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HIGHER SECONDARY

PHYSICS




Chapter 1

ELECTROSTATICS

Electrostatics : study of electric charges at rest.

Experiment : A glass rod rubbed with silk shows the property to attract small object such as bits of

paper- why-They posses electric charges.

What is the Process - Electricfication - The process of a cquiring electirc charges by friction
(rubbing)

Can all the bodies charged by friction - No- only insulators.

Ifthe material is conductor(Eg:- Cu), any charge produced on it by friction can easily get dis-
charged to earth.

The electrostatic experiment should be performed in dry air or climate -why? If the air is moist it
is slightly conducting the electric charges get discharged to earth.

Can electric charges be created during rubbing - No- only transfer of charges from one body to
other takes place - The body which looses electrons becomes +ve charged and that which gains
electrons became -ve charged.

In the above experiment which is +ve and which is -ve? Glassrod is +ve while silk is -ve

Is there any there transfer of mass -yes, Electron has finite mass.

What are the properties of electric charge

1)

2)

Quantization Property
Total Charge ofa body Q= ne
n - aninteger, e =1.6x10" C, charge of electron

Find no. ofelectrons in charge IC

1.6x10
=6.25x10"

No of'electrons n=

Conservative Property - Total charge remains constant
What is coulombus inverse sqaure law in electrostatics

Electrostatic force (F) between two electric charges q, and q, seperated by a distance r in a

medium
FO! q](212
r
1 494,
C4me 1?

Where ¢ = absolute permituvityof the medium.
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Ifthe medium is air or free space

1 q4q,

F - 2
dre, r

where ¢, =8.85x 102 C*N"'m?, Permitivity of air

What is the relation between ¢ and ¢,

&

P it 1s dielectric constant. For air ¢ =1.
0

Relative permitivity ofa medium & ~

F — 1 q]ilz
dreye, 1

Electric force between two charges in a medium of relative permitivity e, is

What is the new force between two charges, when magnitude of the charges doubled and

distance between them halved.

F — 1 qqu
dneer r
F! = 1 2q,2q,
4re, €, (rjz
2
F]

..~—=16, Hence F'=16F
F cnce

Comparison of Electric force between two electric charges in amedium to air.

1
Fmedium :—@ Fairz—q'—z2
dree, 1 drme, r
F ) 1 Fai
—med'zum == - Fmedium = =2~
Fair g &

¢, always greater than one. ,*, F medium <Fair

Two point charges q, and g, such that q, +q, =0 what is the nature of force between them?
Ifq,+q,=0q,=-q, Attractive nature since charges are of opposite signs

Unit of electric charge - coulmb (C)

IC=6.25 x 10" electronic charge.

What is Electric Field

The vector representation of Electric field.
Space around an electric charge where electric force of attaction or repulsion is felt.
What is the intensity of electric field? It is the electric force per unit charge.

Force experienced by unit charge
.. Electric force = Electric field Intensity x charge
F=qE



unit of electric field - %:

Other unit is Aa’

(Since E=——, electric field is -ve of the potential gradient)

dR

What is the EF due to a point charge (q) - It is the force experienced by the chargelC at A

Ql.
Q2.
Q3.
Q4.

Let E(r)- Electric field at A due q.

1 g.l1C E(r)= 1 ¢

[ . A N NEEN

4rgo 1’ "
Note : I[fthe charge is +ve EF points outward and it is inward if it is -ve N ﬁé%

Write Dimensional formula of intensity of electric field . 0

E:F/ E _ma [E]:M‘L‘T”2

q It AT

[E]l=MLA'T®

How canrepresent electric field around a charge

By Farady EF is represented by Electric line of force

Two field lines never in set Why?

At the point of intersection EF has two directions. At a point EF has only one direction.

How to represent an uniform EF- Electric lines of force are equally spaced parallel lines.

For isolated +ve charge E1. Field lines starting from the +ve charge and ending to infinity.

What is elctric dipole- A system which consists of two equal and opposite charges seperated by

a distance.

strength of the dipole is dipole moment g ... —q

Itis the product of the magnitude of any one of the charge and distance between the charges.
P=2aq

Itsunitis C-m

What happens when a dipole is placed in an uniform Electric field. E
E - uniform Electric field N AN AN ANGE
Net force acting on the dipole N
=-qE+qE =0 2alsin{ / q
Torque acting as the dipole /
1 =|F|x lever arm of forces o N2a
=qE.2asin@ q >/
=PEgj
] _'sm _9 E ®
T=PXxE

When a dipole placed in non uniform Electric field it experiences both Force and Torque
What is dipole field- Electric field around a dipole



Expression for electric field at the axial point
A - axial point - (Point on the axis). O - mid point ofthe dipole

EF at A due to the change +q s [P Oeveeeereeens +q A

E 1 q . &~ -
+=— aiong E— E+
471'80 (r—a)z OA

EF at A due to the change -q
1

q
E—=——"—ualon
A7, (r+a)2 g AO

Net field at A, E =E+E _(Opposite direction)

g4 | 1 1

2 2

amg, \ (r—a)” (r+a)
_q dra

B 47, (r2 —a2)2

B 4ra

‘ﬁ%(,zfaz)z using P=q. 2a

Since r>>a, (r*-a%)* ~ '
2P E"sin6
—-along0OA4 /N

dre, r

_E=

Expression of Electric field at the Equatorial point

A - Equatorial point

(r2+ aZ)‘/z

E+:L 2q >
g0 r  +a

1 g

T dne0 P+ d

NetEF atA,E=E_ cosf +E cosd
E=(E +E) cosf

E—

1 q a
=2 l
4re, (P +a*) (P +a*) A

! L using
e (7 +a) P=q.2a
since r>>a
(1 +a2)% ~7
1 p
E= Keor_p acting parallel to the axis of the dipole.
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° Compare Electric field at the axial point to that at the equatorial point ofa dipole

1 2p
3
axial point 471.8() r
L p
equitorial point Y
dre, r
=2
. E axial point =2 E equitorial point for same distance.

What is Electric flux?
Q.= ] ¢ Eds Surface integral of Electric field.

|¢E| =ES cos@ where 9 is the angle between, E and normal to the surface (s)
When § =0 ¢, = ES, Maximum
When § =90 ¢, = O, Minimum

Electric flux (¢ , ) =Electric field x Total area (if field is normal to the surface)

N-m?

Its unit is or v-m

Write Gauss’s Theorm:

Total electric flux over a closed surface is directly proportianal to the total charge enclosed by the
surface.

opaq

$r =—» Where ¢_isa constant called permittivity of free space.
g o

o

Improtance - Help us to calculate the elctric field due to a charged body normal

(i) Electric field due to a straight wire of uniform charge density —SF——E

¢ — Length ofthe straight wire of uniform charge density 3./ p=—1+—"

P — Field point at distance r from the wire

E — Electric field at P due to the wire , r SE
Here Gaussian surface is a cylinder of length ¢ and radius r with P
wire as axis
(Gaussian Surface - Surface we choose to calculate the electric flux) s T3 ¢
Total Electric flux over the Gaussian Surface = EF over cylindrical ~— o
surface + EF over two end faces. |

normal
¢, =E2xrl+ES cos90 +E S cos 90
¢, =E2xrl ;
Total charge enclosed by the Gussian surface =4 ¢ . Ea -
AL 1
By Gauss’s theorem £277( = R
' r—

10



[ A

E =
2re, 1

It is not uniform since it depends on the distance (r)

(ii) EF due to a plane sheet of uniform charge density 4-@
S Plane sheet of uniform charge density, 5¢ / ;2 Ee@_ @s
Pand P! be the field points at equidistant r from S E r !
E(—

E be the electric fields field at P and P! due to S

Here Gaussian surface is cylinder of area cross section ds and length 2r

Electric flux over the Gaussian surface = EF over the cylinderical surface + EF over the two end

faces.
.. Total electric flux over the Gaussian surface ¢, =0+Eds+ Eds=2Eds

Total charge enclosed by the Gaussian Surface ¢ = ods

ods
By Gauss’s Theorem 2Eds = —
—G 0
E = e It is uniform since it is independent distance
0

o >0, Electric field is outward from the sheet, & <O, Electric field is towards the sheet.

Case : Electric field due to two Parallel Plane Sheets of Charge
I I 11
. . ol o2
Electric Field at 7 £, = [27“+ ;j < S ¢ 5
- e P E - ol o2 PI T)n Pm
Electric Field at £ £. = % 26
A __ol o2
Electric Fieldat £ £5 = 2., + 2. & e & o/
(Since Electrc field is measured from left to right)
If o, =+, 0, = O two sheets of equal and opposite charge densities
o
E =0 E, = a , Uniformand E, =0
(iii) Electric field due to a spherical shell of uniform charge density
~ _——
1) Conducting shell of radius R / S/ \\
1777 N\
| HR e
O I P
\\M ;e
N /
e

~N—

11



S- Spherical conducting shell of uniform charge o ¢/m?
P- Field point at a distance r form O
E - Electric field at P
Here Gaussiann Surface is a sphere of radius r
Casel: Ifr>R, Field point outside the shell

Electric flux over the Gaussian surface ¢ E = E4rxr’
2
Total charge 4 = 47R°c

47R’°c
By Gauss's theorm E 4 77 r*= &

o . .
Case Il : ifr=R, field point on the shell £=— uniform Magnitude.

0

Case 1l : 1fr<R, field point inside the shell, E= O, no charge is enclosed by the inner Gaussian surface

Graphical represention EF due to a shell

e  What is electrostatic shielding - Disappegrence ofelectric
field in side a cavity in a conductor
Importance
e  During thunder accompanied with lighiting the safest place is inside a car
e Farady’s cage - protect certain instruments from external EF

e  (Can celectro static shielding provided with earthed metal sheet- Yes, how - see the figure

E=0
E=0

Case - non conductiing shell of unjform=charge q

q
a) ifr>R,E4yrr2=g_
14 e

E =
47e 1?

Charge assumed to be concentrated at the centre

12



1
b) r=R, k= dze. R Charge enclosed by the innner gaussian surface
0

1

9 _ 9
c) If r<R, Volume charge density, % o % 2R Where q' - charge enclosed by the inner
Gaussian surface.
E
(Charge - Volume - Volume charge density) 0
q'=q (1]3
B R 1 Ear 1
g q(rY e o e
core-L-2(3
1 qo 0 R O LR
= dze. R® xr Variation of E1. Field due to a non
0 conducting shell of uniform charge
Ear

d)  Atthecentre ofthe shell r=0,E=0
Calculate the E Flux from IC charge

q
Si E :A
ince & 7 10x10" . Nim?
P, = — =1.13x10 ——
8.83x10 8.85 C
° What is electrostatic potential - Scaler representationof EField
° Electrostatic P.d between two points in an EF is the work done in bringing unit +ve charge from

one point to other.

V.-V, = WABSinceVB>VA A\

YB .A
i
Electrostatic potential at B

Let V, = O (Point Ais at infinity)

Vo=W, 5

Electric potential at B is the workdone in bringing unit +ve charge from infinity to B

In general, Elecal;ic potential at a point is the workdone in bringing unit +ve charge from infinityto

the point, V= g
E
ST Pot difference is the line integral of EF lc;
Force of repulsion experienced by the charge 1¢ at P, F=1c.E BPA

Workdone in moving the charge form P through a small distance d ¢ against the force.

dw = Fd¢ =" Ed/

B
Total workdone in moving charge from Ato B W= I_Ed 4
A Note : W =Fd/ cosO

When =0
W =Fd/l

13



B
Vy—V,=—|Edl
A

B
Expression for Electric potential at B, Ve = _I Edt

ie, Electric Potential is the the -ve line integral of electric field.

Derive expression for Electric Potential due to a point charge

EFatd,E - —— 4

4re, a2
¢ L _ A E
Electric potential P, V' = J.Edﬁ 2
o T~
4
= [ L 494
s dne, (
_q r 5 £—2+]
V=—1-\0"dl g =
| Note: J£7dt=——
V
r = -1
) ! T
dre \ 1 ),
—>r
po 1 4
4 r
I g
If q is placed in medium of relative permitivity ¢., V= dme €, T
° Can a sphere of radius 1 cm hold charge IC,
No. Its potential become very large.
I q 9x10°IC
= — - - 1 _ 11
\Y% dme, T Vv X10° 9%x10° =9x10" Volt
: : : : —dv
° Electric field is the -ve of Potential gradient, £ = 7
° Ifthe electric field intensity at a given point is zero, will electric potential necessarly be zero at that
—dv —dv
point - No. Since £ = 7 if E= 0, T 0

.} 1S constant

14



Draw variation of EF and EP with respect to a distance froma point charge

Slope of EF> Slope of EP
=1 =1 >r T
What is the electric potential at a point Aof due to a dipole
1 PcosO _ A

V =————— Where P dipole moment

4re r .
At the axial point

1 P
V= - 0

e = 0 ) 47.(:80 r2 _q O +q
At the equatorial point =90, V=0
What in the EF and EP at the mid point of a dipole
At the centre O, resultant EF = E++E-

E=E +E

1 9 1 ¢ - >
= —+ — E+ —
4ng, a’  4dmg, a’ + — 0O L
E 2a -q
DY
~ " 4ne, a2 Note: V-due to +ve charge is +ve

that of -ve charge 1s -ve.
Atthemid pontO, V=V + V_

1l g 1 -q

Capacitor : System of two conductors seperated by a dielectric medium.
Which is used to store Electric charge and hence energy
Capacitance : Ability to store electric charge

When a Charge Q is given to a conduct its potential increases to V. y

ie, Voc Q
V=CQ- Where C - Capacitance
Its unit is Farad (f) Q
v (y
If =— ! fgraph C=
I Slope of grap vV S

\Y%
When charge given to a conductor is doubled what is it potential - It is doubled, since VaQ

Is a single conductor posses capacitance. Yes - Seceond conductor is at infinity
15



° Principle of capacetor - An erthed conductor is placed 1 ]
near a charged conductor the capacitance of the

charged conductor increases
(use of earthed conductor - It reduces the potential)

° Capacitance of an isolated spherical conductor of radius R — = L
c=2
\Y%
1 Q

_ V=—>=>=
C =4neR But Ane R

Coc R (Whre 'R'is the radius)
° What happens when the second plate of a parallel plate capacitor is earthed. Potential differ-

ence reduces

Explain Capacitance of a Paralled plate capacitor

A - surface area of each plate P, E
d - Distance between the plates
+Q - charge given to aplate P, I -Q
N _o
By induction plate P, acqires the charge - Q Q o
— ———

. Surface charge density on each plate © = % d — =

Q=0cA

()
The EF between two plates E= .

0

PD between the plates V=Ed

v=24d
80

C_Q: A  gA

v yd_d
€

Ifthe plates are seperated by a medium of di-electric constant gr, C =

e A

r

d

Case (1) : What is the capacitance of a parallel plate capacitor -

When a conducting slab of thickness t is placed b/w the plates
Reduced p.d b/w the plates VI=E(d-t)= 0 e, (d—1)

L . A

—E

16



i

Ift=d, C= inifinity

(ii) When an insulating slab of thickness t is placed b/w the plate

E (o} t
Reduced pd b/w the plates VI =E(d-1) +s_t Where £ 3 -
r 0
%
v =2 d—t+% g | E
€o r €,
c _Q_ oA
SV g t
AO d_t—i_Ar
_ €.€ _ €,€,A c e
Ced—gt+t t -l :
r r d 1—— t ot t
o I AT
Whent=d, C'' = ¢ C its capictance increases, Faradys Explanation.

° What is equi potential surfaces
The surface over which electric potential has constant value.
Eg- 1 Forapoint charge equipotential surfaces are
the surface of spheres with charge q as the centre
. Theplanes | rto the uniform EF b/w

two charged parallel plates r ’i r
I I
| E |
L4 L

+

(@

| R |

I

° In the fig what is the workdone in moving a charge q fromAto B
W

ViV

Since V,=V, - W=0
Work done in moving a charge in an EF A
° w=qv, this work is stored as PE,
U=qv
° What is the expression for velocity of charge q moving in an EF ofpotential V

By conservation of energy qV = %2 mv?

17



v= [PV
m

Expression for Potential energy of a system of'a system two charges

V — q 1 q 2 q
dne,r, o .,
r
Unit ofthe electriostatic PE electron volt (eV) .
leV=1.6x10"]
Time period of oscillation ofa dipole in uniform EF Since 1= PEsinf
since torque t=PE Sin@, Where @ angular displacement Tasind
t=PE @ when ¢ is small T variable
2
Angular acceleration, o = i
But t =1 WhereI-Moment of Inertia
-PE .
d*o — (-ve sign show Torque decreases 0 )

dt*
2

2 PE d
d %tz +T9 = O, Equation for SHM, ?§+ w’x =0

s PE
Frequency of oscillation W = T
w 1 |PE
Lu=—=— |—
2 2n\ 1

271 |
Ti iod T=—=2m, /—
ime period W PE

PE ofadipole inan E1 field.

0,
w= er@

b

62

- j PE Sinf do
01

=-PE (COSQ)Z2
=—PE(Cos, — Cosb,)

When 6, =90, 6, =60
U=-PE

18



Polar and non Polar dielectries(Insulators)
Polar Dielectric
1)  Ineachatom the two centres of charges donot co incide (Atomic dipole)
i) It has Permanent dipole moment

i) Inanexternal elctric field it experience torque +ve centre of charge
Eg:H,O,NH, produced by protons and
Non Polar dielectric -ve centre of charge
1)  Ineachatom the two centres of charges coincides produced by electrons.
i)  Ithaszero dipole moment

i) Inanexternal electrifield it expereince induced dipole moment
Eg:H,N, O,
° What happens a non polar dielectric is placed in an EF
Induced dipole moment takes place. In an external EF, in each non polar dielectric atom +ve
centre ofcharge and -ve centre of charge are seperated a small distance.
° What is electric polarisation - Induced dipole moment in non polardielectric in an EF

e  Whatis the EF mside a dielectric @ E,

EO
In an external field E = 8_ EO - External Electrifield

T

e  Behaviour of a conductor in an EF
(Electrostastics of Conductor)
1. Inside the conductor the electric field is zero
2. Electric charges can be seen only on the surface
3. Outside the conductor EF is normal to the surface E

ofthe conductor
4. Surface ofthe conductor is an equipotential.
quip E, <— E
° Calculate dielectric constant of a conductor
E
Since €, =E" B
For a conductor E=0, €, = OO = inf inity E

° What is the capacitance of a parallel plate capacitor ofn plates

£,A

Capacitance of a parallel plates capacitor - having n- plates C=(n—1)

° Dielectric constant or Relative Permiability (&, ) of a medium is the factor by which the capacetance

of capacitor increases. Since C" =¢.C

Expression for energy stored in a capacitor - During charging the capacitor, at a perticuler

stage
+ q - bethe charge, corresponding potential difference is V +q | | —q
Hence work required to give additional charge dq N
q q [
= V = — = — d IR A\
dw=Vdq but C C q )

19



Total work done to charge the capacitor from O to Q (max) U

Q Q 2 2
! q Q
w= | dw=— dg=|—|=—
»[ C »[ 7 2c) "2
Q2
This work is stored as PE, U= E V—
PutQ=CV o A
U=Lcy? I
2 T |
OR |
Note : since, work done = |
Area under the AOAB = % VQ :
Put Q = CV, W= CV2. 0 vV

Hence Energy stored U = % CV?

Energy density of the parallel plate capacitor

It is the energy stored/ unit volume, —

Ad

1 CV? 1gA_ , A4
- — —_2y o O =202

2 Ad  2dAd wme Ty

1 (VY
= — 80 —_—

2 d
— l 2 /m3 : — : —
=3 g,E° (J/m’) (since Pd = E.F x distance V=Ed)

Hence the energy stored in a capacitor is in the form of electric field.

Explain combinations of capacitors

c C
1)  Series Combination +Q ”] “2 Q +Q M -
I 11 l
Reduces the effective capacitance vV, V, N C
eff
FromFig.(I) V=V +V, v \A
: Fig (2)
v=,9Q . ) Fig (1)
¢ G (Note : Charge will be same)
Fromfig(2) V= Q. 2)
Ceft
1 1 1 CC
Fromegs(l)and 2) = m =~ +~ - Ceff =——
q ( ) ( ) (‘bﬁ‘ C] Cz . C]—|—C2

20



)

Parallel Combination ! off
Increases the effective capacitance Q Q
FromFig.(1): Q0=0,+0, C,

=(C+C ... 1) v -V
FromFig.(2): C, V...cce. (2) Fig(I) Fig(2)
Fromegs (1) and (2) Ce,= C +C, Note : Potential will be same

A, B, Cand D are equally spaced equipotential surfaces inclined of at angle of 100° with X-axis

A B C D
00 \x 100 \ 100 \y!00 X o
ROcm ROcm YOCm\ axis

20v 30v  40ves  S0v

Predict the direction of £ interms of angle w.r to +ve x-axis.
Find the magnitude of the Electric field.

Direction of £ along 190° w.r to x-axis
d 10

B=2 =2 y/m
dr 10 Cosl0

Find the effective capacitance in b/w A and B

C,=C,=C, =3uF C ,=3uF
| | | | | |
A | | N | B
Cl Cz Cz
oskok
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Chapter 2

CURRENT ELECTRICITY

The branch of Physics which deals with motion of charges is called current Electricity.
What is electric current? Give its direction
The rate of flow of charge through any section of a conductor is the electric of current.

Electriccurrent = charge
time

/=

=&

1C
Unit of current is Ampere. 14 = S it is a scalar quality. Direction of flow of positive charge

(direction opposit to the folw of negative charge) is taken as the direction of current.
If the current through a conductor doesnot vary with time, it is said to be steady, current.
Ifit varies with time, the instantaneous value of current is given by

()= 4(t)
dt

What are the charge carries in metal, semiconductor and electrolytes.

In metal free electronics are the charge carries

In semiconductor free electronics and holes

In electrolytes and gases +ve and -ve ions
What is electromotive force (EMF)
An electric current can be maintained in a conductor only if a potential difference exists
between its ends. A device which can provide a potential difference across two points is
called EMF source. (For eg : cell)
The EMF of'the source is numerically equal to the workdone on a unit charge in order to drive
it once around the closed circuit containing the source. Its unit is Volt.
Explain drift velocity and obtain an expression for it.

— I
—] St :)—
When a potential difference V volt is applied across the length ) (

. . 14
‘¢’ ofthe condutor using a cell anelectric field £ = es-

tablishes at every point along the length of the conductor. |
I

1
I
\2

. Each electron will experience a force F= -eE (Direction of force is opposite to the
direction of E)
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F  —eE
Acceleration of each electrona = " = o (Where m is mass of electron)

— —eE =
Velocity imposed on each electron, V, =a2 =V, = T 2 where-relaxation time - average

time between successive collion of free € with +ve ions. AC

Obtain an expression for current interms of drift velocity.

Consider a conductor of length ‘I’ and uniform area 4@ ( )
cross section A. Let ‘n’ be number of free € per unit volume.
Consider a small section A[ ofthe conductor.

Let AL be the time taken by eletrons to cross the section A[
Number of e in the section, N =nA AL

Charge A8 inthesection=nAAL.e

ﬁ _ndAle
At At

Current / = ndev,

. . [
Cureent density J = Py =neV,

1:}./1]

State and explain Ohm’s law
Ohm’s law states that the current passing through a conductor is directly proportioned to poten-
tial difference applied across it, when the temperature is kept constant.

