m‘oc2
where, my = 9.1x10" 31 kg
c = 3x10% mys
@econs> T Techmicar

b
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Engineering Physics 6-9 Quantum Mechanics

Formula : A=

2mE
E = 9.1% 10 % (3x 10%)2
E = 819x10” 14
h 6.63x 10~ 34

A = =
V2mE 2% 91x 10~ 31 x8.19% 10~ 14
= 1.717x 10" 2 m
A = 1.717x 10" 2 A°

Q.16 In a T.V. set, electrons are accelerated by a potential
difference of 10 kV. What is the wavelength associated with these
electrons ? =" [SPPU : May-08, Dec.-18, Marks 3]

m = 167x107% kg

E = 1MeV =16x10"13 ]
h
Formula : A=
\N2mE
B 663x107>*

V2 x167x10~% x16x10~13

A =287x10"14 m

Q.17 Find the de Broglie wavelength associated with monoenergetic
electron beam having momentum 10 23 kg m/s. =" [SPPU : May-09]

Ans. : Given data : h = 6.63x 10~ 3* J-g
p = 1023 kg -m/s
h _ 663x10~ 3

Formula : A=
p 10-2
A= 663x10" 1 m
A = 0.663 A°

Q.18 Calculate de Broglie wavelength of 10 keV protons in A°.
[SPPU : May-10,11, Dec.-17, Marks 3]

= 5 e ————
DECODE == TECHNICAL
= PUBLICATIONS
A Guide for Engineering Students i Aa tip-Fhrust fer Kmmbcdge



Engineering Physics 6-10 Quantum Mechanics

Ans. : Given data : h = 6.63 x 10~ J-s.
m = 1.67 x 10~ kg
E=10keV=10x16x10"1]
E=16x10"27]

Formula : A= 2hmE
E=16x10"2]
A = 6.63x10734
V2x1.67 x107% x1.6x1071
= 2868 x 10" 13

A = 2.868 x 10 "2 A°

Q.19 At what kinetic energy an electron will have a wavelength of
5000 A° ? =" [SPPU : Dec.-10]

Ans. : Given data : A =5000 A° = 5000 x1071% m

Formula : A= 4
2 mE
g o BB (6.63x10734)2
2mAZ 2(9.1x10731) (5000 x10710)2
=25
= 966 % 10~ 5 j = 200X10"" .\
1.6x10712

E=6.038 x 10" % eV

Q.20 Calculate the de Broglie wavelength associated with 1 MeV
proton (m, = 1.67x107*" kg). U5 [SPPU : May-13, Marks 3]

Ans.: Given data : h =663x1074 Js
167x107% kg

m

E = 1MeV =16x10"13 ]
Formula : A= :
2mE
®@Ecops> = TECHNICAL

= FPUEBLICATIDONS
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Engineering Physics 6-11 Quantum Mechanics
_ 663 %10
V2x167x1077 x16x10713

A

A=287x10"14 m

Q.21 What accelerating potential would be required for a proton
with zero initial velocity to acquire a velocity corresponding to its
10m. [Given: m = 1.67 x 10~ =x kg]

=5 [SPPU : May-14, Marks 3]
Ans. : Given data: A =107 " m, m = 1.67 x 10” ¥ kg

h=663%x10%)s, e=16x10YC
h

2 meV
h?
2 meA?

de Broglie wavelength of 10~

Formula : A =

(6.63 x10734)2
2x1.67 x107% x1.6x10717 x(10710)2

V= 0.08225V

Q.22 Calculate the de Broglie wavelength of electron having kinetic
energy 1 keV. [=" [SPPU : Dec - 14, 15, Marks 3]

Ans. : Given data : 1 = 6.63 X 10_34] s, m=9.1 x 107 kg

E = 1keV=16x10710J
h
Formula : A =

N2mE

% = 663 x 10734
V2x91x10731 x 16 x 10716

=389 x10 ' m
A = 039 A°

Q.23 Calculate de Broglie wavelength for a proton moving with
velocity 1 percent of velocity of light. I[SPPU : May-16, Marks 3]
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Ans. : The de Broglie wavelength is given by

h
A=y
h = 6.63x107* Js, m =1.673x107% kg
_ 1 8 _ 6
V = mxleO 3x10° m/s
\ = 6.67 1073

1.673x107% x3x10°

A=132x10"13m

Q.24 An electron beam is accelerated from rest through a potential
difference of 200 V. Calculate the associated wavelength.

0=5" [SPPU : Dec.-16, Marks 3]

Ans. : For electrons accelerated through potential difference of V

volts,
12.27 o
A= —A
JV
200 V
1227

~200

<
I

A = 0.868 A°

Q.25 Calculate the energy (in eV) with which a proton has to
acquire de-Broglie wavelength of 0.1 A.

Ans. : By de-Broglie hypothesis,

A = h
2mE

2

E = h
2 mA2

h=663x1073%Js, m=1.673 x 10" kg

A=01A=01x10"10m
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(6.63x107 3%)2

E —1
2%1.673x10727 x(0.1x10710)2
-18
C 15lax10-18 | - 1314x1078
1.6x1071°
E=82 eV

Q.26 A proton and an alpha particle are accelerated by the same
potential dlﬁerence Find the ratio of their de-Broglie wavelength.
(m, = 6.680 "'kg, charge on alpha particle = 2 X Charge on

- 27

Ans. : Given data : The charge of proton is '¢' and that of an

o-particle is 2¢, my =4m,
h

Formula : A =
N2meV
h
For proton, A, = ——— s (1)
! P
#2mpeV
For a-particle, Ay = i ... (2)

J2(dm,) 29V

From equations (1) and (2),

o n @) @IV
A /2mpeV h

Ay

£ =22

Q.27 An electron initially at rest is accelerated through a potential
difference of 3000 V. Calculate for the electron wave the following
parameters :

i) The de-Broglie wavelength and

ii) The momentum (h : 6.63 x 107°4Js)

s. : Given data : V =3000 V

Formula : 3‘\:%&’;1:&
JV p
A = 1227
~ 3000
D-ECDDE 3 :f_; !EEI.II:I‘I‘!EI&I

A Guide for Engineering Students A U TR v Rvgrasincipe



Engineering Physics 6-14 Quantum Mechanics

A = 0224 A°
A' - }_I
p
p - b _ 663x 10~ 3
A 0224x 10710
p = 296x 10" kg-m/s

6.2 : Phase Velocity and Group Velocity

Q.28 Define phase velocity and group velocity. Hence obtain the
relation between v, and Vs for de Broglie wave.

=" [SPPU : Dec - 12, 16, Marks 6]

OR Define phase velocity, group velocity and derive their
expressions. 55" [SPPU : May - 13, Marks 4]

Ans. : ¢ Phase velocity (also known as wave velocity) is the
velocity with which a particular phase of the wave propagates in a
medium.

If k

and 0)

Propagation constant

Angular frequency.

The phase velocity v, is,
®
vp = T wwe (1)
e Mathematically, a wave group can be described in terms of a
superposition of individual waves of different wavelengths. The
interference of these waves gives variation in amplitude defining

the shape of the wave group.

e If velocities of the waves are same, the wave group travels with
this same velocity. But, if the wave velocity changes with
wavelength the wave group has different velocity from those of
the individual waves.

e If the two waves have angular velocities differing by dw and
propagation constants differing by dk (due to difference dA in
their wavelengths) , the group velocity is given by
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_dw

(o Ik ...(2)
Relation between Phase Velocity and Group Velocity
% = £
A

¢ From equation (1) o= vpk

e Substituting in equation (2),

d
vy = @(vpk)
dv dv, A\
_ P _ P
Ug - Up+kﬁ — Up'f'kﬁ‘ﬁ
dov 1
= P
US = U'v+kﬁx[dij (3)
d
27
A — —
S k ;L, ’
dk  -2mn
dr 2
e Substituting in equation (3),
Vo = U +2—ﬂdvp>< 1
8 PN di -27
71.2
dvp
vy = Up—}u 7

Q.29 Define phase velocity of a matter wave. Show that phase
velocity of matter wave is greater than velocity of light.

0" [SPPU : May - 14, 15, Dec.-15, Marks 4]

Ans. : Refer Q.28 for definition of phase velocity.

* The phase velocity v, is,

0]
Z?,l? — 7{- e (])
e For de Broglie waves,
h
A =
mov
2n  2mmo
k = -~ =T s 2]
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e To find the frequency v, we equate the energy 'hv' with

relativistic total energy 'mc?',

hv = mc
v = m_cz.
h
As W= 27nv 5
® = Z“Z’C .. (3)

e Substituting equation (2) and (3) in equation (1),

2mmc?
h

U =

P 27 mo
h
2
[
Up - ? (4)

e The particle velocity 'v' is always less than the velocity of light 'c’

__C
UP—EC

As 'y e g > 1

R
v
i.e., velocity of de Broglie waves is always greater than the velocity
of light.

Q.30 Define group velocity. Show that the group velocity of matter
wave is equal to particle velocity. =5 [SPPU : Dec - 14, Marks 4]

Ans. : Refer Q.28 for definition of group velocity.

e The group velocity is given by

dw/dv

% = W .. (1)

e To find the frequency v, we equate the energy 'hv' with

relativistic total energy 'mc?'.

h = mc?
v = m?
h
As = 271V

| TEGHMICAL
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i) 27 mc>
h
As m = o 5
i
62
9 2
i i mm {](.2
[
CZ
-3/2
dm B Z'Em[] 1_3)2 / 5
- c—z vin (2)
e For de Broglie waves,
A=
mo
K = 2_1t _ 2mtmo
A h
k =

21 my v
2
th—v—
C2
dk 21my, 1_112 g 3
= = — = .. (3)

e Substituting equation (2) and (3) in equation (1),

vy =0 v (4)
i.e, the de Broglie wave group associated with moving particle
travels with the same velocity as the particle.

Q31 Define phase velocity and group velocity. Show that group
velocity is equal to particle velocity.

Ans. : Refer Q.28 & Q.30

6.3 : Properties of Matter Waves

Q.32 State and explain properties of matter waves.

0=5" [SPPU : May-11, Marks 6]

— e —
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Ans. : Matter particles moving with velocity o' exhibit wave nature
for which the wavelength is given by,

h

mo

The properties of these waves are as follows :

1.

1. : :
If m = Constant, A o< S Le, for particles having same mass, the

particles moving with smaller velocities will have longer
wavelengths associated with them.

1 . : .
If v = Constant, A o i i.e., for particles of different masses

moving with the same velocities the lighter particles will have
longer wavelengths associated with them.

For particles at rest, v = 0
© A=o0
i.e., particles at rest do not exhibit wave nature.

Matter waves are associated with charged as well as uncharged
particles. Their velocity is not constant as in the case of
electromagnetic waves. Hence they are not electromagnetic in
nature. In fact, they cannot be classified into any of the types
which we have encountered so far, i.e.,, transverse or
longitudinal, electromagnetic or mechanical etc.

The phase velocity of matter waves is,

which is greater than 'c’, the velocity of light as the particle
velocity 'v' is always less than 'c’. Also, this velocity depends on
the particle velocity 'v' and hence, is not constant.

For waves in a string, the position of particles varies with time.
In sound waves pressure varies with time. In electromagnetic
waves the electric and magnetic fields vary with time. Similarly,
the quantity whose variations consitute matter waves is called
the wave function (represented by ). However, the wave

A Guide for Engineering Students
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function y has no direct physical significance. The value of the
wavefunction at any point in space at any time is related to the
probability of finding the particle there at that time.

7. A particle is localized in space whereas wave is spread out.
Hence wave nature of matter introduces uncertainty n position
of the particle.

8. The wave and particle properties are not exhibited
simultaneously.

Q.33 Are the matter waves electromagnetic waves ? Explain.

I=5" [ SPPU : May-13, Marks 3 ]

Ans. : Refer Q.32.

Q.34 State and explain de Broglie's hypothesis of matter waves.
State any two properties of matter waves.
I=5" [SPPU : Dec.-13, 17, Marks 4]

Ans. : Refer Q.32.

6.4 : Heisenberg's Uncertainty Principle

Q.35 State and explain Heisenberg's uncertainty principle.
I=5" [ SPPU : May-16, Marks 4 ]

Ans. : e Describing a moving particle as a wave group introduces

uncertainty in the measurement of particle properties like position

and momentum.

e This uncertainty is not due to any inadequacy in the measuring
instruments but is inherent in wave nature.

® The position of particle becomes uncertain when it is described as
a wave group. The particle may be located any where within the
wave group but its exact location within the wave group is not
known.

e Narrower the wave group, smaller is the uncertainty in its
position as illustrated in Fig. Q.35.1 (a) and (b).
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|l ﬁ X |
A% (Small) e (Large) N
[
Ap Large
Ap Small

(@) (b)
Fig. Q.35.1

e If the wave group is narrower, it consists of larger number of
frequencies and hence wavelengths due to which the wavelength
becomes more uncertain.

e As A = —’3, an uncertainty in wavelength leads to uncertainty in

momentum.

e Thus for broader wave groups, there is smaller uncertainty in
wavelength and momentum, whereas for narrower wavegroups
there is larger uncertainty in wavelength and momentum.

® Hence, we can conclude that for a narrow wave group there is
small uncertainty in position but large uncertainty in momentum,
whereas for a broader wave group there is larger uncertainty in
position and smaller uncertainty in momentum.

e The Heisenberg's uncertainty principle states that it is impossible
to determine both the exact position and the exact momentum of
a particle at the same time. The product of uncertainties in these
quantities is always greater than or equal to the Planck’s constant
'h'.

Ax Apy = h (1)

Q.36 State and explain Heisenberg's uncertainty principle. Prove
the same for pair of variables energy and time.

=" [SPPU : May - 14, Dec.-17, 18, Marks 6]

Ans. : For statement and explanation of Heisenberg's uncertainty
principle, refer Q.35.

Uncertainty Principle Applied to Energy and Time
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The kinetic energy of particles can be written as

E = %mvz

The uncertainty in energy AE can be obtained by differentiating the
above equation.

AE = %m-ZvAv = v-(mAv)
As p = mv
Ap = mAv
AE = vAp
As v = %f
_ Ax
AE = A_pr
AEAt = AxAp
By Heisenberg's uncertainty principle,
AxAs 2 h
AEAt =2 h sve (1)

Q.37 Obtain an expression for Heisenberg's uncertainty principle
for energy and time.

Ans. : Refer Q.36
£

Important Formulae
|‘ Ax Ap, 2 h
AEAt 2 h

0.38 Compute the minimum uncertait;tv_in the location of a 2 grﬁ
mass moving with a speed of 1.5 m/s and the minimum uncertainty
in the location of an electron moving with a speed of 0.5x 10®m/s,

given that the uncertainty in the momentum is Ap = 10™ *p for both.
0= [SPPU : May-1999]

Ans. : Given data : /1 = 6.63x 10~ 3 J-s
Ap = 10_3p =10 " 3mo, m=2 gm = 2X 10°3 kg

i
i)
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Engineering Physics 6-22 Quantum Mechanics

v = 1.5 m/s
Formula: AxAp = h
h
T
pg =B
10~ 3 mo
Kk w 6.63x 10~

1073 x2x10"3x15

Ax = 221x10" 28 m

For the electron,

m = 9.1x10" 3 kg
v = 0.5x10% m/s
P 6.63x 10~ 34

103 %x9.1x10" 3 x 0.5x 108

Ax = 146x10"8% m

Q.39 An electron has a speed of 600 m/s with an accuracy of
0.005 %. Calculate the uncertainty with which we can locate the
position of the electron. 05" [SPPU : Dec.-99]

0.005
100

h = 6.63x10” 3 Js
m = 9.1x107 3! kg

Ans. : Given data : Av = x 600 = 0.03 m/s

Formula : AxAp = h
h h
A = Ap ~ mAv
- 34
Ar - 663x10

9.1x 1031 x 0.03

Ax = 0.0243 m
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Q.40 A bullet of mass 25 grams is moving with a speed of 400
m/s. The speed is measured accurate upto 0.02 %. Calculate the
certainty with which the position of the bullet can be located.

05" [SPPU : May-2000]

Ans. : Given data : h = 6.63x 10~ 3 J-s

m = 25 gm = 25X 1073 kg
0.02

Av = 100 x 400 = 0.08 m/s
Formula : AxAp = h
h h
ax = Ap ~ mhAv
Ay = 6:63x107 %

25x% 10~ 3 x 0.08

Ax = 3315x 10" 3'm

Q.41 Calculate the minimum uncertainty in the velocity of an
electron confined to a box of length 10 A°. IS5 [SPPU : Dec.-2000]

ns. : Given data : (Av) ., = 10 A°=10x10" 1" m
h = 6.63x10" 3 J-s
m = 9.1x 107 3! kg
Formula : AxAp = h

Ax-mAv = h

Av = m];x
(min = 7 —
ithsses # 6.63x 10~ 3

9.1x10 3 x 10x 10~ 10

(AD) i, = 7-286% 10° m/s
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Q.42 If the uncertainty in location of a particle is equal to its de
Broglie wavelength, show that the uncertainty in its velocity is
equal to its velocity. 0S5 [SPPU : May-12, Dec-13, Marks 3]

Ans. : Given data : Ax = A

Formula : AxAp = h

oy
mo
Ap = mAv
}—?omAz? = h
muo
Av= v

Q.43 An electron is confined to a box of length 2A°. Calculate the
minimum uncertainty in its velocity. =" [SPPU : Dec.-06]

Ans. : Given data :

h = 663x1073 Js
m = 91x10" 3 kg
(AX) o = 2 A2=2x10"1"m
Formula : AxAp = h
Ap = mAv
Ax-mAv = h
_ _h
mAx
For minimum uncertainty in velocity, the uncertainty in position is
maximum.
(AV) min = m
i 6.63x 10~ 3
9.1x 10731 x 2x 10710
(AV) min = 3-643% 10® m/s
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Q.44 The position and momentum of 1 keV electron are
simultaneously measured. If its position is located with 1 A°. Find

the percentage of uncertaiaty in its momentum. 31
(Given : h = 6.64 x 10° ”" J-sec., m = 9.1 x 10 kg)
035" [SPPU : Dec.-12, Marks 3]

Ans.: Givendata: Ax=1A°=1x10 ' m
h = 6.64 %10 % Js
E=1keV=16x10 1]
9.1 x 10" kg

m
Formula: Ax Ap=nh

1x10° % Ap=664x10 %

Ap = 6.64 x10° 2 kg-m/s
PP
2m
p = 2mE = 2x9.1x1073 x1.6x10716
p = 1.706 x 10~ * kg-m/s
A -24
Percentage uncertainty = Y 100 = el x 100
p 1.706 10723

Percentage uncertainty = 38.92 %

6.5 : Wave Function and its Physical Significance

Q.45 What is wave function y ? Write down the conditions
satisfied by wave function v. I [SPPU : Dec - 13, May 15, Marks 4]

Ans. : e Every wave is characterized by periodic variation in some
physical quantity. For example, pressure varies periodically in
sound waves whereas electric and magnetic fields vary periodically
in an electromagnetic wave.

e Similarly, the quantity whose periodic variations make up the
matter wave is called wave function y. The value of y at a
particular point (x,y, z) in space at time 't' is related to the
probability of finding the particle there at that time.
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e y itself does not have any direct physical significance and is not
an experimentally measurable quantity.

Conditions satisfied by wave function y
i) y should be normalized wave function so that > will
represent probability.

ii) As probability is a single valued function, y must also be a
single valued function at every point in space.

iii) y must be finite at each and every point in space.

iv) y must be continuous in the region where it is defined.

dy  dy d dy

— — tb
T Ty and — must be

continuous in the region where v is defined.

v) The first order derivatives of v, i.e.,

Q.46 Explain the physical significance of y and |w|2.
05" [SPPU : Dec.-12, May-15, Marks 4]

Ans. : e According to Max Born's interpretation, the probability of
finding the particle described by the wave function y at a point (x,
Y, z) in space at time 't' proportional to the value of lyl? at that
point at time 't'.

e A large value of |y |2 represents larger probability of finding the

particle.

¢ The probability of finding the particle is zero at a point only if
lyl? = 0 at that point. Even if there is a small value of lyl? at a
point, there will be some probability of detecting the particle
there.

e The probability of finding the particle in a certain volume
element dv = dx dy dz is |y|* dv which is called the probability
density if ly? represents probability.

e As the particle has to exist somewhere in space, the total

probability of finding the particle is 1. i.e,

T Iyl do = 1 .. (1)
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e The above condition is satisfied only if |yl> represents

probability. But, in general, the wave functions obtained as
solutions of differential equations do not satisfy equation (1).
Instead, on integrating over the whole volume, yield a finite
positive and real quantity, say N? i.e.,

j lyl2 do = N2

e Normalized wave function y, is then constructed from y as,

UYn =

and vy =

Z\E* Z|<€

e The normalized wave function satisfies equation (1) so that |y N|2

represents probability. The process of constructing vy, from v is
called normalization of the wave function.

Q.47 What is wave function ? Explain what is normalization of
wave function. =5 [SPPU : Dec.-14, 15, Marks 4]

Ans. : Refer Q.45 and Q.46.

Q.48 Explain why probability of finding of a particle cannot be
predicted by the mterpretatlon of wave function V. Explain physical
significance of |‘P| U5 [SPPU : May-16, Marks 4]

Ans. : Refer Q.45 and Q.46.

Q.49 Write down the conditions which are to be satisfied by well
behaved wave function. 0 [SPPU : Dec.-16, May-19, Marks 4]

Ans. : Refer Q.45 and Q.46.

Q.50 Explain physical significance of wave function ¥ and (¥)2.
State the mathematical conditions that wave function ¥ should
satisfy. IS [SPPU : May-17, Marks 4]

Ans. : Refer Q.45 and Q.46.

Q.51 Explain wave-function . Give the physical significance of
2
v IS [SPPU : May-18, Dec.-18, Marks 4]

Ans. : Refer Q.45 and Q.46.
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6.6 : Schrodinger's Time Independent Wave Equation

Q.52 Derive Schrodinger's time independent wave equation.
0=5" [SPPU : Dec-12,14,15, May-13,14,15,16,17,19, Marks 6]

Ans. : o The general differential equation for a wave with wave
function "y, travelling with velocity 'u' in three dimensions is

2 2 74 2

Oy _ 207y 07y 97y

ot? ax?  oy?  9z°

2
ie., ‘:’;T;" = u2v2y ()
where V2 = 9 9% o

+ +
ox?  oy? 0z°
is called the Laplace operator.
e The general solution of equation (1) is of the form
Wy z ) = wo (1, y,2)e” ™ 12
where Yy (x, y, z) is the amplitude of the wave at point (x, y, z).

¢ The above equation can also be written as
= = — 1wt
y(r,t) = yo(r)e .. (3)
— . . .
where r = xi + yj + zk is the position vector of the point (x, y, z).

e Differentiating equation (3) partially with respect to 't' twice,

%_‘11 _ _’.w‘l‘o e imt

2 ‘
OV - (o) (i) g e
ot

Py — it
F o _(0 WOE'

But Vo= Y g~ 10k

2

07y _ — P

ot2
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e Substituting in equation (1),

—0?y = u2v2y

2
v2y+2 gy =0 .. (3
2
u
N T s
® = 2nv = 21 5
i o
u A
2 2
® 4
iy i)
u A
e From de Broglie hypothesis for matter waves,
h
% B
P
2
2= .- (6)
P

e The total energy (E) of particle is a sum of kinetic energy[%mvz)

and potential energy V.

