Electrostatics

Electric Charge and Field

Electro (charge) + statics (rest) = Electrostatics : It is a branch of physics which deals with the study of

forces, fields and potential arising from static charges.

Electric Charges and their Properties

Electric Charge : Charge is an intrinsic property associated with matter due to which it produces and

experiences, electric and magnetic effects.

[ How does a charge produce & experience electric and magnetic effects ? @ ]

If charge is in

If charge is at If charge is in uniform nonuniform motion, It
rest, It only motion, It produces produces electric field
produces electric field (E) and (E) , magnetic field (B),
electric field (E) magnetic field (B). and also radiates EMW.
X A body is said to be electrified or charged whenever it gains or loses electrons.
Types of charge :

There exist two types of charges in nature.

(i) Positive charge : Due to deficiency of electrons.

(ii) Negative charge : Due to excess of electrons.

Units of charge :

SI = coulomb (C)

CGS — stat coulomb (stat C) or e.s.u. of charge or franklin
Another CGS — e.m.u. of charge or absolute coulomb (abC)

practical unit — faraday (F)

1C=3x109statC Smallest unit of charge = franklin
1F=96500C Largest unit of charge = faraday

Dimensional formula of charge : [AT] or [MOLOT1A1]
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Specific Properties of Charge
(i) Charge is a scalar quantity : It has no direction.
(ii) Like point charges always repel each other while unlike point charges always attract each other.

As two charged (.
bodies or balls —_ (9 )
are brought close If the sizes of

(G ol = - o+ .-'\

to each other as + charged bodies
shown [ [ are very small as
)

[ compared to the
After interaction
with each other -_—
they finally stay as ; ;
shown.
-+ Y - @&

distance between
them, we treat
; ; : ; them as point
P @ charges.
(iii) Charge is transferable: If a charged body is kept in contact with another body, then charge can be
transferred to another body.
(iv)  Charge is always associated with mass: Charge cannot exist without mass though mass can exist
without charge.
<> The presence of charge itself is a convincing proof of existence of mass.
Ex. (i) Photons don’t have any charge as they have zero rest mass.
Ex. (ii) Rest mass of the charged body can never be zero.
< The mass of a body changes after being charged.
When a body is given a positive charge, its mass decreases and
When a body is given a negative charge, its mass increases.
) Charge is realistically invariant, whereas mass is variant : Charge is independent of frame of
reference, i.e. charge on a body does not change whatever be its speed.

-

e e Speed of particle
Dynamic mass J 1= c2

J

— Rest mass

U2
ifvl  valsot  thatmeans (ﬁ) also I

v2
the value of | 1— ) |

That means the particle moving with larger speed will have larger mass.
Note : If (v<<c) then m is taken as constant parameter.

(vi) Charge is additive : If a system contains n charges qi, qz, -q3 -... qQn, then the total charge of the
system is obtained simply by adding them algebraically (with their respective signs).

Quotat =4 +8-3 =+9C Qtotai =-8-2+3 =-7C
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(vii) Charge is conserved : Total charge of an isolated system always remains constant. This is also

called as “Law of conservation of charge.”

Conservation of charge holds good in all type of reactions, for example

(i) Ionization : H(atom) » H* + e
(ii) Radioactive decay : n—o>p+e+ v
(iii) Pair production phenomenon : conversion of energy into mass.

Pair production phenomenon
|
]
1

(AVI»\—/.,\L\ .

" y-photon

Heavy nucleus

(Positron and electron have equal and
opposite charge)

i

Qi=0 i Q=0
i

(Photon is chargeless) E

(iv) Pair annihilation phenomenon : conversion of mass into energy

et e N‘W
——3 %‘;Z-photons

(viii) Charge is quantized :
Charge can have only discrete values, rather than any value.

Note: For this

phenomenon
energy of photon
must be greater

than 1.02 MeV.

Charge on any body must be an integral multiple of a basic unit of charge represented by e.

e = basic unit or quanta of charge or minimum transferable value of charge = 1.6x10-19 C.

+ 4+

. + +
In general we can write = D

where n = an integer o4
n=0,123.....
Illustration 1:
Which of the following charges is/are not possible?
(1) <3e (2) 48 x 10-19C (3)3.2 x 10-20C (4) 1C

Solution:

(1)~ gq=ne= Pe=ne=n= 1.732(fraction) — not possible

(2) 48 x 10-19C = n(1.6x10-19)C = n = 30(integer) — possible

(3) 3.2 x 10-20C = n(1.6x10-19)C = n = 0.2(fraction) — not possible
(4)1=n(1.6x10-19) = n = 6.25 x1018 (integer) — possible
Illustration 2:

How many electrons must be removed from a body to make it electrified by 3.2C of charge?

Solution:
From Q = ne = n:gziﬂ =n=2x10"
e 1.6x10
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ALLEN NEET : Physics

Illustration 3:

1010 alpha particles are ejected per second from a body, then after how much time, the body will acquire a
charge of 8 uC?

Solution:

Charge appear per second on body Q = (?]qa

Q=10"x(2x1.6x10"") =3.2x107°C/sec

Let t be the time taken to acquire charge of 8 pC then

8x10°°

t=——
3.2x10°°

Note: For macroscopic charges (big charges) quantisation rule can be ignored.

Conductors & Insulators

Conductors : Those materials which allow electricity to pass through them easily are called conductors.

They have electric charge (electrons) that are comparatively free to move inside the material. Ex. Metals,

human and animal bodies, earth etc.

Insulators : Those materials which offer high resistance to the passage of electricity through them, are

called insulators. Ex. Glass, rubber, plastic, nylon, wood etc.

Methods of Charging

(1) Charging by friction or rubbing :
If we rub one body with another body, electrons get transferred from one body to the another. Both
insulators and conductors can be charged by this method.
When an object in column-1 is rubbed against the object of column-2 then they acquire charges
specified in the following table.

=2.5x10%sec

Column-1 Column-2
Positive Charge Negative Charge
Glass rod Silk cloth
Woolen cloth Rubber shoe, Amber, Plastic objects
Dry hair Comb

Note: Clouds get charged due to friction.

(2) Charging by induction :
If a charged body is brought near a neutral body, the charged body will attract opposite charges and
repel similar charges present in the neutral body. As a result of this one side of the neutral body
becomes negative while the other positive, this process is called 'electrostatic induction'. Hence,
“Induction is a phenomenon of redistribution of charges on a body in the influence of other charged
object or external field.”

Charging a body by induction (in four successive steps)

Charging =0 Charging q'=-ve Charging q'=-ve Charged q'=-ve
body q body body body
gt - - I
P - +‘|; e o ++++++ | - T
m—— - || S— — - - - -
LR _ ++ -9 = Rk - i
- B ++ + - - - - -
Charged body is brought Uncharged body is Uncharged body is Charging body
near uncharged body connected to earth disconnected from earth is removed
Step-1 Step-2 Step-3 Step-4

[6] www.allen.in



Electrostatics Al-'-:.

In case of induction it is worth noting that :

(i) Inducing body neither gains nor loses charge.

(ii) The nature of induced charge is always opposite to that of inducing charge.

(iii)  Induced charge can be lesser or equal to inducing charge (but never greater).

(iv) Induction takes place only in bodies (either conducting or non conducting) and not in particles.
Illustration 4:

If a charged body is put near a neutral conductor, will it attract the conductor or repel it?

Solution:

They attract each other due to induction effect

- i« + +
- +
+ Y - M
+ : i - +
A+ +
- +

- +

= -4+t

Neutral Body Body is still Neutral

(3) Charging by conduction: Whenever a charged conductor brought in contact with other conductor,
charge continuously flows from one to another until their potential becomes equal. This is also called

sharing of charges.
+ + + +
+ + +
+ +\/‘
+ +
Ty . Before connection ; After connection +
a + + V Voo+
In case of conduction it is worth noting that:
(i) Contactis necessary For sphere
(ii) Only conductors can be charged by this method Q
(iii) In this method both conductors will acquire same nature of charge. kQ
(iv) Total charge of the system distributes in the ratio of their radii (only for V= R
spherical objects)
Consider two charged spheres (q1, R1) & (q2, Rz) are connected by a wire

or touched with each other.

R
After conduction let their final charges become Q1 & Q2 respectively thenqi + 2= Q1+ Q2 & % = R—l
2 2
Illustration 5:
Find final charges on the spheres when switch S is closed.
Solution:
Total charge of the system = Q = 60uC +0= 60uC 60uC
Then after conduction S
: 2
, Q, =(—j60uC:Z4uC
243
% - % - % - 3
2 ,=| = |60uC=36pC
Q, ( o 3j H n
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Illustration 6:
A positively charged body 'A’ attracts a body 'B' then charge on body 'B' may be:

Solution:
IfBis -ve
gt
+ + - === _
+ A [ —)  — - o -
+ Attract T -
T_—rt -
If B is +ve
+ + o+ - + + - +
+ A + + B +— + A + Aurac‘t__ B
+ + ) + + + + +
+ + Small compare A + +

Gold leaf electroscope

It is used to detect the presence of charge.

When a conducting body touches the metal knob of an electroscope, then knob & leaves both wire acquire
same nature of charge.

Metal knob——

Hinged gold
leaves

When a charged body is placed near the electroscope then knob will acquire opposite nature of charge &
leaves will acquire same nature of charge.

Golden ey Points

Charge differs from mass in the following aspects :

(1) In SI system of units, charge is a derived physical quantity while mass is a fundamental quantity.
(ii) Charge is always conserved but mass not.

(iii) Charge cannot exist without mass but mass can exist without charge.

(iv) Charges are of two type (positive and negative) but mass is of only one type.

(v) For a moving charged body, mass increases while charge remains constant.

True test of electrification is repulsion, not attraction

As attraction can take place between a charged and an uncharged body or between two similarly
charged bodies

For a non relativistic (i.e. v << c) charged particle, specific charge 4. constant.
m

Charge can be detected and/or measured with the help of gold-leaf electroscope, electrometer,
voltmeter etc.

[8]
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L%} BEGINNER’S BOX-1

1. In a neutral sphere, 5 x 102! electrons are present. If 10 percent electrons are removed, then

calculate the charge on the sphere. PEL180
2. Calculate the number of electrons in 100 grams of CO». PEL181
3. Can abody have a charge of (a) 0.32 x 10-18 C (b) 0.64 x 10-20C (c) 4.8 x 10-21C? PEL182
4. A glass tumbler contains 1 billion amoeba and two sodium ions are there on the body of each
amoeba. Find out the charge contained in the glass. PEL183
5. How many electrons should be removed from a conductor so that it acquires a positive charge of
3.5nC? PEL184

6. It is now believed that protons and neutrons (which constitute nuclei of ordinary matter) are
themselves made up of more elementary units called "quarks". A proton and a neutron consist of
three quarks each. Two types of quarks, the so called 'up' quark (denoted by u) of charge +(2/3)e,
and the 'down' quark (denoted by d) of charge (-1/3)e, together with electrons build up ordinary
matter. (Quarks of other types have also been found which give rise to different unusual varieties
of matter.) Suggest a possible quark composition of a proton and neutron. PEL185

7. A polythene piece rubbed with wool is found to have a negative charge of 3.2 x 10-7 C. Find the
(a) number of electrons transferred.

(b) mass gained by the polythene. PEL186

8. Two identical metal spheres A and B placed in contact are supported on insulating stand. What kinds
of charge will A and B develop when a negatively charged ebonite rod is brought near A? PEL187

Coulomb’s Law

“The electrostatic force of interaction between two point charges is directly r
proportional to magnitude of the product of charges and inversely aq q,
proportional to the square of distance between them.”

This force always works along the line joining the two charges.

r r
Flzi—* --------- | o o+ - —
ql q2 F21 q1 F12 F21 qZ
‘F12‘_‘F21‘_F
ie.  Fol®®l 0y K9l
r r

Where k = proportionality constant or coulomb’s constant or electrostatic constant

R/

<& Value of k depends upon the choice of system of units.

N xm?
CZ

< In SI system, k =9x10’°

o This constant is also written as, k =

4me,
CZ

€, = permittivity of free space or vacuum= 8.85x 107" N
-m

2

hen [~ K% 10
r 4meg, T
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< When the point charge system is placed in a homogeneous dielectric medium.
F — 1 qqu < - >
" 4ne 1, s e e, Ay
41 q;

Fm = net force on any charge

€ = permittivity of medium = € €,
€, = relative permittivity of medium or Dielectric constant of medium (K)

F=—t G9%_ 10 1 4% Jp _F
dneye. T g \4neg, 1 €

The valueof € orK2>1, ie. Fn <F

Illustration 7:
Why we can not use Coulomb’s law for large size bodies ?

+ t o4 ot
+ - + +
+@& 7 7+ N A
+5 | +
+1+ 7 it
Solution:
.t N ++++ ++
+ + + + ¥
¢ ! > &S
+ [+ Al 9 istributi e A
K l A A Redistribution +4 i+
+1+ T of charges i + 7
] r | —

When large size charged conducting spheres brought close to each other, there charges moves away due

to repulsion hence effective distance between their centers increases (r’ > r)

kq,q
_ 2454
Factual < calculated 2
r
Note:
<> For two charge system
r
F S & F
q, q§ i
77777777777777777 - Fnet = 0
= linear momentum of
[ L. ) ) system is conserved
—q; F F qz

In both the cases shown -
Net external force on the system is zero so linear momentum of system remains conserved.

< For the system shown, line of action of force for both forces

p r
is same. So, net torque about any point for the system is zero. F ?1 ® '_,E"

= Angular momentum = Constant
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Illustration 8:

Two point charges +q: and +q are placed r meter apart in vacuum. Force on q: due to q2 is F. If now a third
charge +qs3 is placed at mid point of line joining the charges, then
(D force on g1 due to q:

(a) Increases (b) Decreases (c) Remains same (d) Can't say
(2) net force on q1
(a) Increases (b) Decreases (c) Remains same (d) Can't say
Solution:
Fp @ - @
+q; +q,

When g3 is placed at mid point,
+q;

+q; /2 +(q;

T

Now net force on q: will definitely increase but force due to gz will remain F1; on q.
Fo_ XA,

12 I_2
Illustration 9:

Calculate the force between two charges, each of 1uC separated in air by 1cm.

Solution:
q1=qz=1pC & r=1cm o
k —62
F=-dide 9,300 ) _goy o 1
r 107%)

Illustration 10:

Force between two identical spheres A and B carrying same charge and separated by distance r in vacuum
is F. A third identical sphere C first brought in contact with A then B and finally, C is taken away. Now force
between A and B becomes.

(1) F/4 (2) F/8 (3) 3F/4 (4) 3F/8
Solution:
Q Q
@@ = o
A B

Now C (uncharged sphere) is touched with A first
Q/2 Q/2

o o- 9

Then C is touched with B
3Q/4 3Q/4

¢% -89
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New force between A & B now is

S
N ) s o (214 ) 3kQ* 3F
b )- r -b ‘ » F'= r? 8rr 8
A B

Illustration 11:

Two spheres having equal charges exert F force on each other. Now 20% charge of one sphere is
transferred to another sphere. Then find new force between them in terms of F.

Solution:

Let us assume initially both the sphere were having equal charge q so, Force between them can be written as -

p-kad
r
When 20% charge is transferred from one the another then new force F’ -
pr_k(089)(1.29) _kqq
2

r r?