At constant temperature [l .

orVqol
ie, V=IR
v
or ~ R, a constant (R is called Resistance of the conductor)
le. V=IR
Unit of R i1s Ohm( () ). Reciprocal of R is called
1
\Ys conductance C =— Itsunitis ()
A4 R
B BC_av
slope of V-1 grah=Tan=48 a7/ | Resistance
t
I
Derive ohm’s law

We have I = neAV d

butV,=Le=22r (Since E=2
utV,=- T=_7 (Since g)
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eVt
I=neA——
m/l

v
By s law 7=R

Vo ml . ml
= = a constant (R) ie, R=

1 nédr
. What are the factors effecting resistence of a conductor
a.  Resistence R is directly proportioned to length ‘ ¢ *ofthe conductor (Ra /)

2
ne" At

b.  Inversly proportioned to Area of cross section of the conductor ( Ra %)
c.  Depends on nature and temp. of the material(RaT') .

. Expression for specific resistance

° Since Ry /

Rocl
A
Ra—
or fa—
‘ : , : o RA
(=%~ Where p 1s called specific resistance or resistivity. 0 = A
ml
We have R=
. m
ne’r

m) 1l 1
pP= (—2] P it depends on nature of material (n) and Temperature

(Note: When temperature increases t decreases)
. Unitof p 1s 06
. Reciprocal of p called conductivity o = A (unit *g*)
e Since Note : R=%, When ¢ =1m, A=lm*R=p

. Sp. resistance of a material is defined as the resistance of unit length and unit area of cross section.

. Explain the temperature dependence of Resistance (or Resistents)

m
We have p=—;
ne’r

When temp of a metalic conductor increases, the thermal speed of free € increases and hence
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relaxation time 7 decreases. -, Resistivity (and Resistence) increases with increase in
temperature.
. Temperature coeflicient of resistance

- Resistivity of O°C,
A [- Increase intemperature.
o - Temperature coefficient ofresistivity

pP=p(l+a AD)

_p_p7 o R_Ro

or a—m or CTRAT
o 1s tve for metals, (Eg: Cu, Al etc)
For semiconductors ¢ is - ve, ie, when temp. increase resistance (or Resistricts) decreases. (eg:
Si, Ge). For insulator, ¢, =0 .

° For certain alloys like manganine, constantan the value of ¢ is very small (nearly zero). The
resistance (or resistivity) of these substances remain constant when temp varies. So these alloys
are preferred for making standard resistors and Resistance boxes.

Colour code of Resistors
The resistence value of commercially available carbon resistors are usually represented
using certain standard colour codes.

First two bands indicate the first two Red  Red

significant digits and third coloured band —_— ( ( ( ( —
indicates the multiplier. The last band

indicates percentage tolerance.

Red S'ilver
22x10%% 10%

Red Silver
RRR R R -Red

R=222x10% + 10%

Value of colour codes
Colour Value Multiplier | Tolerance
Black 0 10° -
Brown 1 10! -
Red 2 10? -
Orange 3 10° -
Yellow 4 104 -
Green 5 10° -
Blue 6 10° -
Violet 7 107 -
Grey 8 108 -
White 9 10° -
Gold - 10! 5%
Silver - 10 10%
No colour - - 20%
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° Write the colour code for IK ) + 10%

1K 0=1x10°=10x10% + 10% — Brown, Black, Red, Silver
° Failures of ‘ohms’ law

1. Val ,only for small value of current.

2. Therelationbetween V and I depends on the sign of V.

3. Therelation between V and I is non unique.
Combination of resistance

a. Series

M MA___ M
VD EV VD

|
Y
In Series combination current is same (I) through R, R , and R,

-.PdacrossR,, V =IR,

P.dacross R,V,=1IR,

P.dacross R,, V.=1IR,

-. Total applied V=V +V +V,

\V/= I(R+R+R)

TERAR AR

R~ RARR,

le. In series combination equivalent resistence is the sum of individual resistence. Equiva-
lent value is greater then the highest individual resistor.

For ‘n’ idential resistors R in series, Effective value Rs=nR

b. Parallel
II RI
s Ln \

Va4
<

I

[\
| T
In parallel combination P.d across each resistor is same (V) .. Current through each Resistor is

V V V

given by 1, :E’Iz :Ela :E

. Current drawn from the cell
I=1+L+L,

Vv v
=—+—F—

R R R

— V[l +i +i]
R R R
I 1
-
R R

1
+_
R

< |~

5
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Re_ 7 Rl RZ R3

1 I 1 1

Reciprocal of effective resistence is the sum of reciprocal of individual resistor. Equivalent resis-
tance in parallel combination is less than the least individual resistance.
For ‘n’ identical resistors in parallel

L
RP

=S

.
n
. What is the difference between terminal P.d & EMF ofa cell.
EMF ofacell is the work done on a unit charge in order to drive it once around the closed circuit
containing the cell.
Terminal P.d. is the workdone on a unit charge in driving it from the +ve to -ve terminal of the cell

through the external load.

° What is internal resistance of a cell.
Resistance offered by the electrolyte and electrodes ofa cell when current flows through it is
called internal resistance (r)
Itdependson 1. Distance between electrode
2. Nature of electrolytes and electrodes
3.  Areaofelectrodes immersed in electrolyte.
4.  Temperature

e Expression for internal resistance of a cell

R
A MW\ B
Note : E = V+Ir (during charging) or V=E - Ir (during
== discharging)
v Where V - Terminal Pd
I e I | E - EMF
In the circuit shown r - Internal Resistance
E WhenI=0,E=V
I= R The EMF of a cell is also defined as the terminal P.d
V = E-Ir across the cell when it is not sending.
Ir - lost volt - potential drop due to internal resistance.
=E(- il ) Also V=IR
r+R

r-#(5)
e Kirchhoff’s Rules - State and Explain Kirchoff’s Rule
First Rule (Kirchhoff’s Current law)

Algebraic sum of currents meeting at a juction in a circuit is zero. At a junction Y [=0
The sum of currents entering a junction is equal to sum of current leaving that junction.
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Consider the circuit shown below.

F— MW W Ii D using Kirch hoeff’s Current rule at junction A,
I, [-1-L=0
Lag I At junctionE, I, -1, - 1,=O
A L2 MA B M5 |C I3:I4+I5
1
N

1

This law 1s in accordance with conservation of charge. That is In any circuit total amount of
electric charge reaching a point at any instant is equal to the total charge leaving that point at that
mstant.

Second Rule (Kirchhoffs Voltage law)
Algebraic sum of changes in potential in any closed loop is zero. That is >° V=0 in a closed
loop.
This law is in accordance with law of conservation of energy.
consider the circuit shown below

R, I Using KVL in the mesh ABCDA
E VAVAVAN S 3 F
E-IR -IR-E -ILR -LR =0
R, R E Using KVL in the mesh DCFED
21C
%R +LR LR +E +IR =0
B 2
A : R >I B (Higher potential to low is treated as

. ! negative and law to higher is treated
as positive)
Wheatstone’s Bridge
. What is Wheatstone’s bridge and obtain a condition for balancing the bridge.
It is an arrangement using four resistor as shown infigure. It is used to find unknown resistance.

Current through different branches are shown in figure. The current through Galvanometer is Ig
and hence gelvanometer shows a deflection.

To find unknown resistance, adjust the values of known resistor P, Q and S so as to make
galvanometer deflection as zero (That is I =0). Now the bridge is said to be balanced. The circuit
diagram of'the balanced bridge is shown below.
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Now applying KVL in the loop ABDA,
-IP+(I-1)R=0

[P=(I-I)R........... 1
In the mesh BCDB
-1, Q+(I-I)S=0
LQ=(I-1)S .. 2
II ()
)
I]
®© P R
) = 5 = 3 This is the balancing condition of the bridge (Wheatston’s Principle)

Note: If the position of galvenometer and cell in a balanced bridge intercharged, there is no
change in balancing condition (The gelvanometer still shown zero deflection)
But th tion i £ ==
ut the equation s — =~
Metre Bridge
. Explain the principle of Metre Bridge and how resistance can be measured using it.
Metre Bridge is a device used to find resistance of a wire (resistor) using wheatston’s priciple.
Shemetic diagram of metre bridge is shown below. | I—( .
To find the unknown resistance X, the bridge X ! ’
should be balanced by moving the sliding con- [ | | | B IT'EIE
tact D (Jockey) along the wire AC (1m length

uniform wire) When the gelvanometer shows zero
deflection, the bridge is balanced and measure A

D
the balancing length ‘I’ from the end A. (From — Ag]\ «——00-/ —

the side where unknown resistor X is connected)
Now using Wheatston’s priciple.

X R,
R R,
ButR, =lo Where o, is resistance per unit length metre bridge wire.

R,.=(100- /)
i(_ ol
R (1000

X l
R 100-/

X RY
100—¢
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Potentiometer

A Potentiometer consists of 10m long uniform resistance wire fixed ona wooden platform.
Priciple : When a constant current is pessed through the potentiometer wire, the p.d across any
two points ofthe wire is directly proportional to the length between the points.

If A and B are two points seperated by length “ ¢*V, . =IR,
or V,, = (IR, )¢ where R isresistance/length ofthe potentio meter wire.

Va ¢,IR /- Potential gradient is a constant.

A ¢<—/—B Uses
1) Measure emf of a cell
2) Compare emf’s of two cells

| | 3) Internal resistance of a cell

Rh

Measurement of emf
The cell whose emf'is to be measured is connceted in the potentiometer as shown below.

©

Alée— (¢ —

IIE

Driver cell

Now slide the jockey along the potentiometer wire till galvanometer shows zero deflection.
Now the current through the cell E becomes zero
Emfofthe cell E=V,
But using the principle of potentiometer V, = IR 14
Where ¢ is the length between A& J
E=IR /
Knowing R of'the potentiometer wire and by measuring balancing length for a known current I,
emf of the cell can be measured.
Precautions
1)  Emfofthe cell in the primary should be greater than that in the secondary.
2)  The potentiometer point A always +ve w.r. to B
3)  Current should be passed for a small time.
Advantages of a Potentiometer over a voltmeter
If we use a voltmeter to measure emf ofa cell, due to the finite resistance ofthe voltmeter, a
current will be drawn from the cell. So the measured value will be only terminal p.d not emf.

Emfofa cell can be measured only if no current is drawn from the cell while measuring the
emf. This is made possible in Potentiometer. (Null method)
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Measurement of internal resistance of a cell

Figure shows the connections. R 2

Internal resistance ofthe cell in the primary is 1. K

When the cell is in the open circuit. 2 J

(Close the plug key K, and open plug Key K)) Af— B
Now emf of the cell E appears inthe Eal, —© Driver Cell

Primary ¢ - corresponding balancing length —| I—\erl—@—e—
When the Cell is in the closed circuit (Close both K, and K)) K,

Inroduce a certain resistance in R. Now terminal potential diference V of the cell appears in the primary,

¢, corresponding balancing length.

Val, —@
But V=IR
E ER E
= R al........ 3 .r=R|—-1
AY/ TR TR 2 3) Note: (V j
:Q’ r+R:£ SR ﬁ—l
3) R l, l,

As the external resistance R increases, internal resistance of cell increaes.
It is easier to start a car engine on a warm day than on a chilly day - on warm day the internal
resistance of the car battery decreaes. Large current can be drawn from the battery.

* In the potentiometer circuit shown the balance point is at J. state with reason where the balance
point will be shifted when E

a)  Resistance R is decreased keeping all parameters unchanged. ’—{)—VSLa
E=(IR ¢ )AJ.
Potential gradient IR ¢ is increased. IfE is constant. A T
So balancing length AJ decreases.

b)  Resistance S is increased keeping R constant. =
At null point no current drawn from the cell E. Hence no effect. ~ Driver
(Resistance S is used only to protect the galvanometer) Cell

c)  Thedriver cell in the primary is replaced by another cell whose emf'is lower than that of E.
Balance point not found on the potentiometer wire. Because Pd across the potentiometer wire is

less than the emf of'the cell E.

e The variation of V with ¢ inthe case of two potentiometers X and Y shown which one ofthese two

v
will you prefer for comparing emf’s of cells why — Y - potential gradient 7 is low.

(Slope ofthe graph) So it in highly sensitive.
* Electric power - Electrical energy consumed by an instrument in 1

Y
Second.
2
p=2  pow-rr-_ )
t R
Its unit is watt. Note : Electrical energy work done by
1 Watt = lamp x 1 Volt electric current in a given time

(Since P=1V) e
W =1I*Rt =1Vt :?t
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. Three bulbs 40, 60 and 100w are designed to work on 220v mains. Which will burn more brightly
when they are connected (1) In series (2) In parallel across 220v main.
R, >R > R,
Brightness depends on power dissipation,
(1) Inseries
P=I°R, I constant
Pa R Higher the resistance higher the power dissipation. So 40w bulb burns most brightly.

2

4 1 . . o
(1) Inparallel P= R V - Constant . Pa A , lower the resistance higher the power dissipation.
So 100w bulb burns most brightly.
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Chapter 3

MOVING CHARGES AND MAGNETISM

Introduction

In 1820 Hans Christian Oersted noticed that a current carrying conducting wire create a mag-

netic field around the wire.

His experimental observations are,

1. Alignment of the magnetic compass needle tangent to an imaginary circle around the current
carrying wire at its centre.

2. Byreversing the direction of current the orientation of the needle also reverses.

3. Deflection of the needle depends upon the strength of the current through the wire.
(Increases with increasing current)

Conclusion

Note

Note

Moving charges or Current produces a magnetic field in its surrounding space.

1. Charges at rest produces electrifield only.
2. Charges in motion produces both magnetic field as well as electric field.

What is the Lorentz Force?

A point charge ‘q” moving with a velocity 37 in amagnetic field g experiences a force on t.
It is given by, F= q(I7X ?)

ie, F = qVBSin0n

Where ' @' is the angle between velocity vector and the magnetic field vector.

7 -
/9 B
q&{ i

N
7

N
7

The direction of the force experienced is obtained by right hand screw rule. -

Curl the figures of the right hand from , to g, the direction of extended thumb gives the direc-

tory of Lorenz force.

1. Ifthe charge is negative, the force experienced is opposite to that of the +ve charge.
2. The force experienced by the charge q is ‘Zero’ when,
a) 7 and g are parallel or antiparallel
ie, 9=0° or 9=180° (Sin0=0, Sin 180=0)
b |7|=0

c) The particle is neutral
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3. Force on the charge is maximum for the given ‘V‘ and | B |
When,
a) y isperpendicularto 3.ie, when g = 90° (Sin 90°=1)

State Direction of Lorenz Force
The direction of the lorenz force is perpendicular to both 7 and 5 and is obtammed by right hand

screw rule or right hand rule.

Features of Magnetic Lorenz Force
¢ Magnetic lorenz force does no work on the charged particle, because it is prependicular to
v and B.
¢ Magnetic lorenz force does not change the kinetic energy of the charged particle.

¢ Magnetic lorenz force changes the momentum of the charge particle.

Magnetic Force On a Current Carrying Conductor in a magnetic field

Find the equation for magnetic force on current carrying conductor.
A straight conductor of length ‘I’ area of cross section ‘A’ carrying a current ‘i’ ampere is placed
in amagnetic field z .
Let ‘e’ be the charge ofan electron (current carrier)

Let No.of. electrons/unit volume =n i /

Volume of the conductor=A ¢ / ﬁ 0

. No.ofelectrons in the conductor =nA ¢ / >B
N

Amount of charge conducting per unit time
q=neAy
This charge is drifting with a velocity 77 .
Then the force on the conductor. (by using Lorenz force)
* F=qVB Sinf n
\ﬂ=qVBsm9
Substituting g=neAl
m =ne4lVBSin0

nedl . .. _
neAvV =i [V = % ; WthhlSy L= %} (Charge per unit time)

[F|=iBISing
ie, F=i(IxB)
Magnitude of Force on the current carrying condctor.
F=Bil Sing

Force is maximum when 9=90°
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F=Bil Sin 90°
F=BIl

The direction offorce is given by Fleming’s left hand rule - strech mid finger, forefinger and thumb
of the left hand in three mutually perpendicular directions. Mid finger indicates direction of
current, Forefinger indicates direction of magnetic field then thumb will indicate the direction of

force.
Question
€ Acurrent carrying straight wire is aligned in N.S direction. What is the force on the conductor.
a) Zero b) Bilsing ¢) Bil
€ Acurrent straight wire is aligned in E-W direction. What is the force on the conductor.

a) Zero b) Bilsing c¢) Bil

Explain Motion of a charged particle in a magnetic field

2

A charged particle is travelling with velocity 77 parallel to the filed 7 , the trajectory is a straight
line because the magnetic lorenz force is zero.
Same is the result when the particle is antiparallel to 5 .
If 7 1s perpenditure to g, the magnetic lorenz force is perpendicular to both 77 and 7. It
provides necessary centrepetal force and the trajectory is a circle.
E) X X X 5 X X X X X X

X X X X X
X X X X X
X X X X X
X X X X X
V 2
Centrepetal force = R

Lorenz force=qVB

Both are the same since the lorenz force is acting as the centrepetal force.

2
mV — qVB
Ly =R
m

From the equation; We obtain

. VaR , for constant 'B' and '% '
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V=Rw Where w - angular velocity.

m
B
WZ% , W=2mv
v is the freequency.
2771):ﬁ .'.Uzﬂ
m 2rm

This frequency called cyclotron freequency.

N
Cyclotron |_|

What is cyclotron b
Cyclotron is a particle accelarator - used to accelerate ‘@ T
charged particle to a very high speed (KE) ac - osciullator

Who invented cyclotron ITI
E.O. Lawrence and M.S. Livinyston in 1934.

Explain the Principle of cyclotron
In a cyclotron, charged partide is made to move in a circular path using magnestic field
and is accelarated using electric field.
(Motion ofthe charged parctide is a crossed electric and magnetic field)

Construction and working of cyclotron
Cyclotron consist of two semicircular hollow metallic cylinders called dees . D , D these Dees
are arranged such that their surface is perpenditure to the magnetic field. The dees are connected
to an ac oscillator that provides a constant alternating electric field which is perpendicular to the
magnetic field.

Working
The charged particle (s) that is to be accelarated is placed in the gap between the dees.
As the particle moves from one dee towards the other, the polarity of the dees should be changed.
This can be done by ac oscillator.
At the gap between the dees, the particle is accelarated by means of suitable electric field.
The frequency of the ac oscillator is adjusted with the cyclotron frequency of the particle.

(precaution of cyclotron)

B
2rm

D=

KE of'the particle ejected from the cyclotron in a cyclotrus, (Speed « radius of the path v R)

For maximum speed of the particle.
V(max) a R, where 'R'is the radius of the dees.

BR
I/;max) = q_
m
! 2 _¢BR 2.2 52
KE(maX) :Em(Vmax) = m OR KE(max) =27r"v"mR
But ¢B =27vm
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Question
° Is it possible to accelearate a particle like electron using cyclotron? Why?
No, Due to relativistic effect, the mass of'the particle increases with speed. The electron has
got negligibly small mass and so the relativistic effect on an electron is more and there is frequent
change in the cyclotron frequency which is dependent on mass of the particle to be accelarated.

Limitation of cyclotron
Due to the relativistic effect, the mass of the particle being accelarated increases with speed.
There fore cyclotron frequency constantly changes and hence it is difficult to synchronise with the
frequency of'the ac oscillator.

Questions
O Explain the construction ofa cyclotron
O Explain the working principle of cyclotron

O What is cyclotron frequency
Note : Cyclotron frequency
The Frequency at which a charged particle undergoes circular motion in a perpendicular (L )

magnetic field 5.

v al( % ) (Charge to mass ratio of the particle)

v 1s independent of the particle speed V.

Question

A proton, deutron and ¢ - particle are entering in a uniform E with same speed transverse to
E direction. Which particle circulate in the field with more frequency and more radius.

) Ra %%)

a - particle of least (4 , hence it traces with circular path more radius.
p m p

il. V(9 | electrons has more [ %/ | and have more frequency.
m m

Note: Ifthe charge enetered with velocity ; in a uniform magnetic field g making anangle ¢,
the path of the charged particle is helical.
%

1009000
HII N

Total lorentz force

The electric force on a charged particle of charge ‘q’ in a uniformE is given by Ee = qjg
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Magnetic force on the charge in a uniform magnetic field is given by

73]
The total force on the charge ina perpendicular g and g is given by

-

F= q_}i+ q (17 X B )
This is called total lorentz force.
Note

A charged particle of charge ‘q” undergoes an undeflected path in a perpendicular electric and

magnetic field, then g =0
qE=qVB

.y
V=5
Where V is the speed.

This conditon can be used to select charged particles of particular velocity out from a beam
containing charges moving with different velocities.
This condition is used in velocity selector.

Note :

1. This method is used by JJ Thomson to determine the charge to mass ratio of electron (%1) .
. This principle is also used in mass speotrometer used to separate charged particles according to

e
their — ratio.
m

Biot - Savart Law
What in current element?
An infinetessimally small current carrying segment is called current element.

State Biot - savart law
Consider a current carrying conductor xy carrying current ‘1’ ampere. AB is a small current
element of length dl, The Magnetic field at a point “p’ due to this current element is given by
dB-
Biot - savart law states that; the magnetic field.

)] dB 1s proportional to the strength of the current.
1) dB 1s proportional to the length ofthe current element.

) 4B isproportional to sing B
iv)  dB isinversely proportional to the square ofthe distance A r P
of that point from the current element I
dIRSi
— dBo idl fm@
r
kidl sin 0
dB = ———— where k=1to
r 4
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; NS?

= 4rx10  , 1s called as the permeability of free space.

C2
Note :
Biot savart law when expressed in vector form.
dp = Ho zdézxr
4 r

J _H, id€3><f

A r

Questions
Apoint P is at a distance ‘r’ perpendicular to current element

a.  Write the expression for magnetic field at P

> uo id/lsin90’
d :4_—2 90°
T r dl (] P
dB
:dﬂ —&%
Az r?

b.  How to find the direction of
Right hand screw rule. Rotate a right hand screw from l;” to 7 the tip of the screw

advances gives direction of dj}?

Application of Biot - savart law
Magnetic field at the centre of the circular coil carrying current 1.

dl

: . : : . : R

Consider a circular coil ofradius R carrying a current 1
dl sin 0

dB =t 1510 =90, sin90° =1 O R

4z r

u idlsin@
dB == _

At R’ r=R

o idl
AB="2— ... 1

4r R’ @
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Total magnetic field at the centre can be found by integrating the expression (1).

I
—~ B= 4g (}? -l di [ dl = 27 R(circumference)

_ uyi2nm R
47 R’

2R
Direction ofthe magnetic field at the centre.
By right hand thumb rule.

Curl the palm of the right hand such that the curled fingers are in the direction of the current

through the coil, then the extended thumb gives the direction of E

I in anticlockwise direction in clockwise direction
E outwards E Inwards
Question

Is the field uniform inside the coil.
No, It is maximum at the centre and decreases towards the periphery ofthe coil.
Magnetic field at any point along the axis of circular coil carrying current.

Adl dBsin® 4
! y
R 0
i sX dBcosO
R MNS
B dBsing 9B
Yaxis

Consider a coild of radius R carrying current iampere in the anticlockwise direction

A and B are two current elements of length dl at the diametrically opposite edges of the coil.
Magnetic field at P due to A

_ midl

2

dB
4rr
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Resolving dB at P into 2 components

dBcos 9 and dB sing along x and y axis respectively.

dB sing components; being equal in magnitude and in opposite direction cancel out.
M angetic field at PisdB! =dB cos g

-l ;
ie dB= j‘)ldf cos@
r

r=+x*+R’

R
—-R -
cosf = 4:>cos9—

VX' + R’
r=+/x*+R? or (x+R?)”"

