PART - | : ELECTROSTATICS

Chapter - 1 : Electric Charges and Fields

Revision Notes

( Electric Field and Dipole )

Electric Charge

» Electric charge is the property of a matter due to which, it experiences a force when placed in an electromagnetic
field.

> Point charge is an accumulation of the electric charges at a point, without spatial extent.

> Electrons are the smallest and lightest fundamental particles in an atom having negative charge as these are
surrounded by invisible force known as electrostatic field.

» Protons are comparatively larger and heavier than electrons with positive electrical charge which is similar in
strength as electrostatic field in an electron with opposite polarity.

> Two electrons or two protons will tend to repel each other as they carry like charges, negative and positive
respectively.

A\

The electron and proton 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.
Charge on a proton = + 1.6 X 107 C

and charge on an electron = - 1.6 x 102 C

Electrostatic Charge
> Electrostatic charge means the charge is at rest.
> Electrostatic charge is a fundamental physical quantity like length, mass and time.
> Charge on a body is expressed as q = * ne
» The magnitude of charge is independent of the speed of the particle.
» Based on the flow of charge across them, materials are classified as:
* Conductors - Allow electric charge to flow freely, e.g. metals
* Semi-conductors - Behave as the conductor or insulator depending on the number of free electrons and holes
availability. e.g. silicon
* Insulators - Do not allow electric charge to flow, e.g. rubber, wood, plastic, etc.
> Net charge on a body is given by:
* Charging by friction - Charging insulators

¢ Charging by conduction - Charging metals and other Glass
conductors @}
* Charging by induction - Wireless charging
Charging by Rubbing
» On rubbing a glass rod and silk cloth piece together,
glass rod gets positively charged whereas silk cloth gets g %
negatively charged.
> Ifaplastic rod is rubbed with wool, it becomes negatively Neutral(sphere) A negative rod near by
charged. separates +ve and —ve charges
Charging by Induction =, Electrons

4 —

» Charging by induction means charging without contact. 1%g¥¥ﬁ%fg‘$vlre * +

> If a negatively charged rod is brought near neutral Ground e
roun

metal with insulator mounting, it repels free electrons With rodnearby the negative With rod away, the positive
and attracts positive charges on metal. end may be discharged. charges distribute evenly
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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.
» When the rod is removed, the captive positive charge is distributed 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 algebraic
addition of gy, g, and g3, i.e., charges will add up.
=g+ 9+ 43
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 neither be created nor destroyed in the process, but only exists in positive-negative pairs.
Quantization of charges
» Electric charge is always quantized i.e., electric charge is always an integral multiple of charge ‘¢’
» Net charge g,,,; of an object having N, electrons, N, protons and N, neutrons is:
Juet = — €N, + eN, + ON,, = ¢(N, - N,) = * ne
> Neutron (n): m = 1.675 x 10 kg; g =0
» Proton (p): m = 1.673 X 107 kg; g = +1.6 x 107 C
> Electron (¢): m = 9.11 x 10 kg; g = -1.6 X 107 C
Coulomb’s Law
» The force of attraction or repulsion between two point charges g, 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:

F:k|’11||”72|_ 1 gl

r dne, 1’

where,
F = Force of attraction/repulsion between charges g; and g,.
41, 4= Magnitudes of charge 1 and charge 2 respectively

r = Distance between charges g, g,

1
k = Constant whose value depends on medium where charges are kept. k = o
o
, 1
Ase =K'g, k=
4nK'e

gy = Permittivity of vacuum = 8.854 X 102 F/m
K’ = Relative permittivity of medium or dielectric constant.

> For vacuum, relative permittivity, K’ = 1,

> As e = K g, therefore force of attraction/repulsion between two electric charges g, 4, placed in vacuum and
medium will be:

149 L 499,

= -—2 (vacuum) and F=
dney 12 dmepe, 12

F (medium)

» 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 1 C=(1A) x (Is).
t
» The vector form of Coulomb force with 71, = unit vector from T to s is given as: T’/}*f)
1 g9 1 / y 7 E,
Bp=— D92} g Fy oL 02 A
12 41'580 72 1 an 21 41t80 1'2 Ty (5 a1
7, 11

= F'21:_1?12 FZl



Oswaal CBSE Chapterwise & Topicwise Revision Notes For Term-I, PHYSICS, Class-XII [ 3

Principle of Superposition

> The force on any charge due to other charges at rest is the vector sum of all the forces on that charge due to the
other charges, taken one at a time.

v

» The individual forces are unaffected due to presence of other charges. —4& +)zf13

N qZ e e qg
> Force exerted by ¢, on 93 = F13 L

- )
> Force exerted by g, on g3 = Fp3 " g,

1,7
- - +'—/ X
> Net force exerted on g5 is vector sum of F13 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 E
chargeis F = qoE

> The electric field strength due to a point source charge ‘g’ at an observation point ‘A’ at E,

a distance ‘7’ from the source charge is given by:

- - U
Fo 1 'iar or F= L4
dmey dme, 2
» The unit of electric field is N/C.

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

A\

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

> In case of charged conductor, electric field is independent of the shape of conductor. A\p
Electric field lines \
» Electric field lines are imaginary lines which originates from the positive charge and towards /

negative charge. \
> Direction of electric field lines around positive charge is imagined by positive test charge g, // ‘\\

located around source charge.

» Electric field has same direction as force on positive test charge.

> Electric field lines linked with negative charge are directed inward described by force
on positive test charge g,.

> The electric field lines never intersect each other.

» Strength of electric field is encoded in density of field lines.

Electric Dipole
» The system formed by two equal and opposite charges separated by a small distance =~ ¢ @ @ -1
is called an electric dipole. - >

» The electric field exists due to a dipole.
» The force on a dipole in a uniform electric field is zero in both stable as well as unstable equilibrium.

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

Torque on a dipole

» In a dipole, when net force on dipole due to electric field is zero and center of mass of dipole remains fixed, the

forces on charged ends produce net torque T about its center of mass.
T = Fdsin 6 = gE dsin © = pEsin 6
= r—)x E A +Ei/o—> r
* If 6 = 0° or 360°, dipole exists in stable equilibrium state. — /'/( 1
. 1Mo A o e
If 6 = 180°, dipole exists in an unstable equilibrium state. - £

» In uniform electric field, dipole experiences torque, net force on dipole is zero. FoF
> In uniform electric field, dipole experiences a rotatory motion. 1
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> In non-uniform electric field, dipole experiences torque and net force.
» In non-uniform electric field, dipole experiences rotatory and translatory motion.
* The torque aligns dipole with electric field and it becomes zero.
* The direction of torque is normal to the plane going inward.
Electric Dipole Moment

» Dipole moment is a vector quantity whose unit is coulomb-metre (Cm).
» Dipole moment vector of electric dipole is p = qx2a between pair of charges g, —q, along the line, separated by
distance 2a.
Electric field due to a dipole

> For point P at distance r from centre of dipole on charge g, for r>>g, total field at point P is

E= 4qa -
4meyr
" —
E+q p Eq 1 <_p aul
“— o —> oo R -
I - |
1

2p .
= — (fa<<r
471:80 7‘3 ( )

+q
» For point P on the equatorial plane due to charges +4 and —g, electric field T 0
of dipole at a large distance, Zf
R |

__Lr M
47580 1’3

( Gauss's Theorem and its Applications )

Electric Flux

» Electric flux is proportional to algebraic number of electric field lines passing through the surface, outgoing lines
with positive sign, incoming lines with negative sign.

» Due to arbitrary arrangement of electric field lines, electric flux can be quantify as ¢y=EA

> If vector A is perpendicular to surface, magnitude of vector A parallel to electric field is Acos 6
Ay = Acos 6
¢0p = EAy = EAcos ©

> In non-uniform electric field, the flux will be ¢.=[EdA

Continuous Charge Distribution

» It is a system in which the charge is uniformly distributed over the material. In this
system, infinite number of charges are closely packed and have minor space among them.
Unlike the discrete charge system, the continuous charge distribution is uninterrupted and
continuous in the material. There are three types of continuous charge distribution system.

