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- Solve problems related to how charge is conserved
1 - Show that charges are quantized

- Solve problems ralated to how charge is quantized

EXAMPLE 1.1

4,586

i) A Tase e Jilise Jag

Gl gl e 548 e Ble Jay -1

If we wanted a block of iron of
mass 3.25 kg to acquire a positive
1| charge of 0.100 C,

what fraction of the electrons
would we have to remove?

3.25 kg AN L..s\.:\\ ﬁ.\\‘é (.\..".\<.: Ui L.\J)i \J;\
.0.100 C W lae dpn ga 43y
©lee 3 ol rhimin 1 5 Y s

2 | How many electrons does it take to
make up 5.00 C of charge?

el Sl Lge 3 amy Al g yiSIY) aae oS

¢ 5.00C W lacdisd

1.08 x10719

1.17 x10”*19

2.11 x10719

3.12 x10719

3 | Which of the following is not a possible

Al 400 568 Lnd *dmy@m\ﬁss\@i

Q

value for the net charge of a charged § ) snia
object?
—8.0 x1071° C
3.2 x1071%C
—4.8 x10719 C
—8.8 x10719¢C
Siles mla o U guisy 1 Al 3 Caglad 5L




4 | When a metal plate is given a ¢ a0 dind (g 8 5l aat Lavie Gy by Laa
positive charge, which of the
following is taking place?
Protons (positive charges) are transferred to the plate from another object.
£l ) AT ames (e (el clinll) culi i) Jii
Electrons (negative charges) are transferred from the plate to another object.
AT a7 ol e (bl cilianlf) s 5 gSIY) s
Electrons (negative charges) are transferred from the plate to another object, and
protons (positive charges) are also transferred to the plate from another object

Oo (o sall clinnill ) Lagl el g3 g 5l Jiin g AT awea ) = sl (e (i) clinl) ) el g SOy Jass
C)m B Al (o
It depends on whether the object conveying the charge is a conductor or an
insulator

Vole ol Sla o Aiaill JIH ansall IS La 13 e Sllh adia,

5- One way to charge a neutral metallic object with a Jalaia (5 3l anen lin O 2 sl -5
positive charge is to do one of the following: ot A ge Bind 4] 5,k aal L)
Add some Cut out a part of | Remove some Add some neutral atoms
electrons the object electrons Ableiall ) JiN pnns L)
el ) i STy A g sty

e

Distinguish between conductors, nonconductors (insulators), semiconductors, and superconductors
2 § ' | h Ve P As mentioned in the hook 6&7

S gill 48518 0 gall 5 O sl oLl s ) gall g OLm sl (el -2

6 | Which of the following materials that Cua (e 4y jhia da e Led 0N 3 gall (e L..Si
have zero resistance to the conduction AL 5l Aulia gall
of electricity ?

Insulators
J3) sl
Semiconductors
D a sall oLl
Conductors
O s gl
Super conductors
S i) A8id M gal)

Siles mla o U guisy 2 Ay 3 o gl 5L




7 | Which of the following statements is ra sill e Anana 2N &) Ll e 6l
correct about electrical conductivity? AP SN
Silicon and germanium are examples of superconductors.
e b gl 5il] 4dil5 3 gal) (yo 2 gila sl 5 sSalonsd] ey
Insulators have low electrical resistance
Lritio Lol ygS Lo glia lgad] Jj] s/
Electrical resistance of superconductors is zero at room temperature
Metals are good conductors of electricity
el gl i Sl g0 &f (i) yuiind
3 Describe the charging of an electroscope by contact and by induction FleURE .10 889
FIGUREL.L1

Gaall g Jrem silly Sl GLESH (ad Ciay

The figure shows charging by .......

@ (®b) (©

Triboelectric Grounding Induction Contact
i) o= ull ¢aall Jaa il
oSiles llia (e Ui puaity A0l 38 i slad 5l




The figure shows charging by

@)

(O]

Grounding
o )

Triboelectric
Stal)

Contact
e 5ill

Induction
daall

In the figure, a rod carrying a negative charge is Al Jaay (Sl G o5 (i sall JSAN (8210
broug_ht c_Iose to an uncharged_electroscope without O 039 O e Al yeS GLES (e Al
touching it. When the connection ey
to the ground is rempveq and the rod is taken away. ol sl 5 (g ) S i
Which of the following is true? . N .
) fhanaia AUl Gl jlall 6l

A-a ball and conductor are both negatively L T
charged Al Ay daa gl 5381 e S Oy — A
B- a ball and conductor are both positively charged. m}‘ Al d"‘i"d\ JfJﬁ.‘ Go 8 U“‘“"’ B
C- a ball is positively charged, and conductor is Aindy Joagall 5 2an e dindy3 S (i - C
negatively charged. Al
D- a ball is positively charged, and the conductor is | s deasall (Augdin se dinin s Sl adi - D
uncharged. daak

electroscope
conducting ball fr— _
rod g alas
conductor
wire
ol Ground
L
A B C D

Siles mla o U guisy 4 Al 3 Caglad 5L




A spherical conductor is on an insulating
stand, as shown in the figure below.

A negatively charged rod is brought close to
the sphere but does not touch the

sphere. Which of the following describes
the resulting charge on the sphere?

A. Positive

B. Negative

C. No net charge, but the sphere is polarized
with positive charge on the left side

D. No net charge, but the sphere is polarized
with negative charge on the left side

E. No net charge and no polarization

& ase WS Jole dala e 558 diase -11

_oUJ‘ dS.:d\
55U Jom sall (o b iy A i (Blas 5 3
658 Juasall Lo
E————— ]
g —A
s — B

el el il Lo R sall Rinl) 5 S5
quuhmﬂ\ddéuﬁjm Gad Jea¥Y =D
e sl ¥ ) e ) Al 5
Aliadll Jmd da o Vgdlascdnd ¥ — F

A B

C D E

aSiled mllia (e U gty
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12. An uncharged metal plate (P) is connected

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)?

o[ I

by a conductor to ground through a switch (S).

e oa Vb Jeage (P) Qe e e = 41 -21
o (S) gl

O -Q Ale Aaas oy 8 ilas (S) L) S Aglad) 4
S Zlikall i 4Dl O 53 P sl

Pzl e -Q Ald) Lail) Cadayl § lidall 8 aey
eAIL) Ainal slay) 2m P ol A e

o[] L

r=2x10""m

Sposlel) 5,3 8l =1 Bogiard) G @aded) aS5kiws 4S)) 352)) Hlane Lo

PROBLEM 1

What is the magnitude of the electrostatic force that the two protons inside the nucle-

us of a helium atom exert on each other?

