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1(a).2. What is Electric Charge ?
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1(a).10. Conservation of Charge
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0w s L RS ; Fﬁﬂ'ﬁﬁ;‘-ﬁ"ﬁ them and thb"d_iz
metall‘ i et .», ' f.J_.I.- .__I-v:‘_lf:?.r.; -'.‘_ | PBADE‘:P__S - . [ion bctw n be dangcrous in
SBING Pagt the bodies Of cars and trycks aiso get charged because Of fr::; a spar the ground. The -
Seeota etro] tapke . CPAIRE being Jarge co duce even a Spark: S-‘u'draggi“g al°ng trucks are made
hargc Prod Ol tanker, hat is wh ge arlge il rc;len have a metal chail s of cars n £ the vehicle to
- PAuced Jeqke ¢ Y petro tankers ofte s. the tyre e body ©
Y adding 5 Carbon ¢ O the ground through this chain. Now a days, t1% 2 "5 th

ui :
€K to the groung "POUNd to the rubber, This facilitates the charge o insulating bodies,

- WO s That is
el St between eir OWI.
Which aree;r;bt:g M above that electric charges are produced due to friction ot move o £l

: : ann
wh against each other. insulating bodies ¢
Y they are Called srqyje charg;};_er e

faﬁc charge.!); the

: .6,y 5 ; Iled
The brapcp, of Physics, which deals with the study of charges a¢ rest 1 charges ¥ 4

: hese
orces betyeen the static charges, fields and potentials due 10 /

Electrostatics ,, Static Electricity or even Frictional Electricity. et Thales of
7 rHilstoricglly. this phenomenon was discovered around 600 BC P‘Y a GrecicP G
Elus’. The name electricity was taken from Greek word ‘Elecktron’” day, because exCessive

: dry
moj bt thaF MOst of the early experiments on electrostatics work best on 2 '
Olsture provides a Pathway for charge to leak off a charged object.

1(a).2. WHAT 15 :
——= " TAL IS ELECTRIC CHARGE ? jes, wherever they exist.

Electric charge is a characteristic that accompanies fundamental particles. * ] objects that makes it
According to William Gilbert, charge is something possessed by materid
Possible for them to exers electrical force and to respond'to electrical force.

The three most common elementary particles are electrons, protons and neutrons
: M, = 910940 10 kg ; m, = 167262 x 107 kg
and m, = 167493 x 10~ 7 kg :
' P , an elec
Because of their mass, these particles attract one another by gravitational forces. Thus
Attracts another electron at 4 distance of 1 cm,'with a gravitational force
Gmm, 6 15 (01103112 ,
il 6:67x1071" % (9:1x1031) =55 % 107N
rt (1072)? ~ B
However, an electron repels another electron at & distance of 1 cm with a force = 23 X 10:' a?rf This
force is called electric force. We abserve that electric force is very large compared to the gravitational force.
-, The electrons must have some additional property (other than their mass), which is responsible fo_r the
electric force between them, This additional property of clectron, Which gives rise to electric force bgtw_u}l
o electrons is called electric charge, Just as masses are responsible for the gravitational force, charges
~ are responsible for the eleciric force, : .l ¢
_ Two protons placed at 4 distance of 1 em also repel each other with the same force = 2:3 x 10724 N, It
shows that protons also have charge which in magnitude, must be equal to Ghm‘seoneleetmn'rwoneutrons
placed at a distance of | m attract each other with a force = 19 x 1040 , which the gravitational force
cuets assos electric force betw fore, neutrons have no

'having masses

tron
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(e ityv) An ebonite rod rubbed wit
| in y . . attracts & glass rod rubbed with a piece of
he ¢ {7 silk as shown in Fig. 1(a).1(c). However,
gf o1 the charged glass rod repels the cat’s fur.
/() When a glass rod rubbed with a piece of

silk is made to touch two small pith balls

€ 9 (or polystyrene balls) suspended by silk/
~ nylon threads, the balls repel eachother,

as shown in Fig. 1(a).1(d).

(vi) Similarly, when an ebonite/amber rod
rubbed with cat’s fur is made to touch two
small pith balls suspended by silk/nylon
threads, the balls repel eachother, as shown

’ in Fig. 1(a).1(e). «

(vif) However, a pith ball (or polystyrene ball)

.. " touched with charged glass rod attracts
another pith ball touched with charged
¢bonite rod, as shown in Fig. 1(a).1(D),

A careful analysis of these facts observed leads us to the following

conclusions : i .

{i) The bodies like glass rods, ebonite/amber rods, silk, fur etc. acquire

A .. ecclrical\y charged rod is

electric charge on rubbing. . ' B waler
(ii) The pith balls or polystyrene Palls acquire electric charge by actual ?:‘:;B‘;‘{:;“’m“granow ;ets Slightly
contact with a charged body. diverted {owards the rod as shown

(iif) The charge developed on glass rod rubbed with silk 1s different  in Fig. 1(a)-2

" from the charge developed on ebonite rod rubbed with fur. This is

because a charged glass rod repels another charged glass rod, but
attracts a charged ebomite rod. Hence, there are two kinds ©
charges. When a glass rod is rubbed with silk, the rod acquires
one kind of charge and the silk acquires second kind of charge.

This is true for any pair of objects that are rubbed to be electrified. ' i §
Further, like charges repel each other and unlike charges attract i ,1_ : :
each other. E\
(iv) When an electrified glass rod is brought in ‘contact with the silk . Eoct : it s wigs of \
e, with which it was rubbed, t  rer attiact eathothier, 16 we cut O ong thil :
piece, with which it was rubbed, they no longex attra white paper, iron them lightly and \

They also dc-‘iib’.tjiaﬂrac_t*c')ﬁth'er Light objects as they did on being  MICRIETE ar a T.V. screen or

¢’1e.c_n_iﬁe_d It means th el cqulred on rubbing are lost When oppuier monitor, We find that the

the t

charges acquired by and remain stuck to the screen for
r must b “a while. This is because the strips

. acquire electric charge onironing.

Their sticking to the screen is due A
10 electrostatic force of attraction. \
o Some cosmetic products contain- \

; compound, called '.