E
dA
- A -
» For linear charge distribution (A), F = 4:];; N —dxr (Where, A = linear charge density)
0 r
» For surface charge distribution (c), [ = 4”’70 f %ds? (Where, o = surface charge density)
TCSO 5 r
=

E
|\
N \
> For volume charge distribution (p), F= 45770-“ %dVr (Where, p = volume charge density) %
TE) "V r
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Gauss theorem

» The net outward normal electric flux through any closed surface of any shape is equal to 1/¢, times to net charge
enclosed by the surface.

> The electric field flux at all points on Gaussian surface is ¢ = ES{) dA =1

€o
> If there is a positive flux, net positive charge is enclosed.
> If there is a negative flux, net negative charge is enclosed.
> If there is zero flux, no net charge is enclosed.
> The expression for electric field due to a point charge on Gaussian surface is E = 4EZ 3 Eer

o” B
> In an insulating sheet, charge remains in the sheet, so electric field, E = S G;‘;?Z‘fe“
2gg

Y

Gauss theorem works in cases of cylindrical, spherical and rectangular symmetries.

- A
> The field outside the wire points radially outward which depends on distance from wire, E = n , where,

A is linear density of charge. Teo”

> Closed surface : It is a surface which divides the space 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.

> Electrostatic Shielding : It is the phenomenon of protecting a 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.

Concept: Characteristics of Electric field lines

Mnemonics: India Starts Playing Night Cricket Tournament Daily with New Inspiration.

How to remember all the 5 characteristics ?
Remember this sentence.

India Starts Playing Night Cricket Tournament Daily with New Inspiration.

R

. . Never
Direction

Tangent —rgelq
closed at any point
loops
Never
v forms
Positive

charge

Start
from

\4
Imaginary
line

Know the Terms

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

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

1 g9, ;

» Coulomb’s force: F=
47'580 rz

where all alphabets have their usual meanings.

» Electric field due to point charge q: F = M = LIS

2 4mey r?
> Electric field due to a dipole at a point on the dipole axis: E= 1 ! 2—5 (r>>>a)

TEy r
> Electric field at a point on equatorial plane: E= L% (r>>>a)
TCSO T

» Torque on an electric dipole placed in an electric field, T = pEsin®
> Electric flux through an area A: ¢ = E.A= EAcos 6
» Electric flux through a Gaussian surface: ¢ = gSE.dS > i

» Gauss’s Law: 0= ene
€

}\‘ a % "\ ------------------- ,»""
2negr 1

> Electric Field due to an infinite line of charge: E =
where, E = electric field [N/C], A = charge per unit length [C/m]
€y = permittivity of free space = 8.85 x 10712 [C%/N m?], r = distance (m), k = 9 x 10° N m*C™>

| qx

4me, (r2+x2)3/2

> Electric field due to a ring at a distance x is: E =

» When, x>>>r. E= L A
4me, x?

» Whenx<<<r:E=0

> Electric field due to a charged disc: F = 6[1 - x:l

28 JR? 422
where,
E = electric field [N/C] o = charge per unit area [C/m?]
€, = 8.85 x 10712[C¥Nm?] x = distance from charge [m]

R = radius of the disc [m]

- O
> Electric field due to a thin infinite sheet: E= g”
0

ao
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Chapter - 2 : Electrostatic Potential and Capacitance

Revision Notes

( Electric Potential )

Electric potential

» Electric potential is the amount of work done by an external force in moving a unit positive charge from infinity
to a point in an electrostatic field without producing an acceleration.

4%

» Itiswrittenas V= L

q

where, W = work done in moving charge g through the field, § = charge being moved through the field.

> The SI units of electric potential are %, Volt, Nm .

C
Potential difference

> Electric potential difference is defined as the amount of work done in carrying a unit charge from one point to
another in an electric field.

Work = APE W

Charge N Charge § q

Electric potential difference =

Between two points Aand B, W,z = -V X g
where, V,; = V-V, is potential difference between A and B.

> In a region of space having an electric field, the work done by electric field dW, when positive point charge g, is
displaced by a distance ds, then,

- -
dW =qE.ds
JqE
q e B—) -
AV:VAB=VB—VA=—%=—A F =—jE. S
A

Electric potential due to point charge
> The electric potential by point charge g, at a distance r from the charge, can be written as,

V= 1 4q
dmey v

where, g is permittivity of vacuum (free space).
> Electric potential is a scalar quantity.
» Dimension of Electric potential is [M L2T2A7].
> For a single point charge g, the potential difference between A and B is given by,

B, 5 B B
AV =V,—V, =—[ E.ds=- | Edscos0°=—E [ ds
A A A

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

f dr 1] 1 1

r,, 4me, dmeplrl  dmeylrg 1y

\@+
_—

» Ifrg = o, then Vg = 050,

V=L .4_HM
dmey 1, 1y
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Dipole and system of charges
> Electric dipole consists of two equal but opposite electric charges which are separated by a distance.
> 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 an equatorial line is always zero.
> Electric potential due to dipole at a point at distance r and making an angle 6 with the dipole moment p is given

— A
1 pcosb _ 1

— =
dmey, 7 4me

-p—;(r >> 1)
’

> Potential at a point due to system of charges is the sum of potentials due to individual charges.
> In a system of charges g, q,, 73, ...q, having positive vectors ry, r,, 3,.....r,, relative to point P, the potential at
point P due to total charge configuration is algebraic sum of potentials due to individual charges, so,

V=V, + Va4 Vot ... +V,

L (qquJ

dneg|\ln 1 1 7,
n
_ 1 4i
=—— V1 q,
4meg i3 7;

> Itis known that in a uniformly charged spherical shell, here electric potential outside the shell is given as:

v L 4 (r=R)
dmey 1

where, g is the total charge on shell and R is the shell radius.
Equi-potential surfaces

» Equi-potential 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 electric field, so E will be at right angle to the surface.

» Work done in moving a charge over equi-potential surface is always zero.

> Electric field is always perpendicular to the equi-potential
surface. Iy

» Spacing among equi-potential surfaces allows to locate regions 90° Equipotential ‘
of strong and weak electric field. surface .

> Equi-potential surfaces never intersect each other. If they

intersect then the intersecting point of two equi-potential
surfaces results in two values of electric potential at that point,
which is impossible.

> Potential energy of a system of two charges,

1 0 o "y .
U=—-_1N2 q q 3
dme, 1, 1S h?
» Potential energy of a system of three charges, i3 "2
-1 (‘11‘72 + T | 123 J q,
dngg\ ny  nz Ty
> Potential energy due to single charge in an external field:
Potential energy of a charge g at a distance 7 in an external field,
-
U=qV(r) KA
- 1’1
Here, V(r) is the external potential at point .
>

> Potential energy due to two charges in an external field, N
- - 1 1)
U=q,V(r)+ 5]2‘/(7’z)+7-M

dme, 1y q,
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> Potential energy of a dipole in an external field:

>
When a dipole of charge g; = + g and g, = — g having separation '24' is placed in an external field ( E ).
U(B) = —pEcos 6

Here, p = 2ag and 6 is the angle between electric field and dipole.

( Capacitance

Conductors and insulators
» Conductors are the materials through which charge can move freely. Examples: Metals,
semi-metals as carbon, graphite, antimony and arsenic.

» Insulators are materials in which the electrical current does not not flow easily. Such materials dielectric

cannot be grounded and do not easily transfer electrons. Examples: Plastics and glass.
Dielectrics
> These are the materials in which induced dipole moment is linearly proportional to the
applied electric field.
> Electrical displacement or electrical flux density, D = €,g,E.
where, €,= Electrical relative permittivity, €, = Electrical 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 = Kgog

where, A = area of plates

k = dielectric constant of material is also called relative permittivity kx =€, = —

€
Material Dielectric Constant (k) Dielectric strength (10° V/m)
Air 1.00059 3
Paper 37 16
Pyrex Glass 5.6 14
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
D-E

bound and free charges written as P = 1
T

> In term of electric susceptibility: P = X.E

> In MKS: P = ggX.E,

> The dielectric constant x is always greater than 1 as Xe > 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 is connected to negative terminal.

