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Electric Potential — Questions

Which of the following is true about the
work done by an electric force in moving a
charge from one point to another?

A) It depends on the path taken.

B) It is always zero.

C) Itis independent of the path taken.

D) It depends only on the initial
position of the charge.

Bl Alds S Jadd) oo il ga (A (e G
S A ) Akl e dad 85 B 4y sl

i) lal e adiey (1

L ) e (g gl (@
sl L) e s Y (g

+

at point P

+

Test charge g,

_I_
i
+ +
+ +
+ +
+  Charged
object

What is the electric potential energy of a
positive test charge o at a point Pin an
electric field created by a charged rod?

A) The work done by the electric force on the
charge as it moves from point P to infinity

B) The work done by an external force to
move the charge from point P to infinity

C) The work done by the electric force to
bring the charge from infinity to point P

D) The kinetic energy of the charge at point P

4 ga (o JLEA Adacdl 4y <)) i gl 4B La
b (o @iU (2 S Sl A P Akl aie

&

$0)9aia

oLl La i) e Ay 56 3 8l alag 3 Jaill (
e YV e I Pakiill (e S as

i) el jadl daa HA 5 8 Aol 0 J sl ol (@
e ¥ L JI P adadill 4

Oy Aianitl) il s je S 8 sl Al g2 Jsdaall Jactll (7
piaiill ) Al
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What is the electric potential energy of
two unlike charges when they are
brought closer together from an infinite
distance?

A) Positive, because work is required to
bring them closer.

B) Negative, because the charges attract
each other.

C) Zero, because their magnitudes cancel
out.

D) Positive, because work is done against
the electric field

de e Cpiiadl Ay gl aua golf 48U La
$Aailgd ¥ Adluia (e Lagiin o Al

s

ol Jad O3 ) Al olia oY i ga (1
. .;-- .-“

Ol Gl Y dalls (@
DAY Laaaal il Lagy ylaie 0N ¢ a7

e Jlaall aa Jgasall Jaill Y i 5a (o

Why is the electric potential energy of
two like charges positive when they are
brought closer together?

A) Because work is done to overcome the
attractive force between them.

B) Because work is done to overcome the
repulsive force between them.

C) Because no work is needed to bring
them together.

D) Because the charges neutralize each
other

Oigmliiia Cpitiail 4y gl pula glf 4Bl () oS5 13Lal
ol Laguiary (o (b 8 Ladie A ga

Legin adlaill 58 e caleall Jagd Jaill (Y (0
Lagin dll) 548 e alaall Jad Jadll oY (<«
Mgt il Jas Ju o 5L Y Y (2

OVl il (Y (2
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electric potential, what can be said
about the work done by an electric
force in moving a charge from A to B?

A
B

The work done is positive.

The work done is negative.

C) The work done is zero.

D) The work done depends on the
maghnitude of the charge.

~ ~r ~— ~—

G12 Adv Physics - Chapter 03 JEN) Baa gl — ey ) T1-2024 - 2025
If two points A and B are at the same (S 2gal) (udi die B g A (Ul @ils )

898 ddacul g3 Jodual) Jadd) o JU ) (S 13La
¢ B () A (re Adad J&5 2 4 S

o s sl )

e J sl Jadll (

DA (s Jsdall Jadll (2

il e Ll ey Jshad) Jacdl) (3

In a uniform electric field, what is the
electric potential energy of a positive
test charge dependent on?

A) Only the charge of the particle.
B) Only the direction of the field.
C) The magnitude of the field and
the displacement of the charge.
D) The speed of the particle.

Aol dule adind ) La caliiia o S Jlaa B
i ga JLd) Ladl 4y <) pudagl)

i aal) dia (|
s Jlaall sladl (o

_?:u.u.;“ :Lc).u (.J

field?

What happens to the electric potential
energy when a negative charge is
moved in the direction of the electric

A
B
C
D

Itincreases.

It decreases.

It remains constant.
It becomes zero.

_— -l ~—

L &y ol wie Ay <) g gl ABUal Giaay 13
9 S Jlaal) ol 8 Al

Jla (i
o=l (G
At dks (z
_\39.;4 C_ua.i (.J
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test charge increases when it is moved,
which of the following is true?