= dB' = /Jzidl =X R 1
4n(F’ +R) " (2 4+ R
— 4B - HoldIR
4m(x* +R?Y?

Total magnetic field B' at Pis [dB'

3
4 (x* + Rz)é
| MIX27mR
=5 = m (f dl =2nR, (circumference))
= B! :LRz
2(x% + Rz)%
Ifthe coilhas N turns
B'=NB'
L N
3
2(x% + Rz)é

At the centre, x=0

:Bl :M
2R
] Ni
_, gt = Ht _npio Ho
2R B=NB 2R

41



Draw the graph showing the relation between

Yy |B

Band x

O
(centre)

Question

+X

A coil of length 1 make an angle 60° with its vertex. Ifit carries a current i ampere.

a.
b.

centre.
We have ;

Wealsohave L=R@ ......ccceeeee...
dB = Hol!
47 R
Wi
B=-_[di
47 R*
47 R

0 =60" or %

7

:)B:&X

4z R
o Mt
12R
2. 1=2A
U, =4mx1077
B 4 x2x107
12R

Find the equation for magnetic field at the centre.

Ifi=2A i anticlockwise direction find the magnitude and direction of'the field at the

B Arc
Radius

==
R

[di=L

— [dl = RO Fromk (1)

B LHoi6
47 R
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B 47 %107

B
6R
B 27x107
3R

Ampere's circuital law

The line intergral of the magnetic field along any closed path is equal to 1, times the current
enclosed by the path.

SEEJI = ol

Application of Ampere circuital law

1. M agneticfield at a point dueto along straight wire. - Consider a long straight wire

carrying a current 1. P is point at a distance 'R' from the wire. - B - magnetic field at P.

From ampere circuited law we have
§ Bl = i !
\
Draw amperian loopat P - Here it in a circle of radius R. R
Since B in constant at any point on the loop; ng dl=p,i N dl
= Bx27R = p,i
27 R

The direction of the magnetic field is found by right hand thumb rule.

Curl the fingers of the right hand with thumb extended and hold the wire such that the thumb
is along the direction ofthe current, then the curled fingers give the direction of the megnetic field at
any point.

Magnetic field due to a solenoid

A conductor wounded in the form ofa helical spring A short solinoid behaves as a short

magnet with North pole on one side and south pole on the other side.

Polarity depends upon the current through it.
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Consider an ideal solenoid (Magnetic field at a point inside the solenoid is strong and uniform, but
outside is zero)
n - Number of turns/unit length, I - Current through the solenoid. p - magnetic field point.

By ampere’s circulated law 99 Bdl=y, Tendosed............ (1) B - magnetic field at P.

Draw Amperian loopat P-here it is a rectangle of length y number of turns of wire over the
length=ny. - Texndosed=nyI

Eq.(1) = § Bdt=pgptl........2)
ABCD r- ?1_\1 '
9§ Bdﬁszdﬁ+£Bd€+£Bd€+£Bdg il JPUi ;BtJ axis

ABCD AB

[Bac=pe (=0, {10 B) [ Bdt =Bt Cost
AB

D L C

deeszdezo (0 =90, ¢ L rto B)
BC DA

f Bd¢ =0 (For ideal solenoid, outside the solenoid B=0)
CD

using (2) and (3),
Bl = pyntl

B = pynl (coreis air)
: : . o _ M
If the core is a material of relative permiability A7 |1 = M_
0

3. Magnetic field due to a Toroid
Toroid - Endless current carrying solenoid.
a) Field point inside the toroid

By ampere’s circuital law f Bd{ = p,l enclosed
1

But I endosed by the amperian loop is zero. - B =
b) Field point P on the circular axis of the toroid.

By Ampere’s circuital law ¢ Bdl = 0 I enclosed (1)
2

§ Bdt=B2ra...... (2) where a = 2%
2

Ienclosed= n27wad.............. 3)
FromEg. (1),(2),(3) - B2ma=pm 2ral = B=pmnl
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c) Field point P is outside toroid.

By ampere’s circuital law f}gBd (= p, 1 enclosed
3

I enclosed = 0 Since current entering the plane of the paper is cancelled by the current leaving
from the plane of'the paper. -, B=0

° A Toroid has no free N - pole and southe pole (its is endless)

Force between two parallel short conductors carrying currents.

By Biot-Savaret s Law LA A

Magnetic field produced by the current element ‘ r, 2
dl |o—&—d?,

1 dF, dF,
1d¢, at dt,, dB, :&Lf‘ (6 =90)
4 r

.. For experienced by the current element /,d¢, in this magnetic fieldis dF, = I, d¢, dB,

_ Ky 1 1, de de,

4 7

(6 = 90)

—t I, 1, dl, dt,
2

ie. dF =
e 47 r

(-ve sign shows direction opposite)

c.dF, =" dF,, attractive

Force between parallel conductors carrying currents in the same direction (parallel currents) is
attractive, it is repulsive in nature. If the currents are in the opposite directions (Anti Parallel Currents).
Qn.  Anover head cable carries a current of 90 A in the N-S direction. What is the magnitude of
magnetic field at a distance 2cm below the wire. What is the direction which principle is used.

I 2x107"x90 _
p=toZ_ % =9x10 *4, towards East using right hand grip rule.
2w r 2x10

* When a charged particle moves perpendicular to a magnetic field its momentum changes but its KE
and speed remain constant. Because motion of a charged particle in a perpendicular magnetic field is
circle.

* Torque acting on a dipole in a magnetic field is 7 = NJ4BSin@ (N-Number of truns, A-area,

g angle between m and B. m= NIA, Magnetic moment, Hence 7 = ;1 BSin0

Moving Coil Galvanometer (MCG) - Used for the measurement of electric current 8 voltage.
Devised by Kelvin Principle - A current loop(Dipole) in a magnetic field experiences torque.
N - field magnet - produces radial magnetic field (B)
A-Copper coil of N turns and area A
Sp - Spring - Produces restoring torque.
C - Softiron core to increase the magnetic field B. When electric current I flows through the coil
deflecing torque experienced by the coil tdef = NIAB . Restoring torque act by the pring r rest
=K (Since B parallel to the plane ofthe coil)
Where g is the angle though which the coil rotates.

K - Torsional constant of the spring. At equillibrium 7 .= 7 r¢g¢ . The coil does not rotate.
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NIAB = 6

1= [L] 0
NAB
Iaf » working principle of MCG.
* Pole pieces are cylinderical in shape -
To produce radial magnetic field.

* Current sensitiveness of MCG -

The deflection in a galvanometer per unit current, % =

NAB

K

(gt D
N T

Pointer —»

* How can increase the sensitiveness of MCG : Increase N, B, A and decrease K.

* Voltage sensitiveness of MCG - The deflection in a Galvanometer per unit voltage

y_ 0 _ NAB
V" IRg KRg

where Rg - Resistance of Galvanometer coil.

* Increase in current sensitivity by doubling number of truns may not increase voltage sensitivity -

Justify.
Q N4B
I K

If N=2N, (%)' - 2.?

But Rg = 2Rg (Since Ral)

v I12Rg IRg

* Resistance of Milli Ammeter is greater than resistance of Ammeter - To measure small current

greater is the sensitivity of MCG. To increase the sensitivity increase the number of turns (N). This will

increase the resistance of Milli Ammeter Since R/ .

* Figure of merit - Minimum cugrent required to produce a deflection of Idiv ona galvanometer.

Iad, then I=K60, K =— Figureofmerit.
*  Smaller the figure of merit greater is the sensitivity.

*  AQGalvanometer cannot as such is used as an ammeter to measure the current.

(1 Due to small resistance and high sensitivity

(1) When it is connected to a circuit this will change the value of current because it has a resistance.

* Convert 1on of Galvanometer into Ammeter.

A Low resistance (or shunt resistance) connected in parallel to Galvanometer.

Rs
—\WA—_—

A — A
- T
Ig Re
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* Resistance of Ammeter (R) Since Rs and Rg are in parallel

R S
Ref/, Rs Rg
Rs Rg
R, =—= <Roof Rs<R

*  Ammeter has very low resistance. So it is connected in series with an electrical circuit to measurethe
current in the circuit.
* Expression for shunt resistance used

P.d(Rs)= Pd(Rg)

Is Rs =1g Rg
I=Is+]
Re— 8 Rg 8
Is
Ry— 18R
(I —1Is)

*Conversion of Galvanometer into voltmeter.
Ahigh resistance is connected in series with Galvanometer.

Rg

—(V)— = A

* Resistance of voltmeter: Since R and Rg are in series.
Resistance of voltmeter Ref - R+Rg

*Voltmeter has very high resistance so it is connected in parallel to a circuit to measure voltage.

Hookk
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Chapter 4
MAGNETISM AND MATTER

Magnetism and Matter
* Magnetism is the proper of moving electric charge.
Qn.  Difference between electricity and magnetism?
In electricity isolated electric charge exists. In magnetism isolated magnetic poles do not exist.
* Is magnetic pole required for producing magnetic field?
No. magnetic field is produced by a current carrying conductor.
* Properties of a magnet (a) Attraction and repulsion (b) Magnetic length is less than its Geometric
length (¢) Directive property d) Isolated magnetic poles do not exist.
* Magnetic potential energy - work done to turn a magnet in magnetic field.

w= deQ = me Sind d0 = —mBCos0

U= m.B
Case (1) p=0  U=-mB, minimum - stable state
(i1) =90 U=0
(111) ¢ =180, U=mB, maximum - unstable state

* Gauss’s Theorem in magnetism - The surface integral of magnetic field over a closed surface is Zero.
gg Bds =0
* Gauss’s Theorem establishes that isolated magnetic poles do not exist.

__4
Gauss’s Theorem in elecrostatistics 95‘ E.ds = >
s 0

For an electric dipole net charge q=0 (Since it has equal and opposite charges)

S 9§ Eds=0

Jfor dipole

Similarly f}g Bds=0 says a dipole has North (N) and South (S) poles.

for dipole
* What are the magnetic properties of a material Intensity of magnetisation(M). The extent to which
a material is magnetised.
Magnetic intensity (H) - Ability of a magnetising field to magnetise a material.
Magnetic susceptibility (X )- Ability of a material to become a magnet.
Magnetic Permiability ( 1+ ) - Ability of a material to transmit magnetic field lines.
* Relation between magnetic susceptibility and magnetic permiability, pr =14 Xm
* Air is not responding to external magnetic field - Because susceptibility of air is zero.
* (lassification of magnetic materials - Faraday Classified
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Properties Diamagnetic Paramagnetic Ferro magnetic
1. Intensity of magne- Feebly magnetised in | Feebly magnetised | Strongly magnetic inthe
tisation the direction opposite |inthe directionof | direction of magnetising
to the magnetising field | magnetising field. field.
2. Magnetic susceptibility | Small and -ve Small and +ve High and +ve
3. Magnetic Permiability <1 >1 Very high
4. Dipolemoment Zero Non Zero Non Zero
5. Examples Bi, Cu, Pb, Au, Ag, Hg| Al, Cr, Ca, Na, Mg, | Fe, Co, Ni, Steel
*  All the materials exhibit damagnetic property Note: Magnetising field
*  Behaviour of dia, para and Ferromagnetic material ina magnetic field| - Magnetic field used for
induced magnetism
N /:/Fi\a\ S N =S N =] s
~— > S 1
~——— Para Ferro

*

Core ofa solenoid is used as Bismath - write your openion. Bismath is diamagnetic and field
will be less inside the solenoid but it is greater outside the solenoid.

Magnetic Hysterisis : The laging of induced magnetic

field behind the magnetising field.

Define Retentivity - The residual induced magnetism in a material

even when the magnetising field is reduced to Zero.

Coercivity - The reverse magnetising field is required to damagnetise a material.

Hysterisis loss - Energy loss per unit volume when a magnetic material undergoes a cycle of
magnetisation. It is given by area under the hysterisis curve greater the area greater in the hysterisis
loss.

Core of dynamo, Transformer made of soft iron not steel - Hysterisis loss is minimum.

One of'the reason for the magnetic field of earth - electric current produced by molten metallic
fluids, mainly iron and nickel, with in its interior called Dynamo effect.

Magnetic elements of earth - The quantities which describe the magnetic field of earth.

(1) Declination (2) Inclination (dip) (3) Horizontal intensity.

Dipangle is Zero at equator and 90 at poles.

At the poles of earth magnetic instruments do not work - Horizontal intensity of earth’s magnetic
field in zero.

Dip needle - Compass needle, which is used to find the direction at the pole.

Horizontal intensity of Earth’s magnetic field (H,) = 0.38x10"T.

Earth’s core contan Iron yet Geologists do not regard this as source of earths magnetism - In the
molten state [ron is not ferromagnetic.

Why soft iron is preferred morethan steel for making electromagnet.

It has high permiability succeptibility low coercivity.

Explanation of Hysterisis curve of Ferromagnetic (Fe, Co, Ni)

Mor B * It has large induced magnetism for small value of H.
* It has large p, and x,, (slope of the graph indicates.
M ( * It has low coercivity.
s> * Low hysterisis loss.

N

Note : Soft iron has low retentivity, but graph only indicates large induced magnetism for small magnetising
field.

Aok ok
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Chapter 5

ELECTROMAGNETIC INDUCTION

Michel Faraday and Joseph Henry demonstrated that a moving magnetic field

(changing magnetic flus) can produce emf and hence electric current.

Experiments:

1))

2)

Coi-Magnet experiment - Galvanometer show deflection when N-pole moving towards the coil.
It shows deflection in the opposite direction if the pole is moving away from the coil. It shows
Zero deflection when the magnet is kept stationery inside the coil.

Thus an emfhence electric current is induced in the coil due to the relative motion of the magnet.
(Source of Magnetic field) _

S N

Coil - Coil experiment
By making and breaking the current through the coil 1, an emf and hence electric current is
induced in the coil 2.

1 2
L o4O U IO [1Non conducter
) — —O

Key

Electromagnetic Induction : The process of inducing emf'and hence electric current as a result of
change in magnetic field or magnetic flux linked with a conductor.

Laws of electromagnetic Induction :
1)  Faraday’s Rule or Flux Rule : When magnetic flux linked with a conductor changes
there will be an induced emf

The induced emfis directly proportional to the rate of change of magnetic flux (goB )

do,
dt

Induced emf |e| o

i) Lenz’s Rule : The direction of induced emfand hence induced current is such that itop
poses the change in magnetic flux which is responsible for induced emf.
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e —-dg, .
=g --vesign shows e opposes ¢,

It is the consequence of Law ofconservation of energy.

Lenz’s Rule and Conservation of energy :

e
In fig (1) in order to move the magnet towards the
coil work has to be done against the force of
repulsion in fig. (2). In order to move the magnet

away from the coil work has to be done against '
the force of attaraction. Fig (1) Fig (2)
This work appears in the coil as emf. Hence energy is therefore conserved.

A bar magnet is accelerated through a coil with its length parallel to the axis of the coil as shown
what is the relation between a and g, in fig (1) and (2).

|N\¢a g |N\¢a . .
(Note : Direction of induced current - clock

le wise (S) - Induces S - Pole. Anti clockwise
(N) - Induces - N Pole)

Fig (1) Fig (2)

In fig (1), a<g, since magnet experiences force of repulsion.
In fig (2), a=g, since there is no current is flowing, Because curcuit is open.

Predict the polarity ofthe capacitor.
—> al |b

S S Plate a is +ve (current entering)
Plate b is -ve (current leaving)

A conductor of length ¢ is moving with a velocity v in a perpendicular magnetic field B, emf
induced in the conductor e=Blv. emfinduced is called motion at emf.

An aeroplane with wing span of 25m flies at a horizontal speed of 1800 km/h at a place where
the magnetic field of earth is 5G and dip angle is 30°. What is Potential difference between the tip
fo the wing.

Induced emfe = BVE v, where BV =Bsin0 = 5 sin30=2.5x10-4T

-3
e:2.5x10_4x25xM:3.13V

60x 60

Note: B-magnetic field of earth

§ -dip angle

B, =B Sin g, Vertical component

B, =B Cos §, Horizontal Component

Magnetic Lorenz force is the reason for Electro-
magnetic induction.

51



The magnetic flux passing perpendicular to the plane of a coil is varying according to the relation

@, = 6t> + 7t +1 What is the magnitude of emf induced in the loop when t=2s. ¢, is in mwb.

le| = dciB : |e|:%t(6t2 +7t+1)=12t+7
Whent =2s e=24+7=31mv

Eddy Current (Foucault’s Current:

When a non magnetic metallic block (Cu/A /) is placed in a varying magnetic field or moves in
amagnetic field, induced circular current setup inside the block due to electromagnetic induction.
Such currents are called Eddy Currents. S

T
Demonstration - @

Metallic Block
Metallic Block moves up and down due to E ctallic bloc

eddy current in accordance [
with Lenz’s Rule.

Demerit -

Eddy current results in wastage of energy in the form of heat.

a) The slots cut across the block reduces induced Eddy Current. (Area available for the flow
of'eddy current decreased) —_—

(S—
b) Themetal block is laminated and

insulated from each other reduces induced Eddy current —
(increase the resistance to the flow ofeddy current) ~ Difference betweeenmetal block and

slots cut metal clock.

To minimise the energy loss due to eddy current the core of dynamo and transformer are made of
slots cut thin sheets of iron insulated from each other.

Practical uses of Eddy current - speedometer, Induction oven, Breaking system in modern trains,
Dead beat galvanometer.

Inductance - Electrical property of a conductor by which it opposes the growth or decay of

current through it. L
¢ , - Magnetic flux linked with the coil. Mg X2 ] ) —
I - Current, Then ¢,al Al
¢y =LI @
L - Inductance of'the coil. Its unit is Henry (H)
But|e| = d:ﬁB induced emf € = Ld%t
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Expression for inductance of a solenoid

Let I- length, A - area cross section, n - number of turns / unit length, I - current.

Magnetic field inside the solenoid, = B = pnl
Magnetic flux each turn of the solenoid dg, = BA

= B= pu,nl

Total number of turns in the solenoid, N =

{uy

Note:p, = BA cos @

nl. 6=0

Therefore Total flux linked with the solenoid ¢, = N(d¢;)

d dI
Induced emf €= s _ HZI/JOAE
IfL is the inductance ofthe solenoid
o —LdI 5
—dt ..................... (2)

From equations (1) and (2),

L= da = un’Al da
dt dt
L=pu,n’Al
_ HNA
14

1.e., Inductance depends on (1) size (/) and shape (A) of the coil (Geometry of the Coil) (2)

Number of turns (N).

Ifthe core is filled with a material of relative permiability, .,

Choke Coil : Inductance coil having large number of turns and made of thick copper wire of small

@y =nlpnlA

4oy

Note: ¢, =LI
dt

L= —”O”rgNZA

resistance/used to control AC through a Circuit without loss of energy.

Sparks are produced across the switch when light is switched off - large induced emfis pro-

duced due to self induction.

Expression for energy stored in an inductor.
Let I be the current through the inductor L at a certain time t
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during the growth of current from 0 to max (Io).

then @, = LI
) LdI 12
Back emfinduced € =—— Note : f ldl = —
dt 2
Work done by the source dw = eldt
LIdI

I\)
- Total work done W = J.O dw

_ Llo?
2

W

This work is stored as energy u = %LTOZ , in the form of magnetic field.

Self inductance plays the role of inertia in a coil.

Mutual Induction : When electric current flowing through a coil (P) changes,
the magnetic flux linked with the neighbouring coil (¢, ) changes which induces an emfand hence

current in the neighbouring coil.
I - Current through P.

¢, Magnetic flux linked with Q

pyal
@, = MI where I - Mutual inductance ofthe coil Q.

© @ -2

M.dI
Induced emf € = “dt
P Q
Bulb (1) What do you observe when Key K is (1) just closed
@ Q coil (2) Being closed (3) Just opened coil P. Why?
1Y a) Bulb glows, Magnetic flux linked with the coil Q changes
— Ry an emf’is induced.
b) Bulb does glow. There is no change in flux. Hence no
P emf.
(i1) What is the phenomenon called - Mutual Induction.
i —
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(1) How can you increase the brightness of the bulb in the
coil Q.
Increase the number of turns in the coil Q.
(v) Canyouname an instrument which works on this principle - Transformer.

. Applications ofelectromagnetic Induction -
(1) AC generator (2) Transformer.
AC Generator : Converts Mechanical energy into Electrical energy.

C
N : S
I
BLUCB
Rl :C2
@

NS - Field Magnet - used for producing magnetic field, usually electromagnet.
C - Armature Coil - Insulated copper wire wound over an iron drum.
C,C, - Slip Rings, B B, - Graphite brushes. gy - Bulb. (Load resistance)
When armature coil rotates in the Magnetic field B, the magnetic flux linked with the coil changes.
So an emfand hence current is induced in the coil due to electromagnetic induction.
N - Number of turns in the armature coil.
A - Area of the coil.
B - Magnetic field produced by the field magnet.
Total Magnetic flux linked with the coil »,=N(B.A).
=NBA Cosg
where g is the angle between B and A (Area Vector)
Ifthe coil rotates with an angular velocity w, at a particular time t, @ =wt.
Then ¢,=NABCos wt.

By laws of electromagnetic induction,

d
Induced emf, €= 3
dt
e =NABWSinwt, Instantaneous emf.
e = JoSinwt ---------- (1) where Vo = NABW - Amplitude of emf.

IfR is the resistance of the armature coil.

e
Induced current, I =—
R
1= S sin wt
R

NABw .
R Amplitude of current.

1
[=1 Sinwt -------------- (2) where I, = % =

Aok ok
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Chapter - 6

ALTERNATING CURRENT

A simple type of ac is one which varies with time is simple harmonic manner- Represented by
sine curve.

ac voltage V=V sin wt- Where V. =NABw Amplitude and w=27 ¥

NABw -Ti
ac current - [ - I siny Where I, = , Amplitude ac - Time depend emf
current
What are the advantages of AC dc - Time independend
1) Easilystepped up or stepped down using transformer emf current
2) Canbe regulated using choke coil without loss of energy
3) Easily converted in to dc using rectifier (Pn - diode) Vorl ,
4) Canbe transmitted over distant places ] L
5) Production of ac is more economical | \/H t
VI relation for Reisitor, Inductor and capacitor
) dI . dv
For resistor V=IR Inductor V = La capacitor 1= CE Note :
Q=CV
What is AC circuit Electrical circuit to which ac voltage is Q_ o dv
applied dt dt
R et
—— AVWA—— R dt
WA
V=V sin dc circuit

What is Phasor (Rotating Vector)
To study ac circuit alternating voltage and current in a circuit can be treated as phaser.

