2.1 Definition of an Electric Field -~ 45 Jaall (i 2321

2.3 Electric Field due to Point Charges 4l cliadl) (o gl il ¢Sl Jlaall 2.3

1
What is the unit for the electric field? S S Jlaall (b Baa g (A La
N/C J.G J/C V.m
2
The direction of the electric field is the direction of the.
...................... sladly Al Sl Jlawal) oladl G es
work done moving the test charge RS ek o Jghaal) Jadd)
potential difference (A agall
force on the positive test charge dua pa Lol Adad s 5l
force on the negative test charge Al Gd| Adad o 5 gl
3
A positive charge of 3.0 X 10~7 C in an electric Jos 2 3.0 X 1077 CLage ddak
field with a strength of 27 N/C towards the south. gl oladl 27N/ C 4iad L ¢S
What is the magnitude of the force acting on the ¢ ddaal) s B igal) 550l jlaka La
charge?
3.0x107'N 1.2 X 105N
8.1 x 10°°N 9.0 X 10’N
4
A negative charge of 1.5 X 1077 C is affected W jldia 358 i 1.5 x 1077 C 4dla da
by a force of 0.030 N towards the right in an (S Jaa (2 Geadd) oladl 0. 030N
electric field. Tl sl Jlanal olad) g jlaha La
What is the magnitude and direction of the
electric field?
4.5 X 107 N/C to the right 4.5 x 1077 N/C to the left
2.0 X 10° N/C to the right 2.0 X 10° N/C to the left
e s (o Uiyt ¥ 1 iy 3 g 515
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Four charges are located on the corners
of a square as shown in the drawing.
What is the direction of the net electric
field at the point labeled P?

LS g 0 Ll (A8 Bagn ga Ay S cilinndi g
JEA
TP Akaill) die i ¢Sl Jlaal) dduasa olai) La

o o°

—li =

2q q
6 -
According to the figure if : a PO  Jelll B
Q=-2pC, q=+2pC . Q=-2pC ,q =+2pC
What is the electric field at 3 TP Akill Lo Sl 4 Jaall La
point P ? Pl 0w §
E=23410N/C |
| =3, 1% 10°NA Qe
F;J.I*Il}'.\?(g, b | /'5.l o asavne |
\ : 61° 29° : .
AN . i o SE—- IR
aSile s s (e Uiguds Y 2 Al 3ud i ghal 5L
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7

Three -9mC point charges are located
at (0,0), (3 m,3 m), and (3 m,-3 m).
What is the magnitude of the electric
field at (3 m,0)?

Bl die —OmC e DS Ikl ciliad SO ad
(0,0) ,(3m,3m) ,(3m,—3m)

T(3m ,0) Al e Al S Jlaal) laka La

0.9x10” N/C ‘ 1.2x10” N/C 1.8x10” N/C ‘ 2.4x10" N/C
8
three fixed point charges: q: = +1.50 pC, q» sdohs el &l
=+2.50 nC, and qs =-3.50 pC. Charge qi is qq = +1.50pC ,q; = +2.50pC ,q3
located at (0,a), q: is located at (0,0), and qs = —3.50uC

is located at (b,0), where a=8.00 m and b =
6.00 m.

What electric field, do these three charges
produce at the point P = (b,a)?

dlail sie é-liqz MU(ﬂ,a} alc 85 q ;Ua-.?dl
. (b,0) s 2 gz Alaldl g (0,0) SV
a=28.00m ,b=6.00m:a

e DA cliadl) aatl g3 b sl Jaall b
¢ P=(a,b) 4ailll

aSile s glua cpa U goud ¥

Aoy 3 b e 5L
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Two point charges are placed at two of the Lla) On Oslsl) (e Ol (iiands g ol
corners of a triangle as shown in the figure. Joal) (8 ga gh Las d‘..‘.fh:H
Find the magnitude and the direction of the dagl I aie Al sl Jaall olad) g jlata aag)
electric field at the third corner of the triangle. . aliall A5EY
10.0 pC
10.0 cm
+15.0 pC
A +
200 cm—"

10
Find the magnitude and direction of the IC Al 2 (Al g Jlaall slaily ldia La
electric field at point C ?
g, =1uC =
D — _\_\. ___________________________________________________________ \.
< > >
0.1m 0.2m
aSile s el cpa Uiguuls ¥ 4 Al b ol 5L
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e What the sign of each charge :

¢ Find the electric field at the

position of charge 2

In the figure below: solial JSi) 4
®|s.|=4nC ®\q,|=4nC
o) Lo
- : 6\-' :
0& 1 [\) 1
,,a-" : ',a-" :
' - '

2 dadl) pdaga die Al gSh Jlaall 32l

12

A +5.00 C charge is located at the origin. A
-3.00 C charge is placed at x = 1.00 m.

At what finite distance(s) along the x-axis
will the electric field be equal to zero?

9 dua¥) Ak Yo +5,00 C Liad g
x=1.00 m 2 -3.00 C &adll caday

X s53a Jsb o Sadaa (i) dilua ol 2ie
T 5 sbens (AL Jaadl & s

alile s e ¢ U geld ¥

5 Ay 3 o g 51
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Two point charges are placed on the (y) axis, the i.h...’.':ll (y) w54l e u\:gkia Sliiad cunda g
charge (+q) is at the origin (0, 0) and the other s AY Aadll s (0, 0) V) Akl die (+q)

charge (-4q) is located at (y=+r). . (y=tr) 8= &y (-4q)
Where is the resultant electric field equal to € a5 ghad (il Sl Jlanal) ddecna & 4S5
zero?