_1_ 5 _ m?v?
E—Emv +V = > +V
2
-
E = 2m+V
p*> = 2mE-V)
¢ Substituting in equation (6),
hZ
7 Lol P
2m(E-V)
e Substituting in equation (5),
2 2 P
(1)_ = 4n2 X—m( V)
u? h?
2 2
® 8nm
= (E-V)
u? h?
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e Substituting in equation (4),

2
S M E-V)y = 0 )

h?

V2w+

e The quantity % appears very frequently in quantum mechanics

and hence is substituted as #.

2m

.zV%H;E(E—Ww::O ... (8)
1

Equation (7) or (8) is the Schrodinger's time independent wave

equation.

Q.53 Starting from de-Broglie hypothesis, derive Schrodinger's time
independent wave equation.

Ans. : Refer Q.52

6.7 : Schrodinger's Time Dependent Wave Equation

Q.54 Derive Schrodinger's time dependent wave equation.
05" [SPPU : May-11, Marks 7]

Ans. : o The general differential equation for a wave with wave
function y, travelling with velocity u' in three dimensions is,

2
IV _ vty ()
ot?
5 9% B2 9% .
where V* = + + is the Laplace operator.
0x> 8y2 0z>

e The general solution of equation (2) is of the form,
W(x Y,z ) = wolx y, e i (2)
where y(x, y, z) is the amplitude of the wave at point (x, y, z).

¢ The above equation can also be written as,
_}

Wt = wo(r)e ot .. (3)

P T
where r = xi + yj + zk is the position vector of the point (x, y, z).

e Differentiating equation (3) partially with respect to 't
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oy . _
a = —ioy, e 1wf
%—T = — IOy ... (4)
As m=2nv and E = hy,
a E
® = Zﬂﬁ
e From equation (4),
Jdy  —i2nE
o VY
_ —h oy
BV o
_ih dy
Ey = TS sos (D)
e Schrodinger's time independent equation is
8n2m
V2y+ 3 (E-V)y = 0
h? o
Vy+(E-V)y = 0
812 m
)
V2w+Vw = Ey
8m2m
e Substituting for Ey from equation (5),
-h% _, ih oy
V +V T — — e 6
8n2m L 21 ot 2

e The above equation is known as Schrodinger's time dependent

wave equation.

6.8 : Particle in a Rigid Box (Infinite Potential Well)

Q.55 Derive equation of energy and wave function when a free

particle is trapped in an infinite potential well.
=" [SPPU : Dec.-09, 11, May-10,12, Marks 7]
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Ans. : |-7L4—-|

e The physical problem of

particle confined between | > <0 ———— -

two rigid walls can be

converted into a problem =D Bl
of potential distribution (a)
by specifying the V=
potential energy of the

particle to be infinite at v=0 V=
and beyond the walls as Y

shown in Fig. Q.55.1 i.e.,

V=o for x<0 and x=0 b) x=L

for x > L Fig. Q.55.1

e The potential energy of the particle is constant within the box
which can be taken to be zero for convenience i.e.,

V=0 forO<x<L
e The potential energy distribution is shown in Fig. Q.55.1 (b). It is

as if the particle is inside an infinite potential well. As the
particle does not exist at the walls and beyond them,

y=0 for x<0 and x2>L
¢ The wave function y exists only for 0 < x < L. Schrodinger's time

independent wave equation is

8m2
IZm(E—V)w =0 (1)
1

V2w+

e As it is a problem in one dimension along x-axis, VZy can be

92y . d2y .
replaced by —— which in turn can be replaced by ——-as Yy is a
x> dx
function of x only. Also, substituting V = 0 for 0 < x < L in
equation (1),
dzlu N 8nZm

Ey =0 - (2)
dx2 K2

—0 e
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2
Let e w2 .. 3)
K2
2
-d—g’-+1<2w =0 . (4)
dx
e The general solution of equation (4) is
Yy = A sin Kx + B cos Kx . (D)

where A and B are arbitrary constants which are to be determined
using boundary conditions.

e The first boundary condition is
y=0 at x=0

~. From equation (5),

0 = Asin0+Bcos0
B=20
- From equation (5)
y = A sin Kx 4. (6)

e The second boundary condition is
y=0 at x=1L
~. From equation (6),

0 = Asin KL

A #£0 as for A =0, v =0 for all values of x which will mean that
the particle does not exist inside the box.

sin KL 0
KL =nmn; n=1,2 3, ...

n#0asn=0=y =0 for all values of x which is not possible.

nm
K== e (7)

e From equations (3) and (6),
8n2mE _ n’m?
h? I

e As energy 'E' depends on 'n', we use suffix 'n' for 'E".
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212
n<h

E; = 5 v (8)
8ml:

where, e 123 ...

e From the above equation, the smallest value of energy that the
particle can have is

h?
8ml?

which is non-zero. This contradicts classical mechanics, according

E1=

to which the particle can have zero energy.

: 4h 9h?
e The other possible values of energy are E, = ———, E3 = ——,
8ml? 8ml?

etc.

e These energy values are discrete. They are not continuous as
expected from classical mechanics.

e Thus, according to E

quantum mechanics, the 1}

particle inside a rigid box B on>

cannot have all values of
energy, but only those
discrete values which are
given by equation (8). an?

; 2
e These discrete energy 8mL
values are known as h

energy  eigen  values.
These energy levels are
shown in Fig. Q.55.2

Fig. Q.55.2
Wave function :

e Substituting equation (7) in equation (6), we get,
v =A sin($) . (9)
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e The complex conjugate of y is

* - A sin[ "™
\f —Asm(L)

L
To normalize the wave function, we find I yy ' dx
0
L L .,
J\Uw dx = -[ A SIHZ{_L}ix
0 0
L 1—005( n_szx)
-
= A J- 5 dx
0
i E)'L
_ A? o L
)
£ L 0
A2
= griL~0l
- AZL
[ wytdx = ==
2
0
o Let the RH.S. be N? ie,
2
2 _ A°L
L 2
or N = %
® The normalized wave function vy, is obtained using
Yy = %

— ?5_-.'
P

2
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6-36
2 . ( nnx
VY, = \/:LSII‘(—L‘) (10)

¢ These normalized wave functions are called eigen functions.

+* 2 . 'FITUC'
¥ = \E S“(T)

e The probability function is

Engineering Physics

e 2 . nmx
P(x) = [WﬁlzZWHWH :ESID2(—L) e (11)

¢ The wave function and probability functions for n = 1, 2, 3 are
shown in Fig. Q.55.3

2
Vs L 2F i [ |95 |
3 3 3 3
L
2 2
U4 7 ¢ |y, |
2 l
l
|
|
I,U :
1 i 2
I | v |
xr=0 x=L 2
x=0 =i,

(a) Wave function
(b) Probability function
Fig. Q.55.3 (a) Fig. Q.55.3 (b)

Q.56 Derive an expression for energy of a particle trapped in an
infinite potential well. 0= [SPPU : Dec.-13, 16 Marks 6]

Ans. : Refer Q.55

Q.57 Derive equation of energy when a particle is confined to an
infinite potential well. Draw first three energy levels for an electron
confined in it. 0S5 [SPPU : May-18, Marks 6]

— —_—
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Ans. : Refer Q.55

Q.58 Derive expression for the energy and wave function of a
particle enclosed in an infinite potential well (rigid box).
0=3" [SPPU : Dec.-18, Marks 6]

Ans. : Refer Q.55.

Important Formula
n’h?

En = 8ml>

Q.59 Compare the lowest three energy states for (i) An electron
confined in a potential well of width 10 A° and (ii) A grain of dust
with mass 10~° gm in an infinite potential well of width 0.1 mm.
What can you conclude from this comparison ? [ [SPPU : Dec.-03]

Ans. : For a particle of mass 'm' in an infinite potential well, the
energy levels are given by,

Formula : E, = n*h?
8mlI?
i) Given : m = 9.1x107 3! kg
L =10A2=10x10"1m
L=1%m

h = 663x10"3* J-s
n? x (6.63x 10~ 34)2

B 8x9.1x 10" 31 x (107 9)2

= n? x6.038x 10~ % ]

n% x 6.038x 10~ 2°

T 16x10° D v

E, = 0.3774n? eV
The lowest three energy states are obtained for n =1, 2 and 3.

E, = 0.3774eV
E, = 0.3774x 2% = 1.5096 eV
E; = 0.3774x 3% = 3.3966 eV
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ii) Given :
m =10"% gm = 1077 kg
L=01mm=10"%m
n? x (6.63x 10734)2
8x 10?2 x (10~ 4)2

= n? x5.4946x 10~ ]
n? x 5.4946x 10~ °!

= eV
1.6x10~ 1

E, = 3434x10" 3 n? eV
The lowest three energy states are,

E, = 3434x 10732 eV
E, = 3434x 10732 x 22 = 1.37365x 10~ 3! eV
E; = 3.434x10732x32 =3.091x 1073 eV

The energy levels of dust are very close to each other and hence
will appear continuous whereas the energy difference is larger for

electrons due to which the energy levels will appear discrete.
Hence the quantization of energy will be observed more easily for
the smaller particle, ie., electron, compared to the larger dust
particles.

Q.60 Lowest energy of an electron trapped in a potential well is
38 eV. Calculate the width of the well.

055" [SPPU : Dec.-04,17, May-05,19]
Ans. : Given :
E, = 38eV=38x16x10" 7]
h = 6.63x10” 3 J-s
m = 9.1x 107 3! kg
h2
8ml?

Formula : E, =

—_— ——— Y
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h?

L = 8mE,
B (6.63x 10~ 34)2
 8x9.1x 10”3 x38x 1.6x 10~ 19
IZ = 993x 10~ 2!
L = 9965x10" ' m
L = 0.9965 A°

Q.61 An electron is bound by a potential which closely approaches
an infinite square well of width 1 A°. Calculate the lowest three
permissible energies (in electron volts) the electron can have.

U=" [SPPU : Dec.-05, May-10,11,18]

Ans. : Given data :
h = 6.63x10"3 J-s
m = 9.1x1073! kg
L=1A°=10""m

n%h?

Formula : E, =
8mI?
- n? x (6.63x 10~ 34)2
" 8x9.1x 107 31 x (10~ 10)2
= n2x6.038x107 18]
n* x 6.038x 10~ 18
- eV
1.6x 10~ Y
E, = 37.74n% eV
The lowest three permissible energies are
E, = 37.74eV

E, = 37.74x2% = 150.96 eV
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E, = 37.74x 3% = 339.66 eV

Q.62 An electron is trapped in a rigid box of width 2 A°. Find its
lowest energy level and momentum. Hence find energy of the third
energy level. 0= [SPPU : May-06,12, Dec.-18]

Ans. : Given :
For lowest energy, n = 1
h = 6.63x10" 3 J-s
m = 9.1x 107 3! kg
L=2A"=2x10""m

n*h?
Formula : E, = , P =+2mE
8ml?

(6.63x 10~ 34)2
8x9.1x 10731 x (2x 10~ 10)2

= 1.5095x 10~ 18 ]

- 18
_ 1.5095x 10 oV

1.6x 10~ 19

E, = 9434 eV

The corresponding momentum is,

P = 2mE;

\/2>< 9.1x 10~ 31 x 1.5095x 10~ 18

p; = 1.66x 10~ * kg-m/s
The third energy level is
E; = E;x32
= 9.434x 37

a0 —— —
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E; = 84.906 eV

Q.63 An electron is confined in an infinite potential well of width
5 A°. Calculate the energy and wavelength of the emitted photon if
the electron makes a transition from its n = 2 energy level to
n=1,

Ans. : Given data :
h = 6.63x107 3 J-s
m = 9.1x10" 3! kg
L=5A°=5x10"1"m

21,2
Formula : E, = nh
8ml>
For n =1,
2
8ml>
For n = 2,
4
£y = 4h
8mI?
The energy of emitted photon is E, — E,, i.e,
2
B = By = 3h
8mI>
. 1 - 3442
E, - E; = 3% (6.63x 10~ %)

8x9.1x 1073 x (5x 107 10)2

= 7.246x 1019

=y
_ 7.246x10° Y

1.6x 10~ 19

E,-E = 453 eV

The energy of photon in terms of wavelength is he
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7.246x 10~ 19 ]

c = 3x10% m/s

6.63x 10~ 3% x 3x 108
7.246x 10~ 19

A= 2745%x10"7 m

Q.64 Compute energy diffrence between the ground state and first
excited state for an electron in a one-dimensional rigid box of
length 10 ~ 8 em. IS5 [SPPU : Dec.-10, Marks 4]

Ans. : Given data :
h = 6.63x10°3* J-s
m = 9.1x 103! kg

L=1038m=10"9m

h2
Formula : E; =
8 mI?
and in first excited state,
2
E, = 4 h
8 mI>
The difference in energy is,
2
E,~E, = 3h
8 mI?
_ 3x(6.63x107%)?
8(9.1x10731) (10719)2
= 18114 x10 " V]
-17
_ 1.8114x10 oV
1.6x1071°
E,-E;, = 11321 eV
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Q.65 The lowest energy of an electron trapped in a rigid box is
4.19 eV. Find the width of the box in A.U.

Ans. : Given data :

E; =419 eV
h

m

Formula : E;

419x16x10719

5" [SPPU : Dec.-15, Marks 3]

419x16x1071° J

= 6.63x107* Js
= 91x1073! kg

hZ
8 m 2

(663 x10734 )2
8x91x10731 x [?

L

= 3x10°19 m

Q.66 A neutron is trapped in an infinite potential well of width
10714 m. Calculate its first energy eigen value in eV.

Ans. : Given data :

=" [SPPU : May-16, Marks 3]

h = 6.63x1073* s
m = 1.675x107% kg
L =10"m
2
Formula : E, = i
8 mI?
B . (6.63x10734)2
L 8x1.675x10% x(10714)2
= 328x10713 7
-13
_ 3.28x10 oV
1.6x10719
E, = 205x10%eV
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Q.67 Calculate the energy required to excite the electron from its
ground state to fourth excited state in rigid box of length 0.1 nm.
=" [SPPU : Dec.-16, Marks 3]

Ans. : Given data :
h = 663x1073# s
m = 9.1x1073! kg
L = 01nm=01x10"" m

21,2
Formula : E, = n”h

8ml?

hZ
For ground state, E, =

8 ml?

For fourth excited state,
o 52h% 25h2
> 8mi? 8 mI?

Energy required to excite the electron is
2512 p2 3h?

SmI? 8mI®> 8mI?
3%(6.63x10™34)2
8x9.1x10731 x(0.1x10~2)2

ES_E1 =

Egimiky =

181x10~ 17

-17
_ Bix1077 o

16x10~- 19

113.125 eV

Es - E,

Q.68 A neutron is trapped in an infinite potential well of width 1
A. Calculate the values of energy and momentum in its ground
state. 05" [SPPU : May-17, Marks 3]

Ans. : Given data :

h = 663x10"%*Js, m=1.675x10"% kg

@ pr—— -
DECODE = TECHNICAL
= PUBLICATIONS
A Guide for Engineering Students e AN Up-Threst fo Amowindpe



Engineering Physics 6-45 Quantum Mechanics
L=1A=1x10"1°m
h,z
Formula : E=——,p=+2mE
8 m 2
£ (6.63 %10~ 34)2
8x1.675x107% x(1x10710)2
E = 328 x10"% ]
p = ~J2mE
= V2 x1.675%10~ % x 3.28x10~ 2!
p = 3.315 x 10~ 2* kg-m/s

6.9 : Particle in a Non-Rigid Box (Finite Potential Well)

Q.69 Discuss the problem of particle in a non - rigid box.

Ans. : ¢ Consider another one

dimensional problem of a particle

of mass 'm' confined to a

non-rigid box of length 'L".

e As the walls are not rigid, the
potential energy of the particle
would be finite, say V|, outside
the box. Inside the box, the
potential energy is constant,
taken to be zero for convenience

i

x=0

Fig. Q.69.1

e The potential energy distribution is shown in Fig. Q.69.1

* We consider a particular case of interest where E < V), i.e. the

particle energy is less than the

energy required to overcome the

barrier represented by the walls.

e Schrodinger's time independent

s
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d1|1 8m2 m(E Vy = )
PRCE
e In region I, V=1V, and y = vy,
d*y; 8nim
Sh+ (E-Vy)wy = 0
dx h?
AsE<V, E-V,<0
- Let 8r? L (E-V,) =-K?
h?
d? ;
WJ_K2WI=O
dx?

e The general solution of this equation is,
Y = AeK'* 4 B~ K'x

e In region II, V=0 and y = y ;
dzllfn 5 8n’m

Ey,;, =0
dx2 K2 v
2
Lct Kz _ 8n“mE
h2
d2y
+K2y,; =0
dx2 11

e The general solution of this equation is,
vy = Cein + De™ iKx
L ]Il region III V: Vo, Ilj - lljfﬂ'
dz\l’m 811: m

2 (E-Vo)wy =0

e The general solution of this equation is
WLII = FEK"I + GE_ K'x

e The condition in region I is

.

- ()

- (4)
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y; >0 as x > —o0
. From equation (2),
B=20
y; = AeK* ... (5)
e Similarly in region III,
F=0
WHI = Ge~ K'x (6)

e The boundary conditions to be imposed on the wave function
are :

i) Continuity of wave function at x =0 :

[ll"f ]x: 0 - [w” ]x: 0
ii) Continuity of wave function at x = L :

lvileor = lvmlop
iii) Continuity of first order derivative of wave function at x = 0 :

dy | _ [ Ay
dx | _o, L dx |._,
iv) Continuity of first order derivative of wave function at x = L
dy g _ | dvpy
de | _, | dx | _;

e Using these four boundary conditions, the four arbitrary
constants A, C, D and G in equations (3), (5) and (6) can be
evaluated to obtain solution for y;, v, and y ;.

e The nature of y; is similar to the wave function in a rigid box,

except that the values at x = 0 and x = L are not zero. y; has a
non-zero value at x=0 and decreases exponentially to zero as
x — —oo. Yy has a non-zero value at x = L and decreases
exponentially to zero as x — +co. The energy eigen values are
discrete. The eigen functions and the corresponding probability
functions are shown in Fig. Q.69.2
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I I — w]
X = 0 X = L
(a) Wave functions
/\/\/\ |
'//\/\ | wz ‘ 2
| ¥, |

=L

w2
Il
=
=

|

(b) Probability functions

Fig. Q.69.2

a =
DECODE == 'I'El}llﬂll!lll
.I.Il:l‘l"lll.'
A Guide for Engineering Students — G- TS fo Wnwiesipe



Engineering Physics 6 -49 Quantum Mechanics

e In addition to the discrete energy values and prediction of certain
forbidden regions, like in the case of a rigid box, another
significant result is the finite probability of finding the particle
outside the box (as shown in Fig. Q.69.2 (b)).

e Even though the particle does not have sufficient energy to
overcome the barrier, still there is some finite probability of the
particle escaping from the box.

e This explains the phenomenon of o - decay where a-particles do
not have sufficient energy to come out of the nucleus but still do
escape from the nucleus. The tunnel diode and scanneling
tunneling microscope work on the same principle of particles
being able to 'tunnel' through a barrier even though they do not
have sufficient energy.

6.10 : Tunnel Diode

Q.70 Explain tunneling effect. How is this principle used in a
tunnel diode. IS [SPPU : Dec.-17, Marks 4]

Ans. : ¢ When impurity concentration in an n-type semiconductor
is small. The donor levels are discrete as there is negligible
interaction amongst the donor atoms.

e As the donor impurity concentration is increased the interaction
amongst donor atoms increases. Due to this the donor levels
which are just below the conduction band spread to form an
energy band and overlap with the bottom of the conduction
band.

e As a result the fermilevel for n-type semiconductors with high
doping concentration lies in the conduction band.

e Similarly, the fermi level in a heavily doped p-type
semiconductor lies in the valence band.

e The tunnel diode is formed by heavily doped p and n-type
semiconductors. The depletion region in these diodes is very thin.
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¢ The conduction band of n-type overlaps with the valence band of
p-type so as to equalize the fermi levels as shown in Fig. Q.70.1

e Under equilibrium conditions when no voltage is applied across
the diode, the electrons from conduction band of n-type tunnel
across the potential barrier in the depletion layer into valence
band of p-type and the electrons from valence band of p-type
tunnel into conduction band of n-type in equal numbers. Hence
there is no current through the diode.

e When a small forward biased voltage is applied to the diode, the
conduction band and fermi level in n-type is slightly raised with
respect to valence band in p-type as shown in Fig. Q.70.1.

e The lower part of the n-type conduction band containing
electrons is just next to the upper part of the valence band in
p-type which is empty.

e As a result the electrons from the higher energy levels in
conduction band of n-type tunnel into the lower energy levels in
valence band of p-type.

e Tunnelling of electrons is not possible from p-type to n-type as
the filled energy levels of p-type are at lower level compared to

(b)

(a)
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p n
C-B
C-B
___________ E,
Erpanasassass
V-B
V-B

Fig. Q.70.1 (c)

empty levels of n-type. As the electrons tunnel from n-type to
p-type, it constitutes a current from p-type to n-type.

e If the forward baised voltage is increased the conduction band of
n-type is raised further with respect to valence band and the two
bands no longer overlap as shown in Fig. Q.70.1 (c) as a result
the tunnelling current decreases.

I'A

Normal p-n junction

,‘/_/ characteristics

_-"'" -
- ia‘

Fig. Q.70.2

e For further increase in voltage, the diffussion current starts due
to injected charge carriers and the current increases exponentially
as in any other p-n junction diode.
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e The tunnel diode voltage-current characteristics are as shown in
Fig. Q.70.2.

e The response time of tunnel diodes to small changes in voltage is
very small. Hence they are used in high frequency oscillators and
fast switching circuits.

6.11 : Scanning Tunneling Microscope

Q.71 Explain in brief, working of Scanning Tunneling Microscope
(STM). 0" [ SPPU : May - 14, Marks 4 ]

Ans. : ¢ The scanning tunneling microscope consists of a probe

with a fine tip that is made to move on a surface which is to be

studied.

e The probe is kept at a positive potential with respect to that
surface and kept at a distance of about 1 nm above the surface.

e The microscope can be used in either constant height mode or
the constant current mode.

Constant height mode :

e In this mode, the probe is maintained at a constant height above
the surface.

e Due to the positive potential of the probe tip, electrons on the
surface tunnel through to the probe tip giving rise to a small
current.

e As the tip moves on the surface at a constant height, the distance
of the tip from the surface changes due to the irregularities on
the surface.

e As a result, the probe current changes. It increases when the
distance of the probe tip from the surface decreases.

e Thus the probe current gives an indication of the surface
topography when the probe tip is scanned on the surface as
shown in Fig. Q.71.1 (see fig.Q.71.1 on next page)
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Probe

U tip
__________________________ Path of

/\/_/\_/\’_/ probe tip

Sample
Probe A
current
= Sean avis
Path of
probe
Probe A
current
= Scan axis

Fig. Q.71.2

Constant current mode :

e In this mode, the distance of the probe tip from the surface is
varied so as to get a constant current.

e The movement of the probe tip perpendicular to the surface is

recorded which is directly the surface topography as shown in
above Fig. Q.71.2.
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6.12 : Quantum Computing

Q.72 Explain the basic principle of working of quantum computers.

Ans. : o In digital computers, the basic unit of information is the

'bit'".

e A bit is a system that has two states, which we call '0' and 1"
For example, it can be a swith with two states 'ON' representing
1" and 'OFF' representing '0'

e The bits are classical states and hence a system will be either in
its' '0' state or '1' state.

e The information is processed by digital logic gates.

