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Grade 12 Adv. Asladf el sl Electrostatics

ﬂ 1.2 Electric Charge dul ¢Sl @il 1

Electric charge: A physical property of a material that appears only when an
electrical equalization occurs.
beSIl Dsleill @8 sl @gas e W] e X dslal) duly 508 dusls sl oSl disll

The law of electric charges: similar charges repel each other and different charges
attract
dalizall Wlisall Wilig ol leses go H8lin dgliviall sl :dul Sl cliswll eild

1. Charging mechanism: transport of negatively charged particles (electrons)
from atoms, material and its molecules into atoms of another material.
So3l bslo wl > Wl Leilia s> dlgallg @l LAl o (Wb SR dissdl @l Ologusdl Jis 1ol 4l

2. If the material loses electrons, its charge becomes positive.
s 90 Lgiini auoi « g STl 8slall s 3]

3. If the material acquires electrons, its charge becomes negative.
Al Lo @i « wlig i8S 8slall Sl 3]

4. The susceptibility of materials to loss or gain of electrons varies depending
on how electrons are bound to the nucleus. :
Bloilly wlig Sl blo,l 4w wle Iblaicl wliy Sl QLusl ol ol slgoll dL6 Al

The unit of electric charge is Coulomb (C) and is equivalent in the International
System of Units (A.s), 1C=1A.1s
(As) 1C=1A.1s wlxsgll WJosll slbill 98 didlSo wd g (C) agdeS od 4l Sl dinill B3> 9

The total amount of electrical charge in a closed system does not change (Electric
charge can neither be created nor destroyed. In a closed system).
ol 09 193] of Al oSl @l elio] (Sor ¥ ) o ol 09 sl Sl Al S pllon] s
(Gleo

This experiment proved that: charge is quantized. The charge of an object q is
equal to a multiple of the basic charge e=1.602 x 107'%¢ (electron charge)
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The basic charge is constant, indivisible and equal to the amount of the electron
charge.

gl Y] G| el Solas Q )l dinis oS Ll wiy dinidl o] il 038 il
(ug)JSJ}H dinw) e = 1.602 X 10-19¢
w9 Sl din 10 Sluiig &2l AL ey Al duulw] dinl

e=q.= 1.6 x 10719C
qg= NAe
Q=ge(Np—Ne)

Q: We do not notice that charge is quantized. Explain
because most electrical phenomena involve huge numbers of electrons.
2o LS B3a>0 disill ol Jas ¥ e
lig 83l o dild shacl wle ol dul 168l sal gl aAlsgo 3

Atom 5,3l
* An atom consists of a nucleus containing protons (+) and neutrons (x) surrounded

by electrons (-)
(-) ©lgSJ3L dblsw (£) wligyigsg (+) wligign wle S blgs yo 8,3l (g8 *

» The mass of an electron is much smaller than of a neutron and a proton (most of
the atom's mass is concentrated in the nucleus)

(13 08 8,3 A5 oo 58 55) 59l 39l A8 oo 1Sy sl o S A8 +

* Electrons can be relatively easily removed from atoms (electrons are carriers of
electricity, not protons.)

(@lgis» cudy £l Sl dlol> wlig 803 LA o dus dggun ©lig SIXT A5l (Say *

* The electron is an elementary point particle that has no radius

IR RV B FENPY PV THRINENG . SRP R

- proton has a positive charge with a magnitude and its numbers that is exactly
equal to the magnitude and numbers of the negative charge of an electron.

098I dldl Gzl shaels lsio sl Ssls aolé,lg lsio wls & go dinis @ 559l -
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Exercises

Concept Check 1.1
How many electrons does it take to make 1.00 C of charge?
CC 1.00 b,lxio disis 98 do 3 W wlig ;S 33 bo

a) 1.60 x 10
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EXAMPLE 1.1 Net Charge

PROBLEM

If we wanted a block of iron of mass 3.25 kg to acquire a positive charge of

0.100 C, what fraction of the electrons would we have to remove? -

iy 9l duill lod (aglgS ¢V oo B)]n0 dumgo dinis 43S T, Y0 LeiliS aas dliS CaiSs )l Ul 13
Tobg SI3l o aill 5] lude

Self-Test Opportunity 1.1
Give the charge of the following elementary particles or atoms in terms of the
elementary charge e=1.602 x 10-"° C.

e=1.602 x 10-19 C @Jodl @aull Ay @bl algdl L3l o wlowus]! dsi bel
a) proton ,gig .l

c) helium atom (two protons, two neutron, and two electrons) agiigll 5,3
(oo nSlly by isus ligig»)