Aadl) cua ga sl Al Osnia e alind 3t (Kay Y
Apply Coulomb's law to relate the magnitude of the electrostatic force, the charge ;
. EXAMPLE 1.2 101,812
magnitudes of the pair if interacting particles, and the separation between them EXERCISES 1.83 p: 25
a8l Bl -3
1 ol

aSiled mllia (e U gty
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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?

09680 kg Lipea JS aliS oS 1.83

s LS cawin € Jodall Ly ppdossn canll
Gl asl3l) csls 13) (@ . JSad) § pisge
29.79° Ll )l o) o ollask Lysiay
' Tulask] Jobo L3

14. Two equal charges of mass 15 g each are
suspended at the end of two 1-m strings of
negligible mass. The ropes make and angle of
5° with respect to each other. What is the
charge on each?

5.8 JS 15 g Laghe IS AL () i liin =14
CilS 1Y) (ALK Jagw) 1m4J)L.L§sg_a)L‘éAZ\§L.4
. 570 cball Gn Ayl N

€ S JS dind ke L

36 nC 55nC

64 nC 74 nC

aSiled mllia (e U gty
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15. When two charges are separated by a
distance d, the magnitude of the electrostatic
force between them is F. What would be the
magnitude of the electrostatic force between
them if the separation distance was d/2?

Bl ey d Adlie Lagin Jualli liini- 15
F Lagin Aaliiall 4.8l 5 5Sl)
Cinval 13) Legin Alaluiall A8l 5 4S5 g8l la8a e
0d / 2 Lagin A8l

F/4 F/2

2F 4F

16. Two small, charged objects, Q1 and Q2,
are some distance d apart from each other
and there is a force F between them. What is
the value of the force if Q1 is increased by a
factor of two, Q2 is increased by a factor of 3,
and dis increased by a factor of 5?

d Alue Lagin Juall Q1 Q20ukai liin -16
. Flagin Aaloal) 48l 5 5 5 68l

Al 5 1) Lagin ddaluiall A0l ¢ o SU 3 58l Hlada W
alaal EWQ2 Aaadll Chal H 5 Canall Q7 A3
falaial (el Lagin @ Alaldll adluall <ol g

0.20F 0.24F

12 F 1.2F

17. Two charged particles attract each

J‘JS.A ac Lo ‘..J;\ F ZJJLCM g_\,.j; 3‘55. \ ag ',3., u Tanh — 17
358l (8 Cacaill Lagiy Alealdl) ddlosall Culi 5 ysiin &) IS

other with a force F. If the charges on both e Lagiy Aaliidl)
are doubled, and the distance between the o 16 A -A
charges is halved then the force Cilazal day )i 3o 33 -B
A. is 16 times stronger. Camall dayi -C
B. is 4 time stronger. & WS 85 -D
C. is twice as strong. Caaill J55 -E
D. remains the same.
E.is 1/2 as strong.
A B C D E
aSiles pdla (e U gty 2l 38 i 58




18. The force between a 3.0 uCand a 2.0 uC
charge is 10 N. What is the separation
distance between the two charges?

optiand cp adabiiall Al 5 1eST) 3 g8l cwilS 13) =18
10N sk (3.0 uC ,2.0 uC) Lerlase
ol G Alalal) ddluall Hlate L

5.2cm 7.3cm

8.6 cm 9.5cm

19. Two point charges are placed on two of
the corners of a triangle as shown. What
magnitude of force would be felt by a 6.0 uC

charge placed at the right angle?
6.0 uc '

lﬂ -::m
\- T

IS LS ol e 55 (e glishas liad -19
L%J‘JEAML";B‘):}AS‘@&&J‘@\S#‘ Jata L
¢ daildl) Z\_U\)'S\ e de g e 6.0 uC

6.0 uC )

1|:] n::m
\- T

"’G cmgﬂ
"’Cl cm4b|
10 N 24 N 32N 44 N
Ay 3 ol o

aSiled mllia (e U gty




20. Two point charges are placed on two of
the corners of a triangle as shown. What
direction of force would be felt by a 6.0 uC

charge placed at the right angle?
6.0 uC _

T

"’CI cmH

LISl LS 8 e Gl e okl (lind -20
L laie dind 85 i pall 4l 5 o<1l 5 ) alal e

¢ Alall 450 3l sie de sin 90 6.0 uC
6.0 uC )

o

'*CI cmH

—18° —45°

—85° + 85°

21. A particle (charge = -15.0 uC) is located on
the x- axis at the point x=-25.0cm, and a
second particle (charge = +45.0 uC) is placed
on the x- axis at x = +30.0 cm. What is the
magnitude of the total electrostatic force on a
third particle (charge =-3.50 uC) placed at the
origin (x =0)?

de x ysae e (—15.0 uC) wolaie dal — 21

b e g aldinds e x = —25.0 cm g sal
X = @l dex jsa e (4+45.0 uC)
. +30.0cm

Lo jlaie A6 aad e 5 5igal) 4Salin g oI 5 8 lada e
¢ x =0 Jwa¥ ihi v 3393 (—3.50 uC)

2.33mN 23.3N

8.18 N 2.67 N

aSiled mllia (e U gty
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22. Find the magnitude and direction of the
electrostatic force on the electron in the
figure shown.