(0.96) = 0.96F

Illustration 12:
Two spheres having equal charges are kept at long separation. If the gravitational force between two

spheres is equal to electrostatic force between them. Find the ratio of specific charge 4 .
m

Solution:
Equating the gravitational and electrostatics force -

ket _om’

rror
-11
&:\E: /6.67><1(: _ /0.7221 :o.sf 08610
m \k 9x10 10 10
Illustration 13:
12C charge is to be distributed among the two spheres placed at a separation of 2m then find the charge

on each sphere so that coulomb force between them is maximum also find the maximum force.
Solution:
For maximum force divide the charge as half - half

_ k(6)(6) _ 9x10° x36

F=—73 =81x10°N
2
Vector form of Coulomb's Law —
— k . k R
F,, =force on q: due to q2= qlzqz £, = q13Qz P,
r r

kq,q, . _kq,q, ..
1221.12: r132r12

E,, =force on g, duetoq: =

~r=|AB|=[BA| = r=[f, £ |=[F, -5

= _ kqq, . o = kqq, o o
or F12 :%(rl_rz) and F21 = 1ﬂ23 (rz_r1)
|r1—r2| |r2—r1|
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Forces between Multiple Charges

Superposition Principle

When a number of charges are interacting then, total force on a given charge is vector sum of all the

individual forces exerted on it by all other charges. =
F, =F,+F, +...F, or [ e
2
- kq,q, » kq,q, « kq,q; »  kquq, - 4
F= qoqu I, + qozqz L, + ot ng‘ L+ qozq" I, Qo R
¥ I L L Fl
Illustration 14: % q
Find net force on charge at B. ’
q r—4q
AT ?‘T
1
1
1o
|
q
Solution: .
[ F,=+2F
So, net force on B will be . r |/ -
®--------- ¥ F F=-t
kq* Aq q,B re
F=v2— !
r I
1T
I
I
|
c® -
Illustration 15: q
Find net force on the charge, placed at B, in the given arrangements
q _C -q_C
(D) (i)
q q q q
A B A B
Solution: Ce
(i) Required force on charge at B will be - Y 4
k 2
F, =33
r
(i) Required force on charge at B will be -
kq®
FB = —2
r
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Illustration 16:
Find net force on the charge Q, placed at centre point P as shown :

) P
() e—eo—e
q q
Solution:

If n identical charges placed at corners of a regular polygon then net force on charge placed at center of

polygon is always zero.

Equilibrium of suspended charge system (Pith Ball problems)
Two identical charged pith balls are suspended by insulated strings of equal length, by a common point of

suspension, if each ball has mass m then the problem related to it can be treated as,

Tsin 6 =F. -(1)
T cos 6 =mg .(ii)
F TcosO 06
tanf=—= ..(iii) T,
mg 0
A Tsin@ q
r =2/ sin 0 (distance between charges, where / is length of string) Fe |« - :1 *Fe
kq® kq® mg mg
R Rl sy
r° 4/(°sin“0
T=\(F.)* +(mg)’
Case -1: If g1 = g2, m1= my, then 0; = 0, (say 0) Case -2 : If g1 # 2, m1= my, then 61 = 62 (say a)

Case -3 :1f g1 = g2, m1 # my, then 61 # 6;

If m; > mythen 0; <0, Ifm, <m,then®, >0,

[14] www.allen.in
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Case -4 : If whole system placed in gravity free space (g=0)

—) Fe— > sownn <«—&—F,
q T 1800 T q
q, q r=2¢
_qu_qu
¢t 4P

k 2
Tension in thread T = 4—?2

Case -5 : If density of material is p and volume is V then - T 95 0 r
FF |
Inair, tanf=—-=—= ;
mg Vpg F* ; ' {—*F.
PVyg pVg

Illustration 17:

Two point charges each of +q are fixed at (a,0) & (-a,0). Another point charge +qo is free to move along y-
axis is placed at (0,y). For what value of y force on +qo is maximum.
Solution:
2Fcos @
Fron +qo

F =2Fcos0

r=\* +y)
=)
r r

kqq kqq
Ff:z( r30jy=2 |
(a +y)

. :Z(qu°)y=2 kag, |,

3 3/2
r (a2 +y2)

For maximum value of Force

j—F = 0 (concept of maxima)
y

By doing this we obtainedy = + %

www.allen.in [15]
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Golden ey Points

Coulomb's law is based on physical observations and is not logically derivable from any other
concept. Experiments reveal its universal nature till today.

m,m,

The law is analogous to Newton's law of gravitation : F = G 1—2

r
Electric force between charged particles is much stronger than gravitational force, i.e., Fg >> F.
Consequently, Fg is neglected when both Fr and F¢ are present.
Electric force can be attractive or repulsive while gravitational force is always attractive.
Electric force depends on the nature of medium between the charges while gravitational force does
not.
The force is conservative, i.e., work done in moving a point charge round a closed path under the
action of Coulomb’s force is zero.
The law expresses the force between two point charges at rest. In applying it to the case of extended
bodies of finite size care should be taken in assuming the whole charge of a body to be concentrated
at its ‘centre’ as this is true only for spherically charged bodies, that too for external points.
Electric force between two charges does not depend on neighbouring charges.
Although the net electric force on both particles change in the presence of dielectric but force due

to one charged particle on another charged particle does not depend on the medium between them.

Electrostatic Equilibrium

In physics if a particle or system is in equilibrium means net force on particle or system is zero.

IR

4 A3

Static equilibrium Dynamic equilibrium

(Systemisatrest) (System is in uniform motion)

Illustration 18:

A small charge q of mass m is in equilibrium at a distance d above another charge Q. What should be the

value of q in terms of other given quantities?

Solution: ﬂl
dz
In equilibrium : mg = Fe T
k q

mg =3 d 25

d d:

2 P
mgd” _ q (‘21';'. (fixed)
kQ
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Illustration 19:

What equal charges should be placed at remaining two vertices so that net force D C
on +Q charge becomes zero (Side of square is a) +QT """"""""""""""" "
Q Q | |
1) = 2) ——
(1) 7 (2) NG
Q Q
3) — 4) ——— Lo i
( ) 2\/5 ( 2\/5 -A- §+Q
Solution:

To make net force on +Q charge zero, Field due to charges on vertices A & C should be opposite to that of
field due to other +Q charge so there must be -q charge placed at A and C.
For net force to be zero on +Q

J2F=F,

2 2
Here F=—kle & F, kQ kQ

aZ 1 = (,\/_Z_a)z - 2a2

kqQ kQ’
o AN
V2 a® 2a?

Q
q= 2\/5
Illustration 20:
Where and what value of charge should be placed in between the given two charges so that whole system
may remain in equilibrium.

(magnitude) option (4) is correct.

NP
~q 2\/5

free e

Solution:
As both free charges are identical so third charge will remain in equilibrium at mid point.
Third charge will be opposite in sign otherwise system’s equilibrium is not possible

A -q B
free o N @ free
Q a a Q

For equilibrium of charge placed at A, force of attraction of -q must be balanced by force of repulsion of
charge placed at B

A
F, fFEE. F, oo @ eemeemmeeeeeeeeeeseeeeee ® free
Q a a Q
For equilibrium of Q, Fi=F;
kQq _kQ’
a’>  4a’
% = % or q= % (in magnitude)
o Q
. q 4
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Illustration 21:

In the system of two charges Q and 4Q where should "™ a ----------------------------------- :QﬁXEd
be third charge must be placed so that net force on 7a
third charge will be zero.
Solution:
Suppose q is placed at distance x from Q. For net fixed QO---- Y o o fixed
X Ta — 4Q
force to be zero on third charge q force due to Q (Ga=)
F1:Force exerted by Q on q

and 4Q must be equal and opposite. F2 : Force exerted by 4Q on q
For net force to be zero on g, F1 = F;
kQq_ 4kQq _ (2a-x) 4

x*  (2a-x)’ x* 1
(2a-x) _2

X 1
2a
X=—
3

Short Trick: -

Case-1: - Case-2: -

[ EEE e e -0 o$------ O —————— -®-=—==

Q1 q QZ 1q \Qll _92

In this case we can directly calculate the value of x.

r
\/€+1
Q

Here Q1Qz2> 0 and |Q| < [Q2|

Equilibrium position will be near to smaller charge.

X =

In this case we can directly calculate the value of x

r

Q,
Q,

-1

Here QiQz<0and |Q,| < |Q,|

Equilibrium position will be near to smaller charge.

Illustration 22:

Find the value of charge, placed at the centre of given system, so that the systems will remain in equilibrium :

Q Q Q

(D (i)
—t—e
Q 2 Q Q 2 Q

www.allen.in
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Solution:

Concept - As all charges are positive so they will repel each other.
Definitely other charge must be opposite in sign.

(i) Distance between center to corner of triangle is x=—

For equilibrium of Q, F1 = F;

Y3kQ* kQq  ~3Q 3q
or 2 =— or 2 2
a X a a

Q

orq=-—

3

(ii)
For equilibrium of Q, F1=F;
k kQ* (1 2k
or quz % E—+\/§) or ?q
X a“” \ 2 a

Nature of Equilibrium

or q=

. . a
Distance between center to corner of square1s Xx= T
2

_kQ’ (l+ﬁj
a’® (2

or q:%(1+2«/§) (magnitude) or q = —%(1+2«/§)

o e

Q
NG

(magnitude)

Types of equilibrium
|

2
Fi =k—g(%+~f§)

al

|
Stable

|
Unstable

|
Neutral

A charge is initially in equilibrium
position and is displaced by a
small distance. If the charge tries
to return back to the same

If charge is displaced by a small
distance from its equilibrium
position and the charge has no
tendency to return to the same

If charge is displaced by a
small distance and it is still
in equilibrium condition
then it is called neutral

equilibrium position then this equilibrium position. Instead it goes equilibrium.
equilibrium is called position of away from the equilibrium position,
stable equilibrium. then this is called position of
unstable equilibrium.
Illustration 23:
What will be net force on charge q placed at mid-point as shown
q
fixed @ ======———————— R ——— -@ fixed
< > <€ >
Q a M a Q
Solution:
q
fixed @ ——==—mmmmmme— e -@ fixed
> 2
Q= a M a %

net force on q is zero whatever be sign and magnitude of q

www.allen.in
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Case-1 when positive charge is at the mid point

+q
fixed @========= - e -@® fixed
Q < 7> < rg
a M a Q

Fret on +q will be zero because it will be repel by equal and opposite force

Case-2 when negative charge is at the mid point

-q
fixed @=-=====-- ¢ A b ———— 7@ fixed
Q < a /M\ a /Q

Fret 0n +q will be zero because it will be attract by equal and opposite force
Illustration 24:
Two charges each of magnitude Q are fixed at 2a distance apart. A third charge (-q of mass 'm') is placed
at the mid point of the two charges. When —q charge is slightly displaced perpendicular to the line joining
the charges then find its time period.
Solution:
First of all we must know necessary condition for SHM.
When restoring force acting on particle changes linearly w.r.t. displacement from mean position, particle

will perform SHM. E oc—y

F =-2Fcos0
o z(qujy Fsin@ -4 Fsin® § 4
r PR i el S
rJr E0| o \F i ed T
F=-2 (&?jz e [ — ZFCOSQ ....... o fixed | fixed® - Sl efixed
r 1 Q a M a Q i Q a M a Q
kQq |
F=-2| ————
r ((32 +y2)3/2Jy
F = —ZKZL?M]y For small value of y, y2 can be neglected w.r.t. a2
(@ +y")
2kQ
(2
a
F.=—ky

For calculation of time period.
T=-2n % (where Kk is coefficient of force, i.e. the value of all parameters except displacement in formula

of restoring force)

ma’®

So, T=-2x
2kqQ
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L%} BEGINNER’S BOX-2

1. Two identical metal spheres carry charges of + q and - 2q respectively. When the spheres are

separated by a large distance r, the force between them is F. Now the spheres are allowed to touch
and then moved back to the same separation. Find the new force of repulsion between them.

PEL188

2. The electrostatic force of repulsion between two positive ions carrying equal charges is 4 x 10-9 N,

when their separation is 5 A. How many electrons are missing from each ? PEL189

3. Two identical particles each of mass M and charge Q are placed a certain distance apart. If they are

in equilibrium under mutual gravitational and electric force then calculate the order of % in SI

units. PEL190
4. The force between two point charges is 100 N in air. Calculate the force if the distance between
them is increased by 50%. PEL191

5. Two neutral insulating small spheres are rubbed against each other and are then kept 4 m apart. If
they attract each other with a force of 3.6 N, then
(i)  calculate the charge on each sphere, and
(ii) calculate the number of electrons transferred from one sphere to the other during rubbing.
PEL192

6. Two equal point charges Q = + \/Z uC are placed at each of the two opposite corners of a square and
equal point charges q at each of the other two corners. What must be the value of q so that the
resultant force on Q is zero ? PEL193

7. In the given figure (b) three point charges are situated at the corners of an equilateral triangle of
side 10 cm. Calculate the resultant force on the charge at B. What is its direction? PEL194

8. Two positively charged particles, each of mass 1.7 x 10-27 kg and carrying a charge of 1.6 x 10-19 C
are placed at a distance d apart. If each experiences a repulsive force equal to its weight, find the
value of d. PEL195

9. Infigure (a) ABCis a right angled triangle. Calculate the magnitude of force on charge -Q. PEL196

10. In figure (c) Charge Q of mass m revolves around a point charge q due to electrostatic attraction.

3 3
Show that its period of revolution is given by T? _lome,mR”
Qq
-Q 3a 92Q A
B ?;[""'"""""::,:'A q=+100puC Q.—-—~_
i90° /7 N
: o 10 cm 10 cm / A
' | |
: ; |
Ve c ; BT
e 4 !
16Q i q=-100pC  g=-100uC N Pt
C ~ ~_o -
(a) (b) (@

PEL197

www.allen.in [21]
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Electric Field Intensity

w» The space around a charge or charge distribution, in which another charge experiences an electric
force, is called electric field.
“» Every charge has its own electric field.

< Electric field at a point can be characterized by

(i) A vector function of position, called intensity of electric field (E )
(ii) A scalar function of position, called electrostatic potential(V).
(iii) Graphically, with help of electric field lines (EFL)

“» It is defined as the net force experienced by a unit positive test charge.

Mathematically, E :i SIunit: N/Cor V/m.

o
& Dimensional formula [M1L1T-3A-1].
& Test Charge : Itis a charge of very small magnitude which do not produce significant electric field.

So more precise definition of electric field intensity is E= é’lrré[ij .
Qo= qO

“» It is a vector quantity whose direction is always in the direction of force experienced by a positive
test charge, and opposite to that of force experienced by a negative test charge.

“» Electric field due to a positive charge is always away from it while due to a negative charge, this is
always towards it.

“» Force on a point charge is in the same direction as that of electric field on positive charge and in

opposite direction as that of electric field on a negative charge.

>E >E
+q _ _ -q
&——>F=qE F=—qE <« o
F will be rightwards F will be towards left

Illustration 25:
A charge of 10pC and -10 pC is placed in uniform electric field of 5x10¢ N/C directed along positive x axis,
find out force acting on positive and negative charge?

Solution:

®——F=¢qE | —e
F =qE

(—10x107°)(5x10%)i
~50iN

F=(10x10"°)(5x10°)i F=
F =50iN F=

[22] www.allen.in
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Illustration 26:
A positively charged oil drop is in equilibrium in a uniform electric field. If suddenly direction of electric

field is reversed, then acceleration of drop becomes?

g (2) 28 (3) % (4) None of these
Solution: F=qE
For equilibrium of particle gE = mg I
When electric field is reversed : net force on particle = mg+qE=2mg 14 . '[q E
Acceleration will be 2g (downwards) l E
mg+qE
mg

Electric Field due t Point Ch ”

ectric Fie ue to a Poin arge P / F

N quo R .
Force on test charge F=——r - " qo(test charge)
r r /’,/"

According to definition of electric field intensity
E=—=—Sf =—X=F Qg

Electric Field due to Positive and Negative Charge

N N

Electric field due to positive Electric field due to negative
charge is radially outward charge is radially inward

Illustration 27:

A charge particle of 1uC is placed at origin. Find intensity of electric field due to the charge at position

(3,4)m.