2.2 Field Lines b8! Juaall laghd 2 2

14

Which of the following statements is/are true regarding the electric field lines?
9 gk ) el gl il Annas A8l )
I.  They originate on positive charges and terminate on negative charges
Al cliadll ale iy A pal) cliandll e fas T
II.  Field lines never cross each other
ablasny  IT

III. ~ The direction of electric field is tangent to the field line at any point in space
Al o) dis Jlaall Jaghdd Lakaa Al ¢Sl Juaal) sladl 068 TIT

I only 11 only \ III only \ I, II and I1I
15
Which of the charges in the ; sl Ga )
figure is (are) positive ? JSal) 2 Aaud gall
A
1 2 3 1,3 | All the three charges are positive
pSiles s (o Liguli ¥ 5 Aoy 3 b e 5L
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Assuming that there are no charges in the @ﬂ'l dhl.u.!i o Cliad aa Y 43} Lida g8} 13)
four regions shown in the figure, which of ‘h’Lu Jia ol OSay haad (él.’. ¢ JSAd ",a daua gall
the patterns could represent an electric ¢ Ly S
field?
1
- —
— —— 2
_' ) ’ - 352
(€, — 1%
— e T None of the patterns represent an
; : electric field.
| 17 .
Which diagram represents the electric field O Sl Jlaall daglad (2 s Al JiY) )
lines between two small electrically charged § il gadia (il pia (05 S
spheres?
—— = ~ :
Ny | | e X
A — | —<— ol So| K o
e — P el
18 - -
The spatial distribution of the electric field € olia) JSll Al davaa Aallil) @ LsdY) )

due to charges (A, B) is shown in the figure
below. Which of the parameters regarding the
charges are correct?

Charge | Charge | Magnitude of
A B on A on B charges
A |+ - A<B
B |+ - A>B
C |+ + A=B
D |- - A>B
aSile s el cpa Uiguuls ¥ 7 Al b ol 5L
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The figure shows a two-
dimensional view of electric field
lines due to two opposite charges.
What is the direction of the electric
field at the five points A, B, C, D,
and E?

At which of the five points is the
magnitude of the electric field the
largest?

T gl sa¥) A 1 ie JS gk

Oiiiad e @I by 4 Jla

Juaall oladl La, 3y (A8 Gutilida

‘E a[? {(C
5] o S

20

The electric field lines for a system of
two charges is shown below. Which of
the following could be the correct

charges 1 and 2?

955 aUAE b gl Jlanall Ja ghadh oUiaf SN (s

SOl Al daaua 40

. nE . e a2 .
,uﬂhmuyauw

A ql =+32pC,q2 =-16 pC

B ql =-32 pC, q2 =+16 pC

C ql =-16 pC, q2 =+32 pC

D ql =-16 pC, g2 =-32 pC
21

e What are the signs of the charges
in the configuration shown in

the figure?

e Find the ratio B
qz

e If:|qq| =6.0nC, Find :
q; and q;

alile s s ¢y U puld Y

Page 9paiie jde G
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Which of the following statements is (are) true?
¢ dauaua Al @l jlall Cpa !

Electric field lines point inward toward negative charges.
Al ciliandd) sladly Jalall ) Al ¢S Jlaal) Jaglad judis

Electric field lines form circles around positive charges.
A gall cliall) Joa il g (b 81 Jual) Jaghad S

Electric field lines may cross.

i S Jlaall daghad adlis o8

Electric field lines point outward from positive charges.
Ao gall cliaddf cpe g JAY ) Al S) Sl Jaghad judd

A positive point charge released from rest will initially accelerate
along a tangent to the electric field line at that point.
LIl e L ges ¢y s8] (pa Ailhaial) A gal) dukati) Adal
Adall) Al die Al <)) Jlaal) Jadd ulas bt

2.5 General Charge Distributionsdiadll dalal) ey 353l 2.5

23

What is the unit of measuring the liner density (1) on a thin rod ?

¢ Jashy ad dlu o 3353 sall (A) dchdl) dald) ABUS il Baa g

C/m C/m?*
C/m? C/s
24
What does X represent in the formula: rdipal) 8 X Jiad il
dg=XdV dg=Xdv
And what is its unit of measurement? gl Ban g Lag
Symbol X Unit
Linear charge density C/m
Surface charge density C/m?
Volume charge density c/m?
Volume charge density c/m*
aSile s i ¢pa Ugadi ¥ 9 Al b B o 5L
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fdaakan) Aall) AUS jJiiala, 5 nC WYiady Jom Wkl chal Al ga b S
A conducting sphere has a radius 3cm and a total charge 5 nC
What is the magnitude of surface charge distribution ¢?

26
danall Ladl) AUS jldiale, 5 C Ao pUETL lada o £ 5559 om Wk ciuai dlaga 18 5 S
ig!
A non-conducting sphere with a radius of 3 cm and a charge of 5 nC uniformly
distributed over its volume. What is its volume charge distribution p?
27
Which of the following equations express the | /= 4 jga 4ulsli diadll (el 4] c¥alaal) )
total charge distributed on a surface? frdaw
quldx quqdr qupdr quo'dr
2.6 Force due to an Electric Field  ib4S Jaa (8 423l 3431 2.6
28
Calculate the magnitude of the electric force A adeins Ao 3 isall Al <)) gl ldia cua)
acting on a particle with two excess electrons in RS Jaa a2 g (o () g A
the presence of a 10.0 kN/C field 10.0kN/C
aSile s i ¢pa Ugadi ¥ 10 Al b B o 5L
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A small positive charge at 5 | Ja= o Sl pia daa ga diad
rest in a uniform electric . LSSl LS ?E*“ i S
field, as shown in the figure. 2 > e diall) | ati Ladic
When the charge is released, BN LY s
it... :
A axy
not move

begin to move with a constant speed

45 Ay 45 ol qé 1ad
begin to move with a constant acceleration.

Bl e Aazy s all B g
begin to move with an increasing acceleration.