(Note : Voltage and current are scalars)

Imaginary axis Imaginary axis
L — — s
- — — — 5V

L v I

I=1, sinwt V=V, sinwt 9 |
wt |

wt |

Real axis

Real axis
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Length of the Phasor is amplitude
Projection of Phasor along the imaginery axis - Instantaneous value of voltage or current

What is RMS value or virtual value of AC (Since Average value of ac for a cycle is Zero)

Vn‘ns = Vlf'lS
V= VO sin wt

V2= V02 sin? wt
2

2= 70 (since average value of sin® (st for a complete cycle ofac is %)

ms

V, I
e Importance of RMS value Note :
1) To express ac power in the same form as dc power dc - Power P=VI
2) Itisusedto construct hot wire instrument used for the acpowerP =V__ xI
measurement ofac

e  Ordinary MCG cannot used for measuring AC
It indicates average value, The average value ofac is O. Hence is it shows no deflection
° Hot wire instrument is used for measuring ac. Principle of hotwire instrument is Heating effect
1) Itis common to both ac and dc
2) Itisindependent of direction of current
° Graduation is the Galvanometer used for the measurement of ac is not equi distant.
It works on the basis of Heating effect.
Since H =I? R. Deflection in the galvanometer is directly o, to I? Butin MCG Deflectionis ¢

Disadvantages of ac -
1. Cannot used for electroplating - can't fix cathode and anode (Polarity of ac changes)
2. acismore dangerous
V_ =230V (line voltage)

VO = ﬁVﬁnS

J2 %230 =325y
3. TItcan'tstore for longer time. Note - Thick Cu wire
isused for flowing dc - It
e  Number of thin wires are used for flowing ac - why | has low resistance - It is used

ac shows skin effect - ac is flowing on outer layer of a wire. as connecting wire in the lab.

° Electric main in a house is marked as 230V, S50Hz, write down the equation for
instentaneous ac voltage.
Instentaneous ac voltage V="V sin
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V, =2V =+2%230=325volt

w=21m=21x50=100%
.V =325sin100Tt

AC circuit Containing resistor

Applied voltage, V=sinyt ............ (D)
. R \%
Bvo'sl I_X_Vosmwt
yQ'slaw, - I=o=—— VWA I
I

\Y%
I=1 sin t .....(2) where I, = -4 ™,

R V=V, sin wt

. wt

From equation (1) and (2) 0

V and I are in the same phase

Power dissipation

P, =(VI)
=V, sin ot I singt 2sin? ot =1 - cos2 it
Y [1 — cc;s 2wt]
L
V [ I [ P _ OI 0
But 5 <cos2 wt> =0 for 1 cycle ofac, f'av= y \4
PaV - Vrms : Irms D
AC circuit containg inductor (L) N
V=V sin ot V=V, sinet
LdI Imaginary axis
Vi =4 (since V, =V)
-Ldl= v, sin vt dt v
L= Vocoswt
W

wt

I:Zﬁsin(wt—%) L

I:IOsin<wt—%) I
I
I

I'lags VorV, by %

real axis

Where I, =2

ere I, =——
wL I

Hence WL is the opossition affered by the inductor to ac called inductive reactance.

Inductive Reactance
X, = wL Note : for dc =0, X, =0
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:21\*1)1_4

X, o

Power Dissipation Pav = (VI)

Pav= VO sin (it - Io Ccos (wt — %)

I .
Pav :V"z" 2simut cosut

Io .
Pav== ch) ° sin 2wt

Average value <sin 2wt> =Qforacycleofac

Pav=0 (For ideal inductor)

AC circuit containing Capaciotr C

V=V, sin ot
1= gy y —v, 1=
dt ¢ dt

I:CEV0 sinwt
dt

[=CW V, cos wt
Yy sin(wt+ T,

ol
I=1,sin [t + )

I'leads V or V by %

VO

Where ly= y Amplitude of current
we

C
Il
1]
I N VC
~
=
V=V0sinwt
Imaginary axis
1
A%
wt .
—_ real axis

Here el is the opposition offered by capacitor to ac - capacitve reactance
W

X =
e
1
21uC
1
Xco—
v

Note : fordc =0

|
Xe= o = infinity

Capacitor blocks dc
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Power desipation Pav = (VI)
P =V, sin ot I sin (ot +“2 )

= Yolo sin 2wt
2
Average value ofsine 2 st =0 for a complete cycle
P =0 (Ideal)
. In a purely resistive circuit power dissipation never be zero - Because V and I are always either
+ve or -ve. Hence the product always +ve.
. In a purely inductive or capacitive circuit Pav = O what it shows - In the a circuit Inductor or
capacitor offers opposition to ac with out loss of energy ie, current in the circuit does not perform

any work. The current is called Idle or watt less current.

Explain AC circuit conatining LR
Amplitude of V, =1 R, which is in phase with current “_I;m
V, =1, X, Which leads I by , v W:—‘
IfV is the resultant of V and V_, by vector algebra. S,
\Y%

V= \/V]f + V] +2V,V, cos% (Cos% =0) VY

V= \/(IOR)2 + (IOXL)2

I
L
V. 1
R? +X 2 _7 . . T
v L — %, Impedence of LR circuit - Resistance offered by combination of L and R

I

(0}

§ 1sthe phase angle between V and I

V,
Tang=—-  Tan§ = X,

V, IR

.8 =Tan™ X ,
R Phaser diagram
Hence V=V SIN (Wt veveneerenneeeeennnes 1
I—Iosin(wt-g) ............................ 2
Vo= RoSIN(Wt=8) coovrveeiiieienenn 3 \s
— : T

VL—XLIOsm(wt-éJrA) ............ 4 real
S AVE=V PV

AC circuit cantaining C and R
Amplitude of
V. =1 R, Whichis phase with I

V=1, X, Which lags I by )
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IfV is the resultant voltage by vector algebra. | C R
— i
|
V= \/V]f + V242V, V. cos% I IV v,
C
\V4 ~)
= JR?+X.? =Z, Impedence of R C circuit ~
(6]
¢ - phase angle between V and | \\,/R N
V. 0 ! |
Tang =7 ~ |
I
_ IO>(C Xc .
= IOR ................. 6 = Tan 1 ?] VC V
Hence V="V, sin ot ccocvvrrnnnnnns 1 v
I:IOSiIl(wt+6) .................. 2
V.=RI sin(wt+§) .o 3
V=X I sin 2wt +5-75 ) s 4
VP = [V, [+ [V, F

AC circuit Containing L. and C

Amplitude of V, =1, X, leads I by )

L C
VLZIOXCIagsIby% w_Hi
\Y
.. Phase angle between V and V.is « I L V.
If V is the resultant voltage, by vector algebra. >
V=yV?+V> 42V, V, cosn
VN
V=V, -V,
V=1 X -1 X, N
7
\Y
- X, =X, =Z,Impedence ofLC circuit \&
(6]
: \% vV (cosmt="1)
Amplitude of current[ = — c

V4
X > X . (At high frequency) Circuit is inductive " X o v
X, >X | (Atlaw frequency circuit is capacitve .". X %

IfX, =X, ,Z=0,1, = « (max). The circuit exhibits electrical resonence.
° Difference b/w resistance reactance and Impedence
Resistance - Opposition offered by a resisiter - same for both dc and ac

Reactance - Opposition offered by inductor and capacitor to ac.
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Impedences
Combined opposition affered by L, C & R to ac
) In heating coil heat produced is greater in dc than in ac

Impedenc ofheating coil is greater for ac

2 2

V V
Since Indc P:? In ac P:7 Where Z=,/R* +(WL)’

4
° A coil of inductance — H is joined in series with a resistance of 3(() calculate the current in the
T

circuit when it connected to an ac main of 200v and frequency S0Hz

Vs _ 2 2 _ 2 4 ’
1= Where Z— R+l =JR*+ (2wl _\/30 + 2><3.14x50><;]
=401.1Q
[ 200
s 4011
= 0.499A

° A lamp L is connected in series with the capacitor C. Predict your observations for dc and ac

For pure dc, bulb will not glow - capacitor blocks dc L C
1 -
For ac bulb glows - when ¢ is low, X, e large .
Brightness reduces dc
Explain ac circuit containing L, C and R - Series L. C R circuit ZZ

Amplitude of V =[ R which s in phase with
V,=1,X, which leads 1by )

L C R
V~1X, whichlagsIby ) CVeoy W

Resultent of \s and VC 1S V.-V c if V>V c

~D

~—"
If'Vis the resultant of V,, V and V, AV
V= Vi + 0, =V + 20,0, Vo )eos T v

VA————
L
V.-V

V=Vi+ 0, =¥ V, -V, Ve

e

V= AR + 10 (x, — X, v, |

v N
7 :\/ R+X, -X.) =Z, impedence of LCR circuit Ve

o

& inthe phase angle b/w V and [
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Tunms = Vo Ve _1X —1,Xe _ X, =X, If
Ve I R R X, >X.,0is +vel lagsV

X, <X.,0is —vel leads V
X, —X 5
.'.6—Tan'[#] s I =1, Sin(wt—3),where I, o ‘

R Z X, <X, 0iszero I and V

Hence V=V sin (wt) applied voltage in the same phase

[=1sin (wt— ) current in the circuit.

IlagsVby §.
V. =1X =X sin (wt—08+T/) leads I by 7 Assignment :
- ot é A Draw Phaser diagram of

V. =IX_=X_sin (wf —5— %) lags I by % LCR circuit with X > X

VR =IR=RI Sin (] —¢§ ) Phase with in current.
Phaser diagram (X, > X)) of LCR Circuit \%

2 2 2 2 Vi - V-V
sV =R+ L+ T \ "7 e
I

Electrical resonance in LCR V, -V} t J V,

At resonance Amplitude of current Real axis

IO = max

4 %

] —
But \/R2 +(XL _XC)2

It is maximum only when X, =X .orV =V _or §=0

.. Impedence of resonant LCR circuit Z=R

v
* Resonant current in the circuit 7, = EO

* The frequency at which LCR circuit exhibits resonance is called resonant frequency

1 1 1
Since X =X wL = o LW, = F Hence freequency Vr :m Note : w =27V

Resonance depends on L and C
What are the uses of LCR cirucit
1. Used inthe tuning mechanism of Radio, TV
2. Metal detector
What is Q factor in LCR circuit - Shows sharpnes of resonance. If I is max sharpness is

greater

X X w.L 1

— 2L le =——or
At resonance QO RS Q R  wCR
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Selectivity of LCR circuit - Depends on Q - factor

4]

I is max when R in low since at resonance 1, =
* In parallel LCR circuit Current vanishes for a certain frequency only such a circuit is filter circuit.

Power dissipation in LCR circuit

Average power(True power) consumed during one cycle of ac.

T

VIde
Pav = OT
f dt
0
T
f V, sinwtl, sin(wt — 8)dt
Pav=-"

T

| ar

0

T
f V, sinwtl (sin wt cos d — cos wt sin 8)dt
0

[

0

T T
f V,1, sin’ wt — cos ddt f V,1, sinwt — cos wt sin ddt

Pav=- . 0 _
S [ar
0 0
LZSinz wtdt Vi jsin 2wt —dt
=V, I,cosd—— - sin & .
Ja [ar
0 0
r T
f sin’ et f sin2.zd
For a complete cycle 7 :}é’ 7 =0
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1
Pav = %cos@

Pav=V_ 1 cosd

ms rms

True Power =Apparent power x Power factor

Explain power factor - It signifies power loss

Cosd = 5
Z

Atresonance Z =R, cosd=] Pav= [ V. maximum

Ifthe circuit is pure inductive or capacitive 0 = % , COS % =0,pav=0

What is power factor in Resistive circuit.

Inacresistive circuit § =0, V and I are is same phase

cos §=1,Pav=I_V

What is the min and max value of power factor - O and I

Total impedance of circuit decreases when capacitor is added in series with the given impedence
- Explain -

The capacitance reduces the net reactance and hence the imepedance decreases

What is the disadvantage in supplying a given power to a circuit having low power factor. To
supply a given power in a circuit (Transmission line) having low power factor a large current is

required. This produces large heat loss.

Evaluation

1) What is meant by ac, How can you represent ac mathematically

2) What is the mean value of ac for one complete cycle

3) Anacof220V is more dangerous than a DC of 220V -

4) InaDC circuit what is the reactance of
a) Inductor b) Capacitor

5) Why voltages across and Land C in series are ° out of phase

6) What is the nature of impedence ofan LCR circuit if the applied frequeny (v)(7),
v="2v,(2), v>v (3) v<w,

7) Draw graphics showing variation of reactance 1) A capacitor 2) an inductor with frequency
ofapplied voltage

XL X

U U

8) Properties ofresonant LCR circuit

9) Ifthe frequency ofacis doubled how do R, X and X_. get affected

10) What do you mean by amplitude of AC, How it related to RMS value
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® There 1s no electrical resonance in LR or RC circuit - Reasonance takes place only if L and C.

Present, Because V| cancelled by Ve.
* Variation of X, with @ .

X Resonant LCR circuit is acceptor
X =0 L L

circuit - Admits maxi current at reso-
nance.
Importance of acceptor circuit in

* Variation of X with @
¢ tuner of Radio, TV receiver by

e
N

X
X, = L ¢ tunning (varying) the capacitance of
we vairiable capacitor in the LCR cir-
cuit the natural frequenct of LCR
* Variation of R with @ D
R
R independent of @ T circuit is made equal to the frequency

of the signal (EM wave) to be de-

* Variation of I with@ tected.

I=1I,Sin ot I /\
(Sine curve)

* Variation of Z with @

Zz\/R2+(a’L_%)c)2 EL

X.=

*
o
*
—r)
—r)
:
'.
—r)
1
= 7)

*

Can a capacitor of suitable capacitance replace a choke coil in an AC circuit.
Yes. AC voltage lags behind the current in capacitor circuit and Pav=0.

Transformers

° Used to change the alternating voltage and current without changing its frequency

° Working Principle Mutual induction. (Electro magnetic induction)

° Transformers works in only ac not in dc. Because its working principle is Electromagnetic

Induction.

Tranformer law of voltages
Np, N, Number of turns in the primary and secondary coils
¢, Magnetic flux in the ironcore linked with Primary and Secondary coils.
Total flux linked with the Primary coil ¢, = N ¢,

v, 49

.. Emfinduced in the primarycoil €, ==V, »

dg,

dt

similarly, €, — Vs
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| | Vo _No o
e, =V,_, applied voltage, &5 =V, Terminal voltage v, N, is a constant called

turns ratio or Transformer ratio.

Types of transformers

Step up transformer
IfN > Np, VS>Vp primary voltage is increased
so, [ <L thenR > R, secondary coil is thinner than primary coil.
Step down transformer
IfN, <Np, VS<Vp primary voltage is reduced.
SO, I, >1 then R < R, secondary coil in thicker than primary coil.
. For a transformer ifthere is no power loss (I deal case)

ac input power = ac out put power

VI =VI
) output power VI,
° Efficiency oftransformer =~ .~ n= VI
Input power oAy
. In a transformer there is no violation of law of conservation of energy.

Input ac energy = output ac energy (Ideal case)

* Application of Transformer - Electrical Power Transmission.
* Electric power is transmitted in ac not dc - In Electrical power transmission tranformer is used in
various stages. It works only in ac.
* Energy losses in a transformer.
(1 Copper loss or Joule loss - Due to resistance of primary and secondary coils.
(1) Eddy current loss or Iron loss.
(m) Hysterisis loss
(v) Flux leakage - Because total flux linked with the primary coil is not
(v) Humming Noise- linked with secondary coil
* How can reduce the flux leakage in a transformer.
By winding secondary coil over primary coil and insulated each other.
* Device which is used to step down dc - Resistor
* Device which is used to step up dc - Induction coil
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Chapter 7

ELECTROMAGNETIC WAVES

e ST Ampere’s circuital law f}g Bdl = ! isin consistant

+ Cl-
9§ Bl = oo 0) |O| 9
c1 C, I vy

L A
(Note: Out side the capcitor Ic 0,

§Bdl:a ....................... @ COl’lduuctIOIl Cul'l'ent
@ inside the capacitor Ic=Id =0,
Ifamperian loops C, are C, are very close and displacement Current)

it is logical to expect that

This shows that amplere's circuit law is inconsistant because equation (3) is contradiction with

eqs: (D and Q)

° Maxwells modified form of ampere’s circuital law.

doy
dt

993611 =, (Ic+&,

I - Conduction current - Rate of flow of elctric charge

€,d b,

77 = I, — Displacement current - Current due to changing Electric field.

Significance of displacement current
The Concept of displacement current satisfies the current is continous
Electric flux ¢ =EA

Ny
€y g A
dop _ 1 40
dt g, dt
sodd=¢ Ao, _ 40

T ar Rate flow of electric charge
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° Consequences of displacement current

doy
dt

1) Farady’s law of electromagnetic induction € =

2) Modified form ofampere’s circuital law/

° Total current is the sum of conduction current and displacement current is =1 +1

Maxwell's four equations

q
1. f}g b.ds = - Gauss'law in electrostatics
0

2. gg B.ds =0 Gauss'law in Magnitism

d
3. L(}g Edl = j;tB (Fareday's law)

d
4. f B.dl =y, [lc + 8%] Ampere - Maxwell Law

° Induced emf €= % = f Ed(, work done in bringing unit charge along a closed path.

° Source of electromagnetic wave - oscillating electric charge

° An electric charge osullating with a frequency + Produces electromagnetic wave of same fre-
quency

Note : A charge atrest Produces electric field

A Charge in motion Produces EF and MF

° Graphical representation of EF(E ) and MF(B,) associated with EMW

Y
—
@/ )
L ., Z
1B EMW Propogation constant
X K= (E,xB,),
Ho
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° Mathematical representation of EF and MF associated with EMW
B, =B, sin (Kz-wr)
Ey =E, sin(Kz-wr)

B,=B, sin 2rv(%/ — )
. Z .
E =E sin2xvy P | Where ¢ velocity of EMW

E, B,-amplitude of 5 and p

2T
K= N Propagation constant or wave number. Gives the direction of propagation of EM

wave.

Expressions for velocity of EMV

1 o E
—ox  C= C=—_ C=—"
C 9 I"LOSO 9 K’ BO

° What is the phase angle b/w E and B in EM W zero. Because EF and MF reach their max value

and min value at the same time.

° What is the orientation of EMW, It is mutually perpendicular EF and MF

Important observations of electromagnetic waves
I. James clerk Maxwell’s predictions -
1) EM waves propagate in the form of EF and MF, such that both the fields are perpendicular
to each other and perpendicular to the direction of propagation of wave.
1
2)  Velocity of em wave in free spaceis C= e

h, - permiability of free space € = permitivity of free space
3) There is a definite ratio between E and B, is C = %

4) E and E at each point of oscilllate in the same phase (Phase angle between E and B is zero)

5) Accelerated electric charge (oscillating electrirc dipole) is the source of em wave.

6) Ancelectric charge oscillate with a frequency produces em waves of the same frequency.

I In 1888 Hertz demonstrated the production of em wave using accelerating electric charge with

help of "Spark gap oscillator"
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I In1895J C Bose succeded in producing electromagnetic wave of much smaller wave length
(5mm - 25mm) called microwaves

IV In 1896 Macroni discovered that electromagnetic wave can radiate up to several kilometers.

Properties of EM waves
1) Combination of EF and MF
2)  Propagates with the speed of 3x10® nv/s in free space
3) Shows Transverse wave nature
4) No Material medium for its propagation
5) No deflection in EF and MF
6) Wavelength is less hence frequency will be greater

7) It carries momentum as well as energy

° Shows that EM waves carry momentum as well as energy

U=mc? where c velocity of EM wave

U=mc ¢
U=pc
U
Momentum P =—
C
° When sun rays fall on our hand you do not feel pressure. Due to small momentum. Average force
AP U
F= AL But AP = C if Cis large, momentum A p is small.

Hence F is small

F.o._. :
Pressure exerted AP = I if Fis small, A p is small

° Light with an energy flux (Intensity) 18w/cn? fall on a perfectly non reflecting surface at normal
incidence. If the surface ofarea in 20cn?’, Find the average force exerted on the surface in 3

minutes.

AP U
Average force F' = —, But AP = © Where U =4t

= 18 x10*x 20 x10*x3x60 = 6.48x10*J
6.48x10*

AP:—8:2.16><10_4kgm/s
3x10
2.16x107*
F=22" _12410°N
3x60
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U
Note : Energy flux is the energy incident per unit area per unit time, ® = —— . It unit is w/m?

At
What is radiation Pressure - Pressure exerted by em wave-)
Which factor is used for distinguishing em wave - jsutify.
Frequency It remains un changed
Total energy density of em wave
Energy density of EF = %EOEZ
Energy density of MF = 5 5°

24,

1 1
Total energy density of EM wave U = 5 E* + o B*
0
Electro magnetic spectrum

Arrangments of em waves according to their wave length or frequency

102 1010 108 107 10 103 106
~rays Xrays uv VL IR MW RW

— wave length (\ ) in metre.

Radiations

Definition : EM wave of wave length ~ 102 m

Origin - Nuclear reactions

Uses - Study structure of nuclei, Medical Applications

Used to produce nuclear changes - - radiation are high energy radiations.

X-rays
Definition : EM waves of wavelength ~10"°m
Origin : When high speed electrons are stopped by a target(x-ray tube by Roentgen)
Uses : Study structure of atoms molecules and crystals, medical application.
UV rays
Definition : EM wave of wave length of ~10®m
Source : Sun, Outer Electrons in atoms
Uses Medical Application, Increase the resolving Power of micro scope, develops

vitamin D in human body. Water purification

° Importance of ozone layer in the earth’s atmosphere - uv radiation emitted form the sun are

harmful to all living organisms. Ozone layer protect us from the harmful effect of these radiations.
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° Why uv radiations used In LASIK ( eyesurgery) - due to short wavelength it can be focussed in
to anarrow beam.
° Use of goggles (face mask used by welders) and glass window, uv radiations are absorbed.
IR waves
Definition : EM waves of wavelength ~10*m
Source : Hot object, sun
(Vibrations of atoms, molecules)
Uses Distant photography - IR radiations are not absorbed by air or mist or fog.
Medical application, Secret Signalling ( Remote control in TV)
° IR radiations are Heat radiations, - Materials absorbs these radiations and gets heated up.
° Glass i1s opaque to these radiations.
° What are the two invisible radiations present in sun light - How they are detected.

IR and UV : Presence of IR from their heating effect, UV can change photographic plate.

What is Green House effect

The clouds, CO,, O,, N, and other gas molecules present inthe lower atmophere of the earth
reflects IR radiations back and keep the earth’s surface warm at night,

(Note : Earth’s atmosphere - Gases envelope around the earth)

We feel warm on cloudy day -

If theatmosphere contains more clouds then due to green house effect a large amount of IR
radiations will be reflected back to the earth.

If the earth did not have an atmosphere would it average temperature (15°C) be higher or
lower. Ifthere is no atmosphere it can’t retain the IR radiations.

What is Nuclear Winter : Ifa global nuclear war takes place the dust particles and nuclear waste
may form clouds covering major part of the sky. This prevents solar energy from reaching the

earth. Thus the earth became cooler.

Mircro waves

Definition : EM wave of wavelength ~10°m
Source : Electron oscillating in a cavity (device Magnetron Value )

Uses : Radar, Telecommunication, Telecast
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° Why microwaves are used for signal Transmission -Due to smal wavelength. They can sent in to
a particular direction because of they are not diffracted by obstacles.

° It is necessary to use satellites for long distance TV transmission. Mircrowaves are used for long
distnace TV transmission. Micro waves are not reflected by the lonosphere (Highest atmo-

sphere ofthe earth) Hence satellites are used to reflect those waves.

Explain the principle of Microwave oven
The frequency of the mircrowave is selected in match with the resonant frequency of water
molecules. So that energy from the waves is transferred to the KE of the molecules. This raises

the temperature of any food cantaining water

Radio Waves
Definition : EM waves of wavelength ~10°m
Source :Accelerated motion of charge in conducting wire (Oscillator a Tank Circuit)
Uses : Radio, TV, Cellular Phone

° Optical and Radio Telescope are built on the ground but x ray astronomy is possible only from
satellite - The earth’s atmosphere is transparent to visible light and radio waves, But x- rays are
absorbed. Therefore x- ray astronomy is not possible on the ground. Since satellites are at high

altitude above the atmosphere x - ray astronomy is possible from satellite.