1 is found in crabs, '%

cts. This
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mave f“l'ﬂ‘]c,-_ 7ote. that ority cans. T S s RADEER EFUNDAMEN 4 chis <TEE does 1oL
@ other parse of ;::’% rubbed area of non conducting body gels dmrqu, arn
" bady. The charge ts seatic on rubbed portion O™
Whitraro ITY QUESTIONS _
Ans, e does g Bt o T e - aha
8. A nmx. 3 hwo’f&"cs play In a xerox copyling machine ? e forces ) smac"o;arﬂa'f‘_“

Copyin, :

repulsion betwesn 2o1IN8 Is one of th i jons of

een e e many Industrial applicatio er st

ad of th charged bodlea. Paricles, of biack powder, called t207qed toner Ko jncument

8 mach| )
attracted fro ne on account ; tively ch: 5
st m ¢ : int of electrostatic forces. The Negauy d Imag dru
being copled ha ;;gf:; :’ead_ to a rotating drum, where 2 positively 52:;3;5 aicles from the FT
; ’ s
nt flash of ..

f0 itself. Th A charged shee the ¢

'8y are then heat f arged sheet of paper then attracts !
Wi N heat fused in pl 2 COpY:
hen your frieng che n place to produce the photo €OPY: o o fai

blue Jjc ws a wi : : Ty
AnS. This dispiay or e MoUID R e Rvor v sideck ( the electrostatic
_Charges Pmduc-gg-hf Is often called sparking. It accurs due to electric dischargé-2 i
4¢ 0T /I chewing the winter green life saver. p - pesserie
105t of the ; = JLATORS AN : o Al
e St of the substances i, —== .D‘DIEFECTRICS ) e insulators:
calteg o bstance which can p natare are divided into two categories, namely: conducin " the other is
alumin a conductor, Silyer is ’E‘-’;-‘-’d o carry or conduct electric charge [rom one place 10 I’ by
Th "“.“"'.m' mercury, coal ';,-“_;3‘ E"'f" -‘-’-‘f the best conductors, Other examples of conductors arc_-'cop_per; ATOH,
e liquid ‘conductors mol G i a oo coR lustor Firmar bedy % alsa'a gbed Zon dut_:lorof electricity.
ina etallic conductors tlge. salt solutions, acids, alkalis etc >l . ; :
na | 1 ' 5 2y d ; 5 ) :
1ol B ohe outer (valence) dﬁ:;e very large number of free electrons which act as carriers of charge. Infact,
anno e m’;ﬁ.-ﬂaﬂfaw_ay from their atoms and are free to roam about in the body of the
‘© the metal under normal circumstances. The free electrons form a kind of electron
Aalnit ions ; and move randomly in different directions. In an ex-
‘their ﬁx:;. e direction of the field. The residual atoms made up of nuclei
dir ',_.:ﬁllg-‘_’:;‘hons. They constitute the bo arges in the conductor
Charge carriers are both, the positive and _nggi'lﬁ\'?ef'ibﬂs'-.

A L o 3

SEaIsy ﬁﬁhl‘éﬂnﬂtmﬂd electri '

iuct electricity, I.e., [

:‘saf;?“.fs are glass, rubber, plastic, e
prevent charge from going to places where it
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e buried

@
electric
: L s i o e o s e i )
> connected to earth wire ?fleg of appliances like T.V., refrigerator, ete. >
ViiibutHamagins Tk a live wire were to touch the metallic body. to eart
g the appliance and without causing injury to us.

1(a).5. GOLD LEAF ELECTROSCOPE (GLE)
L - A gold leaf electr i 7
charge and its polarity c;ic:pit(g;f L}sc%n instrument which is used for detecting the presence 5
difference. arge). The instrument can also be used for measunng
The essential parts 1
foils attached to-io_\ser e:::f gfg: lrf:;:aif LR A ) L e e
rubber etc. D is a metal disc at the F R fuedinaglasdiar Githeonin ah insulating stopper S of cork of
by pasting two tin foils F, F on the i ee end of the metal rod. The sensitivity of the {nstrument is increased
e thﬁ"'gold R ;.re excr: “;“exlde of glass jar opposite to the gold leaves.
gol [ mely thin conducting foi 1
o Jow mass per unit area and are flexible, therefore, they reip;lllj\::z‘;hu;ge | FIGUREA(13]
¥ W, e small electrostatic forces. Tl:xin aluminium foils can also serve nﬁ; sam::,
purpose- .When a charged rod is touched with the metal disc D, the same
charge is tran.sferred to the gold leaves through the metal rod. The leaves
.;.;:pel.--eache@gr and diverge as shown in Fig. 1(a).3, By measuring the
divergence of leaves, the amount of charge on the body can be estimated

1(a).6. ORIGIN OF ELECTRIC CHARGE IN ELECTROSTATICS

_Il.i_s known that all marter is made up of atoms and/or molecules,

the bqs:c-;.n_mt being an atom. We also know that every atom consists of a

cem:ral core 'ga%l_ed‘-the: atomic nucleus, around which negatively charged
_.-:iej.lecn?op;--’rﬁ.‘f(’l"’-e- in circular orbits. Every atom is electrically neutral,

F

is connected to th
electric 1ron
charge flows

f electric
potcmi(\l

mely, thin gold

ning asman): ;}'l-_ec_ﬁdris as the number of protons in the nucleus.
even though narmngl}g the ‘materials are electrically neutral, they
charges, but their charges are exactly balanced.
unt of fﬁfmrge in an object is usually hidden as the object con
egative charge. With such an equality or balance of charge,
al, i.e., it contains no net charge. '
a‘_rlﬂ"m;ga"ti_src charges are not in balance, then there is a net charge. Thus, an object is. )
arge imbalance or some net charge. Hence, 1o electrify or charge a neutral body, we ‘
ne kind of charge. When we say that a body is charged, we always refer to excess \

tains equal amounis of
the object is said to be

.

are less tightly bound in the atom. These are the charges, which are
h other, we provide energy to overcome friction
1 one substance and transferring them to the
ons are held less tightly (with lower work
hily (with higher work function), i.e,
s lower to the material whose work
' itive charge and material
' with silk,

