3.1Electric Potential Energy 4l ¢Sl adagol) 48 3.1

Electric Potential and Electric potential energy in uniform electric field

1

Which of the following statements is correct? | fdasaia Il &) jlal) (e s

The change in electric potential energy due to some spatial rearrangement of a system is
equal to the negative of the work done by the conservative force during this spatial
rearrangement.

B9l AdAG A Jrdl) Gl (5 gl AR Al a5 BAle ) Guneny Aily S pia o) Al 8 i)
Sl s Al 13 Bale ) o) Adadlaal)

The change in electric potential energy due to some spatial rearrangement of a system is
equal to the positive of the work done by the conservative force during this spatial
rearrangement.

8 oAl ALAS (o1 () n ga (g glauy AUBIY (LS il S5 BAIS ) sy Ay g8l puda gl ABL B )
Sl i ) 138 Bale) s Adadlasal)

The change in electric potential energy due to some spatial rearrangement of a system is
equal to the positive of the work done by the unconservative force during this spatial
rearrangement.

B oAl ALNS (o) Jddh o ga g shoay AU (L i 5 BAS | iy Aol gl gda gl AU & il
Sl cai ) 13 Bale ) oL Aladlaall &

The change in electric potential energy due to some spatial rearrangement of a system is
equal to the negative of the work done by the unconservative force during this spatial
rearrangement.

898l A AN Jadl) Gl (g gl aUBI LS Gl 15 B8 ) a4l <)) pua o) A8 Byl
Al G A 3 Bale) s U] Aidlaal) e

2

Which of the following is the equivalent | (b ¢Sl Jlaall uld 3aa gl 48lSa 400N claa gl) (o

unit for the unit of electric field N/C? N/C
Jm | J/m V/m | Vm
3
Which of the following quantities are scalar? 0l cilaaS JiaS 40 il
I. Electric force Al <l 3681
Il. Electric field s d‘i-ﬂ-“ Al
lll. Electric potential Al s gl aala I
IV. Electric potential Energy hogsh v
1,11 | 1,1V 11,111 | 11,1V
4
Which of the following gives the correct O Jasaill dasaall 5 ) guall Jiag 400N &l ) (6
conversion of eV to joules? fdsadl A g (g A<
leV =1.6 x 10719 leV = 8.99 x 107%]
leV = —— leV = ———
1.6 X 10_19] 8.99 X 109]
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Electric field lines always point

Laild (Al <) Jlaall Jaghad juis

from higher potential to lower potential

R gl ) il 32l e

from lower potential to higher potential

i all gl ) padadal) g (e

in the same direction as the equipotential
lines
gl (5 gbead prdacad olat) udi

in the opposite direction as the
equipotential lines

gl (5 gbuad gl sla) use

6
A positive charge is released and moves Jaa (B Ay jay Cuny & A Ay ga Liad S
along an electric field line. i s
This charge moves to a positionof | = «oeeeeeeene Easa ) da Aadl) o
lower potential and lower potential lower potential and higher potential
energy energy
g gl Al B JBi g gl A B gl Al B iy gl A B
higher potential and lower potential higher potential and higher potential
energy energy
gl Ak b g agal) b s gl Ak b iy agall B s
7

A negative charge is released and moves
along an electric field line.
This charge moves to a position of

S e B Aay Cuny At Al Aiak e
paga A & Al dadl) o

lower potential and lower potential
energy

s s b By gl b

lower potential and higher potential
energy ‘
a sl Ao b ST 34 B

higher potential and lower potential
energy

ash s i iy gl b sl

higher potential and higher potential
energy \
ol Al 8 sl agad) A s

8
An electron and a proton are placed AL Jaa B Qg g CuAsl) play
in a uniform electric field, as 1Sl Las pliii
follows: (-] ; caad 1S ok 1) Lagia IS 48 ja sladi) daa
e Determine the direction of d RS Jlaal) sl

movement of each of them if
they are released in the electric
field.

e What happens to the potential
energy of each of them if they
move with the field?

13) Logia S g 4B o oy 1iLa
Sl pa 1S ja
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A uniform electric field of (250N/C) slail (250N /C)  5)48a aliiia AL ¢S Jlae
towards the negative (x) axis. lldl(x) g
Calculate the change in potential energy of | (= Jiih Lasie (9 S pula g d8Ua 2 i) Gasas)
the electron when it moves from the point ALi ) (5em, — 2cm) A
(5¢cm, -2cm) to the point (-2cm, 4cm) (—2cm, 4cm)

Calculate the work done by the electric e
field on the electron when it moves from G9 A o AL sl Jlaall Addy o3 Jodd)

the point (5cm, -2cm) to the point (-2cm, abilll ) (5em, — 2cm) 4kddl (s Jiih Latie

4cm). (—2cm, 4cm)
10

A proton moves in a uniform electric field of (250 s )a alilia Jlaa A (g9 & ATy

N/C), as shown in the adjacent figure. gkl JSdll LS (250N /C)

Calculate the change in potential energy of the | <Yl (2 gigll gy 4Bl 2 il -~
proton in the following cases: DAl
1- When it moves from position ato positionb | - P &234) (Y a gl o i Lasie 1
2- When it moves from position c to position b b gasd Sl e pasal g dﬂ-n m‘:" -2
3- When it moves from position a to positionc - € gasall @ pdsall G i Lavie -3

)

4.0cm

3.0cm

alile s il (o U geali Y 3 il 5ub i ghat 5L
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A proton is placed midway between points A
and B. The potential at point Ais -20 V, and the
potential at point B +20 V. The potential at the
midpointis 0 V. The proton will

1 B A (bl (p Ablusal) ciaaila B (15890 22 5
B 4kidil) e 5 -20 V¢ gl A Akl dic agal) (s
0V (s sbu chuaiial) dhadl dic g +20V (5 sbuws

.......................... g (589 O

accelerate toward point A
AR olas g Ly

remain at rest
LSl

move toward point A with constant velocity
A5 Agaia Ao A Akl slad & Ay

accelerate toward point B
BALaiil) ola £ ey

12
A positive charge of +5.0nC is placed at four gl die +5,0nC W lake 4 o dad Ca g
different positions A, B, C, and D A,B,C,D 4ilida pl ga
At what point does it have the greatest Al S auda g ABUa i Lgd () 68y Adals o wic
electrical potential energy?
A < A B
C + + + 4 + + - + + + C D
13
A positive charge of +5.0nC is placed at &) Le +5,0nC W )k 4 ga dindi Caag
four different positions A, B, C, and D A,B,C,D 4ilisa p) ga
At what point does it have the greatest TS g Sl L 98 Al 4 e
electrical potential?
Sl 1 TTH = [ T N | A B
i ittt C D
14

A positive point charge is to be moved from
point A to point B in the vicinity of an electric
dipole. Which of the three paths shown in the
figure will result in the most work being done by
the dipole’s electric field on the point charge?

