PHYSICS

Chapter

01 Electrostatics

»  The branch of physics which deals with phenomena of charge
CONTENT (study of force, filed and potential) at rest is called electrostatics.
/. Electric Charge 1. ELECTRIC CHARGE :
Itis the internal property of certain elementary particle like electron
e Coulomb’s Law and or proton.
application > Charge produces and experiences electric and magnetic effects.
o >  S.lL unit of charge is coulomb(C). In practice we use mC (10-3C),
e Electric Field uC (10°°C), nC(10°°C) etc.
e Electric Flux »  There is no C.G.S. unit of charge but it is collaborated with e.s.u.
unit (Electrostatic unit). So we will use e.s.u. unit in place of C.G.S.
e Gauss’s Theorem unit. _ _
»  C.G.S. unit of charge = esu = stat coulomb and franklin
e Electrostatic potential Energy 1 coulomb = 3 x 10° stat coulomb (stat C)
. . »  Thereisno M.K.S. Unit of charge but it is collaborated with e.m.u. unit
* Electric Potential (Electromagnetic unit). So we will use e.m. u unit in place of M.K.S.
e unit.
* Electric Dipog »  M.K.S. unit of charge = e.m.u. = Absolute coulomb (abC)
 Conductors 1 coulomb = L absolute coulomb:li '
4 1 electromagnetic unit (emu) = 1 ab coulomb = 10C
1C=3x10°stat Cab C
> Dimensional formula of charge = [M°L°T'Al]
Charge is two types :
(i) Positive charge (ii) Negative charge

> 1C positive charge is equal to —1C negative charge. Here negative sign represents that the nature of positive
charge is opposite to the nature of negative charge.

1.1  Properties of Charge
> Charge is a scalar quantity.
> Charge always resides on mass.

Charge particles used in electrostatics

| Electron| @3@ | Neutron |

—> Mass of electron
(Me)=9.1x10-%1 kg

—> Charge on electron = — ve

v

Mass of neutron,

—> Mass of proton,
(mn) =1.674x10-%" kg

(mp) =1.672x10-%" kg

Charge on neutron

Charge on proton = + ve — Chargeless

> Charge is conserved: In an isolated system, total charge remains constant whatever change takes place in

that system.

ﬁlg: SPOT LIGHT

l Quantum of charge : It is the minimum amount of charge that can exist freely in nature.
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Quantization of charge: Charge is quantized and quantum of charge is +ve i.e., charge on a body always
exists in integral multiples of a fundamental unit of electric charge. So charge on a body is Q =+ ne, where
n is an integer and e is the electric charge and carried by protons and electrons.

DETECTIVE MIND
The protons and neutrons are combination of other entities called quarks, which have charges % eand t+

§ e. But quarks always exist in the integral multiple of the three so again minimum possible charge which
can individually exist is + ve.

>

e ?
<E)-
W

i

Like point charges repel each other while unlike point charges attract each other.

Charge cannot exist without mass though mass can exist without charge.
Invariant Property of charge: Charge is frame independent quantity i.e. charge on a body does not change
whatever be its speed. The mass of a body depends on its speed and increases with increase in speed.

mg
\J1-v?/C?
A charge at rest produces only electric field around itself; a charge having uniform velocity produces electric as well
as magnetic field around itself while an accelerated charge emits electromagnetic radiation.

m= , Mo = Rest mass, v = speed of object, ¢ = speed of light

DETECTIVE MIND
Charge cannot be created or destroyed. It can be converted from one body to another body.

Charged bodies in electrostatics —

(Charged bodies in electrostati@

Vi \
Positively charged Negatively charged Neutral
Amount of positive Amount of positive Amount of positive
charge >amount charge < amount of charge = amount of
of negative charge negative charge negative charge
To make a body positively To make a body negatively To make a body neutral
charged electron should be charged electron should be
taken out from the body given to the body

LYY

DETECTIVE MIND
While charging a body we can transfer only electron, but not the proton.

1.2

[ Conductors ]

v v v

Metal Electrolyte Semiconductor
In metal charge  In electrolytes  In semiconductors

carriers are charge carriers  Charge carriers are
electrons are ions electrons and holes

Charging of a body :
A body can be charged by means of (A) friction, (B) conduction, (C) induction
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PHYSICS

A) Charging by Friction :

e Whengwéq rui)/ a body with the other, due to friction
heat is generated between them this heat energy
removes the loosely bounded electrons from one
body and the liberated electrons may enter into the
other body. In consequence, one body becomes
positively charged by losing electrons and the other
will get a net negative charge by gaining electrons.
for example, when a glass rod is rubbed with silk,
the glass gets a positive charge and the silk,
becomes negatively charged.
Atmospheric electricity such as charge deposition in clouds occur due to its friction with air.

Negatively
charged cloth

Positively
charged rod

After rubbing

%\)"DETECTIVE MIND
For charging a conductor with frictional electrification it should be hold by the help of an insulated handle

otherwise charge will flow from the conductor through other body to the ground.

(B) Charging by Conduction
When we touch a charged body (a charged conductor) charge flows from the body to earth through our body.
This process is called conduction (flow) of charge. If you touch (or connect) a neutral metallic ball to a charged
metallic ball, the neutral ball will be charged by sharing of charges between them by the process of conduction.

VA AN

Uncharged Charged  Bodies in contact Both are positively charge

EA’SPOT LIGHT
' If two conducting spheres are connected then the net charge on the spheres get divided in the ratio of their
L radius. (Q « R)

(C) Charging by Induction
When a neutral body B is kept near a positively charged body A the neutral body induces a negative charge
nearer to the charged body and equal positive charge at its opposite side. If the body B is a conductor, by
connecting it with earth, excess electrons flow from earth to neutralize the induced positive charges leaving it
as a negatively charged body. This process of charging a neutral body without touching it to a charged body is
called “Induction”.

B
T A I O =3 ) == h Th
A '\_\‘ / ﬂ‘i\ } \i__ ..:f:—4_|_1 . . : ’,5 % )'}:
Charged |7 B 7L hid N
() (b) © 0 ®
Neutral Separation Sphere is Sphere is disconnected  Sphere has an
of charge  connected to ground from ground induced charge

®/=:sPOT LIGHT
If there is attraction between two bodies then one of them may be neutral. But if there is repulsion between
two point like bodies, both must be charged (similarly charged).
So ""repulsion is the sure test of electrification™.
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ELECTROSTATICS

DETECTION OF CHARGE:
ELECTROSCOPE (Gold Leaf)

An electroscope is one of the simplest device used to Knob Negatively charged«=;Z-
determine electric charge. An uncharged electroscope 2 ebonite rod

can detect only whether an object is electrically

charged or not. If the electroscope is previously One hole rubber

charged with a known nature of charge, it can then Metal stopper

also determine the nature of the charge on the object.  rod Metal leaves

An electroscope consists of two strips of thin

aluminum or gold foil(Leaf) fastened to a metal rod Flask

and connected to the knob at the top. The rod is

supported and also separated from the frame by Uncharged Charged electroscope
means of wood fittings. When a charged body touches electroscope using ebonite rod

the knob at the top of the electroscope, the leaves

diverge, indicating that the electroscope is charged. Now bringing in contact another charge at the knob, if metal
leaves are attracted towards each other. It means the nature of second charge (unknown nature of charge) is
opposite to the previously given (known nature) charge.

2. COULOMB'S LAW (INVERSE SQUARE LAW):
The magnitude of electrostatic force between two point charges is directly proportional to the product of
charges and inversely proportional to the square of the distance between them.

i.e. FocqugzandF oc iz
:

= Foc—*=
r r

Important points regarding Coulomb's law :
> Itis applicable only for point charges.

0,0, _ = Kag,
2

»  The constant of proportionality(coulomb's constant) K in Sl units in vacuum is expressed as and in any
g
other medium expressed as [em =&0.6].
M
>  If charges are dipped in a medium then electrostatic force on one charge is #@ . €0 and & are called
mEWE, T

permittivity of vacuum and absolute permittivity of the medium respectively. The ratio e, /¢, =¢, is called

relative permittivity or dielectric constant of the medium, which is a dimensionless quantity.

»  The value of relative permittivity e, is constant for a medium and can have values between 1 to c. For vacuum,
by definition it is equal to 1. For air it is nearly equal to 1 and may be taken to be equal to 1 for calculations.
For metals the value of & is .

=9 x 10° Nm? C=

» The value of
4re,

= g = 8.855 % 10?2 C¥Nm?
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4.1

Dimensional formula of permittivity is M2 L= T* A2
The force acting on one point charge due to the other point charge is always along Y

the line joining these two charges. It is equal in magnitude and opposite in direction
on two charges, irrespective of the medium, in which they lie.
The force is conservative in nature i.e., work done by electrostatic force in movin
a point charge along a closed loop of any shape is zgro. ’ Ql
vector form i p /F*’/
E— 1 QQ, - 1 QQ F V!
Anege, |F[ dnege, [T > X

Here T is position vector of the test charge (on which force is to be calculated) with respect to the source
charge (due to which force is to be calculated) and F,,, and F,,,, are action-reaction pair of forces.