& 38 pall Apnlaling g SN 5 58l olatl 5 Hlaia e =22
Sl JRA A 5 Ty

Proton

, Proton
1 cln O | -
pommmmmmmmmmomseees Electron ' el ,
i Sainielinieleieideiedeietdeieldete Electron
i > G i R |11 O

5.07 x 1026 N 5.07 x 10%®* N 6.23 x 102N 6.23 x10%°N

to the left to the right to the left to the right

23. Consider two protons placed near one
another with no other objects close by. They

would:

A. accelerate away from each other.

B. remain motionless.

C. accelerate toward each other.

D. be pulled together at constant speed.

E. move away from each other at constant speed.

2 1Y) Lagiany (e Gam B O 5 0 39 5 o 8 -23
10l O (Legte A 8 6 AT ol

OAY) e aaie Legha S g Ly — A

OSLs Lagie S8 &y -B

DAY e U e lagie A g by - C

AL e juw lagany 5o Ldlady -D

AL Ao o Leguany (e (paaiae QS ay — F

A B

C D E

aSiled mllia (e U gty
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24- The figure shows three protons and tWo | wic g il 5 ciligig ¢S glaall JS&N glis -24
electrons, which of the following represents . T,
the ﬁlﬁuj‘)@ﬁ\ Gl ddana i 45 (g) cLa Adial
magnitude and direction of the electrostatic TO gAY 2 Byigall
force on the electron at the point of origin
(0, 0)? oA
30552 @
J'3Protcm d 035‘5\ :
1 *.',0“ d--@-- 4-9---> «x
Proton i (',ec’“oo Tl 0:10 e
«<@-1-9% 4-@--> & s
(0,0) Proton i
: Y
v
1.6 x 10719 (1 6 x 10719)2 1.6 x 10719 (1 6 X 10719)2
ke X d2 d2 X d2 d2
+Y +Y -Y -Y

25- The diagram below shows two small
metal spheres, A and B. Each sphere
possesses a net charge of 4.0 X

10”~(—6) C . The spheres are separated by
a distance 1.0 m.

40x107°C 40x1078C
@ ®
R -
A 1.0m B

Which combination of charged spheres
and

separation distance produces an
electrostatic force of the same magnitude
as the electrostatic force between spheres
A and B?

e dlasdl Laill By A QLS sl JSA e 53 -25
Legin Alaldll ddlusdll s 4.0 X 107 (—=6) € 35 JS

.1.0m
40x1076C 40x10°6C
® ®
3 :
A 1.0m B

3 qall ylaaa XY | el &) S j
Dla el i) e S S
“B; Aue.éﬂ‘uae@, Sk PRVIN|

20x10€c 20x10€cC 40x10°C 40x10°C
e o o o gox10¥c 10x108¢ | s0xt0fe B0x10%¢
0.40m 0.40m 0 0 ) )
© 16m ' 2o
Siles mla o U guisy 12 Ay 3 o gl 5L




26- In the figure, g_1 = 10.0uC,q_2 =
—20.0uC

and g_3 = 30.0uC . The distances along the x
— axis are measured in meters. Find the
electrostatic force exerted on g_3 due to the
other two charges g_1 andgq_2.

qi q;3

o

0

q>2

1.0 2.0 3.0  x-axis

sl Al 4 -26

q_1=10.0uC, [q] 2 =-20.0uC,q.3 =
30.0uC
el Y1 s e i) (i

q_3 Ll e 5 55l Al < 55 ik 2a
g2 5 q_1 ofiadl o Al

qi q2 qs3

2.0 3.0 X — axis

1.05N
To the left

1.05N
+Y

1.05N
To the right

1.35N
To the left

§ Apply the rlationship hetwaen the elzctri ield £ and the electric foree F and the charge g

As mantioned in the book u

il gl Al 5 Al 540 5 il 5 by g el (g ANl Gy -15

27

Which is a possible unit for electric field?

$ Sl Jiaall ultan g o L

Volt-meter

V.m

Joule-coulomb

j.C

Joule per coulomb

I/C

Newton per coulomb

N/C

28 A positive charge of 3.0 X 1077 C is located

in an electric field of magnitude 27 N/C directed
towards the south. What is the force acting on the
charge?

SloeS Jose (B 3.0 X 1077 € Len s Aindy
il slatl 27N /€ 4ias
¢l o 5 il 558l laia L

pSiled CJL.A (o U gty 13
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3.0x 1077 N

81x10°°N
1.2 X 10° N
9.0 x 10’ N

29 A negative charge of 1.5 X 1077 C experiences a 3o N 1.5 X 1077 C adle s

force of 0.030 N to the right in an electric field. a8 wadll oladl TR
What is the magnitude and direction of the field? Js o Ol o2 0.030N d S
.-

¢ il el Jladll olatl 5 e L
4.5 X 1077 N/C to the right

2.0 x 10 N/C to the right
4.5 x 1077 N/C to the left
2.0 X 10° N/C to the left

; Find for a uniform distribution of charge, the linear charge demi:; : :;:_ ::Lgr::long a ine, the surface charge density o for charge on a surkce, \s mentioned nthe ook U

(o> @isi— b p)f— b m)g ) Daill Adliaall Sy j il e cajaty -16

dg=o0dA} a>id) s | paw Sle

dg = pdv ordl Lo

Siles mla o U guisy 14 Ay 3 o gl 5L




30 | What is the unit of measuring the linear charge density (4) on a thin lon

Sishe g adh ) Canal o 5350 gall (1) Apladld) Adall) 4BUS (4l Baa

C/m

C/m3

C/m?

Cls

A conducting sphere has a radius 3cm and a total charge 5 nC
What is the magnitude of surface charge distribution o?

QM\M\QAL\SJ\J&AM 5nC \.@.\.\;ﬁ:j 3cm1.é)j=§;b.a§;um3.43)s-31

32

Ao gn 2Kl Bin ) e e A Y Laall g
Which of the equations below represents the ¢ b e
total charge distributed over a surface?

0= [a)ar
0, =J)L(r)dl
0, =fcr(*r)dA
0. =f () dv

Concept Check 2.5 3

Solve problems related to a point charge in an electric field

aSiled mllia (e U gty

oS Jlae (5 Ao Binll Al o Jlse Joy -17
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alite (S S Jlae A Sl s doa e dial

33 A small positively charged object is placed at AL LS
r“est in a uniform eleptriF field as Sh(.)wn. inthe Leald Al Jﬁ_u Lovic.
figure. When the object is released, it will ___.