Aail) A Adiil) (e gy a0 ) Ao g dpkall Al
Sl ball o (gh L AlagS el U (e AL B
Jaall Iy () (g0 JSAD B ippal) A

CAhaall) diadl) Ao Jid o) alall) UL AL et

1
A N B
Q—> 0
- 5

A B

The work is the same

C on all three paths
alile s gl (ya U guaii ¥ 4 il 58 i ghat 518
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A proton is placed between two parallel e Ol sia (b ga G gl G Q90 g A
conducting plates in a vacuum O sl O Al gsll gl (58 (s g £18
The difference in electric potential between Ga QAL Sl (e g A &5 5450V
the two plates is 450 V. The proton is released 2l sl
from rest close to the positive plate. T3 () Juay Ladie (559 ll A o) ABLal) La
What is the kinetic energy of the proton when fllal)
it reaches the negative plate?

Before After
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(@) (b)
16
An electron is positioned and then released on | €lalyl 483k iy ) gaall o g 8l) auag
the x-axis, where the electric potential has the 20 Vb Sl 3gadl dad cuils g cAdle
value -20 V. 4 48 ) Cluay 40Ul il et (o
Which of the following statements describes the fo 9 A
subsequent motion of the electron?

The electron will move to the left (negative x-direction) because it is negatively charged.
Al s 93 A3Y (ullialix olail) lewsd) slad ¢y g S &l

The electron will move to the right (positive x-direction) because it is negatively charged
Al A 53 AT (e galix olail) Caand) olad (g ASIY) & patin

The electron will move to the left (negative x-direction) because the electric potential is
negative
il (Al gl 2gad) Y (el sladl) Jlaasl olad ¢y s SN & jatsu

The electron will move to the right (positive x-direction) because the electric potential is
negative
b (Al gl agadl Y (e salix oladl) ) olad (19 ASIY) &t

Not enough information is given to predict the motion of the electron.
GRS AS ) a8 gl AHS cila glaa 22 55 Y

alile s il (o U geali Y 5 il 5ub i ghat 5L




17

In the figure, the lines represent equipotential
lines. A charged object is moved from point P
to point Q.

How does the amount of work done on the
object compare for these three cases?

4 gluicia Un ghad Ja ghdl) Jii g gall JS&Y)
Aadil) NP ALbil) (e g gaia paud T 3¢l

5V
— &  1ov =P
15V
20 v L
SR STV
30 V (2)
(1)

Q
o pmdd) Ao gdual) SRl jlaka Cp (8
SO eylal)
5V 3V
10V T T
;gg 20 V
25V e 25V
30V =

30V
)

All three cases involve the same work.
Al Jadd) lasa G eyl o Cranals

The most work is done in case 1
1) B J gl s Jadd)

The most work is done in case 2
2 Aad) B Jodaa sy Jadd)

The most work is done in case 3
3 A B Jodea sy Jadd)

Cases 1 and 3 involve the same amount of work which is more than is involved in case 2.
zﬂu\gé&.&lsg.aﬁ\ 92 9 Add Jadd)l jlata Laga 3 91 Gllladl

18

A metal ball with a mass of 3.00x10°°kg and a
charge of +5.00 mC has a kinetic energy of
6.00 x102 J. Itis traveling directly at an infinite
conducting plane of charge with a charge
distribution of +4.00 C/m?. If it is currently
1.00 m away from the plane of charge, how
close will it come to the plane before
stopping?

+5.00 L4iiadi53.00%10° kg \GaliS dsisna 5 8
& 2l59,6.00 x 108 ) 48 ,al) Ll ymC
DRV PAPP-wopy § J1 1
o s @ils 138,4+4,00 C/m? diadd) & 55
Aadl) 5 fiwa (21,00 M

0 g5 0 0 s sianal) (a i 2a gl M

aSile s pllua cya U gaul Y
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A 10.0V battery is connected to two
parallel metal plates placed in a vacuum.
An electron is accelerated from rest from
the negative plate toward the positive
plate.

a) What kinetic energy does the electron
have just as it reaches the

positive plate?

b) What is the speed of the electron just as
it reaches the positive plate?

Ol sia O 3t (s sl Aliaia 0.0V Aty

Oosead) @ g (o 09 ALY @ luay ) AN (B (e guda 5
gl 7 st slad calludd) 2 1 (e

) A guay aie (g AN A8 al) ABll) )ik Le- 2
S gall sl

o gall z ol ) Al guag 2ie ¢y AN 48 i La- by

20

A proton is accelerated from rest close to
the positive plate to deliver to the
negative plate in (0.02s). If the electric
potential difference between these two
parallel plates is (100V)? What is the
acceleration of the proton?

T O AL (sl (ha (585 0 g e Ay
R b llad) 2 sl ) Juad i gl

O (sl gl (38 S 13) ,(0.025) 0
fCs A Uas L (V100) cs sl

aSile s pllua cya U gaul Y
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A proton gun fires a proton from midway
between two plates A and B, which are
separated by a distance of 10.0 cm; the
proton initially moves at a speed of 150.0
km/s toward plate B. Plate A is

kept at zero potential, and plate B at a
potential of 400.0 V.

a) Will the proton reach plate B?

b) If not, where will it turn around?

c) With what speed will it hit plate A?