The force exerted by one charge on another is independent of presence of other charge.

PRINCIPLE OF SUPERPOSITION
Force on any charge due to a number of other charges is the vector sum of all the forces.

=
The individual forces are unaffected due to the presence of other charges. O, ! =
This is termed as the principle of superposition. °
therefore force on a point test charge due to many charges is given by G A F,
= = — - q3 .
F=F+F+FK+.... : 9/ 3

ELECTRIC FIELD :
Electric field is the region around charged particle or charged body in which if another charge is placed, it
experiences electrostatic force. Electric field is generated by the electric charge.

Electric field intensity E :
Electric field intensity at a point is equal to the electrostatic force experienced by a unit positive point charge,
both in magnitude and direction.

If a test charge qp is placed at a point in an electric field and experiences a force F due to some charges

N, . ” y = . F
(called source charges), the electric field intensity at that point due to source charges is given by E = |Im0—
q0_> qo

or simply E = F
Qo

.\?
{2 DETECTIVE MIND

|

Test charge (qo) is taken small so that force on test charge can be small, So that its position can not change
while finding the force.

4.2
>
>
>

Properties of electric field intensity E :

It is a vector quantity. Its direction is the same as the force experienced by unit positive charge.

Its S.1. unit is Newton/Coulomb [N/C].

Electric force on a charge q placed in a region of electric field at a point where the electric field intensity is
given by F=qE .

Here if g = +ve force on charge g will be in the direction of electric field and if g = —ve a force on charge g will be
in opposite direction of electric field.

It obeys the superposition principle, that is, the field intensity at a point due to a system of charges is vector

sum of the field intensities due to individual point charges.
E=E, +E,+E;+....

ELECTRIC FIELD LINES (EFL):
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ELECTROSTATICS

Electric field lines is imaginary lines .1t is in general is a curve drawn in such away that the tangent to it at
each point is in the direction of the electric field at that point.

(i) AnElectric field line of force (Electric field line) is a hypothetical line such that tangent drawn at any point on
it gives direction of electric field (i.e. net electric field) at that point.

(i) Two EFL can never intersect as at a point there cannot be two direction of electric field.

E

Here two direction are possible at a
single point which is wrong

(iii) Lines of force per unit area normal to the area at a point represents magnitude of intensity, crowded lines
represent strong field while distant represents weak field.

Ae : (Magnitude and direction
both are same)

(v) Non-uniform electric field of magnitude (but variable directions) is represented by equally spaced electric field lines.
M

/X/ ‘EJ = ‘E B|

/\/ (Magnitudes are same

but directions different)

(vi) Non-uniform electric field of different magnitude and different directions is represented by un-equally spaced
with different relative density of electric lines of forces.
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(vii) Lines of forces starts from (+ve) charge or infinity and ends on (-ve) charge or infinity.
Electric field line

N N2

«— (N —» — | —

Positive charge Negative charge
(viii) Can never forms closed loops

Form close loop [%] Does not form close loop [V]

(ix) Electric field lines always perpendicular to surface of metallic bodies.

(x) If there is no electric field there will be no lines of force.

(xi) The number of lines originating or terminating on a charge is proportional to the magnitude of charge. In
rationalized MKS system, 1/¢, electric lines are associated with unit charge, so if a body encloses a charge g,
total lines of force associated with it (called flux) will be g/e..

5.1 Representation of electric field lines:

+
EFL of two charges of equal magnitude EFL of two positive charges of equal
but opposite nature magnitude but same nature

) KGS
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ELECTROSTATICS

EFL of unequal magnitude of charges
but opposite nature

ZN" DETECTIVE MIND

Drawback of electric field lines is, it does not give the quantitative magnitude of electric field it gives

L only relative magnitude of electric field

6. ELECTRIC FIELD DUE TO A POINT CHARGE:

>  Electric field due to positive point charge, E = k_g
r
g e—
A r
»  Electric field due to negative point charge, E = k—?
r

>  Vector form equation of electric field E = K_zq
r
E= mf or [E= MF
r r

Also, Ez‘E‘ or E:k—g
r

r. Here charge must be placed with proper sign.

r =1, — 1, = Position vector of P with respect to A. Put value of charge with sign.

7’N” DETECTIVE MIND

we

In the formula E = % the charge q is taken without sign however, in the formula E

taken with its proper sign.

-t

charge is

'-:|W‘
w0

6.1 Null Point: It is a point in space where the net electric field due to all near by charges is zero.

' NEET | JEE
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6.2 Null Point Identification:

Case: 1 For charges of same nature and unequal magnitude null point will lie on the line of joining of charges
and in between the two charges

I
at point ‘p> = k—(il = —quz == —\E
n P LI P
® .. ®
+q, n I +q;

Case: 2 For charges of opposite nature & different magnitude null point will

lie on the line of joining of the charges, closer to smaller magnitude charge (@) O &

. . . q . <———>E=0
& will be on exterior point 1 2
here|ds| > [02|

Here L ﬂ
r, \/E

7. ELECTRIC FIELD INTENSITY DUE TO CONTINUOUS CHARGES
Charge distribution

[Discrete charge distribution ]

length, surface and volume

- —_— Charges are distributed over
Continuous charge distribution

position or precise location

l \4

Charges are
distributed

[Point charges are at different ]

[

Charges are
distributed

ﬁ Charges are \L
v distributed

Line charge Surface or superficial | Volume charge
distribution charge distribution

distribution
\

over surface

over length

over volume

[To measure the density of
linear charge distribution
'linear charge density" is

To measure the density of
surface charge distribution
'surface charge density' is

To measure the density of
volume charge distribution
‘volume charge density' is

defined. defined. defined.
Linear charge density, Surface charge density, Volume charge density,
5 _charge (c): charge ( )_charge
length surface arca ~ volume

7.1 Electric field due to uniformly charged wire

() KGS
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(A) Line charge of finite length : Let there be a line charge of finite size of uniform linear
charge density A. The perpendicular distance of the point from the line charge is r and
lines joining ends of line charge distribution make angle 6, and 6, with the perpendicular

(B)

(©)

line.

Consider a small element dx on line charge distribution at distance x from point A (see fig.).
The charge of this element will be dg = Adx. Due to this charge (dq), the intensity of electric

field at the point P is dE.

K(daq) _ K (Adx)

then dE =
r+x%  r2+x?

there will be two component of this field

E, _IdE _IdEcose IKKdX .C0S 0O

re +x
assuming X = r tan® = dx = r sec?0. do

& Krsec?0.c0s0.d 0

.
S0.Ey = J; r> +r’tan’0
Y2

+0;

j cosé. de——[sme +sin6,] .

_ez

Kk

Similarly for y-component.

+0;
E, _K IS|ned9_—[cose —cos6,]

-0,
- JE2+E2

Net electric field at the pointE .,

Infinitely long line charge
In above eq. put 6; = 6= 90°

Enet—Ex—zg Ey—o

For Semi- infinite wire
0:=90°and 0,=0°

k
So Ex = K—x Ey— K—x Enet = \/_ 2K
r r

m—>

+~
+] S~
+ S
+
tp=---- 6-1-8-}
+ r 62/
+ -,
e
+ e
+ -
+r7
+
+ dEy
+ »0E
+A 2
+""'r"g: ;39-->dEX
X |+ 227
/’C
I‘*,/’,/
dxp .-~
UM
+

)

r—
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i
E
+Xi
................ r r E><
Ey
®rspor LiohT
l If the charges on the wire are negative, the direction of electric field will be reversed.

7.2 Electric field due to uniformly charged circular ring at an axial point :
Electric field intensity at a point on the axis at a distance x dq
from center of uniformly charged ring of radius R and total
charge Q.

Consider an element of charge dg. Due to this element the s dE , = dE cos 0
electric field at the point on axis, which is at a distance x from
the centre of the ring is dE. There are two component of this ' dE
electric field dE,=dEsinb
dE
dE dE,

The y-component of electric field due to all the elements will be cancelled out to each other. So net electric
field intensity at the point will be only due to X-component of each element.

Q
K(d kQx
E et =J.dEX =IdEcose=I 2( q)2 X X or Ep = L\m
SR +x* JRZ 4+ X2 (R?+x)
Atcentre of ringx=0 soEy =0
. . . R E
E will be maximum when d—E=0, thatisatx= —== Ef= _2KGN A
dx \/E 3\/§R2 Emax
— 1
Case (A) : if x>>R,E = K—? , Hence the ring will behave like a point charge. Na) :
X T . >
! R
. _ KQx I -
Case (B) : if x<<R, E = ~3 , Eccx 4 By
7.3 Segment of ring :

(A) Uniformly charged arc of ring (E at center) :

Eo :& sing
R 2

() KGS
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(B) Uniformly charged semicircular ring :

(E at center)

_ 2KA Q
Eo= =52 2
R 2n°¢R
A= g
nR

Electric Field Intensity Due To Uniformly Charged Disk At Axial Point

The disc can be considered to be a collection of
large number of concentric rings. Consider an
element of the shape of ring of radius r and of width
dr. Electric field due to this ring at P is

v
T

E_ K.c2nr.dr.x

Put, r? + x? = y?

