CHAPTERI1: ELECTRIC CHARGES & ELECTRIC FIELD

SYLLABUS: - Electric charges, Conservation of charge, Coulomb's law-force between two- point charges,
forces between multiple charges; superposition principle and continuous charge distribution. Electric field,
electric field due to a point charge, electric field lines, electric dipole, electric field due to a dipole, torque on
a dipole in uniform electric field. Electric flux, statement of Gauss's theorem and its applications to find field
due to infinitely long straight wire, uniformly charged infinite plane sheet and uniformly charged thin spherical

shell (field inside and outside).
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GIST OF THE LESSON

Electrostatic force of interaction acting between two stationary point charges is given by
1 ma
Ay 1P
where qi1, g2 are magnitude of point charges, r is the distance between them and ¢, is
permittivity of free space.
1

Here, 4ms0 =9 x 10 ? N-m%/C2
The value of &, is 8.85 X 10712 C? / N-m”.
If there is another medium between the point charges except air or vacuum, then &, is replaced by €,K or go&: or
€.
where K or & is called dielectric constant or relative permittivity of the medium.
K=¢&=¢/g where, ¢ = permittivity of the medium.
For air or vacuum, K =1 For water K =81 For metals, K=o
Fyp
In Medium Culomb’s force becomes * ™ ~— &
Coulomb Law implies:
Force on qi due to q2 =— Force on q2 due to qi
Fi2=-Fz
The forces due to two-point charges are parallel to the line joining point charges; such forces are called central
forces and electrostatic forces are conservative forces.
Electric Field:
The space in the surrounding of any charge in which its influence can be experienced by other charges is called
electric field.
Electric Field Lines:
“An electric field line is an imaginary line or curve drawn through a region of space so that its tangent at any
point is in the direction of the electric field vector at that point. The relative closeness of the lines at some
place gives an idea about the intensity of electric field at that point.”
Properties of Field Lines:
(1) Two field lines can never intersect.
(i1) Electric field lines always begin on a positive charge and end on a negative charge.
(111) In Charge Free region field line are continuous curves without any breaks.
(iv) Drawing of field lines is proportional to the magnitude of charge. and do not start or stop in mid space.
(v) Strength of electric field at a point is directly proportional to the number of field lines passing per unit area
of an element held normal to the direction of the field.
(vi) direction of field lines is always normal to the surface of the conductor.
(vii) Field lines never form closed loops.
Electric Field Intensity (E):
The electrostatic force acting per unit positive charge on a point in electric field is called electric field intensity

at that point.
F

Electric field intensity E=1
Its ST unit is NC™! or V/m and its dimension is [MLT> A™!].

It is a vector quantity and its direction is in the direction of electrostatic force acting on positive charge.
Electric field intensity due to a point Charge:

due to a point charge q at a distance r is given by

E= —2%
Magnitude - dmep 12

Electric Dipole:

\S]
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An electric dipole consists of two-point charges of equal magnitude and - 2a >
opposite sign separated by a very small distance. e.g., a molecule of HCL,a @ +§'
molecule of water etc. N

Electric Dipole Moment: Product of magnitude of either charge and distance between them. i.e. p=q (2a)

Its ST unit is ‘coulomb-metre’ and its dimension is [LTAI
It is a vector quantity and its direction is from negative charge towards positive charge.
Electric Field Intensity and Potential due to an Electric Dipole:
(1) On Axial Line:

[ 2a :
Electric field intensity E, E_; p
1 2 pr Ak ]..I SR .E} P R I rl:}
E = j 5 :r
41 g0 (r? - a®)? r :
F— _12p '
Ifr>>2a,then =  4me+* (ShortDipole)
1 »r

Electric potential V= trer-a

_ 17
If r > > 2a, then V= 4msor?  ( Short Dipole)
(i1) On Equatorial Line:
E= — 4
Electric field intensity =~ 4meo (r? +a?)*/2
E= — %
Ifr>>2a then™  4ms »3
Electric potential V =0
(ii1) At any Point along a Line Making 6 Angle with Axis
Electric field intensity
Magnitude of electric field
1 p v 1+3cos28
47 g0 r3

( Short Dipole)

E =

V= 1 pcos@
Electric potential " 4rmeo r’—aPcos? @

_ 1 pcoscos@
If r >> 2a, then V= 4meo 2 ( Short Dipole)
Torque on a Electric Dipole in Uniform Electric Field:
Torque acting on an electric dipole placed in uniform electric field is given by
T =pEsin 0
or T=pxE
When 6 = 90°, then ‘Tmax = pE (Maximum)
When electric dipole is parallel to electric field, it is in stable equilibrium and when it is anti-parallel to electric
field, it is in unstable equilibrium. (In this Case Torque = 0)
Electric Dipole in Non-Uniform Electric Field:
When an electric dipole is placed in a non-uniform electric field, then a resultant force as well as a torque act
on it.
Net force on electric dipole = (qE1 — qE2), along the direction of greater electric field intensity.
Therefore, electric dipole undergoes rotational as well as linear motion.
Work done to rotate an electric dipole in Uniform electric Field:
Work done is rotating an electric dipole in a uniform electric field from angle 6, to 62 is given by
W = pE (cos 81 — cos 02) = -pE(cos 02 - cos 01)
If initially it is in the direction of electric field, then work done in rotating through an angle 9,
W =pE (1 —cos 6).

KVS ZIET MYSURU PHYSICS XII 2025-26




Potential Energy of a Dipole:
Potential energy of an electric dipole in a uniform electric field is given by
U=-pEcosd=-p.E
Stable Equilibrium:
When angle between p and E is 0 degree.
Unstable Equiibrium:
When angle between p and E is 180°.
Electric Flux (¢k):
Electric flux over an area is equal to the total number of electric field lines crossing this area.
Electric flux through a small area element dS is given by
doe=E. dS
where E= electric field intensity and dS = area vector.
Its SI unit is Nm?C".
For a curved surface, it is divided into smaller area element and flux through each element is calculated to
find total flux i.e.
e =2 E.As—§E.ds
Gauss’s Theorem:
The electric flux over any closed surface is 1 / €, times the total charge enclosed by that surface, i.e.,

— — O
Op= $E.ds= €0 where Qin = Net Charge enclosed in the surface.

Important points regarding Gauss’s Law:

(1) The law is valid for a surface of any shape and size.

(i1) Qin includes only those charges which are inside the closed surface (may be located anywhere in the
surface)

(111) E in LHS is due to all the charges located inside or outside the surface.

(iv) Any violation of Gauss law will indicate the departure from inverse square law or Coulomb’s law.

Note: If a charge q is placed at the centre of a cube, then total electric flux linked with the whole cube = q /
€o, electric flux linked with one face of the cube =q/ 6 &o.

Electric Field Intensity due to an Infinite Line Charge:

A
E= 2megr A

( Direction —Radially outwards for q > 0 and inwards or q<0)
where A is linear charge density and r is distance from the

R
+ +f
.4
m

line charge. r
Electric Field Near an Infinite Plane Sheet of Charge:
E=0c/2¢ _,.,.-—:': N
where ¢ = surface charge density. : &t E
If infinite plane sheet has uniform thickness, then + 7 : =2
E=0/¢ ':_ i 2g0

- : 5
Electric Field Intensity due to an Uniformly Charges _I_.:—"‘ r ’
Spherical Shell/ Conducting Sphere ( of radius R):

1 ¢
(i) At a point lying outside the shell (r>R) = w7 I
E — 1 a k

(i1) At a point on the Surface of the shell (r=R) dmep "2 S EECrar—

(ii1) At a point inside the shell: E =0
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CHAPTER-2: ELECTROSTATIC POTENTIAL AND CAPACITANCE

Syllabus:- Electric potential, potential difference, electric potential due to a point charge, a dipole and system
of charges; equipotential surfaces, electrical potential energy of a system of two-point charges and of electric
dipole in an electrostatic field.

Conductors and insulators, free charges and bound charges inside a conductor. Dielectrics and electric
polarization, capacitors and capacitance, combination of capacitors in series and in parallel, capacitance of a
parallel plate capacitor with and without dielectric medium between the plates, energy stored in a capacitor
(no derivation, formulae only)

MIND MAP
_ &(Permitivity of medium) Polar dielectric Non-polar dielectric For linear isotropic ® C'=KC
- 8 (Petiily ol frex apatc) Pe'rm.anenl dipole ml)mf.‘l?lt Ea.u:h molecule ha§ zero dielectric ® U=KU,
exist in absence of electric  dipole moment in its p_ %, E (¥, = electrical N K
field also. normal state. sncceptibility) Q=KQ,
Energy Stor e#z Dielectric A 4
u=lov2-9 _ daw Constant Types of Dielectric
2 26 2
Eneepy ity Dielectric is an insulator which 7
0= leﬂ E2 transmils electric effect without
2 conducting. If field exceeds
the dielectric strength, the
Pag:ll:'l:ilzlz;le dielectric begins to conduct. Battery
Energy Stored ¥ Connected
2
= l QV = Q Dielectric and Wtk il
attery
2 8neqa _ its Properties Tilsscascisd
Energy Density Spherical Conductor Energy Capacitors. .
3 of Radius a Storage ith
u= L i g cAPAc‘TnR W K ® Partially filled
2, 4 na fREr : Dielectrics di i
SZIEGT c . ! ielectric
0 Capacitor Capau’ltor is a passive ™ | ‘ eoA
electronic component that — ==y
stores energy in the form of Bl N d—t+—
Parallel Combination an electrostatic field. -Q ls 40
+Q -Q eQ=Q, +Q+Q, The ratio of charge and Charge —— @ New charge
il z : x 2 ial i i sathe ]
Q OC,y=C+G+ G Combination ic potential lt' raised Sharing — Q, ot Q, Q' =Q fi
Qz'ﬁl i?* ® For n identical capacitor of is called capacitance. Between i-,, lrl Irz G n+n

1

3 a5 Coy=nCyand Q' = Q/n Capacitors Conductors K . o o] 2
fa = e @ Used when high capacity H 2 = P

3 is required at low potential V. through conducting wire
bl / Types of Capacitors o
and their i J Py

Se(l;lies Coml:iuatiun . eV=V, +V,+V, Capacitances " I"z f,’ VFLOEI\I/TTCZVQ
S E = q ° L =L+]f+% v _W
W0 -Q Q- 0 Cq G G G

V—te—V —re—V; ® For n identical \ © Energy loss
+i - capacitor C,, = C/n and o6 e
V= Vin =g +cy V2

Parallel Plate Capacitor
It consists of two large plates placed
parallel to each other with a separation

d.
Capacitance: Wire I
=
c— Eot A |
d ~Q 7t 4

Potential

difference = V Wire |[Plate b, Area A]

(9]
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GIST OF THE CHAPTER
The concept of electric potential and capacitor used in daily life as
1. Power Distribution: Electric potential, or voltage, is Y
what drives current flow in electrical circuits, ensuring
that power is delivered to devices. p
2. Electronic Devices: Electric potential is used to [ o
control the movement of charges, as seen in TV screens,
electron microscopes, and other devices.
3. Lightning Rods: Lightning rods are designed to facilitate the transfer of charge, preventing damage
during lightning strikes
4. High-Voltage Transmission Lines: Smooth surfaces are used on high-voltage transmission lines to
prevent charge leakage
5. Household Appliances: In refrigerators, air conditioners, and other appliances, capacitors help start
motors efficiently and reduce power consumption.
6. Audio Equipment: Capacitors are crucial in audio equipment for filtering out unwanted noise and
stabilizing signals, ensuring clear and reliable sound.
7. Camera Flashes: Capacitors store energy to provide a burst of power for camera flashes, allowing them
to capture images in low-light conditions.
8. Automotive Systems: In hybrid and electric vehicles, capacitors are used for energy recuperation systems.
9. Medical Devices: Capacitors are used in medical devices like defibrillators to deliver a burst of energy to
restore a normal heartbeat.

Variation of potential due to charged shell with
distance r from its centre

Electrostatic potential (V)
Electrostatic potential (V ) at any point in a region with electrostatic field is the work done in bringing a unit
positive charge (without acceleration) from infinity to that point.[]

V=-[E.dr
https://ophysics.com/em4.html

1 q

4TE ;

2. A system of charges ¢q1, ¢2,..., gn With position vectors 11, 12,...,Im relative to some origin

The potential V" at any point P due to the total charge configuration is the algebraic sum of the potentials due

to the individual charges

1. Electric potential due to point charge V =

V=Vi+V2+V3+ - +Va
_;(ﬁ+£+&+”. ...... + q_n)
4TEQ \T1p  T2p T3P TnP ¥y
3. Electric potential due to Electric dipole
(1) At any point
V= 1 pczs@ or V= 1 ﬁ_’zl
4mMEg, T 4TEy T

(i1) At a point on the dipole axis (0 =0, 7 )
1 q

1
V= d orv=-
4MEG T 4TEG T

(ii1) Potential in the equatorial plane (6 = g)
V=0
4. Electric potential uniformly charged spherical shell

(1) At a point outside the shell (r > R)
1 q

4TEY T

(i1) At a point on the surface of shell (r =R)
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1 q

41T€0 R
(ii1) At a point inside the shell (r <R)
1 g

4meg R
Electric Potential Difference (AV)
It is the work done against electric field in moving a unit positive charge from one point to other. That is

Vz—V1=-f12EE‘)

If W12 is work done in moving a charge q from one point to another point then
_ Wi

V-V, = - Wi2=q(V2-V1)
EQUIPOTENTIAL SURFACES
1. The electric potential is the same at all locations on the surface.
2. The electric field lines are always perpendicular to the equipotential surface.
3. Two equipotential surfaces cannot intersect.
4. No work is required to move a charge along an equipotential surface because the potential difference is
zero along the surface.
5. No work is required to move a charge along an equipotential surface because the potential difference is
zero along the surface.
6. Shape of equipotential surfaces

Point charge ‘\ N
a dipole ' 4
/.’...._'_._.' - - >
"’-"."-'-'_'-\.' \"_ .'.." [ - E
LC=a))) L (! B
N v b2y Ly
Two identical positive charges e e | e =0

Uniform electric field

Relation between field and potential
av

dr
(1) Electric field is in the direction in which the potential decreases steepest.

(1) Its magnitude is given by the change in the magnitude of potential per unit displacement normal to the
equipotential surface at the point.

Electric Potential Energy(U)

Potential energy of charge q at a point (in the presence of field due to any charge configuration) is the work
done by the external force (equal and opposite to the electric force) in bringing the charge q from infinity to

that point.
(1) Potential energy for a system of two charges q; and q» is
__1 49
41'[80 T12

(i1) Potential energy of a system of two charges in an external field
1
U=q, V(r1) +q;, V(1) + Ak

4-1'[80 12
(i11) Potential energy of a dipole in an external field
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The amount of work done by the external torque rotating dipole from angle 0y to angle 0; at an
infinitesimal angular speed and without angular acceleration will be given by

W = pE (cos 8, — cos ;)
This work is stored as the potential energy of the system. Take 8= % and 6,=0

U=-pEcosf=-3.E
Simulation link for topic:- Capacitor

https://phet.colorado.edu/en/simulations/capacitor-lab-basics

MULTIPLE CHOICE QUESTIONS

1. A uniform electric field pointing in positive x-direction exists in a region. Let A be the origin, B be the
point on the x-axis at x =+ 1 cm and C be the point on the y-axis at y =+ 1 cm. Then, the potentials at the
points A, B and C satisfy
(a) VA<Vs (b) Va> Vg (c) Va< V¢ (d) Va>Vc
2. Which statement is not correct for an equipotential surface?
(a) Electric field intensity is always perpendicular to the equipotential surface.
(b) Potential difference between any two points on it is zero.
(c) Equipotential surfaces are spherical in shape.
(d) No work is required to move a charge on an equipotential surface
3. An electron mass m and charge e travels from rest through a potential difference of V. What will be the
final velocity of electron?

