UNIT - | : Electrostatics
Chapter - 1 : Electric Charges and Fields

TOPIC-1
Electric Field and Dipole

Quick Review

Electric Charge

>

>
>

Electric Charge is that property of a matter due to which, similar charges repel each other and an attraction force
takes place among opposite charges.

Point Charge is an accumulation of electric charges at a point.

Electrons are smallest and lightest particles in an atom having negative charge as these are surrounded by invis-
ible force field known as electrostatic field.

Protons are larger and heavier than electrons with positive electrical charge which is similar in strength as elec-
trostatic field in an electron with opposite polarity.

Two electrons and protons will tend to repel each other as they have negative and positive electrical charges.
Fe—e « —>F
Fe—t -

The electrons and protons will get attracted towards each other due to their unlike charges.
The charge present on the electron is equal and opposite to charge on the proton.

Electric Charge

>
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Electrostatic charge means the charge is at rest.

Electrostatic charge is a fundamental quantity like length, mass, and time.
Charge on body is expressed as g = + ne

The magnitude of charge is independent of the speed of particle.

Based on the flow of charge across them, materials are divided as :

e conductors - allow electric charge to flow freely - metals

* semi-conductors - behave as conductor or insulator - silicon

* insulators - do not allow electric charge to flow freely - rubber, wood, plastic
Net charge is given by :

* Charging by friction -charging insulators

* Charging by conduction -charging metals and other conductors

* Charging by induction -charging metals and other conductors

Charging by Induction

>
>

Charging by induction means charging without contact

On rubbing a glass rod and silk cloth piece together, glass rod get positive charge whereas silk cloth gets negative
charge.

If a plastic rod is rubbed with wool, it becomes negatively charged.

If a negatively charged rod is brought near neutral metal with insulator mounting, it repels free electrons and rod
attracts positive charges on metal.
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> If far end is connected to Earth by a wire, electrons will flow towards ground while positive charges are kept
captive by the rod.

++++ + +
.y Electrons
flow to the + +
Eanh via wire.
+ +
Ground

Neutral sphere A negative rod nearby With rod nearby the negative ~ With rod away, the
separates (+)s & (-)s. end may be discharged. (+)s distribute evenly
Properties of Electric Charge
Addition of charges

> If a system contains three point charges g;, g, and g3, then the total charge of the system will be the addition of gy,
g, and g3, i.e., charges will add up.
Q=q+q+4q
Conservation of charges
> Electric charge is always conserved. It is the sum of positive and negative charges present in an isolated system,
which remains constant.
» Charge can be created and destroyed, but only in positive-negative pairs.
Quantization of charges

Electric charge is always quantized i.e., electric charge is always an integral multiple of charge ‘e’.
Net charge g,,; of an object having N, electrons, N, protons and N, neutrons is:
Inet = — €N, + eN, + ON,, = ¢(N, - N,) = ne
It is the property through which any charge exists in discrete packets of minimum charges where positive and
negative charge is denoted as g in equation g = ne, where 1 is an integer, 7 = number of electrons present on the
body and e = charge on an electron
> Neutron (n) : m = 1.675 x 10% kg; g = 0
> Proton (p) :m = 1.673 x 107 kg; g = +1.602 x 107 C
> Electron (¢): m = 9.11 x 10 kg; g = -1.602 x 107 C
Coulomb’s Law

YV V VYV VY

> The force of attraction or repulsion between two point charges q; and g, separated by a distance r is directly
proportional to product of magnitude of charges and inversely proportional to square of distance between
charges, written as :

poplallaal 1 ol

2 dngy o2
+ —> -— -
ESE oF Py

Like charges repel Unlike charges attract
Where,
F = Force of attraction/repulsion between charges gy, ;.
41, o= Magnitudes of charge 1 and charge 2
r = Distance between charges gy, g,
k = Constant whose value depends on medium where charges are kept.
1

47'580

Ase=¢pe, k=
4me
gy = permittivity of vacuum = 8.854 X 10712 F/m
g, = relative permittivity of medium with respect to free space.
> For vacuum, relative permittivity, e, = 1,
> As e = g, force of attraction/repulsion among two electric charges g4, 7, placed in vacuum and medium is :

F = 1 1 qz (vacuum)
411’.80 7’

F = ;@(medium)
4mepe, 1

» The unit coulomb (C) is derived from the SI unit ampere (A) of the electric current.

» Current is the rate z_q at which charge moves past a point or through a region i = % , hence 1C=(1A) X (1s)
t
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> The vector form of Coulomb force with ;12 = unit vector from 4; to 9, is given as:

= 1 Gifa~ = 1 Gifa~
E, = =721 Fq= —==r12
12 dmey 74 and 21 dmey 73
/r/'\+ /F12
B, =-F s\ v
= 21 =—F2 % + ¥
Principle of Superposition a1

F
> The force on any charge due to a number of other charges at rest is the vector sum Sf all the forces on that charge
due to the other charges, taken one at a time.
» The individual forces are unaffected due to Fresence of other charges.

y B N
a_ Fes =
———<¢——+-F3
,
q2 i q3
,
’
L
a
,
L’
q1 7
’
PR ¢

> force exerted by ;71 on Z]3 = 213 =F1

E
> force exerted by g, on G5 = s E
< net force exerted on g3 is vector sum of Fi3 and F2
Electric field %
> The space around a charge up to which its electric force can be experienced
> is called electric field.
> If a test charge g, is placed at a point where electric field is E, then force on

the test charge is F = qoE

» The electric field strength due to a point source charge ‘q" at an E
observation point A" at a distance ‘7’ from the source charge is given by
- 1 q F
E= A-r : 4

dney | A1 ( ) (point charge) !

> The unit of electric field is N/C

» Electric field inside the cavity of a charged conductor is zero.

> If a charged/uncharged conductor is placed in external field, the field in conductor
is zero.

> In case of charged conductor, electric field is independent of the shape of conductor.

Electric field lines E\F

» Electric field lines are imaginary lines that extend from positive charge towards \

negative charge. \, @/,

charge g located at points around source charge.
» Electric field has same direction as force on positive test charge.

> Direction of electric field lines around positive charge is imagined by positive test 7’/‘\

> Electric field lines linked with negative charge are directed inward described by

force on positive test charge g.
> Field lines never cross each other.
> Strength of field is encoded in density of field lines.
Electric Dipole J

» Dipoles make fields +q -
> The system formed by two equal and opposite charges separated by a small distance “«ee >
is called an electric dipole. d

» The force on a dipole in an electric field is zero both in a stable as well as in an
unstable equilibrium.

> The potential energy of a dipole in an electric field is minimum in a stable equilibrium
and maximum in an unstable equilibrium.
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Moment of Force

» In a dipole, when net force on dipole from field is zero and center of mass of dipole
remains fixed, then forces on charged ends produces net torque T about its center of mass (com).

el
QT —=
= F:qE
B¢
P com
P e ——

 If © = 0°, 180 © or 360°, dipole exists in equilibrium state.

 If 6 = 0° or 360°, dipole exists in stable state.

* If 6 = 180°, dipole exists in unstable state.

In uniform electric field, dipole experiences torque, net force on dipole is zero.

In uniform electric field, dipole experiences rotatory motion.

In non-uniform electric field, dipole experiences torque and net force.

In non-uniform electric field, dipole experiences rotatory and translatory motion.
In this, Torque aligns dipole with electric field and becomes zero.

In this, Torque direction is normal to the plane going inward.

YVVVVYY

Electric Dipole Moment

» Dipole moment is a vector quantity whose unit is coulomb-meter (Cm).
» The maximum value of electric field is at surface of shell of charge since cell is cloud of charge.

> Dipole moment vector p of electric dipole is p = GX2a between pair of charges g, —q along the line

E, E, 7 p q
q q <
% .H ) ———-- ___2_a _______

> For point P at distance r from centre of dipole on charge g, for r>>g, total field at point P is
4qa
E=—1_

4n£0r3

__1 2
47580 1’3 +q

¥V Eq
E

yEq
—-q
* For point P on the equatorial plane due to charges +q and —, electric field of dipole at large distances
E=—F
dmegr

3

Know the Terms

> 1 coulomb : When two point charges are placed at a distance of 1 m in vacuum and repel each other with force of
9 x 10° N, the charge on each sphere is known as 1 coulomb.

» Flux: The rate of flow through an area or volume. Also it is the product of an area and vector field across the area.

> Electric Flux : Rate of flow of an electric field through an area or volume represented by number of E field lines
penetrating a surface.

> Electric line of force : It is a curve drawn in such a way that the tangent to it at each point is in the direction of
the net field at that point.

» Symmetry : The balanced structure of an object, the halves of which are alike.
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Know the Formulae
k|‘h‘12| )

7212 '

» Coulomb’s force : Fp =

where all alphabets are in their usual meanings.

> Electric field due to point chargeg: F = ﬂgl
r

2
> Electric field due to a dipole at a point on the dipole axis: E= 2 P 3 (r>>>a)
nEeyr

> Electric field at a point on equitorial plane E = 4n_£pr3 (r>>>a)
0

E

=
+g— ¥

pD_»
et

-—

F.

> Potential energy for dipole : U = — pEcos 6
» Flux through non uniform electric field : ¢ = [ E X dA

> Field of continuous charge distribution : dq

ke xd ~
= IE—chose S~ E=?
=,
r Source BN

E = jkgxdq

Y 5 sin 0

> Gauss’ Law: ¢ = | FdA = enclose
€0

> Electric field due to long line of charge: Ej;,, = ZL , where A = linear charge density
e

> Electric field due to infinite sheet of charge : Esieet = , where ¢ = surface charge density

TOPIC-2

Gauss’s Theorem and Its Applications

Quick Review

Electric Flux
> Electric flux is proportional to algebraic number of lines leaving the surface, outgoing lines with positive sign,
incoming lines with negative sign.
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* Due to arbitrarily arrangement of electric field lines, electric flux can be quantify as ¢p=EA
e If vector A is perpendicular to surface, amount of vector A parallel to electric field is Acos 8
Apj = Acos 0
0 = EA;; = EAcos 6
» In non-uniform electric field, the flux will be ¢0p=[EdA

Continuous Charge Distribution
> The continuous charge distribution system is a system in which the charge is uniformly distributed over the

conductor.
» Continuous charge distribution can be linear, surface, and volume charge distribution.
aq
S~ T E=?
Source -~
*dE

> Field of continuous charge distribution
o L :J-ksccz)se i
r

k,sin®

r

[ Ey:J dg

Gauss law
> Gauss law is addition of sources in a closed surface that will be equal to total flux through the surface.

E

> The electric field at all points on Gaussian surface is ¢ = E_[ da=1

€

> If there is a positive net flux, net positive charge is enclosed
> If there is a negative net flux, net negative charge is enclosed

surface

» If there is zero net flux, no net charge is enclosed

q
4mr’e,

» The equation for point charge on Gaussian surface is E =

» In an insulating sheet, charge remains in the sheet, so electric field E = Zi
€9
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* Gauss’ Law works in cases of cylindrical, spherical and rectangular symmetries.

* The field outside the wire points radially outward which depend on distance from wire E =

, where A is
Tre

linear density of charge

Know the Terms

>

>

Closed surface : It is a surface which divides the space in inside and outside region, where one can’t move from
one region to another without crossing the surface

Gaussian surface : It is a hypothetical closed surface having similar symmetry as problem on which we are
working.

Relative permittivity (g,) : It is defined as ratio of Coulomb’s force F between two point charges which is placed

in free space to Coulomb’s force F’ between the same charges having same distance of separation when keptin a
medium i.e., E, zg
Dielectric constant (K) : It is the ratio of field without dielectric (Ey) to the net field (E) with dielectric given as
k= E—; ,where E < E,. Dielectric constant is = 1. The larger the dielectric constant more will be the charge stored.

Electrostatic Shielding : It is the phenomenon of protecting certain region of space from external electric field.

Dielectric : The non-conducting material in which charges are easily produced on the application of electric field
is called dielectric. e.g. Air, H, gas, glass, mica, paraffin wax, transformer oil etc.

Know the Formulae

>
>

>

Electric flux through an area A : ¢ = E.A= EA cos®
Electric flux through a Gaussian surface : 6= [EdS
’ = Jenc
Gauss’s Law : o=
€
A _2kh

Electric Field due to an infinite line of charge : E=

2megr 1

where, E = electric field [N/C]

A = charge per unit length [C/m]

gy = permittivity of free space = 8.85 x 10712 [C)/Nm?]
r = distance (m)

k=9 x 10° Nm?*C

1 qx
3/2

Electric field due to a ring at a distance xis E = —
4ngo (rz + xz)

When, x>>>r; E= 41:80 xiz

When x<<<r; E=0

Electric field due to a disc charge E= G{l - x:l
2gy VR? +x%

where ,

E = electric field [N/C]

6 = charge per unit area [C/m
gy = 8.85 x 10712[C¥Y/Nm?]

x = distance to charge [m]

R = radius of the disc [m]

7]
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> Electric field due to a thin infinite sheet E= 2%0
> Electric field inside a spherical shell E=0
> Electric field outside a spherical shell E= ]LZ forr >R
r
where,

r = distance from the centre of sphere to the charge in m.

aa

Chapter - 2 : Electrostatic Potential and Capacitance

TOPIC-1

Electric Potential

Quick Review

Electric potential
» Electric potential is the amount of work done by an external force in moving a unit positive charge from one point
to another in electrostatic field.

> TItis writtenas 1= V.

q
where, W = work done in moving charge q through the field (J), § = charge being moved through the field (C)

» The SI unit of electric potential %, Volt, %

1a
4me r

» Also we can write V =

where, g = charge causing the field, € = permittivity, r = separation between centre of charge and point
Potential difference
> Electric potential difference is the difference in electric potential (V) between the final and the initial location,
when work is done upon a charge to change its potential energy.
Work  APE

Charge - Charge

Electric potential difference =

Between two points Aand B, Wyp = - Vg X g
Where, V5 = Vi - V, is potential difference between A and B.
> In a region of space having an electric field, the work done by electric field AW, when positive point charge g, is

displaced by ds, then,
-

dW =qExds
B
J gExds

Vv v - Wap __2a .
AV =V, =Vz—V, = = =—[Exds
q q A
Electric potential due to point charge
» The electric potential by point charge g, at a distance r from the charge, can be shown as Vi = 1 1

Where, g is dielectric constant (permittivity of vacuum)
> Electric potential due to dipole at a point at distance r and making an angle 6 with the dipole moment p is given
by, V= 1 pcos6
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> Electric potential is a scalar quantity.
» Dimension of Electric potential is [M'L2T3A]

~ 2\

Qi+

/

> For asingle pomt charge g the potential dlfference between A and B is given by,

AV =Vy-V, =—jExds_—jEdscoso_—jE><ds

where, E is the fleld due to a point charge, ds = dr, so that,

_ __J' [1]78_ q |(1_1
) dme, r2 dmeglrl,  dmeg|rp 1

» If rg = o, then Vg = 0 so,
1 9.k
Amey 1y Ty

Dipole and system of charges
> The net potential due to a dipole at any point on its equatorial line is always zero. So work done in moving a
charge on equatorial line is always zero.
> Electric dipole is two charged objects having equal but opposite electric charges which are separated by a distance.
» Potential at a point due to system of charges is the sum of potentials due to individual chargeg,
» In a system of charges gy, 9, g3, ...q,, having positive vectors ry, 1y, 13,.....1, relative to point P, e potential V; at

point P due to charge g; will be E
A TR
411',80 n .
> Also, potential at P due to charge g, is ."+q q .
-1 % <
4mey 1y a a
> The potential at point P due to total charge configuration is algebraic sum of potentials due to individual charges,
SO,V:V1+V2+V3+.....+Vn Qs
q o
_41[%+%+%+....+%] s
eyl 1 T 7, r
ol 2 73 n rp 4
Ly P = as
aney iS5 7 rop
9z
> Itis known that in a uniformly charged spherical shell, electric field outside the shell with outside potential is
given as :

v=—L945R)
ey r

where, g is total charge on shell and R being shell radius.
Equipotential surfaces
> Equipotential Surface is a surface in space on which all points have same
potential. It requires no work to move the charge on such surface, hence the
surface will have no E component, so E will be at right angles to the surface +
> Work done in moving a charge over equipotential surface is zero. A

» Electric field is always perpendicular to equipotential surface. H
E

N\

90° . .
0 Equipotential
surface
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» Spacing among equipotential surfaces allows to locate regions of strong and weak fields.
» Equipotential surfaces never intersect each other.
> The intersecting point of two equipotential surfaces results in two values of electric potential which is impossible.
Electric potential energy of system of two point charges
» Work done is path independent.
> Electric potential energy of system charges is work done in bringing the
charges from infinity near each other for obtaining a system.
> In two point charges system having charges g; and g, separated by distance
t, two or more electric charges will either attract or repel each other. Uco U<K %9
Electric potential when g; is placed (as shown in the figure): r
- before after
V(r)=V, =kIL
"2

Electric potential energy when g, is placed in potential V,:

94
1192 g g
U=q,V, =k-—= \
L5V)
.N

12
Electric potential when g, is placed :
- 9
V(r)=V,=k12 2 °
"2 a,

Electric potential energy when g is placed in potential V; :

U= 671V1 =k 1192
N2

Electric potential energy of g, and g,:
1 2
u= EZ%Vi
i=1

> Field and potential due to spherical shell
(i) On the Surface :

Kq Kq
Ey=—,Vy=—
AT RYAR
(ii) Outside the Surface :
K K
EB = 7[27, VB = l
X X
(iii) Inside the Sphere
Kq
Ec=0,Vo=—
C -
Field Graph :
A A

Electric dipole in an electrostatic field
> Electric potential due to a dipole at a point at distance r and making an angle 6 with the dipole moment p is given
by

V= 1 pcos6

2

dmey 1

Know the Terms
> Electric Potential difference : The electric potential difference between two points in an electric field is defined
as the amount of work done per unit positive test charge in moving the test charge from one point to the other
against electrostatic force due to field.
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>
>

>
>

Equipotential surface : The surface at every point of which, the electric potential is same.

Electrostatic Potential energy of a system of charges : It is defined as the work done to put the charges constituting
the system at their respective locations after having been removed to infinity.

Dielectrics : Non-conducting substances with no charge carriers.

Electrostatic shielding : It is a field inside cavity of a conductor which is always zero that remains shielded from
external electric effects.

Know the Formulae

>

Electric Potential (V)= K, measured in volt; 1 volt = 1 Joule / coulomb.

Electric potential difference or “voltage” (AV)=V; -V, = AU_W
a 9

where, U = electric potential energy,
W = work done by the electric field.

1 ¢

4mey r

Electric potential due to a point charge g at a distance r away : V'

o 5
Finding V from E: V;-V; = - [EdS

1

1
Potential energy of two point charges in absence of external electric field : U = m{qj%}
ol "2
Potential energy of two point charges in presence of external electric field : 71V (11) + 42V (12) + %
012

where,
41, 92 = point charges

V = potential at positions of gq;, g,

1o = distance between charges

TOPIC-2

Capacitance

Quick Review

>

>

Conductors and insulators h
Conductors are the materials through which charge can move freely.

Examples : metals, semi-metals as carbon, graphite, antimony and arsenic. dielectric
Insulators are materials in which the electrical current will not flow easily.

Such materials cannot be grounded and do not easily transfer electrons.

Examples plastics and glass.

Dielectrics

>
>

>

These are the material in which induced dipole moment is linearly proportional to applied electric field.
Electrical displacement or electrical flux density D = €gyE.

Where, €,= relative permittivity, €, = permittivity of free space and E is electric field.

If a dielectric is kept in between the plates of capacitor, capacitance increases by factor ‘«’ (kappa) known as

dielectric constant, so C = Kt‘og

Where,
k = dielectric constant of material also called relative per symbol mittivity.
€
K=¢g,=—
r 80

€y = permittivity of free space,
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A = area
Material K Dielectric strength
Air 1.00059 3
Paper 37 16
Glass 4-6 9
Water 80 -

> In dielectric, polarisation and production of induced charge takes place when dielectric is kept in an external
electric field.
Electric polarization
> Electric polarization P is the difference between electric fields D (induced) and E (imposed) in dielectric due to
—-E

bound and free charges written as P = 1
T

» In terms of electric susceptibility : P = y.E
> InMKS: P = gyx,E, where g is permittivity of free space
> The dielectric constant K is always greater than 1 as %, > 0
Capacitor
» A capacitor is a device which is used to store charge.
» Amount of charge ‘Q’ stored by the capacitor depends on voltage applied and size of capacitor.
> Capacitor consists of two similar conducting plates placed in front of each other where one plate is connected to
positive terminal while other plate connected to negative terminal.
> In this, electric charge stored between plates of capacitor which is directly proportional to potential difference
between plates, i.e.,
Q=Cv
where, C = Capacitance of capacitor, V= potential difference between the plates
» In capacitor, energy is stored in form of electric field, in the space between the plates.
Capacitance
> Capacitance of a capacitor is ratio of magnitude of charge stored on the plate to potential difference between the

Q

plates, written as C = —
AV

where,
C = capacitance in farads (F), Q = charge in Coulombs (C)
AV = electric potential difference in Volts (V),

> Sl unit of capacitance is farad (F)

11 . .

» 1F= 7177 9%10°" stat farad where stat-farad is electrostatic unit of capacitance in C.G.S. system

» Capacitance of a conductor depends on size, shape, medium and other conductors in surrounding.

> Parallel plate capacitor with dielectric among its plates has capacitance given as C = ke, K where g is permittivity

of free space with SI units = 8.85 x 10~ 2 F/m
» Capacitor having capacitance of 1 Farad is too large for electronics applications, so components with lesser values
of capacitance such as u (micro), n (nano) and p (pico) are applied such as :

PREFIX MULTIPLIER

m 107° (millionth) 1000000 uF = 1F
N 10~ (thousand-millionth) 1000 nF = 1uF
P 10712 (million-millionth) 1000 pF = InF

Combination of capacitors in series and parallel
Capacitors in series

» (i) If a number of capacitors of capacitances Cy, Cy, C, cocvcvvvennneee C,, are connected in series, then their equivalent
capacitance is given by :
T 1
Cs Cl CZ C3 CYL
4
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» Inseries combination, the charge on each capacitor is same, but the potential difference on each capacitor depends
on their respective capacitance, i.e.,

g1 =02 =43 cceeevevnnnnn dn =49
> ItV V,, Vs, , V,, be the potential differences across the capacitors and V be the emf of the charging battery,
then
V:V1+V2+V3+ ............. +Vn

» As charge on each capacitor is same, therefore
q= V1C1 = V2C2 = V3C3 .............
the potential difference is inversely proportional to the capacitance, i.e.

Vocl

C
> In series, potential difference across largest capacitance is minimum.
» The equivalent capacitance in series combination is less than the smallest capacitance in combination.
Capacitors in parallel

> (i) If a number of capacitors of capacitances C;, Cy, Cs...cecvnveee. C, are connected in parallel, then their equivalent
capacitance is given by,
Cp:C1+C2+C3+ ................ +Cn

» In parallel combination, the potential difference across each capacitor is same and equal to the emf of the charging
battery, i.e.,

Vi=V,=Vy= ... =V,=V
1= V2= V3 > n,
| |
C,l
| |
I'c,
| |
c,l 1
| |
llc,
while the charge on different capacitors may be different.
> Ifq1, 90 Gz e , 4, be the charges on the different capacitors, then
q1+q2+q3+ ............... +qn=VCp
> As potential drop across each capacitor is same, so V = 4,C; = ,C, = 3G = ... =4, C,,
- Ve % - 9 — =
C, C G C,

» The charges on capacitors are directly proportional to capacitances, i.e., g o< C

» Parallel combination is useful when large capacitance with large charge gets accumulated on combination.
Qv ]
d

> Force of attraction between parallel plate capacitor will be F = E|: ~ QE where Q is charge on capacitor.

Capacitance of parallel plate capacitor with and without dielectric medium between the plates

> Parallel plate capacitor is a capacitor with two identical plane parallel plates separated by a small distance where
space between them is filled by dielectric medium Q Charge

> The electric field between two large parallel plates is given as: on plate Plate area A

. T T
E= T where, 6 = charge density and € = permittivity ©

o
m
1l
|
|
|

6= S , where, Q = charge on plate and A = plate area

> Capacitance of parallel-plate capacitor with area A separated by a distance d is written as C =¢,e) —

where,

C is capacitance;
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Ais area of overlap of two plates;
€, is relative static permittivity or dielectric constant of material between the plates;
g, is electric constant 8.854x 1072 F m™;
d is separation distance between the plates.
+Q

Electric
field E

> Ifadielectric slab is placed in between the plates of capacitor, then its capacitance will increase by certain amount.

» Capacitance of parallel plate capacitor depends on plate area A, distance d between the plates, medium between
the plates (K) and not on charge on the plates or potential difference among the plates.

> If we have number of dielectric slabs of same area as the plates of the capacitor and thicknesses t;, t,, t3,.... and
dielectric constant Ky, K,, K...... between the plates, then the capacitance of the capacitor is given by

gyA
C= ﬁ,where,d=t1+t2+t3+ .....
1,02 B
R
Ky Ky K
> If slab of conductor of thickness ¢ is introduced between the plates, then
_ €A _ €A g q
C_i_'_(d—t) _i_’_(d—t) (Here, K = oo for a conductor)
K 1 oo 1
C= ggA
d—t

» When the medium between the plates consists of slabs of same thickness but areas A;, A,, As,... and dielectric
constants Ky, Ky, Ks..., then capacitance is given by

d

C,, _ capacitance in medium

Cp capacitance in vacuum

> When space between the plates is partly filled with medium of thickness ¢t and dielectric constant K, then
capacitance will be :

€A €A

£ 1
d—t+— d—t|1-=
%)

where : g) = electric constant, d = separation distance between the plates

C=

A = plate area, K = dielectric constant of material between the plates
When there is no medium between the plates, then K =1, so
_&A

vacuum —
d

C

where : g) = electric constant, d = separation distance between the plates
> Capacitance of spherical conductor of radius R in a medium of dielectric constant K is given by C = 4me KR
Energy stored in capacitor

> In capacitor, energy gets stored when a work is done on moving a positive charge from negative conductor to
positive conductor against the repulsive forces.
2
u= lg =1QV =1CV2
2C 2 2
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where, U = energy stored, C = capacitance, V = potential difference

Q
Vv

Vv
| o
Capacitor

Know the Terms

Y V V V

>
>
>

Capacitor : Electronic component that can store electric charge.

Polar atom : Atom in which positive and negative charges possess asymmetric charge distribution about its centre.
Polarisation : The stretching of atoms of a dielectric slab under an applied electric field.

Dielectric strength : The maximum value of electric field that can be applied to dielectric without its electric
breakdown.

Capacitance : It is the amount of charge that gets stored per unit volt.

Dielectric : It is an electrically insulated or non-conducting material considered for its electric susceptibility.
Parallel plate capacitor : Two identical conducting plates which are separated by a distance.

Permittivity :

It is a property of a dielectric medium that shows the forces which electric charges placed in medium exerts on
each other.