2rdr = 2ydy
= dE:%Z'dy'x=2K0'TE.X£3y
y
Electric field at P due to all rings is along the axis.
E=[dE
R A P\ &
= E =2Konx —zdy:2KGnX[——} = 2KcmX[+——
Y Y I« X JR*+

(e} X (e
= —|1-——|=—1-cos6|,
280{ *\/R2+X2} 280[ ]

along the axis, passing through the centre and L to the plane of disc.
Case: (i) Ifx>>R

Surface charge density

_}:%{1_#]
2, 2 R? 4 x2

2 -1/2
E=2 1—L i[l—[l-i——z] } (applying binomial approximation).
X

2¢, fRZ :280
Xy +1
X

2 2 2
_S 1_1+£R_2 ziR_?_: onR - Q i
2g, 2 X dey X°  Amex®  AmegyX

i.e. behaviour of the disc is like a point charge.
Case : (ii) If x<<R

() KGS
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7.4

7.6

E= i[1— 0] —_9 ie. behaviour of the disc is like infinite sheet.
2¢, 2¢,

Electric field due to uniformly charged infinite sheet

(¢} . .
E .= — toward normal direction

2g,
The direction of electric field is always perpendicular to the sheet.
The magnitude of electric field is independent of distance from sheet.
Electric field due to uniformly charged spherical shell (Conducting or nonconducting)
E=0 for r<Rr
_ KQ
rZ

net

for r>R

For the outside points & point on the surface the uniformly charged spherical shell behaves as a point charge
placed at the centre
Electric field due to spherical shell at outside point is always along the radial direction.
Electric field due to uniformly charged solid non conducting sphere of radius R
If total charge Q which is uniformly distributed in the volume.
0

e

(A) Exterior Point (r=R):

(B)

Assume an elementary concentric shell of charge dg. Due to this shell the electric field at the point (r >

R) will be dE = K_(ilq [from above result of hollow sphere]
r

K
Enet = |dE= —=
net J‘ rz
Interior Point
Forr<R

There will be no electric field due to shell of radius greater than r

1 3
E et = ghere Q= _Q A :Q—r3
r inRs 3 R

3

E et = K? = K(gr away from the centre.

N DETECTIVE MIND

7{ The electric field inside and outside the sphere is always in radial direction.

(C) In terms of charge density

() KGS
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=Pl
3,

8. MOTION OF CHARGE IN A UNIFORM ELECTRIC FIELD
8.1 Acharge is released from rest in a uniform electric field, then

>
>

>

>

>

Force on charge = ge e
®q

Acceleration of charge =

ae

m
Velocity after time ‘t” = e
m
l%tz
2m
Path of particle will be straight line

displacement after time ‘t’ =

8.2 A charge enters in a uniform electric field with a velocity v parallel to the electric field.

>
>

>

Path of particle will be straight line

. : y _ Qe I
Acceleration of particle will be = > ®g—>V
e
_—
. - v A e
Velocity after time ‘t’ =v + 2=t _—
m
. C e 1ge »»
Displacement after time ‘t” =vt + = 2= t

2m
If the negative charge enters along the field or positive charge enters opposite to the v<—eq €
field then the speed of particle will first decrease then increase.

8.3 A charge enters in a uniform electric field perpendicularly

>
>

>

>

Path of particle will be parabolic

acceleration of particle = 9%
m

velocity of particle after time ‘t’
e~

m

Displacement of particle after time ‘t’

= voti+%t2]

= vi+ L(p)j= Vol +
m

SOLVED EXAMPLES

Ex: 1 10%a — particles per second falls on a neutral sphere, calculate time in which sphere gets charged by 2uC.
(1) 5 sec (2) 2.3 sec (3) 6.25 sec (4) 3 sec

Sol:

Number of o — particles falls in t second = 102t Charge on o — particle = +2e ,

So charge incident in time t = (10%).(2e)
Given charge is 2 uC

10—18

2 x 10°=(10"t).(2e = t=—
(102).(2¢) YT

=6.25S€C

() KGS
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Ex.2 Two particles having charges g1 and . when kept at a certain distance, exert a force F on each other. If the
distance between the two particles is reduced to half and the charge on each particle is doubled then what
will be the force between the particles :

(1) 8F (2) 16F (3) 32F (4)48 F

Sol. - F= kq1q2 Ifq’s —2q1,q2—2q2,rf;
r
ka' g’ _ k(20,)(29,)
=)
2
16k(31q2 N
r

then F’ =

F= F’=16F

Ex.3 A particle of mass m carrying charge g is revolving around a fixed charge —q in a circular path of radius r.
Calculate the speed.

f ; o 0,9, %9,
) N 3) |—— 4) |12
@ 4 aomr @ 4me,mr ®) 4me,mr @ TEMr

1 qQ ,  AmPmr
Sol. 2 L2 —mre® =——;
ey I T
2(4r? mr
T2 = (4mey)re(4nmr) of T=dnr g,
0.0> ULLP:

2

mv
and also we can say that % = = V= %92
Ameyr r Ae mr

Ex.4 Five point charges, each of value q are placed on five vertices of a regular hexagon of side L. What is the
magnitude of the force on a point charge of value —q coulomb placed at the centre of the hexagon?

e
TR &
Fo im0
*, .'L’ 3.4‘.
L — 9w
A B
2 2 2 2
& kLiz aongOA  (2) "Liz alongOC  (3) kLiz along OB (4) kLiz along OD

2
Sol. Fromfig. Fy=—F., Fy=F +F. +Fy +F. +F ,Fy =F, = kl_izalong oD

Ex.5 A particle of mass m and charge g is located midway between two fixed charged particles each having a
charge q and a distance 2¢ apart. The motion of the particle will be SHM if it is displaced slightly along the

line connecting them and released. Find its time period.

3
mne, (> ( mne, (>
2 2

) = ) 2n m"% @) 2n @) 2m, [T
Sol. Let the charge q at the mid-point, displaced slightly to the left. The force on the displaced charge q due to

charge gat A

f@a KGS
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Ex.6

Sol.

Ex.7

= 1 qz B q
drg, (£ +X)* q X q
The force on the displaced charge g due to charge at B —22 H d
2 - 20 .
F2 - 1 q 2 I 1
4me,y (L —X)
Net restoring force on the displaced charge q
F=F-F:
e 1 ¢ 1 el 9> 11 | ¢ 4
dre, ((—x)*> 4dne, (L+X)* e, | (0— x> (L+x)* 4re, (17 —x%)?
2 2
Since ¢/ >>x,.. F= qx orF= q X3
meyl neyl

We see that F oc X and it is opposite to the direction of displacement. Therefore, the motion is SHM.

2
T= Zn\/E here k= 3 5
k nggl

mne, (>
2

q

T=2n

Two charged pendulums of charges %uc &% mC are in equilibrium when they are 1 m Apart. If the
pendulums are identical then what will be the mass of each pendulum if the angle between the strings in
equilibrium is 60°
(1) 243 kg (2) 3 kg (3) 2 kg (4) V2 kg
Force between the charges

(9><109)(2x106j(10><103j
E= 3 3

12

F=20N
For balancing
Tsin 30°=20 T cos 30° = mg

Tsin30° _ 20 :

Tcos30° mg F=20N

Tsin30°
tan 30° = 20
mg mg

= m=23 Kg

Electrostatic force experienced by —3uC charge placed at point 'P' due to a system 'S' of fixed point charges as
shown in figure is F = (21i +9]) pN.
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==~ NEET|JEE



PHYSICS

(i)

Sol.

(i)

Sol.

Ex.8

Sol.

Ex.9

Sol.

Find out electric field intensity at point P due to S.

(1) E=+7i-3] (2) E=—7i-3] (3) E=—7i+3] (4) E =471 +3]
F=gE = (21i + 9))uN = —3uC(E)
= E=-7i-3]

If now 2uC charge is placed and —3 uC is removed at point P then force experienced by it will be.

(1) (+14i —6))uN (2) (+14i +6])uN (3) (-14i —6])uN (4) (-14i +6])uN

(i) Fpe=+2(E)=2(-7i - 3))= (-14i -6j)puN

Calculate the electric field intensity which would be just sufficient to balance the weight of a particle of
charge —10 pc and mass 10 mg. (take g = 10 ms?)

Fe
N
Aeq lE

A\

W
(1) 10 N/C (2)5N/C (3) 15 N/C (4) 20 N/C
|F, |=IW| i.e.,|qE=mg
ie,E= %z 10 N/C in downward direction

q

Find out electric field intensity at point A (0, 1m, 2m) due to a point charge —20uC situated at point B(+/2 m, 0,
1m).

