CHAPTER

(J1 ; ELECTRIC CHARGES AND FIELDS

Basic Properties of Charges) Coulomb’s Law Electric Field Electric Dipole Electric Flux Equilibrium of Charges)
- Quantization of charge: Total charge Fo_1_ % Newton The electric field intensity at any Every dipole is associated with a Electric flux over an area in an electric A chargeis said to be in equilibrium, if
L |on @ body is always an integral 4me, s point is defined as the force dipole moment p whose magnitude is field represents the total number of net force acting on it is zero. A system
multiple of a basic unit of charge (1 Newton = 10> Dyne) experienced by a unit positive charge equal to the product of the magnitude electric field lines crossing this area. of charges is said to be in equilibrium
denotedbyeandisgivenbyg=ne. | If two stationary point charges g and placed at that point. of either charge (q) and the distance Electric flux is a measure of ‘flow’ of if each charge is separately in
q, are kept at a distance r, then it is F kg 2abetween the charges, i.e., electric field through a surface. It is equilibrium.
(Conservation of charge : Total fOUflld th;t force ;f attraction or " 2 p=qxQ2a) equal to the product of an area Freely suspended charge
: repulsion between them is r h icul =
N charge of an isolated system remains . ST unit= newton _ volt g andf t ? perpendicular ET F=gE In equilibrium
unchanged with time. ) F oc% coulomb  metre (Basic Characieristics component of E, integrated over a qE = mg
Dimension: [E] = [MLT > A~] surface. o mg
% Vector form of Coulomb’s law 2 At Axial point Flux of electric field E through any = E=—>
Addlthll.ZY of charge :.Total cbarge of By = 1 q19 F 5 o o iegs Basic Characteristics) Dipole in an external (End on position) |« area A is defined as. o mg
"~ a system is the algebraic sum (i.e. sum 4me field experiences 2p ¢=EAcos® or ¢=EA Suspension of charge from string
taking into account with proper signs) Eial=———
= ~ . . 2 —
of allindividual charges in the system. Fy = q1q23 71 for unlike charges ancor’ ) S.L unitis(voltxm)or N - m”
/ o” ) o Field lines start from positive - C )
charges and end at negative AtEquatorial point
charges. E. P Guass’s Theorem
+ Using Superposition Principle) e Electrostatic field lines do not equitorial 4meg(r? + 2)*? A
Caussi . form any closed loops. Ifr>>lthen, Total normal electric flux over
aussian surface
e Two field lines can never cross Eecuitorial = 1 p a closed surface S in vacuum is o8
eachother. ) equitoria e r 1/¢, times the charge (gq) In equilibrium
1 g ¢ The ve.ctor sum of forces (directed from +q to —q)/ contained inside the surface. Tsin@=qE ..(D
=R s W would give us the total force. (Torque ' . TcosO=mg (i)
e Force between two charges is ; - EdS=-1L . . ..
unaffected by the pres engce o The net force experienced by the dipole is R ¢ point P O S € From equations (i) and (ii)
1 g — the other charges. zero. Due'to, torque so-produced,ddipole E, = '%\B cos? 0+ 1 |/ T= (gE)* + (mg)*
= Fsoﬁ r alignsitselfin the direction of electric field. 4ney ) Apbplicati E
T=pxEort=pEsin0. pplications | ,,4 ang=9=
r i / | "8 J
0 R
For uniformly charged solid sphere Electhic field usin Electric field using Electric field using
4/ — Volume charge densit;g/ D 1 Surface charge density, & :% Linear charge density, A = T
> \% / l
Uniformly charged non-conducting sphere Ch dayakids h 9 op . R " . . (Due tobending of charged rod at point P.
ooy i i Y Charged conducting sphere . Due to a uniformly charged e Hemispherical charged & 8 P :
e QOutsidethesphere, e Atthesurfaceofsphere :
P 3 P ¢ Outside the sphere + + infinite thin plane sheet, body
9 pR 1 g _pR R2 A WA y
Eout = = E; = T2 .. E :_1.in ot E—i E=—
41'58072 38072 4ney; R 3¢ S 47, 7 807’2 Outside - 2g 4g
o Inside thle sphere, A -« — £ 00 43
o qr_pr e Atthesurface of sphere, Y - . .
Ein = 4ne, RO B 3g, 1 g PG ++* e Infinite thin plane sheet of charge ¢ Uniformly charged disc
= == + 5 + () o X
i *o4mgy B2 & . E=— (Ex19) E=—|1-
. + * + N 0 Al th:urface 2¢gg » 4g, x* + R? Due to an infinitely long thin uniformly charged straight wire,
& .
+ )+ i i ; .t E . II E 3 N .
A A e Insidethesphere, K P, i } R 21t
T Ein=0 +++++ +:: O<—x—>
Inside ) Inside ) ) Y,
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‘Work done per unit positive test charge
by an external force in bringing a unit
positive charge from infinity to a point
in the presence of another point ..

