U3.1) Wave-particle duality of radiation and matter — 1) We know all object in our

of matter 2)

of alarge

of atomic dimensions. 3] The material particle in motion specified by mass m, velocity
V, momentum P=mv and energy E. 4) According to different phenomena like
photaelectric effect, black body radiation etc, EM radiation shows particle nature and
by optical phenomenan EM radiation shows wave nature L. radiation have dual
naturei.e. wave and particle. 5) De-Broglie proposed that like radiation, matter should
sls0 exhibit wave nature. The motion of e within an atom Is wavelike. 6) Even though
‘matter Is composed of particles and shows particle nature, but it can also exhidit

wavelike properties.

U3.2) De-Broglie’s hypothesis: 1} In 1924, Louis de Broglie proposed a new speculative
hypothesis that efectrons and particles of matter can behave like waves and wave-

particle duality is not property of rac

n but itis a universal ch’ of nature. 2) According

1o him, matter composed of particles and shows particle nature, but it can also exhibit a
wavelike properties. 3)According to De-Broglie’s hypothesis “a moving particle aiways

has it and motic
‘monner as photon controlled by o wave.”

f particles is guided by that wave in a similar

> 1) *Far any photon,* v f,& A=h/p.

This

> The de Broglie wavelength A, associated with a particle and is related to its

momentum, through the Planck’s constant; A

P
5 The expression for wavelength can be derived using Planks -Einstei

h_

Al

equat From

above equation we have; hv=mc? -> thv = meXc —> & hv=pXvi
&

— A=

—>p?2mE > p= VEME >

> De:Broglie wavelength in terms of Potent

Kinetic energy = Electrical energy

? VZmeV—> i

meV-> p

h=6.63 x 1074/ >m=9.1x 1031Kg —>

1.6 x 1071

U3.3) Heisenberg uncertainty principle:1) In 1927, Heisenberg praposed a very
Interesting principle, which directly explains difficulty produced to Gual nature of
‘matter, known as uncertainty principle. 2) a moving particle at any instant has fixed
position in space and m . 3) In wave i mechanics
particle is described in terms of wavepacket because Vg = v, 3) A particle is ahways
Tocalized in space and hence a wavepacket o wave group represents moving particle.

The particle -where in d 2 particle at given
point i ional to at that point. 4) Therefore, although particl
Ties within, wave packet moving with group velacity, it is impossible to determine exact
position and y atany p: . 5) Thereis

uncertainty in exp of position of particle of

very small size like an e in motion. 6) Newtonian mechanics s applicable to motion of
-> o infinitely smoll wove pocket. 8) Wide wave packet.

packet: 1} In case of Infinitely small
wave packet amplitudeis large over small region of space and Dis negligible elsewhere.
2) Due to this small region of space we can determine position of particle, Hence position of
Particle can be fixed with minimum error or uncertainty 3) But at the same time wavelength
l 2nd hence is uncertain.

> Wi 1) If wave packet is wavelength (A) and
hence momentum (p) can be determined very easily with more accuracy. 2) But we cannot
find the position of particle.3) Therefore by using infinitely small and infinitely large wave
packet, i tum i uncertainty about position
and vice-versa. ) Hence we never determine simultaneously both momentum and
position of a moving particle

5) Heisenberg was 1* to realize this effect and then he expressed them mathem
- atically by means of relation known as uncertainty principle.” 6) The principle gives

that “Itis Impossibk ately of both
‘position & momentum.
7) There is alway: y between position particle is

expressed by writing x+Ax & Px+ APx respectively.The particle always lies between
XPX &PX- APXOF X- AXEPK+ AP,
§) Therefore product ix.APx>>h, y “inany
position and aparticle , the
product of uncertainties in position & in momentum is greater than or equal to planks
constanth. Ax.APx>>h,  Modified planks constant=h =h/2

us. ‘wave function and probability ion:- 1) Wave function
=4 (", 1) Is nothing but 3 varlable quantity which mathematically describes the
wave of 2) i i

wave function Y and mathematically it represents motion of particles. 3) The value
of the wave function of a particle at agiven point of space and time (xy,2.1) s related
to the likelihood of finding the particie that point {x,y,2) at given time,t). 4) For
sound waves pressure is wave variable which varies with space and time and they
can exist only within a material medium. 5) Wave function, ¢ = ", 1) is analogous
to pressure (P ) in  sound waves and electric field,{€) in efectromagnetic waves.
6) However, Max Born In 1926 suggested that the quantity

W1 = W6 = (A + BMA - iB) = A + B is always real and
positive so it has physical significance.7) The quantity Pec [(r”, t7]dV gives
probabi ing particle at given point at given time. The term

1™, 71dV is zlso called as probability density and (r", t) as probability zpltude

> Physical significance of Yup* and § : 1) In 1926, Max Born gave a physical

interpretation of wave function . 2} The 4 itself has no physical significance. 3
According to Max Born, s 2 represents i ity Le. it ts probability
, it shows some pa which described by W)at

2
particular time, at particular paint (x,y,2.) in volume. ) If wave function is complex, its
probaility density given by product . 5) When value of W 2isfarge, probability of
i i s strong and for finding particle there is less. 6} 1f W2 =
icle present at that point at time t. {ff *2%?dxdydz = 1 (1)

0, means there is no any par

1) The wave function that satisfies by equation (1) is called a normalized wave function. It

21 it should satisfy following
itic lizatic A) g should i
b) & should be a single valued function of space and time. €} § must be finite.
dyand ives 5% 5555 must the region..
us finger's equation: 1) rwi inger in wave equations
a

2) These are linear partial differential equation helpful in understanding the nature
of matter i inger” ion defi
the wave properties of sub atomic particles and also predicts particle- like behavior.

o 3
outcome which can be applied in various fields. 4) The Schrodinger equation is
used to find the allowed energy levels of quantum mechanical systems. 5) The

U3 .6) Schrodinger’s time
independent wave equation:-
The general differential equation
function W* travelling with
velocity ' inthree dimensions.

v _ o g
i
[

Lo iy

where, 72 =22 L £
o tam

STEP2: W(x,y,2,t) = Yo (riy,2) e~

Where, Walxy,2}Is the amplitude of wave

at point (x,y,2). Equation written as,
2

Iy with respect

Wit =wol) e

STER3:

ff

The total energy (E) of particie is a sum
of Kinetic energy {1/2 mV’) and potential