> Electric charge stored between plates of capacitor is directly proportional to potential difference between its
plates, i.e.,

Q=CVv

where, C = Capacitance of capacitor, V= potential difference between the plates

> In capacitor, energy is stored in the form of electrical energy, in the space between the plates.
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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),

SI unit of capacitance is farad (F)
1C
1F= v =9x10" 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 which is given as:
A
C=xgy—,
d

where, g, = 8.85 x 102 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), # (nano) and p (pico) are applied such as:

PREFIX MULTIPLIER
uw 107 (millionth) 1uF = 10°F
n 107 (thousand-millionth) 1nF =10"°F
p 1072 (million-millionth) 1pF =10"2F

Combination of capacitors in series and parallel

Capacitors in series

>

(i) If a number of capacitors of capacitances C;, C,, Cs, cocvvvveveneeeee C,are 4 >
connected in series, then their equivalent capacitance is given by:

| | | [ L]
B T T T 1 | | L
G G G G, e Cq C, Cs C

In series combination, the charge on each capacitor is same, but the potential
difference on each capacitor depends on their respective capacitance, i.e.,

GI= Gy = 3 cneeennnnns 9,=1
IfVy, V,, Vs e , V,, be the potential differences across the capacitors and V be the emf of the charging battery,
then

V=Vi+Vo+ Vit +V,

As charge on each capacitor is same, therefore
g =ViC;=V,Cy = V3Cy .
the potential difference is inversely proportional to the capacitance, i.e.,

1

o —

C

» In series, potential difference across largest capacitance is minimum.

» The equivalent capacitance in series combination is less than the smallest <

Capacitors in parallel

>

capacitance in combination.

(i) If a number of capacitors of capacitances C;, Cy, Cy....cececeeeee C, are connected in parallel, I

then their equivalent capacitance is given by,

C=C+G+ Gt +C, c:
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>

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

V1:V2:V3: ............... :Vn:V
while the charge on different capacitors may be different.
If 41, G2 Q3 oo , q,, be the charges on the different capacitors, then

Gt gt gzt +4q,= VG,
As potential drop across each capacitor is same, so
= v=I =9 = = . .. =
Cl C2 C3 Cn
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.
1 Qv 4 .

Force of attraction between parallel plate capacitor will be F = E[%] = % QE where Qs 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 i Plate area A
=S, Ty [FF A A A+ A+
. 80. .. d L _° SN
Where, 6 = charge density and g, = permittivity of free space & d
Surface charge density, = e ——
6=2
A 4
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 dielectric
o +e )
=€,8)—
re0 d
If a dielectric slab is placed in between the plates of a 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 (x) and not on charge on the
plates or potential difference between the plates.

Electric
field E

Plate
area A

If we have number of dielectric slabs of same area as the plates of the capacitor

and thicknesses t;, t,, t,.... and dielectric constant x;, K, X;...... between the plates,
then the capacitance of the capacitor is given by

Where, d = t; + ty + t5 + .....
If slab of conductor of thickness ¢ is introduced between the plates, then
gA gyA

C = =
IR RN )
K 1 =3 1

goA
C=_4 (++ ¥ = oo for a conductor)
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» When the medium between the plates consists of slabs of same thickness but areas A;, A,, A;,... and dielectric
constants x;, ,, k..., then capacitance is given by
C= gy (1A + KA, + K345 ....)
d

_ Capacitance in medium

C

n
K== . :
Cy, Capacitance in vacuum

> When space between the plates is partly filled with medium of thickness ¢ and dielectric constant «, then
capacitance will be:
gA g A

d—t+1 d—t(l—lj
K K

C=

. . gA
When there is no medium between the plates, then ¥ =1, s0 C,,cqum = OT
> Capacitance of spherical conductor of radius R in a medium of dielectric constant x is given by,

C = 4mepkR
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.

1Q* 1 1.,
us= E?_EQV_ECV
> 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.
> Dielectric: It is an electrically insulated or non-conducting material considered for its electric susceptibility.
> Permittivity: Itis 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 particular
medium.

Concept: Characteristics of equi-potential surface

Mnemonics: Exclusive peace and No war Noble India is super power

Interpretation:

Exclusive peace and: Electric field is perpendicular to the surface
No war: No Work is done on moving a charge on the surface
Noble India is: Never Intersects

Super Power: Same potential everywhere on the surface

Key Formulae

> Electric Potential, V = ﬂ, measured in volt; 1 volt = 1 Joule / coulomb.

q

> Electric potential difference or “voltage” (AV)=V;-V; = AU _W
q



Oswaal CBSE Chapterwise & Topicwise Revision Notes For Term-I, PHYSICS, Class-XII [ 13

> Electric potential due to a point charge ¢ at a distance r away: V = L

4me, r

o S
> Finding V from E: V- V; = —IE.dS

1

1
> Potential energy of two point charges in absence of external electric field: U = m[quqz]
ol "2

7192

> Potential energy of two point charges in presence of external electric field: g,V (r;)+q,V(r,)+ 1
[

Note: All symbols have their usual meanings.

Concept: Characteristics of equi-potential surface.
Exclusive peace and No war Noble India is super power.
Interpretation:

Electric field is perpendicular to the surface.

No Work is done in moving a charge on the surface.
Never intersects.

Same potential everywhere on the surface.

» Capacitance, C = g , measured in Farad; 1 F = 1 coulomb/volt

> Parallel plate capacitor:

C= K‘Sog

> Cylindrical capacitor:
L
C = 2mke, m

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

» Spherical capacitor:

ab
C = 4nk g, (b—a)

where, b = radius of the outer conductor [m], a = radius of the inner conductor [m]
» Maximum charge on a capacitor:
Q=VC
» For capacitors connected in series, the charge Q is equal for each capacitor as well as for the total equivalent.

If the dielectric constant x is changed, the capacitance is multiplied by x, the voltage is divided by x and Q is
unchanged. In vacuum, k¥ = 1 and when dielectrics are used, replace g, with x g,

> Electrical energy stored in a capacitor: [Joules (J)]

2 2
i - Q0

2 2 2C
> Surface charge density or Charge per unit area: [C/m?]
oo 1
A

> Energy density:
e Electric energy density is also called Electrostatic pressure.
o Electric force between plates of capacitor,

F= 180 E*A
2

o Energy stored in terms of Energy density,

E__ 1EOEZ
Axd 2
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u= 1SOEZ
2

where, U = energy per unit volume [J/m?], g,= permittivity of free space, = 8.85 x 102 C%/Nm? E = energy [ ] ]
o Capacitors in series:
1 1 1

- == 4+ — .
Cepr G C,

o Capacitors in parallel:

Ceff = Cl + CZ
oo

PART - Il : CURRENT ELECTRICITY

Chapter - 3 : Current Electricity

Revision Notes

( Electric Current, Resistance and Cells )

Electric current

d
» Electric current is defined as the rate of flow of charge, across the cross section of conductor i.e., [= “

dt

> When charge flows at a constant rate, the corresponding electric current can be writtenas: 1= 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 current = 6.25 X 10'® electrons flowing per second.
> Direct current is unidirectional flow of electric charge.
Flow of electric charges in metallic conductor
» When an electric field is applied to a metal at certain points, free electrons experience force and start moving

» 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.
> Dirift velocity, mobility and their relation with electric current

> Dirift Velocity is an average velocity which is obtained by certain particle like electron due to the presence of
electric field.

> Dirift velocity is written as :

. ¢E
Ud =—7T
m

.. A
where, relaxationtime, T =—, here e = charge, m = mass, A = mean free path
v

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

vy =—
d neA

or I = neAv,

where, I = Electric current through conductor, n = Number of free electrons per unit volume,

A = Area of cross-section, e = Charge of electron
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> Drift velocity of electrons under ordinary conditions is of the order of 0.1 mm/s.
> Mobility is the drift velocity of an electron when applied electric field is unity.