-
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ass
ef
P T AL s 1 it md rons ”"a &
ch Further, as an electron has a mass, howsoever s;‘:;i‘; lo L (6 erred: 1 'a':tgoﬂ
‘,.a"ﬁ’ €t mass on charging. A positively charged badydy has gaines Zo trd f sred Y fﬂ. s
slightly. On the other hand, a negatively charged bo% T acq? the podics:
neredases slightly, ber of clectron h ghargnwn; o o it t
.- Note that in rubbing two insulating bodies, the rwr_“l podies: He’fcc'c o8 nsie d o obsel'"‘e
small fraction of the total number of electrons in the mntﬂ_’;ve gy can traﬂ‘lat‘?”"iﬂl :
Is a very small fraction (= 107 coulomb) of the total pos! pateria body x f other:
Further, as only the less tightly bound electrons 11 &to stick 10 certa! ai egatil\’ﬂ
another by rubbing, only under suitable conditions, o have d on bbi“i zgquiriﬂ BEZE:
charging on rubbing the bodies. . ] hich get charg® 5 othe
Tn Table 1(a), 1, we have listed the pairs of OB‘!:;IE wosir.iﬁe charge 2%
acqu o cubbin®
s

They have teen divided into two classes, one

charge on rubbing. .
: uiring two kinds

Objects aca e
i PQSITIVE CHARGE: : o ,
y . ot 1. Silk clol;m = Rubber rod
. Glass rod  Eponite, g
2. Fur or woolen cloth ; é]astic seat
:. ;’:j:: ::::ét 4. Rubber shoes *
S th g
5. Nylon or Acetate 5. Clo 3 I
6. Dry hair 6. Comb = “harged objECts
L e—— N ; ; her and any ;
. . Obviously, any two charged objects, in the same column repel each other el
from different columns attract each other. = 'Irjboeli'!étt‘ic Series. Wheﬂ any’ .
Further, dii anc rranged in a series, called AXIDE=EZEC lires P!
urther, different substances have been arrange .n_g carlier in thq_: 59;‘%"‘-8 :
. Some of the SUbsk

wo of the substances in series are rubbed together, the one oceurri
curring later in series acquires negative charge. S0ms
1: 5, Paper 6, Cotton 7. Silk 8.

Wool 4. Glass
| 14, Ebonite, etc. v b e
tive charge when rubbed with silk and it acquires 8 n€

-

s i
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ghound to the sphere and neutralise th o
charge at the near end of the sphere re

(d) When the sphere is disconn

is connected to carth by a conducting wire, electrons flow from the
‘near end, Fig. 1(a).4(d).

€ positive charge on the farther end of the sphere. The negative
mains bound there due to attractive force of glass rod, Fig. 1(a).4(c).

ected from the ground, the negative charge conlinues to be held on the

- (‘:m} miiu'rsn e gla.s? o -is_ren?oved‘ the negative ch,.a.rge" spreads uniformly over the sphere, Fig. 1(a)4(e).
s d'udﬁloﬁ i 2pe m-qul\wd Wwhen a negatively charged rod is used for charging the sphere positively by
| nau .

Lﬂ _ll‘ii‘__now ﬂntfl_l!:‘rsga.nd hc:uw we charge two spheres by induction. Fig. 1(2).5(a) shows two metal
sphem;_.:-._A_ and B SUPP °“9d on insulating stands, held in contact with eachother.
Let a positively charged glass rod be brought near the sphere A. Free

electrons in both the spheres are
attracted towards the rod. Therefore, left surface of left sphere A has an exc

. ess of negative charge and right
surface of right sphere B has an excess of positive charge. Note that all the electrons in the spheres have Hc’i‘t
accumulated on the left surface of sphere A. This is because as negative charge starts building up at the 1‘!}
1ack O 4 . ""’"’Ib;h'&ons' are repelled by these. An equilibrium is reached almost msrant[)f uuc;er t el;
action of force of attraction of the rod and the force of repulsion due to the accumulated negative charges:

ows this equilibrium situation.

 shown till the glass rod is held neat
- g state in the absence
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s .
T e )

Pk
“rWWW?UNDAM::LA 1(9);?(igzl;uted as show?
&/ZT::’; the glass rod. The sratﬁs of c_h;u.‘g.:s- St spheres :; ::10::: Lniforf’1 y dis 5 ks
in Fig. | a).sri ),sths are now separated widely, the charges on . Note that l'f: ;’:.;,sm charging
‘t’lecm?;h;:;icizw 'wo metal spheres get oppositely charged by indUCHSS b
Y conduction, ;

i pOf
Jris 15 €
1arge:
", the positively charged glass rod does not lose any charg

5 SO
s rod 10SE
Le., charging by actual contact where the charged £145
1(a).8. QuANTIZATION OF ELECTRIC CHARGE
T}fb'q"uaa“‘ 2 . fcifie
fteerdl muzatmu of electric charge 15 the p

. g5 are
ce charg i
rty by virtue of whic!seﬁi frby il
rope ¢ s34
ltiple of a basic unit of charge of an electron/proton; reP
Thus. charge ¢ of a body is always given by

e
where n is any integer,

n
or p[OtO
: electron
; _ e that alt
: positive or negative, The basic unit of charge is the ehets
carries. By convention, charge on an electron is taken to be negativ
Written as (- >

lectron is
Therefore. charge ©0 an €
€.
€) and charge on a proton is (+ e). | :
~ The value of the basic it of charge or elementary chatge is »
: ] e=16%10"12 Coulamﬂ ;
It is one of the important constants of nature.

If a body contains » 1 electrons and n, protons, the total amount of charge Of
_ ASny, n, are integers, their difference must also be an integer. Thus,
4n integral '
.l Tbus. 8}?} chargcd de_VOI cli‘arg_ed Partlcle oan possess c;harg_c Bql_la[-tﬂ +le, +2e,
. the possible values of charge are

the body is

: T v
the charge on anybody 1S alway
multiple of e, and can be increased or decreased also in steps of e.

