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21.2 [Electric Charge

. +- ~—‘ Attract
Law of Electric Charges
Like charges repel and opposite charges attract. @ '_’}Re pel

Elementary Charge (asl®1) 20 g% Zasedll

Electric charge occurs only in integral multiples of a minimum size. This is expressed by
saying that charge is quantized. The smallest observable unit of electric charge is the charge
of the electron, which is -1.602-10™"? C (as defined in equation 21.3).

g=en Adlaal) aladinly aval) dad slag) oSa g
Q =Nxe” where e=1.602x10"°C isthe elementary charge.
Concept Check 21.1

How many electrons does it take to
make 1.00 C of charge?

a) 1.60-10" d) 6.24-10'®
b) 6.60-10" e) 6.66-10"
c) 3.20-10'¢

What is the total charge on 3.72 X 10" electrons?

a.5.00C
b.6.78C
c.595C
d.0.430C
e.233C

How many electrons does it
take to make (-2.00 C) of
charge?

a oMl Ll g SN dde oS
b ke Aad e J peaal
(-2.000)

N X X X N N 00 X N Np 0 X N N 0 X N X 0 X N X0 0 N N 0 0 N Np 0 X N e 0 X X e 0 X N Xp X X 0 X Np 0 N Xp X N X N X 0 X N 0 %
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N X X X N N 00 X N Np 0 X N N 0 X N X 0 X N X0 0 N N 0 0 N Np 0 X N e 0 X X e 0 X N Xp X X 0 X Np 0 N Xp X N X N X 0 X N 0 %

21.3 Insulators, Conductors, Semiconductors, and Superconductors

1- Insulators:

Materials that don't conduct electricity are called Insulators. (Electrons can’t move through it.)

Typical insulators are glass, plastic and cloth.

2- Conductors:
Materials that conduct electricity well are called conductors. (Electrons can move through it.)
Typical solid conductors are metals like copper. Electrolytes and organic tissue are also

conductors.

3- Semiconductors:

A class of materials called semiconductors can change from being aninsulator to being 2

conductor and back to aninsulator again.

4- Superconductors:
Superconductors are materials that have zero resistance to the conduction of electricity.
- Materials are superconducting only at very low temperatures.

Which of the following statements is correct about electrical conductivity?

Electrical resistance of superconductors is zero at very low temperatures.
las Aaitin 5 )l ja Cla 0 e jiua (5 ghasd Jana il A C0Ua gall Ay S Lo glial) (S5

Metals are bad conductors of electricity.
el e A j CBla g ) YAl iiad

Insulators have low electrical resistance.

i Ak oS o i L) 31 el

Silicon and germanium are examples of superconductors.

61 (53 208 3yl o e gl y ol g

Which of the following are Led Al o gall pe 5
materials that have zero resistance Cua e 4 jlea 4a glie
to the conduction of electricity? AL He<h Alia gal)
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o X N Np X Np Xp Xp Xp N Xp N Np N NP X Np X Xe Xp N o N Np X Np X Xo Xp N Xp N Np X Np Xp Ne Xp N Xp N Xp N Xp N Xp Np N Xp N XNp NP Np e N XN N NP N

Charging by Friction

The process in which
a body gets charged
when it is rubbed
against other body.

Concept Check 21.2

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

a) like charges repel each other.
b) like charges attract each other.
¢) unlike charges attract each other.

d) unlike charges repel each other.

FIGURE 21.9 Inducing a charge:
(a) An uncharged electroscope. (b) A

negatively charged paddle is brought
near the electroscope. (c) The negatively
charged paddle is taken away.

FIGURE 21.10 Charging by contact:
(a) An uncharged electroscope. (b) A
negatively charged paddle touches the

electroscope. (c) The negatively charged
paddle is removed.

21.4 Electrostatic Charging

Methods of Charging

Charging by

Conduction
The process in which
a body gets charged
by making contact
with a charged object.

Charging by Induction

The process in which
a body gets charged
by a charged object
without contact.

é = 4

FIGURE 21.8 Atypical electroscope

used in lecture demonstrations.

