Fill in the blank questions:

1. If an electron is confined to one-dimensional potential box of length L, the allowed
energy values are given by En=

2. According to de Broglie’s hypothesis, a moving partlcle has properties
associated with it.

3. The wavelength A associated with any moving particle of momentum pis

4. The waves associated with material particles are called or

5 Possesses dual nature.

ANSWERS:
1. n°m’h?/2mL? 2.wave 3.h/p 4. matter waves, de Broglie waves 5.light

MULTLIPLE CHOICE QUESTIONS:

1. The wave function for the motion of the particle in a one dimensional potential
box of lengths a is given by
yn = Asin(nmx/a) , where A is the normalization constant. The value of A is
(a) 1/a b)\/2/a ca d)V22

2. The energy of the lowest state in a one dimensional potentlal bo e)lem&
(@) zero  b)2h%8ma? c)h¥8ma?  d) h/8ma é

3. The spacing between the n energ ’t@%« her level in a one
dimensional potential box j m 6
(@) (2n - 1) b{lz\rr )@d (n +}2 O“
E \0 e ph a‘g@ng Ais
a) hc/A  (b) heh @( (d) hive
5. The equation that relates particle and wave aspects of matter.
(@v=h/p (b)A=h/p (c)r=h/c (d)v=p/h
ANSWERS
b 2.c¢c 3b 4a 5b

TRUE OR FALSE TYPE QUESTIONS:

1. Schrodinger’s theory tells us how to obtain the wave function associated with a
particle.

Laws of classical physics can explain the motion of micro particles.

A=h/p is called de Broglie wave length.

A Px .Ax <h.

In German eigen means proper.

s N

ANSWERS:
1. True 2.False 3.True 4.False 5.True
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At steady state / equilibrium Fe = F¢

-2 -¢E =mv/t

2V=(-et/m)E —(1)

The above velocity of electron in equation (1) is known as drift velocity.

We know that current density J= Charge density X drift velocity
Charge density = -Ne (N = no. of electrons per unit volume)

Therefore J = (-Ne) (-et/m E)
>J= (Ne?t/m) * E — (2)

Comparing (2) with (1)

We have ¢ = Ne?t/m

o is directly proportional to t. This is because 1 is the time between 2
consecutive collisions i.e, mean free lifetime. < is also called relaxation time.

Let us suppose that an electric field is applied till the time drift velocity is
established. Now, let the field be suddenly removed at some instant. The drift
velocity after this instant is governed by:-

FE=-eE;Fr=-mv/t
>m (dv/ dt) = e E — (n v)/T —ommmmemv nga\@nco \)K

m dv/dt = -mv/t = dv/dt &/
S vy ﬁ@‘ﬂd “fdux + (.‘ 69

P ( e\g%) = T+ C%gt

2> logv=

= V= e—t/r C now att=20
Vo=C therefore C=vo
DV =Voe

From (1) Vat =V do € V"

Since tis the time between 2 successive collisions, it can be expressed as

T=(Mvd)
A = distance between 2 successive collisions, called mean free path of
collisions.
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same form, but the density of states for conduction electrons begins at the top of the gap.

Since the conduction band
for a semiconductor is )
above the Fermi lavel, it Semiconductor

must be at an elevated at high rthDETE“JIE
temperature o have any i
population. ;
¢
E Density of energy statas
in conduction band of " _
samiconductor. EF— Conduction
bands
8 2mm*?
5 p(ﬁ}_T\\:E_EHﬂP ¥
“gap I3
p(E) Conductor at 0K

The overlap of valence and
conduction bands in a |
conductor gives population 8+ 2?!'.!'?]‘

of the conduction band. (f‘ ] = h— Wy E

cO LK

When electrons travel under the mfluencev&@tc eId ey are scattered causing

resistance to its motion. _‘( Om

P et /

O

CAUSES OF ELECTRICAL RESISTANCE a\e .

Other possible scattering mechanisms are due to vacancies, dislocations and other lattice
imperfections.

Due to these scatterings, there is a change in the resistance of the conductors. Some
theories attribute the resistance due to scattering of conduction electrons by the positive
ion cores.

If an external field is applied or a heat source is supplied, then because of scattering the
resistivity of the metal changes and this is a function of the temperature. This is a
common feature of all metals except those of which are super conducting in nature. It
should be noted that the resistivity p does not vanish even at OK. At low temperatures it
varies at T °. For other temperatures it is linear to temperature.

The resistivity of the metals with impurities exhibits similar behavior. This resistivity is
expressed as:- p = pi+ p(T)
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Where pi = resistivity due to impurity
P(T) = resistivity due to thermal motion
As T —0, the resistivity p = pi “ The temperature independent nature of p; for small
impurities is called as” Mathiessens rule.”