30

A proton is placed in the uniform electric field | E= 0.6 Aiad aliila b S e (A (159 0 iy
of magnitude E= 0.6 V/m. Find the (m/s?) 33 g1 (s ) £ el 329l . V/m
acceleration of the proton (in m/s?)

mp =1.67 x107?’kgand qp = 1.6 X 1071°C

aSile s el ¢pa gl ¥ 11 A b b gha 5L
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A small positively charged object could be placed in a uniform

electric field at position A or position B in the figure. How do the

electric forces on the object at the two positions compare?

A g gal (b plitia (i S Jaa (A L ga Ly (g2t i a9 (S
€yt gall (A pnadd) o 5 yipall Al Sl (s gl ¢ A S Sl (A B pudagall g

=0
e

The magnitude of the electric force on the object is greater at position A

A pagal) die S avadl o 5 figal) du S 551 )i

The magnitude of the electric force on the object is greater at position B

B gasall sis i puadl (5 5 fipall L S 581 laia

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

B gl o) A pulagall sl awadll o i Al 4S5 g8 sa i Y

The electric force on the object at position A is the same nonzero electric force as that on
the object at position B
(b LS Al 8 Ay ) B g ok g A e pall B 352 pal) puanl o 5 sl Ay 540 5 g

B gl (A pmad)

32

A negative charge -q is placed in a nonuniform
electric field as shown in the figure. What is
the direction of the electric force on this
negative charge?

2 S S g g- Al Aad g o

S (R el ga b LaS alilis

SR ) 13 e Al ) 5 i) olad) L

*-g — il c—
aSile s el cpa Uiguuls ¥ 12 Al b ol 5L
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There is an electric field of magnitude 150 N/C, 4234 (150N/C 4ad Al S Joe 22 o0
directed vertically downward, near the surface of .uéﬁ"' e (e AN (Jid) LY L gas
the Earth. Find the acceleration (magnitude and @il g A (Laladl g 1 laka) £ jludl) sa ol
direction) of an electron released near the Earth’s o T (o Al
surface

m, =9.11 X 10 *'kgandq, = -1.6 x 10 1°C

34
An electron with a kinetic energy of 2.00 keV (1 2.00keV 45 A~ FETP Ty
eV=1.602x10-19 J) is fired horizontally across a Jna ga C;"‘ e 1_-333" (}?V=1.§02x10-19 J)
horizontally oriented charged conducting plate _Uw-\i Agadan Adadi 4SS, Laa) 42 pa () gadia
with a surface charge density of +4.00x10¢ 2 GIASN Jleaa SIS 1) ¢+4.00x10°° C/m?
C/m?. Taking the positive direction to be dala (e ddlua o ) zolll o) s gall slady)
upward (away from the plate), what B y ‘ (
is the vertical deflection of the electron after it Alla ool O sty 09 AU (guad 1) ) Lad
has traveled a horizontal distance of 4.00 cm? €4.00cm WK _laia 48
| m, =9.11 x 10 3'kg and q, = —1.6 x 10 1°C

y o

fifpeememmme e ccca=ay

Iu X =400 rml .

aSile s el cpa Uiguuls ¥ 13 Al b ol 5L
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As shown in the figure an electron is fired
horizontally toward the positive x direction over a
horizontally oriented charged conducting plate with
a surface charge density (+3.0 x 10715 C/m?) . If
the vertical deflection of the electron is (0. 5cm)
after it has traveled a horizontal distance (2. 0cm).
What is the velocity of the electron when is fired ?

(Neglect Earth gravity)

GRS () o (JS) (A e sa s LS

Jasa £ ol (390 o gall x olaily Like)

daadao ddand 48U, LS ¢ gaudia

GS 13 .(4+3.0 x 10715 C/m?)

23 (0.5cm) 9 AU (aad ) i) 2

(2.0cm) 4k ddlusa adad ¢

?é)&!m?sg,ﬁﬁwisﬂ@u
(a1 i) Juat)

) G
0.5cm
W b

‘m . X

0 X 20cm

2.4 x10°m/s

1.2 x 10°m/s

1.6 x 10°m/s

1.3 x 10°m/s

m, =9.11 X 103'kgand q. = —1.6 x 10~1°C

36

An electron is observed traveling at a
speed of 27.5x10° m/s parallel to an
electric field of magnitude 11,400N/C.
How far will the electron travel before
coming to a stop?

L315427.5x10° m/s 48w & ks (9580 Ba gl
11,400N/C 4368 AL ¢S Jlaal
i gy o) JB 9 RS Lgadaia Al Adlusall L

m, =9.11 x 1073'kg and q,

-1.6 x 107 °C

alile s e ¢ U geld ¥

14 Al b i ghal 5L
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A small metal ball with a mass 0f 4.00 g and a
charge of 5.00 mC is located at a distance of
0.700 m above the ground in an electric field
of 12.0 N/C directed to the east. The ball is
then released from rest. What is the velocity
of the ball after it has moved downward a
vertical distance of 0.300 m?

¢ SmC Wiads 4.00g WSS 3 phua 4o § S
Jaa o ol ) el (368 0.700 dasa o
ilha) 13) (3l gad 4ads 12.0N/C Aisd (Al S
LGSl e b sl

diluce Jiud & i o) a3 Sl dgaiall de yud) Lad
€ 0.300m W _fsie 4

2.7 Electric Flux ¢S 385 2.7

38

A cube that has faces of area Ain a
uniform electric field E , that is
perpendicular to the plane of one face of
the cube.
What is the net electric flux passing though
the cube?

Eakiiia b 45 Jle (4 A 4429 Aabius casa
oasall 4 ) daf i Ao (58 9a
SenSall po pau (gl ASH b gl shail) 5a e

E
__...-—-""
A

aSile s glua cpa U goud ¥

15 Al b el 5L
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The figure shows a cube with faces
of area A and one face missing. This
five-sided cubical object is in a uniform
electric field, perpendicular to one face.
What is the net electric flux passing
through the object?