(1) - 22,5 x 10° (—+/2i + j+ k ) N/C (2) +22.5 x 10° (—/2i + j+ k ) N/C
(3) - 225 x 103 (++/2i + j+ k ) N/C (4) - 225 x 103 (—~f2i— j—k ) N/C
E- K9y

|7

— T =Position vector of A — Position vector of B f =, — £, = (-2 i +j+ k)

7l = VW2 + @2 + @ =2

9 L -6 . . . .
g- 2x10 X(820X10 ) (—\2i+]j+k) =-225x%10% (—/2i+j+K ) N/C

Ex.10 What has to be the value of Q for the system to be in equilibrium

() KGS
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q q
@
q q
) {4 J_} 2)- [Z_T} (){Z—T} (4)- [ﬂ ﬁ}

Sol. Charge Q is at centre where E=0
So Q is in equilibrium for any charge ‘q’ to be in equilibrium

2 1
Fo=Fg = K_q Fa= K_qz’ Feentre = @ /\FB F centre
a’ 2a F,
2KQ K D v S
For equilibrium = —zq =—( e | J 4 C D
a 2a° 9
= 2Q= (%+«/§qJ ;
q q

Q= |5 5) 3 ’

Ex.11 Two concentric uniformly charged spherical shells of radius R; and Rz (R2> R1) have total charges Q. and
Q- respectively. Derive an expression of electric field as a function of r for following positions.
(i) r<R;

(i) Ri<r<R :
(i) r>R : (@

Sol. (i) forr <Ry, therefore point lies inside both the spheres
Enet = Einner + Eower =0+ 0
(i) for Ri<r < Ry, therefore point lies outside inner sphere but inside outer sphere:

KQ;, . K ;
Enet - Elnner + Eouter— & 0 = rQl

(iii) forr >Rz point lies outside inner as well as outer sphere therefore.

KQ,. KQ,. K(Q,+ 5
Enet = Eouter + Eouter = r?l I & r?Z r= (erz Qz) r
Ex.12 Find force acting between two shells of radius R; and R», which have uniformly distributed charges Q1 and

Q- respectively and distance between their centre is .

+Q, +Q,
___________
2
r r r
Sol. The shells can be replaced by point charges kept at centre so force between them
F= KO,
r
------------ -
U
—e r PR
F+Q, +Q, F
ORI
() KGS
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9. ELECTRIC FLUX (¢) :
It is the measure of number of electric line of force passing through some surfaces

| Electric quxl

Qualitative definition Quantitative definition It is the dot product of the
of flux of flux > electric field and surface
area through
which EFL are passing,
It is the measure of number of electric lines CEdS
of forces passing through some surfaces. (¢ =FE-ds)
If more number of EFL \L
passes through the surface | For open surface | | For close surface |
more will be the flux
\
For example : o :qu) = IE ds < o, = fiﬁﬁ.dé’ (By defination of flux)
~ _ Qnet .
Say the flux through surface b= ES=E S cosd b, = N ordnkg,, (Gauss'slaw)
s1 is ¢1 that through surface > 4
. S=always normal to ds = always normal to surface and
Sz is ¢2 and that through ; ‘
. surface and pointed pointed out wards
surface sz is ¢3 then
out wards

l

1> d2 > 03

Important facts about flux
(i) Itisascalar quantity
(i) Units (V-m)and N-m?/C, Dimensions :[ML3T3A"]
(iii) The value of ¢ does not depend upon the distribution of charges and the distance between them inside the
closed surface.
(iv) The value of ¢ is zero in the following circumstances:
(a) If adipole is (or many dipoles are) enclosed by a closed surface
(b) Magnitude of (+ve) and (-ve) charges are equal inside a closed surface
(c) If no charge is enclosed by the closed surface
(d) Incoming flux (- ve) = out going flux (+ve)

() KGS
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ﬁ(;;SPOT LIGHT

[ Area vector: It is a vector whose magnitude is equal to area of the surface an direction is perpendicular to
the surface

9.1 Some Important application of flux linked with surface when electric field is uniform

&

ym

m

(B)

din= Ocircular = -nR%E and Oout= Deurved
=nR?E So, Ototal = 0

y ds =
} o=
. = \a
ds )
<o o> ds
© £
a

a
z

¢in= —a’E and (I)out= a’E So, (I)total =0

>

Oy = _%nRZE and ¢, = %nRzE S0, drotar = 0

_;f DETECTIVE MIND
l Electric flux linked with any closed surface in a uniform electric field is always zero.

10. GAUSS THEOREM

The total flux linked with a closed surface is itimes the charge enclosed by the closed surface (gaussian
€9

surface) i.e. PE.dS = q , |0g =—| q = total charge enclosed, &, = Electric constant
E

=) €g

‘.’?;)?DETECTIVE MIND

%% Gauss law is used to calculate for symmetrical charge distribution and valid for all vector fields obeying
inverse square law.
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10.1 Gaussian surface
(i) Isimaginary closed surface.
(i) Is spherical for a point charge, conducting and non - conducting spheres with same centre.
(iii) Infinite line of charges, uniformly charged long cylindrical bodies.

We select a Gaussian surface such that determination of qSE.as can be done in simplest way (by symmetry)

Note:(i) Flux through gaussian surface is independent of its shape.
(ii) Flux through gaussian surface depends only on total charge present inside the gaussian surface.
(iii) Flux through gaussian surface is independent of position of charges inside the gaussian surface.
(iv) Electric field intensity at the gaussian surface is due to all the charges present inside as well as outside the
gaussian surface.
(v) Inaclosed surface incoming flux is taken negative while outgoing flux is taken positive, because outward
direction is taken as positive.
(vi) In a gaussian surface ¢ = 0 does not imply E = 0 at every point of the surface but E = 0 at every point
implies ¢ = 0.
10.2 Calculation of flux using symmetry
(1) Charge placed at centre of sphere
(@) Flux linked with hemisphere

E:k—(j, p=2nR?x—1 -9
R 4re R 2¢,

Note : here electric field is radial
(b) Flux linked with complete sphere

(2) Charge placed at centre of cylinder
(@) Flux linked with complete cylinder

(b) Flux linked with half of cylinder

(3) Charge placed in a cube
(i) Charge present at any one of the face of a cube

() KGS
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11. CALCULATION OF ELECTRIC FIELD (APPLICATION OF GAUSS LAW):

LXo] Deube = ZqTO

(i) Charged placed at centre

dTota= a4
€o

NoX ]

(iii) Charge placed at any one corner

q)_ q

_g

q

(iv) Charge is anyone arm of cube
q

L
¢ 4e,

From gauss’s theorem, we can say

PEDS = o= T

€o

11.1 E due to a uniformly charged spherical shell:
(A) At Exterior Point

(B)

Since, electric field due to a shell will be radially outwards. So let’s choose

a spherical Gaussian surface. Applying Gauss's theorem for this spherical

Gaussian surface

= IE-d§: Oret = Qi - i:jEdscosO" —o
80

€q €o

= E(4m?)= dn
€
9 _kg

= Eou= >
4dme,r r r

At Interior Point
Let’s choose a spherical gaussian surface inside the shell.
Applying Gauss's theorem for this surface

J.Edgz ¢net = qﬂz 0
€y

Since angle between E and ds is 0°
E-ds=E(4nr?)=0 in =

() KGS
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11.2 Electric field due to solid sphere (having uniformly distributed charge Q and radius R) :
(A) At Exterior Point

Direction of electric field is radially outwards, so we will choose a spherical gaussian surface Applying Gauss's
theorem
J.Edg = (I)net: q_'” = 2
80 8o P P .
. . X _QRA
Since angle between and is 0° i 3
Eds = E(dm?) = 2. 3
%) -
k i
Eout = Q > = Q oC
4ne r r r
(B) Atinterior point
For this choose a spherical gaussian surface inside the solid sphere. Applying gauss's theorem for this surface

—4 R3 :>Ein=§r:>Eocr
TTE,

11.3 Electric field due to infinite line charge (having uniformly distributed charge of charge density A):
Electric field due to infinite wire is radial so we will choose cylindrical Gaussian surface as shown is figure.
Onet = O1 + 02 + O3
¢1:¢2:0(9:90°): qﬂ:

(0] 8O

h3= IE.d§ :jE dscos0 = Ejds =E(2nr()

AL

— E@un=

= E= = ——
2me, I r

Ao_2e 1 g1
;

() KGS
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0

LT
e /ggﬁace(l)

— > cylindrical E

L gaussian .