(319 w9589
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h) alpha particle (two protons and two neutrons) (g _isus Usig w) Wl awus

1.1  When a metal plate is given a positive charge, which of the following is
taking place? ‘
Ty s loo Sl cduingo d> gl dim 9o dinuis whasi loic
a) Protons (positive charges) are transferred to the plate from another
) object.
3 awn 0 A olll Wl (A gall wlisudl) wligio ,dl Jis Ay
b) Electrons (negative charges) are transferred from the plate to another
object.
3 ans ol @ glll o (ALl wlisadl) wlig SNl Jis aiy
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.
wlisall) aligio dl Ji Ay WS « 3] aws @l dglll o (Wladl wlisadl) wlig <3 Jis aiy
3l 0 do gl o (4= g0l
d) It depends on whether the object conveying the charge is a conductor
or an insulator.

Ysle o Yoo dimall Jsiy Sl sl IS 5] o il ey ey

1.4 Which one of these systems has the most negative charge? ‘
Sl disuis LS| d dolas Yl 0dd (0 S

a) 2 electrons
w9l 2
b) 3 electrons and 1 proton

wgigx 150l 3
c) 5 electrons and 5 protons
wlgig » 5 5 wlig,S 5
d) Nelectrons and N- 3 protons
ligis y V-3 g 0lig 8| M
e) 1 electron

098 1

1.30 How many electrons are required to yield a total charge of 1.00 C?
CC 1.00 ld,lsso ddS disis 2lisY do 3N Wl &SIl sxe o

5| PAGE DR. AHMED ABDELRAHIM 0551032930 AL KOBAHY FOR PHYSICS



Grade 12 Adv. AasLd) ol gl Electrostatics

1.31 The faraday is a unit of charge frequently encountered in
electrochemical applications and named for the British physicist and chemist
Michael Faraday. It consists of exactly 1 mole of elementary charges.
Calculate the number of coulombs in 1.000 faraday.
Wbl awl wle cuawg dibaS 968l wliubill @3 Bslai lo |4 dinui x> 9 g ¢SO/, E
e s ddgdl wlisidl o Jao 1 oo boaall Wl gdg SISl JSilo willoy yul wilouSllg
.Slsl518 1.000 8 29)sSl]

1.32 Another unit of charge is the electrostatic unit (esu). It is defined as
follows: Two point charges, each of 1 esu and separated by 1 cm, exert a
force of exactly 1 dyne on each other: 1 dyne=1gcm/s2=1x 10 N.
a) Determine the relationship between the esu and the coulomb.
b) Determine the relationship between the esu and the elementary charge.
JS ¢ plibis s (Ul gl e v e Al (€SU) 4l g o 63> ol 0d S 3| i B> g
= s 1 paedl lsey wle bl culs 1 B ;51580 598 pwloi « aw 1 login Juotyg €SU 1 o logio
9 210x 1 =2456 /a1
~ p9dSllyg ESU g @ell axsi (I
Aol dinizllg ESU (w @l 3asi (w

1.33 A current of 5.00 mA is enough to make your muscles twitch. Calculate
how many electrons flow through your skin if you are exposed to such a

current for 10.0 s. ‘
5] eals sue @0 @il wlig 81X sae s i 5 didae Jes) iy uol wllo 5.00 L5
olgi 10.0 bxa) Ll [ Jie) cus e
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*1.34 How many electrons does 1.00 kg of water contain?
Telall o 28 1.00 Sgizy 9,8

*1.35 The Earth is constantly being bombarded by cosmic rays, which consist
mostly of protons. These protons are incident on the Earth’s atmosphere from
all directions at a rate of 1245 protons per square meter per second.
Assuming that the depth of Earth’s atmosphere is 120.0 km, what is the total
charge incident on the atmosphere in 5.000 min? Assume that the radius of
the surface of the Earth is 6378. km. : :
lgig sl 03 b . lgig ol po el 8 985 willg oSl deiady | aianly o, Al a8 A1y
ool gl 08 150 o JS) 535, 1245 ey Slbidl gias o yo, W Ssall Eall e
Soxl Ol wle dbdludl disuil @los| Led (km 120.0 Sgluy o, M Soxll Nl Gac ol
inglS 6378 o yo,) Al @b b8 L )l ya,3l Tdagy 5.000 s