02l L g9 A A4 s Aaluus Liasa () i g
(2 Anadl) 4 gY) g3 casal) JSAN) 138 a2 g | carSall
Aagd) ) o gagae g F plilia il S Ja
feaSall jo yau gﬂl gl dé.\l"l Alasala

——

40

In the figure, a cube with side length (5.0
cm) is traversed by an electric field in the
unit (N/C) according to the equation:
E=20%+4.0y+6.0Z
What is the magnitude of electric flux that
passes through the two shaded faces of the
cube (front and right)?

Note: There are no charges inside the cube

5 o (5.0cm) 4aléa sk casa ) glaal) JSi)

rAlilaal) (385 (N/C) 52352 (S Jse
E=208+4.0y+6.0Z

Colliall Cga ol) Slias M) Al <l (ghasl) fla Le

(Gl g alal] ) asall

aSall JAla cliad aa g5 Y ; Addadle

Yai

0.005 N.m?/C

0.030 N.m?2/C

0.020 N.m?/C

0.015 N.m?/C

alile s mlla (ha U gt Y

16 Al b gl 5L
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According to the figure , a cube that has
(5.0cm) side length in a uniform electric
field (E=200N/C) , that is prependicular to
the plane of one face of the cube .

What is the magnitude of electric flux that
passing through the black face ?

Jaa 8 (5.00m) Axla J gk caasa (JLAY caa
23 (g gha o 53948 (E=200N/C) philia (Al 45
Jqasal) Al

Cagull dagll po jas 53N L <l gl e la

42

A uniform electric field (E=28N/C) is
perpendicular to one face of a cube as
shown in the figure, if the electric flux
through the shaded left face is equal to (-
7.0 N.m?/C). What is the length of the cube

4

gl sl e salaia (E=28N/C) plitia b 4S Jlase
Angll e Al gl @03 GAS 1) (JSAN LaS Giasa

« (7.0 N.m?/C) (5.5t S puu¥)

¢ caSall alia Jgh jlaka La

the surface is 0.5AE
What is the magnitude of the angle O?

- L=0.25m L=0.50m
= a i
- L=2m L=19.6m
43
In the figure: If your electric flux passing : Jilial) Jsi) A

0.5AE gehed jliag (530 (Al S (33 (S 13)
$O Ayl akatla

alile s mlla (ha U gt Y

17 Al b gl 5L
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2.8 Gauss’s Law

s sE 2.8

44

A cylinder made of an insulating
material is placed in an electric
field as shown in the figure. The net
electric flux passing through the
surface of the cylinder is

Bala (34 AS ginaa &) ghul cauay
e 38 LS (il S Jaa 2 AL Jle
38 Alaaa ¢ gSiu JSA)
) ghas) peda e lall il <l

R T i

B
positive

[ b
\ N

<l
negative

PRI et

HAa
Zero

45

The lines in the figure are electric field lines,
and the circle is a Gaussian surface. For
which case(s) is (are) the total electric flux
nonzero?

Jas BghE A JSEN A o gall B gl
g i 3 4 SN i ) T 3% 3

a) 1 only

b) 2 only

c)4,5,and 6 1

d) 6 only ﬁ V

e)land2 E \H‘\

alile s mlla (ha U gt Y

18 Al 58 o ghad 513
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A hollow, conducting sphere is initially
given an evenly distributed negative
charge. A positive charge +q is brought
near the sphere and placed at rest as
shown in the figure.

What is the direction of the electric field
inside the hollow sphere?

Al Aandy Ala) A cidan 48 e Aliaga § S
g Aase dad By sedlly ke 4 55
g s LaS (gt Al (8 Cauday ol 5 S

948 ganal) 3 SI) SN il Sl Jlaal) ola La

o1

c) —--———

"]

e) The field is zero.

47

A hollow, conducting sphere is initially
uncharged. A positive charge, +ql, is placed
inside the sphere, as shown in the figure. Then, a
second positive charge, +q2; is placed near the

sphere but outside it.

Which of the following statements describes the
net electric force on each charge?

Al AL gada 2 Aagay Ay s S
38 LS 3 Sl JAltqlda e Adak caula 3
L ge Ao caday o JSA) (B G
IO GBS (e il g2 3

5 i) Aliaaa it A1 ) Lal) a s
a5 B 5 sl Ay S

There is a net electric force on +q2 but not on +q1.
AP AFEY (S B A AL 4S5 8 Auasa a5l

There is a net electric fqrce on +q1 but not on +q2.
A2 P AFEY (S B A AL 4S5 g8 Auasa a5

Both charges are acted on by a net electric force with the
same magnitude and in the same direction
slad¥l g jlaiall @ A gludia Al 4S5 8 Aluanay (el LK Sl

T Gt

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

same magnitude but in opposite directions. '
slady) B AuSlatiag glaial) B 4 gloia Ay 19S5 g Aluanay (piiaalf WIS Jln

There is no net electric force on either charge
Cuiiaal) gl b A Al g8 5 5B Aduana 2255 Y

alile s s ¢y U puld Y

19 Al b gl 5L
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A point charge, +Q, is located on the x-axis
at x = a, and a second point charge, -Q, is
located on the x-axis at x = -a. A Gaussian
surface with radius r = 2a is centered at the
origin.

The flux through this Gaussian surface is

X:;ﬁﬁxWi L’.‘G+Qc cwmﬁm.'GJ

X ey jsaall o Qe o Al bl Aak caggn

.............. Jual) Adalki de S palar = 2a
s> o 18 e (g8l () gt

Zero.

less than zero

greater than zero

none of the above

49

The electric flux through a spherical Gaussian
surface of radius R centered on a charge Q is
(1200N.m?*/C) What is the electric flux
through a cubic Gaussian surface of side R
centered on the same charge Q?

e (58 gl el i (gl (2l
(1200N.m?/C) s» Qadad dis 5 3S yagR o kd
s (sl (el s (Al S (Rl il
TgmudiQ Adall) dis 5 38 JagR 4Aalda J oo

less than (1200N.m?*/C)

equal to (1200N.m?*/C)

more than (1200N.m?/C)

cannot be determined from the
information given

50

Four charges are placed in three-dimensional
space. The charges have magnitudes +3q, -q,
+2q, and -7q. If a Gaussian surface encloses
all the charges, what will be the electric flux
through that surface?