¢ Quantum computing uses a basic unit of information known as
qubit . It is acronyn for quantum bit.

e Quantum mechanics predicts that if a system can exist in two
distinguishable states say 0 and 1, it can also exist in states which
are coherent superposition of the two distinguishable states.

e A qubit can exist in state 0, state 1 or both 0 and 1
simultaneously in some proportion.

e A classical 3-bit register can store 8 numbers in on of its 8
possible configurations. 000, 001, 010, ... 111, which represent
numbers from 0 to 7. It is in one of these states at an instant.

e A quantum 3-bit register consisting of 3 qubits stores these 8
numbers simultaneously. The 8 different numbers are physically
present in the register simultaneously.

® A register made of n qubits is capable of storing 2" numbers
simultaneously. Hence it is possible to perform methematical
operations on all 2" numbers simultaneously.

e This will greatly enhance the computing speed.

e A qubit can be an atom. A register of 250 atom is capable of
storing more numbers simultaneously than the estimated number
of atoms in the universe.

e The quantum computer is made of qubits to store information
which is processed by quantum logic gates.

e Quantum computers have the potential to increase computing
power exponentially.

END... &5
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UNIT - IV

Semiconductor Physics

7.1 : Free Electron Theory

Q.1 State the assumption in classical free electron theory.

Ans. :

Assumptions in classical free electron theory

1)

The metal atoms have a core, which consists of a nucleus
surrounded by the inner electrons and the valence electrons. The
positive ion core along with the valence electrons is electrically
neutral. The valence electrons are free to move throughout the
volume of the sample.

The electrostatic forces of attraction between the free electrons

and the ion cores are negligible.

The electrostatic forces of repulsion amongst the free electrons
are negligible.

The electrons cannot escape from the metal due to potential
barrier at the surface. Inside the metal the potential is constant.

The free electrons are equivalent to gas molecules and hence the
kinetic theory of gases is applicable to them. In absence of
electric field, they have random thermal motion. Their energies
are distributed according to the Maxwell-Boltzmann distribution.

Q.2 Define (i) drift velocity, (ii) mean tree path, (iii) relaxation
time.

An

s. : (i) drift velocity : The electrons do not move in a straight

line opposite to the electric field due to collisions with ion cores.
They move in a zig-zag path with a small average velocity opposite
to the electric field which is known as the drift velocity.

@~1)
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(ii) mean tree path : The average time between two collisions is
known as mean collision time and the average distance covered by
the electrons between two collisions is known as mean free path.

(iii) relaxation time : When applied electric field is turned off, the
drift velocity decreases and falls off to zero exponentially. The time

required by the drift velocity to decrease to(%) times the initial

value is known as the relaxation time.
Q.3 List the successes and failures of classical free electron theory.

Ans. : Success of Classical Free Electron Theory

1) The classical free electron theory is able to explain the electrical
and thermal conductivity of metals.

2) Ohm's law can be derived using classical free electron theory.

3) Optical properties of metals can be explained on the basis of
this theory.

Failure of Classical Free Electron Theory

1) The classical free electron theory predicts that the resistivity is
directly proportional to square root of the absolute temperature.
However, experimental evidence shows that the resistivity is
directly proportional to the absolute temperature.

2) According to classical theory, the free electron gas should
contribute to the molar specific heat at constant volume of metal

an amount equal to

CV x%R

Experiments show that the contribution of free electrons to the
molar specific heat at constant volume of any metal is much
smaller (C, = 10~ 4 RT). Also, the contribution of free electrons
is found to be temperature dependent which is not predicted by
the classical free electron theory.

3) According to classical theory, the mean free path must be of the
order of the interatomic spacing in the crystal. However,
calculations from various experiments show that the mean free

®Ecobe = TECHNICAL
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4)

5)

path is many interatomic spacings and it also depends on
temperature. As the temperature decreases, the mean free path
increases.

The classical free electron theory predicts larger conductivity for
divalent and trivalent atoms like zinc and aluminium compared
to monovalent atoms like copper and silver as it is based on the
assumption that the valence electrons take part in conduction.
This is contrary to observations that copper and silver are better
conductors than zinc and aluminium.

The classical free electron theory predicts that the magnetic
susceptibility of metals to be inversely proportional to
temperature whereas experimentally it is established that the
susceptibility is independent of temperature.

7.2 : Kronig-Penney Model

Q.4 Explain the Kronig-Penney model. Describe the concept of
allowed and forbidden energy bands in a single crystal qualitatively
from the result of Kronig-Penney model.

Ans. : e Kronig and Penney considered the electrons to be moving

in a variable potential region in the crystal instead of being free.

e The potential was approximated by a square well periodic
potential as shown in Fig. Q.4.1.

Vix)
A

a b
- ||

—(a+b) —-b 0 a (a+b)
Fig. Q.4.1

e The time independent Schroedinger wave equation in one
dimension is,

dzw 2m
—+—(E-V)y =0
dx?  n?

A Guide for Engineering Students
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2 .42
or h—d—w+(E— Vi =0
2m g2
e In region 0 < x < a, where v = 0, the general solution for wave

equation is,

v, = Ae® 4+ B s {1)
and the energy is,
72K2
E= r2m - ()

e In the region — b < x <0, V = V|;. The solution of wave equation is,

v, = Ceé + D ... 3)
e The continuity of wave function at x = 0 requires that the values
of y; and v, be equal at this point.

w1|x=0 " lI"2\3:=0

A A+B = C+D ... (4
ady . .
e — is also continuous at x =0
dx
ay _ ay,
dx - dx e 1]
iK(A- B) = Q(C-D) ... (5)

¢ By Bloch theorem,
y(a<x<a+b) = y(-b<x<0)eMa+b)

e where k is the wave vector.

e The condition for continuity of y at x = a with Bloch theorem is

s [ b

wl‘x=a _ w.?lx:_b e:ﬂn+ )
Ae'Kt 4 Be= K = (CemQ + Db ek + ) i (6)

e For continuity of i at x =a,
dx
dy g _ dy, pik@@+ b)
dx | dx |
= x=-b

iK(Ae'K® — Be'K7) = (Ce™ @ — DV eth(a+ ) o 4T
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e Equation (4), (5), (6) and (7) have solutions only if the
determinant of coefficients of A, B, C and D vanishes. This leads
to the condition.

2.
G 5 Ka+ cos Ka = cos ka ...(8)

_ sza
E 2
e The R.H.S. of equation (8) is coska which lies between — 1 and + 1.

Hence solutions are obtained only when the L.H.S lies between
-land + 1

where

e The graph of % sin Ka+ cos Ka plotted for different values of Ka

is shown in Fig. Q.4.2.

e In regions of the graph where the value of the function is either
greater than 1 or less than 1, solutions for y do not exist.

¢ The corresponding energies which are forbidden can be obtained
using equation (2).

'y e sinKa + cosKa
Ka

Allowed bands

Forbidden
bands

Fig. Q.4.2
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e Thus, there are bands of allowed energies a separated by energies
which are not allowed and hence known as forbidden bands.

e The graph of energy E for different wave vectors k is shown in

Fig. Q.4.3. There are discontinuities at k = ig, iz?n, veeeeennr. Which

correspond to the condition that % sin Ka+ cos Ka| > 1.

¢ Thus according to Kronig-Penney model, the motion of electrons
in a periodic potential in crystals gives rise to certain allowed
energy bands separated by forbidden energy bands.

Energy gap

Allowed
energy
band

RN | [ SRR S F R ——

Energy gap

*‘“T; Allowed
_Y_energy band

] -
> k

7.3 : Band Theory of Solids

Q.5 Explain Classification of solids on the basic of band theory.

Ans. : Solids can be classified into conductors, insulators and
semiconductors based on their energy band structure.

1) Conductors : e In conductors, the valence band and the
conduction band overlap. There is no forbidden band.
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2) Insulators :

The electrons can be made to move and constitute a current
by applying a small potential difference.

The resistivity of conductors is very low and increases with
temperature. Hence the conductors are said to have a
positive temperature coefficient of resistance.

The energy band structure is shown in Fig. Q.5.1.

Metals like copper, silver, gold, aluminium etc. are good
conductors of electricity.

Conduction
band

Fig. Q.5.1

Valence band

e Insulators have a completely filled valence band

and an empty conduction band which are separated by a large
forbidden band.

The band gap energy
is large (of the order
of 5 eV). Hence large
amount of energy is
required to transfer
electrons from
valence band to
conduction band.

The insulators have
very low conductivity
and high resistivity.
Diamond, wood, glass
etc., are insulators.

Conduction band
(empty)

!

Large Eg 5eV

l
v

Valence band
(Completely filled)

Fig. Q.5.2

The energy band structure is shown in Fig. Q.5.2.

a0
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3) Semiconductors : e In semiconductors, the wvalence band is
completely filled and the conduction band is empty at absolute

zero temperature.

The valence band and conduction band are separated by a
small forbidden band of the order of 1 eV.

Hence, compared to insulators, smaller energy is required to
transfer the electrons from valence band to conduction band.
Hence the conductivity is better than insulators but not as
good as the conductors.

Silicon and germanium are semicondutors having band gap
energies of 1.1 eV and 0.7 eV respectively.

Some compounds formed between group III and group V
elements like gallium arsenide (GaAs) are also
semiconductors.

The energy band structure is shown in Fig. Q.5.3.

Conduction band
(empty at 0 K)

Valence band
(Completely filled at 0 K)

Fig. Q.5.3

As temperature is increased, electrons from valence band
jump to conduction band leaving a vacancy in valence band
which is known as hole.

The free electrons in conduction band and the holes in
valence band take part in conduction.

Hence conductivity increases and resistivity decreases with
increase in temperature. The semiconductors are said to have
a negative temperature coefficient.

A Guide for Engineering Students
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Q.6 Calculate the band gap energy in silicon given that it is
transparent to radiation of wavelength greater than 11000 A°

[=5" [ SPPU : May-07, Dec.-17, 18, Marks 3]
Ans. : Given data : h=663x10"34]-g
c = 3x10% m/s

A = 11000 A° = 11000x107'° m

Formula : E, = h_c

Y
g _ 6.63x107 x3x10°
$ 11000 x 1010
= 1.8082x10719 ] = 180821077 o
1.6x10719
E, = 113 eV

Q.7 Calculate the wavelength at which germanium starts to absorb
light. The energy gap in germanium is 0.7 eV.

Ans.: Given data: h=6.63x10"%]-5
c = 3x108 m/s

E, = 0.7eV = 0.7x1.6x1071? ]

8
he
Formula : Eg o o
b=
8
-34 8
A = 663x107H x3x10% o o6
0.7 x1.6x10712
A = 17760 A°

Q.8 Calculate the band gap energy in Germanium. Given that it is
transparent to radiation of wavelength greater than 17760 A°.

1S [ SPPU : May-10 ]

— S— ————————
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Ans. :
Given data : h = 6.63x1073 Js

c = 3x108 m/s
A = 17760 A° =17760x 10~ 10 m

he

Formula : Eg = 5
g _ 663x107 x3x10°
8 17760 %1010
-19
- 112x10° 1 J=112X10 " .y
1.6x10717
E, =07 eV

7.4 : Effective Mass of an Electron

Q.9 Derive an expression for effective mass of an electron. How is
it used to describe motion of a hole ? Also find effective mass of a
free electron.

Ans. : ¢ An electron in a crystal is not free. When an external field

is applied, the electron in a crystal behaves as if it had a mass

different from its actual mass.

e Consider an electron described as a wave packet having wave
function in the region of wave vector k.

e Let the electron be in a crystal to which an electric field £ is
applied. The group velocity of the wave packet will be

W
8 dk
e If E is the energy of the wave packet,
E = hv= i-2'}'{\/
27
E = ho
E
m =

h
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o, = 20
8 dk
R L e (D)
dvg _ lﬂz_E_
dt h dk dt
dog _ 14 dk . (2)
dt h qic2 dt
e The work done dE by the electric field £ in a time interval dt is
dE = —eE v, dt iie (3)
* (The force on the electron is —e £ and the displacement is v, dl)
e As dE = %-dk
and E = ho, from equation (1)
dE = hvg dk .. (4)
e From equations (3) and (4),
hidk = —eg dt
—e€ = h% css (D)

e The above equation describes the force —e¢£ due to an external

field £ on an electron interms of the rate of change of wave
vector k. Hence we can write

dk

F = hE ... (6)
ﬁ = E
dt  h
e Substituting in equation (2)
s L 1EEE
dt h g2 h
n2 dog

dZE dt
k2
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dv 2
e As —3 has dimensions of acceleration, the quantity h2 .
d~E

3t 1S
. (7)

defined as the effective mass (m*) of an electron.

52

m* =
d>E
dk?
d*E . :
e Thus the curvature o of the energy band decides the effective
mass of an electron in a crystal.
d2

e The curvature Y is negative for an electron at the top of the
dk

valence band and positive at the bottom of conduction band as
shown in Fig. Q.9.1.

e Hence the effective mass of an electron is negative near the top
of valence band and positive near the bottom of conduction band.

E
'}

~——— Conduction band

Y
=~

Valence band

Fig. Q.9.1
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e The motion of valence band electrons with negative charge and
negative mass can be equivalently described by motion of holes
having positive charge and positive effective mass in same
direction.

e For a free electron,

P2
E7 om
h_ h 2n
P=5
P = hk
n’k?
E=—om
d’E _ h? -
T m From equation (7),
m* = m

i.e. the effective mass is same as its mass for a free electron.

7.5 : Density of States

Q.10 Derive an expression for density of states for free electrons in
metals.

Ans. : ® The conduction band electrons in metals are treated as free

electrons in the free electron gas model which more in three

dimensions within the boundary of the specimen.

e As the electrons are considered as free electrons within the
specimen, their potential energy can be taken as zero inside the
specimen which we will consider to be a cube of side L.

e The time independent Schroedinger wave equation in three
dimensions with V = 0 becomes,

2
v2w+gz;"5w =0 - (1)
hr
- Vey = Ey
81 2m

p——
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(82 2 2
811: mL ax? oy’ az

y = Ey a2}

¢ The solution of above equation i.e. of the form
v = Ak .. 3)
e The wavefunction y has to be periodic in x, ¥ and z with period
L 1ie,
wx+Ly, z) = wix, y, z)
y(x,y+Lz) = y(x,y,z)and

v(x,y,z+ L) = y(x,y,2)

e These conditions are satisfied only if the components of wave
2n |, 4n

vector ky, k,, k, take values 0,* T iT’ ... etc.
2
¢ Hence the components of k must be of the form %
_ 2n,m _ 2nym _2mm
k, = i ky, = T and kz_T
where n,, n, and n, are integers
¢ From equation (3)
v = Ae i(kyxx + kyy + kz2) (@)
[as k = kx;+kyf+sz and 7 = xi +yj +zk]
82w = — Ak2 ei(kxx+ kyy+ kzz)
x> '
a2w o AR2 ei(kxx+ kyy + kzz)
dy> !
2 ;
ng = —Ak§ ez(kxx+kyy+kzz)

= 7 Teoumical
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Substituting in equation (2),

— h2 ; -
( h }[_ A(k% % k& i kzz) l?H’kxx+ kyy + kzz)} _ EAet(i\xn+ky3;+ kz)
8n°m ‘

2
h—(kf+k§+k§-) = E
8n’m
\2
£ - h? |( 2mn, F 2mn,, 27n, 2
81'[2??1 L L L
_ h* 4n* 5 o o
E = 8n2mx 3 (ny +ny +n;)
e Let nf +n§ +n;?' = n? then,
h2 n?
E = - e (D)
/. PO 2

® The equation ny +n, +n; = n° represents a sphere in n-space

with radius n. Hence the number of allowed energy states per
unit volume can be obtained by using the volume of this sphere

in n-space.

e As each energy level corresponding to a unique set of values of
ny, 1n, and n, can accommodate two electrons according to

Pauli's exclusion principle, the total number of allowed states will
be 2 x( g- rm3)
e If N is the number of energy states per unit volume,

N.I3 =2 x(% 1'.:113)

- 2/3
» (3N
n ( = ) ... (6)

Substituting in equation (5) we get,

= —— ]
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w2 (ane Y
oml2| 8m

. n2(3N\/3
- ﬁ{%)

N - (2mEV? sn_8n 22 m¥? E¥?
hZ 3 3 hZ
3/2 3/2
N = 1632 mm’? E )
3h3

e The density of states, g(E)dE, which is the number of allowed
energy states in the energy range E and E+dE is obtained by

differentiating equation (7) w.r.t. E.

AN 1682 2 3 1

- Y = """ w " FE2
S(E)dE = S dE Bl dE
8/2 3/2
o(E) dE = ‘/_:3’” JE dE (8)

7.6 : Fermi-Function and Fermi-Level

Q.11 Explain Fermi-Dirac distribution function specifying the
meaning of each term in it. =5 [ SPPU : May - 14, Dec - 14, Marks 3 ]

Ans. : The Fermi-Dirac probability distribution function, also
known as Fermi function, is

P(E) = :

(E-Efp)/kT

1+e
where PE)

Probability of an electron occupying the
energy state E

Er = Fermi energy
k = Boltzmann constant

and T = Absolute temperature

a __ﬂ__,_? i aban oo )
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Q.12 Explain Fermi energy and Fermi level. Show the variation of
Fermi function with energy at 0 K and at a higher temperature.

=" [ SPPU : May - 15, Marks 3 ]

Ans. : The Fermi-Dirac probability distribution function, also
known as Fermi function, is

P(E) = 1

(E-Ep)/kT

l1+e
where P(E) = Probability of an electron occupying the
energy state E

E r = Fermi energy
k = Boltzmann constant

and T = Absolute temperature

for T = 0K, if E> Eg
11

1+¢=> 1+e

P(E) = 0

i.e. no electron can have energy greater than the Fermi energy at 0

Il

K. It means that all energy states above the Fermi energy are

empty at 0 K.
for T = 0K,ifE<EF,
B 1 1
£l = 14s=  1+0
P(E) = 1

i.e, all electrons occupy energy states below the Fermi energy at 0
K.

e Thus, all energy states below Fermi energy are filled and energy
states above Fermi energy are empty at 0 K. Hence Fermi energy
as the highest occupied energy state at 0 K.

for T > 0K, if E= E,
1 1
1+¢0 T 141

P(Ep) =

— —
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1
P(E = _
i.e, the Fermi energy level  P(E)

represents the energy state
with a 50 % probability of
being filled if forbidden gap
does not exist as in the case

0K

of good conductors.

e The Fermi function is I'>0K
shown for different 0 .
temperatures in Fig. Q.12.1. Er E

Fig. Q.12.1

_'/ Important Formula

1
P(E) =

Q.13 Find the temperature at which there is 1.0 % probability that

a state with an energy 0.5 eV above Fermi energy will be
occupied.
Ans. : The Fermi distribution function is
1
P(E) =
(E) 1+ E-EF)/ kT
P(E) = 1.0 % = 0.01
E-Ep = 05eV=05x16x10"1]
E-E = 8x10"%]
k =138 x 102 J/K
0.01 = 1
8 x 10~ 20
14o0138x10" 3T
157971)
1+e T ) =100
i5797.])
T ) =99

g
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5797.1
‘4

= 4.595

T = 12616 K

Q.14 Show that if the probability of occupancy is x at an energy
level AE below the Fermi level, then x is also probability of
non-occupancy at an energy level AE above the Fermi level.

Ans. : The Fermi distribution function is

P(E) = 1+U(EEEF)/J\,T
For E-E = -AE, HKE=x
= 1+e—1AE/kT - (1)
For E-E; = AE
P(E+AE) = m

e P(E+AE) is the probability of occupancy of energy level AE

above the Fermi level.
e . The probability of non-occupancy of energy level A E above the

Fermi level is

1
1-P(E+AE =1- T AE/RT
1+eAE/kT_1 eAE/kT
T {4+ oAE/KT 1. AE/KT
1
= (dividing numerator and
o~ AE/KT 1

denominator by A/ KTy

1-P(E+AE) = x

Q.15 Find the probability with which an energy level 0.02 eV
below Fermi level will be occupied at room temperature of 300 K
and at 1000 K.

—
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Ans. : The Fermi distribution function is

1
(E-Efp)/kT

1+e
E-Ep = -0.02 eV
k =138 x 1072 J/K= 8.625 x 107 ° eV/K

For T = 300 K

P(E) !

- 0.02 ]
1+ o 8625 x 107 2 x 300

P(E) = 0.684
For T = 1000 K
1
P(E) =
(B) - 0.02 ]
146 8625 x 107 2 x 1000
P(E) = 0.56

Note : It is clear from these values that the probability of occupancy of
energy levels below Fermi level decreases on increasing the temperature.

Q.16 Calculate the probability of an electron occupying an energy
level 0.02 eV above the Fermi level at 200 K and 400 K in a
material.

Ans. : The Fermi distribution function is

1
(E-Ep)/ kT

Il

#(E) 1+e

E-Ep = 0.02 eV
k = 138x10" 2 J/K
= 8625 x 1072 eV /K

For T = 200 K,
1

e

—

|

~
I

{ 0.02
1+ 6 8625 x 1075 x 200

TECHNICAL
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P(E) = 0.239
For T = 400 K
1
78 = i 0.02
1+ @ 8625 x 107 2 x 400
P(E) = 0.359

Note : The probability of occupancy of energy levels above Fermi level
increases on increasing the tempereture.

Q.17 The Fermi level in potassium is 2.1 eV. What are the
energies for which the probabilities of occupancy at 300 K are

0.99, 0.01 and 0.5 ?

Ans. : The Fermi distribution function is

1
P(E) =
(E) 1+ (E-EF)/KT
(E-Ep)/kT _ 1
1+e _P(
(E-Ep)/kT _ _1 _
é B 1
E_EF 1
kT ”{ P(E)_l}
E=E +kT1{L—1}
i P(E)
Ep = 21eV
k =138x10"2 J/K=8625x10"° eV /K
T = 300 K
For P(E) = 0.99
" -5 1
E 2.1 + 8.625 x 10 x 300 ln[ 3.99 1}
@zcons> - TECHNICAL
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E = 1.981 eV
For P(E) = 0.01
E = 2.1+8.625 x 107 ° x 300111[0%—1}
E = 2219 eV
For P(E) = 05
E = 21+ 8625 x 10~ 5 x 300 In[%—ljl
E = 21 eV

7.7 : Conductivity of Conductor

Q.18 Derive expressions for conductivity and current in a
conductor.

Ans. : o Resistivity or specific resistance is defined as the
resistance of a conductor of unit length and unit cross-section area.

It is related to the resistance 'R' by the following expression.

!
R =p- .. (1)

where p = Resistivity
I = Length of conductor and

a = Area of cross-section

¢ Conductivity is defined as the reciprocal of resistivity. i.e.,

Conductivity ¢ = %
e By ohm's law,
V = IR
%
' %

e Substituting from equation (1),
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e The current density 'J ' is defined as the current flowing per unit
cross section area.

I V1
I=2=7%
%4 -
® As T E, the electric field and
% = 0, the conductivity,
] = oE RO 4|

e Current density is also defined as the amount of charge that
flows through unit cross section area per unit time.

e Consider a conductor of unit cross section area and length 'v,’

where 'v," is the drift velocity of the electrons.

Let n = Number of electrons per unit volume
and ¢ = Charge of an electron

Then the distance travelled by electrons in 1 s =v; x1 = v,

e As electrons travel
distance v; in 1 s, all
electrons within a
distance 'v,' from the
unit cross-section area
shown in Fig. Q.18.1 will
cross the area.