()
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PAS pAS
w paddle. This process is called charging by induction and yields an electroscope charge that 27\3
P . . Y

I has the opposite sign from the charge on the paddle. i
b Asal pual) Liadl Al Lindy paa) Gty Gaally i) ddes B Ladla 3 dliadla |
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g pAG
Y AG
g PG
PG pAG
W W
g s
W W
" @ ®) © @ © "
W W
W W
W W
s PAG
Ay s bl X pAG
2 6- If a positively charged particle is brought close to a neutral conducting %
A grounded plate shown in the figure, what is the charge of the plate pAS
i after disconnecting the grounding and taking the charged particle away §
e from the plate? 7 e
A Lt 21 (Sl 3 aud) dolally 35,00 dogl) doiadll fp domge ity st pon o 1) pAS
J . S 'L-;; y AP!-:-L] L) bl .| 8 ) al AL L-&‘ — Aomad .lll A
N A- Positive. e i Sl s o
\/{ . \/\(
% B- Negative. e
w C- Neutral. ¥
g D- We can't determine. | ' g
Y / ¥
Yo 0 ,' ¥
e [ B e
Y - pAd
Y pAG
PG pAd
PG pAd
PG g
Y Y
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" ? e LY G gl ) alagly G YL LS Jladl adad sic e
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ve 1% > 2 < b ok ¢ o e ve
2 Al gy Jasal) yg dage a3 gads O
¢ (24 w01 PAe
PG pAG
PARABADASASASASASASASASASAGAS L B B  BARARASADASASADLEADAGASAGASADAS AR A EASAS LA A A S R R B A
An explanation of the structure is available on our page: https://shorturl.at/mzHW8 To subscribe, please contact: 0504350429.



PARAGASASAG AR ASAASASAGASASAGA S ASAGASASAGASASAGA QAN S A RASA SR ARA PRGN DA A DA AR SRR A PR RN DA S

Gl gl sy The figure shows

........................

................. charging by

One way to charge a neutral metallic object with a negative charge is to do one of the

following; ot Alls L L) (3 5k aaf Lsll) Jolata (g 38 au Sllia ) a6l
Re:npve_ on‘;};@““fﬂ Cut out a part of the object
paanll (e S wany g i puall (a6 j plad

Add some electrons Ak ——
: i e some neutral atoms
puaall (I iy SIS ey Al Astaiall 2 1) yimmy Al

N X X X N N 00 X N Np 0 X N N 0 X N X 0 X N X0 0 N N 0 0 N Np 0 X N e 0 X X e 0 X N Xp X X 0 X Np 0 N Xp X N X N X 0 X N 0 %
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o X N Np X NP Xp X Xp N Xp N Np X NP X Ne Xp N Xp N e N NP Xp Ne Xp X Xp N o N Np X Np X N Xp N e Np e N Xp N Xp N Ny Np N Xp N Np N Np N N N %

21.5 Electrostatic Force—Coulomb’s Law

M k=899-10° Nén Coulomb’s constant

Evaluate the magnitude of the electrostatic force exchanged between the two charges
g1 = + 30uC and g, = — 40 X 107°C separated by a distance of 9.0 cm.

(Use k = 9 x 10° ”’C—';'z 1.0u=10x107°).

Lagiss Josis il g, = — 40 X 1076 5 q; = + 304C Cuiindl s Al Ayl 1 54811 e 3
(10p=10%10"6 k=9 x10° ¥ pas) . 9.0 cm dibus
C

21.2 The force between a charge of 25 pC and a charge of -10 pCis 8.0 N.
What is the separation between the two charges?

a) 0.28m ¢c) 0.45m
b) 0.53 m d) 0.15m

N X N Np X Xp X X X N o N Np X Np X Ne X N X N Xp X Np Xp Xe Xp X Xp N Xp X Np X Xp Xp N Xp N Xp Np %o ¥ Xp N Xp %o Xy Xp N Xp ¥ Xp N Xp N X X %
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YF 7F ¥ TF ¥ TF ¥ TF ¥ TF ¥ TF Y TF Y TF Y TF Y TF Y TF Y vF Y vF Y v Y v Yr ¥ Y ¥F Y Yr Y Ve ¥F ¥ Ye YF YF Ye v v
Y . 3
2. According to the figure, what is

the magnitude of net force 0.15m 0.15m
42 q1 43

~4.0 uC +3.0 uC ~4.0 uC

201 ¢

1.83 Two balls have the same mass,
0.9680 kg, and the same charge, 29.59 pC.
They hang from the ceiling on strings of
identical length, £, as shown in the figure.
If the angle of the strings with respect to
the vertical is 29.79°, what is the length
of the strings?