BAND THEORY OF SOLIDS:

ORIGIN OF ENERGY BAND STRUCTURE IN SOLIDS

Bloch Theorem

The solutions of the Schrodinger equation for a periodic potential must be of the form:

=u, (re™

where uk(r)=ux(r+T) is an amplitude function of the plane wave exp(ikr) and T is a
translation vector of the crystal. The eigenfunctions of the wave equation for a periodic
potential are the product of a plane wave exp(ikr) times a function u ith the
periodicity of the lattice. Wave functions of this form are called Blo Q nd they
are very useful in calculations because they allow us to co nly one period of

the lattice to solve for the wave function “ 6{@ hout the entire crystal.

1. Itcanbe sh ﬁﬁ@l yst nIy@wo distinct values of k exist
fo e%ﬁ yaIIowe
éa ven E, val g by a reC|procaI lattice vector G give rise to

one and the same wavetunction solution. Therefore, a complete set of distinct k-
values will always be obtained if the allowed k-values are limited to 0 to G or
equivalently. This leads to the concept of Brillouin Zones.

3. For an infinite crystal, k can assume a continuum of real values in the range
specified in statement 2.

4. For afinite crystal, we adopt periodic boundary conditions. This means that we
construct a ring of N atoms such that:

v, (X) =, (x+ Na)

Y (X): Y (X + Na): "™y, (X)

eikNa :1

Hence, and therefore:
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Where k represents the state of motion of an electron having a momentum

p=hK/2n

and de — Broglie wavelength A =2 n /K.

In simple one — dimensional model, we are considering K as directed along the x-
axis and in general K is to be treated as a vector and it is called as a propagation vector.
The above is for a one — dimensional model.

For a vector (sinusoial wave) or a 3 — dimensional wave, Kroing & Penny
introduced a simple model for the shape of potential variation. The potential inside the
crystal is approximation to the shape of rectangular steps.

1).Calculate the lowest energy of a Newton of mass 1.67 * 10 "% kg,, confined to move
along the edge of an impenetrable box of length 10 -14 metre, plank’s constant = 6.63 *
10 34 Js.

En = n?h?/8ma? ; Lowest Energy State, n= 1
Therefore E1 = 3.29 * 10 Joules.
E1=3.29*10%/1.6*101°=2.05*10°Cev
2). Calculate the energy difference between the ground state and the first excited state for
an electron in a one — dimensional rigid box of length 10 8 cm.
Mass of electron = 9.1 * 10 3 Kg h = 6.6 * 10 34 Js. K
En =n? h2/8ma2-n2*(66*10 #H2/8*9.1*10 31*60\)‘
=0.5*10 1" n?J =37 n%v.

For ground state n = 1; E; = 36 ev \Bsa\

First excited state n=2; EEQ
Hence, ener y ]g 1eﬁe$
3. An electron is tappe |te tw@% gth 0.1nm. What are the
flrst three ener. ’2?2

Bﬂ%}s 2 g
Ei1=37. 7e %I vV, E3 = 339 ev.

4. What is the de Broglie wavelength of an electron accelerated from rest by 54V?

A=h/P = h/A\2mev = 0.167nm
5. An electron is tapped in a one dimensional box of length 10 “*° m. Find a> how much
energy must be supplied to excite the electron from the ground state to the first excited?
En = n%h%/8mL? ; E; = 37ev
E>=148ev; Eo—E1=11lev

Metals, insulators and semiconductors

Once we know the bandstructure of a given material we still need to find out which energy levels are

occupied and whether specific bands are empty, partially filled or completely filled.

Empty bands do not contain electrons. Therefore, they are not expected to contribute to the electrical
conductivity of the material. Partially filled bands do contain electrons as well as available energy
levels at slightly higher energies. These unoccupied energy levels enable carriers to gain energy when
moving in an applied electric field. Electrons in a partially filled band therefore do contribute to the

electrical conductivity of the material.

Completely filled bands do contain plenty of electrons but do not contribute to the conductivity of the
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Microstates

Possible Arrangements
Macrostate )
No. of Microstates
Compartment I | Compartment 11
0,3 0 a,b,c 1
1,2 a b,c
b c,a 3
C a,b
a,b C
2,1 b,c a 3
c,a b
3,0 a,b,c 0 1

the macro State (0, 3) and (3, 0) have only one here as the
macro states (1,2) and ;2, 1) have three mi § .
In the above example, for 3 partlcleﬁs@ micrq states. That means for

n particles there will be 2" tale®
“The state of a SySteT Q{c@ the guﬁor@ s of each individual
by

component =

in @t%l @sdfk thﬁ% itb-principle is known as microstate”.1
Phese Space _ ] _ o

The three dimensional space in which the location of the particle is
completely specified by the three position coordinates(dx,dy,dz) is known as
the position space. _ N o

A small volume element in the position space is given by: dV = dx dy dz

\/
Each distinct arrangement is known as the microstat %hmi*)}c}ex:
é& W

Similarly, The three dimensional space in which the momentum of the
particle is completely specified by the three momentum coordinates(dpy, dpy,
dp;) is known as the: momentum Space.