OR
It is the measure of resistance that is encountered when forming an electric field in a particular medium. More
specifically, permittivity describes the amount of charge needed to generate one unit of electric flux in a porticular
medium

Know the Formulae

Capacitance, C = Q , measured in Farad; 1F = 1 coulomb/volt
Parallel plate capacitor :
C = KSO é
d
where, C = capacitance [farads (F)]

K = dielectric constant
gy = permittivity of free space = 8.85 x 10712 C¥/Nm
A = area of one plate [m?]
d = separation between the plates [m]
Cylindrical capacitor :

C

2

L
= 27TK80 ln(b/u)

where, L = length [m]
b = radius of the outer conductor [m]
a = radius of the inner conductor [m]
Spherical capacitor :

C = dnke, |2

= 4T 80 b e
where, b = radius of the outer conductor [m]
a = radius of the inner conductor [m]

Maximum charge on a capacitor :
Q=VC
where, Q = charge [C]

V = potential [V]

C = capacitance in farads [F]
For capacitors connected in series, the charge Q is equal for each capacitor as well as for the total equivalent.
If the dielectric constant K is changed, the capacitance is multiplied by K, the voltage is divided by K and Q is
unchanged. In vacuum K = 1 and when dielectrics are used, replace ¢, with K .
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Electrical energy stored in a capacitor : [Joules (J)]
Qv o @

2 2 2C
where, U = Potential Energy [] ]
Q = Charge [C]
V = Potential [V]
C = Capacitance [F]

Uk

> Charge per unit area : [C/m?|

V VYV YV

Y

VVVYVVYVYY

o= i
A
where, o = charge per unit area [C/m?]

q = charge [C]
A = area [m?]
Energy density :
Dimension of energy density is same as pressure.
Electric energy density is also called Electrostatic pressure.
Electric force between plates of capacitor

p=1 gg E>A
2
Energy stored in terms of Energy density
7E = 1 50 EZ
Axd 2
1
U= —gE?
2%
Where, U = energy per unit volume [J/m?]

gy = permittivity of free space, = 8.85 x 10712 C%/Nm?
E =energy []]
Capacitors in series :

C, G, c

Capacitors in parallel :
Cepr = C1 + Gy
When capacitors are connected in series, all have the same charges.
When capacitors are connected in parallel, will have the same voltage.
For parallel capacitors, the total charge is equal to the sum of the charge on each capacitor.
For series capacitors, the total voltage is equal to the sum of voltages on each capacitor.
If battery remains connected to a capacitor then potential across capacitor remains same.
If battery is disconnected then charge stored in capacitor remains same.

UNIT - Il : Current Electricity
Chapter - 3 : Current Electricity

aa

TOPIC-1

Electric Current, Resistance and Cells

Quick Review

Electric current i
» Electric current is defined as the rate of flow of charge, i.e.,, ;- 2

dt
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> When charge flows at a constant rate, the corresponding electric current can be written as: 1=

- |

» Conventional current in an external circuit flows from positive terminal to negative terminal.
> Free electrons flow from the negative terminal to the positive terminal in the external circuit.
> 1ampere = 6.25 X 10'® electrons flow per second.
> Direct current is that which flows in one direction and does not move back and forth while Alternating current
is that which flows back and forth and not in a single direction.
Flow of electric charges in metallic conductor
> When an electric charge is applied to a metal at certain points, electrons will move that allows electricity to pass
through.
» Without external applied emf, free electrons will move randomly through metal from one point to other giving
zero net current.
> Motion of conducting electrons in electric field is a combination of motion due to random collisions.
Drift velocity, mobility and their relation with electric current
» Drift Velocity is an average velocity which is obtained by certain particle like electron due to the presence of
electric field.
> Drift velocity is written as :

. ¢E
Tg=——1
m

.. A
where, relaxation tlme( ’C) = —, e=charge, m = mass, A = mean freepath
v

» When electric current is set up in a conductor, electrons drift through the conductor with velocity vy, is given as

1
o= neA
where,
I = electric current through conductor
n = number density of free electrons
A = area of cross-section
e = charge on electron
> Drift velocity of electrons under ordinary conditions is of the order of 0.1 mm/s.

> Mobility is the drift velocity of an electron for a unit electric field expressed as : y = %

> Mobility is always a positive quantity which depends on nature of charge carrier.
> Relation of current and drift velocity is I = neAv,
> Relation between current density and drift velocity is j = nev,
Ohm’s law
» Current I in a conductor is directly proportional to the potential difference V applied across the ends of the
conductor provided the physical conditions such as the temperature, mechanical strain, etc. remain unchanged.

[<V
I1=CV here, C istheconductance of conductor
I= lV As C= 1
R R
or, V=IR

where, R = constant known as resistance of conductor

Electrical resistance
> Electrical resistance is a measure of opposition to the current.
m 1
ne’t A
> Itis the resistance of the conductor which decreases the current I in time ¢ for a potential difference V applied
across its ends.

» Itis an obstacle that is shown by the conductor during the flow of currentas: R =

I

» The resistance of the conductor is given as: R = pZ

where, p is specific resistance or resistivity of the material of conductor.
» In the series combination of resistances, the current is same throughout each resistor.
> In the parallel combination of resistances, the potential difference is same across each resistor.



18 ] Oswaal CBSE Chapterwise Quick Review, PHYSICS, Class-XII

V-I characteristics (linear and non-linear)
» V-I characteristic curves show the relationship between the current flowing through an electronic device and
applied voltage across its terminals.

+i R Linear
M A Value
R
Voltage
-V < 9 > +V
Current
n ¢ v

> If electrical supply voltage V applied to terminals of resistive element R varies and resulting current I is

measured, then such current is given as I= %
» V-I characteristic curve shows that on applying voltage to the resistive element, the current will be directly
achieved.

> In this, power dissipated by resistive element can also be determined.
> If voltage and current are positive, the V-I characteristic curves will be positive in quadrant I
> If voltage and current are negative, then V-I curve will be shown in quadrant III.
Electrical energy and power
> Electrical energy is that which is stored in the charged particles in an electric field.
2
E=V><i><t=i2><R><t=V?><t

where, E = heat,V = potential difference,t = time, i = current, R = Resistance

» Power is the work done per unit time which is the rate of energy consumed in a circuit.

Since Voltage V = IR,
2 2
So, W = (IR)xIt = I*Rxt= Y rxt = |2 ke
R R
2 2
Hence, P = # = [?R = [%]

where, V = voltage, Q = charge, t = time
The unit of power is J/s or W.
Electrical resistivity and conductivity
> Resistivity is the specific resistance that is given by the conductor having unit length and unit area of cross-
section.

HEZT

1
» Conductivity is the reciprocal of resistivity shown as: 0= E =

Carbon resistors and its colour code

» Components and wires are coded with colours to identify their value and function.
Digit Digit  Multiplier Tolerance

N S

a b ¢ d
> In carbon resistors value of resistance is indicated by four coloured bands marked on its surface.
> In the carbon resistor shown, first three bands g, b, c determine the value of resistance while fourth band d shows
tolerance of the resistance.
» Colour bands are marked on body of a carbon resistor to mark its resistance and tolerance in accordance with
the following codes :

Multiplier Colour Tolerance
0 Black 10° Gold 5%
1 Brown 10 Silver 10%
2 Red 10? No Colour 20%
3 Orange 10°
4 Yellow 10*

5 Green 10°
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6 Blue 10°
7 Violet 107
8 Grey 108
9 White 10°

Series and parallel combinations of resistors
» If n resistors of resistance Ry, Ry, R3, .... R, are connected in series, then their equivalent resistance is given as R,

WA
R, R, Rj R,

> Each resistor in a series circuit has same amount of current flowing through: it.

R; % R; % Hgé R,

|
> Voltage drop or power dissipation across each individual resistor in a series is different, and their combined total
adds up to the power source input.

> If n resistors of resistance Ry, Ry, R, ...... R,, are connected in parallel, then their equivalent resistance is given as :
1 1 N 1 1 1

Req Ry Ry Ry R,
> Each resistor in a parallel circuit has the same full voltage of the source applied to it.
> The current flowing through each resistor in a parallel circuit is different, depending on the resistance.
Temperature dependence of resistances
> Resistance depends on arrangement of conductor, material of conductor and on temperature.
> In a resistance model, flow of electrons through a conductor are impeded by atoms and molecules and bouncing
of these results difficult for electrons, so resistance increases with temperature.
» With small change in temperature, resistivity varies linearly with temperature as :
p = po(l + 0L AT)
Where, oo = temperature coefficient of resistivity.
» By keeping length and area same,

R = Ry(1 + 0. AT)
where,
R = resistance at temperature T
Ry = resistance at temperature AT
o = temperature coefficient of resistance for a material
AT = change in temperature for which temperature coefficient is specified
» Linear expansion coefficient is much less than temperature coefficient of resistivity.
> As resistor is made from two resistors placed in series where one resistor has positive temperature coefficient
while other has negative temperature coefficient.
> Variation of resistance on stretching a wire : Consider a wire of length [;, area of cross-section A;, volume V, den-
sity d and mass m. When it is stretched to length I, the area of cross-section changes to A,. However, the volume,
density and mass remain unchanged. Suppose the resistance of the stretched wire be R,, then

Since, R = p—
P A
. Ry A |
0, R, A (If length [ is constant)
R, L
and R L (If area A is constant)
1 1
If the same wire is stretched, then Ay = Ayl

2 2
. R (AT _[1
o R, A, L

If Ay = nry® and A, = nr,%, then
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Internal resistance of cell

> Cellis a device that maintains the potential difference that is present in between the two electrodes as a result of
chemical reaction.

> Internal resistance is the resistance that is present in a battery which resists the flow of current when connected
to a circuit.

> Internal resistance causes a voltage drop when current flows through it.

> The resistance is provided by the electrolyte and electrodes which are present in a cell that opposes the flow of
current in a cell.

> If an internal resistance of a power supply is constant, it is represented as an ideal power supply having fixed
output voltage with small resistance connected in series with it.

> If output voltage V of a power source is plotted as a function of current I, the resulting V Vs I plot will give the
emf E, of the source, its internal resistance r, and maximum current that can be drawn from it.

> As per Ohm’s law, voltage dropped across internal resistance is I, which accounts for the difference between the
emf and output voltage of source (E - V), then

rI=E-V
V=—I+E
» The internal resistance of a cell is given as:
r= E-V xR
14

It is independent of E and RsinceV depends on r

Potential difference and emf of a cell
> The emf and terminal potential difference of a cell : Let the emf of a cell be E and its internal resistance, . If an
external resistance R be connected across the cell through a key, then IR = V = potential difference across the
external resistance R. This is equal to the terminal potential difference across the cell.

E=V+1Ir

X I:E—V
r

So V=E-Ir
X V < E.

When current is drawn from a cell, its terminal potential difference is less than the emf.
Combination of cells in series and parallel

» (i) Series combination of cells : This combination is used when an external resistance (R) of the circuit is much
larger as compared to the internal resistance (r) of the cell. i.e., R > > r.
Let n cells, each of emf E and internal resistance r are connected in series across an external resistance R, then the
current in the circuit will be

Ig = nkE
R+nr

(ii) Parallel combination of cells : This combination is used when the external resistance R is much smaller as
compared to the internal resistance (r) of the cell, i.e., R < <.
When m cells are connected in parallel across a resistance R, then current through the resistance is given by
E mE

N R+r/m © mR+r

Ip

If m cells of emfs E;, E,, Es,.....E,, and of internal resistances ry, 75, 13,.....1,,, are connected in parallel across an
external resistance R, then the current through the external resistance is given by
E, E, E E
1 2, B3

S TE +
n n n T
I, = .
P 1 1 1 1
R+|—+—+—+...+—
n n n T

(iii) Mixed combination of cells : This type of combination is used when an external resistance R is of the same order
as the internal resistance r of the cell, i.e., R = r.
Here, N = nm cells are combined in m rows, each row having n cells, then The current through the external
resistance is given by

nE mnE )

I = o mR+nr -0
R+—
m

In eqn. (i) for the value of I to be maximum, the value of (nr + mR) should be minimum

2
Now nr + mR = (\/n_—\/mR) + 2</mnRyr
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for, nr + mR to be minimum

(Var -mR) =0
or JnR = JmR

or nr = mR
nr
or R=—
m

But, s the internal resistance of the whole battery.
m

Thus, in mixed grouping the current in the external circuit will be maximum when the internal resistance of the

battery is equal to external resistance. By substituting M _Rin eg. (i), we can see that the maximum current in
m

the external circuit will be % or m_E

2r

Know the Terms

» Conductors : These are materials, which develop electric currents in them, when an electric field is applied.

> Conventional Current : The current that flows from a point at higher (positive) potential to a point at lower
(negative) potential.

> Relaxation time : The short time for which a free electron accelerates before it undergoes a collision with posi-
tive ion in the conductor.

> Drift Velocity : It is the average speed with which the free electrons in a coni;uctor gets drifted under the influ-

ence of external electric field applied across the conductor. It is denoted by v/, .

> Electron Mobility : The mobility of free electrons in a conductor is defined as the drift velocity acquired per unit
strength of the electric field applied across the conductor. It is denoted by .

> Conductance : It is reciprocal of the resistance of a conductor. i.e., G = R
» Unit : ohm™ (Q")/siemen(S)/mho.

» Conductivity : It is the reciprocal of the resistivity of the material of a conductor i.e., 0 = 1
P
» Superconductivity : The phenomenon, due to which a substance loses all signs of its resistance, when cooled to
its critical temperature.
» Superconductors : These are the substances which results after superconductivity.
> Temperature coefficient of resistance : It is defined as the change in resistance per unit resistance per degree
rise in temperature.

Know the Formulae

1. | Electric Current i=q/t
N
2. | Drift velocity v; with electric field vy = —eEr
m
3. | Current I with drift velocity v, I=neAV,
o qr
4. | Mobility of charge p=o4/E=—
5. | Mobility and drift velocity v; = wE
. | Current and Mobility I = neA p,E
7. | Resistance, P D., and Current R =V/
I
8. | Resistance R with specific resistivity R = PZ
e . e _ oA
9. | Specific resistance, or Resistivity p= 7
10. | Resistivity with electrons p = m/ne’t
11. | Current density T = I/X
12. | Conductance G =1/R
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13.

Conductivity o=1/p
14. | Microscopic form of Ohm's law Y = GE
15. | T fficient of resi Ri=Ry
. | Temperature coefficient of resistance = o
P Rox(t; —ty)
16. | Resistances in series R, =Ry + Ry + Ry
17. | Resistances in parallel 1/R, = 1/Ry + I/Ry + 1/R,
E
18. | In a cell, emf and internal resistance I=
R+r
19. | Potential difference of a cell V=E-Ir
20. | n cells of emf E in series emf = nE

2 Resistance of n cells in series ar + R
" | (Where R is external resistance).

E
22. | Current in circuit with 7 cells in series ="
R+nr
23. | n cells in parallel, then emf emf = E
24. | Resistance of n cells in parallel R+ o
25 Cells in mixed group, condition for R=1"
* | maximum current m
. _(E-V
26. | Internal resistance of a cell r= v xR

2
27. | Power of a circuit P=VI=PR= V?

E = LLVAT

28. | Energy consumed

TOPIC-2

Kirchhoff’s Laws and their Applications

Quick Review

Kirchhoff’s Laws
» Kirchhoff’s Laws tells about the relationships between voltages and currents in circuits.
First Law
> Kirchhoff’s first law is also known as junction rule which states that for a given junction or node in a circuit,
sum of the currents entering will be equal to sum of currents leaving,.
L=L+1,

11212+13
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Second Law

» Kirchhoff’s second law is also known as loop rule which shows that around any closed loop in a circuit, sum of
the potential differences across all elements will be zero.

R V=0
Wheatstone Bridge
» Wheatstone Bridge is a circuit having four resistances B, Q, R and S, a galvanometer and a battery connected as
shown.

> Itis a balanced bridge where there is no current through the galvanometer and potential at node B will be equal
to potential at node D resulting as :

L
Q
B

| -D

> Itis a three terminal resistor where the resistance is manually varied to control the flow of electric current.

Potentiometer

> It consists of three terminals among which, two are fixed and one is variable.
> In this, two fixed terminals are connected to both ends of resistive element known as track while the third termi-
nal is connected to sliding wiper.
> In potentiometer, the wiper which moves along the resistive element varies the resistance of the potentiometer.
> The resistance of the potentiometer gets changed when the wiper is moved over the resistive path.
Meter Bridge
> Itis an instrument which is used to find the unknown resistance of a coil or a material connected in a circuit.
> It is also known as slide wire bridge which is an instrument that works on the principle of Wheatstone bridge.
» Meter bridge has two metallic strips which act as holders for the wire that are made of metals like copper.
> In meter bridge :
* Resistance box Ry and unknown resistance R are connected across the two gaps of metallic strips S.

* One end of galvanometer is connected to the middle lead of metallic strip placed between L shaped strips while
other end is connected to a jockey.
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* Jockey which is a metal rod having one end as knife edge is used for sliding on the bridge wire.

R Resistance box

R

From the Meter bridge :
> At negative terminal of galvanometer, there appears zero deflection that makes jockey to connect to negative
point on the wire.
» The distance from point X to Y'is taken as L; cm while the distance from point Y to point Z is taken as L, cm
which can be 100 — L; cm.
> Meter bridge can be drawn similar to Wheatstone bridge as :

R Resistance box

R

From the above arrangement :

Rp R
Resistance across XY  Resistance acrossYZ
Rp R pL
Now, —=— As,R =—
ply oLy [ 4
A A
R R
Further, =B - = [L,=100-L
% p(lOO — Ll) [ 2 l]
A A
Hence, & = R
L; 100-L,

Know the Terms

» Conductance : The reciprocal of resistance with unit as Siemens, “S.”

> Node : An end point to any branch of a network or a junction common to two or more branches.

» Permittivity : The ratio of capacitance between two electrodes with dielectric to capacitance with air between
the electrodes.

» Galvanometer : An instrument for detecting and measuring small electric currents.

Know the Formulae

» Kirchhoff’s Law (junction rule) ¥i = 0
Kirchhoff’s Law (Loop rule) ¥V =0
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TOPIC-3

Potentiometer and its Application

Quick Review

Potentiometer

» Potentiometer is a device which measures the emf of particular cell and helps in comparing the emfs of different
cells.

» Potentiometer depends on deflection method where zero deflection results in non drawn of current from the
cell or circuit.

> It serves as an ideal instrument of infinite resistance for measuring the potential difference.

» Potentiometer comprises of long resistive wire AB of length L (about 6 m to 10 m long) made up of manganin or
constantan.

> In this, a battery of known voltage E and internal resistance r forms the primary circuit.

> In the potentiometer circuit, one terminal of other cell is connected at one end of main circuit while other termi-
nal is connected at any point on the resistive wire through galvancl)qmeter G which forms the secondary circuit.

r E; K h

B e L
Primary __|,
circuit J
A B
Secondary__{,
circuit _E|
where,

] = Jockey, K = Key, R = Resistance of potentiometer wire.
R, = Variable resistance which controls the current through the wire AB
In the circuit :

> Specific resistance (p) of wire is high while its temperature coefficient of resistance is low.

> At point A, all high potential points of primary and secondary circuits are connected together, while all low
potential points are connected to point B or jockey.

> Value of known potential difference is more than the value of unknown potential difference that is to be meas-
ured.

> The current in primary circuit should remain constant and jockey should not slide with the wire.

Principle of Potentiometer

> Potentiometers are displacement sensors that produce electrical output in proportion to the mechanical displace-
ment.

» It can be used to measure the internal resistance and e.m.f. of a cell which cannot be measured by voltmeter.

> The basic principle of potentiometer is that the potential drop along any length of the wire is directly propor-
tional to its length. So when a constant current flows through a wire of uniform cross-section and composition
then,

Vel

» When there is no potential difference between two points, there will be no flow of electric current.

> Applications of Potentiometer in measuring potential difference and comparing emf of cells Potentiometer in
measuring potential difference

> In a potentiometer auxiliary circuit comprises of battery of emf E connected across terminals A and B with rheo-
stat Ry, resistance box and key K in series where resistance R; is connected to terminal A and jockey J through
galvanometer with cell E; and key K; in series, then if key K; is closed, current will flow through resistance R;
where a potential difference is developed.

> If ] is the position of jockey on potentiometer wire which gets adjusted in such a way that galvanometer shows
no deflection, then AJ will be the balancing length. [ on potentiometer wire.

> Here, the Galvanometer will show no deflection as potential difference is same if key K is potential gradient of
potentiometer wire, then potential difference across resistance R; will result as :

V =KiI
> If r is the resistance of potentiometer of length L, then current through potentiometer will be :
£

:R+r

I

> Potential drop across potentiometer wire will be :

Ir or X ¥
R+7r
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> Now potential gradient of potentiometer wire which is potential per unit length is :

K=[-% |xL
R+r | L

V= € Xi’_l
R+r) L

Applications of Potentiometric in comparing emf of cells
> If a positive terminal of the cell of emf E; is connected to terminal A while negative terminal is connected to

jockey by galvanometer, then by closing the key, jockey will move along the wire AB and null point is obtained
where galvanometer shows no deflection.

ol I

» When the length of wire AP as [; is measured, then potential difference across it will balance the emf E;,

So E; = Kl;, where K is potential gradient of the wire.
» When cell of emf E; is disconnected while cell of emf E, is connected, then E, = Kl,.

» On comparing and dividing we get an expression :
E_§h

E, I

> By knowing the values of I; and I, the emf of two cells can be compared.
Applications of potentiometer in measurement of internal resistance of cell
(i) Initially in secondary circuit key K’ remains open and the balancing length (I;) is obtained. Since cell E is in open

circuit so its emf balances on length Iy, i.e. E = KI; ...(a)
R

h
(Rheostat)

R X
(ii) Now key K’ is closed so cell E comes in closed circuit. If the process is repeated again then the potential difference
v =K, - (b)

V balances on length I, i.e.

(iii) By using formula, internal resistance, r = (V -1 j R

I -1 )
. [1122 ].R [Using eqns. (a) and (b)]

Know the Terms
> Potentiometer : A potentiometer is an instrument used to measure and compare potentials without drawing any

current from the circuit.
» Current : Electric current is the rate of flow of charge in a conductor.
> Potential gradient : It is the potential difference or fall in potential per unit length of wire.
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Know the Formulae

» Potential gradient (K) : Kzzzﬁz _E XE
L L R+R,+r) L

E I -1
> Internal resistance of a cell : 7 = [V -1 )X R= [% JX R
2

E_h

» Comparison of emf’s of two cells : =7
)

aa

UNIT - 11l : Magnetic Effects of Current and
Magnetism

Chapter - 4 : Moving Charges and Magnetism

TOPIC-1
Magnetic Field

Quick Review

Concept of Magnetic field
> Magnetic field is a region around a magnet where force of magnetism acts which affect other magnets.

> Magnetic field also known as B-field can be pictorially represented by magnetic field lines.

> Magnetic fields are produced by electric currents, which can be macroscopic currents in wires, or microscopic
currents associated with electrons in atomic orbits.

> Some of the sources of magnetic fields are :

SFY Y

Bar Magnet The Earth

\@/
/TON

Current Loop of
in wire wire
> Magnetic field is the amount of force which is exerted on a moving charge where the measurement of force is
consistent with Lorentz Force Law as :

F =q(0 X B)
Where,
F = magnetic force
q = charge
v = velocity
B = magnetic field

» SI unit used to measure magnetic field is Tesla, while smaller magnetic fields are measured in terms of Gauss
(1 Tesla = 10,000 Gauss)

1Tesla =10*G
o — 10774 m
4r
- —
> When a test charge g, enters a magnetic field B directed along negative z-axis with a velocity v making an angle
¢ with the z-axis, then,

-

Fm = ‘70(;>< E)
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In x-direction, (F,,) = qov,B
In y-direction, (Pm) = qov,B
In z-direction, (F,, ) =0

Characteristics of motion of particle in above case will be :
> Speed and kinetic energy of particle do not change, as force is always perpendicular to velocity.

> Direction of velocity will continuously changes, if ¢ = 0.
» When ¢ =0, no force will act on the particle, hence there will be no change in velocity.

» When ¢ =90°, test charge describes a circle of radius ﬂ, where m is mass of the particle.
9o

> In case of ¢ being any other angle than 0° and 90° test charge will show circular path of radius %gw which
9o
moves along the direction of magnetic field with speed vcos ¢.
» Momentum along the direction of magnetic field will remain same.
DB
m

» Angular speed of test charge is independent of initial speed of particle.

» Centripetal force on test charge g,Bsin ¢ is independent of the mass of particle.

quUk

0B

> Radius of circular path in terms of U} is given as R = ; where, U, is the potential energy.

Oersted’s experiment
Oersted observed that :
> When there was no current, compass needle below a wire shown in figure will point towards the north.
» When the flow of current is in single direction, then the compass needle below a wire will move at right angles.

» From an experiment, it is concluded that an electrical current produces a magnetic field which surrounds the
wire.

Magnetic
compass

> As per right hand rule, if thumb of right hand is in direction of current, magnetic field will wrap around the wire

in same direction with remaining fingers.
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(
)

Figure X Figure Y
> The right-hand thumb rule is used to determine the direction of magnetic field around conventional current.
> For known flow of electrons, reverse everything and apply left hand thumb rule.

Biot-Savart’s law

The magnetic field due to a current element at any nearby point is given by :

- -

B = [uo]ldsx r

4n 7

Conventional current
Electron current

where,
dB = magnetic field produced by small section of wire
ds = vector length of small section of wire in direction of current
r = positional vector from section of wire to where magnetic field is measured
I = current in the wire
0 = Angle between ds & r
Uy = permeability of free space and also i, = 41 X 107 Wb/Am~
The magnitude of magnetic field
|dB|=(&delsin6

4n 72

Applications of Biot-Savart’s Law
» Magnetic field at a point in circular loop will be :
woIR*
3
2(R*+27)2

B=

» Magnetic field at : Centre of the coil
p=HoNi (o _ )
2R

2u,NiA

X 3

> Magnetic field at very large distance from the centre : B = (A = area of circular loop)

(R? <<<cd)
R+2=7)

2
> Magnetic field at very small distance from the centre : B=B_,, . {1 - 3x2}
2r

» Magnetic field B of Helmholtz coils with similar radius and distance between their centres equals to their radius

will be : g RN _ 716 oV

545R

> Magnetic field due to current carrying circular arc with centre O will be :
[

—

g Mo T _ Mol
4t v 4r

O«—r —
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4n r "\/
(6]
i
Uy (2m—8)i
B="""
it 7 .0 /

» Magnetic field at common centre of non-coplanar and concentric coils, where both coils are perpendicular to each
other will be:

B=\B}+B}

Ho fi2 42
2r

Know the Terms

> Magnetic field : A force field created by moving electric charges and magnetic dipoles that exerts force on charges
and dipoles.

> Static magnetic field : It is a field created by a magnet that do not vary with time.

Know the Formulae

. , . Biot-Savart's law in terms of Biot-Savart's law in terms of
Biot-Savart's law in Vector Form - - .
current density charge and it's velocity
. dT - - - - -
- - -
dB = Yo (dIx7) B =t IXT 4y 4B =t g (X1)
4r r ar r . r
. - o . .
The magmtude.of this field where, j= i ddl _idl _ g P il N
|d| = Mo Idlsin® A Adl v cidl =Ll =g g0
in 2 rent density at any point of the
- element, dV = volume of element
Direction of dB is perpendicular
- ~
toboth dI and r . This is given by
right screw rule.

TOPIC-2

Ampere’s Circuital Law and its Applications

Quick Review

> Ampere’s Law states that the line integral of H about any closed path is exactly equal to the direct current enclosed
by the path, JHAL =1
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> Ampere’s circuital law states that the line integral of magnetic field around a closed path is y, times of total
CﬁB'dI = ol Net current passing
.| through the closed
: Amperian loop

current enclosed by the path,

where,

B = magnetic field r
dl = infinitesimal segment of the integration path €§

o = empty’s permeability
I = enclosed electric current by the path An;gg;an

» Magnetic field at a point will not depend on the shape of Amperian loop and will remain same at every point on

the loop.
> Two parallel wires separated by distance r having currents I; and I, where magnetic field strength at second wire

due to current flowing in first wire is given as :

B= Moly
2nr
* In this, the field is orientated at right-angles to second wire where force per unit length on the second wire
will be :
F_wohl,
I 2mr
* Magnetic field-strength at first wire due to the current flowing in second wire will be :
_ Koy
2nr

» One ampere is the magnitude of current which, when flowing in each parallel wires one meter apart, results in a

force between the wires as 2 x 107 N per meter of length
Applications of Ampere’s law to infinitely long straight wire; Straight and toroidal solenoids
» Amperes law describes the magnitude of magnetic field of a straight wire as B = ;il
nr

C ™ Magnetic

field lines

where,
* Field B is tangential to a circle of radius r centered on the wire.

Magnetic field B and path length L will remain parallel where magnetic field travels.
Magnetic field lines

| into paper

POOOOOOO

(ONOXNO;

— L —

(OXNO]

a

Magnetic Field due to Solenoid
» Solenoid is a tightly wound helical coil of wire whose diameter is small compared to its length.

> Magnetic field generated in the centre, or core of a current carrying solenoid is uniform and is directed along the

axis of solenoid.