> E
° .
Not move oy
Begin to move with a constant speed :C‘t‘u “-‘;J‘-‘” :\SJAM @ \3-‘3
Begin to move with constant acceleration 440 dlaey 38 all 8 lag
Begin to move with an increasing acceleration sl yie daxy 48 jall & lag
34 The diagram below represents a positively O e e d;m g WM\ c=s
. - ASlaie liady (g gadia (sl

charged particle abgut to enter the electric field Al iy g (il 60 Jlml 8 g

between t?/volopposlltely charged parzlillel plales,. - ai

The electric field will deflect the particle ___

I FFFFFFssrrTrs+++1]
4#@
Y/ ]
into the page
dadall JAla
out of the page Aaiuall - s
toward the top of the page iaicall lef olatl
toward the bottom of the page .
pas daial) Jind olatly

Siles mla o U guisy 16 Ay 3 o gl 5L




35
A small positively charged object could be 5ssS Jloa 3 i) Carsn i ms g SE

placed in a uniform electric field at position A or s Lo JS2 3 B 3l) o) A ghol) see s
position B in the figure. How do the electric forces

. . Sowadal) e pud) 8 1S5 Gl sl 43 o)) ge &)lal)
on the object at the two positions compare?

val

e
e

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

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

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

The electric force on the object at position A is the same nonzero electric  force as that on the object at position B

Siles mla o U guisy 17 Ay 3 o gl 5L




36

Anegative charge —q is placed ina e &~ &l damts cannd

. - . : LS plazie i 5b,uS
nonuniform electric field as shown in the figure. ET;;T s9all ol R K
What is the direction of the electric force on this L) 2otal) ada § 35800

negative charge?

1 @

37 | Aproton is placed in the uniform electric field of magnitude E = 0.6 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.

s 935 Aaili (M/52) x5 09l kel a5 E = 0.6 V/m o l3ie pliia (il 5eS e i O 590 g
A6 X 10~ C (ssludi 4lindiy 1.6 x 10-7kg ssbd 059, LS | 2 jeSH Jlaall

2.5 x 107
5.0 x 108

Siles mla o U guisy 18 Ay 3 o gl 5L




38 | Asshown in the figure an electron is fired horizontally 5 8 ) ol il 5,50 ) s JS20) gl e
towards the positive x direction over a horizontally : s 7 B g e
oriented charged conducting plate with a surface charge (+3,8% 1? C/m®) b dins SRS ophen
density of (+3.0 x 10 15C/m?). If the vertical deflection Adlest i O 322 (0.50m) Qg A gl A ) o \12‘ (;”s' :;"'
of the electron is (0.5cm) after it has traveled a horizontal , 2 cf") ’
y il vk
distance of (2.0 cm). MRNE Gie gl
What is the velocity of the electron when is fired? AR
(Neglect Earth gravity)
0.5cm
o ————
|
I
|
01r : > X
0 X¢= 2.0cm
2.4x10°m/s
1.2x10°m/s
1.6X10%m/s
1.3X10°m/s
8 Solve problems on electric flux EXAMPLE 2.5 42843

oSt gl e Jila Jay -18

Siles mla o U guisy 19 Ay 3 o gl 5L




39 At Pl lins (5.0 em ) 4alia Jsh e ol gl B
Alalaal) (389 ( N/C ) Baag oM
E=20% +40y +607Z
i) CaSall gag Sliag s (gl RSN aka Le
Gaall Jaly clind 353 Y ¢ Aaada € (gal) g ) )
¢ gaaa 4Y) e gi
y A
2

0.0050 Nm?’/C

0.030 Nm?/C

0.020 Nm?/C

0.015 Nm?/C
40 According to the figure, a cube that has Jsb  casa (JSA) Gua

(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

dawe 2 (5.0cm) 4la
LS

ulada (E=200N/C) abiia
Lo casall 4a gl aal (5 s pa
PR PP PRVES Ry CR R
3 gl A gl umy

0N.m?/C

0.5 N.m?/C

1.0 N.m?/C

1.5 N.m?/C

pSiled C—“.AA (o U gty 20
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Apply Gauss' law to relate the net flux through a closed surface (real or imaginary) to the net charge enclosed by the surface

As mentioned in the book BaU

bl Jah Balll Aiasay 3lae gl pie AL eSI (G811 cp ARl aad e gl (538 (Guday -19

41

Which of the following statements represents Gauss’s law?
foagly O Jia 40 &l aadl (ha (]

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

gl Jala 52 g gall A0l Sl Al ke e La jha auliy (Blae has ye Al Sl i

Electric charge is uniformly distributed on the surface of a charged conductor.
4yl s gall ol e ol 4l Sl Clinll ¢ 5 45

Electric field inside a conductor is always zero.
e (5 sbd Jea g 5l Jala Al eS) Qo) 303

The surface of any conductor is an equipotential surface.

3l (5 sbia hans g& Juaga (5 (o AN el

42

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 cylinderis ___.

33lo (po degrms Dlghal Ciaing
Ga o LS SbaS Jlme § alsle
algla ¥ ala e U LS

pSiled C—‘LAAC)AB‘,-I&:\SY 21
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43

The lines in the figure are electric field lines, PlrtS Jlme daplas o USEN 3 denpl) doghad)

and the circle is a Gaussian surface. ST A SN BUA i s R
fgrae ot 3 JISI  JSL S G

e
S e =
e

4 5 6

For which case(s) is (are) the total electric flux
nonzero?

1 only

1and 2

2and 3

4, 5and 6

44
A charge ( is enclosed by a Gaussian spherical <3 3l (st rhans 212 Q 4l S w
surface of radius R. If the radius is doubled, the Gl i o) S i li:j“:
outward electric flux will __. dﬂ ..... u CJMS b d):;\e e

reduce to half . Wy

be doubled Cae Loats

-

increase four times . .t )
L_i‘)A 4.:..1)\ .J\.J‘):J

remain the same , < i

pSiled C—“.AA (o U gty 22
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45

lAcublcal Glaus.51an surface s placeq ina 1.0 m sk Jsh AL LS xS (s el
uniform electric field as shown in the figure. The 5.0 X 1078 N/ o ke ki 1 368 Jlae b 3
length of each edge of the cube is 1.0 m. The ' ’ @ s ﬁjg
uniform electric field has a magnitude of 5.0x108
N/Cand passes through the left and right sides of ¢ LAl b o<l el i L
the cube perpendicular to the surface. What is the T e el gl e
total electric flux that passes through the cubical
Gaussian surface?
— e
E— -—>
—
3.0 X 10° Nm?/C
2.5 X 10° Nm?/C
1.5 X 107 Nm?/C
Zero
46 . S
The figure below shows a distribution of et ciliad G0 JSA) gy
charges. The flux of the electric field due to these S ghadl Jling A L jeSl) Gl ik Lo

charges through the surface Sis ___.