C) Itis moving perpendicular to the
electric field.

D) The electric field strength is
decreasing.

If the electric potential energy of a positive

A) It is moving against the electric field.
B) Itis moving along the electric field.

DL sl Ay el auda gl ABUa il 13)
Sl ga Y Oa b gy el die dun ga

L2 eS)) Jlaal) ol S Al @l 5as
(208D il olatl A D (o

(e Jadl e U gae il 0 (7
o S Jlaall B (Bl (o

What does the electric potential at a
point represent?
e A)The electric field at that point.
e B)The amount of energy per unit
charge at that point.
o C)The total charge at that point.
e« D) The distance from the charge

fla 4l die (3 Sl gl Jiay 1iLa

Adasil) @l die o el Jlaal) (i

Adasil) el die Ziad sas g JST A8 laia (@
Adasil) el die 21N 2l (#

Ball) e A8l (2

Which of the following is a correct A8 gl Al maall il g AV e G
expression for electric potential energy ¢ qadadd) 3 V (2 <)) agad) AU
U in terms of electric potential V and
charge q?
AU = -
q
B)U = qV
QU =V
r_ 4
D) U W
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Which of the following correctly
describes the analogy between electric
potential energy and gravitational
potential energy?

A) Both decrease when the object moves
in the direction of the field.

B) Both increase when the object moves
in the direction of the field.

C) Electric potential energy always
decreases, while gravitational potential
energy always increases.

D) Gravitational potential energy can
change signs, but electric potential
energy cannot.

el lail 8 aeall ay Ladie Laa SIS 312y (2

?&*\3\95\ @'4‘9:\5&‘9&,3)@53\ &4'4‘93\

) sl b awsadl &y Lavie Jiy Laa DS (|

.LZE\J :\:\.\Jléj\ cu'AJ

OSb gl L) e Qi Sy Apdlall puza g A8l (2
B o (S Y A 568 pn 5l i

Equipotential lines and electric field lines
are always

a. disjoints.

b. parallel.

c. perpendicular.

d. None are correct.

Ao gl Sl Bl g (g sbasiall 3gad) Ja ghak
Ladld

i |
SO,
S e
Zasa s i Y

Electric field lines always point

a. from higher potential to lower potential.
b. from lower potential to higher potential.
c. in the same direction as the equipotential
lines.

d. in the opposite direction as the
equipotential lines.

Wil il gl Jlanall Jaghad i

comidiall sgall Il seall oa
) 2gal I (misiall agall e o
gl &y glacie Ja glal ol ki 3
gl 2 slie Ja 5lad€ uSlaall slas¥l b o
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A negative charge is released and moves along
an electric field line. This negative charge
moves to a position of

a. lower potential and lower potential energy.
b. lower potential and higher potential energy.
c. higher potential and lower potential energy.
d. higher potential and higher potential energy.

B Jgh o &y Al ink 390 o
Alad) i) ol JaIE | AL g Sh Jlaal)
Ease

Lo sl A8l (alias) g sgall (alids) |
ol A8l By ) 5 agall paliadl o
sl A (Rl 5 agall 5ol z

o) Al ol g deadl 33k ) o

Which of the following is TRUE regarding | 35 (Sl Jlaally (3lay Lasd misia Y (e G

Electric field and potential?

S st

also be zero in that region

If the electric field is zero everywhere inside a region of space, the potential must

A Lﬁ)@.ﬂ\_\@\Q}S;noidgmc;L'aé.\\wiﬁb&di\qo&dsqj\ji‘ag}@@)@ﬁ\dw\oﬁ\Sj
ﬁ.n!.s\ﬁ‘;@i\;-
B When the electric field is zero at a point, the potential must also be zero there.