charge.

w
y=-— =1

qy  4meqr

/ Surface having same electrostatic

potential at every point.

Electric field
line

(a) Equipotential

Do not intersects each
other

At every point
I | equipotential
surface

Net work done in moving

a charge is zero W, = 0

Closely spaced in the
region of strong field and
vice-versa.

\

Outside the shell

\ ) 1 q

On the shell

L ¢

= r=1R
4ame, R

Inside the shell

\ a 1 g

v =
ane, R

N\

™\, Outside the sphere

' = 4. r>R
4ame, r

\ On the sphere i.e.,
7 e r=R

b
4aze, R

Inside the sphere
N 1 gBR =)
V= ;

e

r<R

NN N\ properties

For a system of two charges

Nl
4TEG 1>

AN

Electric field E between plates

ELECTROSTATICPOTENTIAL
AND CAPACITANCE

Charge on the inside of each plate:
+Q on the top, -Q on the bottom

Capacitor is used to store

§
é Area A V' e electrical energy. Capacitance is
P A

defined as the ratio of the

charge stored to the potential

|
|
|
|
[ |
[ |
|
|
|
|
|
between the plates. !
i . pcosB 1
At any arbitrary point, v = ——— Q i
ATE T C== 1
v
|
|
|
[ |
|
"\ At axial point, v = —F ]
4ATE,r ]
[ |
[ |
|
- = |
+ -] \ Series combination 1
™\ At equatorial point, V = 0 Y e | L
- cron
o G G G C, :
+- I
. 1
+- I
) . 1
Potential energy of a dipole in + e 1
cremalteld e Ay (- ooty 1
= p=Ct Gt G g
U(B) = pE (cos 90 - cos0) 1
— When initially at 0, =90° 1
. Parallel plate ]
= l=—p i capacitor with dielectric slab 1
of thickness ¢ with dielectric 2
constant K 1
oo e The phenomenon of 1
d—t [1 - 1 ) making a region free from ]
Air filled parallel ;. any electric field is called :
plate capacitor electrostatic shelding. It is ]
——| BE % based on the fact that :
(£
= Parallel plate electric field vanishes 1
\ capacitor filled with dielectric inside the cavity of a :
/ = S hollow conductor. I
Spherical capacitor d I
C = dme, ab A
7= a I
. h . f. .
P Lightning conductors fitted :
capacitor with metallic above the highest part of a
Cylindrical capacitor o of thicdkueg building to protect a tall building = I
< inserted in it 1
il Ty from being struck by lightni I
C= _ &y g struck by lightning. !
b (d-1)
Il b (d—1)
o(2) N o
|
[ |
|
u| C=Constant u| C=Constant :
, ' * I
R -
L EU 2QV i N o —3 0“5 "
|
I U [\ Q= Constant U V = Constant U
4 U
’
’
U zlcnh’ O ¢ R e [}
a2 |
M collecting
> 7 Veltuge ~ 28 MV comb
Principle

An electrostatic generator
designed to produce high voltage
of the order of 10 million volt,
used to accelerate charged

particles.

Ifan electric charge is imparted to
the inside of a spherical
conductor, it is distributed

entirely on its outer surface.