What are the frequency range of Radio waves

AM M VHF UHF
; v EE R o A v |
S00KHz 100 MHz 2000MHz  300MHz 500 1000MHz
AM - Amplitude Modulation, 530Khz-1710Khz. For short distance Broad casting
Sw - 1710Khz 54Mhz long distance Broad casting
FM - Frequency modulated 88Mhz 108Mhz (FM radio)
UHF -  Cellular Phones 500Mhz - 1000Mhz

° Radio waves diffract around a building while light waves are not
For a wave to suffer diffraction the wave length should be ofthe order of the size of the obstacle.
Wave length of Radio wave 1s of the order of'size of the building but that of light wave is small
compared with the size of the obstacle.

Aok ok
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Chapter 8

OPTICS AND OPTICAL INSTRUMENTS

Optics deals origin, motion and detection oflight. It is classified in to three.

1)  Ray optics (Geometrical optics) : Deals light as ray- stream of corpuscles (Tiny, weightless

elastic particles emitted by luminous body) moving along a straight line
2)  Wave Optics ( Physical Optics) : Deals light as wave

3)  Photon optics : Deals light as waves with discreate Photon

What is the nature light?
Maxwell and Hertz realised that light is em wave
Important Phenomenon of light

Reflection : The process of rebouncing beam of light form a Polished surface

(Note: Beam of light - Combination of light rays) R N RR
Werite laws of reflection
1) IR and RR and Normal (N) to the point ifr

of incidence all lie in the same plane.

2)  Angle ofincidence (i) is equal to Angle ofreflection (r) IR - Incident Ray

Spherical Mirrors : RR - Reflected Ray

(1  Concave : Reflecting side bend inward
() Convex : Reflecting side band outward.

Show that Principal focus is the mid point of radius of curvature

B < B
BD L <

From A BDC,Tan 6 = —

DC 20 \Q\{ -

V 7 C
F BDF, Tan26 _Bb ° !
rom A ,Tan20 = 0

For small aparture of the mirror D is very close to V

Tan 6 = BD Note: Aparture AB, E[E
VC is small compared with
A
A]

aparture A'B
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BD

Tan26 = VE
If 6 is small,
(VF=f; focal length
20 - Ve - R VC =R, Radius of curvature)
6 VF f
=R
2

° Difference between real and virtual images.
Red image - Formed on a screen, inverted
Virtual image - Can not formed on a screen, errect.

° Virtual images can not formed on a screen but can be seen - virtual image formed acts as virtual

object to the eye lens which produces real image on the retina.
° Nature of image formed by a plane mirror - virtual, errect, same size, laterally mverted and u=v
. Focus of a plane mirror in at infinity- Justify
Reflected rays do not converge
° Why convex mirror is used as rear view mirror in automobiles-wider field of view.
° OBJECTS IN THE MIRROR ARE CLOSER THAN THEY APPEAR'
This 1s written on rear view mirror - Justify
It can not give exact distance of approaching vehicle

(For a convex mirror if object is placed at any where infront of the mirror the image is formed in

between the mirror and Principle focus)

° Derrive Mirror Equation

OB - Object, IM Image

Az B
AB, BV - Incedent rays, :
VO =-u object distance V 4 I
D " Co
VI=-v image distance M

VF=-f focal length.
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Sign Conventions
[Note I : All the distances are measured from V (vertex of mirror - mid point of mirror)
(1) distance against IR is -ve
(i) distance along IR is +ve
II  All heights are measured from the Principal axis
(1) Height upward is +ve

(i) Height down ward is -ve |

AIMF NAADF,M = 1F (AD=0B
AD  DF DF = VF for small aperture)
IM IF -V 4+ f .
OB VF —-f T M
AIMV ~AOBV, M _OV_-v (2)
OB v —u
) —v+f —v
From equation, (1) and (2), —— F = -~

x and by %, \%—1:%
% - % = % (Note : Lesser the diameter lesser the aperture)
I N
Lo

Note: Put f:%, %—F%:%

Y
. . is aperture
Linear Magnification Xy sap
Height of Image  —h' _ Image Distance _ v

m = ; B = or - -
Height of Object h

Object Distace —u
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Relation between m, u and f Relation between m, vand f
1 1 1 1 1 1
—t—== —t—=
u v f u v f

Multiplying by v

Multiplying by u v v

—+1=—
u u u
I+—=—
v vV Vv
Y
—u_. u u f
\Y f - _V_—f
L_f—u f
m f Foy
m=——
f f
m—=
f—u

° What do you meant by conjugate focus of concave mirror?

The positions of the object and real image formed by a concave mirror are interchangeable. Pairs

of such points on the principal axis are conjugate foci.
° What is Spherical abbreration - Inability of a concave mirror to converge all parallel rays to a

single point (Defect of concave mirror)
° Methods to reduce spherical abberation
Use small aperture concave mirror.
(Use Parabolic concave mirror)
° Will focal length of a mirror changes ifit is placed in water?
No Focal length of a mirror is independent of the medium.

° What is the minimum distance between the object - and it is real image formed by a concave

mirror - Explain.

0 (Since u=-R, Radius of curvature)

1 1 1
_:_+_
f u v
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1_22. 1 Genee—R
v R g (Usingf=—)
1_-1
v R

v=-R (For real image V is -ve)

Show that the image formed by a convex mirror is virtual errect and dimished.

I 1 1
—+—=—, for convex mirror u is -ve, fis +ve.
u v f
1 1 1
v f u

Hence v is the +ve - image 1s formed behind the mirror (virtual)

f
f+u

Put sign convention, m= <1, diminished. (uis -ve)

mis +ve errect image.

ST for a plane mirror, u=v

I 1 1

f u v

By sign convention, u is -ve, v is +ve

For a plane mirror, f= Qt, FZO
1
=—_—+t—, uEw
-u v

A ray of light incident normally on a plane mirror it retraces its path. For normal incidence on a
plane mirror, angle of incidence =0, Hence angle of reflection must be zero. It is possible only

when the ray retraces its path.

Can you Photograph virtual image. Yes Virtual image acts as virtual object to the lens of camera.

Which produces real image on the Photographic plate
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Assignments : N

N
Show that f R i A \\l?/
[ Ow tha —_ USIIlg convex mrror
2 m

° Derrive mirror equation using convex mirror

B A m
7 7

Spherical Abberation
/g / < Note : Marginal ray - Ray far from Principal axis
/\ W\ (/ Parax‘u.ll Ray - Ray close 'to Principal axis ray.
\/ —== = Innability ofa concave mirror to converge all the
\/( \ < parallel lays to a single point. This defect can be minimised by
\ N < using stops which cut off marginal rays. Stops - Diaphrem with
small opening.

Uses of Spherical Mirror
Concave Mirror
1) Shaving Mirror
2) Used in search light, Automobile head light
3) Concave shade
4) Reflecting Telescope
Convex Mirror
1) Rear view mirror in Automobiles

2) As the shades in street light. In order to spread light in large areas.

° Assignments : Image formed by spherical mirror. Draw the diagrams.

I Concave Mirror

a) Object at infinity
b) Object beyond C
c) Object at C

d) Object in between C and F

e) Object at F

f) Object in between F and V

II Convex Mirror

(a) Object at Infinity
(b) Object in between V and infinite distance
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If a and b are the distances of the object and the real image from the focus ofa concave
mirror of focal length f. Show that f = \/ab

u=-(f+a)
v =-(f+b)
For concave mirror,

1 1 1

= +
f —(f+a) —(f+Db)

I —f-b—f-a

f  (f+a)f+b)
-f-fb-af-ab=-f-fb-f-fa
f*=ab
f=./ab, Newtons formula

Refraction

What is refraction? - What is the reason?

Bending of light at the surface of seperation of two media. It is because of differance in optical
density between the media.

Differance between optical density and mass density

Optical density - Opposition offered by a medium to the propagation of light
Mass density - Mass per unit volume, called density.

Define angle of deviation (d) - Angle b/w the incident ray and refracted ray

Snell's Law of Refraction -

Refractive index of medium 2 with respect to medium 1

sin i i angle of incident, r angle of refraction

n =3 1 (air)
2 osin r

2 (glass)

n,
n, = n,

C
Refractive index of a medium with respect to air 1 = v
c - velocity of light in air RR - Refracted Ray

v - velocity of light in glass

V=2
n

Va greater the refractive index smaller is the velocity of light.
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Eg: for glassn=1.5 and for water n=1.3

VvV <V

glass water

Refractive indices of water and glass are 4/3 and 3/2 respectively. A light ray travelling in wateris

incident on water glass interface at 30°,
What is, 1) n
gw

2) Angle of refraction at water - glass interface.

3
M9
R T
sin 1, 9
: =n =—
sinr, = §
sin r2=§ Sin 30
i 8
sinr, = §><0-5
r,=sin' (0.44)
n
Show that, n2]=n]
AR
1/12]: V2
v e 1
mT ¢y, Tn 7
n
n,= n

Refractive index decreases with temperature

n 7
Show thatn = —
W n

wa

air zl
sin i sin 1 sin 1, f -
n =— , n =", , . =— T > ar
wa  SIn I aw sin 1, ag sin 1 Z

) ) ! glass
since as the interfaces are parallel water

angle of incidence = angle of emergence (1)
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sin i sin 1 sin 1,

.n .n = .- . - L.
wa  gw ag Sin 1‘1 sin r2 sSin 1

1
1 n n
n xn = —— a:_g:n

wa aw ga

° When light travels from one medium to other its speed, wavelenght and intensity changes, while

frequency remains same.

N, _Vi_ W

n=-_ - =
2N, vV, VN, A\,

S NoavVa ln, relation between )\, vand n.

e  Explain refraction through a glass slab

ABC - Glass Prism A
AB, AC, Refracting sides,
BC- Base of the Prism

/ A Refracting angle of the Prism -

Angle between the refracting sides p

PQ - Incident Ray, QR - Refracted ray, RS - Emergent ray
1, r - angle of incidence and angle of refraction at the interface AB
1, r' - angle of incident and angle of emergence at the interface AC
d - angle between incident ray and emergent ray or refracted ray, called angle of deviation
In the quadrilateral AQMR, / A+Z QNR=180°
From AQNR, /r+/ r'+/ZQNR=180°
Hence, /A=/t1+/1" = —=mmmmmm- (D)

From AQMR,

d= ZMQR + ZMRQ

d=(@G-r)+(@{-1")

d=@G+1)+(r+r)
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d= (i+i)-(r+1)
d=i+i-A 2)

Says, a) Angle of deviation depends on angle of incidence.

b) Astheangle of incidence increases angle of deviation decreases at first then reaches a mini
mum value then increses.

c) Foranangle of deviation, angle of incidence has two values (iand 1')
d) For aparticular angle of incidence, angle of deviation is to be minimum
The minimum value of angle of deviation is Angle of minimum deviation (D).

When the Prism is at the minimum deviation position the ray passes symetrically through the
Prism. Incident ray, emergent ray are symmtrical with respect to the refracting sides (i=1) and Refracted
Ray inside the prism is parallel (r=r) to the base of the Prism - Symmetrical Condition

1.e. At the minimum deviation Position d=D, wheni=1 and r =1'

Fromeg. (1), A=2r, D=2i-A
. A+D
r=A/2 i=—7
2
sin 1
By Snell's law, Refractive index of the material (glass) Prism, n= sin 1
Sin A+D
2
n Sin A
2

i-d curve - A graph between angle of incidence and angle of deviation of glass Prism.

° As the angle of incidence increases angle of
deviation decreases and reaches a minimum
value and then increses.

° For any angle of deviation, angle of incidece has
two values.

° For aparticular angle of incidence (i=1') the

deviation is found to be minimum called angle

of minimum deviation (D)

° A glass prism s placed in water in stead of air, what happens to the angle of minimum

deviation.
Sin 7A +D
2 n
Inair, n = A = —=
> e Sin 5 n,
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60+D
2 _
Sin30 1

Sin
- D=37°

Sin304+D ng 155
Sin30  nw  1.33°
e  Explain refraction at a spherical surface

In glass, n, = . D=10° decreases

N\X

air (n,)

XPY - spherical refractoring surface made of glass of refractive index of n, .iAngle of incidence.
r - angle of refraction, O - object, I - real image, C - Centre of curvature, OP — "u - Object distance
PI— V - image distance, DC — R - Radius of curvature.

From A OAC, i=g+a

From AAIC, A= -3

IfA isveryclosetoP, i, 9, \, o, 3 are small.

. Note :
1 n,
From Snells Law, —~ — AM
| rn From AOMA, Tan0 ===
1’1]1 = n2r
n, (g+a)=n,(a-8) - _AM
10Ta o If @ is small, 6 = O (For small aperature OM=OP)
ngtn oa=nao-nf
AM
AM AM AM AM 0=—1r
Ty TR TR Ry
o AM
Multvolving by —— i 2 Mo —n | Simiarly, fom AAMI & ==p=
. . AM
Spherical Interface equation From AAM[ B = v

Note : If the object is in glass and the ray is refracted to air, n, and n, are interchanged.

n n

—u v R

n, —n,
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When white light enters in to a glass slab it splits in to different clours. But it comes out of the

slabs they combine to form white light. Why?

Equal and opposite refraction at two surfaces.

Actual depth
’ Apparent depth :ndensermedium

Prove the ratio

O - Object under water
OE - Observers eye

I- Image

t - actual depth

t' - Apparent depth

By Snell's law and Principle of Reversibility

sinr

n _=—
wa o sinc

.. AB
From A OAB,sini= ——

OB
F IAB, si AB
rom A , sinr=
Hence, = oo I
ONCE, N\ = Tr7 (1)

When the observer at A, 1and r are small. OB~ OAand IB ~ TA

OA t _ , 1
0= Th = o Apparent swift of the object d=t-t' = t(l-n_)

Two letters Aand B are written, A with red ink and B with Blue Ink, A glass slab is kept on this
if viewed from above which letter will appear to be raised more Justify.

Letter B It has lower apparent depth

Actual depth
Apparent depth =
n
Apparent depth ] ~ Butn %\
As< A R (M i

Hence apparent depth of B is small.
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° Define critical angle of medium.
The angle of incidence in denser medium for which the angle of refraction in the rarer medium
is 90°.

° Relation between critical angle and refractive index of medium
air

' _ sinc 90°  (rarer)
By Snell's law, n, sin 90 I—l S,
o glass
_ ! (denser)
%= sin ¢

° Define total internal reflection - write its conditions. The phenomenon by which the angle of
incidence in the denser medium is greater than the critical angle of the medium the ray of light

reflected totally in to the medium. air

1))  Light should travel from denser medium to (rarer)
rarer medium |

. . . . . . Water

i) Angle ofincidence in the denser medium is greater e (denser)
than its critical angle.

° Absolute refracive index of glass is 3/2 and water 4/3. Find the critical angle at glass water
nterface.

n, %

2 9
"4, %

1
At the critical angle,n_= -
e sin ¢
, 8
sinc=—
9

oo (34

Write the application of total internal refraction

1) Totalreflecting Prisms

2)  Brilliance of Diamond

3) Mirage

4) Optical Fibre Cable (OFC) - It consists of very long and fine quality glass or Quartz fibres
of Refractive Index (1.7) called Core. It is coated with a material of low refractive index 1.5

called cladding.
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Different uses of total reflecting Prisms
Total reflecting prism -
Right angled glass prism of critical angle 42°

N 459

45°
\%

\4

%

Turned ray of light in to 90°

N\/\/N
N N\
/ /\/\ 7

Ray oflight passes without bending

N

N

Turned ray of light in to 180°

° Find the range of angle of incidence with the axis of OFC. So that Total Internal Reflection takes

place.
¢ - critical angle at the core - cladding interface

1 _n 17 A
sinc n, 1.5 Se7c /\ /
4

Claddingn =1.5

- ¢=59, butctr=90, r=31

sini _ n,  sini 1.7 ,
a—n_air,le. in31 ZT,HenceF6O
Then all incident rays of angles in the range

0<i<60 will suffer total internal reflection in the OFC (Light Pipe)

Ifthere is no cladding (air is cladding)

1
'—ainl( — ) = 0
c'=sin (1.7) 37
c+r =90, Hence r=53%¢'

_ sini u 90
sinr sins3 T 1 T
Thus all incident rays angles in the range 53<c'<90 will suffer total internal reflection.

sini1 _ 1’12
b
nair
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Explain refraction through a lens : A
n, (air)

1. Lens Makers formula

ABCDA: Thin lens, made of glass(n,), placed in air (n)
O - object, BC =R, DC =R, BI =v' and DI.=v
a)  Spherical surface ABC forms the image at I, (Object is in air and ray of light refracted to glass)

By spherical interface eqation,

n, n, n, —n,
i —‘,— — = . emeee——————— 1

—u V' R ( )

b)  Spherical surface of ADC forms the final image at [,

(Virtual object is in glass and ray of light refracted to air)

n, n, n,—n,
e — =T T e ——— 2
V' v I{2 ( )
(DH+@®),
n, N L . .
_—114r7=n2-n](R R ) - (3) (since the lens within BI =DI )

n, 1 1
—=n.,—n,(———
f : ‘(R, Rz)
I (n,—n 1 1
—=——"(———)
f , R, R,
1 11
(. —D(———
; (n,, )(R R )

1 1 1

(=1 (— — —

f ( X R, R, )
After sign convention,

1 1 1
DR
! 2 Note :
For Convex lens f +ve, R, +ve, R, -ve

where L Th,=n For Concave lens f -ve, R, -ve,R, +ve
1

=
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I Derive the equation for Law of Distances

n, n, L_L
T ) (1)
L, () (2)

1’ll 1’ll 1’ll
Bl WP
-u Vv f
1 1 1
_+_:_

-u v

IIT  Write the expression for refractive index of the material (glass)lens

(For both convex and concave lens)
1 1 1
f ( X R, R, )

_ RIRZ
f(R, +R;)

RIRZ
=R, +R,)

IV Write the expression for the Power of Lens

Power oflens : Ability to converge or diverge beams of light.

It is the reciprocal of focal length expressed in metre p= F

1 1 1
== (n— 1)(R_] — R_z) For convex lens, P is+ve

1 1
R - R, ) For concave lens, P is -ve

- p=(n—=I)X
° What is the unit of Power of lens

Dioptre (D)

1D is the power of a lens of focal lenght 1 m
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° Difference between power and magnification ofa lens.

1
P= E 1t is constant

m=Y/ itisnota constant
° What happens whena convex lens is placed in water (n=1.33) and carbon di sulphide n =1.65)

and in glass (n,=1.55)

om0
G 1)(R, Rz)

1 n, 1 1
In arr, f (na )(R] Rz)
1.55 1 1 1 1
= __1 - = e —
(1 )(R, Rz) O'SS(R, Rz)
1 n, 1 1
— (D) (— ——
In water, £ (nw )(R] Rz)
1.55 1 1 1 1
= __1 ___: -
(3 MR r)=071G )Y
1
%a ~ 055
= % ~0.17 » f£=3.2f (f is+ve)acts as converging lens.
£, ’
1 0, 1 1 1.55 1 1
i ide —=——-1D)(————)=(—=-D(———
In Carbon di sulphide, o (nC )(R] Rz) (1.65 )(R, Rz)
1 1 1
L 00665
o 0.06 R, R,
|
%a 055
/
A 0.06
£f=-9.21 actsasdiverging lens. (f is -ve)
1
Ifnz—n],gz

f = o¢, lens acts as plane glass.

91



° Compare power ofa convex lens in air and water.

n, 1 1. 155 1 1 11
() (— ) (2 D) (———) g 55 (———
P (rll )(Rl Rz) (1 )(R, Rz) 0.55 (R, Rz)
n, 1 1. 15 1 1 11
(D) (———) . (22 (———) = -
PG TR TR =0T R TR 0T R TR
£, _055 .,
P,017

P >P

° Power of sun glasses (cooling) is zero though they have curved surface. Justify
Both the surfaces of sun glasses have the same radius (small thickness)
ie,R=R=R

1

< P=(n-1) (%

1
—)
RZ
=0, so sun glass acts plane glass.

° What are the advantages of lens combination.
1) To increase the magnification
2) To make the final image errect

3) To reduce certain defect of image

Note : Magnification says how much image size is smaller or larger than that of object , m=——

OB

° Explain lens combination L

L, and L, - the two thinlenses of

focal lengths f and f, respectively.

O - Object, L - Effective lens, 0 ] P I

P - Pole, OP =u, PI -V', PL =V. |
By Law of distances,

1 + 1 - 1 (1) for lens L u - object distance

u v' f ! V' - distance of image I,

v - distance of image [,
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L — (2) for lens L,
2

(-ve sign show image formed by L, acts as virtual object to L)

(1) +(2),
1 1 1 1
JyTr Ty e (3)

Ifthe combination is replaced by a single lens (L) of focal length F

— 4 —=— (4)
from (3) and (4),

1
=T T7 Effective focal lenght decreases

° What is the (1) effective focal length , (2) Effective power, (3) Effective magnification

If n - number of identical convex lens of focal length f, power p and magnification m are

combined.
f
F=—, P=np, M=m"
n

° What is the effective power of two lenses of focal length f, and f are combined.

I 1

. o _—4—
SlnceF £f

2

p =p,*p, , power increases.

° What is the effective magnification of two lenses of magnificatio m, and m, are combined.

m=m].m2

° Convex lens of focal length f, and concave lens of focal length f, are combined what will be

the nature of the combination of (1) f<f, (2) f>f, (3)f=f

1

1
=F T ¢ (for concave lens fis -ve)
)

1
F
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Iff <f, Fis+ve, combinationis Converging (convex)
Iff>f, Fis -ve, combinationis Diverging (concave)

Iff =f, F=0, combination is Plane glass.

Convex lens (n=1.5) is in contact with a liquid layer on the top of a plane mirror.(Called liquid
lens arrangement) A small needle with its tip on the principal axis is moved along to the axis until
its mverted image is formed at the position of the needle. The distance of the needle from the lens
is 45cm. The liquid is removed and the experiment is repeated the new distance is 30cm, What

is the refractive index of'the liquid.

Note: Ist measurement gives focal length of image needle

combination (convex lens and plano concavo (object)
liquid lens) by place mirror method.

[Ind Measurement gives focal length of the

liquid
convex lens by Plane mirror method. = — /(water)
F=45 cm, f =30 cm, [ 1
liquid
1 1 1 !
5730 + E’ f=-30 cm (-ve sign shows liquid lens in concave)
To find radius of curvature of concave liquid lens (equal to that of convex lens)
1 n, 1 1
— e (2D (———
p G R R [\
] |
115 11 ' ) '
(Y (—— — R R
w0 RTR ’ v ‘
1o 0.55x% 2
30 R o me gy L
R=33cm -90 'n, -33
n, 33
For plano concave liquid lens, n, 90 +1
R =-33cm \ D _ n
:R } 1’1] liquid, air
R2 - X ] J R2 n liquid, air: 136
kekosk
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Chapter 9

WAVE OPTICS

° Who proposed wave theory of light - Christian Hygens

° What is wave theory - A luminous body is a source of disturbance and the distarbance is

propagated in the form of wave and energy in disributed in all directons
° Difference between wave front and Ray -

Wave front is a surface in which particles of the medium vibrate in the same Phase (same

amplitude) and are displaced at the same time

Any line Perpendicular to the wave front is a ray along which energy Propagates.