» Magnetic field due to a Straight Solenoid :

* atany point in the solenoid, B = pgnl
* at the ends of solenoid, By = “OT”I

where, n = number of turns per unit length, I = current in the coil
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> The current carrying solenoid behaves like a bar magnet whose polarity can be determined by right-hand thumb

rule or right-hand first rule similar to current carrying coil.
Solenoid

Axis

Hawd
P

End End
> Magnetic field at a point on the axis of the solenoid in given as B = pgnl[cos 6; — cos 6,]
» The magnetic field at the ends of the solenoid (6; = 90°, 6, = 0°) is — pynl while at any point outside the solenoid,
the magnetic field is 0.
Magnetic Field due to Toroid
> The straight solenoid can be treated as a toroid of infinite radius. Remember, that the magnetic field due to a
toroid is independent of its radius.

» A toroid with # turns per unit length with mean radius r, where current i is flowing through it, then the magnetic
field experienced by the toroid with total number of turns N will be :

- - .
qSB.dI:uoz =B X 2nr = pyni
_Moni _ here,n = ﬁj
Here, B o Uoni ( M=o
where,

» At any point, empty space surrounded by toroid and outside the toroid, magnetic field B will be zero as net
current is zero.
Force on a moving charge in uniform magnetic field :

S
> An electron moving with velocity v parallel to flat surface of a magnet experiences a Lorentz force,
- o
F=g(vxB) =quBsin®

where, v = velocity of the particle, B = magnetic field

. F
Fn
B
£ B
7/
B0 90° 3
\"

> Force F will always be perpendicular to velocity v and field B in accordance with Right Hand Screw Rule.
» Direction of force on charged particle in magnetic field can also be obtained by Flemings Left Hand Rule.

> Charged particle having charge g and mass m on entering in uniform magnetic field B with initial velocity v
perpendicular to field will experience the maximum magnetic force F,,, = quB in the direction perpendicular to

motion of charged particle. 5 N

X X
vV «— + \"
//l\,x
X X X X X
+ — F «— 4
XI\X\X/VX
v + =— V
X X

X

X
X
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m
When the particles enter the magnetic field as with the same momentum, then radius of path will be "= ﬁ
0

where, 1 =< 1
qo

The circular motion in plane perpendicular to magnetic field and uniform motion along the direction of field will
result in spiral trajectory of particle in a magnetic field.

MMM\/\MA
VUUUUUUUUU

Charged particle on entering perpendicularly in magnetic field will experience different path directions :

Charge Magnetic Field Direction Direction of Motion
Negative Outward Anticlockwise
Negative Inward Clockwise
Positive Inward Anticlockwise
Positive Outward Clockwise

Force on a moving charge in uniform electric fields
< A charged particle in electric field will experience a force which is independent of its velocity

[ +++++++++++ |V,
@
Fc =dqE R
Fe
I —— | V.,
> If a field is parallel to particle velocity, its direction remains unchanged while velocity increases.
1]
+ - - |
+ FE = q E :
w I
+Hy, ——» v, |i
+ - I
aF \Y |
T (9—V—> I
+ - I
L] F L]

Conservation of total energy will be
AU + AK =0

1 1
|:q(V2 —V1)+Emv% —Emv%] =0

Cyclotron

>

>
>

The cyclotron consists of two dees in strong magnetic field where oscillating electric field is applied from an
oscillator.
In this, magnetic field is perpendicular to electric field which exists only across the gap between the dees.
The charged particle gets accelerated, while crossing the gap and moves along the circular paths with radius

_mo

q9,B
As charged particle is accelerated while crossing the gap, its kinetic energy increases which increases the radius
of circular path keeping frequency of revolution unchanged till mass remains constant.
It cannot be used to accelerate the electrons as electrons move with a velocity very near the velocity of light.
Hence, an appreciable increase in mass occurs according to the relation,
My

v

CZ

m=

1-

The frequency of cyclotron described in g semicircular path with T as period of oscillating electric field will be :
_Bg
T 2mm
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where, T =2t = 2mm
qB

» Maximum energy gained by the charged particle :

Know the Terms

> Solenoid : An electromagnet that generates a controlled magnetic field.
> Toroid : It is an electronic component made of hollow circular ring wound with number of turns of copper wire.

Know the Formulae

> Magnetic field at the Surface of a solid cylinder B= %
T
» Magnetic field inside solid cylinder : B= 5
2mR
» Magnetic field due to infinte sheet carrying current: B = %
» Magnetic field inside the solenoid at a point : B= Z—O (2rIn)[sin o + sin B]
T

TOPIC-3

Current Carrying Conductor and Galvanometer

Quick Review

Force on a current-carrying conductor in a uniform magnetic field
» The magnetic force on current-carrying conductors is used to convert electric energy to work.
» The magnetic force on current-carrying conductors is given by F = IBI sin 6
where, [= current, [= length of straight conductor in uniform magnetic field B, 8 = angle between I and B.
» The direction of the force is always right angles to the plane containing the conductor and magnetic field given
by Fleming’s Left-Hand Rule.
< ol
¢ %

-

» Factors that affect the magnetic force in a magnetic field includes, strength of magnetic field, current flowing
through wire and length of wire.

» When conductor is perpendicular to magnetic field, force will be maximum and when it is parallel, force will be zero.

Force between two parallel current-carrying conductors

> Two current carrying conductors will attract each other when current flows in similar direction and will repel
each other when current flows in opposite direction

> In two long parallel wires separated by distance d with currents I; and I,, if flow of currents is in same direction
then, wire B will experience a magnetic field due to wire A given as B, = “Uinl with force per unit length % = % .

21 1

» Wire A will experience a force due to magnetic field B, of wire B and this force F; will have a magnitude equal to
that of F, in opposite direction making wire A to attract towards wire B.

» Force per unit length of wire B is

B _Mohl
I 2rn d
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I, I,
I N I R
B.d @B, B.d @8, o]

F, Force
s
—>
A B A B
Similarly force per unit length of A due to current in B is
b _wo Ll
I 2m d

and is directed opposite to the force on B due to A. Thus the force on either conductor is proportional to the

product of the current.

Definition of Ampere
» Ampere is the force between two current carrying wires in uniform magnetic field.\

> When two long parallel wires 1 m apart each carry a current of 1 A, then force per unit length on each wire will

be 2 X 107 N/m.
Torque experienced by a current loop in uniform magnetic field
> In a rectangular loop of length /, breadth b with current I flowing through it in a uniform magnetic field of
induction B where angle 0 is between the normal and in direction of magnetic field, then the torque experienced

will be :

T = nBIAsin 0
where, n = number of turns in the coil
Further,t = mBsin 0 .. nlA=m c S

» Torque will be maximum when the coil is parallel to magnetic field and will be zero when coil is perpendicular to
magnetic field.

- -

> In vector notation, torque T experienced willbe T =mxB

Moving coil galvanometer
» Itis an instrument used for detection and measurement of small electric currents.

> In this, when a current carrying coil is suspended in uniform magnetic field, it experience a torque which rotate

the coil.
> The force experienced by each side of the galvanometer will be F = BIl which are opposite in direction.
Scale

Pointer — Permanent magnet

\
Uniform radial
magnetic field
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> Opposite and equal forces form the couple which generates deflecting torque on the coil having number of turns
nis given as :
T =Fxb
=nBIl X b
= nBIA

P s F

[ JF P—__|s

Q R

7

» In moving coil galvanometer, current in the coil will be directly proportional to the angle of the deflection of the
coil, I o< ¢. where, ¢ is the angle of deflection.
Current sensitivity of galvanometer

> Currentsensitivity of galvanometer is the deflection produced when unit current passes through the galvanometer.
A galvanometer is said to be sensitive if it produces large deflection for a small current.

1= <o
nBA
6  nBA
1 C
> Voltage sensitivity of galvanometer is the deflection per unit voltage given as
6 _ 6 nBA
v IG CG

where, G = galvanometer resistance, C = torsional constant.
(i) Increase in sensitivity of moving coil galvanometer depends on :
(ii) number of turns N, magnetic field B, area of coil A and (iii) torsional constant.
Conversion of galvanometer into ammeter
> Galvanometer can be converted into ammeter by connecting a low resistance known as shunt in parallel with the

galvanometer coil.
> 1If I, being the maximum current with full scale deflection that passes through galvanometer, then current through

shunt resistance will be iy = (i—ig)

where, G = Galvanometer resistance, S = Shunt resistance and i = Current in circuit
-€ and 1 = urrent in circuit :
» Now effective resistance of ammeter will be :

1 1

I I
I I
I I
1.1 AMA !
R s s
GS : i-ig i-ig | |
R, = | i\ i
R S U\ - e
Conversion of galvanometer into voltmeter A

> Voltmeter measures the potential difference between the two ends of a current carrying conductor.
» Galvanometer can be converted to voltmeter by connecting high resistance in series with galvanometer coil.
> As resistance R is connected in series with galvanometer, current through the galvanometer will be,

o= v or, R=Z—G
R+G Iy
2 :
! Volimeter !
i R i
| A i
: \C_%/ AN\A—> :
i |
1 1
1 1
1 1

—
-

> Effective resistance of voltmeter is R, = G + R, where R, is very large making the voltmeter to connect in parallel
since it can draw less current from the circuit.
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Know the Terms

» Moving coil galvanometer : An instrument used for detection and measurement of small electric currents.
> Current sensitivity of galvanometer : A deflection produced for a unit current flowing through it.
» Ammeter : Device used for measuring the current flowing through a conductor.

Know the Formulae

> p= Mo 20
4n a

x 1
_ Mo 11929172
» F, = —=x1e -2
m4g 72
» Toax = NBiA
o _g_i_ NBA

> §,= o= =ia
V iR R RC

aa

Chapter - 5 : Magnestism and Matter

TOPIC-1
Magnetic Dipole

Quick Review

Current loop as a magnetic dipole and its magnetic dipole moment
» Magnetic dipole is a small magnet of microscopic dimensions similar to flow of electric charge around a loop.

» Magnetic dipole moment is the strength of magnetic dipole that measures dipole’s ability to align itself with
external magnetic field.

> Magnetic dipole moment known as magnetic moment is the maximum amount of torque caused by magnetic
force on dipole which appears per unit value of surrounding magnetic field in vacuum.

» Magnetic field produced at large distance r from the centre of circular loop along its axis will be

B Zuolf
4mr
where, I = current in the loop
A = area
> Magnetic moment of current loop is the product of current and loop area,
M=1IxA
> A current loop may experience a torque in a constant magnetic field,
- - >
T =MXB

Magnetic dipole moment of revolving electron
» For an electron of charge e revolving around a nucleus of charge Z, at an orbit of radius r, with velocity v and
magnetic moment y, the orbital magnetic moment will be

em,vr
My = ————
2m,
But angular momentum of electron
L =myr
e
M= "

Here (-) sign shows that angular momentum’s direction is opposite to the magnetic moment’s direction.
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Magnetic field intensity due to magnetic dipole (bar magnet) along its axis and perpendicular to its axis

» Bar magnet has two magnetic poles known as north pole and south pole each having strength m. If the separation
between the poles known as magnetic length is /, then bar magnet is said to have magnetic dipole moment which
is M =ml

> Direction of magnetic dipole moment is from South Pole of bar magnet to North Pole of bar magnet.

» Horizontal component of earth’s magnetic field at the poles is zero.

» Lines of magnetic force runs in closed loops and continuously, both inside and outside a bar magnet.
Point lies on axis line of bar magnet :

» If 2L is length of bar magnet, m is magnetic strength of each pole, M is dipole, then magnetic field at point P due

to:
m 0 m -r;
> p >
Ste—2l—pIN B B
I« d >l
North pole of magnet (N)
__ Hom
4m(d —1)>
South pole of magnet (S)
__ MHom
4n(d +1)*
Hence, resultant at point P when 2] << d:
g Mo 2];/1
4mnd

Point lies on equatorial line of bar magnet :

> If 2L is magnet length of bar magnet, m is magnetic strength of each pole, M
is dipole, then magnetic field at point P due to :

N pole of magnet (direction N-P)

__ WHom
4n(d? +1%)

» N pole of magnet (direction P-S)
Moin

T an(d® + %)

> Hence resultant at point P when 2/ << d:
_ HoM
4nd?

Torque on a magnetic dipole (bar magnet) in uniform magnetic field

» A bar magnet with length 2/ and pole strength m in uniform magnetic field induction B at angle q with force mB
acting on North and South Pole along the direction opposite to magnetic field results as a couple where torque t

due to couple will be : 2 N
T = Force X perpendicular distance //mlﬁmB
T=F x NA A
= mB x NA L \
= mB X 2Isin 6 ,’/ i N
= MBsin 6 a i \
i
i

In vector form : 4 //é ///0/
2= NixB mB Qﬁy/- ------------- A .

The direction of 7 is perpendicular to plane containing, so when B = 1 and 6 = 90°,
T=M
> Magnetic moment M of the magnet will be equal to the torque required to keep the magnet at right angles to a
magnetic field of unit magnetic induction.
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Know the Terms

> Magnetic dipole : A system of two equal and opposite poles separated by small distance.
» Magnetic length : It is the distance between the two poles of a magnetic dipole.

» Magnetic dipole moment : It is the product of pole strength and separation between two poles and is denoted by
M.

> Geographic meridian : It is a vertical plane that passes through the north and south poles at a given place.

> Magnetic declination : It is a region which describes the angle between the geographic meridian and magnetic
meridian.

» Magnetic intensity : It is the magnetic moment per unit volume.

Know the Formulae

2M
» Magnetic field due to short dipole at distance ‘a” on axial line: B, = :—“—3
T a
o . . ) - u, M
> Magnetic field due to short dipole at distance ‘2’ on equatorial line: B, = e
T a

» Torque on a magnetic dipole in uniform magnetic field : T = MB sin 6

TOPIC-2

Magnets

Quick Review

Bar magnet as an equivalent solenoid
» If a solenoid of length 2/, radius a with current I having n number of turns per unit length, then the magnetic

moment of solenoid m (= NIA), g H02M
4mr®

A

x
av
>

1
]
1
1
1 =7
S s
1
1
I
I
I
I
I
o ______|_
1
1
1
I
I
I
1
——1\\
1
L
1
T
—o —
1
I
1
I
1
l
]

L
-

» Magnetic moment of a bar magnet is equal to magnetic moment of an equivalent solenoid that produces same
magnetic field.

Magnetic field lines
» Magnets have two poles where field lines spread from North Pole and circle back around to South Pole.

» The region of space around a magnet, current carrying conductor or moving charge, in which magnetic effect can
be experienced, is called a magnetic field.

> Magnetic field lines are imaginary lines used to visualize magnetic field.

» The tangent at any point on a field line gives the direction of magnetic field at that point

» They are crowded near poles of the magnet and far from the magnet, where the magnetic field is weak.
Gauss’s Law for Magnetic Fields

> Gauss’ Law for magnetism applies to the magnetic flux through a closed surface.

» Shows that no magnetic monopoles exist and total flux through closed surface will be zero.

» The Gauss’s law for magnetic fields in integral form is given by ¢ = 'fB.dA =0

Earth’s magnetic field

» Earth’s magnetic field is also known as geomagnetic field which extends from Earth’s interior into space meeting
with solar wind.

» Earth’s magnetic field is same as that of bar magnet which is tilted 11° from spin axis of Earth.
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Earth’s magnetic field is attributed to dynamo effect of circulating electric current having variable direction.
Similar to bar magnet, earth’s magnetic field gets changed with time as it is generated by geodynamo.

Magnetic elements; Para-, dia- and ferro-magnetic substances
Ferromagnetism

>

Y VY

The substances, which are placed in external magnetising field, get magnetised very strongly in the direction of
the magnetising field are called ferromagnetic. The examples of ferromagnetic substances are : iron, nickel, cobalt
and certain alloys such as alnico.

Ferromagnetism is not found in liquids and gases.

The ferromagnetism depends on the temperature. If we raise temperature of the ferromagnetic substance, the
domains may disintegrate and the substance turns paramagnetic. The temperature at which this happens is
called Curie point. Thus, the Curie point is the temperature above which the ferromagnetic substance looses
ferromagnetism and turns into a paramagnetic substance.

Ferromagnetic substances are strongly magnetised and their induced dipole moment p, is in the direction of the
magnetising field H.

For ferromagnetic substances. p, > > 1

X,, of ferromagnetic substance is positive and large.

B (magneticinduction) inside the ferromagnetic substances is much larger than that in vacuum. B for ferromagnetic
substances is much larger than that for paramagnetic substances.

They move from the weaker regions of the magnetic field to the stronger regions.
They are strongly attracted by a bar magnet.

If a bar magnet of ferromagnetic materials is freely suspended between the pole pieces of a magnet, it aligns itself
along the magnetic field.

The liquids do not exhibit ferromagnetism. However, if a finely powdered ferromagnetic substance is placed
in the watch glass kept on the pole pieces of a magnet, it elevates from the middle when pole pieces are closed
together which suffers a depression in the middle when the pole pieces are far apart.

Area under a B-H curve represents power loss per unit volume per unit unit cycle.
Diamagnetism :

The substances, which when placed in external magnetising field, get magnetised feebly in a direction opposite
to the magnetising field are called diamagnetic substances.

Examples of diamagnetic substances : Copper, silver, gold, bismuth, zinc, lead, glass, marble, sodium chloride,
water and gases such as helium, argon, etc.

Diamagnetic substances are feebly magnetised and their induced magnetic dipole moment is directed opposite to
the magnetising field H.

For diamagnetic substances, 0 < <L
X, of diamagnetic substances is negative and small, -1<x < 0.
B (magnetic induction field) inside the diamagnetic materials is less than that in vacuum, because,
B = (H+ M)
B = py(H + x,,H) = po(1 + ) H.
Because y,, is negative, therefore B is less than H
By = poH
They move from the stronger regions of magnetising field to the weaker regions.
They are repelled by a bar magnet.
If abar of diamagnetic material is suspended between the pole pieces of a magnet, it aligns itself perpendicular
to the magnetic field of the magnet.
Diamagnetic substances do not obey the Curie’s law.
Diamagnetic properties are independent of the temperature.
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Paramagnetism :

The substances which when placed in an external magnetising field, get weakly magnetised in the direction of
magnetic field are called paramagnetic substances.

Examples of paramagnetic substances : Aluminium, antimony, platinum, manganese, sodium, chromium, copper
chloride, liquid oxygen, etc.

Paramagnetic substances are feebly magnetised and their induced magnetic dipole moment p,,, is in the direction
of the magnetising field H.

For paramagnetic substance p, > 1but small, 1 <p, <1 + &.

X, Of paramagnetic substances is positive but small, 0 < x,, <e.

B (magnetic induction field) inside the paramagnetic materials is slightly more than that in vacuum.
They move from the weaker regions of magnetic field to the stronger regions.

They are attracted by a bar magnet.

If a bar magnet of paramagnetic material is suspended between the pole pieces of the magnet it aligns itself
parallel to the magnetising field of the magnet.

The paramagnetism depends on the temperature. As the temperature increases, magnetisation tends to decrease.
Paramagnetic substances obey the Curie’s law, which states that the magnetic susceptibility is inversely

proportional to the temperature in kelvin, i.e., ¥, < —

Angle between the geographic meridian and the magnetic meridian is called declination.

Angle between the horizontal component and the total magnetic field of the earth is called dip.

Dip is zero at the equator and 90° at the magnetic poles.

Paramagnetism and ferromagnetism are associated with the intrinsic magnetic moment of spinning of electrons.
In ferromagnetism, the magnetic effect is enhanced due to the formation of domains.

Magnetic induction B and magnetic intensity H are related as B = pH.

Magnetic induction is expressed in tesla (S.I.) and gauss (C.G.S. system).

Magnetic intensity in vacuum is expressed in Oersted (C.G.S. system) and Am~!in ST unit.

Diamagnetism originates from the magnetic moment associated with the orbital motion of electrons.

Curie’s Law in Magnetism : The intensity of magnetisation I of a paramagnetic material is directly proportional
to the strength of the external magnetic field H, called the magnetising field and is inversely proportional to
absolute temperature of the material.

IOCE

T

1= CH

T

- r_c
H T

or ng
T

where, C is known as Curie constant.

Magnetic Permeability : Magnetic field exists in vacuum. It can exist in other materials also. Magnetic permeability
of a medium is defined as the ratio of magnetic intensity and the magnetising field, i.e.,

HZH

Magnetic permeability of a material decides the ability of the material to allow magnetic lines of force through it.

Electromagnets and factors affecting their strengths

>
>

Electromagnet is also known as a solenoid having a core of iron with wire wrapped around on it.
Factors which affect the strength of electromagnets are :

e nature of core material

o strength of current passing through the core

e number of turns of wire on the core

e shape and size of the core
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of magnetic field.

Permanent magnets

Oswaal CBSE Chapterwise Quick Review, PHYSICS, Class-XII
» Core is a solenoid having copper wire wound on it. More will be the number of turns, more will be the strength

» Magnets where magnetic field is generated by internal structure of material itself.

» Permanent magnets have consistent non-varying magnetic field having north and south pole linked with it.
> Magnetic fields of permanent magnets are the sum of nuclear spins, electron spins and orbits of electrons.

» Permanent magnets produce a longitudinal magnetic field between the poles.

Advantages

Disadvantages

o No power supply needed

Direct field only

o Cling to vertical surfaces

Deteriorate with wear

o No electrical contact problems

Have to be pulled from test surface

» Inexpensive

No control over field strength

o No damage to test piece

Magnetic particles attracted to poles

Legs must have area contact

May have to be recharged

Know the Terms

>
>

A\

Magnetic lines of force : The lines that are mapped out around the magnet.

Permanent magnet : A material, or piece of such material, which retains its magnetism even when not subjected

to any external magnetic fields.

Ferromagnetic : A material, such as iron or nickel, that is easily magnetized.

Electromagnet : A magnet which attracts metals only when electrically activated.

Hysteresis : The intensity magnetisation (M) or magnetic induction (B) of the ferromagnetic substances lags

behind the magnetising field H. The phenomenon is called hysteresis.

Know the Formulae

>
>

» The force between two magnetic poles of strength g,, = m and g, = m’, separated by a distance r is given by

Ll A

where, 6 is the angle between 1\71 and ﬁ

T=MXB
T=MBsinb6
Xm = M/H
Xm = k=1
12
T
_B
T
B =y (H + M)

= o (H + X)) = po(1 + x,)H

F = @.M
.
Factors affecting the strength of electromagnets
Nature of core material.
Strength of Current Passing through the core.
Number of turns of wire on the core.
Shape and size of the core.
Characteristic Diamagnetic Paramagnetic Ferromagnetic
K, <1 >1 >>1
X <0 >0 >>0
small large

aa
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UNIT - IV : Electromagnetic Induction and Alternating
Currents

Chapter - 6 : Electro-Magnetic Induction

TOPIC-1

Magnetic Flux and Induction

Quick Review

Electromagnetic induction
<« Electromagnetic induction is the process of generating electric current with a magnetic field.
« It takes place whenever a magnetic field is changing and electric conductor moves relative to one another where
conductor crosses lines of force in magnetic field.
« The current produced by electromagnetic induction is more when the magnet or coil moves faster and when
magnet or coil moves back and forth repeatedly, then alternating current is produced.
Magnetic Flux :
< Magnetic flux through an enclosed area is the amount of field lines cutting through a surface area A defined by unit area
vector.
< The units for magnetic flux are webers, where, 1Wb=1T-m?2.
< Magnetic flux ¢g is related to number of field lines passing through a given area.
<« If magnetic field is changing, then changing magnetic flux will be ¢g= NBA cos 0, where angle 6 is the angle
between field and normal to the plane.

<« The induced EMF is related to rate of change of magnetic flux known as Faraday’s Law

- $=0 <990
A
B perpendicular to A (¢=0) : Batan angle ¢ with the perpendicular to A: §parallel to A (¢ =90):
magnetic flux ®,= BA. magnetic flux ®,= BA cos magnetic flux ®;= 0.
Magnetic flux density
< The change in magnetic flux per unit change in area is called magnetic flux density.
- = g 4
< Magnetic flux is given by : df= B-dA . For B parallel to dA , we have
df = B(dA) cos 0° = B(dA)

Therefore,
dA

i.e., magnetic induction is equal to the magnetic flux density. In other words, the magnetic field may be measured
in terms of magnetic flux density. From equation (i), we find :

Unit of B = 7UH_H of d¢
Unit of dA
Or T = M;
m

i.e., Tesla = weber per square metre.
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Faraday’s Laws of Electromagnetic Induction
» The induced emf in a closed loop due to a change in magnetic flux through the loop is known as Faraday’s law.
> Faraday’s First Law of Electromagnetic Induction states that whenever a conductor is placed in varying magnetic
field emf is induced which is known as induced emf and if the conductor circuit is closed current are also induced
which are called induced current.
> Faraday’s Second Law of Electromagnetic Induction states that the induced emf is equal to the rate of change of

flux linkage where flux linkage is nothing but the product of number of turns in the coil and flux associated with
the coil.

dt

¢ is magnetic flux through the circuit as ¢, = J'Edz

With N loops of similar area in a circuit and ¢p being the flux through a loop,
then emf is induced in every loop making Faraday law as

e=-NA0
At
where, € = Induced emf [V], N = number of turns in the coil
Ad= change in the magnetic flux [Wb], At = change in time [s]
The negative sign means that € opposes its cause.
> If there is no change in magnetic flux, no induced emf is induced.
Induced emf and current
> A changing magnetic flux induces an electric field which induces a current in the circuit
» A wire moving in the field induces a current which acts same as current created by a battery
» Changing magnetic flux and induced electric field are related to induced emf as per Faraday’s law.
» The induced EMF is related to the magnetic field as E = B.L.v sin 6
Induced Current
» When a conductor moves across flux lines, magnetic forces on the free electrons induce an electric current.
» When a magnet is moved towards a loop of wire connected to ammeter, in such case, ammeter shows current

induced in the loop.
[="Too

L B

» When a magnet is held stationary, there will be no induced current in the loop, if also the magnet is inside the
loop.

» When a magnet is moved away from the loop, in such case, ammeter shows opposite current induced in the loop.
]’—m

I —

=

Motional Emf
> The relationship between an induced emf € in a wire moving at a constant speed v through a magnetic field B is
given by :
Aq)B = BLvAt
_ A% Blv

At
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» Aninduced emf from Faraday’s law is created from a motional emf that opposes the change in flux.
» Magnetic and electric forces on charges in a rod moving perpendicular to magnetic field is given as :

X X X X X X
B u
Fnp = quB Fn = gE

x B B x

b|+<—®—> —|b

X x x 9 x X X
[ L N
| |

Lenz’s Law
» Lenz's law is used to determine the directions of induced magnetic fields, currents, and emfs.
» The direction of an induced emf always opposes the change in magnetic flux that causes the emf.

> It explains about the negative sign in Faraday’s flux rule, &= _dn;itB showing that the polarity of induced emf

tends to produce a current that opposes the change in magnetic flux that produced it.

» As per conservation of energy, induced emf opposes the cause which produces it making mechanical work to
continue with the process which gets converted into electrical energy.
» Slide wire moving in magnetic field :

B 1
X[l x x x X X
X[l x x x X X
—
x[|x x x X X
x[lx x x X X

» Slide wire containing induced current, magnetic field and magnetic force :

X X X | X X X X
B — 1
X X. X_' .X X. X
induced /
X X X X X UX
i ° oF «— | —>
X X X x induced X
x[| x® x & x

Electric Generators and Back Emf
» Electric generator rotates a coil in a magnetic field inducing an emf which is given as a function of time
€ = NBAwsin (ot)
where,

5
A = area of N-turn coil rotated at constant angular velocity o in uniform magnetic field B .

» The peak emf of a generator is €y - NBA®
» Any rotating coil produces an induced emf. In motors, it is known as back emf as it opposes the emf input to the motor.

Know the Terms

» Electric generator : Device for converting mechanical work into electric energy that induces an emf by rotating a
coil in magnetic field.

» Induced electric field : Field created due to changing magnetic flux with time.
Induced emf : It is a short-lived voltage generated by a conductor or coil moving in a magnetic field.

» Lenz’s law : Lenz’ law states that the direction of an induced emf is such that it opposes the change in magnetic
flux which produces it.

Y

» Magnetic damping : It is a drag which is produced by eddy currents.
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> Magnetic flux : It is the amount of magnetic field lines that is measured through a given area.
> Motionally induced emf : Voltage produced by movement of conducting wire in a magnetic field.
> Peak emf : It is the maximum emf produced by a generator.