Pointed ends cannot retain
charge due to high charge density

on them.

arkginal Vam de Graafl
Hill
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Newton’s Law of Gravitation Gravitational Field and Intensity
itati aldi ; inti itati S Law of orbits: ; 8
o Gravitational force (F) between two bodies e Thegravitational fuelg Etensny (Datany pointinthegravitationalfielddueto | 2T OLOTRNRE g “. T Kepler's L £
Newton’s Law —> is directly proportional to product of their agivenmassis, [ =—— Every pla.net revollve.s a“’“”f" A2 7 2b eplersLaws o
of Gravitation masses and inversely proportional to ’ GM G3 S - (?Illptlcal oUEg “v Planetary Motion
. Forany pointonthesurface of theEarth,r=R,m=M S0, faca p2 & andthe Sunis situated at one
square of the distance between them. R ofiitsfoci. L
Fo_ Gmm, . — "
\ =T / Gravitational Potential of Gravitational Field Intensity of ; : ~
5 i Law of areas: ; A
............................................ B
l EEC . ® Hollow Sphere o 7 o 1 ® Hollow Sphere T o # The line joining the &
. 0”7
gravitational force -GM GM v
Vo= V= V=

;g 2GM - _GM il 0 |\, | |centre of a planet and ¢ ““\\\\‘ P Law of periods :
o 20 s p2 r the Sun sweeps equal 1"""’ " Planey
Sun

1
1
1
1
1
1
1
1
'
Acceleration due to gravity . Iti.s?lwaysattractive. ] — E — A The square of the time
. . ° It!5|ndependept of the medium. ® Solid Sphere : ® Solid Sphere areas in equal intervals period of revolution of a
e For a body fe?llmg freely under. gravity, e |tisaconservative and centralforce. oM oM - of time, i.e., the areal planet is directly
the acceleration in the body is called e Itholdsgoodoverawiderange of distance. V=—— V= : GM : tional to th be of
acceleration due to gravity ° r 7 R - lo=—53 1= velocity of the planet e o o the cuf e;
’ i r . semi major axis of the
[ ] Relationship between gand G e|g tlessness V.= -GM [3R2 _rz] : around the Sun is E”Iptlcal O:blt
; / “ Y5 ) I, = : i
= ¢ f\/[ = inGR ) e Abodyissaid to bein a state of weightlessness 2R E 4 consf;ift , ( 4m? ) )
o3 when the reaction of the supporting surface is At centrer =0 i ie., I =a constant T? = LGM J R
where G=grav!tat|ona|constant zeroorits apparent weight s zero. vi= 3 GM; A =§Vs ; / S /
p=density oftheearth P! o Intheweightlessness state, though the bodies 2 R 2 - /
Mcand R, be the mass and radlusofearw/ have no weight but they do possess inertia on TS
account of their mass. The bodies floating Escape Velocity & escape energy Earth’
inside the spacecraft may collide with each @ Escape velocity is the minimum | [® Orbital speed of a satellite is the minimum arth's
, otherand crash. velocity with which a body must be speed required to put the satelliteinto a given Satellite
Variation of acceleration | / Projectﬁd so that it m?yrjulsdt esfcaﬁe orbitaround theEarth.
. i o o . t itati tl
due to gravity (g) Gravitational Potential 2 R , _ oM
Energy and Gravitational ) —» B _ [2GM _ i * VR+h
v, =+/2gR =,/—— =11.2kms N " A
\ . e Work done in bringing the given Potential € R The direction of orbital speed of a satellite at
Due to height (h) ; . . 3 AL GM, m an instant is along the tangent to the orbital
body from infinity to a point in the Escape energy, E, = . .
2h R, path of the satellite at thatinstant.
ifh<<R,; & =8 1-—- gravitationalfield. U=V, xm
Thevalue of g decreases with height. v ==l l / . o ) . R DY, /
\ e Energyofan grll(olltlng satellite is the sum of its potential satelite's energies e Time period of a satellite is the
| f Gravitational Potential Qe i EeTieigy (k). Energy time taken by a satellite to
Gravitational = Gravitational x mass of the i :
\ @ential energy potential body J e The gravitational potential at a FE-U+K-~= -GMm N GMm N —GMm K iy Thekneticenersy :ﬁ;n;;lﬁt\e one revolution around
Due to depth (d) \_ point in the gravitational field of a (R+h)  2(R+h) 2(R+h) 0 . 2R+ by
y avitational Potential and body is defined as the amount of e Binding energy is the energy required to remove the £0) r= Jom
ifd<<R; £, =4 ae SiEyltationatiiicidintensity) work done in bringing a body of satellite from its orbitaround the Earth to infinity. e kocenial energy
e U Ry . __ F GM . _GM unit mass from infinity to that point. are negative. For h << R,T:Zn\/§=84.6 B es
The value of gdecreases with depth. Fieldintensity | = —=—x7, V = —GM E. —_E= GMm S
m r i V= B 2(R+h) /
_ ' b/ |
I =—xr; Potential V=1-7. n . Rotaion of Earh q-
r _— Geostationary satellite )

Geostationary
satellites

Polar Satellite

\ T=2 hours Time period: 24 hours.