+3 e and s0 0B

g=te=+1x16x1019C=216x10"°C
: | g=%2e=22x16x10'9C=x32x10"°C
e, g=%3e=+3x16x109C=2+48x107°C
alues of charge lying in between these values re not possible.
antization is that only integral number of electrons can be transfe
en one electron is transferred, the charges acq|
“ electrons are transferred, the charges
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/
_RETAIN
IN
MEMD R -__-?-,ar‘:f:e-.-_.nm
| i o e RTET 1/9 B
; s # oy o S, 1th charges of a few microcoulomb, A charge
is g6 X ons
1S not visjb] At this goq) Whose number 5 = 4 = 1x1076C
situati e. Th, & the f = r e -
uation can p € grainy act that cp e lhﬁxmqmchlo b 8
Eco ature of cjyar arge can increase or decrease only in units of
5 unis ot e

£¢ is los i
ot tcg::;ie;;t apg;ear§ to be continuous. The
7 s of points and lines. A dotted
: Ers Bl mge?::nmer normally g(;\.u;‘ but is not continuous in reality. As
e : quanl:izﬁﬁon E‘:f Bppess o o comin?:) unp;es:;ion of a continuous line
chay us charge distribution e al
g¢e has no practical consequence, unt‘ikjlegz; ‘:::

many poj the
nts v, geo:
ery close to g;lap[-‘e-ars co
e

. e
S a charge of 58 x 10-18 ¢
Ppossible ?

~ Sol. Fr.om g=ne, n =E=M
. _ e 16x1p-19 - 36
As n 1s not an integer, this valu:ut)‘ : k
of ¢

1(2).9. ADDITIVITY OF CHARGE harge is not possible.

It means char
: ges are scalars 1
[f a system contains ike the mass of < a4
\ _ n charges Q5 @393, vr'] thez:-l ‘il(::); i:ﬂ'l;l ;re added by simple laws of Mathemates.
o JRERAC I otal charge of th i '
G hﬂl’gﬂ has ma [udq nlql i g+ g3 + ... + dp: 2 S
. gnitude o but no direct e '
i) ction, similar to the mass. However, mass of a body is always

.p'osit"vc, bl.l_t c'ha;rge can be eit e

Mﬂg the charges in a syﬂﬂ;f‘;’;}f:;::zclm' ;&egativc, Therefore, proper signs have to be used while

the total charge of the system is = + ¢ — 2.2 i 13 ;iystzm c-_::}f;tains charge + ¢,—2 ¢, +3 gand + 54, then
) a 2= q '

1(a).10. CONSERVATION OF CHARGE
d system-

Conservation of charge i
' ge is the property by virtu i i
g G i endatns it o comewe;).’ y e of which total charge of an isolate |

Withm iggijsnlatqd system consisting of many ch

ctions among the bodies, but the total charge of the

n we rub two insulating bodies, what one body gains in charge, the other body loses
arried by any isolated

harge. Thus, it is not possible to create or destroy net charge ¢ '
arrying particles may be created or destroyed in a process. For example, a neutron

lectron. The proton and electron thus created have equal and opposite charges.
ore and after the creation. Thus, charges can be created or destroyed in equal

arged bodies, charges may get redistributed due 1o

system shall remain the same.

‘the property of conservation of charge.
production, a y ray photon materialises into an glectron
. the initial charge on a photon.

¥ (pair production)

annhilate eachother to

and a pos_itron '

d a positron produce tWo Y-ray

 (annhilatiol)
ays conserved.
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: ission
th the emls (e

e >
11018 =il W -
For LA "';c{!'g"lﬂ-'ﬁ_‘ig;ﬁ‘im T e ADEE p' ,E-IT—'L-":-""'M - Th-234 wi
€ . A, T i
of an ﬁ“Ph:m:p!cl " radioactiye decay of 11238, the nucleus is transformed iD .
Patticle, which jg o helium nucleus, i.¢ . active decay)
U238 ; -1:-:.1234 + yHe* (md:oacF example :
(iv 92 = %0 . For
W) In ay nuclegp trnnsfonnaﬁans, charge number is always conserved algebrﬂicany'
1 1 es
Note i : 7N LARTS 2Hc‘| e 801? + IH‘ scedd the charg
at in pplying the conservation of charge principle, we mu
of electri¢

With fegard to thejy signs,
1(a), '
(@.11, co ARISON OF CHARGE AND MASS some features

We are famijia, With role of mass in gravitation, and we have just studied

charge. We cqn €ompare the two gy shown in Table I(a). 2. i
Comparison of charge and 8 .

s ﬁlﬂA SS

Mass of a body is a positive quantity

‘ ": ' on # body may be positive, 1. v
Negative or zerg, y Mmay be positive Dt
- 2, Chm’ge camied by 4 body does notdependupon 2, Mass of a body increases | :
velocity of the body. oo
M m=__m0_.....‘ where ¢ 1s V&
5 VI—p2 /02 S N
vacuum, m is the mass of the body Ir

S ; e body.
velocity v and mg is rest mass of th o ag! o
The quantization of mass is yet 1o be est ged into
Mass is not conserved as it can be change

w

3. .C‘!'nu_._rg’c is quintized,.
4. Eb‘:jan‘i_éﬁchamc it always conserved.

IS

energy and vice-versa. Mool
The gravitational force between two nasses 1

always attractive.

Veen charges can be attractive or 5.

+according us charges are unlike or ke

_-!bﬁ!i?ébﬁi'tm;--chargcs follows inverse 6, The force between two masses also follows
" gt inverse square law, O

7. Mass
8 U

ved unit (1. C = | ag)
“e€ charge emirs radiation,



https://gradesetter.com/

WWW.GRADESETTER.COM

= 7!!8 value of ele
<t
d on the syst ’”‘“fwfon,- : e
an ystem of units. € constan( i g ;
epends bn the nature of mediuit

When the charges are Situated |

()

From (1), the magni
gnitude of foree is [=_l_ g\ 1g,) @
Units, Dimensions and Value of < dne, =
0
—l_ 4 q5
4TTF 2

1 ' AcSCunttief chageiis coulomb (C), theref,
. therefore,

f ' Units of € S ACE.
‘ OS5 N m2 = CIN~Im—2

1 ;;.Ffoﬂfl (3), ED=

EADAT)
- 1

or €= —
-41:&0 0= i

fy % o
‘ | 4x%314x9%10°
. D)