\ surface

( K

H 1

Lo it
Lt >
: Surface(3) r

______________ b R
:::: 1
o, " surface(2)

0

11.4 Electric field due to infinity long charged tube (having uniform surface charge density
o and radius R):
(A) E outside the tube : - lets choose a cylindrical gaussian surface. Applying gauss’s theorem

_ 0, _ o2nR/
net— —  —
€ € :
= Eoutxznrfzcanﬁ DE:ﬂ:>EOC1 *
£y re, r

(B) Einside the tube: let’s choose a cylindrical gaussian surface inside the tube. Applying gauss’s theorem

b= I=0 S0 Ep=0
e

0

r=.R

11.5 E due to infinitely long solid cylinder of radius R having uniformly distributed charge in volume (charge

®

density p) :
(A) E atoutside point :-Let’s choose a cylindrical gaussian surface.

Applying gauss's theorem

RZ
=Eout = =
0 €, 2re,

pxmR?(

E x 2nr = Jin =
€

(B) E at inside point :let’s choose a cylindrical gaussian surface inside the solid cylinder.

Applying gauss’s theorem
2
E x 2ntr¢ :qi: Lﬂ“

€, €

() KGS
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11.6 Electric field due to a conducting and nonconducting uniformly charge infinite sheets

SupposeQcharge
isgivento

Y

Conducting  Non —conducting
plate plate
++ m
H
+| [+ N
+| |+ +
H
+Ll+ H
Electricfieldfor boththe cases
__Q
2Ag,
E = Gconducting ot Gnon—conducting
£, 2¢,
_Q Q
where Gconducting — ﬂ where Chon—conducting = K
BecauseQisdistributed Because Qisdistributed
in'2A'area. in"A'area.

List of formula for Electric Field Intensity due to various types of charge distribution :

Name/Type Formula Note Graph
Point charge » issource charge.
e Tis vector drawn from
\.,:‘_‘,/ £ :K_Q_f source charge to the test E k
/-' \ Kd& point. outwards due to +ve
charges & inwards due to — r
Ve charges.
Infinitely long line charge * qis linear charge density
' (assumed uniform)
- | — h o 2KAF |+ ris perpendicular distance of E L
2ne,l T point from line charge.

f is radial unit vector drawn
from the charge to test point.

Infinite non-conducting thin sheet

o is surface charge density.

2 A (assumed uniform) of2e,
D 2g, fi is unit normal vector.
: o
Uniformly charged ring Q is total charge of the ring E
E— KQx x = distance of point on the E_4%
(Rz . )3’ 2 axis from centre of the ring. h
D electric field is always along R >
Ecentre= 0 the axis. M V2
Infinitely large charged o is the surface charge. E
conducting sheet o . density (assumed uniform) 1
g“ Ais the unit  vector L

perpendicular is the surface.

() KGS
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Uniformly charged hollow » Risradius of the sphere.
conducting/nonconducting T isvector drawn from center E
/solid conducting sphere (i) forr>R of sphere to the point. A
E_ kQ . » Sphere behave like a point
_Wr charge, placed at centre for | KQ/Rt----
(i) forr<R pﬁcn_nts outside the sphere. _ ?\
E=0 . E_IS _always along radial X
direction. R >r
+ Qs total charge ( = c4nR?).
(o= surface charge density)
Uniformly  charged  solid * Tis vector drawn from
nonconducting sphere centre of sphere to the point
(insulating material) ) » Sphere acts like a point E
(i) forr=R charge placed at the centre A
E-KQq for points outside the sphere | R} - - --
|| « E is always along radial .
(i) forr<rR direction. |
. . 4 1 -
E :%f + Qistotal charge(p.EnR3). = >r
(p = volume charge density)
* Inside the sphere E «c r.
+ QOutside the sphere E oc 1/r%

12.

ELECTROSTATIC POTENTIAL ENERGY :

12.1 Electrostatic potential energy of a point charge due to many charges:

The electrostatic potential energy of a point charge at a point in electric field is the work done in taking the charge
from reference point (generally at infinity) to that point without acceleration (or keeping KE const. or K; = Ky). Its
Mathematical formula is

U = Wext.(op) = — Welec (0p)

Source charges
Test charge

NoX

Here q is the charge whose potential energy is being calculated and V is the potential at its position due to the
source charges.

Note : Always put g and V with sign.
Properties :

13.

(i) Electric potential energy is a scalar quantity but may be positive, negative or zero.
(if) Its unit is same as unit of work or energy that is joule (in S.I. system).
Some times energy is also given in electron-volts. 1eV = 1.6 x 107 ]
(iii) Electric potential energy depends on reference point. (Generally Potential Energy at r= o is taken zero)

ELECTROSTATIC POTENTIAL ENERGY OF A SYSTEM OF CHARGES
(This concept is useful when more than one charges move)

() KGS
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It is the work done by an external agent against the internal electric field required to make a system of charges
in a particular configuration from infinite separation without accelerating it.
13.1 Types of system of charge
(i) Point charge system
(i) Continuous charge system
13.2 Derivation for a system of point charges:

(a) Keep all the charges at infinity. Now bring the charges one by one to its corresponding position and find
work required. PE of the system is algebraic sum of all the works.

Let W1 = work done in bringing first charge
W, = work done in bringing second charge against force due to 1% charge.
W3 = work done in bringing third charge against force due to 1%t and 2™ charge.

PE=W;+W,+W3+ ... .
(This will contain % =C, terms)

(b) Method of calculation (to be used in problems) U = sum of the interaction energies of the charges.
= (U12 + Ui+ ... + Uln) + (Uzs + Ups + ... + Uzn) + (U34 + Uss + ..., + Usn) e
(c) Method of calculation useful for symmetrical point charge systems. Find PE of each charge due to rest of
the charges.
If U; = PE of first charge due to all other charges= (U1, + Uiz + ........ + Unn)
U, = PE of second charge due to all other charges= (U1 + Ugs + ........ + Uzn)

then U = PE of the system = U +U,+U,

13.3 Electric potential energy for continuous charge system :
This energy is also known as self energy.

2
(i) P.E. (Self Energy) of a uniformly Charged spherical shell :- Usr = KZQR
y : { 3 KQ*
(ii) Self energy of uniformly charged solid sphere: For a solid sphere P.E. is User = c R

Energy density :
Def: Energy density is defined as energy stored in unit volume in any electric field. Its mathematical formula
is given as following

Energy density = % emE?

where E = electric field intensity at that point
em = €o&r electric permittivity of medium

14. ELECTRIC POTENTIAL :
In electrostatic field the electric potential (due to some point source charges) at a point P is defined as the work
done by external agent in taking a unit positive point charge from a reference point (generally taken at infinity)
to that point P without changing its Kinetic energy.
OR
Electric potential at a point is also equal to the negative of the work done by the electric field in taking the unit
point charge from reference point (i.e. infinity) to that point.

Mathematical representation:
If Wexi—sp) IS the work required in moving a point charge q from infinity to a point P, the electric potential of
the point P is

() KGS
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-W.

Vp _ ext(co—P) _ elec(o—p)
q AK=0 q

_Aau_U-U, U

a4 a q

Wex>p) Can also be called as the work done by external agent against the electric force on a unit positive
charge due to the source charge.
14.1 Properties :
(i) Potential is a scalar quantity, its value may be positive, negative or zero.
joule
coulmb
(iii) Electric potential due to a positive charge is always positive and due to negative charge it is always
negative except at infinite. (taking V=0)

(i) S.I. Unit of potential is volt = and its dimensional formula is [M*L2T3I1].

(iv) Potential decreases in the direction of electric field.
(V) V=Vi+Vo+Vz+....
(vi) Potential at reference point may or may not be zero.

14.2 Use of potential :
If the potential at some point (in terms of numerical value or in terms of formula) then we can find out the

work done by electric force when charge moves from point 'P' to co by the formula Weteo(pee) = AVp

14.3 Potential due to a point charge :

e o0

Pe————>
P . Q

r
—[(qoE)df
V= Wext(oo%p) = ;[

Ao o

r r
=-|B& = v=—jK—?(—dr)coslso°=@
r r

14.4 Potential due to aring :
(A) Potential at the centre of uniformly or non uniformly charged ring :
Potential due to the small element dg

dv = K99 _ Net potentialV = IK—m
R R
K Kq
V=—"|dg = —2
R '[ a R

(B) Potential Due To Half Ring At Center Is :

() KGS
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(C) Potential At The Axis Of A Ring:
Kq

JR? + x?

V =

<0->
Py
x

y

X P
qU | > X

14.5 Potential Due To Uniformly Charged Spherical shell:

As we knowV = — j E-dr

r—oo

(A) At outside point (r > R):Vou = — I (K—?jdr
r

r—oo

KQ

= Vou=

For outside point, the hollow sphere act like a point charge.