A

s £

Vg

a=1unit

The volume of the
conductor from which all
electrons will cross the
unit area = v; Xa = v; (asa=1 unit)

Fig. Q.18.1

.. Number of electrons that cross unit areain 1 s = n vy

~. Amount of charge that flows through the unit

===} T TomcAL
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areainl s =]=nev, ... (3)

e From equations (2) and (3),

oE = nevy
Ve
= — - 4
G = ne (4)
e For the same electric field the charges which acquire larger drift
velocity are said to be more mobile. Hence the quantity %“ is a
measure of mobility of charge carriers.
Mobility p = U_bff .. (5)
- From equation (4)
C = neu suis 40}

e An equation for current can be obtained from equation (3). As
|
J=-,

I |-a

I = neav, wwe )

Important Formulae
I = neav,

c = neu |

7.8 : Conductivity in a Semiconductor

Q.19 Derive an expression for conductivity in semiconductor.
=5 [ SPPU : Dec - 12, May - 11, Marks 6 ]

OR Derive the expression for the conductivity of intrinsic and
extrinsic semiconductor. 0S5 [ SPPU : May - 14, Marks 6 ]

Ans. : e In a semiconductor, the current is due to free electrons as
well as holes.

e The current due to electrons can be written as,

I, = n,eav, s (L)

6] —
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where v, = Drift velocity of electrons

n, = Number density of electrons

e Similarly the current due to holes is

III = n,eauvy .. (2)
where v, = Drift velocity of holes
and n, = Number density of holes

e The total current is

I=1+1,
I = ea (n,v,+m,vy)
e The current density | = %
] = e(n,v,+n,vy) .. (3)
e Also,
] = oFE
oE = e(n,v, +m,v),)
U Uy
c = f{nefe-knh E‘)
U—bf = W,, the mobility of electrons
and % = W, the mobility of holes.
o = e (nu, +mu;) ... (4)

e For intrinsic semiconductors, n, =n, = n; where n; is called the
density of intrinsic charge carriers.
o = nie(u,+uy) o )
e For n-type semiconductors, n, >>n,
. From equation (4),
c = ne|, ... (6)
e As each donor atom contributes one free electron, 1, is also the

density of donor impurity atoms.
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e For p-type semiconductors, n;, >>mn,

C = nuel, — A
where ny, is the density of holes which is same as the density of
acceptor impurity atoms.

e The current due to motion of electrons and holes in a
semiconductor under the action of an externally applied electric
field is known as drift current.

e In semiconductors, another type of current can flow when there
is difference in density of charge carriers. This current which is
due to density difference of charge carriers is known as diffusion
current.

Important Formulae
For intrinsic semiconductors, conductivity 6 = n;e (U, +1),)

For n-type semiconductors, conductivity o =n,ep,

For p-type semiconductors, conductivity o = n,eu,

Q.20 Calculate the conductivity of a germanium sample if a donor
impurity is added to the extent of one part in 107 Ge atoms at
room temperature.

Given : Avagadro number N, = 6.02 x 10 atoms/gm-mole

Atomic weight of Ge = 72.6, Mobility u, = 3800 cmz/V-sec,
Density of Ge = 5.32 gm/cc

Ans. : Given data :

As density of Ge = 5.32 gm/cc, mass of 1 cc of Ge is 5.32 gm. 72.6

023 atoms.

23
Number of Ge atoms in 1 cc = %XS.SZ = 441x10%

gm of Ge contains 6.02x1

i.e.,, there are 4.41x10% Ge atoms per cc. As there is one donor
impurity per 10’ Ge atoms, the density of donor impurity atoms,
which is same as density of free electrons is

BI.II‘.‘“ 10NS
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22
n, = i) 4.41><1015/cc
107
Formula : O, = N e,
e = 1.6x107°C, p, = 3800cm?/V-s

o, = 441x10% x1.6x1071? x 3800

6, = 2.6813 mho/cm

Q.21 : Calculate the conductivity of pure silicon at room
temperature when the concentration of carriers is 1.6 x 10! per cm3.

Take u, = 1500 cmz/V-s and uj; = 500 em® [V - spat Fapsy iemperature.

Ans. : Given data: n; = 1.6x101° percm3

e = 1.6x1077C
W, = 1500 cm?/V-s
W, = 500 cm?/V-s
Formula : o; = me(u,+uy)
o; = 1.6x10'" x1.6x107'% (1500 +500)
o, = 512x10% mho/cm

Q.22 : Calculate the number of donor atoms which must be added
to an intrinsic semiconductor to obtain the resistivity as 10°°Q cm.

Given : u, = 1000 cmz/V - sec 1< [ SPPU : Dec.-07 ]

Ans.: Given data: p = 107° Q-cm

e = 1.6x107° C
u, = 1000 cmz/\f—sec
Formula : p = L
o
_ 1
P n.e U,
n, = .
© pep,
@Ecobe " TECHNICAL
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1

mn =
© 1070 x1.6 %1071 x1000

3

n, = 6.25x10% per cm

&

Q.23 Calculate the number of acceptors to be added to a
Germanium sample to obtain the resistivity of
10 Q-cm.

- . e 2
Given : i = 1700 cm?/V - sec. U [ SPPU : May-08, 12, 19, Marks 3 ]

Ans. : Given data: p = 10 Q-cm
e = 16x10719 C
w, = 1700 cm?/V-s
1
Hypely,
1
peu'h

Formula : p =

”h =

1
10x1.6 %1079 x1700

”.-'1' =

n, = 3.676 x10™ per cm?

1

Q.24 Calculate the current produced in a small Germanium plate
of area 1 cm? and of thickness 0.3 mm when a P.D. of 2 V is

applied across the faces.
Given : n; = 2x 10" /m3, e=16x10"1C, He = 0.36 mz/V- s,

my, = 0.17 mz/V- s

Ans.: Givendata: V =2V,[=03 mm = 0.3x10°m

A =1cm?2=1x10"% m?
I

Formula : ] = ke oE
I =cEA
Vv
As E = T,andﬁ = me (U, +1iy,)

L
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Vv
TA

I = nje(u,+uy)

I=2x10" x1.6x1071°(0.36+0.17) x— 2 x%1x10~%
0.3x1073

I = 113 A

Q.25 Calculate the conductivity of Ge specimen if donor impurity
is added to the extent of one part in 10° Ge atoms at room
temperature. (Given : Atomic weight of Ge = 72.6, Density of

Ge : 5.32 gm/cmS, mobility of electrons = 3800 cmz/v-sec.

Avagadro number = 6.02 x 1023 atoms/mole).
05” [ SPPU : Dec.-09, 18, May-17, Marks 3 ]

3

Ans. : Given : As density of Ge = 5.32 gm/cm3 , mass of 1 cm*~ of

Ge is 5.32 gm.

72.6 gm of Ge contains 6.02x 10%> atoms.

3 _ 6.02x10%
72.6

Ge atoms per cm°,

.. Number of Ge atoms in 1 cm x5.32 = 4.41 x10%2

i.e, there are 4.41 x10%2

As there is one donor impurity per 10® Ge atoms, the density of
donor impurity atoms and hence density of free electrons is,

22
= BRI 441x101 per cm?

108
e = 1.6x10719 C
3800 cm? /v - sec

1,

'
Il

Formula : G, = H,eWU,

6, = 441x10™ x1.6x1071 x 3800

o, = 0.268 mho/cm

Q.26 Intrinsic silicon is doped with phosphorus, with the atomic
ratio of 10°(Si) : 1 (P). Calculate the conductivity of N type of

] — -
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silicon thus formed. Given mobility of electrons in silicon
m, = 1400 cm?V-1s71. Atomic weight of intrinsic silicon = 28.085,

Avogadro's number = 6.022x 10*3 atoms per mole,
Density of silicon = 2.33 gm/cm3. S [ SPPU : Dec.-11 ]

Ans. : Given : As density of silicon is 2.33 gm/ cm?, mass of 1 cm?3

silicon is 2.33 gm.

28.085 gm of silicon contains 6.022x 102 atoms,

3 _ 6.022x10%
28.085

As there is 1 phosphorus atom 10® atoms of silicon, the density of
free electrons is

. Number of silicon atoms in 1 cm x 2.33 = 5x 1022

1022
n, = %=5X1014 per cm?
1
Formula : G, = H,eWU,

G, = Neele =5x10" x1.6x107" x 1400
6, = 0.112 mho/cm

Q.27 The resistivity of copper wire of diameter 1.03 mm is 6.51 ohm
per 300 m. The concentration of free electrons in copper is
8.4x10%8/m3. If the current is 2 A, find the mobility of free electrons.

0=5" [ SPPU : May-12 ]

Ans. : Given data: R

I

A=Fp2." -3)?
6.51 ohm ; A 4d 4><(103><10 )

[ = 300 m

Rxl—?

Formula : p

T =3 2
Z><(1{}3><10 )
200

1808 x10~® ohm-m

p = 6.51x

0=1-neu
(Y

1 1
nep  84x10%28 x16x1071Y x1808x107®
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u =4115 x 10> m%/V-s

Q.28 Calculate the number of acceptors to be added to a
germanium sample to obtain the resistivity of 20 Q cm.

- . — 2
Given : p = 1700 cm?/V.sec ST SPPU : Dec.-15, May-18, Marks 3 ]

20 Qcm,e=16x10"Y C,

Ans. : Given data: p

w, = 1700 cmz/V sec.
Formula : p = :
ny ey
n, = L
h p ey,
3 1
= -19
20x16x10""" x1700
n, = 1.838x10™ per em?

Q.29 Calculate the number of acceptor atoms that need to be
doped in germanium sample to obtain the resistivity of 8 Qcm.

[Given : mobility 1 = 1600 cmz/V-s] S [ SPPU : May-16, Marks 3 ]
Ans. : Given : p=8Qcm e=16x10"7C

w, = 1600 cm?/V-s
Formula : p = 1

ny ey,
n, = !
h peu,
1

Hh =

8x1.6x107Y x1600

n, = 4.883 x101* per cm?

7.9 : Fermi-Level in Semiconductors

Q.30
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Using expression for concentration of free electrons and holes,
derive an expression for fermi level in intrinsic semiconductors.
Describe its variation with temperature.

Ans. : In an intrinsic semiconductor,
n=p

. 13/2 v 32
9 2ntm, kT o (Ec— Ep)/KT _ o 271 my, kT o~ (EF — Ep)/KT
.. h2 h2

(Hl;)3/2€_ (Ec-Ep)/kT _ (m;)3/2€— (Ep-Eyp)/kT

+\3/2
(;‘_ (EU—EF)/kTe(EF_Ev)(’kT — r”h
m,

312
o~ (Ec+Eq)/kT 2Ep/kT _ mh
m,

«\3/2

e2EF/KT  _ m{: e(Ec+EI,)/k'r

Taking logs on both sides,

2Ep _ 3 Iog{ mj, J+ E-+ E;

KT 2 764 F kT

©

E, = ileog{ T ]+ e ;’ £y (1)

R

log{ m{:J = log,1=0
m,
E.+E
EF — % ...(2)

e Hence the Fermi level lies at the centre of the forbidden band as
shown in Fig. Q.30.1.

g — =
DECODE =~ TEGHNICAL
= PUBLICATIONS
A Guide for Engineering Students s rrns A Uit e Rngarinaipe



Engineering Physics 7-33 Semiconductor Physics

e Actually, m;; >m, . Hence Ep is

slightly raised above the centre

of the forbidden band as

temperature increases.

Q.31 Derive expression for fermi
level in an n-type semiconductor
and describe its variation with

temperature. Fig. Q.30.1

Ans. : The number of electrons
in conduction band per unit volume is given by,

2um, kT ]

| afils &1 ¢~ (Ec — Ep)[kT 15
h?

e Let N, be the density of donor atoms added to an intrinsic

semiconductor and E; be the energy of the donor impurities

(which are just below the bottom of conduction band).

e The density of free electrons in conduction band will be equal to
the density of ionized donor atoms as for every donor atom that
is ionized, there will be one free electron.

¢ The probability of an electron having energy E; is f(E;) The

electron will either be in the donor level or in the conduction
band. Hence the probability of finding the electron in conduction
band is same as the probability that it is not in donor energy
level, ie. 1-f(E;)

. Density of ionized donor atoms = N, [ 1- (E;) ]

(Eq-Ep )/KT _
N, [1— 1 } N, {lﬂ’ f 1

14 e(Ed—EFp /KT l+€(Ed—EF)/kT

g(Ed_EF)/kT |: 1 :|
d

g _
1+ (Ed—EEp)/kT o~(Ed—EF)KT 4

As Ep lies more than a few kT above E,,

— — — :
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o~ (Ea~Ep)iT o q

Hence, 1 can be neglected in the denominator.

.. Density of ionized donor atoms = N d 1
& (Eq-Ep)/kT

= N (Ea—EF )T

Density of electrons in conduction band = Density of ionized donor
atoms

L
2|:27ftn'1f3 kT} o (Ec— Ep)JKT  _ N, E(Ed—Ep)/kT

hZ
* —3/2
2{2‘”3”1;” - N, (Ec+Eq=2Ep)/KT
h
* k '3/2
h
E-+E; ) kT
G2EF/KT _ N, elEerEa)
* 3/2
2{21111&,](1‘}
h2
e N{}/ze(Ec+Ed)/2kT
e F — . (2)
* 3/4
zl,z[nmem*]
h2
Substituting in equation (1) for eEF/kT
.. 13/4
. 21/{2nm£,kT} Nc}/ze_E{,/kTe(Ec+Ed)/2kT
h2
* 3!‘4
y2 2mm kT | (E,-E )/2kT
n=(2N,;) 2 e ... (3)
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Fermi Level in n - Type

Taking log of equation (2),

Er E +E; 1 N,
kT~ 2kT +§log .. \3/2
” 21m, kT
- ]Tz -
E'+Ed kT Nd
Ep = L2 +-2-log Y
2mm,kT
hZ
At 0 K,
_ E.+E;

e i.e, the Fermi level lies mid way between donor impurity levels
and bottom of conduction band.

e As temperature increases, Ep shifts downwards. The Fermi level
shifts upwards on increasing the doping concentration N .

Q.32 Derive expression for fermi level in p-type semiconductor and
describe its variation with temperature.

Ans. : ¢ The number of holes in valence band per unit volume is
given by,

. 132
p = z{w} e~ (EF— Eo)[kT .. (1)
h2
e Let N, be the density of acceptor atoms added to an intrinsic
semiconductor and E,be the energy of the acceptor impurities

(which are just above the top of valence band).

e When an acceptor atom gains an electron, it becomes a negative
ion and the electron is in the energy level E,.

= 5 -_—_,—_—_-".
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e The probability of finding an electron in acceptor energy level is
AEg).
Density of ionized acceptor atoms = N, f(E,)
1

= N (Eq—Ep)/kT

1+e

E, - Ep is large compared to kT.

(Ea~ER)/KT oo q

Hence, 1 can be neglected in the denominator.
1

Ea=EFp)/kT

Density of ionized acceptor atoms = N, x

Density of holes in valence band = Density of ionized acceptor
atoms

2 m kT P2
.-.2{_”;1 } - Er—EJMT _ 1

52 * " [(Ea=Ep)/KT
- . 13/2
) 27 my, kT _ NHXE(EF-E@-ER-rEF)/kT
h2
[~ * '3/2
) 21t my, kT _ NnxezEF/kTe—(Ea+Ev)/kT
hz
— (Eg+Ep)/kT
o—2EF/KT _ Nge (Ba+Eo)l
. 3/2
2mmy, kT
. N
hZ
NV2,- (Eq+Egp)/2kT
2‘” Zﬂ:mhkT
h?
Substitute in equation (1).
. 13/2
5 = 2[2“”2;”] o~(EF = Eg)/kT
h
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. =32
_ 2{2‘“”’;:”] o~EF/KT JEy /KT
h*

N%fzc-(E" +Ey)/2kT
{

. 73/2

h?. * 3/4
21/ 2numy, kT
h?
2 kT |
_ " e —(Eq-Eyp)/2kT
b= (2N,) Z[h—z} e~ (Ea=Eo) -.3)
Fermi Level in p - Type
Taking log of equation (2),
EF _ 1 Na Ea"'Et!
kT T 2'°8 el Y5
anhkT
hZ
E,+E, kT N
Ep = “2 —TIOg *“ T ...(4)
2mmy, kT
h?
AtT=0K,
E, - E-+E,

2

e i.e, the Fermi level lies mid way between acceptor impurity levels

and top of valence band.
e As temperature increases, Ep shifts upwards. The Fermi level

shifts downwards on increasing the doping concentration N ;.

7.10 : p-n Junction Diode

= ——
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Q.33 Explain the working of p-n junction diode in i) Zero bias
ii) Forward Bias iii) Reverse Bias On the basis of energy level
diagram.

Ans. : ¢ i) Open circuited p-n junction (zero bias) : ¢ The Fermi

level is close to valence band in p-type and close to conduction

band in n-type as shown in Fig. Q.33.1.

e When the p and n-type are brought in contact, the electrons in
the n-type have a higher average energy than the p-type.

e The lower position of fermi level in p-type compared to n-type
means that there are lower vacant energy states for the electrons

in p-type as compared to juncuon
n-type. Hence electrons \
start  diffusing  from 4 "

n-type to p-type.
e Diffusion of electrons

continues till the fermi
levels are equalized

across the junction. Conduction band
e Under equilibrium b i Ep

conditions, there is a Er oo !

single Fermi level EF :

throughout the diode : Valence band

which is close to valence ' Fig. Q.33.1

band in p-type and close Denletion: |

to conduction band in W st By

n-type.
e The energy bands of the
n-type shift downward

=
L%
B
as]
m
-
(5]
a9,
o
=
-
]
-
!
3
m

/

[]
*—v—)n
I
I
L1 1

e

i

with respect to energy : : C.B
bands of p-type by eVj : ;

where Vp is the barrier F-======--= SESsRsEE S —— E

i . | I
potential forl alignment VE i |
of the fermi levels as . |
shown in Fig. : :
I ’

.33.2. | | VB
e ii) | '

Fig. Q.33.
Forward bias : e Diode is ig. Q.33.2

said to be forward biased
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when the p-type is connected to positive terminal and n-type to
negative terminal of battery.

e As electrons are removed from p-type by the positive terminal of
battery, holes are created which lowers the Fermi level.

¢ The negative terminal of battery connected to n-type supplies free
electrons due to which the fermi level is raised.

e Hence the energy bands of n-type are raised compared to those
of p-type. If 'V' is the applied voltage, the energy difference
between the conduction bands reduces to e(Vy - V).

® Due to this reduced barrier the electrons can cross the junction
and conduction starts when V > V;, i.e. when conduction band in
n-type is at higher level than conduction band of p-type.

e The energy band

-ty -t
structure of forward Pype o TOPE
biased diode is shown C.B N } eo(Vg-V)
in Fig. Q.33.3. N\ CB

| T
iii) Reverse bias : e : : £
| e btttk bt
Diode is said to be 7 Lo :
reverse biased when S k- :
I 1
-t i ted t
p yp? is com‘1ece o o N
negative terminal and : :
: V.B
I

n-type to positive
terminal of battery.

Fig. Q.33.3
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e The negative terminal supplies free electrons into p-type which
raises the Fermi level.

e The positive terminal takes away free electrons from n-type
which lowers the Fermi level.

¢ Therefore the energy bands of n-type are shifted downwards with
respect to p-type.

e The energy difference between the conduction bands of n and
p-type increases to e (Vg + V) where 'V' is the applied voltage.

e The free electrons in n-type now face a larger potential barrier
and the diode does not conduct.

The energy band structure of reverse biased diode is shown in
Fig.Q.33.4.

p-type i | n-type
I -
C.B ' !
\ } e(Vgt+V)
: I
| |
: | C.B
EF ___________ : "-.“-‘h i
M Ep
V.B : :
| |
I Y
: : V.B
I
I

Q.34 What is Fermi energy in semiconductor ? With the help of
labeled diagram show the position of Fermi level in the case of a
diode that is connected in forward bias. 1= [ SPPU : May-16, Marks 3]

Ans. : Refer Q.12 and Q.33.

Q.35 Derive an expression for barrier potential in diodes.

Ans. : e Consider the band diagram of an open circuited p-n
junction as shown in Fig. Q.35.1

T!I!IlNII‘.‘ﬂ;
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Conduction : :
ECD band 1 I
______ .-
I I
it : ' [Ep  Conduction
2 : | band .
E % ----- -ﬁf ----- e, ! E e
s | LI - N £ 1
2 ‘ E S ;Ez 1 2
Evp I~ i aEa e e
Valence E, |\ 9
band J_: ______ : y 2 £

Fig. Q.35.1

e Let all energies be in electron volt (eV) so that the potential
differences will be numerically equal to the corresponding energy
difference.

® Let E,, and E;, be valence band energies in p and n types. E,

and E_, the conduction band energies in p and n types and E, be
the numerical value of the barrier potential. E, is the energy gap.

e From Fig. Q.35.1,

E, = Ecp -E, = Evp — Epn
= El + E2 ...(l)
Eg
EF - EUP = ‘?j e El ...(2)
E%'
E,-Ef = 2‘ - E, ...(3)

e Adding equations (2) and (3),
(Ep = Eyp)+(Eqy — Ep) = Eq —(E; +Ej)
El L E2 = Eg -(ECJI - EF)"(EF - Evp)

e From equation (1),

op

E,

Il

Eg ~(Egn = Ep)~(Ep = Egp)

e But,
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N. N,
E, = KTIn—-*
2
&
N
E,,-Er = KTIn N“D
N,
And, Er —Ey, = KTIn—2-
NA
N.N, . N N
E, = KT|In——"-In=——In"
n2 Np Ny
B 'N. N, N, N,
= KTIn ) X N. N, ]
L 1
N, N
E, = KTIn %} ...(4)
n.
I

Q.36 State the ideal diode equation. Explain diode characteristics
predicted by this equation.

Ans. : e The ideal diode equation relates the current (I) through the
diode with the voltage (V) across it.

The ideal diode equation, also known as Shockley ideal equation or
diode law is given by

I = I, (e W""’T—l) (1)
Where, I, is the reverse saturation current,
T . .
Vo = 11,600 8 known as volt equivalent of
temperature,

T = Absolute temperature
e n is a constant which is 1 for germanium and approximately 2 for

silicon.

At room temperature i.e. T =300 K, V=26 x107°2 V

- T —— =
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e For reverse bias, v is negative. As Vi, is very small the
exponential term in equation (Q.36.1) is nearly zero.
I = _IU
e Hence, in reverse bias, the current is constant which is the

reverse saturation current and the negative sign indicates that it
flows from n to p type.

¢ In forward bias the exponential term is large compared to 1.
I = IO e ﬁ/an

e Hence, current rises exponentially and positive sign indicates that
it flows from p to n type.

= \/

Fig. Q.36.1

e The diode characteristics predicted by ideal diode equation are
shown in Fig. Q.36.1.

7.11 : Solar Cell

Q.37 Explain the construction and working of solar cell. Also draw
the IV characteristics of solar cell and define fill factor.

035" [ SPPU : May-18, Marks 4 ]

Ans. : e Solar cell is a photovoltaic device used to convert solar
energy into electrical energy. It is a p-n junction with a large
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surface area as compared to p-n junction diodes and a very thin

p-layer.

e When light falls on the upper p-type layer, electron - hole pairs
are created. As the p-layer is very thin, the electron hole pairs are
formed close to the depletion region.

e The electric field in the depletion region (due to barrier potential),
separates the electron-hole pairs.

e The electrons diffuse into n-type and holes from n-type to p-type.

—
—_

0
]
//:
|
|

—— = = _____:. 2
;—v-.../

=

<
&
o

I//

V.B

Fig. Q.37.1

e The electrons in p-type are the minority charge carriers and
diffuse towards n-type as lower energy states are available for

these electrons in n-type as shown in the energy band diagram in
Fig. Q.37.1.

e As a result of this diffusion a potential difference develops across
the solar cell which is proportional to the intensity of light but
has a maximum value of about 0.5 V for silicon cells and 0.1 V
for germanium cells.

e If an external load resistance is connected across the cell, current
flows through the load and power is delivered to it.

