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ﬂ 1.4 Electrostatic Charging ¢Suiliu g Sl o>l 1

- Charging the object with a static charge. The car battery is an energy source
where chemical energy is used to separate positive and negative charges.
Juod) QilioSll dBloll alsziwl wiy cus Blall H300 @& b, budl &,y A6 douiy Gl i -
Adlly s goll wlisll
- Many insulating rods can be charged with a positive or negative charge from
the power source.
@lall 5300 oo @l sl dmgo diniy J el Gludd o el i (Sey -

Grounding: discharging the charge of the charged object via a connection to
the ground.

0,3b Jlail e gemiall awsdl s g8 1ua0, Ll
The Earth is a nearly infinite reservoir of charge.
wlisall go lw wile ¥ olss o B5be yo, Y

An electroscope: is a device that gives an observable response when it is
charged.

iz i dbgalo Gl oy 5l 90 109Sa 9 S

s

The electroscope consists of:

MU RETAWR VN ). | JUTANT

1. Two strips of very thin metal foil, in a tie position
connect one of them Hinge at the middle so that
it stays away from the other fixed connector when
charging.

reo 2319 Juogiy B8 Uslaill g9 @9« x> ded; dunan FIB, o lisu i
e 331 coldll Josall e I oy cumy Buniioll o wlasall

2. A ball attached to the top of the electroscope connected to the conductors
and allow the entry of charge or they exit easily.

o953 ol wlisall Jg @iy o gall dlaio gl 9S8l o Selall ¢ 53Jb dlaio 5,5
A g
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Q: Kitchen aluminum foil is not suitable?
Cpulio cru) bl dols)l assiogl Nl G,
Because it is too thick, but hobby shops sell thinner metal foils.
3ol oo $16, g wllsgdl 2o oS s @au L)
Inducing a charge: sl o>l

When the charged paddle is brought near the ball of the electroscope, the
electrons in the conducting ball of the electroscope are repelled, which produces
a net negative charge on the conductors of the electroscope. This negative
charge causes the movable conductor to rotate because the stationary
conductor also has negative charge and repels it. Because the paddle did not
touch the ball, the charge on the movable conductors is induced. If the charged
paddle is then taken away, the induced charge reduces to zero, and the
movable conductor returns to its original position.

5,801 8 859> 90l Wl ,SNA L9l ¢ wgSaw 9 ISR B8 o wLEll emiall FLul [las] aiy loxie
038 il - 098w 9,8 o 9o wle ddls dllu disis dic iy oo « WS 9,8 dlogall
o3 b asays b din Loyl ) culill $lall X s g STl i 59 kel 9 @bl Gl
ol e emall Ll Al el sey 5 15] .S ,miall Gl g ] wle @imall umd xiy ¢ 5,S) uali A Gl
Lo logeign ol i o)l 3sgis « sl Wl BesD distuoll @il

() (b) (O] (d) (e)

FIGURE 111 charging by induction: (a) An uncharged electroscope. (b) A negatively charged paddle is brought close to the electroscope.
(c) A ground is connected to the electroscope. (d) The connection to the ground is removed. (e) The negatively charged paddle is taken away,
leaving the electroscope positively charged.

Charging by contact: Juogil o>l

(a) An uncharged electroscope. 9i0 i€ WSy Sl
(b)A negatively charged paddle touches the electroscope. dllu disuiy 950 Gl

99 ST oy
(c) The negatively charged paddle is removed. gl §Lul slel iy
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@@ (b) ()

Exercises

Concept Check 1.2
The hinged conductor moves away from the fixed conductor if a charge is applied
to the electroscope, because:
rAlll Ol ¢ O oS g Sl wle dini Gudoi a3 15 cwlill o gall e gy wlasall Jogall & iy
a) like charges repel each other.
ool sy g0 H0li dgulisiall wlisidl (!
b) like charges attract each other.
ol lpbe) Ui dpluiall wlisill (o
c) unlike charges attract each other.
woell lpae Ui duSleinll wlswll (2
d) unlike charges repel each other.
ool lesey 2o 8l duSleioll wlisadl (5