Know the Formulae

= A
> Magnetic flux : Oy = JB.ndA
s
> Faraday’s law : e = _NWYun
dt

» Motionally induced emf : € =Bl

» Motional emf around a circuit : €= cﬁE,dl = _%
> emf produced by an electric generator : & = NBAwsin (wt)

TOPIC-2

Eddy Currents, Self and Mutual Induction

Quick Review

Eddy Currents
» Current loops induced in moving conductors are called eddy currents. They can create significant drag, called as
has magnetic damping.
» Eddy currents give rise to magnetic fields that oppose any external change in the magnetic field.

. . .e
» Itis written as i=—

R
> Eddy currents are induced electric currents that flow in a circular path

Wire loop Induced current

/AN

-

I:puII

A pulling force is
needed to balance
the magnetic force
on the induced
current.

No force is needed to
pull the loop when
the wires are outside
the magnetic field.

» Eddy currents flowing in a material will generate their own secondary magnetic field that opposes the coil’s
primary magnetic field.
Mutual Induction :

» The production of induced emf in a circuit, when the current in the neighbouring circuit changes is called mutual
induction.

When the circuit of the primary coil is closed or opened, deflection is produced in the galvanometer of the
secondary coil. This is due to the mutual induction.

» The mutual induction between two coils depends on the following factors :
e The number of turns of primary and secondary coils.

o The shape, size or geometry of the two coils. That is the area of cross-section and the length of the coils affect
the mutual induction between the coils.
Coefficient of mutual induction :

» Suppose, the instantaneous current in the primary coil is I. Let the magnetic flux linked with the secondary coil
be ¢. It is found that the magnetic flux is proportional to the current i.e.,

poclord =MI ..(0)
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where, M is the constant of proportionality. It is called coefficient of mutual induction.
The induced emf ¢ in the secondary coil is given by
do _ M dl

Cdrdt
The negative sign is in accordance with the Lenz’s law. That is, the induced emf in the secondary coil opposes the
variation of current in the primary coil.

From the equation (ii), we find

...(ii)

€
M= aryan
Now M=_F8
dl/dt
Therefore, Unitof M = L =VAlg
As!

Self-Induction :

>

Y V VYV

The production of induced emf in a circuit, when the current in the same circuit changes is known as self-
induction.
Suppose the instantaneous current in the circuit is I and if the magnetic flux linked with the solenoid is f, then it
is found that :
docd or¢p =LI (1)

where, L is the constant of proportionality. It is called coefficient of self-induction.
The induced emf in the coil is given by

e = @:—Lﬂ (i1)

dt dt

The negative sign is in accordance with the Lenz’s law. That is, the induced emf opposes the variation of current in the
coil.
From the equation (ii), we find :

L =¢/(dl/dt) .. (i)
Then, the coefficient of self-induction is the ratio of induced emf in the circuit to the rate of change of the current
in the circuit.
Unit of L : The unit of self-induction is also called henry (symbol H).

From equation (ii), we find that if dljdt =1
e=1V,
then L=1H= Unitof H=VA's
If a rod of length [ moves perpendicular to a magnetic field B with a velocity v, then the induced emf produced

across it, is given by

e = vBl
-> o> o
In general, we have, €= B.(vx1)

If a metallic rod of length I rotates about one of its ends in a plane perpendicular to the magnetic field, then the
induced emf produced across its ends is given by

. _ Bol* _B2rf’®

2 2

Here, w = angular velocity of rotation, A = pl* = area of circle and f = frequency of rotation.
Lenz’s law explains the direction of induced emf.
Inductance in the electrical circuit is equivalent to the inertia (mass) in mechanics.
When a bar magnet is dropped into a coil, the electromagnetic induction in the coil opposes its motion, so the
magnet falls with acceleration less than that due to gravity.
The inductance of a coil depends on the following factors :

= BAf

e area of cross-section,
e number of turns
o permeability of the core.
Unit of induction, H = % = % =Q.s

The inductance of a circular coil is given by :

—
Il
~ |-

=BAN =£.(ZTCNI)><AN -,-BZL,ZTCNI
I 4t 7l i’y
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L= BN?,_uN s

——A="—xmr
2r 2r
uN 2y
2
Here,f = magnetic flux from the coil, I = current through the coil, A = area of coil, r = radius of coil, N = total
number of turns of the coil, m = permeability of the medium.
The inductance of a solenoid of length [ is given by

or L =

[ = &_BAN _(uNI\AN [..B_M}
I 1 1)1 ' !
2
or L = M=anZAl=unZV [n:#}

Here, n = N/ = number of turns per unit length and V = Al = volume of the solenoid.
If two coils of inductance L; and L, are coupled together, then their mutual inductance is given by

M = kLiL,
where, k is called the coupling constant.
The value of k lies between 0 and 1.
For perfectly coupled coils, k = 1, it means that the magnetic flux of primary coil is completely linked with the
secondary coil.
Eddy currents do not cause sparking.
If a current I is set up in a coil of inductance L, then the magnetic field energy stored in it is given by
1,02
LI

um:E

Know the Terms

>

YV V V

>

>

Back emf : Emf generated by a running motor due to coil that turns in a magnetic field which opposes the voltage
that powers the motor.

Eddy current : Current loop in a conductor that is caused by motional emf.

Mutual induction : It is a change of flux in one element that induces an emf in other.

Transformer : It is a device that increases or decreases an ac voltage.

Inductor : It is a device used to store electrical energy in a magnetic field when electric current flows.
Know the Formulae
e = dﬁ: _Lﬂ
dt dt
e = di(l): _Mﬂ
dt dt

The inductance in series is given by

LS = Ll + LZ + L3 +....
The inductance in parallel is given by

1 1 1 1

— =+ —+—+...

L, L L, L

Mutual Inductance of two coils is given by

M = Mo, NpNsAp _ Holt, NpNsAg
Ip Ip
where, L1, is the permeability of fee space (41 X 107)
1, is the relative permeability of the soft iron core
Ny is number of turns is secondary coil.
Np is number of turns is primary coil.

Ap is the cross-sectional area of primary coil in m?.

Ag is the cross-sectional area of secondary will in 2.

I is the coil current.

aa
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Chapter - 7 : Alternating Currents

TOPIC-1

Alternating Current

Quick Review

Alternating currents

>
>

YV V V V V

Alternating current is that which changes continuously in magnitude and periodically in direction.

It is represented by sine curve or cosine curve as I = Iysin wt or I = I cos wt where I is peak value of current
and [ is instantaneous value of current.

Frequency of an alternating current supply f, is the number of cycles which gets completed per second which is
measured in Hertz (Hz).

The time period T, of an alternating supply is time taken to complete one cycle.

The behaviour of ohmic resistance R in ac circuit is the same as in dc circuit.

The alternating EMF and alternating current are in same phase.

Alternating current can be produced using a device called an alternator.

ac waveforms are :

Sine Wave .
Triangle Wave

I ANVANEEY AN
RN YARVAE RYRVAVA

+

Square Wave

+
+

amplitude
amplitude
amplitude

Peak and rms value of alternating current/voltage

>

>
>

Root mean square or rms is the root of mean of square of voltage or current in an ac circuit for one complete cycle
denoted by V,,,; or I,
rms value is the standard way of measuring alternating current and voltage as it gives the dc equivalent values.
rms value of ac is also called effective value or virtual value of ac represented as I,,,,;, L5 or I, shown as

"

rms \/E

rms voltage value is the square root of averages of the squares of instantaneous voltages in a time varying
waveform.

Ve = % =0.707 V,

Reactance and impedance

>

YV VY VVY A\

A\

When an ac current is passed through a resistance, a voltage drop is produced which is in phase with the current
and is measured in ohms (€2).
Reactance is the inertia against the motion of electrons where an alternating current after passing through it
produces a voltage drop which is 90 out of phase with the current.
Reactance is shown by “X” and is measured in ohms ((2).
Reactance is of two types; inductive and capacitive.
Inductive reactance is linked with varying magnetic field that surrounds a wire or a coil carrying a current.
Inductive reactance (X;) is the resistance offered by an inductor and is given by X; = wL = 2nfL
Through a pure inductor, alternating current lags behind the alternating emf by phase angle of 90°.
Capacitive reactance is linked with changing electric field between two conducting surfaces separated from each
other by an insulating medium.
Capacitive reactance (X,) is the resistance offered by a capacitor and is given by

1

Xe=—r
¢ 2nfC
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Through a pure capacitor, alternating current leads the alternating emf by a phase angle of 90°.

Impedance is the comprehensive expression of all forms of opposition to electron flow, including resistance and
reactance, where an alternating current after passing through it produces a voltage drop between 0° and 90°
which will be out of phase with current given as,

Z=+R*+X>

where,
Z = impedance of circuit
R = resistance
X = reactance
LC oscillations (qualitative treatment only)

1 |+
il [+
|

LC circuit comprises of inductor and capacitor connected in series where energy from the cell is given to capacitor
which will keep on oscillating among L & C.

When ac voltage is applied to the capacitor, it will keep on charging and discharging continuously.

When capacitor is fully charged, it starts discharging and charge gets transferred to the inductor which is
connected to capacitor.

Due to change in current, there will be change in magnetic flux of the inductor in the circuit which induces an
emf in the inductor.\

The emf is given by e = —L% which try to oppose the growth of the current.

When capacitor gets completely discharged, all the energy stored in it will now store in an inductor as a result of
which, inductor will start charging the capacitor and energy stored in the capacitor will start increasing.
As there is no current in the circuit, energy in the inductor is zero, so total energy of LC circuit will be

1 ¢

E7o ¢

Know the Terms

YV V VY

Y VvV

AC current : It is a current that fluctuates sinusoidal with time at fixed frequency.

AC voltage : It is the voltage that fluctuates sinusoidal with time at fixed frequency.

Alternating current : It is the flow of electric charge that periodically reverses direction.

Bandwidth : It is the range of angular frequencies over which the average power is greater than 1/2 the maximum
value of average power.

Capacitive reactance : It is the opposition of a capacitor to a change in current.

Direct current : It is the flow of electric charge in only one direction.

Impedance : Is an ac analog to resistance in a dc circuit that measures the combined effect of resistance, capacitive
reactance, and inductive reactance.

Inductive reactance : It is the opposition of an inductor to a change in current.

Know the Formulae

— IO
Ir s 7\/2
rms = \/02

Peak Power = VI,
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Average Power = %VO Iycos® =V, L. coso where, cos ¢ = % is power factor
oo L_ 1
oC  2rfC
X; = oL = 2nfL
Z = JR*+ (X, - Xc)
dl
emf, = —L—
fe 7
Energy in LC circuit, Ug = 1£
2C

TOPIC-2
LCR Series Circuit

Quick Review

LCR series circuit
» In an LCR series circuit with resistor, inductor and capacitor, the expression for the instantaneous potential
difference between the terminals a and b is given as
V=1V, sin wt
a b
S

R L
c

» The potential difference in this will be equal to the sum of the potential differences across R, L and C elements as

Vi sinwt=R1+Lﬂ+lq
dt C

where, g is the charge on capacitor.

» The expression for a steady-state current and for transient current results as :

2. .
oV, coswt = Ld—;+ Rﬂ + li
dt dt C
» The steady state solution will be
i= Vi = sin(®f — 0)
\/RZ + (u)L - i)
oC
oL- L
where, ¢ =tan™ T“)C

> From the equation, steady-state current like terminal voltage, varies sinusoidal with time, so steady-state current
can be written as I=1,sin (vt - ¢)
» Inan LCR circuit:

XL=(DL
1
Xe=—
€7 wC
Xv=>(L—}{C=(L)L—L
oC
Z=~R*+X?
U /R /M /Y
JRP+(Xp -Xc)? JR*+x% 7
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Here,
Z = impedance of the circuit
X = reactance
X;, and X = inductive and capacitive reactance
> For steady-state currents, maximum current I, is related to maximum potential difference V,, by

m

Im:?

> Total effective resistance of RLC circuit is called Impedance (Z) of the circuit given as

Z=\R*+(X, - X.)

> The angle by which alternating voltage leads the alternating current in RLC circuit is given by
tan¢ = X=Xe
R

> Inan RLC circuit, impedance triangle is a right-angled triangle in which base is ohmic resistance R, perpendicular

is reactance (X; — X) and hypotenuse is impedance (Z)
> When a condenser of capacity C charged to certain potential is connected to inductor L, energy stored in C

oscillates between L and C where frequency of energy oscillations is given by

1

f= 2nVLC

> In LCR circuit, if there is no loss of energy, then total energy in L and C at every instant will remain constant.
> Sign for phase difference (¢) between I and E for a series LCR circuit :

¢ is positive, when X; > X..

¢ is negative, when X; < X.

¢ is zero, when X; = X.

¢ = /2, when ® = .

¢ =-n/2, when ® = 0.

The maximum current in an LR circuit is determined by the emf E and resistance R.

The maximum charge on the capacitor in a RC circuit is determined by the emf E and capacitance C.
A capacitor cannot be charged or discharged instantaneously.

The dimensions of I/R are same as those of time period.

The dimensions of R/L are same as that of frequency.

The dimensions of RC are same as that of time period.

Y VYV VVY

Dimension of %, RC, +/LC = Time

Resonance
» Circuit in which inductance L, capacitance C and resistance R are connected in series and the circuit admits
maximum current, then such circuit is called as series resonant circuit.
> The necessary condition for resonance in LCR series circuit is :

1
X; = Xc which gives =—
L C 8t f 2nJIC
> In this, frequency of ac fed to circuit will be equal to natural frequency of energy oscillations in the circuit under
conditions,
Z=R
Ey _E
IO = —=—
Z R

> Inan LCR circuit, if voltage and current are in phase, then necessary condition will be:

XL = XC
. X - Xc
t =
since an ¢ R
and lf XL = XC
then ¢ =0, 0 = 2nf,
Also, X; = oL = 2nfL
1 1

and c=—=—1o,
oC 2nfC
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; 1
so frequency will be - -
f 2nyLC

» The sharpness of turning at resonance is measured by Q factor or quality factor of the circuit given as

1 (L
Q=x\c

> At series LCR resonance or acceptor circuit, current is maximum given as

Power in AC circuits
> Power is the rate at which work is performed or energy is supplied.
> In the case of direct current, the rate at which a circuit supplies energy to an electrical device is given by
P=VI
where,
V = potential difference between the terminals of the device
I = current flowing through the device
> When the current is out of phase with the voltage, the power indicated by the product of the applied voltage and
the total current gives only what is known as apparent power.
> Instantaneous power is the time function of power,
pt) = u(t) X i(t)
which is the product of time functions of the voltage and current.

» Complex power is the product of the complex effective voltage and the complex effective conjugate current given

as S:UXI:M

> Real oraverage power defined as P can be defined as real part of complex power or simple average of instantaneous
power given as
1 ¢ty+T .
P=c ftn u(t) X i(t)dt
» Reactive power (Q) is the imaginary part of complex power measured in volt-amperes reactive (VAR) which is
positive in inductive circuit while negative in capacitive circuit.

2 2 2
Q=(Ix)" X=(I) X, —(Ic) X¢
where,
Iy = reactive current in amperes, X= total reactance, I~ = capacitive current
Xc = capacitive reactance, I; = inductive current, X; = inductive reactance
» Apparent power is the power which appears to the source due to circuit impedance given as :
S=(I,)’z

where, [,=impedance current, Z = impedance
> Apparent power is the combination of true power and reactive power which is measured in VA.

S= \/(True power)2 + (Reactive power)2

» Power factor (cos ¢) is important in power systems as it shows how closely the effective power equals the apparent
power given as :

_ effective power

B apparent power

> The value of power factor varies from 0 to 1.
» The instantaneous rate at which energy is supplied to an electrical device by ac circuit is

P=VI
> Average power in RLC where, X; = X over a complete cycle in a non inductive circuit or pure resistive circuit is
given as P = Vpl, or [’R

» Inan LCR circuit, average power associated over a complete cycleis P = V,,,. I,,.c cos 6, where
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» ¢ = phase angle between alternating voltage and alternating current
_ effective power
apparent power

Wattless Current
» The average power associated over a complete cycle with pure inductor or pure capacitor is zero which makes
current through L and C as wattless or idle current.
» In LCR circuit at resonance, the power loss is maximum, so
> Wattless component of current = I, sin ¢

» Power component of current = I, cos ¢

Know the Terms

> Phase angle : It is the amount by which the voltage and current are out of phase with each other in a circuit.

» Power factor : It is the amount by which the power delivered in the circuit is less than the theoretical maximum
of the circuit due to voltage and current being out of phase.

> Quality factor : It is a dimensionless quantity that shows sharpness of the peak of bandwidth.

> Resonant frequency : It is the frequency at which the amplitude of the current is maximum where circuit oscillate
when not driven by voltage source.

Know the Formulae

» Impedance for a series LCR circuit,

®

2T
Z = JR2+X2 :lRZwL(mL—lC] } .

» Admittance for a parallel LCR circuit,

» Average power, P = 200 o5
» Power factor, PF =cos ¢ = Resistance
Impedance

_ _ Truepower

Apparent power

TOPIC-3

Generator and Transformer

Quick Review

ac generator
> An alternator is an electrical machine which converts mechanical energy into alternating electric energy.
» Alternator or a synchronous generator has a stator and rotor.
> It is similar to basic working principle of a dc generator.
» It works on the principle of electromagnetic induction where a coil gets rotated in uniform magnetic field, sets an
induced emf given as :
e = ¢y sinwt = NBAw sin wt
Transformer
» Transformer is an electrical device used for changing the alternating voltages.
> Itis based on the phenomenon of mutual induction.
> The main use of transformer is in transmission of ac over long distances at extremely high voltages which reduces
the energy losses in transmission.
> It comprises of two sets of coils which are insulated from each other and are wound on soft-iron core.
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> In this, one of the coil is called as primary (input coil) having N, turns while other coil is secondary (output coil)
having N, turns, so we have

S P85k

E, I

E IV Ns
P s p

Soft iron-core

Y

Efficiency of transformer:

_ output power —

©
. ] [ o—d 9
input power 2 1 g » g 4
3 ] = T~ T 8
g 4 g g 1 2
El P N = ™ — =
n = 58§ o 4 ° o— 9 e
EI
p'p

Inspite of heavy power losses, the efficiency in a transformer is usually above 90%.

An ideal transformer is 100% efficient as it delivers all energy it receives.

Real transformer is not 100% efficient and at full load, its efficiency lies between 94% to 96%.

A transformer operating with constant voltage and frequency with very high capacity, efficiency results as 98%.

Transformer Ratio :
N
E=| Ns E,and]; = [—”jlp
Np Ny

V VYV VYV

NS VS
< =71, is defined as the transformer ratio.
NP VP
. NP VP
The value of turns ratio of a transformer —~ = v =n

S S

» Step-up transformer : If secondary coil has more number of turns than primary (N; > N,), voltage gets stepped
up (Vi > V).

. . . . -y |
In this, there is less current in secondary as compared to primary ( N, and [; < I).

The value of transformer ratio k>1
> Step-down transformer : In this, the secondary coil has less number of turns than primary (N, < N,). In this, V; <
V, and I, > I, as voltage gets stepped down or reduced with increase in current.
In this, value of transformer ratio k<1
» The main use of transformers is in stepping up voltage for power transmission.
> Electric power can be transmitted much more efficiently at high voltages than at low voltages due to less IR heat
loss in a high voltage / low current transmission.
> Energy losses in transformers :
1. Flux Leakage
2. Resistance of windings
3. Eddy currents
4. Hysteresis

Know the Terms

» Mutual induction : It is a process by which a coil of wire magnetically induces a voltage in other coil placed in
close proximity to it.

Know the Formulae

E _fp _Ns_ k
E, I, N,
o Ed
EPIP
%efficiency = Qutput power x100%

Input power
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N
V= Ny V,andI=| & II,
N, N,
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_ Input power — Losses % 100%
Input power

> e = ¢psin wt = NBAw sin wt

>»l=e¢r [=

NBA®sin ot

» The value of transformer ratio is greater than 1 for step up transformer and less than 1 for step-down transformer.”

aa

UNIT - V : Electromagnetic Waves

Chapter - 8 : Electromagnetic Waves

TOPIC-1

Displacement Current

Quick Review

Basic idea of displacement current :

>

>

Displacement current is a quantity appearing in Maxwell’s equations that is defined in terms of the rate of change
of electric displacement field (D).

Displacement current density has the units of electric current density and has associated magnetic field similar as
actual currents.

Displacement currents play an important role in the propagation of electromagnetic radiation, such as light and
radio waves, through empty space.

Maxwell in its equation, added an additional term which includes a factor known as displacement current, 1.
Displacement current is defined as :

where ¢p= J E.dA is the electric flux and g is the permittivity of free space.
Gauss’s law shows that total electric flux through a Gaussian surface is equal to the charge enclosed by it,

- - - — -
Cﬁeo EdS= (ﬁD. dS=g where D=¢g,.E is displacement vector.
S S

As per Ampere Maxwell law, line integral of magnetic field around any closed path is equal to py X (sum of
conduction current and displacement current through that path.)

. - -
L PB.dl = ol + 1
L= e egdop
4 dt dt
$B.dl = [Lc+ﬂ]
dt
el Ho€odo,
or = o+ TE
$B.al = pole+——

Electromagnetic waves and their characteristics (qualitative ideas only)

>

EM waves are produced by accelerated charge.
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» The electricand magnetic fields produced by accelerated charge changes with time, which radiates electromagnetic
waves.

Example :
> Electron jumping from its outer to inner orbits radiates EM waves.
» Electrical oscillations in LC circuit produces EM waves.
> Electric sparking generates EM waves.
Characteristics of EM waves :
» EM waves are propagated as electric and magnetic fields oscillating in mutually perpendicular directions.

> EM waves travel in vacuum along a straight line with the velocity 2.997924591 x 10® m/s which is often assumed
as 3 X 10° m/s.

» EM waves are not affected by electric and magnetic fields.
> Relation between electric and magnetic field components is

E = B,
where, c =3 x 108 m/s.
> Electromagnetic waves can be of wave length (A) from 0 to . Also, corresponding frequencies (f) can be from o
to 0. The A and f are related as c=fr

Transverse nature of electromagnetic waves

» In electromagnetic wave, electric and magnetic field vectors are perpendicular to each other in the direction of
propagation of wave which shows its transverse nature.

> A plane EM wave traveling in the x-direction is of the form:
E(x, t) = E,;,co0s (kx — ot + ¢)
B(x, t) = B,,;,c0s (kx — ot + ¢)
where,
E = electric field vector
B = magnetic field vector
» In this, as wave propagates along Z-axis, the electric and magnetic field propagation will be:
E = Eysin (kz — wt)
B = Bysin (kz — ot)

Know the Terms

» Displacement current : A quantity in Maxwell’s equations describing in terms of rate of change of electric
displacement field.

> Gauss’s Law : It shows total electric flux out of closed surface equals to the charge enclosed divided by permittivity.

» Electromagnetic waves : Waves that can travel through the vacuum of outer space and needs the presence of
material medium for transporting energy from one location to another.

Know the Formulae

» Displacement current between the plates of a capacitor

d(EA) dE

= g =g A—

D=0 g 0%t
d g AdV  _dV
= g A—(V/d)="-—"=C—
Ip = e (V/d)===2r=Co

Here, E = electric field between the plates of the capacitor, V = potential difference, d = separation between the
plates, C = capacitance of the capacitor, A = area of plates.

» For the EM waves, the energy density is given by

Ug = %SOEZ (Due to electric field)
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1B
Up = - — (Due to magnetic field)
21y

N
» The energy transported by EM waves per unit area per second is called Poynting vector (S)

- - B
It is given by S=Ex—.
Ko
Since, E 1 E , hence S= % .
Ko
»In EM waves, the half of the energy is electric and the other half is magnetic, i.e., the total energy density of EM
waves is
2
u= SoEZ + Bi
Ho
1
> — =2
Hogo
» The variation in magnetic field causes electric field and vice versa.

A\

- - - -
Inthe EMwaves E | B both E and B are in the same phase.
In the EM waves : E = E; sin (ot — kx), B = B, sin (ot — kx).

Y

- - - -
» The EM waves travel in the direction of E X B i.e., EM waves propagate perpendicular to both E and B -
Maxwell’s Equation :

1. CﬁE.dA = Q (Gauss’s Law for electricity).
€

2. qSB.dA =0 (Gauss's Law for magnetism).

d
3. cﬁE.dl=—% (Faraday’s law).

L3
dt

TOPIC-2

Electromagnetic Spectrum

4. Cf)B.dl = Ui, + Ho€ (Ampere-Maxwell Law).

Quick Review

Electromagnetic spectrum

> Electromagnetic spectrum describes all wavelengths of light from dark nebulae to stars revealing an invisible
universe.

» It describes the entire range of light from radio waves to gamma rays.
I BE DE IE ICE DEDE T
R ) ) 2 ( e e A al a
.Illu i il i ol e W .Y
° 10

10 N 10° 0.5x10° 10° 10" 10™
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> In EM spectrum, the electromagnetic radiation ranges from wavelengths between 10~ * m and 10'> m.
Types of Electromagnetic waves (radio waves, microwaves, infrared, visible, ultraviolet, X-rays, gamma rays)
> Electromagnetic waves require no medium to travel or propagate.
» Electric and magnetic fields produce vibrations and creates electromagnetic waves.
» Electromagnetic waves are transverse waves which are measured by their height, amplitude, wavelength, or
distance between highest points of one wave with the other.
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> In electromagnetic waves, distance between the highest point of wave is known as crest while the lowest point of
wave is known as trough.

crest crest crest

AL
VALYV

trough trough

» EM radiations are classified as per the frequency of wave such as radio waves, microwaves, infrared radiation,
visible light, ultraviolet radiation, X-rays and gamma rays.

N <
%
) ko
[ (]
] >
> ]
g =
i
1'(-)'79 Gammaays [ 01 A
_(1 A
10" 0.1 nm
X-rays I
107 am 400 nm
10" 10
‘5_ Ultraviolet | 60 nm 500 nm
10
Risble 1 1000 nnj
10" lum 600 nm
., |mira=red ~10
10
L 100 um 700 nm
10"™
L1000 um
1000 MHz 10™ 4 mm
] UHF 109 Microwaves [~ 1 cm
500 MHz - —
i o -10cm
1 ke . F1m
7-13 10° JRadio. Tv
100 MHz— Fm 10m
1 v 107
1 26
50 MHz | 10° -100m
- 1000 m

Long-waves

Electromagnetic spectrum is divided into following regions :
Gamma-rays

[wavelength 107 m — 1071 m, frequency 10%% Hz - 10" Hz, mean energy per quantum 6.6 X 10™4] = 4 x 10° eV]
X-rays

[wavelength 10712 m =107® m, frequency 10’ Hz - 10'® Hz, mean energy per quantum 6.6 x 1077] = 4 x 10? V]
Ultraviolet radiation

[wavelength 108 m — 107 m, frequency 10" Hz - 10'® Hz, mean energy per quantum 6.6 x 1072 ] = 4 x 107! eV]
Visible light

[wavelength 107 m - 107 m, frequency 10'° Hz - 10* Hz, mean energy per quantum 6.6 x 107] = 4 x 1072 eV]
Infrared radiation

[wavelength 107° m - 107 m, frequency 10'* Hz - 10'? Hz, mean energy per quantum 6.6 x 1021 ] = 4 x 107 eV]
Microwaves

[wavelength 10~ m - 107! m, frequency 10> Hz - 10° Hz, mean energy per quantum 6.6 x 10723 = 4 x 10 eV]

Radio waves

[wavelength 10 m - 10° m, frequency 10® Hz - 10° Hz, mean energy per quantum 6.6 X 102°] = 4 x 107 eV]
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Uses of Electromagnetic waves
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Band Designation Frequency (Hz) Wavelength Applications

Audible 20 Hz - 20 kHz >100 km Acoustics

Extremely Low Frequency | 30 Hz - 300 Hz 10,000 km - 1,000 km Electronics, Submarine Communi-

(ELF) Radio cations

Infra Low Frequency (ILF) 300 Hz - 3 kHz 1,000 km - 100 km Not Applicable

Very Low Frequency (VLF) |3 kHz-30kHz 100 km - 10 km Navigation, Weather

Radio

Low Frequency (LF) Radio 30 kHz - 300 kHz 10 km - 1 km Navigation, Maritime Communi-
cations, Information and Weather
Systems, Time Systems

Band Designation Frequency (Hz) Wavelength Applications

Medium  Frequency (MF) | 300 kHz - 3 MHz 1 km -100 m Navigation, AM Radio, Mobile

Radio Radio

High Frequency (HF) Radio 3MHz - 30 MHz 100 -10m Citizens Band Radio, Mobile Radio,
Maritime Radio

Very High Frequency (VHF) | 30 MHz -300 MHz 1I0m-1m Amateur (Ham) Radio, VHF TV,

Radio FM Radio, Mobile Satellite, Mobile
Radio, Fixed Radio

Ultra High Frequency (UHF) | 300 MHz - 3 GHz Im-10cm Microwave, Satellite, UHF TV,

Radio Paging, = Cordless  Telephone,
Cellular and PCS Telephony,
Wireless LAN (WiFi)

Super High Frequency (SHF)
Radio

3 GHz-30 GHz

10cm—-1cm

Microwave, Satellite, Wireless LAN
(WiFi)

Extremely High Frequency
(EHF) Radio

30 GHz - 300 GHz

1cm-1mm

Microwave, Satellite, Radiolocation

Infrared Light (IR) 300 GHz-400 THz |1 mm - 750 nm Wireless LAN Bridges, Wireless
LANS, Fiber Optics

Visible Light 400 THz -1 PHz 750 nm - 380 nm Not Applicable

Ultraviolet (UV) 1 PHz - 30 PHz 380 nm -10 nm Not Applicable

X-Rays 30 PHz - 30 EHz 10 nm - .01 nm Not Applicable

Gamma and Cosmic Rays >30 EHz <0.01 nm Not Applicable

Know the Terms

» Electromagnetic waves : Waves that appears from changing of electric and magnetic fields.