3 ———— —
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e The circuit used to study
characteristics of solar _
’ 4 . Light A
cell is shown in Fig. + '~
Q.37.2. %,

e When load resistance is +P 7

. M . p 25
infinite, no current flows RLg CV)
. n

through it and -

=

maximum voltage -

appears across the solar
cell which is known as
open circuit voltage V.. Fig. Q.37.2

elf R, = 0, maximum

current flows through it i
which is called the short
circuit current I,.. (V_I.)

e The typical -V
characteristics of a solar
cell are shown in

(V)

m-m
|

Fig.Q.37.3. Voelor is P :
theoretically the . :
maximum power that v

can be obtained from the u = -
solar cell. oc v
Expe?rimentally the Fig. Q.37.3
maximum power is

Yl

m-m:-*

e The fill factor of the solar cell is defined as the ratio of the
experimentally maximum power to the ideal power.

Fill factor = Vindm
I/G'C ISC

Q.38 List any three applications of solar cell. Explain any one of
them in brief. 0S5 [ SPPU : May-19, Marks 3 ]

Ans. : Applications of solar cells

e Solar cells are used in satellites, space vehicles and in remote
places as a source of energy.
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e They are used in battery charging system, outdoor lighting
system and in telecommunication system.

e A few countries like USA and Germany have photovoltaic power
plants.

e The solar cells are widely used in electronic equipments with low
power consumption like calculators.

e As calculators require only about 2V at very low current, a series
combination of 4 solar cells is sufficient to provide this power.

e As these cells are very small, they do not make the equipment

bulky.

7.12 : Hall Effect

Q.39 What is hall effect ? Derive the expression for hall voltage

and hall coefficient. State applications of hall effect.
0= [ SPPU : May-17, Marks 6 ]

Ans. : Hall voltage and Hall coefficient

e Consider a conductor of rectangular cross section of dimensions
wxd in which current I flows along x-axis, magnetic field is
applied along z-axis and Hall voltage develops along y-axis
which is measured across terminals
1 and 2 as shown in Fig. Q.39.1.

y
| i _
5 | /]!
7 ’ """""" S _?:i :
T

Fig. Q.39.1
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e The dimension 'w' (the width) is parallel to the direction of
magnetic field and ('d" the thickness) is parallel to the axis along
which Hall voltage develops.

e Let Vy = Hall voltage and E;;, the corresponding
electric field

and v = Drift velocity of charges

e Under equilibrium conditions, force on charge carriers due to
magnetic field will be balanced by the force on them due to E;.

qEy = qv B
EH=UB
V
o Also Ey = =
14
s
Vy =vBd 0

e From equation (1),
I =nqav
I
nqa

U:

¢ Substituting in equation (1),
IBd

VH - nqa - ()
As a = wxd
IB

VH = nqw s (0)

e The quantity nLq is the reciprocal of charge density and is defined

as the Hall coefficient ' R, ".
Ry = — .. (@)

From equation (2),

i
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IBd
a

Vy = Ry .. (5)

e As Vy, B, d and a are measurable quantities, Ry and hence
charge density ng can be determined using equation (7.19.7).

o If E is the electric field to produce current, V is the applied
voltage along x-axis, and [ is the length of the conductor along x

- axis,
%
&=
Also, Ey = vB=ﬂ
nqga
Ey _ BI 1
E nga V
%
R Rep
Ey _ B 1
E nga R
But, p = %
Ey _ B
E ngp

e Charges in the conductor will be under the influence of two
mutually perpendicular electric fields - E along x - axis and Ep
along y - axis.

e The angle made by the resultant electric field with the x - axis is
known as the Hall angle (0 ).
P

= .. (6)

tanBH = E _H_qp

® Once charge density is known, we can determine mobility of
charge carriers using

c=nqu il )
- e
e Also, c = R, ...(8)
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R
Hence, p = ki - ... (9)
K
¢ Equation (6) can be written as
_ Bo
tan BH = W
tan0y = Bu ...(10)
e Conductivity o can be determined using
.
P Ra

e Thus the Hall effect can be used to determine

i) Whether charge carriers are positive or negative which in turn
determines whether semiconductor is n-type or p-type.

ii) Density of charge carriers.

iii) Mobility of charge carriers.

Q.40 Explain Hall effect. Derive the equations of Hall voltage and
Hall coefficient. 0=° [ SPPU : Dec.-15, Marks 3 ]

Ans. : Refer Q.39.

i Important Formulae b
vy - 182
VH - }IIqu (2)
Ry = % s (3)
. Vg = Ry Iid (4)/

Q.41 A copper specimen having length 1 meter, width 1 cm and
thickness 1 mm is conducting 1 ampere current along its length
and is applied with a magnetic field of 1 tesla along its thickness.
It experience Hall effect and a Hall voltage of 0.074 microvolts
appear along its width. Calculate the Hall coefficient and the
mobility of electrons in copper. Conductivity of copper is

o = 5.8x107(Wm) . IS [ SPPU : Dec.-05 ]

= = -
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Ans. : Given data: Vy; =0.074 uV = 0.074x1070V
a =1x102x1x107° = 10~ m?

B=1T,1=1A,d=1cm=10"2%m

Formula : VH = RH w
VHa
Ky = Bld
0.074x107% x107°
RH .. >
1x1x10"

Ry = 74x10 11 m3/C

Mobility p
6 = 5.8x107(Qm)™
w = 58x107 x7.4x1071

GRH

I

W= 4292x1073 m? /v -s

Q.42 A slab of copper 2.0 mm in thickness and 1.5 cm wide is
placed in a uniform magnetic field with magnitude 0.40 T. When a
current of 75 amp flows along the length, the voltage measured
across the width is 0.81 uV. Determine the concentration of mobile
electrons in copper. 035 [ SPPU : May-06 ]

Ans.: Givendata: B = 04T
[ =75A
d = 1.5cm=15%x10"?m
Vy = 0.81uV =081x107°V
g = 1.6x107°C
a = 2x1073 x1.5%x1072 =3x10™ m

Formula : Vy = e
nqa
v Bld
Vipqa
@Econe> T TEsameaL
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0.4x75%1.5x1072
0.81x107° x1.6x10712 x3x10™°

n =

n = 1.157x10% per m3

Q.43 A silver wire is in the form of a ribbon 0.50 cm wide and
0.10 mm thick . When a current of 2 amp passes through the
ribbon, perpendicular to 0.80 tesla magnetic field, calculate the
Hall voltage produced. The density of silver is 10.5 gm/cc and
atomic weight of Ag = 108. U= [SPPU : May-07]

Ans. : Given data : Mass of 1 cc of silver is 10.5 gm

023

108 gm of silver contains 6.025x10“” atoms

6.025x10%3
108

n = 5.8576x102% per m?3

. Density of electronsn = x10.5 = 5.8576 x 10%* per cm >

B=08T,I=2A

w = 0.1 mm = 0.1x10?m (Assuming that magnetic field is applied
along this length)

g = 1.6x1071C
a = 0.1x107 x0.5x1072
Formula : Vy = Bl
I‘IqW
0.8x2
Yu = 28 19 3
5.8576x1028 x1.6 %1071 x0.1x107°
Vy = 171x107%V
Vy = 171V

Q.44 Calculate the mobility of charge carriers in a doped silicon
whose conductwaty is 100 per Q-m and the Hall coefficient is

3
3.6 x10* m*/coulomb. US° [SPPU : May-09,11, Dec.-16, 17, Marks 3]

Ans. : Givendata: o = 100 (Q-m)_l

~ TECHNICAL

ll .I.I I!.I."I' 1ONS
s rone fot Wrnnin g

A Guide for Engineering Students



Engineering Physics 7-52 Semiconductor Physics

Ry = 3.6x107# m3/C
Formula : U = oRy
100x 3.6x107*

i —
Il

3.6x102 m3/V-s

=
I

Q.45 A specimen having length 1.00 cm, width 1.00 mm and
thickness 0.1 mm is made to conduct with 1.00 mA current and is
placed in a magnetic field of 1.0 Wb/ m2, acting along the

thickness. Calculate the hall voltage in case of
i) N type semiconductor with hall coefficient of -3.44 x10°® m3/C
and ii) Aluminum with hall coefficient of —0.3 x10 10 m3/C. Which
of these materials is more sensitive to hall effect ? Why ?

U= [SPPU : Dec.11, Marks 5]

I=1mA=1x10"2 A

B = 1.0 Wb/m?

W = 1.00 mm =1x 107 m
d

a

Ans. : Given data :

= 01mm=1x10"* m
= 1x103x1x10% =1%x1077 m?

Formula : Vi = Ry %
i) Ry = 344x108 m3/C

(The negative sign only indicates that the charge carriers are
negative)
344x 1078 x1.0x1x 103 x 1x 107*

Vi 1% 1077
Vy = 344x107% v
ii) Ry = 03x107m3/C
03x10719x1.0x1x103 x1x 1074
Vy =

1x 1077
Vy = 03x10710V
e The N-type semiconductor is more sensitive to hall effect as more

hall voltage is produced in it for the same current and magnetic

field.

END... &5
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UNIT -V

Magnetism

8.1 : Origin of Magnetism

Q.1 Explain the origin of magnetic properties of materials.

Ans. : ® Magnetic properties of materials are due to electrons in the

atoms.

¢ In atoms, the electrons have orbital angular momentum and spin
angular momentum.

e The orbital as well as spin angular momentum are quantized and
give rise to orbital magnetic dipole moment and spin magnetic
dipole moment respectively.

e The vector addition of these two magnetic dipole moments gives
the resultant magnetic dipole moment for an electron.

e The resultant of magnetic dipole moments of all electrons in an
atom gives the magnetic dipole moment of an atom and the
dipole moments of all atoms in a specimen of the material will
give the resultant magnetic dipole moment of that specimen.

e If the resultant magnetic dipole moment produces a magnetic
field, the material behaves like a magnet.

¢ Nuclei also have a magnetic moment known as nuclear magnetic
moment. But this moment is about 103 times smaller than the
magnetic moment due to electrons and hence is neglected.

e When materials are placed in external magnetic fields, the
magnetic dipole moments of the electrons are modified.

&-1



Engineering Physics 8§-2 Magnetism

Q.2 Derive an expression for magnetic moment due to orbital
angular momentum of electron. Hence define Bohr magneton.

Ans. : ® The orbital motion of an electron around the nucleus is
equivalent of a current loop. Every current loop is associated with
a magnetic moment.

¢ The magnetic moment associated with a loop carrying current [
and having area A is

u; = IA. —r
Let e
T

charge of an electron and

Time period of revolution of electron motion
around the nucleus.

e Current is defined as the charge per unit time. Hence the current
I associated with this electron motion will be

e If the electron moves with velocity v in a circular path of radius r
around the nucleus,

T = 27nr

v

_ev
I = B i)

e The area of current loop is
A = mr? ()
e Substitute equations (2) and (3) in equation (1)

= (s ()

evr
p’L = 2

e Multiply and divide by the mass m of the electron.

eovr m €

L = m v r is the orbital angular momentum of the electron.
e
R = 5-XL (4

= 'I'El!llllll!ll.
-l-ll:.‘llllﬂ
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e According to quantum theory, the orbital angular momentum is

an integer multiple of 5 where h is the Planck’s constant. i.e,

nh
o 8
o 2m’ 27

eh
He = '{471:?11) =45

where n=1, 2, 3, ... is the principal quantum number.

¢ The above equation gives the magnetic moment associated with
the orbital motion of electron.

Bohr Magneton

e Bohr magneton is defined as the angular momentum of an
electron in ground state i.e, with principal quantum number 1. It

is denoted by pj.
eh

4dntm

pp = (6)

8.2 : Types of Magnetic Materials

Q.3 What is diamagnetism ? Explain using Langevin's theory.

Ans. : ® The atoms of diamagnetic materials do not possess any net

magnetic dipole moment.

¢ When diamagnetic materials are placed in an external magnetic
field, magnetic dipole moments are developed which are directed
opposite to the external field. Hence the magnetic flux density
inside the material decreases. i.e. the material has a tendency to
expel the magnetic flux.

¢ All materials show diamagnetic property. Ordinary materials are
only weakly diamagnetic. Superconductors show very strong
diamagnetic property.

e The magnetic susceptibility is negative for diamagnetic materials.
When diamagnetic materials are placed in non uniform magnetic

a0 —
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fields, they move from region of larger magnetic field to region
of smaller magnetic field. This phenomenon is used in magnetic
levitation.

e The induced magnetic dipole moments disappear on switching
off the external field. Copper, gold and zinc show diamagnetic
properties.

Langevin’s Theory of Diamagnetism

® According to Langevin’'s theory of diamagnetism, the orbital
motion of electrons gives rise to diamagnetic properties.

e The orbital motion of electrons gives rise to magnetic moment.

e In an atom of a diamagnetic material, the magnetic moments of
all electrons cancel each other as they are in random directions.

e When an external magnetic field is applied, the orbital motion of
the electrons in atoms are altered. It causes current loops to
develop.

® The magnetic moments produced by these induced current loops
are opposite to the applied field in accordance with Lenz’s law.

e Based on the above considerations, Langevin derived the
equation for susceptibility of a diamagnetic material as,

_ Nz, <r2>

X = 6m
where g = Permeability of free space,
N = Number of atoms per unit volume,
Z = Number of electrons in the atom = atomic number,
e = Charge of an electron,

Mass of an electron and

3
I

Mean square distance of the electrons from

_———
=~

[}

R
Il

the nucleus.

e From the above equation, it is clear that the diamagnetic
susceptibility of a diamagnetic substance is always negative. Also,

ECHNICAL
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it is independent of the temperature and the strength of applied
field.

Q.4 What is paramagnetism ? Explain.

Ans. : ® In paramagnetic materials, each atom possesses a net

magnetic dipole moment.

e In absence of external magnetic field, these dipole moments are
randomly oriented due to which the net magnetic dipole moment
of the material is zero.

e When placed in a magnetic field, the dipoles tend to get aligned
with the field which leads to an increase in magnetic flux density
inside it.

e When paramagnetic materials are placed in non uniform

magnetic fields, they move towards region of stronger magnetic
field.

e The net magnetic dipole moment of the material is lost when the
external field is switched off.

e The susceptibility of paramagnetic materials is a small positive
value. Salts of iron and nickel show paramagnetism.
Langevin’s Theory of Paramagnetism

e According to Langevin’s theory of paramagnetism, the magnetic
dipole moments get aligned in the direction of the magnetic field.
The random thermal motion tends to disturb this alignment
making this effect temperature dependent.

e The paramagnetic susceptibility is given by,

_ BN _C
3kT i
2
N
where, Cm= % is a constant known as Curie constant,
Uo = Permeability of free space,
W, = Magnetic dipole moment,
N = Number of atoms per unit volume,
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k

Boltzmann constant,

T = Absolute temperature.

e Hence the susceptibility of a paramagnetic material is inversely
proportional to the temperature. The above equation is known as
Curie’s law.

e Langevin’s theory failed to explain the exact temperature
dependence of susceptibility of certain paramagnetic materials
like crystals and salts.

Weiss Theory of Paramagnetism

e Weiss assumed that in addition to the externally applied field,
the internal molecular field produced by neighboring molecules
also acts on the magnetic dipole moment of any molecule.

e According to Weiss theory, the expression for susceptibility of a
paramagnetic material is,

y = “(}M%IN - C
3k(T-6.) T-6,
where, np = Permeability of free space,

K,, = Magnetic dipole moment,

@ is the Curie constant,
k = Boltzmann constant,
T = Absolute temperature.
N = Number of atoms per unit volume,
0. = Paramagnetic Curie point.
e The above equation is called Curie - Weiss law.

Q.5 Explain ferromagnetism.

Ans. : ¢ The atoms of ferromagnetic materials have a large
magnetic dipole moment. In unmagnetized specimen, these
magnetic dipole moments are randomly oriented due to which the
net magnetic dipole moment of the sample is zero.
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e When the specimen is kept in an external magnetic field, these
magnetic dipole moments get aligned with the external field to
give the specimen a large net magnetic dipole moment.

¢ On removing the external magnetic field, the material retains the
magnetic properties and the material shows permanent
magnetism.

e The material loses its magnetic properties on increasing the
temperature upto the Curie temperature beyond which it
becomes paramagnetic.

¢ The ferromagnetic materials have a very large positive value of
magnetic susceptibility. The magnetic susceptibility changes with
temperature above the Curie temperature according to the
Curie-Weiss law given by,

C

x=‘,r—:—8" fO?‘T>9

where C is the Curie constant and 0 is the Curie temperature.

e Iron, nickel and cobalt show ferromagnetic properties.

8.3 : Applications of Magnetic Devices

Q.6 Explain low magnetic properties of materials are utilized for
recording and reading data.

Ans. : Magnetic recording : ® Magnetic recording is based on the

concept that data (in the form of sound or optical signal, or in

digital form) can be converted to electrical signal which in turn is

used to produce a magnetic field that orients magnetic moments in

a ferromagnetic material.

e To achieve this, a coil is wound on a ferrite ring with an air gap
as shown in Fig. Q.6.1.

e A magnetic tape which consists of a coating of ferromagnetic
material on a plastic tape is made to move below the air gap.

e The input signal converted to electrical form is fed to the coil
which sets up a magnetic field in the ferrite ring.

~ TEGHNICAL
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Ferrite
ring

===

Magnetic tape

Fig. Q.6.1

e As the air gap has less permeability than the magnetic material
just below it, most of the magnetic flux completes its path
through the magnetic material.

e This flux aligns the randomly oriented magnetic moments
according to the applied signal in the horizontal direction. This
recording method is known as longitudinal recording as the bits
are magnetized along the length of the tape.

e For small magnetic fields, the number of dipoles getting aligned
with the applied magnetic field increases with the magnitude of
the field. This is used in analog recording as in the case of audio
recording.

e For sufficiently large magnetic fields, most of the magnetic
dipoles get aligned with the applied magnetic field due to
saturation. As a result, the number of magnetic dipole moments
getting aligned with the applied magnetic field does not change
with the field. This condition is used for digital recording.

e To read the data, the tape is made to move under a read head
which is similar to the write head. The flux associated with the
ring changes as it moves over the aligned magnetic moments and
induces current in the coil.
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Q.7 Explain the construction and working of a magnetic tape.
State its advantages and disadvantages.

Ans. : ¢ Magnetic tapes used for data storage are made up of a

plastic strip with a thin layer of ferric oxide. The tape width is

typically about half an inch. These are rolled into large reels or

smaller cassettes.

¢ In this type of recording, the magnetic moments are aligned in a
vertical direction perpendicular to the plane of the tape. This type
of recording increases the data density on the tape.

e The recording head is made up of a ferrite with a coil wound
around it as shown in Fig. Q.7.1. There is an air gap in the ferrite
with one end sharp and the other flat.

\Coﬂ
Ferrite
Flat end
T\ ~—— Sharp end _
— g Maigir}etlc
EERENEZITEEE S
= 1)
( Storage cell ]
—-+— Plastic
\ Flux
Fig. Q.7.1

e The magnetic flux emerging out from the sharp end is nearly
perpendicular to the plane of the tape whereas the flux at the flat
end has lower density due to larger area and is not perpendicular
to the tape.

e The tape is moved from flat end towards the sharp end so that
the flux at the sharp end will be utilized to align the magnetic
moments. The data is stored on multiple tracks.

— —
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e The data is stored in cells in the form of '0" and 1. A 0" is
represented by one direction of magnetic moments and the
opposite direction represents a '1".

e While reading, voltages of opposite polarity are induced in the
coil connected to the ferrite for '0'and 'l' when the tape passes
below the read head which is similar to the writing head.

Advantages
1) Magnetic tapes have very high data storage capacity. They can
have capacity of upto 5 tera bytes.

2) Low cost.

3) Easy to handle and portable.

Disadvantage

e The access to data is sequential. Random access to a particular
data on the tape takes longer time as the tape head has to be
moved to that position which requires the tape to be either
wound or unwound.

Q.8 Explain construction and working of a floppy disk.

Ans. : ¢ Floppy disks are made of thin plastic disk with a coating
of magnetic material on it. The disk is enclosed in a thick plastic
covering with an opening for the read / write head.
e The opening  remains Sector
closed until it is inserted
into the floppy disk drive.

e The floppy disk is divided
: s : Tracks
mto circular concentric

tracks as shown in
Fig.Q.8.1 where the data is
recorded. The disk is
divided into sectors as
shown.

e The disk is rotated and the

write head aligns the Fig. Q.8.1
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J l.l-I.I Bll' 1ONS
A Guide for Engineering Students o [riy iy



Engineering Physics 8-11 Magnetism

magnetic moments on the tracks as it passes over them. The
movement of the head is controlled by a servo mechanism.

e The floppy disks have small storage capacity of 1.44 MB. These
are now phased out and new computer systems do not have
floppy drives. They have been replaced by the optical devices
like compact disk (CD) and DVD.

Q.9 Explain construction and working of a hard disk.

Ans. : o Hard disks are magnetic disk drives like the floppy disks
but with a larger number of disks.

e A large number of disks mounted on a common central shaft are
coated on both sides with a magnetic material except the two
outermost disks which are coated only on the inner side.

e One read / write head is provided per surface as shown in
Fig. Q.9.1.

Read / write
heads

it
.

P

Fig. Q.9.1

e The read / write operation is similar to that in floppy disks. Each
disk is divided into tracks and sectors. The write head aligns the
magnetic moments on the tracks as it passes over the track.

Disk coated
on one side

.

Disk
coated on
both sides

y

N
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e Vertical alignment of magnetic moments is used for higher
storage density.

e Data can be stored on both sides of the disks. Hence these hard
disks have a very large storage capacity. Hard disks with
capacity upto 5 tera bytes (TB) have become available in the
market.

e These are available as both internal hard disks which are used
inside computer systems or as external disks.

END... &5
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UNIT -V

Superconductivity

9.1 : Properties of Superconductors

Q.1 What is superconductivity ?

Ans. : For certain materials, like mercury, the resistivity suddenly
drops to zero at very low temperature typically near the boiling
point of liquid helium. This phenomenon is known as
superconductivity.

Q.2 Explain zero electrical resistance property of superconductor.
0=~ [SPPU : Dec.-16, Marks 2]

Ans. : Zero electrical resistance property :
e The electrical resistivity of superconductors is zero.

e The experimental testing of zero resistance was tried by
connecting the speciman at room temperature to a battery. A
voltmeter was connected across the speciman as shown in
Fig. Q.2.1 to measure the potential difference across the specimen.

i
A,

Specimen

Fig. Q.2.1
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e The temperature of the speciman is then lowered.

e [t was observed that below a particular temperature, known as
the critical temperature, the potential difference across the
speciman suddenly dropped to zero.

Isotope effect : Refer Q.5

Q.3 State and explain :
a) Meissner effect b) Persistent current
05" [SPPU : Dec-12, May-15, Marks 3]

Ans. :
a) Meissner effect :

e When a specimen is placed
in a weak magnetic field
and cooled below the il
critical temperature, the —i
magnetic  flux originally
present in the specimen is

ejected from the specimen
as shown in Fig. Q.3.1. Fig. Q.3.1
This effect is known as

Meissner effect.

e This effect is reversible and the specimen returns to its normal
state when its temperature is raised above its critical temperature.
Thus superconductors act as perfect diamagnets with zero
magnetic induction in the interior when placed in weak magnetic

fields.
e This indicates perfect diamagnetism.

e Meissner effect cannot be explained by assuming that the
superconductor is a perfect conductor with zero electrical
conductivity.

e Due to Meissner effect, superconductors strongly repel external

magnets which leads to magnetic levitation.
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b) Persistent current :

e When a superconducting ring is placed in a magnetic field and
the field is switched off, a current is induced in the ring as
shown in Fig Q.3.2.

