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- Show that charges are quantized
- Solve problems ralated to how charge is quantized

EXAMPLE 1.1 4,586

- Solve problems related to how charge is conserved
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charge of 0.100 C,
what fraction of the electrons
would we have to remove?

If we wanted a block of iron of
mass 3.25 kg to acquire a positive
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2 | How many electrons does it take to ) Sl lge 55 gy Al Sl STV aae S
make up 5.00 C of charge? G, ¢ 5.00C W licdisd
Q 5 1.08 x10719 o
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When a metal plate is given a
positive charge, which of the
following is taking place?

€ fin e Ak g o o) o Ladie iy b Lea 5

Protons (positive charges_) are transferred to the plate from another object.
C)m ) A ama (e ( da gl QL\';{",S\) il g 5 pall Ja X

Electrons (negative charges) are transferred from the plate to another object.
);\ FRVEN | C}m (A_JLJ\ h_IL\A.u\M) Gl g iSIY Jaiw

Electrons (negative charges) are transferred from the plate to another object, and
protons (positive charges) are also transferred to the plate from another object
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It depends on whether the object conveying the charge is a conductor or an

) ) insulator
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5- One way to charge a neutral metallic object with a

Jalaia (5 3l anen lin O 2yl -5

positive charge is to do one of the following:
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Add some neutral atoms
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Add some Cutout a part of | Remove some
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Distinguish between conductors, nonconductors (insulators), semiconductors, and superconductors o,
As mentioned in the book
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Which of the following materials that Cun (e A jia da glie Led 406 o sal) (ga g
have zero resistance to the conduction T L S s sl
of electricity ?

Insulators

)52l

Semiconductors
O a gall oLl

Conductors

Super conductors
S i) ABih 5 gl -

Which of the following statements is Qe sl (e Angaa 206N il jlal) e 6l
correct about electrical conductivity? f bS]
g—
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» Silicon and germanium are examples of superconductors.
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Insulators have low electrical resistance
T e dinie Ll S Lo lds Ll Jjl 2]

3 Electrical resistance of superconductors is zero at room temperature
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Metals are good conductors of electricity
//Qﬂi.&g Ela g ) (AN e

FIGURE1.10
Describe the charging of an electroscope by contact and by induction 889
FIGURE1.11
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In the figure, a rod carrying a negative charge is
brought close to an uncharged electroscope without
touching it. When the connection

to the ground is removed and the rod is taken away.
Which of the following is true?
A-a ball and conductor are both negatively
charged.

B- a ball and conductor are both positively charged.

C- a ball is positively charged, and conductor is
negatively charged.

D- a ball is positively charged, and the conductor is
uncharged.

electroscope

conducting ball Fr———
rod

conductor
wire

—
Ground
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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
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12. An uncharged metal plate (P) is connected | i (22 Y0 diase (P) Osadia s Sara 7 5121

by a conductor to ground through a switch (S). (S) 7l
The switch (S) is initially closed. A negative e -Q AL diak e 8 NM (S) Zldall S Aol
charge -Q is brought close to P without S Cb&d\ 8 o Asals Ol 0o Pz sl
touching it and then the switch (S) is opened. Pzl oo -Q Al 4l Caml § Zlkal) i amy
After the switch (S) is open, the negative Al iall slay) 2P 7 S0 nd Lo

charge -Q is removed. After the negative
charge -Q is removed, what is the charge on

the plate (P)?
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Apply Coulomb's [aw to relate the magnitude of the electrostatic force, the charge EXAMPLE 1.2 ;
4 10,11,&12
magnitudes of the pair f interacting particles, and the separation between them EXERCISES 1,83 p: 25
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PROBLEM 1 Qo= re

What is the magnitude of the electrostatic force that the two protons inside the nucle-
us of a helium atom exert on each other?
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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?
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14. Two equal charges of mass 15 g each are
suspended at the end of two 1-m strings of
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negligible mass. The ropes make and angle of 8- 3
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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?

1 ey 0 Wse egi 0o fiinte 15
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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 52

d ddlae Lagin Jali Q_1,Q_2 olishds (liins -16
. Flagiy Al 485 5 <) 5 5l

@) 313 Legin alabiall A€ ilins 5 S 5 all jlaie La
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17. Two charged particles attract each

J\musl.m.m 13)F Adaliie a3 68 Legin (lia & — 17
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other with a force F. If the charges on both Aaliidll
are doubled, and the distance between the /[* 16 J‘m
charges is halved then the force CI q T BUEEB I
A. is 16 times stronger. *—‘Mﬂ Ay -C
B. is 4 time stronger. _L \L ' @ WS &5 -D
C. is twice as strong. ® —aaill J&§ -E
D. remains the same.
E.is 1/2 as strong. 2x¢
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18. The force between a 3.0 uCand a 2.0 uC
charge is 10 N. What is the separation
distance between the two charges2—__

Cptiand o ddaluial) 4y w9 el @ sl cailS 1) -18
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52cm Q 7.3 cm) 8.6 cm 9.5cm
F—: K ‘21 Y= Kq,(qﬂ_
' | o
q 3
= | I xlo X 2x|5° A3e ynxloo
| o

cCm

=
—_—

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?