2eV

(a) eV (b) = (0) | (d)

2mVv
e

4. Four point charges —Q, -q, 2q and 2Q are placed, one at each corner of the square. The relation between Q
and q for which the potential at the centre of the square zero, is

@Q=-q Q== (©Q=q Q==

5. A hollow metal sphere of radius 10 cm is charged such that the potential on its surface is 80 V. The ratio
of potential at a distance Scm from the centre of the sphere to the potential at the surface of sphere is
(a)1:2 (b) 2:1 (c) 1:1 (d) 1:4

6. There is one charged isolated air capacitor and U is the energy stored in it. Separation between the plates
of the capacitor is increased to double of the initial value. Energy stored becomes

(a) U2 (b) 2U (c)U/3 (d)3U
7. Four condensers are joined as shown in the figure and the
capacity of each condenser is 8 puF. The equivalent capacity between J

the points A and B will be: al || I_A{ | |
(a) 16 uF (b) 8 uF =1 T | i '[ | |
(¢) 32 uF (d) 2 pF 5

8. A parallel plate capacitor is connected to a battery as shown in Fig. Consider two situations:
A: Key K is kept closed and plates of capacitors are moved apart using insulating

handle.

B: Key K is opened and plates of capacitors are moved apart using insulating handle. I

—_~
~—

Choose the correct option(s).

(a) In A : Q remains same but C changes.

(b) In B : V remains same but C changes.

(c) In A : V remains same and hence Q changes.
(d) In B : C remains same and hence V changes.
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CHAPTER-03 - CURRENT ELECTRICITY

SYLLABUS

Electric current, flow of electric charges in a metallic conductor, drift velocity, mobility and their relation with
electric current; Ohm's law, V-I characteristics (linear and non-linear), electrical energy and power, electrical
resistivity and conductivity, temperature dependence of resistance, Internal resistance of a cell, potential
difference and emf of a cell, combination of cells in series and in parallel, Kirchhoff's rules, Wheatstone
bridge.

to the flow of current

fecV through it.
Resistance & Resistivity Wheatstone In Series combination of
R :pl - Bridge cells- E,, = E, + E, and

CONCEPT MAP
Current Density I L Ohm’s Law
| Conductance \ | Electric Current Resistance &
Conductivity | da - | | Resistivity
Gy I = charge/time = Zr, if flow is uniform i = = iV — V=iR
dd cos @
Reciprocal of ] R= pi
resistance is known A
CURRENT
as co}nductance. ELECTRICITY R, =R, (1+aft)
e g B =Ry
\ i _/ Ry =<1
~,
__( ; ; o ; = ) o
‘ Drift Velocity & ‘[ Kirchhoff's Law ] —[ Electric Cell
bhifaty of Chianges Current law (KCL) is the Emf of cell (E) : The
Dt velocity: Va== ek = algebraic sum of currents potential difference across
=~ meeting at a junction is the terminals of a cell
i J oE E zero. i.e. i = 0. when it is not supplying
Va == = Yoltage law (KVL) is the any current.
neA ne ne pne algebraic sum of the Potential difference (V) :
Current I =neAVy changes in potential in The voltage across the
Current Density J = !_ =nevq complete traversal of a t_el'minals_ of a cell when it
A closed loop is zero. i.e. 2V is supplying current to
il E =0 external resistance.
== m T Internal resistance (r) :
5 In case of a cell the
3 # ] opposition of electrolyte
i

1
A nelt A s ;
e @ I - The bridge is said to be Yog, =T+l
T T balanced when deflection In Parellel combination of
Reciprocal of resistivity is called in galvanometer is zero cells- B = Ery + E,n
N . _1 i.e. no current flows e r +r
conductivity (o) i.e. o =— 1 2
Fed through the galvanometer. o~
Drift velocity per unit electric On mutually changing the "
field is called mobility of electron g position of cell and - e T e
. o+
= Vd  -—e - galvanometer this . : !_? .
=== = a y n charging V> E,
E m condition will not Chﬂnge' In oven circuit ofa cell I¥'= £
GIST OF THE CHAPTER

ELECTRIC CURRENT
» The electric current in measured by 'rate of flow of charge'.Or Charge flowing per
second from any cross section of the conductor is called electric current,

. . dq . . .
» Current i = charge/time = d_Z’ if flow is uniform i =

t
> Unit : Ampere (A), Dimension : (MOLOTOAL)
» 1 ampere = 1 coulomb/second. i.e. if 1 coulomb of charge flows per second then 1
ampere of current is said to be flowing.
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» 1 ampere of current means the flow of 6.25 x 1018 electrons per second through any cross section of
conductor

» If n electrons pass through any cross section in every t seconds then i = n—te where e = 1.6 x 10-19

coulomb.
» The conventional direction of current is taken to be the direction of flow of positive charge, i.e. field
» Value of the current is same throughout the conductor, irrespective of the cross section of conductor at
different points.
» Net charge in a current carrying conductor is zero at any instant of

. E
time. >

Note : A cu.rrent carrying conductor .cannot said to be charged, . . © <G o
because in conductor the current is caused by electron (free 0 «—0 <50 =
electron). The no. of electron (negative charge) and proton <+“—0 <«—0O F

(positive charge) in a conductor is same. Hence the net charge
in a current carrying conductor is zero. I

A
\ 4

> Electric field outside a current carrying conductor is zero, but it is non zero inside the conductor and is
given by e = — %

Note : The electric field inside charged conductor is zero, but it is non zero inside a current carrying
conductor

Note : Current is a scalar quantity because it does not obey law of vector

CURRENT DENSITY
Current density at any point inside a conductor is defined as a vector having magnitude equal to current per
unit area surrounding that point. Remember area is normal to the direction of charge flow (or current
passes) through that point.

» Current density at point P is given by ] ” =7

,-—®>_) pa. ——— (W”
. AN

<O n
dA cosf

» If the cross-sectional area is not normal to the current, but makes an angle 6 with the direction of current
di - — - —
then J = —— =JdAcosO = ] .dA=i=[] -dA

_)
» If current density J is uniform for a normal cross-section A then J=i/A
> Current density J is a vector quantity. It's direction is same as that of E. It's S.I. unit is amp/m* and dimension
[L724].
» In case of uniform flow of charge through a cross-section normal to it as
[ = nqvA=J = i = nqv

» Current density relates with electric field as 7 =¢E =

° |ml

where o= conductivity and p = resistivity or

specific resistance of substance.
Drift Velocity
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Drift velocity is the average uniform velocity acquired by free electrons inside a metal by the application of
an electric field which is responsible for current through it. Drift velocity !
is very small it is of the order of 10*m/s as compared to thermal speed 4 0
(=10%m/s) of electrons at room temperature.

If suppose for a conductor n» = Number of electron per unit volume of the
conductor, 7 I -

A = Area of cross-section, V' = potential difference across the conductor, £
= electric

field inside the conductor, i = current, J = current density, p = specific resistance, o

conductivity (0 = %) then current relates with drift velocity as i = neAv,; we can also

write vy =—=L=2=E2 -7
d 7 heA ne ne pne plne

» The direction of drift velocity for electron in a metal is opposite to that of applied electric field (i.e. current

densityf ).vq x Ei.e., greater the elecic field, larger will be the drift velocity.
» When a steady current flows through a conductor of non-
uniform cross-section drift velocity varies inversely with area of Va,

A1<42

. 1 )
cross-section (vd x —) Va,
A 50 Vg > Vg,

/’ A
» If diameter (d) of a conductor is doubled, then drift velocity of A A
electrons inside it will not change.

Relaxation time (7) : The time interval between two successive collisions of electrons with the positive ions
mean free path A

in the metallic lattice is defined as relaxation time T = . With rise in temperature

r.m.s. velocity of electrons Vrms

Vrms INCreases consequently 7 decreases.
2

Mobility : Drift velocity per unit electric field is called mobility of electron i.e.u = %d. It’s unit is

Ohm's Law

If the physical conditions of the conductor (length, temperature, mechanical strain etc.) remains some, then
the current flowing through the conductor is directly proportional to the potential difference across it’s two
ends i.e.i « V=V = iR where R is a proportionality constant, known as electric resistance.

(1) Ohm’s law is not a universal law, the substances, which obey ohm’s law are known as ohmic substance.

(2) Graph between V and i for a metallic conductor is a straight line as shown. At different temperatures V-i
curves are different. 2 v

Ohm's law is true For metallic conductors at low
temperature Because with rise in temperature resistance
of conductor increase, so graph between V and i becomes
non linear.

volt—sec’

0
Resistance PR
» The property of substance l?y yirtue of which it opposes (A) Slope of the line (B) Horo tandy> tandh
the flow of current through it, is known as the resistance. T 0=k So Ri>R;
> Formula of resistance : For a conductor if / = length ieT>T:

of a conductor 4 = Area of cross-section of conductor,

n =No. of free electrons per unit volume in conductor, 7= relaxation time then resistance of conductor
R = p% = n:;f.%; where p = resistivity of the material of conductor

> Unit and dimension : It’s S.I. unit is Volt/Amp. or Ohm (Q).It’s dimension is [ML?T 3 A~?]

> Dependence of resistance : Resistance of a conductor depends upon the following factors.

(1) Length of the conductor :Resistance of a conductor is directly proportional to it’s
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_ : . . . 1
length i.e.Rocl and inversely proportional to it’s area of cross-section i.e.R &« "

(i1) Temperature : For a conductor
If  Ro=resistance of conductor at 0°C
R; =resistance of conductor at 1°C
and ¢, = temperature co-efficient of resistance

R¢—R
then R, = Ry(1 + at) for < 300°C or a = Rt—xto
0
: . R
If Ri and R; are the resistances at #1°C and #°C respectively then R—1 = %
2 2
The value of « is different at different temperature. Temperature coefficient of resistance

R,—R L
21 which gives

averaged over the temperature range #1°C to .°C is given bya = RtatD)
1\t2=¢41

R=Ri [1+ a(t—t)].

Resistivity (p), Conductivity (o) and Conductance (C)

Resistivity : From R = p %; If/=1m, A=1m? then R = pi.e. resistivity is numerically equal to the resistance
of a substance having unit area of cross-section and unit length.

> Unit and dimension : It’s S.I. unit is oAmxm and dimension is [ML3T 3 A~?]

» (i) It’s formula : p = —.
» (iil) Resistivity is the intrinsic property of the substance. It is independent of shape and size of the body
(i.e. [ and A).

For different substances their resistivity is also different

Pinsulator > palloy > Psemi-conductor = Pconductor
(Maximum for fused quartz) (Minimum for silver)

» Resistivity depends on the temperature. For metals p; = po(1 + adt)i.e. resistivity increases with
temperature.
> Resistivity increases with impurity and mechanical stress.

Conductivity : Reciprocal of resistivity is called conductivity (o) i.e.a = %with unit

mho/m and dimensions ~ [M~1L73T342].

Conductance: Reciprocal of resistance is known as conductance. € = % It’s unit is it

% or QL.

Cell 9

The device which converts chemical energy into electrical energy is known as electric .
cell. Cell is a source of constant emf but not constant current.

(1) Emf of cell (E) : The potential difference across the terminals of a g .
cell when it is not :

supplying any current is called it’s emf. Lﬁrde Cathode ]~

(2) Potential difference (V) : The voltage across the terminals of a cell + - T
when it is 4' —

supplying current to external resistance is called potential difference or - Symbol of cell
terminal voltage. Electrolyte

Potential difference is equal to the product of current and resistance of
that given part

i.e.V=1iR.

(3) Internal resistance (r) : In case of a cell the opposition of electrolyte to the flow of
current through it is called internal resistance of the cell. The internal resistance of a cell
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depends on the distance between electrodes (r«cd), area of electrodes [roc (1/4)] and
nature, concentration (rocC) and temperature of electrolyte [roc (1/ temp.)].
A cell is said to be ideal, if it has zero internal resistance.

Cell in Various Positions _)_MNCWW\,—
(1) Closed circuit : Cell supplies a constant current in the circuit. _ V=iR
(1) Current given by the cell i = RLM 1
(i1) Potential difference across the resistance V = iR T
(ii1) Potential drop inside the cell = ir Er
(iv) Equation of cell E =V + ir (E>V
(v) Internal resistance of the cell r = (§ - 1) "R
(vi) Power dissipated in external resistance (load) i
i _2p V2 _ (E? e T = E VAT
P—Vl—lR—R—(R+r) .R P
2
Power delivered will be maximum whenR = r so P E—T .
max
This statement in generalised from is called “maximum power transfer P R=r
theorem”. R—>
(vil) When the cell is being charged i.e. current is given to the cell then £E= V1 —
ir and
E<V. .
(2) Open circuit : When no current is taken from the cell it is said to be in open —o-4wW—o ° °
circuit ¢ P 4
(1) Current through the circuit i =0
(i1) Potential difference between 4 and B, Vip=E |
(iii)  Potential difference between C and D, Vcp =0 Ly
(3) Short circuit : If two terminals of cell are join together by a thick conducting
wire R=0
(1) Maximum current (called short circuit current) flows momentarily iy, = =
(i1))  Potential difference V=0 |
Grouping of Cells VE -
(1) Series grouping : In series grouping anode of one cell is connected to
cathode of
other cell and so on. If # identical cells are connected in series
(i) Equivalent emf of the combination E,, = nE Bro B B E.r
.. . . . 1t 1t | b —
(i1) Equivalent internal resistance 7,, = nr
(ii1) Main current = Current from each cell= i = Riir i
(iv) Potential difference across external resistance V = iR ,Vf,ew

(v) Potential difference across each cell V' = %

: . : L E \?
(vi) Power dissipated in the external circuit = (R:l-nr) .R

.. .\ . E?
(vii) Condition for maximum power R = nr andP (—T)
max

(viii) This type of combination is used when nr<<R.
(2) Parallel grouping : In parallel grouping all anodes are connected at one point and
all cathode are connected together at other point. If # identical cells are connected in
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parallel. E v
(1) Equivalent emf Eey = E

(ii) Equivalent internal resistance R.q = 1/n }

. L : Er
(i11) Main current { Rer/m L — ]
(iv) Potential difference across external ! X
resistance = p.d. across each cell = V'=1iR AW

(v) Current from each cell i’ = %

2
(vi) Power dissipated in the circuit P = (Ri /n) .R

2
(vii) Condition for max. power is R = r/n andP (i—r)
max

(viii) This type of combination is used when nr>>R

Kirchoff's Laws

(1) Kirchoff’s first law : This law is also known as junction rule or current law (KCL).
According to it the algebraic sum of currents meeting at a junction is zero i.e.2.i = 0.
In a circuit, at any junction the sum of the currents entering the junction must equal the
sum of the currents leaving the junction. i; + iz =i, + i,

(1) This law is simply a statement of “conservation of charge”.

(2) Kirchoff’s second law : This law is also known as loop rule or voltage law (KVL)
and according to it “the algebraic sum of the changes in potential in complete traversal
of a mesh (closed loop) is zero”, i.e. 2V =0

(1) This law represents “conservation of energy”.

(3) Sign convention for the application of Kirchoff’s law : For the application of
Kirchoff’s laws following sign convention are to be considered

(1) The change in potential in traversing a resistance in the direction of current is — iR
while in the opposite direction +iR

4 R B 4 R B
. AW . AW
- -
—iR +iR

(i1) The change in potential in traversing an emf source from negative to positive
terminal is +£ while in the opposite direction — E irrespective of the direction of current

in the circuit. y |E B 4 |E B
® | } ° ® | ; °
_—
_E +E

Wheatstone bridge : Wheatstone bridge is an arrangement of four resistance which can be used to measure
one of them in terms of rest. Here arms 4B and BC are called ratio arm and arms AC and BD are called
conjugate arms

(1) Balanced bridge : The bridge is said to be balanced when deflection in galvanometer is zero i.e. no current

flows through the galvanometer or in other words Vs = Vp. In the balanced condition g = g, on mutually
changing the position of cell and galvanometer this condition will not change.

