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Electric Charges and Fields

—

Chapter at a Glance

Lot

o The charge on an electron and proton is called fundamental charge.

. Electric charge is guantized and chargeona bods Larlb? expressed
as, g == ne, wheren s anintegerand e =16 - 10~ .

- Minimum value of dielectric constant is 1 for frows space.

. Maximum value of diclectric constan! is infinity lor conduclors
r.v., metals.

. Dielectric constant is a dimensionless number as il is the ratio of
Lwo similar quantities.

e  Electric charge is a scalar quantity.

* Electric charge obeys the law of conservation of charge.

. Il 15 always additive in naturc. .

. Coulomb’s law in veclor form is more informative than in its scalar
form. ' - .

. Electrostatic force is a central force as il acls along the line joining
the centres of lwo charges.

- Electrustatic force is Newlonian force Le., obey’s Newton’s third
Jaw of motion,

. Siatic clectricity or [rictional electricity on bodies occurs mainly
due to Lhe (ransfer of electrons from one body to another body.

. | C =3 x 107 stat Coulomb.

. Stat Coulomb is the C.G.S, unitof charge. It is also called electrostatic
unit (e.s.u.) of charge. ‘ :

B S.I. unit of electric field is NC L.

. Dielectric constant is also known as relalive permitivity of the

mediam (€, ).

Two equal and opposite charges separalted by a finite distance

constitule an electric dipole,
S.I. Unitof dipolemoment is Coulomb metre (€ m).

Electric dipolemoment is a veclor quantily acting from - q to + q

charge.
(1) WWW.GRADESETTER.COM
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sectric field, the nel force un the dipole is zeroand |
forque anly |
Jet {ric ﬂl'ld. di]"’ll'L‘ has C’ﬂl)’ f“t-'llnq motion
rm electric ficld, the dipole experiences both the
hence it has rolatory as W ell as translatory motion

ach other They always leay g;

[ a uniformt
X pcrwnws a
. [nauniformée

Ina non-unifo

torqut’ and force,
Elegtric hnes of force never intersecle
orenterthe surface of the conductor pcrpcndluxlarly
Electric field inside a charged or uncharged conductor placed in
an external field Is always Zero. ,
1 scalar quanuity and 1ts S.1. unitas vm=2c .
of a charged spherical

Electric flux 15
Id 1s maximum at the surface

The electnc fie
shell and zero inside IL.

The electric field duetoa cloud of charge or du
sphere is maximurm alits surface and varies wi

centre as:

|
e to asolid charged
th distance from ils

_('—E‘m.\\

r=R
—> T

Electric field lines are perpcndimlar to the equipownlldl surface
entialsu rface.

The surface of a charged conductorisan equipo!

Coulomb’s law is valid only for point charges-
E'lcclnc charge does not change with velocity:
No pqtnl charge produces electric field at its own Jocation-

Electric charge resides only on the outer surfaceof a conduc
Coulomb’s force belween two charges ic independent ©

presence ol oth&r charges.

E isindependentof the shape of the conductor.
nductor is directly prop0rti0na[

E atapoint on the surface ofaco
to the surface density of charge at that point.
wWww
.GRADESETTER.COM

E atthe centre of a charged circular ring is always
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i (rart

,,"portanf Terms, Definitions and Latws

omb’s 1awW in electrostatics—Two paint charges attract or
{each other with a force d lro.-cll( proportional o the product of
. . y

"'Ptnnudc of charges and Inverse proportional to the square of
a8

1ance between them.
g:;:::inonal clcctricily-—E
re rubbed againsl each other.
;.ddilivc nature,of charge—Tol
equal to the algebraicsum of all in
Law of conservation of charge—Tota

Wways remains conserved.
: It states that the total force on a given

principle of superposition—il sl | @
oint charge due to other interacting charges is the v ctor sum of

the forces applied by the individual charges on il.
Test charge—Itisa <mall +ve charge. ILis denoted by gy :
Electric field—IL1S defined as the space Jround a pointchargein

which its effect can be lelt.