B
A A | A A
A
T
—
(a) Superconducting ring in (b) Persistent current
magnetic field B and associated magnetic
field with external field
B is switched off

Fig. Q.3.2

e The magnitude of current remains constant even though there is
no source of e.m.f. as the resistance of the superconducting ring
is zero.

e Such steady currents flowing in a superconductor are called
persistent currents. These currents flowing in the ring produce a
magnetic field.

e Thus superconducting rings can be used to produce magnetic
fields which do not require any power supply to maintain a
constant field.

Q.4 Explain Meissner effect and critical magnetic field for
superconductivity. = [SPPU : May-13, Marks 6]

Ans. : For Meissner effect, refer Q.3.
Critical magnetic field :

e Superconductivity is destroyed by sufficiently strong magnetic
fields.
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Engineering Physics 9-4 Superconductivity

® The minimum value of the applied magnetic field required to
destroy superconductivity is called the critical field H. and is a

function of temperature. H,
A
e Above the critical temperature, H. = 0. n
0
e Below critical temperature the variation
of H, with temperature 'T" is as shown
in Fig. Q.4.1 and can be represented by

the equation
- Hy1{ I ’ "
c = Mol T, Fig. Q.4.1

where H, is the critical field at absolute zero.

Q.5 Explain the isotope effect and its significance.
=5 [SPPU : Dec.-05, Marks 4]

Ans. : ¢ According to observations, the critical temperature of
superconductors varies with isotopic mass. The critical temperature
is smaller for larger isotopic mass.

e This phenomenon is known as isotope effect. The relation
between critical temperature 'T.' and isotopic mass 'M' is given
by,

(i MY2 = Constant
or T, o MY2
e As lattice vibrations are reduced for larger isotopic masses, the

isotope effect indicates that superconductivity is due to
interaction between electrons and lattice vibrations.

Q.6 Show that superconductors are perfectly diamagnetic.

Ans. : ® The magnetic induction inside the specimen in the normal
state is given by,

B = ny(H+M) aei(L)
where 'H' is the externally applied magnetic field and 'M' is the
magnetization inside the specimen.
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Engineering Physics 9-5 Superconductivity

e When the temperature 'T" of the specimen is lowered below its
critical temperature 'T, ",

B=20
Wo(H+M) = 0
H=-M
e The susceptibility y is given by,
= M..
AT H
x = -1 e 2)

e As the relative permeability u, =1+ ¥

p =0
This indicates perfect diamagnetism.

e Meissner effect cannot be explained by assuming that the
superconductor is a perfect conductor with zero electrical
conductivity. The electric field is given by,

E=_L=-_"= S Pk |
(=7 "1 AT A
E =p] we (3]
where p = Resistivity
and ] = Current density

¢ If p becomes zero for a finite current density J, then E = 0.

From Maxwell's equations,

> _4B
\V, -
¥ E gy
_)
ASE=O,ﬂ = ()
dt

B = Constant

- In a conductor the flux cannot change on cooling below the
critical temperature. This contradicts Meissner effects according to
which the flux must reduce to zero and hence superconductor is
not just a perfect conductor.
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Engineering Physics 9-7 Superconductivity

Q.15 Superconducting tin (Sn) has a critical temperature of 3.7 K
at zero magnetic field and a critical field of 0.0306 tesla at 0 K.
Find the critical field at 2 K.

Ans. :
2
T
H. H, [14(7}) }
B
As H, =iandH0=_0,
Ko Ko

s
|
iss
| Ry |
[
/—R
3=
D
|

B, = 0.0306 T
T, = 37K
T = 2K

2 2

B. = 0.02166 T

Q.16 Calculate the critical current for a wire of lead having a
diameter of 1 mm at 4.2 K. Critical temperature of lead is 7.18 K
and H_ at 0 K is 6.5x10% A/m.

Ans. :
2
T
H, = 65x10% A/m
T, = 7.18 K
T = 42K
43V
_ 4 A2 4
H, = 65x10 [1{7_18] ] 4276 x 10
A/m
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Engineering Physics 9-8 Superconductivity

I. = 2nrH,
r = 0.5 mm = 0.5 x10"° mm

I. = 27x05x1073 x 4.27 x10%

I. = 13433 A

Q.17 The critical temperature for a metal with isotopic mass 199.5
is 4.185 K. Calculate the isotopic mass if the critical temperature
falls to 4.133 K. Assume o = 0.5.

Ans. :
T. M* = Constant
o =05
T, M%5 = Constant
T, M?.s =T, MS'S
T, = 4185K; M, =1995;T,=4133 K
4.185x 199.57° = 4.133x M)”

M, = 204.55

Q.18 The critical temperature for lead is 7.2 K. However at 5 K it
loses its superconductivity when subjected to a magnetic field of
3.3 x10? A/m. Find the maximum value of critical magnetic field

which will allow the metal to retain its super conductivity at 0 K.
05" [SPPU : May-18, Marks 3]

Ans. : Given data :

<
[

72K T=5K,
3.3x10% A/m

I 2
j &
He = o)1 1) ]
4 I 5 ¥

e
I

Formula :
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Engineering Physics 9-9 Superconductivity

Hy, = 637x10* A/m

9.2 : BCS Theory

Q.19 Explain BCS theory of super-conductivity.

5" [SPPU : Dec-12, Marks 4]

Ans. : o Superconductivity was explained by Bardeen, Cooper and

Schrieffer on the basis of quantum theory. This theory which is

named after the three scientists is known as the BCS theory.

e When a free electron passes near an ion in a lattice, there is
coulomb attraction between them. This causes deformation of the
lattice.

e A second free electron passing nearby, takes advantage of the
deformation to lower its energy.

e Thus the second electron interacts attractively with the first
through the lattice deformation.

e This interaction is called electron - lattice - electron interaction
which can be considered to take place through phonons.

¢ The quantum of lattice vibrational energy is called phonon,
similar to quantum of electromagnetic which energy which is
called photon.

e The first electron emits a phonon which is absorbed by the
second electron.

¢ Electrons in such an interaction have same energy and equal and
opposite spins. Such pairs of electrons coupled together through a
phonon are called Cooper pairs.

e The attraction between electrons in a Cooper pair is very weak
and the pair can be separated by a small increase in temperature
which causes thermal vibrations.

e At very low temperature, density of Cooper pairs is large and
they move collectively through the lattice which minimizes
collisions.

e Also, due to large density of Cooper pairs, their velocity is small
even for large currents.
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Engineering Physics 9-10 Superconductivity

® Due to small velocity and the collective movement of the Cooper
pairs, collisions are reduced and resistivity decreases.

e The BCS theory was able to explain the critical field, the isotope
effect and the Meissner effect.

e [t could also explain the quantization of magnetic field in a
superconducting ring with effective charge '2¢’ instead of ‘e’ as
the ground state in BCS theory consists of pairs of electrons.

Q.20 Explain in brief the BCS theory of superconductivity.
=5 [SPPU : Dec.-15, Marks 4]

Ans. : Refer Q.19.

Q.21 Explain BCS theory of superconductitvity. Mention why
superconductivity is observed below critical temperature.
=" [SPPU : May-16, Marks 6]

Ans. : Refer Q.19.

Q.22 Explain the formation of cooper pairs in superconductors with
the help of electron phonon interaction.
=" [SPPU : Dec.-17, 18, Marks 3]

Ans. : Refer Q.19.

Q.23 What is superconductivity ? Explain BCS theory of
superconductors. 55" [SPPU : May-18, Marks 6]

Ans. : Refer Q.1 and Q.19.

9.3 : Types of Superconductors

Q.24 Explain the phenomena of super-conductivity. Explain type-I
and type-ll super-conductors. 5" [SPPU : Dec-12, Marks 6]

Ans. : For explanation of phenomenon of super-conductivity, refer
(&7 N
Type-l Superconductors (Soft superconductors)

e The magnetization curve for a Type-I superconductor is shown in
Fig. Q.24.1.

o3 ——
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Engineering Physics 9-11 Superconductivity

—
i

Superconducting|  Normal state

'
state

1

H

C

Fig. Q.24.1

e Type-I superconductors show complete Meissner effect when the
applied magnetic field H is less than the critical field H..

e The magnetization in the specimen is proportional to the applied
field and the specimen acts like a perfect diamagnet.

e For H > H,, the magnetization is negligible and the specimen
becomes a normal conductor.

e Pure elements show such magnetization curves. The values of H,
are very low.

Type-ll Superconductors (Hard superconductors)

e The magnetization curve for a type-II superconductor is shown in

Fig. Q.24.2.

-M
A

Superconductin

state Vortex state

Normal state

|
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9-12 Superconductivity

e Type-II superconductors are characterized by two critical fields
H. and H,.
Upto the lower critical field H_.; the specimen is perfectly

diamagnetic and flux is completely
specimen.

ejected out from the

The magnetization in the specimen is proportional to the applied
field. Between H_, and H.,, Meissner effect is incomplete but
electrically the specimen is a superconductor.

This state is called the mixed state or the vortex state as the
specimen is a electrically a superconductor but not magnetically.

The values of H., may be 100 times or more higher than the

critical field H,. for type-I superconductors.

Above the higher critical field H_,, the specimen becomes a

normal conductor.

Type-1I superconductors are usually alloys or transition metals

with high values of electrical resistivity in the normal state.

Q.25 Differentiate between type-l and type-ll superconductor with

diagram.

=" [SPPU : May-13, 15 Marks 4]

OR Differentiate beiween type-l and type-lIl superconductor with
diagram. (Any three points)

Ans. : For diagrams, refer Q.24.

0" [SPPU : Dec-13, Marks 3]

Sr.No. Type - I superconductor | Type - Il superconductor

1 There is only one critical There are two critical fields.
field.

2 They show complete Upto the lower critical field
Meissner effect when the H_, the specimen is
applied magnetic field H is | perfectly diamagnetic.
less than the critical field Between H., and H,,

H. Meissner effect is
incomplete but electrically
the specimen is a
superconductor.

3 There is no vortex state. There is a vortex state.
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4 These are normally pure These are usually alloys or
elements. transition metals with high
values of electrical
resistivity in the normal
state.

Q.26 Explain critical magnetic field of superconductor. Differentiate
between type-l and type-ll superconductors (four points).
055" [SPPU : May-17, Marks 6]

Ans. : Refer Q.24 and Q.25.

Q.27 Give any four points to distinguish between type I and type Il
superconductors. =" [SPPU : May-18, 19, Marks 4]

Ans. : Refer Q.25.

9.4 : High Temperature Superconductors

Q.28 What are high temperature superconductors ? Explain.

Ans. : ¢ Kamerlingh Onnes discovered superconductivity in

mercury in 1911 with a critical temperature of 4.2 K.

e Research was then focussed on materials with larger critical
temperatures so that the phenomenon could become
commercially viable.

e But, till about 1986, the highest critical temperatures were
observed to be nearly 20 K.

eIn 1986, an oxide of lanthanum, barium and copper
(La, gsBa, ;5CuO,) was observed to have a critical temperature of
36 K.

e In 1987, an oxide of yttrium, barium and copper (YBa,Cu,0.)
was found to have a critical temperature of 90 K and then an
oxide of thallium, barium, calcium and copper(Ti/,Ba,Ca,Cu,0,,)

was found to have a critical temperature of 120 K.

e The main feature of these high temperature superconductors is

the presence of parallel sheets of CuO,.
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Engineering Physics 9-14 Superconductivity

¢ Efforts are going on to find superconductors with critical
temperatures near room temperature.

9.5 : Josephson Effect

Q.29 Explain D.C. and A.C. Josephson effect.

055" [SPPU : Dec-13, Marks 4]

Ans. : « Two superconductors separated by a thin layer of insulator

is called a weak link or Josephson junction.

e The superconducting electron pairs (Cooper pairs) tunnel through
the insulating layer from one superconductor to another.

e The following two effects are observed due to this tunneling of
electron pairs :

D.C. Josephson effect : In absence of any electric or magnetic field,
a d.c. current flows across the junction.

A.C. Josephson effect : Radio Superconductors

frequency current oscillations are
produced across the junction

when a d.c. voltage is applied

across it. Also, when a radio
frequency voltage is applied

along with the d.c. voltage, it can

cause d.c. current across the

junction. T
Insulating layer

e If a d.c. voltage 'V' is applied . —
Fig. Q.29.1 Josephson junction

across the junction, the current

oscillates with frequency
2eV
h

e Josephson junctions are wused in superconducting quantum

v:

interference devices (SQUIDS) which are used as diagnostic tools
in detecting brain signals.
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Engineering Physics 9-15 Superconductivity

9.6 : Applications of Superconductors

Q.30 Explain two applications of superconductivity.
U= [SPPU : May-13, Dec-14, Marks 3]

Ans. : 1) Magnetic levitation :

e When a magnet is brought near a superconducting coil, current is
induced in the superconductor which in turn produces a
magnetic field which repels the magnet.

e The magnet can thus be made to float in air (i.e., levitate) on the
superconducting coil.

¢ This phenomenon is called magnetic levitation.

e This concept has been used in the development of Maglev trains
(i.e., magnetic levitation trains) which can attain speeds of upto
500 km/h as there is no friction between the rails and the wheels.

2) Superconducting magnets :

® Solenoids made of superconducting wires can generate strong
magnetic fields without consuming large amount of power.

e As superconductors can carry much larger current densities
without energy loss, the superconducting magnets will be light
weight and compact.

Q.31 Explain the applications of superconductors in the field of
electronics. U= [SPPU : May-16, Marks 3]

Ans. : e In integrated circuits, there is generation of heat in

interconnecting metal films due to their resistance. Also, their finite

resistance makes the charging and discharging of capacitors slow.

The use of superconductors will decrease heat loss and make the

charging and discharging of capacitors very fast.

e This will make the circuits work faster and will make it possible
to increase the density of components very fast switching times
have been obtained using superconductors in digital electronic
circuits. This will increase the speed of digital communication.
Very sensitive microwave detectors, magnetometers and SQUIDS
have been developed using Josephson junctions.
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Q.32 Give any six applications of superconductivity.
I=5" [SPPU : Dec.-15, Marks 3]

OR State any six applications of superconductors.
=" [SPPU : May-14, 19, Marks 3]

Ans. :

1) Superconductors are used in magnetic levitation trains.
2) Superconductors are used in superconducting magnets.
3) They can be used in superconducting transmission lines.

4) They can be used in superconducting bearings.

5) Superconductors are used in IC fabrication.

6) They are used in supercomputers.

Q.33 Explain any one application of superconductors in brief.
=" [SPPU : Dec.-16, Marks 3]

OR State applications of superconductors. Explain any one
application. I35 [SPPU : May-17, Marks 3]

Ans. : Refer Q.30, Q.31 and Q.32.
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UNIT - VI

1 0 Non-Destructive Testing

10.1 : Testing Methods

Q.1 Compare destructive and non-destructive testing.

Ans. :

Sr. No Destructive Testing Non-Destructive Testing
1, The component is destroyed | The component is not
destroyed.
2. All components cannot be All components can be tested.
tested
3. Tests are more time Testing is rapid.
consuming,.
4. Testing during operation is Testing during operation is
not possible. possible.
5. Test results are quantitative | Test results are generally
qualitative.

10.2 : Types of Defects

Q.2 List the various types of defects.

Ans. :  The following types of defects are required to be detected
as they affect the performance of components :

1) Surface cracks

2) Surface irregularities
3) Internal cracks
)

4) Presence of impurities or air bubbles

(10 - 1)



Engineering Physics 10-2 Non-Destructive Testing

5) Variation in dimensions

6) Creep : It is the permanent deformation of a component when
subjected to constant load for a long time.

7) Fatigue : It is the failure of a material due to repeated cycles of
loading and unloading.

10.3 : Objectives of Non-Destructive Testing

Q.3 List the objectives of non-destructive testing.
Ans. : « The objectives of non-destructive testing are as follows :

1) To detect flaws during the manufacturing of components so that
defective components can be detected at an early stage of
production. This saves time and money.

2) To detect flaws of finished components which will enhance their
performance and reliability.

3) To detect flaws which may develop during operation which will
ensure that there is no reduction in the rate of production

4) To increase the safety by ensuring that the defective components
are replaced during periodic checks.

10.4 : Methods of Non-Destructive Testing

Q.4 List the methods of non-destructive testing.

Ans. : ¢ The following methods are used for non-destructive
testing :
1) Liquid/dye penetrant test
2) Radiography methods :
a) x-ray radiography and b) y-ray radiography.
3) Ultrasonic inspection
4) Magnetic particle inspection.
5) Visual inspection
6) Eddy current inspection.
7) Thermography.
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Engineering Physics 10-3 Non-Destructive Testing

10.5 : Acoustic Emission Testing

Q.5 Describe acoustic emission testing. State its advantages and
disadvantages.

Ans. : ® Acoustic emission is defined as the generation of an elastic

wave due to rapid release of energy within the material.

e If a structure is subjected to change in pressure, temperature or
load, some sites within the structure develop more deformation
than its surrounding regions. This leads to release of energy in
the form of stress waves.

¢ The stress waves propagate to the surface of the structure and
can be detected by sensors.

e Such acoustic emission is also observed when iron, tin or
ceramics are cooled from high temperatures.

e Acoustic emission also takes place due to development of cracks
and breaking of fibres in a stressed material. Hence, these can
also be detected by sensors.

e The sensors are piezo-electric crystals which are placed in arrays.
They can defect the presence of defects and also locate their
position.

e For example, if two sensors are placed at some distance from
each other and acoustic emission takes place at the centre of the
line joining them, the time interval between each sensor receiving
the signal will be zero. If the acoustic emission takes place
towards one of the detector, there will be some time interval
between the each sensor receiving the signal. The position of the
site of acoustic emission can be obtained from this time interval.

¢ This method gives real time data on development of cracks and
breaking of fibres within the structure.

¢ This method is used in bridges, dams and aerospace structures.
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Engineering Physics 10 -4 Non-Destructive Testing

Advantages :
1) Gives real time data during operation of the structure.

2) This method is highly sensitive.
3) Leads to early detection of flaws.
4) Cost is less.

5) There is no need to shut down the structure as the sensors are
mounted permanently on the structure which continuously
monitor it.

Disadvantages :
1) Requires the loading to be sufficiently high to produce a
significant signal.

2) Requires sensors to be permanently mounted on the structure.

10.6 : X-ray Radiography

Q.6 Describe X-ray radiography method for non-destructive testing
of engineering components. State its advantages and disadvantages.

Ans. : ¢ X-ray have high penetration power. The smaller the
wavelength, larger is the penetration power.
e When x-rays are passed through metals, the intensity decreases

due to absorption.

e Larger the distance travelled by x-rays in the metal, larger is the

decrease in intensity and smaller is the transmitted intensity.

e The decrease in intensity also depends on the density of the

material.

e If x-rays are passed through a metal piece containing a flaw (e.g
an air bubble) as shown in Fig. Q.6.1, larger intensity of x-rays
will be transmitted through that region due to small thickness of

metal in that region compared to surrounding region.

® The x-ray film kept behind the object will become darker in the

region of the flaw as shown in Fig. Q.6.1.
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RN

X-ray
source

component
with a flaw

Fig. Q.6.1

e This is similar to the x-rays of human body in which the bones
appear transparent on the film as they block the x-rays and
remaining regions are darker.

e This method is able to reveal the flaws hidden in the interior of
the component.

e [f x-ray image is taken for only one position of the source, the
flaw can be detected but its position cannot be located.

e To locate position of the flaw, the image is taken for two
positions of the source as shown in Fig. Q.6.2

f

-
I
I
I
I
I
I
I
I
I
I
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R

Fig. Q.6.2
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Engineering Physics 10-6 Non-Destructive Testing

1f f = Distance between source and film,
p = Distance between two positions of
source
and s = Distance between the two image,

The depth d of the flaw from the upper surface is given by

d=J°
s+p

e A similar approach is used in x-ray fluoroscopy except that the
x-ray film is replaced by a fluorescent screen.

e This method gives live images of the components.
e Instead of x-rays, y-rays can also be used to form images.

Advantages :
1) Hidden flaws can be detected.

2) Inspection takes very little time.
3) A wide variety of materials can be tested.

Disadvantages :
1) It is expensive compared to other methods.

2) Inspection has to be carried out in an isolated place as long
exposure to x-rays is harmful to human beings.

3) Very small flaws cannot be detected.

10.7 : Ultrasonic Inspection Method

Q.7 Describe the ultrasonic testing method of flow detection. State
its advantages and disadvantages.

Ans. : e Ultrasonic flaw detection technique uses the property of

ultrasonic waves that they get partially reflected from any

boundary separating two media having different densities.

¢ The time interval between the transmission of an ultrasonic pulse
and the arrival of an echo is proportional to the distance of the
boundary separating the two media from the transducer.
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Engineering Physics 10-7 Non-Destructive Testing

e An ultrasonic pulse is transmitted into the specimen from one
end by an ultrasonic transducer like quartz crystal which also
performs the function of a receiver.

e In absence of any flaw, the pulse is reflected from the other end
of the specimen and the two pulses are displayed on a C.R.O. as
shown in Fig. Q.7.1.

Transmitted Reflected

|_|_| Transducer pulse pulse
7 ¢
Specimen /‘-—-"" C.R.O.

; ]\— screen
4

(a) (b)

Fig. Q.7.1

e The distance between the two pulses on the C.R.O. screen can be
calibrated in terms of the distance travelled by the ultrasonic
waves in the specimen.

o If there is a flaw, an additional peak will be seen between the
transmitted pulse and the pulse reflected from the other end as
shown in Fig. Q.7.2.

,_I_| P, Flaw Reflec;ion from flaw
|

A
(b)

®

e o — - —— —

D
S

Fig. Q.7.2

e From the distance between transmitted pulse and the pulse
corresponding to the flaw on the C.R.O. screen, the distance of
the flaw from the surface through which ultrasonic wave was
transmitted can be obtained.
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Engineering Physics 10-8 Non-Destructive Testing

e The position and dimensions of the flaw can be obtained by
moving the transducer on the specimen surface and finding the
distance of the flaw from different locations on the specimen
surface.

e The ultrasonic flaw detection method is used in automobile,
aircraft, railway and shipping industries to test machine parts
and rails for flaws.

e Three types of visual display units are used in ultrasonic
inspection. They are known as A-scan display, B-scan display and
C-scan display .

e The A-scan display shows peaks corresponding to transmitted
and reflected pulses as shown in Fig. Q.7.2 (b).

¢ The B-scan display gives a two dimensional cross sectional view.
It gives two horizontal lines corresponding to reflection from top
and bottom surfaces and additional lines in between if there are
flaws as shown in Fig. Q.7.3.

1

Reflected
— / wave from

flaw

Fig. Q.7.3

e The C-scan display gives image similar to an x-ray in which the
shape of the flaw is visible in two dimensions as shown in

Fig. Q.7.4.

Cj 'w-—-—"/\ Flaw

Fig. Q.7.4
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Advantages :

1) Components with larger thicknesses can be tested compared to
x-ray radiography.

2) This method is more accurate.

3) Low cost

4) High speed

5) Small flaws can also be detected.

Disadvantages :
1) Surface of the component needs to be smooth.

2) Very thin specimens cannot be tasted.
3) Specimen must have homogeneous composition.
)

4) Defects very close to the surface are not detected.

END... &5
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UNIT - VI

1 1 Nanotechnology

11.1 : Nano-particles

Q.1 What are nano-particles ? Explain.

Ans. : ® The radii of atoms and most of the molecules are less than

a

nanometer.

Nanoparticles are generally considered to have radius in the
range of 1 nm to 100 nm which can have 25 to 10° atoms. A
cluster of 1 nm radius has approximately 25 atoms.