60 = 8 85 x 10712 C2N~! m J
an electric field a{t‘acts and 18 affected by 2 medium,

= M"l L'—3'I‘4 AZ‘]

# Dimensions of €;=
(4)

OU. OMB’S LAW IN VECTOR FORM
F between any WO point

' °°°rdmg to Coulomb's law, the force of interaction
duct of the charges, and inversely proportional o the

y _propornonal to the pro

!GURE’.. 1(a)é

-
Fi2
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R e

from q) to g, is
AR = oy

In th AB =ry=n-5 )

£ N
Sdme way, veeior leading from g, to g; is

S A - = =5
BA=ni=%-n

“+ The Vector Ieadin-g

- The Mmagnitude of ’-'rz is r;, and magnitude of ?_';1 is ra1- ctor, We defin®
As the direction of a vector is specified by a unit vector along the ve
=y -
AR A 131
r, =212 and ‘r,, =-=
21 : By -
2 21 ' .« clear from Fig. 1@ ¢
= ~ then as 18 © oressed
If £, = force on g due to g,, and F,, =force on g, dueto dp = gl an yacuum 18 expre
. =3 r:
Coulomb's force law between two point charges g, and g located at 7j e
~ 1 449 f
as T 192
, along AB
— : 8
- . - ; o ) .._l( o
= 1 g9 A . L Gy, = 1 gﬁz—s‘u_ ' :
or .F:.;”=4 = a2
REO ?iz o 12

; 1t should be clearly understood, that eqn. (8) is valid
for any sign of ¢; and g,, whether positive or negative.
- It gy, g, are of same sign (either both positive or both

—

‘negative) ; 91 92> 0 ; K, is along ;2 , which denotes
' r@pul'sion';ftjr'like charges ; Fig. 1(a).7(a).
1If g; and g, are of opposite sign (i.e., one is positive

an ther is negative), g, ¢, < 0; F,, isalong —r,, which

lotes attraction between unlike charges, Fig. 1(a).7(b).
hus, eqn. (8) takes care of both the cases of like and

arges correctly.

¢ £, , on charge ¢ due to charge g, is obtained from eqn. (8), by simply interchanging 1 and
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PRe L

ﬁ . s ELECTROST —
ST > ———
S T{CS H R EETY "3}‘55:5?&‘55?;‘?,-";“::.1. - - : e e
macroscopi mb’s law has been ve o R R e R LR s w3 =
pic distances (= 1018 - 10-'5 m)©
These are the

tations of Coulémb’s Law.

rified over di >
m). Fur(hm-T 3,1:‘?““% ranging from nuclear dimensions (
X aw is applicable only to point charges.

.(6)
3. Coulomb’
s law of electrostati
< atic
i force betw force between two charges corresponds to Newton's 1aw of gravitational
7 een tWo masses, i.e., F — G m; my
e _ri_ , where G is universal gravitational constant = 667 % 1071}
k=9 % 107

Nm2/ke2 Thi
. This value j
1s much s :
maller compared to the value of electrostatic force constant,
al forces. This 18 evident

Nm2/C2. That ;
- Lhat is wh " :

¥ electrostatic forces are far more stronger than the gravitation
al pull of earth on the

from the fa
ct that a
‘ paper. ; charged glass rod attracts a piece of paper against the gravitation
- Further, wh :

’ SRR 3 ereas electrostat A ,

gra"ltagqtlxg_‘l_ force is always attr[;ir_{g;ce may be attractive or repulsive depending on the sign of charges,

ample Problem :
How is force between two charges affected when each charge is doubled’

and di
v distance between them is also doubled ?

M Soliugs e L0 D2 |
2

; i
| / . F becomes (2(}2)(2) time = 1 time, i.e., force remains the same.
z 1(a).14. UNITS OF CHARGE '
| £ . The ST unit of charge is coulomb. . '
B We can define unit charge from eqn. (3). Suppose ¢, =4, =437~ 1 mand F=9x10"N

.FIOm (3),:9.% 1_0-9 =9 x 107 gféi or q2 =lorg = + 1 (coulomb), Hence,

at much charge which W
d similar charge woul

hen placed in yacuum at a
d repel it with a force of

Umckarge in SI (i.e. one c.oufomb) is th
 distance of one metre from an equal an
9 x 10’ newton. '
A The cgs unit of charge is 1 electrostatic unit (e.su.) of charge or stat coulomb.
called one franklin (Fr), in honour of an American scientist Franklin for his contributions 10
an electron is 4-8 % 1010 stat coulomb, therefore, .
T O D
0-10 stat coulomb or- 1 coulomd = 5 Stat coulomd
16%107%°

coulomb =4-8 x 1
y _.:j:;couiomb =13 x 10 stat _couiomg )
m.u.) of charge, where i

: = 3 % 1010 esu qf charge (stat coulomb) = 10 coulomﬂ e ‘

IVE ELECTRICAL PERMITTIVITY :

her than free space (vacuum ot air), the force between

s electromagnetic unit (¢
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'"(13]

—

alled dielectric constan,

Dividing (12) by (11), we get

jteivi ium. Tt is also ©
where €, is called relative electrical pemutﬂwty of the medi
r .

of the medium and i denoted by K. '
From (13), we may define 7 e!ectricalpermfﬂil’ff)’ gf the medium to
Dielectric constant of @ medium is the ratio of absolute & |
the absolute electrical permittivity of. free space. zitlso, P e N sl
Dielectric constant of @ medium may be defined as H_ze rati s afaﬁmc‘tion/
between two point charges separated by @ certain distance i a:r/w.zcu um S s
repulsion between the same two point charges, held the same distance apart i iie I %

The value of X depends only on the nature of medium. ;
For example, for vacuum, K = 1.00000 ; for air, K = 1:006 ; for hydrogen, K= 1.00026 ; for glass,

K'=31t04; for mica, K= 3 to 6 ; for water, K = 81 and so on.
From (13), e=egk '

Using itin (11), [Fm e '_,__2__=_

of the force between them in air/vacuum
10015 TORCES BETviit A A
The rmun f:f ,Cfs BETWEEN MULTIPLE CHARGES : PRINCIPLE OF SUPERPOSITION
e il electric force between two charges is given by C s law. H hen
harges is given by Coulomb's law. However, when we have to