» Gamma rays : Rays with smallest wavelengths and highest frequencies having high energy capable of travelling
long distances through air and are most penetrating.

» X-rays : These are the rays with long and small wavelengths having higher energy as compared to ultraviolet

radiation.

\4

Ultraviolet (UV) radiation : It is a part of electromagnetic spectrum that lies between X-rays and visible light.

» Visible light : It is a visible spectrum which is part of electromagnetic spectrum which can be seen by human

eyes.

» Infrared (IR) radiation : These are thermal radiation which is part of electromagnetic spectrum that lies between

visible light and microwaves.

\4

»> Wavelength : It is the distance between one wave crest to the next.

Radio waves : Waves with long wavelengths used in television, cell phone and radio communications.

aa
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UNIT - VI : Optics
Chapter - 9 : Ray Optics and Optical Instruments

TOPIC-1
Reflection of Light Rays by Spherical Mirrors

Quick Review

> Lightis a form of energy. Ray of light represents direction of propagation of light energy.

> The speed of light in vacuum is the highest speed attainable in nature. Its approx. value is 3 x 108 m/s.

> When light falls on any object/surface, there are three optical phenomenon which occur, reflection, refraction and
absorption of light by the object/ surface.

> By law of conservation of energy, sum of reflected, absorbed and transmitted light is always equal to the incident
light.

> Depending upon the amount of light it reflects, transmits or absorbs object is classified into good reflector,
transmitter or absorber of light.

Reflection of Light by Spherical Mirror

> When light falls on an object, it bounces back the light in the same medium from where the light comes. This is
called the reflection of light.

» Mirrors are good reflectors. A mirror can be made by silvering a metal surface with glass in front and paint at its back.
Laws of Reflection : It is observed that light follows the following laws while reflecting from any type of surfaces.
(i) The angle of incidence is equal to the angle of reflection, and
(i) The incident ray, the normal to the mirror at the point of incidence and the reflected ray, all lie in the same

plane.
Spherical Mirror

» Curved shaped mirrors are known as spherical mirrors. Depending upon the type of curve of reflecting surface,

spherical mirrors are categorized as :
* Concave Mirror : A spherical mirror, whose reflecting surface is curved inwards is called a concave mirror. It
means reflecting (polished) surface faces the center of the sphere from which it is made.
e Convex Mirror : A spherical mirror whose reflecting surface is curved outwards is called a convex mirror.
Important Terms related to spherical mirrors

» The mid point or the centre of the reflecting surface of the mirror is known as pole of the mirror. It is represented by
Pp.

» The centre of the hollow sphere from which the mirror is made is known as centre of curvature. It is represented
by C. Centre of curvature in concave mirror is in front of the mirror and in convex mirror, it is behind the
mirror.

> An imaginary straight line which joins Pole and Centre of curvature of the mirror is known as principal axis
and the distance between the Centre of curvature and Pole of the mirror is called the radius of curvature. It is

represented by R.
» For mirrors whose radius of curvature is much larger than aperture, there will be relation between R and f such
that f=R2.

» Image is perception of object. If rays emanating from a point actually meet at another point then that point is
real image of the point. The image will be virtual if the rays do not actually meet but appear to diverge from the
point when produced backward.

The Cartesian Sign Convention

Object on left Mirror
Heights Incident light
upwards
positive -
P (origin) x-axis
‘ Distances against
incident light

Heights  negative _

downwards Distances along

negative incident light

positive
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> Image formation in concave mirror for different position of object :

Position of the object | Position of the image Size of the image Nature of the image
At infinity At the focus F Highly diminished, point sized | Real and inverted
Beyond C Between F and C Diminished Real and inverted
AtC AtC Same size Real and inverted
Between Cand F Beyond C Enlarged Real and inverted
At F At infinity Highly Enlarged Real and inverted
Between P and F Behind the mirror Enlarged Virtual and erect

» Image formation in convex mirror for different position of object :

Position of the object Position of the image Size of the image Nature of the image

At infinity At the focus F, behind | Highly diminished point | Virtual and Erect
the mirror sized

Between infinity and the | Between P and F, behind | Diminished Virtual and Erect

pole P of the mirror the mirror

» Mirror Formula : In a spherical mirror, there is a relation between object’s distance u, image distance v and prin-
cipal focus of the mirror f.
1 1 1

v ou f

» Magnification by Mirror : The extent by which mirror extends or reduces the size of image with respect to
object is called the magnification factor of mirror. It is represented by m. If size of an object is & and its image by
spherical mirror is /". Then magnification factor of mirror is

v I

u h

TOPIC-2

Refraction of Light through-Glass Slab, Prism &
Lenses and Total Internal Reflection

Quick Review

» Refraction of light : Refraction is bending of light when it obliquely travels from one medium to another medium.

Snell experimentally found the following law of refractions.
Laws of Refraction of Light :

» The incident ray, the refracted ray and the normal to the interface of two transparent media at the point of inci-
dence, all lie in the same plane.

» The ratio of sine of angle of incidence to the sine of angle of refraction is a constant, for the light of a given
colour and for the given pair of media. This constant value is called the refractive index of the second medium
with respect to the first medium.

sini

— = constant (115;)
sinr
This is known as Snell’s law.
» From Snell’s law
sini = sinr X 1y;.
It shows that if i = 0 then Zr is also zero. This proves that why light rays do not deviate when they travel
normally from one medium to another.
> If the first medium is air, then this refractive index is known as the absolute refractive index of the second
medium. Actually refractive index of a medium is its property to decrease the velocity of light. Hence it is also
expressed b
velocity of light in free space

>7’l2=

c . . .
= — and its value is always more than 1. Greater the value of refractive
index v

velocity of light in median
means the second medium has more bending power. Snell’s law can be derived from this equation.
> If light ray enters from one medium to another medium in such a way that bending of light is away from normal
then second medium is optically rarer than the first medium. If bending of light is towards normal then second
medium is optically denser than the first medium.
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Principle of Reversibility:
> According to the principle of reversibility the path of light is reversible even if it is going through several medi-
ums. It means light follows exactly the same path when its direction is reversed.
> Applying this rule we may find that if light travels through several medium say medium 1 to medium 2 and
then to medium 3 then

[ 63

Ny X ngpy X myz =1
» Though refraction rules are universal but direction of emergent ray depends upon the shape of the medium or
in other words shape and angle between incident and emergent interfaces (refracting surfaces).
Refraction through glass slab
> In a glass slab refracting surfaces are planes and parallel to each other.
> Emergent ray is parallel to the incident ray but it does suffer lateral displacement.

P

Medium 7 o
(Glass) - \e‘a\ °©
/ - \ O
-
- f,
Medium /’/ Iy
(Air) P Medium
. T, (Air)
e

> The apparent depth of the object is always less than actual depth when looking through glass or water .

1- L

Rise of image = Real depth
o

Observer

e}

» Following phenomenon occur due to the refraction of light.
* Bottom of surface of water pool seems to be raised.
e The letter appears to be raised when we seeing it through a glass slab
*  Objects look bigger than its actual size and raised when we dip it into liquid.
e Twinkling of stars
* Delayed sunset and early sunrise

Refraction through Prism

> In prism, refracting surfaces are planes but inclined to each other.

> Refracting ray always bends towards the base.

» Angle of deviation , d = ((i—r¢) + (e—1,)

> Angle of minimum deviation : When incident angle is increased gradually the angle of deviation initially de-
creases, and after obtaining a minimum value, it starts increasing again. This minimum deviation is called angle
of minimum deviation §,,,.

—~ 604

-~

)

502

40

Angle of deviation

30°

0°

20°

Angle of incidence (i)

40°

T ) T
60° € 80°
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* At minimum deviation stage it is observed that angle of i; = i, (= i) and r; = 1, (= 1) , then

A
7’: J—
2
i_8m+A
2
n, sin[(A+38,,)/2]
My ===

1y sin[A /2]

As angle of prism and deviation can be found experimentally, this equation is used to determine the refractive
index of the material of prism.

> For thin prism, §,, = (115 — 1)A. This equation implies that thin prisms do not deviate light much.

» When light travels from an optically denser medium to a rarer medium at the interface, it is partly reflected back
into the same medium and partly refracted to the second medium. This reflection is called the internal reflec-
tion.

e Critical angle is that value of incident angle for which angle of refraction is 90°. The refracted ray just brushes
the surface. The critical angle for water-air, glass-air and diamond-air are 45°, 42° and 24° respectively.
1

sinC

Ty where, C is critical angle.
e If the incidence angle is more than the critical angle, refraction is not possible and incident ray reflects back
in rarer medium. This is known as total internal reflection.
» Hence, conditions for Total internal reflection are
* Incident ray is in denser medium.
* Angle of incidence should be larger than critical angle.
> Natural phenomenon based upon total internal reflection
* Mirage : On hot summer days, light from tall objects successively bends away from the normal due to gradual
air density decrease towards the earth. This results total internal reflection and formation of inverted images
of distant tall objects. It causes an optical illusion to the observer. This phenomenon is called mirage.
* Brilliance of diamond : Refractive index of diamond is very high (n = 2.42). Their brilliance is mainly due to
the total internal reflection of light inside it.
> Application of total internal reflection :
* In optical fibers for optical communication.
e Prism : Prisms designed to bend light by 90° or by 180° make use of total internal reflection. Such a prism is
also used to invert images without changing their size.

TN - B O\ TIR interface
B , XTIR interface T
T 455 N
A ’ A 118
[190° 459 A A4
\ 4 l‘:
¥ B 459" TIR interface
B| |A

TIR - total internal reflection
> Refraction at spherical surface : If the rays are incident from a medium of refractive index 7, to another me-
dium of refractive index n,, the formula comes out to be
n, Ny _ Ny—my

vu R

R = radius of curvature of spherical surface and object is placed at rarer medium.

u = object distance from spherical surface

v = image distance from spherical surface
> Lens : Alens is a piece of transparent glass which is bounded by two surfaces out of which at least one surface is

spherical .

There are two types of lenses

e Convex lens: A convex lens is one which is thinner at sides and thick at centre.

* Concave lens : A concave lens is one which is thicker at sides and thin at centre.
> Relation between object distance, image distance with focal length of lens :

The relation can be expressed as

1 1 1

v ou f
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> Magnification by lens :

» Power of a lens :

_ height of the image (4) _ v

~ height of the object (1) u

[ 65

The power of a lens is defined as the reciprocal of its focal length. It is represented by the letter P. The power P of
a lens of focal length fis given by

P==
f

The SI unit of power is diopter when focal length is in metre. It is denoted by D. Hence one diopter is a power of
lens whose focal length is 1 metre.

e When two or more lenses are combined then the power of combined lens is sum of individual power of

lenses.

» Lens maker’s Formula :

Power of a lens, = L
f(m)

So, the above formula is used to make lenses of required power. Hence this formula is known as lens maker’s

formula.

* Image formation in convex lens for different positions of object

Position of the image | Relative size of the image Nature of the image

At infinity at focus F, Highly diminished point sized | Real and inverted
Beyond 2F, Between F, and 2F, Diminished Real and inverted
At 2F; at 2F, Same sized Real and inverted
Between 2F; and 2F, Beyond 2F, Enlarged Real and inverted
At Focus F; At infinity Infinitely enlarged Real and inverted
Between focus F; and | On the same side of | Enlarged Virtual and Erect
optical the lens as object

Image formation in concave lens for different positions of object

Position of the object Position of the image Relative size of the image Nature of the image

At infinity

At focus F;

Highly diminished point sized | Virtual and Erect

Between infinity and the
optical center O; of the
lens

Between focus F; and | Diminished

optical center O

Virtual and Erect

> Dispersion of white light through Prism : Splitting of white colour into its constituent of seven colours is
known as dispersion of light. This is due to different colours having different deviations.

The seven colours are violet, indigo, blue, green, yellow, orange and red. The acronym of this colour band is
VIBGYOR.

Different colours of light have different wavelengths and different speed in medium. This is the cause of
dispersion.

In vacuum, the speed of light is independent of wavelength. Thus, vacuum (or air approximately) is a non-
dispersive medium in which all colours travel with the same speed. This also follows from the fact that
sunlight reaches us in the form of white light (combination of all colours) and not as its components. On the
other hand, glass is a dispersive medium.

Angular dispersion through thin prism = §,— 6y = (1, — 1) A. The relation shows that it depends upon the
angle of prism A.

. . 5, -8, mn,—n
Power of dispersion @ = <X =< R

8, 1y

Recombination of white light : If we place an inverted identical prism after the first prism, all components
colours of light recombine and again became a beam of white light.

is independent of A. It is property of dispersive material.

> Phenomenon related to dispersion of light :

Formation of rainbow : Rainbow is the natural phenomenon of dispersion of light. After a rain shower when
sky becomes clear and sunny, we may observe a rainbow in a direction opposite to the direction of sun when
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sun is at our backside. It is caused due to the combined effect of refraction, total internal reflection and
dispersion of sunlight by the raindrops suspended in the air.
* In primary rainbow, there is only single total internal reflection before different colours reach observer’s eye.
In this rainbow, observer see red colour at top and violet at bottom.
* Insecondary rainbow, there are two total internal reflections before different colours reach observer’s eye. In
this rainbow, observer see violet colour at top and red at bottom.
e Secondary rainbow is higher ( 50° — 53°) on sky than the primary rainbow (40° — 42°).
* Intensity of secondary rainbow is lower than the primary rainbow.
> Scattering of light : When light deviates randomly from its path due to its interaction with small particles, it is
known as scattering of light.
> Tyndall Effect : The Tyndall effect is the scattering of light as a beam of light passes through a colloid. The indi-
vidual suspension particles scatter and reflect light, making the beam visible.
» The colour of the scattered light depends on the size of the scattering particles.

» Fora << A, where, a is the size of scattering particle, one has Rayleigh scattering which is proportional to 1

_—_.For
}\'4
a >> ), ie., large scattering objects (for example, raindrops, large dust particles) ; all wavelengths are scattered
nearly equally.
» Phenomenon related to scattering of light :
* Colour of the clear sky is blue.
* Reddening of the Sun at sunrise and sunset.
e White appearance of Clouds.

Know the Terms

» The mid-point or the centre of the lens is known as optical centre of the lens. It is represented by O. A ray of light
through the optical centre of a lens passes without any deviation.

» The centre of the hollow sphere from which the surfaces of lens are known as centre of curvature. It is
represented by C.

> Animaginary straight line which joins two centre of curvature of the lens is known as principal axis. It also passes
through optical centre.

> Principal focus : Incident ray parallel to the principal axis, after refraction from lens either converge to a point (in
case of convex lens) after the lens or appear to diverge from a point ( in case of concave lens) before the lens. This
point is called the principal focus of the lens.

Know the Formulae

> Snell's law of refraction

> S = constant (1157)
sinr
>, = £
v
» Ny X gy X nyz=1
> Rise of image = Real depth [1 - 1] (When object is in denser medium and observer is in rarer medium.
Ll

» Deviation through prism 6 = (i—r;) + (e—1,)
» For thin prism, §,, = (1, - 1)A
» Relation between refractive index, angle of prism and minimum deviation

. sini
n=_"=
m Sin(é)
2
where
iz 5, +A
2

> Condition for Total internal reflection are
* Incident ray is in denser medium.
* Angle of incident should be larger than critical angle.

1
> =
" sinC
1 1.1
> 2 % f (lens formula)
h' v
m=—=—
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» Power of lens P = 1

» When two or more lenses are combined then the power of combined lens is sum of individual power of lenses.
° P= P] + P2 + ...

¢ Lens maker Formula

1 1 1 n
—=(y - 1) ——— Ny = —2
1) e
» Angular dispersion through thin prism = 6, -6, = (n, - 1,) A.
> Power of dispersion ® = % — "™ jsindependent of A.
n
v v

TOPIC-3

Optical Instruments

Quick Review

Optical instruments
» Based upon phenomenon of reflecting and refracting properties of mirrors, lenses and prisms, a number of opti-
cal devices and instruments have been designed.
» Microscope is an optical instrument which help us to see and study micro objects or organism. It forms magni-
fied image of the object.
» Telescope is an optical instrument which help us to see and study far off objects magnified and resolved (with
clarity).
» We generally set these instruments at two different image vision positions
* Image at least distance of distinct vision : This is the least distance from eye where we able to see objects
distinctly. For normal human eye this distance is 25 cm from our eye.
* Image at relaxed vision : This is the distance from eye where we able to see objects distinctly in relax vision
(no strain to eye) . For normal human eye this distance is infinity from our eye.
* Magnification at distinct vision is always greater than magnification at relaxed vision.
Simple Microscope : Convex lens behaves as simple microscope.
The magnifying power of the simple microscope
For least distance of distinct vision
() m=1+ D

f

where, D is the least distance of distinct vision of the eye. And fis focal length of the lens.

Eye focussed
on near point

(ii) For relaxed eye

m =

from above formulae, it is clear that for larger magnifying power, the focal length of the convex lens should be
small.
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hle
—f o \
:»%\E
Eye focussed
at infinity

Please note that angular magnification by optical instruments are linear magnification by lenses only. It means
magnification of an instrument means how many times it enlarge the image of object. So this is just as
h '
h
where, & is size of object (in one dimension) and /’ is the size of image.

Compound Microscope: For much large magnification, compound microscope is used. It is a combination of two
convex lens hence the magnification of each lens is compounded.

* These two lenses are placed co-axially and the distance between them is adjustable.

e The lens towards the object is called objective and that towards the eye is called eyepiece.
e The final image formed by the compound microscope is magnified and inverted.

» Total magnification by compound lens

m

m=my X m,
where, m, is magnification by objective lens and m, is magnification by eyepiece.
* For least distance of distinct vision
Magnification by objective lens is
L

m0=g

where, L is the distance between the second focal point of the objective and the first focal point of the eyepiece
(focal length f,). It is called the tube length of the compound microscope.

Eyepiece lens will act as simple microscope.

Magnification by eyepiece lens is

D
me = 1+—
‘ fe
I L D
Hence, Magnification by compound lens = )T I+ 7
0 e
le— u —>lefy>] e £

A o || Eeries N
BY B :

A

o
e
" Roag
oo’

.-

» For Relaxed eye (normal adjustment)

D
For relaxed eye the magnification by objective lens remain same, the magnification by eyepiece will be +—
e

L D
Hence, the total magnification of compound microscope in relaxed eye conditionis m=—x—

fO fe

» Properties of Compound Microscope :
» For large magnification of a compound microscope, both f, and f, should be small.
* If the length of the tube microscope increases, then its magnifying power increases.
*  Generally f,is much smaller. So that objective is placed very near to principal focus.
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The aperture of the eyepiece is generally small so that whole of the light may enter the eye.

The aperture of the objective is also small so that the field of view may be restricted.
» Magnification by Telescope :

Telescope is an instrument to magnify and resolve far off objects.

Far off objects make much smaller angle at our eye. Telescope make that angle bigger without much intensity
loss.

To maximise the intensity aperture size of objective lens is quite large. It will focus a bright point size image at
its focal plane.

Now with eyepiece, we will form this point size image to final inverted magnified image. This type of
telescope is known as astronomical telescope.

> For least distance of distinct vision
m = _fo(l + f;e]
f\ D

fo
fe

_______ Objective «——7fo—>1 Eyepiece

> For relaxed eye (normal adjustment)

m=—

Ie—fg—

> Properties of astronomical telescope :
* For larger magnifying power, f, should be large and f, should be small.
The length of the tube of an astronomical telescope is L = f, + f, for relaxed vision adjustment.

When the length of the tube of the telescope increases, f, increases and hence the magnifying power also
increases. Note that f, is always small.

» Limitations of refractive telescope :

Large objective lens makes the telescope very heavy. So it is difficult to handle it by hand.
It has spherical and chromatic aberrations.
> Modern Telescope (Reflective Telescope)

Reflecting telescope consists of a concave mirror of large radius of curvature in place of objective lens

A secondary convex mirror is used to focus the incident light, which now passes through a hole in the
objective primary mirror .

The magnifying power of the reflecting telescope is m = b

Objective

Secondary mirror

mirror

Eyepiece

> Advantages of reflective telescope :

Very sharp point image by objective mirror removes spherical aberrations.

As it is very light so large aperture of parabolic mirror can be used for desired magnification.
This is based on the principle of reflection hence there will be no chromatic aberrations.

aa
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Chapter - 10 : Wave Optics

TOPIC-1
Wave theory and Huygens Principle

Quick Review

» Newton’s supported ‘Descartes corpuscular theory” of light and further developed it.

» According to the corpuscular theory “sources of light emit large number of tiny massless particles known as
corpuscles in a medium surrounding the source. They are perfectly elastic, rigid and have high speed.

» This theory could explain reflection and refraction of light but could not explain many other optical phenomenon
like interference and diffraction of light. It was also unable to explain partial reflection and refraction through a
transparent surface.

» Huygens proposed wave theory of light. According to his theory, light travels in the form of longitudinal waves
with uniform speed in a homogenous medium. Different wavelengths of light represent different colours of
light.

» Aslongitudinal mechanical waves need medium to travel, he assumed a hypothetical medium known as “ether’.
He also proved that speed of light is slower in optically denser medium.

> Initially, Huygens wave theory of light couldn’t get much success. Its main point of rejection was, it was considered
as longitudinal wave which need medium, but experimentally found that it could also travel in vacuum and there
is no medium like ether.

» Butlater Maxwell theory of electromagnetic waves and Young's famous double slit experiment firmly established
this theory. Maxwell explained light is an electromagnetic wave which does not need medium and its speed in
vacuum is 3x10% m/s. Till date phenomenon of optical interference, diffraction and polarization can be explained
with wave nature of light.

It had some points of failure also. It could not explain photoelectric effect and Compton effect.
With polarization phenomenon, it is established that light is not a longitudinal wave but it is a transverse wave.

Huygens principle brings concept of formation of new wave-fronts and its propagation in forward direction.

YV V V V

Wavefront is locus of all points in which light waves are in same phase. Propagation of wave energy is
perpendicular to the wavefront.
Huygens Principle :

» Every point of a wavefront becomes secondary source of light.

» These secondary sources give their own light waves. Within small time they produce their own wave called

secondary wavelets. These secondary waves have same speed and wavelengths as waves by primary sources.
» Atany instant a common tangential surface on all these wavelets give new wavefronts in forward direction.
» Shapes of wavefronts

Source Wavefronts

Point source Spherical wavefront
Line source Cylindrical wavefront
Plane source Plane wavefront
Point source is very far away Plane wavefront

» Concave lens converts plane wavefront to convex wavefront and Convex lens convert plane wavefront to concave
wavefront
» Refraction of a plane wave by Huygens Principle :
» Snells law can be proved by Huygens principle.
sini _ o

- — = constant
sinr v,
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> Itisalso proved that the velocity of light in denser medium is less than velocity of light in rarer medium.

Incident wavefront

Medium 1 i i
P Z C P
Medium 2 ' \)\
Refracted
v, <, E wavefront

AB = incident wavefront

EC = refracted wavefront

Zi = angle between incident wavefront AB and interface PP

Zr = angle between refracted wavefront EC and interface PP’

If medium 2 is optically denser than medium 2 and t is the time in which disturbance from B reaches at C. This
is the same time in which disturbance from A reaches at E where distance AE < BC.

AAEC ~ AABC
.. BC
sini = —

AC

. AE

siny = —
AC

sini _ BC
sinr AE

BC = Distance travelled by disturbance at B in time t in medium 1

AE = Distance travelled by disturbance at A in time tin medium 2

sini o7
sinr  v,T
sini v
Hence —__ = = constant
sinr v,

» This is law of refraction (snell's law).
> Reflection of a plane wave by Huygens Principle

Incident
wavefront

Refracted
wavefront

AB = incident wavefront
EC = reflected wavefront
Zi = angle between incident wavefront AB with the interface AC
Zr= angle between reflected wavefront EC with the interface AC
If disturbance at A is reflected back from the interface AC then disturbance at B and disturbance at A both travel
in medium 1 and they will have travelled equal distance in medium 1 in time 1. Where t is the time in which
disturbance from B reaches at C.
Now AE = BC (distance travelled in same medium in same time)

AAEC = AABC

Li=Lr

This is law of reflection.
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TOPIC-2

Superposition of light waves (Interference and
Diffraction)

Quick Review

>

According to superposition principle, “At a particular point in the medium, the resultant displacement produced
by a number of waves is the vector sum of the displacements produced by each of the waves”.

» It means if individual displacement produced at a point by two coherent waves at any instant is given by

Y1 =acos wtand y, = acos wt.
Then resultant displacement at that point will be
Y =Y+ Yy, = 2acos wt.
Hence the total intensity at that point will be :

I =41,
where, [j X uz; maximum intensity due to one wave.
Interference
» Constructive superposition : If two waves are propagating such that crest and trough of both waves would

>

reaching at a point in the same instant then we say there is constructive superposition of two waves at that
point and the resultant amplitude of the wave is the sum of individual amplitudes. (We can generalize this to
superposition of more than two waves) a=a;+a,

Constructive interference : Waves would be coherent in nature. Coherent wave means they should have equal
frequency and constant phase difference with each other at any time interval ¢.

Destructive superposition : If two waves are propagating such that crest of one wave and trough of other
wave reaching at a point in different instant then we say there is destructive superposition of two waves at that
point. The resultant amplitude of the wave is the difference of individual amplitudes. (We can generalize this to
superposition of more than two waves)

Any two independent sources can never be coherent. We may create two coherent sources by deriving them from
one source.

Condition for constructive interference

>

Waves would be coherent in nature. Coherent wave means they should have equal frequency and constant phase
difference(0, 2m, --- (2n 1) with each other at any time interval t.
Path difference between waves at this phase difference = 0, A, ----- 2n -1\

a,=ay +a,
if a; =a,
then a,=2a
[oca®
I, = 4a*

Condition for destructive interference

>
>

Waves would be coherent in nature. The phase diff. of the waves should be odd multiples of w, i.e., 0, &, .... 2n - 1)&

Path difference between waves at this phase difference = 0, %, ...... 2n- 1)%
ay =a1 —ay
if a; =ap
then a,=0
I o< a?
I,=0
Constructive Interference Destructive Interference
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Young's Experiment :
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G
P
!
S, X X
* L, 1
. d >Z 2

1,/ © y
S2

Gl

» At”“O” we would get central maxima. Here path difference (S,P - S;P) = 0

dx

» At“P”, which is at “x” height from “O” path difference (S,P—S;P)= )

» Condition for P is a bright spot :

Xuth bright = 77~

where 7 is number of bright fringe after central fringe.