(i1) Unbalanced bridge : If the bridge is not balanced current will flow from D to
Bif Vp>Vpie.(Vy —Vp) < (V4 — Vg) which gives PS>RQ.
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CHAPTER 4: Magnetic Effects of Current and Magnetism

Syllabus- Chapter—4: Moving Charges and Magnetism Concept of magnetic field, Oersted's experiment.
Biot - Savart law and its application to current carrying circular loop. Ampere's law and its applications to
infinitely long straight wire. Straight solenoid (only qualitative treatment), force on a moving charge in
uniform magnetic and electric fields. Force on a current-carrying conductor in a uniform magnetic field, force
between two parallel current-carrying conductors-definition of ampere, torque experienced by a current loop
in uniform magnetic field; Current loop as a magnetic dipole and its magnetic dipole moment, moving coil

galvanometer- its current sensitivity and conversion to ammeter and voltmeter.
MIND MAP

? "For arbitrary angle 0 (< ou"; vy "klnglnellc PPrcc on a charge '/--For v || B.0=0°(F= 0] g
F=qvB sinB and charge will auain (_ P"“‘lf ina uniform magnetic field _> no force is experienced
helical path F=q(VxB), F=qvBsin0

M Ky P B

2nmv P.ll'l']f]l’.‘
Pitch(p) =~ cos0) N ( , iBR
B - T [ m
q /,,.a'"‘"‘ 1‘_\ K *',—
“ ForvlB,0=90° Fyy=qvB =M
B charge will attain circular path

Iy parallel currents
F 1, truct while
* antiparallel

Magnetic field 31 the centre of a

chrculatcoll @
gl currents repel
1a
‘§ “"Current loop as™. « Radiusof circular path |
rnagnetic dlpole gom ¥ 2mk The force of attraction or repulsion acting on
MapnetieAckd & pitan e M=cvr/2 By qB each conductor of length [ due ln)mnmu in
axis of the circular current e « Time period of revolution e tatalld cond = ,__b -,!,}j
bk i SEEn pa conductoris F=——=
carrying coil iy M_N[A = 28R nm iz r
Mg 2Nl = =

B 3 aan v qﬂ
AR fu 4x)"" T — *
RLLE
VE—= - -
- T 2mam o i —
~ Force on a currenl carrying

e - condutl?r ina "".'r'".T mn;lmlic field
'/Ginym:c fleld varies directly with "™ Fei(lxB)F=1Bsind

" current and length clement and inversely Moving d-la_rges

with square of the distance,

o g W sin0 . = -
dfi = —= — o .
n o and ma'gnensm -~ Ampere's Clrcuital Law .
— The line integral of magnetic field is equal®
P e g 10 jig times the current passing through
/ : 'I'nfquz' ona qmmt c:m-_\‘ln.g arca bounded i;)- closed path.
coil placed in a uniform magnetic field f Bl =pgl
= i =M\ i
EENABGRO=MBsn0 Galvanomeler into Ammeter
S
I s |c AW
z i (G o-1)
o e I.Y | A
w ] \g’
ﬁ Magnetic ficld due RN
> wan infinitely long _m;
_— o z Galvanometer into Voltmeter straight wire of 4. : Ho' . rua
# Moving Coll Galvanometer o ; s araneey radius a, carrylng 2xu
g (W) R V G current fat a point gl
/ Current | passing through the iilr ellles
galvanometer is directly proportional 1o & =

its deflection (0). ] = D or 1= (0.

where G = .5 = galvanometer constant Magnetic field due to a current carrying
NAB

f
Carrent sensitivity: [, = 9 = ____J\AB solenoidand toroid
k/-* | I : ﬂﬁ 7 PO"; ) {M\T}H
.8 NAB B iara Y
Voltage sensitivity: V = — = —— 7 =Rl =
Be S R,
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GIST OF THE CHAPTER

Magnetic field- It is a region of space around a magnet or a current carrying
conductor in which it can exert force on other magnetic materials, moving
charges, magnets and current carrying conductor.

A moving charge produces both electric and magnetic field while a stationary
electron produces an electric field only.

SI Unit of Magnetic field-

The ST unit of magnetic field is Wm-2 or T (tesla).
If 1A current is flowing through a straight conductor and it is kept at right angle to a magnetic field such that
force per unit length on it is INm' the strength of magnetic field is called one tesla,

1 tesla (T) = 1 weber meter2 (Wbm'2 ) =1 newton arnpere'1 meter~! (NA'1 m '1)
CGS units of magnetic field is called gauss or oersted. 1 gauss = 1074 tesla.
Right hand thumb rule- Hold a conductor is Right Hand in such a way that thumb indicates the direction

of current then the curled finger encircling the conductor will give the direction of magnetic field lines
around it.

Biot- Savart law- It states that the magnetic field strength dB produced due to a current element (of current I
and length dl) at a point having position vector r relative to current element is-

idix? idl sind
dB — M_O(—) or dB — &
4t 13 4t 1

where o is the permeability of free space,

0 is the angle between current element and position
vector r as shown in the figure.

The direction of magnetic field B is perpendicular
To the plane containing Idl and r

The value of o= 4n x 10”7 Wb/A-m.

Magnetic field due to a current carrying circular loop —
The magnetic field due to current carrying circular loop having radius ‘a’,carrying current ‘I’ at a distance
x” from the centre of coil is —

=
dl
CX v dB cos® d_g
90° r H
a -
o {_, dBsind
X dB sin®
| |
x|y’
HE prsh: i
U, I a2 : _ ;
.. i (Mg , I, @, Sin® are constants, [dl = 21ra and r & sin® are
2(aZ + x?)32 replaced with measurable and constant values.)
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In case of coil having N turn, B(coil) = N x B(loop) Ho |
o B=

The magnetic field due to current carrying circular coil is along the axis. At the center, x=0

The direction of the magnetic field at the center is perpendicular to the plane of the coil.

Ampere’s Circuital law - It states that line integral of magnetic field around any closed loop ( called
Amperean loop) is equal to po-times the current (I) threading R
through that loop. through the closed

i \f Amperian loop

fﬁ B.dl = polenciosea A

J
/

Amperian loop

Magnetic field due to infinitely long straight wire using Ampere's law- Accordingto Ampere’s circuital
law.

f B.dl = polenciosea

B (2nr) = pol

Straight solenoid- At the axis of a long solenoid, carrying current I , B=pio nl, where n = N/L = number of
turns per unit length.

Force on a current-carrying conductor in a uniform magnetic field -B

Magnitude of force is F=1L Bsine.

Direction of force is normal to and B & I ,given by Fleming’s Left Hand Rule. If 6=0 (i.e. I or L is parallel
to -B), then the magnetic force is zero.

Force on a moving charge in uniform magnetic field-The force on a charged particle moving with velocity
‘v’ in a uniform magnetic field is given by F = q(v X §) or F =qvb sinf

0 is the angle between velocity(v) and magnetic field(B). Force (F) is perpendicular to both v and B. (i) If v
and B are parallel F=0

(11) When v is perpendicular to B, i.e. 6 =90°* F = qvB i.e F is maximum
Lorentz force -The total force on a charged particle moving in co-existing electric field — and magnetic

field — is given by F = q [E + (# x B)]

This is called the Lorentz force equation.

The direction of this force is determined by using Fleming’s left hand rule
|
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Fleming’s Left Hand Rule- Stretch out the fingers in left hand such that the fore-finger, the central finger
and thumb are mutually perpendicular to each other. When the fore-finger points in the direction of the
magnetic field and the central finger points in the direction ofcurrent then thumb gives the direction of the
force acting on the conductor.

Force between two long straight parallel current carrying conductors-

Q s
Two parallel current carrying conductors attract while they repel if 4 4
current in them is anti-parallel. The magnetic forceper unit length N
B,(pr—> 3 B,
on either current carrying conductor at separation a is given by
r
P R
F  po 2111,
—==2 N/m
Il 4m r /

Definition of ampere: - / ampere is the current which when flowing in each ofthe two parallel wires in

vacuum separated by 1 m from each other exert a forceof 2 X 107 ’N/m on each other.

Torque experienced by a current loop in uniform magnetic field-
A coil of N turns and area A is carrying current I is kept in

a magnetic field as shown in figure as shown in figure. Force on ,su/ 8 o
it will be zero and torque on it will be /IZO ‘)*?\ Sl
©=NIBA cos0 ppye
0 = angle between coil and magnetic field — o :_IB
If ® = angle between Normal (12) to coil and magnetic field (B) B
, ®+0=90° so i.e.0=90°-® J_B> "
So t=NIABcos(90°-®) =NIABsin® o /{" .
t =NIABsin® e >
As 1=MBsin®d so M=NIA \T;""a' )

Invector form 7 = NI(A x B)
2

The unit of magnetic moment in SI system is Am~.
The torque is maximum when the plane of the coil is parallel to the magnetic field and zerowhen the plane of
the coil is perpendicular to the magnetic field.

Potential energy of a current loop in a magnetic field- When a current loopof magnetic moment M is
placed in a magnetic field (B), then potential energy of magnetic dipole is

U=-MBcosd = —M .B
When =0, U=-MB (minimum or stable equilibrium position)
When 6 = 180°, U =+MB (maximum or unstable equilibrium position)

When 0 =90°, potential energy is zero
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Moving coil galvanometer- A moving coil galvanometer is
a device used to detect flowof current in a circuit. A moving s 5

coil galvanometer consists of a rectangular coil placed in

an uniform radial magnetic field produced by cylindrical
poles pieces.Torque on coil due to current

7= NIBA sin®

Uniform radial

for a radial magnetic field sin®@=1 so 1= NIBA e

where N is the number of turns, A is the area of coil. If C is torsional rigidity of material of suspension wire.
For deflection @, restoring torque T = C 0. For equilibrium

NIAB=C® or I=C®/NBA)
Clearly, deflection in galvanometer is directly proportional to current, so the scale of galvanometer is linear.

Use of radial magnetic field- when radial magnetic field is used the angle between the normal to the plane of
loop (A) and magnetic field (B) ® = 90° for any orientation of loop, in a radial magnetic field the angular
deflection of coil is proportional to the current flowing through it. Hence a linear scale can be used to
determine the deflection of coil i.e. measurement of current.

Uses of galvanometer: (i) Used to detect electric current and direction of its flow in given branch of circuit.
(i1) Usedto convert the ammeter by putting a low resistor in parellel. (iii) Used to convert voltmeterby
putting a high resistor in series. (iv) Used as ohmmeter by making special arrangement

Current sensitivity: It is defined as the deflection of coil per unit current flowing in it.
@®/I=NBA/C
Voltage sensitivity: It is defined as the deflection of coil per unit potential

@®/V =NBA/RC

Conversion of Galvanometer into Ammeter: - A galvanometer can be converted into an ammeter by using
a suitably small resistance in parallel with the galvanometer coil. The small resistance connected in parallel
is called a shunt.If G is resistance of galvanometer, Ig is current in galvanometer for full scale deflection,
then for conversion of galvanometer into ammeter of range / ampere,the shunt required can be found as

I[gG=({-1Ig)S (As ‘S’ and ‘G’ are parallel combination)

I1,G
So §=-2
-1 g)
I e
. b —— 4G> -
F: - ™
v
VWA
S
Ammeter
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Conversion of Galvanometer into Voltmeter: - A galvanometer I - R :
may be converted into voltmeter by connecting high resistance (R) 95 : @ D
in series with the coil of the galvanometer. If V volt is the range of NN 3
. . . A
voltmeter formed, then series resistance is given by Y
,, —ywww—L
V=1R+G) s R=7—-G - 7 -

Magnetic moment due to a revolving charge or electron-

A current loop or a revolving charge can be considered as a magnet. The magnetic moment of such a loop is
M= qvr/2.

The face from which current flow appears anticlockwise is the north pole of equivalent magnet with
magnetic moment M. [.e magnetic moment is outward

If we have a coil having N turns carrying current I having A as area of cross-section the magnetic moment is
given by M= NIA

For an electron moving in Hydrogen atom

M=evr/2
As per Bohr’s theory of Hydrogen atom L=mvr =nh/2n n=0,1,234.......... Where n is principal quantum
number
M= -eL/2m
MULTIPLE CHOICE QUESTIONS
1 A proton and an alpha particle with same kinetic energy enters normally into a uniform magnetic

field (B), the ratio of their radii of curvature of their path respectively will be
(a) More than 1 (b) 1 (c)Lesser than 1 (d) Dependent on the |B|
2 If a galvanometer of resistance Ry is connected with a shunt of resistance ‘S’ such that

Rg=n.S the ratio of power consumed by R, and S respectively will be

(a) n? (b)n (c) I/n (d) 1/n?

3 A galvanometer of can measure current up to 200pA. if a resistor of 10Q is connected across it the
range of it enhances to 1mA.If a resistor of 20Q2 is connected in place of 10Q2 the range will be
(a) 2mA (b) 0.4mA (c) 0.5mA (d) 0.6mA

4 A charge enters into a uniform magnetic field with a K.E. ‘E’ and leaves it after some time. The K.E.

of the charge while leaving the field will be
(a) Lesser than E (b) More than E  (c) Equal to E (d) Lesser than or equal

5 An electric field is applied along positive Y-axis and a magnetic field along negative Z-axis. An
electron moving through this region along positive X-axis will

(a) Move undeflected (b) Deflect towards B (c) Deflect along E (d) Deflect against E

6 A positive charge moves parallel to flow of current in a long straight wire the charge will be
(a) Repelled by the wire (b) Attracted by the wire
(c) Unaffected by the wire  (d) Oscillating
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CHAPTER 5: MAGNETISM AND MATTER

Magnetism- Magnetism is the study of with the properties magnets and magnetic
materials along with their behavior and properties. The Earth itself acts like a giant
magnet. With the development of atomic sciences we have come to know that
magnetic effects are due to moving charges or electrons.It was discovered that
some materials in nature has a natural ability to attract iron towards it. These
materials are called natural magnets. These were used mainly for navigation in
earlier times.
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GIST OF THE CHAPTER

Magnetism- Magnetism is the study of the properties of magnets and magnetic materials along with their
behavior and properties. The Earth itself acts like a giant magnet. With the development of atomic sciences
we have come to know that magnetic effects are due to moving charges or electrons. It was discovered that
some materials in nature has a natural ability to attract iron towards it. These materials are called natural
magnets. These were used mainly for navigation in earlier times.

Bar magnet- Natural magnets can be mould into various shapes

like bars, cylinder, horse-shoe etc.for different purposes. N Sl

Bar is just one such shape. Such magnets are called bar magnets.

So we can say that a bar magnet is a rectangular piece of an object,

NSIIN S

made of ferromagnetic substances, that shows permanent magnetic

properties. It has two poles - North and South. These poles are always

in pairs even if we keep splitting the magnet into smaller and smaller

parts

Magnetic field- The region of space around a magnet —
in which it can influence other magnets is called its

magnetic field. Magnetic field is represented by closed

continuous curves called magnetic field lines.

A tangent at any point on magnetic field line gives the

direction of magnetic field at that point. These curves are called magnetic field lines.

Magnetic field lines of a bar magnet appear to emanate from North pole and enter into its south pole but
forms complete loop (considering them inside the magnet too).Inside the magnet their direction is from S
pole to N- pole while outside its N-pole to S-pole

The properties of magnetic lines of force are as follows:
Magnetic field lines emerge from the north pole and merge at the south pole.
As the distance between the poles increases, the density of magnetic lines decreases.

The direction of field lines inside the magnet is from the South Pole to the NorthPole. Magnetic lines do not
intersect with each other. The strength of the magnetic lines is the same throughout and is proportionalto
how close are the lines.

Magnetic dipole- A magnetic system like a bar magnet is essentially a magnetic dipole as its poles are not
separable.