Solution:

Position of particle is T =3i+4] E

Magnitude of ris r=+/3* +4° =5m

Electric field due to point charge E= k—?f“

r

3i+4j q X
5

Unit vector alongE, T=— or r=

- | =

pokQ._ (9x10°)10° ( 3i+4j
r? (57 5
Illustration 28:

Calculate the electric field at origin due to infinite number of charges as shown in figures (a) and (b)

j =72(31+4j) N|C

below.
| 9 9 q | 9 -9 q
a)o
@ o—— 4 X (m) BYor——3 4 X (m)
figure (a) figure (b)
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Solution:

@) E, =kg 1+l+l+____ __kal _4kq
1 4 16 (1-1/4) 3
(b) E, =kg 1_1+i _____ _ kq.1 :4kq
1 4 16 (1+1/4) 5

Illustration 29:
There are two different points in the surrounding of point charge at same distance, electric field at those
point will be same

(i) True (ii) False
Solution:

If distance of A and B points from point charge is r, the magnitude of electric

field willbe E = ];—3 As electric field is vector quantity direction its direction
at A and B will be different. So above statement is false

Electric Field due to System of Charges

. Electric field follows superposition principle :
When two or more than two charges are present in space
than electric field at a particular point will be equal to
vector sum of electric fields due to individual charges.

According to superposition principle, net electric field at

the given point will be

E,=E, +E,+E

Illustration 30:

Find intensity of electric field at point P (as shown) in the given point charge distributions.

q a
QY %4 q T / —-q
A a a (i) a (iii)
q a p q a P Je—e -4
Solution: q
k
(i) Resultant electric field at p willbe E = \/§E = \/§—(21 a a
a
q 60° A\ D kq
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(i) Enet at p will be q
E =E'+2E
kq kq

E,Z(ﬁa)2+ﬁa—2 o [

£, =23 J++2)
a“\ 2

(iii)  Center to corner distance is 2 and here field E = kq 2kq

" s ¥

So, net electric field E'=2(2E)cos45°= 4«/51(—(21
a

(iv)  Now, if charge at point A becomes -q then we can assume it as
g-2q so field at centre due to all +ve q charges will be zero and

net field will be due to -2q charge at A.

net

2kq .
E = el (along point A)

Illustration 31:
Five point charges placed on the vertices of a regular hexagon (as shown). Find net electric field at center
of hexagon?

Solution:

120°

e
&

q E
®D
E

E
SE
’,," .“‘ 3 q
F E

2E

1@ ————8

kq
r2
(r is side of hexagon which is also distance b/w center to vertex)

Net electric field will be rightwards and it will be Epe =

www.allen.in [25]



ALLEN NEET : Physics

Important Note:

When identical charges are placed at the corners of a regular polygon (symmetric arrangement) then

resultant field at centre of the polygon is always zero.

Illustration 32:

Find the point at which resultant E of the systems will become zero.

2uC 2m 61C 2m
i e . ii) 12uC e * —41C
(@) =T B on (i) HC = o 4
Solution:
i Lt e
)] Let us assume at point P resultant E is zero due to A and B so e —T—
X 2-x
=g k(Zp) _ k(6p) 2
‘EA‘:‘EB‘ = S =>X= m
X (2-x) 1443
(i) Let us assume at point P resultant E is zero due to A and B so
‘EA‘ :‘EB‘ 12uC 2m —4C
A B E,e— —>E,
k(12 k(4 2
( ug _K 2lu) e m
(2+x) X \/3? -1

Graphical problems

Electric field v/s distance

k 1
For point charge E= —(3 or Ec—
r r

(i) For positive charge :

——+E . —f—
T -
E
+Q.L , . g
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(ii) For negative charge :

—_— . R — +E
+r =T
+E
_Q. +r r J.Q

(iii) For positive and negative charge (combined analysis) :

—E E _
+ \E E +E \E

+Q \ -0

(iv) Graph for pair of positive charges :

+E +E

+0Q +Q L
_W NP

(v) Graph for pair of negative charges :

www.allen.in
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(vi) Graph for pair of positive and negative charges:

+E +E
-r +QF > g +r
M -Q
—E —E

Here M is the mid point of line joining the two charges at x distance from any charge.

Here electric field will be E= (rightward minimum electric field)

XZ
Continuous Charge Distributions

Types of continuous charge distributions

Linear Charge distribution Surface Charge distribution Volume Charge distribution
Q ErrT—— Total charge Q . #++++
X EEE TR L X okt e ddat Total charge Q
b4+ +HtttE
L Total area A K’_+++++++
G Total volume V

Used for linear objects (1-D) such Used for flat objects (2-D) such as Used for 3-D objects such as sphere,

as wire, thin rod, ring etc. plate, disc, etc. cube, cylinder etc.
Linear charge density is, Surface charge density, Volume charge density,
Q Q 2
A=-—C/m c=|=|C/m _(Q 3
L A P=lv ¢/m
For non-uniform distribution of For non-uniform distribution of

For non-uniform distribution of charge,
charge, charge of small element can  charge, charge of small element can be charge of small element can be find by

be find by, dQ=Adl find by, dQ = odA da = pav

Illustration 33:

If linear charge density of rod of length L varies as A = A¢x, find total charge on the rod.
Solution:

We consider a small element of length dx at distance x

Then dq = Adx = (Aox)dx

dq
Q L ++++++++++ + +
[“da=] %xdx Sy
0 0 =0 x ax  x=L
Q_xoLz
2
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Illustration 34:

If linear charge density of semi-circular ring of radius R is A=2,sin0, find total charge on semi-circular
ring.

Solution:

For finding total charge on semi-circular ring -

Charge on small element dq =Adx

dq=(%,sinB)dl =(%,sin6)RdO

Q= (%R)sin6dO =(2.,R)[~cos6];
Q=(-A,R)[cosmt—cos0]

=2A,R
Illustration 35:
If linear charge density of a semi-circular ring is A = Ao cos0, find total charge on the semi-circular ring.
Solution:

For finding total charge on semi-circular ring

dgq =Adx ordq = (Ao cos6)dl

or dq = (hocos®) RdO or Q = jo"(xOR)cosede

or Q= (AoR) [sinB]; orQ=(AoR) [sinm—sin0]

or Q =0 (i.e. total charge on ring is zero)

Illustration 36:

Find total charge on a disc of radius R, Whose surface charge density varies according to o = o (1 - F—r{)

(r is radial distance from the centre of disc).

Solution:

Here we consider elementary ring of radius r and thickness dr

Area of elementary ring = dA = (2nr)dr dr

so Charge on elementary ring
dq = 6dA = 6(2nr)dr = oo (1—%)(2nr)dr
Total charge -

Q=[ o, (1—%](2nr)dr

2 2 3 2 2 2 Rz Rz
Q=2rnc J.R r—= Wdr=2nc R} =270 R™_R° =219 _ T
®ol" R °l 2 3R \'2 3 6 3
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Illustration 37:
Find electric field at point P as shown, due to a uniformly charged thin rod (Q, L).

Q P
[ R R A P P T P e P T P | = °
L
Solution:
Q dq p
[ AR e U e | ]
> r
dx
X
(L+71)

Now consider an element as shown -
Linear charge density, A= %C /m

Field at point P due to the small element

dE= k(dq) here dq = Adx = %dx

2
X
Total field at P, due to the whole rod
(r+L)
=MD [0k Qg Ko L g, KT ITT_KQTL 1] KO

r X r x*L roox L| x Lir r+L]| r(r+L)
Electric field intensity due to charged wire
'\\ .\\
- BN + X
\\\ . \\
2 \\ o \\
\\ ‘ \\
3 \\ T \\
T \\\ - \\\
\\ \\
T N ' .
R \,

+ \\\ k}\‘ + \\\
+ O A Ex=Ei=——(sin0: +sinb2) | 01 B By

- > r - > =2
i 0 &/ ¥ 02 &/ a i Ey
. r ‘ ro :
=+ ,,/ + ,,, :
it -~ kA + A T — [p2 1 w2

o Ey = Ejj = — (cos01 - cos62) L Ey E= |EZ+EZ

+ Pl r + P

Special Cases:

(i) For infinite wire, (both ends goes to infinite)
61— 90° 02— 90° i
K\ i
E, =E, =—(sin90°+sin90°) o+
r +
2k 4 s
E =E = 2k | r E,
r =5
k e
Ey:Ellsz(cos90°—cos90°):O +

- : 2Kk : :
Net electric field will be E, =E, =—— (perpendicular to wire)
r
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For semi - infinite wire -

(ii)

(one end goes to infinite and we find electric field at a point which

is at perpendicular distance r from finite end)
For the given point 6, —»0, 6, —>90°

kA

r

E =E, =%(c050°—cos90°)=%

E, = B2 +E} =\E*+E’ =\2E

2k

r
Electric field due to finite wire at symmetric point :

E

X

E =E

X

1

&(sin 0°+sin90°) =
r

E

r

(iii)
=E, =&(sin9+sin9)=%sin9
r r

E =E, :k—:L(cosO—cosG)zo

Illustration 38:
Find x component of electric field at point P (see figure).

Solution:

E :&(c050°—c0553°)
r
_3 2

(s

~(9%10°)(30x10°°)
3x107*
Illustration 39:

K
r

K
r

E

X

)

E [§j==36x106N/c

X

3cm

+

A negative charge particle (-q, m) is revolving around a uniformly

charged long wire (+2). Find speed of the particle.
Solution:

E will be radially away from wire, so force on charge will be towards the

wire
Force of attraction of wire on -q will provide required centripetal force

z 2k\
mv where, E=——
r

qE=

2khq mv’ ve |2KA
——, -

m/s

r r

7 A=30uC/m

L/2

> &
> €

L/2

5cm

+ + + +

[=4cm

www.allen.in
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Electric Field due to a Uniformly Charged Arc
Consider a uniformly charged circular arc of radius R whose ends subtends . ¥
an angle 0 at centre.

Electric field at centre of arc

.8

E= @sin 9 0 — angle of arc >
R 2

Here A is linear charge density E

Illustration 40:
Find electric field at point P in the following cases.

O N /\

“60% R 90
P \/
Solution:
)] From the formula of electric field due to arc
E:@sintej 0 — angle of arc

2kx. 60°) _2kn (1) _ki
2) R

(i) From the formula of electric field due to arc

2113 ( j 0 — angle of arc

2kQ _2%kQ 1 1 2k
E= ( J— R «/_ R (here A =2Q/mR)
2\/_kQ

nR?
Illustration 41:

Charge Q is uniformly distributed over a ring of radius R. If a small portion of length d/ is removed from

ring, then find electric field at the centre of ring.
Solution:

If dq is charge of small element then, E=

kdq kad/ kdé( Qj
R? 2nR

'

+

N
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Electric Field at Centre of Uniformly Charged Ring Angle subtended = 21 or 360°

Electric field due to uniformly charged ring at its centre. Y
From the formula of electric field due to arc +A
2K\ 0 360°
E= Tsin (E) 0 — angle of arc e R
B 2kA (360°) _ 0
=g sinl——)=

Electric Field due to a Uniformly Charged Ring at its Axis
dq

N 1lkd}Ei' sin@
. dE
I I DU g 2dEcosf
+
dE
+ dEsin®
+dq

Here it is clear that dEsin®, of all the elements will cancel out each other and sum of all dEcos6 , will give

net electric field.
+dq . herer = yR? +x?
.. Net electric field along x axis | rd
kdq( x + i Also dE = r,_q
E=|dEcos6= — +
Jaecoso=[ 17
Sl R SRR e e E LR : dEcosé
Here I dq=Q .
kQx +
So E= _ kQx : :

(RZ + XZ )3/2

Special Cases:
(1) Electric field on the axis for small values of x.

If x is very small then x2 can be neglected w.r.t. R2
kQ

Q
"R+ X232 X ~3-X (E changes linearly w.r.t.x)
(neglected)

(2) Electric field at the centre of ring.

From E :& =  E will be zero at x=0
(XZ +R2)3/2
(3) Electric field at the axis for larger values of x.
If x is very large, then R2 can be neglected w.r.t. x2

kQ

kQ : .
E= W X o= e (Ring behaves like a point charge)

(neglected)
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(4) Maximum value of electric field

From here we obtained x= ii
2

SO, Emax = E at X=

R
N

Variation of Electric Field for Ring

kQ
d( 2 243/2 'XJ
dE_, (R® +x2) .

For maximum value of electric field d_

X

, substituting values, we have E__

dx

2kQ

" 3 3R

Illustration 42:

Find electric field on the axis of a uniformly charged ring (Q,R) at a distance X =\/§R .

Solution:

kQ

From E-= W X

Here we put x= \/§R
kQ
= .(v3R
(R2+(J§R)2)3/2 B
kQ
(4R2 i D243/2 "

Electric Dipole

+E
N
+Emax """""" 1
R |
X =———= !
V2 | > ix
s R ’
: x=+—
; V2
et Emax
v
—E

\/§kQ

RZ

A system of two equal and opposite charges placed at very small separation is known as electric dipole.

-

-q

? +q

Every dipole has a characteristic property called dipole moment.

Dipole Moment:

The dipole moment of a dipole is equal to product of magnitude of either charge and separation between

the charges.

p=q/

It is a vector quantity whose direction is from (-q) to (+q)
SI unit - C-m, Practical unit — debye (3.33x10-3°C-m)

[34]
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Illustration 43:

Find electric dipole moment of the given arrangement.

() Angle between both the
dipole moment vectors
is 60°.

p

Q——@
Pres =</3p= \/§(ql)

Electric Field Due to a Dipole

(i)

90°

(in) P (ii) Angle between both the
} dipole moment vectors
P
! is 90°.
@ b
@—H

Pret =+/2p=1/2(ql)

(1)

(2)

At axial / End on position : t=2a
kq kq A M B E, p Ep
Here EA = —2 & EB = ) L J . "a o >
(r+a) (r-a) qa “a’
Net electric field at point P on axis is r
k k 4
Eaxis=E, -E, =—3 4 __yq| 22

(r—a)2 (r+a)2
Forr>>a .. r2-az~r?2

4ar [ 2k(q2a 2k
Eaxisqu( 4 j:( (3 )j:( 3p]
r r r

For axial point electric field vector and dipole moment vector both are parallel to each other or
angle between both vectors is zero degree.

- ~  2kp
In vector form Eais =(2k3pjr =—3p
r r
At equator / Broad side on position : E .
E =E. (i itud B EASHIB
1 =E; (in magnitude) - O\ P /
Fa =Py = /—qu g (azkjl r’) eE y “Ja? + 12 E,cos60
A
( a“+r ) , wat+r Eycos p
Net electric field at equator 2 Egcos@
- B
E, =E,cos0+E, cosO -’l\a ) 0 ‘® ‘
a J—“ WL " M Epsind
-+ cosf= r
Va® +r? A°
kq a
E, =2E; cos0=2E, cos8 =2| ———
2 2
(a +r ) a“+r
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kq(2a) 1 kp
E, = — -

2 2
(a®+r?) +rf (a’+r?)

Forr>>a ... r2+ a2~r?

k - .
E, =—5 in vector from Ep =k—£)(—i)

r r
Negative sign is used because electric field vector and dipole moment vector both are opposite in
direction.