*1.36 Performing an experiment similar to Millikan’s oil drop experiment, a
student measures these charge magnitudes:
030 disill Huslio bl sy « <3l 8 5b0d) G Sulwo dy il dgulin @ 5mi <l 3] die
3.26x101°C
6.39x 101°C
5.09x 10 C
4.66x 1079 C
1.53x 1079 C
Find the charge on the electron using these measurements. :
Ll 030 alasiwl ¢ 8 disis laio 3> 9

3.26x 101 C
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Multiple-Choice Questions

1.How many electrons are needed to produce a charge of 1.00 C?
CC 1.00 ld,lnso disus 2lisd do ;I &bg S dxe Lo
(A)6.60X107° (B)1.60X10%°
(C)6.24X10'® (D)3.20X10'®
(E)6.66X10"7

2.How many electrons are transferred from a positively charged electrode if
its net charge is 7.5X10"" C?
€ 7.5X10 " C dsloll diinis cilS 3] disidl s 90 ol (0 dlgsiall cilig ;ST sae S
(A)2.1X10° electron (B)7.5X10"" electron
(C)4.7X108 electron (D)1.2X108 electron

3.What is the charge of an electroscope if it has 4.8X10'° excess electrons?
£4.8X10 il 5 wlig S| wle Sginy IS ] oS SNl dinis 9d lo
(A)4.8X100 C (B)3.3X10%0 C
(C)4.8X10" C (D)7.7X10° C
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4 Which of the following represents the elementary charge?

Electrostatics

Sy o3l disull Jioy oy loo (s

(A)Charge of one proton
3309 (ygig » o

(B)Charge of 1.6 electron

(C)1.6X10*1° C

(D)1.0X10% C

5.Which of the following is equivalent to the coulomb ( C )?

(C) agsS)l lsy iy oo sl

(A)A.S

(B)A.S

(C)S.A

(D)A.S?

6.A charge (+2 C) equals a charge:

i Sl (ool 24) i

(A)1.25X10'° electon

(B)1.25X10'° proton

(C)2 electrons

(D)2 protons

7.Which of the following cannot be a quantity of an object's charge in

coulombs? : K
CasloSIb punnl dinis o oS 6% ol S X s loo S

(A)3.2X10-1° (B)3.2X10-20

(C) - 3.2X1019 (D)3.2X108

8.How many electrons have been removed from a positively charged
electroscope if it has a net charge of 3x10-'" C ?
d8lall dimsi ol 5] disuzdl s gall wgSiug SN o Leill 5] cauni all @big ,iSIAl sae S

¢3x10""C

(A)3.8x108%electrons

(B)2.1x10° electrons

(C)1.9x108 electrons

(D)4.7x108 electron

9.How many electrons have been removed from a positively charged
electroscope if it has a net charge of 6x10-'' C ?
dldlall dimia clS 3] diszdl w90 oS SN o Ll 5] cani wall wlig iKYl sae S

¢6x10 11 C

(A)3.8x108electrons

(B)2.1x10° electrons

(C)1.2x108 electrons

(D)4.7x108 electrons

10.How many electrons does it take to make 3x10 C of charge?
¢3x10° C dinuis giua do W wlig i8Nl aac oS

(A)5.3x10 e

(B)4.8x10-% ¢

(C)1.9X10"3 e

(D)1.6x10 e

11.Which one of these systems has the most negative charge?

Sl dinun S| a) dalasdl 033 (o Sl

(A)2 electrons

(B)3 electrons and 1 neutron

(C)5 electrons and 5 protons

(D)1 electron
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12.How many electrons have been removed from a positively charged
electroscope if it has a net charge of 7.5X10-1" C?
Sl diim ilS 3] disuidl G gall W gSuug S o Ll 5] cuni il lig i< sae oS

Electrostatics

¢ 7.5X10"" C

(A)7.5X10"" electrons

(B)2.1X10° electrons

(C)1.2X108 electrons

(D)4.7X108 electrons

electrons?