Magnetic dipole moment- It is a vector quantity having magnitude m x / where m is pole strength of each
pole of magnet and / is effective length of the magnet. It is directed from South pole towards North pole of
magnet

M|=mx !, SI unit of M and m are Am? and Am™! respectively
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Key Points:

. B it is magnetic induction or magnetic flux density

. H = magnetizing force or intensity of magnetizing field

. B = pH for a material medium for vacuum Bo = poH

J B/ Bo =/ po = . is called relative magnetic permeability

. ‘I’ 1s called intensity of magnetization it is equal to magnetic moment developed per unit volume in
the sample. I = M/V Sl unit of [ is A/m

. Magnetic susceptibility (ym) — Ratio of intensity of magnetization (I) and intensity of magnetizing

field (H) is called magnetic susceptibility. It has no units

. = po (1+ %m)
e Magnetic field lines emerge from the North pole and enter the South pole. But they completes their loop
inside the magnet.

e  Magnetic dipole moment (M): M =m x 21  (direction is from S pole to N pole)

e  Magnetic field on axial line: m I:____ __;g_ === [ R :
P
K 2L ]

B = (1o / 4m) x 2M / 1) e r —

B and M are parallel

11_‘\|I'I 8

e  Magnetic field on equatorial line:
B = (o /4m) x (M /1)
B and M are anti-parallel

B osine

Torque on a Magnetic Dipole: =M x B such that t=MB sinf
e Potential Energy: U=-M.B or U=-MBcos6
e Work done to rotate a magnet in magnetic field
W =-MB (cos — cos1)
e  Gauss Law of Magnetism essentially states that the magnetic flux through a closed surface/loopis zero. i.e.
gﬁl_-f ds=0 It means magnetic monopoles do not exist in nature
e A bar magnet of magnetic moment M is equivalent to a coil of magnetic moment NIA

Magnetic moment of charge moving in a circle is M= qvr/2
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Magnetic Properties of Materials

[Diamagnetic material] H

Substances can be divided into three groups based i_ o
on their magnetic properties i.e. diamagnetic, Br<1

paramagnetic, and ferromagnetic. They can be 1 =
classified based on their magnetic susceptibility. R
Diamagnetic Materials e '21 — 11

The materials that develop temporary magnetization such % B--H
that the magnetic moment is e

in the opposite direction to that of the magnetic field in which they are placed are known as
Diamagneticmaterials. In simple words, they are repelled by magnets.

Their magnetic susceptibility is small and negative. They have no unpaired electrons in them so magnetic
moment of each atom in them is zero individually. Examples of diamagnetic materials are Bismuth, Copper,
Zinc, Lead, etc

Paramagnetic Materials

The materials that develop temporary magnetization such that the magnetic moment is in the same
direction as that ofthe magnetic field in which they are placed are known as

Paramagnetic materials. They are slightly attracted by magnets. They have positive
but very low susceptibility. They have unpaired electrons in them so each atom has magnetic moment of its
own. In an external magnetic field torque acts on tiny atomic magnetic dipoles and align them along applied
field. They can be called as poor ferromagnets.

Examples of Paramagnetic materials are Aluminium, Sodium, Calcium, etc

Ferromagnetic Materials

The materials that develop temporary but strong magnetization such that the magnetic moment is in the
same direction to that of the magnetic field in which they are placed are known as ferromagnetic materials.
They are strongly attracted by magnets.

They have positive and high susceptibility. They have unpaired electrons in them. The atoms interact with
neighbouring atoms to form ‘domains’ in them.In a domain all atoms align their magnetic moment in same
direction. So a domain has large magnetic moment compared to an atom.in external field these domains get
aligned parallel to the field so they get strongly magnetized.

Examples of Ferromagnetic materials are Iron, Nickel, Cobalt, Haematite, etc
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Property Dia Para Ferro
1. | Effectofmagnet | They are feebly | Theyare feebly | They ase strongly
repelled by | attracted by attracted by
magnets. magnets, magnets.
2. Relaﬁve magﬂeﬂc OS I-tr < 1 1 < !-ll' I'I'I' :_-,:_-,._1
permeability (uy).
3. | Susceptibility ¥ is small and % is small and % is large and
value (¥) negative—1<y < 0 | positive. 0< positive. g >> |
RIAMAGNETIC PARAMAGNETIC FERROMAGNETIC
H= H-» H=0 H = H=0 H -

) eod &6 | F o
00 0000 o0 ¥V oo
XTI IARTIE TS %‘tb

Effect of temperature on magnetic properties

According to Curie's Law, the magnetization in a paramagnetic material is directlyproportional to the
applied magnetic field. If the object is heated, the magnetization isviewed to be inversely proportional to the
temperature

I _ ¢ . .

X=4= 7 I = magnetic moment per unit volume
H= intensity of magnetizing field = B/po

The Curie temperature (T¢) of a ferro-magnetic material is the temperature above which it behaves like a
para-magnetic material.

I
A=H~ -1,
MULTIPLE CHOICE QUESTIONS
1 A ball of a diamagnetic material is heated. The magnetic susceptibility of its material will
(a) increase (b) Decrease (c)Not change
(d) Increases than attains a saturation value
2 A diamagnetic bar is suspended freely between parallel magnetic poles. It will tend to align its

length

(a) Perpendicular to the poles (c) Parallel to the poles
(b) At 45° to the poles (d) In any random direction
3 The magnetic nature of atomic hydrogen is

(a) Diamagnetic (b) Paramagnetic (c) Ferromagnetic (d) Non - magnetic
4 In a bar magnet the distance between its magnetic poles is n times the length of bar magnet where ‘n’
is nearly
|
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CHAPTER 6 - ELECTROMAGNETIC INDUCTION
SYLLABUS: Electromagnetic induction; Faraday's laws, induced EMF and current; Lenz's Law, Self and
mutual induction.

1. Whenever magnetic flux through an area bounded = M

Wammmmﬂﬁmmmemh i L 1 f’p’rr.ﬂ—.ﬂ-r-r\.ﬂ-.ﬂ-\.

developed in the loop. Il the cicut is closed, 1| s d“’a __1. \

cufrent begins to flow, The direction of the induced current ls n '| ,A f M \
2. The induced emf is oqual o the negative rate of :::',' i “,':F'“““““ charge thal | | | Fortwo sonis ) JP

4 induced il,
e o ;E'ﬂ Mz = wynyy ﬁf:
ig, =
L Myt = pgryy aty

The direction of induced emf o cument is such that | '« Unit of mutual inductance is henry (H),

it may oppose the change of magnetic flux.

@

f:|-n-'_'n

R
L ' b=l

dl;

x | xx - Eienrumn netic Self Induction )
xx v 3R \’%’W Ind g i » Saif induction of solenoid
S Eie nduction Ll

/
« Unit-henry (H}

When magnetic flux linked with the conductar
changes, curenls are induced within the
conducter, These are eddy cuments

amnnmcaa| |Magﬂehcfurmmlhelonp i —
g=18 Fz8 wr Thermal power developed in the loop is
| a2 = forca required to move the losp with constant p. V8 '
whete | = ength of o velocily (v) [ | ===

GIST OF THE CHAPTER
Area Vector(Z) :
An area vector is a vector whose magnitude is equal to the area of a plane and direction
is normal to the plane of the area.
Magnetic Flux @s
GIST OF THE CHAPTER
The total number of magnetic lines of force passing normally through an area placed in
a magnetic field, is equal to the magnetic flux linked with that area. Net flux through the
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surface @5 = B.A= BAcos® Magnetic flux is a scalar quantity. S.I. unit: weber (Wb), CGS unit : Maxwell
or Gauss x cm? (1 Wb = 10 3 Maxwell).
Faraday’s laws of EMI

1. First law :( Cause of emf) The induced emf is due to changing magnetic flux linked with the
closed loop/coil.
2. Second law: (magnitude of emf)

The magnitude of the induced e.m.{. is directly proportional to the rate of change of the magnetic flux. Induced
e.m.f., € =-d@/dt =—(Q2— @1)/t Negative sign indicates that induced emf () opposes the change of flux
Lenz's Law: - This law gives the direction of induced emf/induced current.

According to this law, the direction of induced emf or current in a circuit is such as

to oppose the cause that produces it. This law is based upon law of conservation of

energy e fcﬁb/v

Motional EMF Due to Translatory Motion:- -

If the length RQ = x (variable) and RS =1, the magnetic flux ® enclosed by« « « «;« x « [ «

the loop PQRS will be ®= B 1 x Since x is changing with time, the rate of * [ = = = * |F * «

change of flux will induce an emf given by: ¢ =- Z—f =- % =Bl x 547

y | : b &
The induced emf ¢=B1v is called motional emf xoxt o ox ox ox xllxox

Motional EMF Due to Rotational Motion:- Emf induces across the ends

of the rod where v = frequency (revolution per sec) And T = Time period.
BwR?
2
Inductance is a property of an electrical conductor (like a coil or solenoid) that describes its ability to oppose

changes in electric current flowing through it by generating a magnetic field.

Self Inductance: Self-inductance (L) of a coil is numerically equal to the magnetic flux (@) linked with the
coil, when a unit current flow through it. @=L [ ¢ =-L dI/dt, S.I. unit of self-inductance is Henry (H).

Self inductance of a long solenoid : L=y 1:N*> A/l = po pn? Al

Energy stored in an inductor: U=§ LI? and energy density is given by %
Mutual Inductance: Whenever the current passing through a coil changes, the magnetic flux linked with a
neighboring coil will also change. Hence an emf will be induced in the neighboring coil or circuit. This
phenomenon is called ‘mutual induction’

=Ml ¢ =-Mdl/dt sy
ST unit is henry (H).
Mutual-Inductance between pairs of long Solenoid:-
Mi2= (poninzLari?) , Mai=(poninaLara?)
Hence M12=M3;

‘iiéj%%ﬁ‘" 5 !
g

22N
1
N, turns S,

N, turns

AC generator:: It is a device which converts mechanical energy into an
electrical energy and generates alternating current.

Principle: Works on principle of electro-magnetic induction.

Construction: 1. Armature coil 2. Filed magnet 3. Slip rings 4. Brushes
Theory: When the armature coil rotates between the pole pieces of field
magnet, the effective area of the coil is A cos 0, The flux at any time is, @ =
B.A =NBAcos6=NBA cosmt

The induced emf is,

e=—d@ dt=—d(NBAcoswt) dt V =& =—-NBAwsinwt
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CHAPTER-7: ALTERNATING CURRENT

SYLLABUS: Alternating currents, peak and RMS value of alternating current/voltage; reactance and
impedance; LCR series circuit (phasors only), resonance, power in AC circuits, power factor, wattless current.
AC generator, Transformer.

Mind map
Ak
izl WIEE TR i A devien praerting alternating current ul
i I 1843, Nikola Tesla f f £ ,»:r"'
Vo™ v,f-.r inverled fiser AC molos having elements magnet,
AC enetatoe and AC Aereafuze and graphite Brushes
transendssion tchnology, emf indhueed through coil
T = NBA wsinut s
Imean =245

i=ER=NBAwsn ot % N

¥ome = S8R Cathan
W#“uw or Maam ""Ehl'[' [Dizection of current b
i 1 i ..
. Lfmr!;:ill'lh HENY Ttisused toohimina 1) = output power/Tnput power
= flimy o Contribution  Ceperatey  MeBACvolisgefoma  B% off ficiency cn easily achieved
R ¥ = vt L w—wh::gc AC fome, { e
07 Victwyersa Ji-'n"‘-!I'II:'I-' of 3 trATRLE
'Th fzprlied and AC Curzent kLN
i raticr of em 2ppdiet and the Irﬂ]'ISfDILTIEI I'“'Ji'.irarj [ T
curtent produced [n an AC d.rcmi\ d 5
\7 =Ty, Ohm
! Impedance - e
Powerin

The hindrance offered by inductor
ar capacitar or both to the flow of AC = ny,
{eyarey) Reactance

Aﬂﬂﬂﬂ!w M CMt P= 1"-r|:|||rrl'l=|':'"‘ﬁdl = T gij_[nﬂ Z %F!flfw:l
Cooveont -

1= dginfut f)

{nductve (L) circuit 2o VIR

=i i [ut®)
F=fysin [mf EJ A C Circuils Y. KE X,
Fhase ditference biw Vi, § =712 & = I E-q.;.[,
Pawer factor cos({) =0 r:r? ; TR
Voltape leads current by 2 b tanb = l_. ol | Rui= E
F=1 i e
{o dsinful 4 4) , t

1= {gin| mf = ol
i [ o) i iginin) o x j:mE:m 3] Nty
= Al als— Bl ; =k = 2= JRh X
f=nlormd cosp=1 @ﬁ-ﬂmfﬁ  Poweer factor = 0, Fither tL A
Powver factar éasb =0 P=¥il h=E | wellage or current beading .Mi. D'Z'Lﬂ
Fowier P)= Current & vollape both o K : Wyl

I e bw * Power factor ooy = —= | bter =B
srront beads the vt 1 L, vt spuwer fittor =
Curzent leads the veltage by n2 arelnsa.uwlphase S .JH +X w e # . m.q—tﬂ ki
Gist of the chapter

Alternating current and voltage: A signal changing its values periodically is called an alternating signal. &
represented as 1 =1 sin ot
alternating voltage (or emf) is V = V sin ot
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MEAN AND RMS VALUE OF ALTERNATING CURRENTS

The mean or average value of alternating current over complete cycle is zero. For
half cycle it’s Value is given by

=0.636 Io Vang for half eycle =22 =0.636 Vo
An ammeter or a Voltmeter read its Root Mean Square value as
=l _ Vo _
Lrms = N 0.707 Lo Vims 7 0.707 V,

V= Vo sin ot then current is I = Io sin (ot + ®) where O is the phase difference between voltage and current.
The average power loss over a complete cycle is given by,
P = Eims Irms cos @ where cos @ is called the power factor

Purely resistive circuit.

(1) Current :i = iy sinwt
Yo

(2) Peak current : i = r i

(3) Phase difference between voltage and current : ¢= (0°

(4) Power factor: cosp =1 ' @
(5) Power : P = Vypgirms = -2 V= Fysinar
(6) Phasor diagram : Both are in same phase
L
Purely Inductive Circuit (L-Circuit) i
(1) Current : i = iy sin (a)t — g) l
(2) Peak current : >

iozﬁzﬁ:i Vo=V, sin @i
X, o, 2miLl

(3) Phase difference between voltage and current ¢ = 90° (or + g)

(4) Power factor: cosp =0 4 oor 4
(5) Power dissipated : P=0 90°
(6) Phasor diagram : Voltage leads the current by g i i

c
[
Purely capacitive circuit I
(1) Current : i = iy sin (wt + %) '
(2) Peak current iy = - = V,wC = V,(21vC) )
Xc U
(3) Phase difference between voltage and current : = Fp B @
@ = 90° Power factor : cos ¢ =0 i
(4) Average Power : Puye =0 o0
(5) Phasor diagram : Current leads the voltage by 772 ” v
Series LCR circuit
Voltage V =V, sinot, ( Vet V) —>e V( (VL—
V Vo sinwt i
Ve=1iR, V,=iXy, Ve=iXc Phasor diagram
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(1) 1=ILosin (ot + ®) , where lo=Vo/Z, and impedanceZ = /R2 + (X, — X()?

(2) tan ®= (Xr- Xc) /R

(3) The average power loss over a complete cycle is given by P = Vims Iims cos @
where, the term cos @ is called the power factor

(4) cos D=R//R2 + (X, — X()? )

(5) If net reactance is inductive: Circuit behaves as LR circuit

(6) If net reactance is capacitive: Circuit behave as CR circuit

(7) If net reactance is zero: Means Xi - Xc¢ =0 X = Xc . This is the condition of electric resonance

(8) At resonance (series resonant circuit)

(1) XL = Xc= Z min = R 1.e. circuit behaves as resistive circuit

(i1)) VL =Vc= V = Vr i.e. whole applied voltage appeared across the resistance

(ii1) Phase difference : ¢ = 0° =>power factor = cos ¢ =1

(iv) Power consumption P = Vs Tims

(v) These circuits are used for current amplification and as tuning circuits in wireless telegraphy.

1

(9) Resonant frequency (Natural frequency) : At resonance XL = Xc = wol= o
0

1 1 1 . . .
= wolL = /E OR, woL= Py /E (Resonant frequency doesn't depend upon the resistance of the circuit)

(10) Watt less Current aig. Y
The component of current which does not contribute to the average power //
dissipation is called watt less current. \gﬁ Yy

(1) The average of component of watt less component over one cycle is zero

(i1) Amplitude of watt less current = Ip sin and r.m.s. value of ; ;.,,d\\.""'

watt less current= I sinf= Iy sinf/v2

Transformer:-

It is a device which Increase or decreases the voltage SHELLTYPE ~ =*“=r  CORETYPE
or current in ac circuits through mutual induction. il ) N '
It does not work in DC circuit. 1 : i
Principle: It is based on the principle of mutual induction. _L -if ' B
Working: When an alternating voltage is applied to the primary coil , S  S—

magnetic flux linked with it changes which links to the
secondary coil and induces an emf in it due to mutual induction.