This definition of nanoparticles based on size does not
distinguish between molecules and nanoparticles as many organic
molecules contain more than 25 atoms.

Nanoparticles can be more appropriately defined as an aggregate
of atoms between 1 nm and 100 nm with dimensions less than the
characteristic length of some physical phenomena.

When particle size is less than the characteristic length of some
physical phenomena, the particles show different properties.

The nanoparticles show unique properties that change with their
size.

Classical mechanics is able to explain properties of bulk materials
but is unable to explain properties of nanoparticles.

Quantum mechanical principles have to be used to explain
properties of the nanoparticles.

The state of matter around the nanosize is known as mesoscopic
state.

(11 - 1)
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11.2 : Quantum Confinement

Q.2 Explain quantum confinement and its effect on allowed
energies for electrons in various types of quantum structures.

Ans. : e Density of states is the possible electron quantum energy
states between energies E and E+dE per unit volume. The density
of states for metals in three dimensions in a bulk material is given

by

3/2
o(E) = 8\/5::3?’?’1 F1/2

e Hence, the density of states increases with energy as shown in
Fig. Q.2.1 (a). From the above equation, we can conclude that the
density of states in a bulk material is proportional to E Y2 and
hence increases with energy.

o If the electrons are confined in one or more directions by
reducing the dimensions of the material in those directions, the
density of states changes due to quantization of energy.

e For a quantum well, which is a material reduced in one
dimension to nano - scale, there is quantization of energy due to
confinement of electrons in one direction. The density of states
for a quantum well is given by,

dntm
8(E) )

e Hence, the density of states for a given quantum state will be
constant as shown in Fig. Q.2.1(b)(ii). For the different quantum
states, it has different constant values as shown in

Fig. Q.2.1(b)(iii).

e For a quantum wire, which is a material reduced in two

dimensions to nano - scale, there is quantization of energy due to
confinement of electrons in two directions. The density of states

for a quantum wire is given by
2 \/’E?’HI/Z E- 1/2
h3

E) =
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Engineering Physics 11 -4 Nanotechnology

e Hence, the density of states for a given quantum state will
decrease with increasing energy as shown in Fig. Q.2.1 (c)(ii). For
the different quantum states, it has variation as shown in

Fig. Q.2.1 (c)(iii).

e For a quantum dot, which is a material reduced in all three
dimensions to nano - scale, there is quantization of energy due to
confinement of electrons in all the directions. Hence, for a
quantum dot, only some discrete energy states are allowed for
the electrons. As only certain energy states are allowed, the
density of states has a discrete structure as shown in
Fig. Q.2.1 (d).

11.3 : Surface to Volume Ratio

Q.3 Describe the effect of surface to volume ratio on properties of
nanomaterials.

Ans. : « When particle size decreases, the fraction of atoms on the
surface to the total number of atoms increases.

e Hence, nanomaterials have larger fraction of atoms at the surface
compared to bulk materials.

e Also, the surface energy per unit mass is larger for nanomaterials.

¢ The surface to volume ratio, which represents the fraction of the
atoms on the surface, is larger for nanomaterials.

e The large surface to volume ratio is responsible for higher
reactivity of nanomaterials and also their energy band structure.

11.4 : Properties of Nanoparticles

Q.4 Explain optical, electrical and mechanical properties of
nanoparticles.

Ans. : 1) Optical properties :

¢ The colour of nanoparticles is different from the bulk material.
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e When a bulk material is reduced in size to a few hundred atoms,
the energy band structure of the bulk material changes to a set of
discrete energy levels.

e Atomic clusters of different sizes will have different energy level
separations.

e As clusters of different sizes have different energy level
separations, the colour of the clusters (which are due to
transitions between the energy levels) will depend on their size.

e Hence the size of the cluster can be altered to change the colour
of a material.

e For example, gold in bulk form appears yellow but gold
nanoparticles appear bright red in colour.

e The medieval glass makers produced tinted glass with beautiful
variety of colours by dissolving metal particles like gold, silver,
cobalt, iron etc.

® Due to these metal nanoparticles, the glasses appear coloured.

e In semiconductor nanoparticles (which are used in quantum dots)
there is significant shift in the optical absorption spectra towards
blue as the particle size is reduced.

2) Electrical properties :

e The resistivity in bulk matter is mainly due to scattering of
electrons by ions and crystal defects.

e In nanostructures, the resistivity mainly depends on scattering
from boundaries of nanoparticles when particle size becomes less
than the mean free path between collisions.

e Thus smaller particle size increases the resistivity.

e Various types of defects in the lattice also increase the resistivity
by limiting the mean free path. But many nanostructures are too
small to have internal defects.
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Engineering Physics 11-6 Nanotechnology

e Another effect of reduced size is the confinement of conduction
electrons. In bulk conductors, the electrons move freely
throughout the entire conductor.

e The situation changes when one or more dimensions of the
conductor are made very small.

e In a quantum well, the electron will be confined along one
dimension but will move freely along the remaining two
dimensions.

e If a conducting wire has a long length but very small diameter,
the electrons can move freely along the length but will be
confined in two mutually perpendicular transverse directions.
This configuration is known as a quantum wire.

e [f all the three dimensions of the conductor are in nanometer
range, the configuration is called a quantum dot and the electron
is confined in all the three dimensions.

e Confinement of electrons to small dimensions leads to
quantization of energy.

e The level of doping in semiconductors gives rise to another
important phenomenon.

e For typical doping levels of 1 donor impurity atom in 10® atoms
of semiconductor atoms, a quantum dot of 10’ semiconductor
atoms would have an average of 107! electrons.

¢ In other words, on an average, one quantum dot in 10 will have
a free electron.

e These result in the phenomena of single-electron tunneling and
coulomb blockade.

e The conduction is due to tunneling of electrons through the
quantum dot. The electrons are blocked from tunneling except at
discrete voltage change positions.

e This phenomenon is called coulomb blockade.
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e The I-V characteristic shown in Fig. Q4.1 is called coulomb
staircase.

¥ |

Y
=

Fig. Q.4.1

3) Mechanical properties :

e Mechanical properties like hardness, elasticity and ductility
depend upon the bonds between atoms.

¢ Imperfections in the crystal structure and impurities result in
changes in these properties.

¢ As the nanoparticles are highly pure and free from imperfections,
they show different mechanical properties than the bulk material.

e [t has been observed that the Young's modulus decreases in
metallic nanocrystals with decrease in particle size.

e The yield stress has been observed to increase with the decrease
in grain size in bulk materials with nanosized grains.

e Hence stronger materials can be produced by making materials
with nanosized grains.

¢ The carbon nanotubes are estimated to be about 20 times stronger
than steel.

Q.5 Explain any two properties of nano-particles in brief.
05" [ SPPU : Dec.-15, Marks 4 ]
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Ans. : Refer Q.4.

Q.6 Why are the properties of nano-particles different from that of
the bulk materials ? Explain any two properties of nano-particles.
05" [ SPPU : May-16, Marks 6 ]

Ans. : Refer Q.4.

Q.7 Explain the mechanical property of nano-particles.
I=5° [ SPPU : Dec.-16, Marks 2 ]

Ans. : Refer Q.4.

Q.8 What is nano technology ? Explain optical and electrical
properties of nano-particles. 0=5" [ SPPU : May-17, Marks 6 ]

Ans. : Refer Q.1 and Q.4.

Q.9 Explain the mechanical properties of nanoparticles.
U= [ SPPU : Dec.-17, Marks 3 ]

Ans. : Refer Q4.

Q.10 Explain the optical and electrical properties of nanoparticles.
=" [ SPPU : May-18,19, Marks 6 ]

Ans. : Refer Q.4.

11.5 : Applications of Nanoparticles

Q.11 Explain applications of nanoparticles.

Ans. : Nanotechnology has found wide ranging applications in
many fields. Some of these applications are discussed below.

1) Electronics : Nanosized electronic components show unique
properties which are different from the larger semiconductor
components. The semiconductor devices are based on the
concept of charge transport only whereas the nanosized
components work on the concept of charge as well as spin
transport of electrons. This has been used in devices like spin
FET, spin LED etc. These devices have increased the data

— —
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2)

3)

4)

storage capacities of hard disks and have led to small and faster
MiCroprocessors.

Energy : Attempts are being made to increase the efficiency of
solar cells by using nanotechnology. Another important area of
research is the use of hydrogen as a fuel. The main problem
with hydrogen is that it is highly combustible and hence cannot
be stored easily. Efforts are being made to use carbon nanotubes
to trap and store hydrogen.

Nanoparticles are also being used to increase the energy density
of rechargeable batteries. Which are used in laptops and mobile
phones.

Automobiles : Nanotube composites have better mechanical
strength compared to steel but are costly at present. Efforts are
being made to develop cheaper nanotube composites that can
replace steel which is used to construct the body structure of
automobiles. Use of nanoparticles in paints provides thin and
smooth coatings.

Nanoparticles are being used to develop light weight and less
rubber consuming tyres for automobiles which will increase the
mileage of the automobiles. The use of carbon nanotubes for
storing hydrogen is being explored so that the automobiles can
be run on hydrogen as a fuel.

Nanonmaterial catalysts can be used as catalysts to convert the
harmful emissions from automobiles to less harmful gases.

Space and defence : Aerogels are porous materials with
nanosized pores. They have very low density and are poor
conductors of heat. They can be used in spacecrafts, light weight
suits and jackets.

Polymer composites using silica fibers and nanoparticles have
larger mechanical strength and low temperature coefficient of
expansion. They can be used in spacecrafts which have to
withstand high temperature and stress conditions during
launching and re-entry into the earth's atmosphere.

@Ecobe>  TEgHNIcAL

Bl.ll!l‘l"“l.
L

A Guide for Engineering Students - Tt for



Engineering Physics 11-10 Nanotechnology

5)

6)

7)

8)

Satellites and spacecrafts use solar energy.

The efficiency of solar cells can be increased using nanoparticles.
The use of nanoparticles will also make the solar cells smaller in
size and light weight.

Medical : Nanoparticles can be used for detection and treatment
of cancers and tumours. The nanoparticles are injected into the
body and guided towards a specific part. Drugs can be
encapsulated in nanocapsules and guided towards any specific
part where the drug can be delivered in a controlled manner by
opening the capsule at a desired rate using magnetic fields or
infrared light. This targeted drug delivery does not affect the
healthy organs. Nanotechnology based tests are being
developed for fast detection of viruses and antibodies.

Environmental : Nanoparticle based sensors are capable of
detecting water and air pollution due to toxic ions and
pesticides with a very high sensitivity. Nanomaterial catalysts
can be used as catalysts to convert the harmful emissions from
industries and automobiles to less harmful gases.

Nanotubes can be used to store hydrogen fuel which, when
used in automobiles, will reduce harmful emissions.

Textiles : The use of nanotechnology in textile industry has led
to the development of water repellent and wrinkle free clothes.

Cosmetics : Zinc oxide and titanium oxide nanoparticles are
used in sunscreen lotions which protect the skin from the
ultraviolet radiations. These nanoparticles absorb ultraviolet
radiations. Nanoparticle based dyes and colours are harmless to
the skin and hence are used in hair creams, gels and hair dyes.

Q.12 Explain the applications of nano-particles in electronic
industry. 0= [ SPPU : Dec.-15, Marks 6 ]

An

s. : Refer Q.11.

Q.13 Explain the applications of nano-particles in the field of
automobiles. 05" [ SPPU : May-16, Marks 3 ]
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Engineering Physics 11-11 Nanotechnology
Ans. : Refer Q.11.

Q.14 Explain the application of nano particles in medical and
automobile field. I [ SPPU : Dec.-16, Marks 3 ]

Ans. : Refer Q.11.

Q.15 State applications of nano-particles. Explain any one
application. =" [ SPPU : May-17,19, Marks 3 ]

Ans. : Refer Q.11.

Q.16 List the applications of nanotechnology in the field of
automobile. Explain any one application in brief.

05" [ SPPU : May-18, Marks 3 ]
Ans. : Refer Q.11.
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SOLVED SAMPLE QUESTION PAPER - 1 [END SEM]
[AS PER 2019 PATTERN]

Time : 21 Hours] [Maximum Marks : 70

2

Instructions to the candidates :

(1)
(2)
(3)
(4)

Answer Q.1 or Q.2, Q.3 or Q.4, Q.5 or Q.6, Q.7 or Q.8
Neat diagrams must be drawn wherever necessary.
Figure to the right indicate full marks

Make suitable assumptions if necessary

Physical Constants :

Avogadro number = 6023x10% g/mole
Charge on electron (¢) = 16x10717 C
Planck's constant (h) = 663x1072% | s
Mass of electron (m,) =91x107°! kg

Velocity of light in vacuum (c) =3x10% m/s

Q.1

Q.2

a) Deduce Schrodinger's time dependent wave equation.
(Refer Q.54 of Chapter 6) 71

b) What is the difference between phase velocity and group
velocity ? Show that the de Broglie wave group associated
with a moving particle travels with the same velocity as the
particle. (Refer Q.29 and Q.30 of Chapter 6) [71

c) An electron is bound by a potential which closely approaches
an infinite square well of width 1 A’. Calculate the lowest
three permissible energies (in electron volts) the electron can
have. (Refer Q.61 of Chapter 6) [4]

OR

a) Derive an expression for the enerqy levels of a particle
enclosed within an infinite deep potential well. Show
necessary waveforms. (Refer Q.55 of Chapter 6) [71

(SE - 1)
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b) What do you understand by the wave function of a moving
particle ? Explain the physical significance and state the
conditions satisfied by a physically acceptable wave function.
(Refer Q.45 and Q.46 of Chapter 6) [7]

c) Calculate the minimum uncertainty in the velocity of an
electron confined to a box of length 10 A
(Refer Q.41 of Chapter 6) [4]

Q.3 a) Explain Hall effect in semiconductors. Drive equation for
Hall voltage and Hall coefficient.
(Refer Q.39 of Chapter 7) [71

b) Explain the formation of depletion region in a semiconductor
diode. Derive expression for barrier potential.
(Refer Q.33 and Q.35 of Chapter 7) [6]

c) Calculate the conductivity of a germanium sample if a donor
impurity is added to the extent of one part in 10’ Ge atoms
at room temperature.

Given : Avagadro number N, = 6.02x10%3 atoms/gm-mole

Atomic weight of Ge = 72.6, Mobility p, = 3800 cm? /V-sec,

Density of Ge = 5.32 gm/cc. (Refer Q.20 of Chapter 7) [4]
OR

Q4 a) Using expressions for concentration of charge carriers in
n-type semiconductor, derive expression for the position of
Fermi level. Explain its variation with temperature.
(Refer Q.31 of Chapter 7) [7]

b) Explain the construction and working of a solar cell. Draw
its I-V characteristics and define its important parameters.

(Refer Q.37 of Chapter 7) [6]

c) A copper specimen having length 1 meter, width 1 cm and
thickness 1 mm is conducting 1 ampere current along its
length and is applied with a magnetic field of 1 tesla along
its thickness. It experience Hall effect and a Hall voltage of
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Q5 a)

Q6 a)

b)

Q.7 a)

0.074 microvolts appear along its width. Calculate the Hall
coefficient and the mobility of electrons in copper.
Conductivity of copper is ¢ =5.8x107 (Q m)~L.

(Refer Q.41 of Chapter 7) [4]

What are Cooper pairs ? Explain BCS theory of
superconductivity. (Refer Q.19 of Chapter 9) 71

How are magnetic materials classified ? Compare their
properties. (Refer Q.3, Q.4 and Q.5 of Chapter 8) [71

Calculate the critical current for a wire of lead having a

diameter of 1 mm at 4.2 K. Critical temperature of lead is

7.18 K and H, at 0 K is 65x10* A/m.

(Refer Q.16 of Chapter 9) [4]
OR

Discuss the origin of magnetic properties of materials on the
atomic scale. (Refer Q.1 and Q.2 of Chapter 8) [7]

Explain Meissner effect. Prove that superconductors are
perfect diamagnets, i.e., they have susceptibility -1 and
relative permeability zero.

(Refer Q.3 and Q.6 of Chapter 9) 71

Describe the construction and working of SQUID.
(Refer Q.29 of Chapter 9) [4]

Explain x-ray radiography for non destructive testing. State
its advantages and disadvantages.
(Refer Q.6 of Chapter 10) [7]

Explain the use of nanoparticles in the field of medicine and
in space applications. (Refer Q.11 of Chapter 11) [6]

State the objectives of non-destructive testing (NDT).
(Refer Q.3 of Chapter 10) [4]
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Q8 a)

b)

c)

OR
Explain electrical properties of nanoparticles.

(Refer Q.4 of Chapter 11) 7]

Discuss acoustic emission testing in detail.
(Refer Q.5 of Chapter 10) [6]

Explain the effect of surface to volume ratio on properties of
nanoparticles. (Refer Q.3 of Chapter 11) [4]

SOLVED SAMPLE QUESTION PAPER - 2 [END SEM]

[AS PER 2019 PATTERN]

Time : 21 Hours] [Maximum Marks : 70

Q1 a)

b)

Q.2 a)

b)

2

Explain the concept of group wvelocity and wave wvelocity.
Show that group velocity is equal to the velocity of particle.
(Refer Q.29 and Q.30 of Chapter 6) [71

Derive equation of energy and wave function when a free
particle is trapped in an infinite potential well.

(Refer Q.55 of Chapter 6) 7]

Compute the minimum uncertainty in the location of a 2 gm
mass moving with a speed of 1.5 m/s and the minimum
uncertainty in the location of an electron moving with a
speed of 0.5x10% m/s, given that the uncertainty in the
momentum is Ap = 103 p for both.

(Refer Q.38 of Chapter 6) [4]

OR

Derive Schrodinger time independent wave equation.
(Refer Q.52 of Chapter 6) [71

Draw the first three eigen functions and the corresponding
probability distributions for a particle enclosed in a non-rigid
box. Using these results, explain tunneling effect and the
working of a tunnel diode.

(Refer Q.69 and Q.70 of Chapter 6) [71]
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c) Determine the wvelocity and kinetic energy of a neutron
having de Broglie wavelength 1 A’ Mass of neutron =
167x10"% kg. (Refer Q.8 of Chapter 6) [4]

Q.3 a) Using expressions for concentration of charge carriers in
intrinsic semiconductor, derive expression for the position of
Fermi level. Explain its variation with temperature.
(Refer Q.30 of Chapter 7) [71

b) Explain the classification of solids into conductors, insulators
and semiconductors on the basis of energy band theory.
(Refer Q.5 of Chapter 7) [6]

c) A slab of copper 2.0 mm in thickness and 1.5 cm wide is
placed in a uniform magnetic field with magnitude 0.40 T.
When a current of 75 amp flows along the length, the
voltage measured across the width is 0.81 WV. Determine the
concentration of mobile electrons in copper.

(Refer Q.42 of Chapter 7) [4]
OR

Q4 a) What is fermi energy level ? Explain the working of p-n
junction diode on the basis of fermi energy level in unbiased,
forward biased and reverse biased modes.

(Refer Q.12 and Q.33 of Chapter 7) [71

b) What is Hall effect ? Obtain an expression for the Hall
voltage and for the Hall coefficient.
(Refer Q.39 of Chapter 7) [6]

c) Calculate the band gap energy in silicon given that it is
transparent to radiation of wavelength greater than

11000 A’. (Refer Q.6 of Chapter 7) [4]
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Q.5 a) Classify magnetic materials on the basis of their permeability.
(Refer Q.3, Q.4 and Q.5 of Chapter 8) [7]

b) Explain the origin of magnetic properties of materials. Derive
an expression of Bohr magneton.

(Refer Q.1 and Q.2 of Chapter 8) [7]
c) State applications of superconductors.
(Refer Q.32 of Chapter 9) [4]
OR

Q.6 a) Explain the phenomenon of superconductivity. Distinguish
between type-I and type-II superconductors.
(Refer Q.25 of Chapter 9) [7]

b) Explain the various magnetic storage devices.

(Refer Q.7, Q.8 and Q.9 of Chapter 8) [7]

c) Superconducting tin (Sn) has a critical temperature of 3.7 K
at zero magnetic field and a critical field of 0.0306 tesla at
0 K. Find the critical field at 2 K.
(Refer Q.15 of Chapter 9) [4]

Q.7 a) Describe the ultrasonic testing method of flaw detection. List
the limitations of the method.

(Refer Q.7 of Chapter 10) (71
b) Explain optical properties of nanoparticles.
(Refer Q.4 of Chapter 11) [6]
c) State the advantages of non-destructive testing.
(Refer Q.1 of Chapter 10) 4]
OR

Q.8 a) What are nanoparticles ? Explain use of nanoparticles in the
field of electronics and automobiles.
(Refer Q.1 and Q.11 of Chapter 11) [7]
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b)

c)

Compare destructive and non-destructive testing. Mention
the various NDT methods. (Refer Q.1 of Chapter 10) [6]

Explain the concept of quantum confinement.
(Refer Q.2 of Chapter 11) [4]

SOLVED SAMPLE QUESTION PAPER - 3 [END SEM]

[AS PER 2019 PATTERN]

Time : :21 Hours] [Maximum Marks : 70

Q1 a)

b)

Q2 a)

b)

2

State and explain Heisenberg's uncertainty principle. Show
that it is also applicable to energy and time.
(Refer Q.36 of Chapter 6) [7]

What is the difference between phase velocity and group
velocity ? Show that the de Broglie wave group associated
with a moving particle travels with the same velocity as the

particle. (Refer Q.28 and Q.30 of Chapter 6) 171

Explain the principle and working of a scanning tunneling

microscope. (Refer Q.71 of Chapter 6) [4]
OR

. ) Y v . v L v g s 2
What is wave function ? Give physical significance of |w }

State the conditiions which are to be satisfied by a well
behaved wave function.
(Refer Q.45 and Q.46 of Chapter 6) [71

Deduce Schrodinger's time independent wave equation.
(Refer Q.52 of Chapter 6) [71]

Calculate the energy required to excite the electron from its
ground state to fourth excited state in rigid box of length
0.1 nm. (Refer Q.67 of Chapter 6) [4]

T TEcuwicaL

A Guide for Engineering Students



Engineering Physics SE -8 Solved Sample Question Papers

Q.3 a) Using expressions for concentration of charge carriers in
p-type semiconductor, derive expression for the position of
Fermi level. Explain its variation with temperature.
(Refer Q.32 of Chapter 7) [71

b) Explain the classification of solids into conductors, insulators
and semiconductors on the basis of energy band theory.
(Refer Q.5 of Chapter 7) [6]

c) Calculate the mobility of charge carriers in a doped silicon
whose conductivity is 100 per Q-m and the Hall coefficient
is 36 x107* m> [coulomb. (Refer Q.44 of Chapter 7)  [4]

OR

Q.4 a) Explain Hall effect in semiconductors. Drive equation for
Hall voltage and Hall coefficient.
(Refer Q.39 of Chapter 7) [7]

b) Explain the formation of depletion region in a semiconductor
diode. Derive expression for barrier potential.
(Refer Q.33 and Q.35 of Chapter 7) [6]

c) What is Fermi level ? Explain Fermi-Dirac probability
distribution function.
(Refer Q.11 and Q.12 of Chapter 7) [4]

Q.5 a) Classify magnetic materials on the basis of their permeability.
(Refer Q.3, Q.4 and Q.5 of Chapter 8) (71

b) What are Cooper pairs ? Explain BCS theory of
superconductivity. (Refer Q.19 of Chapter 9) [71

c) State applications of superconductors.
(Refer Q.32 of Chapter 9) [4]
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Q6 a)

b)

Q.7 a)

Q8 a)

A Guide for Engineering Students o oan

OR

Explain Meissner effect. Prove that superconductors are
perfect diamagnets, ie., they have susceptibility -1 and
relative permeability zero.