1.8 Two lightweight metal spheres are suspended near each other from
insulating threads. One sphere has a net charge; the other sphere has no net
charge. The spheres will
leJ 83319 8,8 .4 slell bgsll dawl gy paell lagies o il 59l gt puivisen S Gl wi
DOguw b, LAl dini L pud S35 Sl .48l disuis
a) attract each other.
S 3 Al lagio JS Lz
b) exert no net electrostatic force on each other.
ol lgse) ol &S 4Siling ,eS 899 135 3
c) repel each other.
S35 80 lagio JS ;9L
d) do any of these things depending on the sign of the net charge on the one
sphere.
& 9ol 8,801 e 59 90l dinall £ 95 e sy bl 03D o sgin Sl Ggss
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1.9 A metal plate is connected by a conductor to a ground through a switch. The

switch is initially closed. A charge +Q is brought close to the plate without
touching it, and then the switch is opened. After the switch is opened, the charge

+(Qis removed. What is the charge on the plate then?
ool i A bl o9 @leo lisall .zl M3 o o, 3k o go dowl gy duneo dopps Juogi Al

e 4ol 9 lo.Q + ol @l 5] 25 « Zlinell @9 se . 2linell @9 w5 ¢ lgusod 93 do0lll o Q +
Sl &l

L

f |
a) The plate is uncharged.
b) The plate is positively charged.
sl 4o g0 d> ol
c) The plate is negatively charged.
sl ddlu ds o)l
d) The plate could be either positively or negatively charged, depending on
the charge it had before + Qwas brought near.

Q+ bl U5 lade culS will disall wle Ioloicl . disall @l gl dogo dsglll o685 ol cSas

1.10 You bring a negatively charged rubber rod close to a grounded conductor
without touching it. Then you disconnect the ground. What is the sign of the

charge on the conductor after you remove the charged rod?
€955 b .p2,3l oty asdi A .dwal (95 p2,80 doge o LIl Al dllu dblbs Gl Hlas| eliSey
S gouinall §ldl dl 5] a2y Juogall We disll

a) negative aJl.

b) positive 4940

c) no charge dblaio
e) cannot be determined from the information given
dloeall Wlogleall N5 (0 disuidl Masi Sy X

1.11 When a rubber rod is rubbed with rabbit fur, the rod becomes
Glal uss il L3 ¢l ddollae (Gl & 45 loxic
a) negatively charged. dis.ill dlla
b) positively charged. dinill 490
c) neutral. dblaio
e) either negatively charged or positively charged, depending on whether the
fur is always moved in the same direction or is moved back and forth.
aSy 555 aia 9l 0l Lt 8 lasly sy ehoall B8 5] Lo wle Islaic] disall dsgo gl dimill dlu bl
Lllg LS
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1.12 When a glass rod is rubbed with a polyester scarf, the rod becomes

Sl Ruai iy plig gl Gl o i boie

a) negatively charged. dis.ll dJl

b) positively charged. disuidl 490

c) neutral. dbleio
e) either negatively charged or positively charged, depending on whether the
scarf is always moved in the same direction or is moved back and forth.
Sy 555 a9l 0Nl Lt o8 lails &y 2lagll oS I3] bo e Islaie] cdimuzll dis go of disil @l lof
bblg Lls

1.18 Occasionally, people who gain static charge by shuffling their feet on the
carpet will have their hair stand on end. Why does this happen?

w5 (88 8313l wle agolsdl Jisl Guob oo @b din o9y ol polsadl « Gledl e o
Tl s olol gl 8l

1.20 Why does a garment taken out of a clothes dryer sometimes cling to your
body when you wear it? A :
Cailyi | die dowsy bl ol oo o0 Se3lall Lgill Guaily 5lo)

1.25 Rubbing a balloon causes it to become negatively charged. The balloon
then tends to cling to the wall of a room. For this to happen, must the wall be
positively charged? :
3 Gasy oS .40,58ll Sl il Wl Ul diay &5 disidl Wl asy ol ol Wl &8 S>3
Tlobol bgsiso Ll g8 ol oy
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1.28 When a positively charged rod is brought close to a neutral conductor

without touching it, will the rod experience an attractive force, a repulsive force,

or no force at all? Explain.