O Adlasall Cinaiiia (g Ui gl g n e Gl
10.0 cm 4lus Lagin Jualli Cpdll) B A «ea sl
150.0 km/s 4 s d3lad) ¢y 559 5l & oy
s 2 oaA el s Jhy B sl ola
400.0VB

B g (A O Jasa da -1

€ e & Juay ol ) -2

A sl paban de ju sy

aSile s pllua cya U gaul Y
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Two parallel plates are held at potentials of
+200.0V and -100.0 V.

The plates are separated by 1.00 cm.

a) Find the electric field between the plates.

b) An electron is initially placed halfway
between the plates. Find its kinetic energy
when it hits the positive plate.

-100.0V 5 200.0 V + Laalaga b ) sia Ola !
1.00 cm sl O Juady g
Lol G (ol gl Jlaal) 2250 -1

O Adluial) Chialiia (b 1Y) dabga (g iS)) -2
T oL addaay Ladie 4.8 o) AU aa g)  cpa sl
> 5ol

23

An insulating sheet in the xz-plane is
uniformly charged with a charge distribution
0 =3.50 x10° C/m?.

AL de  ga Wgiindixz s gimal) b A e dajiua
all A sl lake Leg = 3.50%10°° C/m?
A sl (0Q =1.25 pC Aiad &y 2l i

What is the change in potential when a $JS& AB a8 gall
charge of Q =1.25 pC is moved from position
A to position B in the
figure?
aSile s mlla (pa U g Y ) 4l a8 (4 glad BLIB
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A positive charge of (2.0 x 10°C) is
transferred from point b to a in a uniform
electric field100 V/m

What is the change in the electric potential
energy of the charge?

What is the potential difference between
points A and B?

akidil) (14(2.0 x70°C )W )aka A3 ga dinds JATS
100 V/m4iad aliiia Jas 4 a b
SAiaall Al <l pa gl dBUa B padl) laka La

C by a Ak G agal) 52 b L

<

A
b=y

\
$

r 3 » »
o
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3.2Definition of Electric Potential Sl gad) (s 2532

< >
40cm

i)  ABlcal) Ciaatia dis il 1Sl agad) 5 Al Sl Jlaal) Gaal

Find the electric field and the electric potential at the midpoint

q1 = +5.0pnC q2 = +5.0pnC
< >
40cm

i) (s Aluaall chuaiia die il gl gadly Al S Jlaal) Gua)

Find the electric field and the electric potential at the midpoint

aSile s plla (e U guali Y 11 4l a8 (4 glad BLIB
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The unit of potential difference is the | .....ccceeee... (AT il agaldl (5,8 (bl Bas g
volt and is equivalent to..
J/C N.m.C V/m N/C
26
An electron with an energy of SMeV SMeV 4 ¢ 9 i<
What is its energy in joules? fJsal) Baa gy 4t (g gl aS
27

Electric field lines always point

Ll gl Jlaall Any

from higher potential to lower potential

) agad) ) s agadl g

from lower potential to higher potential

S agad) ) B agadl g

in the same direction as the
equipotential lines

sl (o gbudt pdacad olad) (pud

in the opposite direction as the
equipotential lines

Al (5 gbui gl slai) Luse

28

The diagram below shows a uniform
horizontal electric field and three points
that lie in the field. Which point has the
largest potential?

88 aliile Al S Jlawe geida ga olial Alud) sl
. Jlaall (A adl Laldi EDG

¢ 3 Si Ladie (6K Adaki (o

-
oC A B
>
o A B
C C,B
o
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Two protons are located in space in the
three ways shown in the figure. Rank
the three cases from highest to lowest
net electric potential V' produced at
point P.

Ao gall DAY (3 kally ﬁ%ﬁ\édﬁﬂjﬁd@ﬁ

B A A e EBAN el Gy Jed b

[SEVETE 9

AL die @il V S i g agal)

# D*HP

‘ o !

[fe———[———> d | | |

A : | e—d :

SV A B e 1

(n @ 3)
1>2>3 2>3>1 3>2>1 Same potential
30

In the figure, the lines represent
equipotential lines. What is the direction
of the electric field at point P?

4 gldia Un gl Ja ghodl) Jiad cpua gall JSid) A
P adaiil) sie Al Sl Jlaal) olad) La gl

T(}\r Up DO\"VI]
> 15V s Jid
. 20V
25V .
30V Left nght
et Ol

31

In the opposite corners of a square there are
two identical ions. Each has a charge of +e.
The length of one side of the square is L.
What is the net electric potential caused by
the two positive ions at both of the empty
corners of the square?

Oligal gl Cpliliiall ¢l o) 311 (8 a5
g3ual aal Joh ot Lagha JS Aadi (it
L a4l

Oee) e @l ASH o S gl s L
o all S SN (o) 31 die G sl

ke
2L

ke

L

2k e

L

V2ke
L
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13 Al 58 i glad 5L




32

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?

3 Las Gullall Gy )5 i Gl Gliiaud 2o o
Ceuliall Laddl 4390 31 die 1 gl 3l e a9

6.0 uC

1 ()Tm

f— 20cm —¥

33

An electron goes from one equipotential
surface to another along one of the four
paths shown below.

Rank the paths according to the work
done by the electric field, from least to
greatest.

Al (g gheia (5 ua (o (9 AT SR
Aoy ) bl aaf Jsb o AT ) mda
LoLa] Ao gall

Jlaal) iy ) Jadd) s &l jlewall G
RS ) ) (S

)

1<2<3<4 1<3<4=2

4
| —
"
-

90V 80V 70V 60V 50V

4<3<2<1 4=2<3<1

34

What potential difference is needed to give
an alpha particle (composed of 2 protons

G 0985 Wl aga 39580 U agad) (38 La
W ke 43S ja A8y (g 55 9 (85

and 2 neutrons) 200. keV of Kkinetic energy? £200. keV

aSile s pllua cya U gaul Y
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If a proton and an alpha particle (composed of Cre G 9S) W s g (O 89 m £ e 13)

two protons and two neutrons) are each Ala (e (g9 O 9 2
accelerated from rest through the same ABDlal) Lad cdunds agal) (38 DA (¢ gSudl
potential difference, how do their resulting 4930 Lagtie pu G

speeds compare?

The proton has twice the speed of the alpha particle.