Mobility, = %d
etE/m et
or, = E =
m

Electrical resistivity and conductivity
> Resistivity is the specific resistance that is given by the conductor having unit length and unit area of cross-

section.
_m
ne*t
» Conductivity is the reciprocal of resistivity shown as :
1 ne*t
o=—=——-
p m

Ohm’s law
> The flow of current through conductor is directly proportional to the potential difference established across the

conductor, provided physical conditions remains constant.

or, o<V
or, I =GV
1
Here, G = R
or, )= lV
R
or, V =IR

where, R = resistance of conductor
Electrical resistance
> Itis an obstacle that is shown by the body during the flow of current as :

h_V W\,
I ne’tA

> The resistance of the conductor is givenas: R = p%

where, p= is specific resistance or resistivity of the material of conductor.

ne“t
> 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.

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.

Linear V-I Characteristics
> Alinear V-I curve has a constant slope and hence a constant resistance. Carbon resistors and metals obey the Ohm's
law and have a constant resistance. This means that the V-I curve is a straight line passing through the origin.

R,<R,

o Current —»

Voltage —>
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> An electronic component may exhibit linear characteristic only in a particular region. For example, a resistance
shows linear behaviour mostly in its operating region.

Non-linear V-] Characteristics

> A circuit component has a non-linear characteristic if the resistance is not constant throughout and is some
function of voltage or current. The diode, for example, has varying resistance for different values of voltage.

> However, it has linear characteristic for a narrow operating region. Note that in the graph above, we can also see
the maximum forward and reverse voltage in which the diode can be operated without causing breakdown and

burning up of the diode.
A
gT Breakdown
£ R’
]
g
3 Opferating
region
O >
Voltage (v)™ >
<
=
Reverse qé
breakdown &
@)
v

Electrical energy and power
> Electrical energy is stored in the charged particles in an electric field.

2
E:inxt:iszxtszxt

where, E = Electrical energy, V = Potentialdifference, t = Time, i = Current, R = Resistance

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

o
t
Since Voltage V= %,
So, P = V%=V1 |:Here, I= %]
or P =I°R or V—Z

The unit of power is J/s or W (Watt).
Temperature dependence of resistivity
» With small change in temperature, resistivity varies with temperature as :
p = po(l + o AT)
where, o0 = temperature coefficient of resistivity.
Internal resistance of cell
» Cell is a device that maintains the potential difference that is present between the two electrodes as a result of
chemical reaction.
» Internal resistance is the resistance of electrolyte that is present in a battery which resists the flow of current when
connected to a circuit.
» Emf E is the potential difference between the electrodes of cell, when no current flows through it.

Potential difference and emf of a cell I E r K
» The emf and terminal potential difference of a cell : Let emf of a cell be E and its internal _H Wiy
resistance, r. If an external resistance R be connected across the cell through a key, then IR V-
= V = potential difference across the external resistance R. This is equal to the terminal ‘|’_’\N\,j’

potential difference across the cell. R
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E=V+1Ir
N I = E-V
r
So V=E-Ir
V <E. (if there is flow of current)

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
nE

I. =
> 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<<r
When m cells are connected in parallel across a resistance R, then current through the resistance is given by
E mE

I, = =
P R+r/m mR+r

If m cells of emfs E;, E,, Es,.....E,, and of internal resistances ry, r,, 7,.....r,, are connected in parallel across an
external resistance R, then the current through the external resistance is given by

24+ +m
I n n n T
N 1 715 1 1
R+|—+—+—+...+—
N o, T3 Tn

( Kirchhoff's Laws, Wheatstone Bridge and their Applications )

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

OR
> The algebraic sum of all currents meeting at a junction in a closed circuit is zero. i.e., I = 0
» This is called the law of conservation of charge.
Second Law
» Kirchhoff’s second law is also known as loop law which shows that around any closed loop in a circuit, sum of
the potential differences across all elements will be zero.
ie., YV =0o0rXV = XIR
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> This is called the law of conservation of energy.

R3
p—\/\,
Il+12ﬂ‘
R, I, B
E ——-B

For example : Applying Junction law in loop AFEBA,
Ei-E,=LR-LR,
Wheatstone Bridge

» Itis a circuit having four resistances B, Q, R and S, a galvanometer and a battery connected as shown.

D K,
+|| -

Wheatstone Bridge

» 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 ability of a material to store electrical potential energy under the influence of an electric field
measured by the ratio of the capacitance of a capacitor with the material as dielectric to its capacitance with
vacuum as dielectric.

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

( Metre Bridge, Potentiometer and their Applications )

Metre Bridge
» Itis an instrument which is used to find the unknown resistance of a coil or a material connected in a circuit.
» Itis also known as slide wire bridge which is an instrument that works on the principle of Wheatstone bridge.
» Metre bridge has two metallic strips which act as holders for the wire that are made of metals like copper.
> In metre bridge :

* Resistance box Rz and unknown resistance R are connected across the two gaps of metallic strips.

* 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.

* Jockey which is a metal wire having one end as knife edge is used for sliding on the bridge wire.

Measurement from the Metre 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.

» Metre bridge can be drawn similar to Wheatstone bridge as :
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R Resistance Box
B

R
Z
Metre bridge Wheatstone bridge
From the above arrangement :
Rp _ R
Resistance across XY  Resistance acrossYZ
Now, Ry __ R [As,R =PL
pL  pLly A
A A
R R
Further, =B -~ [~ L,=100—L]
pL;  p(100-L;) 4 1
A A
Hence, Rp__ R
L; 100-L;

Potentiometer

» Potentiometer is a device which measures the emf of a 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.

A\

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 terminal
is connected at any point on the resistive wire through galvanometer G which forms the secondary circuit.
r E; K Ry,
Primary | ¢
Circuit
A

> J
Secondary—1»
Circuit —E| —d

where, | = Jockey, K = Key, 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 thatis to be measured.
> 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
displacement.
> It can be used to measure the internal resistance and emf of a cell which cannot be measured by voltmeter.
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» The basic principle of potentiometer is that the potential drop along any length of the wire is directly proportional

to its length. So, when a constant current flows through a wire of uniform cross-section and composition then,
Vel

» When there is zero 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 in measuring
potential difference.

> In a potentiometer, auxiliary circuit comprises of battery of emf E connected across terminals A and B with
rheostat R;, resistance box and key K in series where resistance R; is connected to terminal A and jockey ] 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 is same if key K is potential gradient of potentiometer
wire, then potential difference across resistance R; will result as :

V =KI
> If ris the resistance of potentiometer of length L, then current through potentiometer will be :
E

I:
R+r

> Potential drop across potentiometer wire will be :

Ir or X7
R+r

> Now potential gradient of potentiometer wire which is potential per unit length is :

K= E xl
R+r ) L
V= E Xr_l
R+r) L

» If a positive terminal of the cell of emf E; is connected to terminal A while negative terminal is connected to jockey

Application of potentiometer comparing emf of cells

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

E1 KZ

Battery

Kq

oo M

> When the length of wire AP as [; is measured, then potential difference across it, will balance the emf E;,
So E; = KI;, where K is potential gradient of the wire.
» When cell of emf E; is disconnected while cell of emf E, is connected, then E, = KI,.
> On comparing and dividing, we get an expression :
E_§L

E, I

> By knowing the values of [; and [,, the emf of two cells can be compared.
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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 [, i.e. E = KI; ..(a)
By K w%ihli%stat)
|
A ] B
— %gé
R ¥yK

(ii) Now key K'is closed, so cell E comes in closed circuit. If the process is repeated again, then the potential difference
V balances on length I,, i.e., V=Ki, ...(b)

E \
(iii) By using formula, internal resistance, r = (V -1 ) .R

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

Know the Terms
» Conductors : These are materials, which develop electric currents in them, when an electric field is applied to them

> 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 positive
ion in the conductor.

» Conductance : It is reciprocal of the resistance of a conductor. i.e.,

1
& R
Unit : ohm™ (Q!)/siemen (S)/mho.
> Conductivity : It is the reciprocal of the resistivity of the material of a conductor i.e.,
o= 1
p
» Superconductivity : The phenomenon due to which a substance loses all signs of its resistance, when cooled to
its critical temperature.
» Temperature coefficient of resistance : It is defined as the measure of change in electrical resistance of any
substance per degree of temperature change.