Due to rotation of earth Polar satellilte

J e e Same angular speed in same direction with the Romton of Earth ey - -
9 g g L ion 22,300 miles
& =g-R 02cos2) Time period: 100 min. Cormton ot Eah b ! E earth. =24 hours p BTy rT—
A : A Revolvesin polarorbitaroundthe Earth. | T2%hous C " 4m=); Types of Satellite {@=sp| o Height:36000km. —==
Atequator, A=0°; g =g-R » . : i } e
. *min e Height:500-800 km. Night side Day side : ! Uses: GPS, satellite communication (TV)
Atpoles, A=90 " hmax ¢ Uses:Weather forecasting, military spying. 1500,800”“ e /
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THIN SPHERICAL LENS

Thinlens formula: ! = il

¥ ou f

e vk
Magnification: m —  —

REFLECTION FROM
PLANE SURFACE

¢ The image formed by a plane
mirror is laterally inverted.

¢ The image formed by a plane
mirror is virtual, erect wirt.
object and of the same size as the
object.

¢ If keeping the incident ray fixed,
the plane mirror is rotated
through an angle 6, the reflected
ray turns through double the
anglei.e., 20 in that direction.

¢ Deviation suffered by a light ray
incidentatan angle i is given by

\_ 5 =(180° - 2i) )

POWER OF LENSES

AN

paN

Poweroflens: ©_ L

¢ The angle of incidence i equals the angle of
reflectionr.

¢ Incident ray, the normal and the reflected
1 raylie in the same plane.

REFRACTION BY SPHERICAL SURFACE

Relation between object distance (1), image
distance (v) and refractive index (1)

Pdomser  Hrarer Hderaer — Miarer (Holds for
- - - . any curved
¥ . f spherical
surface)
Lens maker’s formula
l — (“‘denser ~ Mrarer j(l _ lj
f Mrarer Rl RZ

for thelens placed in air

L,
o ”[R. Rj

|\ J

REFLECTION OF LIGHT

Laws of reflection:

Li=Lr

fiinm)
¢ The SI unit of power of lens is
dioptre (D).
¢ Foraconvexlens, Pis positive.
¢ Foraconcavelens, Pis negative.
¢ When focal length (f) of lens is in

cm, then P= dioptre.

100
f (incm)

v

COMBINATION OF LENSES
¢ Power: P=P, + P, - dP,P,
(d = small separation between the lense)

+ For d = 0 (lenses in contact)
¢ Power: P=P; + P, + P; +
_

¢ Myopia (short-sightedness)<> Concavelens

¢ Presbyopia <> Bifocallens
\* Astigmatism < Cylindricallens

COMMON DEFECTS OF EYES <> CORRECTING LENSES

¢ Hypermetropia (long-sightedness) <> Convex lens

SIMPLE MICROSCOPE /

Magnifying power
For final image is formed at D (least distance),

Angle subtended by the imageatD g
~ Angle subtended by the object O

at infinity
For final image formed at infinity, m =

L f

I

f

TERRESTRIAL TELESCOPE /

L)

For finalimageisformedatD, m=

d=f,+4f+f,

-

For final image is formed at infinity, m = f—

A

LY,

.

3

4

Distance between objective and eyepiece

P

RAY OPTICS AND OPTICAL INSTRUMENTS

REFRACTION THROUGH PRISM

Relation between pands,,

A 6._., where,
sin . = angle of mini
3 m =angle of minimum
B A deviation
D it A =angle of prism

or 8=(u—1)A (Prism of smallangle)
Angular dispersion =38, -3z= (1, — Ug)A

Mirror formula,

" ) . v b
Dispersive power, ;= &y, — i _He ity Magnification, m = T - Il_'
i H=1 ¥
Mean deviation, 5 — B +8g If the image is upright or erect with respect to the
L 2 y object then m is positive. And m is negative if the

\image is inverted with respectto the object.

