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Electric charges

Hair standing on end

[FT TR
Pt ot i taring
on and! I8 she gaitng
shockedT

S 3 B0 gallicg
shocked The ma
phwaioad phanomanon

After hn'l:u:,: rebbed with a plece of woollen clodly, 2 pl:a-.sl;i;' ol can atray
sael] bits nr'pap-er. almmininm fodl and even a stream of water |ﬁ£ o
The rod ks sakd o be carrying clectric charge (8 and 1o becxerting an
elevtric foroe (8.

Frg 1.0 A rubbed plars nm'ulacn-.csrr.ﬂ'mu"m. fila stream of funong vader

Sutic sewins el o8 O The study of the intersctions berween static clectric changes is called

bt b i clecirostatbes (IFE%)L A smple method o charge objects i by rubbing.
This is called charging by friction. Plastic materials can be charged by this
method.
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Elnctric charges. 111

Experiment 1
@ €@ 1 B charging by friction

1 Rub mwo thin flexdble acetate stips with a duster. Bring them

together feithout touching cach other) and observe what happers.
Repeat with rwo rubbed polythene sirips.

2 Rub an acetate sirip and a polythene suip and bring them 1ogether
[rlﬂmm.dinsu:hnu}a}. Dbserve what h.lpyr.u:.

Diseussion
In each ‘case, do the twe rubbed strips get the same type of charge? -

1 Two kinds of charge

In Experiment 1a, the two rubbed acetsme sarips carry the same ype of
dtugu.Mupd:ﬁd}rﬂﬂmm@umpﬂu{wiﬂmtmmhhg
cavh other) (Fig 1.1} I ds the same for the rabbed polythene strips,
On the othet hand, a rubbed acetate strip and a rubbed polythete sirp
attract each other (Fig 1.1c). This suggests that the two strips have

When nibbed with 2 piece of (3 different kinds of charges on them. These are known as positive {+) and

while polythens and FVT
PEL -vE REgES.
P
pairhars
= wirg
abacs
I ]
b chargen
Fig 1.0  The mnips oo’ sach otfer, Fig 1.7 The sings aticact each ather
Wi can conclude thas
Like changes repel: unlike chargeos antract.
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2 Where do charges come from?

Mawrer ks made up of tiny particles called stosms. In the contre of cach
atom, there B & mudvas (878 (Fig 1.14d), The modous b made wp of
protons (B T and pewirens (9 T, Orbiging rosind the auckais are evwen
tinier parsicles called elevirons (% T,

T ]

AL @ jproson ()
(\ G resuom
Gibermoat plechion =) ehetrien {<
Fig 1.1d Moded of an atam

Protons h:map-oai‘l{nuhu#. Electrons have nnqp.ﬁ'rc rhug;cm:l!r
equal in sime o the charge on the proten. Newrons have ne charge and
are said o be poutral 1'-]-'&. Sormally, nn atom hﬂﬂtll‘ nusmbers off
provons and cheomrons, The positve and pegative charges balinee cach
other out sand so the atom s powuiral.

When twe objects are rubbed againgt cach other, elotrons may by
tratsferred from one alfject o the ather, The objoct that gains clectrons in
the process will become negatively charged. The olsject thar loses dlecirons
beconses positively changed (Fig 1,020,

aes aleciom
Fg Lle Chasging by frcione—subbing transiers slocmans from @ objeot B anothe.

ot thar mu bbbng musterabs together does ot ercame electie charges, The
rubbing only results in the ransder of cloctrons frem one material 10 the
other,

Charge connot be crested or destroved,

(T Hfe &)
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b b wlamenLiey
quargity of charge, The
quantty of dharge &
sstiebime i mpheised in e

Waur cam Ay ¢ harging i
metal raler by rubbeng it
and sew if v s alFacr
b ol pper m n g 1188
B3l

o

Elactric charges 1.7..