1
energyV. E=jmvl4v = Tla

E

Z4y
o p?=2m(E—V)

Substitute in equation (4)

tottwice,
o equation (3)
= i et 2
8mPm(E ~ V;
o s TREN g
[ ¥
7 = (~lw)(~iw) Poe™" n
6;:W The quantity ;- appears very frequently in
= oy, gtet o
ol quantum mechanics
But, W= oe it Vw4 B E-VP=0
L SR
g
STEP (1
—wt¥ = w7 4 Q. Quantum Computing

vy L=

o=2m=20k
o m o
w T woa
De-Broglie hypothesis for matter waves

a=h

1) Superposition 2} Entilegment
3) speed of quantum computer
> Application - 1) Artificial
intelligence , 2) Drug design
3) financial optimization ,
4)logistics and scheduling
5) cyber siqurity

U3.7) Schrodinger’s time o 2 pry g yw = pw

dependent wave equation: e

STEP 1:The general differential 2 2 gy o B2¥
O .

equation for a wave function "'

travelling with velocity ' i ‘This s Sehrodinger's time dependent

2o _ 2w v g wave equation.

7= Wl o el

%’: P L —) "

where, 7 = 542 1 2 _taplacan. > Applications of Schrodinger’s time
T independent wave equation:

STEP 2:The general solution of o The Schroginger equation is used to

find the allowed energy levels of
quantum mechanical systems (such
as atoms, or transistors).

equation s of the form,

Wayat) = Yo (ryz) e
Where, Walxyz)is
of wave at point (xy.2).

mation of atomic/molecular
systems gives the probability of
finding the particle at a certain
position.

‘The Schrodinger equation can be
used to describe the behavior of a

Equation written as,
W(rt)=Wo(r) e~lof — (2)
stEp3:
Differentiating equation (2)
partially with respect to t twice,

v particle in a field of force.
5r = iwwee o We will now apply Schrodinger's
bt wave equation in several examples.

= iy
Asw=2my and E=hv

) using various potential functions.
These examples will demonstrate
the techniques used in the solution
of Schrodinger's differential
equation and the results o these

But, W= Woe™'!

examples will provide an indication
;_: '?’_"r’ of the electron behavior under
these various potentials
STEPa: Schrodinger's time independent N
equationis

8u%m(E - V)
71w+%w70

o
T

P E-V¥ =0

U3.8) Particle in a rigid box (infinite o Applying sccond boundary
potential well}- 1) Ifa quantum particlels  conditions i.c. ¥(x)=0 at x-L we get

in a potential well and the total energy of Asin(kL)

the particle i less than the height of the inKL=0=nx, Where n=1.2,3

potential well, it is considered as trapped (=0 is not possible because if n=o.then

Inside the well. 2) In classical mechanics KL becomes zero WhiEl',is ot possible.)
Kl=rx K=

this particle can vibrate back and forth
due to callision with walls but cannot
escape out from the well. In quantum
mechanics, it s called as bound state.

3) Consider a quantum particle of mass 'm'
restricted to move along x axis between
x=0and x=L with velocity,' V' inside infinite
rigid one dimensional box of length L

4) The potential can be taken 35 Vix) =0
inside and si
potential outside the box is taken as V (x)

> Normalization of wave function:

 Forthe particle in a igid box

5)Schrodinger time independent wave

equation can be applied in order to
i i particles.

with infinite walls, the probability

ding it be
equal to one. Therefore condition
for normalization is written as;

i wwdax=1

’T’;' E-VW¥W=0
But inside the box V(x) =0

v = Asin™ ~(3}
e

T

2 nmx
J’ Asin—=Asin
o L

® This is second order linear
differential equation.wave function can be

written as. "
A nax,
2) TL (1-cos™)dx=1

2 it gy =
Ay s TEdx=1

w(x) = Asin (kx) + BCos(ks) ——(
where A and B are arbitrary constants can
be be determined by the boundary
conditions.

o Applying first boundary conditions
i ¥()=0at x0 we get 0=0+B
Put B= 0 in equation (2)
- W(x) = Asin(kx)

(10 -1 (eos™Eax) =

2xboj=1 azxk
42 xt0=1 A% xt

o= fEsintre

U3.10) Tunncling Effect:

1) According to classical ideas
paricle with cnergy less than
potential barrier (£ < 1) striking to
wall of potential barrier it cannot
leak through it. 2) However,
quantum  mechanics principle is
different than classical one and
paricle posses a wave like
behavior which enables it to leak
through barrier. 3) This ype of
ticles is ki

U3 11) Tunnel diode—:

1) Tunel diode (or Esaki diode)
was invented by Leo Esaki and
received Nobel Prize in Physics for
the same. 2) It is a PN junction
devie which exhidits negative
resistance. 3) It means when
potential difference across tunnel
diode is increases, current through
it decreasesd. 8) Tunnel diode is
capable of making very fast

i hence it i useful in

tunncling effect. 4) Tunncling
effect plays an essential role in
several physical phenomena, such
as the nuclear fusion that occurs as

main source of energy inside stars
like the Sun, —--—

> Tunneling of a-particle:

1) Quanum mechanically, de
Broglic waves ar c

aparticle. 2) The wave function of
a particles (and hence- particles
themselves) has a very small but
definite value so that it can
“tunnel” through the barrier of
binding energy of nucleus and
make free itsell.  3) The
probability of escape of « particle
is very small e, 1in 10% ie, a
particle has to strike potential well
of nucleus 10° or more times

associated with

before it emerges, but it would
defenetly escape from necloues

‘microwave frequency region.
> Principle of Tunnel diode:

1) In wanel diode P and N regions
are heavily doped of the order of 1
dopant in 10* atoms of intrinsic
semiconductor. 2) The widih of
depletion loyer is very narrow
whichis of the order of 10 m. 3)
When a very small potential
difference is applied across the PN
junction, there is a direct flow of
electrons across the juctions even
when electrons do not have
sufficient energy to cross the
potential barrier of depletion
region. 4) Quantum mechanically,
de Broglic waves are associated
with the clectrons.
> Advantages—and
application tunnel
1) Very fast switching, long life,
high-specd operation, low noise,
Tow power consumption are few
advantages of tunnel  diode.
2) Applications-Tunnel diodes

des:

arc used as logic memory storage
devices,  relaxation  oscillator
cireuits, speed switch . Frn reciver

U3 .12Scanning Tunneling Microscope
(STM):

Scanning Tunneling Microscope
{STM) is 2 non-optical microscope
which is used for observing
surfaces of materials atom by
atom.