What are Different wave fronts

v

I Plane wave front - The surface perpendicular to the parallel Rays.

Produced by a far distant source.

\ 4

I Spherical wave fronts - Produced by point source.

a) Converging wave fronts. The surfaces

perpendicular to the converging rays M
M b) Diverging wave fronts -
M The surface perpendicular

to the divering rays.

4

° Write Hygens Principle of wave front
1) Light is propagated in to the form of wave
2) Eachportion ofa wave front move perpendicular to it self and at the speed of light.

3) Inamedium set of straight lines which are perpendicular to the wave fronts are called rays
of light along which energy propagates.

4) Everypoint on a wave front can be regarded as the origin of secondary wave front
° How to construct a wave front if the position of earlier wave front is known.

Consider a number of points on the given wave front, Draw number of spheres of radius ct, with
these points as centres. Draw envelop to all these spheres. The envelop will give wave front after the

time t. (c- velocity of light)
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Plane wave
front

|— new wave
front

given wave front

Explain Law of Reflection on the basis of wave theory
F - Incidenting wave front
F'- Reflected wave front
Po - incident Ray,

0Q - Reflected ray

1- angle of incidence,

r - angle of reflection

Total time taken by F to move to F' along the

new wave
— front

| 5, spherical
wavefront

/

. /
given

wavefront

P
ray POQis, t= ~ +T where 'v' velocity of light in the medium

From the figure PO=OA Sini, OQ=OBSinr=(AB-OA) Sinr

3 OA Sini+AB Sin r_OA Sinr

\% \% \%

t

_ ABSinr n OA(Sin i—Sin 1)
v v

t

This time should be same for all rays, The condition for this is
(Sin1—Sinr)=0
Li= /1

Explain law of refraction on the basis of wave theory
F - incidenting wave front
F'- Refracted wave fornt

PO - Incident Ray
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OQ - Refracted Ray Medum I

: L )
1 - angle of incidence,
r - angle of refraction

Total time taken by F to move'

F'along the ray POQ is
gtheray POQ Medium 1
PO O \
PO, 0Q v)
Vl V2
where v, velocity of light in the 1st medium, V_-

Velocity of light in the IT medium

OA Sin i  (AB—OA)Sin r

Vi Vi

t

AB Sin r+OA(Sin i_Sin r
VZ Vl V2

This time should be the same for all the rays. The condition for this

Sini Sinr

n 21 Snells Law ofrefraction.

Explain coherent light sources - write the examples.

Two light sources which emit light waves having same Frequency, Amplitude and Zero / Constant

phase differance.

Eg : Youngs double slit - Light coming from two parallel and close slits on an opaque screen

illuminated by a narrow slit which is brightened by a light source.

Lloyd's Mirror : Alight source and its mirror image

What is interference - The effect produced in a region of space by the superposition of two or

more identical waves.

These are two types,
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Constructive interferance - The resultant displacement (Amplitude) of two identical waves after
Super position is maximum.

A - Amplitude of electric field vector of each wave,

Resultant Displacement =A+A

Intensity I =(2A)

Note:- Electric field vector is used to represent monochromatic (single frequency) light.

Destructive Interference - The resultant displacement (Amplitude) of two identical waves after

super position is zero(min). Resultant displacement =A-A -, Intensity =0
° What is the interference pattern - Alternative maximum intensity and minimum intensity.
° What is sustained interference write the condition for it.

The interference pattern in which the positions of maximum and minimum intensities do not change

with time.
Conditions:
1) The sources oflight must be coherant

2) The sources must be narrow and close to each other

3) Theyshould emit light continously

4) The Screen must be comparately at large distance from the coherant sources.

° Write the conditions for constructive interference and disctructive interference
For constructive interferance
Phase differance between two waves, g =2nx,wheren=0,1,2,3, .......
Path differance between two waves, §=n)\ wheren=0, 1, 2, 3.....
For destructive interferance,

Phase difference, §=(2n+1)x wheren=0,1,2,3, .......

Path difference, §=(2n+1) % /\ m

[§ — _J
° Relation between Path differance and Phase differance i —n
k_/"H
Phase differance, g =2 &+ = \ = §, Path difference 6=\
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For unit wavelength, phase differance § = 2%

For Path differance § , Phase differance 0 = 2, \ X

Draw variation of intensity (1) of light due to double slit.

Intensity of light due to double slit is in between 0 (min) and 4 times (max) the contribution of
single slit R

max = max

A - Amplitude of light wave

from each slit

|
Bl
Intensity oflight due to : B
<
J— J— —
doubleslit: [ xc A2+ A? RN
| min [S)
— 2
=2A % T %

For costructive interferance

the resultatnt amplitude = A+A

Intensity of light due to constructive interferance, [ oc (2A%) =4A?
For destructive interferance the resultant amplitude =A- A

Intensity of light due to destructive interfarance =0

A’+0
Hence average intensity of light after interfarance = — - 2A?

So interferance is the redistribution of energy keeping total energy is constant

1.e. energy is conserved.

Relation between the width of a slit (w) and intensity of light
I x W

The amplitude of lihgt waves from two slits are in the ratio 2:1.
What is the ratio of their width?

[L=A%A?=W W,

SW W =411
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Write the expression for path differance and

band width of interfarance
S .S, - doublesslit, S -narow slit arranged
on the perpendicular bisector of S S,

S,S.=d, distance between the slits, OO'= S

screen

DB
IIBB

OB
1BB
D6
central
O bright

D - Distance of'the screen from the double slit

P - apoint on the screen OP =x

Pathdifferance between two rays proceeding

band

1DB
1BB
1IDB
IIBB

from S, and S, onarrving at the poit P is

§=SP-SP=SN

. S,N
from A S\NS, Sing=—"—

d
om AOOP S0~ 55755 " p (*.'x is very small)
S,N x
d D
) xd
Path difference 6 = —
D
xd

For constructive interfarance , & = D =n ) wheren=0,1,2,3,...

DB

when n=0, §=0,AllraysfromS and S joined together at O' formed central bright band.

x,d D i . i
when n=1, F = X T , distance of First Bright Band from central
bright band.
X,d D
when n=2, D =21 _'_XZZT, Distance of 2nd BB from central BB.

X.d 3\
When n=3, ? =3\ Xy = T, Distance of 3" BB from central BB.

AD
Distance between two adjacent Bright Bands. 3 = X, — X, = e called Bandwidth

N
For distructive interference, § =(2n+1) 5 wheren=0,1,2,3, ...

100



xd X 1 D o
when n=0, F: 2 X T T’ distance of 1st DB from CBB (lies in between CBB
and IBB)

_ de _ 3 _ 3 >\D .

when n =1, D /2 A SX= T’ Distance of 2nd DB from CBB.
(lies in between IBB and 1IBB)

_ X3d _ 5 _ 5 >\D .

when n = 2, F—é A SX= ) T’ Distance of 3rd DB from CBB.

(lies in between I1BB and I1IBB)

Distance between two adjacent dark Bands called Band width (fringe width)

AD
PEX X T

Calculate width of CBB - it 1s the distance between I** DB on either side of CBB
AD AD XD
— /A A
=g T
When we immerse the Youngs double slit apparatus (Demonstration of interference of light) in a
liguid of refractive index n -
What will be the fringe width?

) D
Inair, 3 =4

A\'D
Inaliquid, 3 =—— (only wavelength changes)

d
A ¢ n N Vv, n,
But, N7~ n, (using N, v, 1 )
N
N\'=—,sincen_=1
n air
XD _,
'=——_ D =—,decreases,
nd n

In young's double slit experiment slits are 0.2mm apart and screen is 1.5m away. It is observed

that the distance between CBB and fourth bright Band is 1.8cm. Calculate the wave length of light

used.

43 =1.8x10"2m
AD/ _ -
4 A_l.8x10 m

- 1.8x10°x0.2x107
4x1.5

=0.6x10 °m
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I

What is difraction oflight - The phenomenon of bending of light around an opaque obstacle.
Who explained difraction of light.
Fresnal explained difraction on the basis of wave theory.

Explain difraction oflight at narrow slit
AB - narrow slit of width a, g - angle of diffraction, P - a point on the screen at

. . o [ISM
a distance x from o. Path differance between the rays P
coming from top and bottom of * I[min
the slit on arrving at the point P is A * ISM
§ =BP-AP=BN=a sing — Imin
xa
= - 1 H
5 =a0= (@ 1s small) vl \ o0 CM
S | o Imin
Condition for difractionag=n 2, | ¢ screen| 1SM
nx * IImin
-.9=— wheren=0,1,2,3, ... B
a . - . ISM
Whenn=0, g=0. All the rays coming from AB joined together at O. vop. Simp X
A , Sinh=—
This gives max intensity at O called central maximum (CM) T ‘;N
The point P becomes dark (minima), Pathe difference, Q6 = =n\ _ !

D

nx
When ¢ = i? where n=1,2,3,.... called I, II", III™.... minima (M) are formed on either

side of'the central max.

The point P becomes less intense max (secondary max)

N
Path difference, ag=(2n+1) 5

@n+D)X
2 a’

Secondary Max (SM) are formed on eiher side central max, but in between two minima.

Then = n=1,2,3,... calledI* II™ III9.....

Draw variation of intensity of light with angle of difraction due to a narrow slit.

CM

I
I
| SM
S | SM
/R | | |
I M | | M | M| \M
35N 2 3% X 0 A 3X ax 5h .
a 2a a a a a a 2a a

a
—>Angle
Note : As n increases intensity decreases.
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Calculate the width of diffraction minimum.

X a
For nth minimum, a0 n=ﬁ =n,)

ni\D
X = PR Distance of nth minimum from central maximum.

Distance of (n+1)th minimum,  x o)

= (1)~
.. Width of minimum, x ., —x, =0

_AD
a

Calculate the width of diffraction SM

x.a (2n+1)
for nth SM =T =
ornthSM, a6 D >
(2n+1) XD ) )
X = o distance of nth SM from central maximum.

_ [2m—D+1]N\D

Distance of (n-1)th minimum, Xy~ > a

.. Width of SM, 3= X -X_

1

D
a

B

Calculate the witdth of Central Max.

It is the distance between Ist minimum on either side of central maximum

XD
.. Width of central max, 3'=2x, , where X=
D
=27— = 3

What is the condition for complete polarisation of reflected ray?
Angle between reflected ray and refracted rays is 90

State and explain Brewsters law
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Tan of angle of incidence coresponding to complete polarisation is equal to refractive index of

medium.
i,+90+r=180
r=90-1i, .
air
By Snell's law,
Sin 1, Sin 1,
a ™ Sin r ~ Sin (90—i,) .
water
Sin i, ‘
Na~ Cos 1, = Tani,

In general, n =Tani,

° What is Polarisation of light : Oscillation of Electric field vector (rep. of light) in transverseplane.
e  Unpolarised light - § and g vibrate in infinity direction.
° Can sound wave get polarised?

No.

° Angle of incidence is equal to polarising angle. (i,) Show that RRand RR'are mutually
perpendiculer. RR
~ Sini, Sini,
n=Tani,= ¢ i, Sinr

Cos ipz Sinr

Sin (90-i,) =Sinr
90-ip =r T
ip+ r= 90

Angle between RR and RR is 90.

° Which property of light reveals light in Transverse in wave nature Polarisation
° What is polar oid write examples.
A synthetic substance in which the intensity of light is reduced to half

eg: Tourmaline crystal, Nicol Prism, Sugar Solution.

104



Case

1)

2)

3)

4)

5)

Critical angle of glass is 40° calculate the Polarising angle. (Polarising Angle - Angle of incidence
at which the reflected ray of completely polarised.)

1

n=g.__
Sin ¢’

n=Tan 1P

1
L -1
ip=Tan" (g ¢ )

I
= Tan' (55, 40 )56

What is Doppler effect of light

The apparent change in frequency oflight due to relative motion of the source and observer

C—V

Apparant frequency, v '=v ( o Vo ), where 1 - actual frequency light

v, - speed of observer
v, - speed of source

¢ - velocity of light.

Source is at rest observer move towards the source
U VO .
v'=v(l +?) increases
Observer at rest source moves towards the observer
U VS .
v'=v(l +?) increases
Source is at rest, observer receds from the source
A
v'=y (= ?") decreases

Observer at rest,source receds from the observer

v
v'=p (1= ?s) decreases

Source and observer approach each other.

c+ v,

~ ) increases
-V

':
v v(c s

Aok ok
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Chapter 10

DUAL NATURE OF MATTER AND RADIATION

Introdcution

Light exhibit dual nature - wave nature and particle nature. In Phenomena like Interference,
diffrection etc wave nature is exhibited. In photo electric effect, compton effect etc particle nature is
observed. Thus light exhibit wave - particle duality.

Matter can also exhibit dual nature. Moving particle like electrons, protons etc can exhibit wave
properties.

° What is Photoelectric effect? Explain the laws of Photoelectric effect.

Photoelectric effect was discovered by Hertz in 1887. When light of suitable frequency is incident
on certain metals free electrons are emitted from the metal. This process is called photoelectric effect.
Generated electrons are called photoelectrons and current due to this is called photoelectric current.

Ordinary metal shows this effect when UV rays falls on them. But alkali metals like Potassium,
Sodium etc exhibit this effect even with visible light.

Laws of Photo electric emission

1.  Fora given metal there is a minimum frequency called threshold frequency for incident
radiation, below which there is photo electric emission, however high the intensity is

2. For agiven metal, the photoelectric current directly proportional to intensity of incident
radiation provided frequency is higher then threshold frequency

3. The KE ofthe photoelectrons depends on the frequency ofthe incident radiation.

4.  Photoelectric emission is an instantaneous process. ie there is no time lag between incident
radiation and emission of photoelectron.

5. KE ofphoto electrons almost independent of intensity.

° What is saturation current?
. What is stopping potential? Does it change with intensity of light.
Maintain the anode A at some

accelerating potential and cathode @\
Cisilluminated with light of intensity I, & ),
When the accelerating potential increases c oA

the phot electric current also

mcreases and become maximum. I

This maximum value of photoelectric current is called saturation current for that intensity. This

saturation current increases with increase in intensity.

Now apply retarding (-ve) potential to anode A with respect to C. When this retarding
potential increases, the photo current decreases and becomes zero at a particuler retarding potential
V).
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The minimum retarding potential given to anode for which photoelectric current become
zero is called stopping potential (V). Stopping potential is the same for all intensities. It doesnot
depend on intensity oflight. KE _ =eV (Max KE if phot electrons)

e Einstein’s Photo electric Equation
Einstien gave explanation to photo electric effect based on quantum theory oflight. The emission
of'electron is as a result of interaction of single photon with an eletron, in which the photon is
completely absorbed by the electron.
To remove an electron from the metal, a certain minimum energy called work function (¢ ) is
required.
. Bylaw of conservation of energy
Energy of incident photon= Work function + KE of emitted electron

ie.hy =¢+hmv?............... (1)
Yomvi=hy - ¢

When y = u 0,KEZl/szZZO
O=hy - ¢

ie. p=hy

. eqn (1) becomes

hy =hy ,+% mv?

or’amv?=h(y -y o)

This is Einstein’s Photo electric equation. Says (1) Kinetic Energy of Photo electrons depends on
frequency (u ) (2) u <u , Photo electric emission is impossible.

Note : ; == v, -
I 1,
1 , c ¢
—mv° =h(———
2 ( A A )
—mv* = hc(l - %) , Photo Electric Emission (PEE) in terms of wavelength.
N
2B
=]
i5 1
I [>1>1)
I]
\
4 >
Retarding Accelerating Potential —
Potential ,
N
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What is the effect of frequency of incident radiation on stopping potential?

For aparticular intensity of light, the stopping potential is more negative for higher frequency of

mcident radiation
Photo current
u > u 0 - I]
u .
Saturation current
1
_V03 -V02 _V]
&—— Retarding potential Accelerating potential ——>

Below is the graph showing the variation of stopping potential with freqency of incident radiation.

N
metal
A metal
B
stop potential(u ) u>u,
u >u
< T >
O u, u, 7
mcident
freq(u )
A\
Note :

If'V,, is the stopping potential
/omv:=eV

. Einstein’s Photo electric eqn
eV, =h(u-u)

he hu,
orvV = ?—

e

Comparing with y = mx-+c
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Slope of frequency (v ) - Stopping potential V graph s,

m=—_, Slope x e = h, Planks constant.

—hv,

y intercept ¢ =

v

. What will be the max. KE of photo electrons emitted from magnesium (¢ = 3.7¢V’) whenuv of

2 =1.5x 10" the is incident.
hy =6.6x103* x1.5x10°=99x10"17J
¢ =3.7eV=37x1.6x10"

SamV? =9.9x10"-3.7x1.6x10" =3.98x10" J

=25¢eV
Evaluation

. Monochrometic radiation of wave length 640.2nm from Neon lamp irradiates a phot sensitive

material made of cesium on tungsten. The stopping voltage is measured to be 0.54V. The source

is replaced by source 0f427.2nm irradiating the same photo cell. What is the new stopping

potential.

Wave Nature of matter - Matter Waves

In 1924 Louis de Brolglie proposed that moving particle of matter shows wave - like property

under suitable condition. This wave associated with moving particle is called matter wave.

De Brolglie wave length :

The wave length associated with a particle of mass ‘m’ moving with a speed v is given by

h h

A=—=— Wherehis planks constant.
p my

This wave length is called de Brolglie wave length associated with matter wave.

. De Broglie wave length of electron

Consider on electron of mass ‘m’ accelerated from rest through a pd of V volts. The KE of

electron, K=¢eV
P2
but K=Amv>~ 5

SLP= \/2mk = \/2meV

-~ De Brolglie wave length of electron

p 2meV
Substituting h, e, n, m
P 1.227 m

NG
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Define work funciton of'a metal
The minimum energy required to liberate an electron from the surface of the metal.

w=hwv, whereh=6.63x 10*]JS. v, - Threshold freqency - Frequenty ofthe incident

radiation for which electron emission just starts.

What is the unit of work function - Electron Volt (eV)

What are the methods used for supplying work function.
Thermonic emission Electric field emisson, Photo electric emission

(Supplying Heat energry) (Supplying electric field) (Incidenting Light)

Work function ofAis 1.92 eV and B is 5¢V which of them is photo emission for a radiation

wavelength 3300°A.
Note :\v, <v - the metal is photo emissive
v = 9 X 10]4g

c 3x108 N
V=X T3300x10 0 9x107HZ

A _3_1.92><1.6><10“9J
VAT T e e3x0

=5%10"“Hz, Photo emissive

B—E—5X1'6X10_]9J
v T 6310

Condition for Photo electric emission - v > v, or A < 4,

=12x10'*Hz, not photo emissive

Alkali metals are suitable for Photo electric emmission

Work function of alkali metal is small.

Which photon is more energetic Red or Violet - Justify.

Violet since KEx U, U ofviolet is greater than that of Red.

Explain Photo electric Cell : Device which converts change in intensity of Igiht into

corresponding change in electric current.

B - Evaluated Glass bulb
light
C - Emitter - A metallic plated coated
with photo sensitive material

(sodium oxide)

A - Anode (Nickel Rod)
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Photo electric cellis called "Electric Eye" - It responds to the light falling on it, like eye.

Uses of photo electric cell.
1) Used to measure intensity of light (Measures rate of flow of Photons)
2) Automatic switching of street light.

3) Conversion ofsolar energy into electrical energy (Solar cell)

Explain matter waves or de-Broglie waves.

Waves associated with material particles. Eg.: Electron, Proton, Neutron.

Express the relation for de-broglie wave length.
Consider a photon of mass m moving with the velocity ¢

Energy of photon, E=mc*=hv where v - frequency photon.

_
m= "3
hv h
Momentum of photon P=mc = PN
h
de-Broglie wavelength of photon )\ = ;

In general, the de-Broglie wavelength associated with a material particle of mass m moving

h h
with velocity. \ = ; o It connects momentum (P) and wave length 2

De-Broglie waves are always associated with a moving particle. If v=0 then de-Broglie wave
length 4 =, infinity.

Write the application of wave nature of matter
Electron microscope having high resolving power designed by Ernest Ruska.
Why de-Broglie waves associated with a moving train is not visible.

Since . N="", .. \Nx
mmv m

Mass (m) of the train is large )\ is very small.
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Davison and Germer Experiment
Davison and Germer in 1927 succeeded in measuring De Brolglie wave length associated with
an eletron. A beem of electrons emitted from a heated filement F is accelerated by applying p.d
V between the filement and cylinder. The beem is now narrowed by passing it through two slits
s, & s, and strikes the target T of Nickel crystal. The electrons are scattered in all direction by the
target.

The intensits of scattered electron beem in a given direction is measured by an electron
detector which is connected to a galvanometer. The current in the galvanometer is a measure of
intensity of diffracted electron beem. The observations are repeated for various accelerating
potential and angle of scattering. The intensity of diffracted beem is maximum at 54V for angle
#=50°

From electron diffraction measurement wave length of matter wave was found to be
0.165nm.

fel ) = 1.227 .
A ofelectron using eqn 1S —\/?

1227

N

=0.167nm

Thus there is an excellent agreement between theoretical and experimentally observed value.

Thus Davison and Germer expt. confirms the wave nature of electron and de Brolglie relation.

- . F
HT:
= Tw

Aok ok
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Chapter 11

ATOMS

Explain Thomson's atom model
J.J. Thomson was the first scientist to propose a model of atom. According to this model -
The entire positive charge of the atom was uniformly distributed in a sphere and electrons were
embedded in such a manner that their mutual repulsions were balanced by attractive force by +ve
charges.
This atom model is known as plum pudding model (water melon model)
This model could not explain stability and emission spectra of atoms.

° What are the conclusions of Rutherford's ¢ particle scattering experiment.
In a particle scattering experiment, ¢ particles from a source made in to a beam and was
allowed to fall on a thin gold foil. The scattered ¢ particles were observed through a rotatable
detector consisting of zinc sulphide screen and a microscope. ¢¢ particles on striking the screen
produced scintillations. Using this a arrangement number of scattered ¢ particles were studied
as function of angle of scattering. The main observations were
a.  Mostofthe ¢ particles came out of they gold foil without suffering any deviation
from their straight line path. This shows that most region of the atom is hollow.
b.  Afew a particles collided with atoms of gold foil suffered large deflection. A very
few a particles even turned back towards the source itself. This showed that the
entire +ve charge and almost the whole mass of the atom is concentrated in a small
region called nucleus at the centre of the atom.

Explain Rutherford's model of the atom
According to this model
a.  Theentire positive charge of the atom is concentrated in a small region called nucleus,
at the centre of the atom.
b.  The electrons revolves round the nucleus. The coulomb's force of attraction between
nucleus and electrons provides the necessary centripetal force for the revolution of
electrons.

Drawbacks
According to classical electromagnetic theory a revolving electron (accelerated charge) should
radiate energy continuously and thus electron should spiral inward and finally fall in to the nucleus.
Thus this model could not explain the stability of atom.
As the energy of revolving electron decreases continously the atom should give a continuous
spectrum. Thus this model fails to explain the line spectra of atoms.

Explain the postulates of Bhor's atom model
Bhor modified Rutherford's atom model on the basis of Quantum theory ofradiation. The postulates
of Bhor atom model are.
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a.  Anelectronin anatom could revolve in certain stable orbits without the emission of radiant
energy. According to this postulate each atom has certain definit stable states in which it
can exist, and each possible state has definit energy. These are called stationary states of
the atom.

b.  Electronrevolves round the nucleus only in those orbits for which anguler momentum is

h
integral multiple of'ie. g (where h is plank's constant)

n=1,2,3....... are called principle Quantum Number
C. When an electron jumps from a higher stable orbit to lower stable orbit, the energy
difference is rediated in the form of'a photon of energy.
hy =E -E,
Where E. - energy of higher stable orbit.
E, - energy of lower stable orbit.