3 Unit of charge

The unit for measurng change i the coulomb (MO8, writien as . The
charges of a proton and an electron are +14% 107 C and <1.6x 107" C
respectively. This value can be reprosented by «.

An ordinary object contains a huge number of electrons. Wheen, for
example, an acetate sirip i rubbed, about 107 C of charge {or & x 107
electrons) is transferred to the duster.

4 Insulators and conductors

The acetate and polythene stips in Experiment 1a can be readily charged
Iy Eriction, This ks because the clestrons galned by the polvthene strip
cannol casily escape to the suroundings and the electrons kost by the
acenate sirp cannot be readily recovered from the surroundings (Fig 1,10
Materiaks which do nog allow electrons o fow fhrwgh them cu'lb' are
called miulators {!.“}\. The electrons of the atoms are I.'Igl'l.'li:,I bounded
and cannot meve frecky among the stoms.

On the other hand, metals allow electrons to fow through them easily.
They are good conductors () (Fg 1.19.

et o 4}
e @ =} ] - T - | ﬂ% ﬂ/ﬂfﬂfﬂ.\ﬂ_pﬂu"nf
= 1Y
P @ @ @ @ @ @ =} nr\u‘\n:’n n\nx
b
e @ o :r'l,llu & 8 B u\n;n\nv:ﬁn\u“
i Frnes plisctrome: fowe wlacimon [~}
Fig LT Fsulsiors—alectrons are tghily g L0 Conohshors — oufermmosT ofeoinns

bounded o the adoms o cannof mowe freely.  ae fee o mowe among Bhe stoma

Tnmhk,ﬂsemkﬂmehctmunfduﬁmvumlﬁmﬂyhelduﬂmm
move freely among the atoms. These electrons are called free elecirons
{FT R ET). Comductors canmot be readily charged by friction because the
extra electrons gakned can casily eacape.

2 Histoncal nete

Charies Coulomb {1 7361806}

Charles Coulomb (K% mado sipaficant coatribations o
the siudy of mechanics, slecinicty and magnetism. He iz
moat famous for ks imvasagation ini the slectrc foro
batween olactric dharges.
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sed ‘malaton’ when
anudying Chapter 4 in Baok
1. D=p Thne berma. have fha
Sa maanng here & in
Rk 1T

Dmmmn.um' a3

Mevertheless, for most subsances, it i not very appropriae o simphy
classify them a5 conductors and irsulstors because their shility o conduct
clectrciy Bes somewhere bemween good conductors and good insuliors
(Fig 1.1k}

4

T oo rssion
Fig 1.Th Camparning she conduchivtier of pome common matenaly,

5 Attraction of uncharged object

a Conductors

In the absence of other changed objects, free electrons are uniformiy
distributed in 2 conductar (Fig 1.14).

When a positively-charged rod is placed above a small plece of uncharged
alumsinhum foil, free electrons in the foll are pulled towards the rod

{Fig 1.1 This makes the top end of the foil negative and leaves the
bottom end short of electrons to become positive.

The charges that appear on the foil are called induced charges (#4568
(Fig 1.1k} Since the top end is closer to the rod, aftaction is greater than
repubdon, As a resuly, the net force is attractive.

Fig 1.0 Moyl froe slociom oy e Sy 1.4 Free slecirins v pulled Fig 11k Induoed chavges meadlf in a2 met

y dntebuted  fowerds e poutvelchiuged rod. wpwvard faeor on T akeniium o,

Mobe that the net charge on the foll alwsys remaing zero before the foll
touches the rod. When ﬂ!mdlsmmmd.lurﬁﬁ:nnmdklﬂhuﬁm
willl resunse,
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b Insulators

Ebectrons in insulaoss cannot move freely, Then, can a changed red anmc
an Irsulitor siech as 3 small phece of paper?