DISPERSION OF LIGHT

The phenomenon of splitting of white
light into its constituent colours on
passing through a prism.

Deviation
of red light(8g)

Deviation of

Angular
spread

REFLECTION BY SPHERICAL MIRRORS

1.1 1 12
_+_—_—_

u v f N

el

RAY OPTICS
&
OPTICAL
INSTRUMENTS

v

ASTRONOMICAL TELESCOPE

Magnifying power
¢ For final image is formed at D (least distance),
Angle subtended by the image at D
"~ Angle subtended by the object

—

For final image formed at D (least distance)

For final image formed at infinity

Laws of refraction:

rayallliein the same plane.

, sini
¢ Snell'slaw: " — comslunt — l|..l-1
snr -

el

REFRACTION OF LIGHT

¢ Theincident ray, the normal to the interface
at the point of incidence and the refracted

(lp.2 = refractive index of medium 2w.r.t.1) |

-zl es
o U, fe fO fe
L

T )

at infinity
B oL
o 7 . D)
¢ Innormal adjustment, image formed at infinity | «
\_ m= _f 0 / fe )

A terrestrial telescope

Light from f 1
objectat |
infinity

Objective lens Erecting lenses Eyepiece

D Y
: 0 U ; O V-
Upright i ’
Inverted imagp! pright image P;

REFLECTING TELESCOPE

Magnifying power
When the final image is formed at D,
m-p (1)
fe
When the final image is formed at infinity
m= £ = Ri
L Jo 1, J

RELATION BETWEEN (L AND i

The angle of incidence in the optically
denser medium for which the angle of
refraction is 90°. It is denoted by ..

L

simd,

L=

¢ Ifi<i,thenrefraction takes place.

¢ Ifi=1i,then grazing emergence takes
place.

¢ If i > i, then total internal reflection

takes place. )
TOTAL INTERNAL REFLECTION

The phenomenon in which a ray of light
travelling from an optically denser into
an optically rarer medium at an angle of
incidence greater than the critical angle
for the two media is totally reflected
backinto the same medium.

TIR conditions
¢ Light must travel from denser to rarer.

_

¢ Angle of incidence is greater than
L critical angle. )

v

APPLICATIONS OF TIR

Fiber optics communication
Medical endoscopy
Periscope (Using prism)
Sparkling of diamond
Mirage

Totally reflecting glass prisms

* ¢ & o o o

\A COMPOUND MICROSCOPE \ REFRACTIVE INDEX

Magnifying power,m=m,xm,

velocily of Tightl in vacuurm
[

velnahl. of light in medinm v

Real and apparent depth

el depthia
[T

anparent depll {p)

Newtonian reflecting telescope

Eyepiece lens

Objective mirror

Telescope
tube

Diagonal mirror
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Law of reflection Zi= Zrand

. sini
law of refraction — =
sin r

can be explained by Huygens
wave theory.

~ o~

Forward moving
wavefront

HUYGENS
WAVE THEORY

Every point on a
wave-front may be \
considered as a source "
of secondary spherical \
wavelets which spread

wavelets

Secondary

-~ WAVE OPTICS

——
=

—
=

INTERFERENCE OF LIGHT

CONDITION FOR e Number of fringes shifted =
N o SUSTAINED INTERFERENCE
The superposmofl of two cohe‘rent Waves resulting .1n a T e R bds fhe T
pattern of alternating dark and bright fringes of equal width. - . L.
positions of maxima and minima of
e Position of bright fringes x,, = D intensity on the observation screen do
t change with time, is called a sustained
i . , _ (2n-1)LD —p| Potchang )
® Position of dark fringes xj, = 24 or permanent inter ference pattern.
o Fringe width B = AD e Intensity ratio of maxima and
& d W minima,
2
e Ratio of slit width and intensity : WI = I—l :a—; Imax _ (@1 +ay)" _(r+1 wif |
2 % a, J Imax (al 24 u2)2 r—1 a,

o Path difference producedbyaslab Ax=(u-1)t
e Fringeshift, Ax= % (T

— < —pT

D
De=2 (=D 51|
shift
fringe width S

_(u—l)tD/d:(u—l)t

A y,

Two sources of light which continuously emit light waves of same
frequency (or wavelength) with a zero or constant phase
difference between them, are called coherent sources.

