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But it has been experimentally found that Zinc which is having higher

= oxn

To show that energy levels below Fermi energy are completely
occupied:
ForE<EfatT=0,

electron concentration
than copper has lower Electrical conductivity.
According to quantum free electron theory,

1
2
f(E) = - 1 ne A
(—=5) Electrical conductivity O = ——| —— | where Vris the Fermi
e T +1 m \ V.
To show that energy levels above Fermi energy are empty: velocity.
Fore>E g at T=0 Zinc possesses lesser conductivity because it has higher Fermi velocity.
Metal n o
fFB)=—gg = 0 Cu 8.45x10%/m? 6x107(Qm)!
e( kT ) +1 Zn 13x10%8/m?3 1x107(Qm)*

At ordinary temperatures, for E = Ef,
1 2a [6]
f(E) = =

2 Let F = Fo Sinott be the oscillating applied force
A T=0K The equation of motion is given by
\ y F =ma=-kx—bv+F, sinw,t
T>0K I ° f
d’x , dx .
>~ +b.—+kx=F sinw;t
dt dt
- d’x bdx k_ F, .
Er St ———+—X=—sinat
dt mdt m m
b k F
1b [4] Let —=2R;—=w®,—2=F
m m m
Success of quantum theory:
ific heat: d?x dx .
1.Specficheat: - , —— 42R—+w, x=Fsinwt...1) 3Marks
Classical theory predicted high values of specific heat for metals on the basis dt 2 dt

of theassumption that all the conduction electrons are capable of absorbing
the heat energy as per Maxwell - Boltzmann distribution i.e.,

Let one particular solution be X = A.Sin(@,t — @)

3
C, ==R
2 dx
But according to the quantum theory, only those electrons occupying energy — = W A (_)()S(a)f t— ¢)
levels close to Fermi energy (Er ) are capable of absorbing heat energy to get t
excited to higher energy levels. Thus only a small percentage of electrons are d 2 X 9 .
capable of receiving the thermal energy and specific heat value becomes dt2 = —Wg A-Sln(a)ft - ¢)
small.
4
It can be shown that ¢,=10"" R . Also
This is in conformity with the experimental values.
2. Temperature dependence of electrical conductivity.?2 Marks F sin a)ft — F.sin(a)ft _ ¢ + ¢)
According to classical free electron theory, . .
1 =Fsin(w,;t —¢)cos¢ + F cos(w,t — ¢)sin ¢
Electrical conductivity OC —F————————— Substituting in (1
Where as from quantum theory 2 - 2 -
Flectrical conductivity @5 Asin(w,t — @) + 2RA®, cos(w,t — @) + o) Asin(w,t —¢
E ! 1 Comparing coefficients of

* collisional area of crosssection of lattice atoms ¢ vibrational energy ¢ Temperature
sin(w,t —¢) and cos(w;t — @) on both sides
This is in agreement with experimental values.
3. Dependence of electrical conductivity on electron concentration:1 2 2
Marks A(w; — ;) =Fcosg
According to classical theory, 2RAa)f = Fsin ¢



L F2 =AM (0! - 0?)? +4R?A%07
F

A=
\/(a)oz - w?)? +4R?w?

A F,/m :
b
\/(a)o2 —a)f)+Fa)f

2Rw;,
tan ¢ = ﬁ
w, — Wy
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For peak amplitude, resonance condition to be applied.

o= OF = 2.pi.1000

Ao F,/m :
\/(a)z —a)2)+b—a)2
0 f m2 f

A=(Fo/m)/(b/m) 2.pi.f

=0.099 m
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Hall effect: When a conductor carrying current is placed in
transverse magnetic field, an electric field is produced inside the
conductor in a direction normal to both current and the magnetic
field.

Here B is along —X, V is along —Y axis

Lorentz force= —6(— j X - f): +k

So the electron is deflected along + Z axis

4.

5 >
S

Conventional current or hole

current

Consider a rectangular slab of an n type semiconductor carrying a
current | along + X axis. Magnetic field B is applied along —Z direction.
Now according to Fleming’s left hand rule, the Lorentz force on the
electrons is along +Y axis. As a result the density of electrons
increases on the upper side of the material and the lower side
becomes relatively positive. This develops a potential Vy-Hall voltage
between the two surfaces. Ultimately, a stationary state is obtained
in which the current along the X axis vanishes and a field Ey is set up.
Expression for Hall Coefficient:

At equilibrium, Lorentz force is equal to force due to applied electric
field

BeV=eE
Hall Field Ey = Bv

Current density J =—n_ev

J
V=—
nee
-J
E,=B—
" e
E
Hence—HZ—iz H
B n.e

1 1
o ne(ﬂh +:Lle)

=0.440m

ne= np = 24x10¥/md
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CLAUSIUS — MOSOTTI RELATION:
This expression relates dielectric constant of an insulator (€) to the
polarization of individual atoms (a) comprising it.