Wl e A o L (2 (15 9 5l Ayt
The proton has the same speed as the alpha particle.

Wl aped A o cinaal (58 9 l) A8 s
The proton has half the speed of the alpha particle.

Ml s Ao s Cilaial /2 g8 9 ) As
The speed of the proton isv2 times the speed of the alpha particle.
The speed of the alpha particle is v/2times the speed of the proton

36
A proton, starting from a position of AA 5 QsSad) pudaga (e (g9 0 £ by
rest, accelerates across a potential 0.002 s A 500 Vily >
difference of 500 V in 0.002 s FOgis £ obud Jlaka Lad
What is the acceleration of the proton?

aSile s mlla (pa U guali ¥ 15 Al 58 . glad BLI8
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There are two-point charges at the
corners of a rectangle, as shown in the
figure

What is the potential difference between
points A and B?

98 LS (Jaila (0 9 (@ Ol Gliiadi aa
JSad) (A (e
*B3A oAb G sgal) G4 e La

A 3.00 pC

0.250 mj

-1.00 pC 0.500 m B

38

Four identical point charges (+1.61 nC)
are placed at the corners of a rectangle,
which measures 3.00 m by 5.00 m. If the
electric potential is taken to be zero at
infinity, what is the potential at the

geometric center of this rectangle?

o (+1.61nC) Adilaia 4had] cilind gy 5f g
S 131.5.00 m 9 3.00 mola «Jukaiosa Ll g
Ll die i Al g gl Guld

£ dakional) 13T autigh 3Spall B agall foka Lab

aSile s pllua cya U gaul Y
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A point charge of +2.00 nC is located at
(2.50 m,3.20 m). A second point charge of
-3.10 nC is located at (-2.10 m,1.00 m).
What is the electric potential at the
origin?

2e+2,00 pC W die Ak s 3o

¢ A Al Aiad 38 69 (2.50 m,3.20 m)
(-2.10 m,1.00 m) £-3.10 pC W )k
S0 Akl die Ly <)) agad) Ao La

40

Two point charges fixed on the .x axis

A charge of -3.00 mC at x = +2.00 m and a
charge of +5.00 mC at x = -4.00 m.

a) Find the electric potential at x =+ 6.00 m
b) At what location(s) on the x-axis is the
electric potential zero?

x=+2.00m e —3.00 mC W _3ke 4iai
x = —4.00 mic+5. 00 mC . ke Liadi g
X =+ 6.00m 2 e 32l sl a
ol 58 x sl o (2B sa)edga ) Li(b
¢ [ il g <)

aSile s pllua cya U gaul Y
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The electric potential of a point charge :‘-m:ﬁ o Al s el My
(3.0KkV) is (1.2m) away from this charge. |l Aadll sda ¢ (1.2m) 22 o (3.0KV) 4shis

What is the charge amount? Sdiadll lada
0.40nC 2.5uC 0.05nC 4.8uC
42

An electron is accelerated from rest close to
the negative plate to deliver to the

positive plate, if the electric potential
difference between the two parallel plates is

(o AL g8l G 09 AST) Ao el Ty
LS 13 a gall 7 sl ) Jeasd i) 7 511
) sl G gl gl 28
S al) Bl A L L (120V) Gl sial)

(120V). What is the maximum Kkinetic energy fO9 A (5 puall
of the electron?
1.6x10197 9.6x1018J 3.8x1017J 1.9x10%7J

aSile s pllua cya U gaul Y
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3.3 Equipotential Surfaces and Lines 3l s gbusi b ghad g prdaid 3.3
3¢l (s gl 1 sk e

A@\éj@@huéﬁd&)ﬂu:dmyé\chu
Jlaal) slad) o Baalaia agadl 5 guss pland
Sha = 3gal) (g gbud had o sk JAT J gdual) i)

aliiial) Jlaall B gl (g sbud gl

+43%al) (ya daa g Laldil) fad Aic 4o gludia Jlaall 32

E_|AV
|d

sl sl agad)

Jlaal) sl Jiy v/
Jlaall slad) (usSe dajy v/
Jiaall Jlo sages da)gld o a85 Al Llad) sie culs v

4 glia Cildlusa Lguzany e a9 Jlaal) o Saalatia Jaghady dgall (o glud hand Jiiad oy
(o5 L ()
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4ot Adaudd agal) (g gbud gl
i sl Jaall gl o
Ll B gt g dan gal) Lisl) ez AT @

Adld) L) B il AlgdU) A as o

sagall g st @
Adadil) il W 3S pa il ga v
) o Vo) LalS 2o il g Adald) (e il s v/
sladl Lgd udd v/
Jiaal) aghd o 3aalaia v/

! ol plaw s Sh:

sl 90
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Draw the field lines and equipotential
surfaces for two positive charges of equal
magnitude

Cuianid agal gJMcbuiJJIA.AJ\LJBMJ\

SaBall B ol gludia g (s ga

44
Draw the field lines and equipotential Otindd agal) (g gt pedanad 5 Jlanal) Ja glod ana |
surfaces for two unlike charge types but DBl (2 Gl gludia g £ sil) (2 (pidlida
equal in magnitude

45

The amount of work done to move a positive
point charge ¢ on an equipotential surface of
1000 V relative to that done to move the

charge on an equipotential surface of 10 V is

2ot Link oy a3l J gall JRdd) ka5
diad M) gal) g gt g Jog A sa
o ¢y il J gdaal) Jadd) ) 4euille1000 V

10V 4Adad o3 agad) 5 gl g Ao Adaldil)

ddlall o adiag J8 Yy L gbia
Dependent to the distance less more The same

46

A negatively charged particle revolves in a
clockwise direction around a positively
charged sphere. The work done on the

dsa deluad) e ol (A ) gty L) calls pss

Adall) A ga 8 S

5 BUS AL sl Jlaal) Addyy M) Jadl) 68

negatively charged particle by the electric L) calluw psesal
field of the sphere is
Dependent to the distance Zero negative positive

aSile s pllua cya U gaul Y
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Which one of the following statements is not true? flamua pf AUl @l lal)

i Sl Jlanall Ja ghadd 431 5 gl (5 gl a ghadh

Equipotential lines are parallel to the electric field lines.