13.What is the charge on an electroscope that has an excess of 4.8X10'°

CosiS) 4.8X1010 gl tsil 5 wlis S| wle Sainy SY GsSars S wle Azl gd b

(A)3.3X10°30

(B)4.8X10-10

(C)7.7X10°

(D)4.8X10™0

14.1f an object is negatively charged, then its charge can be:

(A)3 e

(B)-3 e

(C)16e

(D)-1.6 e

15.To charge a neutral body with a positive charge of (48 uC)

(UC 48) 4> 90 dinuiy Mo aws il

(A)Acquire 3X10'! electron

(B)Lose 3X10'"" electron

(C)Acquire 3X10'* electron

(D)Lose 3X10'* electron

16.The charge that any of the following charges cannot have is:
:o® Al wlswdl o SY 8Si of (Say ¥ @il diszll

(A)1X10™ C

(B)1.6X1019 C

(C)8X10° C

(D)1X10° C

charged with a negative charge of (8pC)

17.The number of electrons that must move from or to an object to be

(8pC) b, lxio dilw diniy 950 aws Wl 3iuoaj)>'ij U|u>Jun| @bg S sae

(A)5X107 electrons move from the (B)5X107 electrons move to the
object object
x| oo £ 555 g Sl iz l) Gl @lig Sl
(C)8X10'° electrons move from the (D)8X10'° electrons move to the
object object
pexll o £ 510 wlig xS sl Slss ©lig i)l

18.How many electrons does it take to make up 5.00 C of charge?
Cdinidl (o C 5.00 oS do 3 M wlig Sl axe S

(A)1.08 x 1019

(B)1.17 x 101

(C)2.11 x 1019

(D)3.12 x 1019

(E)3.72 x 101

10| PAGE DR. AHMED ABDELRAHIM

0551032930 AL KOBAHY FOR PHYSICS



Grade 12 Adv. AasLd) ol gl Electrostatics

19.What is the total charge on 3.72 x 10° electrons?
Co9il 3.72 x 101 e 48l sl b Lo
(A)5.00 C (B)6.78 C
(C)5.95C (D)0.430C
(E)2.33C

20.What is the net charge of 1 mole (6.02 x 10%3) of electrons?
Telig S o0 (6.02 x 102%) Jgo 1 J ddlall disidl b o
(A) -5.48 x 107 C (B) 5.48 x 107 C
(C) -9.63 x 104 C (D) 9.63 x 10* C
(E) -6.02 x 103 C

21.If you wish to lose weight, you may rub a balloon on your head. If you
charge the balloon to a charge of g = -1.23uC, how much weight did you
lose? The mass of an electron is 9.11 x 10-3 kg.
diniy oIl i b 13] el wle ol 8 eliSoy o 59l polii] 8 it i S 1]
9.11 x 1037 kg wd ¢,9, Sl diS Taingd SN 59l Slado lod g =-1.23uC
(A)7.27 x 10* N (B)6.87 x 10"/ N
(C)7.54 x 106 N (D)1.21 x 10> N
(E)1.28 x 102N

22.A glass rod is charged to + 6.4 nC by triboelectric charging. The number of
electrons that have been removed are

9 gl 5] cuai il wlig i8Il sse v 68l il G5k et 6.4 NC W] oo s (i Ay
(A)10 x 100 (B)4 x 1010
(C)8 x 101 _ (D)13 x 10"
(E)19 x 10

23.A glass rod is charged by triboelectric charging and 13 x 1079 electrons
removed. What is the charge on the rod?

wle @l lo LSl 13 x 1070 &l 519 guseSll paidl Goob e galas sl g

Sl
(A) + 6.40 nC (B) -6.40 nC
(C) +20.8 nC (D) -20.8 nC
(E) +8.12 nC (H) -8.12 nC

24 .What fraction of the electrons would you have to remove from a 10.0 mg
sphere of iron (Z=26, A=56) in order to make its charge 1.00 C?
Jes) (Z=26 . A=56)10.0 mg 3> 5,5 oo dill 5] clle ey SNl wlig ;i< ¢ 5 90 bo
¢C 1.00 diinu
(A)0.224% (B)0.482%
(C)2.24 x 104 (D)4.82 x 104
(E)4.00 x 10”7
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25.0.482% of the electrons are removed from a sphere of iron (Z=26, A=56),
resulting in a net charge of 1.00 C on the sphere. What is the mass of the
iron sphere?
dinis dic @il loo « (Z =26 « A =56) a3l 0 5, o wlig S 0 7%25.0.482 dll 5| is
Sl 5,8 diS o .5 Sl we C 1.00 gl ddlo
(A)4.64 mg (B)10.0 mg
(C)3.19 mg (D)3.99 mg
(E)6.20 mg

26. 0.482% of the electrons are removed from a 10.0 mg sphere of iron
(Z=26, A=56), resulting in a net charge on the sphere. What is the net charge
on the iron sphere?
dinn dic @il oo « (Z =26 « A =56) a30 10.0 25> 5,5 0 wlig i8I 0 70.482 dll 5| ais
sl 5 Sl we @ldll diszdl b 5,8l wle ddlo
(A)2.2C (B)1.6 C
(C)1.0C (D)1.9C
(E)10.0C