Ll @l 1 hia o 5eSH gadl (s sban o) cang (e it die 1 ia  5eS) Jlaall (5 by Ledie

C | everywhere in that region

If the electrical potential in a region is constant, the electric field must be zero

dalaiall Glls & e JS 8 150 o 5o Jlaall (5Ss of 0 D B Lo At b s eIl agall (S 1)

point must also be zero

If the electric potential at a point in space is zero, then the electric field at that

Al s3a die o yeS Jlaall 5 O 2 D jia (5 sbuy eliadll 8 La ddadi die o 5eS) agal) (IS 13

a1 aa (5 sl

A negative charge, if free, will tend to
move

A
B
C
D

from high potential to low potential.
from low potential to high potential.
toward infinity.

in the direction of the electric field.

~— ~—

~— ~—

A al) ) B a il 1) cddlod) Aadd) Jaad

il sall ) el sl e (1
el gl ) Gadiid) agall e (<
AVl smi(z

oSl ) sl 3 (5
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A positive charge is released and moves
along an electric field line.
This charge moves to a position of ...

a) lower potential and lower potential
energy.

b) lower potential and higher potential
energy.

c) higher potential and lower potential
energy.

d) higher potential and higher potential
energy.

Jae b b o diatiy da o dad )Jam
e o ga ) Adald) oda dla

B g ddla g il 2ea (1
el gy il s Jil aea (@
i gy dithy el 2ea (2
el s Al el 2 (2

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 ...

a) remain at rest.

b) move toward point B with constant
velocity.

c) accelerate toward point A.

d) accelerate toward point B.

e) move toward point A with constant
velocity.

A Okl Adluial) Ciuaiila A (g9 0 22
die Mgally ¢ -20 V Adkdill xie 3alB, 4

die Chuaiiall 4l dic ygall 420 V (B) 4kl
e 055 O b 0 (6 she Cuaiial) Adad

058 Alla il

Al e ey B AL s 5% (w0
ALl slail g L (2

B.Adsiill sl sy (2

Al Aoy A B oLl A3 (o

The work done by electric field to move
a charge from a point to infinity divided
by that charge represents:

a
b
c
d

electric potential
potential energy
electric field
electric force

~— ~— ~— ~—

m‘i\uﬂgah)gﬁ\du\&u\y‘jJM\M\

il o Lo guda 4l Y La ) Al (e

EBTANRPEN| (\
Sl deadl (7
el 50 (5
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Suppose a region of space has a uniform Jiae Lgd pliadl) (1 Allaia dlia o i 3B
electric field, directed towards the right, e 9 LS (Cpanl) gad daga ‘e-hlu =AS
as shown in the figure. Which statement is o) g i lal) ) Jodl) B
True?
E
-
o
-
o C
—& B fo=
-
A- EA=Es<Ec
B- VAa=Vs=V¢
C-Vec>Va=Vs
D- VA = VB > VC

Which statements are true for an electron moving in the direction of an electric
field? (There may be more than one correct choice.)

(e i (a ST i (585 8) S48 Jlaa o) (B & Ay (1 Y e (BT A el Le

I- Its electric potential energy increases as it goes from high to low potential.
Loadiall agall ) adijall agall (e Jaih Ladie A 5eSI) 4xia g 48l 2y 3 |-
lI- Its electric potential energy decreases as it goes from high to low potential.
oaidiall agall ) adi pall dgall e Jai) LS Ay joSl) dniia 5 A8l adlisi]]-
Ill- Its potential energy increases as its kinetic energy decreases.
Ay Al i) LalS daxaia g 48U 2o S]] -
IV- Its kinetic energy decreases as it moves in the direction of the electric field.
‘“5.1)3.55\ d\AAM o&\@&iﬂw@sﬁﬁ&dﬁ-lv.
V- Its kinetic energy increases as it moves in the direction of the electric field.
L eS)) Jladll olail 8 15a3 Ll 43 ja dilda 2l 35 -V

A land V only
B Il and IV only
C I,1lland IV
D I,IVandV
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A positive point charge is to be moved B Akl ) A Al (ha dop go Adalls Liah &7
from point A to point B in the vicinity of AN o bl G5 pudaga gp LaS Ol G
an Two charges as shown. Which of the | ) Jidd) (s j28 i dde iy JSAl) (B daida gal)
three paths shown in the figure will Dadl) lo cliadl) alail o <) dlaall Ay
result in the most work being done by 04Jaail)
the charges system electric field on the
point charge?