Know the Formulae

>  Electric current, I= %
N
»  Drift velocity v, with electric field, v = —ekt
m
»  Current I with drift velocity v, I = neAv,
- v qt
»  Mobility of charge, =4 ==L
obility of charge u E -
»  Mobility and drift velocity, vy = WE

»  Current and mobility, I = neA p,E
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Resistance, potential difference and current,

Resistance R with specific resistivity,

Resistivity with electrons,
Current density,

Conductance,

Conductivity,
Microscopic form of Ohm's law,

Temperature coefficient of resistance,

In a cell, emf and internal resistance,

n cells of emf E in series,

Resistance of 7 cells in series,
(where R is external resistance)

Current in circuit with 7 cells in series,
n cells in parallel, then

Resistance of 1 cells in parallel,
Internal resistance of a cell,

Power of a circuit,

Energy consumed,
Kirchhoff's Law (Junction law), ¥I= 0

Kirchhoff's Law (Loop law), XV =0

P R
Wheatstone Bridge, AVpp = 0 or 6 = g

» Potential gradient (K) : K=

>

Internal resistance of a cell : r =(

2

R:K
I
l
R =p—
pA
o= M
ne*t
L
= -
I A
c= L
R
o= "
p
- -
] =oE
- _R-R,
Rox(t; —tp)
I= L
R+r
Eemf:nE
nr + R
{~ nE
R+nr
emf = E
R+ —
n

2
p=vi=PrR="Y"
R

E =1Vt

V_iR _ E <R
L (R+R,+r) L

Z_1|xR= M xR

E
> Comparison of emf’s of two cells AN

ao
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PART - lIl : MAGNETIC EFFECTS OF CURRENT AND MAGNETISM

Chapter - 4 : Moving Charges and Magnetism

Revision Notes

¢

Magnetic Field & Cyclotron )

Concept of Magnetic field

>

>
>

Magnetic field is a region around a magnet where force of magnetism acts which affects other magnets and
magnetic materials.

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.

Lorentz Force: When a charge ¢ moving with velocity v enters a region where both magnetic fields and electric

fields exist, both fields exert a force on it. %

X X X
N - o5 o v + v
Lorentz Force, F = q[E+vxB] X /L< l \\' X
- X X X X X
+— F —+

- - -
where, F = magnetic force, 9 = charge, v = velocity, B = magnetic field,

X
N R A X X X X
E = electric field, g E = electric force on the charge, g(v X B) = magnetic force I
v + = Vv
X X X

X

on the charge

SI unit of magnetic field is Tesla, while smaller magnetic fields are measured in terms
of Gauss.

1Tesla = 10*G

- -
When a test charge g, enters a magnetic field B directed along negative z-axis with a velocity v making an angle
0 with the z-axis, then,

— - - A
Fm = qO(UXB) :qOUBsineYl

Characteristics of motion of particle in magnetic field

>
>

VV VYV VY

Velocity and kinetic energy of particle do not change, as force is always perpendicular to velocity.
Direction of velocity will continuously change, if 6 = 0.
when 6 =0, no force will act on the particle, hence there will be no change in velocity.

When 6 =90°, test charge describes a circle of radius %,
9o

where, m is mass of the particle; larger the momentum, bigger the circle described.

In case of 8 being any other angle than 0° and 90°, test charge will show circular path of radius mousin® , which
moves along the direction of magnetic field with speed of vcos 6. o

Momentum along the direction of magnetic field will remain same.
Angular speed of test charge 1B i independent of initial speed of particle.
m

Centripetal force on test charge gyv Bsin 0 is independent of the mass of particle.
When the particle enters the magnetic field with the same momentum, then radius of path will be,
_my
70B

where, 7o —
qo
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Oersted’s experiment

Oersted observed that:
» When there is no current, compass needle below a wire shows no deflection.
> When the flow of current is in single direction, then the compass needle deflects in a particular direction.
» When the flow of current is reversed, deflection in compass needle occurs in the opposite direction.

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

wire.
Biot-Savart's law
> The magnetic field due to a current element at a nearby point is given by:

- -
where, d_é _ l:u_o] h dsx r
4n] o3
>
dB = Magnetic field produced by current element
>
ds = Vector length of small section of wire in direction of current
N
r = Positional vector from section of wire to where magnetic field is measured
I = Currentin the wire
- g
® = Angle between ds and 7

ly = Permeability of free space and p, = 4n X 10”7 Wb/Am

@J Idlsin®

The magnitude of magnetic field, |dB| = ( 2

Applications of Biot-Savart's Law
» Magnetic field at a point in circular loop will be:
E WlR>

= -
Z(RZ +x2)3/2 [Here, * = R® + 1%

» Magnetic field at the centre of the coil
- -
B KNI 3

RN [x=0]
» Magnetic field at very large distance from the centre: B = Zio N;A
X
[Here, R << 1 or, R + x* = x%]
where, A = Area of circular loop
= nR?

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

) gt M _ i —
4t v 4r
6 — —
i
(i) p=to 8 o
4w r > T
%
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B:ﬁ~(2n_e)i

(i) it 1 ryd

O r

2

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

B=B}+B} = %\/if +ij

( Ampere's Circuital Law and its Applications )

» Ampere’s circuital law states that the line integral of magnetic field around a closed path is u, times of total

current enclosed by the path, 953.111 =uol

where, Net current passing
; through the closed

B = Magnetic field / Amperian loop

dl = Infinitesimal segment of the path €§
o = Magnetic permeability of free space /] I

Amperian
> Magnetic field at a point will not depend on the shape of Amperian loop and will loop

I = Enclosed electric current by the path

remain same at every point on the loop.
Forces between two parallel currents
» 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= Holy
2mr

In this, the field is orientated at right-angles to second wire where force per unit length on the second wire will

be:
E _ Wolily
I 2mr
* Magnetic field-strength at first wire due to the current flowing in second wire will be:
B= Holp
2mr

» One ampere is the magnitude of current which, when flowing in each parallel
wire one metre apart, results in a force between the wires as 2 X 107 N per metre Al
of length. B

Applications of Ampere’s law to infinitely long straight wire, straight and toroidal C

solenoids:
(i) Magnetic Field due to long straight wire ™ Magnetic
» Ampere's law describes the magnitude of magnetic field of a straight wire as: N field lines

= Mol

where, 2mr
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* 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.
(ii) Magnetic Field due to Solenoid
> Solenoid: An electromagnet that generates a controlled magnetic field.
» 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:

* at any point in the solenoid, B =ygnl
* at the ends of solenoid, By = ”02”1

where, n = number of turns per unit length, I = current in the coil.
(iii) Magnetic Field due to Toroid
Toroid: It is an electronic component made of hollow circular ring wound with number of turns of copper wire.

Y VvV

The toroid is a hollow circular ring on which a large number of turns of a wire are closely wound.
> In a toroid with n turns per unit length with mean radius », where current i is flowing through it, the magnetic
field experienced by the toroid with total number of turns N will be:

- > /
gEB.dl:uOi = B X 2mr = uoNi

where, r = average radius

(here,n = E)
21y

> At any point, empty space surrounded by toroid and outside the toroid, magnetic

Here,

field B will be zero as net current is zero.

( Torque and Galvanometer )

Torque experienced by a current loop in uniform magnetic field
> In a rectangular loop of length I, breadth b with current I flowing through it in a uniform
magnetic field of induction B where angle 6 is between the normal and in direction of magnetic
field, then the torque experienced will be:

T = nBIAsin 6
where, n = number of turns in the coil
- nlA=m
Further, T = mBsin 6

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

- - 5 o
» In vector notation, torque T experienced willbe T =mxB seal
cale

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

» In this, when a current carrying coil is suspended in uniform magnetic field, it ~Feinter— Permanent magnet

experiences a torque which rotates the coil.

» The force experienced by each side of the galvanometer will be F = Bll which are
opposite in direction.

» Opposite and equal forces form the couple which generates deflecting torque on
the coil having number of turns n is given as:

Soft-iron
core

T=FXxb
=nBIl X b

Uniform radial
= ﬂBIA magnetic field
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p S F
I F
/B b ‘
P — E— >
F/ F
Q R

» In moving coil galvanometer, current in the coil will be directly proportional to the angle of the deflection of the
coil, I<06
i.e., where, 6 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.