Radius of n™ orbit (hydrogen atom)
For a hydrogen atom (1 proton 1 electron)

2
my 1 &

I N
m - mess of electron

v- speed of electron
r - redion of orbit

2
e

r=—
4re,mv

2
e

Forn®orbit 7, =53
4me my

According to Bhor's postulate for the n orbit, angular momentum.

nh
Angular momentum L, =—
2w
ie. mVr i Q)
2w
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2
h’g,

Forn=1, 1= > =0.53x10""m
me

This is called Bhor radius (a))

ie. a,=0.53A°

Note : For hydrogen like atom (Having one electron and atomic number Z>1)

212 2

nh’x, na,
]/‘ = =

m Ze* z

Speed of electron in n" orbit (V) - Hydrogen atom.

2 2

my I e
For hydrogen atom T dme 2
0
y=-__°
\J4re,mr
v, =——2 1
FOT nth orbit n —m ...................... ( )
0 n
But mVr, :n_h ....................... )
2r
Vo= e % :i ez 1
Eqn (1) becomes "» ~ aWh 16 " ndng, (h )
4rg,m 2r
TmV,
eZ
Rearranging ¥, = 2enh
0

2

e
For first Bhor orbit (n=1) "1 = 26 h

0

=2.19x10°m/ s - <
137

Where C - Velocity of light

y_1C
n 137
| yo 28 _zC
For hydrogen like atom(z>1), ¥» 2e,nh - n 137
Energy of electron is n” state (Hydrogen atom)
-1 ¢
PE ofelectron= = o
4re, r,
1l e @
KE ofelectron 2 4ne,r,  8me,r,
_ez eZ
+

:. Totalenergy £, =7 ==+
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_ 4 2 2 o) 2
ie £, :% or E, = ‘ ‘ (ﬁ](—ﬂ]
&n-g,"h 8ne, )\ 4me, )\ n )\ h

Substituting the values

_ -18
E - 2.18);10 J
n
or OI’En = _1326€V
n

(1.6x107"° J = lev)

The -ve sign of the total energy of an € moving in an orbit means that the electron is bound with
the nucleus. Energy will be required to remove the election from the hydrogen atom to distance infinitely
for away from its nucleur
Note:-For Hydrogen like atom

2
E - 13.262
n

eV

Explain the formation of line spectra of Hydrogen atom

According to the third postulate of Bhor's model when on atom makes a transition from higher
energy state quantum nucleur n, to the lower energy state with quantum number n,(n<n,) the difference
of'energy is carried away by a photon of frequency v if such that,

ho, =E -E oo (1)
—me4
But £, g Ozhzniz
_ —me
nf T
8¢, h’n,’
Eqnl =
me* 1 1
ho., = |, 1
if 8802h2 nzf nlz ()
me* 1 1
——— e 2
or “if 8802h3 nz/ niz ( )
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This equation is called Rydbers formula for the spectrum ofhydrogen atom.
Eqn can be written as

c_me [1 1
A 8T)H n_/,2 n’

1

(since = %)

1 me 11
CAif 8g) ke n_/,2 n’

1

4

me .
Here——~—-=R=1.097x10"m"" s called Rydberg const.
8, hc

1 1 1
S =R . 3
Aif nooon

Spectral lines of Hydrogen atom
Lymen Series
For this seriesn.=1,n.=2,3,4..................... a

L
A 1 ”1-2

This series is in uv region
The series limits of lymen series given by

1 1 1 1
e R (I - ;] W, A= 2 (Lowest wave length or highest frequency)

The first member of this series is given by
Logfl 1
A 1 2

A _ 4 ! t fi
IR (lowest frequency)

Balmer Series
For this seriesn.=2,n = 3,4,5........... a

1 1 1
SRl
A [22 nf]

This 1s in visible part
Series limit is given by

1 1 1
—=Rl———| A=
A (4 aj

1 1 1 36
First member 1 R(———j w,A=

=S EN



NUCLEI

Composition of Nucleus
The Nucleus of an atom contains Protons and Neutrons. Protons are positively charged and

Neutrons are chargeless. To bind a nucleus together there must be a strong attractive force, enough
to overcome the coulomb's force of repulsion between the protons. This strong short range force
which binds the nucleons (Protons & Neutrons) together is called Nucleur force.

The following terms and symbols are used to describe a nucleus.

Z = Atomic Number (Number of Protons)

N =Number of neutrons

A=Z+N, mass number (Totalno. of Nucleons - protons and Neutrons)

Atomic Mass
Major part of an atomic mass is concentrated in the nucleus. Atomic mass is expressed in

atomic mass unit (amu or u)

1th

Tu= E mass of C2atom

Iu=1.6605x10*"kg
Size of Nucleus

4
Assuming nucleus to be a sphere of radius R, its volume 3 7R’ is found to be proportional

to mass number A

o4
ie, EﬂR3OCA OR py 4% OR R :ROA%

Where R, =1.2x10""m

Density of nucleus is very large and independent mass number A

mass Ax1.66x107

Nucleur density p = l ==

Volume 3
—nR A
3 R,

1.66x10—-27
;171(1.23610"'5)3

=2.4x10"1g /m’

Nucleur radius of A /% is 3.9x10°" m. Find nucleur radius of x*'¢

R, =R,27)"
R =R,216)"

% y
ﬁ:(ﬁ] :3.9x10-'5(ﬁ] —7.8x10 % m
R, \27 27
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What was the mass defect and Binding Energy
The difference between total mass of nucleons (ie, protons and Neutrons) and the mass of

nucleus is called mass defect.

ie, mass defect Am =Zm , +(A-Z)m, - M
Where Z - Atomic number
A - Mass number
Mp - Mass of proton (1.0073u)
M_ - Mass of neutron (1.0087 u)
M - Mass of Nucleus
The energy equivalent of mass defect is called binding energy
BE = A m¢?
=(ZmA +(A-Z)ym - M) C?

1x1.66x10—27x (3x108)2

1.6x10-13
Note : BE is the energy needed to separate the nucleons apart

Note : For mass defect of 1u, BE = meV =931meV

° Binding energy per nucleon _ BE Amc
A A
_(Zmp+(4-2)m,—m)C*
- A
° Discuss the variation of Binding energy per nucleon with mass number.
1 The Binding energy per nucleon is practically independent for nuclei of middle mass
number (30<A<170). The curve has maximum about 8.75 meV for A= 56 (, Fe*’) and has
a value 7.6 meV for A=238 (,,U**)
i.. Binding energy per nucleon is lower for both light nuclei (A<30) and heavy nuclei (A>170)
5 8016 Fe(8.8 MeV)
T Y T —
2 7 e en U (7.6 MeV
T om.g hi T Eer t
£ |3
a2
6. 1
@ 1 1 1 1 ¥ 1
"0 20 ' 60 100 140 180 2im
aberidl —
Radioactivity Mass mum.

It is the phenomenon by which an unstable nucleus (A>206) decays by emitting particles

suchas a, #,7 inorder to achieve stability. This was discovered by Hency Becquerd in 1896.

Activity
Activity of radioactive sample is the rate of decay of the nucleus.

. dN
Activity A= I

Where N is the number radioactive nuclei in a sample.
SI unit of Activity is Becquerd (Bq)
1 Bq=1 disintegration/second
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1 curie=1Ci=3.7x10"" Bq
1 Rutherford=1Rd=10°Bq

) Radioactive Decay law
This law states that rate of disintegration is directly proportional to total number of nuclei in
that sample.
If N is the number of nuclei present in a sample at a time 't'
aN N
dt
dN : . :
or —~ =—AN Where } is called decay const. or disintegration const.
dN
— =—Adt
or

N t
dN
Integrating I N - _I Adt
No 4
logN-IogNo=-2t
Where No is the initial number of nuclei present in the sample (at t=0)

N
or log [i] =—At

N(E)=Nye™
This eqn. gives the number of radioactive nuclei present in the sample after a given time't' .If
No is the number of nuclei at t=o0

° Halflife : It is the time taken by the radioactive sample to decay to halfthe initial number.
(ie, N becomes 7" )
0.693
. Whent % le, T% A or % TO 693
1 :
N = No Where 7= s called mean life of the sample.
O~ T
2 ° a - decay
N, =N oe"“ In o - decay the mass number of doughter nucleus is
four less than parent nucleus, While atomic number decreases by
N Ay, 2
o — Noe 2 .

2
1_ e‘”% JX — 7Y+ JHe
2 238 244 4

-AT, -\ ]| > Th+Hc
e W 2 Eg: 9 90 2
lTy =log?2 Energy released during o decay

2

; _log2 _0.693 QZ[mx—(my+ma)]C2

hooa A
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° B “decay

A A -
X—> Y+e +v
zZ Z+1
e-Betaminus, { - antinutrino
(Here a neutron in the nucleus decays to proton, electron and antinutrino. This electron is

emited as  and the proton increases the atomic number by one)
For B plus decay, a proton transform into,

P—>n+te+v
Here ¢ is emitted as plus and atomic number decreased by one.

A A +
X = Y+e +vu

v -neutrino e+ — 3 plus

Note: -ve electron - negatron
+ve electron - positron
They are collectively called positronium

Eg:fszp—> 1362S+e"+u

22 32 +
IINa—) I()Ne+e +v

y - Decay
When a nucleus in a exited state (Daughter nucleus formed after the o or g decay)
spontaneously decays to ground state, a photon is emitted with energy equalto the difference inthe

two energy levels of the nucleus. This decay is called y - decay.

Nuclear Fission

It is the process by which a heavy nucleus splits into two or more light nuclei.

DU+ 'n—"¥Ba+ P Kr+3,n+0

The self sustained nuclear fission process is called chain reaction. In a nuclear Reactor chain
reaction takes place in a controlled manner.

Only slow neutrons can induce fission in a fissionable material so the slowing down of fast
neutrons liberated in the initial fission process will sustain the chain reaction.

Inanuclear reactor this process is achieved by neutron moderators (Eg: Heavy water, graphite)
These moderators should not absorb neutrons, they should only reduce the speed of neutrons.

In anuclear reactor to control the chain reaction by absorbing extra neutrons, control rods are

used (Eg: Calcium, Boron, Cadmium)

Nuclear Fusion

It is the process by which two or more light nucleas combine to form a heavy nucleas with the
release of energy. It is the source of energy in stars. The energy released during fusion is called
Thermonuclear energy. Fusion process need extremely high temperature to initiate the process.

Eg: ’H+H — JHe+Q

Hookk
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Chapter 12

SEMICONDUCTOR ELECTRONICS

1. Classification of metals, conductors and semiconductors

Metals Semiconductors Insulators
Resisgvity 102t0 10 ¥ m 105to 10° gm 10" - 10°Qm
Condugivity 102t0 108 S m’! 105to 10 S m’ 10" to 10 S m!
Semiconductors

a.  Elemental semiconductors like Si, Ge

b.  Compound semiconductors

L
1.
°

Inorganic - Cds, Ga As, Cdse, InP etc,
Organic - antheracene, doped pthalocyanines
Organic polymers - polypyrrole, polyaniline, polythiophene etc.

Energy band
The energy level of an atom inside a crystal is different from isolated atoms due to the interaction

between the neighbouring atoms.

The currently available semiconducting devices are mainly elemental semiconductors and com-
pound inorganic semiconductors.

Inside the crystal each (electron) has a unique position and there exist no two € with
exactly the same pattern of surrounding charges. Therefore each € will have a different energy
levels. These energy levels with continous energy variations are called energy bands.

Note : Range of energy possessed by e in valence shell within the atom in a crystal is called valence
Band and range of energy possessed by free e is called conduction band. At absolute zero (no
external energy) all valence electrons will reside in the V.B. The gap between lowest level of
conduction band and highest level of V.B is called forbidden energy gap.

Classification of Substances in terms of Energy band
In some metallic conductors, the lowest level of C.B is lower than the V.B. Then the ¢ from V.B
can easily move into C.B, where normally C.B is empty. Due to overlapping of VB and CB, free

e are availabve for conduction

Electron energies

-, Overlapping
/ conduction band

In some metals there is a gap b/n the lowest level of conduction band and highest level of
VB. In such metals V.B and C.B are partially filled. Presence of ¢ in C.B enables large conduc-
tivity. When the valence band is partially empty, € from its lower level moves to higher level

making conduction possible.

Electron energies
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In Semiconductors : the highest level of V.B and lowest level of C.B are seperated with a small
energy gap (say <3eV). At absolute zero, the V.B is completely filled and C.B is completely
empty and it behaves as an insulator. At room temp, some e from V.B can acquire = enough
energy to cross the energy gap and enter the conduction Band. Hence the resistivity of semicon-

ductor decreases with increase in temp.

AN
v

Electron energies

In the case of insulators, the energy gap b/n the V.B and C.B is >3ev. There are no € in the
conduction band and no elelctrical conduction is possible. It is noted that the energy gap is so
large that e cannot be excited from V.B to C.B by thermal excitation. Hence the resistance is

very high and conductivity is very small. ‘ N .~ Empty
| {\ E, T mem conduction
8 band
B
g E,>3eV
(5}
(=]
1
B Valence
band

Intrinsic semi conductor
Pure elemental semi - conductors are called intrinsic semi conductor. Siand Ge are intrinsic semi

conductors. Ineach Siand Ge atom, there are four valence e- . Inits crystalline structure, every
Sior Ge share one of'its 4 valence e with each of'its four nearest neighbour atoms and form
covalent bond as shown in the figure. At absolute zero, all bonds are completed and no bonds

.

are broken.

(B=(E0)
0
OO
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As the temp increases more internal energy becomes available to these €'s and some of
these e’s may break the bond and become free e's. The thermal energy creats a vacancy in bond
called holes. The hole behaves as an apparent free particle of charge +e. The thermal energy
ionise the siatom and free an e

Electron energy

E,

(@) ' (b)

The conductivity of Si increases with temp. Ina semiconductor concudctivity is due to free e’s in
the conducting band and holes in the V.B. In intrinsic semiconductor no. ofe’s in C.B is equal to
no. ofholes in the V.B which is equal to intrinsic carrying conductor ne =nh=nithe equilibrium
no.ofholes created is equal to no of holes the carrier concentration of e constant at equilibrium
The total current [ =1e + Th
Note

At OK an intrinsic semiconductor behaves like an insulator T>0K, it behaves like better
conductor.

Q1. C, Si, Ge have same lattice structure. Why is C insulator while S and Ge are instrinsic semicon-
ductor?

Q2. Identify the material, by using energy band diagram at T> 0K

Electron energy

(a) ‘ (b)
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Extrinsic semiconductor
The conductivity of the pure semiconductor is increased by adding suitable impurity atoms. The
impure semi conductor is called extrinsic semiconductor.

unbonded free e

Doping
The deliberate addition ofa desirable impurity atom in to a pure semiconductor is called doping
and material used for doping is called dopant. The dopant has to be added such that it doesnot
distort the original pure semiconductor crystal. Therefore the size of the dopant and semicon-
ductor atoms should be nearly same size.

Q.  Whythe dopant elements are pentavalent or trivalent?

The pure semi conductor Siand Ge belongs to group 14 in the periodic table and therefore

we choose the dopant element from 15" and 13™ group for taking care that size of the dopant
atom is nearly the same size as Sior Ge.

n type semiconductor
The pure semiconductor si or Ge is doped with pentavalent impurity like Arsenic (As), Antimony
(Sb), Phosphoras (P), etc. the crystal obtained is called n-type semiconductor.

When an atom of pentavalent element is added to pure semiconductor, sicrystal, the pen-
tavalent (As) impurity occupies the position of an atom in the crystal lattice of'si four of its e's
bond with the four Si atoms while the 5" ¢ remains very weakly bound to its parent atomAs as
aresult the ionization energy required to set this electrons free is very small and even at room
temp. it will be free to move in the lattice of semiconductor.

By using energy band diagrams, we can explain the conductivity of n- type semiconductor.
The energy level of As atom 0.05ev below the CB energy level of Siatom. Therefore the free
electron ofthe pentavalent atoms easily occupy the CB.

>

Electron energy
=

(@) T> OK
one thermally generated electron-hole

pair + 9 electrons from donor atoms
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Pentavalent is donatting an electron to the crystal lattice. Therefore, pentavalent impurity is
called donar impurity. The no.of free €s, in the C.B. is depends on the doping concentration.
In a doped semiconductor no.of holes (n, ) is depends on temp. while no.of. €'s (ne) is due
to contribution of donars and themally generated €'s in the pure semiconductor. Thus with proper
level of doping ne>>nh. Hence in an extrinsic semiconductor, doped with pentavalent impurity,
e's becomes the majority carriers and holes are the minority carriers. Therefore, the semicon-
ductors are called ‘n’ semiconductor.
Donor core In n type semiconductor the donar is charged +vely by

O O /@/ donating € to the crystal.
O @" O Electron

P type semiconductor
P type semiconductor is obtained when si or Ge is doped with trivalent impurities like Al, B, In,
etc.

Due to defficiency of electrons in the bond after sharing 3 e's with neighbouring si atoms,
hole is created in the bond. This vaccancy is filled by accepting an € from crystal lattice it in turn
creats a hole inthe VB of SiNow, the trivalent atom atom become negatively charged by
accepting e from siatom. In p type semiconductor trivalent atomis called as acceptor because
it accepts the e from the pure semiconductor crystal and ionise - vely. |

Acceptor core )
In p type semiconductors no. of holes are more than

O the thermally generated electron. Therefore holes are
majority carries and €’s are the minority carries. Inp
O @ Q type semiconductor, the recombined process will
o S .
O O O further reduce the number of intrinsic carrier
concentration.
SH—=E—D
—i Si— E,
] ™
hole 20.01 - 0.05 eV
N N
—<S__1/) 1Si) { T1 )

(b) T>OK
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Intrinsic Dopant = extrinsic

Sior Ge |+ |5 valent | >

Sior Ge | +| 3 Valent| > =

Note :

ntype

p type

1.  Inntype or p type semiconductor is maintained charge neutralites.

2. Byadding dopant numbers,

which become majority carriers, indirectly

helps to reduce the intrinsic concentration of minority carriers.

At room temp. in an extrinsic

semiconductor at thermal equilibrium s given by nn, =n?

4.  Pentavalent dopant is donar, Trivalent dopant is acceptor.

Band gap of group IV or XIV
Elements Band gap
C S4ev Insulator
Si I.lev Semi conductor
Ge 0.72 ev Semiconductor
Sn 0.lev Conductor

Q. Suppose a pure Si crystal has 5x10% atom per m* It is doped by 1ppm concentration of pen-

tavalent As. Calculate no ofes and

It isa ntype semiconductor

n n =n’

n _n_i2: (1.5x10%)*
ne 5x10*

4.5 x10° m?

n = 5x102 m?3

Q. Intrinsic semiconductor

a. S1 +X N ntype

b. Ge+Y p type
%

Choose X and Y from the following
Cu, Ag, Al, C, Sn, Sb

holes (given ni= 1.5x10%m?

Note : 1PPm - 1 Part per million
1
n(d)=n,= 5x1028x1—

06

=5x10"m™>

semiconductor
semiconductor

c. Explain how to prepare n type semiconductor?
d. Explain how to prepare p type semi conductor?
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How to form a pn junction
Take a thin p type si semiconductor wafer by adding controlled amount of pentavalent impurity.
Now, part of p type si wafer can be converted into n type si. The wafer contains p region and n

region and a interforce ofp and n called pn junction as shown in fig.

Explain important process occur during the formation ofa pn junction

Diffusion
We know that in n type semi conductors, electron concentration is more compare to the concen-
tration ofholes. Similarly in a p type semiconductor, the concentration of holes is more than €.
During the formation of p-n junction, and due to the concentraiton gradient, holes are diffuse
from p side to n and electrons diffuse from n side to p side. This motion of charge carriers gives

diffusion current.

Explain depletion region.
When an electron diffuses fromn to p side due to the concentration gradient, it leaves an ionized
donar onn side. Similarly when a hole diffuses from p to n side it leaves an ionized acceptor on
p side. This iones are immobile due to continuous diffusion of electrons and holes a layer of
negative space charge region on p side and +ve space charge region on a n side of the pn

Junction. This region is called depletion region

<— Flectron diffusion

00 ®®
COIE®
P leo@e| v
SICICIS,
Sleiele

RN Depletionregion

Electron drift —

Hole diffusion —
<~ Hole drift
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Drift
Due to the +ve space charge region on n side of the junction, and -ve charge on p side of the
junction, an electric field directed from n side to p side of the junction. Due to this field the
minority carriers, ie, electrons from p side moves to nside and holes move n side to p side. The

motion of minority carriers due to electric field is called drift.

Note

1. Diffusion of majority carriers givs diffusion current and drift of minority carriers gives drift cumrent.
Diftfusion current and drift current are opposite in directions.

2. Initially, diffusion current is large and drift current is small, As the diffusion process continuous the
space charge region either side of the junction extend thus increases the electric field strength and
hence drift current. This process continuous untill the diffusion current equals the drift current.

Thus a pn junction is formed. In a pn junction under equilibrium there is no net current.

Explain Barrier potential
Due to diffusion, the loss of €'s from n region & gain of e's to the p region causes a difference of
potential across the junctions of the 2 regions. Thus potential creats an electricfield which op-
poses further flow of carriers. So that the equilibrium is reached. At equilibrium a constant poten-

tial difference exists across the junction. This potential difference is called barrier potential.

O O —_—

— Wl

el V

QOO o
OOUC

n
P locec N

(D)
OO0

«—E

Explain the action of P- n junction diode under Forward bias? When an external voltage V is

applied across a diode such that P is to +ve and n is to -ve, the biasing is called forward biasing.

The external applied voltage (v) is opposite to

that of barrier potential (V) As a result the width p n

of depletion region decreases and the barrier height

is reduced. The barrier height under forward bias

condition s (V- V) I I

If V<V, the barrier potential will be reduced slighttly and only a small number of carrier will

possess enough energy to cross the junction. So the current will be small. If we increase the
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applied voltage (V>V ) the barrier height will be reduced further and more number of carriers
will have the sufficient energy. Thus current increases.

In the forward blased condition, the minority carrier injection towards P side and towords n
side takes place Due to applied votage, electrons fromn side cross the depletion region and
reach p side. Simillary holes one from P side to n side at the junction boundary on each side, the
minority carrier concentration increases. This injected minority carrier diffuse toward edges of
the crystal and constitute of the current. Total current is the sum of hole diffusion current and
electron diffusion current.

I=Ie+1In

Note :

At room temperature the barrier potential are @ 0.2v to 0.3v for Ge

®© 05.vto 0.7v for si
Can we take on slab of P type semiconductor and physically join it to another n type semicon-
ductor to get P - n junction?
No. Anslab, how ever flat, will have roughness, much larger than inter atomic crystal spacing
hence continuous contact at atomic level will not be possible. The junction will behave as a

discontinnutily for the flowing charges carriers.

Why the resistance of depletion region is higher than other part ofthe P.n junction?
Depletion region is the region in which no free charge carrier . While other part of the P and n

semiconductor have free charge carrier.

What is P-n junction diode and draw its circuit symbol? Semi conduction diode is a Pn junction

with 2 external terminal for external voltage sunnlv Tt e~

Forward bias and P-n junction diode

The P side of the diode is connected to positive of the external voltage source and n side is
connected to the negative ofthe voltage source as shown in Figure. a
Note : P side connected to high potential and n side conncetal to lower potential is also forword

biased forward biased pn junction as shown fig (b)
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- (a) ()

Q Explain Pn junction diods under reverse bias?