> Principle of STM
1) In the STM, sharp
tungsten needle is po- sitioned a
few angstroms away from the
sample surface. 2) A small voltage
is epplied between the tip of the
probe and the sample surface.
3) electrons are not permitied to
leave the surface of the solid and

> Construction of STM:

1) Basically STM include seanning tip,
piczoclcctric controlled scanner, distance
control and scanning unit,  vibration
isolation system, and compier,
2) Scanning tip - The STM has a metal
needle that scans a sample horizontally.
3) The needle is so sharp that it has just a
single atom on ts tip.

> Working Tunnel current:
1) Tip of STM scans the sample
surface. 2) The electrons tunnel
from tip to the sample. 3)This
crestes a tunneling current of the
order of few picoAmperes (pA) to
a few nanoAmperes (n4). 4) This
current is amplified and given to

enter into the rogions of space 4)
Quantum mechanically, de Broglic
waves are associated with  the
clectrons. 5) The wave function of
clectrons (and hence  clectrons
themsclves) has a very small but
definite valuc so that it can tunncl
across the gap between the tip and
the sample. 6)The probability of data processing unit.

tunneling  electrons  decreases > Sensitiity of STM:

exponentially as the distance of the 1) s the tip of the STM moves over the
tip from the surface increases. 7) sample surface, its distance continuously
The probe is scanned over the changes due to curvature of atoms. 2)
surface of solid. Due to the Thus, the output current also changes.
variation in surface geometry of Approximately, for a distance of an atomic
atoms, the tunneling  current di- ameter, the current changes by a factor

changes. 8) When distance of 1000 time 3) Thus, STM is very sensitive.
between atoms on the surface and
tip is minimum, curcent through tip > Appli 1)STMis used

is maximum. Cumrent is less at
other locations. 9) By processing
information of pasition of the
probe versus funncling current, a
topographical image of the surface
can be ereated.

to study the arrangement of individuzl
atoms on the solid surfaces. 2) STM can be
used for examining characteristics of
material surface including ~roughness,
surface defects and molecular size. 3) nan

mind spark




uub Valence band conduction band forbidden band :
1)

he nner el to their nuclei
while the ot strongly bonded to teirnucle. 2] The
electrons in the outermost shell are called vilenue electrons. 3) The band formed by a
series of energy iski highest

occupied energy band. 4) The valence band is completely flled with electrons at 0 K.
:1) The next higher
and. 2) his band may ity or partially

3) Conduction
band. 4)The electrons

oceu; band are known
maveﬁee\ymmeconduc‘mnba nd.

band and d by a region
ora gap known as Forbidden band or forbidden gap. 2) This band is co\lectwely formed by a
Series of non-permitted energy levels and is a measure of E; 3) Thus,E is the amount of
energy that should be imparted to the electron in the valanceband for its migration to the
4) These bans It
ormp acoss th oricden encreygop and entersth condction band

U4.2) Free electron theory: 1) The electrons in a partially filled conduction band are
reltively frea o move nthe oecimen asthey e ot bound 0 any atom but are s kand
which is shared are called as

3) The electrons wellinsde the specimen are surrounded by positve fon cores from allthe
sides, hence net force exerted by the ron cores (nr lattce points) on electrons is zero.
4)Dueto the thermal with

of 10° m/s path. 5) This results in net zero current On the way it colides with the lattice
‘points which are in vibration motion due to thermal energy. 6) This reduces the velacity of
electrons and comes to almost rest. This result in small amount of resTstivity and the loss of
energy is converted into thermal energy. 7) The average time between collisions is called the
mean free time and length of the path during this free time is called the mean free path.

Qa.4) Hall Effect and Hall coefficient:-
1) 1f metal or a semiconductor strip

=(Bz Ix} /{VHed) {6) Holeconcentration.

Inan n-type semiconductr,

carrying a current 1 is placed in a VH o (8210 flend]r7)

transverse magnetic field 8, an
electricfield E is induced in direction
perpendicular to both B & I, this
phenomenon s known as Hall
effect. 2) 1 is used to detect
whether a semiconductor in N-type
or P-type. 3) This Hall effect was
discovered by Edwin H. Hallin 1879.
4) A semiconductor with current (1) is
placed in magnetic field (Bz) perpendicular NRH=-1/ne=1/p=1/ pe VH=[(8z
to current ie. along 2-axis. 5) The current wy/d x1/[ep)
{Ix) flows due to external nwllca voltage VH =[( Bz Ix)/d ] x RH
(%) along positv X-drectio RH = (VHA)/( B2 %) = (EHwa)/( Bz 1X)
— But) =1/ A=Ixfwd

RH = EH/{ Bal) Hall coefficient.
1)Hall coefficient is negative for
free ¢ and is constant for metal.2)
In some cases, it has been found
that RH is positive for some
semiconductor; it means that charge
carriers are positive known as holes

= -(Bz Ix) /[ VH ec]---(8) electron con-—

> The Hall coefficient :-is defined as,

electric field strength per unit surface
current density due to unit transverse
magnetic field.

> Hall vltage: - Tnese et charges
induce an electric field (Ey) in y-direction
& known as Hallfield (EH) & this Hallfleld
produces voltage across the semi
conductor called Hall voltage (VH).
VH =WEH e (1) Hall voltage
VH =Measured Hall voltage,
w=Thickness of metallic strip.

» Importance of ILall effect

In steady state, magnetic field

force willbe exactly balanced by induced 1) It ¢an be used to determine

whether the specimen is metal, semi-

U4.3) Band theory of solids: 1) In solids, the atoms are closely packed which vibrate about
thelr mean postion. 2) The nucleus Is conldered at rest e 1o large mass and orhial
electrons which t alarg
number of atoms are to be brought very close to each other. 4) Ea:h atom get affected by
neighboring atoms but out of which energy levels of inner shell electrons are not much
affected by presence of neighboring atoms. 5) The effect of bringing one atom close to other
s to split single sharp energy levels into two levels. 6) As per Paulie’s exclusion principle, not
more than two Interacting electrons can have same energy level & therefore new cnersy
but called
as energy stomere
present, so there are N possible levels in each band & they can be occupied by 2N electrons

- o [y

«conductor or insulators,

2) The sign of current carrying

charges can be found.