cov!

lectricity produced on bodies when they

al charge on an isolated system |s
dividual charggs u[ the system.
| chargeon ah 15 fated system

Or
(tis the limiting value of electroslatic force per unit test charge
= B
i.l'. E s Ll —
, 90 qp

Electric dipole—It is a system of two equal and opposite charges

separated by a finile distance. ;
Electric dipole moment—It is defined as the product of magnitude

of either charge and the dipole length. : .
Electric line of force—ILis defined as the path siraight or curved

tangent at every point of which gives the direction of electric field.
Electric flux (§)—Itis defined as the total number of electric lines of
force passing through an area held normal to them around a given

int,
Gauss’s law or Theorem—Il states that the electric flux through a

. .
closed surface is iR times the total charge cngloscd inside il.

fi | o= dEaSi=="
s o

Gaussian Surface—Itis defined as any clo
v sed
charge distribution enclosing some chdtgé i ﬁ%ﬁg&?—?{ﬂ}éﬁﬂ,the |
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Important Formulae

f o 1 9192
4wty L
I = Y x ]U" N m3 C‘—?
Whers 4ne,
and gg =, 8.854x 107 N-Im=2 2,
£ 1 4192
F‘? =. ] rn

47‘50 ¢

I
ad
=
)
S

4rc, Wil ‘

Electric field due lo a point charge q is given by

el 1.9
: ~ 4re,
— 1 qig s N qL=
EP: ane)Y 2 f‘4m0'r3 r

Dipole Moment of an electricdipole is

P =2agq
Electric field at a point on the axis at a distance x from centre ofa

charged circular coil of radius r having charge q centre is given by
E = 4:80 2 -‘1’;)"2 along its axis.

Electric field at a point on the axial line of an electric dipole at a

distancer fromits centreis givenby

‘ 1 2pr

dnep  (r-a?)?

1 2p : |
: = AR SR PSS TER. com

E =
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: .1d al a point on the e LS \
jectric € ¢ equitorial line e

EX r from its centre is given by ne of on electric dipole at

% 5 distanct
A9 (MD

E = .
“'ﬂf.“ ((1 +x‘));1

1
S L‘ fora shortdipole

—

4718 0 T

n

1 an electric dipolena uniform E is

Torque @
1 . T —; % SE.
or ' : = pEsin®
where 8is the anglc between p and E .
- Forceona charge ducton other charges is
‘ \ S
’ £, = Ff*t Fig T Ty 21'-“
| : W
| * 1 <X q,-9 (;- TN
I ——— —a 1 y /-
4“80 ‘,‘\ 1" — r\ \
“\
. Electncflux e g
When 3G istheared vector acting along outward drawn normal.
; s = (;E‘ds = —2—*
! S 8 ; .
’ . Electric fieldata point duetoan infinitely long straight conductor ; ‘
i or wire of linear charge densily 1S : ;
o, |
2neg T :
endicular distance of the point from the wire, \

wherer= perp
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When

? belwee

E =

E ata pointdue to a spher

Ei=

E ata point due to a solid sph
density pata point at a dista

n two plan€ parall

nce ris

b 8
.D.S!ud . Malerial Ba
N y sed g,
« F dueload tnllmu'pl.ll‘ll'*ht't‘l”'th-“’}:" hay ing surface chaeg, -
densily @ s plven by
a
. =
= 2 25“

el sheels of charge i1s given by

o

E()

ical shell is

Ly -P:;' (forr>R)
By L5

= (for =R
Eqp

Oforr<R.

o =surface charge density.
R = radius of shell.

ere of radius R volum¢ charge

given by
R (forr>R)

R P (forr=R)

=

(forr< R)