1
a) path 1 1 bl (I
b) path 2 2 bl (=
c) path 3 3 i (7
d) The work is the same on all three AN &l jlaal) Je ass s Jaall (2
paths.

uniform electric field of magnitude

3.8 x 10° N/C points in the positive x
direction. Find the change in electric
potential energy of a 7.5 uC charge as it
moves from the origin to the points

(a) (10,6.0 m)
(b) (6.0 m, 0)
(c) (6.0 m, 6.0 m).

& o+ 3.8 X 10° N/C o )ha alitia 3 4S Jiae
sl Al (B i) aa gl x e gall ol

e gShad sl 7.5 pC e laka Liadl 4y 48
L& ) Jua) A

(a) (10,6.0m)
(b) (6.0 m, 0)
(c) (6.0 m, 6.0 m).

Solution: 1. (a) The charge moves AL = E[

perpendicular to the field: -

2. (b) The charge moves in the o _ 5 ) ’ T
same direction as the field: AU =—q,£d = (?'5 <10 C}I\B'SXIDS N.C](G_O m) -

3. (c) The potential energy changes by an
amount equal to the sum of paths 1 and 2:

AU=0-177 =[-17]]
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A uniform electric field of magnitude
6.8 x 10° N/C Points in the positive x
direction. Find the change in electric
potential between the origin and the
points

(a) (0,6.0 m)
(b) (6.0 m, 0);
(c) (6.0 m, 6.0 m).

2243 6.8 X 10° N/C o )dka aliila 3 S Jlaa
(Y gl B Rl aa gl x o gall slaY) (b

LAl § Jua¥) ddads oy

(a) (0,6.0m)
(b) (6.0 m, 0);
(c) (6.0 m, 6.0 m).

Solution: 1. (a) Here Ax=0because
the path 1s in the y direction:

2. (h) Solve Equation 20-4 for AF":

3. (c) The potential changes by an amount
equal to the sum of paths 1 and 2 above:

AV =[0]

AV =—EAx=—(68x10°N/C)(6.0 m) =[-4.1x10° V]
AV =0-4.1x10° V =[-4.1x10° V] =—4.1 MV

When an electron moves from Ato B

along an electric field line as in Fig, the
electric field does 3.94 x 107"? ) of work

on it. What are the electric potential

ba Jsh e (B) Y (A) 0o 0o ASl) diad Lavie
A Jlaal) Sy (JLEN A LS 2 4S8 Jlaae
Agle Jadld) 03,94 x 10770

A 2l 398 L

differences (@) Ve—Va
(a) Ve—Va (b) Vc—Va
(b) Vc—Va (c) Vc- Ve
(c) Vc-Vs
Electric ) % " Lo\ - _ _
Field Line “u,{u_ RUPELY Equipotentials
Sy
Bf.'.%‘ -_,_Ill_ _Ilﬂl_, "'.,“E:
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10
1*':;3—1*':1:E:3'g4><1[] J

q

1.6 x10°° C

= 246 V (Answer)

Ve —Vi=Vp -V, =246V (Answer)

c. Both C and B are in the same potential,

Ve — Vg = 0 (Answer)

FIGURE.

A uniform electric field with a
magnitude of 1200 N/C points in the
negative x direction, as shown in

& 28 1200 N/C o _)48a pliiia (o S Jlaa
L OSA) iga s LaS ¢ xelladd) slady)

T

e

3.0cm

WCm

AN

4.0cm c

(a) What is the difference in electric
potential, AV=VB- VA

(b) What is the difference in electric
potential, AV=VB-VC

(c) What is the difference in electric
potential, AV=VC - VA,

AV = VB - VA ¢ 268 2¢adl L 580 L (1)
AV =VB - VC ¢ 268 2l & 38 L (@)

LAV =VC - VA ¢S 2l 8 38 L (7)

Solution: 1. (a) Ax =0 between points A and B:

2. (b) Solve Equation 20-4 for AV
between points B and C:

3. (¢) Repeat for points C and A:

AV =V, —V, =—EAx =[0]

AV =Vy —Ve =—EAx=—E(x5 —x¢ )
=—(—1200 N/C)(—0.040 m) =[—48 V]
AV =V, —V, =—EAx=—E(x. —x,)

= —(~1200 N/C)(0.040 m) =[48 V]
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Suppose you have two negative point
charges. As you move them farther and
farther apart, the potential energy of this
system relative to infinity

A) increases.