(3) At general position : _ 2kpcos0

Net electric field at that point will be E=/E} +E}

Ezk— (ZCOSG)2 +(sin9)2 =k—F\/3cos2 0+1

r r

Net electric field is making angle (a+6) from the

direction of dipole moment vector.

kpsin©
3 1
tanazﬁzr—zltane = |tano=—tan6
E, 2kpcos6 2 2
3
r

L%} BEGINNER’S BOX-3

1. Two charges of value 2 puC and - 50 uC are placed 80 cm apart. Calculate the distance of the point
from the smaller charge where the intensity is zero. PEL198
2. A charged particle of mass 2 mili gram remains freely in air in an electric field of strength 4 N/C
directed upward. Calculate the charge and determine its nature (g =10 m/s2). PEL199
3. How many electrons should be added or removed from a neutral body of mass 10 mili gram so that

it may remain stationary in air in an electric field of strength 100 N/C directed upwards

(g=10m/s?)? PEL200
4. Work out the magnitude and direction of field at point P, when a charge of 2 uC experiences an
electrical force of 5 x 10-2 ] N at point P. PEL201

5. Two charges 4 uC and 36 pC are placed 60 cm apart. At what distance from the larger charge is the
electric field intensity is zero ? PEL202

6. Three charges of respective values —«/E nc, 2\/5 pC and —\/E pC are arranged along a straight line as
shown in the figure. Calculate the total electric field intensity due to all three charges at the point P.
T P
Im

l

—V2uC 2V2uC  —V2ue

—1lm—><—Im— PEL203
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Electric Field Lines

X These are imaginary lines used to represent electric field pictorially.
<> These are such a smooth continuous curve that tangent drawn at any point gives direction of field
at that point.
Properties of Electric Field Lines:
)] They originate from (+) charge and terminate at (-)charge.
N /. N

(i)  Itgives anidea about the magnitude of charge.
|q| oc number of field lines

Here |q:| < |qe] \, \ /
oK

(iii) It gives an idea about the strength of electric field.

Density of electric field lines (EFL) o strength of intensity of electric field.
If electric field lines are denser electric field intensity is high.
If electric field lines are rarer electric field intensity is low.

_.f'_\’_ Ea=Ec>Es
Ea Es

53

%

53

%

A B C
Ea>Es E,
(iv) Tangent drawn at any point of the electric field line, ¢
gives the direction of net force on a charge particle . Eg
placed at that given point. A B
Note: It gives the direction of force not the direction of motion.
(v) Two electric field lines can never intersect each other. 1
Reason: If they do so, then at the point of intersection, there will be two ; :
tangents at same point representing two different directions of electric field 2

at the point which is not possible.
(vi) Electrostatic field lines can never form any closed loop, but induced electric field lines can form a
closed loop.
Electric Field

v v
Electrostatic field Induced electric field
Produced due to static charges Produced due to change in magnetic field
(no close loops) (forms close loops)
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(vii)  Electric field lines due to a pair of like nature of charges.

WNZ
ZAIS

(viii)  Electric field lines due to a pair of equal and opposite charges.

Q Q.

Illustration 44:

Identify the correct option(s)

(1) Q1] > 1Q2|

(2) |Qu] < Q|

(3) Q> +ve; Q2 > -ve

(4) Q1> -ve; Q2 > +ve

Solution:

(3) and (1) both correct

field lines starts from +ve and ends at -ve, and no. of field lines « q

Golden ey Points

e Lines of force starts from (+ve) charge and end on (-ve) charge.
e Lines of force start and end normally on the surface of a conductor.

+S =S
E=0

E=0

Fixed poi B g
Near 1112?1123 }rlréllt:‘?ael \"/
plate edge effect
e Lines of force never intersect because, the field at a point (point of intersection) cannot have two
distinct directions.
e Electric field inside a solid conductor is always zero.
o Electric field inside a hollow conductor may or may not be zero (E # 0 if net charge is present inside
the sphere).
e The electric field due to a circular loop of charge and a point charge are identical provided the

distance of the observation point from the circular loop is quite large as compared to its radius i.e.
x>>R.
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Electric Flux

° This physical quantity is used to measure strength of electric field .
(also called flux density).
° The electric flux can be understood graphically by the total number 5 B
of electric field lines passing through an area. E
. For an area element dA, placed in an electric field E as shown,
electric flux is defined as dy=E.dA ( Area element
° Flux is a scalar quantity.
. Unit of flux : Nm2/C or Vm.
° Dimensional formula of ¢ is [M1L3T-3A1].
. Electric flux through a large surface.
¢=[dp=[EdA
<> If field is uniform =E = constant
o= EI dA IdA = total area vector of a plane surface

=
- fp=EAcosd)

Different Cases:

)] When surface is perpendicular to the field and A is parallel to E R m—— 1
Here 0 is 0°. S E—
d=EAcos0° =EA (positive flux means outgoing or leaving) - E

(ii) When surface is along the field and A is perpendicular to E 4
Here 6 is 90°

0 \ - —
¢=EAcos90°=0 AN AN E
AN AN
(i)  When surface is perpendicular to the field and h =
A is anti parallel to E -
T E
Here 0 is 1800 ~
—
¢=EAcos 1800 =-EA ] B

Negative flux means incoming or entering
Illustration 45:
If E= (2f+3}—5k) N/C and A= (ZE—E—k) cm? then find electric flux.
Solution:
¢=E.A
o=(21+3]-5k). (2i-j-k)
¢ =4-3+5=6Ncm?/C
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Illustration 46:

A thin disc of area 2m? is placed in x-y plane in a uniform field of strength Ez(Zi—ﬁ 4k)N/C, find flux of

the field passing through the disc.
Solution:

E=(2§—3}+4k)N/c and K:(Zk)mz

2
d=EA=(2i -3+ 4k).2k =g N1

Illustration 47:

An uniform electric field ]:::(10}+5}) V/m is present in space. Find out flux passing through the area of

10m?, if it lies in,

(1) x-y plane (2) x-z plane (3) y-z plane y
Solution:
(D Only E, field will be passed through the x-y plane X-y plane
O(x-y plane) =0 (because E, is zero) X

ey plane) =EA, =(10€+5}).(10k) =0

(2) Flux passing through x-z plane
Only E, field will be passed through the x-z plane

Pszptane) = E-Ay = (10}+ 5])(10]) » P splane) =20 V-m

(3) Flux passing through y-z plane <
Only Ex field will be passed through the y-z plane *.m'*\m —
—— A,
(2 plane)= EA, =(101+5j).(101) =100V-m X

N R

Illustration 48:
A cone (radius R & height h) is placed in a uniform field E as shown. Find flux passing through the cone.

tmyl

Solution: Projected area= %(ZR)h
¢entering = (I)leaving =Ex prOjeCted area
¢entering = d)leaving = ERh

So, net flux through the cone is zero

Illustration 49:

If electric field E=x%1, find net flux passing through cube
y

cube of
side
a=1m

P — x
/a:lm
z
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Solution:

¢, =—E, (a)=—(1")(1*)=—1 unit

— q’in out
in
~

do =E,, (a7)=2"x1* =4 unit

>
., =4—1=3 unit / “
¥4

Note: Electric flux through a large surface (open): ¢ = IE.dA
S

Gauss’s Law & Applications of Gauss’s Law

Gauss’s Law: Net electric flux passing through any closed imaginary

: 1. .
surface (Gaussian surface) is — times of the total charge enclosed by it. o Q¢
0
Qenclosed []
¢net = +q5
80

To understand this concept, consider a closed surface as shown -

Gaussian Surface
(9,9, +4;)

€

(I)net -

0
Charges present outside the closed surface -q4 and +qs do not play any role in net flux passing through the

surface (also called gaussian surface).

net

0 —@E&:M

E0
Note:
)] Flux through Gaussian surface is independent of location of charge within Gaussian surface.
Gaussian surface Gaussian surface Gaussian stirface
(ii) Flux through Gaussian surface is independent of shape and size of Gaussian surface provided the

net charge enclosed remains same.

Gaussian surface Gaussian surface Gaussian+surface Gaussian Lsurfau:e
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(iii)

(iv)

When net flux is going out then positive
charge is enclosed by Gaussian surface

Gaussian surface

In Gauss’s theorem

When net flux is coming in then negative
charge is enclosed by Gaussian surface

Gaussian surface

E — due to all the charges, but ¢ciosed — due to enclosed charges only.

Given diagram shows that why external
charges don’t contribute in flux through

-
-
-

_______________________________________________________________________

i Net flux passing out is only due to +q1,-q2,+q3 charges but
field at surface is due to +qi,-qz2,+qs3,—qs and+qs.

_______________________________________________________________________

= o

the gaussian surface.

\,

|
i
1
1
i
1
1
i
1
i
\

(v) When an imaginary closed surface placed in an
external electric field, net flux passing through it,

will be zero.
(vi)

following inverse square law.
(vii)

but E = 0 implies ¢ = 0.
Illustration 50:

What effect will be observed on ¢cosed and electric field at point P, if

(i) charge q, is shifted to A

(ii) charge q, is shifted to B and
(iii) charge q, is shifted to A
Solution:

(i) when q is shifted to A

¢Closed = Same

(ii)
E, = change

Gauss’s theorem is applicable for all the forces

For a Gaussian surface ¢ = 0 does not imply E = 0,

when q is shifted to B

®closed = change
E, = change

¢(entering) = ¢ (leaving)
~ Net flux is zero

(iii) charge q is shifted to A
Oclosed = change
E, = change

[42]
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Illustration 51:
Find total flux through cube and flux through each face of cube. +q
Solution: .

Total flux passing through cube will be

Dret = Qenctos (From Gauss’s theorem) = ¢, -9
€, g,
Due to symmetry, flux passing through each face will be same = ¢, , = 6i
80
Illustration 52:

Find total flux through give cube.

Solution:

Total flux passing through both the cubes will be ¢, = 4
€

0

NRN

Flux passing through each cube will be ¢ = zi

€9

Note: Flux through the surface containing charge is zero.
Illustration 53:
Find flux passing through sheet.

Solution:
If we assume 6 similar sheets and arranged them in form of a cube in such a way
that charge +q comes at centre

Now from gauss’s theorem flux ¢ = 4

bg,

=

a/2

T

Illustration 54:
Find flux passing through sheet.

Solution:

.

a
Here, electric field and area vector of the sheet will be perpendicular so flux through it will be zero.
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Illustration 55:

If Exis 5\/;, and Ey & E; is zero then find,
(1) Net flux passing through cube

(2) Net charge enclosed by the cube
Solution:

¢ =—E,, (a®)=—5v1(1)" =-5 unit
Pour =E,, (az)=+5\/5(1)2=5\/5 unit
ey 5\/5—525(\/2—1) unit

q

According to Gauss’s theorem ¢_ =—

net —

0

or  5(v2-1)=2

€9

Charge enclosed by the cubeis Q,, = 5(\/5— 1)80

Illustration 56:

= Qin :5(\/5—1)80

cube of
side
a=1m

¢in out

g

Find flux passing out from cube of side L. where linear charge densities of line charges kept in cube are A

and -A as shown in the figure.

Solution:
Charge enclosed by cube
Q,, =+3AL-AL
Q,, =+2AL
According to Gauss’s theorem
Qn= % = ZK_L
80 80

Applications of Gauss’s Law

+3A

L0

Gauss’s Law is the most useful tool to find E, in situations where the charge distributions has some
symmetry. Alternatively, if we are given the field, we can use Gauss’s Law to determine about the charge

distributions.

To determine E for symmetric charge distributions, we select a symmetric Gaussian surface as follows :

Charge Distributions

Point charge Radial
Spherical charge Radial
Line charge Radial

Planar charge or
Charged sheets

Direction of EF

Normal to surface

Gaussian surface

Concentric surface
Concentric surface

Coaxial cylinder

Parallel planes like cylindrical

Different shapes of Gaussian surfaces

|
Point charge and
charged sphere

Concentric spherical
Gaussian surface

Infinite line charge

FF T Y

Coaxial Cylindricél Gaussian surface

Infinite sheet

+++++++++++ 9

Gaussian surface

[44]
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(1) Electric field due to a uniformly charged long wire :

Considering a coaxial gaussian cylinder of radius r and length L as

3.
Y

shown. Then applying Gauss’s theorem ‘
= . q . L (3;) r ~
Eds=—" (1 N
PEas=" (i) | '

Here, Gaussian Cylinder has three surfaces as :

:
!

Surfaces (i) and (ii) are flat, and for these surfaces area vector is

perpendicular to E

Surfaces (iii) is curved and for this surfaces area vector is along E
qSE.d§ =I Edscos90°+ IEdscosO°+IEdscos90° =0+ IEds +0= J-Eds =EIds =E(2nrL)
5 S, S, S, S2 S2

From equation No. (i)

AL A 2k
— = r E=—
g,  2mg,r r

E(2nrL)=

Variation of E with r

(2) Electric Field due to Uniformly Charged Infinite Sheet (Non conducting)

Gaussian surface

E G
+

i + |

: +

[ +

i F \ + —

I — i - E

! A + A

B

| +

| +

! " +
According to Gauss’s theorem

E
¢Closed=EA+EA+0=% F=2
) T 2g
2EA =22 r
€ Variation of E with r
=2
2g,

Electric field due to non conducting sheet is uniform
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(3) Electric Field due to Uniformly Charged Infinite Sheet (Conducting)

Conducting sheet or metal plate - o o
+ S+
According to Gauss’s theorem —F En=0 77— ——
q. E
Duosed =EA+0+0=—"" 4
&o — & —-—
+ +
cA DU ] +
EA=—
€
’ E
c
E=— 5
E=—
€, -

Electric field due to conducting sheet is uniform

Variation of E with r
Illustration 57:

Find E,, Egand Ec. Consider non conducting sheets.

Solution:
At point A - - 26
Electric field due to sheet 1 will be leftwards E; = —
2¢,
Ey E,
e . . 26 o©
Electric field due to sheet 2 will be rightwards E; = —=— A
2¢, €,
- . . G © c o (2]
Net electric field will be rightwards Ea=E;-E1= ————=—
e 2¢, 2¢,
c -20
At pointB -
Electric field due to both sheets will be rightwards E,
26 3o E,
Net electric field will be rightwards E; =E, +E, = ° 4 = B
2¢, 2¢, 2¢,
o 2]
At point C - o 96
Electric field due to sheet 1 will be rightwards = E, = °
&, E, E,
Electric field due to sheet 2 will be leftwards E, = 2 _0 ¢
€ =) o 9
26 © c

Net electric field will be leftwards E, = E, - E, = - =
2¢, 2¢, 2¢,
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Electric field due to the charged conducting sphere and non conducting sphere

Electrostatics

(1) Electric field due to point charge.

Cy . . . . Gaussian surface
Considering a concentric spherical gaussian surface of radius r, |
as shown, e ™
/ “\
We now apply gauss’s theorem as : ! \
1
] _|_q A —
[]
%3z _ Qin . H r——FE
Eds=—"" (1) \ ! ds
€ \\‘ r ’,'
0y td

Angle between E and dS at every point of the Gaussian surface
is 0° :>q'>E.d§:c_f>Edscosezc.f>Eds

Since all points on spherical Gaussian surface are equidistant from E
the point charge :

.'.Sf)Eds :Engs =E(4nr?)

r

k
From E(4nr2):i - E=—14 or —?

= > Variation of E with r
€, 4mer r

(2) Electric field due to uniformly charged thin shell or conducting sphere.
(i) EF atany point outside the sphere (r>R)

Considering a Gaussian surface and applying Gauss’s theorem

Eds=din
Cf)E.ds— ‘.

For spherical surface, we can directly write

$E.ds =E(4mr*)

or E:k—? --------

. q _
o E(4mr?) =—  or E=—+—
) =, ame ()

Thus for point lying outside the sphere, sphere behaves as point charge centered at centre.

(ii) EF at any point lying on the surface of sphere (r = R)

k
For the point on surface, we puttingr=Rin E= —?, we have
r
kq .o
E = g (max. value of electric field)

q q
EE=—"—=— | o=
S 4rn S R? =h ( 4-TER2J
(iii) EF at any point inside the sphere (r < R)
In this case, charge enclosed by the gaussian surface is zero, so

using Gauss’s theorem

q}ETn.&:g = E, =0

in
80
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(iv) Variation of E with r

Erﬂux = ES

r=R r
(3) Electric field due to uniformly charged nonconducting sphere.
(i) EF atany point outside the sphere (r > R)

. Gaussian surface
According to Gauss’s theorem

Eds=din
gSEdS— ‘.
@Eds=i:> Equs:i

kq
rZ

= E(4mr2) = L = E=

S0
Thus for point lying outside the sphere, sphere behaves as point charge centered at centre.
(ii) EF at any point lying on the surface of sphere (r=R)

E = % (max. value of electric field)

q gqR _ PR

=R (4 3
o 3( TER3j80 o
3

[ pis volume charge density]

(iii)EF at any point inside the sphere (r<R)
If gin is the charge enclosed by G.S., then

4 4
innzp(gnr3j=4q (g')’cr?’}
—nR?