G0

10 cm

i

20

LJSEIL LS a8 Caia Ul g e el (liiai =19
Lo ylaie dind 85 )5 pall ASlin 5 oSl 5 g8l jlaha Lo
“w\.sl\mj\)l\ma\_gjmy6oﬂc

?, 6.0

|4—2C| cm4b| [:'-
10N 24 N 32N L| 44 N
F' ) _‘?x;oqx6xlo‘{;<gx/o“é N
/13 = =

0-l0

9)([0 X 2X[0

X6x; 5

E, -

0'202—

V|

ot < (F o+ R

[

10




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?

G0 ul

10 cm

!

20 ucC

|4—ECI CEH

L JSEIL LS Sl Bl L5 e glishai glisd 20
la e ind 85 i el ASilins 5 s 5 sillolad) Lo

| 6.0nC )

1

20 ucC

—18° —45°

© 4+85°
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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)?

Q .
die x yyae e Y(215.0 uC) o ldie dinsi— 21
b e g aldinds ¢ x = —25.0 cm g sal
X = gasll diex s és(u+45.0 uc)
. +30.0cm
L laie 2315 Aind e 555 pall Al 5 5eSU 5 58ll o Lo
¢ x =0 Jwa¥ ihi v 3393 (—3.50 uC)
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2.33 mN 23.3N 8.18 N 2.67 N
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N to— s R q,
—25Cm +3oCm
1) (15 y38 (3501157 )
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0-25°2
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22. Find the magnitude and direction of the &2 B_isall Agedalin 5 5o SU 5 g8l olail g laia Le =22
electrostatic force on the electron in 3-6 Qv 8 T Sl JRA A 5 Ty
figure shown. 5 Co$ Oz '{—6

.
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Proton ! )
cin

. Proton ! )
:L """""""""" O Electron :L _____________________ )
! Sem 'S e g

5.07 x 102 N 5.07 x 10% N 6.23 x 10N 6.23 x 10%°N
to the left to the right to the left to the right
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(1 * 81{
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R 5" T -
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23. Consider two protons placed near one > )a“Sf) Lty oo Cam 8 (pigig 25y sl 223
another with no other objects close by. They o gl B (Legia A A8 s A ol

would: DAY e 1320 Legha %&)M—CA:
A. accelerate away from each other. ("’) G) Sk Lagia IS iy -B
B. remain motionless. LAY e B yita Lagie S &JLM:,:, -C
C. accelerate toward each other. als 4 . 3 LAt

D. be pulled together at constant speed. AE Ao o Laguany pad Gy -D

E. move away from each other at constant speed. AU Aoy Lagaiamy (o Cpanine OIS — F

e
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24- The figure shows three protons and two
electrons, which of the following represents
the

magnitude and direction of the electrostatic
force on the electron at the point of origin

Ae O gkl g cligig ED glaal) JA jedis -24
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v w '

13




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

107(—6) C . The spheres are separated by
a distance 1.0 m.

40x10°°C 40x10°°C
® [ ]
R s
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 Alandll La il By A QLS olial JSA e 53 -25
Login Abaldl) d8luall 3 4.0 X 107 (—6) C 35S JS

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

3 all laia it oxith 45 ganiall il SN (e S 55
B A OIS G ASilivg Sl
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= I ——

20x10%Cc 20x107%cC

40x10°C 40x10°C

L] L] L] [ ]
— -
0.40m 0.40m

g0xi0®c

& >
* >

1.6m

4.0x10“5c< | Box10°c
0 " l‘ ..

- =

80 x10°¢

20m

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

—20.0uC

q.1=10.0uC, [q] 2 =-20.0uC,q.3 =

sl JSA 8226

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 andg_2.

30.0uC
3 0881 saall e clilisall sl
5 sall Al eI 5 &) jlaia 2
Lq2 5 q 1 opisdl ge dsalilly

C C
qi q2 g3 IO)A -—20# c 3°)k
: qi q2 ‘, ;
: 3
0 1.0 2.0 30 x-axis & @ @—@——3
0 L0 20 30 x-ads
- -
1.05N 1.05 N 1.35N 1.05N
+Y To the left _ [To the left To the right
B = _9xle * 1o x]o ™ X3oX|o _ N
\3 = 2 B
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Apply the relationship hetween the electric fiekd Eand the elactic force F and the charge g

As mentioned in the book

Y ‘

E _ -‘-—' Al el Aaall 5 Al oSl 3 8l 5 (A el Jlaall g A8l (32kay -15
q& > £ C=A[s
- G>—> e
,\f*’ e ‘
—4 k 'm
N l = J//
/ﬁ" - A Sx' C
27 | Which is a possible unit for electric field? ¢ Shesl BSAT ol B g A L
Volt-meter V.m
Joule-coulomb J.C
Joule per coulomb
J/C