B) decreases.

C) stays the same.

D) Depends on the magnitude of the
charges

LalS |l ¢pidadl cputingdi ol o) (jla 8
13 g A8l yld ¢ Sl S i) cosmiy)
Al ¥ L ) Aty alladl)

s

Al ()

JE (@

N

OfEall) e e aaiad (3

How much work does it take to move a
charge against a 12-V potential
difference?

2 (308 Jlha ddaddi &y it 2 DU Jad) laka La
12-v

The potential difference between the
two sides of an ordinary electric outlet
is 120 V. How much energy does an
electron gain when it moves from one
side to the other?

TX TR TIPSR EN PP T IRVES I B
Ladie (55 ASNY) LgpualiSy (A1) ABUY) )a8a La 120 V
AT Qs ) Cllall aaf G

AK = —(—e) AV=120eV = (1.60 x 10 " C) (120 V) =1.9 x 10 1" J

It takes 45 J to move a 15-mC charge
from point A to point B What’s the
potential difference AV

15-mC & liia diadi &by jail 45 ) 4aY) (G ke
AV 3 G4 L B Adill) ) A 4ddakil) (pa

AV, = (45 ) / (15 mC) = 3.0kV,
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The potential at the surface of a 10-cm-
radius sphere is 4.8 kV. What’s the
sphere’s total charge, assuming charge
is distributed in a spherically symmetric
way?

gt 10-cm W hd Ciai 3 S phaw dis agal)
Ladl) of gl iy ¢ Sl 4,08 Aiall) L 4.8 KV
T8 Alilaia 48y oy 4o 5 9

Vr (4.8N-m/C){0.10 m)

=53 nC

q:—:

ko (0.0x109Nm2/c2)

A 3.5-cm-diameter isolated metal
sphere carries 0.86 uC

(a) Find the potential at the sphere’s
surface.

(b) If a proton were released from rest
at the surface, what would be its speed
far from the sphere?

diad Jaad 3.5-cm W kd 49 jra disea 3 S
0.86 uC

B8N o die agal) aa i (1)
Led cqrhaal) aie (¢ gSuad) (e G858 L33 1 ()
B e 1y 4SS

([I.l]x mf'b;-mﬂ;'cﬂ){n.aﬁ uC)

VR =2 = = 440kV

R 0.035 m,/2

Wap = —qVap = —e[Vo—V (R)] = eV (R) = mu?

v — 2eV(R) fﬁz(l.ﬁnxm 10 ) (442 kV)
Vim M 1.67x10 27 kg

=9.2 x 10° m/s
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What does it mean if the change in
electric potential energy AU between
two points in an electric field is zero?

A) No work is done by the electric field.
B) The points have the same electric
potential.

C) The electric field strength is zero.

D) The charge is stationary.

O AU A ) i gl) A8 B ) ) (a3l
08 g gh (g0 S Jlae (b (il

PR YIS IS FON PUATRE P JEVR i |
w2 0eS)) dgall et piilaill S5 (@
.\ 5)3..4' Lﬁ}u ‘us.a)@ﬂ\ d\;.d\ Ak (C

JAaSl daa il (.J

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

a.0.81x10" m/s
b.1.3x10" m/s
c.2.9x10" m/s
d.4.1x10" m/s

450 5% aga M Sl e 98l E
ALl Aoy A La il gd

a.0.81x10" m/s
b.1.3x10" m/s
c.2.9x10" m/s
d.4.1x10" m/s

[2e AV
v =
m

A 5.0V battery is connected to two
parallel metal plates placed ina
vacuum. An electron is accelerated
from rest from the negative plate
toward the positive plate. What kinetic
energy does the electron have as it just
reaches the positive plate?