3
According to Gauss’s theorem
$Eds=e
€

0

| . 1 K
(j)Eds=2—‘: = Ecj)ds=2—‘::> E(4nr2)=%(r3)i:> = (1) =23 (1)

So, inside the nonconducting sphere electric field is directly proportional to r.

_tay_a P
in _47'[80 R3 (r) 3(4TER3]<r) 380 (r)
3

Forr =0, E = 0 = electric field intensity at the centre of the sphere is zero.
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(iv) Variation of E with r

Emux =ES fr=mmmmmmmme

=

Illustration 58:
Electric field at a distance 20 cm from a charged metallic sphere of radius 10 cm is E. Find E at a distance :

() r=5cm (2)r=10cm (3) r =30cm, from centre.
Solution:
(1) 5cm (r <R), so E = 0 (for conductor E= 0 at inside point)

k k k k
(2) 10cm (r =R), ES=—(22 As E= QZZ% S0 ES=—(21=4E

R (20)° 4R R

kQ 4E

(3) 30cm (r > R), Eout = 9R? SO Eout Z?

Illustration 59:

Electric field at a distance 30 cm from a uniformly charged non conducting sphere of radius 15 cm is E.
Find E at a distance :

()r=5cm (2)r=15cm (3) r =20 cm, from centre.

Solution:

(D 5 cm (r <R),

E :k—Q—E (given) or kQ = (30)2E

out 2
r

_kQ _(30)°E ., _4E
Ein - R3 ( ) (15)3 (5)

k
(2) 15cm(r:R),Es:R—:>E =

3 20cm (r>R), E ,=—= =

Illustration 60:

Two concentric conducting spherical shells are shown in figure. Find electric field at points 1,2 & 3.
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Solution:
For GS1 charge enclosed is +Qq and +Qi.e.

:k(Q1+Q2)

n

E

1

For GS; charge enclosed is +Q;, i.e.
E, =&

2 2
rl

For GS3 charge enclosed is zero, i.e.
Es=0

Illustration 61:

A point charge +Q1 is placed at the centre of a thick conducting shell of inner radius R: and outer radius
R, as shown then find. (1) Ginnersurface  (2) Oouter surface

+Q;

Solution:
due to charge at centre -Q & Q2 will be induced charge on inner & outer surface respectively of shell.

—Q
1) o =<1
( ) inner surface 4T[Ri
+
(2) csouter surface = (Q1 (32)
47R;

L%} BEGINNER’S BOX-4

1. Two point charges Q and 4Q are 12 cm apart. Sketch the lines of force and calculate the distance of
neutral point from 4Q charge. PEL204
2. A charge Q is uniformly distributed over a large plastic (non-conducting) sheet. The electric field at
a point close to the centre of the plate near the surface is 20 V/m. If the plate is replaced by a copper
plate of the same geometrical dimensions and carrying the same charge Q, then what is the electric
field at that point? PEL205
3. Whatis the net flux of a uniform electric field E = 3x 101 NC-1 through a cube of side 20 cm oriented
such that its faces are parallel to the coordinate planes ? PEL206
4. Charges Q; and Q: lie inside and outside a closed surface S respectively. Let E be the field at any
point on S and ¢ be the flux of E over S. Which statement is wrong?
(A) If Q1 changes, both E and ¢ will change.
(B) If Q2 changes, E will change but ¢ will not change.
(C) If Q1=0 and Q% 0 then E = 0 but ¢ =0
(D) If Q:# 0 and Q2=0 then E=0 but ¢ #0 PEL207
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5. A charge 'q' is placed at the centre of a cube whose top face is open (it has only 5 faces). Calculate

the total electric flux passing through the cube. PEL208
6. A point charge of 2.0 uC is at the centre of a cubic Gaussian surface of edge 9.0 cm. What is the net
electric flux through the surface ? PEL209

7. An electric flux of - 6 x 10-3 Nm2/C passes normally through a spherical Gaussian surface of radius
10 cm, due to a point charge placed at its centre.
(a) What is the charge enclosed by the Gaussian surface ?
(b) If the radius of the Gaussian surface is doubled, how much flux would pass through the surface ?
PEL210
8. A Gaussian surface encloses two of the four positively charged particles as shown in figure. Which

of the particles contribute to the electric field at a point P on the surface ? PEL211
P
qs
@ @®q1
@93 Da2

9. Isitpossible to have flux associated with an imaginary closed surface to be zero even when electric
field on this surface is non-zero. If yes, then give one example. PEL212
10. Two large, thin metal plates are parallel and close to each other. The plates have surface charge
densities of opposite signs and of magnitude 17.0 x 10-12 C/mZ2 on their inner faces. What is electric
field,
(a) in the outer region of the first plate ?
(b) between the plates ? PEL213
11. Plot the following graphs -
(a) Electric field inside a conducting sphere with distance from its centre.
(b) Eversus (1/r) where E is electric field due to a point charge and r is the distance from the charge.
PEL214
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Electrostatic Potential Energy & Electric Potential
Electrostatic Potential Energy (EPE)

w» EPE of a point charge, is the amount of work done in bringing the charge from infinity to the present

position without changing its kinetic energy.

w» EPE of a system of charges, is the minimum amount of work done in assembling the given charge
system.
* An object may have EPE by virtue of

(i) Its own charge called self-energy and
(ii) Its relative position in the system of charges, called interaction energy.

Therefore, total EPE = self-energy + interaction energy

w» EPE is defined only for conservative field like gravitational field, electrostatic field etc.

“» From Work Energy Theorem
Wexternal agent + Winternal conservative field ¥ Winternal non-conservative field = AKE
If we assume Winternal non-conservative field = 0; then Wexternal agent + Winternal conservative field = AKE
For AKE =0
Wexternal agent — _Winternal conservative field = Uf' Ui ( Winternal conservative field = Ui - Uf)
Wexternal agent = Us- U;

Electrostatic Potential Energy (EPE) of two point charge system:
Qoe—*9¢q
< 1r —>

To find this, consider Q is at rest and q is brought from oo to r. (Here reference is at infinity)
At any instant suppose charge q is at distance x from Q.

At this instant electric force on q is P Fexe Felec

+Q. LJ s J

F

elec

kQq . .
= (rightwards)

Then, AU=(W,_ )

ext.

= j? dr

0T

=U,-U, =AU=—(W,_) :—j F,..dx

= Ur - Uoo = _j; ﬁ‘elecd;; I: Felec | Idi]

tk 17 11
:>Ur—Uw=—J‘%dr=qu[+;} zUr—Uwszq[;——}

0

_kQq
r

As we consider infinity as reference & U_ =0, so we have

kQ_quzﬁ

r r

U-0 =

Note: Always put sign of the charge in this formula.

[52]
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o Potential energy under repulsive forces is positive. 1) q ¥ o y = k0%
r
w» Potential energy under attractive forces is negative. k
(2) —q r —q2 U= _q;f-h
<> Amount of work done in changing the 3) kauds
configuration of charge particles. +a r - U=s-——-

W =AU =U;- U;

Where Ur= EPE of final configuration of charge particles
U;= EPE of initial configuration of charge particles

Variation of U with r for two-point charge system

§)
N
If force/field is repulsive
(like charges) U= kq,q,
r
Y — T
If force/field is attractive
(unlike charges)
v
U U-_Kaa,

r
Illustration 62:

Find potential energy of the system shown. Also find work done in decreasing the distance by 1m.

Solution:
U = kq,q, _ 9x10° (3 %x107° )(2 <10 )

. =13.5x107]
r 4

When distance decreases by 1m, separation between charges becomes 3m

9x10°(3x10°)(2x10°)
- 3
Work done in this process
W=U;-U;=18 x 10-3-13.5 x 10-3=4.5 x 10-3]
Illustration 63:
For the given charge system, find -
(1) PE of system
(2) Work done in carrying the charges to infinity

=18x107]

f

4uC

Solution:

_kq,q, (9%x10°)(4x107°)(-3x10°)
(18x107%)

W = U - U; = 0-(-0.6]) = +0.6]

U

(1)
(2)

=-0.6]
r

www.allen.in
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Illustration 64:

Figure shows an arrangement of three-point charges. The total potential -Q
+qe ° ®+(q
. . . q [&—1—>
energy of this arrangement is zero. Calculate the ratio a . or
Solution:
. Usys = 0
1 |- +q)(+ -

. {qQ+(q)(q)+Q(q)} 02>Q+__Q 020-9 9 _4

dng, | T 2r r 2 Q 1

Electrostatic Potential Energy of a System of Charges
It is defined as work done by external agent or work done against electric field in bringing charges from

infinity to their respective positions, in forming system of charges.

Example -
1) For 3-point charge system - . as
Us=U1z2 + Upz + Uss 7 - ll i
U, kq,q; |, ka9, |, kasq, it ! #
I, I, Iy, & - — e e __ é
(ii) For 4-point charge system - qu Iz qz

Us=Uiz + U1z + Urg + Uzz + Ups + Uszy

Similarly, for n point charge system

n(n-1)
2

No. of pairs =

Illustration 65:

Consider the charge system shown, find
(i) Potential energy of any one of the charges.
(ii) Potential energy of the system.

(iii) Work done in associating the system. B &
Solution:

. kq® kq° 2kq’ 1
(i) U, =U,+U,= a + a = a q

2 2 2
(i) Uy=U,+U,+U, —ka' k&' ko' 3kq’ ; 2
a a a
2 2 q-i- q
(i) W=U-U=U,-U,= X4 _¢=3ka 2 03
a a

Illustration 66: r

Consider the point charge system shown, find
(i) Potential energy of any one of the charges. r ¢ r
(ii) Potential energy of the system.

(iii) Work done in dissociating the system.
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Solution:

2 2 2
(i) Ui =Up + Uiz + Uy =2kq +kq —ki 2+i
1. 2

roorf2 2

(ii) Us=U1z2 + Uzz + Uss +Us1 + Uz + Usz

U, =K | ka,g;  ka,a, | kag, {kjl_qs . kjiqz } ik
r r r r 2r 2r q & b q
-+ If all charges are identical, 4 r 3
4kq® 2kq®  kq®
U, = + = 4442
=t Ty )
kq®
(iii) W=Ui-Ui=U,-Us=- (JE+4)
r
Illustration 67:
For what value of Q, EPE of the system shown is zero. an
Solution:
y [ Kklaxa) k(axQ) k(axQ) a
§ = + +
a a J2a
. . -, q Q
According to the given condition a

(aa), M) Mo o a0 T2 -0 =+ [ar(@ 1o

Q) —qv2
= (Q)+—==—q= Q=——-—7+F
Q@+ 5 ™
Illustration 68:
Find work done in shifting -5C charge to a point 1m equidistant from both the remaining charges.

-- - —

2C r=1m 3¢ r=1m —5c
Solution: _scC
WZAUZ(Uf)_(Ui) ha!
AU {k(z)(—s) Lk(2)x(@3) , k(3)x(—5)} ) {k(Z)x(3) L kB)x(-5) k(Z)x(—S)} 1 1
1 1 1 1 1 2
= (-10k + 6k - 15k) - (6k - 15k - 5k) = -5k = - 45x107) 2c 1 3¢

Illustration 69:

If separation between two charges is increased, whether EPE of the system increases or decreases.
Solution:

.. It may increase or decrease depending upon sign of charges of system.

Illustration 70:

Find work done in transferring the charge +Q via semicircular path CRD centered at B.

R
+q +Q _.'}" _q
——— e ——————— W ——— - &--—-
A b B D
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Solution:

R
+ ,«'/ -
— .(.1_, ............ S —— ,(1. ........... ...-.'-.Q.
A C B D

WZAUZ(Uf)_(Ui)

We { k(g)(=9) , k(=a)(Q) . k(q)(Q)} ~ {k(q)(Q) Lk@Q)(=a) | k(q)(—qq __2kqQ
2L L 3L L L 2L 3L
Illustration 71:

Charge (g, m) is released from rest position as shown in figure. Find the

(Fixed)
—

speed of the particle when its separation from charge Q becomes 4r. =~ =~ = @ o -
Solution: Q s
On releasing q, let its speed becomes v at separation of 4r then,
Using COME, K; + U; = K¢ + Ut v
(Fixed) - pie ®
=04 MO 1,2, KO 0 | am
r r

:}1mv2:@_@ :> lmVZZSk_Q :>V: gkﬁ
2 r 4r 2 4r V 2mr

Illustration 72:

Find distance of closest approach for the given system of two charge particles, shown below.

m v m
e @ (Free)
Q Large distance
Solution:
Initial situation is -
m o T
0 0
Finally, at minimum distance both will acquire same speed (v) -
m A% m A%
2 —

T

As there is no external force acting on system, so we use Conservation of Linear Momentum (COLM) to find
final velocities of charge particles

\%
= mvo=mv+mv = V=70
Now we use COME to find minimum distance of approach
= Ki+Ui=Kf+Uf
kQ’

r

= %mvg +0=%mv2 +1mV2 +

2 2
= 1mv§=2 1m Yo +kQ
2 2 2 r
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Electric Potential

In electrostatic field, the electric potential (due to some source charges) at a point P is defined as the work
done by external agent in taking a unit point positive charge from a reference point (generally taken at
infinity) to that point P without changing its kinetic energy.

P

+Q & . _0(00)
r do

Ty =

If (W % - p)ext is the work required in moving a point charge q from infinity to a point P, the electric potential

of the point P is

(W...,)
_ ©=P Joxt
V,=——
q
AK=0
X It is scalar quantity
. . L. joule , . . .
< S.I. Unit of potential is volt = and its dimensional formula is [M1L2T-3]-1].
coulomb
X Potential can be positive, negative and even zero. Hence charges must be taken with sign.
< Electric potential at a point is also equal to the negative of the work done by the electric field in

taking the point charge from reference point (i.e. infinity) to that point.

(Wm—’p )elec

q

V,=-
AK=0
Illustration 73:
A point charge of 20uC is brought from infinity to a point in an electric field. If -40 pJ of work had to be
done against the field then find potential at that point.

Solution:

A o \ (20x10°) )
So electric potential at that point is -2V.
Illustration 74:
When a point charge of 20uC is brought from infinity to a point in an electric field, -20pJ of work is done

by the electric field. Then what amount of work would have to be done by the external agent, if a 40uC

charge brought from infinity to the same point ?

Solution:
Vv(oc—)P)ele _(ZOX 1076)
Vis—| ———| = V= 7 ——
do (20x10 )
Vp=1V
\AQw—ﬂﬂeXt
Now from’ VP = T = Vv(ooep)eXt = qVP = (40X 10_6)X 1= Vv(ooal’)ext = 40"”
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Electrostatic Potential due to a point charge
Electric potential at a point in electric field is defined as amount of work done in bringing a unit positive
charge from infinity to given point against the electric field. (without change in KE)

If a test charge qo is brought from o to point P then P
k + a
Work done in this process W, _, _kQg, ° @ .
r
w k k
According to definition, V, = —=2F = kQq, = kQ = |V, = kQ
d, q,r r r
Conclusion:
° Potential due to a positive point charge
P kQ
+Q= ] V.P =4+ —
r r
> Potential due to a negative point charge
P
Py k@
Q - - VP = - T

Where reference potential is 0 at infinity.
Illustration 75:
A charge particle of 2C is released from a point where electric potential is 10V. Find kinetic energy of the
particle when charge particle reaches to infinity.

Solution:

Initially At infinity Ve =10V i
[ Y — = = = =Infinity

KEi=0 KEf=7? 2C (released)

Ui= 20] Us=0

Using COME, KE; + U; = KE¢ + Ug

0+20=KEf+ 0 = KEf=20]
Illustration 76:
Calculate potential due to a charge 5x10-7 C at a point P located 9 cm away. Also find work done in bringing
an another charge of 3x10-8C from infinity to the point.