P Es (L oM

) Ne[® . I 3_1 Ep Is [J
weutl, % g i N T
AC.

s RS OUTPUT o Eadc
E; o g* L HE::, xloo %
P,
L3 2 %

LAMINATED CORE
Types of transformer: Step-up Transformer: Ns> Np. It increases voltage
and decreases current. Transformation Ratio must be greater than 1.

Step-Down Transformer: — Ns< Np; It increases current and decreases voltage. Transformation Ratio must
be less than 1.
From Faraday’s laws the emf induced in the primary coil

A : ) A .
& =-Np A—(f ----(1) also for secondary coil &s=- N; A—‘f --------- (i1)
oMy (transformation ratio) ----------- (i11)
&p Np
For ideal transformer input power = output power = ¢eplp = &5l ---—--- (iv)
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By equation (iii) and (iv)

Energy losses in a transformer:
(1) Copper loss (ii) Hysteresis loss (iii) Flux leakage (iv) Humming losses (v) Eddy current loss

MULTIPLE CHOICE QUESTIONS
Q1 A resistance 'R' draws power 'P' when connected to an AC source. If an inductance is now placed in
series with the resistance, such that the impedance of the circuit becomes 'Z', the power drawn will be :

<a>P\/§ (b) P() () P (d) P(5)’
Q2 To reduce the resonant frequency in an L-C-R series circuit with a generator
(a) the generator frequency should be reduced
(b) another capacitor should be added in parallel to the first
(c) the iron core of the inductor should be removed
(d) dielectric in the capacitor should be removed
Q3 Average value of A.C voltage for positive half cycle is [If Vo is its peak voltage]
(a) zero (b) Vo2 (c)2Vo/ 7 (d) Vo
Q4 An alternating current in a circuit is given by [ = 20sin (100 t +10.057 )A . The r.m.s value of current
& its frequency respectively are
(A) 10A & 100Hz (B)10 A& 50Hz  (C) 10 V2A & 50Hz (D) 20 V2A & 100Hz
Q5 In an ideal transformer, the no. of turns of primary and secondary coil are 500 and 400 respectively. If
220 V is supplied to the primary coil, then ratio of currents in primary and secondary coils is

(A)4:5 B)5:4 ©)5:9 D)9:5
Q6 The power factor of LCR circuit at resonance is
(A) 0.707 B)1 (C) Zero (D)0.5

Q7 At resonance frequency in an A.C circuit containing L, C and R in series

(A) The voltage and current will be in same phase.

(B) The voltage will lead the current

(C) The voltage will lag behind the current.

(D) Phase difference depends on peak voltage of source
Q8 A voltage v=v,sin wt applied to a circuit drives a current i=i, sin (wt + ¢) in the circuit. The average
power consumed in the circuit over a cycle is

a) Zero b) i, Vo COS @ C) 1o Vo /2 d) (io vo cos @) /2

Q9 In the case of an inductor
(a) voltage lags the current by /2 (b) voltage leads the current by /2
(c) voltage lags the current by /3 (d) voltage lags the current by /4

Q10 A power transformer is used to step up an alternating e.m.f. of 220 V to 11 kV to transmit 4.4 kW of
power. If the primary coil has 1000 turns, what is the current rating of the secondary? Assume 100%
efficiency for the transformer

(a)4 A (b)0.4 A (c) 0.04 A (d)0.2A
Q11 An inductor, a capacitor and a resistor are connected in series across an ac source of voltage. If the
frequency of the source is decreased gradually, the reactance of :

(a) both the inductor and the capacitor decreases.

(b) inductor decreases and the capacitor increases.

(c) both the inductor and the capacitor increases.

(d) inductor increases and the capacitor decreases.
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CHAPTER-8: ELECTROMAGNETIC WAVES
SYLLABUS: Basic idea of displacement current, Electromagnetic waves, their characteristics, their transverse
nature (qualitative idea only). Electromagnetic spectrum (radio waves, microwaves, infrared, visible,

ultraviolet, X-rays, gamma rays) including elementary facts about their uses.
MIND MAP

| DISPLACEMENT CURRENT l

Modified Ampere’s law: \

Produced by changing electric field A ————
dD - : :
( | & (d_!) =g field 1s: conductlonA
Maxwell’s equations ] " SURRERE d0R0 Mlowing
charge.
Time rate of change of
ELECTROMAGNETIC electric field
== 0 WAVES
IE.d == i=i +Jd—r+s[,(d E)
& ‘ ‘ dt
[Bdi=0
Edl =205 \
I Edl =~ dr How are EM waves
~ | dd produced? Properties of
IBd] = Mol + HoEp -—d-‘g- EM waves
It
Produced by accelerating or 1.Does notrequire a
oscillating charges only. medium _for their
propagation
2 Does not get deflected by
electric or magnetic field

3.E and B has zero phase

difference but are mutually
perpendicular to each
: other.
EM spectrum and its order 4 Momentum delivered
L L : The classification of EM waves when wave is completely
E./B.=c = 3x10% m/s . according to frequency is the absorbed by the surface :
. =1 electromagnetic spectrum. p=U/c ,where U is the total
Travels with speed(c) JVHogo EM spectrum in order of increasing | | energy transferred to the
in free space. frequency and decreasing surface
Both E and B are also wavelength. 5. momentum transferred
perpendicular to the direction 1. Radio Waves is p=2U/c when wave is
of wave propagation 2. Micro Waves completely reflected by the
/ % qut?ared surface.
\ 4. Visible
5. Ultraviolet
6. X-rays
7. Gamma Rays
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GIST OF THE CHAPTER

Displacement Current: -If there exists an electric current as well as changing electric
field, results magnetic field & cause displacement current

dog\ .
&o W =1

So, Ampere-Circuital Law was modified called as Ampere-Maxwell Law.

d
del - ﬂoic +M0€0< (pE)

dt

Electromagnetic Waves: - The electromagnetic waves are those waves in which there are sinusoidal
variations of electric and magnetic field vectors to right angles to each other as well as at right angles to
the direction of wave propagation. (i.e., electric current and magnetic fields vary with space and time.)

Transverse nature of electromagnetic waves: - Electric and magnetic fields oscillate sinusoidally in space
and time in an electromagnetic wave. The oscillating electric and magnetic fields, E and B are perpendicular
to each other, and to the direction of propagation of the electromagnetic wave.

» Conduction current & displacement current are the same.

» Conduction current arises due to flow of electrons in the conductor.

» Displacement current arises due to electric flux changing with time.

Ip = &0 dPr/dt

» Maxwell’s equations

Gauss’s Law in Electrostatics ¢ E.dS = Q/¢o

Gauss’s Law in Magnetism ¢ B”.dS=0

« Ampere’s — Maxwell law  |B”.dl = pol + pogo d@x /dt

» Electromagnetic Wave :- The wave in which there are sinusoidal variation of electric and magnetic fields
at right angles to each other as well as right angles to the direction of wave propagation. * Velocity of EM
waves in free space: ¢ = 1/,/py€,= 3x10% m/s

» The Scientists associated with the study of EM waves are Hertz, Jagdish Chandra Bose & Marconi.

» EM wave is a transverse wave because of which it undergoes polarization effect.

» Electric vectors are only responsible for optical effects of EM waves.

» The amplitude of electric & magnetic fields are related by E/B = ¢

» Oscillating or accelerating charged particle produces EM waves.

» Orderly arrangement of electromagnetic radiation according to its frequency or wavelength is
electromagnetic spectrum.

» A self made easy Acronym to memorize the electromagnetic spectrum in decreasing order of its frequency.

Gandhiji’s X-rays Used Vigorously In Medical Research

Here the first of each word indicates: G- gamma rays , X- rays , Ultraviolet rays ,Visible rays , I- Infrared
radiations , M- Microwaves and R- Radio waves

» EM waves also carry energy, momentum.
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The Electromagnetic Spectrum
Type | . = - Production Detection Uses
L
e |2
e 5 > =
= & = &
Radio | 5x10° | >0.1m | Rapid acceleration | Receiver’s In radio and television
wave | Hz to and de- | aerials communication system.
s 108 accelerations of In radio astronomy.
Hz electrons in
aerials/antenna.
Micro | 10° 0.1m | Klystron value or | Point contact | In radar Systems.
wave | Hz to| to magnetron value. diodes. In long distance communication
s 102 Imm systems.
Hz In microwave ovens.
Infrar | 10" Imm | Vibration of atoms | Thermopiles | In remote control of TV or VCR.
ed Hz to| to and molecules. Bolometer, In Green House.
5% 700n Infrared In haze Photography.
10 m photographic | Treatment of muscular
Hz film. complaints.
Visibl | 4x10'*| 7000n | Electron in atoms | Human eye | It Provides us the information of
e Hz m to | emit light when | photocells, the world around us.
Light | to 400n | they move from one | photographic | It can cause Chemical Reactions.
7x10™ | m energy level to a | film.
Hz lower energy level.
Ultra- | 10'® | 400n | Inner shell | Photocells, In food Preservation.
violet | Hz m to | electrons in atoms | photographic | In the study of invisible writings,
to Inm | moving from one | film. forged documents and finger
10" energy level to a prints.
lower level. In the study of molecular
structure.
X- 10'® | Inm | X-ray tubes or inner | Photographic | In medical diagnosis.
rays | Hz to 10" | shell electrons. film, Geiger | In the study of crystals structure.
to 3nm tubes, In engineering.
10" Tonization In detective departments.
chamber. In radio therapies.
Gam | 10" | <102 | Radioactive decay | Photographic | In radio Therapy.
ma Hz to | nm of the nucleus. film, Geiger | In manufacture of polyethylene
rays | 10% tubes, from ethylene.
Hz lonization To initiate some nuclear
Chamber reactions.
To preserve food stuff.
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CHAPTER-9: RAY OPTICS
Syllabus-Reflection of light, spherical mirrors, mirror formula, refraction of light, total internal reflection and
optical fibers, refraction at spherical surfaces, lenses, thin lens formula, lens maker’s formula, magnification,
power of a lens, combination of thin lenses in contact, refraction of light through a prism. Optical
Instruments: Microscopes and astronomical telescopes (reflecting and refracting) and their magnifying
powers.

MIND MAP

Deviation
APPLICATIONS OF TIR A (| of red light(dy)
T R

Deviation of

POWER OF LENSES

® Fibel" optics communication o violet light (5v) Poweroflens: P— 1
* Medical endoscopy (in m)
¢ Periscope (Using prism) Supitue i Combination of lenses:
| * Sparkling of diamond L spread : »_{ Power: P=P, + P, - dP,P,
o (d = small separation between the
® REFRACTION THROUGH PRISM lenses)

TOTAL INTERNAL REFLECTION Relation between pand §,, For d = 0 (lenses in contact)
TIR conditions B ke \Power: P=P +Py+ Py +... )
+ Light must travel from denser to rarer. - S By= ;i}&l:tpfmininlum A

e eviation

+ Incident angle i > critical angle i A

sin E A =angleof prism THIN SPHERICAL LENS
Relation betweenpandi: p=— : R
\ G or 3=(u—-1)A (Prism of small angle) Thinlensformula: v ou J_(

; 3 ¥ iR
) Angular dispersion Magnification: m = LB |
REFRACTION OF LIGHT =8y~ 8=y - Hp)A u _h,
Di i z
Snell’slaw: When light travels from medium a Lt 5o -5 ok ®
ini vV YR ¥V TR
tomediumb,  “py, = L P i W= 5 & REFRACTION BY SPHERICAL SURFACE

W, sinr n-1

Refeactiveindes; Visanderiuing 3 By +38p Relation between object distance (u), image
velocily of lighl in vacuum ¢ L *OTT ) distance (v) and refractiveindex (1) (e
= =_ _ (Holds for
velocity of light in medium v Hdenser _ Mraver _ Mdenser “Mrarer 0o
Realand apparent depth al e Li s R spherical
real depth(x P
| = P Lens maker’s formula surface,)

L >

REFLECTION OF LIGHT

According to the laws of reflection,
Li=Lr

1 1 1
J 61 =i ,

REFLECTION BY SPHERICAL
MIRRORS

RAY OPTICS

P 1 4, 2
If a plane mirror is rotated by an Mirror formula, . + " ? S
angle 0, the reflected rays rotates by W
=
anangle 26. Magnification, m = ——=—"
. J OPTICAL C «h_

INSTRUMENTS

Magnifying power
For final image is formed at D

COMPOUND MICROSCOPE

Magnifying power, M =m , xm,
For final image formed at D (least
ff Y
distance) M = AL 1+ b
0N e/

For final image formed at infinity
T

fo 1.

(least distance) M = 1+E

For final image formed at infinity

e
f

"

Astronomical telescope

REFLECTING TELESCOPE For final image formed at D (least TERRESTRIAL TELESCOPE

i Bl ke
Magnifying power distance) M = ‘“‘[ I1+== F it A Iy
L D Or normal adjustment / o
fo _R2 l a]‘d'fﬁ frige foried o= Je
M ‘}“ ='f— In normal adjustment, image forme Distance between objective and
e Je J atinfinity M=f,/f, (eyepieced =/, +4f+f, .
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GIST OF THE CHAPTER

Reflection of light: - The bouncing of light back into the same medium from a surface is E
called reflection of light.

Laws of reflection: - 1) Angle of incidence is equal to the angle of incidence.

i) The incidence ray, the reflected ray and normal to the surface at the point of incidence
all lie in the same plane.

Types of spherical mirrors: Concave and Convex. The relation between object distance, image distance and
the focal length of a mirror is called mirror formula. The ratio of size of image to the size of object is called
the magnification produced by the mirror.

+F0

Derivation of mirror formula: A’B’/AB =PB’/PB .....(2)
AABCand AA’'B’Care similar Compare eqn (1) and (2) ...
A’B’/AB = B’C/CB= PC-PB’)/ (PB-PC) | PB’/PB = (PC-PB’)/ (PB-PC)
(1) -viu = Q2f + v ) (-ut2f) or
AABP and AA'B P are also similar 2Quv=2vt+2uf

Dividing by2uvf on both sides we get,

1 1

~ u v

Refraction of light: - Bending of light from its actual path, when it passes obliquely from one medium to
another having different optical densities.

Incident
ray

Rarer medium Incident ray :
Denser medium

i

Denser medium

Refracted ray Rarer medium) P
i

-
-

Deviation &= (i —r) Deviation 6= (r—i)

Snell's Law: -The ratio of the sine of the incident | 2. An object under water (any medium ) appears to
angle to the sine of the refracted angle is a constant. | be raised due to refraction when observed inclined

sini ny - n = (Real depth / Apparent depth) and Shift in the
= Nyq

sinr - ny position (apparent) of object is x = t(l—i)

. . n
. T ST L= n,siny Where t is the actual depth of the medium
ORv, sini = vy sinr

Examples :- 1.Sun can be seen before actual sunrise

Critical angle (ic): - The angle of incidence in denser medium for which the angle of refraction in rarer medium

18 90° is called the critical angle. N
. 1 :
Sini, = Ngy = : Air
wa
. . . .. n v
Note:- If rarer medium is not air then sini, = — B
nd Water
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Total internal reflection: - When angle of incidence of N
the ray incident on rarer medium from denser medium,
is greater than the critical angle, the incident ray does
not refract into rarer medium but is reflected back into

denser medium. This phenomenon is called total Airire) 0
internal reflection Glass (denser)
1
ny =- Incident ray
Mathematically: sin € Reflected ray
Here, ny; is the refractive index of the denser medium 2 A © N C
w.r.t. the rarer medium 1 and C is the critical angle.
Applications of Total internal reflection: J B
Totally reflecting prisms:- Bend the light at either 90° | Raver i cslie 3
0 Il.lt:l.lllu[ll o :
ﬁg (a) or 180 ﬁg (b) (air) 1 ;f\‘u’;zlcr-uir
U,j\r O.;\' 0, ‘_| [3 0. interlace
B, . B /o ! : i
,I_~ 457 ‘ , /N I N Totally
o0 45t > Denser <X reflected ray
mBlhn _ Partially
Bledar ey ¢ Tellected rays

(@)

Fiber-optic: -Fine fiber of glass or quartz in which light
enter from one end and comes out from another end due
to total internal reflection is called optical fiber.