érc fﬁeforce on a ch e
addition to Coujomp'’e 1 charge due to several stationary charges, we use the princ :
ction to Coulomb’s Jaw, veral stationary charges, we use the principle of superposition ir
. x >=5 R Eek HE PHINCIDIE O superposition in

i ot et T, .
us, force betyeen two given charges held a given distance apart in water (K = 81) is only 1/81

_ Stpposecharges g A
L the origin O of (pa ey

= rectangular co-g
- Ingeners] topap g . 2
written 25 Rliforss
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N
".(12) Accordmg to Coulomp'g law, F R e o 1!15
; ' Thisis the f
orc
(13 2 are present, © 0o due o 91, even thg iz l?
) Similarly, foret ugh other charges
: 0 on
: dre present is giyep by 9o due to g, eyen When other charges
NStang
=
B = 1 QQ gy A
02 =5—— 920
4me 2 o
0 : 0 T
-3
, L Finede L g, o
t t i T dmeg g2 o
1 tting these values in 3 Y
[/ ] eqn. (14), we get total force on charge g, as
=4 i 2 .
Fy=21o oy A, G5y A  Gndy A A
2 4“E0 r2 rlo+ 2 r20+_()2_3' r3n+....+ 02 L !"“0
s 10 rzu -r30 rl'IO
S, : - .
= H=n
Fb = 1 i=n 4 ‘1,- ?
4?1:60 e ?;20 i0
e i=n :
Fg = ‘-?0 EL -;; -
4REO i=] ﬂ% |
= i=n
5 : £ N o -~ =
Fb_—4n- 2 == (?’0_?})
IS R e (15)
=7 | :

-

0 use superposition principle for computing (i) net force (if) net field (iti) net flux
tenttal as. We.ll s net potential energy at the observation point P due to any

lltiple of basic charge (e), therefore, charge distribution is
of aﬁge owever, it is impractical to work in terms of discrete
conductor, We cannot specify the charge distribution
nts. However, wa can consa.der a small area
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1 e
Crosey. . .18 A T o ; ; out ®
on; Dreg a T T he
bl Charge Sents mae R pich 4% - e put 198 e
N the sapy, density oy ’T""""Pfc' surface chars® (e cros€ p’cal y d, W€ defin®
e basis, wh,,:' an aren element AS, hichis sm& aight curves
I charge is distributed along A
\\-‘h near 4
Cha:re dl'isa . ‘ dlarge de"s"-y’ A= 9,9. e mic‘roscopl(-
8ed consyi all line ol6 Al r o large nu % are c/m
Stitne ment of wi . at lnc]udﬂb a its
" nts and A wire on the macroscopic scale ¢, The un!
€ Volume oy Q is the charge contained in that line € ment:
Ty
&e densiyy is d, 1 - AQ
laros, VherE AQ efined in a similar manner as P = o
arge number IS the charge j 2 t AY that includes 4
Noxe ¢ oF mcms::opige included in the macroscopically small volume eleme?
in mechangpe '€ H0tion of charged constituents. The units of p ar¢ cm’. . ¢ distributio”
treating it ge  LOF XAmpl continuous charge distribution is Similar 10 e continious PO e density
1(&) Yo as g co“ﬁnuoé’seﬁzgcn we talk of deﬂsity of a liquid: we are re erring 1@ its macrcscop:c
e T - FORCE DUE 10 ¢ and ignoring its discrete molecular constitution:
= SYSem of drecpe's,(© 8 cont ONTINUOUS DISTRIBUTION OF CHARCES
Supposecmte.ehuxcs. inuous charge distribution can be obtained in Imost the same way as for @
density P- with respect 10 any

a continu
ous charge distributi
e distribution in space has a volume charge

en origin O,
, let the position vector of PR il s =
r of any point in the charge distribution be 7 - The volume

suitably chog

charge d
ensjly ;
P is a functi
small ci = :
volume elements Cfn of r.,ie., it may vary fr : . . :cyribution i
= of size AV. Therefi om point o pomt‘.D:wdc the charge distribution into
Usmg 9“_3@"’ any general poj . ore, charge in this volume element isAQ=P" AV L
S u{pmb,s ‘a 3 p?mt P inside or outsi - %
5 W, force due to charge ele;‘:“:e;g‘ charge distribution with position Vector OP =1y -
n o5
— \Q on a small te: 3
dFe_1_ 9%(0) 1 all e carge Jo24ES
ine, 2 p=_% paAV "%
4re, r’2
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of the BT — e
: - B b SR [ L s e (117
sically: . m:g‘g: Supetposition principle, fotal force due to cmrins oot B ki i 1y
er the forces due to different volume elen::n::“re volume charge distribution is obt
£ ;
F= 9o PAV A .
"E s2 g |
: 0 allay T
opic When AV— E
71;1. : 0. the sum becomes an integral and total force can be written as
' e AV A
F=_10 j' P - .
X7
. 4ne, - P2 (7)
ja 3 Proceedi : y
in Fig, 1(ay.0 (g)g :: above, we can write total force due to continuous line distribution of charge as shown
¥ ;3= 4 J‘ AAl :,
% 4;:&0 i A «18)
_And total force due to continuous surface distribution of charge as shown in Fig. 1(a).9(c) as
= q ods 4
| = 0 J- —_—
. ) «(19)
/ 4dne, ety
1
'

4 TYPE (3 XAMPUES/BASED ON QUANTIZATION OF CHARGE |

I »

” Formula used. q==xne
Units used. g and e are in coulomb, n is a number
Standard value. . e = 1.6 x 107'? coulomb

-Exampie ] Which is bigger, a coulomb or charge on an electron ? How many electronic charges
e coulomb of charge ? - (Pb. Board 2011)
Solution. A coulomb of charge is bigger than the charge on an electron. :

Mg

itude of charge on one electron, ¢ = 1.6 x 1077 coulomb

; : 1
lectronic charges in one coulomb, 7= % =————=0 =0:625 x 10V

-2

w much positive and negative charge is there in a cup of water
A A - NCERT Bolvad Example

L2
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5 e -'_'_Q.-ig!'-f.: e = pos
e R e T P
ac hmol S o gt