& -1 Na

e +2 3¢,

where N is the number of atoms per unit volume
a is the polrisability of the atom
€, is the relative permittivity of the medium

€, is the permittivity of free space.
Proof:



If there are N atoms per unit volume, the electric dipole moment per
unit volume — known as polarization is given by

P = Nak;
By the definition of polarization P, it can be shown that

P=&,E, (¢, —1)= NoE,

&6 E—¢.E, = NaE;

NaE @ (1)2 Marks
g =1+ :
&E,
The internal field at an atom in a cubic structure (y =1/3) is of the
form
NaE.
E =E, + " =, i
3¢, 3g,
E. 1

E T
a 1-— M
3&,

E.
Substituting for E—' in equation (1)2 Marks
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& -1 _Na
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o = 7x107%Fm?
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f (E) !
E)= ———— =0.02
EEn)
e +1
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2
h? [3n s
E.=—| >
8m| «
EF-7.93 x101%) = 4.93 eV
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For the oscillating mass in a medium with resistive coefficient b, the
equation of motion is given by
d’x dx

Mm—- +kx+b—=0
dt? dt

This is a homogeneous, linear differential equation of second order.

b Kk
The auxiliary equationis D?+—D +— =0
m m

The roots are D, = _b + Zi\/b2 —4mk  and

2m m
1
D, —-2 1 o amk
2m  2m
The solution can be derived as
—[i—i\/b2—4mkjt 7[i+i b?—4mk ]t
X(t) — Ce 2m 2m + De 2m 2m

A=C2+D? ¢=tan}(D/C)

by

Here, the term Age 2m represents the decreasing amplitude and (ot-
¢) represents phase

Applying following boundary conditions in (1)

dx
LAt t=0 X=Xo 2Att=0 — =0
dt



Simpify
c=Xofp___0P
2 b? — 4mk
D — & 1+L
2 b? — 4mk

Casel: b?>>4mk  OVER DAMPING
Case2: b?<4mk  UNDER DAMPING

Case3: b?=4mk  CRITICAL DAMPING
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V., =oA=2A
T

T =1s
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EXPRESSION FOR FERMI ENERGY
From Fermi —Dirac theory

Expression for N(E)dE 2 Marks
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Expression for Fermi Level in Intrinsic Semiconductor
Electron density in conduction band is given by

E.-Ef
_ 2(27an ktj o AT
h?

Hole density in valence band may be obtained from the result

3
* 5 Eg-E
2 _ErThv
_o 27m, KT o
h — 2
h
For an intrinsic semiconductor, ne=ny

3 3
* - EC_EF * 7 EF_EV
2( 27zmektjze—kT ) 2[ 27zmhkTJze—kT
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m* 2 -E¢+E,+E.-E¢
€ —e kT
mh
m

m, kT
g - BB Sirp| M
2 4 m,
For Intrinsic semiconductor, m*(e) = m*(h)

Eszv;ZEC:Eg/Z

8a [3+3]

Expression for Spring Constant for Series Combination

Consider a load suspended through two springs with spring
constants k; and k» in series combination. Both the springs
experience same stretching force. Let Ax; and Ax. be their
elongation.

Total elongation is given by



AX :AX1+AX2:I(E+I(i

1 2

Consider a load suspended through two springs with spring
constants ky and k in parallel combination. The two individual
springs both elongate by x but experience the load
nonuniformly.

Total load across the two springs is given by
F=F +F,

Koqy-AX =k AX +K,.AX

Kew =K, + K,

8b [2+2]

Polar dielectrics: The atoms of these dielectrics are
permanently polarized in nature and possess dipole

moment. They show orientation polarisation
Ex: Water, Kcl, NHs3
Non Polar dielectrics:

The atoms of these are the materials do not possess
permanent dipole moment.They get polarized only in

the presence of external electric field.

Ex: Oz, N,, He, Ne,COz