Solution:
kQ 9x10°x5x1077 4
N T 0@ . P

W =q(AV) = q (Vp-V) =3x108 (5x10%- 0) = 15x104] = 1.5 m]
Illustration 77:
Find potential at origin O due to the given charge distributions.

4a 4a 8a
. a a . S 2a
@ 3 o P ° Py o ) g—ag— ° ° ° o0
0 q q q q 0 q -q q q
Solution:
k 1 1 1

(i) VO=E+E+E+E+ ...... 0 =—q{1+—+—+—+ ...... oo} :E 1 = v0=2k_q

a 2a 4a 8a a 2 4 8 a 1_1 a

2

k 1 1 1
iy v, —Xa_ka ka_kq oo=_f{1__+___+ ....... w}ZELSVZ@
a 2a 4a 8 a 2 4 8
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Electrostatic Potential Due to a System of Charges
Consider a system of charges q1, q2,..., qQn With position Qs

vectors ri, Iy,..,I'h relative to some origin as shown in a
4

Fig.

By the superposition principle, the potential Vat P due r,
to the total charge configuration is the algebraic sum of r
the potentials due to the individual charges P * ®q;
V=Vi+Vo+..+V, q
2
Illustration 78: e D
Two-point charges 2uC and —4uC are situated at points (-2m, Om) :
! B C
and (2 m, 0 m) respectively. Find out potential at pointC (4m,0m) and - e------ = >———— -
=2|J. c qz——4u C
5 m). a
D (Om, 5 m) (20) 1 (20
Solution: !
Potential at point C ;
9 -6 9 -6
V.=V 4V :k(ZuC)+k( 4uC): 9x10"x2x10™ 9x10°x4x10 15000 V.
q1 92 6 2 6
Similarly, V, =V, +V, = k(2uC) N k(—4pC) _ k(2uQ) + k(—4uC) —_6000V.
JWBY+2 J(By+2 3 3

Illustration 79:
Find potential at the centre of the charge systems shown-

[ L} r r r

q q -q q qg—— @1
a a r . - . . g .
i) (ii) N (iii) N (iv)
{  »aq q -'T—“-q q -T—-q 1 e—wd
a

Solution:
(i) Here value of x is x = ——

3

Potential at centre due to all three charges is

v_3kQ _3V3kQ
X r -
(ii)  Here value of x= -
\/E q .—r. q
Potential at centre due to all four charges is . .
r , I
X q / q
‘—_-
42k 1
y =2k
r
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(iii)

(iv)

B r
L mm— X
Potential at centre due to all four charges is

_3kq_ka_2kq_2yZkg
X X X r

\'

Potential at centre due to all four charges is

v=2Ka_2kq_,

X X

Electrostatic Potential due to a Uniformly Charged Ring:

)

(ii)

At the centre -

Consider a small element on the ring having charge dq then potential due to this at centre will be
kdg
R

dv =

so potential due to complete ring

Q
kd k
vzjdv:vzj—q:V:—Q
'R R
Note: Consider following charge distributions:
0 Q.
+ + ++ + + +
+ + + +
;r A*’\ m
RN+ R +

- -
...............

Here, distance of total charge from centre of ring is R in all cases so potential at centre in every

kQ

case willbe V=—
R

On its axis -

Let electric potential at point P due to a small element of length

d/ be dV, then

dv =4
4mer

.. Total potential due to the ring on its axis:

v=jav=]-99 __1 j4q
dme,r  4megr
Q kQ kQ
4me (R* +x%)* JRZ24x? T

[60]
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Illustration 80:

Find potential on the axis of a ring (Q, R) where its field is maximum?

Solution:

As we know that field due to a charged ring is maximum at x = =+ from the centre on its axis,

Sz

so potential at these points will be -

vo__ kKO kQ _ kQ _+2kQ

JR(H -

Illustration 81:
Find Va - V3 for the system of charged rings placed coaxially as shown -

Solution:

Using formula we can write - Q 2Q
kQ 2kQ 2k
R 2R R

v _2kQ kQ _5kQ A V3R B

® R 2R 2R

Ly _y =2KQ_5KQ_ kQ

* % R 2R R
Electrostatic Potential due to a Uniformly Charged Circular Arc -

Iy
+ + +
A
+ +
§ ~ “ /"i} '.

Here, linear charge density of arc is A so total charge of the area can be written as Q =AR0

kQ _k(OR2)

Hence, potential will be V= =koA

Illustration 82:
Find speed of the charge particle, when it reaches at centre of the ring from point P on the axis as shown.
Solution:
Using COME between points P and O -
(KE)i + (PE)i = (KE)¢ + (PE)¢

kQ 1 v’ kQ
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Illustration 83:

A ball of mass 4g has 2C of charge. It is released from the position where potential is 60 Volt then find its
speed when reaches the position where potential is 20 Volt.

Solution:

Using COME between initial point and final position

(KE)i + (PE)i = (KE)f + (PE)f

= 0+qV, :%mv2 +qV,
= O+(2uC)6O=%mv2 +(2nC)20

= 80x10°° =%(4x10'3)vz = v/ =4x10% = v=0.2m/s

Equipotential Surfaces, Relation between Electric Field and Potential
Equipotential Surfaces (E.P.S.)

Locus of all such points which are at same potential or the surface at which potential of all the points are
equal is known as equipotential surface (EPS).

Properties of equipotential surface

> Electric field intensity is always perpendicular to EPS.
> Work done in moving a charge from one point of EPS to other point of same EPS is always zero.
> Two EPS can never intersect each other.

(1) EPS due to point charge -
EPS of point charge is spherical in shape.

las e
(2) EPS due to line charge -

EPS of line charge is cylindrical in shape.

(3) EPS due to large plane charged sheet -
EPS of large plane sheet is plane in shape.

*
i
a
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(4) EPS due to unlike charges -

Equipotent
ial Lines

(5) EPS due to like charges -

Illustration 84:
A charge in moving via three paths, 1, 2, and 3. as shown in figure. Find work
done in each case.
Solution:
Potential at points A, B, Cand D is
_kq
R
All the points are equipotential points, so work done in each case is zero.
Illustration 85:
Find relation between E, and Eg.
Solution:

AV
|E| =3 and here AV is same, but d is less near point A so Ex will be greater than Es.

20V
Illustration 86: 10V

Concentric spherical equipotential surfaces due to a point charge are shown in the diagram, if V-V, =V, - V3
then compare xand y -

Solution: V3

If electric field between V; and V; be the E1 and between V; and V3 be the

E; then we can write (using approximation)

V, -V, =E (x)

V, -V, =E,(y)

We can see here E1 > E; so according to given condition that V; -V, =V, -

V3 we can conclude that x<y.
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Illustration 87:
Find which has more work done in moving a charge from A to B?

(1) (2) (3)
10V 20V 30V 40V

A
B A B
A B
10V 20V 30V 40V

Solution:
Use W = q(AV)
W1 > Wz = W3
Relation between electrostatic field (E) and potential (V):
We know that F=- av

dr
Dividing both sides by q
= Ez—i v = E——d—V (As we know f"zqﬁ &U=qV)

q dr dr

E=-VV

So, negative gradient of electric potential is equal to electric field.

Since electric field is negative gradient of potential, thus potential decreases in the direction of E.
Finding E when V is given:

1. Gradient — Rate of change with respect to distance
2. In cartesian system

As E=—vV and v=L14+254+ 9%

ox oy oz
Fo_ Vi Vs Vi
0x 6’y 0z
E:Exi+Eyj+E k
Here, E = 6V E =—a—v; E, =—a—V and
' Yooy oz

0 o o . .
I — partial differentiation with respect to x, keeping y & z constant.
X

di — partial differentiation with respect to y, keeping x & z constant.
y

0
3 — partial differentiation with respect to z, keeping x & y constant.
v/

Finding V when E is given:
As we know
dv - - A . "
E:—d— = dV=-Edr = dV=-E.dr where dr =dxi+dyj+dzk
r
On integration

szvp—vmfz—fﬁ.& or Vp—vrefz—jde jEdy jEdz

ref Xref ref Zret
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Illustration 88:
If V = 8x2volt, find electric field in the region.

Solution:
E, =—6—V=—16X
ox
E:Exf+Ey§+EZlA< (Ey and E; is zero) = E=-16xi = E:16x(—f) V/m

Illustration 89:
If V = (x2y + y2xz + 5) volt then find E at (1,1,0).
Solution:

o0V 2 0V 1., 0V 2
EX——&——[ny+y Z:I , Ey——g——[x +2yxz} , EZ——a——[0+y X]
AL(LL0) = Eo= -2l E =) E=-k = E=(-2i-j-k) v/m

Illustration 90:

If E :4—?(1) N /m, then find potential difference between the points x = 2m and x = 4m.
X

Solution:

.de :—Idecose

neco

I\Zj dV=—LX:24EdX cos0° x

(Vy—V,) =—sz‘lﬂ dx

x=2 XZ
4
v, —VA)=—40[—1}
X 2
1 1 40
(Vy=V,)=+40| === |==—=-10V = (V4 - Vg) = +10V
4 2 4
Note: In uniform electric field -
JdV:—JEdrcose o

QO

S

ot
tml

T4 d

jvv dV=—EI;B dr =

(VB - VA) =- E(I‘B - I'A) = (VA - VB) =+ E(I‘B - I'A)

= AV =Ed

P.D. = E (distance between two points along electric field)
Illustration 91:

Y
é.\
tml

Solution:
P.D.= E(distance between two points along electric field)
= AV=Ed = Ercos8
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Illustration 92:

There is a uniform electric field parallel to x axis as shown. Find work done by the electric field in moving

a charge +q from
(aJAtoB (b)Bto C (c)AtoD

(@ a)

I’ \'\._
e (a,0) (2a,0) TS~ (3a,0)
o ' ' ":pC
”
I,,’
/’;
pi,~
‘I
(2a,—a)

Solution:

Wsp =+qE[0 - (-a)] =+ qEa
We-o =+ qE[(-a) - (-3a)] = + 2qEa
W-p)=+qE[0 - (-2a)] = + 2qEa

try

Note: In conservative field work done depends only on initial and final positions, does not depend on

path followed.

Electrostatic Potential difference for line charge and sheet -

Net potential at a point due to infinite geometry cannot be obtained but potential difference between two

nearby points can be obtained.

+A
(i) For infinite line charge - 2k
For nonuniform electric field: — o
v, by
A A B
I dv= —I E.dr {l .
Vg Iy Ta
% 2k)dr e
=V, -V, =—|
I’B r
= (V,-V,)= Zan(r—Bj
r, o
(ii)  Forlarge plane sheet - T 2e
Here electric field is uniform so, A B
(Va-Vg) =Ed Ta
(¢} Tp
(Va —VB):Z—(rB 1)
So large sheet (o)
Illustration 93:
Find p.d. between points A and B as shown in figure. A
Solution:
(VA —VB)ZZlen(r—Bj A B
rA . .
2 rTpg—a
(V, —VB)=2kkln(—a) s - 2a
a
(VA - VB) = Zkkll’l(Z)
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Electrostatic Potential due to a Charged Conducting Sphere or Spherical Shell

. Q
Surface charge density o=
& Y OT R
(i) For outside points (r > R)

*» Whole charge is supposed to be at centre so
v r

[dv=—[Edr

0 0

2

VoK ke @

or r 4mgr
R2 k RZ
4TCR2 gor r 80['
c
(i) For points on the surface (r = R)
R 4negR 4nR” ¢, g, R
(iii)  For Inside points (r < R)
-+ For all points inside the sphere E, is same so
V=[dV=-[Edr
0
v R = roo R der r kQ
[av=—[Edr—[Edr = V=-[——-[Edr = V="—%
0 © R © r R R
Variation of potential with r
k k
out =_Q and VS :\/in :_Q
r R
14
v

r=R r

Electric Potential due to Uniformly Charged Non-conducting Sphere
(i) Outside (r > R)
Because sphere will act like charge Q kept at centre.

Tdv =—j Edr V]
0 o)

V=- I gdr V= KQ
T
(ii) On the surface (r = R)
Putting r = R in above equation we get -

KQ

V surface = —
R
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(iii)  Inside (r <R) (Here, x = r for this case in above diagram)

I dv = —T Edr —Jr. Edr
© R

:>V=—IK—?dr—Jr.@dr :V:@—@KF——R—J :Q KQ( -R%)

T R’ R R (2 2 R 2R’
2 2 2 -_KQ 2 2
=V 2R3(2R (—R)]DVIH—F[3R —r*]
At center,r=0
_3KQ_3

= ==V
center 2 R 2 surface
Variation of potential with r

\/m_kQ3 (3R2 2); V _kQ VoutZk_Q
2R R r

Illustration 94:

A conducting sphere of radius R has charge Q. Find potential at distance of (a) % (b) 37R from centre.

Solution:

(@) r <R i.e.inside the surfaceV, =V, = k}? (b) r>R i.e.outside the surface V_, kQ 2;{13
r

Illustration 95:
A nonconducting uniformly charged sphere of radius R has charge Q. Find potential at distance of

() R (b) 3R from centre.
2 2
Solution:
(a) r <R i.e.inside the surface V,, = kQ3 (3R2 —rz) Putr= R = Vin = 11kq
R 2 8R
(b) r>R i.e.outside the surface V_, _kQ_kQ 2;?
r r

Illustration 96:

A conducting sphere of radius R has electric field E at distance 3R from centre. Find potential difference
between centre of the sphere & the point where electric field is E.

Solution:

-k _kQ = kQ=9ER’

(3R)’ "~ 9R?
2
centre :k?Q = 9ER = 9ER
2
= kQ _9ER" . pr
r 3R

V

centre

-V, =9ER-3ER =6ER
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Problems on potential due to concentric spherical shells -
Illustration 97:
Find potential at points A and B due to given arrangement of shells.
Solution:
v ke ke ke
r a b

_ka, kq, ko,

L, T b
Illustration 98:
Find potential at points A,B and C due to given arrangement of shells.
Solution:

VB

VA :le J’_&
a b
VB :&4_&
a b
k k
v K kO,
b b

Illustration 99:
Find Vis - Vou for the given arrangement of shells.

Solution: 0
2
Vin = le +&
a b
Vout = & + & .
b b

kg, kQ 1 1
V -y =119 _po |=-=
in out a b Q1|:a b:|

Note: P.D. between 2 concentric spherical shalls depends only on the charge of inner sphere.
Illustration 100:
Initially Vin - Voue = V now if outer sphere is given charge 4Q then Vi, - Vou will be?

[

Solution:
Potential difference between them will not depend upon charge on outer surface so Vi, - Vou

will be V only.

Illustration 101:

Initially Vin - Vour = V now if charge on inner sphere is increased to 4Q then Vi, - Vout

will be? '
Solution:

Potential difference between them is directly proportional to charge on inner
sphere so Viy - Vouc will be 4V.
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Golden ey Points

If potential energy at infinity is zero, external work done in changing the configuration of a system
from'i'to 'f' is W = Us - U;.

In assembling a given charge system (U; =0) = W = Urand in disassembling (Us=0) = W =-U;

eV is the smallest practical unit of energy used in atomic and nuclear physics. (1 eV =1.6 x 10-19])
Potential is theoretically zero at infinity; practically we consider it zero on the earth surface.
Potential on earth is assumed to be zero as it is a large conductor and its potential is more or less
constant in relation to finite charge given to or taken from it.

The direction of electric field is from regions of higher electric potential to regions of lower potential
irrespective of the charge configuration.

If one moves in the direction of E , electric potential V decreases; If one moves in the direction

opposite to E potential increases.

Electric potential is the same at all points in a region where E = 0.

Equipotential surfaces need not be physical surfaces. Any imaginary surface over which the
electric field is perpendicular to it everywhere is called an equipotential surface.