Two sources of light which do not emit light waves with a constant
phase difference are called incoherent sources.

COHERENT & INCOHERENT SOURCES

Single Slit

out in the forward
direction at the speed of

light. The new wave-

front is the tangential .
surface to all of these
secondary
wavelets at a
later time.

="

DOPPLER'S EFFECT

e Apparent frequency received during relative motion
of source and observer

V' = 0(1 - %) ; (red shift), v’ = U(l +%); (blue shift)

Doppler shift : Av =+ % X L

Ak:i%xk = A -r=xZ)

¢ J

Diffraction Experiment v

Backwave (absent)
(With zero intensity)

Unpolarized wave

(Intensity I)

Barrier with

Light intensity
narrow slit

® Resultantintensity : Iy =1; + [, + ZJTIJTZ cos
for bright fringes, I, = (\/Tl +./ L)% at=0° 2m, 4m...
for dark fringes, Imin = (\/I_l —JTZ)Z at ¢ = m, 3, 57...

forIl =12 =I();IR=410COSZi

E J

DIFFRACTION
- g e Fresnel's diffraction : In Fresnel's diffraction, the source and screen are

placed close to the aperture or the obstacle and light after diffraction
appears converging towards the screen and hence no lens is required to
observe it. The incident wave fronts are either spherical or cylindrical.
Fraunhofer's diffraction : The source and screen are placed at large
distances from the aperture or the obstacle and converging lens is used
to observe the diffraction pattern. The incident wavefront is planar one. J

e Angular position of nth minima, 6, = %
e Angularposition of nth maxima, 6}, =(2”2+1)7‘
e Width of central maximum B, = 23 :%

o Total angular spread of central maximum, 26 = =

o For reflected Light:
Maxima — 2ut cosr= (2n + 1)

A
2
Minima — 2t cos r = nA

e For transmitted light :
Maxima —> 2ut cos ¥ = nA

Minima — 2t cos r= (2n + 1) }2‘
(t = thickness of film, p = R.I. of the film)

J

2A
J

e

FRESNEL'S'DISTANCE
Ray optics asalimiting case of wave optics
Diffractionatcircular aperture
e Linearspread, x= D6, Areal spread, x*= (DB)2

equal to the size of aperture, D = %

o Size of Fresnel zone dp=+/ AD

{e 122 x}
d

e Fresnel’s distance : Distance at which diffraction spread is

J

POLARISATION OF LIGHT

If the vibrations of a wave are present in just

Analyser

one direction in a plane perpendicular to the
direction of propagation, the wave is said to

Polarized wave

be polarised or plane polarised. The
(Intensity Io/2)

phenomenon of restricting the oscillations of
a wave to just one direction in the transverse

RESOLVING POWER (R.P.)
The ability to resolve the images of two nearby point
objects distinctly.
_ 1
" Limit of resolution

Limit of resolution : The smallest linear or angular
separation between two point objects at which they can be
just separately seen or resolved by an optical instrument is

called the limit of resolution of the instrument. )

Malus Law: The intensity
of transmitted light passed

R.P. OF MICROSCOPE AND TELESCOPE

POLARISATION BY REFLECTION

o Brewster’s Law: The tangent of
polarising angle of incidence at which

. 1 2psin®
R.P. of a microscope = — =
P T
0 = Semi vertical angle subtended at objective.
R.P. of a telescope = 1__D_
do 1.22)
D = Diameter of objective lens of telescope. )
Incident sunlight
(Unpolarised)
Nitrogen
I::g $ $ $ o molecule
Scattered light
(Polarised)

4
POLARISATION BY SCATTERING

If we look at the blue portion of the sky
through a polaroid and rotate the
polaroid, the transmitted light shows
—| rise and fall of intensity.

planeis called polarisation of waves. )

transmission directions of
polariser and analyser) /

i reflected light becomes complete! ane
through an analyser is —> flected light b pletely pl
I=1.cos2 0 polarised is numerically equal to
0 = angleo between refractive index of the medium

W=taniy;i, = Brewster’s angle.

The scattered light seen in a direction
perpendicular to the direction of

and ip+ to= 90 )

incidence is found to be plane polarised.
J