Sy sl A8 S B cliad g jf caa
<uils |:1!._7q ‘3+2q 3q J+3q EAREWEA|] _):_I-\Gﬂ
com g gelann ddalaa LS ciliaid)

Tl 18 e lall Al g (gaal) Lad

51

Electric fields of varying magnitudes are directed

either inward or outward at right angles on the faces

of a cube, as shown in the figure. What is

the strength and direction of the field on the face F?

o) L) patial) Ailida Sl S Vo 420
e e dadld U g5 g AN ) gl JAl
Jead) “,& Cpal) ansSal)

IF 428l Ao 4aladly Jlaall 30 L

*

alile s mla (pa Ugusi Y 20 Al 5ab (b ghad 5L
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The six faces of a cubical box each
measure 20.0 cm by 20.0 cm,

and the faces are numbered such that
faces 1 and 6 are opposite to

each other, as are faces 2 and 5, and
faces 3 and 4. The flux through

each face is given in the table.

Find the net charge inside the cube

(A Al dga g (0 da g JS Aol caasa (Ggaia
OMS duas A ¥ < 5520.0 cm (2200 cm
Ol 1389 (Gl 6 51 g sl

) M Jpaal) gidagasd 33 Ol slsS s2
A2 S e W

aSal) Jaks ddlal) Aaidl aa gl

CLEL e gl |
(N m?/0)
-70.0 1
-300.0 2
-300.0 3
+300.0 4
5

6

-400.0
-500.0

53

Which of the following statements represents Gauss’s law ?
¢ ougl o e A @l jlad) (e gl

Electric flux through a closed surface is proportional to the charge inside the surface

Gelanal) JA1a 5253 gal) Ay l] L) )ie pon Ll oy (3l o 0 (b ) (gl

Electric charge is uniformly distributed on the surface of a charged conductor

L gadiall g gal) gl o aUREL Al Sl Lol ¢ 5

Electric field inside a conductor is always zero
JAa gJLuSd.\AJA ¢! d&'l-a"’-‘ll-.l‘)aﬂ’l Jaall 5o

The surface of any conductor is an equipotential surface

A (s ghuiia peda b Juaga 5Y A A mlad)

alile s mlla (ha U gt Y

21 Al b gl 5L
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A chage Q is enclosed by a Gaussian . R k8 clial (glia o gla gedae JA1 Q Al ¢S Ada
spherical surface of radius R . IF the SO Al sl (ot o8 pdacd) e Liual el 1)
radius is doubled , the outward electric | 00000 . el
flux will ...........

reduce to half «aaill Ji

be doubled «islal

increase four times <) e 42 335

remain the same $ LS A

n
1]

A cubical Gaussian surface is placed in a dalan Jgha JSdlly LaS Cata ool pbons
uniform electric field as shown in the figure. The plitle AL 48 Jlaa A 229« 1.0 m
length of each edge of the cube is 1.0 m. The 5.0 X 10 8N/C »_/4ka
uniform electric field has a magnitude of 5.0%x108 ¢ qasall o il ,gsl (g8al lia e

N/C and passes through the left and right sides of
the cube perpendicular to the surface. What is the
total electric flux that passes through the cubical
Gaussian surface?

- 3.0 x 10° Nm?*/C
: i 6 2
— | [ 2.5 x10° Nm*/C
. 1.5 x 10’ Nm?/C
zero
56
The figure below shows a distribution of Al cliad SO A puda g

charges. The flux of the electric field due S pdacad) Jling A Al gSh (gaail) )aka La
to these charges through the surface S is

s Zero

.
2

aSile s s (e Uiguds Y 22 Al 3ud i ghal 5L
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A charge q is placed at the center of a cube.
What is the flux of the electric field through
one face of the cube?

S S e A8 A5 g ga q Ao
casall da gf aaf Slan M) g (.l laka La
¢

0 q

2]

q 6 £0q

6g,

58

A charge 3q is placed at the center of a cube.
What is the flux of the electric field through

‘ @a}y&h&nﬁy3qm
Al aal Jay s Al gS) (BBal) lakia La

one face of the cube? Tursal)
a4 4 ot 3q
6g, £ 25y €

59

A 3.5 C point charge sits in the center ofa 1
m cube. What is the electric flux through
one side of the cube?

. Im 4l Jsh casa 38 5 (8 3.5C dubaki Aa
¢ casall A gl aal Jliag @l (A g (3Bal) iuia e

4.5 x 10" N.m?*/C

5.0 x 10" N.m*/C

6.6 x 10" N.m?/C

3.3 x 10" N.m*/C

60

The cube shown in the figure contains
seven electrons, eight neutrons, and a
number of protons. If the electric flux
through the cube is (3.62 x 108N m?/C)
How many protons are in the cube?

g 2] e (Ao (5 g SR (B i gall el
(38al) S 13) el gh gyl e ae g gyl (el
(3.62 X 10 BN m?2/C) w=sall y& Al <))

Soasal) & cligig al) 2 La

2 | PP 8 | o

23 Al b gl 5L
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A point charge sits in the center ofa 1 m 1m 4ada Joh casa S e B 54 g ga Aghall Alak
cube.The electric flux through one side of the aa gl aaf ey PR PRV (g - XA g TR kN
cubeis 7.2 X 10 1°N.m?/C. 7.2 X 10 1°N. m? /C quasall
What is the charge at the center of the cube? ¢ casal) 38 e A B ga pall Adadl) ke L

4.6 C | 3.8C 8.9C | 6.0C

62
What is the magnitude of the electric flux (B S AN B Sl e (b sl (30l )aha La
through the sphere show in the figure that ¢ Ggien QAN e g gial Al Jsdl)

contains an electron and two protons ?