Siles mla o U guisy 23 Ay 3 o gl 5L




47

the cube?

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

b xSa 38 je 58 3.5C 4ok diay
. 1m 42l

Aa s Jliag (oAl AL )eSI Gaxl) laie L
¢ <l

5.0 X 1010 Nm2/C

3.3 X 1010 Nm2/C

4,5 x 1019 Nm?/C

6.6 X 10'° Nm?/C

48| Apoint charge sits in the center ofa 1 m cube.

The electric flux through one side of the cube is
7.2 X 101 Nm?/C. What is the charge at the

Jsh xS S e (853 5 9 dplali diad
Sling o S0 58I il (IS 1Y) | 1 m 4ala
7.2 X 10210 N.m"2/C <=2Sall 4a i aa]
¢ nSall S je 85 g gall Ainl) o L

center of the cube?

3.8C
4.6 C
6.0 C
89C
49 What is the magnitude of the electric Al 38l ik La
flux through the sphere shown in the JSA A B palall 5 Sl e
figure that contains an electron and tow Cas) Ao (5 gad Al
?protons COmigig g
1:1;; ip -\'hl
|
» < .-"III
“mﬁ__F____,.-"
1.6 X 1078 N.m?/C
1.8%x10"8 N.m2/C
3.6 X 1078 N.m?/C
54 x 1078 N.m2/C
Siles mla o U guisy 24 Al 3 Caglad 5L




Apply the relationship between the charge density and the electric field
10 magnitude E and also specify the direction of the field for points near a flat thin,

infinite or large, nonconducting/conducting surface with 2 uniform charge density o

FIGURE2.34
FIGURE2.35

47848

Al e gy adde Jole sl daage g sll i oSl el lln 5 A ) GBS (s 3830} 2k — 10

e
o Yo
o
+
+ I+
+
+ .
4
+ +
+ 4

+ 4+ + + + + + + + +

Q

>0 The diagram below shows two charged plates

placed close to each other. Rank the points 1, 2
and 3 from greatest to the least electric field.

+ 4+ + o+

e Ol A oY e Ola ol JSAN a g

I A S e 352 51 bl e

oguan

e Jlaal) coia

1>2>3

3>1>2

3=2>1

1=2=3

oSiled wlla a b gty 25
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TITT T T
(oW
W
(o1

2z 15

263 G Y gl QU Olag slagll (A g )glaall SN A
Aaliiia Asaga Adnds Lagla S Janyg (o ) Adlsa gy uall (pliaga

iy xal SRR +e q ?(a

) il i gl Yl sk e ¢ () gabiS gt

20

£y
o
£
o

2¢&,

30

&y

52

Two infinite sheets of charge are separated by 10.0 cm as shown in
the figure. Sheet 1 has a surface charge distribution of o, = 3.00 pC/m*
and sheet 2 has a surface charge distribution of &, = —5.00 pC/m’.
Find the total electric field (magnitude and direction) at each of the
tollowing locations:

Sheet 1 Sheet 2

«~——10.0 cm——

TrEr T+ ++

P P
<00 cm—»i«—é.OO cm—s=e

H o, =3.00 pC/m? _ g, = —5.00 pC/m?
+

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

rase 5 LS 10.0 €M aslie Lginny e gloleY asis og) aay
w39 L < 0y = 3.00 pC/m? 4a 1750 SO Y YRS L A
AL b ) azgl .0 = =5.00 PC/M? 32 2 £l orlaall 2ot
el g 3lsL) (o e JS ane (Lal3Ng 15laaa)

25l

©

«—100 cm—>

Fr+++++++++

P P
(.00 cm—»i«—é.DO cm—>e
o, = =500 pC/m?

L 6, = 3.00 pC/m?
z

1751 )Ly 6.00 CM adle e P akaz) e (@
1zsl) gs 6.00 €M adlay Lo P abasd) we (b

pSiled C—“.A.é (o U gty 26

ERTRPEE




Solve problems involving a charged particle placed in a region with electric

thange in Electric potential energy, and work done by a force

potential difference AV, and apply the law of conservation of enargy to relate
different energies (or energy differences) existing in the system like change in KE,

EXAMPLE 3.1 62&63

O s PheS dae A s il Al Bis 98 e Jilee day — 11
Jsall Jadll

A proton s plcd beveen o pulel conductng e n g vacwm (e 36). o g bl 8 Sy 30 S Ed § i o o ok f
o i alagt : 1 : gl 7l g il Sl o cgig ) 8 £y 450V gl
The diference in electric potential berween the two plates is 450 V. The proton i 2o oot ool o A0T sl
relessd rom Testclose to the posive plae Wl
Before : After YLl 7ol ) s Lo ggig ll 2,41 el Ly
+ - 1+ —
I
|
v=0 | o
o ! —
|
|
|
|
|
@ ! ®)
54

1=60.0 V Lasgs o J) +180 V Lasgs ahazs o gis i) 5l s Jloe i i) Jizdl laza Lo

aSiled mllia (e U gty

27 Al 5 o phad 5L
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> 38 e oSl e 0 Sl g by

An electron is accelerated from rest through a ¢ diledl iy e Le 450V

potential difference of 450 V. What is its final
speed?

0.81 X 10”7 m/s

1.3 X 107 m/s

2.9 x10” m/s

4.1 x 107 m/s

Y

Find the electric potential due to a point charge at 2 distance rfrom the charge Concept Check 3.4 10471

ks i) il seS) sgaldl canny -12

56

What is the electric potential 45.5 cm sl Gle SbogS) agd) i L
away from a point charge of 12.5 pC? Laslans adam aise i 0 45.5 €M
912.5 pC

0.247V

10.2V

145V

257V

57

Two point charges are located at two corners
of a triangle as shown. What is the electric
potential at the right corner of the triangle?