(Refer Q.3 and Q.6 of Chapter 9) [71

Explain the various magnetic storage devices.
(Refer Q.7, Q.8 and Q.9 of Chapter 8) [71

The critical temperature for lead is 7.2 K. However at 5 K it
loses its superconductivity when subjected to a magnetic field
of 33 x 10* A/m. Find the maximum value of critical
magnetic field which will allow the metal to retain its
superconductivity at 0 K. (Refer Q.18 of Chapter 9)  [4]

Explain electrical properties of nanoparticles.

(Refer Q.4 of Chapter 11) [71

Explain the use of nanoparticles in the field of medicine and

in space applications. (Refer Q.11 of Chapter 11) [6]

Explain the effect of surface to volume ratio on properties of

nanoparticles. (Refer Q.3 of Chapter 11) [4]
OR

Explain x-ray radiography for non destructive testing. State
its advantages and disadvantages.
(Refer Q.6 of Chapter 10) [71

Discuss acoustic emission testing in detail.
(Refer Q.5 of Chapter 10) [6]

State the objectives of non-destructive testing (NDT).
(Refer Q.3 of Chapter 10) [4]
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SOLVED SAMPLE QUESTION PAPER - 4 [END SEM]
[AS PER 2019 PATTERN]

Time : 2% Hours] [Maximum Marks : 70

Q.1 a) Explain the concept of group velocity and wave wvelocity.
Show that phase velocity is greater than the velocity of light.
(Refer Q.28 and Q.29 of Chapter 6) [71

b) What do you understand by the wave function of a moving
particle ? Explain the physical significance and state the
conditions satisfied by a physically acceptable wave function.
(Refer Q.45 and Q.46 of Chapter 6) (71

c) The lowest energy of an electron trapped in a rigid box is
4.19 eV. Find the width of the box in A.U.
(Refer Q.65 of Chapter 6) [4]
OR

Q.2 a) Derive an expression for the energy levels of a particle
enclosed within an infinite deep potential well. Show
necessary waveforms. (Refer Q.55 of Chapter 6) (7]

b) Starting from de-Broglie hypothesis, derive Schrodinger’s
time independent wave equation.
(Refer Q.52 of Chapter 6) [7]

¢) Explain the concept of quantum computing.
(Refer Q.72 of Chapter 6) [4]

Q.3 a) What is fermi energy level ? Explain the working of p-n
junction diode on the basis of fermi energy level in unbiased,
forward biased and reverse biased modes.

(Refer Q.12 and Q.33 of Chapter 7) (71

b) Explain the construction and working of a solar cell. Draw
its I-V characteristics and define its important parameters.
(Refer Q.37 of Chapter 7) [6]

] :
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c) A specimen having length 1.00 cm, width 1.00 mm and
thickness 0.1 mm is made to conduct with 1.00 mA current
and 1s placed in a magnetic field of 1.0 Wb/mz, acting along
the thickness. Calculate the hall voltage in case of
i) N type semiconductor with hall coefficient of
-344x1078 n® /C and i) Aluminum with hall coefficient of
-03x10710 5 /C. Which of these materials is more sensitive
to hall effect ? Why ? (Refer Q.45 of Chapter 7) [4]

OR
Q4 a) Using expressions for concentration of charge carriers in
intrinsic semiconductor, derive expression for the position of
Fermi level. Explain its variation with temperature.
(Refer Q.30 of Chapter 7) [71

b) What is Hall effect ? Obtain an expression for the Hall
voltage and for the Hall coefficient.

(Refer Q.39 of Chapter 7) [6]

c) Calculate the number of acceptor atoms that need to be doped
in germanium sample to obtain the resistivity of 8 Qcm
[Given : mobility p = 1600 cmz/V-s]

(Refer Q.29 of Chapter 7) [4]
Q.5 a) Explain the origin of magnetic properties of materials. Derive

an expression of Bohr magneton.

(Refer Q.1 and Q,2 of Chapter 8) [71

b) Explain Meissner effect. Prove that superconductors are
perfect diamagnets, i.e., they have susceptibility —1 and
relative permeability zero.

(Refer Q.3 and Q.6 of Chapter 9) 71

c) State applications of superconductors.

(Refer Q.32 of Chapter 9) [4]
@EconeS T TecHNIcAL
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OR

Q.6 a) Explain the phenomenon of superconductivity. Distinguish
between type-I and type-II superconductors.
(Refer Q.1 and Q.25 of Chapter 9) [7]

b) What is paramagnetism ? Explain.
(Refer Q.4 of Chapter 8) (7]

c) Describe the construction and working of SQUID.
(Refer Q.29 of Chapter 9) [4]

Q.7 a) What are nanoparticles ? Explain use of nanoparticles in the
field of electronics and automobiles.

(Refer Q.11 of Chapter 11) [71
b) Explain optical properties of nanoparticles.
(Refer Q.4 of Chapter 11) [6]
c) State the advantages of non-destructive testing.
(Refer Q.1 of Chapter 10) [4]
OR

Q.8 a) Describe the ultrasonic testing method of flaw detection. List
the limitations of the method. (Refer Q.7 of Chapter 10) [7]

b) Discuss acoustic emission testing in detail.
(Refer Q.5 of Chapter 10) [6]

c) Explain the concept of quantum confinement.
(Refer Q.2 of Chapter 11) [4]

SOLVED SAMPLE QUESTION PAPER - 5 [END SEM]
[AS PER 2019 PATTERN]

Time : 2% Hours] [Maximum Marks : 70

Q.1 a) What is wave function ? Give physical significance of |1|12¥

State the conditiions which are to be satisfied by a well
behaved wave function.
(Refer Q.45 and Q.46 of Chapter 6) [71
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b) State and explain Heisenberg's uncertainty principle. Show
that it is also applicable to energy and time.
(Refer Q.36 of Chapter 6) 71

c) Calculate the energy (in eV) with which a proton has to

acquire de-Broglie wavelength of 0.1 A
(Refer Q.25 of Chapter 6) [4]
OR

Q.2 a) Deduce Schrodinger's time independent wave equation.
(Refer Q.52 of Chapter 6) (71

b) Explain the concept of group velocity and wave velocity.
Show that group velocity is equal to the velocity of particle.
(Refer Q.29 and Q.30 of Chapter 6) [71

c) Explain the principle and working of a scanning tunneling
microscope. (Refer Q.71 of Chapter 6) [4]

Q.3 a) Using expressions for concentration of charge carriers in
n-type semiconductor, derive expression for the position of
Fermi level. Explain its variation with temperature.
(Refer Q.31 of Chapter 7) [71

b) Explain the formation of depletion region in a semiconductor

diode. Derive expression for barrier potential.
(Refer Q.33 and Q.35 of Chapter 7) [6]

c) Explain construction and working of solar cell. Also draw
I-V characteristics of solar cell and define fill factor.
(Refer Q.37 of Chapter 7) [4]
OR
Q.4 a) Explain the formation of energy bands on the basis of
Kronig-Penney model. (Refer Q.4 of Chapter 7) [7]

b) Derive expressions for conductivity of intrinsic and extrinsic
semiconductors. (Refer Q.19 of Chapter 7) [6]

7 ——— =
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c)

Q5 a)

b)

Q.6 a)

Q.7 a)

Calculate the mobility of charge carriers in a doped silicon
whose conductivity is 100 per Q-m and the Hall coefficient
is 36 %1074 m? /coulomb. (Refer Q.45 of Chapter 7) [4]

Explain the phenomenon of superconductivity. Distinguish
between type-I1 and type-II superconductors.
(Refer Q.1 and Q.25 of Chapter 9) [71

Explain the origin of magnetic properties of materials. Derive
an expression of Bohr magneton.

(Refer Q.1 and Q.2, of Chapter 8) [71

Describe the construction and working of SQUID.

(Refer Q.29 of Chapter 9) [4]
OR

Classify magnetic materials on the basis of their permeability.
(Refer Q.3, Q.4 and Q.5 of Chapter 8) [7]

What are Cooper pairs ? Explain BCS theory of
superconductivity. (Refer Q.19 of Chapter 9) [71

Superconducting tin (Sn) has a critical temperature of 3.7 K
at zero magnetic field and a critical field of 0.0306 tesla at

0 K. Find the critical field at 2 K.

(Refer Q.15 of Chapter 9) [4]

Describe the ultrasonic testing method of flaw detection. List
the limitations of the method. (Refer Q.7 of Chapter 10) [7]

Compare destructive and non-destructive testing. Mention
the various NDT methods.
(Refer Q.1 and Q.4 of Chapter 10) [6]

Explain the effect of surface to volume ratio on properties of
nanoparticles. (Refer Q.3 of Chapter 11) [4]
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OR
Q.8 a) Explain electrical properties of nanoparticles.

(Refer Q.4 of Chapter 11) [71
b) Explain the use of nanoparticles in the field of medicine and

in space applications. (Refer Q.11 of Chapter 11) [6]
c) State the objectives of non-destructive testing (NDT).

(Refer Q.3 of Chapter 10) [4]

END... &
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DECEMBER - 2019 [5667]-1005 || Solved Paper

2019 Course

Time : 2:;— Hours] [Maximum Marks : 70

Instructions to the candidates :
(1) Solve any one question out of Q.1 or Q.2, Q.3 or Q4,
()5 o106, Q.7 or ()8,

(2) Figure to the right indicate full marks.

(3) Neat diagrams must be drawn wherever necessary.
(4) Use of electronic calculator is allowed.

(4) Assume suitable data, if necessary.

Q.1 a) Derive Schrodinger’s time independent wave equation.
(Refer Q.52 of Chapter - 6) [6]

b) State the de Broglie hypothesis and explain any three
properties of matter waves.

(Refer Q.1 and Q.32 of Chapter - 6) [4]

€) Explain tunneling effect. Explain in brief how this is used in

scanning tunneling microscope.
(Refer Q.69 and Q.71 of Chapter - 6) [4]

d) Lowest energy of an electron trapped in potential well is
38 eV. Calculate the width of well in A.V.
[Given : Mass of electron 9.1x10™3! kg, plank constant
6.63x107%* J-s, charge on e~ 1.6x1071° C .
(Refer Q.60 of Chapter - 6) [4]

OR

Q.2 a) What is Schrodinger’s equation ? Derive Schrodinger’s time
dependent equation. (Refer Q.54 of Chapter - 6) [6]

(SE - 16)
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b) State and explain Heisenberg's uncertainty principle.
(Refer Q.35 of Chapter - 6) [4]

c) What is wave function y ? Explain physical significance of
|)ﬂ2. (Refer Q.45 and Q.46 of Chapter - 6) [4]

d) If uncertainty in position of a particle is equal to its de
Broglie wavelength, show that wuncertainty in velocity is
equal to the velocity of the particle. Consider the product of
uncertainties as h. (Refer Q.42 of Chapter - 6) [4]

Q.3 a) Using Fermi Dirac probability distribution function, derive
an expression for the position of Fermi energy level in the
intrinsic semiconductor. [6]

Ans. : * The Fermi-Dirac probability distribution function, which
gives the probability that an electron has energy 'E' is,

1
RE) = (E-Ep)/kT

ik

1+e

e The widths of valence band and conduction band are assumed to
be very small compared to the forbidden energy gap Eg.

e As the widths of the valence and conduction bands are very
small, they are represented by single values of energy E, and E,
respectively. Then the probability that an electron is in valence
band is the probability that it has energy E, and is represented
by P(E,) which is given by,

1
AEy) = 1+ Eo—Ep)/KT

¢ Similarly the probability that the electron is in the conduction

. ()

band is,

P(E;) = - .. 3)

1+ & Ec—Ep)/kT

e If at any temperature 'T"

n. = Number of electrons in conduction band

Number of holes in valence band

"

[}
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N = Total number of electrons in valence
and conduction bands
N = n, +n,
N, N,

vyt o
NN ]
.
As P(E.) = WL
n,
and P(E,) = WL
P(Ev) + P(Ec) = 1
e Substituting from equations (2) and (3)
1 1

=1

+
1+ (Ev-ER)/KT 1, (Ec—Ep)/kT
14+ EcmER)/KT 41 4 (Eo=ER)/KT _ 1 4 o(Eo=Ep)/KT 1 4 o(Ec=Ep)/KT |

Ec-Ep)/KT | (Ey—Ep)/KT Eo—Ep)/KT  (Ec—Ep)/kT

2+ ¢ =1+¢

1 = o(Eo+Ec—2Ep)/kT

E, +E.-2E

kT =0
E, +E.—-2E; =0
EF - EU;EC

¢ Thus the Fermi level lies exactly at the centre of the forbidden
gap as shown in Fig. 1.

Fig. 1
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b) Derive the ideal diode equation for a P-N junction. [4]

Ans. : * Current in a semiconductor can be caused by either
conduction or diffusion.

¢ Conduction current is caused by presence of an electric field.

e Diffusion current is caused by concentration gradient of charge
carriers.

e The diffusion hole current in the n-side is given by
dp,,

Ipn(x) - _Aerd—x (1)
where, D, is the diffusion constant for holes, ¢ is the charge of an
electron and % is the concentration gradient of holes in the

n-side.

e The ratio of diffusion constant to mobility is constant at a
particular temperature and is given by,

D
i Vir
Uy My
where V; is known as the volt equivalent of temperature. It is
given by
kT i
Y1 = =7 = 11600

The concentration of holes in the n-side is given by

X

Pu(X) = Ppo+ P, (0) P 2)

where p,, is the thermal equilibrium value of concentration of
holes in the n-side, L, is the diffusion length for holes and F,;(0) is
the injected concentration of holes at x = 0.

P,(0) is obtained by substituting x = 0 in equation (2).
P,(0) = pu(0)=pyo .(3)

Differentiating equation (2) w.r.t x,

X
d, _ _PBO) T,

dx Lp

o ——
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Substituting in equation (1),

X
%m»=ff§39e% (4)
};J
The relation between hole concentration p, at the edge of depletion
region on the p-side, concentration p, at the edge of depletion
region on the n-side and the barrier potential V is obtained from
kinetic theory of gases as

Pp = PneVT )

In an open circuited diode p, = p,,, Py = pyo and Vg =V,. Hence,

4
Ppo = Pno®
Vo
V
Ppo = Pno€ T (@)

If a forward biased voltage V is applied, the barrier potential
reduces to V, —V. The hole concentration in the p-side remains
constant and equal to the equilibrium value p,, but varies with
distance x from the edge of depletion region inside the n-side.

If p, =p,0)at x=0,

V-V
Ppo = Pn(0)e o
Yo _ V.
Ppo = Pu(0) e’Te VT
Yo V
Ppo € TeVT = Pn(0)
Substituting from equation (6),
i
0) = Ve 7
pﬂ( ) pﬂ{)e "'( )
Substituting in equation (3),
|4

P(0)= pyo|e'T -1
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The hole current crossing the junction into the n-side is obtained
from equation (4) as

Vv
AeD, P.(0) AeD —
I (0)= p A )'= pPno L’VT 5
,l.'I Lp Lp

Similarly, the electron current crossing the junction into the p-side
will be

%

AeD. n -

Inp(0)=¥ eVT -1
p

The total diode current is
"4

Al othe. et =
I=1,,0)+I,,,(0) = Lf'? + L i J e¥T =1
w
I=1,|eVT -1

If charge generation and recombination in the depletion region is

considered, the above equation becomes
v

I=1,[e"VT -1

where, n =1 for germanium diodes and 2 for silicon diodes.

¢) Calculate the mobility of charge carriers in doped silicon
whose conductivity is 100 per Qm and the Hall coefficient is
3.6x107% m3/c. (Refer Q.44 of Chapter - 7) [4]

d) What is photovoltaic effect ? Draw I - V characteristics of
solar cell and define fill factor.
(Refer Q.37 of Chapter - 7) [3]

OR

Q.4 a) Explain Hall effect with figure. Derive the equation of Hall
voltage and Hall coefficient. (Refer Q.39 of Chapter - 7)[6]
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b) State any four measures to improve efficiency of solar cell. [4]

Ans. : Efficiency of solar cells can be increased by following
methods :

1. Antireflection coatings are deposited on the top sufrace of the
cells to reduce reflection. This makes more light incident on the
depletion region of the cell increasing its efficiency.

2. A solar cell absorbs only a limited range of wavelengths from
the light incident on it depending upon the material used. To
absorb larger part of the incident spectrum, multi-junction cells
are used which increase the efficiency.

3. The upper layer is made as thin as possible so that more light
penetrates into the depletion region where the gererated
electron-hole pairs get separated. Electron hole pairs which get
generated away from depletion region do not get separated and
hence do not contribute to the photovoltage produced.

4. Solar cell materials are chosen so that the junction has larger
barrier potential. This increases the voltage produced by a single
cell.

c) Calculate the conductivity of pure silicon at room
temperature when concentration of carriers is
1.6x10'° per CC. [Given u, = 1500 cm2/V-sec.
u, =500 cmz/V. sec, charge on electron 1.6x1071 C].
(Refer Q.21 of Chapter - 7) [4]

d) Explain in brief concept of effective mass of electron.
(Refer Q.9 of Chapter - 7) [3]

Q.5 a) Define superconductivity with resistance Vs temperature
graph and example. Explain zero electrical resistance in super
conductivity. (Refer Q.1 and Q.2 of Chapter - 9) [6]

b) Explain DC and AC Josephson effect with diagram.
(Refer Q.29 of Chapter - 9) [4]
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c) Distinguish between diamagnetism, paramagnetism and
ferromagnetism (two points each).
(Refer Q.3, Q.4 and Q.5 of Chapter - 8) [4]

d) Define with unit : 1) Magnetic field strength (H)
i1) Magnetization (M). [4]

Ans, : i) Magnetic field strength (H) :

The magnetic field strength or magnetic field intensity at any point
in a field is the force experienced by a unit north pole at that
point. The unit of H is A/m.

ii) Magnetization (M) : It is the magnetic moment per unit volume.
The unit of M is A/m.
OR

Q.6 a) Explain how information 1is recorded and retrieved in
magneto-optical recording devices. [6]

Ans. : Information Recording :

e The magneto-optic drives use a combination of a laser and an
electromagnet to record data.

e The laser heats the magnetic medium to a temperature above its
Curie temperature so that it loses its magnetic properties. The
microscopic magnetic dipoles become randomly oriented.

e The electromagnet positioned on the opposite side of the laser
now orients the magnetic moments to record a '0' or a 1" along
the length of the medium which is in continuous motion.

e As the temperature cools below Curie temperature, the recorded
data remains etched on the magnetic material in the form of
orientation of magnetic dipole moments.

Information Retrieval :

e The information retrieval process is based on the Magneto-Optical
Kerr effect.

g ——1 3
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e When polarized light is made incident on a magnetized medium,
the intensity of reflected light varies with the orientation of
magnetic moments on the suraface of the medium. This effect is
known as Magneto-Optical Kerr effect.

e A low power polarized laser beam is used to illuminate the
magnetized medium on which the data is recorded.

e The reflected light intensity is different for the two different
magnetic moment orientations corresponding to '0' and '1".

® Thus the reflected light intensity contains information regarding
the recorded data.

b) Explain in brief : i) Absolute permeability ii) Relative
permeability. [4]
Ans. : i) Magnetic permeability () :

e It is defined as the ratio of magnetic flux density (B) to the
magnetic field strength (H).

B
HEH
B = uH
e The permeability of free space ( p.o) is a constant and has a value

of
Wy, = 4n x 10~ 7H/m
ii) Relative permeability : The relative permeability (u,) of any

medium is defined as the ratio of permeability of medium (u) to
the permeability of free space (u ).

— i
My I
U= Kol
c) What are SQUID ? Explain any two applications of SQUID.

[4]

Ans. : The SQUID consists of two Josephson junctions [, and Jp
as shown in Fig.2. A current I, entering the ring is divided into
two parts I, and Iz as shown in Fig. 2. If an external magnetic
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field is applied, it modifies the phase of the two currents I, and
Iy which in turn modifies the output current I,,,.

—_—]

11— out

Fig. 2

The output current varies periodically with the applied magnetic
flux. Thus, if a magnetic field is applied to a SQUID, its output
current changes. This change in current is used to find the
magnetic flux.

SQUIDs are capable of detecting very small magnetic fields of the
order of 107! T and hence are used as diagnostic tools in
detecting brain signals.

d) The transition temperature of lead is 7.2 K. However, at 5K
it loses the superconducting property if subjected to magnetic
field of 3.3x10* A/m. Find the maximum value of H which
will allow the metal to retain its super conductivity at 0 K.
(Refer Q.18 of Chapter - 9) [4]

Q.7 a) What is non-destructive testing ? State types of
non-destructive  techniques. Explain  ultrasonic  testing
technique for flaw detection.

(Refer Q.1, Q.4 and Q.7 of Chapter - 10) [6]

b) An ultrasonic pulse is sent through a block of copper. The
echo pulse is received after 4 us. If velocity of ultrasonic in
copper is 5000 m/s, calculate the thickness of copper block. If
the reflection of pulse is recorded after 1.253 us from the top,
what is the location of flow ? [4]

a0 —
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Ans. : Given data : t =4 ps = 4x107%s,
v = 5000 m/s for copper block, t = 1.253 ps = 1.253x10 s,
v = 5000 m/s for flaw

Formula : d = %t

5000 x4 x107°

Thickness of copper block d= 5 =102 m
d=1cm

Position of flaw x = 5000”‘%53”0#6 = 3.1325x1073 m
x = 3.1325 mm

c) What is nanotechnology ? Explain applications of

nanotechnology in electronic field.
(Refer Q.1 and Q.11 of Chapter - 11) [4]

d) What is quantum confinement ? How does it affect the
properties of nano particles ?
(Refer Q.2 of Chapter - 11) [3]

OR

Q.8 a) Explain electrical and mechanical properties of nano-particles.
(Refer Q.4 of Chapter - 11) [6]

b) Explain how nanotechnology is employed in targeted drug
delivery. [4]

Ans. : ¢ Targeted drug delivery system is a method to deliver
medicine only to the diseased tissue without affecting the healthy
tissues.

e Targeted drug delivery system makes use of nanoparticles as
carriers to deliver drugs to specific organs or tissues of the body.

e Some nanoparticles are activated by changes in pH or by changes
in redox potential. This is utilized to target the diseased tissues
like tumours.
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e As soon as the nanoparticles loaded with drugs encounter a
change in pH or redox potential, they release the drugs. Thus the
drugs are released only in the vicinity of the diseased tissue.

e In some cases, it is required that the drug be released at a slow
rate for a prolonged time. In such cases, the nanoparticle is
coated with a substance like poyethylene glycol.

¢ As a result, the drug carrying nanoparticle remains in circulation
inside the body for a long time and keeps releasing the drug.

¢ Drug delivery system based on nanoparticles reduces damage to
healthy tissue and hence the side effects are less. It also reduces
the dosage as the drug reaches only the affected tissue.

c) An ultrasonic pulse of frequency 130 kHz is sent through a
block of steel. The echo pulse is received after  1.695 ps. If
velocity of ultrasonic in steel is 5900 m/s, calculate the
thickness of the steel block and wavelength of the pulse.  [4]

Ans. : Given data : f =130 kHz , v =5900 m/s ,
t =1.695 ps = 1.695x10 %5

Formula:d=v—t; T

2 f

5900%1.695x107°

Thickness of steel block d= =5%x10°m

]
d =5 mm
R 2 e e
130x103
A =454 mm

d) Explain in brief how acoustic emission technique is used in
non-destructive testing. (Refer Q.5 of Chapter - 10)  [3]

END... &5

& —
DECODE = TECHNICAL
= PUBLICATIONS
A Guide for Engineering Students s An p-Tiursst far Knguieope




{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }

