VIITIEE ACADEMY

PHYSICS (SR) IMPORTANT FORMULAE

1.a) Phase difference between two points on a wave =
2 1), (Pathdifference)

Ad=@2r/))

b) Time difference is the difference of times taken by
the vibrating particle in completing one vibration.

27
A = T X time difference

2.a) Wave velocity, V=n), = ) /T = @ /k;Wave velocity
is constant as it doesnot depend on time.

b) Particle Velocity: V= @ /A’ -y’ <Aty
=0, Vis maximumy 7V 5 =twA
Aty = +A, Vis minimumN/ . =0 .

min

Particle velocity varies with timg’.

3. a) Reflection from rigid surface:
T
» Change in phase is x; change iR timexis 5
. A
Change in path is 5
b)Reflection from free end :
+ Change in phase = 0, change in

time = 0, change in path = 0.
4.  Stationary or Standing Waves
* Distance between two successive nodes or
antinodes is },/2
» Distance between a node and an immediate
antinode is ) /4
» Total energy confined in a segment (elastic
P.E + K.E) always remains the same.
5. Equation of Stationary Wave:
« If the wave is reflected at free boundary; Y =
2A Cos kx Sin @t (where 2 A Cos kx is the
amplitude)
« If the wave is reflected at fixed boundary; Y =
2A sin kx Cos @t (where 2 A Sin kx is the

amplitude)

6. Interference of two waves, moving in same
direction :

. Resultant amplitude
A = \/al2 +a,” +2a,a, cosd

. Resultant intensity 7=1,+1,+2,/I,1, cos¢
Condition for maximum intensity :

. Phase difference : where

n=0,1,234...
1. =1 +1,+211

max

Condition for minimum intensity :

¢p=2nr,
-, path difference = 54

. Phase difference : ¢:(2n—1)7z where

n=12,3,4..

, A

. path difference =(2n—1)5 .

1. =1+1,-2\11,
L :[I r] (a2a]

=) e

. The phenomenon of interference is based on

conservation of energy
7.VIBRATION OF STRETCHED STRINGS
. Fundamental frequency

mﬂﬁm ies :
21: \/; ld \/;

* The ratio of the frequencies of the various modes of
vibrationis 1: 2: 3: 4. .......

* The difference in the frequencies of successive overtones
is equal to the fundamental frequency.

(5Hn
nAnysn, —n,=n—n=n=—|,|—
20 )\'m

. | If awip€'held at the two ends by rigid supports is
justtautatt #C then the velocity of the transverse
wave att Cs given by

2

~ \E _ [Ydaar  [voar
m Ap P

* A wire of uniform cross—section is fixed at one end
and is attached to a load M passing over a pulley
atthe otherend. Velocity of the transverse

M,
wave, V= =<
m
oIf the load is submerged in a liquid

of density d then the velocity of wave
. L

V = [(Mg—vd,g) _
1 m

Intensity of Wave :-
It is the average power transmitted by a wave

dL
Mg(1- 35)

®



through the given area. I=—% ;
I=27n"A’pv

Laplace’s correction V=, =

.'.V:‘/FRT
M

Velocity of sound in a gas is directly proportional
to the square root of the absolute temperature

V. T

o o

v, [T _(r+273j%
273

=V, =V, 1+
546

When temperature rises.by 1°C then velocity of
sound increases by 0.61 m/S

9. ORGAN PIPES

open pipe :

vV aV
Frequency :7:}12_1’ where n=1,2(.../
Closed pipe :

(2n-1)V
Frequency = w h e r\ve
n=0,1,2,.....

The end correction (e) depends on the internal
radius of the pipe. e=0.6 R=0.3d

Where R is radius of the pipe and d is diameter of
the pipe

Velocity of sound (Resonance column apparatus) :

If /, and [, are the first and second resonating

A 31
lengths then ll+e=z 12+e:T
A
So—==10-1
2 2 1
. 1) A=2(L,—1) + 2) V=ni=2n(l,-1) 3)
e:d
2
10. BEATS

The time period of one beat (or) the time interval
between two successive maxima or minima is

1
n ~n,
The time interval between a minimum and the

1
immediate maximum is 2(n ~n,)

n—n,

2

Frequency of variation of amplitude =

n +n,

Frequency of resultant wave =

11.DOPPLER EFFECT

Expressions for apparent frequency (n ) in terms
of actual frequency (n) : !
V - Velocity of sound in stationary medium

V, - Velocity of Listener

Vs - Velocity of source of sound

VEV,
n = n

VFEV,
Listener and source at rest. n=n
Listener moving towards stationary source.

V+v,
n = 7 n

Listener moving away from stationary source.

V-V,
n = V n

Source moving towards listener at rest.

”'_(VYVJ"

Source moving away from listener at rest.

v
n = n
V+V

Sobrce moving towards listener and listener moving

V-7,
away.froghsource. A 7 L

Source Moving, away from listener and listener
moving towayds source.

n=| e,
: V+V,

Source and listener moving towards each other.

V+v,

Source and listener moving away from each other.

)

n = n
V+V,

Consider a source of sound of frequency ‘n’Hz
is moving rapidly towards a wall with a
velocity of V_ m/s.
Case (i): If the observer is in between source
and wall. No.of beats = 0 (As the wall

(source) and observer both are at rest)
Case (ii): If the source is in between observer




and wallNo. of beats = 21/711
Case (iii): If the observer and source are

moving together towards a wallNo.of beats =

2Vin
V-V

= When source is in motion and observer is at rest,

apparent wavelength of the wave is given by

Vil/s R i
A =2 i F + for source moving away

observer '_' for source moving towards observer

= When observeris in motion and source is at

rest, apparent wavelength of the wave doesn’t
change

12.= Conductivity of conductors decreases and that
of semi conductors increase with increase in
temperature.
Semi conductors béhave'as insulators at absolute
zero temperature.
= The ratio of free electreps taholesis 1: 1 and
even with increase of temperaturé the ratio remains
samei.e., 1:1.
=" The width and the resistance of junction{deécreases
in forward bias
< The width and resistance of the‘junction
increases in reverse bias

e in half wave rectifier the ripple frequencyis
same as that of the input frequency.

= In full wave rectifier the ripple frequency is
double that of the input frequency.
<= 1.Avalanche Break Down: At high reverse bias
voltages, the minority charge carriers acquire high
velocity and diffuse across the depletion layer,
breaking down the covalent linkages between
different atoms. The free electrons liberated further
are responsible for breakage of other covalent
bonds. Thus there is an unexpected rise
(multiplication) of electrons and hence current. This
high current produces heat and the device is
damaged. It takes place in a lightly doped diode.
<13 . Zener Break Down: Even at low high reverse bias
voltages, there is the direct breakage of covalent
bonds due to very strong electric field which gives
rise to unexpected increase in electron number,
current value and hence heat energy. It take place
in a heavily doped diode.
= Zener diodes are used for voltage regulation.
ii) Zener diode is used as a voltage regulator. It's
circuit diagram is
1) 1=+
3)V,=V,=1 x R

2)V, =IR+V,

q_ S

\I\""A
vi % é“’* K
v,

Zenor Diode ) T, |
O— C
14. In an n-p-n Transistor:
C
B
G
npn
L In a p-n-p Transistor:
G
P|N| P B
e
E B C
pnp
L The emitter curret (1.) is the sum of base curret
(1) and collector current (1), 1. =15 +1,
{ Current amplification factor of common
— A IC
base configuration #~| 1~
E Jconstart Ty
{ Current amplification factor of common emitter
_[Ale
cenfiguration B= Al .
B J constant Veg
® Valdesyof ¢ range from 0.95 to 0.99. ®Values of

® o and S of atransistor is related as

L rdngefeom 20 to 500.
a
p=—
l-a

=P
’ 1+
Input resistance of transistor in CE configuration

IS in A [B e

® Output resistance of transistor in CE configuration

IS ou A[C .

® \/oltage gain = current gain x resistance gain.



2
Al R, )
< J x— = 87X resistance

® Powergain = (A_[B R

gain.

@ Inacommon -base amplifier, the phase difference
between the input signal voltage and output voltage
is 0

@ Inacommon -emitter amplifier, the phase difference
between the input signal voltage and output voltage
is 7

15. LOGIC GATES :

OR gate

A Dy

ov OR gate

Symbol of OR gate

AND gate

b7

Circuit of AND gate Symbeol of AND\gate

NOT gate

16.MOTION OF A CHARGED PARTICLE IN A
UNIFORM MAGNETIC FIELD:
® Force acting on a charged particle in a uniform

magnetic field of induction Bis F =Bq vsing.

® Ifthe charged particle enters into the magnetic field
parallel to the direction of the magnetic field it follows
a straight line path with no change in its velocity as
F=0.(0 =0

® If the charged particle enters normally into the
magnetic field, the force F = Bq v and its direction
is perpendicular to both the directions of the velocity
of the charged particle and the magnetic field as
given by Fleming’s left hand rule. Hence the charged
particle follows a circular path of radius r for which

2

myv
the necessary centripetal force is given by

the magnetic force Bq v. Hence radius of the circular

my

ath ¥ =——
p Bq

® The ratio of the radii of the charged particles that
enter into the same magnetic field with the same

iz(&J (Q_J
r, \m, )\ 4,

"
Ratio of the deflections is ~
1

velocity is

as deflection is

proportionalto —
r
®  Theradius of the circular path in terms of momentum

P
isr= Bq
The ratio of the radii of two charged particles
entering into the same magnetic field with the same

h_4

momentumis .
noq
® Theradius of the circular path in terms of K.E. is r

=\2mxK.E./ Bq

The ratio of the radii of two charged particles
entering into the same magnetic field with the same

o [m 4
K.E=is - .
F m, g,

® Theangular velocity of the charged particle in the

v  Bg
circular padifis @ = —=—.
rom
® The time periocwefrevolution of the charged
2w 2mm
particle in the circular path is T= P Bq

Itis independent of velocity and radius.
The frequency of revolution of the charged particle

1_ Bg

T 27m

® Ifacharged particle enters into a magnetic field at
any angle other than 0°, 90° and 180°, the charged
particle follows a helical path.

17.PHOTOELECTRIC EFFECT :

in the circular path is n=

hc
® Theenergy of each photonE=hvy = 7 where v

is frequency and /| is wavelength of light.
® The momentum of a photon



e ok
p=mc= c? c A
The number of photons n emitted by a source of

monochromatic radiation of frequency v and power

n
P in t seconds is P = [%jhv , Where 7 is the

number of photons emitted per second.
Energy of a photon in electron volt can be found by

12400

(in eV) zm

using the formula 2

As the electrons are to be liberated from a metal
the minimum energy w, required is obtained by
substituting K.E__ =0 and the minimum frequency

of radiation required to liberate itas v=v_ called
threshold frequency inK.E__=hv-w
he

0=hv,-w, w=hv, &2 w (in eV)“/l(in ]

Einstein’s photoelectric €quation in terms of ,, and
Ao KE, = hna-w =hvy-hy =

it
hc A A

For a given metal surface, if the light of frieguency

2V, is incident, the number of photoelectrons

liberated per second or photoelectric current
increases with the intensity of incident light.
The photoelectric current does not depend upon

the frequency of the incident light provided v > v, .

Work done to stop the electrons = Ve = KE__
(by work-energy theorem)
Ve=hv-hvy  (byEinstein's photoelectric equation)

(2

A graph plotted between V_and v is to be a straight
line.

X

h
Slope of the straight line = — @ Its X -
e

intercept = v,

hv, w
ItsY -intercept= " — [T7| — |.®
e e

Graphs between V_and v for two different metal
blocks will be parallel as the slopes are same.

-

\Y"
&

<
)

2

]
1
v v —

o

The graph shows photoelectric current as a function
of p.d. for light of different intensities I, 1,, 1,. We
observe that V_remains the same when the
frequency ( v) of incident light is same for a given
metal and it is independent of incident intensity.
But photo electric current is directly proportional to
intensity

photo electric current

4

v, potential

Different sources, having same intensity but of
different wavelengths correspond to different values

of stopping potentials ¥, ,V; ,V, for a given
metal. It can be seen that V, >V, >V, if

7\,1<7\42 <7\,3

t+ | PHOTO ELECTRIC
CURREMT

o
o ¥, o, POTEMTIAL —==

18.de-Broglie Waves (or) Matter waves

If m is the mass and V the velocity of the material
particle, then p=mV
h
A=—0o
mv

If E is the kinetic energy of the material particle
then

2
Ezlmu2 =p—,p =2mE or
2 2m

Therefore ,the deBroglie wavelength is given by




<= If a charged particle carrying charge q is
accelerated through a potential difference of V
volt,then Kinetic energy KE=qV In that case

h
A=
’ \2mgV
= When the material particles like neutrons are in
thremal equilibrium at absolute temperature T, then

they posseses Maxwellian distribution of velocities
and so their average kinetic energy is given by

h

3mkT

<= de-Broglie wavelength associated with
charged particles :-
(1) For electrons

h
_ -31 Ap—
(m, =9.1x10""kg) /72mqV

0
_ 12.27 Y

N7
<= de-Broglie wavelength associated with
uncharged particles :
(1) For neutrons

(m, =1.67x10""kg),

h 6.62x107* 0.286 ¢
/1 = = = A
V2mE  2x1.67x107E JE(eV)
h
<= For gas molecules A= W — Forgas

rms

3
molecules at Tk £ = EkT

h
A=
3mkT
= Davison and Germer Experiment :-
=

The wave nature of electrons was first experimentally

verified by it .

= Here Nickel was taken as example. It was found
that high intensity of electrons were identified at
$=50" & V, =54V,

19.Rutherford’s ¢ -ray scattering:-

= Distance of closest apporach between a
bombarding particle and target scatterer of like
charge occurs for a head -on-collision.The particle

turns around and scatters backward at 18(0°.At
that instant the entire kinetic energy (K) has

been converted into coulomb potential energy.
we solve this equation to determine 7, .

_(Ze)Z,e)
- dre,r

K

<= Number of spectral lines obtained due to transition

of electron from , orbit to lower orbit is
n(n-1
)
2
Spectral series of Hydrogen Atom
1 1 1
—=RZ}| -— |
A n°, n,
20.SIZE OF THE NUCLEUS:
. Radius of the nucleus depends on  number of
1
nucleons. R = ROAA Valueof R, =1.1x10°
15m
21.DENSITY OF THE NUCLEUS:
. Density of nucleus is independent of mass

number of the atom.
. Density of the nucleusis 2.97 x 107 Kgm
EINSTEIN’S MASS ENERGY RELATION
. When matter is completely annihilated, energy
released is E = mc?
o MASS DEFECT:

Am = [[ZMp +(A- Z)Mn] - Iv'nucleus]

= Atomic number

z

Mp = Mass of proton M_ =
Mas’s of neutron
A = Mass number M =

nucleus

Mass of\aueleus.

. BINDING ENERGY: The energy required to bring

the nucleons from infinity to form the nucleus is
called binding energy. It is energy equivalent of
mass defect BE=[ A m]C2
NOTE: BE=massdefectx931.5MeV if mass
is expressed in a.m.u.
Binding Energy per nucleon : The ratio of the
binding energy of a nucleus to its mass number
is called binding energy per nucleon. It is also
called binding fraction.

Binding Energy

B.E. per nucleon =
Mass Number

22.RADIOACTIVITY

. a) o particle is the nucleus of helium atom
b) o particle is a combination of two protons and
two neutrons.
c) «a particle carries 4 units of mass and 2 units
of positive charge.



Rate of disintegration is proportional to the number
of radio active atoms present in the element,

dN

Lo AN
dt

The exponential equation for radio active decay

phenomenonis N = N e™

For any radio active substance

0.693
a) li, :T b )
2.30xlog?2
V2~ 1 c )
t=—2_xlog—2
log2 8 N

d) #,,, =0.693x7 (Wherg’7 is Average life) e )

N,
t=3.32xt, ><logW0

The average life of the radio active sybstance is
proved to be equal to the reciprocal value of'decay
constant.

2= p) =2 y
A 0.693
r=1.44xt,,

The number of half lives in the decay time 1’ is

t
givenby "=~
t1/2

. NO . WO
The ratio (7) is equal to (Wj
For any radio active substance
1) Activity = rate of disintegration 2) Activity =
0.693x N

AN 3) Activity = ;

1/2
Units for activity
Curie, millicurie, micro curie, Rutherford, Becquerel

1Ci=3.7x10"d.ps 1

3.7x107d.p.s 1 uCi=3.7x10"d.p.s
1Rd=108d.p.s 1Bg=1d.p.s

The Curie is defined as the activity of one gram of
radium in which 3 7 x10'° atoms disintegrate per
second.

mCi =

23.NUCLEAR FORCES

The Nuclear Forces are of Four Typess
1) Attractive Forces 2) Repulsive Forces
3) Coulomb Forces 4) Tensor Forces
Short range: They will act upto nearly one fermi.
Beyond that they become negligible.
Charge independent : Fo=Fom=Fu

NEUTRON
Neutron is unstable outside the nucleus.

pn

on'— H'+ e’ +v (antineutrino)

Thermal neutrons have an average energy of nearly
0.025 eV. Fast moving neutrons have an average
energy of 2 MeV.

MODERATOR:

« The function of a moderator is to slow down the
fast moving neutrons to increase the rate of
fission.

e The commonly used moderators in the order of
efficiency are

(i) Heavy water, (i) graphite,

(iii) Berillium and Berillium Oxide

« Agood moderator should have

(1) low atomic mass

(2) poor absorption of neutrons

(3) good scattering property.

(4) The size of moderator atom should be nearly
of same size as that of the size of a prompt
neutron.

CONTROL RODS:

e The function of a control rod is to absorb
(capture) the neutrons.

e Cadmium, Boron and steel rods are used as
control rods in a nuclear reactor.

26-POWER OF ANUCLEAR REACTOR

The output power of a nuclear reactor is given by
P= pk

n =No. of fissions taking place in 1 sec.

E = Edefgy'released per fission

If “x” gradmslofa nuclear fuel of mass number ‘A’
undergo fission in a time of ‘t’ sec. ‘E’ is energy
released per fission, then the power output of the
nuclear reactor is given by

X
P=T where N - Avagadro number

At temperatures of about 107K, light nuclei
combine to give heavier nuclei. Hence, fusion
reactions are called thermo nuclear reactions.
Nuclear fusion takes place in the sun and other
stars.

Energy produced in a single fission of ,,U** is
larger than that in a single fusion of Hydrogen
into Helium.

But fusion produces more energy than fission per
nucleon.

In fission, 0.09% of mass is converted into energy.
In fusion 0.66% of mass is converted into energy.



. Hydrogen bomb is a fission — fusion bomb.
STELLARAND SOLAR ENERGY:

. Stellar and solar energy is due to fusion.
27. AVERAGE VALUEOFA.C.<I>
. For one complete cycle <1 >=0 <Forhalfcycle

21
< | >==0=0636],
Y

. R.M.S. VALUE OF A.C. (I )
It is equal to that direct current which produces
same heating in a resistance as is produced by
the A.C. in same resistance during same time.

o _
lrms - \/E
. REACTANCE (X)
 INDUCTIVE REACTANCE (X))
oIt is the part of impedance in which A.V. leads the A.C.

0.7071p = 70.7% of I,

by a phase angle of g

elts value is X1 =wL = 2xfL .

oIt bypasses D.C. but offers finite impédaneg,to the flow
of A.C.
* X, -fcurve. Xy

. CAPACITIVE REACTANCE (X,)
. It is that part of impedance in which A.C. leads

the A.V. by a phase angle of g

1
oC 2nfC’
*It bypasses A.C. but blocks D.C.

olts value is X, =

X, -fcurve

‘I

f

8 PHASOR DIAGRAMS:
A.C THROUGH ARESISTOR

E.m.f.

2 Current
.

:
i

LG 2 g
© 2 \U - Peak value
o .
N

E
of current I() =0
oL

LE
M E.m.F.

Current

.
f’ ", /
T )
//ésfl \1 "/é E:IT' ot

¢ Inductive reactance in terms of RMS value is
E,
XLza)Lzﬂ
Irms

A.C THROUGH A CAPACITOR

LE

= Current

B,
“

)

VAR |

ot

*Capacitive Reactance : Capacitance not only causes
the voltage to lag behind the current but it
alsd limits the magnitude of current in the
circuit

Ep 2XC:L: 1 :@:Erms

( 1) j oC 27fC I

0C

29.A.C THROUGH LCR SERIES CIRCUIT

= the peak value of current, ,

_ Ey
0=
\/R2 +(Xp -Xc)

Io A

Irms

I

1
oC 2rfC
& X =wL =2xfL is inductive reactance.

<= where Xc is capacitive reactance

< The alternating current in the circuit may lead
or lag or may be in phase with emf depending

on the value of ¢

= If X >Xc then ¢ is +ve. In this case the
A.C. lags behind the emf by a phase angle

o= Tan_l(XL _ch
R



= If X1, <X then ¢ is -ve. In this case the A.C
leads the

(I) =Tan _1(Mj
R

= If X;, =X then ¢ is 0. Inthis case the A.C
and emf are in phase.

E

0

) \/RZ +(X, - X.)

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

= Impedance,

emf by a phase angle

I,

=

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

=,|R +(0)L wCJ \/R +[2;er Zﬂ.fC]

= Impedance

interms, of RMS values

Zz\/Rz 1 (X - X ) 2 Eims.
Irms

= If X >X, thenthe circuit wi’bg™inductive
= If X, <X, thenthe circuit will be “capagitive

= If X =X, then the circuit will be purely
resistive.

< The LCR circuit can be inductive or capacitive

or purely resistive depending on the value of
frequency of alternating source of emf.

30. RESONANCE :
<= Resonance in series LCR circuit :

= At certain frequency called resonant frequency

f;, X1, =X (inductive reactance exactly
cancels capacitive reactance ) and resonance
will occur. This is called series Resonance.
= When series resonance occurs, the LCR series
circuit is purely resistive in nature
= Expression for resonant frequency At

resonance Xp =Xc

1 1
=f. =
2nf,C " 2myLC
This frequency is also called natural frequency
of circuit

=" At resonance, impedance 7z=,R?+(X -Xc)

becomes Z=R. i.e., impedance is
minimum

2nf,L =

= At resonance, current in the circuit

1 — Erms
rms D
\/RZ +(Xp -X¢)

become

_ Erms . . .
Lims = R i.e., currentis maximum.
= At resonance, phase angle
4 X —-X
¢ = Tan (LRCJ becomes ¢=0 i.e.,

the alternating current and emf are in phase.
30. Quality Factor (Q-factor) of Resonance Circuit

0= 27rxenergy stored in the circuit percycle

energy dissipated per cycle
ol , L [L
=% 2=%\c

31.Power consumed in a series LCR circuit

P=E_|

rms rms

cos ¢

The quantity cos ¢ is called the power factor.
Here P is called True power (P)and|_E _is

rms rms

called appearent power or virtual power.

& In a pure resistive circuit true power = appearent
power.
& In a pure inductive circuit P =

T
cos| —|=0
Ermslrms ( 2 )

Thusaapower loss takes place in a circuit having
inductoronly.
& In a pure capacitive circuit

cos(z) =0
2

Thus, no power loss takes place in a circuit having
capacitor only.

P =

E |

rms rms

R
cos g =
@ For RC circuit, R+ I =
22
o C
cos ¢ R
For LR circuit, =
VR’ + &’

For LCR circuit,



R R

cosp=—= =
\/R2+(La)—lj
Co

& Wattless Current is that component of the circuit
current due to which the power consumed in the
circuit is zero.

& Wattful current is that component of the circuit
current due to which the power is consumed in

the circuit
32.AMPERE'S LAW
. The line integral of the magnetic induction over a

closed loop is equal to 44, times the current (i)
passing through the area bounded by the loop.

$B.Al =
33.BIOT - SAVART'S LAW AND APPLICATION

S Mo idlxr
. I tor f ev— 77
n vector form, dB on 3
. Magnetic Induction on the axis of a cigeular current
L, nif’
carrying coil is : B= 2(r2 g )%

where n is the number of turns, 'r' is the radius of
the coil and 'X' is the distance of the point from
the centre of the coil.

The magnetic induction at the centre of circular

current carrying arc, subtending angle @ at center

1
is B= M—0(9) where ‘9’ is in radians
4mr

: . Honi
. 1) If @ = s, thatis for semicircle B = 4
B
. . Honi
2)If @ =2 thatis for a circle B = )
B

. The magnetic moment of a circular coil of area'A’

carrying a current 'i' and having 'n' turnsis, M=

niA
. Magnetic dipole moment of a revolving electron

M evr

(M) = >

. An electron (Charge 'e') revolving around the

nucleus in an orbit with a speed ‘V’ then the
magnetic field induction at it's centre is
HoVe
drr’
%~ Along solenoid carrying a current acts like a bar

magnet, B = u  ni along the axis of the solenoid
where, n is the number of turns per meter.

|
At the ends of long solenoid, B = 5 Mot

34.FIELD DUE TO ASTRAIGHT CONDUCTOR:-

Myl
27wr

where 9’ is the current through the conductor and
'r' is the perpendicular distance of the point from

the conductor.

. If the point P lies along the axis of the conductor
thenB =0

. If the point P lies at a perpendicular distance r

from one end of an infinitely long conductor then
magnetic induction at P is.

_ Mt
4rr
Similarly for conductor of finite length perpendicular
Mol .
to one end, B =-——sin6
drr

FORCE EXPERIENCED BY ACURRENT CARRYING
CONDUCTORPLACED IN AMAGNETIC FIELD

If the length makes an angle @ with the field then,

F=BIiLSing or F =i(LXB)

. Force experienced per unit length of each
F ii
eonductoris,f= - = LILLEN
[ 2y
. If the.cdrrents in the parallel conductors are in the

same directipn then they attract each other. If
the currenistgre,in opposite direction then they
repel each othep:

. If two straight parallel current carrying conductors

with currents 7,1, (i2 > il) are separated by a

distance ‘d’ then distance of null point from

d
conductor i, is X =——
by
il

currents in the same direction.
—ve for the currents in the opposite direction.
35.TORQUE ON A CURRENT CARRYING COILIN A
UNIFORM MAGNETIC FIELD
. If the normal drawn to the plane of the coil makes
an angle '@ ' with the direction of the magnetic
field then.

+ve for the



7 =nlABsin @

(AxB)= MxB
. If the normal drawn to the plane of the coil makes

an angle '@ ' with the direction of the magnetic

field then.
7 =nJABsin @

In vector form 7 =n]

In vector form  =n] (KXEF MxB

. The horse - shoe type of magnet provides the radial
field with the help of cylindrical poles and soft iron
cylinder

. The current through the MCG, 1 =

C
(ﬁj 0 =K@

where 'K' is called as galvanometer constant and
'C' is the couple perpunit twist of the suspension

fibre.
. Current sensitivity of the/galvanometer =
e/l =(nBA)/C

The Current sensitivity can'be jincreased by,
a) increasing the number of turns
b) increasing the area of the coil
'B' d) decreasing 'C'

. Voltage sensitivity of the galvanfmeéter,
= g/V =(nBA)/ICG
where G is the resistance of the galvanometer

36.AMMETER

. A galvanometer is converted into an ammeter by
connecting a low resistance in parallel called
shunt resistance.

c)Ahcreasing

. Shunt resistance, S=

where Ig is the full scale deflection current of the

galvanometer, T is the maximum currentto be read
on the ammeter.

. In electrical circuits, an ammeter is always
connected in series.
. When increasing the range of an ammeter,

G
S= (n—l) where n =new range/old

range
GS
. Effective resistance of the circuit is,
G+S

VOLTMETER
. A galvanometer is converted into a Voltmeter by

connecting a high resistance in series to it.
. The resistance 'R’ that should be connected to

galvanometer in order to convertitinto a voltmeter
is,
y

-G
R=7

g

where 'V'is the maximum Voltage to be read with
the converted Voltmeter.

. Tochange therange, R=(n-1)G where, n =
new range / old range

. Resistance of Voltmeter is (G + R)

. The internal resistance of a Voltmeter is high. An

Ideal Voltmeter should have infinite resistance.
37.  The total magnetic flux linked with the coil is the
flux linked with each turn multiplied by the number

of turns. Thus, ¢ = BAncos 9

. The unit of magnetic flux is weber (Wb). Magnetic
flux is a scalar.

. LENZ'S LAW: The induced emf and induced
current are always in such a direction as to oppose
the change that produces them. This is nothing
but a consequence of the law of conservation of
energy.

—d¢
* From Faraday'slaw €=——

dt

» The total magnetic flux through a coil is directly
proportional to the current that passes through it.

i.e, ¢ =Liwhere Lis a constant of proportionality

known as the coefficient of self induction or simply
self inductance.

38.Energydensity in magnetic field :
1

U=5Li2 where V is the volume en-
closed by the solenoid Energy density
U B

V. 2y,

. MUTUAL INDUCTANCE: The total flux linked to
the secondary is directly proportional to the current
inthe primary. ¢_=Mi , where “M” is a constant

of proportionality known as the coefficient of
mutual induction

dg, d (;

a E(Z”)

Soe; =—Mdi
dt

& Self and mutual inductance of a solenoid
Solenoid is an assembly of large number of turus



wound over a cylinderical core. If | is the length,
A-the cross-sectional area and N-the total number

L — /,10]>sz

In case of a pair of coils (shown in the figure) of

of turns in a solenoid, then

total turns N, and N, respectively, the coeffi-
cient of mutual inductance M is given by

M =pn,N A where n, :T" is the num-

ber of turns per metre length in primary coil.

Coefficient of magnetic coupling

Two coils are said to be magnetically coupled if
full or part of the magnetic flux produced by one

coil links into the another coil. If L, and L, are

the self inductances of’the coils and M is their
mutual inductance, then the coefficient of coupling

‘K is givenby M = /L, L,

39.TRANSFORMER

A transformer works on the principlé of"mutual
induction.

The primary is connected to an alternating.source
of emf, by mutual induction, an emf is inducéd’in
the secondary.

VOLTAGE RATIO: If V, and V, are the primary
and secondary voltage in a transformer, N, and
N, are the number of turns in the primary and
secondary coils of the transformer, then

Vl _ Nl

V2 N2 .

CURRENT RATIO: If the primary and secondary
currents are |, and |, respectively, then for ideal

I/2 — I1 _ N2

transformer 71 = E N,
IDEAL TRANSFORMER: In an ideal transformer
the input power is equal to the output power.
VL=V, 1,

The efficiency of an ideal transformer is 100%.
LOSSES INATRANSFORMER: The losses ina
transformer are divided in to two types. Theyare
copper losses and iron losses.
The loss of energy that occurs in the copper coils
of the transformer (i.e. primary and secondary
coils) is called ‘copper losses’. These are nothing
but joule heating losses where electrical energy
is converted in to heat energy.
The loss of energy that occurs in the iron core of
the transformer (i.e. hysteresis loss and eddy

40.

41}

current loss) is called ‘iron losses’.

MINIMIZING THE LOSSES INATRANSFORMER:
The core of a transformer is laminated and each
lamination is coated with a paint of insulation to
reduce the ‘eddy current’ losses.

By choosing a material with narrow ‘hysteresis
loop’ for the core, the hysteresis losses are
minimized.

When two magnets are placed at an angle 6 with
each other and with like pole together, the resultant

magnetic momentis \/M,* + M, +2M,M,Cos0

When two magnets are placed at an angle 6 with
each other and with unlike pole together, the
resultant maghnetic moment is

M,? +M,’ —2M M, Cos0
A bar magnet of moment M is bent is an arc so
that angle at the center of the arc is 6, then the

2M sin (9
new magnetic moment is Sn(lg()é)(e is in
radians)

A bar magnet of moment M is bent into a semi

circular arc. Then the new magnetic moment is
2M
-

If two poles m,, m, (m,>m,) are separated by a
distance d, then distance of neutral point from
smaller pole is

i .
X = , where m, >m_ + used for like poles
Ui e
nh

- for unlike pofes

For like poles ngutral point is in between the poles
and for unlike poles neutral point is outside.

The mutual forces of attraction (or) repulsion acting
on the two poles separated by a certain distance
forms an action reaction pair and the ratio of the
magnitudes of these two forces is
1:1.

The relation between B and H is B, = pH in
vacuum and B = u H in a material
medium Where p is the
absolute permeability of the medium

42.COUPLE ACTING ON THE BAR MAGNET

(OR)TORQUE ON A MAGNETIC DIPOLE
C=m2IBsind (or) C=MB sin0

Where 0 is the angle between magnetic moment
and magnetic field. In vector notation

—_ —  —

C=MxB



Workdoneinrotatinga

magnetic dipole in a magnetic field

The work done in deflecting a magnet from
angular position (91 to an angular position (92

with the field is given by 7 = AU (change in
PE) (or) W = MB(cos 6, —cos 6, )

When a bar magnet is held at an angle 6 with the
magnetic field, the potential energy possessed
by the magnetis U =-M B cos 6

When the bar magnet is parallel to the applied
field, then 6 = 0° and potential energy is - MB.

When the bar magnet is perpendicular to the
applied field, then 0 = 90° and potential energy is
zero

When the bar magnetis anti-parallel to the applied
field, then 6 = 180° and potential energy is
maximum i.e. U = +MB

Two magnets of magnetic moments
M, and M, are joined in the form ofia cross and

this arrangement is pivoted so that if is free to
rotate in a horizontal plane under theipfluence of

earth’s magnetic field If @ is the angle made by

the magnetic meridian with M, then

tan9=&
1

43.FIELD OF ABAR MAGNET

The magnetic induction at a point on the axial line

P 2Md
is B = (OJ (@> -1 (S—¥) For a short

4
bar magnet
. Ho | 2M
ie. [ <<<<d thenB = E U

The direction of magnetic induction on the axial
line is along —<y— from south to north.

The magnetic induction at a point on the equatorial
line at a distance d from the centre is
M ot b
4TC (d2+l2)3/2 ora shor ar

Ho M
magnet | <<<< d then B= . e

. The direction of magnetic induction on the
equatorial line is along from north to south pole

. The deflecting couple acting on the magnetis / o

. Restoring torque developed by earth’s magnetic

induction is MB,, sin0.

. Ia = MB, sin@ (@ is the angular

o
displacement)e Time period T =27 \E

. A freely suspended bar magnet experiences a
torque and executes angular S.H.M. Time period

I
MB,

of oscillation is T =2xn

where | moment of inertia, M magnetic moment

and B,, Horizontal component of earth magnetic
44 .Magnetic Susceptibility: It isthe ratio of intensity
of magnetization to the intensity of magnetizing

field. X, :E . x, represents the

ease with which a material can be magnetised.
+ Soft iron has greater susceptibility than steel.

* Relation between magnetic perme ability and
magnetic susceptibility.

B=(1+H)y,

/u:(//{m—’_l)ll'lo ﬂr:Zm—'—l

& Curie’s Law: It states that intensity of
maghetization is directly proportional to the
magneti¢/induction (B) and inversely proportional
to the absblute temperature

I= 7 Where C- Curie constant

& Curie-Weiss Law: Susceptibility ZmaT—H

Where @ is called Curie temperature

%" Properties of softiron and steel: For softiron,

the susceptibility, permeability and retentivity are
greater while coercivity and hysteresis loss per
cycle are smaller than those of steel.

* I-H, curve for different materials



e Ferro magnetic
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» Curve for magnetic susceptibility and
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T

45.If a point charge ‘q’ is movVing in a circle of radius

‘r with speed ‘v’ and constant frequency ‘f’
. q qv
=—= f = —
then i T q -

Let n be the no. of free electrons per'wait vdlume
under the application of electric field to”the

conductor of cross section A. If V, be th&l(drift
velocity then

N
where, N =—

. Ne
Current 1=—
vol

t

i:nA[Qe N = n (volume) = n(A/)

i=nAVge N: Total free electrons

i [
Vy=—+ . V, =—
A= he © Charge of electron Vy4 "
. m / o
= Resistance (R) = T = resistivity
ne‘t A
p=—0_
ne’t
Mobility (1)

Average drift velocity per unit electric field strength
: . Ve
is mobility of electron p = T

S.I. unit : m23_1vo|t_1.

The specific resistance does not change with the
shape of the resistor. It depends only on the
material of the conductor at constant temperature.
When both the wires are made of different
materials.

Re_(sYn)a)_(siYn)]n
Ry S N \ 4 Sr NI rlz

where S, and S, are specific resistances of both
the wires.
If two wires made of same material have lengths

[1,1, and masses m, and m, respectively, then

2
R\ (mj
Ry |12 | m
2 l2 1
If two wires made of same material have equal
masses (or) when a wire is stretched from length

ll to 12 , then

r_[E)_[4] [
2T 2T 4
2 L) 4 1

46.VARIATION OF RESISTIVITY AND RESISTANCE

WITH TEMPERATURE :
Variation of resistance of a conductor with

temperature is given by R, =R, [1 +af(t, —t1)]
where o is called temperature co-efficient of

resistance. Where R, is the resistance of the
gonductor at a reference temperature t, (usually
Q%C or.20°C) and R, is the resistance at

temperatute t,. Unit for o is /°C. (per degree

Centigrade) orK (per Kelvin).

If ‘R,” and«¥R,[ _be the resistances at two

— Rz_R1
Rt, - R,

A conductor and a semi condutor are

connected in series. If the resistance of
combination is same at all temperatures then

temperatures ‘t," and ‘t,’ then &

R; o, =R,0, where R, R, are resistances
of conductor and semi conductor respec-
tively.

A wire of resistance ‘R’ is cut into ‘n’ equal parts
and all of them are connected in parallel,

R
equivalent resistance becomes ™ 5 .
n

12 wires each of resistance ‘r’ are connected to
form a cube. Effective resistance across



S5r
a) Diagonally opposite corners =? .b) face

3r

diagonal = ? c) two adjacent corners

_Ir
12°
. If two wires of resistivities S, and S,, lengths
Zland 12 are connected in series, the equivalent
resistivity
S1l1 + S71p
S= L+l - I f
S1+8>

L=l then S =
1 2 B

20109
[} =1 then condctivity, ¢ = 51 +07 "
. If two wires of resistivities/S; and S,, Areas of
cross section A, and A, are~conpggcted in parallel,
the equivalent resistivity

157 (41 +4p)

S=SlA2+SZA1 If A, = A, then S
PAYRY)
= S| +Sy a n d
0] +02
conductivity O = T
47.INTERNAL RESISTANCE OF ACELL.:
. The power transferred to the load is maximum when

external resistance becomes equal to the internal
resistance by maximum power transfer theorem.
. When a cell of EMF ‘E’ and internal resistance ‘r’
is connected to an external resistance ‘R’ as
shown, where i = current in the circuit. Now the
cell discharges or delivers current i through R.

Then,
V = potential difference across the external
resistance
V' = Voltage across internal resistance (or) lost
volts
Then,
* EMF of the cell, E=V + V! . From
o E V+V
hm’s law, i = =
(R + r) (R + r)
. ER .
*V=IiR= (R N r) * Fractional energy useful

V_ R

"E R+r
% of fractional useful

(Kjlooz R 100 .
E R+r

energy =

Fractional

r
R+r

energy lost, — =
E

1

l100:( d JIOO,
E R+r

E-V
internal resistance, r = 7 R

* When the cell is charging, the EMF is less than the
terminal voltage (E < V) and the direction of current
inside the cell is from + ve terminal to the —ve
terminal.

I I E<=N

V=E+ir
* When the cellis discharging, the EMF is greater
than the terminal voltage (E >V) and the direction
of current inside the cell is from — ve terminal to
the +ve terminal.

* % of lost energy,

> ] ;
E=W
V=E-ir Hence E >
\Y,

« If external resistance (R) is equal to the internal
resistance (r) then the source delivers maximum
power and the terminal voltage across the cell

ER E

= == Hence the %
R+r 2 °

of energy lost and energy useful are each equal
to 50%

. By mistake if ‘m’ cells out of ‘n’ cells are wrongly
connected to the external resistance ‘R’ then total
emf decreases by the emf of ‘2m’ cells and
(a) total emf of the combination = (n —2m) E
(b) total internal resistance =nr
(c) total resistance =R +nr

(d) current



(n - 2m)E
R+nr
ELECTRIC CELLS IN PARALLEL:
* If two cells of emf E, and E, having internal resistances

r, andr, are connected in parallel to an external
resistance ‘R’, then

through the circuit (i) =

E

Hiro+Eorg

the effective emf, E = % )

rir2

the effective internal resistance, K= 1 v o

48.Electrical Energy :

. The electric energy consumed in a circuit is defined
as the total workdone in maintaing the current’in
an electric circuit for a given time.

. . 20, VA
Electrical Energy = Vit = Pt = iRt =?
S.1. unit of electric energy is joule

where 1 Joule=1wattx1 sec = 1
voltx ampere x 1 sec

Kwh =1000Wh = 3.6 x10°J

ELECTRICAL POWER:

. The rate at which work is done in maintaining the
current in electric circuit. Electrical
power

2
P= ¥ =Vi=iR = VFwatt (or) joule/sec

Bulbs connected in Sereies:

. If Bulbs (or electrical appliances) are connected
in series, the current through each resistance is
same. Then power of the electrical appliance

P xR &VocR['.’P:ithJ

i.e. In series combination; the potential difference
and power consumed will be more in larger
resistance.

. When the appliances of power P;, P,, P;.... arein
series, the effective power consumed (P) is

P :EJFEJFEJF --------- i.e. effective power is

less than the power of individual appliance.
If ‘n’ appliances, each of equal resistance ‘R’ are
connected in series with a voltage source V', the

2

power dissipated ‘Ps’ will be Ps = R

Bulbs connected in parallel:
If Bulbs (or electrical appliances) are connected
in parallel, the potential difference across each

1 1
resistance is same. Then P « E and I« E .

i.e. The current and power consumed will be more
in smaller resistance.

When the appliances of power P,, P,, P;.... arein
parallel, the effective power consumed(P) is

P = P1 +P2 + P3 [

i.e. the effective power of various electrical
applicance is more than the power of individual
appliance.

If ‘n” appliances, each of resistance ‘R’ are

connected in parallel with a voltage source 'V’,
the power dissipated ‘Pp’ will be

V2 nVv?
PP = =
R/n)~ R
B _ 2 (or) P» =n?Pq
Ps

Infpafallel grouping of bulbs across a given sources
of voltagé \the bulb of greater wattage will give
more brightness and will allow more current
through it; but will have lesser resistance and
same potentialdifference across it.

For a given voltage V, if resistance is changed

R
from ‘R’ to (Fj , power consumed changes from

2
R
‘P’ to ‘nP’ P'=Y? where R’:F’ then

, V2 nv? 0
(R/n) R
If t;, t, are the time taken by two different coils

for producing same heat with same supply, then
If they are connected in series to produce same

heat, time taken t=1t;+1t,
If they are connected in parallel to produce same



. o t= t11:2
heat, time taken is 4ty -
. Kirchhoff’s first law obeys law of conservation of

electric charge. Kirchhoff's second law obeys law
of conservation of energy.

49.WHEATSTONE BRIDGE:

. When the Wheatstone bridge is balanced, then
P R
0 s

. Equivalent resistance of a balanced wheatstone

(P+Q)R+S)

network is R_ = m

. When galvanometer and cell are interchanged, the

balance point is not effected.
Meter bridge :

. It works on the principle of Wheatstone Bridge. It
is the simplified form of Wheatstone Bridge.
. It is used to find uAknown resistance of a wire,

specific resistance of\tHe wire and also used to
compare resistances.
. When the Meter bridge is balanged then

R_4h__ 4

X b, 100-]

Where /] is the balancing length frond thé left

end.
POTENTIOM ETER:
Potential gradient or potential drop per unit length

iR

=7 where ‘I is the total length of potentiometer

wire, ‘R’ is the total resistance of the wire and
is the current through potentiometer wire due to
primary circuit.

. If a resistance R is connected in series with the

E

r+R+Rg and

potentiometer wire then i =

E R

potential drop per unit length = (mJT
. The sensitivity of potentiometer can be increased

by decreasing the potential gradient is by

increasing the length of potentiometer wire or

resistance in the primary circuit is to be increased

and current is to be decreased.

COMPARISON OF EMFS

. If [y &Iy are balancing lengths when two cells
of emfs E, & E, are connected in the secondary

By _4h
circuit one after the other then, E_ = l_
2 2

SUMAND DIFFERENCE METHOD :

Let/ and /, are balancing lengths corresponding
to two cells which are connected in secondary
circuit first support each other and then oppose
each other. Then

E;+E, [ E; L+],

E,—E, L’E, [—1, E?>E)ntena

resistance of a cell r =

S

Where [} = balancing length for the cell

connected in the secondary circuit. 12 =

balancing length when a resistance R is
connected in parallel to the cell.
E =emfofthecell V =Terminal voltage.

50.COULOMB’S LAW AND FORCE DUE TO

MULTIPLE CHARGES :

Fe_ 1 a4
4r e,  J*

= 1 g9 :
F, = 22 l’12
2 ax =N rf and F =—F,

Two point sized identical spheres carrying charges

g7 and g, on them are seperated by a certain

distanceg? The mutual force between them is F.
Thes&two’are brought in contact and kept at the
same seperation. Now, the force between themis

E _ (CI1 +%)2

1. Then =
r F 4qq,

NULL POINTS (OR) NEUTRAL POINTS:

Two charges g, and ¢, are seperated by a

distance ' '. Then the point of zero intensity (null
point) lies at a distance of

d
X=——— from g,
@il +Ve sign for like
q,
charges -Ve sign for unlike charges.
If a charged particle of charge Q is placed in an
electric field of strength E, the force experienced

by the charged particle = EQ.
The acceleration of the charged particle in the



£Q

electric field, a =—.
m

The velocity of the charged particle after time 't',

IS Vg if the initial velocity is zero

_ (@jt
m
The distance travelled by the charged particle, is

g=lp if the initial velocity is zero
2

:l(@jﬁ

2\ m

When a charged particle of mass m and charge
Q remains suspended in an electric field then
mg=EQ.

When a charged particle of mass m and charge

Q remains suspended /in an electric field, the
number of fundamental.etiarges on the charged

mg = EQ
= E(ne)
particle, mg

Ee

Intensity of electric field inside a charged\hollow
conducting sphere is zero.
A hollow sphere of radius r is given a charge Q.
Intensity of electric field at any point inside it is
zero.
Intensity of electric field on the surface of the
1 90

sphere is P—
0

Intensity of electric field at any point outside the
sphere is (at a distance 'x' from the centre)

1 0

dr e, x°

The bob of a simple pendulum is given a +ve charge
and it is made to oscillate in a vertically upward
electric field, then the time period of oscillation is

In the above case, if the bob is given a -ve charge

then the time period is given by 27

I
EQ

m

g+

A sphere is given a charge of 'Q' and is suspended
in a horizontal electric field. The angle made by

51.

(E
the string with the vertical is, ¢ = tan~ [mi ] .

The tension in the string is \/(EQ)" + (mg)’

Potential at a point due to a point charge

1 9

dr e, r

Potential due to a group of charges is the algebric
sum of their individual potentials.

e V=V+V,+V,+......

Two charges +Q and -Q are separated by a
distance d, the potential on the perpendicular
bisector of the line joining the charges is zero.
When a charged particle is accelerated from rest
through ap.d.'V', work done,

W:Vq:%mv2 (or)v:,}&
m

The work done in moving a charge of q coulomb
between two points separated by p.d. V, -V is

q(,-n).

The work done in moving a charge from one point
to another point on an equipotential surface is
zero.

A hollow sphere of radius R is given a charge Q
the potential at a distance x from the centre is

1

4z €,

0
-E(xg R). The potential at a

19

distance when x>R is —4 .
TE, X

A spherejs/Gharged to a potential. The potential
at any point inSide the sphere is same as that of
the surface.

Inside a hollow conducting spherical shell,

E=0,7 =0.

Relation among E, V and d in a uniform electric

v dv
field is £ =~ (or) E= i

The component of electric field in any direction is
equal to the negative of potential gradient in that
direction.

ZERO POTENTIAL POINT:

Two unlike charges Q, and -Q, are seperated by a
distance ‘d’. The net potential is zero at two points
on the line joining them, one (x) in between them
and the other (y) outside them



9_9

x d—x

9_60

and vy d+ty

POTENTIAL ENERGY OF SYSTEM OF CHARGES:

52.

Two charges O, and O, are separated by a
distance 'd'. The P.E. of the system of charges is

1 g9

“are d
Three charges Q,,0,,0, are placed at the three

vertices of an equilateral triangle of side 'a'. The
P.E. of the system of charges s

:47re0 a a a
yo_1 Y00
4re, a

The total flux passesthrough the given surface is
givenby ¢, = E.S .29, =EScosd

where @ is the angle made_hy the normal with
the electric field.

GAUSS LAW : The total normal eleCtric flux ¢,

over a closed surface is %0 times the total

charge Q enclosed within the surface.

4 =EJQ

ELECTRIC FIELD AT APOINT DUE TO ALINE
CHARGE:
A thin straight wire over which ‘q’ amount of charge

be uniformly distributed. 4 be the linear charge

density i.e, charge present per unit length of the
wire.

-4 A
E=—1

E=—

2w e, vl e, r

ELECTRIC FIELD INTENSITY AT APOINT DUE
TO ATHIN INFINITE CHARGED SHEET :
‘g’ amount of charge be uniformly distributed over
the sheet. Charge present per unit surface area of

the sheet be ¢ . i.e surface charge density o

q

E = :
2A€, ’

E = where o =

g _. .
<, 1" E is independent of the

distance of the point from the charged sheet.

ELECTRIC FIELD INTENSITY AT APOINT DUE
TO ATHICKINFINITE CHARGED SHEET :

‘g’ amount of charge be uniformly distributed over
the sheet. Charge present per unit surface area
of the sheet be & .

Ae, €,

=14 _9

Electric field at a point due to a thick charged sheet
is twice that produced by the thin charged sheet
of same charge density.

ELECTRIC INTENSITY DUE TO TWO THIN
PARALLEL CHARGED SHEETS:

Two charged sheets Aand B having uniform charge
densities o, and o , respectively.

1
In region 1 :E =5 _ (04+0s)e | n
0

region Il :

In region Il :

1
E, :£(0A+O'B)

ELECTRICFIELD DUE TO TWO OPPOSITELY
CHARGED PARALLEL THIN SHEETS :

1
EI ——Z[O"F(—O')]—O

0

1
E, :Z[J_(_U)] :.52
0 0

1
Ey=—(0-0)=0
2¢,
ELECTRIC FIELD DUE TO A CHARGED
SPHERICAL SHELL
‘g’ amount of charge be uniformly distributed over
a spherical shell of radius ‘R’

 47R?

o =Surface charge density, O



When point ‘P’ lies outside the shell (r>R):

1 x%
dre, r

E=

This is the same expression as obtained for
electric field at a point due to a point charge. Hence
a charged spherical shell behaves as a point
charge concentrated at the centre of it.

2
Ee 1 o4rnR ('.‘a q j

4x e  4zR?
o.R?
E= —e 2 When point ‘P’ lies on the shell
0
o
(r=R) : E=E—- When Point ‘P’ lies
0

inside the shell (r<R)y " E =0

h \(‘
: Eot:i:g (
=

=R

— Distance from the centre

The electric intensity at any point due to a charged
conducting solid sphere is same as that of a
charged conducting sperical shell.

ELECTRIC POTENTIAL (V) DUE TO A
SPHERICAL CHARGED CONDUCTING SHELL
(HOLLOW SPHERE)

When point (P3 ) lies outside the sphere (r > R) ,
I ¢

. V= 1
the electric potential, 47[80 .

When point (Pz) lies on the surface (r = R),

1 ¢

4re, R

When point (Pl ) lies inside the surface (r < R) ,

1 g

- 4rs, R

Note: The electric potential at any point inside
the sphere is same and is equal to that on the
surface.

Note: The electric potential at any point due to a
charged conducting sphere is same as that of a
charged conducting spherical shell.

53.DIPOLE MOMENT (»):

Itis defined as the simple product of magnitude of
either charge and the distance of separation be

tween the two charges.  p=g(2a) Dipole

moment ; always points from-qto  +q .

ELECTRIC FIELD DUE TO A DIPOLE AT A
POINT LYING ON THE AXIL LINE (END ON
POSITION):

1 2pr
“ e, (rz _az)z (from
negative to positive cherge) In case
1 2p
of d short dipole (r>>a). E i = dre r_3
0

ELECTRICFILED DUE TOADIPOLEAT APOINT
LYING ON'THE EQUATORIAL LINE (BROAD
SIDE ON POSITION):

_ 1 P
equitorial 3
4re, (r2+a2)é { from
positive to negative charge} Incasea
short dipole (r>>a),
__Lp
equitorial 472'(90 7"3

ELECTRIC FILED DUE TO A SHORT DIPOLE
AT ANY POINT P(r, 9):

! ﬁ} 1+3cos* @
drs, r

E=

E 1
tan f=—2=—tan @
P E 2

I



&

v

-~ r
P%)\ E
+q
- C.D I"/" E,
Pl .~
et
I
a :
Lo
-q

TORQUE ON ADIPOLE PLACED IN AUNIFROM
ELECTRIC FILED:
The torque due to the force on the positive charge

about a point O is given by Fa sin @.The torque
on the negative charge.about O is also Fa sin @
r=2Fasin@

= 7 =2aqE sin0 = r<"pELsin

r=pxE

POTENTIAL ENERGY OF A DIPOKE’PLACED

IN AUNIFROM ELECTRIC FIELD:
Work done by an external agent to rotate the'dipole

from an angle 6,to @ with the filed is

W = PE(cos @, —cos0)

The potential energy stored of a dipole in uniform
electric field is U = —PE cos @

This is equivalent to the dot product of the vectors
79 and E.

U=-pE=(pE,+p,E,+p.E.)

ANGULAR SHM OF DIPOLE IN UNIFORM
ELECTRIC FIELD:

When a dipole is suspended in a uniform field, it
will align itself parallel to the field.

Now if it is given a small angular displacement g

about its equilibrium position the (restoring) couple
will be

T=2r L
pE

POTENTIAL DUE TO DIPOLE:

Time period of oscillation is

_ Pcosd P

On axial line V' = ﬁ,@ =0°)

- 2
4reyr TE,

54.

On equatorial line V = 0,(9 = 900)

PARALLEL PLATE CAPACITOR: If two plates
each of area A are seperated by a distance 'd’

A
then its capacity C=% (air as medium),

ke, A . .
C=7 (dielectric medium)

When a dielectric medium is introduced between
the plates of a parallel plate capacitor, its capacity
increases to 'k' times the original capacity.
When a dielectric slab of thickness 't' is introduced
between the plates of a parallel plate capacitor,

. &4 €, A
new capacity = =

d_t(l_llcj (d—t)+£

When a metal slab of thickness 't' is introduced
between the plates of a parallel plate capacitor,

. & A
new capacity = ﬁ . (formetalk = «0)

When a thin metal sheet (t zO) is introduced

between the plates of a parallel plate capacitor,
then capacity remains unchanged.

A dielectric slab of thickness 't' is introduced
between the plates, to restore the original capacity,
if the distance between the plates is increased by

1
X, then x =t 1—2 .

Two (dielectric slabs of equal thickness are
intredueed between the plates of a capacitor as
shown,ify figure, then new capacity

C
:5(K1+K2)_

AN :

A2 — S Ald—

If the two dielectrics are of different face areas A1

and A4, but of same thickness, then capacity,
E0
C= ;(KIA1 +K2A2)

If two dielectric slabs of constants &, and &, are
introduced as shown in figure, new capacity



2k k,
(k +k,)

/A
AR

If number of dielectric slabs of same cross
sectional area ‘A’ and of thicknesses

0o | e, = 02| R

[ 0 S t, and constants k,k,.....k, are
introduced between the plates, effective capacity
Co g4
tl tn
d—(t,+t, +.dy,) ) +| St
kl k”l

In the above case if the dielectri€ media are
completely filled between the plates, effective

capacity C= &4

The capacity of a parallel plate capacitor is
independent of the charge on it, potential difference
between the plates and the nature of plate
material.

In a capacitor, the energy is stored in the electric
field between the two plates.

Capacity of a spherical conductor = 4 €, r , where

r is the radius of the sphere.

Spherical condenser
RR

(a) C=4r EO —1r2

1 2
charged and outer sphere is earthed.

, if inner sphere is

ﬂ+ 4r €, R,

1 2 ’
If inner sphere is earthed and outer sphere is
charged.
FORCE OF ATTRACTION BETWEEN THE
PLATES OF ACAPACITOR:

1 y?
(b) F ZEEOA (?j

(b) C=4r EO

1
(a) Force =580E2A

55. ENERGY STORED IN ACONDENSER :

Energy stored in a charged condenser

2
U:lCszlq -1
2 2 2C

If a condenser is connected across a battery and
U is the energy stored in the condeser then the
work done by the battery in charging the
condenseris 27 (W =qV=2U)

For a parallel plate capacitor

€5

U = %(Ad)i(asE - i}

Energy density

here V is volume i.e. Ad)
COMMON POTENTIAL AND LOSS OF ENERGY:
If two charged bodies carrying charges Q, and Q,
having like charges and having capacitances C,
and C, are connected with each other, then their
common potential after connection is given by.
Ql + Q2 CIVI + C2V2
V = =
C +C, C +C, where V,
andV, are the initial potential of the charged bodies.
The loss of energy is given by.

1 CC, (V1 _V1)2

AU =—
2(C+G)

If the bodies with unlike polarities are connected

together, then common potential

v, -y,
Vziql +Cf *. Loss of energy
2

AU=%ﬂ££LyK+%f

G 2,
EFFECT ORDIELECTRIC :
A parallel platg capacitor is fully charged to a
potential V. Without disconnecting the battery
if the gap between the plates is completely filled
by a dielectric medium,capacity increases to k
times the original capacity.
P.D. between the plates remains same.
Charge on the plates increases to k times the
original charge.
Energy stored in the capacitor increases to k times
the original energy.
After disconnecting the battery if the gap
between the plates of the capacitor is filled by a
dielectric medium,capacity increases to k times
the original capacity.

1

P.D. between the plates decreases to ; times

the original potential.
Charge on the plates remains same.



Energy stored in the capacitor decreases to

1

; times the original energy.

A capacitor is fully charged to a potential 'v'. After
disconnecting the battery, the distance between
the plates of capacitors is increased by means of
insulating handles. Potential difference between

the plates increases. (7 =% , Q remains same,

and C decreases)

A capacitor with a dielectric is fully charged.
Without disconnecting the battery if the dielectric
slab is removed, then some charge flows back to
the battery.

Corpuscular theory succeeded in explaining
reflection and refraction but failed to explain
interference, diffraction and polarization.

Wave theory succegded in explaining reflection,
refraction, interferénce and diffraction
phenomenon

The velocity of these waves/ n vacuum is given

1
by &= VMo So

Ko = permeability of free space &g =
permittivity of free space

The theory explained the phenomena including
polarization connected with wave nature of lights

where

56.REFLECTION

Deviation produced in Reflection is

5=180"—(i+r)

Since r =i

= 8§=180"-2i

* Let O be the angle between two plane mirrors and n

be the number of images formed.

n=200 360 o
(a) 0 [ 0 is 0 ( )
n_(360_1j 360
_9 ,if 0 is even
360
(c) Further if ? is odd, then (i )

360
n=| —-1] if object lies symmetrically
(i) n

on the angle bisector of two mirrors

, if object lies unsymmetrically

360
(d) Further if —— is afraction then the number of

0
images formed will be integral part o f
the fraction e.g if —— is 4.8, thenn =4

0

* If the plane mirror is rotated in the plane of incidence

by an angle ¢, then the reflected ray
rotates by an angle 2 ¢, the normal rotates by an

angle ¢ while the incident ray remains fixed.