A small volume element I" in the momentum space is given by: d I' = dpy
dpy dp,A combination of position space and momentum space is known as
phase space.

A small volume in phase space is given by: dt= dx dy dz dpx dpy dp:
l.e.dr=dV d

Thus a volume element dt in phase space is the product of a volume element
dV in position space and volume element d I' in momentum space.

Cells in Phase Space: _
The small volume dt in phase space is called a cell.
The total no. of cells in phase space is given by:
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It is assumed that the negative charge in electron cloud is uniformly distributed over a
sphere of radius R and the spherical shape of the electron cloud is not altered on the

application of the electric field.

- . Charge density(i.e. charge/volume)of the charged sphere=Ze/(4/3nr®)---(1)

Where Ze is the total negative charge.
Total negative charge in the sphere of radius x ,is Qe=-Ze(4/3nx3)/ 4/3nR3

> Qe=-Ze(x3/ R3)-----(2)
The coulomb attractive force between the nucleus with charge Qp=+Ze and the glegtron
cloud at a distance x from the center of the nucleus is given by: O u

F=(1/4m£0)(QeQp/X?) = -(Ze/R*)X*(Ze)/( 4meoX?) esa-\e ’

- F=(1/4neo)[-Z%*XIR3]-----~ m -NQ{ 69
Also the for@bQNe ﬁ e nucleus a t%el on cloud is given by

P&q@zaz ------------ ?

Under equilibrium conditions, these two forces are equal and opposite.

Therefore,from equations(3) and (4)
ZeE= (Z%e?x/ 4meo R3) D E= Zex/ 4ngo R3------------- (5)

Due to shifting of the electron cloud,the amount of induced dipole moment is given
by: u(ind)=Zex---------- (6)

But from definition,the electronic polarisability of a molecule is the dipole moment
induced per unit field strength resulting from shifts of electron clouds relative to
nucleus , i.e. u(ind)= oeE------------ (7)

Where ae is the electronic polarisability

Therefore, from equations (6) and (7) : Zex= aeE-----(8)

Or E= Zex/ae

Now comparing equations (5) and (8) Zex/ ae = Zex/ 4neo R®

= 0e=4mo R3

Thus electronic polarisability is directly proportional to the volume of the atom.

1). The radius of helium atom is 0.55 A°. Calculate the polarisability of helium
atoms
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Sol) Given :r=0.55A°
Oe = 4’}'EEor3
=4 *3.14 * 8.85 * 1072 *(0.55) *(10'10)3
= ae =18.49 * 102 F/m?

2).A parallel plate capacitor consists of 2 plates of 2m x 1m.The space between the
plates is 1mm and filled with a dielectric of relative permittivity €.. A potential
difference of 300V is applied across the plates. Find:

1.The capacitance
2.The charge on the capacitor
3.The electric flux density
4. The potential gradient
Sol).Given:d=1mm;P.D.=300V;area=2mx1m
C= kASo/d
C=2X1X7X8.85X10"?/(1X10%
=2>C=1.239 X107 F
C=Q/V->Q=1.239 X107 X 300 =>Q=371.7 X 107C
Flux density : D = kecE> E =D/ keo ; Also D=Q/A->D=1.8585X10" 50/%
> E =1.8585 X 10°/ (7 X 8.85 X 101?)

SE=3X10°N \ CO

The lonic Polarization: NO‘GS

e pol z@ Gm:ed by theOI‘n\b%placement of the ions is
call\c*we)q'ﬂpo rlzatlon

The molec ge materials are formed by combination of positive &
negatlve ions. The combined structure of opposite ions in many of these
materials is such that the molecules are neutral and without a net dipole moment.
But when an electric field E is applied to such a material, the opposite kind of
ions are pulled apart & the normal separation of ions increases. This process is
resisted by binding forces and stops when 2 opposing forces balance each other.
But the original form of the molecules is disturbed; dipoles are formed &
polarized under E. This is in addition to the electronic polarization produced in
all kinds of materials.

The corresponding polarizability is denoted by ai.In most materials ;<< o as
the ions are heavier than the electrons.
The sum (0 + ai) is sometimes called as the deformation polarizability.