E:0,@———(211+1)&
D 2 2
2n—-1)D
Xnth dark = %}h
. . . DA\
Width of the bright fringe (Wp) = x,p — XD = -
. . DA
Width of the dark fringe (W) = x,5— Xu_1)B = —
. . D\
Width of the central fringe (W) = -

Hence Wy = Wp = W
Diffraction : It is defined as the bending of light around the corners of an obstacle or aperture into the region
where we should expect shadow of the obstacle.

From S

v

z T
[ ]
g
v
3
@]

|

If width of the opening = a

Path difference between the ray at A and the ray at N = 0 where 0 is the angle of elevation of point P from
principal axis.

Path difference between ray from L and ray from N = LQ = a sin 6

asin@=\A - for first maximasin 6 <<<1 (<. sin 6 =0)
g2
a
It is observed that when path difference = A, 2\ ...... (2n — 1A then P is a dark point.

When = asin 6 = %, ....... (2n+1)%

Elevation angle for first bright fringe 6,5 = z—x
a
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» Height of first bright fringe x5 = %—D where, 0 D is the distance between screen and opening a.
a
> Elevation angle for first dark fringe 0, = r
a
. . . D)
» Width of the bright fringe = —
a

» Width of the dark fringe = D
a

» Width of the central fringe = 2Dr
a

» There is no gain or loss of energy in interference or diffraction, which is consistent with the principle of
conservation of energy. Energy only redistributes in these phenomena.

TOPIC-3

Resolving Power of Optical instruments and Polarisation
of Light

Quick Review
> Resolving Power of Optical Instruments : The ability of an optical instrument to separate small or closely adjacent
images is resolving,.
> Border line resolving is the required minimum angle 6 between two objects so that they may be resolved.

g

Border case

»> Relaigh criteria for border line resolving :
If opening is circular (which is case of most optical instruments), Relaigh criteria of border line resolving is
1220 D

AO =
a d

> Resolving Power of Microscope :

LB
2
Object| *-----{---l-* /
Object 2
plane Objectiv_e_ Image plane
lens

1 . . . . .
And Pe< 7 (the minimum distance it may resolve, the more powerful is the microscope). Hence we may reduce

the value of A by filled the liquid of refractive index n around the objective lens. In this case the medium between
the object and the objective lens is not air but a medium of refractive index .
1.220

min = 2nsinf

» Resolving Power of Telescope :
1.222
B ==
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Hence to differentiate minimum angular resolution, aperture a” of the objective lens should be as larger as

possible.
p=—1
1.220
» Fresnel's distance limit of ray optics :
7z
A

where, a is the size of aperture.
Doppler’s effect :
When there is relative motion between source of light and observer, the frequency as apparent to observer is
different and there is change, according to the following relation.
Av  —v

[ c

where, v = original frequency
Av = change in frequency
v = relative velocity. It is considered to be positive when source is moving away from the observer.
If there is redshift in doppler effect then source is moving away and if there is blue shift in doppler effect then
source is moving towards observer.
Polarisation :
» In an unpolarized wave, the displacement will be randomly changing with time though it will always be
perpendicular to the direction of propagation.
Hence in unpolarised light wave, vibrations of electric fields are in more than one direction. Polarized light waves
are light waves in which the vibrations occur in a single plane.
The process of transforming unpolarized light into polarized light is known as polarisation.
Light is unpolarized by nature but it may be converted into fully or partial polarized light
The light having oscillation only in one plane is called polarised or plane polarised.
The plane perpendicular to the plane of oscillation is called plane of polarisation.
Light can be polarised by transmitting through certain crystals such as tourmaline or polaroids.
Polaroids are thin films of ultramicroscopic, crystals of quinine iodosulphate with their optical axes parallel to
each other.
Polaroids allow the light oscillations parallel to the transmission axis to pass through them.
If an unpolarised light is incident on a polaroid, the transmitted light is plane polarised as shown below :

YVVVYVYVYVY \4

Y VYV

Unpolarised light Polarised light

Here, the vertical oscillations are transmitted because the transmission axis is also vertical. The horizontal
oscillations are not transmitted. That is why, on the right hand side there are no dots at the intersection of lines.

» When polaroids are used to convert unpolarised light into polarised they are known as polarisers.

» When polaroids are used to detect polarised light, they are known as analyser.

» If the transmission axes of the polariser and analyser are parallel, then whole of the polarised light passes through
the analyser.

» If the transmission axis of the analyser is perpendicular to that of polariser, then no light passes through the
analyser. Such polariser and analyser are said to be crossed.

Unpolarised
b Polarised light

»> Malus’s law : It states about the intensity of a polarised light when it is altered to pass through a polariser at an
angle 8. According to this law “ If I, be the intensity of the polarised light incident on the analyser and 6 be the
angle between the transmission axes of the polariser and analyser, then the intensity of the light transmitted
through the analyser is given by I = [jcos>0.”
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Imax - Imin %100

Percentage of polarisation =
Imax + Imin

» Polarisation by reflection : When unpolarised light is incident on the boundary between two transparent media
such that reflected wave is perpendicular to the refracted wave. Then the reflected wave is a totally polarised
wave. The angle of incidence in this case is called Brewster’s angle and is denoted by ip. If refractive index of
second medium is pu then

sini
p=—=
sinr
sin IB
M7 sin(90 —ig)
siniB .
n= — = tanZB
cosig
This is known as Brewster’s law.
incident Reflected
|
AIR
Refracted
MEDIUM |

»> Polarisation by scattering : When scattered light coming to the observer such that source is at 90°, then scattered
light coming to observer is polarised.

Incident Sunlight
(Unpolarised)

Scattered Light
(Polarised)

To Observer
Applications of Polarisation :
Polaroids are used to reduce the intensity in window pane, sunglasses etc.
Polaroids are also used in photographic cameras and 3D movie cameras.
Used in making holograms.
Polarisation proves that light is transverse wave.
Chemical analysis of molecules.

YVVVVYY

aa

UNIT - VII : Dual Nature of Radiation and Matter
Chapter - 11 : Dual Nature of Radiation and Matter

TOPIC-1

Photoelectric Effect

Quick Review

> In attempt towards unification of study of physics, it was established in 19th century that everything in nature
can be classified into either matter or radiation.

> Several fruitful experiments were carried out independently on matter and radiations during that time. In 1897,
Maxwell established electromagnetic theory which unified all radiations like light and heat.Maxwell established
the wave theory of light. X-ray radiation was also discovered during that time in 1895.



Oswaal CBSE Chapterwise Quick Review, PHYSICS, Class-XII [ 77

>

>

Simultaneously in study of matter, a milestone discovery of electron was done by ].J. Thomson in 1897. It
established that atoms of different matters constitute same particles and one of them is electron.

Electron Emission : Electron has two types of motion orbital or zig-zag in free state depending upon its energy.
Free electrons have higher energy than orbital electrons.

e  Free electrons in metals cannot come out from the surface due to force by positive ions present in metals.
Electron can come out of the metal surface only if it has got sufficient energy to overcome this attractive pull.

*  Work Function of a metal : Work function is the minimum amount of work done (energy given) to an
electron so that it can escape the metal surface. Work function is different for different metals. It is measured
in electron volt (eV).

*  One electron volt is the energy gained by an electron when it has been accelerated by a potential difference

of 1 volt.
V= w (g = e, for an electron)
e
When V =1, W= 1¢eV, putting these values in equation
Hence 1eV =1.6x 10717]

* There are three types of electron emissions

Thermionic emission : When electron emission occurs by heating the metal, then it is known as thermionic

emission. Emitted electrons are called thermionic electrons.

Field emission : When electron emission occurs by applying strong electric field, then it is known as field emission

and emitted electrons are called field electrons.

Photoelectric effect : When electron emission is occurred by illumination of metal by light of suitable frequency,

then it is known as photoelectric emission. Here, emitted electrons are called photo electrons.

*  When light falls on the metal surface, free electrons absorbs energy from light and if this energy is more
than the work function of metal, the electron escapes from the surface. This phenomenon is known as
photoelectric emission. This was first observed by Hertz.

Hallwachs’ and Lenard’s detailed study of Photoelectric effect:

e In 1888, Lenard observed that when ultraviolet light falls on zinc metal, metal becomes positively charged.
With the discovery of electrons it was established that this is due to emission of electrons. The current
produced by these photoelectric electrons is called photoelectric current.

*  When the frequency of the incident light is smaller than a certain minimum value, called the threshold
frequency no emission of electrons take place.

Hertz and Lenard’s experiment : This experiment led the formation of quantum theory of light as wave theory
could not explain photoelectric effect.

e  Experiment was carried to study the following two properties of light :

e Intensity of light : Power of light is directly proportional to the intensity of light. A higher power bulb (say
100 watt) has more intensity than the lower power bulb (say 50 watt).

*  Frequency of light : Colour of light is due to its characteristic property of frequency.

v =% where, v is frequency of light.

Experiment outcome : It showed that intensity of light has linear relationship with photoelectric current at
potential higher that stopping potential.
Effect of Potential on photoelectric current.
For a given frequency of the incident radiation, the stopping potential is independent of its intensity.

Photo current—»>

Stopping potential

-V, 0
— Retardingﬂ potential  Collector plate —
potential
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> Effect of frequency of incident radiation on stopping potential :
e It was observed that photoemission current starts only at certain minimum frequency of light known as
threshold frequency of that metal. Below this frequency, photoemission does not take place whatever be the
intensity of light of that frequency falling on photosensitive plate.

Photoelectric
current

Vg>Vo>V )
s Saturation

V3 /V2 /Vq current

~Voz—Voe—Vor 0
-— —_
Retarding potential Collector plate
potential (V)
> Wave theory was inadequate or failed to explain the photoelectric effect due to the following reasons :
e According to wave theory, higher amplitude is higher energy but experiment show that even larger amplitude
(high intensity) of light below threshold frequency could not give photo electric effect.
e According to wave theory, same intensity of different light colour should have same energy but experiment
shows that energy depends upon frequency not amplitude.
* According to wave theory, wavefront should take some time to give energy to electron but experimentally
found that ejection of electron is instantaneous.
» In 1900, Max Planck stated that electromagnetic energy could be emitted only in quantized form.
E=hv
where, h is Planck’s constant.
> Based upon this postulate Einstein established quantum theory of radiation and was able to explain photoelectric
phenomenon by this theory. It states that light energy packets are photons (Particle nature of light).
> In photoelectric effect, an electron absorbs a quantum of energy (E = hv) of radiation. If this absorbed quantum
of energy exceeds the minimum energy needed for the electron to escape from the metal surface (work function
), the electron is emitted with maximum kinetic energy.
KE. =hv- q)o
where, ¢ is the work function of the metal.
e At stopping potential, kinetic energy of ejected electron is zero. Below this potential electrons can not be
ejected. Hence, maximum kinetic energy of an electron is calculated by
KE. ... =¢eVy
where, V) is stopping potential.
Work function of metal 0p = Voh
where, v is the cutoff frequency.
e Maximum speed of emitted photoelectrons can be calculated as
ZKEmax
m
*  According to quantum theory all photons of specific light frequency have equal energy. Intensity of light
only increases the number of photons per unit area not the energy of photons.
e Photons are electrically neutral and are not deflected by electric and magnetic field.
e Photon has energy to propagate hence it has momentum.
_hv
c

Umax =

Momentum of photon

* In photon- electron collision, number of electrons or photons are not conserved but energy and momentum
are conserved.
> As Interference, diffraction and polarization cannot be explained by quantum theory of light, hence it was said
that light has dual nature. When it travels in a medium, it travels as wave, while interacting with other medium
it acts like particles (photons).

TOPIC-2

Dual Nature of Matter

Quick Review

» de- Broglie’s postulate is based upon the symmetry of nature. If radiation has dual nature then matter should also

have dual nature.
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According to his hypothesis moving particles of matter should display wave nature under suitable condition.

He named this wave as matter wave. It is a third type of wave. It is different from mechanical wave and

electromagnetic wave.

Properties of matter wave : Whenever a particle moves, the matter wave envelops it and controls its motion.

* de-Broglie proposed that the wave length A known as de-Broglie wavelength; associated with momentum of
particle p is given as

r=t
p
Hence, de-Broglie’s wavelength of particle
h
A=—
my

* Calculation of electron wave :
In photoelectric equation; kinetic energy of electron at potential V is K = eV, Putting this value of kinetic
energy in de-Broglie wavelength equation

A, = h
2meV
. . , 1.227 - .
By putting the value of mass of electron, its charge and Plancks’ constant A, = W nm. This is theoretical

calculation of de-Broglie wavelength of electron. where, V is the magnitude of accelerating potential in volts.
e From this formula; wavelength of particle is inversely proportion to the mass of particle and its velocity.
Hence. heavier particles have shorter wavelengths.

Heisenberg Principle of uncertainty :

* According to Heisenberg's uncertainty principle, it is not possible to measure both the position and
momentum of an electron (or any other particle) at the same time exactly. When any particle is in motion
then product of uncertainty of its momentum and uncertainty is given as

h
Ap>—
Ax-Ap= 4n

*  According to Heisenberg's hypothesis, electron is not moving in an orbit but it is moving in a wave packet
cloud.

Davisson and Germer Experiment : Davisson and Germer did the experiment to see the diffraction pattern for

electron waves and verified for first time the wave nature of electron.
"

‘—l

F Electron Beam L Nickel
-1 —>- - ¢ s “| Target
<—Electron—>
L.T. gun A\
’," Diffracted KVacuum
Movable .- electron Chamber
collector beam
To galvanometer

In their diffraction experimental setup, interatomic space between Nickel is taken as single slit. Scattered electron
beams are collected by movable collector and its intensity is plotted in a radial graph.

In radial graph we take the observations at different angles and plot the graph.

The experiment was performed by varying the accelerating voltage from 44 V to 68 V.

A strong peak appeared in the intensity (I) of the scattered electron for an accelerating voltage of 54 V at a
scattering angle 6 = 50°

The contrast of concentration of scattered electrons proved that electrons are moving in waveform and
superposition of their wave appear as contrast of concentration of scattered electrons.

Calculation of electron wavelength by wave optics diffraction formula and putting experimental values as for 1%
dark diffraction angle 50° and interatomic space of nickel d = 0.91 A° gives A = 0.165 nm.

Theoretical calculation of electron wavelength by de-Broglie formula (7»8 =;/‘7nm] by putting electrical

potential value V = 54 volts gives electron wavelength as 0.167 nm.

This excellent agreement between theoretical and experimental value of electron wavelength confirms the wave
nature of electrons and the de-Broglie relation.

The wave properties of electrons have been utilized in the design of electron microscope which have very higher
resolution, than the optical microscope.

ad
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UNIT - VIl : Atoms & Nuclei
Chapter - 12 : Atoms

Qu ick Review
We are surrounded by uncountable things (living or nonliving) : If we breakup matters round us into molecules,
we can have millions of different molecules.

» Further breakdown of molecules into atoms we find there are only roughly hundred types of atoms ( atom is the
identity of an element. 115 types of elements are known to us till date.)

» By the nineteenth century, enough evidence had accumulated in favour of atomic hypothesis of matter. It says
that atom is smallest particle and atom is indivisible.

» All atoms radiate different light spectra which shows these atoms are different and may be smallest particle.

» With the discovery of electron by J.J. Thomson, It was evident that atoms have identical sub-particles and different
light spectra of different atoms are due to the motion of this sub-particle.

»> Atomic models

* Asatom is neutral so discovery of electron led by J.J. Thomson to establish that it should also have positive charge.
Hence he proposed first model of atom — Plum pudding model.

* Plum-Pudding model : According to plum pudding model “the positive charge of the atom is uniformly
distributed throughout the volume of the atom and the negatively charged electrons are embedded in it like
seeds in a watermelon."

* But subsequent studies on atom showed result very different to this atomic model.

* Rutherford atomic model :

* With the discovery of Avogadro number, calculation of atom size was very big as compared to the sizes of atomic
sub-particles.

* This led Rutherford to establish the theoretical second atomic model known as “nuclear model of the atom”. It
was inspired by planetary position around Sun.

e According to this model “ The entire positive charge and most of the mass of the atom is concentrated in a small
volume called the nucleus with electrons revolving around the nucleus just as planets revolve around the sun.”

* Though it was initially a theoretical model but it was a major step towards the modern atomic model.

* Geiger and Marsden experimentally proved Rutherford atomic model.

Geiger & Marsden scattering experiment :

Screen

* Experimental setup :
Vacuum

Gold foil

Source of a-particles
> Radioactive element %33Bi was taken as a-particles generating source.

» Gold was taken as target metal. Selection of gold was based upon its two important characteristics :
* Highest malleability hence very thin foil is possible to make. Gold foil used was almost transparent.
* Gold is a heavy metal hence it helped in discovery of nucleus.
> Lead bricks absorbed the o-particles which were not in gold foil direction. They worked as collimator.
» Detector was made from ZnS.
Experimental observations :
» When a-particles hit ZnS screen, it absorbs and glow. Hence with intensity we can count the number of o-
particles.
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» Most of the a-particles passed through roughly in straight line (within 1°) without deviation. This showed that
no force acting upon most of o-particles.

» A very small number of a-particles were reflected. (1 out of 8000)

Conclusions :

» Space in the atom is mostly empty (only 0.14% scatters more than 1°)

> Experiment suggest that all positively charged particles are together at one location at centre. It was called nu-
cleus. So, nucleus had all the positive charges and the mass. Therefore, it had capability to reflect heavy positive
o-particles.

> Size of nucleus calculated to be about 107 m. According to kinetic theory, size of one atom is of the order of 107" m.

» Force between a-particles and gold nucleus

1 2eZe

F= 2

47[80 r

Alpha-particle trajectory :
» Impact parameter : It is the perpendicular distance between direction of given o-particle and centre of nucleus.
It is represented by ‘b’.
» Distance of closest approach : It is the distance between centre of nucleus and the a-particle where it stops and
returns back. It is represented by ‘d’. This distance give approximation of nucleus size.

/

4 S7%0
T

Electron Orbits
» We can calculate the energy of an electron and radius of its orbit based upon Rutherford model.
» The electrostatic force of attraction, F, between the revolving electrons and the nucleus provides the requisite
centripetal force (F,) to keep them in their orbits.

F,=F,
1 ¢ 2
E _mo
For hydrogen atom amey, 1 —
2
e
Or r = —
4meymo

Electron has kinetic energy, K = lmz;z . Putting the value of mv? in the above equation
2

K- ¢
8meqr
e
And V=
J4megmr
o2
PE. of an electron, U = - 2 .— (negative sign shows that its due to attraction force)
negr ¥
Total energy, E=K+U
e? 1 ¢
E= +| - —
n8eyr 4mey 1
— _ ez
8meyr

» Due to this negative energy, electron is bound to nucleus and revolves around it. This energy is known as bind-
ing energy of electron.
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» From the equation, it is clear that if energy is zero then radius is infinity. Practically it means if we provide this
amount of energy to this electron, it gets free.
Atomic Spectra :
> Each element has a characteristic spectrum of radiation, which it emits There are two types of atomic spectra.
Emission atomic spectra and absorption atomic spectra.
> Emission atomic spectra : Due to excitation of atom usually by electricity, light of particular wavelength is emit-
ted, this type of atomic spectra is known as emission spectra.
> Absorption Atomic Spectra : If atoms are excited in presence of white light, it absorbs its emission spectral col-

our and black line will appear in the same place of that atoms” emission spectra. This type of spectra is known as
absorption spectra.

Spectral series :
» Any atom shows range of spectral lines. Hydrogen is the simplest atom and hence simplest spectrum.

» The spacing between lines within certain sets of the hydrogen spectrum decreases in a regular way. Each of
these sets is called a spectral series.

> Balmer Series : Balmer observed the first hydrogen spectral series in visible range of hydrogen spectrum. It is
known as Balmer Series
1 1 1
Z-Rl=-=
A (22 n? )
Longest wavelength = 6566.4 A
Shortest wavelength = 3648 A

where, R is Rydberg’s constant . The value of R is 1.097 x 107 m™; n = 3,4, 5...
1 v

A ocC

1 1

Hence

> Other series of spectra for hydrogen were as follows

Lyman Series : %: R(liz_ iz) ; 1=2,3,4,5,.. Thisisin UV range.
n
Longest wavelength = 1216 A
Shortest wavelength = 912 A
Paschen Series : l — R(i _ i), n=4,56
A 3% n?
Longest wavelength = 18761.14 A
Shortest wavelength = 8208 A
Brackett Series : l = R(iz - iz) ;1 =5,6,...
A 4% n
Longest wavelength = 40533.33 A
Shortest wavelength = 14592 A
Pfund Series : 1:R(iz—iz] ;1 =6,7,8..
A 5 n

Longest wavelength = 74618.1 A
Shortest wavelength = 22800 A
The Lyman series is in the ultraviolet, and the Paschen and Brackett series are in the infrared region.
Limitation of Rutherford model :

» It could not explain the stability of the atom : The electron orbiting around the nucleus radiates energy. As a
result, the radius of the electron orbit should continuously decrease and ultimately the electron should fall into
the nucleus.

»> It could not explain nature of energy spectrum : According to the Rutherford’s model, the electrons can revolve
around the nucleus in all possible orbits. Hence the atom should emit radiations of all possible wavelengths.
However, in practice, the atoms are found to have line spectrum or discrete spectrum.

Bohr Model & Bohr’s Postulate :

» An electron in an atom could revolve in certain stable orbits without radiant energy in certain stable orbits with-
out emission of radiant energy. These orbits are called stationary states of atom.
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» Electron revolves around nucleus only in those orbits for which the angular momentum is some integral
. h : ,
multiple of o where, h is Planck’s constant.
T
_nh

Con

» An electron may make a transition from one of its specified non-radiating orbit to another of lower energy.
When it does so, a photon is radiated having energy equal to energy difference between initial and final state.

» Hence angular momentum, L

hv = E;—E; where, v is frequency
Angular momentum L =muv,r,
According to Bohr’s postulate L= Z—h
T
h
Hence, mu,r, = R
mr, = nih
" 2m,
For hydrogen atom
e
D=

Janegmy
Combining these two equations, we get
1 1
Uy =—
n4ne, (h/2m)

This equation depicts that electron speed in nth obit falls by a n factor.

2 2
n h " 4ne,
And r. = — || —
" [ m ](Zn) 2

For innermost orbit n = 1; the value of r; is known as Bohr’s radius aj.

h2e,

IZO = )
Tme

If we put values of all constants, we get a; = 5.29 x 107! m.
It can also be observed that radii of 7" orbit increase by n? times.
By putting this value in total energy of an electron and convert the unit in eV, we get
-13.
E,= 36 eV

n
1’12

Negative value shows electron is bound to nucleus.
> The explanation of the hydrogen atom spectrum provided by Bohr’s model was a brilliant achievement.
De Broglie’s Explanation of Bohr’s second postulate by quantisation theory :
» According to Bohr’s postulate, electron in hydrogen atom can revolve in certain orbit only in which its angular

h . . . -
momentum, L= nz— . In these stationary orbits electron does not radiate emission.
e

» De- Broglie proves this with the help of wave nature of electron while revolving.
» Travelling wave propagates energy but stationary wave does not. In analogy to waves travelling on a string,
particle waves too can lead to standing waves under resonant conditions. Resonant condition is
I =nh

=N

Standing wave when | =n A
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For hydrogen atom, length for the innermost orbit is its perimeter. hence
2nay = ni ..(i)

h
According to de-Broglie wavelength of electron, A = ; - 80,

Now equation (i) can be written as

h ..
2nr = n— ...(ii)
But p =mov
Hence, equation (ii) can be reduced as, 2nr = nL
mo
nh
mor = —
27
L=
21

This is Bohr’s second postulate.

Limitation of Bohr’s atomic model :

>

Bohr’s model is for hydrogenic atoms. It is not correct for multi-electron model.

aa

Chapter - 13 : Nuclei

TOPIC-1

Nucleus and Mass Energy Relation

Quick Review

>

>

With Rutherford scattering experiment, it is established that radius of atom is 10 times of its nucleus. Hence
volume of nucleus is 10 times smaller than atom. This concludes that atom is almost empty.
For measuring atomic mass and its sub particles, new unit of mass is introduced as atomic mass unit ‘«".

mass of one %ZC atom

12

lu = 1.660539 x 10% kg

Atomic mass unit is not an integral multiple of u due to presence of isotopes (atoms of same element with differ-
ent atomic masses).

We have learnt in chapter-12 ‘atoms’ that all mass and positive charges of an atom is concentrated in its centre
known as nucleus.

Chadwick discovered a new sub-particle in nucleus known as neutron. It is neutral in nature. Mass of neutron

m, = 1.00866 u = 1.6749x 107 kg

The composition of a nucleus can now be described using the following terms and symbols :

* Z — atomic number = number of protons ( also equal to the number of electrons)

* N = neutron number = number of neutrons

lu =

* A = atomic mass number = (Z + N) = total number of protons and neutrons
An atom is represented by 4 X where

X = Symbol of element

Isotopes : Two atoms of an element ( Z is same) having different atomic mass number (due to the different
number of neutrons) are said to be isotopes.

Isobars : Two atoms of different elements having same mass number but different atomic number are said to be
isobars.

Isotones : Two atoms of different elements having different mass number and atomic number such that their
difference is same are said to be isotones. It means they have same number of neutrons.
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>

Size of the nucleus : A nucleus of mass number A has a radius

R =R, AV where, Ry = 1.2 X 107° m
Nuclear matter density = 2.3 x 10'” kgm™
Earlier it was believed that anything in the universe can be classified into matter or radiation. Einstein proposed
that there are two form of energy which are interconvertible.

E = mc% where, cis speed of light.
With this relation we may calculate 1u = 931.5 MeV
Mass Defect : The difference in mass of a nucleus and its constituents, AM, is called the mass defect, and is given
by
AM = [Zm, + (A= Z)m,] -M
Binding Energy : Binding energy of a nucleus is that quantity of energy which when given to nucleus, its nucle-
ons will become free and will leave the nucleus. It is having negative sign.
E, = AMc? where E,, is binding energy.

Binding energy per nucleons (Bg/A) : A more useful measure of the binding between the constituents of the
nucleus is the binding energy per nucleon, E;,, or E,/A, which is the ratio of the binding energy E; of a nucleus
to the number of the nucleons, A, in that nucleus.

E
E,, =-L
bn A
Relation between BE/A and Stability of elements atom
%10 |32 56Fe 10<!M 1'27
o o
= 12(1:69|,08/ ——¢——o 18W_197a,  [238
s Sl <Mt |
< 4He]3?K B0
o 18N
2 6 X
5 8Li
[o
3 4
5 1
5 3
o 2 H
£ l
g |
© 0
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Mass number (A)
* Higher the Binding Energy per Nucleons, more stable is the element. High Binding Energy per Nucleons
means we have to supply more energy to free nucleons or difficult to break the nucleons.

* For most of the atoms 30 < A < 200. The Binding Energy per Nucleons is fairly constant and quite high and
is maximum for A = 56 about 8.75 MeV.

e For A < 30and A > 170; Binding Energy per Nucleons is quite low.

» If a nucleus of lower binding energy is converted into higher binding energy then energy is released.
» There are two methods of converting lower binding energy is converted into higher binding energy.

* Fission : A heavy nucleus (low Binding Energy per Nucleons) is broken into two lower nucleus (higher
Binding Energy per Nucleons) and energy is released. This process is known as Fission.

Example : {n+23° U —3° U -k Ba+5Kr+3)n + Energy

* Fusion : Two light nucleus (low Binding Energy per Nucleons) are joined and form one nucleus of higher
Binding Energy per Nucleons, energy is released. This process is known as Fusion.
Example : [H+] H —»7 H+e" +v+0.42MeV

» Nuclear Force :

e The binding energy per nucleon is approximately 8 MeV, which is much larger than the binding energy in
atoms.

* This high Binding Energy per Nucleons is in order to overcome repulsive force between proton and bind
both protons and neutrons into the tiny nuclear volume.

* The nuclear force is much stronger than the Coulomb force acting between charges or the gravitational

forces between masses but it’s a short range force (‘x 7)
B
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TOPIC-2

Radioactivity and Nuclear Reactor

Quick Review

» Radioactivity : When atoms become very heavy, neutrons are unable to bind and some nucleons keep on leaving
the nucleus. These atoms/elements are known as radioactive elements and process of spontaneous ejection of
nucleons or radiations is known as radioactivity.