L]

rby

ha
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EXERCISES

- Whﬂ: 2"‘-‘ ‘r;_:?:r“ between two small

naving charges of 27, ‘and 3 = 107 C placed charged sphere

ps Here @ == »107C,q=32107C,r 30 cm apart in air?
' ‘ 21T A em = 0.0 -y

F =T
relation, 5y = 1 dvla
Axeg d? ewe gel
/
_ 9 %107 » 2x107 #3107
o 7 (030
= 6% 10“‘ ™N. .
tic forceona small sphere of charge 0.4 C
W

| Q. 1.2. The clectro ta o
small s erc of charge— 0.8 uCinairls 02

he two spheres? (b) Whatis the ::t i:‘::\::t

e

Using the

-
|

0B x10*C= 3
— 02N, 04 x\00C

here du€
=04 }\C.qz‘-"--O-B pC=-
and A,

second s
5. Here: 4y —
ic force pelween 4,

(@yr=7?
Us ¥ 1 |3, = -"}”“'" a2 W
sing the re ation, Anco T ggel

I

Ancy

9 x10% x 0.4%107" x(08%10™")
02

_ 169 4107 = 144 x 104w
_ 12x107m=012m n

T

g

uetoqy= 2 _
1ectmstallc forces always, appear ’“{ priors and’

ol motion.
duetoq,=02N Jnd is attractive innature.
1 2 | r

(b) Force on 4z d
Wwe know that ¢
Newlon‘s

F, = 9x10 i-&-_\.-xm*‘_)aloxanm
: 032 , ‘

0.2\,

Il



https://gradesetter.com/

WWW.GRADESETTER.COM

P~ .
N.D. Study Material Based g

8 s e L :
tio ke/Gm is dimensionless. Log

he ra ¢ L e the value of this r.'nh‘:

L= ]S Chc:kslh.lll
& sical Constants and determine

up a Table of Physicd!
wWhat does the ratio signify? (3
Eeare - Nm? 2= MLAT2C

" Ans.l)zmcns!uns o
Dimensions of kare o 1S
[M]

Dimensions of Garc =
Dimensions of m, =

Ke’ = .
- Dimensions of E’-_-r—n-::';: are obtained as:
l\{LlT Zc-illczl
(M LT 2] [M][M] -
['\1:—2 Lft-) T—! +2 C-z + 21
IM‘”L’I'“C"].:(M“L"T’]

Ke?
Gm.m

Ke?

. —————is a dimensionless guantity as it has no units.
Gm. m, ‘

L6x1079C, k=9 x 10°Nm? C % G = 6.67> 107"

kg .m, = 1.66 x 1077 kg, we get
k&' Y (9:-:10");(1.6:‘10“")2 =
Gm,m, 667x10 " x9.1x107"" RERIO

Now using e =
Nmihghm, =9.1x10

. ‘ = 2.29 x 10
: This factor represents the ratio of electrostatic force and the
gravitational force between an electron and a proton.
Q. 1.4. (a) Explain the meaning of the statement ‘electric charge
ofa bodyis quantised”,
(b) Why can one ignore quantisation of electric charge when
dealing with macroscopic i.e., large scale charges &
éns: (3) The meaning of the statement “electric charge of a body is
" e‘}:;mbed is that the charge on il is always some integral multiple of
*mentary charge of an electron or a protori (= e in magnitude) i.e.,

f cha
. n d _ ; FotEE
*, W ets calledqu A upusly but it varies in the form of
E - r T

W Sr 3 =
charge on'a bo d:) e ats of charge. Mathematically, the
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wheren 1530 integer, ¢ = magnitude of the cha
SO ATRYE ol anelectr
ex 107V C.A fraction of the fundamental charge ehas :S::r‘_

Jpoton = 1.
-.b«.cr\'t‘d in free stale.