Equipotential surfaces are closely spaced where electric field intensity is large and widely spaced
where electric field intensity is small.

Electric field must be zero within an equipotential volume.

Different equipotential surfaces due to a point charge whose potentials differ by a constant
amount (say 1 volt) are not equispaced.

Two equipotential surfaces never intersect.

When we place a charged conductor inside a hollow conductor and connect them by a conducting
wire, the charge will be completely transferred from the inner conductor to the other conductor.

L%} BEGINNER’S BOX-5

1.

2.

Three charges -q, Q and -q are placed at equal distances on a straight line. If the potential energy of

the system of three charges is zero, then what is the ratio Q: q ? PEL215
Work done in moving a charge q coulombs on the surface of a given charged conductor of potential
Vvolts is .... PEL216
Three point charges q, -2q and -2q are placed at the vertices of an equilateral triangle of side a. Find
the work done by external forces to increase their separation to 2a ? PEL217
Two electrons lying 10 cm apart are released. What will be their speed when they are 20 cm apart ?
PEL218

(i) Determine the electrostatic potential energy of a system consisting of two charges 7 uC and -
2uC (and with no external field) placed at (-9 cm, 0, 0) and (9 cm, 0, 0) respectively.

(ii) How much work is required to separate them to an infinitely large distance ? PEL219

(i) Calculate the potential at point P due to a charge of 4 x 10-7 C located 9 cm away.

(ii) Hence obtain the value of work done in bringing a charge of 2 x 10-° C from infinity to the point

P. Does the answer depend on the path along which the charge is brought ? PEL220
A regular hexagon of 10 cm side has charges of 5 uC at each of its vertices. Calculate the potential at
its centre. PEL221

(i) What is the difference in potentials between two points, one at 10 cm, and the other at 20 cm

distance from a charge of -5.5 uC?
(ii) Which point is at a higher potential ? PEL222
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9. (i) How far would a point be from a +0.60 uC charge if it had a value of electric potential equal to

Electrostatics

10kv?
(ii) If the point were moved to four times of its initial distance from the charge then what potential
change would occur ? Is it an increase or a decrease ? PEL223
10. What is the electric potential at the center of the triangle shown in figure ?
q1=+4.0 puC
s/ \&
s/
=+4, q3=-4.0 uC
qz2=+4.0 pC 20 cm
PEL224
11. Calculate the electric potential at the center of the square shown in figure.
q1=-10 pC qz=-10 pC
0.10 m
=-5.0 uC q3=-5.0 uC
b " 0.10 m "
PEL225
12. If potential at a point P (1,1,1) is given by the relation Vp= x2 - y2 + 27, then calculate the electric
field at P. PEL226
13. For a point charge of +3.50 uC what is the radius of the equipotential surface which is at a potential
of 2.50kV ? PEL227

14. A proton is moved 15 cm on a path parallel to the field lines of a uniform electric field of 2.0 x 105 V/m.
(i) What are the possible changes in potential ? Consider both cases of moving the proton along and

against the field.
(ii) How much work would be done if the proton were moved perpendicular to the electric field ?
PEL228

15. Figure (a) and (b) show the field lines of positive and negative point charge respectively.

\\\\‘7/ %
R NP/ INY

‘A
‘B

A

() (b)

(a) Give the signs of the potential difference: Vp - Vq; Vg - V4

(b) Give the sign of the potential energy difference of a small negative charge between the points Q
and P; A and B.

(c) Give the sign of the work done by the field in moving a small positive charge from Q to P.

(d) Give the sign of the work done by an external agency in moving a small negative charged from
B to A.

(e) Does the kinetic energy of a small negative charge increase or decrease in going from Bto A ?
PEL229
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Motion of a Charge Particle in Uniform Electric Field

Case - I: When a charged particle is released from rest (i.e. u = 0)

Consider an electron and a proton both are released in uniform electric field, they travelled along straight
line in opposite direction with constant acceleration.

eE . . .
a=— =constant, hence equations of motion can be applied.

m

AISO; Fproton = Felectron bUt, Fproton =—Felectron and @ F,
dAproton # —delectron F,

eE eE
a,=— and a =—

m, mp
a mp
—=—=1837 {As mp=1837m}
ap m,

Distance travelled by charge particle in uniform electric field.

. 1 1, 2s 2sm
Usings=ut+ —at?2= s=—at“ or t=,—=,—
2 2 a eE

Here t is time taken by charge particle to move distance s in uniform electric field.
Illustration 102:

An electron is allowed to fall through some distance in uniform electric field in time t;. Now the direction
of electric field is reversed and proton is allowed to fall through same distance in time t,. Then relation
between t; and ta.

Solution:

1 1
In Case (1), s==a_t’and in case (2), s= Eapti

2
LY o U L =t <t
t, \a, \m, 1837 = °

Charge Particle Projected Perpendicular to Uniform Electric Field

When the charge particle is projected perpendicular to a uniform electric field (ﬁ L E) as shown

Ux=u; but ax=0
E
uy=0; but ay= 9" _ constant
m u
Along x-direction Along y-direction 7 | Tl l y
U =1u u =0 F=qE
ax=0 qE [ ——————__|
ay = — =constant
m x
szuX+axt Vyzuy"'ayt
Vx=U Et
X v, = qet
m
_ 1 5 B 1 .,
X = Uxt+ EaXt y—ayt+5ayt
x=ut 1qE
y=—¢
2 m
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Deviation of the particle from its path

1qE
==t
y 2 m
Trajectory equation (x & y relation)
2

1qE 1qE
y:—q—tzz—q—(ij [from x:ut:tzi]

2m 2miu u

1qE ), .

y= e X" = y=kx2?(parabolic path) ++++++++++++4 +

Also, deviation -

u
1{ qE ), (qE). 5]
=—| — [X" =] — |X i
Y Z(muzJ [4KJ I

(Where K, = %mu2 & x =length of the plates)

<

Velocity of particle at time ‘t’ ottt +ttt+++++ +
V=v,i+Vj
- 2 E ° u
VZUH‘(q—tj] @l """""""" T pusEu ly
I< a 37I~ .
2 2 . . Vy F= qE uy =0+ ﬂyt:'“‘-\~
Speed, v=,/v, +v, andindiagram tana=— e ——
VX
X

Illustration 103:
A particle of mass 1g and charge 10uC is projected with velocity 30 m/s in direction perpendicular to a
uniform electric field of 1000 V/m. Find (a) its speed after 4 second (b) deviation after 4 second.
Solution:

(@) vx=u=30m/s; vy:[ﬁjt
m

-6 3
VyZ(M}U}:V =40m/s “\g\ ----------------
10 Y

Speed after 4 second
CZ\/V)Z( +Vf] —/30% +40? =50m/s

(b) Deviation >y E E E=1000 v/m
y:%(q—Ejtz :%x10x42 =y =80m
m

Illustration 104:
An electron enters into a uniform electric field of 364 V/m with a velocity 100 m/s in a direction
perpendicular to the electric field. If it travels a distance of 0.01 mm in the direction of electric field, find
deviation in its path:

Solution:
qEx*
Here y=
y 2mu?

q=e=1.6x1019C;E=364V/m
m=9.1x1031kg; u=100m/s
andx=0.01 mm=10-"m

~1.6x107" x364x(107°) _ 1.6x364 y

= = 10?=32x102mory=0.32m
y 2x9.1x107°" x(10%)? 18.2 y
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Illustration 105:
Find nature of charge of particles 1, 2 and 3

+ve

Solution:

Since E is in downward direction

So1l—-ve; 2— +ve; 3— -ve

Illustration 106:

An electron is projected with speed u along a uniform electric field E, then find distance travelled before
coming to rest.

Solution:
—eE
Forelectron a=— and Vfna=0 R
m E
If it comes to rest after t time,
Putting valuesin v=u+at Sl >
%
Ee um E
O=u-—t= t =— gz
m Ee m

. 1
Distance covered S = ut + Eat2

< e 2] (o m0) < o], ()

mu* K

—_ 1

2¢E  eE
Illustration 107:

Charge (q,m) is projected with speed v in uniform transverse E confined in a region of length ¢ as shown

= S=

in figure. L 7
(D Time for which particle remains in E (miq """""""""""""""
(2) v of particle when it leaves E :
(3) Deviation of particle
Solution: { i E
() Till the time particle covers horizontal distance, ¢ it will ’
remain in E.

For particle  ux =v (initial speed),ax=0,Sx= ¢

1
S=ut+ — at?
2

14
(=vt+0= t=—

(2) Speed of particle where itleaves vfina =u + at
V(i) =V & Vy(final) = Uy + ay t

Vy :0+(@J£
m)/)v

2
So final speed = [vZ +v? Final speed v, =,[v* _{q_EEj
mv
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(3) Deviation (vertically) in time t= £
v
2
S —ut+iat —o—+[ 9B L
o2 2\m \v
E(?
1S, o
2mv

Force & Torque on Dipole in a Uniform Electric Field
In uniform electric field both charges experience equal and opposite force, so net force on dipole is zero.

Torque/Couple of force = magnitude of either force x perpendicular distance between lines of force.

%z(qE)lsinB or %:(ql)Esine +}"_“ F=qE

t=pEsin® or %z(f)x]:;) % , £ sin®

¢« When dipole is aligned along the field

Here angle between EF and dipole moment is zero. F=gqE . £ . F=qE
So, t=pEsin0=0 (torque is zero) '

e When dipole is placed perpendicular to the field. *8—— F=qE
Here angle between E&p = 90°. ¢

So,T=pEsin90 =pE(max) (Torque on dipole is maximum)

F=qE «~—0-q

Illustration 108:
If dipole is released from given situation, in which direction it will start rotating.

""-T"_’F:qE

£

F=qE+—0-q

(1) Clockwise (2) Anticlockwise

Solution:

[t will start rotating clockwise.

Illustration 109:

When a dipole is placed in a uniform electric field, net force and net torque on it, is always zero. This
statement is -

(1) true (2) false

Solution:

In uniform electric field net force is always zero but net torque may or may not be zero always, so statement
is false.
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Illustration 110:
When a dipole is placed in a nonuniform electric field, net force and net torque on it is always nonzero.

This statement is -
(1) true (2) false
Solution:

This statement is false.

NN
SRS

r

Net force and net Net force is non zero

torque both are non but net torque is
Zero Zero

Work done in rotating a dipole in uniform electric field

Work done in rotating a dipole by small angle do is > >

dW = tde .

Work done in rotating the dipole from initial angular position 6, to 0, is 4 9, *q ,
[dw=[td6=pE[sin6de [ t=PEsin0] @

6, 0y - =

W =pE[-cos 6]2? =pE(—cos6, +cos6, ) =pE(cosh, —cos6,)

Illustration 111:

A dipole of dipole moment 2x10™* Cm is placed in a uniform electric field of 5x10*N /C . Find work done
in rotating the dipole from 60° to 90°.

Solution:

W =pE(cos, —cos0,) =2x10"* x5x10* (cos60° —cos90°) =5x107""]

Illustration 112:

Work done in rotating dipole from 0° to 60° is W. Find torque required to hold the dipole at this position.

Solution:
pE
W = pE (cos0° - cos60°) = -

Torque required to hold the dipole at 60° position

T= pEsin60°=pE(\/§J =\3W

2
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Illustration 113:

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 the @ *E
figure from 6 = 53° 0=53° g
(i) Find angular acceleration of the rod just after releasing >
(ii) What will be angular velocity of the rod when it passes mg R

through stable equilibrium.
(iii)  Find work required to rotate the system by 180°.
Solution:

(i) Tnet = pE sin53°=1a

2 2 2 )2
Wherelsz +m ﬁ +m { :7m[
12 2 2 12

4
NE|=
W (sj _ 48qE
m/? A% Y 35m/l
+m| = | +m| =
12 2 2

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

0+ (- pEcos 53°) = %Imz + (-pE cos 0°)

U=y

— lo2=pE (1-3/5) = %pE

2
1 x 7m/ ><an:3 qlE or o= '/_48qE
2 12 5 35m/

(i)  Wex=Us- U

N

3 3
. Wexe = (-pE cos(180° + 53°)) - (-pEcos 53°) or Wex=(q ¢ )E [Ej+ (q¢ )E(gj

6
= Wextz (g)qu

Electric Potential due to Dipole

. At axial point

Electric potential due to +q charge V, = k_qf -.q 9 q‘ oP

(I'— ) Grrrnrrnns £>< .......... g )

_kq Grrerrrrnnnnnnnaen, ) QEFFTRIRRR

Electric potential due to -q charge V,=

(r+10)

k -k kqx2( k

Net electric potential V=V +V,= ! 1 _Jax= P

2 + T2 2y L2 2
(r=0) (r+0) (r"=07) r°—/

Ifr>> ¢ then Vzg

I,2
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At equatorial point

p
. . k =
Electric potential at P due to +q charge, V, -
X
. . -kq X ..: r X
Electric potential at P due to -q charge, V,=—— S
X

Net potential V:V1+V2:E—m:0 (~V=0)
X X

Potential at general point (r, 0):

Let's resolve the dipole moment p into components: pcos6
along radial line and p sin6 L to the radial line

For the p cos6 component, the point A is an axial point,
k(pcos6)

So, potential at A due to p cos6 = >
r

And for P sin component, the point A is an equatorial point,
So potential at A due to p sin@ =0
k(pcos6)

rZ

So, net potential at point A, V =

V= M (here ;z(ﬁ)
r

Illustration 114:

(i) Find potential at point A and B due to the small charge system fixed near origin. (Distance between

the charges is negligible).
(i) Find work done to bring a test charge qo from point A to point B, slowly. All parameters are in S.I.

units.

Q0 @A (4,3)
()
<>
@B (3,-4)

Solution:
(i) Dipole moment of the system is P = (qa) i +(qa) ]

Potential at point A due to the dipole

_y (P1) _ Kl(ga)i+(qa)il-(4i+3])) _ (7)k(qa)
Va=k ~———== - =
r 5 125
_ K[ (qa)i+(qa)j [(3i-4])  _k(qa)
- (5) "~ 125
. k(qa) (k(qa)(7)
ii Wase=Us-Ua=qo (Ve-Va)=qo| — -
(ii) a>B=Ug-Ua=qo (V- Va) q{ 125 ( 125
-kqq,a
f— W S B*=— 8
o= s (O

[78]
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Potential Energy of Dipole in Electric Field

E is a conservative field so whatever work is done in rotating a dipole from 01 to 0, it is just equal to change
in the electrostatic potential energy.

Work done W =pE(cos6, —cos6,)=U, -U,

=pEcosO, —pEcos0,=U, -U,

= (—pEcos6,)—(-pEcos0,)=U, -U,

= Uz = -pEcos0, or U; = -pEcosb,

= U=-pEcos0d or U=—p.E.

Case-(i): When E||p=60=0° =U=—pE=U__

(- Here F =0, T = 0 = Stable equilibrium)

Case-(ii): When E 1 p=6=90° = U = 0 (reference position)
(- Here F =0, T = maximum) = Not in equilibrium

Case-(iii): When angle between E & P is 180° = U=+pE=U__

(* Here F =0, t = 0) = Unstable equilibrium

0 T = pEsin® U = -pEcosO Nature of equilibrium

0° 0 -pE Stable equilibrium
90° max 0 Not in equilibrium
180° 0 +pE Unstable equilibrium

Force on electric dipole in non-uniform electric field:
From relation between force and potential energy

F:_d_U:_wzpcose d_E
dr dr dr

dE
F=pcos|
pcos (dr}

v

In uniform EF In non-uniform EF

dE E

—=0 dE #0

dr dr
F=0 T and F may or may not be zero
T =pEsinO

Illustration 115:

A short dipole of dipole moment P is placed near a point charge Q as
shown in figure. Find force on the dipole due to the point charge. =~ "X = o]
Solution:

Force on the point charge due to dipole F = (Q) (Eaipote)

KP
=@ [5)()
So, force on the dipole due to the point charge will also be

3

KP
F= ( j (T) (but in opposite direction) as shown
r F=Q Edipole
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Illustration 116:

Find force on short dipole P, due to short dipole P, if they are placed at a distance r a part as shown in

figure. D . N
. ﬁ .............................. é. ................
Solution: P1 P,

Force on P; due to P

F2= (P2) (ddErlj

d (2 kP, 6kP,P
F2 = (P2) [5( D=—

r r
Here - sign indicates that this force will be attractive (opposite to r).
Dipole-Dipole Interaction: S -
Case-i) iy B2y
Force on p2 due to p1 will be r
6k
F, =(—#) (Negative sign shows force of attraction between both dipoles.)
r
Case-(ii) D1 P2
Force on p; due to p; wilbe 777 — > =

6k
F, =(+#j (Positive sign shows force of repulsion between both dipoles.)
r

Golden ey Points

e Foradipole, potential is zero at equatorial point, while at any finite point E # 0

e Inauniform E, dipole may experience a torque but may not experience a force.
e Ifadipole is placed in a field due a point charge, then torque on dipole may be zero.