C

I=—6
nBA

nBA

9
I C

Current Sensitivity,
> Voltage sensitivity of galvanometer is the deflection per unit voltage given as

Voltage Sensitivity, 9 8 QnBA

vV IG CG
where, G = galvanometer resistance, C = torsional constant.
» Increase in sensitivity of moving coil galvanometer depends on:
(i) number of turns # (i) magnetic field B (iii) area of coil A and (iv) 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.

> If I, being the maximum current with full scale deflection passes through galvanometer, then current through
shunt resistance will be iy =(i—1ip)

where, G = Galvanometer resistance, S = Shunt resistance and i = Current in circuit

» Now, effective resistance of ammeter willbe: ~ se-----------o-----o

1 _1 | AN 5

= =+ 1 1

R G : :

e .

G S I . I

R, = it A g & B

G+S e Pl

Conversion of galvanometer into voltmeter
> Voltmeter measures the potential difference between the two ends of a current . ;/_1; T
ollmeter

carrying conductor. ! < i

. . . . : (C) I
» Galvanometer can be converted to voltmeter by connecting high resistance in e & MW ' B

series with galvanometer coil. b i

i I

> As resistance R is connected in series with galvanometer, current through the Nttt 3

galvanometer will be, v
. Vv Vv
ig= or, R=—-G
R+G iy

> Effective resistance of voltmeteris 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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Path of a charged particle in a uniform magnetic field depending on the angle between the magnetic field and the
velocity of the particle:

Mnemonics : Circle ninety (90°) angle, go straight if it zero (0°), go for helical, all other angle magnet field is zero.

[ Circle circle ninety (90°) angle|g) ~ Path is a circle if angle between magnetic field and velocity of charged
article is 90°.
> P

| Go straight if it zero (0°)

Path is a straight line if angle between magnetic field and velocity of

Go for helical, all other angle . .
| 8 |m:> charged particles is 90°

| Magnet field is hero. |

Path is helix if any other angle between magnetic field and velocity of
charged particle.

Key Formulae

- 5 >

5
» Lorentz force, F = g(E+vxB)

> In uniform magnetic field B, frequency of circular motion of charged particle,

NGB
f 2nm
2.2p2
and KE, = 9B
2m
> g i x 1)
» Biot-Savart's law, dB==-"L.
4m T

&N
» Magnetic field at a point due to circular loop, B = @.I —_—
g p P 2 (R4

- >
> Ampere's circuital law: g[) B.dl=p,l
> Magnetic field at the surface of a solid cylinder: B= %
i
» Magnetic field inside the solenoid: B = pgnl
P Sy . _ UgNi
» Magnetic field in a toroid with mean radius r: r= Ey
nr

Bo 2y

» Force between two parallel wires, F = 4
T a

W 010
m_fxm

> Force between two moving charge particle, F,, = 5
v

> T = NBiA

- C

> Voltage Sensitivity = %: %

» Current Sensitivity = ? nAB

ao
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Chapter - 5 : Magnetism and Matter

Revision Notes

( Magnetic Dipole )

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 generated 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
po 2ol

any’

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,
— - o
T = MxB

Magnetic dipole moment of revolving electron

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

- em,vr
! 2m,
But angular momentum of electron,
L =m,r
e
=—L
“' =
! 2m,

Here (-) sign shows that angular momentum’s direction is opposite to the magnetic moment’s direction.

Magnetic field of a Solenoid, Earth’'s Magnetism &
Magnetic properties of Materials

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

moment of solenoid,

M (= NIA), p=Ho2M
47d®




30 ] Oswaal CBSE Chapterwise & Topicwise Revision Notes For Term-I, PHYSICS, Class-XII

> Magnetic moment of a bar magnet is equal to magnetic moment of an equivalent solenoid that produces same
magnetic field.
Gauss' Law for Magnetic Fields
» Gauss’ Law for magnetism applies to the magnetic flux through a closed surface.
» It 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
- -
0=[B.dA=0

Earth’s Magnetism
» Earth shows magnetic properties. This is evident from the following facts:
® A freely suspended needle stays in north - south direction.
® Availability of neutral points. At neutral points, magnetic field due to suspended magnet is equal and opposite
to the horizontal component of Earth’s magnetic field.
> The source of Earth’s magnetism is still undefined, though certain theories have good scientific justifications like
ions revolving with Earth.

Characteristics of Earth’s Magnetism

> Earth’s south pole and north pole are defined by Sun’s direction. These are known as geographical north and
south poles. Magnetic north and south poles are the points where the magnetic needle becomes perpendicular
to earth’s surface. Hence, there are two systems of directions.

> Due to two systems of directions, we can draw two meridians. (Plane joining geographic North and South pole is
geographic meridian and plane joining magnetic North and South pole is magnetic meridian)
Elements of earth’s magnetic field
> Angle of Declination: At any place on Earth, the acute angle between magnetic meridian and the geographical
meridian is called the angle of declination.
» Angle of Dip: The angle of dip at any place is the angle between Earth’s magnetic field intensity B with horizontal
in the magnetic meridian at that place.
Angle of declination
<myAa——Angle of dip
I
I
Ij

!

Earth's magnetic field
Y at a point

|

I Geographical meridian

Magnetic merdian

> Horizontal Component of Earth’s Magnetic field: The horizontal component of Earth’s magnetic field His in the
horizontal direction in the magnetic meridian.
By or H = Bcos 6

By, = Bsin
Where 6 is angle of Dip, tan @ = gi
H

We find the earth’s magnetic field B at any place by measuring its horizontal component. Hence,

H and By, = Htan®
cos

B=

» There is variation in magnetic field between place to place depending upon angle of Dip, angle of declination and
horizontal component of Earth, Hence, these are known as elements of Earth’s magnetic field.
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Concept: Four characteristics of magnetic field lines:

Mnemonics: | love new stories Tina found new Cookies.

Interpretation:

(i) Imaginary Lines

(ii) Extended North to South pole

(iii) Tangent gives (magnetic) field direction
(iv) Never Cross each other

Know the Formulae

» Magnetic field due to short dipole at distance ‘d” on axial line:

_Ho M
axial 47'C d3
» Magnetic field due to short dipole at distance ‘d’ on equatorial line:
= uM
M And®

ao

PART - IV : ELECTROMAGNETIC INDUCTION AND
ALTERNATING CURRENTS

Chapter - 6 : Electromagnetic Induction

Revision Notes

( Electric Field and Dipole )

(a) Concept Notes
Electromagnetic induction
> Electromagnetic induction is the process of generating the electric current with a changing magnetic field.

> It takes place whenever a magnetic field is changing or electric conductors move relative to one another when
they are in fluctuating magnetic field.

> The current produced by electromagnetic induction is more when the magnet or coil moves faster. When magnet
or coil moves back and forth repeatedly, then alternating current is produced.

Magnetic flux:

» Magnetic flux through an enclosed area is the number of magnetic field lines cutting through a surface area A, defined
by unit area vector.

> The unit of magnetic flux is weber, where, 1 Wb = 1 T/m?2.

Y

Magnetic flux (¢p) is related to number of field lines passing through a given area.

> If magnetic field is changing, the changing magnetic flux will be ¢y= NBA cos 6, where 0 is the angle between
magnetic field and normal to the plane.
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A\
0%

-0 — 0=90° IB|
I8 | A 3 \ N )
g :
\ A
A\
- - . . B perpendicular to A (¢=90°):
B parallel to A (9= 0°) Bat an angle ¢with the perpendicular to A: magnetic flux ¢, = 0.
magnetic flux ¢, = BA. magnetic flux ¢, = BAcos6 ’
Magnetic flux density
» The change in magnetic flux per unit change in area is called magnetic flux density.
- -
> Magnetic flux is given by: do = B-dA

For B parallel to dA , we have
do = B(dA)cos 0° = B(dA)

p= Q)

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 = Unij of d¢
Unit of dA
Or, T — &;
m
ie., Tesla = weber per square metre.

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, an emf is induced which is known as induced emf and if the conductor circuit is closed, current is also
induced which is called alternating 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 the product of number of turns in the coil and flux associated with the coil.