3) The mobility can be measured

Eu /Jx == (Bz Vx)/(neVx) accurately.

4) Number of free clectrons/unit volume of
«conductors can be calculated from Hall
«coefficient RH.

5) Knowing RH of given material,
‘knowledge of Hall voltage developed can
ixfeP = Ix flep(wt] (4) Put (4)in (3) be found.

eEu =8z

eV

~(2) put (2}in (1)

Vi =w e B2 VX ~(3)

En = -{Bz1x)/[ne) Hall field

n-type semiconductor drift velocity Hall -

Vx=

VH =w Bz Ix) flep(uwd)]

VH =( Bz1x) /[epd == (5]

UA'5) Fermi-Di ity disteibuti U4 6) Position of Fermi-level in intrinsic
function 1) n solic, there are large no of | semiconductor i) The Fermievel s at
atoms are closely 2)E: centre of b of

fevel split into a large no. of closely packed
tevels and energy bands are formed. 3)
According to Paull's exclusion principle, No
o electrons occupled In same quantum
state. 4) The highest occupied energy
fevels by - at 00K called Fermi level and
energy corresponding to it is called Fermi
energy(E). 5)The distribution of electrons,
‘amang energy level is described by
distribution function F(E). 6) Disteibution
function is defined as the probability that
level E is occupied by e-. 7) AL T=00k F(E)
=} 1 OE<Ef E>Ef ..8)itshowthat,
allfevels below Ef are completely filled
and above Ef are empty. 9) If temperature
increases above 00k , then some e- gain
energy and Jump into higher state and
therefore we get plot of distribution
function w.r.t. energy for different
temperature is shown below ,10) The
distribution function at T = ook s

F{E) = 1/[{e(E-EA/KT]+1, k= 1.38x 10-23
J/K = 8.63 x10-5 eV/k.This is known as
Fermi-Dirac distribution function.

11} At T= 0ok, E< Ef all energy levels below
Fermilevel Ef are filled.

F(E} = 1/[(e(E-Ef)/KT]+:
Ul/=)+1)=1

/[le-==)+1 =

12) At T= 0ok, E > EF

F(E) = 1/[{e(E-EN/KT]+1=
lfese)r1=1/[] =0

13) At T> 0ok, E = Ef, e{E-Ef)/KT =1
FIE} = 2/(141) = %

equal concentration of free electrons and
free holes. 2) 2) All levels have same
enesgy.

3) Consider conduction band has energy
(Ec) and valence band has energy (Ev). At
TOk, Nv =Number of e in

V.B. Nc =Number of e-*1n C..

N=Nc +Nv, (8

N=Total no of e-s n bath bands.

4)the no. of e-sin conduction band is,

Ne =N F{Ec) — {1}

‘Where F(Ec)is probability of an e-s having
energy (Ec} in conduction band.

5) By Fermi-Dirac distribution function,
F{EC) = 1/[(efE - KT+~ (2)

Put(2)in (1)

Ne = N/[(e(E - E/KT]+1—— (3) Similarly,
N = N/[{e(E - E/KT+1 —(4) Put 3) in (2)

N = {N/[(e(Ec- EA/KTI+1}+ { N/[(e(E
ER/kTI+1}

1= (1 e(E-E)/ KT +1+e(E - E/KT(elE -
EV/KT+1) x(e(E - E)/kT]+1]

{{e{E-E )/KT+1) x (e(€ - E}/KT+1] =2 + e(E
- E)KT + fe(E - E KT

1+ efEce Ev-2E)/KT =2
e(E + E-2E)/KT = 2121

(Ec-Ev -2Ef)/(KT) = In1 = 0 Ec-Ev -2Ef =0

B = (EcEv)/2—(5)

U4.7)  1)Effect of temperature on n-type material ——->
» At low temperature :- 1) When temperature of semiconductor is low, only few donar
atoms get fonized and electrons move from donar level to conduction band. 2} Hence Fermi
level for n-type semiconductor at low temperature lies midway between bottorn of cond-
uction band and donar level.
» At moderate temperature :- 1) At moderate temp! all donar atoms are lonized so

electrons in condt band is. equal of donar atoms. 2}
When temp" y shifts away from cond-
uction band and moves towards centre of lovmdden gap.
> Athigher 1) At higher of transfer of

electrons from valence band to Canduction band is more compared to concentration of
electron from donar atoms and Fermi level i shifted to middle of forbidden gap.
Q2, Effect of temperature on P-type material-~>

At low temperature :- 1} multaneously, holes are proguced in valence band.
2050, Fermi evel o in midele of to of valence band anc acceptor lvel

» At moderate temperature :-1) At moderate temperature all acceptor levels are filled.
2) S0, 3t moderate temperature, Fermi level gradually moves up i.e. moves towarcs
‘middle of forbldden gap.

» At hig 1) Atvery higher ibution of C.8. for
formation of holes in V.8. is more Compared to acceptor impurity. 2) Hence at very high
temperature, Fermi level approaches middle of energy gap .. position of Efi for intrinsic
semiconductor.

U4B)P-N 1) AP-N junction i Y
1in which, hol on one side and e-s are

‘majority carriers on other side. 2) As a result, the free e-s from n-type difuseinto P1ype

and holes from P-typ into N-type. 3) As f m

tyoe to P fons, 4) When holes move

‘away from P-type, the acceptor impurity to

5) Thus positive ions are formed in N-type and negative fons in P-type near junction due to

‘which an electric feld develops which oppose further diffusion of charge carriers.

6)Under to oppose the diffusion and a

region s formed near junction which contains positive and negative immobile fons.

7) This region is known as depletion region as space charge reglon and potential difference

across this region is known s barrier potential.

U4.9)Band structure of P-N junction bias,

> ZERO Bias:- 1) In P-type material Fermi levelis located close to top of V.B. while in N-
type material Fermi level located close to bottom of C.B. 2) During formation of P-N
junction, carrlers cross Junction. 3) Crossing continues till Fermi level on two sides
‘equalize 4) The C.B. in P-region is above conduction band in N-region by an energy
VB, where VB Is potential barrier across junction. 5 Due to presence of potential
barier across junction, e-5 in C.8. of N- region cannot cross junction, 5o no any
current flow through diode.