L%} BEGINNER’S BOX-6

1. A sample of HCI gas is placed in an electric field of strength 2.5 x 104 NC-1. The dipole moment of
each HCl molecule is 3.4 x 10-30 Cm. Find the maximum torque that can act on a molecule.

PEL230
2. An electric dipole when placed in a uniform electric field E will have minimum potential energy,
when the angle made by the dipole moment with the field E is .............. PEL231

3. An electric dipole is placed making at an angle 60° with an electric field of strength 4 x 105 N/C. It
experiences a torque equal to 8+/3 N-m. Calculate the charge on the dipole, if it is of length 4 cm.

PEL232
4. Figure shows the tracks of three charged particles in a uniform electric field.
Give the signs of the three charges.
Which particle has the largest charge to mass ratio ?
(1)
+ 4+ + + 4+
______ (3)
PEL233
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5.

An electron is projected into a uniform transverse electric field of strength 200 NC-! with initial
velocity 106 ms-1. By what length is the electron deflected after it has travelled 1 cm ?

PEL234
A system has two charges qa = 2.5 x 10-7 C and gg = - 2.5 x 10-7C located at points A= (0,0,-15) cm
and B = (0, 0, 15) cm respectively. What are the total charge and electric dipole moment vector of the
system ? PEL235

Conductors and their Properties

(i) Conductors are materials which contain large number of free electrons which can move freely
inside the conductor.
(ii) Electrostatic field lines never exist inside a conductor.
Consider a conductor (or a metal body) placed in uniform electric field :
= —
 Eipg  + S— I
Eex - H  Ee | B0 | Fe
if i ] .
& -
- 3 ] .
Metal Body An electrl\i/[cztlaflizgdgets Metal Body
When just plac.ed -in develop inside the metal .Eext- = Eina So net e.lectric field
external electric field. due to induced charges. inside metal body will be zero.
Because there is no electric field inside the conductor so we can say electrostatic field lines never
exist within conducting materials.
(iii)  Electric field lines terminates & originates always perpendicular to the surface of conductor because
the surface of conductor is an equipotential surface.
(iv) In electrostatics, conductors are always equipotential surfaces. .
For any conductor at its surface, V= constant
Va=Vp=V¢ i =0
Ra<Rg<R¢ | V = constant 4
-+ For conductors oR = constant 5
So g4 > 05 > o
Charge density on sharper edges will be more.
(v) Charge always resides on the outer surface of a conductor.
(vi) If there is a cavity inside a charged conductor with the cavity devoid of any charge then charge will
always reside only on the outer surface of the conductor.
www.allen.in [81]
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(vii)  Electric field intensity near a conducting surface is given by the

- O .
formula E=—n
80

by :
A Surface charge Surface of
Conductor

Because conductors are always equipotential surfaces so we cansay V, =V, =V,

1 R o, R
It means q ««c Rand ¢ o« — so we can say &=—1and 1=z
R q2 RZ GZ Rl

V=0
(viii) When a conductor is grounded its potential becomes zero. O—_\__

This concept is known as earthing, after which potential of body becomes zero but charge may or
may not be zero. If isolated body is earthed then only we can say that its charge is zero.

(ix) EFL pattern when a point charge is placed near a metallic conductor.

If all the EFL originate from point charge entering into metal body then magnitude of induced
charge is equal to point charge.

(%) EFL Pattern when a point charge placed inside spherical metal shell -

(1) Charge placed at centre
Illustration 117:
For the below neutral conducting sphere find -
(1) EduetogatP
(2) E due to sphere at P

(3) Electric potential at P due to q
Neutral conducting sphere
(4) Electric potential at P due to sphere
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Solution:

In every conductor net electric field is always zero, so electric field

at P will be equal and opposite due to point charge and induced

charges on conductor.

(1) E due to+q charge at Pwillbe E kq (along KP)

172
X

(2) E due induce charges charge at P will be
E, :k—?(oppositeto E’)
X

At Point P
E = E1 + 1::2
E=0= E; =-E, (i.e. both EF are equal and opposite).

(3) Potential at centre due to induced charges is zero, and due to
k
+qis V, =X
r

As potential at every point inside the conductor is same so

potential at P is also V= m

r

+q

(4) At point P
‘/ind + Vq = E
r

kq_kq _kq_kq

Ve t—=—=—"-——
X T r X

Concept of Earthing
Earth is conducting body with zero potential (assumed). When a charged body is connected to earth, charge
flows continuously from higher potential to lower potential till potential of body becomes zero.

© ©
© ©

o : As soon as switch is closed whole
¢&AB
charge of sphere goes to earth to
© 'nlre make potential of sphere zero
Illustration 118:

What final charge will be appearing on conducting sphere when switch is closed.

-‘399n

- w

9
QI’-
@ r = 9AB|
- 1
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Solution:
If x is charge (which would be appearing) on sphere after closing the switch then,

(Potential due to point charge)

(Potential due to charge appears on sphere)

From k—Q+§=O =
r o4
k k ®
= —Q=——X @ r < A B
r R a

-veaft

As R>r magnitude of x will be smaller than Q .

When earthing is removed charge on sphere remains at same position due to force of attraction of +Q
charge.

When point charge +Q is removed whole negative charge of sphere is distributed uniformly on surface of
conductor.

Illustration 119:

Find the charge of outer sphere after closing the switch

(5 2

Solution:
After closing the switch outer sphere will get earthed so its potential will become zero. Let us assume Q’

charge appears on it finally after earthing -

v

= Vout=0

L kke . T
b b

= Q=-Q

Illustration 120:
Find the charge transferred from body to earth after closing the switch

5Q

3 Va
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Solution:
After closing the switch outer sphere will get earthed so its potential will

become zero, Let us assume Q’ charge appears on it finally after earthing.

:>Vout:0
k_Q+ki:0
2R 2R

= Q=-Q

Initially outer sphere was having 5Q charge and finally it becomes -Q that
means 6Q charged transferred from body to earth. (or -6Q from earth to body)
= Qtransfer = 6Q from Body to earth -6Q from earth to Body.

Illustration 121:

Find the charge on inner sphere after closing the switch

%

(o)

Solution:
After closing the switch inner sphere will get earthed so its potential will become zero. Let us assume Q’

charge appears on it finally after earthing.

= Vin=0 @
:>k£+k—Q=O

a b

_Qa
b

o)

=Q'=

Leakage of Charge, Electrostatic Shielding and Sharing of Charges
Leakage of Charge

Leakage of charge from sharp points of a conductor

HereV, =V; butc, >0,,

hence Eg > Ea { E =E}
€

Thus charge density & hence electric field is larger at sharp corners as compared to flat surfaces due to

their less radius of curvature.

' ' . R R
01=4Q12 & o, = sz '.'Q—?z—lziz—zzcoc—
nR] 47nR; Q, R, o, R, R
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Electrostatic Shielding

<> Electrostatic shielding is the method of protecting a certain region from the effect of electric field.

<> A cavity surrounded by conducting walls is a field free region as long as there are no charges inside
the cavity.

<> Whatever be the charge and field configuration the field inside the cavity is always zero (Provided

no charge present inside the cavity) This is known as electrostatic shielding.

<> Electrostatic shielding can be achieved by enclosing sensitive instruments in a hollow conductor.
X Figure gives a summary of the important electrostatic properties of a conductor.
7//////
/// / o> 0 2 ///// D— E
////[/ k 5<0

- 50

//Irf//

@Mﬁ/ 3 <@>/

When two charged conductors are connected by a conducting wire then charge flows from a conductor at

Sharing of charges

higher potential to that at lower potential. This flow of charge stops when the potential of both conductors

become equal.

qd; !
0009 :
o

1

9 Rl 1) 1

v

- 00 i
[+]

¢ go¥ i

A and B both are isolated conducting spheres having initial charges q; and (,. (total charge of system

Q=q, +q,). Charge will flow continuously until potential of o 810 o Q, )
L]
both spheres becomes equal. Let the amounts of charges after ¢ R, 9 ¢
. 0 ©
the conductors are connected be Q, and Q, respectively and % 4 & . 0
Qo <

their common potential be V then

Finally

ykQ KO, 0 R Q(
Rl RZ QZ RZ

Final charge density of spheres

Rl _ RZ —
R1+R2]Q or QZ_(R1+R2]Q {Qi+Q2=Q}

Q
o % o R, R
1 2
° R Q=Q=Q¢%B J=%=&¢&B
& A e Al 4T'I'.R1 2 AZ 471'R§
@
e @ ©
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Illustration 122:
Find charge on inner sphere after closing the switch

2

)

Solution:

"+ After closing the switch potential of both the spheres will become equal so (Q2+x)

\/in = Vout "

potential, we get the below equation

= k(Q1 _X) + k(Qz +X) — k(Ql _X) + k(Qz +X)
a b b b

= k(Ql—x)(i—%)zo = Qi-x=0

= x=Q; = Quansfer (that means complete charge of inner sphere will get

Now if x charge is flown from inner to outer sphere then equating their ' )

Q1+Q2)

transferred to outer sphere)
Charge on inner sphere = 0 and on outer sphere = (Q1 + Q2)
Illustration 123:
Find the charge of each sphere after closing the switch

3Q
Solution:

-+ Complete charge of inner sphere will get transferred to outer sphere so Q transfer will be Q

4Q=(3Q+Q)

QTransfer=Q1

Transfer= Q

Illustration 124:
Find the charge transfer after closing the switch.

Ul

+

Q

&

Solution:
-+ Complete charge of inner sphere will get transferred to outer sphere s0 Quanster will be -Q

(5Q-Q)=4Q

QTransfer= - Q
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Illustration 125:

Two thin spherical shells made of metal are at a large distance apart. One, of radius 10 cm, carries a charge

of +0.5 mC and the other, of radius 20 cm, carries a charge of +0.7 mC. The charge on each, when they are

connected by a suitable conducting wire is respectively -

Solution:
R, 10cm
= = 1.2mc =Q, =0.4mc
N [R1+R2]Q [30cmj R

R, 20cm
= = 1.2mc =Q, =0.8mc
@ (R1+RJQ [30cmj %

Illustration 126:

Two spherical conductors of radii 4 m and 5m, are charged to the same potential. If ¢1 and o2 be the

c
respective values of the surface charge density on the two conductors, then the ratio — .

Solution:

For spherical conductors

V=0R so csocl
R

o _R,_5
G2 RI
Note:

Only inner charge will be responsible for charge distribution over inner surface.

Only outer charge will be responsible for charge distribution over outer surface. In the above figure

. . - +
Surface charge density over inner surface o, = 9_ and outer surface o, = Q+q

inner 47'[32 outer 4'7Tb2 .

If charge q is shifted to A then charge over inner surface will get distributed non-uniformly and charge

distribution over outer surface will be same as before (It would not get effected by inner charge).
Illustration 127:

Find charge distribution on each surface.

+q
+q
(1) (i)
Solution:
(1) Inner — -q (Non-uniform distribution) Outer — q (Uniform distribution)
(ii) Inner — -q (Uniform distribution) Outer — q (Non-uniform distribution)
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Illustration 128:
Find charge distribution on each surface of the body.

Solution:

S1— -q; (Uniform)

S2 > -q, (Non-uniform)
S3 — -q3 (Non-uniform)
S4 — qq+q,+q;3 (Uniform)

(91*+92+9s)

L%} BEGINNER'S BOX-7

1. A cube of metal is given a charge (+ Q); which of the following statements is true ?
(A) Potential on the surface of cube is zero
(B) Potential within the cube is zero
(C) Electric field is normal to the surface of the cube
(D) Electric field varies within the cube PEL236

2. A solid metallic sphere is placed in a uniform electric field. The lines of force follow the path(s)
(shown in figure):-

A)1 (B) 2 3 (D) 4
PEL237
3. Shown in the figure is a spherical shell with inner radius 'a" and outer radius 'b' which is made of
conducting material. A point charge +Q is placed at the centre of the shell and a total charge -q is
placed on the shell. Charge -q is distributed on the surfaces as:-

b

—-q

(A) -Q on the inner surface, -q on the outer surface

(B) -Q on the inner surface, -q+Q on the outer surface

(C) +Q on the inner surface, -q—Q on the outer surface

(D) The charge -q is spread uniformly between the inner and outer surfaces. PEL238
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.
Lz} BEGINNER’S BOX ANSWER KEY
BEGINNER'S BOX-1
1. 80C 2. 3 x 1025 electrons. 3. (a) Yes, (b) No, (c) No
4. 3.2x10-10C 5. 2.18 x 1010
6. For proton = u, u, d and For neutron = d, d, u
7. (a) 2x1012; (b) 18.2 x 10-19kg
8. A will have positive charge and B will have negative charge.
BEGINNER'S BOX-2
F
1. 3 2. 2 3. 10-10 4, 444N
1 .
5. (1) 8x10-5C (ii) 5x 1014 6. q= -3 nC 7. nee =9 x 103 N along to CA
2
8. d=0118m 9. F="¥ 2
a
BEGINNER'S BOX-3
1. 20 cm 2. 5x10-6C; +ve charge
3. 6.25 x 1012 electrons should be removed
4. |E| = 2.5x 104N/C electric field along y-direction 5. 45 cm
6. Enet=16.46x 103 N/C Direction of net electric field is perpendicular and away from the line AB
BEGINNER'S BOX-4
2. 20 V/m 3. Zero 4. D 5. >49
6 e,
6. 2.25x 105 Nm2/C
7. (a) -5.31x 10-14 C (b) Flux remains the same 8. Alli.e. q1,92 q3 & Qs
9. Yes, Ex : A dipole placed in a closed surface 10. (a) Zero (0)1.92V/m
E E
11. (@ (b)
r= 0 I = R r (1 / r)
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BEGINNER'S BOX-5

1. 1: 4 2. Zero 3. Zero 4, 36 m/s each
5. (1) -0.7], (ii) 0.7] 6. ()4 =104V (i) 8x10-5],No

7. 2.7x106V

8. (i) 2.5 x 105V, (ii) The more distant point from the charge

9. (i) 0.54 m, (ii) 7.5 kV, a decrease

10. 3.1x105V 11. —27\2x10°V 12. - 2f+2}—2f< 13. 12.6 m

14. (i) against the field 3.0 x 10 V; in the field direction -3.0 x 104V, (ii) Zero
15. (a) Vp-Vqis positive
Vg - Vais positive
(b) Ugq - Upis positive
Ua - Ug is positive
(c) negative
(d) positive
(e) decreases

BEGINNER'S BOX-6
1. 8.5 x 10-26 Nm 2. 0 3. 10-3Cor 1 mC

4. (1) -ve, (2) -ve (3) +ve

Particle (1) has largest charge to mass ratio.
5. 0.176 cm
6. Total charge = 0;

Dipole moment = -7.5x 10-8C-m

BEGINNER'S BOX-7
1. (€) 2. (D) 3. (B)
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