1.6 x 107% N.m?/C

w 1.8 x10°% N.m?/C

g 3.6 x10°® N.m?/C
T

5.4 x 10 ® N.m?/C

63 |
A small sphere has a charge +q. Spherical Gaussian @b W b +q Wil b a5 S
Surfaces A and B are concentric with the sphere, as A8 chual S 1Y) (JSEIL LS B A (gl
shown in the figure below. The radii of surfaces A 2r g1 il (o Geadad)
and B are r and 2r, respectively. The magnitude of P A S (Boail) Gy Andl] ]
the electric flux through A is ¢pA. The magnitude of Palpp (b
the electric flux through surface B is ¢B.
| The ratio ¢a/¢s is
; 4 1
" i.'f ’ " .I'.” 1 1
¥y / 2 1
1 2
aSile s el cpa Uiguuls ¥ 24 Al b ol 5L
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Which of the following relationships
represents Gauss's law?

Tl ool Jiad dallal) cilBdal) (he (_fi

ﬁs.dﬁ’:i
L)

ﬁgE.d§=q£0

65

The figure below shows five Gaussian
surfaces (a to e) surrounding a
distribution of charges.

Which of the Gaussian surfaces have
an electric flux of +g/£o0 through them?

&MM@JQ@iM&UJi Jedd) G’b‘-’f

. Sliadd) S
?@Qﬁ@ﬁ)ﬁ‘ﬁwﬁechagi

a b C d ¢
_.a
+3q
o \__b
_zoq :'._q\
e
+2q
‘-.d '
C
66

Inside a spherical surfaceisa 5.3 x 10° C
and a —2.2 x 107 C charge. What is the
total electric flux through the surface of
the sphere in units of Nm?/C?

Al =22 x107°C 5.3 x 10°° € (liad 22 5
Bla 598 ch

s98) ) g q;:ﬂl N d'a.fm Jidka ba

¢ Nm2/C 53a g

3.4 %107 | 2.8 x 10¢

3.5 x 10° \ 3.1 x 10°

alile s mlla (ha U gt Y

25 Al 58 o ghad 513
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A hollow sphere of conductive material of
radius (a) is surrounded by another thin
spherical surface of conductive material of
radius (b) where (b>a) and the two spheres
are concentric as shown in the figure, the
surface charge density of each of them is

W i g (a) Wkl il Ala a e (10 A8 50 B 8
b L kb isal Alia ga ke (0 (38 ) Al @35 e
Giaga gh LS 55 pall h (hiaada (K S)lg (b>a) Sun
gug.udsimb..diw1 ddds ¢ Jeady
Mluuﬂwlwhjﬂidu1 a.}.uud-‘h_ﬂ

S Sl Gar sy e G Sl

(o). Find the electric field strength a<r<hb
generated between the two spherical
surfaces at a distance (r) from the center
where(a <r < b)
2 oa
_or (T
goa? S ¥
or o a?
e E =
2.9 Special Symmetries<biadll a g8 Jilai 3 dald <N 2.9
68
i 2k X
What dg;s X represent in the formula kg L ( | A ) 1 X e e
E=—)t finit d what
( 5 ) or an infinite wire and wha ‘ Jshal
is its unit of measurement? gl B 9 Alayg
Symbol X Unit
Linear charge density C/m
Surface charge density C/m?
Volume charge density c/m3
Volume charge density C/m*

alile s mlla (ha U gt Y

26 Al b gl 5L
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A total of 1.45 x 106 excess electrons are placed
on an initially electrically neutral wire of length
1.13 m. What is the magnitude of the electric
field at a point at a perpendicular distance of
0.401 m away from the center of wire?

(Hint : Assume that 1.13 m is close enough to
“infinitely long.”)

Aualldl) i g 2SN (1a1.45x106 Aad) s
Al gh Ll (B Ly S e il o

A sie A S Jlaall idia La,1.13m
el inalia 40,401 m 4 pas ddlusa o
< A1.13 m Jsbl O o2 1; i)
(AN Jalall" (A ey

9.21x 10 N/C

2.92x 10 N/C

6.77 x 10! N/C

8.12x 102 N/C

70

An infinitely long charged wire produces an
electric field of magnitude 1.23x10° N/C at a
distance of 50.0 ¢m perpendicular to the wire.
The direction of the electric field is toward
the wire.

a) What is the charge distribution?

b) How many electrons per unit length are on
the wire?

Ll 4S Wlana A Jgbs 93 & g dlbes i
50.0cm 4élaa 121,23x10° N/C o _)dka
93 Al g Jlaall dad g L) o 4pagae
AL

liadll &35 a(a

tellul) o ok baa g JSI il g 3] a3 aS(h

aSile s glua cpa U goud ¥
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Suppose an uncharged solid steel ball, for example, | isada & g diama LN B3 S o o2 58
one of the steel balls used in an old-fashioned Al b dasdional) Ay gl) ) Sl (gaals
pinball machine, is resting on a perfect insulator. b lsa gl Ao guda ga cAagdll] Cusslual] 9 5 Sl
Some small amount of negative charge (say, a few (A B e dpaS Cmaj ol Ada JJle Lo
hundred electrons) is placed at the north pole of the o (Dlhe il g AN i) Al Adal
ball. If you could check the distribution of the Ora (@il dliSal 13) 3 Sl Jladil) caladl)
charge after a few seconds, what would you detect? | fcidiSin 1ilad (ALB &) &f 3y Ladl) aa )

All the added charge has vanished, and the ball is again electrically neutral.
@A) B ya Ll g€ Alalatia § ) ciaua) g Adlaall Aadl) S cudid)

All the added charge has moved to the center of the ball.
8 SN S pa M) Adliaal) Adail) IS i)

All of the added charge is distributed uniformly over the surface of the ball.
88l mha o aUASIL d8Liaal) Lasd) JS ce 3