Newton per coulomb ( N C)
\—//

28 Apositive charge of 3.0 X 1077 C is located Jas @ 3.0x 10 ( 7) C o go 43a
in an electric field of magnitude 27 N/C directed o }_Aj\ b\;_,\_,% TN /C 45as A S
towards the south. What is the force acting on the EFT s sl “\ R
charge? e A5l 30

3.0Xx10°7 N

— ' Q r—

=l ( C 8.1x10°¢ N

- '_f 1.2 X 10° N
= 3Xle - x27 i
9.0 X 10’ N
= N Ol=
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29 f Anegzttv;ocll\llargehofll.ixl10_7 (]j'explerfie?;es a 390 W 1.5 X 1077 C Allw daa
orce of 0. to the right in an electric field. e &l slacily s
What is the magnitude and direction of the field? J e S PR 0.030N LTJ e
F C S
E ¢ il eSl Jlaall slaily sk Lo
— 45x 1077 N/Ctotheright % — — 7
T 2.0 X 10° N/C to the right
— &
L9 Q 4.5 x 107 N/C to the left
74
2.0 X 10° N/C to the left
o.930°

= J\//C /(—-”)J

e

Find for 2 uniform distribution of charge, the inear charge density X for chargealong a ine, the surface charge density o for ch ifa
ind for 3 uniform distribution of charge, the inear charge enﬂ:,ldt:: :ng;:ongame, ¢ surface charge density o for charge on a surface, s mentioned nthe ook "

9
V o Py

0 A (oo @ — a5 — bt s ) Bnall Al g 55l e o jais 16
J 1 3 -3

C/ C/m C/m - C-V"\

m -1 _ . .
o C.i dg = \dx das slazel Sle
[ . dq:crdA P | ’3'_3‘,93 C_b_u.lJ‘uJ-c -

dq = pdV prdl Gle
30 | What is the unit of measuring the linear charge density (4) on a thin lon

?dgﬁ;@é)%nﬁuhhﬁ)d‘ ()_)1913&“ M‘u&uﬂ@ShJ

(C/m)
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C/m?

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

9 1 _ _Sxig1 CJv

-:’____——d

A 4R AT (o-0D*

N

32 Ao gn 2l Bin ) e pua A YLl g
Which of the equations below represents the ¢ mhau o
total charge distributed over a surface? —~—
0= [ayar
Q= | ) a
s AN
0(?:(‘/ d]Ll //{t=fa(r)dA
() '
o= [ p@rrav
‘ 7 Solve problems related to a point charge in an electric field Concept Check 2.5 )
O\/E 6 Dl 8 e Ainl) gl Lo Blaa s -17
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33

phaiie (AL jeS Jlae (A4Sl jovia daa 5o diad

A small positively charged object is placed at .
S e . L JSall LS
r“est in a uniform elgctrlF field as Sh(.)wn. inthe Ll Tl o Leric
figure. When the object is released, it will :
<: 9k
_ oz ————
—T; m
>
Not move & e Y
Begin to move with a constant speed A 3'9)-“‘:‘ Z\SJJ\ gss \3-‘3
P —
Begin to move with constant acceleration @ Uany S all Alas )
Begin to move with anincreasing acceleration s yie dlazy 4 jall Jd g
34 O (b eS e JANT daa g Aa JRUI a5

The diagram below represents a positively ASlxia s (s atie e o
. = Y R e

charged particle about to enter the electric field Al i gun 5 56 Dl 3 s
between two oppositely charged parallel plates. s

The electric field will deflect the particle ___

R e

e v

into the page
daaall Jala
out of the page Aaiall x4
toward the top of the page iaioall e slaily
toward the bott fth .
oward the bottom of the page Tl Jind slatl
\ -,4
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35

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 electricforces ./ ., 3 35 G Oridlerg S igal s el
on the object at the two positions compare? —

*
guﬁumgmngmwpsﬂ
ars Lo JSadl @ B aasl) 5l A p3sl) sae planis

A A

B (:Q;JM;V

To+—7 T)
We 4 ——}h

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

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

———

—

19




36

Anegative charge —q is placed ina e &~ &l damts cannd
. - . : LS plazie i 5b,uS
nonuniform electric field as shown in the figure. ff;;? ; ,J:T o 8

What is the direction of the electric force on this OIS eia 3 855l

negative charge?

fe E

_>

T

(=

!

37

A proton 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.
(o a
s  dali (M/s2) B3 g il £l 3a sl LB = 0.6 V/m o) aliia il 5eS Jlaa b 05350 gan
A6 x 10717 C ldatind 1.6 x 10-7Tkg sbad 05 sl A | Sl el Jlaall

p—
2.5 x 107

5.0 x 108

6.0 x 107

9.0 x 1077

\.éxw'\q?‘gg_

CL = — a - —
WL W

20

w s

M/




38 | Asshown in the figure an electron is fired horizontally o g ol L 1 50 A 2 g L
towards the positive x direction over a horizontally

oriented charged conducting plate with a surface

distance of (2.0 cm).
What is the velocity of the electron when is fired?