g
) 1n pracli-:e, the charge on a charge . .
s very \Jfﬁ¢ﬁll‘ﬁﬁm¢m‘ﬁg‘i?£‘_eﬂ.vlcc&' ’:‘des; Eﬂi;%ﬁﬁﬂﬁ%
e Jd(‘a toor removed from a body, the change-lnking placein the total
ge on the body is so small that the charge seems 0 be varyingina
-0 (nuous m_anner. Th“'ﬁ qlli\nlisatidn of electric charge canbe ignored
croscopic jevel i.¢., when dealing witha \arge scale charged body.
Q. 1.5- When a glass rod is rubbed with 2 silk cloth, charges
appea’ on ho}‘n. A similar phenomenon is observed with many other
pairs of bodies: Explain how this observation is consistent with the
law © conservaton of charge.

AnNS. [nitially i.e. before rubbing both the glass rod and silk cloth
are electncally neutral. In other words, net charge on the glass ! and
<ilk cloth is zero. When the glass rod is rubbed with silk doth, a few
electrons gel transferred from the rod to the silk cloth, thus glass rod
becormes positively charged and silk cloth negatively char

sitive charge on the glass rod is exactly equal to the n€ )
on the silk cloth, so net charge on the system is again zero:

appearance of charge on the glass rod and silk cloth is i accordance
ye of the iso\ated

with the law of conservation of chargeasthe total charge ©
i i ith fur, they

system is constant. Similarly when ebonite rod is rubbed wit .
acquire = ve and + ve charges respectively and net charge s 7070 AAN-
is neither created nor destroyed but

~Thuswe conclude that charge

tis merely
l}ﬁ th the law _O.Wi—

Q.1.6. Four point charges Aa = uC, qp=" 5pC,qc= 2 pC,and
=-5pCare Jocated at the comers ofa square ABCD of cide 10 €M

charge of1 pC placed at the centre ofthe square?

ther which is cons'\slcm

9p
what s the forceon a

- Ans. Consider the square
The charge of 1 pCis placed at O.
B

—
=

Now clearly =
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d
| &

_5¢ ‘é
| galand om:“‘*“‘: \
| . vely.

/' i st n rspectveh |
a
e = 2“(
forees 94 udes 3!
Their M2
|
|
|
= ,,_%p(
9y |
r
AO’

= ( Iz ‘0 l}
3.0 N al Jﬂd
e . [ L cqllt‘ ')D
— = —F rieqp and ¢
Fa :;(_ Wl" l!"‘Pc‘ + (JB
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FRysics” nr s
s () The electrostalic 1une of force s the pa\\'\ Langent aleve
: s th dire s\e { (c‘d Lth \ X
ich BIVes o direction of electric W at that point. The
field gcm-m\\y changes fro int lo point. So the
purther they 2t conlinuous

}10“;\:‘:‘:‘ of c'u.‘fll'ic
et foree are gcncra\ly curyed lines-
S s 4 cannot have sudden preaks pecatse s
‘ud jcate the Jbsence of eleciric field atthebreak RO A

other because \{ they

ey The clectric lines of farce 55 €A
then & we can draw \WO tangents
- L which is not

ve WO

1€V 1e 5o, then vl

nevercro
\erseciion,
1d

t the point of their in
directions

0 SO i '
dc of elecitic fie

“.h‘lk'-h gi
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12
f 1 qaA ;
| En = Jmen  (OA) X
w32 10 ‘
_9x10"% “g)2 |
_ 27 =107 NC! along OB.
| 1 qs
i = 2
and By = aney  (OB)
ax10%

b "y
=19 1055 510,1j2
_ 27x10® NC 'along OB.