Caiall (ye Aedldl) 4y 51 31 die L 5l gall Cansal

6.0 nC
10 cm
_L -2.0 uC
—— 20cm —¥
2.1 %xX10°V
45 % 10°V
6.3 X 10°V
7.2 X10°V
pSiled C—‘LAAC)ABMY 28
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Ata distance d from a charge, the electric i Fin (e ] Al e V7 ik el 3¢ il
potential is V. What would be the electric Rl gt e d /4 Blse e el 2l e Lo
potential a distance d /4 from the same charge? '

V/4
V)2
2V
4V

59| Apoint charge of 5.0 € is located at , 52'571”64'1 ";2 “Z%Ogi“\f“ ‘“j"\sr‘:
(25m,4.1'm). A second point charge of =2.0 uC s (=2.0m, 1.0m) THE BIERE T
located at (=2.0m, 1.0 m). What is the electric ¢ Jua¥) A die il jeSH gall laie Lo
potential at the origin?
1.4 x 103V
26 X103V
3.7 x 103V
52x 103V

60

A positively charged particle is at the origin of an O dgall (38 O3 ¢ JaaY) 3t die doa o Aiad

x-axis. The potential difference between the points x=2.0m sx=1.0 m dic X )sna e e opidads
onthe axis at x = 1.0 mand x = 2.0 m due to the )

E::Se_ls 0.90 V. The value of the charge is most c w‘ gfg‘vjii*:
1.0 x 10710 C
1.3x 10710 ¢
2.0x107t0¢
3.0x 10710 ¢

Siles mla o U guisy 29 Ay 3 o gl 5L




Relate the companent of the electri feld along a certain direction Es to the
change inthe electric potential along that direction (Es =+V/ds) and use this relation Concept Check 3.7 1
to salve problems

Es=—(dV)/(dx) &l ge S yeS Jaall sy -13

61

Ml g SlaSIl agd) ol sl
Vix , =—05BX+y+2)
iy &) s g1 el

Suppose an electric potential is described by
V(x,y,2) = =(5x* + y + z)involts. Which of the

following expressions describes the associated s samgs g al) ik JI)
electric field, in units of volts per meter? T
E=5x% + 29 + 22
E = 10x%
E =5x% + 29
E=10xX + y + 2
62 . 1 : (e 4o die XY (5 siuall (8 AL S agall aaady
The electric potential in the xy —plane ina 45l
certain region of space is given by V(x,y) = 6x?y - V_((x,y)) = 6x"2y — 2y"3
2y° where x and y are in meters and / is in volts, . el sl il deal) s
. . dey ) saa o Sl eSl )l 48 e laie L
What s the magnltudf? of the y —component of the ¢ (—1m, 2m) A
electric field at the point (-1,2)?
4V /m
18V /m
24V /m
30V /m

Siles mla o U guisy 30 Ay 3 o gl 5L
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The electric potential in a volume of space is given by
V(x,y,2) = 1* + xy* + yz. Determine the electric ield n

this region at the coordinate (3,4,5)

¢ (3m,4m,5m) kil vie S Sl Jaall i L

s AR (e ddad 2ie ‘;_‘ql__a)gﬁ\ Jeall aaat,
V_((x,v,2)) = x> + xy*> + yz
5N RIRER | PYGH P ICVEN| R TRGITEN

b

Calculate the potential energy of a system of pair of charged particles

As mentioned in the book 79

Ol (e 58 alail 4 Sl a1l A8l cavay — 14

64 , o sl Al g Al Lagin Jaadl (ke lias
When two charges are separated by a distance d, U Legd il S
their electric potential energy is equal to U. What ~ 48lsall cispal 13} 450 1S ga 1) d8Ual Caaay 13
would be their electric potential energy if the fd /2 e
separation distance was d /27
U/4
U/2
2U
4U
Siles mla o U guisy 31 Al 3 Caglad 5L
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Two negative point charges are a distance x apart e s!) &l s x Alisa Login Joai el (i

. . U Lagd il Sl

and haye potentleﬂ energy U. Ifthe dlstapce bletween ALl ] 15 s S ) LT i i
the point charges increases to 3x, what is their new ¢ 3x Legiu

potential energy?

U/3

U/9
3U
9U

. G B g (5.0 1C) g 8 Qi i
gl JSA B LS (10 om) dodea Jgh e
tosinsl (e el ol Al i il L

Siles mla o U guisy 32 Ay 3 o gl 5L




67
' ' SO (e O 5Sa allail A3l 5ol a5l Adla jlads W
What is the potentlallenergy O.f 2 system of three S e 20 06 e s
1€ charges arranged in an equilateral triangle of €20 em 4l sk g 3aN) (5 s
side 20 cm?
0.18]
0.26 ]
0.32]
0.54 |
B Dafie eapacitanceof 2 capactr FIGURE4S %

iiCal) Ao i oy 215

oSiled wlla a b gty 33
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68 According to the figure, a parallel @ O ol (5 5) sia iliSa (JSEM RS
plate capacitor in vacuum consisting JSI ¢ Onlaga Ca sl (o (19S5 £140
of two conducting plates, each having — OFfiadn lagiad als « A Aol Lagla
area A and opposite charges, 313 ,d Al E‘G"“" M u-u-‘Lm-_t:
separated by a distance d. If the plates l‘ - W ‘ \Ahs o iﬁ&?ﬁ
are moved closc%‘ together, whqt : Lsﬁ e Xig ::;J.U\ Cxa U_“; <1
happens to the magnitude of electric Aie) Cua ol z AR LSl g
field between the plates and the fringe T(—a) kW
?field
The electric field between the plates | The fringe field
SIS ,m g.xl..\ )‘.S.“ JL;.J\ ! )LY‘ e 'JL.;.-.“
increases increases
213 5 Al 3
The electric field between the plates | The fringe field
O sl s AL S Jlad) al phY aie Jlal)
reduces reduces
The electric field between the plates | The fringe field
‘_').’;;,m O ,.J'\...:)‘S]\ J..a..]\ sl Y dic J‘..;J‘
reduces remains the same
Ji; s LS
The electric field between the plates | The fringe field
O sl G S eSI Jad) <l HhY die )
remains the same reduces
s LS iy Jy
Sile s mlla (o b sty 34 Al 3 Caglad 5L