N X N Np X NP Xp X Xp N o N Np X NP X Ne Xp N e N Np X Np X Ne Xp N e N Np Xp NP Xp Ne Xp N e N e Np Np N Xp N Np N Np Np N N X Xp N X N %
N X N Np X Xp X X X N o N Np X Np X Ne X N X N Xp X Np Xp Xe Xp X Xp N Xp X Np X Xp Xp N Xp N Xp Np %o ¥ Xp N Xp %o Xy Xp N Xp ¥ Xp N Xp N X X %
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Concept Check 21.3

You place two charges a distance r
apart. Then you double each charge
and double the distance between the
charges. How does the force between
the two charges change!?

a) The new force is twice as large.

b) The new force is half as large.

¢) The new force is four times larger.
d) The new force is four times smaller.

e) The new force is the same.

o X N Np X Np Xp Xp Xp N Xp N Np N NP X Np X Xe Xp N o N Np X Np X Xo Xp N Xp N Np X Np Xp Ne Xp N Xp N Xp N Xp N Xp Np N Xp N XNp NP Np e N XN N NP N

Concept Check 21.6

Three charges are arranged on
a straight line as shown in the
figure, What is the direction of the
electrostatic force on the middle
charge?
v v 1
=4 q

q
A ble oy di

e) There is no force on that charge.

N X N Np X Xp X X X N o N Np X Np X Ne X N X N Xp X Np Xp Xe Xp X Xp N Xp X Np X Xp Xp N Xp N Xp Np %o ¥ Xp N Xp %o Xy Xp N Xp ¥ Xp N Xp N X X %
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An electric field, E(r), is defined at any point in space, as the net electric force on a charge, divided by
that charge:

A negative charge of 5.0x10-9C is placed at a point where the electric field is 1200 N/C to the right,
what is the force exerted on charge at that point?

a5 o) 42 ey 1200 N/C o Gb 8§ Jig Jobs il 3 5.0%107 C s lude aJl 0¥ Cay

ol Clls § damtdl Jo Fyicdt ol Lo i) s

Concept Check 2.6 Concept Check 2.7
A small positively charged object could be placed in a uniform electric field at position A or position B in the A negative charge —q s placed in a
figure. How do the electric forces on the object at the two positions compare? nonuniform electric field as shown
a) The magnitude of the electric force on the E inthe figure: What Is the (Iiirectl'oq
objectis greater at position A. of the electric force on this negative
charge?

b) The magnitude of the electric force on the

object is greater at position B. ' B

¢) There is no electric force on the object at
either position A or position B.

d) The electric force on the object at position
A has the same magnitude as the force on e} The electric force on the object at position A
the object at position B but is in the opposite is the same nonzero electric force as that on
direction. the object at position B.

|

e) The force is zero.

A proton is placed in the uniform electric field of magnitude E = 0.25 V/m. Find the acceleration
of the proton (in m/s?). Hint: Proton mass is 1.6 x 10-?’kg and proton charge is 1.6 x 10-"° C.

Aais (m/s2) Bas g3 55l sl 3l E = 0.25 V/m o_l5ka aliia Sl S Dl (b 0589 iy
A6 X 10-1°C s Atingy 1.6 x 10-Tkg s O gl AS | b S Jladll A o252y

N X X X N N 00 X N Np 0 X N N 0 X N X 0 X N X0 0 N N 0 0 N Np 0 X N e 0 X X e 0 X N Xp X X 0 X Np 0 N Xp X N X N X 0 X N 0 %
o X Xp Xp N Np Xp X N Np Xp X N Xp X N Ne Xp X N Ne Xp X N e Xp X N e Xp X N e Xp X N NP X N N e X N Xp N e Np N e N N Xp Ne N Xp N 5 0 N
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T

7+ What is the unit of measuring the surface charge density (o) on a thin metallic sheet?