€c
ule of Water contains 10 electrons: 25
023 x 250 _ 5.365 % 10

1
_ 10x6:023X ta

s G n= 8 3387‘107(: jsl’equiredtoge |

? = He, therepors it 3 qo19Cc =1 ) e |
Exampre: ore, g = §:365 x 10% x 1:6 % <econd, oW mué€ s EXA e [

tota) cp, ™4 Ifa body gives out 10° electrons eVery NEERT — I

o a"&'eoflCh-omlt? ==
olutioc.-; Here, » = 199 electrons/sec 6% 10710 C 3 |
arge given/sec, g = g¢=109x16x10 19.¢=1: '

~ 198-18 year

Total charge, Q = 1 C .
6-25x10" __ year

* Time requireq = Q _ _ sec = 6:25 X 10° 5 = 3505724 % 365

g  16x10-10 S
E 13 elect.rons ar
from th:‘n;:;:a A metal sphere has a charge of — 6°5 HC. When 5 x 10
Sol what Would be the net charge on it?
olution, Herc 9)=—65 KC, and’

2 92 =ne =5 x 10" (16 x 10-19).C

As eloc =80x10°C=80uC
% €lectrons are removed from the sphere, g, is positive. Therefore, net ch

9=q; +q,=—65uC + 8.0 uC =15 uC

remﬂved

arge on the sphere, ) i

e e 2 elecfrons
momﬂ beu;:z;f 15 Two bodies A and B carry charges — 300 uC and — 0 -44 pC. How many € _
Solution Here, from 4 to B so that they acquire equal charges?
. q] = - 3 00 C alld L, = :
LCf.n eIec&:ons be H 2 == 044 C

tmnsferrcd from A to B, when A and B would carry same charge.
_3“"'""'--'044 ne


https://gradesetter.com/

WWW.GRADESETTER.COM

e - I3 -
EELECTROSTATICS [ e et e 10 B

R g

Exampil : o AL
b ,;m Two charged particles having charge 2:0 108 C each are joined by an insulatiig
- gth 1 m and the system is kept on a smooth horizontal table. Find the tension in the string:
olution. Here g, = ¢, =2x 108 C, y= 1 m
¥

- Tension in the string is the force of repulsion (F) between the two charges.

5 According to Coulomb's law, F = - 1% _ 9x10° (2x 1078) @2%107%) _ 3.6, 106 N
Ane, r? 12

R A
Sanieiel] o particle carrying charge + g is held at the centre of a square of each side one

§ metre. It Is surrounded by elght charges arranged on the square as shown in Fig. 1(2).10.1f ¢ =2 G,
Wwhat is the net force on the particle? : V10
o tSolution. As is clear from Fig, 1(a).10, forces on the particle at O
+dueto (—29,-24);(-3¢,-3¢q) and (+4 g, + 4 g) are equal and —-2q +7q -3q
opposite. They cancel out in pairs, However, forces due to + 7 g and '
' =7 g add up. Therefore, net force on the particle at O is

Fe_l  (9@+79)
4?:&‘0 (1/2)2
7 -~

+4g 1+  *490 +4q

i _ 9x10° x14(2x10°5)2
: : 1/4
‘ ; =2:016 N . - -3q
I'- 3 'E‘*.i':*i?a"fﬁ Coulomb’s law for electrostatic force between two point charges and Newton’s
law for gravitational force between two stationary point masses, both have inverse square depend_er.\ce
on the distance between the charges/masses (z) compare the strength of these forces by determining
the ratio of their magnitudes (i) for an electron and a proton (if) for &0 protons (b) estimate the
accelerations for electron and proton due to electrical force of their mutual attraction when the}f are
14 apart. | " NCERT SoWed Example’
Solution. (a) (/) For an electron and proton
: ' : Gm,.m
: ek LA “Fpi | F | = 1: e);e g | FE = 82
JHERET  © ATE 1 _ r
Ok L e R R S S
W E 1 4me, Gmym, ~ 667x1071 x9x107 x 166 %1021

=36x14x4%x 103N

—1q -2q

P

2 9x10° (16x107%)2
T 667 %1071 x (1:66 10727 )2

=13 % 10%.

-

e 4
z <> Jh 3

) .'-fl:;_ L".'
35 "‘;&"” o .3'-““'-"- - SESRE T E
WW.GRADESETTEF



https://gradesetter.com/

WWW.GRADESETTER.COM

E’“‘"‘lm.; (D]

s“sl”—‘nded b A charged metallic sphere A 15

" Y a nyj] ed
lic g ¥lon thread. Another charge
Phiere 1 carried by an insulating handle i5

eil'gc}::'l::-:s € 10 A such that the distance between
he resyjg; $ 1S 10 cm as shown in Fig. 1(a).11(2)-
by shinine = [cPulsion of A is noted (for example:
deflect Ng a beam of light and measuring the
Sphemgon of its shadow on a calibrated ._s‘_!ﬂ!c“)'
Cang D*“ and B are touched by uncharged spheres
and b ape -Pectively, as shown in Fig. 1(a).11(b)- €
to o oo 2re then removed and B is brought closer to A
. 04 distance of 50 cm between their centres, as shown
in Fig. 1(a).11c). What i$ the expected repulsion of
A on the basis of Coulomb’s Law ? Spheres A and C
and spheres B and D have identical sizes. Ignore the
S1z¢s of A and B in comparison to separation between

brou

fhelr centres. - NoERT Soived Exampls.
Solution. Let the original repulsive force between

- =53]
=
s Aand C have same size, charges are shared

cqually. Again, as|B'and D have same size; their

charges are also shared equally, -

. As charges on A and B are halved, and distance.
e them is also halved from 10 cm to 5 cm,

theretore, pr- X@1/2) @,/2) kaq,
mﬂm;’;':"‘m Two electrons and a positive charge g are held along a straight line. At what
or neutra] OF What value of ¢ will the system be in equilibrium ? Check whether it is stable, unstable
f e e = g S L iy
£ %

’ Aand B be Fofaa

URE1(a).12 §

=

| FIG
=
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Solution. Ip Fig, 1(a).14,

3 . DA=OB=3m. OP=4n,
AB=Bp= \[aioy_

According 10 Coulomb's law,

£ Forece on charge at P dye to charge ar 4

Sm

e

F=-1 4949
411:1;0 Ap2

- o 9X10% % (2% 106 -6 o
: F}=__——-—(*-—52—£<Eﬂ°_l -_-%‘;Lxm-hv =216x 103 N
. - F| =216 x 10-3 N, alon
ul- ; 3 ‘and P, sin 6 along PY’, Simila
b 1 PB’ opposite to PB. It also h
- The components along

& FA’ opposite to PA. It has two rectangular components F cos © along PX
tly, force on charge at P due to charge at B, F, = F (in magnitude). It is along
s tWo rectangular components F, cos 6 along PX and F, sin 8 along PY.
PY and PY’ cancel. The components along PX add up.