Forward Bias :- 1) When battery of voltage V is connected with its positive terminal
to P-region and negative to N- reglon. 2) Due to F.B eqm condition get disturbed &
position of Fermi level & energy bands are changed. 3) Due to forward bizs mode,
the energy of -5 in N-region increases by an amount ev. 4) Fermi level on N-side
Tises by eV and energy band adjust position Hence potential barrler reduced to e{VE -
V) & barrier width is reduced. 5) So e-s in N-region now face small potential and can
cross junction more easily.

Reverse Bias -1) When battery of voltage V is connected with its positive terminal to
N- region and negative to P- region. 2) Energy of electrons in N- region reduced by an
amount ev. Hence potential barrier increases to e[VB#V) so barrier with increases. 3)

v

v

Due to greater cann he junction or majority not
cross junction.
' Q4) HALL EFFECT DIAGRAM

S=
e

[— !

P 0331

Feanz
N~ dunction Diagram

Ua4.10) Photovoltaic Effect & Solar cell -: 1) The phenomenan of emission of &* froma
substance when exposed by lightorany other radiation of sutable wavelength and
called

frequency is cauea

Jevel.

3)}The phamval(alc effect was 1" noted by Edmund, Bemuerel in 1839.4) In 1905, Albert
Einstein described nature of light & photoelectric effect.

U4, 11) Solar cell iple:- 1) Solar cell

Atis

used to canvert solar energy into electrical energy.
> Construction:- 1) A solar cell is made by P-N junction which is used to convert solar
energy into electrical energy. 2) A sofar cell are made from semiconductor materials

like Si, Ge etc. 3) Large no. of solar cells are made from a high purity single crystal of

Siwith

& 4) A thin layer of P-type

material doped on N-type material to form P-N junction. 5) Thickness of P-layer is
very small. 6) Ta enhance or ta increase value of transmission of ight into material,
an anti-reflection coating is layered on P-type layer.

> Working :- 1) When P-N junction Is exposed to sunlight, photons of energy hv are
absorbed, if v is greater than band gap Eg. 2) Electron-hole pairs are then generated
in both P-side & N-side of junction. 3) The e & holes that are produced within small

distance of juncti

reach space charge region by giffusion. 4) The electron-hole pairs

are separated by strong barriers field existing across space charge region. 5) Electron
in P-sice slide down barrier potential to move to N-side while holes in N-side move

towards P-side. 6) When load resistance is connected across the diode currents flows

inckt. 7)

called short-circuit current (1sc).

3 is

> kv characteristics of solar cell :- 1}Fil factor : Fil factor of solar cell s defined as ratio
of experimentally maxm power to Ideal power. Im XVmFill factor = - Isc xVoc

2 Efficlency of solar cell = Im xVm A =~

Isc xVoc

> Application of solar cell : 1) Solar cells are used in satellite & space vehicle. 2) Solar
cells are used in telecommunication system L. in T.V. transmitter. 3) Again used in
burglar alarm, fire alarm. 4) Solar cells are used in PV street lighting is most
applicable in rural areas. 6) Solar cells are used in many home applications.

> Merits of solar cell =-1) For
“&>
I =

2
e

solan
low cost. 2) Conversion is free from pollution Ilke chemical thermalor racioactive.
>

at

Demerits of salar cell :- 1}
Solar energy is not always

constant. 2) it changes with time of
day. 3) Hence output s not
constant energy.

mind spark

US.1) Magnetic dipole :- 1) Magnetic dipole is generally a tiny magnet of microscopic to

Toop. 2
nuclei, electrons spinning around their axes, and rotating positively charged atomic nuclel
all are magnetic dipoles. 3) is referred to having

two ield and are insep: each
other. 4) A single monopole s never besn abserved.

us +1) The strength i i by
magnetic dipole moment. It is a measure of a dipole’s abilty to align self according to
direction of d.2) The can obea
vector quantity with direction perpendicular to the current loop in the right-hand-rule
directio is defined as dmum amount of torque caused
by magnetic force on a dipole thet arises per unit value of surrounding magnetic field in
vacuum.

o

us ic fi (or intensity) of ic feld at any
‘point in magnetic field is force experienced by a unit north pole placed at that point. itis
denoted by H. 2) The unit of H Is ampere-turns per meter (A/m) in S1 system.

us.4) izati 1) fan (or intensity of i the measure
of magnetism of magnetic materials. It is defined as magnetic moment per unit volume and
denoted by M. 2) The unit of magnetization in S system is amperes per meter (A/ml. 3} As
‘magnetization is induced by magnetic field, M is proportional to H. Thus, M o H or M = H
Where, i called as magnetic susceptibiity.

us.5) i :1)The

of the ease with which the materi Itisd )
‘produced in the material per unit applied magnetic feld (H). 2) Hence,x M/H 3) Materials
having high susceptibiity are easily magnetized.

a malenal is 3 measure

us.6) (8):1)A ic feld i
represented by lines of i 2)The ic A
per unit area is defined as magnetic flux density. 3) Magnetic induction Is the number of
lines of through a unit area of 1 4) Thus, B= /A

us.7) eability is a fundamental property of a
materilnthe contextof magnetism and electromagnetism.2) It s represented by the
symbol “x" (mu) and is measured in henries per meter (H/m) or tesla meters per ampere
{T'm/A) 3) Absolute permeability describes how easily a material can be magnetized when
sublected to an external magnetic field.4) In simple terms, it quantifies how much magnetic
flux a material can support for a given magnetic field intensity.

Us.8)Relative ) Relative p iy is a di

the magnetic 2) ttis
represented by the symbol “j" (mu ) and s o s since I 5.2 . 3)Relative
permeability is used to describe the magnetic behavior of 2 material concerning the
behavior of a vacuum o airin the same magnetic field.4) Itis often used to compare the
‘magnetizing capabilities of cifferent materials and their response to an applied magnetic id

) The relative
permeability (i) of a material is defined as the ratio of its absolute permeability (1) to the

free space (110).2) M=/ Ho.3) In
S units,the permeabilty of (e space o} s appros 'ﬂa\ely 4rx 10°(-7) W/m.

5.10) Di i ials: 1) Diamagnetic material which when placed
in 2n external magnetic field develop a weak magnemm in opposite direction of the
external 2) The ate 3) They slightly

repel the magnetic ines of forces. 4) The Examnlesare bismuth, silver, copper and
hydrogen. 5) The

than onei.e. pr<1.