X al ¢80 869 gl (3L 899 Gludl anlgus Ud (dusod (195 Mo duoge o dinidl L 9o Sl Ly lonie
2o S wle 863 2> i

1.29 When you exit a car and the humidity is low, you often experience a shock
from static electricity created by sliding across the seat. How can you discharge
yourself without experiencing a painful shock? Why is it dangerous to get back
into your car while fueling your car?
GA333l e bl dSlull <l g8l o dors azlgi bo Wle « dcesin digb Hllg b, Ll (o 2,30 losic
il b5 luw ol 8390l Szl 0 5lo) Tdalgo doral o2l 95 cluts & 595 liSay &S .3a8all e
3999l bl 2955

Multiple-Choice Questions

1.The hinged conductor moves away from the fixed conductor if a charge is
applied to the electroscope, because:

A Gl gSung xS e dimis Gudsi 25 5] culll dogall e Insy Bloall Jogall o i

(A)Like charges repel each other (B)Like charges attract each other
vo2l lesey o H8li dgyLiinll Wl w2l lesey Ui dgiliioll wlisill
(C)Unlike charges attract each other (D)Unlike charges repel each other
vosil leses sy dalisall wlswl vo2y &0 lesey K8l dalisell wlisull

2.When a metal plate is given a positive charge, which of the following is taking
place?
Cnay b loo S« dis 9o dinus duiseo d>g) e loxic
(A)Protons (positive charges) are transferred to the plate from another object.
3] pws 0 do gl W (4 sall wlisall) wligig l Jai
(B)Electrons (negative charges) are transferred from the plate to another object.
3 awns @l s glll o (Adldl wlisall) b SNl Jain
(C)Electrons (negative charges) are transferred from the plate to another object,
and protons (positive charges) are also transferred to the plate from another
object.
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ol Lol (42 gall wlinall) wligigdl daisg 3T pm oIl @8l o (ALl wlimill) wlig Sl Jais
3] s 0 @ gl

(D)It depends on whether the object conveying the charge is a conductor or an
K insulator.
Asle al Nogo disadl Jiiy SNl aws)l 8 3] o e ells saieg

3.In the adjacent shape after opening the key (s) and then remove the aponite rod

from the ball: :
5,8 o cuigrdl Gl AU A A5 (uiliall) 2lisall 29 52y ) glsall JSll

(A)The ball is charged with a positive charge.
> 90 disiy g 5,31

(B)The ball is charged with a negative charge.
Al disiy @9 5,5

(C)The ball remains neutral

dauloo 8,81 Jbsi

(D)The charge of the ball is unknown
@99 520 e 5,8 disui

4.Charging a neutral body by touching it with a charged body is called charging by
dawl gy (il (950 pusy dwal G1ob (o B0 aws G Gy

(A) conduction J.syill (B) induction <ol

(C) grounding ,4,lll (D) discharging & sill

5. If the balloon can attract some paper scraps, which of the following cannot be
the charge of paper scraps. : ‘
Gl wlolsd disw (58 ol (Say A oy boo Sl ¢ 3,80 wlolad yoe) Ly ol (Say gl G 1]

(A)Neutral dslsio (B)Positive d>90

(C)Negative dJlu (D)all is right doiss LY gues

6.During rubbing, what have been transferred between the woollen cloth and the
balloon? A
Cosdly w8onll Gulotl - alis 23 SN Lo ol clisl

(A)Neutrons g yigull (B)Protons wligig il

(C)Electrons wlig ,iSJX (D)quarks wlS,l¢ll
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7.Charging a neutral body without touching it with a charged body is called
charging by

Aol gy il G (9580 sy Al (95 M A o
(A)conduction Juoyill (B)grounding s,
(C)induction hgpe (D)discharging disill & s

8.If the woll can attract some paper scraps, which of the following cannot be the

charge of paper scraps. ‘
o8l wlolsd dini (88 ol Sey oy loo S (3,8l wlolad paes wd> Saall b 8 Bl

(A)Neutral Usleio (B)Positive =40

(C)Negative dJlu (D)all is right dsisws LY gues

9.You bring a negatively charged rubber rod close to a grounded conductor
without touching it. Then you remove the charged rod. What is the sign of the
charge on the conductor after you disconnect the ground?
gl GLudl dlsh ast 5 . dual (9> )80 duoge o L Al ks whliae §lu Hlas| diSey
S, 3l duod 32y ool wle disill dodle b

(A)negative L (B)positive w40

(C)no charge Jslaio (D)cannot be determined from the
given information
dlbeall wlogleoll alaziwly auasill gudniai X

10.When a positively charged rod is brought near to an isolated neutral conductor
without touching it, will the rod experience an attractive force, a repulsive force, or

no force at all?
90 899 9l > 899 Jludll axlguw B ¢ dsal (9> Jg 520 o o go o dimidl Lz 90 lu it Losic
bl ol 568 X o