(Neglect Earth gravity)

AX=Nyg t

R e B

density of (+3.0 x 1015C/m?). If the vertical deflection Rl f dny (0 ) g A ) il 2 ey
of the electron is (0.5cm) after it has traveled a horizontal

NAX "":‘” ;,.——\ ‘EN—/ \4

charge (+3.0x10° 150/m)m.,muus,wwd.a,.

— K (2 Ocm) 4 bl

c cainth) sie g N1 A g La

/Y (3 i ) -
A=~ \7 %3 t

_________ N

o- 1t ‘w

- 0w : |=.' "M M
m. Q) |03‘ kq 0 = 20cm €o
\.;’ | S AR \/ o
19 2.4x10°m/s o K
cz,: - \'6 XIS' C 1.2x10°m/s 2\t LLD/ A X X
1.6 x10°m/s —=d - o mzo v z
a
1.3X10°m/s
~19 -15 ~2\
-2 . ) S .
— o.5X|o =7 6 xlo )(33:’7” x\gl °": )
2x 91V X167« 8-35K)10  x Vg
N, = m [S
8 Solve problems on electric flux EXAMPLE 2.5 42843

b HT A

N - - E A

oSt @l e Jla Jay -18

cos©
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68 Jiae ling (5.0 om ) Aalia Jgh caSe jglaall JSAN b

1L

- 2 ¥ 0p-05 C0S¢

P

N m /C Cellbial) cnSal) gy Slias M) Alygsl) (@Bl )ik La
cagal) Jals cliad aagi ¥ ¢ Aiadla € ( u...&\ D) ‘_,..L&i )

. ol
6X 0-05 xCase T

N-m/C 4

\C)/—Q_

=

X

|

 \

J
y

ZG\:—-

N

0.0050 Nm?’/C

-
l

&
1= \-& J -

Asladl) 38y (IV/C ) Basss o)k

E=20% +407 +60%

C_;MMY\ ) 5\

Ex=2-0 N/C

0.030 Nm?/C

£—0.020 Nm?/C

0.015 Nm’/C

/-2

CPq?_g—:_ EACOSG-!* q’

e

£50

e

Kol

40

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

Jsb  casa (gsa)
5= A (5.0cm)

e
e
s
ulxia (E=200N/C)  plisia
Lo casall da gl a5 slsa 2
A Algsl Eal laka
- £ g A gl uny

M-m /- 0.5N.m"2/C

VA

- 1.0 N.m"2/C

1.5 N.m"2/C

22




§ ApplyGauss 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 hook BaU

U v

/WQCP q,m %EAA %m

‘f:o

41| Which of the following statements represents Gauss’s law?
(?uut:- oﬂiﬁé Aghall & jlaadl e g1
Electric flux through a closed surface is proportional to the charge inside the surface.

C.u\ds\m,_;,.n@g),snmxJti@.u:gébchﬁ@pﬂnm\/

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

o’ 4 gl Ca gl pedaasd e oy 43 je)) il 555

Electric field inside a conductor is always zero.
Jhaa (5 sbd Jea g 5l Jals Al 5eS) Jlaall 303

The surface of any conductor is an equipotential surface.

Jﬂﬁ&,&”“» dm‘,aqu.a_}i.“chd‘

23




42

A cylinder made of an insulating material is 53le (ro it prme Dlala] Ciain
placed in an electric field as shown in the figure. creo 98 LS 5L 4S Jlom ,_'g ajle
The net electric flux passing through the surface &2 alass goSaw . 3
of the cylinderis . ilolnd) phas ie U ik eS))

h
\ Q;ﬂ
) —
)
T~
(i)
e
b
ot Sy Y
43
The lines in the figure are electric field lines, (S o dapdas a JSI S Aensl) dagdakl
0sSe G loy)) U L gl e § 30000

and the circle is a Gaussian surface. Aol T
,5;4—-3 ,-.—s (Foe ) *,LSJ *,.l.,.,_w' e BT

.

I

et

o= /TT/ ==
—'—u {I \‘I

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

nonzero?
1 only P
1 and 2 /
2and 3
4, 5and 6

24




44

Acharge ( is enclosed by a Gaussian spherical o Glaa ssla gl Jala Q Al seS Aind

. - .. 'R Uj:g
surface of radius R. If the radius is doubled, the il L Ly

outward electric fhoxwill . 7T chad) A S Sl
‘ q . reduce to half .y g, (9/_\
- be doubled . , .. / &y \
qj- ;‘J —acliahy / n\‘
~ increase four times S e R.a_Ui N ( w

remain the same g, g s, v~ \ _

45

IAcublcal Glauslsmnsurface 1§place(?11na 1.0 m 4nkis Jsh KA LS xS (s s el
uniform electric field as shown in the figure. The 5.0 X 10A8 N/ o ke aliiia i oS Joma b 2
length of each edge of the cube is 1.0 m. The ' /> @ ala ﬁjg
uniform electric field has a magnitude of 5.0x 108
N/Cand passes through the left and right sides of ¢ CnSall Je il oSl Gl sk Lo

the cube perpendicular to the surface. What is the
total electric flux that passes through the cubical
Gaussian surface?
9, In
Y IR S T
Cube -
— — Co
—

3.0 X 10° Nm?/C

2.5 X 106 Nm?/C

1.5 X 107 Nm?/C

( Zero )
~_—

25




46

The figure below shows a distribution of
charges. The flux of the electric field due to these
charges through the surface Sis __.