T

h Tl ) 2 dasion o 53 g sal) (o) dmdaaad) Aial) A bl Bing 4 Lo

Y

T

Y

T

e

T

e

E What does X repr esen;kx TR @de i

% in the formula (E, = — . 2kX

* (Ey =) Jokl) g il (E,, = 25

A of an lllfill'lt(.?ly lm?g wire TR | SR
and what is its unit? -

N X X X Xp X Np N NP N X N X Np X Xe N NP N X

%

5 X5 %
2

W W

-
>

>
>

4. A point charge g = 4.00 x 107° C is placed on the %
x-axis at the origin. What is the electric field produce w
at x = 40.0 cm? N

3 5 5 5 3 5 3 53 3 508 3 56 0% 3%
5

5. A point charge is placed on the x-axis at the origin.
2. The electric field produce at x = 40.0 cm is
7 157 N/C. What is the point charge?

N X N N X Np X X X N X X Np X Np X X X N % N X
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= Example: In the figure created N
Al q, =2.1nC ii
bXd . . . = b
Il Electric field at point a Q. il
S s A
A,E 0.3m ii
2 . G, =604aC |
= ; ; A
N i E P N
IAG Y
PAG pAG
pAG pAG
w w
e e
S w
W L¢
= Depending on the data on the adjacent shape, an equilateral triangle with a side length of 2cm A
. will The electric field at point P is equal to A
W W
AT pAG
A A
W

¥y Aq
o cagall x s sladly 1.35x10° N/C (O3 ggﬁ-spc «

C gl yogaaslady 539x10°N/C O -
© Gasdly saaslady 1.50x10° N/C b

L qldly jgaastasly 1.50x10° N/C O o—21 VN
O, = +1uC Q, =+1uC | ..

w e
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L Flux for surface =
v ® = EAcosf

R —
-
A
w f
i’\{_’
—_—

Flux for closed surface without
charge=0

}
—
—
—_—
—

Flux for closed surface with
charge =

=2

=0

Electric flux: @

where:

=\ =i mi

3 5 5 08 3 5 3 5 3 3 5 0 55 3 5 0 3 5 08 55 3 50 3 5 08 35 3 08 3 08 3 b 3 06 3 b 3 3%

Electric fiux 5—

p——

“The scalar product of the electric field vector into the surface areavector.”

;ALEEDE-H --=:_"'_“J Angle between d and £ ]

where the angle in the figure is equal to 37 degrees.

what is the electric flux through the circular area 0.04m? is placed in a electric field (200N/C )

What is the flux through the circular area with radius of 0.30 m placed
in an external electric field has a strength of 1200 N/C and makes an
angle of 60.° with the plane of the circle?

o X X X X X X Xp 0 N Xp N Np X N Xp 0 N X N N 0 N

N X N N X Np X X X N X X Np X Np X X X N % N X
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Closed surface (3D)

For a closed surface the net flux is the integral of the electric field over the closed surface. ® = fp E” o dA

d)total =0

Example: Place a cube of rib length (0.4m) in a uniform electric field (60N/C ) as

in the figure find

.1 Total Flux

.2 low through the upper surface ——
.3 Flux through the Black surface o

N X X X N N 00 X N Np 0 X N N 0 X N X 0 X N X0 0 N N 0 0 N Np 0 X N e 0 X X e 0 X N Xp X X 0 X Np 0 N Xp X N X N X 0 X N 0 %
o X Xp Xp N Np Xp X N Np Xp N N Np X N Ne Xp X N e Xp X N e Xp X N e Xp X N e Xp X N NP X N N e X N Xp N e Np N NP N N Xp Ne N Xp N N 0 N
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Three isolated charges of +2q, —2q, and +3q are placed in a 3D vacuum space, where they are
surrounded by a Gaussian surface, as shown in the figure. What is the total electrical flux
through that surface? Hint: €, represents permittivity of vacuum.

A LS Gagly b L g g Slal) (JO6 S A (43q 5 —2q s +2q ) Mgdee Cliad S0 Gy
£ A8l 5l Lpaland) g Jiad Trcdaudl 138 e (A S BREY sk L JS i euia sn

What is the magnitude of the electric
flux through the sphere shown in the
figure that contains an electron and
tow protons?

According to the figure, a cube that
has (5.0cm) side length in a uniform
electric field (E=200N/C), that is
perpendicular to the plane of one face
of the cube. What Is the magnitude of
electric flux passing through the
black face?