Used in endoscopy and communication

Here ncore > Ncladding

Refraction through Spherical surface:

From fig, Lo L R ey

in PI PO PC

AMOC, () _

- Using sign convention, —2 — =% = ]

i=a + gs1g v u R

Y mmemm (1) - ; Spherical refracting surface. The

and in A \ | portion of a refracting medium, whose

MCI, curved surface forms the part of a sphere, is

y=r+pB=>r=y— B (2) called a spherical refracting surface.

From laws of refraction, sini _me 3) When object is situated in the rarer
] sinr medium, the relation between n; (refractive

For small angles, % = Z—i = Nyl = nyr---—--- (4) | index of the rarer medium), ny (refractive

Using (1) and (2) in (4), index of the spherical refracting surface) and

(@ +y)=ny(y —B) e R (the radius of curvature) with the object

(5) and image distances ( u and v) is given by

ML ML ML ML e 2
m(pg T o) =m(5r 31

When object is situated in the denser medium, the relation between n; (refractive index of the rarer medium),
ny (refractive index of the spherical refracting surface) and R (the radius of curvature) with the object and
image distances ( u and v) can be obtained by interchanging n; and n». In that case, the relation becomes
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ny Ny MN1—Ny

v ou R
Lens maker’s formula. The relation connecting the focal length of the lens with the radii of curvature of its

two surfaces and the refractive index of the material of the lens is called lens maker’s formula. Mathematically:

1 1 1
o)

Lens equation. The relation between the focal length, the object and image distances is called lens equation.
Mathematically:
1 1 1

f v u
Linear Magnification. The ratio of the size of the image (formed by the lens) to the size of the object is
called linear magnification produced by the lens.

o L_v_ f _f-v

Mathematically, O u ftu f
Power of a lens. It is defined as the reciprocal of the focal length of the lens in metre.

p=L P:M—D&L—JJ

Mathematically, / or R R,
In the above two formulae, f, Ri and R are measured in metre. A, B
Two thin lenses placed in contact. When two lenses of focal _ e &“‘*’-1-1;;;\ -
lengths fi and f are placed in contact, the focal length of the _—" | e
combination is given by o - I "
LIS PR S S— P ,
AR FR
Power of equivalent lens: P =P; + P; A
Magnification produced by equivalent lens: 5= Ty =5, _
Refraction through a prism A ray of light incident on one face e A M‘i ;
of the prism suffers refraction successively at the two surfaces o T RS
and then emerges out of it. Mathematically, o a R
A=r+1n, A+6=i+e -4 s
. sin(252)
Prism formula: p = ——%— B C
sin(%)
Simple microscope. A convex lens of small focal length is called a 4.
simple microscope or a magnifying glass. : R —
The magnifying power of a microscope is defined as the ratio of the | ‘ O nearpeint
angle subtended by the image at the eye to the angle subtended by the — e
object seen directly, when both lie at the least distance of distinct vision. I+ D o i&
M=|1+=

Mathematically: [ J ]
Here, D is the least distance of distinct vision

. ) . s —p
Compound microscope. A compound microscope is a Ao A el T _
two-lens system (object lens and eye lens of focal 7 = -1"0-%;_;7_1;_ lj,f { = ' Lyepff;__,_ﬁ?}
lengths f, and f;). Its magnifying power is very large, as Shietive. ~alL
compared to the simple microscope. :
Mathematically: ; ,

M ="e (1+2J=—i[1+2] A ;
u, S I Se Ay
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Here, u, is distance of the object from the object lens and vo~L, (L is the length of the tube of the microscope)
is the distance at which the object lens forms the image of the object.

Astronomical telescope. It is a two-lens system and is used to observe distant heavenly objects. It is called
refracting type astronomical telescope.

Normal adjustment- When the final image is formed at . Objective b——So— g

infinity, the telescope is said to be in normal adjustment. B’ e

The magnifying power of a telescope in normal adjustment o -

is defined as the ratio of the angle subtended by the image at - - - g — H|‘h S ,f?
the eye as seen through the telescope to the angle subtended i

by the object seen directly, when both the object and the
image lie at infinity.
Magnifying power in normal adjustment,
A
e

When the final image is formed at the least distance of distinct vision,
Magnifying power of the telescope,
= _L(] 4 LJ
Je D

Reflecting type telescope. In a reflecting type telescope, the
objective is a concave spherical mirror of large aperture in place of —
a convex lens. B
The expression for magnifying power of a reflecting type telescope
is same as that for refracting type astronomical telescope.

_-Objective
mirror

Eyepiece

MULTIPLE CHOICE QUESTIONS
1. A beam of light is incident at 60° to a plane surface. The reflected and refracted rays are perpendicular to
each other. What is the refractive index of the surface?
(a) 13 (b)\3 (c) 1/3 (d)3
2. A concave mirror of focal length f produces a real and virtual image of an object of magnification m (m>
1) when placed at two different positions. The distance between the positions of the object is :

(2) (m — 1)f (b) (1 = m)f (02 (d) zero
3. The refractive index of the material of a prism is V2 and its refracting angle is 30°. One of the refracting
surfaces of the prism is made a mirror. A beam of monochromatic light entering the prism from the other
face retraces its path, after reflection from mirror surface. The angle of incidence on prism is:
(a) 0° (b) 30° (c) 45° (d) 60°
4. An astronomical refractive telescope has an objective of focal length 20 m and an eyepiece of focal length
2 cm. Then in normal adjustment:
(a) the magnification is 1000
(b) the length of the telescope tube is 20.02 m
(c) the image formed is of inverted nature.
(d) all of these
5. A particle moves towards a concave mirror of focal length 30 cm along its axis and with a constant speed
of 4 cm/ sec. What is the speed of its image when the particle is at 90 cm from the mirror?
(a) 16 cm/ sec. (b) 1 cm/sec. (c) 8 cm/sec.(d) 4 cm/sec.
6. You are given four sources of light each one providing a light of a single colour — red, blue, green and
yellow. Suppose the angle of refraction for a beam of yellow light corresponding to a particular angle of

incidence at the interface of two media is 90°. Which of the following statements is correct if the source
-
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CHAPTER-10 : WAVE OPTICS

Chapter—10: Wave optics: Wave front and Huygen’s principle, reflection and refraction of plane wave at a

plane surface using wave fronts. Proof of laws of reflection and refraction using Huygen’s principle.

Interference, Young's double slit experiment and expression for fringe width (No derivation final expression
only), coherent sources and sustained interference of light, diffraction due to a single slit, width of central
maxima (qualitative treatment only).

e |= 11+12+2-\H‘12‘2C05¢

YDSE
AD
 Fringe width,S = 7
» Position of nyy, bright fringe,
_ niD
Yoright = —g~
* Position of n,, dark fringe,
_ (2n—DAD
Yoright = —35

* For bright fringe, Ax = n4
* Fordark fringe, Ax = (n + é) A

1.Path difference A= BP-AP
= BE =a sin e2. Position of
minima- Position of n dark
fringe a sin en= nA (where
n=1,2,3..)

3.Position of secondary
maxima- a sin ey’ = (2n+1)
A/2 wheren
=1,2,3...4.angular width of
central maxima = 2e
=21/a5. Linear width of

SAREE | |
| 4 'l -1,'

| \ \
MYV AV ALY N

central maxima= 2x or
D(2e) = 2AD/a

. A a2 & AL
A wavefront is a surface of 4 [ 1]
¢ =
constant phase 2 fi\‘] | Y
T M) oo
Shape of Wave front ERiyges prmciple'ot (2 ) (2] |
the secondary _:[:____+___ -__+__.___;:"++
' <N wavelets-Each point . I/ }'ﬁmm fal ]
on the wavefront is the f__\'“ P
3 source of a secondary a1} el ll
B- ;
wavelets. o b
N0/ (2) (b
Interference of light
e Phase difference does not
change with time - coherent
sources
o A= A?+ A3 +24,A,c05¢ ] ]
D]ffractu)n d 1s distancebetween slits S, and 3,

n s lIINhﬂK'}‘ II!![I\"!‘I'I ‘Ill IH'II] screen

y 0o |a [ |30 |20
| | d 2d | 2d
Max (Central 1* 1= 2nd
/Mina Maxima|Minima |Maxima | Minima | Maxima

Path difference A= %d

Position of n' bright fringe x, = 1

d
(where n=0,1,2,3...)

Position of n' dark fringe

_ (Zn-1)Da,

Xy 7, (where n=1,23..

3 2n 1. 0 1A 24 3

—» Path difference

3 ‘ﬁ " \ / \ \
AN L \AA
oA Vo4 o A
d 4 W il i

DifFrction argle (1 -

Fringe width B =x, - x,_1 =
iD
Buright = Baark =7

Fringe width in

medium Bned = ‘B;‘“

8

Angular width of fringe 6 = =3
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WAVE OPTICS: CONCEPT OF WAVEFRONT.

1.Nature of light-The phenomena like interference, diffraction and polarization establish the wave nature of

light. Whereas the phenomena like photo electric effect, Raman effect, Compton

effect establish the particle nature of light.

2.Wavefront-It is defined as the continuous locus of all the particles of the
medium vibrating in the same phase at any instant. A wavefront is a surface of
constant phase. The speed with which the wavefront moves outwards from the
source is called the phase speed (wave speed).Note-1. Rays are perpendicular to

wavefronts. .2. No backward wavefront is possible.

3.Types of wavefront-It is depends on the source of disturbance.

spewicals
Draefanrts
\ 3
b+ A9
™.
. . ~, /—_‘-\)/ =79
Spherical Wavefront formed by the point S =
S
e
wavefront | source \;\/ = T Lo
\\\7// ~
‘Z/ r,_/ \‘{\.
eyl fndeica) woefront
D LR
] L=
Cylindrical | Wavefront formed by linear or =,
wavefront | cylindrical shape source iy
=
As a spherical or cylindrical o Ph"eﬁf\e’%"tr
. x
Plane wavefront advances, its curvature §
wavefront | decreases, so small portion of (e
such a wavefront at a large
distance from the source willbea | —
plane wavefront
= Ta

4. Huygen’s principle of the secondary Wavelets-It is the
basis of wave theory of light. It tells how a wavefront
propagates through a medium. It is based on the following
assumptions

i1)Each point on a wavefront acts as a source of new
disturbance called secondary wavelets. These secondary
wavelets spread out in all directions with the speed of light
in the given medium ii)The wavefront at any later time is
given by the forward envelope of the secondary wavelets at
that time.

(a)

A2

Propagation
of light wave

1
[}

1]
LR

N R,
!
T

4

i

N s
,““\‘r”\

B2

B Bl

(b}

5.During refraction- Frequency of light remains constant, wavelength and speed of light get changed
depending on the refractive index. (A= M/p and v'= v/p) (here p is the refractive index)

6.Behaviour of a prism, lens and mirror-
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TINcIDENT TNCIDENT REF | =<CTED
wE wob

< ChE el réEv-\\'

TEP

REFRAE \
U

Py e~

(S
o
?Efﬁﬂg (=B B

In triangle AABC and ADCB
£BAC=£CDB (Each 90°)
BC=BC

ii) | AC=BD (each equal to ct)
~AABC = ADCB

Hence zi=«r

From AABC, sin i =BC/AC
From AADC, sinr= AD/AC

. sini _ BC _ wqt
sinr AD vyt
sini 2

sinr 2
medium wrt first medium)

= — = u,4(refractive index of second

Note-for denser to rarer medium

8.Coherent and Incoherent Sources-Two sources are coherent if they have the same frequency and with a

constant phase difference. They are incoherent if phase difference is not constant.

9.Interference of light-When two light waves of the same frequency and having constant phase
difference(coherent), travelling in the same direction superpose each other, the intensity gets redistributed,
becoming maximum at some points and minimum at others, this phenomenon is called interference of light.

Let two waves from two coherent source of light be y; = a sin wt and y, = b sin (wt + @)
Where a and b are amplitudes and @ is the phase difference

So y =y1+ y»after solving we get y = Asin(wt + 0)

. Where A is the resultant amplitude so ~ Apet = +/ (a2 + b2 + 2abcos®
. And Resultant intensity is e = I + I + 2,/111; cos®
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. Resultant amplitude when a =b Aot = 2a cos%

. Resultant intensity when [1=I=I Lot = 41 coszg

NOTE- Ratio of maximum intensity to minimum intensity

= () - ()

I min

10.Types of Interference-

s.no | Constructive interference Destructive interference
1 Point where resultant intensity is max Point where resultant intensity is
minimum
2 1
¢ Tom T x":m5¢=+| -;:czlm-ﬁmbq-:—l
* Phase difieverce » Phase diffeverce
C#h:(jl?_)\.‘]-'ﬂt---.’lh“ < 4?:7\‘37\.57{,.-.,@*\-))‘?\
LONYE = Osly2sene © edhere =1
» Podh cludderrce ¢ Padh cludicrerce
&= 0O, h;ln\;---!h?‘ A"_— %"}Tﬁ'ﬁ%“‘_-’mi%—.a
L] AW‘K.: q“}"b - . Am’n‘: Q-—b
_ 2
- Im\{ - Q:E\ +—I:'2> - IM?‘\ = a:z\ —-.I:I'z)
3 Resultant intensity at a point is Resultant intensity at a point is minimum

maximum when the phase difference is | when the phase difference is odd multiple
even multiple of & or path difference is | of  or path difference is an odd multiple
an integral multiple of wavelength A of wavelength A/2

11.Young’s Double Slit Experiment-It is the practical verification of interference. In this we get two
coherent source by dividing wavefront. We always get bright fringe at the center of the screen and both side
alternately bright and dark fringes are made.

a) Fringe width in YDSE-

) L A
InAS1S,L sine = 2= =

Now in ADOP tane = %

If o is small sine ~tane =~ e

So2 =X
d D
b)Path difference A= %
c¢)Position of n' bright fringe X, = % where n=0,1,2,3...
d)Position of n dark fringe Xp, = % where n=1,2,3...
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e) Fringe width —Separation between position two consecutive maxima or minima. Width of bright and
dark fringe will be same.

AD .
B=xn—xp1= Bbright = Bdark = d \:‘fm!,
. . . . _ Bvac Q
f)Fringe width in medium Bmeda = — :
g e Sege )
g)Angular width of fringe 0= 21

h) overlapping of fringes
if n/"bright fringe overlapped on n."™ bright fringe then nili=n>A,
if bright overlapped dark niAi=(2n2 -1)A2/2

i)Dependence of fringe width@ = “2( a 1, BoD, p a1/d)

j) Intensity distribution curve-

/K/\RA'\"T\AA

3 23 s L] 17 2x 3Ix

—» Path difference

k) Condition for sustained interference-
1)Two source of light must be coherent(ii) Having same frequency (iii)source should be monochromatic
(iv)wave must travel in same direction(v) for a better contrast amplitude of waves should be approximately
equal

12.Diffraction

It is the phenomena of bending of light around corners of an obstacle or aperture in the path of light. Due to
this bending, light goes into the geometrical shadow region of the obstacle or aperture.This bending
becomes more when the dimensions of the aperture or the obstacle are comparable of the wavelength of
light.