) Qi :+a‘t
77/:' - =

£ 5"

gl cilind G JS8) man gy
€S adandl ling 53l LSl Gaxill laia Lo
—

S

26

Zero
4
€0
2q
—_— C/
€0
34
€0
47 A 3.5 C point charge sits in the center ofa 1 m s ,éji &3\5(: Af::;;:
cube. What is the electric flux through one side of PN ;T\/ el dﬂ Gl ke Lo
the cube? —_ o ¢ <Al
a 5.0 X 101° Nm?/C
o] LA 3.3 x 10'° Nm?/C
cci7) T 6% 4.5 x 10*° Nm?/C
esfh 6.6 X 101° Nm?/C
? 3 15 = ¢ N
SJJQ- = ~[z /g
£ x 8-35xl




48 . G d%u&ﬁyéﬁdﬁywm
A pomF charge sits in the celenter ofalm cgbe. i s o€l Gl S 1 1 nlis
The electric flux through one side of the cube s 7.2 X 10710 N.m"2/C onSali i sf ol
7.2 X 101 Nm?/C. What is the charge at the ¢ Sl S ye B 53 ya sl Tl e e
center of the cube?
0 3.8C
& = 4.6 C
[ —-‘12’ - 6/ %rj 6.0 C
Ql 89C
<o 172 >
QX | d = - - 12 CL = C
7 6 x 385k
49 What is the magnitude of the electric O VLI X (K PR A
flux through the sphere shown in the JSA A 5 alall 5 Sl e
figure that contains an electron and tow —0_ G Ae s il Al
?protons —  Soisigy
t2e
¢ R 2e + Q“Q;) I
- L]
E S o
P 1.6 X 10°(—8) N.m"2/C
o | _L-6%Y  1.8x107(—8) N.m"2/C
= 2.9C ylo = 3.6 x107(—8) N.m"2/C
54 x10"(—=8) N.m"2/C

- N-mQ/C
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Apply the relationship between the charge density and the electric field
magnitude E and also specify the direction of the field for points near a flat thin,
infinite or large, nancanducting/conducting surface with 2 uniform charge density o

FIGURE2.34
FIGURE 2,35

47848

Al e gy adde Jole ol diage g oll i oSl el il 5 A ) GBS (s 3830} (akas — 10

P
o™ Yo
+ +
+ +
+ +
+ [+
- .
+ +
+ +
+ +

T o

. q

+ + + 4+ + + + + + +

50

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.

s t.:,,
1 3
2

+ + + +

O OB Y ke gla sl Sl sy
JEY LY SV e 352 51 Ll
I EVIN|IYS EWN FUIWEN

1>2>3

3>1>2

G=>
1=2=3

1
=3




10,2300 uC/m? Z 0, = -5.00 pC/m?
H

g, = —5.00 pC/m?

51 559 G Y gl GEE) glag slogll (B gy gl AN 2
i " o — Aaiiis dnga Adad Laghia S Janyg (1) Adlisa Lagis Juall (liaga
- d + 3d —
: a T U] " T RS
i a) Akl 26 g Jadl ok b ¢ ( ) S gt
I -
. E J +d 2 J <
nel = - . - ¢
2z 1z =]
Bt 2¢ 0 2¢o
20
o
a
&
a
2¢&,
30
€o
52 Two infinite sheets of charge are separated by 10.0 cm as shown in tiasa s LS 10.0 cm “JL“‘-‘ L‘*‘-’-’ o LY Bod oyl way
the figure. Sheet 1 has a surface charge distribution of o, = 3.00 pC/m* w35 L 07 = 300 PC/m? 32 Tl u—*‘-‘“‘*IJ Dol e - JSI
and sheet 2 has a surface charge distribution of &, = —5.00 pC/m’. A b JWI 4.0 = =500 FLC/m 52 2 g5l gl ol
Find the total electric field (magnitude and direction) at each of the g3l ya ghga JS we (Lal£1g 15)aza)
tollowing locations: 120 24
Sheet 1 Sheet 2 4 -
i - 1«—100 cmE—r:
«~——10.0 c——>_ i =
: E g E\. M : 5
i E \ + -/ °rC
+ - - —_— 4 — -
i - 1 + te:
i Poo- <600 crr> 600 cis | -
54—6.00 cm—>t<—6.00 cm—>e - Do e B

¥ 0, = 300 pC/m?
+

12501 5Lus 6.00 CM adlas Lo P akand voc (a
1zsl) gs 6.00 €M adlay Lo P abasd) we (b

-6 -6

a) at point P, 6.00 cm 1o the left of sheet 1
b) at point P, 6.00 cm to the right of sheet 1

R S § S R— ¢
D Enet = == L= e

2Lx8-83% x5
8

!