27.How many alpha particles are needed to produce a total charge of
2.5 x 10712 C? (Hint: Each alpha particle contains two protons.)
] s> JS Sginy k) € 2.5 x 1072 C b, laie dulS disis 2liY do s W1 Wl Glogus 3¢ bo
(.cigign wle
(A)7.8 Million (B)1.6 x 1019
(C)2 (D) 839
(E)4.2 x 10™3

Exercises

1.How many electrons are needed to produce a charge of 1.00 C?
CC 1.00 ,lsso disus 2lisd do ;I @big i8I sxe Lo

2.A current of 5.00 mA is enough to make your muscles contract. Calculate
how many electrons would flow through your skin if you were exposed to
such a current for 10.0 S? :
5] als yue @i il wlig ,iSA sxe sl i didac Jes) @iy Suol wllo 5.00 L
€S 10.0 sx0) Ll 138 Jio) css 5o
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3.Calculate the number of electrons in 1.00 Kg of water?
Celoll o a8 1.00 8§ wlig Sl sae Cuws

4 .Explain the following scientific explanation correctly:

All materials are electrically neutral?
s | i WUl galell uwsill & i
Tl S >0 >l gall gaox

5.We do not notice that charge is quantized. Explain ‘
& daeS disill ol oW X oz

6.I1f we wanted a block of iron of mass 3.25 kg to acquire a positive charge of
0.100 C,

20498 0.100 [d ]380 4> g0 dinis a8 3.25 LeiliS x> dliS uaiSi ol byl 13
- Has the iron lost or acquired electrons?

Sslig, Sl Sl gl sl 86 Ja

- What is the number of electrons the iron block lost or acquired?
C eS| ol dunyasJl dliSll Lgingd il big iK1l sxe ¢ bo
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- what fraction of the electrons would it have to remove or gain?
ClealaiSI ol Ll 51 g S wlig Sl dps Lo

7.A glass rod formed by charging (+ 7.92 x 107° () after rubbing it with silk
230U s sey (+ 7.92%107° €) disis i) G2l Gl
1- Is the glass rod lost electrons or acquired?
S| Al @lig S| 389 g ls )l Ll Ub

2- Calculate the number of electrons transmitted?
S giiall Wlig i<l sae s |

3- How much is the charge formed on this silk after rubbing?
Cellall sy yadl e disll ()9S5 &S

8.Explain the following scientific explanation correctly:
Although an atom contains positive protons and negative electrons, it is
electrically neutral (with a zero-quantum charge)
‘ oo s WUl golell jawsill 2 5l
i) Ll eS d3ulo Ll A il wlig 8)ls &m0 wligig » wle Sgimi 6,31 ol o pe )l wle
(4,80 duS
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9.Explain the following scientific explanation correctly:
An object is charged only when it loses or gains electrons
oo i WUl golell juwsill 2 5l
lg S| iy ol 8 lodic 19 awsl (i 2y

10.A balloon has a negative charge of (-6 uC) How many extra electrons
does it hold?
S lglozy il 48l g ,iSIX s3c S (-6 PC) dllu divis d )l

11.A neutral body has gained 3000 electrons during the process of charging
it, how much will the charge of this body become?
Caws)l 13 disis qudin &S « Ao didoc clil (9,58 3000 Moo aws S|

12.A body with a charge of (-3.0X10-'2 C) How many electrons must the body
lose or gain to have a charge of (+1.8X10-'2 C) Then determine whether the
body is gaining or losing electrons

i 4 98 lgpaaiSy 9l )l B3ty ol iy il g SN 53 S (-3.0X1012 C) diinis awa>
g S sy 9l i) anandl S 15 o 33> 5 (+1.8X1072 C)
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13.Calculate how many electrons an object must gain to be charged with a
charge of (q=-6.4X10% C) :
(q =-6.4X10° C) dinuiay dinis aid awn)l LeaaiSy o) iy will wlig i8N sae s

14.Can an object be charged with a positive charge of (q=5X10-1°)? Justify
your answer with the calculations
Obluslb dib] 50 $(g = 5X107) b 1o dim g0 divuiy puws (i (Sey

16.An apple contains trillions of charged particles. Why do not two apples
repel each other when they are brought together?
vodl logaey linli cw 58l Casy X Ilo) .4 gsuiall Wlosus)l o wlisds )i wle dslaill Sgisi
Cloo logros aiy lodic
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