4 400 ¢4 955 Aglals Adadid agal) (g ghaat Ja glad
Equipotential lines for a point charge are circular.

Equipotential surfaces exist for any charge distribution.

) hia Lad) o Jgdall Jaddl dad o< cagadl (o sbudi hand ) o diad & i Ledic
When a charge moves on an equipotential surface, the work done
on the charge is zero

48

Which of the following is not an equipotential C3ga (o gbedi e (AL Laa 6
surface?

A

B

C

A, B
49

Which of the diagrams is not an accurate gl (g gl Jaghad 4By iy ¥ AU JILEY) (1 4
representation of equipotential lines? ¢ Aaiial) b ghadlly Aliaal)

(represented by the dotted lines)

I
|
]
I
]
I
I
1
I
I
!
I
I
I
I
I
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The figure below shows the electric field
lines and equipotential surfaces of two point
charges

i gdaad 9 (AL S Jlaal) Jaghad glaall JS&N jedi)
el piiaudl 3l gl agad)
Jdial) o ghadll Lol s 459 o JL&) e Talaie )

Based on the figure, which of the following is § Gitiaddl g J Sl Ll
true regarding the lines marked with the
symbol J and the two charges?
Cbiaudd) J L ghal)
Point Charges Lines J
g5 (A (it g (o gludia gl Jlaall Ja glad
Same magnitude and opposite sign Elctric field lines
g5l (b (niilida g (i gluia IVETRPR g 3 W
Same magnitude and opposite sign Equipotential surfaces
O 949 O gluadia (b S Jlaal) Ja gl
Identical and positive Elctric field lines
sl 9 (il glasia 24 g g rdaal

Identical and negative

Equipotential surfaces

aSile s pllua cya U gaul Y
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The figure below shows the electric field

5 9l prhaal g (AL S Jlaall Jaghad glaall JSEI) el

lines and equipotential surfaces of two point Ofinlald (pialdld il gl agadl)
charges Jhdial) Ja ghadll ity rama 459 (6f Jedll e Taldie )
Based on the figure, which of the following is § Gitiaddl g J Sl Ll
true regarding the lines marked with the
symbol J and the two charges?
) boglas
A . o i T 1 ey e OO X
\ In
Cbiadd) J Jaghadl
Point Charges Lines J
g5 (A (it g (ol gludia g Jlaall Ja glad
Same magnitude and opposite sign Elctric field lines
g5l (b (niilida g (i gluia IYETRPR WF 3 W
Same magnitude and opposite sign Equipotential surfaces
s 4.9 (il glaaia LEXRPY WF W
Identical and positive Equipotential surfaces
sl 9 (ol glasia 24 g g rdas
Identical and negative Equipotential surfaces

aSile s pllua cya U gaul Y
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solial Jeid) e Nalais )
According to the figure below:

1- what is the sign of the two charges ? ¢ Cpliadl) (a SS g gila -1

‘qu Ada i) j)ada La (6.0 nC) s q2 Uail jla8a S 1Y) 22
2 —If ¢2=6.0 nC, find the magnitude of q:

Aadly sy AV g Al bsg Labaal aga (g sbedd Ak My (bl JSAN o o) -3
3 - Draw on the figure two lines representing the equipotential surfaces, one of
which surrounds the charge q: and the other surrounds the charge (2.

alile s il (o U geali Y 25 il 5ub i ghat 5L
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Find the electric field and the electric
potential at the point

Aail) aie Al gl agally Al gt Jaal) ald

If you place a point charge at point d, how
do the electric potential and electric field at
point d change?

sl iy CiS ( Adakll) wis Adas Adak ciaa g )
Al ke (il gl Jlnall g i 4

aSile s pllua cya U gaul Y
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The figure below shows two charged plates 3.00 cm apart. Points A, B, C and d are
points in the region between the plates. ‘
O sl C Jaall 8 32 55 A B,C,D bl g 3,00cm Adlua Lagis Jualli ¢y gadia (pa gl olial JS&) (s

I+ [ [ [ + [ [ [ +]
6V A

5V
av
3V
2V
1\
ov

A 4 A 4 A 4 A 4 A 4 A 4 A 4 v

>0
()

a. What is the potential difference between A and C?
TCs A bl ( agal) 38 L (a

b. If a charge of +3 C was placed at B, how much potential energy would it have?
g€ Al 43l gSl) pua o) 48 La (B dkalil) die (43(C) Aiadi cag 13) (b

c. If a charge of +2 C was moved from C to B, how much work would be done?

TN A M Jadd) )i e (B JIC Adalil) e (42C) dad oS A3 1Y (c

d. If a charge of +3 C was placed at B and released,
1. What would happen to it?
Ay o i s g B Akl sie (4-3C) Ak g 13 (d
fld daag e -1

2. How much potential energy would it lose when it reached A?
CA Aadil) ) Juall Ladic WyaBES A Ayl <)) o) 4B j)a8a La -2

e. If an electron was released at A and accelerated to B, how much KE would it gain in
eV?
Ban g3 LgaadiSy Al A8 ) dBLal) jlaka Le (B Adalil) olaily £ jluig A Adalil) die (g Sl 5 AT 1Y) (e
fedgh ¢y sy

alile s gl (ya U guaii ¥ 27 il 58 i ghat 518




3.4 Electric Potential of Various Charge Distributions

Aacull ABNALl) ey § gill il Sl 3¢l 3.4

3.5 Finding the Electric Field from the Electric Potential

sl el e bl Jadl ) 3.5

0

55

In the figure, the lines represent equipotential
lines. A charged object is moved from point P
to point Q.

How does the amount of work done on the
object compare for these three cases?