-6
C‘JL 2 Xlo SXJ"
Q) g . St - ZuSHB0 c

2 %o 2% 8- -85 X|o ¢

!
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Solve problems involving 2 charged particle placad in a region with electric
potential difference AV, and apply the law of conservation of energy to relate
different energies (or energy differences) existing in the system like change in KE,
thange in Electric potential energy, and work done by a force

EXAMPLE 3.1 62863

Jshuall Jaddl
&@3}33@3 3 ‘?"Cfe}f:‘:\ég.:.;a Movmj —_——
S Jla? r&,;., |
e kqlqﬂf‘_(:._—"f\ AU - _9EdcosB 01 £x]¢
AR O %) =-5

2l oS g sl A 3 il e il S ) BB 8 il T s Al 5eS e b il 33U Jads (8 e Jilas Ja — 11

The diference in electric potential berween the two plates is 450 V. The proton i
relessed from Test close to the posive plae

A proton s placed be[ween\fwo nurallcoduotng phtes v (Figre 36) o oo sl 6 oy 38 JS EAD § g o o 0 s 1

+ - o Before | After
-QAV: kF-% +E>_ i 1
—(16x5") 4501 Kp |
@ i ®)

cgll ol o ezﬂbiﬁﬂ;w ssiadl 25 5 450V gl

V,".° A\/—-

Wl
Ki=°
UL ) L g 8,0 I L

Kp: i

xi T
Ve V, 9. 140lic W =9

54

We= - AV

s

We,‘: —q/ (Vz,‘—\i|>

W‘?.: ""6)(]0-1(|~ <~60‘° - 15°>

WQ, - 30 'H




2] Ko

me=-9.\x 10~
Jizs 9= -1.4 x|5C

' J

55

An electron is accelerated from rest through a
potential difference of 450 V. What is its final
speed?

o /

2> B e oSl e gy ) e Ly
8 Ll dic yu e L 450V
VF: 9 0

Pa\\

A 0.81 X 10”7 m/s

AV = (

1) 13 %107 m/s

2.9 x10” m/s

4.1 x 107 m/s

—(<16x15 )(450) = T x a0 11T vy

\lp:

™ /s

il

Find the electric potential due to a point charge at a distance r from the charge

Concept Check 3.4

10871

Gdais Zial L 5eS)) agall Casy 12

56

What is the electric potential 45.5 cm
——et
away from a point charge of 12.5 pC?

ash Gle SbogSIagd) a5 L
Lo slans adam asmd e '45.5 cm

Q - 125pCy
0.247V
10.2V
145V
257V

—-—
= \=

s 45-5x16*

31

~12
?xloq x 12-5 xlglz

=

41T




7| Two point charges are located at two co

of a triangle as shown. What is the electric
potential at the right corner of the triangle?

TEES Bl e 28 2 30 i 0 560 2] el

——

9 6.0uC
10 cm q,,
_l_ 2.0 uC
—— 20 cm —¥
. N N P
V= k(“ _,.\1’7') 2.1 X105V
<Y, Y- 4
‘ B ¢ 4.5><1055V
/ g{ax oqré‘\( Q -2)(!0 N\ 6.3 X10° V
= 5
K oo 0-J0 ) 7.2 X10°V
= V
58

Ata distance d from a charge, the electric
potential is V. What would be the electric
potential a distance d /4 from the same charge?

Aokl Ak (e d Al 2ic V'  Ab jeSl) agall gl
Rl i el / 4 Alase e il oS sl ke Le
: .

iy

V/4

Tv= KT

V/2

0.

|
v

[}
|
—
FA

&)
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L

— \lr~, X fv v
=\ \g.;pj‘] (X 1)

Q
X N Ll

591 Apoint charge of 5.0 i€ islocated at

(25m,4.1m). A second point charge of =2.0 u('is
located at (~2.0m, 1.0 m). What is the electric
potential at the origin?

(2.5m,4.1m) e 5.0C W _)xie ikl ind |
(—=2.0m,1.0m) 2 —2.0uC & e LS)A—'-—_\ NG
X
T
Q‘L‘y‘&“ms’b)&ﬁ\@\)\mu

/

92

1.4 x 103V

Qc” °) ‘f—\ @CSA
S

1§

2.6 X103V

r‘\—'- (\

\/Iﬂ

_.6\3.7 x 103V

2-5~

=ZA TV

5.2

x 103V

\

V2z 412 7
vV

L
/\\J Ce,0)

59|  Apositively charged particle is at the origin of an

x-axis. The potential difference between the points
ontheaxisatx = 1.0mand x = 2.0 m due to the
particle is 0.90 V. The value of the charge is most
nearly __