69 e oo sl AS yidall daluall Caeliasd 1)
It the area A of the plates? of a parallel-plate | Lo Al Al 85 cym sl 315
capacitor of capacitance C is doubled and the spacing Caill
. ] e 3 - - -
d between the plates is halved, what is the new iyl S A e L
capacitance relative to C?
C/4
C/2
C
4C
Explain charging of a capacitor n a ciruit that contains 2 battery, uncharged
16 capacitor and a losed switch in terms of charge flow and the potential difference FIGURE49 )
aeross the capactor
Sl 5 o Alee 7 16
— ULl —G)— | sl
4"7 45l 4@7 2 g gl a
— M | palall —()— Sua¥) e b 1
—— | S | alad T
N~ rlal) —{':)— Giglia )l juas
0
! A single parallel plate capacitor is constructed from two O s e S Cpnslll (6 sie (RS
plates that have different areas. If this capacitor is A P st i dalull (b Giline
initially uncharged and then connected to a battery, AaaS Gy o ¢ g e SN Jaa 5 die
how will the amount of charge on the big plate compare £ oasll e Aaa
to the amount of charge on the small plate?
ST A dalie SV 5l sy
ST daas dalise JBY) 7 1) sy
g sl (8 lidlida g Ol ghudia Gliind (a1l Jasy
g s Gl ey Ol sl Gliiad (a5l Jany
Siles mla o U guisy 35 Al 3 Caglad 5L
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Solve problems on parallel plate capacitor

EXAMPLE4.] 91,9

Cn sl (6 ) e Sl e Jilia Jay — 17

71
A parallel plate capacitor has plates that are separated by 1.00 mm 100 M s 2l Llais goog) e ool gilio il g
What s the area required to give this capacitor a capacitance of 100 F 00 F jluag s Sl 15 sl apglhal) el o
72 | According to the figure of parallel

plate capacitor, if (A=0.02m?) and
(C=1.77x10"12F)
?(What is the distance (d

gé o oY) (5 3 9T8a hﬁm. &3 4
(A=0.02m?) <5< 1) (s

(C=1.77<1012F) 5
T(d) A3cwal) La

P 4

0.10m

0.25m

0.30m

1.15m

pSiled C—“.AA (o U gty 36
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73

A parallel plate capacitor is made of two O aa b (e (0 oS s Sl (6 3 g KA

circular thin plates of radius 15 cm
separated by 2.5 mm of air. If they are
charged to a potential difference of 22V,
what is the charge resident on each plate?

Lagin Juaiiy 15cm legie DS Hlad Caial
o)) (e 2.5 mm ddlia

22V ¢ (38 S ki e

1.8nC

5.5nC

7.0nC

22nC

Solve problems on eapacitors with different ereuit configurations (series, paralle, series and paralel

EXAMPLEA 94,959,897

A0 eI i gall 3 Sl e Jilie o — 18

74| According to the figure, what is the Ancd) La o JSAN LGS
equivalent capacitance T By A O Al
?between A and B h
&
- .
30 uF ——
——25uF
10 uF ——
il
ot
0.42 uF
1.9 uF
7.5 uF
10 uF

pSiled C—‘Lﬁ.é (o U gty 37
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75 | Find out the equivalent capacitance ?

¢ 2l Arnd) ke Lo

|| 1ZpF ||24uF
| | ||
20uF I
6 uF
10 uF
25 uF
40 uF

76

What 15 the potential difference across C, when

(=50 gF, Gy=15 4F, (5= 30 4F, and V= 24 V7

(=50 g, C,= 15 4F, G5=30 ¢F, and /=24 V7

| |~
I

Cy S ik (o 2¢ad) (33 ol

- ol Caade 1)

aSiled mllia (e U gty
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Apply the relationshin between the potential enersy U stored in 2 capacitor, the
19 oy i F o PR As mentioned in the book 9

capacitance C or charge g of the capacitor, and the potential difference

S g Hm s (e g (35 Sl iy S 8 ) il oS a5l AL (s A3 (ks — 19

77 | Which of the following is not correct .. . =
?for the energy store%l in capacitors wl"c J-‘T'Lg"’h Lf'n s!
’ flsicall 8 Al Al 43Uall
c(AV)?
2
q?
2C
q AV
2
q?
C
78 | How much energy is stored in the airw (0iSe § &34 aslall jlazne Ls
180-pF capacitor of a camera flash unit dgmiia | palS Gaes 3as>g) 180 pF
charged to 300.0 V? ?300.0 V
122 J
8.10 J
450 J
15 J

Siles mla o U guisy 39 Ay 3 o gl 5L




79 -
When a capacitor has a charge of magnituce 600 (iC on each plate, the ity z) S Le 0.0 C L duot s o) o Loe
potential iference across the plates s 120V, How much energy isstored i+ 3,2 S asse Sl lia § &30 3 &S o T20V gl § )
this capacitor when the potential ifference across s plates is 120, V2 20V guosll § 444
0 Caleulste the capatitance of acapacitor with a dielectrc Concept Check 4.1 101,102, &103

aSiled mllia (e U gty 40
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80 | 3mm 4l n Alaldll Zlidlly 10 cm? 4 sl O AS bl daluadl gaa sl (01 ) ga e
.5 PF 4L 5eSY dad) aaval doa o A e 3ol i) Ledie g«
¢ salall @L})@.ﬁ\ d)ﬂ\ C"_u\_a J\.ﬁA L

80| 1 dielectric with the dielecric constant & = s nserted into _ :
| sl il e §E =4 JhS Jpe ol g3 JhgS Jile S5
a parallel plate capacitor, filling = of the volume, as shown in the . .
ﬂp g p' R e J}L'J'usam'—‘n‘ﬂ”-u@ﬁ'ﬁl-ﬁ—u‘étiwwu'ﬁ“mlM
hgure.' I the apadiuanc of the apacio Wlthou[ [he dlel‘ecmc isC, b ) o Sl 2 L3 o)
Wwhat s the capacitance of the capacitor with the dielectrc!
0.75C