MM 1l ”D))D)))

Large fAparture - Low Levels of Diifracton Sanall Aperhs e - High Leveais of Dffracion

13.Diffraction of light from a single
slit-

Screen

Intensity in
fringe pattern

Parallel ravs
(Plane wavefront)

a) Central maxima-maximum intensity at point o because path difference at o is zero.
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b) Path difference A=BP-AP = BE =a sin o

¢)Position of minima- Position of n'" dark fringe Note-width of secondary

maxima o

a sin en=nA where n =1,2,3... slit width
d)Position of secondary maxima-
a sin en'= (2n+1) A/2 where n =1,2,3...

e) width of central maxima- the direction of first minima e=A/a, this angle is called half angular width of
central maxima angular width of central maxima =2e =2i/a

f) Linear width of central maxima= 2x or D(2e) = 2AD/a

g) Graph

Intensity

£ S5 * < B 2 Ev R

o = = =] - I

Diffraction angle (&)

MULTIPLE CHOICE QUESTIONS
1. The resultant amplitude of a vibrating particle by the superposition of the two waves
yi=asin( ot+1/3) and y>»=asin ot is :-
a) a b)V2a c)2a dn3a
2. A double slit experiment is performed with light of wavelength 500 nm. A thin film of thickness 2pum and
refractive index 1.5 is introduced in the path of the upper beam. The location of the central maximum will

a) Remain unshifted b)Shift downward by nearly two fringes
¢) Shift upward by nearly two fringe d)Shift downward by 10 fringes
3. Which of following is a true statement, if in Young's experiment, separation between the slits is gradually
increased :
a) fringe width increases and fringes disappear
b) fringe width decreases and fringes disappear
c) fringes become blurred
d) fringe width remains constant and fringes are more bright
4. In an interference of yellow light derived from two slit apertures, if at some point on the screen, yellow
light has a path difference of 3 A/ 2, then the fringe at that point will be :
a) yellow in colour b) white in colour c)dark d)bright
5. Two beams of light having intensities I and 41 interfere to produce a fringe pattern on a screen. The phase
difference between the beam is n/2 at point A and 2= at point B. Then find out the difference between the
resultant intensities at A and B.
a) 21 b)SI o)l d)41
6. In an interference pattern of two waves fringe width is B . If the frequency of source is doubled then fringe
width will become :
a) (172) B b)p c)2 d)(3/2) p
7. Find the half angular width of the central bright maximum in the Fraunhofer diffraction pattern of a slit of
width 12 x 107 cm when the slit is illuminated by monochromatic light of wavelength 6000 A.
a) 40° b)45° c)30° d)60°
8. A light source of 5000A wave length produces a single slit diffraction. The first minima in diffraction
pattern is seen, at a distance of Smm from central maxima. The distance between screen and slit is 2metre.
The width of slit in mm will be :
a) 0.1 b)0.4 c)0.2 d)2
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CHAPTER-11: DUAL NATURE OF RADIATION AND MATTER

Dual nature of radiation, Photoelectric effect, Hertz and Lenard's observations; Einstein's photoelectric

equation-particle nature of light. Experimental study of photoelectric effect Matter waves-wave nature of
particles, de-Broglie relation.

MINDMAP

{ DUAL NATURE OF RADIATION AND MATTER

Matter Waves

de-Broglie’s Wave equation

Effact of frequency

|

Electran Emission } [ Photoeleetriz effect J
Lenard's Experiments
Cusnz
Ly ;
Thermionic @/_f
emission mpJ
Heat
| |
. Effect of i i Effect of potential
Photoelectric ) e
emission
1
| Light fE
i — "—l'.'.-lKhIr'IIF'I M'ﬂiﬁ e
Field emission i
?'-‘—m.“.m
+/,
Elzctric Field /j
l’:—:u‘:-.::u Mk ey hl-
Secondary EISTEDYS PHOTOELE CTRIC
Emission Fmar = fv — Rvg=h (v — w)
Collission
GIST OF THE CHAPTER

= Electron Emission: The phenomenon of emission of electron from a metal surface.
1. Thermionic emission (when metal is heated)
2. Field emission: (by applying very strong electric field to a metal)
3. Photo-electric emission (when light of suitable frequency illuminates a metal surface)
Work Function: The minimum amount of energy required to be given to an electron

to escape from the metal surface. It is generally denoted by ¢o and unit is electron volt

(eV).
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1eV=1.602x10"]
Work function of platinum is 5.65 eV (metal having highest work function)
Work function of caesium is 2.14 eV (lowest work function)
e Photoelectric Effect: The phenomenon of emission of
electrons from the metal surface, when light of suitable
frequency illuminates it. (Discovered by Heinrich Cathode IE/J:
Hertz) W

Incident light

- Anode
-—
oy

e Lenard’s Experimental setup:

0\

e [Effects on Photoelectric Current

Effect of intensity: Photoelectric current increases linearly with intensity of incident light, keeping

frequency and voltage constant.
2. Effect of potential.
* Increasing positive potential increases current until saturation.

» Negative retarding potential decreases current. At a certain negative voltage (stopping potential), current

becomes zero.

= Stopping Potential (Vo): Minimum negative potential to stop photoelectric current for a given frequency. -
Independent of intensity, depends only on frequency. - Kinetic energy and stopping potential: Kima.x = eVo

3. Effect of frequency:
*  Qreater frequency — greater stopping potential — greater Kmax

= Saturation current remains same (constant intensity)
I Phato eleciric Fhato electric

= current current
E 7 Saturatton current
Tu L
e = % 1y
2 E h T
> g "

Intensily ——s v, 5 p A EV VL [V, i +V

#— Relarding poteailial Anode polential V—3 #— Retarding patential Anode potential V—o3

Laws of Photoelectric Effect
Photoelectric current « intensity of radiation (fixed frequency)

Saturation current & intensity; stopping potential is independent of intensity.

1

2

3. No emission occurs below threshold frequency (vo).

4. K X frequency of incident radiation (v); independent of intensity.
5. Photoelectric emission is instantaneous (delay = 1077 s)

e Failure of Classical Theory: Wave theory predicts electron absorbs energy continuously.
Contradictions: a. Kmax should depend on intensity (observed: depends on frequency)
b. Any frequency should cause emission (observed: only above threshold frequency)

c. Should be delayed process (observed: instantaneous)

¢ Einstein’s Photoelectric Equation: Photon energy = hv = Kiax + ¢o = Kimax = h(v — vo)

= Explanation Laws of Photoelectric Effect:

- Intensity increases photon number — increases current. - v < vo _

Ing.
—negative K which is impossible — no emission. - Photon- ™t

electron interaction is instantaneous — no time lag.

» Graph (freq vs Stopping potential) : Vo = (h/e)v — do/e — straight
line. Slope = h/e, y-intercept = — do/e

Particle Nature of Light

= Light interacts with matter as photons.
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* Photon energy: hv, momentum: hv/c
* Photon: no charge, not deflected by E or B fields
* Photon collisions conserve energy and momentum, but number of photons may change.
= Compton scattering confirmed particle nature of light.
e Dual Nature of Radiation
- Wave nature: Interference, diffraction, polarisation. - Particle nature: Photoelectric effect, Compton
scattering. = Light shows wave-particle duality
e Dual Nature of Matter: Louis de Broglie (1924) proposed particles have wave nature.
»  de-Broglie Equation: A = h/p = h/mv= h/v/2mK= h/x/2meV
= Davisson-Germer experiment confirmed electron wave nature experimentally.
MULTIPLE CHOICE QUESTIONS
1. Which of the following cannot be observed by an increase in the intensity of light alone?
(A) Increase in photocurrent (B) Increase in stopping potential
(C) Increase in number of emitted electrons (D) Increase in rate of emission
2. Inanexperiment, intensity of light is increased but photoelectric current remains constant after sometime.
This is due to:
(A) saturation current has been reached
(B) frequency of light is below threshold
(C) work function is larger than incident photon energy
(D) electrons are absorbed back
3. The photoelectric current becomes zero when:
(A) The intensity of light is zero (B) Frequency is below the threshold
(C) Work function is very high (D) Any of the above
4. Inaphotoelectric experiment with light of intensity I, the current is I,. When light is filtered to allow only
50% photons through, the current becomes:
(A) 21, (B) IO/ 2 C)V21, (D) Remains same
5. Consider a photoelectric tube where magnitude of negative anode potential is gradually increased. The
photoelectric current decreases to zero because:
(A) Kinetic energy of electrons is reduced
(B) All photons are absorbed
(C) Potential suppresses even fastest electrons
(D) Frequency becomes less than threshold
6. In an experiment, when frequency is increased, the stopping potential increases linearly. This verifies:

(A) Planck’s quantization (B) de Broglie relation

(C) Einstein’s photoelectric equation (D) Wave-particle duality
7. Which observation supports the quantum nature of light?

(A) Instantaneous emission (B) KE « frequency

(C) Threshold frequency exists (D) All of the above

8. In photoelectric emission, a radiation whose frequency is 2 times threshold frequency of a certain metal
is incident on the metal. Then the maximum possible velocity of the emitted electron will be:

(A) \/% (B) [ (©) 2\/% (D) =
0.

For two particles with equal momenta, which of the following is true regarding their de Broglie
wavelengths?

(A) The heavier particle has smaller wavelength (B) Both have same wavelength

(C) The faster particle has smaller wavelength (D) Depends on nature of the particles
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Content: Alpha-particle scattering experiment; Rutherford's model of atom; Bohr model of hydrogen atom,
Expression for radius of nth possible orbit, velocity and energy of electron in nth orbit, hydrogen line spectra

(qualitative treatment only).

RUTHERFORD'SMODEL OF ATOM: (1303)
1 Most ofthe part of atom is hollow,

I) The central core is [+) very
charged called nucleus [10-15m)
e revolves around the nucleus
& radius of orbit decreases due
to decrease in energy (dement).

Distance of closest approach: KE=PE

M= ——
dzey {Hmud)

CHAPTER-12: ATOMS

MIND MAP:

Rutherford a-parficle scattering Exp:

L)
——‘*/ ok

ety

]

]

{ ©o

U )
&p_Seﬂp_:lm"'W (il g
OBSERVATIONS:

(1 Most of the a-particle passed underiated.
(i) Few a-particle scattered at angle

(i Very few retraces their path.

1
\ e
- sint (y)

=

Bohr's model of Hydrogen atom
1. Theelectron can exist in certain orbit without
radiating energy

my*

1 Zé

(=1

. Electrons can revolve only in those energy
levels, inwhich its angular momentumis an
integral multiple of b/4n

. Electrons in their stationary orbits do not
radiate energy [ Bohr's orbit or Non radiative
arbit)

, Ifthe & goes from orbit of energy E; to other arbit
ofenergy £ then & photon of energy hy is
radiated such that

h! =ErE

w

.

ATOMS

Hydrogen Spectral lines ;

Conlinun
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ADROC—EN SPECTRUM:-

Hydrogen spectrum consist of group of radiation
emitted by a b-atom whese wavelengthis given as -

1 W1 1
Z=Rpt———
A (”? "%)

\

Radius of Bohr's orbit
Eoﬂ-!hz

Th=—
" mmelZ

- Energy of Bohr'sorbits ~ E=KE+PE=

Loy de(-e) IZ_(' 76t

W' —— == —r
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E,
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" Brear

Rutherford’s Atomic Model

On the basis of this experiment, Rutherford made following observations
(1)The entire positive charge and almost entire mass of the atom is concentrated at

N = e—
' Baeqr,

Energy of electron in orbit-

2
e
By= ——
8mear,
‘ For Lyman geries s electron jumps from higherto first
arbit
1 1) 3
ﬁ(;;f }.‘g) it
ie(‘,, ’-,) S
noon ]
Itsin ultra violet region
Balmer.; Visible region

GIST OF CHAPTER: ATOMS

its centre in a very tiny region of the order of 10-15 m, called nucleus.

(11)The negatively charged electrons revolve around the nucleus in different orbits.

(i11) The total positive charge 011 nucleus is equal to the total negative charge on
electron. Therefore atom as a overall is neutral.
(iv)The centripetal force required by electron for revolution is provided by the electrostatic force of
attraction between the electrons and the nucleus.

Distance of Closest Approach
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to=1/4meo.27Ze2 / Ex where, Ex = kinetic energy of the cc-particle.
Impact Parameter
The perpendicular distance of the velocity vector of a-particle from the central line of the nucleus, when the
particle is far away from the nucleus is called impact parameter.
Impact parameter
where, Z = atomic number of the nucleus, Ex = kinetic energy of the c- particle and 8 = angle of scattering.
Rutherford’s Scattering Formula
where, N(0) =number of c-particles, Ni = total number of a-particles reach the screen. n = number of atoms
per unit volume in the foil, Z = atoms number, E = kinetic energy of the alpha particles and t = foil thickness
Limitations of Rutherford Atomic Model
(1)About the Stability of Atom According to Maxwell’s electromagnetic wave theory electron should emit
energy in the form of electromagnetic wave during its orbital motion. Therefore. radius of orbit of electron
will decrease gradually and ultimately it will fall in the nucleus. (ii) About the Line Spectrum Rutherford
atomic model cannot explain atomic line spectrum.
Bohr’s Atomic Model
Electron can revolve in certain non-radiating orbits called stationary or bits for which the angular
momentum of electron is an integer multiple of (h / 27)

mvr =nh/2n
where n =1, 2. 3,... called principle quantum number.The radiation of energy occurs only when any electron
jumps from one permitted orbit to another permitted orbit. Energy of emitted photon

hv = E> — E; where El and E2are energies of electron in orbits.
Radius of orbit of electron is given by r=n’h?/4n* mK Ze2 > r«n?/Z
where, n = principle quantum number, h = Planck’s constant, m = mass of an electron,
K=1/4me, Z=atomic number and e = electronic charge.
Velocity of electron in any orbit is given by v=21KZe?’ /nh= v Z/n
Frequency of electron in any orbit is given by v =KZe?/ nhr = 4n’Z%¢*mK? / n3 h?
= v prop; Z3 / n®
Kinetic energy of electron in any orbit is given by Ex = 2n’me*Z?K2 / n> h2 = 13.6 Z* / n* eV
Potential energy of electron in any orbit is given by

Ep=—-4n’me*Z°K? /n* h* =272 7% /n*> = Ep=«Z?/n’
Total energy of electron in any orbit is given by E = — 2n’me*Z2K? /n?> h> =—13.6 Z2 / n* eV
= Ep = o« Z? / n® In quantum mechanics, the energies of a system are discrete or quantized. The energy of a
particle of mass m is confined to a box of length L can have discrete values of energy given by the relation
En=n’h2/8mL2;n<1,2,3,...
Hydrogen Spectrum Series
Each element emits a spectrum of radiation, which is characteristic of the element itself. The spectrum
consists of a set of isolated parallel lines and is called the line spectrum.
Hydrogen spectrum contains five series (i) Lyman Series When electron jumps from n = 2,
3.4, ...orbit to n = 1 orbit, then a line of Lyman series is obtained. This series lies in ultra violet region.
(ii)Balmer Series When electron jumps from n = 3, 4, 5,... orbit to n
= 2 orbit, then a line of Balmer series is obtained. This series lies in visual region.
(iii)Paschen Series When electron jumps fromn =4, 5, 6,... orbit to n
= 3 orbit, then a line of Paschen series is obtained. This series lies in infrared region
(iv)Brackett Series When electron
jumps from n = 5,6, 7.... orbit to n = 4 orbit, then a line of Brackett series is obtained. This series lies in
infrared region.
(v)Pfund Series When electron jumps from n = 6,7,8, ... orbit to n = 5 orbit, then a line of Pfund series is
obtained. This series lies in infrared region.
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CHAPTER-13: NUCLEI

Syllabus:-Composition and size of nucleus, nuclear force Mass-energy relation, mass defect; binding energy
per nucleon and its variation with mass number; nuclear fission, nuclear fusion.

Nuclear volume &
Mass No.

SO
3'.rrR{JuA

0RR=RoAL/
Ry=14x10"%m

lomy = Lﬁ 1A
1)

NUCLEAR DENSITY :

107 kg/m?

same for all elements.
- am
4R}

Nucleus: The small, dense region consisting of protons and neutrons at the center of an E
atom is the atomic nucleus. In every atom, the positive charge and mass are densely
concentrated at the central core of the atom, which forms its nucleus. More than 99.9%
mass of the atom is concentrated in the nucleus.