A person needs a plane mirror of minimum half
of his height to see his full image

A person standing in the middle of room can see

complete wall behind him if the mirror in front of
him is 1/3 rd of height of wall.

For a plane mirror, radius of curvature, R = «,

focal length, f* = oo and focal power, P =().

57.SPHERICAL MIRRORS

Object image relationship for spherical mirror

(a) For concave mirror

1.

6.

Object lies at infinity

Real, inverted very small image (m << —1) is

formed atF
Object lies between infinity and C

Real, inverted diminished image (m<—1) is

formed between F and C
@bject lies at C Real, inverted image
(m v —1) is formed at C
Object lies between F and C
Real, inverted magnified image (m > —1) is

formed between C and infinity
Object lies at F  Real, inverted, very large image

(m>>-1) is
Object lies between F and P

formed at inifinity

Virtual, errect, enlarged image (m > +1) is formed behind

—_

the mirror
(b) For convex mirror

Object lies at infinity Virtual, errect, very

small image (m << +l) is fomed at F

Object lies infront of mirror virtual, errect,

diminished image (m < +1) is formed between

PandF
Focal length of a mirror depends only on the radius



R
of curvature of the mirror (f=5j. It does not

depend either on the material of the mirror or on
the wavelength of incident light.
Spherical Mirror Formulae :

1 1 1
(1) The spherical mirror formulais —+—=—
v u f
where u = object distance and

v =image distance, both measured from the pole.

(2)f=5 (3) Linear magnification

height or size of the image I —v

~ height or size of the object m= o u

If ‘m’ is +ve image is virtual erect. If ‘m’ is -ve
image is real, inverted.
Axial Magnification :

dv_x, V'’

2
=—=1mM

. 2 where x. =
“ du x, u 2

size of image along principal axis,

x,= size of the object along principal(axis:
Newton's Formula :

In case of spherical mirros if object distance (xl)
and image distance (x2 ) are measured from focus

instead of pole u :(f+x1) and Which on

simplification gives x,x, = f2

58. THE refractive index of any medium with reference

to vacuum is called its absolute refractive index.

velocity of light in vacuum
velocity of light in the medium

absolute =

CO _ }\‘0

Cn Am

When a ray of light passes from medium 1 to
medium 2, the ratio of refractive index of medium
2 to that of medium 1 is called relative refractive
index of medium 2 with respect to medium 1.
_H _ C, ﬁ sini

1M

H Cz lz B sinr
If a ray of light travels from a medium “a” to medium
“b” then into another medium “c” and finally again
oMy Xp He =a He
optical path : If light travels a distance x in a
medium of refractive index U the equivalent path

into medium “a” then

in vacuum it would travel in the same time is L x.

It is called optical path (d = ,ux)
If ‘c’ is the velocity of light in vacuum, then the
time taken by light to travel a distance ‘x’ in a

Ux
medium of refractive index W is given by 7 = 7

When looking from a rarer medium (air) into a
denser medium object appear to be nearer due

to refraction i
real depth
- apparent depth
®The shift produced by a denser medium of
thickness “t” is “x” x=t(1-l ), It
n

is independent of a height from

which itis viewed

®\When a point object is seen through a glass
slab of thickness “t”, it appears as if itis moved
towards glass slab by a distance,

x=t(1-l)

n
®If a glass slab is kept in the path of
convergingrays, the point of convergence moves
away from the slab by distance

1
x=t(1-—)
p
If\the”denser medium contains multiple layers of

thicknessit,, t,,t, ...and Ky Hrand g ... are

refractiVg’indices of different layers.

tl 2
tdeptffi= — t—— Tt
apparent deptff= | “*

When looking from a denser medium into a rarer
medium objects appear to be farther away.

_ apparent depth

real depth

When an object in rarer medium is seen from
denser medium it appears to be farther and shift
is x=t(n-1)

Whenever a light ray passes through a glass slab
the incident and emergent rays will be parallel to
each other. But the emergent ray is displaced
laterally



L
The lateral displacement=x= ¢, sin(i-r). The

length of the path travelled by light insidethe glass

slab = =tsecr

Cosr

Aray of light travels from rarer medium and strikes
a denser medium. If reflected and refracted rays
are perpendicular to each other then the refractive

index of denser medium is p=Tani

If a ray of light travels from denser to rarer medium
then 1 =coti

Critical Angle(C): when a ray of light enters ararer
medium from a denser medium, the angle of
incidence for which the angle of refraction becomes
90° is called critical angle (c).

1

sin ¢

If C, and C, are the velgcities of lightin two media

of refractive indices 1, tlnd (1, >1; )then
the critical angle for the pair of the media is given
W _C 4

by Sinc = n C 4

For a fish or diver under water the outsidg world

appears to be within a cone of vertex angle 2C
~98°

I(f “h” is) the depth of the fish from the surface of the

water of refractive index 1, the radius of the

circle on the surface of the water through which it

can see the outer world is

h
R=hTanC = \/F

59.LENS MAKER’S FORMULA :

® The focal length “f’ of a lens in air or vacuum
depends on

o refractive index W of its material ®
radii of curvature R ,R, of its surface.

Ly L .
7 H R R ® \When a lens is

immersed in a liquid

0o Y1
fl_ H R R

where 4, =refractive index of lens =
refractive index of liquid.

f = focal length of lens in air f1 = focal
length of the lens in liquid

The new focal length f' is given by

s (m-1)

(5
H

Now three cases arise :

(@) If u, > 1 then f1 and f are of same sign
and f'> f.

That is the nature of lens remains unchanged, but
its focal length increases and hence power of lens
decreases. In other words the convergent lens
becomes less convergent and divergent lens
becomes less divergent.

(b) If w4, =44, then f' o0 and the lens
behaves as a simple glass plate.

(c) If u, < g then f1 and f have opposite signs and

the nature of lens changes i.e. a convergentlens
becomes divergent and vice versa.

e -0
Foreqwconvexlensf H R For

el
planoconvexlensf H 2

. 1 2
For equi concave lens —=—(y—1)(—j For
A R
7o)
plaho concave lens 7 H R

Farconpeavo convex lens

L)

(R, and R, are positive)
For convexo concave lens

1 1 1
—=—(u-1)| ———
e
(-R, and R, are negative)
When a convex lens of focal length “f” made of
glass (U= 1.5)is in air / vacuum, its focal length

is equal to R.
When a convex lens of focal length “f” made of

. 4
glass (L =1.5)isimmersed IN Water,(u =§j ,its

focal length becomes 4f.



° Alens immersed in a liquid whose refractive index
is equal to that of the lens then the lens will have
infinite focal length and its focal power becomes
Zero.

) An air bubble in water behaves as a diverging lens.
Aliquid drop in air behaves as a converging lens

° If a convex lens of focal length fis broken into two
equal parts along principal axis the focal length
of each part becomes “f”.

) If an equiconvex lens of focal lengths ‘f’ is split
into two plano convex lenses perpendicular to
principal axis then the focal length of each
becomes 2f.

If Cfl 2D
& If the lens is filled horizontally with number of media
n then the number of images will be n

& If the lens is filled vertically with number ofmedia
n then the number of images will be 1
LENS EQUATION:

I 1 1

& 7 = ; - ; (appropriate sign convensions are to

be applied)

v size of image

) magnification m = ; = sizeof object 1 f
‘m’ is +ve image is virtual erect.
If ‘m’ is -ve image is real, inverted.

) Forrealimage produced by convexlens (a) u

1+l

= " (b)v=f(1+m)
L The reciprocal value of focal length of a lens
expressed in metres is called its “focal power”(p)

100
P= % Where fis in metre P = e where fis in

centimetre

° The unit of focal power is Dioptre(D). If focal length
of a lens is 1 metre then its power is said to be
one diopter.

) The focal power is positive for converging lens and
negative for diverging lens

THIN LENSES IN CONTACT:

If number of thin lenses of focal lengths f, f, f....
are in contact with each other, the equivalent focal

1 1 1 1
length “f"is given by ¥ :f_+E+E+---
1

The equivalent focal power is P=P +P,+ P, + ..
Lenses Separated by a Distance: When two
lenses of focal lengths f, and f, are kept apart by
a distance d , the effective focal length f is given

11,1 _d
OV T T, 4,
The combined focal power ‘P’ of the system is
P=R+P —dRF,
If a convex lens and a concave lens of equal focal
lengths are combined, the focal length of

combination is equal to infinity and its focal poweri s

zero.
Two convex lenses of focal lengths f, and f, are
separated by a distance d such that a parallel
beam incident on one lens emerges parallel from
the other lens, then d=f +f,

In the above case if the second lens is concave
then d=f, —f,

Lens displacement method :

The positions of the object and the real image on
the principal axis of a convex lens can be
interchanged. The interchangeable points are
called conjugate foci.

The focal length of convex lens in conjugate foci

I2_4°

methed is f = where L = distance

betweendthe object and the sreeen.
If I, and_J, dre the sizes of images formed in
conjugatefoci/onlens displacement method, the

size of object uged is given by OJ= /11,

If m, and m, are the magnifications of magnified
and diminished images in two positions of
conjugate foci method, then

m, L+d)’
m xm,=1@ m—z— -4 ) f =
mF L=4f

Linear Magnification :

height or size of the image

height or size of the object

L v _vf__[f

o0 u f u—f




) Areal Magnification :

where A=

AreaofImage; A =Area of Object
60.DEFECTS OF VISION
Myopia [or Short-sightedness or Near-sightedness]
A short - sighted eye can see only nearer objects.
In it distant objects are not clearly visible, i.e., far
pointis at a distance lesser than infinity and hence
image of distant object is formed before the retina

[Fig. (A)].
AN = S __L\
== =

1]

This defect is remedied by using spectacles having
divergentlens.