Omsidna cpa gl ) il b 5,0 4ty Jua g oy

G GRS £ by B A (R (e g (i) s
A L asall £l sad allad) ¢ sl (e s
o Qs Lais (5 ASIY) Lgsliag (Al 48 ) A8
S gl z sdl)

a.5.6x10") a.5.6x10"°J
b.6.1x10-"°) b.6.1x10-"9)
c.8.0x107°) c.8.0x107°)
d.8.9x107°) d.8.9x107°)
e.9.7x107°) e.9.7x107°)
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A point charge of 5.0 uC is located at
(2.5 m, 4.1 m). A second point charge of
-2.0 uCis located at (-2.0 m, 1.0 m).
What is the electric potential at the
origin?

a.1.4x10%V
b.2.6x10%V
c.3.7x10%V
d.5.2x10%V
e.7.9x10%V

¢ 2.5m) s PC 5.0 W itk b dindi 3 g
-2.0 pC Aalll) AUl Aalll) Liads 285 (4.1m
Al ) s Le (M 1.0 < -2.0 m) e
¢ )

a.1.4x10%V
b.2.6x10%V
c.3.7x10%V
d.5.2x10%V
e.7.9x10%V

Four identical point charges (+ 2.50 nC)
are placed at the corners of a rectangle
which measures 2.00 m . 4.00 m. If the
electric potential is taken to be zero at
infinity, what is the potential at the
geometric center of this rectangle?

a.8.99V
b.19.9V
c.20.1V
d.30.0V
e.40.2V

(+2.50 NC) Adlaia Al ciliad ay )i aua g aly
13,2.00 M, 4.00 m 4ubd dy Jakicea Llg) 8
¢ A die 138 (g sbe (Sl agad) () U is)

¢ Jakaiianall 13gd S pal) dis agall Lad

a.8.99V
b.19.9V
c.20.1V
d.30.0V
e.40.2V
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Four identical point charges Q are
placed at the corners of a rectangle
which measures 3.00 m.5.00 m. The
potential at the geometric center of this
rectangle is 32.2 V assuming that the
electric potential is zero at infinity. The
charge Qis

a.1.35nC.
b.2.61 nC.
c.3.24 nC.
d. 4.89 nC.
e.5.72nC.

alaiana L 95 A Ayt Al cilinds g i g o
gl o Lysie) 1)) ,3.00 m, 5.00 m 4wbd &y
e agall ¢ Ll die 1 3ha (5 g (S
32.2V (s s Jalaiacall 13gd S sl

Q Aiadd) 4o Lad

a. 1.35nC.
b.2.61 nC.
c.3.24 nC.
d.4.89nC.
e.5.72nC.

A particle (charge 4.0 uC) is released
from rest at a point on the x- axis, x=5.0
cm. It begins to move due to the
presence of a 3.0 yC charge that
remains fixed at the origin. What is the
kinetic energy of the particle at the
instant it passes the point x=12cm?

a.1.26)
b.12.6 mJ
c.-1.26)
d.-12.6 mJ

dhids die & gSul) (0 4,0 C Andipun A3 2
ggugﬂﬂ\@\dﬁx:S,O(;m, (Xl e
L Jua¥) sie A5 JIa5 31 3,0-pC Lk sy

@ﬂgﬂ\w\gﬁu@@sﬂ\&w\
$ X =12 cm 4kidilly

a.1.26)
b.12.6 mJ
c.-1.26)
d.-12.6 mJ
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Two protons are released
simultaneously from rest when the two
are 1.00 nm apart. What is the speed of
either at the instant when the two are
separated by 5.0 nm?

a.10.5km/s
a.10.5km/s b.10.5m/s
b.10.5m/s c. 14.9km/s
c. 14.9km/s d.14.9m/s
d.14.9m/s

Ladie ¢yl a2l g (A Cuigign @) ol
vie Lagla gl ds ju A Lanm. 1.00 Lagin S
¢ nm 5.0 &Y G Jealdy (A Adiall)

What is the potential energy of a system
of three 2 uC charges arranged in an
equilateral triangle of side 20 cm?