(B) Potential at inside point (r < R) :
Suppose we want to find potential at point P, inside the sphere.
Potential difference between Point P and O :

P
Ve - Vo =-[E,,-d Where Ej = 0
(6]

+
R

So,Vp—-Vo=0 :;VP:VO:@ :>V|N:K_Q: - KQ
R R (Radius of the sphere)

14.6 Potential Due To Uniformly Charged Solid Non Conducting Sphere :

. forr>R(outside)v = K ax ¥
r
« forr<R(inside)V = % BR? - = Here, p = Q

4

—1R?
3
Electric Potential due to various charge distributions are given in table.
Name/Type Formula Note Graph
Point charge Kq e (qissource charge.
T «  risthe distance of the point from v &
the point charge. r
Ring (uniform/nonuniform at centre KQ * Qs source charge.
charge distribution) R + xisthe distance of the point on the v
at the axis | axis
_KQ r
JR? +x?
Uniformly charged hollow _ kQ * Ris radius of sphere v
. . forr>RV= —~ . .
conducting/nonconducting r « 1 is the distance from centre of | kar
/solid conducting sphere _kQ sphere to the point
forr<R V= R « Qs total charge = c4nR2. L r
Uniformly charged solid _ kQ * Ris radius of sphere
. forr>RV=—= B
nonconducting r * r is distance from centre to the
point.

() KGS
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< Vv
for <R 2 2 ° Vcentre = §Vsurface 3KQ/2R
KQ(3R ! ) 2 KQR

2R® + Qistotal charge = pgnR?’

r
= L(3R2 - r2) * Inside sphere potential varies R
6e, parabolically
» outside potential varies

hyperbolically.

Infinite line charge Not defined + Absolute potential is not defined.

» Potential difference between two
points is given by formula Vg—Va
= —2KA\ In(re/rp)

Infinite nonconducting thin | Not defined » Absolute potential is not defined.
Sheet  Potential difference between two

points is given by formula

Vg —Va= —%(YB —rA)

0

Infinitecharged conducting | Not defined + Absolute potential is not defined.
thin sheet + Potential difference between two

points is given by formula

Vg —Va= —SE(I'B —TA)

0

15.

15.

15.

POTENTIAL DIFFERENCE :
The potential difference between two points A and B is work done by external agent against electric field in
taking a unit positive charge from B to A without acceleration (or keeping Kinetic Energy constant or K; = Kjy).

Mathematical representation:
If Wexia—e) = Work done by external agent against electric field in taking the unit charge from A to B

B
—|E.dr
Wext(A—»B)j _ _Welec(A—>B) _Ug-U, _ { g

AK=0 q q q
Note : Take W and q both with sign

B
Ve —Va=z = —jE.df
A

1 Properties :
(i) The difference of potential between two points is called potential difference. It is also called voltage.
(ii) Potential difference is a scalar quantity. Its S.I. unit is volt.
(iii) If Va and Vs be the potential of two points A and B, then work done by an external agent in taking the
charge g from A to B is Wexia—e) = q (Ve — Va) OF Weieeas) = q (Va — Ve).
(iv) Potential difference between two points is independent of reference point.

2 Potential difference in a uniform electric field :
VB — VA =— E ATB
= Ve—-Va=-|E||AB|cos 6

=—|E|d=-Ed
d = effective distance between A and B along electric field. or we can also say that —d - .
E= ﬂ
Ad
() KGS
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Special Cases :
Case 1. Line AB is parallel to electric field.

<—d—>
A®
Va—Vg= Ed
Case 2. Line AB is perpendicular to electric field.
A® A
d
Be VvV
Va—Vg= 0
= VA = VB
ﬁl{: DETECTIVE MIND
l In the direction of electric field potential always decreases.

15.3 Potential difference due to infinitely long wire :
0 = angle between E &dr =0

Vag=Ve—Va =— J-E dr = J.ﬂrdr

T

l's
= Vag = —2KA/Nn| —
r'A

15.4 Potential difference due to infinitely long thin sheet:

Vea=Vg—Va = J.E df = —j—r d
0

= Vea=—— (le—ra)=— —
280 2¢g,

16. EQUIPOTENTIAL SURFACE

<—rA—>.A

B ()

—00

If potential of a surface (imaginary or physically existing) is same throughout then such surface is known as

an equipotential surface.
16.1 Properties of equipotential surfaces :

(i) When a charge is shifted from one point to another point on an equipotential surface then work done

against electrostatic forces is zero.

(ii) Electric field is always perpendicular to equipotential surfaces.

(iii) Two equipotential surfaces do not cross each other.

16.2 Examples of equipotential surfaces :
(A) Point charge :

see that sphere of radius Ry has potential V1 throughout its surface and similarly for other

Equipotential surfaces are concentric and spherical as shown in figure. In figure we can (@

concentric sphere potential is same.
(B) Line charge :

Equipotential surfaces have curved surfaces as that of coaxial cylinders of different radii.
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(C) Uniformly charged large conducting / non conducting sheets : Equipotential surfaces are parallel planes.
Vi V, V,

4+t

N’ DETECTIVE MIND

'-"k' In uniform electric field equipotential surfaces are always parallel planes.

17. RELATION BETWEEN ELECTRIC FIELD INTENSITY AND ELECTRIC POTENTIAL
(A) For uniform electric field :
(i) Potential difference between two points A and B

VB —VA =— EA_B.

E
=B,
AV///// >
(B) Non uniform electric field
() Ex=—Z—Z,Ey=—%, =2

= E=Ed+E,j+Ek

OV AV A OV
=—|i—+j—+k—
[ax oy 82}

Where (Z_V = derivative of V with respect to x (keeping y and z constant)
X

% = derivative of V with respect to y (keeping z and x constant)

N - derivative of V with respect to z (keeping x and y constant)

oz
(C) If electric potential and electric field depends only on one coordinate, say r :
A oV .
) E=——17¢
® or

() KGS
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(ii) jdv= ij-dr

(iii) The potential of a point

=>V=- jE.dF

SOLVED EXAMPLES

Ex.13 Find out flux through the given gaussian surface.

s
@) 229 Nmere
0 0
6 -6
@) 20 Nmere @) 229 Nmay
0 0
-6
Sol. ¢= Qin _ 2uC—3uC+4uC _ 3x10 Nm2/c
€g ) )

Ex.14 Two large parallel conducting sheets (placed at finite distance) are given charges Q and 2Q respectively. Find
out charges appearing on all the surfaces.

Sol.  Let there is x amount of charge on left side of first plate, so on its right side charge will x| |a—x y| [2q-y
be Q-x, similarly for second plate there is y charge on left side and 2Q — y charge is on
right side of second plate
E, =0 ( By property of conductor)
x JQ=x .y 2Q-y[_,
2A¢, 2Ag, 2Ac,  2Ac
we can also say that charge on left side of P = charge on right side of P
X=Q-X+y+2Q-y
3Q _ _Q 2 2
—=~ Q-x=—
2 Q 2
Similarly for pointQ: x+Q-x+y=2Q-y
= y=0Q/2,2Q-y=3Q/2
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So final charge distribution of plates is.

Ex.15 Three large conducting sheets placed parallel to each other at a finite distance contain charges Q, —2Q and
3Q respectively. Find the electric fields at points A, B, C and D
Q -2Q 3Q

e AlleB Ble C Mle D

1 2 3
Sol. (i) Electric field at A is
E,=E, +E, +E;
By =
2g,A

—i),E, =
(-1),E, 26,

and E, = dl

(i) Electric field at B is
Eg = E,"absprEs
~ Q . =
E, = 1), E

! 2£0A()
3 2
)
g,A

= _Q+20-3Q:
EB——280A (i)=0

__2Q 4
-\ 2£0A(|)

and E, =

=

< E2

E;

E——

(iii) Electric field at C is
E.=E,+E,+E,

Lom
N
p
M

Ee—
(iv) Electric field at D is
E, =E,+E, +E;
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e __Q

L 2g A M. B, = 2g,A D
= 3Q -
and E3_280A(I)
= _(Q-20+43Q) s _ Q =
B =AW= R0
Es . E,
— >E

3

Ex.16 Find the potential energy of given system is positive then.
Q

(2Q) a (-a)
Sol.  U(system) = Sum of potential energy of all pairs
k(Q)(2 k2 k k
_ kQ(Q) k204 kQq_kQ 5 3
a a a a
Given U is positive means U >0

- l%Q(ZQ—3q)>o — 20>3q

Ex.17 Figure shows an arrangement of three point charges. The total potential energy of this arrangement is zero.

Calculate the ratio %

+q.—_o—o +q

le—r —
€ 2r >l
1)4:1 (2)2:1 (3)6:1 4)2:2
1 1 =9Q G99 Q4 i_q 7.9 A= ~_9_4a4_4
Sol.  Usys 4n80[ ; + oy + r } 0 Q+2 Q=0= 20Q 2:>.Q. 1

Ex.18 Two point charges each of mass m and charge q are released when they are at a distance r from each other.
What is the speed of each charge particle when they are at a distance 2r?