1 ! 1
—F.P. —(distance ofobject) Cf

1 1

[ PP

Note : This is due to elongation of eye Wall

& Hyperopia or Hypermetropia [or Longsighted-
ness or far sightedness]
The far sighted eye can see only farther objects.
In it near objects are not clearly visible, i.e., near
pointis at a distance greater than 25 cm and hence
image of near object is formed behind the retina

[Fig-(A)]

And if the object is at oo, £ =

Defective-eye

Corrected-eye
(A) (B)

This defect is remedied by using spectacles having
convergent lens.

1 1 1

_N.P. —(distance of object) f
If object is placed at D =25¢m =0.25m,

I |1 1
f 0.25 N.P.
contraction of eye ball.
61.SIMPLE MICROSCOPE:
(A) Image is at infinty (far point are normal

} Note : This is due to

adjustment)
if v=o00, u = f (fromlens formula)s o :

D D

M.P.=—=—
u f

Note: Here parallel beam of light enters the eye
i.e.,eye is least strained.

(B) Image is at D (Near point) In this
ituati =-D that L—L=l
situation v = -D, so a,_D " for
D D
u f

MP=1+D
so, M.P. £

& Note: Here final image is closest to eye i.e., eye
is under maximum stain.If eye is at a distance x

D—x

from the lens then MP =1+

COMPOUND MICROSCOPE
(A) Final image is at infinity (far point or
normal adjustment)

v, | D

ue:fe = M :-Z|:f—:| Where & L = vo —|—f;

€

Note: A microscope is usually considered to
operate in this mode unless stated otherwise.
(B) Final image is at D (near point)

Foheye-piece v, =—D <

“LA4.0 _ up=2f1 2
ue ﬂ uO e
@ length of microscope L =v, +u,
D
L=v,+ /.
f.+D

TELESCOPE
(A) Final image is at infinity (far point or normal

adjustment)

Here, v=0=u, = f,

so,M.P.= _(QJ with,L = f, + f,

J.

Note : Usually, a telescope operates in this mode
unless stated otherwise.

(B) Final image is at D (near point)



SN S
Here v,==D D -u feso,
__Jo|y, L

M.P.—_Z 1"'5 @ Here L= f,+u, or
D
L:ﬁ)+f‘-’—
f.+D

TERRESTRIAL TELESCOPE

Magnifying power :

(a) Final image is at near point

_ L fe
M™% I1+—=1 length of the telescope

D
L=1f,+4f +u,
(b) If the final image js at infinity ( normal
— f0
adjustment) then M = f_ and

¢

L=f,+4f+f,F RESOLVING > LIMIT

AND RESOLVING POWER
(a) Resolving Limit :

Smallest anglular seperations (d 0) betweef twd

distant objects, whose images are seperated in
the telescope is called resolving limit.
(b) Resolving Power (R.P) :
Itis the reciprocal of resolving limit
1

RP=—
do

For a Telescope : Resolving limit,

1.22x 4
a

do =

SJRPao l
A

Where , = wavelength of light used to

illuminate the object.
objective.

a = apperture of the

62. PRISM

A — Angle of the prism or refracting angle ,

D — angle of deviation

i,,i, > are the angle fo incidence and angle of
emergence

r,.r,—> are the angles of refraction (i) Angle of
prismA=r+r,

(i) Angle of deviation, D =i +i,-A (iii) Refractive
index of the prism,

sinj, _ sini,

sinz;  sinv,

When the prism is in the minimum deviation
position :

a) The light ray is symmetrically about the prism.
b)i=i,=iandr, =r,=r c)Angle of minimum
deviation, D_=2i-A

A+D,
2

d) Angle of incidence, = e) Angle of

refraction,r=A/ 2
f) Refractive index of prism,

. (4 +Dm)
sin
2 )

. A
sin —

#:

g) In minimum deviation position the refracted
ray inside the prism is parallel to the base.

case (i): 4 < 2(C , refraction takes place on both sides

[l

case (ii) : 4=2C, light ray grazes the two
surfaces

case (iii) : 4>2C, TIR takes place ( no
emergent ray)

i— o Curve : For given prism of £ and Awith

monochromatic light of 4, § varies withias

Deviation in -@'small angled prism :

a)As u, > (i, Therefore the deviation for violet
colour is more than the deviation for red colour

(d,>d,)
b) In case of thin prism, the angle of minimum

deviation, d, = (,u - 1) A

DISPERSION OF LIGHT:

The difference in the deviations of any two colours
is called angular dispersion. § =d -d,

For a thin prism §=A(u, —ug ). It depends on

i) angle of the prism
ii) the difference of the refractive indices.



The ratio of angular dispersion for two extreme
colours to their mean deviation is called dispersive

power of prism (@)

Angular dispersion

Dispersive power = (») = mean deviation
Dispersive power does not depend upon the angle
of prism. It only depends upon material.

The dispersive power of the material of a prism for

dv B dR
red and violet colours is given by @= p
d, +d
where d =— > = since angular dispersiond -
_ /’lv B IuR
dR:A(MV_MR) 0= ,Ll_l
+
where L = %

Dispersive power has no units'and dimensions
CONDITION FOR DISPERSIONWITHOUT
DEVIATION : (DIRECT VISION PRISM)

If A, and A, are the angles of prismthen the

i) d +d,=0 i) &, +5,%0
i) Ay(ey —1)+Ay(u, —1)=0

4 —(#,—1)

4, (lul _1)

CONDITION FOR DEVIATION WITHOUT
DISPERSION : (ACHROMATIC PRISM)

IfA, and A, are the angles of the prism then the for
mean ray (yellow ray) is

i) 5,+6,=0; .0, +o,d, =0ii)
Ay = )+ Ay(tyy —pRy) =010 0 i)
d+d,#0

A _ _(;UV2 _IURZ)

A2 (/UVl - ,LIRI )

63.PHASE DIFFERENCE:

e For constructive interference, the phase
difference must be 2n v (where nis an integer)
o For destructive interference, the phase difference

must be (2n+ 1)71 [ where n is any integer]

2
phase difference = —— (path difference).

A
YOUNG’S DOUBLE SLIT EXPERIMENT:

« When two such light waves superpose with each

other, the resultant amplitude of two waves is =

o
2acos —
2

The resultant intensity of two waves is I=R?

=4a? cos2£
2

e When phase difference 5§ =0,27,47,6r,
...2nz and path differencex=0,1,21,31 ...n 1
the resultant intensity | = 4a2 which is maximum
produces bright point. It is the condition for
constructive interference.

o« When phase difference § = »,37 ,57, ....
(2n+1) 7 and path difference

Xzi,ﬂ,ﬂ...(bfl + 1)i

2 2 2 2
are observed between the waves the resultant
intensity | = 0 which is minimum produces dark
point. It is the condition for destructive
interference.

INTERFERENCE DUE TO UNEQUAL
AMPLITUDES:
a) path difference (x) :

X=r,—r =dsinQ ~ dtang zEy
where d=distance between two slits

D=distance between slits and screen y =
distance of observed point ‘p’ from ‘O’

bN\The position of n" bright fringe from O is

AD
Yt ZH(TJ where n=0,1,2,3
c) Thé position of n" dark fringe from O is
AD

=(2n-1)— =
Y dark ( )2d where n=1,2,3,4

d) Fringe width (5 ) :
The separation between two consecutive bright (or

dark) fringes is called the fringe width (B) given
by

AD
ﬁ:ynﬂ_Yn =

d
, o p_2
Angular fringe width is A¢ = —=—
D d
e) In water (liquid) of refractive index N the
wavelength decreases from ), to ! then
=t

n



Therefore, if interference experiment is performed
in water the fringe width decreases from 3 to 3',

gD gD _2AD
such that b= q and q ud
:>B’:E

v

f). Displacement of Fringes.
If a thin transparent plate is introduced in the path
of one of the interfering waves, it is observed that
the entire fringe system (or pattern) is shifted
through a distance given by

D B

Xy q (n-Dt= l(ﬂ Dt

where p= refractive index of the plate for the light
used and t = thickness of the plate.

The shift takes place towards the wave in the path
of which the plate is introduced. The introduction
of the plate has no effegt.ern'the fringe width. The
shift occurs because the original path difference

is changed by (p -1)t.

64 Diffraction due to single slit: The\diffraetion pattern

due to a single slit consists of a{central bright
band having alternate dark and weak bright hands
of decreasing intensity on both sides.

The condition for nth secondary minimunvis

that path difference = asin 8, = nA,

where n =1,2,3... and the condition for nth
secondary maximum is that path

. A
difference = asin 6, = (Zn + 1)5 :

wheren =1,2,3,......

2DA 2fA
a a
Here, ¢ is width of slit and D is distance of

Width of central maximum is 2x =

screen from the slit ; f is focal length of lens
for diffracted light. For small angles sin©,_ =6_

Distance of pthdark fringe from

nAD
centre, Xgux = Distance of p,t bright
(2n + 1) AD
fringe from centre, X = 2—
a

65.POLARISATION:
eThe electric vector is resolved into two components

vibrations E_and E_such that the component Ey
vibrates perpendicular to the plane of paper.

I to plane of paper

Unpolarised Light Ey
E

»—electric vibration perpendicular  direction of
propagation
electic vibration parrellel to of light
plane of the paper

e From Brewster’'s law # =Tani.

olfi= 6, the reflected light is completely polarised
and the refracted light is partially polarised.

o Ifi= 6, both the reflected and refracted light
rays are perpendicular to each other.

o Ifi< g, °r i> g, both reflected and refracted
rays get partially polarised.

e Forglass 6, = tan(1.5)~ 57°

For water 6, = tan(1.33) ~ 53°

Law of Malus: If light passes through two
successive polarizers, the emerging light has

intensity [ =1, cos0.
Where [, is the intensity that falls on the 2nd

polariser and @ is the angle between the polarizing
directions of two polarizers and

IO
Iy 2 (I, =intensity of unpolarized light)