Us.11) ials:-1) Is

placed ina magnetic feld acquire a feeble (small) magnetism in the direction of e
‘magnetic ield. 2) The atoms are slightly oriented along the direction of the external
‘magnetic ield. 3) They attract the lines of force slightly. 4) The examples are aluminum, tin
‘magnesium etc.5) The relative permeability materials is sightly above than one l.e. ur > 1.

materials are metall Is which
when placed in external magnetic ied becomes strongly magnetized i the direction of the
field. These materials are strongly attracted by a magnetic field. 2) These materials are
strongly oriented along the di the external 3)The i

of farce strongly. 4) The examples are iron, steel, nickel, cobalt etc.

atom, electrons anucleus in

us. i method of
storing and amagnet 1)
wit dally ym . The magnetic layer side laser US.13) Orbital motion
beam. 2) Alaser beam is used the film by it i
point) by magnetic domal
inwhi ¢ i 3) A relatively weak

‘magnetic field is app!
magnetized s treated as 1 while the un magnetized reglon i treated a5 Reading the data 1) To
low-power laser. The laser HxM

orit s equivalent to a tiny currnt loop. I behaves a5 an
elementary magnet having a magnetic dipole moment. The sum of orbital magnetic
‘moments of crbitat of an atom,
by Bohr Magneton *The nuclear spin:- 1jThe nucleus spins around itself and it also
contributes to magnetic moment of atoms due to magneti field produced by protons. 2) It
can be shown that elementary nuclear magnefic moment s given by

1 =505 x10-27Q9/m2 6@

US.14) Diff D i

Ferromagnetic

us.15)
15 ane of the most widely used dgital cata
storage using a magnetized medium. Several
types of magnetized media are used to store
data such as magnetic tape, floppy disks
and hard disk drives.
> Storage medium:-The medivm used In
‘magnetic storage devices is coated with
iron oxide, which is a ferromagnetic
material. The storage media contains

small regions of mostly uniform

e
e

Basic Principle ;-There are two types of
magnetic polarities Le. N-5 and 5-N each one
2210 or

.

the

iy e soedeio | Computer systems need to store data in
digtalformat consistsof binar information
Read and wite heads: The drve uses a
motor o otate the meda 2t s high speed.
A | The data s written and read using  small
i | s, | mene | ema | devic called heads, ach head has a iy
et | mppti | gt Frobhen sty
T | [ core wrapped with wre. A read-write head
1 s | oo et repped hute
[ -
| | o | e | e H— . -
| e IS T T T T L1
o ]
AR et yclose
flntey [ et | magnetc anface
ot putere]
cor | | Witingthe data: Data ignal s sent through

he coil of wire which generates a magnetic
flux. At the gap, the magnetic flux forms a

ottt | mo | oo | et
s et

fringe pattern.
region of the oxide on the media and
magnetization of that area change. The
information i stored on the disk In the form

v PSR [P ey g
st of zero's unmagnetized region) and ones
| by | | | e Recdms!hedi he read head s muved
of
» Saiae | o information stored on the magnetic dev:tes
e, w | Le.the regions of magnetization and dema-
[had

gretizations are detected by the read




U5.16) Explai i i

1) The electrial resisivity of 2) ting of er
tried by at room temperature to 3 battery.
oltmeter across 3)The f the speciman is

then lowered.4} It was observed that below a particular temperature, known as the critical

temperature, the potential difference across the speciman suddenly dropped to zero.

U5.17) Meissner effect :- 1) When 2
specimen is placed in a weak magnetic

US.19) Critical Magnetic Field:-
1) Superconductivity is destroyed by

the critical

ly strong.

present in the specimen This effect is

2) i of the applied

magnetic field required to destroy

U5.20) Typ Type-| 1) Type-l
show complete Meissner effect when the applied magnetic field H is less than the critical
field He. 2) The magnetization in the specimen’s mpcmenal tothe applied field and the
specimen acts ke a ) ForH>
the specimen becomes a normal wnducwr. 4)pure e\ements show such magnetization
curves. The values of He are very low.

Type-|| 1)
critical felds Hex and Ha. 2) Upto the lower critical ield Hes the specimen is perfectly
diamagnetic and flux is completely ejected out from the specimen. 3) The magnetization in
the specimen is propartional to the applied field. Between H and HC2 Meissner effect is
incomplete but electrically the specimen is a supercunduam 4)his state is :aHPd me
mixed state or
‘magnetically. 5) The values of H., may be 100 imes or more gher than the el ﬁeld H,

US .21) Explain D.C. and AC. Josephs 1) ted by a
thin layer of insulator is called a weak link or Josephson junction. 2)The superconducting
electron pairs (Cooper pairs) tunnel through the insulating layer from one superconductor
toanother.

b The insulati i between the wave
function of cooper pairs on opposite sides. Due to m.s, a super-current appears across the.
Junction even though the applied voltage is 2ero. This effect Is known as dc Josephson
effect.

Ac 1) i the
junction when a d.c. voltage is applied actoss It. Also, when a radio frequency voltage Is
applied along with the d.c. voltage, it can cause d.c. current across the junction. 2) If a dc.
Voltage 'V*is applied across the junction, the current oscillates with frequency 2eV/h. 3)