2 pC ciliad &l (e ¢ 98a alail aua gl 48LaY) La
¢ 20 cm gl gAY (g ghaia Cullia A Ag ya

a.0.54) a.0.54)
b.0.32) b.0.32)
c.0.74) c.0.74)
d.0.18)J d.0.18)
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k k
E =0 and E, =~£
N h
’ k r
V, =M and V, _i,
U h
kq, kq,
E;:@ and Eg_%.
n h
A A
lrl r? rl
=g+ = gl 1+ E(r2+r2) S i)
¢ = — |=— — = —
fl ‘fz L.ill QE QI ?‘I k I 2 ‘.'II k(].‘i’.rz;;rl)
a ’—k( E(r? +77) 1 ”n2+f;E
= E/ = : =—
k(U /n) i R+,
Jsing q, :r_qu, and E) =kq, /1] gives
I
ok ik _n g
rl r}, ?‘2 ?‘I‘ rZ
v=p -k o /
I Ty
a1, I
h_ ' n o n o
Lo, k17 G
9?.2 TE
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11. Two metal spheres are connected by a metal wire that has a switch in
the middle. Initially the switch is open. Sphere 1, with the larger radius,
is given a positive charge. Sphere 2, with the smaller radius, is neutral.
Then the switch is closed. Afterward, sphere 1 has charge 0, is at
potential ¥}, and the electric field strength at its surface is E,. The
values for sphere 2 are (,, V;, and E,.

a. Is V) larger than, smaller than, or equal to ¥;? Explain.

b. Is ¢, larger than, smaller than, or equal to Q0,7 Explain.

c. Is E, larger than, smaller than, or equal to E,? Explain.

Sphere 1

Sphere 2

Switch
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Consider two isolated metal spheres,
the first with a charge of 8.7 uC and a
radius of 25 cm and the second
uncharged with a radius of 5.4 cm.
What is the charge on the smaller
sphere after a long thin metal wire is
used to connect the two spheres?

a.ouC

b.1.5uC
c.4.4uC
d.7.2uC
e.8.7uC

Ay AV ¢ iluabio Gisina 0 S (2 bl
£ 400N 9 25 cm W _ké diualy 8.7 uC
) B8 s e 5.4 om Jhd cialy 45 gadia
TSN Jra il Jash ad ) (Hana dlla aladind e

a.ouC

b.1.5uC
c.4.4uC
d.7.2uC
e.8.7uC

Consider two isolated metal spheres,
the first with a charge of 8.7 uC and a
radius of 25 cm and the second
uncharged with a radius of 5.4 cm.
What is the charge on the larger sphere
after a long thin metal wire is used to
connect the two spheres?

a.ouC

b.1.5uC
c.4.4uC
d.7.2uC
e.8.7uC

Ly AW ¢« (filadia Guivisea (ff S Gl 81
25 Ll 25 cm W kd Cialy 8.7 uC
5.4 cm _kd Cial digadia

ad At dla aladin) g sY) 3 ) A L
0 S S il sk

a.ouC

b.1.5uC
c.4.4uC
d.7.2uC
e.8.7uC
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Two metallic spheres have radii of

10 cm and 5 cm, respectively. The
electric field strength on the surface of
each sphere is 3600 N/C. The two
spheres are then connected together by
a long, thin metal wire. Determine the
electric field strength on the surface of
10-cm radius sphere while they are
connected.

a. 3600 N/C
b. 3000 N/C
c. 6000 N/C
d. 4500 N/C

i 5 9 poa 10 LB i) Lagd (lisidna ¢ S
JS gl (o (Al Jaall Ba il e
Aac) g3 Ba (i SN S 55 oy 25 3600 N/Clagia
L) dagh A dl

s LT B sl B Sl ha Ao Jlaal) 30 £l gl daa
Lagllasf

a. 3600 N/C
b. 3000 N/C
c. 6000 N/C
d. 4500 N/C

Two metallic spheres have radii of 10
cm and 5 cm, respectively. The electric
field strength on the surface of each
sphere is 3600 N/C. The two spheres are
then connected together by a long, thin
metal wire. Determine the electric

field strength on the surface of 5-cm
radius sphere while they are connected.