O deadl G K13 ¢ Jaal) Akl die dua ge dind
w . e “w¥ e
x=2.0m 5x=1.0 m dic X s e i piidads
. 0.90V s sb

¢ bl Aaa il late Le

T

1.0 X

1010 ¢

\/—.ﬁ;
r

1.3x 10710 C

\ |
M= K[ === ) 20x1070c

| "30><

1010 ¢

o-Jo ~

leo)\({(—_t)

Relate the component of the electic el along & certain direction s o the
13

to salve problems

changa in the electic potentizl along that directon (Es =V/ds] and use this relation

Concept Check 3.7 m

2V
X
2V
N
2V
27

Ex= -
by = -
EZ':

—ﬁ

—
—

E
£

33

Es=—(dV)/(dx) & e Sb S Jaddl sy -13

e, % By Y B

(EXLJrEgJ« Ezz




AV —=6KX ~‘D_'Z—

60 | Suppose an electric potential is described by ”ML,‘VE’“;* L’;)L' ’f‘f (“;;]f ”‘j:j)‘
V(x,y,z) = =(5x* + y + z)involts. Which of the e ‘.LJ'L__’,',/' sl 0 ’:J L
following expressions describes the associated 58 Bam g il b Sl L4
electric field, in units of volts per meter? T

Bl - — (<loX+ots) E=5x% + 2y + 22
= +lo X E = 10x%
e oy} _)E=5xx+2y -
N E=10x% + 9+ 2 ,

61 . - . (e e e XY (5 sinnall b Al eSl) sgal) 2o
The electric potential in the xy —plane in a Ex*y2y 2. 255l
certain region of space is given by V(x,y) = 6x2y - V_((x,y)) = 6x"2y — 2y"3
3 - " el 2l 5l il 2l s
2y°, Where X anq y are in meters and V/ is in volts. oy s e el Dl 2 e
What is the magnitude of the y —component of the — ¢ (—1m, 2m) A
electric field at the point (-1,2)? x Y
4V /m
[ Z \ e
Eg==Cex =8 ) Cavm)
clr, A a 2AV/m
Czt—kéx(-‘) 6(2) ) 30V /m
—t v O \ / / pya)
.= o V/I
J
62 A8 (g Adadi e Al Sl agall daaty

The electric potentialin a volume of space i given by V ((3,2)) = X2 4 xyn2 4+ y2

V(ry,2) = 12+ 1yt + yz.Determine the lectric field in X 2 Sl a5 il sgnl) Gl
—_— ¢ (3m,4m,5m) ahdill e S Sl Jaall hde L
this region at the coordinate (3,4,5).

Eyx= -.QLX -\-d) -I-o): —-<2.x3+ L[L-> :~21V/M
Ey=-(o+2xy +2) = —(2x3x4 +5)=-21 N/ m

E__ 7 . N 4 N/ m

h"L—'*'k() TO "":)j ~ (

E: \D..- L /A n\l f?él_\’ \//Y{\
NN\ (7)) 7O = ’
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+
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Calculate the potential energy of a system of pair of charged particles

As mentioned in the book 79

N

—

U

Oiiad e ()5S alail 4l 5eS aua ol) A8l sy — 14

S

C
63 , o sl Al 5 d Adlie Leginy Jual (ke (i
When two charges are separated by a distance d, U Legd 4 eVl
their electric potential energy is equal to U. What ~ 48lesall cunpal 13} 450 1S qm ) A8l Caaany 13
would be their electric potential energy if the fd /2 ke
9 separation distance was d /27
/]\": ﬁqu\Q‘v U/4
[| WA | U/2
gV 2U
= Qu)
4U
64 o .
Two negative point charges are a distance x apart e st &8s s x Adluse Laghy Joal ity (i
. . U Legl il ¢Sl
and haye potentlay energy U. If the dlstapce bletween ALl o] 15 s S ) L i i
the point charges increases to 3x, what is their new ¢ 3y Lagin
potential energy? —
t ) [ BA (E]/3)
~ LU= KL U/9
CHMa
(? 3 3U
QU

35




” (b sy (+5.0 pC) i f g0l ind
cagiaal) JSU1 A LS (10 cm) dnda Jgb g
=
(f.
vjye:
% ' ' 2 e O sSe aldail Al 5eSl) i ol Al Hlasa e
What s the potentlallenergy of asysten Ot R e e e s
1 charges arranged in an equilateral triangle of £20 cm TLE Jsh g3 5 shiie
side 20 ¢m? '
1 018] | | - ulz*_u,&_\_bh
“Vd‘y \ _ 0.26 | o
o/ \o¥ 032) gy _ o, K Wle
/ \ 054] WA= A -
%L__\__A, 1
020 rm q/

36
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020
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B Definecapaane o acapactor FIGUREA) %

(l %4 C Sl A iy 15
—

\

C-' AV -e)_e)>\49.;9

aa,)\
T=C/V

_:’,'9(}\:_.,5,”‘ M_;O‘;;Lln(')[@' = Qe))vt"\/‘ c_;_;) Jo=3 -
re=3NG e s Ao e CEUN e wZem Y