Known s Meisner effct. 2) s efectls  Superconcuctiiy i cale th criical il S oo Fnetons e woa oty et mrerones dohes SAUIDS)
reversible and the specimen returns to its Heand is a function of temperature. roparty, Typet which are used s diagnostic tools In detecting brain signals.
normal state when its temperature is 3) The Crictical Temprature He=0
ot oes e 1" o= MO {L{1/10) e crtcalfeld abot 0 et Ty o e T da o complteasht Morer . terforence Dovies (SOUID)
‘magnets with 2ero magnetic induction in m———— - A avic
the interior when placed in weak Tenouior | o benovor et vehovor | used o measure xtvemely sl smal] mgnetc el the oo of 1035 v et
magnetic fiels. 3) This Ingicates perfect workings Jonitiins.
diamagnetism.a) Meissner effect cannot coieat
e xplained by assuming tht the super- s ST T Construction of SQUID- There are two maintypes of SQUID: direct current (0C) and racio
conductor s a perfect conductor with A'“:'pp‘('“ i |m;=v:l:‘\2’ﬂam . ‘alm frequency (RF). Aradloﬁequecvcy"ﬁr) SQU'WIS made up of one. lOSEPhS}?ﬂNﬂCUDV\, which
2ero electrical conductiviy, euert o sercandsctaran i cias is mounted on a superconducting ing. A direct curcent (DC) SQUID consists of two
Josephson junctions in paralel, which Is more sensiive.
T " " ” rm— —> Construction:- SQUID fabricated from lead or p . The tunnel
;;fh:‘;::m'::;fﬂfﬂmm aine magnetic fieid woz Woim.s barrieris oxidized onto lead or nioblum surface.
constant even though there is no source > f ~a) (MEG):
of e.m.f. as the resistance of the Type i mapping brain activities. It can detect magnetic fields produced naturally in the brain
superconducting ring is zero. 2) Such superconductors. which is of the order of 10-14 T. The human heart also produces a feeble magnetic
steady currents flowing in a super- field of the order of 10 -14 T which can also be detected by SQUIDs.
conductor are called Devswslenl currents. Applications | Not much usefal due to low H. Useful due to high .
These currents flowing in the ring Gt osin rebietem: also known as nuclear magnetic
produce a magretic feld. 3] Thus i et resonance Imaging, is a scanning techniaue or creating dealled mages of the human body:
be used to ‘Examples Aluminum, lead, mercury, etc Nb-Sn, Nb-Ti, Nb-Zr, Va-Ga, etc. The scan uses a strong. i d radic waves to f parts of the
produce magnetic fields which do not I N ‘ body that can't be seen with X-rays, CT scans or ultrasound. Water molecules in human
require any power supply to maintain a -, 3 body contain hydrogen nuclei (protons).
constant field. . | X
o €) Non-d testing: The f the | changes due to the
‘ corrosion, which can i SQU\D D) lictie be done by
B - detecting chang ) " in
i ) inside earth crust . y, etc.
isaset iques usedto . " U6.5) What are mm.pamm; mne radii of atoms and most of the molecules are less
evaluate an Inspect materials, components, o struetures without causing any permanent tempersute o presut s applid o the ateratdr o ard reslin Sves waes than in the range of
damage or m. These testing in ensuring the safety, hod: 1) s suchasan 7nmto 100 nm wmch can have 25 w 10'a(ums Adlusterof 1 amradushas.
reliability, and q Toad or rapid pressure is part of the based on size does ot
Wwould render the tem unusable, NOT i widely used n incustries such as manufacturing, aterial being tested. 2) A small i roduced distinguish between molecu
aerospace, construction, oil and gas, automotive, and more, & inside the material. 3) This results i 9 inside the material in the then 25 atoms. ) par less than ; ohy
form of short-lived, high freqy y . 4) These str phenomen: show unique
> Types Of Non Distructive testing:-1} Uitrasonic Testing i This method uses high tached ropertis that chane with el sz, 1 K a5 N prEce

frequency sound waves to Inspect materials for internal flaws or changes in material

properties. Ullrasonic wavesare sent nto the materia, and the reflections or echoes
voids,

and other ies. 2) Testing (RT):- In

{ays o gamma reys sre ved toinspect materil. The object being tested s placed

between the radiation source and a detector film or digital sensor. The transmitted

radiation creates a shadow image on the detector, revealing internal defects ke

eracks, porosity, and inclusions. 3) Magnetic Particle Testing (MT):-MT is primarily

wsed for detecting surface and near-surface defects in ferromagnetic materials. The

materialis magnetized, and iron particles, either dry o suspended in liquid, are

applied to the surface. These particles will be attracted to and gather around areas

with magnetic flux leakage caused by defects, making them visible for inspection.

the material where laws or irregularities inside the materials. 5) When multiple sensors
are used, the resulting data can be analyzed by a CRO to evaluate locate discontinuitiesin
thepart. (7 Applications: AET is applied to inspect and monitor pipelines, pfessure
vessels, storage tanks, bridges, aircraft, trucks, and a variety of

‘ceramic compont

us. Ttmngx«ays or y-rays:- Principl .X-nysur,
the material. and p oy the medium
and partially b the defects. The characteisics of the radiations such as ntensiy get
‘modified. 3 Method:- 1) X-rays or y-rays are produces by a source of raciation (e.g.
Coolidge tube in x-fays). 2) The material under Investigation Is placed in the path of the
radiation znd the phntng{apht( pist. 2 The hesm ofradaton s sllnked to fl on the
material. 4) f the material,

sr. | estructive testing Non-destructive testing

1| remsare cored out o nd soparnes Tests are carriad out to find proparties
avior of the material under nd the dofects Insida the material.
Hiorent extornal condiiont.

2 | propertes of e material such a5 | propertes of the materal cannot be
ing, tansile strength, compression, | found out.
Sirangth can bo found v,

3 such as be focated.
flaw, cracks, porosity cannot be
located,

entire
batch .,:ma..m st will destroy oll parts. | samples randomly and results can be
in produc correlated to other parts.

s

U6.3) Uttrasonic Testing for Thickness (or gauge) measurement :- Method: 1) Using a

transduc Y sent along the thickness
ofa meta\ hlock or sheet. 2) Ultrasonic waves travel through metal block and gets reflected
from its bottom. 3) The time required for reflection is calculated. 4) As speed of ultrasonic
‘waves and reflection time (echo time} is known, thickness or gauge of the metal block can
be calculated using Thickness (T) = {Velocity of Ultrasonic Wave in Material) x (Time of Flight
of Ultrasonic Wave) / 2. 3 Applications: This technique is used for gauge or thickness of
the metal block or sheet., ¥*

of radiation le be ttered. 5) ion of radiations is
different in regions inside the materizl where defect is present and that are free of defect.
6) The scattered radiations produce an image on the photographic plate. After developing
the photographic plate and its analyss, the defects inside the material can be identified. -
With a single radiogram the presence of defect can be detected. 7) For getting exact
position of the defect, the radiation should be passed through different angles in the
‘material and resulting set of radiogram is analyzed. ons:- Using
radiography techniques various irregularities inside the material such as flaw, Cracks,
presence of Cavities, Parosity can be detected.