E

v
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ORIGIN OF MAGNETIC MOMENT:
The magnetic moment which areises is due to three reasons .They are:

1. Magnetic moment due to orbital motion of electrons
2. Magnetic moment due to the spin of electron
3. Magnetic moment due to spin of nucleus

1.MAGNETIC MOMENT DUE TO ORBITAL MOTION:

we know
1 =-efT
Linear velocity v = displacement / Time
- T = displacement / velocity (angular velocity) \4
T = displacement / ® =27/ ®

2i=-e c) /2n
Magnetic moment p= i a\e :
u:e ® /271: T N tes
Again, V(e kr{lﬁth{l{—@m 0 %Q&— Iﬁ‘& 69
\, ®
pre

0L

The net magnetic moment p = el./2m
> = (-e/2m)?
L is angular moment
e/2m is called as gyro magnetic ratio

L=1(h)

h=h/2n

Ih/2n=L

p=-e/2m * hl/2 m —-(eh/4 mm)l
(eh/47wm )is called Bohr — magneton

1 Bohr magneton = 9.2 X 102 Jm? /Wb
| — orbital quantum number

2.MAGNETIC MOMENT DUE TO DUE TO SPIN OF ELECTRONS:
Us = (eh / 4mme)1/2  me — mass of electron

3.MAGNETIC MOMENT DUE TO SPIN OF NUCLEUS:
Lp = (eh /4mmyp) mp — mass of Proton
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able to retain their magnetic properties after the external field has been
removed.

2. Ferromagnetic materials have some unpaired electrons so their atoms have
a net magnetic moment. They get their strong magnetic properties due to the
presence of magnetic domains.

3. In these domains, large numbers of atom's moments (1012 to 1015) are
aligned parallel so that the magnetic force within the domain is strong. When
a ferromagnetic material is in the unmagnitized state, the domains are nearly
randomly organized and the net magnetic field for the part as a whole is
zero.

4. When a magnetizing force is applied, the domains become aligned to
produce a strong magnetic field within the part.

5. Iron, nickel, and cobalt are examples of ferromagnetic materials.
Components with these materials are commonly inspected using the
magnetic particle method.

6.The magnetic moment, intensity of magnetisation and magnetic
susceptibility are all positive and quite large and magnetic eae@ Is of
the order of hundreds and thousands. a\e & ’

7.The magnetic susceptibility decre @'E%sesof perature.

\N “Om 68 O‘ ©

Antiferromagnetism

1. Antiferromagnetism, type of magnetism in solids such as manganese
oxide (MnQ) in which adjacent ions that behave as tiny magnets (in this case
manganese ions, Mn?*) spontaneously align themselves at relatively low
temperatures into opposite, or antiparallel, arrangements throughout the
material so that it exhibits almost no gross external magnetism.

2. In antiferromagnetic materials, which include certain metals and alloys in
addition to some ionic solids, the magnetism from magnetic atoms or ions
oriented in one direction is canceled out by the set of magnetic atoms or ions
that are aligned in the reverse direction.

3. This spontaneous antiparallel coupling of atomic magnets is disrupted by
heating and disappears entirely above a certain temperature, called the Néel
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Twpe 115C ..-"H-.\\—!‘ W orbey —— Carductor

Hel Mol H

b) The state between the lower critical magnetic field (Hcl) and upper critical magnetic
field (Hc2) is known as vortex state or intermediate state.

After Hc2, the Type 11 superconductor will become conductor.

c). Type Il superconductors are also known as hard superconductors because of this
reason that is they loose their superconductivity gradually but not easily.

c) Type Il superconductors obey Meissner effect but not completely.

d) Example of Type Il superconductors: NbN (Hc = 8 x 10° Tesla), Bab(l—ﬁVQx 103

Tesla) \

e) Application of Type Il superconducto&@.&%conductom are used for strong

field superconducting magnets

o9
Agglicatioaﬁ@jﬂer's&ductus O“
HQIE%RGY APPLIQlaQﬂ6

Superconducting inductors that must transport relatively high current densities in high
magnetic field have a variety of applicatrons:

1. Coils for windings in motors and generators (Utility, automotive, marine
propulsion applications).

2. High-field magnets for research applications (Particle accelerators, material

research).

Magnetic Levitating (MAGLEV) coils for high-speed ground transportation.

4. Superconducting Magnetic Energy Storage (SMES)(Electric utilities, Military

applications).

Magnetic containment fields for thermonuclear fusion research.

6. MHD (Magnetohydrodynamic) EMT (electromagnetic thrust) systems for marine
propulsion applications.

7. MRI (Magnetic Resonance Imaging) which requires extremely uniform magnetic
fields at the 10-20 kgauss level (formerly known as NMR, nuclear magnetic
resonance).

.

o
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