If E bethenel electric fitld at pomnt Odueloqy and qy. then
Exn ' Es
7% 108427 % 107"

2.
5.4% 10°NCalong OB. {
5« j07 Cisgiven by

E

anegative charge of magnt tude 1-

(b) Force on

the formula.
' F =g E
Hereq, == 15 = 107C, [ =54x10 sNC H(OB)
o= — IS [ x 34> 10-"
S L ORUNG
E i.e.along OA. £, ’

sthal F acts opposilelo

Q. 1.9. A system has two charges q, _25x107Cand qg = -~ 2.5

x 107 C located at points A (0, 0, — 15 cm) and B (0, 0, + 15 cm) )

respectively. What is the total charge and electric dipole moment of .
the system? /

d at poinls A (0,0, - 15 ¢cm)

Ans. The charges g, and g, are locate
and B(0,0, + 15 cm) on zaxis as shownin the figure here. They form an A

clecire dipole

- ve sign show

a = lotalchrage =2

WWW.GRADESE'ITER.CQM
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art-1) : '
rhyslce‘r-x“ r : o
o= electric dipole moment of thesystem =1
= q.'.?.:l.
NowW q=qa+ s = 23 107 4+ (-25 %107 =0

Alsa 23 = AD = dipole length= OA + OB
: _ - -~ 15+ 15=30cm
0.30 m.
either charge * dipole length
qux AB=23% 107 = 0.30
- 75 %10 cm
The electnic dipole momentis directed from Blo ALe along negative

Z-ins.

P

I'-lllIJ

qu =22 % 10:’ C
(0,0, 15 cm)

'\f

Qa=22% 107 C
l0,0.-—1".7' cm)

Q.1.10. AR clectric dipole with dipole moment & * 10° Cmis

p° with the directionofa uniform electric t'i:‘ld of ﬂ;g::mld{e
i ontha dipole.
5x10*NC"’ Calculate the g\:gmtudc of the torque acting P

Ans l.-{en_,p-tlxl ,E::xl‘tNC ,a=30°,1=z
i _ pEsinB, W€
Using the for™ la,t=P 51 BO"xSum‘xsmag
0% 105 % =
2
: — 107 Nm.

Q.111. A polythen® piece rubbed with wool is found to havea

- e of 3 » 10—1 Co -
ncgat::;‘ E:ﬁﬁate the number of electrons transferred (from which to

s therea transfer of mas? from wool 10 po\vthc'ne‘:



https://gradesetter.com/

!
www
.GRADESETTER.COM

rh
cial Based On

g C- (‘h arge on

o altain — Ve
jythent plece.

= 2% 10"
mass fro wool 10 pol_vthcne as '
from wool lo poiylhcng 1

insfer of
ransfer

is a Iy
nd are

| Paﬂlt‘[c‘h a

(TR S

(b) Yes: there
clectronsare maleria
pmﬂ.‘.
. m = mass of

M= total ma

=mx>0n
_g,1x 107! % 1.875 = 10
Q.112. () Two insulated charged coPP
s separated by cof50¢
trosatic repulsion if the charg
igi to the distance of sep
3 ed double

=9.1%x 107
to polylhene =1
AL =2 % lW‘H kg.
ersphercs A an have |
m. What is the

o-’C?Thc |

each electron
sS lram.l'errcd

=171 % 10”

their centre
force of clec

the above amount,

Ans. (a) Charge o 1" sphere:
Charge on 2% sphere, B =qs =
Distance bepveen sphere A an

We know thal,
g 1 gags

=
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() I cach sphere is charged Jdouble the amount, then
qQa=0qyn = 2 %65 % 107C
3 = 13% 107 T

1
."Iﬂd r= ..2__. x50 cm = 0.25 m

we know that,

1 *qa9s _ 9x10" x13x107 #13x 1077
ey 0.25)°
= 024 N

Q.1.13. Suppose the spheres A and B of previous exercise have
jdentical sizes. A third sphere of the same size but uncharged is brought
in contact with the first, then brought in contact with the second, and
finally removed from both. What is the force of repulsion between A
and B?

Ans. Initial charges on spheres A and B

=q =da= 65x 107 C

r = Distance between the spheres A and B=05m.