Kq ¢’ Kg? Kg?*
1) (|— 2) |— 3) |— 4) |
@) 2rm @) 2rm ®) 2rm ) rm
Sol.  According to momentum conservation both the charge particles will move with same speed now applying
energy conservation. v vV
ki + ko + Ui = us + k¢ <_.<—>.—>
2 2 Ka? 2r
0+O+K_q: |:lm\/2:|+K_q = V= _q
r 2 2r \j 2rm

Ex.19 Three equal charges g are placed at the corners of an equilateral triangle of side a.

() KGS
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Sol.

(1
(i)
(iii)

(i)
(i)

Find out potential energy of charge system.
Calculate work required to decrease the side of triangle to a/2.
If the charges are released from the shown position and each of them has same mass m then find the
speed of each particle when they lie on triangle of side 2a.
2 2 2 2
Kq N Kq N Kq :3Kq
a a a a

U=Up+Up+Ux=

3Kg® 3Kg® _ 3Kg’
al2 a a
Work done by electrostatic forces = change is Kinetic energy of particles

2 2 2
Ui— Ui = Ki— K :;3&_ 3Kq =3 lm\/2 -0 :§ki:§mvz
a 2a 2 2 a 2

Work required to decrease the sides to a/2 W = Us— U; =

2
= V= K_q
am

Ex.20 Find out energy stored in an imaginary cubical volume of side a in front of an infinitely large nonconducting sheet

Sol.

of uniform charge density o.

o’ a c’a’® c’a’
(1) — QA = @) (4)

8e, 8e, by 8e,
Energy stored

U= I%soEzdv where dV is small volume

goE? J-dV

N~

i I o c’a’
Eisconstant U= ~g,—a’=
4e; 8¢,

Ex.21 When charge 10 uC is shifted from infinity to a point in an electric field, it is found that work done by electrostatic

Sol.

forces is—10 wJ. If the charge is doubled and taken again from infinity to the same point without accelerating it, then
find the amount of work done by electric field and against electric field.

(1)20WJ (2) 20 WJ (3) 25w (4)-15 W
(Wexoo—sp = (-Wele)op—sp = (Wele)p_yop = 10 1J
because AKE =0

Vpo=1V
So if now the charge is doubled and taken from infinity then
W
= M = (Wext)oo—sp = 20 pJ = (Weie)op_sp = —20 pJ
20uC

Ex.22 Two point charges 2uC and — 4uC are situated at points (—2m, Om) and (2m, Om) respectively. Find out potential

at point C(4m, Om) and D(Om, /5 m).

() KGS
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(0.5)
D
A B C
EETTY YTTTTTTITTPTIT: PRPPPPPrPN @eerenannannan e
a0y ko @40
Sol. Potential at point C
Ve =V, +V, = K(2uC) + K(4puC)
1 2 6 2
9 -6 9 —6
_ 9x10 >;2><10 79><10 ><24><10 — 15000V

Similarly, Vo = V, +V, K@uo) , KHAuo)

" B2 By 2

= K@O) | KEWO) - gn00 v
3
Ex.23 Find out following
)
uniformelectric
Lo fieldE = 20N/ C
_—
° [ 2cm
A B
2cm
(i) Va—Vs (ii) Vs — V¢ (iii) Vc — Va

(V) Va—-Vb
(vi) Arrange the order of potential for points A, B, C and D.
Sol.  (i)|AV,g|=20%2x%102=0.450, Va— Ve =04V

(ii)|[AVgc| = 20x2 x 102=0.4 50, Vg — Vc = 0.4 V
(iii) | AV, | = 20x4%102 = 0.8 50, Vc —Va=— 0.8V
(iv)[AVpe| =20x0=0 so, Vo-Vc=0
(V) [AVap| =20 x 4 x 102 =0.8 50, Va— Vp=0.8 V
(vi) The order of potential Va> Vs> V¢ = Vp
Ex.24 Find Va, Vs, V¢, and If Va = V¢ then what is the required condition?

Sol. Va= ———+—=— (a—-b+c)
S € S o
ca’® ob oc ca’ ob? oc ofa’-b?+c?
Vo= 2 -2 ye= 2 22 22
=, € € €C &C €& € c

2 42,2
NOWifVA=Vc:>(a—b+C): u

c(@a-h)=a?-b?>=c (a—h) = (a+h) (a-b)
= Cc=a+b

(IV) VD e Vc
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Ex.25 Compare field, potential and surface charge density at A, B, and C.

Sol : Surface of a metal is an equipotential surface (EPS) so charge on irregular shaped
metal distributes to create same potential on surface
= Va=Ve=Vc Now radius of curvature (R) for straight line = «

Re> Re> Ra Now 28 = Qe _ ¢ o g« R)

A B RC
= g =E= M: E Ll
Electric Field E oc% or Eocl = Ea>Es>Ec
R R
surface charge density coc %
= O X oc l = OA>0OB>0C
R R

So, if there is any possibility of charge leakage, it starts from point A. (corona discharge)
Remember that E and o at sharp points is more while potential is same
Ex.26 Figure shows some equipotential surface produced by some charges. At which point the value of electric
field is greatest?
QA 2B 3)C (4) None

=
[«
&

50V
anv
20V

we

.
A
5 C

Sol. E is larger where equipotential surfaces are closer. ELOF are L to equipotential surfaces. In the figure we
can see that for point B they are closer so E at point B is maximum

Ex.27 For given E = 2xi + 3yj find the potential at (x, y) if V at origin is 5 volts.
2 2 2 2
W-x+Y 45 Q-2 o] 1A\ N @-x-Y 15
2 2 2 2
v r — X y
Sol. [dv=-[E-dr = [E,dx-[E,dy
5 0 0 0

2 2 2
= VSz%—% o v=_x2- s
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=== NEET|JEE



PHYSICS

18. ELECTRIC DIPOLE :
In some molecules, the centres of (+ve) and (-ve) charge do not coincide. This results in the formation of

electric dipole. Atom is non - polar because in the centre of atom (+ve) and (-ve) charges coincide. Polarity
can be induced in an atom by the application of electric field. Hence it can be called as induced dipole.

18.1 Dipole Moment (|3) :

Dipole moment =q x 2/

(i) Vector quantity directed from (-ve) charge to (+ve) charge

(it) Dimension : [LTA] and Unit: coulomb x metre (or Cm)

(iii) Practical unit is Debye 1 Debye = 3.3 x 10730 C x m (Its used in atomic physics & chemistry)
lis of A order

+q p 9
18.2 Electric field at general point (r, 8): polar coordinates
E - K(Psme)
- 2K(Pcos®)
== g ¢
Endon Broad side
Axialposition Equatorial
6 =0° position6 = 90°
5
4 .......... | ECLEETEE > :.' :
R 0§ .
@ “— @
- p
p
Ve .
P 4né 12 Y =0
_ 1 2611~
Ep= —E r
drey (LT

Enet = —x/l+ 3cos’0; tan ¢ = @

kpcos.eOC 1

r.2 rZ

Here 6 is angle between position vector ()and dipole moment vector (p) in anti clockwise sense.

Vp =

18.3 Dipole Placed in uniform Electric Field: p = 2¢/

() KGS
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(A) Net force: F = |:ql::+(—q)]::]=0
(B) Torque:i=rxF=2(xqE=2q(xE= pxE

(C) Work: Work done in rotating an electric dipole from 6 to 6 [in uniform field]
dW = -0 =W = [dw = [do
0,

Wel_)92 = jpE sind do = pE (cos6; — cos0y)

6

Wo _y180° = PE [1- (-1)] = 2 pE

Wi _, a0 = pE (1-0) = pE Pl 3
: E
If a dipole is rotated from field direction (6 = 0°) to 6 then,
W = pE (1 — cos6) vi(=pxE)
E
«*‘
+ 9] -
0=0 6 = 90° 0 =180°
T = 0(min) t=pE(max) | t=0(min)
= 0(min) W =pE W = 2pE(max)

Electrostatic potential energy of a dipole placed in a uniform field is defined as work done in rotating a dipole
from a direction perpendicular to the field to the given direction i.e.

U =Wg— W= pE (1-c0s0)—pE=—pEcosf= — p.E

26 1~
—E}rel to 0, is

_ - 1
E is a conservative field so whatever work is done in rotating a dipole from Ep = {4 }{
;

just equal to change in electrostatic potential energy.
W, Uy, — Ug = pE (cos 01— cos 02)

1 —6,

Angular SHM : When a dipole suspended in a uniform field it will align itself parallel to the field. Now if it
is given a small angular displacement 6 about its equilibrium position the restoring torque will be.

T = pE sin®
If 6 is small then = — pE®

t o (— 0)(Angular S.H.M)
But t=la  so lo=-pE®6

() KGS
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(where o — angular acceleration & I — moment of Inertia)

0= /E;T= E=2n i
I ® pE

19. CONDUCTOR:-

Conductor are the materials through which electric charge can flow easily. Most of the conductors of electric
charge.

19.1 Finding field due to a conductor :
Suppose we have a conductor, and at any 'A’, local surface charge density = . We have to find electric field
just outside the conductor surface.