> There are three types of radioactive decay in nature.

o-~decay : In this decay o-particles (%He nucleus) eject out.

B-decay : In this decay electrons or positrons ( particles with the same mass as electrons, but with a charge

exactly opposite to that of electron) eject out.

v-decay : In this high energy photons are emitted.

» Properties of o-rays :

o-rays consist of doubly ionised helium atoms.

After a-decay a nucleus is transformed into another nucleus.
Examples : X —=575Y +3He
% U —%Th+;He
The difference between the initial mass energy and the final mass energy of the decay products is called the
Q value of the process or the disintegration energy. Thus, the Q value of an alpha decay can be expressed as
Q = (my —my —my)c?
o-rays are deflected by the electric field and the magnetic field.
The velocity of o-rays is about 10% of the velocity of light.
o-rays affect the photographic plate.

In a-decay; mass number of daughter nucleus changes by 4 units and atomic number changes by 2 units.

» Properties of B-rays :

B-rays consist of electrons or positrons.

In beta minus (™) decay, an electron is emitted by the nucleus. In this a neutron is converted into proton and
electron and electron is emitted out along with antineutrino. Hence there is no change in mass number and
+1 change in atomic number.

Example :
2p 52510y (Typ = 1434)

In beta plus (3*) decay, a positron is emitted by the nucleus. In this a proton is converted into neutron and
positron is emitted out along with neutrino. Hence there is no change in mass number and -1 change in
atomic number.

Example :

ZNa—#Ne+et+v (Tip=26y)

In these equations v, vy are known as neutrino and anti neutrino particles respectively. They have no charge,
approximately no mass and unreactive.

B-rays are deflected by the electric field and the magnetic field.
The velocity of B-rays is up to 90% of the velocity of light.
B-rays affect the photographic plate.

> Properties of y-rays

There are energy levels in nucleus also.

When a excited state nucleus make a transition to a lower energy state, it radiate electromagnetic radiation
As the energy differences between levels in a nucleus are of the order of MeV, the emitted photons are of MeV
energies and are called gamma rays.
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*  Most radionuclides after an alpha decay or a beta decay leave the daughter nucleus in an excited state. Then
this excited daughter nucleus come to ground state by radiating y-rays.
*  7-rays are photons of very short wavelength of the order of 107 m to 107 m.
* y-rays carry no charge and hence are not deflected by the electric field and the magnetic field.
* y-rays move with the speed of light.
e y-rays affect the photographic plate.
» Laws of Radioactive decay :

* Rate of decay % « N where, N = number of nuclei in the sample
For very small time interval

dN AN where, A is disintegration constant

dt
By integrating both sides, (i)
N(t) = Nye™
* Rate of disintegration, Differentiating eq" (i)
R = ANpe ™™
or R = AN
where, R = _d_N
dt

Often rate of disintegration R (= —dN/dt) is more important than in N itself. It gives us the number of nuclei
decaying per unit time.
» Alternative form of law of Radioactive decay:
R = Rpe™
where, R is the radioactive decay rate at time ¢ = 0, and R is the rate at any subsequent time ¢.
The ST unit for rate of radioactive decay is becquerel. One becquerel (Bq) is one decay per second.
1 curie = 3.7 x 10!°Bq

» Measurement of life of Radionuclide :
*  Half lifetime (Ty,) : It is the time period in which both N and R reduce half of initial quantity.

T — 2 _ 0.693
1/2 Py N
> Mean life (1) : It is the time at which both N and R have been reduced to ¢! of their initial values.
T=1A

> Relation between half life time and mean life :

n2
Typ=—"—=1ln2
12 X

» We may also derive from above formulae of half lifetime and radioactive decay rate that

N 1Y
N, = 3 where, n =
0

va
» Nuclear Energy by artificial Fission and Fusion process
* Fission : When a heavy nucleus is broken into two smaller nucleus, the process is known as fission. In this
process huge amount of energy is released.
When a neutron was bombarded on a uranium target, the uranium nucleus broke into two nearly equal

fragments releasing great amount of energy.
e Some combination of products of above reaction are

on+ U >%5 U —'5¢Ba+3%Kr +3)n
b+ 35U 538 U BBa+ SNb + 4)
i+ 25U 51 Xe + 35St +20n
* The energy released (the Q value ) in the fission reaction of nuclei like uranium is of the order of 200 MeV per

fissioning nucleus.
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Nuclear Reactor :

© When %U undergoes a fission after bombarded by a neutron, it also releases an extra neutron. This extra
neutron is then available for initiating fission of another ZS’ZSU . Hence this is a chain reaction. Controllable

form of chain reaction is used in nuclear reactor.
*  Reason for not having a chain reaction in efficient way :
* Poor concentration of Uranium
Solution : Enrichment of ore and make uranium rods in low quantity of uranium.
* Speed of neutron is very high hence they penetrate through Uranium.
Solution : Convert high energy neutron to thermal neutron by collision with moderator.
* Controlling the rate of reaction.
Solution : Insertion of control rods so that rate of reaction K is equal to one.
»> Benefits of Nuclear reactor :
* Huge energy from small quantity of uranium. It’s a good replacement of coal reactor.
> Risks of Nuclear reactor :
e Uncontrollable blast
* Radiation leakage : Uranium waste is also radioactive.
» Nuclear Fusion : Two light nucleus (low Binding Energy per Nucleon) join and form one nucleus of higher

Binding Energy per Nucleon, energy is released. This process is known as Fusion.
Some Examples of nuclear fusion are

TH+1H - 3H+e" +v+0.42MeV
*H +3H — 3He +n+3.27 MeV

H+H —3H+ |H+4.03MeV

» Stars have fusion energy.
» Fusion process gives more energy than fission process. In the above examples of fusion and fission, energy from
one unit mass by fusion is 6.7 MeV while from fission itis 1 MeV
» Advantages of Nuclear fusion reactor :
e It'saclean fuel. No radioactive wastage in this process.
* Hydrogen is available in plenty.
»> Problems of Nuclear fusion reactor :
e Cannot be stopped unless the whole stock is burnt.
e Storage of hydrogen plasma.
» Hydrogen bomb is uncontrollable nuclear fusion reaction.

» Thermal nuclear fusion reaction in Sun : Fusion of hydrogen nuclei into helium nuclei is the source of energy
of all stars including our sun.

IH+IH > H+ e +v+0.42 MeV (i)
e"+e” — y+y+1.02 MeV ..(i)
fH+]H - 3He + v +5.49 MeV ...(iii)
SH+3H —3He+ JH+ H+12.86 MeV ..(iv)

The combined effect of above reactions is
41H+2¢” —3He +2v + 67+ 26.7 MeV

aa

UNIT - IX : Electronic Devices
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Chapter - 14 : Semiconductors Electronics : Materials,
Devices and Simple Circuits

TOPIC-1
Energy Band

Quick Review

Energy bands :
» Electrons in same orbit exhibiting different energy levels known as energy band.
> Energy bands consist of large number of closely spaced energy levels that exists in crystalline materials.
» The bands are collection of individual energy levels of electrons that surrounds every atom.
> In solids, there are three important energy bands such as Valence band, Conduction band, Forbidden band or

forbidden gap.

Conduction band

Forbidden gap

Valence band

Band energy

> The collections of energy levels of free electron which move freely around the material are called as conduction

band.
> There is an extra energy required to conduction band by valence electrons to move, which is known as Forbidden

energy.
> The collections of energy levels which are partially or wholly filled are known as valence band.
» In this, wave functions of every electrons overlap with those of electrons confined to neighbouring atoms.
> The energy associated with forbidden band is known as energy gap which is measured in electron volt (eV)

where, 1eV = 1.6 x 10777
> The energy band theory is classified as Conductors, Insulators and Semiconductors.

conduction
> band
>
9] .
S overlap band Fermi level band
§ gap
8
° valence
band
Conductor Semiconductor Insulator

Energy bands in Conductors
» Conductors are the materials where the conduction band and valence band gets overlapped.

© 0,000
R . 0 %0 .0 000300008008 °
00 0 0000 o0 %0 © oo% 0000000000000 (S
CONDUCTION BAND VALENCE BAND

> The overlapping of conduction and valence bands without energy gap forms a conduction band.
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In this, an electron that receives any acceptable low energy will able to move freely among the bands.

In conductors, the last occupied band of energy levels is only partially filled and electrons occupy lowest levels
one by one as per Pauli’s exclusion principle.

Here, electrons of valence band moves freely in partially filled conduction band.

The highest energy level occupied at absolute zero temperature by electrons in partially filled conduction band is
known as Fermi level while corresponding energy is known as Fermi energy.

C

FERMY
ENERGY

Energy bands in insulators
> Insulator or dielectric is a material where conduction band and valence band does not overlapped.

Y YV VV

Energy

conduction
band

AIIre

forbidden E0
gap

valence
band

O
In this band, the distance between conduction band and valence band exceeds by 3 eV as electron transfer from
valence band to conduction band needs more power.

Due to requirement of more power, insulators conduct practically no electric current.
In insulators, empty conduction band and full valence band have energy gap of around 6 eV.
Here, the band which separates conduction band and valence band is known as Forbidden band.
Example of an insulator is diamond with energy gap of around 5.4 eV.
Conduction
band
N
Eg 6eV
Valence
band

Energy bands in Semiconductor
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» Semiconductors are materials in which, conduction band and valence band are not overlapped.

AN SN R RN RN
Conduction band
\\\\\\\\\\\\\\\
Small
energy gap

TYYLLYLL LYY
\\\\ Valence band \\\
AN

» The distance between conduction band and valence band is around 0.1 to 2 eV as electron transfer from valence
band to conduction band needs less energy.

Energy

C E,=1ev
£ —

N
Vv

> In such materials, the energy provided by the heat at room temperature is sufficient to lift the electrons from the
valence band to the conduction band.

T Conduction band
o empty

>

=

% Forbidden gap

ge)

8 J o

o Valence band o

o o o ful

Electron

> In this, the band that separates conduction and valence band is known as Forbidden band.

» Semiconductors will behave as insulators at 0K as no electrons are available in conduction band.

» Examples of semiconductors are Silicon (14) and Germanium (32) having energy gaps as 1.12 eV and 0.75 eV
respectively.

Doped Semiconductors

> Doping is adding of impurities to silicon crystal lattice so as to increase the number of carriers.

> For raising electric conductivity, semiconductors are mixed with either pentavalent impurity such as Antimony
(Sb), Arsenic (As) or trivalent impurity such as Indium (In), Gallium (Ga).

Si

—— si Si

I 1le |l
___ Si P+ Si
— Si Si Si

[
» By adding small number of atoms will help in increasing either the number of electrons or holes.
» If Phosphorous with 5 valence-band electrons are added, it will donate an extra e” which will freely move around
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and leaves a positive charge nucleus.
» The crystal will be electrically neutral known as “n-type” material with negative carriers where concentration of
donor atoms is 10" cm™ ~ 10’ cm™ having mobility u,, = 1350 cm?V
> If Boron atom with 3 valence band electrons are added, it will accepts ¢” and gives extra holes (h") to move freely

which leaves behind negatively charged nucleus.

> The crystal is electrically neutral known as “p-type” silicon in which concentration of acceptor atoms ~10% cm™
where hole movement needs breaking of bond thereby giving

Energy

4
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Energy plotted as a function of position

Ec Conduction band

Lowest energy state for a free electron
Electrons in the conduction band means current can flow

Ey Valence band

Highest energy state for filled outer shells

Holes in the valence band means current can flow

Ef Fermi Level

Shows the likely distribution of electrons

E; Band gap

Difference in energy levels between E-and Ey,

No electrons (¢7) in the bandgap (only above E- or below Ey)

Ec = 1.12 eV in Silicon
Energy Diagram of N-Type Semiconductor
» On doping a semiconductor with pentavalent impurity like antimony (Sb) or arsenic (As), extrinsic semiconductor

so obtained is known as n-type.

» n-type semiconductor has large number of free electrons known as majority (charge) carriers and small number

of holes known as minority (charge) carriers.

» Impurity atom in n-type semiconductor is called donor which generates new energy level below the conduction

band.

A

CB

Energy

Fixed dopant

o—

Acceptor level

p-

~ Freehole B

p-semiconductor

3

low mobility, where, My = 500 cm%/V

» In n-type material there are electrons energy levels near the top of the band gap so that they can be easily excited
into the conduction band.
» With this, effective fermi level gets shifted to a point about halfway between the donor levels and conduction band.
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Conduction band
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Valence band

> Electrons get elevated to conduction band with energy given by applied voltage that moves through the material.
» Addition of Pentavalent impurity results in large number of free electrons.

» When thermal energy is imparted to semiconductor, hole-electron pair appears give rise to minute quantity of

free electrons which leaves the hole behind in valence band.
E E E E

BC N(E) 1-4(E) Bn>nl
E. cs e \ /

: <

E, 0
BV |NE) ) ) P

N(E) 0 05 1 n(E) and p(E)

> In n-type, when donor density increases, Fermi level moves closer to the edge of conduction band.
> If Np = N¢ then Fermi level enters the conduction band and degenerates the semiconductor.
Energy Band Diagram of p-Type Semiconductor
> On doping a semiconductor with trivalent impurity like indium (In) or gallium (Ga), extrinsic semiconductor so

>
>

obtained is known as p-type.

Conduction band

Energy Band ==

Valence band

p-type semiconductor has large number of holes known as majority (charge) carriers where number of free
electrons is small known as minority (charge) carriers.

Impurity atom in p-type semiconductor is known as acceptor atom.

In p-type, extra holes in band gap allow excitation of valence band electrons which leaves mobile holes in valence
band.

Large number of holes in covalent bond is created in crystal with trivalent impurity.

Here, a small amount of free electrons is available in conduction band which are produced by imparting thermal
energy to germanium crystal that develops an electron-hole pairs.

In this, holes are more in number as compared to electrons in conduction band due to predominance of holes
over electrons making the material to act as p-type.

In p-type, when the acceptor density increases, Fermi level moves closer to the edge of the valence band.

If N5 = N, then Fermi level enters the valence band and degenerates the semiconductor.

Properties of Semiconductors :

(i) Semiconductors have negative temperature coefficient of resistance, i.e., their resistance decreases with the rise
in temperature.

(ii) The conductivity of semiconductors changes appreciably when a suitable trivalent or pentavalent impurity is
added to them.

(iii) The difference of energy between the conduction and the valence bands is known as forbidden energy gap

(Ey). Its value differs for conductors, semiconductors and insulators.

For conductors, E, may be negligibly small or zero. For
insulators, it may be 5 to 15 eV and for semiconductors, Eg is of the order of 1 eV.
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(iv) Atthe absolute zero, all the lower energy levels of the valence band are completely filled. The maximum energy
that an electron in the valence band possess at absolute zero is called Fermi energy and the level corresponding
to it is called Fermi energy level.

(v) As the temperature rises, many electrons from the valence band jump to the conduction band, then a vacancy
is created in the valence band. This vacancy is known as a hole. As the sample is electrically neutral, the number
of free electrons in the conduction band is equal to the number of holes in the valence band.

At absolute zero, a semiconductor behaves as a perfect insulator.

The doping of semiconductor with small amount of impurity, drastically increases their conductivity.

At low temperature, the free electrons are present in the valence band of the semiconductor. As the temperature

rises, the electrons cross over to the conduction band. The fraction of electrons in the conduction band at

temperature T (kelvin) is given by

YV V VY

f=foe FT
where, E, = forbidden band energy gap and k is the Boltzmann constant.
> Let n, = number density of free electron in the conduction band, 1, = number density of holes in the valence
band and n; = number density of the intrinsic charge carriers.
For intrinsic semiconductors : 1, = n;, = n;
For doped semiconductor : 1, X 1, = n;

Comparison of (a) metals (b) insulators and (c) semiconductors as per energy bands

® ® Overlapping
Q . 2 conduction band
o Conduction 2
% E. band % (Eg~0)
5 |, 5| &
3 Valence 3 Ec Valence
w band w band
(i) (@) (i)
Empty
A E conduction

2 ¢ K band

2 E,>3eV '8

8 g >3J€e % EC

(0]

c 5 E,<3eV

S g

=4 v c

© = o E

= Valence S v

band i

(b) (c)
(a) metals, (b) insulators and (c) semiconductors.

Intrinsic semiconductor
> A pure semiconductor is called an intrinsic semiconductor.
» Electrons and holes in intrinsic semiconductors are called intrinsic charge carriers.
Extrinsic semiconductor
> The semiconductor is called extrinsic semiconductor where one impurity atom is added for about 10% atoms of
semiconductor.
» Electrons and holes generated in the extrinsic semiconductors are called extrinsic charge carriers.

Know the Terms

> Energy band : Range of energies that an electron may possess in an atom.
> Valence Band : Range of Energy possessed by valence electrons.
» Conduction Band : Range of energy possessed by electrons.

> Forbidden Band : Energy band in between the conduction band and valence band.

TOPIC-2

Semiconductor Diodes and Applications

Quick Review

Semiconductor Material
» Intrinsic semiconductor material are those in which semiconducting properties of material occurs naturally.
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> Extrinsic semiconductor materials are those that are manufactured by us to make material behave in required
manner.
Diode
» Diode is an electronic device consisting of p-type and n-type junctions.
Anode Cathode

» The terminal connected to p-type crystal is known as anode while the terminal connected to the n-type crystal is
known as cathode.
Diode is a semiconductor device that is doped in different proportions as p and n types which forms the p-n
junction.
It is an electrical device that allows the current to move through it in one direction.
The most common kind of diode in modern circuit design is the semiconductor diode.
In diodes, current is directly related to voltage as resistor and not like capacitors, where current is related to time
derivative of voltage or inductors where derivative of current is related to voltage.
In diodes the current is not linearly related to voltage, like in a resistor.
Diodes only consume power and not produce power like a battery and are said to be passive devices.
Semiconductor diode

» Semiconductor diodes were first semiconductor electronic devices which is common type of diode that is made

of crystalline piece of semiconductor material I‘;Vith p—n j&mction across its terminals.

VV VVV V

++
Anode

Cathode

L Depletion region

> When a p-type semiconductor material is suitably joined to n-type semiconductor the contact surface is called a
p-n junction.

» The p-n junction is also called as semiconductor diode.

> There are many types of semiconductor diode such as : Avalanche diodes, Gunn diodes, light-emitting diodes
(LED’s), Photodiodes etc.

» Semiconductor diode can be made either from Silicon or Germanium and each differs in size and properties.

I-V characteristics of Diode

» In I-V characteristics of diode, on voltage axis, “Reverse Bias” is an external voltage potential that increases the

potential barrier while external voltage that decreases the potential barrier is in “Forward Bias” direction.
+(mA) | Forward

1111
+++ +

Current
+—

Conventional Current Flow Forward
Reverse "Knee" Bias
Breakdown |

Y, l Voltage | +V‘
Reverse Voltage | Forward Voltage

-50 mA T |

"Zener" Germanium | 0.3v Germanium

Breakdown —20mA Silicon + 0.7v Silicon

or Avalanche | Reverse

Region Bias

—I(UA) v Reverse

Current
> Biasing in Diode can be Forward Biasing or Reverse Biasing.
> In this, when a small voltage is applied to diode in forward direction, current flows easily.
» Due to certain resistance in diode, voltage will drop slightly as current flows through the diode.
> A typical diode causes a voltage drop of about 0.6 V-1 V.
> The voltage drop is taken into consideration where many diodes in series are used in the circuit.
Forward Bias
» When an external voltage is applied, where negative of battery is connected to n side while positive of battery is
connected to p side, then voltage potential will get reduced and more current can flow across the junction that
decreases the pn junction diode width.
Cathode—{¢—— Anode

N P

bbb

Current ' | R
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» The positive terminal of battery repels majority carriers, holes in p-region while negative terminal repels electrons

in n-region which pushes them towards the junction.
» Here, an increase in concentration of charge carriers near the junction is observed, where recombination takes

place thereby reducing width of depletion region.
l-(mA)

o' 0.3V 0.7V
» Due to rise in forward bias voltage, depletion region will continue to reduce its width which results in more and
more carriers recombination.
Reverse Bias
» If an external voltage is applied in reverse direction where positive of battery is connected to n side while negative
of battery is connected to p side, then barrier potential will increase and minority charge carriers will flow across

junction.
Cathode—]¢—— Anode
N P

R

— ot

+| =
! =

> In this, the current will be quiet small and is independent of external voltage.

» Beyond certain voltage, diode will break down with Avalanche breakdown mechanism or Zener breakdown
mechanism.

» Here, negative terminal of battery will attract majority carriers, holes in p-region and positive terminal attracts
electrons in n-region which pulls them away from the junction.

» As a result of this, there will be decrease in concentration of charge carriers near junction which increases the
width of depletion region.

Reverse
Voltage (V)
-10 -8 -6 4 -2 0
* 0
5 =
breakdown é
voltage 4 o
2%
6 9 tl
[ )
g O

D
» A small amount of current flow due to minority carriers known as reverse bias current or leakage current flows
and with rise in reverse bias voltage, depletion region continues to increase in width without any flow of current.
Diode as rectifier

> Rectifier is a circuit which converts ac supply into unidirectional dc supply.
Vin Vour

—p | Redctifier | 5

» With rectification, alternating current (AC) gets converted to direct current (DC) through a rectifier.

» The bridge rectifier circuits uses semiconductor diode for converting AC as it allows the current to flow in one
direction only.

» Arectifier diode is a two-lead semiconductor that allows current to pass in only one direction.

» Itis an ability of the diode to allow the current to flow on only one direction, which is the main operation of every
rectifiers.

» Rectifiers can be half wave rectifiers or full wave rectifiers.
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Half wave rectification
> Rectification is one of the most famous applications of diode where alternating current (ac) gets converted into
direct current (dc) using one way flow of electrons.

+ Primary
v +
ac ‘ ‘ secondary J Vit

—

Transformer

Rectification reduces power to resistive load.

The half-wave rectifier with single diode, allows current to flow in one direction.

Here, ac power source V. is connected to primary side of transformer while secondary terminals of transformer

are connected to diode and resistor in series.

» If V, is in positive cycle, a positive voltage is produced on secondary side of transformer.

> The positive voltage will forward bias the diode and diode will start passing the current as a result, the voltage
will drop across the load.

> If V. is in negative cycle, then secondary side will have negative voltage where diode is reverse biased and will
not pass any current.

> With this, voltage drop over load will be zero whose voltage waveform over load resistor looks as shown, where
positive side of sinusoidal cycle is present while negative side sinusoidal cycle has been clamped off.

Y V VY

VAR
A\

» The output voltage V, is similar to the output of battery which is always positive.
» The positive waveform is bumpy as single diode is applied to produce half wave rectification where one half of
AC wave is removed that will not pass through the diode.
Full wave rectification
» For rectifying AC power for using both half cycles of sine wave, full wave rectification is used.

N\

% Load Output

AC
n
voltage
source

i)
e

\

> A simple kind of full wave rectifier is center tap which are used in transformers with two diodes.

> In full wave rectification, in first half-cycle, when source voltage polarity is positive (+) on top and negative (-) on
bottom, then only top diode will conduct while bottom diode blocks the current where first half of sine wave is
positive on top and negative on bottom.

Voltage

I
Current flow positive Current flow negative Output Waveform
half-cycle half-cycle Time —

> In the next half-cycle, AC polarity gets reverses and other diodes with other half of transformer’s secondary
winding will conduct current.

> In positive half of input AC, diodes D; and D, are forward biased while diodes D3 and D, are reverse biased which
makes load current flows through D; and D, diodes.

> Innegative half cycle of input AC, diodes D5 and D, are forward biased while diodes D; and D, are reverse biased
which makes load current to flow through D3 and D, diodes.

> Full-wave rectifiers are used in power supplies for converting AC voltages to DC voltages.
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Special purpose p-n junction diodes
Apart from simple pn junction diodes, there are many more types of diodes which are used in various specific
applications that take advantage of the behaviour and features.

hv
/7 /

Anode [: Cathode Anode [ Cathode Anode Cathode
Diode Light-emitting diode Photodiode

Anode [: FCathode Anode [:% Cathode Anode ' |: Cathode

Schottky diode Tunnel diode Zener diode
LED
» Light Emitting Diode or LED is most widely used semiconductor diodes among all the different types of

semiconductor diodes available today.

It emits visible light or invisible infrared light when forward biased.

The LEDs which emit invisible infrared light are used for remote controls.

LED is light source that uses semiconductors and electroluminescence to create light.

There are two main types of light emitting diodes: LED and OLED

LED is different than EL lamp as it uses a small semiconductor crystal with reflectors and other parts to make light

brighter and focused in single point.

OLED is similar to EL lamp, as it uses flat sandwich of materials but is different than LED and EL lamp as it uses

carbon molecules in layer that emits light.

> In this, diode in forward biased will make electrons & holes to move fast across the junction and helps in
combining constantly by removing one another.

> Electrons which move from n-type to p-type silicon will combine with holes and disappears leading to atom with
more stability giving little burst of energy.

YV VVYVYY

Y

Emitted photons

or
Emitted light

o o o o o
Recombination
of free electrons
& holes
Holes® = 0\0®, ®
o®) ]
e oo ©
s OO
P-type — N-type
Depletion

region

+11=

Free electrons
<o

» Recombination of electrons and holes in depletion region decreases the width of the region which allows more
charge carriers to cross the p-n junction.

» Here, some of the charge carriers from p-side and n-side will cross the p-n junction before they recombine in
depletion region.

I-V characteristics i
30

20

15

10
10V

e

V(Volt)

Photodiode
» Photodiode is a transducer which takes light energy and converts it to electrical energy.

[ —
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>
>
>
>

It creates electricity when exposed to light.

It conducts electric current in similar proportion as the amount of light which falls on it.
Photo diode has two terminals; anode and cathode.

It is a pn junction which consumes light energy to generate electric current.

//

Anode ' | Cathode

e

It is referred to as photo-detector, photo-sensor or light detector.

It is specially designed to operate in reverse bias condition where p-side is connected to negative terminal of
battery and n-side connected to positive terminal of battery.

It is sensitive to light as when light or photons fall on it, it easily converts light into electric current.

Photo diodes can be pn junction photo diode, Avalanche photo diode or PIN photo diode.

power cathod
source @ A current
A

anode |

Photodiode operates in reverse bias in a circuit where anode gets connected to the ground of a circuit and cathode
gets connected to positive voltage supply of the circuit.

In photodiode circuit, current flows from the cathode to anode when exposed to light.

Photodiode is capable of converting light energy to electrical energy and can be expressed as a percentage known
as Quantum Efficiency (Q.E.).

I-V characteristics mA

Reverse bias

<

I = volts
I g g

I3 23

Iy

A
RS RSAS) H
Solar cell
> Solar cell is an electronic device which catches sunlight and converts it into electricity.

>
>

>

It is compact in size and is bundled with larger units for making solar panels.

It is a sandwich of two different layers of silicon that are doped for allowing electricity to flow through them in a
particular direction.

In solar cell, lower layer is doped so that it will have less electrons known as p-type or positive-type silicon while
upper layer is doped to give more electrons known as n-type or negative-type silicon.

In this, there are n-type silicon and p-type silicon layers that generates electricity using sunlight to make electrons
in order to jump across the junction between different types of silicon material.

*
EEmmmm
*

ntype 2 ©
type l
p-typ : > O

When sunlight shines on solar cell, photons bombard the upper surface and carry their energy down through the
cell to p-type layer.

Such energy is used by electrons to jump across the barrier into upper, n-type layer and can be escape out into the
circuit.

By flowing around the circuit, electrons will help in lightening the lamp.
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I-V characteristics
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Open circuit
voltage (V..

Short circuit current
Zener diode and its characteristics
» Zener Diode is an electronic component which can be used to make very simple voltage regulator circuit.

Schematic Symbol I 1 Schematic Symbol | ]
|:> Direction of "normal” <:I

diode current flow Backwards current flow too, but only
post the "zener breakdown voltage"

They are special type of semiconductor diodes which allow the current to flow in one direction when exposed to
high voltage.

It is a p-n junction semiconductor device which is designed to operate in reverse breakdown region.

The breakdown voltage of zener diode is set by controlling the doping level.

Zener Diode allows electric current in forward direction similar to normal diode and also allows electric current
in reverse direction when applied reverse voltage is more than zener voltage.