The added charge is still located at or very near the north pole of the ball.
Adalag Ay B ol 5 KU el cubaill) dis LgilSa (8 53 99 ga ABlaal) el <l Y

72
Suppose an uncharged hollow sphere made of a Ugaia b 4dgaa b S O La )
perfect insulator, for example a ping-pong ball, is o g0 al) B SS (U Jile (e A gluaa
resting on a perfect insulator. Some small amount of daaS caday i Alia JJle o 5 jilna
negative charge (say, a few hundred electrons) is Sl g fSh) clia) ) Aasd) e b e
placed at the north pole of the sphere. If you could Clica) 13) 3 ySU ekl culall) is (D
check the distribution of the charge after a few AL () o ang Adanld) a5 g5 e (BRI
seconds, what would you detect? fLAdiSio, 13lad

All the added charge has vanished, and the ball is again electrically neutral.
AT 5 pa Ll g€ Alaleia b S ciaual g AdLiaal] Adail) S il

All the added charge has moved to the center of the ball.
BSH 38 e A ABLaall el S culin)

All of the added charge is distributed uniformly over the surface of the ball.
8 pho o aUSGL A8Laal) L) JS e )

The added charge is still located at or very near the north pole of the ball.
aiaandy B gl 5 SU Ml i)l dio LgitSa B 53 g ga dbLinal) dinsl) ) Y

B
A charge of +24 is placed at the center of nda pE Jaga JS S e “,ﬂ +2q ddad cadag
an uncharged conducting shell. What will A mlad) Ao B g ga & gSian (Al @liaid) L
be the charges on the inner and outer f sl Ao (JSgdl Ay
surfaces of the shell, respectively?
-2q, +2¢ -2q,+2¢q
-4, 4 -2q, t4q
plile s lua (o gl Y 28 Al b b gl 5L

Page 29p85 jde (JSGI




74

Two infinite nonconducting plates are AV Lagda JS (53l g (b ga S Sl Gla gl
parallel to each other, with a distance d = B Ease WS d=10cm Ailua Lagiu Juaily
10.0 cm between them, as shown in the Laliiia diad a6 Jaau ¢ o8 JS GAS 13) JS&d)
figure. Each plate carries a uniform o =4.5 pnC/m? o )3ia

charge distribution of ¢ = 4.5 pC/m2. ( xp=20cmgis 1)) Pakilll sis il 4l Jlaal) Lad
‘What is the electric field, at point P (with

xp=20.0 cm)?

Ty o ;cr 2.54xN/C

| | i (-5.08 x 10°)z N/C

i d " ~

B L | (5.08 x 10°)x N/C

LY | gole sl (-1.02 x 105)% N/C

75
Two parallel, infinite, nonconducting plates Lagas il (lia g 3 5 Sl () g (b
are 10.0 cm apart and have charge +1.00 Al (s 55 Lagd 510.0 cm 48Lea
distributions of +1.00 pC/m2 and -1.00 ~1.00 pC/m’* spC/m”
pnC/m2. O E1A (2 25250 (9 581 (A5 Jiisall 5 60 La
What is the force on an electron in the : ol
space between the plates? Al Gaa olll 7 A Ay g ) (8 Sj}fl’l 3 58l La
What is the force on an electron located T gl aa Gh"" (s
outside the two plates near the surface of
one of the two plates?
aSile s el cpa Uiguuls ¥ 29 Al b ol 5L
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Two infinite sheets of charge are separated
by 10.0 em as shown in the figure. Sheet 1
has a surface charge distribution of 6; =
3.00 pC/m” and sheet 2 has a surface charge
distribution of g2 = -5.00 pC/m”.

Find the total electric field (magnitude and
direction) at each of the following locations:
a) at point P, 6.00 cm to the left of sheet 1
b) at point P! 6.00 cm to the right of sheet 1

10.0cm Adbesa Lagudary 0 Gl Adandi Lo gl dau
ol k) diall) iy JSEN (B uaga a Las
Aadl) g g bl g7 = 3.00 pC/m* $1
.02=-5.00 pC/m* 22 gl bl

JS dis (Waladly ) ha) S A Sl Jaal) 2 gf

: Al @) gall (o B 5

1 2o 4si6.00 cm Alss o P ALl i (a

1258 (506.00 cm 4Adlusa o P Akl sic(b

Sheet 1 Sheet 2

«—100 cm——

O T

s o i, e s, oo, e, o, e, i,

P P
#6.00 cm> 6,00 cm—>+

20,=300 iC/m* - @, = —5.00 pC/m?

77
The diagram below shows two charged . \aguany o ] ,ﬁ SN Gyl Jsil) ik gy
plates placed close to each other. e JBY) N S e 392 91 Bl i
Rank the points 1, 2 and 3 from greatest to A Jiaall
the least electric field
+ >2>3
+
1 M 3 3>1>2
+ 3=1>72
1=2=73
i s s (o Liges ¥ 30 (ERTNPP
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In the figure, two parallel, infinite, non- i g ;_,Li,’é:). Clagl ol o) B pudag jglaall Jeil) 2
conducting thin plates, separated by along | S Jadag d Adbess bagdn Juaill Gl ga & 9 Sl
distance d, are placed in the air and each of 0 LS a5 93l Aaliiia dua ga ddandi Lagha
them carries a uniform distributed positive ¢ g Akil) aie sl Jlaal) akala
charge of density o
What is the magnitude of the electric field at
point a?
THY 20
1 \ 80
d ----1(!----40 a i
€9
b o
2o 1 2g,
30
€9
79

Which of the following statements is (are) true?
fAauaua Al @i lall fa )

There will be no change in the charge on the inner surface of a hollow
conducting sphere if additional charge is placed on the outer surface
gl o 5 A dad caday 13) 48 g3 Adaga 58I AL lad) o B3 g gal) Adadl) A il o) U O
@J&i