_d9p
dt

¢p is magnetic flux through the circuit and is represented as ¢, = IEd;})

With N loops of similar area in a circuit and ¢ being the flux through each loop, emf is induced in every loop.
Writing the formula for Faraday's law as
e=-N a0
At
where, € = Induced emf [V], N = Number of turns in the coil
A¢ = Change in the magnetic flux [Wb], At = Change in time [s]
The negative sign indicates that € opposes its cause.
> If there is no change in magnetic flux, no 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 provided by a battery.
» Changing magnetic flux and induced electric field are related to induced emf as per Faraday’s law.
> The induced EMF in a conductor moving is related to the magnetic field as E = B.L.vsin 6
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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 an ammeter, ammeter shows current induced in
the loop.

n 5%

> When a magnet is held stationary, there will be no induced current in the loop, even though the magnet is inside
the loop.

> When a magnet is moved away from the loop, the ammeter shows opposite current induced in the loop.

lo o

! g
Motional emf
> The relationship between an induced emf € in a wire or a conductor moving at a constant speed v through a

magnetic field B is given by: oAl
op = Blx xxél?xx>|;xxx

X
|
e = —d¢3=j(le) X X X X X X X (X
at  dt
X_X X X X e x >z
= _Bld_x xB X X X X _; X X
dt
X X X X X x X [x
dx o
= Blv T
> Aninduced emf from Faraday’s law is generated 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:
At equilibrium Fr =Fp
gE = quB
E =B
v =oB [Here, E:K]
l l
V = Bul
X X X AX X X
B 4
Fp = quB B = qE %
b pe—3—» b
XX X T x x X
< L !
Lenz’s law

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

> It explains the negative sign in Faraday’s flux rule, &= —t%B showing that the polarity of induced emf tends to

produce a current that opposes the cause i.c. change in magnetic flux.
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» As per conservation of energy, induced emf opposes its cause, making mechanical work to continue with the
process which gets converted into electrical energy.
» Slide wire containing induced current, magnetic field and magnetic force:

X X X T X X X X
B 1
X X. ><_ .X X. X
induced I
X X X X X —X
— 4
I . o &——>»
X X X X induced X
x[| x® x O »® 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
€ = NBA wsin (ot).

5
where, 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.

( Eddy Currents, Self and Mutual Induction )

Eddy Currents

» Current loops induced in moving conductors are called eddy currents. They can create significant drag, called as
magnetic damping.

> Eddy currents give rise to magnetic fields that oppose any external change in the magnetic field.

» Eddy currents are induced electric currents that flow in a circular path:

Wire loop Induced current

N /.

[
- g

1::pull

-

<

No force is needed to

Vioa pulling force is

needed to balance

pull the loop when th tic £
the wires are outside Onetﬁl:?;;ulcce;rce
the magnetic field.

current.
> 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.
e The shape, size or geometry of the two coils. i.e., the area of cross-section and the length of 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.,
o<l or ¢ =MI (i)
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 dl

-MZ ...(if)

& = - =
dt dt
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The negative sign is in accordance with the Lenz’s law i.e., the induced emf in the secondary coil opposes the
variation of current in the primary coil.

Taking magnitude of induced emf the equation (ii), we find

€
M = ar/an
. \ 4
Therefore, Unitof M = A =VA's
s

If ny, n, be the number of turns per unit length in primary and secondary coils per unit length and r be their
radius, then coefficient of mutual inductance is given as
M = pgnyn,mi?l
Self-Induction:

» 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 ¢, then it
is found that:

Oocl ord =1LI ...(i)

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

e = 40 _ _;dl i)
dt dt
The negative sign is in accordance with the Lenz’s law i.e., the induced emf opposes the variation of current in the
coil.
Taking the magnitude of the induced emf from the equation (ii), we find:
L =¢/(dl/adt) (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 dl/dt =1Astande =1V,
then L =1H=1VAs

» If a rod of length I moves perpendicular to a magnetic field B with a velocity v, then the induced emf produced
across it, is given by

€ =vBI

€ = Blvsin®

> 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

In general, we have,

_ Bwl* _B2nfl?
2 2
Here, ® = angular velocity of rotation, A = ni/> = area of circle and f = frequency of rotation.
» 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 = Wb_Vs_ Qs
A A
> The self inductance of a circular coil is given by:
27NI
L _ 0_BAN p, @aND [Bu——}
I 1 4n 7l amr

2 2
HoN A= HoN < mur?
2r 2r
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2
uoN“nr
L =20~
or 5
» The self inductance of a solenoid of length [ is given by
| _ ©_BAN _(u,NI\AN g MoNI
11 U1 )1 B
2
or L= HN7A _ won*Al = pgn®v [ n= %]

Here, n = N /I = 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.

» Ifacurrent I is set up in a coil of inductance L, then the magnetic field energy stored in it is given by
1. 0

Concept: Induced emf in a conductor moving in a magnetic field:

Mnemonics: | eat Loaf and Boiled Vegetables

Interpretation:

I: Induce

eat: emf

Loaf and: Length of Conductor
Boiled: B (magnetic field)
Vegetables: V (Velocity)

Know the Terms

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

> Induced electric field: Field generated due to changing magnetic flux with time

A\

Induced emf: A short-lived voltage generated by a conductor or coil, moving in a magnetic field

Y

Magnetic damping: A process in which energy of motion is converted in to heat by way of electric eddy currents
induced in a coil that passes between the poles of a magnet

Magnetic flux: The number of magnetic field lines measured through a given area
Motional emf: Voltage produced by the movement of conducting wire or a conductor in a magnetic field

Peak emf: The maximum emf produced by a generator

vV V V V

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

A\

Inductor: A device used to store electrical energy in the form of magnetic field when electric current flows

» EMF produced by an electric generator: € = NBAwsin (wt)
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Know the Formulae

- >
» Magnetic flux: 0, = JB,dA
» Faraday’s law: £=_N ad,,
dt
» Motional induced emf: € = Blv
» Motional emf around a circuit: e = (j)E,dl = _d:;J
t
» EMF produced by an electric generator € = NBAsin ot
» For Self Induction e = a6 -_ Lﬂ
dt dt
» For Mutual Induction e = a9 _ _ Mﬂ
dt dt
» The inductance in series is given by Ly =L+ L, +Ly+....
) . o 1 1 1 1
» The inductance in parallel is given by . T 1 +—g—+
p Ly L, L

» Mutual Inductance of two coils is given by
M= "ot NpNgAp _ nyn, NpNAg
Ip Ip

where, |, is the permeability of free space (4n x 107).
U, is the relative permeability of the soft iron core.

Ny is number of turns in secondary coil.

Np is number of turns in primary coil.

Ap is the cross-sectional area of primary coil in 72
Ag is the cross-sectional area of secondary will in m2.
Iis the coil current.

> For A.C. Generator € = gsinwt or € = g, sin2mvt
ao

Chapter - 7 : Alternating Current

Revision Notes

( Alternating Current )

> Alternating current

A\

Alternating current changes continuously in magnitude and periodically in direction.

» Itis represented by sine curve or cosine curve as I = Isin wt or I = Iycos wt where, I, is peak value of current and
Lis instantaneous value of current.

» Frequency of an alternating current supply f, is defined as the number of cycles completed per second. It is
measured in Hertz (Hz). In India, the frequency is 50 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.

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

YV V V VY

AC waveforms are:
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Square Wave +

aining
AR

» Peak and rms value of alternating current/voltage:

+

Sine Wave

AN
\VARVAS

+

Triangle Wave

A A
TATATE

» Root mean square or rms is the root mean square of voltage or current in an ac circuit for one complete cycle

denoted by V,,,, or ..
> 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,,,,,, L;; or I, shown as

amplitude
amplitude
amplitude

I =% = 0.707I,
> Rms voltage value is the square root of averages of the squares of instantaneous voltages in a time varying
waveform.
o
Vrms = ﬁ =0.707 VO
> AC voltage applied to pure inductive circuits:
V =V,sin ot
L
L
. T
O i=1i,|sinwt—— [which shows current lags the voltage by x 1
V =V, _sin ot 2 2

Average P, %[Sin (2wt)] = 0  [Since average of sin 2wt over a complete cycle is zero]

Thus the average power supplied to an inductor over one complete cycle is zero.
AC applied to pure capacitive circuit:

V=1V, sin ot
Il T
I(,! I=1,sin [(Dt + EJ [which shows current leads the voltage by g ]
O . Average P = %Sin(th) =0 [Since average of sin 2wt over a complete cycle is zero]
V =V_sin ot 2

Thus the average power supplied to an capacitor over one complete cycle is zero.
> Phasor-diagram: A phasor diagram represents sinusoidal ac current and sinusoidal voltage in a circuit along with
the phase difference between current and voltage. The length of phasor is proportional to the instantaneous
values of V and I and the maximum length is proportional to V, and I,

V_sin ot Vi

1
I sin (“’t'n/f) I

Phasor diagram of purely Inductive circuit Graphical representation of V and 7 versus of.
» Reactance and Impedance
> 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.
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Reactance is shown by “X” and is measured in ohms (Q).