4 gluicia Un ghad Ja ghadld) Jii e gall JS&I) B
dhadll) )P Aalil) (e g gadia pradr AT 3¢l

5V
— £ iov =P
15V
20 v =Q
2 25w
30 V (2)
(1)

Q
o pmdd) Ao Jgdaal) SRl jlaka cp (8
EMAL eyl
5V Ee——I
10V D S izz
égx - Sowv
25V . 25V
30V -

30 vV
(€]

All three cases involve the same work.
Al Jadd) )it GO eyl e Cranals

The most work is done in case 1
1Y) A J gl s Jald)

The most work is done in case 2
2 Aad) A Jgdna sy Jadl)

The most work is done in case 3
3 A A Jodea s Jadd)

Cases 1 and 3 involve the same amount of work which is more than is involved in case 2.
2&&\@&5.&4!0‘),‘59&3@35‘}5&3\)&%331 Slalaldy

56

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

dadi (14 45.5 em 2 o AL g 2l dad L
¢ 12.5 pC W _laka 43as

0.247 V | 10.2 V 1.45V | 257V
alile s mlla (o Uigali ¥ 28 Al 5 i ghat 5L
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A positive charge of 4.50 pnC is fixed in
place. A particle of mass 6.00 g and charge
+3.00 nC is fired with an initial speed of
66.0 m/s directly toward the fixed charge
from 4.20 cm away. How close does the
moving charge get to the fixed charge
before it comes to rest and starts moving
away from the fixed charge?

il B A54,50 puC W lita A ga dink
+3.00 pC 4iiad 36,00 g A avun (3lh) g
olaily 3 il 66.0 m/s W ke 430x4) As sy
) 1.4.20 em 25 Alua e AU L)

O ALY i) (e AS jarial) Liadil) o 58S e
Ge i) A ady oSl gl g () Juat O
SALAY) doaid)

58
three-point charges: sdudall cilind &G
q: = +1.50ucC,q, = +2.50uC, q: = +1.50uC,q, = +2.50uC,
qz; = —3.50ucC qz; = —3.50ucC

Charge ¢ is located at (0, a), ¢ is
located at (0,0), and g3 is located at (5,0),
where a = 8.00 m and b = 6.00 m.

The electric potential at point P

q2 Ll w59 (0,a) ddaait) e Ladd) 2 g8
(b,0) & g3 Aaddl (0,0) Akill) xic
a=8.00m , b=6.00m :<ua

op Al sie L <) gl e

29 Al 58 i glad 5L




59

Two protons are located in space in the
three ways shown in the figure. Rank
the three cases from highest to lowest
net electric potential V' produced at
point P.

daua gall OGN 3kl ;bbﬁ\géoljﬂjﬁd;x
B L) AW e EDIAN el iy Jedd b
[CEPES

AL die @il V S i g agal)

# D*HP

‘ o !

[fe———[———> d | | |

— ) | ed :

SV A B e 1

(n @ 3)
1>2>3 2>3>1 3>2>1 Same potential
60

A charge of g1 = 0.829 nC is placed at r1 =0 on
the x-axis. Another charge of g2 = 0.275 nC is
placed at r2 = 11.9 cm on the x-axis. At which
point along the x-axis between the two

charges does the electric potential resulting
from both of them have a minimum?

ser =0 deg; = 0.829 nC 4ad 13 g8
dieg, = 0.275 nC A Lad s gigx sl
X o9l e =11.9 em

¢Caiiandd) L:)ﬁXJM‘ d‘gku.bm:\g\ K
forsas La il Lagla gl il gl agall o5,

aSile s pllua cya U gaul Y
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Suppose an electric potential is described by V

(x’ » Z) = '(5x2 +y + Z)

in volts. Which of the following expressions

describe the associated electric field, in units

of volts per meter?

ABMally s g2 (Al gD gl o) a8
V(X Y2z)=-5x2+y+12z)

Chiay 40N ) ) e o, gl

¢ Aall cul 8 Bas g3 ¢y sBal) (Al gl Jlaal)

E=5%+ 2y + 22 E = 10x%

E=5x%+2y |E=10xx+ 9 + 2

62

In the figure, the lines represent
equipotential lines. How does the

Aga) 4 glucia Un ghad Lo ghadl) Jiad cpuida gall JSi) A
AP Aaidil) yie F AL <) Jlaall ik ¢ ¢ 8

magnitude of the electric field, E, at iy W AN PN
point P compare for the three cases?
5V 5V E1 - EZ = E3
v 15V
15 v 20V Ei < E;, < E3
5V L 25V
20V — _jov
¢ 25V 5 ;33 E1 > Ez > E3
30V ,'23; t 30V
(1) (2) 3) E3 < E1 < Ez
aSile s plla (e U guali Y 31 4l a8 (4 glad BLIB
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In the figure, the lines represent equipotential
lines. A positive charge is placed at point £, and
then another positive charge is placed at point Q.
Which set of vectors best represents the relative
magnitudes and directions of the electric field
forces exerted on the positive charges at P

and 0?

Ua glad Ja ghadll) Jial cpuida gall JS) A
ddadtl) Mo dua ge ddadi Caday agall 4 gludia

oy AP

is gana Lo, QM&S\S& G AT daa ga Lia
L) palBall Jiia Juad) i Al clgaiall
1o A gduall Al gl Jlaal) (5 58 cilaladil g

SO P (ki die 4y gal) ciliaid)

5V
10V

15V
20V

—_———— 25V

30V

i

It

Qo

s

"
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In the figure, the lines represent
equipotential lines. What is the direction
of the electric field at point P?

43 glucia Un ghad L ghodl) Jiad cpuia gall JS&d) 3
P Adadil) die Al gl Jlaall olail La gl

5V

10V
15V
oL 20V
25V
30V

Up Down
u.k:i Jad
Left Right
Sl Oanll

65

Three pairs of parallel plates have the same
plate separation and potentials on each plate
as indicated in the drawing. The electric field,
E, is uniform between each pair of plates and
perpendicular to them. Rank the magnitude of
E between the plates from highest to lowest

T35 JS O 4155l ) o) e ) o) 45D
2 s T8 IS 3 g Ll dlaldl) dslucal)
(B 90 S O BB AL Sl Jlaall g 4 )

QLQQQJJ&JCUN\

) AW a2 s G ALY el i

JaY

S0V +150V
(1)

-20V 4200V
2

300V 500 V
(3)

E1<E2=E3 ‘

E1>E2=E3

| E3 < E; < Eq |

E, < E, < E,

aSile s pllua cya U gaul Y
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What would be the consequence of setting
the potential at +100 V at infinity, rather
than taking it to be zero there?