There will be some change in the charge on the inner surface of a hollow
__conducting sphere if additional charge is placed on the outer surface
Ao A Aad caud 5 13) A8 gaa Alua g 5 SIS hacdd) o 3 g gpal) Adail) (A ptl) (pdany A S

There will be no change in the charge on the inner surface of a hollow
conducting sphere if additional charge is placed at the center of the sphere.
30a A s A) Aad couap 13) 4 g dlua ga ST AN had) e 53 g pall Adall A i ) dlia G eSu ol
3 sl

There will be some change in the charge on the inner surface of a hollow
conducting sphere if additional charge is placed at the center of the sphere.
a5 A Aok cauda § 1) 48 g Ala ga 5 S ASAN pdand) e 53 0 gall Adail) 8 il (arg A () gSa
5 sl

aSile s el cpa Uiguuls ¥ 31 Al b ol 5L
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Consider a hollow spherical conductor with
total charge +5e. The outer and inner radii are
a and b, respectively.

(a) Calculate the charge on the sphere’s inner
and outer surfaces if a charge of -3e is placed
at the center of the sphere.

(b) What is the total net charge of the sphere?

T Ak g g 8 Sedga O a1
oh sa L ANy o A Y lal g +5e
s

A Cpadad) e Aasl sl (a)

3 Sl 38 e (A3 Aok cauay 13} 5 Sl A
75,81 4! Adlall Laidl L (b )

81

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, F,, 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

ok s o ga g i gna (598 S
A ok (ialy 8.00 cm (A

el tis Al gl Jaall J)ilay 10.0cm
s 524305 80.0 N/C REJSl Al
o) dis Al 48 Jlaall faka g 3 S
3 (8 e 42l s F,=80.0N/C ()&
(s il 5 s

A5 S phad) o diakl) jlaka aa )
@98 JSagll (A A el

alile s mlla (ha U gt Y
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A -6.00 nC point charge is located at the center of a
conducting spherical shell. The shell has an inner
radius of 2.00 m, an outer radius of 4.00 =m ,and a
charge of +7.00 nC.

a) What is the electric field at r =1.00 m?

b) What is the electric field at r = 3.00 m?

¢) What is the electric field at r = 5.00 m?

d) What is the surface charge distribution, ¢, on the
outside surface of the shell?

-6.00-nC A _)aka dudak Ao caanday

sk il Jluglly Juaga 538 JS 38 e
G (S el Linai 92,00 m (5 g SN0
4.00 mAxiad g +7.00 nC

fr=1.00 m ¥ &l <) Jlaall La (a
fr=3.00 m ¥ Al sl Jaad (b
Tr=5.00 m &= AU < Jaadl La(c

SSgd! A mhad) o ghdandd) a j g La(d

83

A hollow metal sphere has inner and outer radii of
20.0 cm and 30.0 cm, respectively. As shown in the
figure, a solid metal sphere of radius 10.0 cm is
located at the center of the hollow sphere. The
electric field at a point P, a distance of 15.0 cm from
the center, is found to be E; =1.00x104 N/C, directed
radially inward. At point O, a distance of 35.0 cm
from the center, the electric field is found to be E> =
1.00x104 N/C, directed radially

outward.

Determine the total charge on

(a) the surface of the inner sphere,

(b) the inner surface of the hollow sphere,

(c) the outer surface of the hollow sphere

20.0cm ASIAN W el Ciai 48 gaa 4,318 5 <
g LSy 30.0cm > W yhi Ciualg
10.0 W _kd Ciual Adaaa 4 )18 5 S cmuda § o JSal
Jlaall ¢ff 4238 A8 gaall 5,80 JS3a 8 cm
(415.0 cm Ass Jo P Al aie g
o Leladi aadg By = 1.00x 104 N/C S
(435.0em Alus o @ Akl iy, JAIA)
5 LS Jiaal) G 2 g ¢ S pall

A A belad 4aaiiyE2 = 1.00x 104 N/C
A08) Aanl) as )

dafal) 5 <) mha (a) e

48 gaal) 5 SU SN hacd) (b ) 9

48 gaall 3 SU L Al mhad) (¢)

- > 10.0 em
E, E,
Y -—>
Q P
20.0 cm
B30.0 cm
alile s mla (pa Ugusi Y 33 Al 5ab (b ghad 5L

Page 34pa85e jde (SO




84

A sphere centered at the origin has a volume
charge distribution of 120. nC/cm® and a
radius of 12.0 cm. The sphere is centered
inside a conducting spherical shell with an
inner radius of 30.0 cm and an outer radius
of 50.0 cm. The charge on the spherical shell
is -2.00 mC.

What are the magnitude and the direction of
the electric field at each of the following
distances from the origin?

a)atr=10.0 cm

b) at r =20.0 cm

¢) at r=40.0 cm

d) at r = 80.0 cm

12.0 Wk il § S 4 cliadll aaal) o) ill
3845 9.120nC/m® Jua) Akl sis § 38 ja%a gem
(AR o il Jua ga (598 S Jala 5 S
J14849,50.0 cm 2 ) 0 ki Ciai 530.0 cm
~2.00 mC A (59,80 Jugdl Ao dadl)
O Adlea S ie Aalad) 5 AL gSh Jlaad) laia La
S ay) Adali fpa ALY cililosal|

a) r=10.0 cm

b) r=20.0 cm

c) r=40.0 cm

d) r =80.0 cm

85

Consider a uniform nonconducting sphere
with a surface charge density p = 3.57x10°¢
C/m3 and a radius R = 1.72 m.

What is the magnitude of the electric field
0.530 m from the center of the sphere?

p = ddadk A0S Aalitia g Alnga p 58 &) (2 8

. R =1.72 mla k8 il 3.57x10°¢ C/m°®

54 040,530 m Adlua e Al gl Sl ke La

e 1)

alile s e ¢ U geld ¥
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