It is always connected in reverse direction since it is specifically designed to work in reverse direction.

> Zener Diode circuit enables a fixed stable voltage to be taken from an unstable voltage source like battery that
fluctuates as per state of charge of battery.
100 Q

D

+
unregulated +
12 volt ) ot
supply Zener|Diode _

o]

> Itis a diode whose breakdown voltages have been designed to sit at particular voltage level.

» The circuit of Zener Diode has a resistor in series with diode which limits the output current.

> In Zener Diode, there are two breakdown mechanisms : Zener Breakdown or Avalanche Breakdown mechanism.
I-V characteristics

» 1-V Characteristics Curve of zener diode shows current-voltage relationship.
+e

Forward
Current
Forward
Bias
Region
Reverse Bias _\I/Z
—P
Vi < } I » +Vr
Lmin) ——( ] L | Forward Bias
Ve
0.3-0.7v
"Zener" Breakdown
Region
1(nA)
biag  —f————————1 L
w Reverse
Constant Current

Zener Voltage
In I-V curve, in right half side, zener diode receives forward voltage which is positive voltage across its anode to
cathode terminals.
In right half side of zener diode characteristics curve, diode is forward biased and current is more.
In left half side of I-V curve, zener diode will receive positive voltage across its cathode to anode terminals where
diode is reverse biased.
At reverse voltage, current will be very small which is known as leakage current that flows through the diode.
After hitting breakdown voltage, avalanche current will sharply increase.
At breakdown voltage point, when voltage of zener diode reaches, it remains constant inspite of increase in
current making zener diode suitable for voltage regulation.
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Zener diode as voltage regulator

>

>

YV V VY

Voltage regulation is a measure of ability of circuit to maintain constant voltage output under variation either in
input voltage or load current.

In zener diode voltage regulator circuit :

* resistor Ry is used to limit reverse current through diode to safer value.

* V;and R are selected such that diode operates in breakdown region.

* series resistor R absorbs output voltage fluctuations to maintain voltage across load to constant value.
R, | IL

+
+ O—— P P
lL T
1z
Supply v
Voltage Vz RL out
(Vo)
-0

Zener diode maintains constant voltage across load as long as supply voltage is more than zener voltage.

When input voltage increases, current through Zener diode also increases keeping the voltage drop constant.
Current in the circuit increases the voltage drop across the resistor which increases by an amount equal to
difference between the input voltage and zener voltage of the diode.

Know the Formulae

>

I =I5+ Ip*(1- V)
noise current (A)

responsivity (A/W)

NEP =

The diffusion current during forward bias is given by

eV
Li=1, exp.(kT],

where I is the minimum value of the diffusion current corresponding to the forward bias, V = 0.
The diffusion current during the reverse bias is given by

I; = Iy exp. (_ek|TV|j

where I;; is the value of the diffusion current when the junction diode is unbiased. That is the absolute value of
the bias, |[V| = 0.
Efficiency of a diode rectifier is given by

_ Output d.c. power % 100
Input a.c. power

n= L 100

ac
For a half wave rectifier :

where rfis the forward bias resistance.

For re =Ry, n =20.3%.
and for 1 <<Rp,n=40.6%.
For a full wave rectifier
N = 81.2

T

Ry
For rp=Ry,n= 40.6%.
and for 1 <<Ryn= 81.2%.
Ripple factor

1
2 2
Yy = Iﬂz I”ims -1
Idc Idc
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r.m.s. value of fluctuating current
average d.c. value of current
The ripple factor for half-wave rectifier is 121% and that for full-wave rectifier is 48.2%.
» The root mean square current of rectifier :

I
For a half-wave rectifier : I, = EO

For a full-wave rectifier : I, . =

I
rms \/E

TOPIC-3

Transistors and its Applications

Quick Review

Junction transistor

» Ajunction transistor is a bipolar transistor having two p-n junctions that combines to form either an n-p-n or p-n-p
transistors with three electrodes; emitter, base and collector.

Emitter Base Collector Emitter Base Collector
E C E C
e— P N| P L @ N Pl N —e@
JE l Jc JE l Jc
B B

» Injunction transistor there is a small current flowing in base which causes larger current to flow in collector.

» In this, when a small current in the base increases, there will be more current in the collector which will be upto
maximum of saturation value.

> If the current in the base decreases to zero, the current in the collector will be zero.
» BJT i.e., Bipolar junction transistor consists of three-layer that are sandwich of doped extrinsic semiconductor
materials such as p-m-p or n-p-n, where each layer forms a transistor where each layer shows wire for connection.

Collector C (f Collector C (f

n-type p-type
junction 2 junction 2
O—— piype | O—— ntype |
Base B junction 1 Base B junction 1
n-type p-type
Emitter E J) Emitter E J)
npn-transistor pnp-transistor

» In npn transistor, a thin and lightly doped p-type base is sandwiched between heavily doped n-type emitter and
n-type collector

» In pnp transistor, a thin and lightly doped n-type base is sandwiched between heavily doped p-type emitter and
p-type collector
Transistor action

» n-p-n and p-n-p transistors behave in same way except change in biasing and major charge carriers.

» In p-n-p transistor :
n-base
p-emitter Region  p-Collector

c
l. Jo»r o> |o> |o» o= |
o—» O0—» | O0—> (0> O—
o—» O0— | «0 |O0—> O0—

! il 1k

~— — +

— + —>

| = N

|’ M
VEE VCC

* Conduction is done by holes while in n-p-n transistor, conductio is done by electrons.




Oswaal CBSE Chapterwise Quick Review, PHYSICS, Class-XII

* Forward bias causes electrons in n-type emitter to flow towards the base which constitutes emitter current Ig.

>

[ 103

¢ Electrons while flowing through p-type base will tend to combine with holes as base is lightly doped and thin
where few electrons on combining with holes forms the base current Iz while remaining electrons crosses the

collector region to form collector current I-.

 Emitter current I will be equal to sum of collector current I~ and base current I, Iy = Ig+ I

In n-p-n transistor :
* Conduction is done by electrons.

e Collector, emitter and base are shorted together and forms the two depletion regions that surrounds the

base.

* Diffusion of negative carriers in base and positive carriers out of base shows electric potential.
*  When transistor is biased for normal operation, base terminal will be positive with respect to emitter with

positive collector.

p-base
n-emitter region  n-collector
*—> IC
3 °
*—> *—> *—> *—> *—>
— e o «—0 —>r o
e
T
i 1
L {1
Ves Ves

Characteristics of Transistor

>

>

>

A bipolar junction transistor operates in Common Base (Cg) mode,
Common Emitter (Cg) mode and Common Collector (C-) mode.

In a graph of I vs I, transfer characteristics of transistor and slope
shows that current gain /i, with other parameters showing performance
of transistor.

The graph shows BJTs characteristics which are used as voltage
amplifier where very low gain results transistor with current gain of
20-50 while high gain ranges from 300 — 800.

In a graph of base emitter current Iy; against base emitter voltage Vg
shows input conductance of transistor, the curve is used to find the
input resistance of a transistor.

Here, sharpness of curve when Vpp is above 1 volt shows very high
input conductance with large increase in current for small increase in
V.

Also, input resistance is low and ranges from 0.6 to 0.7 volts showing
variance in input resistance of a transistor as per flow of base current.

Characteristics of B/T in Common Base

>

In a BJT input characteristics of p-n-p transistor in common base, input
current is emitter current (Ig) while input voltage is collector base

voltage (Vp).
In this, when emitter base junction is forward biased, graph of Ir vs Vgg
is same for forward bias characteristics of p-n diode where Iy increases
for fixed Vg when Vg increases.
In p-n-p transistor, I and Vg are positive while I, Iy, V-p are negative
which describes three regions in the curve; active region, saturation
region and cut off region.

2 ~N Active Region

5 I

=Y | IE = 50mA

£ 49 i IE = 40mA

(4]
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Common base transistor

Characteristics of BJT in Common Emitter

>

>

YV V V

In input characteristic of CE configuration, Iy is input current while Vg is input voltage and relation exists
between Iz and Vg with V.

In this, CE input characteristics are similar to forward biased of p-n diode where decrease in base width appears
with increase in V.

In output characteristic for CE mode, graph shows relation collector current (Ic) and collector - emitter voltage
(Vcp) with base current Iy where CE mode shows active region, cut-off region and saturation region.

Active region has collector region reverse biased and the emitter junction forward biased.

Cut-off region has emitter junction reverse biased and the partial cut-off of collector current.

Saturation region has collector and em/i\tter junction forward biased.

I8 =0.5mA
I8 =0.4mA

I8 =0.3mA
I8 =0.2mA
B=0.1mA

Collector Current I, (mA)

2 3 4 5 -6 >

3
Collector Emitter Voltage V.. (Volt)

Transistor as Amplifier (Common Emitter Configuration)

>
>

>

Amplifier is an electronic device that increases the strength of weak signal.

In an amplifier, when an input of low amplitude is given, then an amplifier will convert low amplitude to high
amplitude signals.

Amplifier is n-p-n transistor with common emitter configuration.

An amplifier have two input and two output terminals where a transistor as an amplifier have one of its three
terminals common to both input and output.

O—1 Amplifier —O
Input Output

Oc—|—0

ommon connecton

C
[ f—\ e
b B o T A
E vV
[ e tlo 3
. L oy
] | >
Input ¢ l EVCC Output
AC 1| +1 AC

] =T ;
signal Ve ls [ signal

Circuit diagram of transistor as an amplifier

Common Emitter Mode

>

>

The common function of a transistor is to be used in Common Emitter mode where small changes in base/emitter
current results in large changes in collector/emitter current.

In a current amplifier, for having voltage amplification, load resistor is connected in collector circuit, so that a
change in collector current results in change in the voltage that is developed across the load resistor.

The value of load resistor will affect the voltage gain of an amplifier.

In an amplifier, larger is the load resistor, larger will be the change in voltage which results from change in
collector current.

In this, output waveform is in anti-phase to input waveform that takes place due to increase in base/emitter
voltage which increases the base current.

Due to an increase in collector current, voltage drop across the load resistor also increase.

As voltage on the top end of the load resistor remains same, voltage on the bottom end tends to decrease which
increases the base/emitter voltage while decreases the collector/emitter voltage.
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> In transistor C-E amplifier with n-p-n transistor, a transistor to work as an amplifier should be forward biased with
C-B junction to be reversed biased.

R . B ® i
e .
+ O] Ver
§ — Ve O] 4 .
| Vi /f Ve B

c L
VDE
E
£

In the circuit :
* voltage sources Vpg and V- gives required bias.
* signal voltage V; to be amplified is applied between the base and emitter with development of amplified volt-
age V) across the load resistor R,,.
> For the common emitter transistor amplifiers :
(i) Current gain : It is of two types :
(a) d.c. gain (B,) : It is defined as the ratio of the collector current (I) to the base current (Ig). That is
_ e
I
(b) a.c. gain, (B,) : It is defined as the ratio of the change in collector current (Al) to the change in base current
(Alp) at constant collector emitter voltage (V). That is :

e

Al
Bac = |:AIC:|
B IV CE-constant
(ii) Voltage gain (Ay) is defined as the ratio of the change in output voltage (AV}) to that of the input voltage (AV).
. AVy
.e., Ay =
Le v A‘/l

Here V, = collector emitter voltage and V; = base emitter voltage.
(iii) Resistance gain (Ay) is defined as the ratio of output resistance (Rp) to the input resistance (R;).

i.e., AR = —
i.e., Ap: —_—.

Some Important Circuit Diagrams and Graphs

(A) Circuit Diagrams
(a) Circuit arrangement for studying the input and output characteristics of NPN transistor in CE configuration.
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(b) Base-biased transistor in CE configuration.

Ic

o @

R
BENY - Vo
Is
Vi VBB7-L
Know the Formulae
(A) Ic=Bly
For the common emitter transistor amplifiers :
I Ale
> [5DC217C > E’ac _|:AI
B VCE-constant
s oA = AV, s a = Fo
AV, R;
+ Ay = OB
AP,
For the common base transistor amplifiers :
Al
— IL Uge = |:C:|
> apc = I > Alg Vy=constant
> AV = AVO > AR = &
AV; R,
>AP:AP0 > a = I?)and[izi
AP, 1+ 1-a

TOPIC-4

Logic Gates

Quick Review

Analog signal

» Analog signal is continuous wave or signal for which the time varying feature of the signal is representation of
time varying quantity.

> Itis classified as simple signal and composite signal.

> Simple analog signal is a sine wave which cannot be decomposed further while composite analog signal can be
further decomposed in multiple sine waves.

> Analog signal can be described by amplitude, period or frequency and phase where amplitude shows maximum
height of the signal, frequency shows rate at which signal is changing while phase shows the position of the wave
with respect to time zero.
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> Analog signal is different from digital signal in terms of small fluctuations in signal.
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Value —»

Digital signal
Digital signal make use of discontinuous values and carry information like analog signals.
The signal carries information or data in binary form as bits and make use of numbers, letters, sounds, images and

>
>

>

other measurements of continuous systems.

1
\i/_>
. Time

The signal can be decomposed into simple sine waves known as harmonics having different amplitude, frequency

and phase.

Such signal can be described with bit rate and bit interval where bit interval shows time require for sending a
single bit while bit rate shows the frequency of bit interval.

Comparison of Analog and Digital Signals

il

Time

Analog signal

Digital signal

It is a continuous signal which represents physical
measurements.

It is a discrete time signal generated by digital
modulation.

It is shown by sine waves.

It is shown by square waves.

It make use of continuous range of values to describe
an information.

It make use of discrete or discontinuous values to
describe an information.

The examples of this are human voice in air, analog
electronic devices.

The example of this are computers, CDs, DVDs, and
other digital electronic devices.

It records waveforms as they are.

It samples analog waveforms in limited set of
numbers and records them.

It is subjected to deterioration by noise at the time of
transmission and write/read cycle.

It is noise-immune without deterioration at the time
of transmission and write/read cycle.

Itis described by amplitude, period, frequency and phase.

It is described by bit rate and bit intervals.

It is used in analog devices only.

It is used both in analog and digital devices

Processing of signal is done in real time and consumes
less bandwidth.

Digital signal has no guarantee of processing in real
time and consumes more bandwidth.

It is stored in form of wave signal.

It is stored in form of binary bit.

In this, analog instrument draws large power.

In this, digital instrument draws negligible power.

It has low cost and are portable.

It has high cost and are not easily portable.

It transmit data in form of wave.

It carries data in binary form as 0 and 1.

It involves in cramped at lower end and give
considerable observational errors.

It is free from observational errors such as parallax
and approximation errors.

Logic gates (OR, AND, NOT, NAND and NOR)

>

Y V V V

Digital systems are constructed using basic logic gates.

Gate is an electronic circuit that works with one or more than one signals to generate output signal.
Digital circuits or logic circuits has input and output signals that are either low (logic 0) or high (logic 1).

Basic logic gates are; AND, OR, NOT, NAND and NOR.

Truth table shows all possible values of logical variables/statements along with all the possible results of given

combinations of logic gates values.
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OR gates

D
Be—

2 Input OR Gate

B A+B
0
1
0
1 1

The OR gate circuit shown has two inputs and single output.
The output of OR gate is high (1) if one or more than one of its inputs are also high.
The output of OR gate shown with plus (+) shows the total of two inputs.
AND gates
» Inan AND gate, output is high (1) if all the inputs are high.
» In this, dot (.) shows the AND operation i.e., A.B.

» In case of two input and one output, the truth table of AND gate can be written as shown.

—|lo|o|»

[ (U U )

2 Input AND Gate
A A B AB
AND 0 1 0
1 0 0
1 1 1
Three Input AND Gate

» In three input AND gate, truth table is similar with two input gate.
» Three input AND gate works on the principle where all three inputs need to be high (1) to have a high output.

3 Input AND Gat

g _\ AB.C. A B < ABC

c - 0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 1

NOT gates

» In a NOT gate circuit with single input and single output, the output is inverted of input.
» Due to inverted output, NOT gate circuit is known as an inverter circuit.

NOT gate
A—l>o—x A A
NOT 0 1
1 0

» In this, when input variable is A, the output will be an inverted variable of A known as NOT A.

> The output will be A’ or A as shown.
D
1

» NOT gate can be obtained by NAND gate or NOR gate.
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NAND

B

YV V VYV

gates

NAND

NOR gates
» NOR gate is called as NOT-OR gate which is similar as OR gate along with NOT gate.
» In NOR gate circuit, output of the gate is low if any of its inputs are high.

> NOR gate is shown by OR gate with circle on the output.
» Due to the small circle at the output, output of NOR gate is inversion of its input.

A
B

) »—ms

NOR

2 Input NAND Gate
A B AB
0 0 1
0 1 1
1 0 1
1 1 0

NAND gate is called as NOT-AND gate similar as AND gate followed by NOT gate.
In NAND gate, the output is high if any of its inputs are low.
NAND gate is show by AND gate with circle on output.
Due to the small circle at the output, output is inverted value of input.

2 Input NOR Gate

B

A

0

1

A
0
0
1

0

1

1

oo ||| +
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By putting AND, OR, and NOT gates together, we can construct more complex (logic) functions :

Gate Symbol Boolean Notation

NOT A >o—o Q=4 (read as Q = NOT A)
A

AND . :)—o Q=AB (read as Q = A AND B)
A

OR B:[>—o Q=A+B (read as Q = A OR B)
A __

NAND o }Q 0= AB (read as Q = A NAND B)
A _

NOR chn O= A+B (read as Q = A NOR B)

Know the Terms

> Logic Gates: An elementary building block of digital circuit having two inputs and one output.

> Analog signal: A continuous wave or signal for which time varying feature of signal is representation of time
varying quantity

> Digital signal: It is a discrete time signal generated by digital modulation

Know the Formulae

» NOT Operator—It operates on single variable. It gives the complement value of variable.
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X X’
0 1
1 0
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> OR Operator—It is a binary operator and denotes a logical addition operation and is represented by symbol (+).

> AND Operator—AND operator performs the logical multiplication and its symbol is (.) dot.

0+0=0

0+1=1

1+0=1

1+1=1
X Y X+Y
0 0 0
0 1 1
1 0 1
1 1 1

00=0

01=0

1.0 =0

11=1
X Y XY
0 0 0
0 1 0
1 0 0
1 1 1

[ |

UNIT - X : Communication

Chapter - 15 : Communication Systems

TOPIC-1

Communication System

Quick Review

» Communication is the method of transmitting and receiving information.
» There may be two types of communication :

Example : Telephonic communication.

Point to point communication : In this type of communication transmitter and receiver are single point.

Broadcasting communication : In this type of communication, there is one transmitter and many receivers.
Example : transmission in radio or television.

» When input message (any form of signal variation) is combined with some intelligence input (encoding and
compatibility in machine language), it becomes information.
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> Generalised communication system :
Communication System

U
ion|Message, Transmitted Received I
Information| Z28 829} 1 o nsmitter |- »{Channelf= »Receiver|r plUserof
Source Signal T Signal Signal Message |Information
I ISignal
I A 1
I [ | I
I
r——d———
1 f 1
| Noise |
M SRS -

» Important terminology and their application in communication system

> Information source : The information source is the generator of information which we want to communicate. It
may be audio, video or data.

> Electric Transducer : Electric transducer convert physical variable into electrical signal variable.
> Signal: Information converted in electrical form and suitable for transmission is called signal.

> Transmitter : Process the incoming message signal and making it suitable for transmission through particular
channel.

Noise : Unwanted signal which interferes with the information signal and disturbs the information.

Channel : It is the medium through signal from transmitter propagates to the receiver. For example : optical fibre,
coaxial cables etc.

Receiver : Collect the message from the channel and extract signal.
Attenuation : Signal loss energy during propagation through channel. This is called attenuation.
Amplifier : It is the device which increase the strength by increasing its amplitude.
Range : Maximum distance between transmitter and receiver at which signal can be recovered is called the range
of communicating system.
Bandwidth : It is the frequency range over which an equipment operates or range of frequencies a signal has.
Modulation : Mixing of signal with carrier frequency is known as modulation.
Demodulation : Extracting of signal from carrier frequency is known as demodulation.
> Repeater : It receives the signal, reconditions it and then retransmit it.
Signal may be classified in two categories :

Y V

YV V.V V

YV V VY

> Analog Signal : Continuous variation of signal with respect to time is known as analog signal. For example :
telephonic signal, video signal etc.
Now with modern technology we can convert analog signal to digital signal for communicating and convert back
to analog signal at receiver.
> Digital Signal : Discrete value of signal variation with respect to time is known as digital signal. For example :
computer etc.
* Coding helps in sending digital signal with much more accuracy. There are several coding techniques. Like
in computer data, we employ suitable combinations of number systems such as the binary coded decimal (BCD),
American Standard Code for Information Interchange (ASCII)
> Operational advantages of digital communication system over analog communication systems are.
*  Animproved form of sending messages securely.
*  Increased immunity to noise and external interference.
* A common format for encoding different kinds of message signals for the purpose of transmission.
*  Flexibility in configuration of digital communication system.
> Hence in modern technology, analog signals are transmitted through digital communication. In the final stage
they are converted back to analog signals.
> Different types of message signals have different range of frequencies.
* Audio signal - 20 Hz to 20kHz
* Video signal - 4.2 MHz
e TVsignal - 6 MHz (audio + video)

> Large bandwidth is required to accommodate complete information of wave.

» Frequency bands of some important wireless communications :

Service Frequency bands Comments
Standard AM broadcast 540-1600 kHz
FM broadcast 88-108 MHz
Television 54-72 MHz VHEF (very high frequencies TV)
76-88 MHz TV
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174-216 MHz UHEF (ultra high frequencies)
420-890 MHz TV
Cellular Mobile Radio 896-901 MHz Mobile to base station
840-935 MHz Base station to mobile
Satellite Communication 5.925-6.425 GHz Uplink
3.7-4.2 GHz Downlink

Propagation of Electromagnetic wave :

>

>

Earth’s atmosphere plays a vital role in propagation of electromagnetic wave. There are three ways of

communication through electromagnetic wave.

Ground Wave :

(i) Theradio waves which travel through atmosphere following the surface of the earth are called ground waves
or surface waves and their propagation is known as ground wave propagation or surface wave propagation.

(ii) The ground waves have vertical orientation and travel parallel to the ground.

(iii) The ground wave propagation is suitable for low and medium frequency, i.e., from few hundred kHz to 2
MHz only.

(iv) Its power is less as they operate in low frequency.

(v) It can bend round the corners of the object on the earth, hence can jump the restriction. (6:&, low
a

frequency means A is more so more bending)

(vi) Attenuation is high for ground wave transmission and increases with increase in frequency. This is because
more absorption of ground waves (near earth) takes place at higher frequency during propagation through
atmosphere.

(vii) Length of antenna is directly proportional to the wavelength of EM wave. Hence, for ground wave large
antenna is required.

(viii)The ground wave propagation is generally used for local band broadcasting and is commonly known as
medium wave. Local transmitter, police walkie talkie , AM transmitter are some of its examples.

Sky wave propagation :

(i) The sky waves are the radio waves of frequency between 2 MHz to 30 MHz.

(ii) These radio waves can propagate in atmosphere and are reflected back by the ionosphere of earth’s
atmosphere.

(iii) The sky waves can go from transmitter antenna to receiver antenna, while travelling through sky and after
reflection from ionosphere. Hence, their propagation is called sky wave propagation.

(iv) Critical frequency (f.) is that highest frequency of radio waves, which when sent straight (i.e., normally)
towards the layer of ionosphere gets reflected and returns to the earth. If the frequency of radio waves is
more than the critical frequency, it will not be reflected by the ionosphere.

(v) The value of C.E is found to be 4 MHz, 5 MHz and 6 to 8 MHz for D (part of stratosphere), E (part of
stratosphere), F; (part of mesosphere) and F, (Thernhosphere) layers of ionosphere which are at heights
about 110 km, 180 km and 300 to 350 km respectively from the surface of earth.

(vi) Its range is very large as compared to range of ground wave. Range can be targeted and can be increased by
multiple transmitters.

e Limitations : 3MHz to 30 MHz is very small bandwidth of frequency for present application. Higher frequencies

penetrate the ionosphere and can’t be reflected.

Space wave propagation :

(i) Itis used for very high frequency (> 40 MHz). These can penetrate ionosphere more efficiently.

(ii)Due to high frequency, wavelength is very small and energy is very high.

(iii)Television broadcast, microwave links and satellite communication are some examples of communication
systems that use space wave mode of propagation.

Line of sight communication by space wave :

>
>

>

We also use this space wave in ground transmission. It is known as line of sight transmission.

These are (space wave) high frequency hence they travel nearly in a line. Mobile transmission or microwave links
are based upon this.

Earth’s curvature restrict the range of line of sight transmission. There is limited space between two antennas.

> If his the height of transmitting antenna then its signal range is d = 2hR

The range of communication d,; between the transmitting antenna of height iy and the receiving antenna of
height hy is given by dy; = 2R + 2R
where, R is the radius of the earth.

Area covered through one tower = md*> =  x 2hR
Population covered = population density X area covered.
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Satellite Communication :

>

>
>

Y

The satellite communication is a mode of communication of signal between a transmitter and a receiver through
a satellite.

The satellite communication is like a line of sight microwave communication.
Since, the satellite communication is through space hence, it is also part of space communication.

A communication satellite is a space craft, provided with microwave receiver and transmitter. It is placed in an
orbit around the earth.

In satellite communication, a beam of modulated microwave from the transmitter is sent directly towards the
communication satellite, which receives the coming signal, amplifies it and returns it to the earth. Transmitting
frequency (uplink) and receiving frequency (downlink) are different to avoid interference between the uplink
and the downlink.

A satellite communication is possible through geostationary satellites.

A single geostationary satellite cannot cover the whole part of the earth for microwave communication. It is so
because, the large part of the earth is out of sight due to the curvature of the earth. One satellite roughly covers
one third of earth.

In order to have global transmission, at least three geostationary satellites are required, which are at particular
distance from each other.

Global positioning system is also based upon satellite communication.

TOPIC-2

Modulation

Quick Review

Low frequency signal could not travel large distance because of following reasons :

>

YV V V V V

Low frequency means low power, hence it gets attenuated i.e., loss of signal strength.

Size of antenna = A and low frequency means large wavelength so size of antenna becomes impractical.
Overlapping of signal. Difficult to incorporate multiple transmitting stations.
Hence the signal should be transmitted at high frequency.
Combining low frequency message signal with high frequency carrier wave is modulation.
A high frequency wave has certain features like amplitude, frequency and phase.
y = acos (ot + ¢)
So, variable parameters are amplitude (a), frequency v and phase (¢).

Depending upon the parameter which we are varying in carrier wave with our signal, there are three main types
of modulation techniques.

e Amplitude modulation

* Frequency modulation

* Phase modulation

Amplitude Modulation : The amplitude of the carrier wave changes according to the intensity of the signal. The
amplitude variation of the carrier wave is at the signal frequency f;.

Amplitute Modulated Signal
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If message signal m(t) = A, sin 0t
carrier wave c(t) = A.sin ot
are combined together then bandwidth of modulated wave is (0, — ®,,) to (o, + ©,,) .e., 20,,.

> (0,-0,)and (0, + ®,) are known as lower and upper sideband frequency respectively. Signal is in these side
band frequencies.

Amplitude pA
2

c

S
7

(0, —0,) © (0 +0,) o in radians

Modulation Factor : The ratio of change of amplitude of modulated wave to the amplitude of normal carrier wave
is called modulation index (u).

= % To prevent distortion u < 1.

C

We can derive that A, = A = Auin and A, = A * A
2
Hence, i = A = Anin
Amax + Amin

> Effect of Noise on AM wave : AM signal is more noisy than FM because in AM message is transmitted through
modulating the amplitude of carrier signal. A low frequency noise can alter the amplitude of carrier message. In
frequency modulation message is transmitted through frequency changes and hence amplitude of noise signal
will not effected.

Detection of amplitude modulated wave :
» Demodulation : Demodulation is the process of recovering the signal frequency from a modulated carrier wave.
> The detected signal may not be strong enough to be made use of and hence is required to be amplified.

> Below is the block diagram of typical receiver circuit.

Receiving
Antenna

Output

L Amplifier }—>| IF Stage }_>| N
Received signal b 9 Detector p }_>

» Other communicating modes

Internet
Facsimile (FAX)
aa