DI X N X N N N Np X Np X N Xp N o N Np X e Xp Ne Xp N e N Np X Np X Np Xp X Xp N o X Np Xp Ne X N Xp N X Np X XNp NP Np N Np N Np N N N X %P N %
O3 5 5 5o 5 X 5 S X X X N X 0 5o X X X N X X N X X 0 N X 0 5o N X 0 N X 0 5o N X 00 5o K 0 5o % X S N N N X N NP X 5 Y N N X 5
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- Electric field for infinite sheet
%
conducting sheet insulator) ( , nonconducting sheet
o =0
Ep 2¢eq

Example: infinite nonconducting sheet with a charge (5x107 C/m?),

Find 1 — electric field at point a at a distance (4cm ) ]

~ /

2.76 Two infinite, uniformly charged, flat, nonconducting surfaces O,
are mutually perpendicular. One of the surfaces has a charge el
distribution of +30.0 pC/m?, and the other has a charge distribution 1
of —40.0 pC/m”. What is the magnitude of the electric field at any T "
point not on either surface? -It
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An explanation of the structure is available on our page: https://shorturl.at/mzHW8 To subscribe, please contact: 0504350429.
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4+ Concept Check 2.11
A hollow, conducting sphere is initially uncharged. A positive charge, +g,, is placed inside the sphere, as Concept Ch@Ck 2.10
shown in the figure. Then, a second positive charge, +4,, is placed near the sphere but outside it. Which of . s
the following statements describes the net electric force on each charge? A hollow, conducting sphere is initially

given an evenly distributed negative
4 N charge. A positive charge +q is brought
b) There is a net electric force on +g, but not on +g@,. ! near the sphere and placed at rest as
@ e
+4; +q; shown in the figure. What is the direction

a) There is a net electric force on +q, but not on +g;.

c) Both charges are acted on by a net electric force with the

same magnitude and in the same direction. - of the electric field inside the hollow
d) Both charges are acted on by a net electric force with the e) There is no net electric force on sphere?
same magnitude but in opposite directions. either charge.
a —»

b) T +q

) 4+—

|

e) The field is zero.

A point particle with charge g is placed inside the cube but not at its center. The electric Hux
through any one side of the cube:

is zero

is g/eq

is g/4ey

is g/beg

cannot be computed using Gauss’ law

HE0meE

ans: E

particle with charge 5.0-uC is placed at the corner of a cube. The total electric fAux in
-m? /C through all sides of the cube is:

1]

7.1 x 10*

0.4 x 104

1.4 x 10°

5.6 x 10°

ans: E

MO OWE 2>

#2.83 Consider a uniform nonconducting sphere with a surface charge
density p = 3.57x 107° C/m’ and a radius R = 1.72 m. What is the
magnitude of the electric field 0.530 m from the center of the sphere?
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An explanation of the structure is available on our page: https://shorturl.at/mzHW8 To subscribe, please contact: 0504350429.
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dabu Jaag (6.5 cm ) AN ok Cad g (5.0 cm ) AN opkd Lhal Ligaa (S90S Jeage —5
Al sie AlgS Jlae 738 (g ) AsligS Aad o) die Sy« AuiligS Aad A
dagall i) ) die AT LS Jlae 22 LS Jagall 85a oladls (50 N/C') Juapall
¢ q diadd) gai g Jaka Le ¢ Jaasal) 55 o8 Tam 4ad (50 N/C)

-l4xt10c O -25x102C O3

+14x10"C O +25x102C O

#2.54 A hollow conducting spherical shell has an inner radius of 8.00 cm
and an outer radius of 10.0 cm. The electric
field at the inner surface of the shell, E,

has a magnitude of 80.0 N/C and points
toward the center of the sphere, and the
electric field at the outer surface, E_, has a
magnitude of 80.0 N/C and points away
from the center of the sphere (see the
figure). Determine the magnitude of the

charge on the inner surface and on the outer surface of the spherical
shell.
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#2.83 Consider a uniform nonconducting sphere with a surface charge
density p = 3.57x10° C/m” and a radius R = 1.72 m. What is the
magnitude of the electric field 0.530 m from the center of the sphere?
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