When reverse potential (V) is applied to the diode the sense of direction of applied voltage
and barrier potential are same. As a result, barrier potential and width of depletion region in-
creases. The effective barrier height is (V+V,). Thenelectric field at the junction is not favourable
for majority carrier holes from P to n and electron fromn to P. Thus diffusion current decreases
enormously compared to the diode forward biased conduction.

The electric field at reverse condition is favourable for minority carrier to cross the junction
ie, electrons from P to n and holes from n to P. This give rise the drift current of order of

microamphere.

Q. How toreverse bias P - n junction
When an external voltage (v) is applied across the diode such that n side is +ve and P side is -ve.

It is said to be reverse biased.
— {7 A

Q. Isthereverse current or drift current depends on applied voltage why?

No because a small reverse enough to sweep the minority carrier from one side of the
Junction to the other side. This current not controlled by the magnitude ofthe applied voltage but

it limited due to the minority carrier concentration.

Q. Whatis breakdown Voltage?
The current through the diode under reverse bias is essentialy voltage independent upto
critical reverse voltage (V, ) when applied voltage is equal to V, , the diode reverse current
increases sharply. Even a slight increase in the bias voltage causes large change in the current.

This voltage is called break down voltage.
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What happens to the diode. If we operate the diode inreverse biased condition equal or greater
than V(br) ?

The diode gets destroyed due to over heating, for safety operation ofthe reverse diode
applied should be below the specified rated value of the manufacturer.
How to explain the breakdown?

At higher applied voltages the breakdown is believed to be caused by avalanche of charge.
The electrons of reverse. Saturated current are accelerated to high velocities by the electric field
across the depletion region. At some critical field these charges acquire sufficient velocity to
break valence bonds upon collision with the atoms of the semiconductor. This process generate

more € - hole pair and current builds up in large amount.
Draw the circuit diagram to study the forward characteristics.
T\

Variable voltage source }Z Voltmetre +

mA
Switch

The circuit arrangement to study the forward characteristic as shown in figure.

The forward voltage is gradually increases from zero corresponding current is noted in
milliammetre. The graph between V and [ is obtained. It is noted that the current initially increases
very slowly almost negligible, till the voltage across the diode reaches to a certain value. After this
characteristics voltage, the diode current increases exponentially with applied forward voltage.
This critical voltage of which the current increases very sharply is called threshold voltage or cut

in voltage (0.2 to 0.3 v for Ge and 0.5 to 0.7 v for si)
1
250T

T mA 00T

lo T




Explain the reverse characteristic of a diode
Oy

Aj mA

- milliamphere

AT

The circuit diagram to study the reverse characteristics as shown in the figure.

The reverse voltage is increase from zero. The reverse current is small of the order of micro
ampere and almost remains constant with change in bias voltage. The current is called reverse
satuiration current. At high reverse voltage (Vbr) the current increases suddenly. In general pur-

pose diode are not used beyond the break down voltage.

Q.  Explain unidirectional conducting property of diode?
The forward biased resistance of the diode is low as compared to the reverse bias resis-
tance. The diode conduct only when its forward biased and it is not conducting when its reverse

biased. This properly of the diode is called unidirectional conducting property.

Q.  Which property of the diode is used Rectifier?

Unidirectional conducting property.

Q. Whatisarectifier?
It is the device used to convert high voltage AC in to low voltage pulsating DC

Q. Explain how a diode act as a rectifier?
The unidirectional conducting property of the diode is used for rectification. It means diode
allows current only when it is forward biased. An alternating voltage is applied across the diode

the current flows only in that of cycle when the diode is forward biased.

Explain half wave rectifier with circuit diagram?

~ A X
High voltage AC * 17 - - =
AV I [ AClow voltage - R, Pulsating dc
B
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Ifan alternating voltage is applied across the diode in series with a load, a pulsating voltage will
appear across the load only during the half cycle of the input ac during which the diode is
forword biased. This type ofrectifier is called half wave rectifier.

The secondary ofa transformer supplies the desired ac voltage across terminals A and B.
When voltage at A in +ve, the diode forward biased and it conduct. When A is negative, the
diode is reverse biased and it not conduct.

Therefore, in the +ve half cycle of ac there is a current through the load resistor R and we
get an output voltage. Where as no current in the negative half cycle. This process is repeated
and get output when the diode is forward biased. Thus, the output voltage, though still varrying is
restricted to only one direction and is said to be rectified. Since the rectified output of this circuit

is only for half of the input ac wave it is called the half wave rectifier.

An input ac voltage of frequency 50Hz is given to half wave rectifier.
a. Show the output wave form

b. What is the frequency of pulsating dc.

12v [ /_\
input ac

C

A . mm e e

1

output

50 Hz, Frequency, remains same.
A boy like design a half wave rectifier with pulsating dc of max 9v
a. Give the circuit diagram with essential components?

b. What he has to do to get pure dc?

A
240v | R, Pulsating dc
' | 9v
50Hz I

B

O_D e P
e I

b inputAC Rectifier{ Pulsating dc Fl lter‘ Pure dc
‘ creut | e

!
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To get a pure dc a filter circuit should be cascaded with a rectifer

Q.  Circuit diagram shown in figure is acted as half wave rectifier or not justify your answer?

yes. At every negative cylce of input of ac at A, the diode is forward biased and output voltage

across R . At every positive cylce of input of ac at A, the diode is reverse biased and not

conduct.

Q.  Explan full wave rectifier?
Byusing two or more diodes, gives output voltage corresponding to both the positive as well

as negative half of a ac input. Hence the rectifier is called full wave rectifier.

Draw circuit diagram and explain the centre tap full wave rectifier.

D 1
A N
%

N Riolp
B ID/| |

2

Two diodes D, and D, are connected to the ends of secondary of the transformer. Then n side of
the diodes are connected together and the output is taken b/n the common points of diodes and
centre tap of the secondary of the transformer. Here is called central tap full wave rectifier.

In positive half cycle of input ac, Ais +ve and B is -ve. The diode D, conduct and D, does
not conduct, there is output across R In negative half cycle of ac, B is +ve and Ais -ve D,
conduct and D, does not conduct, there is output across R . Here pulsating output is obtained
for both input ac cycles. It is more efficient circuit for getting rectified voltage than half wave

rectifier.
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° Who invented zener diode and Draw its circuit symbol

a. C.Zener

b —>F

1)  Ajunction diode which works only in the reverse break down voltage or zener voltage.
i) Maximum reverse voltage that can be applied without damage
(m) Voltage across the diode is constant.

° Give one use of zener diode : It is used as voltage regulator.

° Explain the zener diode and how it act as voltage regulator.

Zener diode is a heavily doped P-n junction diode. Due to heavily doping, the width of the
depletion region is very thin less than micron and electrified at the junction is very high (E=v/d) of the
order of 5x10° v/m for small reverse voltage.

Zener is always operated in reverse based condition. The applied reverse voltage is equal to
break down voltage (v =V, ) large change in current for a small negilible change ofreverse voltage.
That is, zener voltage remains constant, even through current through the zener changes, over a wide
range. This property of zener is used for regulating the voltages.

Draw circuit diagram of zener diode as voltage regulator

unregulated
voltage

RS

N

7 |
:[ %RL Regulated voltage

° In case of ordinary diode, the large heating effect produced, destroyed the diode when it is
operated more than breakdown voltage, but zener diode is safe when it is operated in reverse biased
state. Why?

In the case of ordinary diode in reverse biased condition the width of depletion region is so large
and has high resistance of the order of 106 Q2 . The large current passing through the junction due to
field emission produces more joule’s heating effect. In the case of zener diode, it is heavily doped and
hence the depletion region is thin and is less than that of ordinary diods. Hence total heating effect is
lessand its safe in the reverse biased condition.

° What is opto electronic junction devices?
Semi conducting diode in which the carrier are generated by light or photons.
Name different opto electronic devices.
1. Photo diode
2. Light emitting diod (LED)

3. Photo voltaic device (Solar all)

136



Mention uses of photo diode?
1. Itused inoptical communication as photo detector
2. Itsused in electronic equipment TV which can operated with remote controller.

Draw the circuit symbol and circuit diagram of photo diode.

ADFJ::&A Pn E}P/M

il AMWA
R

What LED, Draw its circuit symbol

It is heavily doped special pn junction diode which is operating forward biased condition.

The diode is enclosed in a transparent cover so that emitted tight can come out.

—of

What are the used of LED?

1. Itisused as light source.

i.  Remote control- (Infrared LED)
.  Burglar alram

iv.  Optical communication

What are the advantages of LED?

1. Low operated voltage.

i.  Fast action and no warmup time required

i.  Band width oflight (100A to 500A) therefore it nearly
iv. Longlife

v.  Environmental friendly

V1.

Fast on-off switching actions.
What are the solar cells? Draw it’s circuit symbol?

A solarcell is a Pn junction which generates emf when the solar radiation falls on the pn

Junction. It is based on principle of photo diode except that no external bias is applied and junction area
is kept much larger for solar radiation.

Write the suitable material for solarcell

For solarcell the band gap nearly 1.5ev are suitable materials for solar cell.
1. Si— (Eg-1.lev)

2. GaAs — (Eg-1.4ev)

3. ScdTe — (Eg-1.45ev)

4. CuinS, — (Eg-1.04ev)
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What are the important criteria for the selection of material for solar cell?
1. Basedgap (Egl.0evto 1.8ev)

2. High optical absorption

3. Highelectrical conductivity

4.  Availability of rawmaterial

5. Lowcost

Uses

1. Itisused in power electronic devices in satellites and space vehicle.
2. Itisthe power supply to save electronic devices such as calculator.
3. Solar heater

4. Solar lamps

5. Solar charger etc.

Why Siand Ga As are preffered material for solar cell? Why not cds, edSe Reffer NCERT
Text Eg: 14.7.

Who invented point contact transistor which consists of two pn junction connected back to
back?

William shottkey in 1951.

What is BJT (Bipolar Junction Transistor)

This transistor operate with holes and electrons.

Name two types of bipolar junction transistor.

1. npn:The emmiter and collector n type and are seperated

by a thin segment of P- type called base.

E B C
_npn_

2. The emmitter and collectorare p-type and are seperated by a thin segment of n type
called Base.

E B C
Fig 14.27 L R I

Explain the 3 segment of a transistor?

1. Emmiter : It is moderate in size and heavily doped. It supplies as large number of majority
carriers for current flow through the transistor.

Base : It is in between emmiter and collector. It’s very thin as lightly doped.

3. Collector : Collects major portion of the majority carriers emmitted by this emmitter, larger
in size, moderately doped.
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Show the circuite symbol npn and pnp transistor

Emmitter Collector Emmitter Collector
S \i‘f/ Q2
Base Base
npn pnp

Name 3 transistor configuration

1. CB (Common Base) Base in common to input and output

2. CE (Common Emmitor) Emmitor is connected to input and output
3.  CC (Common collector) Collectors common to input and output

Is the transistor is a power of generating device? No, power of ac input signal is amplified by
the expenses of biasing voltage.

Why CE is generally preffered for amplification
CE configration have current gain, voltage gain and power gain.
Defferentiate between amplifier and oscillator
In any amplifier, by the aid of external biasing battery strength of the low input signal is amplified

and obtained at the output and input is necessary to obtains output. In an oscillator sustained oscillation
ofac signal is obtained at the output without the aiding external inout ignal ie, input oscillating signal is
not necessary to obtain output sustained oscillating.

Oscillator - The process of converting dc signals into ac signals of desired frequency. A device
which does this function is oscillator

Alternator (ac dynamo) - Produces ac of frequency up to 1000Hz.

Essential parts of oscillator (1) Tank circuit - LC circuit to produce electrical oscillations (i)
Amplifying circuit (iii) feedback circuit.

Digital Electronics
What is analogue signal
The signal has been in the forming continous, time varying voltage or current is called analogue
signal.
U NN
What is Digital Signal

The voltage or current representated by two levels of voltage or current. Such signal is

called digital signal. |—| |—| |—|

Pulse wave from of digital signal

What is logic gate
Logic gates are the building block of digital electrons. Logic gates are based on some logic

operation between the input and output.
Or gate

OR gate has two or more inputes with one output. The output OR gate is 1 for any one of the

two mput is 1. And output in zero, if both input are zeros.
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Circuit symbol of OR gate

A
Y
D

A B Y=A+B
mput mput Output
0 0 0
0 1 1
1 0 1
1 1 1
Truth table of OR gate
It is the display of input output relation with all possible functions.
Timing diagram
Input - output wave forms in called timing diagram
1 1
A &I] 1
g ol 0]
11 1
A=A+B M

The output of AND gate is one, if only of both inputs are I’s and zero, if any one of the two

input is zero circuit symbol.

A

Y=A.B
B
Truth table of AND
1 1
A| B | Y=AB 00 |
0| o 0 A 1 1
0 | 1 0 B 0 | | 0
1 0 0 0 0 0o [
1|1 1 [0
NOT Gate

This 1s most basic gatem with one input and only one output it gives 1 output of the inout

is 0 and output O if input is 1.

Truth table Timing diagram Circuit symbol
— 1
A
0 114 A 0_,_|0_ l\r\
Ve 1 1 I/V
1]o0 —a lo]
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° NAND

The output of AND gate is followed by NOT gate

A \Y=A.B
AND
B @

° Truth table of NAND

A B AB

0 0 1

0 1 1

1 0 1

1 1 0
° NOR Gate

Circuit symbol
NOT ()
B
Timing diagram of NAND

B_0|

A.B

1|

This is an OR gate is following NOT gates

A Y=A+ Y=A+B A Y=A+B
B B

° Truth table

A

—_— = O O
— o = Ol W

S O O

Timing diagram

1 1

A0 o]

B

0 ILIOI_ll

1

Lo 0 0

° Which gate and NAND are universal gates because we can obtain all the gate like AND, OR

and NOT by using only NOR or NAND.
° Write a note on
IC (Integrated Circuit)

It is the circuit consisting of passive components like resistor, inductor, capacitor and active
devices like diode and transistor on a single block. It is based on Monolithic fabrication technology.
The entire fabrication is done in a single silican crystal called chips.

What is analogue IC

The linear I¢’s process analogue signals which change smoothly and continously over a range of
values between maximum and minimum the output almost linearly proportional to input. It is used

operational amplifies.

What digital Ic’s, It is operating by using binary numbers, ligh and low. They contains logic gates.

° What are different types of ICS-ICS are classified as per no.of components.

ICS type

No.of logic gates

Small scale integrated (SSI)

<10 (less than or equal to 10)

Medium scale integral (MSD)

< 100 (less than or equal to 100)

Large scale integral (LSI)

< 1000 (less than or equal to 1000)

Rl el Il o

V large scale integral (VLSI)

> (1000 greater than thousand)
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Chapter 13

COMMUNICATION SYSTEM

What is communication - An act of sharing or imparting information.

What are the steps of communication - It involves sending, processing and receiving
mformation.

Electrical and Electronic signals are used for long distance communication. Why?
It travels at the speed of light.
What is Communication system. What are they?

Device which is used for the exchange of information between Sender and Receiver. They are
electrical, electronic and optical.

What are the different parts of communication system -

1) Transmitter - used to convert information signal in to a form (Electromagnetic wave)
suitable for transmission.

2) Communication Channel - Medium (path) used for communication.
They are two types,
(1) Guided channel - Air, two wire communication channel, OFC.
(i1) Unguided channel - Free space.
3) Receiver - used to reconstruct recognisable form of'the original information.

Block diagram of communication system

Message T i i
Trans- ransmitted Received . Message
_— - - R -
Signal | mitter signal Channel o N Sional
Noise

What are Transducer - A device which converts non-electrical signals (voice, data, video) in to
electrical signals (voltage / current)

Signal - Voltage/current corresponding to the information.

Microphone is a Transducer - Converts sound energy into electrical pulse.

Dynamo is a transducer - converts ME in to electrical energy.

Amplification is necessary for signal communication. Due to attenuation, distortion of signal.
What is Bandwidth - Frequency range overwhich an equipment can operate.

What is spectrum - Frequency b and of the Signal OR Arrangement of signals according to
their frequency.

Write frequency band for wireless communication.

AM Radio Broadcast 500 KHz - 1600 KHz

FM Radio Broadcast 88 MHz - 108 MHz

Cellular Phone 896 MHz - 901 MHz - Mobile to Base Station
840 MHz - 935 MHz - Base station to Mobile.

Satellite Communication 5.9 GHz - 6.4 GHz - Uplink.

3.7GHz- 4.2 GHz - down link.
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Administrator of the present system of frequency allocations (spectrum) - ITU (International
Telecommunication union)

TRALI - Telecom Regulatory Authority of India.
Different frequency range is used for uplink and downlink. Why?

To avoid interference of signals and to distinguish.

What is the size of antenna to radiate signals with high efficiency.

A
Length of the antenna, / = 7

For AM broadcast ground based antenna (Tower antenna) is used. Why?
Length of the antenna will be large.

eg: Frequency of signal to be transmitted () =15 KHz.

_ e 304 000
AU T sk
. X 20000
. Length ofthe antenna required, / = 1 4 5000m

Range of'signal - The largest distance over which signals can be viewed.

What is repetor? What is its use?

Combination of Transmitter and Receiver - used to extend the range of communication.
What are the modes of communication.

1) Communication through wire (point to point communication)

2)  Communication through space (Space communication)

3) Satellite Communication.

What is Space communication

The atmosphere of earth used for communication.

There are three modes.
1) Ground wave (Surface wave) propagation - Signals transmitted along the earth surface.

2) Sky wave propagation (Ionospheric wave) - Signals reflected back to earth by
Ionosphere.

3) Space wave propagation (Tropospheric wave) - Signals reflected back to earth from
Troposphere, Space and Earth surface.

It is also called line of sight communication.

Microwave is used for line of sight communication.
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Expression for the distance over which Signals can be viewed-  (Range of signals)

From A OPT, OT?=OP?*+ PT? T
(R+h)* =R*+d? b
> = 2Rh + (- PT=QP)
h /z_
= +— 1
2 Rh(1 7R ) since R>>h
Earth
. h
d= 2Rh Since 1+§N1

(Note : d - Distance to the horizon - line of sight.distance)
Circular area over which signals can be viewed = 7 d°.
Sky waves are not suitable for TV signal transmission. Why?

Sky waves are the signals reflected by ionosphere only of frequency below 30 Mhz, TV
signals of frequency range (100MHz - 200 MHz) are penetrate through lonosphere.

Explain Satellite communication

Space wave (eg.: Microwave) used

for satellite communication

Communication Satellite is a space craft

which carries on board microwave

transmitting and receiving

equipment (Transponder).Such a m

satellite is Geostationery Satellite. R
Eg:: INSAT

What is modulation - The process of super imposing low frequency signals with high frequency

signals - The signals obtained after modulation are modulated signals.
Low frequency signals - Modulating (base band) signal.

High frequency signals - Carries wave.
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What are the needs of modulation-
(1 Long distance broad casting
(1) Height ofthe antena is low as possible
(m) Avoid chances of interference of signals
Modulated signal for transmission requires high frequency - Why?
For good transmission of signal high power is required. It is obtained at high frequency

(Eav)

Power rediated from a lenear antena is (g 4 p-forlength ofantena, ,~ -wave length of
g g

mAmplitude
a) Amplitude modulation (AM) T —t
b) Frequency modulation (FM)

c) Phase modulation (PM)

signal.

What are the types of modulation-
v

Continious wave (sinusoidal) modulation.

. width
Pulse modulation v PN
a) Pulse Amptitude Modulation (PAM)
b) Pulse Position Modulation (PPM)
) . Y] —>t
c) Pulse Width Modulation (PWM) Amplitude

Amplitude Modulation (AM)
Variation in amplitude of carrier wave in accordance with base band signal.

Graphical representation of AM. USB=..

T Ac B ﬂ ch
U U= NP

C(t)=A_ Sin o t m(t)=Am Sin @ _t LSB= e —om
(Carrier signal) (Base Based signal) AM Signal
Analyse of AM.

C(t)=A_Sin @ t, Carrier Signal
M(t) =Am Sin @ _t, Base hand signal
Amplitude modulated signal
C_ () (Ac+AmSin @ t) Sin @ t(Since Amplitude of AM Signal increases)
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Am
= A |1+——S8in w,t|Sin @ t
Ac ¢
= A, Sin wit+ pA Sin w,t Sinwt

A A
C, (1) = A.Sin w.t+ %Cos(wc —w, )t — %Cos(wc +w,)

Am
Where, p = 1 Modulation Index, 2SinA SinB = Cos (A-B)-Cos(A+B)

Am
Percentage of Am, —— 100%
Ac
Modulated signal [(Crn C(t))] consists of three frequencies,

() W_- Carrier signal frequency
(i) W_+W_=USB, Upper Side Band frequency
() W_-W_=LSB, Lower Side B and frequency

Expression for Band width (3)
3=USB-LSB
=W +W -W +W_
=2Wm where Wm=27149

Draw AM Spectrum

AQ— —
Amplitude T

udef— — —
2 ‘

W-W W, WAW W a
Production of AM wave (Block diagram)

()
sps| AM Power ’
Modulator—> Amplifier

CS

N

Oscillator

Use of AM:-
In Radio and TV sound broadcasting.
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Eg-

(iii)

Limitations of AM
(1 Low efficiency (1) Noisy Reception
() Small operating range (v) Lack ofaudio quality
For an AMW the maximum amplitude is 10V while minimum amplitude 2V.
(1 Determine modulation index
AMW, C (t)=(At+A_Sinw t)Sinwt
Maximum amplitude, A +A_ =M,

Minimum amplitude, A _-A_=M,

‘ _ Am _ M —M,
Modulation Index # = e M, 1M,
8
=—=0.67
a 12

(1) What would be the value of modulation index ( 1+ ) if minimum amplitude is, zero volt
n=1

To avoid distortion of signal (weaking of signal) modulation index, p <1

Given m(t) =20 Sin 2 7 (2000)t, c(t) =80 Sin 2 7 (100000) t.

Determine,

1)  Percentage of modulation

i) Frequency of Baseband and carrier signals

i) Frequency spectrumofmodulated wave.
iv) Band Width

, m
Percentage of modulation = e 100

:%100 =25%

m(t) =Am Sin (270, ¢)
m(t) =20 Sin 2 7 (2000)t

- U, =2000Hz
C(t)=Ac Sin2 7 ¥ ¢t
C(t) =80 Sin2 7w (100000)t
v, =100000Hz
Frequency spectrum of modulated wave

v, =100000Hz = 100K Hz
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()

LSB = 9, —1, :10000 —2000 = 98000Hz = 98KHz

USB =4, -4, :10000 + 2000 = 102000Hz = 102KHz
Spectrum is 98KHz - 100KHz - 102KHz
Band width 3 = USB — LSB
=102 - 98
=4KHz
Communication systems are mostly analogue

(1 Natural signals are analogue

(1) More complexity for digital systems
Electric current be used as carrier signal - No - But electro magnetic wave form is used.

Antena as transmitter converts electrical signals into EM wave, as receiver it converts EM

wave into electrical signals.

At low frequency (Eg. Sound) signal is propagated in all directions - It is not transmitted over

distant place due to large absorption of air.

High frequency signal (Eg: Microwave) travels along a straight line. So for their reception

either Geostationary satellite or receiver antena are required.

148