UB.4)Ultrasonic Testing :-1)The frequency of sound waves audible to human ear ranges
from 20 Hz to 20kH2The sound waves having frequencies greater than 20 kHz are called
uktrasonic or supersonics. 3% Principle of Echo Sounding -Echo sounding s process in

' a transmitter, they the object and
reflection is received. 2) By knowing the time required to cover distance {transmitter and
object) and velocity, distance of the abject from transmitter can determined.—- Q5 -,

Ultrasonic Testing f Method: ing mechanism

transitting transducer, receiving transducer and CRO. 2) A transmitting fransducer sends
into ignals from back surface of the specimen are.

detected by receiving transdu put to a CRO. 3] If inthe

specimen, cutput of CRO screen shows normal peaks. If there is any flaw present inside the
specimen then CRO screen shows small peaks corresponding to the reflection of ultrasonic
‘waves from fi casting, flakes, cracks, tiny.

U6.6) Optical i i

‘metallic nanoparticles -The color of Metal Color for | Color at
nanoparticles is different from bulk mat bulk wanodevel
Qne of the dally life examples is of glass.

Glasses are transparent, but when doped with | Gold Yellow | Bright red
like red, pink, mue,green, etcdepending upon | Silver Colorless | Pale yellow
the dissolved nanoparti

Optical properties:- I)Every material has a characteristic size only below which size depend
realized, i is size is the size of the exciton. 2) In semi
conductor the parices and smaller, the energy gap
high ~This leads
toshiftin me absorption spectrum and change In color of particles.

Us, f icles-: Electrical y the free

path of electron (pam of the electron collision due atoms or ions). The free path manges

atnanoscale o collsion and tunneling within the conductor.
Vi

1flowing
through s govermed by Ohs Lawane hes  Inear varaton,

% nanoscale: If i f conductor le (1-100 nm,
there 2 o current. A single electron is
transferred by i i Therefore,the voltage is less than

electron cannot be transferred. This gives a region of zero current at low bias voltage and is
known as "Coulomb blackade region". The electrons are transferred when the voltage is +

e/2C.The repeated wnnelmgsmgle electron produces ‘Coulomb staircase'

i he materials of nano-sized greins have larger number of grain

ving Targer than the i scattering of

evmmns atgrain boundares.

U6.8) Mechanical properties of
Nanoparticles:- 1) Mechanical properties of
materials depend upon the composition of s
material, bonds between the atoms and
presence of impurity. When the size of
materials is reduced to nano-scale (1-100
), materials tend to be single crystal. The
measurements of elasticity, hardness,
ductiity show different behavior as compared to the bulk materla. For exampl, in the
case of elastic 2)plstc
terials differ from that of
material i.e. if tress is removed the recovery to original shape/size is recovered more
effectively. 3) Harcness of materials is also related to the grain size. In the nanometer size
range, the hardness Increases with decrease of partidle size.

wotera | Form Gain | Youngs modulus

Wa | ooy | szem | Ye3seonimmt

Patvrysatiee | 2apm | v=aco n/mnt

U6.11) Applications. various
forms are usdfo reduction f welghtsof space vehices, improving efclency ofsola cel,
m;ulmn of sp: 1) s

have 8 gfem:
condicioral heat anbaue pc!enhal npphunom In designing- saceratts, defense
uipment. 2) - Satelles of spacectats o e mmnlv
powered by solar energy. Currently solar cells have reached an efficiency of 30
Using luminescent dye sensitized nanoparticle based or nanoparticle-based wlxr :ell arrays
have potential to reduce the weight of solar cels as well as ncrease in efficiency.
3)n p - wiith stand harsh and extreme
i i in space. Materials should also sustain high or low
high Use of siica provide
{nsulaton nsold rocket motors and aso they are better radiaion protectors.
6) Detection of biological weapons :- Biological weapons may use dangerous s or

u6s) & ;)rne

body 35 weu 25 10 the healthy Ussues or orgars. This Ieads o me Gdasicts. 2) In lhe
:argma . the drug ach

. The system i in is guided sovardsthe
recen partof the body. 3) The capsuleis opening at th specifctissues or organs
controlled by externally applied magnetic field or infrared light or physiologically. Then
drug can be delivered in controlled manner..

@& Drugis dissolved ==> Canriers for targeting drug
The system is injected in the body and guided tissues or organs body
d d location of 8
U6.10) Applicati “n i <pin
property of electrons instead of charge) i taken ito.consideration. Advantage with spin s
ering lisions other charges, impurities or

defects, The efectronic devices with typical dimensions of few nanometers in either of three
directions display unique properties. Such devices are fast, compact, and relatively cheap.
Such devices are typicaly known s spin-electronic [spin-elenmni(’ devices.
& Application OF SPIN: le el sistor
152 svilcing desicain hich  guantum dot 1 placed between the sowceand e dmm it
tunneling lify . They offer low pr

and high operating speed. 2) Spin valves:-Spin values are commercially used in computer
read heads. Their use has enabled to increase the data storage capacity of magnetic

due to their small fi

nanowires or 2-D
thin films) or nanocomposites are used to produce ight or detect light. They can be used
mrngm praduction, propagation, manipulatian like amplifcation, flter, detection stc.

6 gies for TV and monitor The flat p or computs

are products of nanotechnolgy.

ides like Ca0, A1203 and MEO interact with such

than mi i d are of
warfare chemicals ..

U6.12) Applications i i ials in various f

are used for part: th self-cleaning

windows, better tires,reduction o harmful emission,
1) Sturdy structural parts:- Various body parts of vehicles are made up of steel, some

alloys, rubbers, plastics etc. than
steel. 2) Smooth and non.-seratch Paints:- Cars are spray painted with fine partices.
Nanoparticle scratch thin

amourtof tania TI02] nangparteles manufacturing glass. Titania is able to

dissociate organic dust in resence ot v light available in the sunlight. Drops of waters on
¢ but T evenly giving clear sight.

4) Better tires Tires of vehlcles \ndergo wear an tear with use anl lso increase ts

‘weight. By using nanoparticle clay, better, light weight, less rubber consuming thinner tires

e possible that can mduce me overalweight, Increase nfue consumprion and pecc.

Inste 1 petro fuels, there are

ofu;mg hydrogen asa fuel When hydmgen fuelis mmed itcan only. pmduce harmless

water vapor. Hydrogen inam

Nanocylinders of carbon nanotubes e potential o stcre idogen i vy smallsace.

T
e 1