Ya AU 100 V Aaidy 3¢l B gluse daii La
¢ yhually 450 glusa (e

Nothing; the field and the potential would have the same values at every finite point.

JBadae Aali (g die A5 agadl g Jlaall ad Bl e &Y

S Jaal) 31383 ey (g cbadae AL JS N 2gina i gl 32 s
The electric potential would become infinite at every finite point, and the electric field could not be

defined.

o3 LaS (b Sl Jlaall Ry Lady (S JS (8100 V Ay o (b 148D 3¢ s
The electric potential everywhere would be 100 V higher, and the electric field would be the same.

A ey cAdlusal) 3L aa JAS) play daa g dudali diad e i) Mgl aldian (JUal Juu o i gal) o jaY) s

It would depend on the situation. For example, the potential due to a positive point charge would
drop off more slowly with distance, so the magnitude of the electric field would be less

S el lia (i

67

The electric potential in a volume of space
is given by

V(x,y,z) = x%+ xy*> + yz

Determine the electric field in this region
at the coordinate (3,4,5)

AN (e pladll e Saad (Al S agad) aaay
V(x,y,z) = x?>+ xy* + yz

MaY) dic dlhaiall sda B AL gsl Jlaal) aaa
(3m,4m,5Sm)

aSile s pllua cya U gaul Y
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The electric potential in a volume of space
is given by

V(x,y,z) = x%+ xy?> + yz

Determine the component of electric field
Ey at the coordinate (3m,4m,Sm)

ABal) (e pladll (o Jaad il gS agadl aaay
V(x,y,z) = x%+ xy?> + yz

Yl Loy jeaa Ao (Al gl Jaall 48 e daa
(3m,4m,5m)

69

Suppose the electric potential at a point is
given by:

Vixyz = 8x — 9y + 522
Which of the dimensions (X, Y, Z)
determines the value of the electric field at
this point?

rABally Jony Akl die il Sl agad) O o 8
Vixyz = 8x — 9y + 522

aie (Al gl Jaal) dagd saad (X,Y,Z) ) (e sl

¢4aail) oA

X | Y

XY Z

70

A 12V battery is connected between a
hollow metal sphere with a radius of 1 m
and a ground, as shown in the figure. What

4 gaa dyitna 5 S (i Alaia] 2 V 4
S (A G 98 LaS (o ¥ 51 m Lkl il
B A1 (il gl agadl g (Al Sl Jlaall 4o La

are the electric field and the electric 4 gaal) dsianall
potential inside the hollow metal sphere?
V() E(N/C)
0 0
1 I }I 0 12
12 0
12V 12 12

aSile s pllua cya U gaul Y
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An insulating sheet in the xz-plane is AUEL Ao ) ga ghindixz (5 giuall (B A jle daniia
uniformly charged with a charge distribution ) A il ik Leg = 3.50%10°° C/m?
o =3.50 x10¢ C/m?2. AIA a8 sal) (aQ =1.25 pC Aad & 2l xie
What is the change in potential when a fJsdl) AB ad gall

charge of Q =1.25 pC is moved from position
A to position B in the
figure?

alile s il (o U geali Y 35 il 5ub i ghat 5L




3.6 Electric Potential Energy of a System of Point Charges

dodadtl) Cciliadl) aUal Al gSl audagll A8 3.6

72

When two charges are separated by a a9l dBla g  Adliwa Laginn Jualli Gliadall (jliia
distance d, their electric potential U Logd 43y ¢
energy is equal to U. Ciapal 13) Ay gl puda gl AUl iaay 13l
What would be their electric potential Cd /2 Lagy Adlual)
energy if the separation distance was

d/2?

2U 4U U/2 U/4

73

When two charges are separated by a
distance d, their electric potential
energy is equal to U.

What would be their electric potential
energy if the separation distance was
d/2?

sl Al g d Abluss Laglss Jualli (il (il
U lagd Ay <l

Caal 13) Ayl Sl auda o) A8l Giaay 13l

¢ 3d Lagy Ablusal)

3U

9U

U/3 U/9

74

Two-point charges (+5.0nC) each are

placed on two corners of a square with side

length (10cm), as shown in the figure.
What is the electric potential energy of the
two-charge system?

Ol 9294 (+5. OPC) e IS Qlishili (liiad
o LS (10cm) 4ala J ok a0 Ayl (A

Jead)
3o sSall Ul Al g€ aa gl AU ke Le
?."“': :OS‘

i
110

|
1 1l
: 1
Lo @ +5.00c

cm

75

What is the electric potential energy of a
system consisting of three charges, each
of 2 nC, at the corners of an equilateral
triangle with a side length of 20 cm?

&ﬁ@dg&em:\,ﬁgﬂ\@f\&&jﬁau
&ﬂag\\g‘}&s ZMC Lg_Ld.SJ\ﬁAng %
€20 cm MJJEEM\J\ § Sluuia

aSile s pllua cya U gaul Y
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Three-point charges on the x axis
q, = 2uC at location x=1.0m
,» 42 = —3uC at location x=2.0m
and q3 = 4uC at location x=3.0m
What is the electrical potential

energy of the system?

Xosaa o Al ciling &G adi
x=1.0m@sn e q, =2uC
x=2.0m@ e q, = —3uCs
x=3.0md e q; =4uCy
Calaill 40y gl puda gl) 4Bl aia La

77

Each of the following pairs of charges are
separated by a distance d. Which pair has the

Lagin Jaali o AUl clia&d) ) 950 cpa JS
eb\gﬁl.hﬁi@ﬁ@\gjgi,daém

highest potential energy? 04y s
All pairs have the same -SCand+3C | +5Cand-3C +5Cand +3 C
potential energy
78

How much work would be done by an
electric field in moving a proton from a
point at a potential of+180 V to a point at a

potential of —60.0 V?