Ww\)\‘)j
C’\u\_; \ J\(_A;*é)j_,\e:é\(_e_;s_)\ \.3\

oo Bl
Ccm"' CL

A\,)?\ q Eﬂ 3¢ S\( Jf’-":"(g)A_,E.o

s\ ,eé.\:%)'_e c _.9_},_,‘.\0__)9 d;.e'm(':,r.p
éb::\;;u’_?_/,\.v})‘e———é’-’&\ef’s\bsd yﬁ; P 5 O smtmn CS ’/-:

Cou= X &N
@Jsﬁ@\‘ﬁ) :

Co=s O )




SR A Y

According to the figure, a parallel
plate capacitor in vacuum consisting
of two conducting plates, each having
area A and opposite charges,
separated by a distance d. If the plates
are moved closer together, what
happens to the magnitude of electric
field between the plates and the fringe
— ?field

:'el

1

@2 Ol (5 5) sha CiiSa ((JSIM RS g
IS ¢ Gulaa ga Gaa ol (e (19550 £1,81
MW?:J‘A“M\A‘;A
a3 13 | d A8lowa Lagisy Juadi Cybaliaia
¢ ol Laguams Ga O ll) o J85
Slaall (5 s)a8a Csa JS e | das 13ad
Jlamall s O 1l Gz (Sl gD

U ) Cuaslll zm A Sl sgsD)

T (=81 Y

9 CAPI e dle

LE- PR
Y =
-
(32 ' | The electric field between the plates | The fringe field
- Gn ol G G seS) Jind iR s Jiad
increases increases
A3 3 3
The electric field between the plates | The fringe field
G sl G AL e Jad) <l ylaY die Jlal!
reduces reduces
The electric field between the plates | The fringe field
Cm ol i s 5 Jla LY e Jad
reduces remains the same
Jay s LS Ay
The electric field between the plates | The fringe field
Gn gl G e Jad) Cil,hY) e Jod
remains the same reduces
» LS Sy Jiy

38




68

[fthe area A of the plates of a parallel-plate
capacitor of capacitance C is doubled and the spacing
d between the plates is halved, what is the new
capacitance relative to C?

i a5l A pikal) Aalidl oo lias 1)
Login Alialall ddlical) Call 5 Cpan 6l (5 ) 5

¢ saall CHSAN dans ok e

Caaill

. oA
o
C/2 Ly
C =
49
—
Explin charging of a capator in a ciruit that contains 2 battery, uncharged

16 capacitor nd 2 closed switch in terms ofcharge flow and the potentil difference FIGURE4.S Ll

atross the capactor

— L) O | sl
—— | 0 | s
—AMA— palal) —@)— ¥
—— | s | e
N~ gl 4®7 gl )L jduas

39
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i

Solve problems on parallel plate capacitor

EXAMPLE4.] 91,9

G sl ()l sie S e Jilis day — 17

69

A parallel plate capacitor has plates that are separated by 1.00 mm 100 MM 1o i8ls Liglas g e ol gita Sl i

What is the area required o give this capacitor  capacitance of 100 R 00 F ais e il Vi sl dglall oLl L

C = E%\—
r-.s l
- -
- = — v
To

" Solve problems on capacitors with different ircuit configurations (series, paralle, series and paralel EAMPLEL 04,05 96447

40

aileSU il b S e Jilaa Jas — 18




According to the figure, what is the
equivalent capacitance
?between A and B

dad) La ¢ JSAU b g
By A G Al

10 uF

L 30 pF Y
N —_25)F

i

o

0.42 uF

1.9 uF

7.5 uF

10 uF

-

20uF

\)

10 uF

25 uF

40 uF

41




What 15 the potential difference across C, when

(=50 g, Cy=15 4F, (5=30 ¢, and V=24 V7

(=30 4F, =15 4, G=30 ¢, and 15 =24 V7

-\ IE
i

Cas=( L e47

:\O,}F HO H .

€y Sl ik i gl 58
. Qi Caale 13)

OL_;: C‘L3 A\’
_ \onL\—-’L%T‘

L] A'\/ ’-CL-L '—cLL\-o =\6
- tT C. s
16V
19V
21V
24V

13

Apply the relationshin hetwaen the potential energy U stored in a capacitor, the
eapacitance C or charge g of the capacitor, and the potential difference

As mentioned in the hook 9

Sl iy T i Sl 5y IS iy S 5 ) A 5l el L 85Ul iy — 19

Which of the following is not correct
?for the energy stored in capacitors

Ll s e L Laa s

c(AV)?

2
q?
2C
q AV

&)

—
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How much energy is stored in the
180-pF capacitor of a camera flash unit
charged to 300.0 V?

R X! a3 aalal) Jlaas Le
dgociun | palS aeg da>go) 180 }JF

3000 V

122 J

8.10 J

45.0 J

15 J

43
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