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; = oL = 2xfL

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.

YV VYV VY VY

» Capacitive reactance (X) is the resistance offered by a capacitor and is given by
1 1
c=—=
oC 2rnfC

> Through a pure capacitor, alternating current leads the alternating emf by a phase angle of 90°.

dmpedance 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)

L C Oscillations:
0 L
+ |V

C C C

At t=0, Ug= Max, & U= 0 Att=T/B, Up= Uy At t=2T/8, Ug= 0, & Up= Max
L
C
+ + +
Att=3T/8, Up=Up  Att=4T/8, UE Max, & Ug= 0 At t=5T/8, Ug= Uy

At t=6T/8, U= 0 & Uy= Max Att=7T/8, Uy=Uj Att=T Ug= Max, & U= 0

» LC circuit comprises of inductor and capacitor connected in series where energy from the cell is given to capacitor
which keeps on oscillating between inductor and capacitor.

> When ac voltage is applied to the capacitor, it keeps 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 is change in magnetic flux of the inductor in the circuit, which induces an emf in
the inductor.

> The emfis given by e= —L% which opposes the growth of the current.

> When capacitor gets completely discharged, all the energy stored in it, gets stored in the inductor as a result of
which, inductor starts charging the capacitor and energy stored in the capacitor starts increasing.

> As there is no current in the circuit, energy in the inductor is zero, so total energy of LC circuit will be

14°

2°C

» Band Width: It is the range of angular frequencies over which the average power is greater than 2 the maximum
value of average power.

E=

» Impedance: In an ac, the impedance is analogous to resistance in a dc circuit that measures the combined effect of
resistance, capacitive reactance and inductive reactance.
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( LCR Series Circuit )

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=V sinot,

a@b

R L C

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

al 1

V=V,sinot=RI+L—+—q
at C
where, g is the charge on capacitor.
» The steady state situation will be
i= Asin(mt -0) and im = Vm N
2 _ 1 R*+|oL-—
R +(mL mCJZ oC
ol — i
where, o= tan”! T“)C

> From the equation, steady-state current varies sinusoidal with time, so steady-state current can be written as
I=1,sin (wt-f)

» In an LCR circuit:

1
Xo=—
€ wC
X:XL—XC=(DL—L
oC
Z=yR%*+ x>
I Vm Vm :Vm

"R X0 VR2ex2 2

Here, Z = Impedance of the circuit, X = Reactance of the circuit, X; and X = Inductive and Capacitive reactance.

> For steady-state currents, maximum current I is related to maximum potential difference V,, by

"7

> Total effective resistance of LCR circuit is called Impedance (Z) of the circuit given as
Z=\R*+(X, - Xc)
> The angle by which alternating voltage leads the alternating current in LCR circuit is given by

tanq):iXL;XC
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> In an LCR circuit, impedance triangle is a right-angled triangle in which base is ohmic resistance /
R, perpendicular is reactance (X; — Xc) and hypotenuse is impedance (Z) 7z 7
I
-
X

> 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 “«—R——
1
f= 2n/LC

» In LCR circuit, if there is no loss of energy, then total energy in L and C at every instant will remain constant.

X, =Xc or

» Sign for phase difference (f) between I and E for a series LCR circuit:
¢ is positive, when X; > X.
¢ is negative, when X; < X..
0 is zero, when X; = X.
o =n/2, when o = [.
o =-n/2, when o = 0.
Resonance
» Circuit in which inductance L, capacitance C and resistance R are connected in series and the circuit admits
maximum current, such circuit is called as series resonant circuit.

» The necessary condition for resonance in LCR series circuitis: Ve = V.
X, = Xc which gives ©?=—— or f=—1
= X which gives ®" =— =
LT 8 LC 2mJLC

> In this, frequency of ac fed to circuit will be equal to natural frequency of energy oscillations in the circuit under

conditions,
Z=R
L _E_E
Lz &R
> The sharpness of tuning at resonance is measured by Q factor or quality factor of the circuit given as
1 /L
Q=22
RNC
> At series LCR resonance or acceptor circuit, current is maximum.
E
max E

Power in AC circuits
> 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 apparent power.

» If the instantaneous values of the voltage and current in an ac circuit are given by
E = E,sin ot
i = igsin (ot — ¢)

where ¢ is the phase difference between voltage and the current. Then, the instantaneous power
P;, = E X i = Eizsin ot.sin (ot — §)

1..
or average power Prg = EEOIO cosd

Ey iy
= ﬁxﬁcow = Vs X Lys X COS

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

_ Effective power

cos ¢
Apparent power

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

P=VI
> Average power in LCR where, X; = X over a complete cycle in a non-inductive circuit or pure resistive circuit is
given as P =V, or IR

( AC Generator and Transformer )

AC generator
> An alternator is an electrical machine which converts mechanical energy into alternating electrical energy.
> Alternator or a synchronous generator has a stator and rotor.
> It is similar to the 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 = ¢, sin ot = NBA® sin ot
Transformer
» Transformer is an electrical device used for changing the alternating voltages.
It is 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.
> 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

» Transformer Ratio:

NS VS
- — 7, isdefined as the transformer ratio.
NP VP
. NP Vl’
The value of turns ratio of a transformer —=—L=n
NS VS

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

In this, there is less current in secondary as compared to primary (% >1 and [ < ).
P
The value of transformer ratio k>1
» Step-down transformer: In this, the secondary coil has less number of turns than primary (N, < Ny). In this,
V, < Vpand [ > 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 efficiently at high voltages than at low voltages due to less (I°R) heat loss in a
high voltage / low current transmission.

» Efficiency of transformer: )
Soft iron-core

_ Output power

o

Input power & —» P o | =y
2. 3 =] =8 1 o
3 3 I~ ]

El : 3 e Z g

n=_= S [ < Y p o

° o o

El, -
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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%.

YV V V V VYV

Energy losses in transformers:
1. Flux Leakage

2. Resistance of windings

3. Eddy currents

4. Hysteresis

Concept: In pure inductive and capacitive circuit

Mnemonics: Chocolate Cookies are Very Interesting !
Interpretation:

Chocolate: Current leads

Cookies are: in Capacitive circuit

Very: Voltage leads

Interesting !: in Inductive circuit

Key Formulae

I
» rms value for current Lims = %
Yo
> rms value for voltage Vims = 7
»> Power P=V,, dms
» Ina purely inductive circuit if,V = V, sin wt
= i, sin| of — = here i, = 2 and X, = ol
i=i,sin|® 5 where i, = X, and X; = o
(P avg)L =0
> Ina purely capacitive circuit if, V= V|, sin ot
i=1, sin|ot+— where, i, = & and X, = —
" ( z] " Xe oC
_ 1 _R.
> Average Power = EVOIO cos¢=V,, I, cos¢p (where, coso = 7 is power factor)
>
Z= R+ (X - Xc)
> Induced emf = e = —Lﬂ
dt
. N _14*
> Energy in LC circuit, Uy = >C
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Impedance for a series LCR circuit,

Average power, P = Eoly cos ¢ =V, L,s COS O
1 |L
uality factor = —.|=
Quality Q=x\C

For transformer:

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

. 5;
pep
%Efficiency = SUPULPOWET 1500,
Input power
_ Input power — Losses %100%

Input power

For generator:
e = gysin wt = NBAw sin ot

= e _ NBAwsinot
r R

ao