In the absence of other d‘ul'so& nhjﬂ:l:. ebrcirons within each atom are
uniformly dismibuted inoan uncharged insulbstor ([Flg 115

Wheen a positively-charged rod s placed mear a thiay picoe of paper,
electrons within cach atom are pulled towards the rod (Fig 1.1m). This
charge distribaition makes the top eind of the paper negatively charged
{Fig 1.4np Like the aluminium foll, the induced charges result inoa net
attractive foroe towands the pod.

¥ ¥
I o
¥ ation
|
r(c'_'_ charg
" |
e h I‘.>
e gt (A,
\-?‘It/ I,“ ik
ko
g 1.1 Mormally slecrons within sach  Fig 1.0m  Boomona withie each stom are Fig 100 induond changes st iy a mer
o aee niforely dotnbuted e dowangs - the postvely-chonged sad.  wpsvard force o $he pupeT
Example 1 Charges on balloons
Two identical neutral balloons, A and B, anc hung from the ceiling with nyon threads,
(a3 When balioot A ks rubbied and gleen a nogative chaige, the o balloons -
anrast each ceher withour wouching (Fig a). Expliin briclly why she rwo
bafloons attraet each other. What i the net charge on tallocn 57
(b} Balloon & is now also rubbed n the sanse way. Diescribe and explain what
happens. A B

Solution s

hFApudENdulFuh&tdpnhﬂBnuhﬂ‘mlhziHrﬁdushﬂnanAlnd ’-|—#
a megative charge is induced on the side away. f
Balloon A amrscts the poshive hvdued charge and repels the negative [
induced charge on balloon B. Sinee the positive induced change ks closer, 6
ﬂ:rmkﬁu&rﬂ\mﬂ:tr:pumﬂ ballocay B is attracied A B
wwwards balloon A (Fig b}, Similarly, § anracis A. Rgh
“The net charge on balloon 8 & zero..

(b Bothy balloons have the same sype of charge and so repel cach other,

ﬂu..u. T o4 .| Lﬁ

a,lv ’f‘-"ﬁ.,ﬂ*‘))
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M-ﬂinﬂ-uﬂ

1 Use arrows to show the dectric forces acting
an thee balls, ('’ desotes that the ball is

3

‘Which of the following have been transferred
between the acetate rod and the woallen clath

neutral) The first one is done for you as an in reblsing?
#xampie. A Eeciroes
B Protons
C  Neutons
i
i @ @ 4 How does a positivehe-charged rod adract &
&0 & Y} neutral ohject?
& When a positively.charged rod is put near a
bl {:I @ o i obyject, a charge iz

(For Q2-1.) When we chirge an acetate rod Iinduced cn the side of the cbject near the rod,

by Fulblng @ with & plece of woallen cloth, the T charge s induced on

acetats rod bcomes positivaly chasged, the side away from the rod.

2 If the rod can atiract some paper scraps, - The tarvraction, repuliion)
which of the following canmot be the net Isetwoan the rad and the negative induced
charge on the paper scrips? @8 chirge Is greater than the

A A Neutral bt Phi il and the pesitive induced
B PRosithe charge. Therefore, the mer force on the ohjea
T Megathe s amracthve.
6 Coulomb’s law
Thie above sessions give a qualitative description of the origin and the
mtureod’thednﬂrl:fnm:betwunchmgodnliac&“’esh:ﬂmanm
describe the electric force in @ quantitative way.
Coulomb first investigated the magnitude of the force betwoen charged
objects In 1785, His finding b summartzed by Coulomb's law (MCRSE
OHben eleciroasanc laece & (3

smsky reberted as elecine
force,

o,
br—!n'

(]

The electrestatic force between two pnht Eh.lTFi is qum'limd 1o the
quantity of each of the charges and inverscly proportional to the square of
the d@szance beoween the dw:su. Be

F:ll—?&

whiere Oy and Gy represent the quantities of charges, r represents the
distance between the two point charges and k is the proportionality

constani called Coulomb's copstant. The value of k can be fuend
Ell)ﬂ'[l'!'l.l."lhn:f and B aboot Fx 10° N m? C3

(T Hfe &)
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Fres space B a thosreucaly (3

“parkct’ vac e ry hin
thin wrer v chat unas of
boa gidei-of 1he sgeution
Balance.