(A)an attractive force bl b¢d | (B)a repulsive force i 543

(C)no force at all 598 3395 X

11.An uncharged metal plate (P) is connected by a conductor to ground through a
switch (S). The switch (S) is initially closed. A negative charge -Q is brought close
to P without touching it and then the switch (S) is opened. After the switch (S) is
open, the negative charge -Q is removed. After the negative charge -Q is
removed, what is the charge on the plate (P)?

koo (S) zlaall .(S) zlise s o po, 3l Wl dogo dowlss (P) digsiso e diiseo d>9 o wi

(P doslll e 8353 sall dimnidl bo (Q- ALl @il 5] 32 .Q- @l szl @l

(A)lt is now positively charged >l L0 3l 93

(B)It is now negatively charged dis.ll Lllw o3l 9o

(C)ltis still uncharged 930 e Jlsu X
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(D)It cannot be determined without knowing how much charge was on the metal
plate P before switch S was closed
S clisa)l $Ae| S8 P duseall d> olll e 859> gall disuiadl lado 49 500 (595 a0 Say X

Exercises

1.The opposite shape is a spherical conductor that rests on a dielectric
holder and its surface are connected to electroscope.

£ ,g8lb eaio dalag Jol> Jsle wle 585 ) S9,S Juogo ob Wl JSl

- What is the change in the two sheets of electroscope when rounding a negative
charged object from the right side of the spherical conductor?
Justify your answer.

Sus9.S) duogall ool alall o anall Al pus 8 36 sSerg SNl 59 08 sl 3b Lo

2.In the next figure after opening the key (S) and then remove the glass rod from
the ball

5,801 oe by wals 3l Sl A1k Liols 25 (S) ebinall i sy il JSal 3

A 3yl

(6000 |
- < |
i) Sl ad || |
AP hestn = |
| J
1 gsaa 2 Jsadt

Draw the distribution of the electric charge on the ball in the next figure 2.
Type the name of the ball charging method.
Wl 2 JSal 08 8,8 e duy ,qSIl disidl 595 Al
8,8 i 8y 5wl S|
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3.In Fig. 1, the three balls are conductive and neutral, if the B ball is removed with
insulator

Jle alssinl B 6,80 5] euns 5] cllatio alogo el @l S 65 ¢ 1 JSall

oneee ©°

(1) A (e

-Determine the charge of each ball as (2)

(2) Sl 98 5,8 S s 3o

4.In the figure, the three balls are fully connected and neutral. If the B ball is
removed with dielectric, determine the charge of each ball.
B8 JS dis 3x8 ¢ J sl B 6 S dll 5| e 3] Lialso g JolSIL deaiio W wl S JSiadl @8

5.How to determine whether an object is conductive or not, using a charged rod

and an electroscope ? :
CosSug, illlg oo Gl alssiinl « A ol Mo go awnll G I5] bo aasi eliSey &S

6.Explain how to charge an electroscope positively using:
b3l &z g0 diniy oS SNl i 48S 2 ,al

a. A positive rod 4> g0 disuiy dig>io §lw
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b. A negative rod dalls disiy dgsiso Gl

7.An electroscope being charged by induction, what happens when the charging
rod is moved away before the ground is removed from the knob?
Juogill dl5] J8 1w gl Glull o5 i losie @y BBl wall Giob e wgSug Sl (o mi
Sawaeall 5,8 o po,3b

8.If you comb your hair on a dry day, the comb can become positively charged.
Can your hair remain neutral? Explain. :
oo iy ol Se b 490 Aoy ligmio biall uay ol Sy (S agy 08 e ooy ied 3]
2o Ssleio

9.What property makes metal a good conductor and rubber a good insulator?
Clas Ysle blaallg Ias Mo go el desi will szl wa b

10.Why do socks taken from a clothes dryer sometimes cling to other clothes?
TS ,3 ! Loy Lls | pudall Ciso o 8393 lall ol ga)l s dlo)
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11.The combined charge of all electrons in a nickel is hundreds of thousands of
coulombs. Does this imply anything about the net charge on the coin? Explain.
Wl e s Sl gy 138 Ud .ag)eS)l o XA wlio wd JSull 8 wlig i8S Ruos) deasoll disll

12.Explain what happens to the leaves of a positively charged electroscope when
rods with the following charges are brought close to, but not touching the

electroscope:
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