All the spheres will have equa\ charges on beingbmug,ht in conlact
because they are of the same size. _ '

When 3" sphere C having charge €, = Z&ro is brought in contact
with 1*' sphere A, then;

; Chargeon A = Chargeon C = q’, Say

=

q,= ATy 9_'5_5—19::-9‘ _325x107C
20 2
9L q, = 3IB* 107 C _
When 3™ sphere Chaving charge 325% 107 7 C isbroughtin contact
. with2" sphere B, then: charge le(t on B sa¥ q', is given by
' ChargeonB = ChargeonC

i l 1] - =7 _?
or r qB+q1 2 6.37‘10 ‘ +3.25'K10
g sa sl I oy

or = 4875 % 107 C

If F be the force of repulsion between spheres A and B and when
. sphere Cis removed, then according to Coulomb’s law of electrostatic

- forces,

1 q192
* 2
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Q. 1.15. Consider a unifo
hatis the flux of this fleld 1y
Nane I8 parallelto the yz pl

P are if \he normal g jy

17
™M electric fleld E =3 x 10° | N/C. ta)

Ugh a square 0f 10 cm on a side wh

O
ane? (b) What is the fluk through the uu':
= S plane makes at 60° angle with the x-axis?
Ans.Here, E =3, 900 § Ne-

\ "1, the electric fleld acts along
positive direction of x-axis.

: Stde of square = 10 em

s surface area, AS = (10 cm)? = 107 m?
or

rE = 10‘: i "'\1
as normal to the square < along x-axis. :
(@) lf ¢ be the electric flux through the square, then

¢ = E.aS
l = (3x10' ). 007 {)
[ = 310" =102 (.3

310 =30 N\NmiCL

1\ Y

z "
(b) Here, angle between normal t’o_lhe}&iuﬁ”f§=;f::,7a;feﬁ:e§1;6; a_qd&
the electric field is €0°. _ :
10, 0 =

-}

-

Q.F
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ux of the unifo
‘ente

net fl

116 Whatisth
de 20cm n

c
1.15 through 3 cube of 51

nale

to the coordi
g zcro
over the
. INe flux e as the

cube.
Q.1.17. Careful m¢ s

of a black box indicates that
x 10_’ Nm’/c

of the box is 8.
(i) What is

(ii) 1f th
zero, could you €9

Why or why not?
Ans.(i) Given.
If the net charge

¢ =8x 10"
inside the bla

6= Lk orwegel,q=£‘,¢
Eg .
or q = 8,854 x1
q = 8.854 x B *
—~ 70.832 % 10
/ ) — 0.071 pC
(ii) We cannol conclude that the net
is zero if the outward flux through the
there might be equal amountsof
king the result

each otherand thus ma
can only conclude that the nel charge

Q. 1.18. A point charge + 10 uC isa
the centre of a square of side 10 cm as show

;":gm'!ude of the electric flux through the sq4
q 21;-' as one face of a cube with edge 10 cm-)
e of:s‘ The given square ABCD can be

cube of side 0.10 m. The given charg

n

o 1 :
;;u-,.,' f this cube at a distance of 5 cm.
Ml the 6 feasOrd
ing to Gauss’s Theorem, the tot

-
Sube is given by

ar

N.D.S!ud

pecudst the
number of lines

x7
e surface of t
no charges

- C =00

electric €

surface of bla
itive and negative charges

ant charge equa

are? (HIin

imagined as 0
e can be imag

q=*+ lO,uC=lO'5C.

y M.llcri.ll Based On
 field of Exercige

f rmclo:c!
d so that 1s faces are paralle]

number of lines
Jeaving the

at the surface
gh the surface

he box were

inside the box?

o' x 8% 10°C

107 C

70832 * 102 C
de the box
ro because
cancelling
Thus, we

harge Insi
ck box isz€

| to zero:
ijs zero-

inside the box
distance 5 €™ directly above

ure. What is the

in
t: Think of the

ne of the side
ined to be at

al electric flux through
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