For the saki of simplicine, (3

sl chargey are guyamad
o b i fres space o this
[,

The negalive sign massy
the force is afiraciive.

D‘Mﬂifwuh!
bean ubuslied irs
Chapier 3 in Book 2

Coulomb's law can also be expressed s

F!ﬂ

A

lin this expressioin, the proporticdality constam [s witteh 2= 2 combliation

of & and s, Lo -#. where s, is known as the permittivicy () of
"

free space and is approsimately B85 x 1077 CV N m=.

Mote that electrostatic foree exdets in pairs and obeys Newton's third law
of moticar—rthe mwo oljeos experience equal but opposite forods.

Example 2 coulomb’s law
There ane three charges G {3 = 107 C), € (2 % 107 Cjand
Oy (=1 x 10" C) 3 shown in Figure a, O and € are 50 om apart and
3 is placed at the mid-point between them. Find the resultant force
acting on O, (Given the permittivity of free space £, ks
BA5# 10F TN

0,12 = 10705 oEs 1t G a0 0y

@ @ @

Figa - B3 am
Sofution
Disrance bemween Gy amd 04 Oy a o
. -SU k ;. @ Fl !
-mbﬂramﬂlud&q?-ﬁrm
Comsider the force dus 1o 08, ety O e by O

Fig b

Fo= i?:. - ‘i;‘;z‘]‘mﬁ]: =863 X107 N
Since both &), and €, carry positive charge, the force on 0, b repulsive
and pokms wowards the right
Consider the force due 1o (4,

® =]
e R Ry
Since £ and O, carry opposite charges. the force on 0, is aftractive
and points towards the right
Since both forces polnt to the Aght,
the pesithtaiit force = (B63 % 1007 + 432 % WP N

= 1,30 x 107 N (rowands the right)

G wal
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Example 3  Forces betwaen charged objects

.hﬂhd:qtphm lbﬂ.ﬂﬂ‘wiﬁldur&rj!lﬂ"’ﬂnut ica pnn'ﬁ'l.ﬂ:,l-
charged ball 4, Ball 4 b deflected by 3% a3 shawn in Figure a, Balks A
and B are in the same honzontal level and the distance between them
83 cm, The mass of ball A s 15 2,

(ap Find the tensbon in the string, b
(B} Find the uantiy of charge in ball 4, i plaat hands
e £ = BUAS 10 G2 N C?
{Giwen £ ® m b T .
. Figs
Solution

{a) Lex the tension in the siring be T
Since bzll A st rest, the net force i the vertical direction is 0.

Gmhmuﬂmmu o Teos' 5 umx-MlS*Iﬂ—ﬂ.'lS-‘N
Bk sl (Lo =015 M
Chapter 3 n losk I
g I} Since ball A s ar rest, the net force In the hosteotal direction fs 0,
L
dmey
g JFxdmed  Tsin 5% dney’
O Oy
RIS sin 5 % 4K % B85 x W07 0037
3o
- 39 100G

e =
Ball A carries a charge of 439 % 10 C.  (Pmesike LT @ imiE] L

(For Q1-2.) The quantities of charges of Xand ¥ 2 Charge 21-3 = 107* © i put a1 the midgoin
are § = 109 Cand =2 = 10" C respectively Fig ak, berwesn X ared ¥,
{a} Firal the magnitude of the electrostatic
w@ D? o force acting on ¥ dus 1o 2

Fig s [FUSS— 1 )

1 &) Buraw ihe directlon of the elecirostatic

.;::u:ﬂ:ﬁnummm;“ﬂ“: {1 Find the net electrastatic force acting on ¥,
i wﬂnm : rostat o femember o indicare the direction of the
#mmmm-ﬁ.
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