For this lets consider a small cylindrical gaussian surface, which is partly inside and partly outside the
conductor surface, as shown in figure. It has a small cross section area ds and negligible height.

P s

Cylindrical
gaussian
surface

Applying gauss's theorem for this surface

g, ods
(I)net A
flux through flux through flux through
surface (1) surface(2) surface (3)
.= Eds ¢, =0 ¢5 =0
(becauseEis (Eisnormal (asEinside
normalto tocurved the conductor = 0)
thesurfaceof Gaussiansurface)
conductor)
So,Eds= 9% = g=9
€ =)
A" DETECTIVE MIND )

1Y J
Electric field just outside the surface of conductor E = 2 direction will be normal to the surface. In vector
€

form E="# (here n unit vector normal to the conductor surface)
)

J

19.2 Properties of conductor under the electrostatics

(i) Conductors are materials which contains large number of free electrons which can move freely inside the
conductor.

TE' DETECTIVE MIND

7( In electrostatics condition net electric field inside the conductor is zero.

(ii) In electrostatics, conductors are always equipotential surface
(iii) Charge always resides on outer surface of conductor.

(iv) Ifthere is cavity inside the charged conductor with having no charge then the charge given to the conductor
will reside on the outer surface of the conductor.

() KGS
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o P

‘A DETECTIVE MIND

LY

(v) Electric field is always perpendicular to conducting surface.
(vi) Electric lines of force never enter into conductors.
(vii) Electric field intensity near the conducting surface is given by formula

(viii)When a conductor is grounded its potential becomes zero.

(ix) When an isolated conductor is grounded then its charge becomes zero.
(x) When two conductors are connected there will be charge flow till their potential becomes equal.

Electric pressure : Electric pressure at the surface of a conductor is given by formula

= o' where o is the local surface charge density.
2¢

v}

20. SHARING OF CHARGES :

Two conducting hollow spherical shells of radii R; and Rz having charges Qi and Q2 respectively and separated
by large distance, are joined by a conducting wire
Let final charges on spheres are g: and g respectively.

Potential on both spherical shell become equal after joining, therefore

Kgy _Kd, o, & _ Ry ()
R, R, @ R,
and g, +q9,=Q,+Q, ~...(11)

from (i) and (ii)
_QutQRy . Qi+ Q)R

% R,+R, 7 R,+R,
2
ratio of charges 9 _ R > 614ER12 - R
q2 R2 02 4TCR2 Rz
Ratio of surface charge densities o R
SF! R,
Ratio of final charges S Ry
A R,
21. MIXING OF IDENTICAL CHARGED TINY DROPS :
Let, number of tiny drops = N
[For each tiny drop] [For Big drop]
) KGS
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(r,9,0,E\V) (R, Q, o8, Es, V)
%2 @
00 .

N tiny drops Big drop

(i) Charge conservation Q = Nq

(i) Volume conservation N gn-r3 = %n R®

Hence R=NYr,Q=Nq
op = N1/3 G, EB - N1/3 E, VB - N2/3 v
SOLVED EXAMPLES

Ex.28 The electric field due to a short dipole at a distance r, on the axial line, from its mid point is the same as that
of electric field at a distance r', on the equatorial line, from its mid-point. Determine the ratio.

(1) 213 (2) 212 (3) 215 (4) 32
3
Sol. ! 2—5: 1 % or %:ig or r—3=2 or [L=ou
dre, 1 Ang, 1 r r r' r'

Ex.29 Two point masses of mass m and equal and opposite charge of magnitude q are attached on the corners of a
non-conducting uniform rod of mass m and the system is released from rest in uniform electric field E as
shown in figure from 6 = 53°

> E

BCK
\(RA N/ R

(i)  Find angular acceleration of the rod, just after releasing
(i)  What will be angular velocity of the rod when it passes through stable equilibrium.
(iii) Find work required to rotate the dipole by 180°.

Sol. (i) Twee=PEsSIN53°=Ta

4
NE| =
_ (@) (5) _ 48qE
me? [f)z (sz 35m¢
———4+m| = | +m| =
12 2 2

(i)  From energy conservation : K; + U; = K + Ut

2 2 2
0 + (— PE cos 53°) =% Iw? + (-PE cos 0°) where = % + m[£] + m[£]

2 2
e [48¢E
35m/¢
(i“) Wext= Uf*Ui
Wext = (-PE c0s(180° + 53°)) — (-PEcos 53°)
6

_ 3 3 _
Wext —(qf)E [gj + (qf)E (gj = Wext = (gj ng
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Ex.30 Two conducting hollow spherical shells of radii R and 2R carry charges — Q and 3Q respectively. How much
charge will flow into the earth if inner shell is grounded?

Q Q Q
@7 @ = ©) 3 (4)Q
3Q

(P

Sol.  When inner shell is grounded to the Earth then the potential of inner shell will become zero because potential
of the Earth is taken to be zero.
Q_'__K\?)Q =0 x= -3Q

R 2R 2
the charge that has increased = % —(-Q) = —Q

2
Hence charge flows into the Earth = %

Ex.31 A charge of 10°C is placed on each 27 identical drops of radius 2 cm. They are then combined to form a
bigger drop. Find its potential?
(1) Ve=405x10%V (2)Ve=205x10°V (8)Ve=10.5x10*V (4)Vs=40.5x10?V

Sol. Vg=n*xV

10°”°

x1072

Vg = (27)%% x 9 x 10° x 5

10°

Ve=9x9x10°x >
2x10~

Vg = g'><ZI.02
2

= Vs=405x102V
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Electric Flux ()
It is the measure of number
of electric field lines through
some surface
Uenciosed by the surface

Gauss'law; (0)=
ED

qenstEd bythe surface

\ (9= §E-dS= Y,

~

Coulomb's law
Force between two charged particles

/ Electric dipole \
Electric Dipole Moment p = q(2/)

It is a vector quantity
Electric field at general point (r,0)
polar coordinates

tanf

Ene¢=¥\fl+3cosze;tan¢= > ;
r

2K
Eaxial point = 73[)
r

5

Equatcrial point =—

I}

Kpcos©
rZ

Vp general point =

Vaxial point =?Ip

Vquatorial point = 0

F= KQIq? (magnitude)

3 %:Km—fzr (vector form)
r r

K=——= 9x 10°Nm2c?

0
g0 = Permitivity of Free Space= 8.854 x 107'2C?/Nm?

.

v

Edue to point charge = ? (magnitude)
= Kg. Kg.
Edueto point charge = —iql’ = —?I’ (VeCtOr Form)
r
Eil due to line charge = — [cose1 — cos0,]

Kir. .
I__ E. duetoline charge = [Sln91 + Slnez]

92/

Edue to ring on axis at distance —

E _ GO
ek toa plane Infite shost — o

0
o
|charged conducting plate —
]

Electric field due to charged spherical shell or conducting
1 Q 1 Q

; Elr= )— 3
ne, £, R

Electric field due to a solid non-conducting sphere —

E

sphere, .., ; E(>R)=

KQr
Er<R)=——; E(r>R) = 2 Er=g)= 2
3¢, r

2
0

Electric field line
» Electric Field lines are imaginary.
» Tangent at ELF gives direction of electric field
» Never intersect Each other.
» Aways normal to conducting surface.
» Lines originating from +ve charge
» Terminating at -ve charge
» Never form closed loop.

/ Conductor \
A material having free electrons in its valence shell
is called conductor.
» Inside a conductor, the net electrostatic field is zero
» At the surface of a charged conductor, the
electrostatic field must be normal to the surface at
every point
» The interior of a conductor can have no excess charge
in the static situation i.e. excess charge reside only on
the outer surface of conductor.
» Electric field at the surface of a Charged conductor

@tric dipole— P-E ; Tdipole =P X E /

Relation between
electric field & electric
potential

dv=-E. df

If E = constant

AV =—E.A?

)

1
EZG [ oxX—mM M —
! [ radiusofcurvature]

Properties Of Charge

Charge is an intrinsic property of matter.

» It resides on mass.

» Charge is quantized and quantum of charge is t e
» It is frame independent

» Charge is conserved

Electric Potential energy
Work done By External charge to move
from postion 1 to 2 in static Electric
Field E.

~

W, = j Edr :ﬂjﬁ.df
1

99 | 4,q: is kept with sin

K
Udue to point charge

Electric potential Energy of a system

of charges:
K Ki Ki
L= %9, == %% ++ %% Foeren
r1r2 r1r2 r1r2

Usert (uniformly charged shell)= Kz_{:

Userr (uniformly charged solid sphere) =

>

3k
5 R

J

\

-

Electric potential

Electric Potential

v, = e*‘(wép) jEdr

Vdue to point charge = B, qis taken with sin
r

Ve to ring at centre = E(uniformly or nonuniformly)
r

Hollow Solid

conducting | Non-Conducting
(i) :r:iith; vp='%q VP=2%[3R2—H]
(tsice |y, ke |y K

.