C

2C

4C
31 (V) baga @8 Llhy 4mst G Soal) £LA Say Ganslll (glia iia Juag

c(U) A_ESSAS\@BJM\:@LH\QS\SJ (Q) Mb\,jwdsuﬂ
ELAN olka (K = 3) Wlile cull Ajle 3ale gy Aic
$Q U e JS Ao Dl 13la ¢ ciliSall Al o

FEEWLAL 45338 af) ABUaY
Al A a8 Ax
Q - - u - "
3 =ty Jas 3 =ty Jas
3 Q Ty a3 B U maais a3
ol Aaa B3 U rmaais M3
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82 Two charges are placed on the y-axis. One has a charge of (+e) and is located at the origin,
the other has a charge of (—4e) and is located at y = - r, where r > (. Where on the y-axis is
the net electric field equal to zero?
Akill) ais (—4 q) s (0,0) Adlll s (+ @) addle pjeaall o Lkl Gliiad caudy
$y osaall Ao ) ha (o gl (Al sl Jlaal) Adaaa oS Gl (> 0) @ (y = —7)
y = —2r
y=-r
y = +2r
y= +r
83 | Aninsulating sheet in the xz:plane is uniformly charged witha charge ~~ L.0'=3.50% 107¢C/m’ alanly e jga Lot X2 ggial] § djle v

distrbution = 350 X107 C/m’. What i the change in potentia B isll J) A igll i Q=125 1C ok oy § i aghl 3 il e

when a charge of Q = 1.25 C is moved from posiion A to position B (il y
Q]\
R
3.00 m Tt
o _l_ 00 m_,%z.oo m

Siles mla o U guisy 42 Ay 3 o gl 5L
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An infinite conducting sheet in the xz-plane is uniformly charged with a charge surface
density of (+7.0 uC/m?). If the change of (= 3.0 u C) is moved from position(y,; = +25 cm)

away from the sheet to position t (y, = +5.0 cm) away from the sheet. How much work is
done by electric field on a charge ?

(+7.0 puC/m?) gl AUl ddad el gy (X 7)) gl A Al AuledY Alage 483, dadua
aail ) (y, = 25 cm) Akl e dagiaal) slaily y jeaal) o (—3.0 pC) dad cs s
e okl (o W jatl Al Jo Al Jlaad) e Jolaad) JRD Jaia ¢ (y, = 5.0 cm)

0.12]

0.24]

0.34]

0.47 ]

85

o asmadl lag ¢ (X = +6.0 cm)Ai) sio x el Ao (42.0 1 €) Alind ¢ gadia apmis puila
(x=0.0) Jual) Ak wie Ay (+8.0 pt €) diad 2gag sy (sSad) (1 Al
(x = +15 cm) Akaly aﬂysﬁﬂﬁuﬂﬁs)ﬂﬁ FETA N

A particle charge of (+2.0 pC) 1s released from rest at a point on the x- axis,

(x =+ 6.0 cm). It begins to move due to the presence of (+8.0 uC) a charge
that remains fixed at the origin(x = 0.0).

Calculate the kinetic energy of the particle at the instant it passes the point (x = + 15 cm)

Siles mla o U guisy 43 Ay 3 o gl 5L




86 The figure shows the electric field lines and equipotential surfaces of two point charges.
Which of the following is correct?
o Nalaie) ¢ Gl Ol (Al gsl) sgad) g slad prhialy (gl Jlaall sk jslaall JLAN) gl
totinddl 9 J ey W il shall maia A5Y) (o (Jedd

point charges J Lghil
" same magnitude and opposite . . N e ‘ .
0 i clectric field ines | | g4l A yilidag ouigludta | Ay Jlaad bghid | 0
q sme magmtude and opposite | equipotential gl b gl ag g sl gl G‘h""‘i 1
sin surfaces
0 identical and positive | electric field lines || Awai godl g Giasda | (AupS Jiaad gkl |
identical and negative quggsglal A ol g (ol YEN [P [P ehui d

Siles mla o U guisy 44 Ay 3 o gl 5L




87 Cy iall 5 (4.0 V) daagl O gl 3089 G sadia C; sl 5y slaall Al gl 550ad A
(3.0 V) Cy igall asd o 2gad) 33 s 530 B plidal) BB die (Gsadia p

In the circuit shown, a capacitor C, initially is charged to (4.0 V) and a capacitor C;is
initially uncharged. When the switch is closed, the voltage on capacitor C, drops to(3.0 V).
What is the capacitance of capacitor C,?

¢ Cp wiigall 44l sl) dad) L

e N

Cl — —
C, = 12uF__

8.0 uF

12 uF

6.0 iF

4.0 uF

88

q Ak caag < (6.0 CM ) 2Bl ok Ciual 5 (4.0 cm ) ASAl o)k Ciial Ciigas 5958 Juasga
- Jragall i gad 4at (60 N/C) osia ANl mhall sie Sl Jlas Lgde ziid Jagall j85a 2ic
Clgeed aaag  Auiliygs!) Ladl) jlala Guwal —
A conducting spherical shell with an inner radius of (4. 0 cm) and an outer radius
of (6.0 cm). A charge, q is placed at the center of the shell causes an electric field at the
inner surface of the shell which has a magnitude of (60 N/C) and points toward the center

of sphere.
Calculate the magnitude of the charge ¢ and determine its kind.

aSiled mllia (e U gty
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(Q = -2uC) 13) ¢ Jsauli ad g

89

?(electric field at

Q: Zu(‘) and (q = +2u(‘\ what ic the)
Qe

According to the figure, if

40m

“u-‘l-‘ |

P

»
E=2.3x10°N/C
Q ¢

3o0m q

»
E=3.1x10°N/C

61°
\
P 3om q

o]

E=2.3x10°N/C

€
S
29° -
P 3.0m
i Q
E=3.1x103N/C
s
29° _
P 30m q
oSiled mlla (e U uaiiy 46 30 38 (o glad 3138