L adl Ll gl Jlaal) iy 1) Jadd) jaka L

die Ak ) +180 V Wwaga Al (e ¢y gig

£-60.0 V 2>

79
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Three charges, g1, g2, q3, are located at the
corners of an equilateral triangle with side
length of 1.20m

Find the work done in each of the following
cases:

a. to bring the first particle, g1 = 1.00 pC, to
P from infinity

b. to bring the second particle, g2 = 2.00 pC,
to Q from infinity.

c. to bring the last particle, g3 = 3.00 pC, to
R from infinity.

d. Find the total potential energy stored in
the final configuration of g1, g2, and g3.

¢ gbsia culila Uiy ) gé &l g3 g2 (gl wliad Qﬁ
1.20m 4alia Jsh g3hay)

A elal) o Al IS B o U i) A

4 P ol cql =1.00 pC «Js¥) pmadl) JB11 ]
AU

e Q ) g2 =2.00 pC <A apnl) B
A

e R (g3 =3.00 pC « AV aral) J&ll 7
AU

a G sSall LRI Ay g gl A8 (Hlan) 2360 0
.g35q29 gl Clad EDAY

80

In molecules of gaseous sodium chloride,
the chloride ion has one more electron
than proton, and the sodium ion has one
more proton than electron. These ions are
separated by about 0.236 nm. How much
work would be required to increase the
distance between these ions to 1.00 cm?

psil (5 5 (g A g guall b s Clissa (B
g al) ase (e S aal g (g Sl e ) 6l
Ce AS) a5 (g A8 pi gl gl g g
TAdlisa il oY) oM (i Jualy g il g A as
450,236 nm

Ot Aluaal) 324 31 ALy o ) SR ke La

fem 1.00 Y &g
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A positive charge of 4.50 pnC is fixed in
place. A particle of mass 6.00 g and charge
+3.00 nC is fired with an initial speed of
66.0 m/s directly toward the fixed charge
from 4.20 cm away. How close does the
moving charge get to the fixed charge
before it comes to rest and starts moving
away from the fixed charge?

il B A54,50 puC W lita A ga dink
+3.00 pC 4iiad 36,00 g A avun (3lh) g
olaily 3 il 66.0 m/s W ke 430x4) As sy
) 1.4.20 em 25 Alua e AU L)

O ALY i) (e AS jarial) Liadil) o 58S e
Ge i) A ady oSl gl g () Juat O
SALAY) doaid)

82

Nuclear fusion reactions require that
positively charged nuclei be brought into
close proximity, against electrostatic
repulsion. As a simple example, suppose a
proton is fired at a second stationary proton
from a large distance away. What Kinetic
energy must be given to the moving proton to
get it to come within 1.00x10""m of the
target?

Assume that there is a head-on collision and
that the target is fixed in place

4 931 Qo i g 96l LlaalY) e Ll allat
oSl g g ALY to calaill (Aiadd) 4y ga
Ugdg O o) dlld o asad) ALaY) (1a
Lo sy Alous (sa AT ol (1589 5 Ao (3l

&l jatall ¢ 58 gl L g8 o U 48 jal) AUl
fuingl) (01.00x107'5 m 22 lo o984

Clh Ciagd) Ol g ala) (e adliali 392 5 (2 )
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Two protons at rest and separated by
1.00 mm are released. What is the speed
of either at the instant when the two are

10.0 mm apart?

CuilS g dal g g (B 0 gSadl (1o Cighg e (3D o
¢} As i e, 1.00 mm Legiz Alaldl) ddLial)
10.0 Lagiu Alualdll ddlucal) (o5 Lanic Lagia

‘mm

84

A proton with a speed of 1.23x10* m/s is
moving from infinity directly toward a
second proton. Assuming that the
second proton is fixed in place, find the
position where the moving proton stops

momentarily before turning around

LVl e & ai],23x10° m/s 456y O 5595
O3 of gl B L AT 050 ol 8 e
Ad (i gy o M) a8 gal) aa g AdlSa B il ALY
i of Ja8 ddaall & actall oy g gl

85

A particle with a charge of +5.00 uC

is released from rest at a point on the x-
axis, where x = 0.100 m. It begins to
move as a result of the presence of a
+9.00pnC charge that remains fixed at
the origin. What is the kinetic energy of
the particle at the instant it passes the

point x = 0.200 m?

sie ¢ oSl (3at+5,00 pC Adiad vy (3ol
45X =0.100 m Cua x Jgaal) o Ak
sie 440 9, 00-pC Aad 33 5 Grm & Al
ey Adads
DJ\QJAMQAM%SJAJ\&M\J\&LA

fx = 0.200 m Addily
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In the adjacent figure, if the potential
energy of the charge ql is equal to -
—8.4x10°], find the work done by the

Aaudl) auda g ABla S 1) glaal) JSi) B
iy o4 Jadl) (b —8.4x10°] ssluiql
chaiia ) Cpiiadl) gan) dly adt Al st Sl

electric field to move one of the two (5 Sbos Lagi d8Leaal)
charges to the midpoint
8.4x107°] —-8.4x107°] 4.2 x107°] —4.2x107°%]
g, 9,
@ .
87

A fixed point charge (+3.0pC) is placed at a
(0,0) in the (x,y) plane. What work is
required to move a point charge (+2.0pnC)
from (5.0cm,0.0cm) to (0.0cm,2.0cm)

g sal i Ao g ga A3 (43, OpC) ke L
Al 2 U Jadd) La"(x, V) s Sl uﬁ (0; 0)
(5 OCm, 0. Ocm) &}ﬁl\ OA(-I_Z OMC) A
(0.0cm, 2. 0cm) aésa

88

From the adjacent figure calculate the
potential energy for the system

Al S gl Al cania) ) glaall JSE) (e
allaill

2.00 uC

3.00 uC
-~ 4.00m ——»
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In the figure: How much work is done
to move the charge q from point A to

point B?

S Joduall Jrid) lada La s Julaal) M\g&
B Akdil) 1) A dkdil) o Al

90

In the figure: How much work is done
to move the charge q from point A to

point B?

SR J gasal) Jdd) j)aia La sl JSA) B
B Akiil) 1) A dkdil) o g sl

91

To what point must the charge q be

&Lbd\dﬁéq@‘d&uﬁwé\d\

moved to increase its potential energy ? ¢ gy
0 q
1
L] = L ] L] . ®
2 34
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