Total force on 3 pc chargeis F=2 F, cos 8 =2x216x1073 x 5 =35 x 10~ N, along PX.

_ Hx-mm-[ﬂ Find the magnitude of the resultant force on a charge of 1 1C held at P due to two
~charges of +2x 10° C and - 108 C at A

: and B respectively.
~ GivenAP=10cm $nd BP=5cm.

S . zAPB = 90° Fig. 1(a).14.
Here, = ?, Charge at P, g = 1 uC = 106 C

T = 1 ﬂz" along AP produced
* 4me, AP
B o0 8 A Ge6 e i
; w=9x1ox2x10 x10 Z18x 10 N
(01)?
%1, along PB

BpE

X100 =36 x 103N .
NW.GRADESETTER.COM

.
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¥ 4

y,

' N
** Resultanc force, = JF? +FE 5 (2236 40 x 1 i (iacpral
03 % 24 an
F= i Gex1o ) =18 ot the vertic®® of he centroid of
=xampisfl] Consider three charges g5, 92 93 3P © "“’] o &) P'{‘F"’_’_’._:_.‘ examPle
:::Tf < °f side /. What is the force on a charge Q (With o SERT OIS
angle ? y t
Solution. As shown in Fig, 1(a).15, draw AD L BC.
!Ji

T, AD = AB cos 30° =
Distance AO of the centroid O from A

=ZAD=

3 Zho
- Force on 0 a1 O due to charge g* ¢ at A
F=dl W00 wiI0q I 4
dne, (H\/_)z dne, 12’ glopesO

| | - Similarly, force on @ due to charge qz 5’3‘3
. 130g.
—12 alongBO

_"_
=i

m ey iy m‘"“"‘"‘g‘
ity * I% =, L-| “.‘ B it
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s N =
F‘3=F31+F32 ={ ‘Fi2+F22+2!'_1F2C056001;=J—3-F;I\

ol
where 7 = unit vector along the direction bisecting ZBCA.

—y
We can show that Fl"'F:‘*'E; =0

Ye
D

e : re
Examplafl] Two fixed point charges + 4e and +¢ units are separated by a distance ar;‘;l)i;)
should the third point charge be placed for it to be in equilibrium ? (Chhatisgarh Boa

Solution, Let a point charge ¢ be held at a distance x from the charge + 4 ¢, Fig. 1(a).17.

. Distance of g from charge + ¢ = (a — x) W

AR TYPICAL EXAMPLES

Force on this charge exerted by the charge + 4 e is A -3 e
4 $40 o —mrr = ———-— —t——a———F —
1 =_______4q( e)z , directed away from (4 e) ] G D S
ne, x e

_ Force on this charge exerted by the charge + ¢

il AC, ; d!}ected away from ()
4me, (a- x)?

For the charge ¢ to be in equilibrium F| = F,

! Ml ;
iLe. 45 e) = q(e) or —45 e
: 4ne,x? 4dme (a—x)* x2 (a-x)
or E = _i... or x=2a-2
| ' x a-x
RS ' 3x = 2a or x =2al3 :
Hence the charge ¢ should be held at a distance 2a/3 from charge (+ 4 e).
R . t a distance of 0:1 m

| d a
AT each weighing 001 kg are place s
eL-.:[E T;w lP‘i:’;:o‘;‘; ;‘:‘; l;*:;’m atoms of one picce is transferred to other piece of cf)]gu]per.r
; ﬂl n:jzmb forﬁe between two pieces after the transfer of electrons ? Atomic weight o
635 o/mol Avogadro’s number = 6 x 10?3 /gram mole.
J 'ggch‘_,giece:of copper = 0-01kg=10g

e Ny o _6x108 %10 _ o s 1022
n each piece of copper = —————= 945X

ok 045 x10%2

=+ 045 x 100x 1.6 x 1070 =+ 15:12C

-
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) : 1,10
1 1 1 stat-Coulom =« Coulomb P, (@ -’5"1 | 2012)
v ()3 x 109 / ) 3_”_10-9 (C) '3' x10 (Blhl"
o7, ? : an body
2. Which of the following is not an insulator ? x @
4 @ glass (o) rubber (e ebonbe, i ns thE
3 An object Is charged when it has a charge imbalance, Which P55 oroions
% (@) object:contains no electrons ' () object contal
(e) object contains equal number of electrons and protons -
() object contains unequal number of electrons and protons .
S P 4- The causé of charging is v of clectrons
(@) actual transfer of protons (b) actual transfer O €
(¢) actual transfer of neutrons (d) none of the =8139":=b_ the combis
> Whei 4 plustic comb is passed through dry hair, the charge acquiret "< (d)-noﬁe'éf the aboVe,
Oslvays negutive  0) always positive ~(0) sometimes negARYE R
- 6 Out of glass (rod) and silk (cloth), work function of glass is - (d) none of the above
a © . @smaller () farger (o AT (@ mone ©
7. j("_’?"_!#:*"?.e of quiantization of electric charge is - T K.
[ (@) transfer of electrons ' N NI Y 0 2012
I . o {0 transfer of integral number of electrons  (Tharkband Board 2012)
8. What is not true 2 uy B :
i ,f (? '”“P“ ible to create or destroy net ‘cha:ge carried by any uolateds)esm /
(1) Chirges can be created or destroyed in equal and unike pairs oy
((3 Proper signs have to be used ding the chaf
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