Nucleons: The nucleus of an atom consists of protons and neutrons. They are

collectively called nucleons.

MIND MAP :

Nucleons = Protons + Neutrons
A=TZ+N
Mass = Atomic No.+ No. of Neutrons.

NUCLEAR FISSION: Splitting of
heavy nucleus.

92U255+ {]ﬂl " 56BC141+
36K+ 3 g0 + 6 (200Mev)

Nuclearforce

A A
v strong
>< OR >< +  shortrange
I /

NUCLEAR FUSSION: Fusing two or

v spindependent more lighter nuclei

v charge
independent

i+ 1H - (HE et v

tepulsive

|

Mass Defect: Difference in masses. of nucleons
[ndependent of massno. and -' ki .‘

i

N U C LE U S ﬂ B.E/A is very lessfor A =8 and thenincreases up to \

A= g
L Decreases after 4= 120
3 Maximuen 10.8mev for Range A =300 to 4=120
& Peakfor2Hed 6012, 8016 gty indicate more stability
5 MoreisB.E/A moreis stability ofa mucleus,

Mass Energy Relation: W0

E= ﬂmcze Energy & mass are inter-convertible. il !

Binding, Energy: Energy equivalent to mass
defect,

B.E=AM-(

:
!
Am=[2My + (A - Z)My]-[mass of 7 nucleus] %

TR o m W &

N/

GIST - NUCLEUS

Atomic Mass Unit (amu) :The unit of mass used to express mass of an atom is called atomic mass unit.
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Atomic mass unit is defined as 1/12th of the mass of carbon (126C) atom.

1 amu or 1 u=1.660539 x10-27 kg (1) Mass of proton (mp)=1.00727 u

(2) Mass of neutron (mn)=1.00866 u  (3) Mass of electron (me) =0.000549 u Relation between amu and

MeV 1 amu=931 Mev

Composition of Nucleus

The composition of a nucleus can be described by using the following.

Atomic Number (Z) :Atomic number of an element is the number of protons present inside the nucleus of an
atom of the element.

Atomic number (Z) = Number of protons = Number of electrons (in a neutral atom)

Mass Number (A): Mass number of an element is the total number of protons and neutrons inside
the atomic nucleus of the element.

Mass number (A)= Number of protons(Z) +Number of neutrons(N)

= Number of electrons +Number of neutrons A=Z+N

Size of Nucleus: According to the scattering experiments, nuclear sizes of different elements are assumed to
be spherical, so the volume of a nucleus is directly proportional to its mass number. If R is the radius of
the nucleus having mass number A, then

Roc A3 R=Ro A3

Where, Ry= 1.2x10 "> m is the range of nuclear size. It is also known as nuclear radius.

Nuclear Density Density of nuclear matter is the ratio of mass of nucleus and its volume. p=HI/(4/37tRO3 )
=>p = 2.38x10'"kg/m® where, m = average mass of one nucleon and Ro=1.2 fm =

1.2x10"*m =>The nuclear density (p) does not depend on A (mass number). Mass Defect The sum of the
masses of neutrons and protons forming a nucleus is more than the actual mass of the nucleus. This difference
of masses is known as mass defect.

Am=Zmp+(A-Z)mn —-M  where, Z= atomic number, A= mass number, mp = mass of one proton,
mn= mass of one neutron and M= mass of nucleus.
Mass-Energy Relation Einstein's mass-energy equivalence equation is given by E = mc?, (
where E is the energy and c is the speed of light =3x10® m/s and m = mass of nucleus)
Nuclear Forces Short ranged (2-3 fm) strong attractive forces which hold protons and neutrons together in
against of Colombian repulsive forces between positively charged particle is called nuclear force. The nuclear
force between neutron-neutron, proton-neutron and proton-proton is approximately the same. The nuclear
force does not depend on the electric charge.
Nuclear Energy When nucleons form a nucleus, the mass of nucleus is slightly less than the sum of individual
masses of nucleons. This mass is stored as nuclear energy in the form of mass defect. Also, transmutation of
less stable nuclei into more tightly bound nuclei provides an excellent possibility of releasing nuclear energy.
Two distinct ways of obtaining energy from nucleus are Number of nucleons given below
The phenomenon of splitting of heavy nuclei (usually A>230) into lighter nuclei of nearly equal
masses is known as nuclear fission, e.g.

92U235 + Ol’ll -------- > 56Ba141 + 36KI‘92 +30 Ill +Q

Nuclear Fusion

The phenomenon of fusing or combining of two lighter nuclei into a single heavy nucleus is called
nuclear fusion, e.g.

1H+1H" - > 1 H?+ e +v +0.42 MeV
[The energy released during nuclear fusion is known as thermonuclear energy.]
Binding Energy

The binding energy of a nucleus is defined as the minimum energy required to separate its nucleons and place
them at rest at infinite distance apart. Using Einstein's mass-energy relation, AE= (Amc?), the binding energy
of the nucleus iSAE =[Zmp + (A-Z)mn — M]c?

|
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Average Binding Energy Per Nucleon of a

&
Nucleus 3 10 ng |%Fe | oy
. . 16 i 0 1z
It is the average energy required to extract a nucleon & g g — sy
. . . . . & 4 5 T
from the nucleus to infinite distance. It is given by § H?ﬁ: 0
. .. g
total binding energy divided by the mass number of g Y
the nucleus. & 4
. . (1
Binding energy curve: a ki
It is a plot of the binding energy per nucleon versus g 2
. = i
the mass number A for a large number of nuclei as 2z | i
shown below: 0 50 100 150 200 250
. . . Mass number (A)
Binding energy per nucleon as a function of mass o
. . The binding energy per nucleon
number :It is used to explain phenomena of nuclear as 4 function of mass numhber
fission and fusion.
Nuclear Stability

The stability of a nucleus is determined by the value of its binding energy per nucleon. The constancy of the
binding energy in the range 30< A<170 is a consequence of the fact that the nuclear force is short-ranged.
MCQ - QUESTIONS : NUCLEI)
1. The binding energy per nucleon of a nucleus is a measure of its:
a) Stability  b) Instability c) Radioactivity ~ d) Mass defect
2. The binding energy per nucleon is maximum for nuclei with a mass number around:
a) 50 b) 100 c) 150 d) 200

3. The binding energies per nucleon for a deutron and an a- particle are x; and x» respectively. The energy Q
released in reaction] H2 + 1H? — “,;He + Q is
(a) 4 (x1 +x2) (b) 4 (x1 —x2) (©)2 (x1 +x2) (d)2 (X1 —x2).

4. Let m, and m,, be the masses of a neutron and a proton respectively. M; and M are the masses of a 2°;oNe
nucleus and a *°>0Ca nucleus respectively. Then
(a) M2 <2M; (b) M2 >2M; (c) M2=2M; (d) M; <10 (m, + mp).

5. One requires an energy E, to remove a nucleon from a nucleus and an energy E. to remove an electron from
an atom. Then

(a) En=Ee (b)En>E. (c)En<Ee (d)En.>E..

3. When the number of nucleons in nuclei increases, the binding energy per nucleon numerically
(a) increases continuously with mass number.

(b) decreases continuously with mass number. (c) First increases and then decreases with increase of mass
number.
(d) Remains constant with mass number.

7. Consider the fission reaction : 2%,U — x!'7 + Y7 + ¢n! + ¢n'i.e., two nuclei of same mass numbers 117
are formed plus two neutrons. The binding energy per nuclear of X and Y is 8.5 MeV whereas U>® is 7.6
MeV. The total energy liberated will be about:

(a) 2 MeV (b) 20 MeV  (c) 2,000 MeV (d) 200 MeV

8. Fusion takes place at high temperature because:

(a) Atom are ionised at high temperature

(b) Molecules break up at high temperature

(c) Nuclei break up at high temp.

(d) Kinetic energy is high enough to overcome repulsion between nuclei

9. The binding energy per nucleon for the parent nucleus is E1 and that for the daughter nuclei is E2. Then
(a) E1 > E2 (b) E2>El1 (c) E1 =2E2 (d) E2=2El
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CHAPTER-14: SEMICONDUCTOR ELECTRONICS
Syllabus:- Materials, Devices and Simple Circuits Energy bands in conductors, E;I-'HE

semiconductors and insulators (qualitative ideas only) Intrinsic and extrinsic L
semiconductors- p and n type, p-n junction Semiconductor diode - I-V characteristics in
forward and reverse bias, application of junction diode -diode as a rectifier.
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GIST OF CHAPTER

Semiconductor Electronics were discovered as a part of experiments in the 1930s. E ;E‘. m E
This led to the realization that certain solid-state semiconductors and their junctions n
had the capacity to control the number and direction of flow of charge carriers
through them.
A semiconductor is a type of material whose resistivity is between a conductor E .
(silver, copper, etc.) and insulator (glass, diamond) which is
p=10"-10° Q—-m

Insulators, conductors and semiconductors can be differentiated based on their energy bands.

» Metals:- In metals, the valence and conduction band lie very close to each other and sometimes even

overlap which allows free movement of electrons.

P Overlapping
@ a / conduction band
E" Conduction E (E =0)
3 = (1]
E Eq band 5]
(=}
E Ey g EV
E Valence E c Valence
[ band & band

> Insulators:- In case of insulators, the conduction band and valence band is separated by a large gap
which discourages movement of electrons.

Empty
E. v conduction
g ¢ 1 band
» Semiconductors:- The energy band gap is smaller in &
semiconductors which encourages some electrons to % = il
enter the conduction band by crossing the gap. g
Ee-Si=1.1eV Eg-Ge=0.74 ¢V s | B ‘
ﬁ Valence
band
')
& | .
; ! ’
g E,<3eV
: I
B Ey
[#]
o
B

Types of Semiconductors
Semiconductors are classified into two types based on the number of electrons and holes.

e Intrinsic
e [Extrinsic
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Intrinsic or Pure Semiconductor:
Intrinsic semiconductors are free from impurities. Examples: Germanium and silicon
o for Pure Si (Z=14) and for Pure Ge (Z=32). Covalent Bond
Both have 4 valence electrons.
e All 4 valence electrons are involved in
covalent bond formation in Si or Ge crystal.
e [t has an equal number of holes and free
electrons.
Thus, ne = nn = ni

Valence electrons

Broken Covalent Bond

Free electron ( -)
o |Hole (+)

0 0 . . . \ L.B
Here, ni = intrinsic carrier concentration, ne = \\-
number of electrons, nn = number of holes \ E, [0.74 eV
. . . . \
Extrinsic or impure Semiconductor: = VB

The electrical conductivity of intrinsic (pure)
semiconductor is dependent on its temperature. However, at room temperature, its conductivity is very
poor.
e The addition of certain impurities (very small amount-in part per million ppm) can increase the
conductivity of the intrinsic (natural) semiconductors.
e The process of addition of impurity is called doping and the impurity atoms are called dopants.
e The impure semiconductor thus formed is called a “doped” semiconductor or Extrinsic
Semiconductor.
An Extrinsic Semiconductor can be of two types based on the type of doping.
» n-type semiconductor doped

| | |
\e \eo )
\/ /

| ‘I\ [ ] F‘I
with Pentavalent impurity — /_-\bf_‘i/_ e
[ ] ® [ ] L] e e =:
atom. Examples include -"“—'"“'—" o
Phosphorus (P), Antimony (Sb), |,/ |,/ . | —= —— {0045 oy
Arsenic (As). == ;-**_\ 3 / Eg=0.74eV
Here ne >> nn , that is the number i Gy  fan PR
of electrons is greater than the l\n‘l b | \ ./} —————\8
number of holes. e jf—? . /
> p-type semiconductor doped A AR AN o

with Trivalent impurities

atom. Examples include Boron (B), Aluminium (Al), Indium (In).
Here nn>> ne, that is the number of holes , ) ‘

is greater than the number of electrons. - -/ 7/ \J £
The electron and hole concentration in a _\'__'_,f_

semiconductor in thermal equilibrium [ -

is given by ne. np=n?

P-N Junction

By Considering a thin p-type silicon (p-Si)
semiconductor wafer and adding precisely,
a small quantity of pentavalent impurity,
part of the p-Si wafer can be converted
into n-Si. The wafer now contains p-region and n-region and a metallurgical junction between p-, and n-
region.
Two important processes occur during the formation of a p-n junction are diffusion and drift.

Acceptor level
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Initially, diffusion current is large and drift current is small. As the <«— Electron diffusion
diffusion process continues, the space- charge regions on either ~Flectron drift —

side of the junction extend, thus increasing the electric field gggg
strength and hence drift current. This process continues until the p gggg n
diffusion current equals the drift current. ST

i { ¢<— Depletion region
Hole diffusion —
<— Hole drift

Semiconductor Diode
A semiconductor diode is basically a p-n junction

aoee \
. . . acee " 1 N
with metallic contacts provided at the ends for the Bl ¥ 1 N N At &
.. ] Pl ooee . : BN =
application of an external voltage. It is a two- Mekalic 4 Metallic \ \\ N
. . contact Depletion contact
terminal device. layer
Symbol- : PSE—o
. . Ik
» When an external voltage V is applied across a ! |
semiconductor diode such that p-side is connected to the —>| Wit—
positive terminal of the battery and n-side to the negative o
terminal , it is said to be forward biased. In forward bias, it P o L
S

offers very low resistance.

» When an external voltage (V) is applied across the diode such that n-side is positive and p-side is
negative, it is said to be reverse biased. In reverse bias, it offers very high resistance.

> The ratio of forward biased to reverse biased resistance for p-n 1)1

junction diode is 107:1.

Characteristic curve study for p-n junction diode in forward and reverse bias:-

I(maA)
/—\Voltmeterw] (—\I\’ollmeler[\’]
\& © 100 —
80 —
[~y . —
{ >t f.f'J| 60
P n P n 40 —
- o 100 80 60 40 228_
Mllhaimmeler Microammeter > 62040608107 YV
mA) (hA) T
v ‘ Switch wy | ‘ Switch
1
A %

Application of Junction Diode as a Rectifier
An electrical device that converts alternating current into direct current with the help of a diode is
called a Rectifier. There are two types of rectifiers:

1. Half-Wave Rectifier 2. Full-Wave Rectifier
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Half Wave Rectifier
A half-wave rectifier is defined as a type of rectifier that >
A A g

+

only allows the one-half cycle of an AC voltage and gives
the pulsating DC voltage.

There is only one diode in the half-wave rectifier, which
helps to rectify the AC voltage to DC voltage.

The average value of output direct current in a half wave
rectifier is lo/m.

Juod

No output

1 W

L)

L

Full Wave Rectifier
Full-wave rectifiers have two diodes where the first diode will conduct in the positive half cycle and
other diode will conduct in the negative half cycle. It will give full pulsating DC.

The average value of output direct current in a full wave
rectifier is 2lo/n

The sinusoidal wave is complete and with the help of the A A
capacitor or inductor we can filter and convert pulsating DC
into constant DC.
Application of Full Wave Rectifier and Half Wave Rectifier
[V VYV

The use of a half-wave rectifier can help us achieve the desired
dc voltage by using step-
down or step-up transformers. Moreover, to power up the

motor and LED that works on DC voltage, full wave rectifiers A A % LY VAY VAN

are used.

MULTIPLE CHOICE QUESTIONS
1. Carbon, silicon and Germanium have four valence electrons each. At room temperature which one of the
following statements is most appropriate ?
(a) The number of free electrons for conduction is significant only in Si and Ge but small in C.
(b) The number of free conduction electrons is significant in C but small in Si and Ge.
(c) The number of free conduction electrons is negligibly small in all the three.
(d) The number of free electrons for conduction is significant in all the three.
2. Inthe energy band diagram of a semiconductor, if more charge carriers are seen near valence band. It would

be
(a) an intrinsic semiconductor (b) a metal may be n-type or p-type semiconductor
(c) an n-type semiconductor (d) a p-type semiconductor

3. The peak voltage in the output of a half wave diode rectifier fed with a sinusoidal signal without filter is
10 V. The d.c. component of the output voltage is

(a) 102 V (b) 10/m V (c) 10V (d)20/n V
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