a. 3600 N/C
b. 3000 N/C
c. 6000 N/C
d. 4500 N/C

pet 5 g aa 10 i ileal Lagd (lisiana (5 S
JS gl Ao (b sl Jlaall ad | A gl e
Ul g3 a ¢4 SN Jua g1 %y 25 3600 N/Clagia
b dash (e dlu

8 rual) 5 Sl mha Ao Jlaal) 50k oLy ¢Sl aaa
Lagllal) oL

a. 3600 N/C
b. 3000 N/C
c. 6000 N/C
d. 4500 N/C
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In large televisions, electrons are
accelerated from rest by a potential
difference of 20 kV and shot onto a
phosphorescent screen to produce an
image. What is the speed of the
electrons when they reach the screen?

Cra il g S £ Jlaai ¢ 3 puall ¢ 9o 34 B jgal A
Adld \gole (3l gl gb LS 20 g (G (Sl
QUgJNY\&DJu@LAﬁJJMGIﬁYMJJMJ&

?MWL@J}AJA&C

a.1.4x10°m/s
b.1.3x10” m/s
c.4.4x10" m/s
d.5.9x10’ m/s
e.8.4x100m/s

a.1.4x10°m/s
b.1.3x10" m/s
c.4.4x10"m/s
d.5.9x10’ m/s
e.8.4x100 m/s

Two charged particles, Q1 =+12.0 mC,
Q2>=-5.0mC are placed on a line. At what
finite locations along the line may the
electric potential be equal to zero?

l. in between the particles, closer to the
positive particle

Il. in between the particles, closer to the
negative particle

lll. not in between, but closer to the positive
particle

IV. not in between, but closer to the negative
particle

V. It can never be zero.

a.lonly
b. Il only
c.Vonly
d.land IV
e.lland IV

¢ O g (et Al g aly
«Q:=+12.0mC

aBlsa gl 2 bd JeQ,=-5.0mC
s S Of Sy Bl Jsha e 33 gaaa
¢ odall U glesa (¢Sl

gl aseaal) ) QU ¢ claseadl
el sl ) Gl ¢ clasandl s I
pral) A B (Sl g ¢ Lagin (LTI

> gall
padd) ) 8 8lg ¢ Lagdin gud LIV
allead)

S s oM s Y Y

a.lonly
b. Il only
c.Vonly
d.land IV
e.lland IV
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Two parallel plates are held at a
potential of +220V and + 130 V. If the
plates have area of 44 cm? and are
separated by a distance of 7.3 mm,
what is the magnitude of the electric
field between the plates?

a.54V/m

b. 132 N/C

c. 12,000 N/C
d. 20 kV/m

e. 30,000 N/C

‘ A O sie Ol oy BLEIAY) ofy
z)sM) daluwe il 1Y) +130V 5 +220V
¢ 7.3 mm 48lua Lagliy Juady 9 44 cm?
fom sl O (Al sl Jlaal) jlaka L

a.54 V/m

b. 132 N/C

c. 12,000 N/C
d. 20 kV/m

e. 30,000 N/C

The electric potential at a pointin
space is given by the relation V=23x -
27y + 11y + 72.

What is the magnitude of the electric
field (in V/m) at the pointr=
(3.0,2.0,1.0)?

a.5

b. 23
c. 29
d. 59
e. 131

:\éﬂdl,ﬁuhi;hbmuju:\kﬁ.\waﬁ\ KYEN|]
V=23x-27y+11y%+ 72.

FEAH|] -\é."(V/m)gr.Uéﬁ‘ Jaall Jlata La
r=(3.0:2.0:1.0)

a.5

b. 23
c.29
d. 59
e. 131
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The amount of work done to move a
positive charge Q on an equipotential
surface of 1000 V compared to that on
an equipotential surface of 10 Vis

a. the same.

b. less.

c. more.

d. dependent on distance travelled.

5 Q L sa Ain el il J ghaall Jadd) e

4 e il gd 1000 JMiay 3¢l (g sbesia grbas

10 362 s sbudia g o 0500 a3 oI JEally
s gl

ol i

8

S

:\.:;}Lﬂ.d\ P I (ST

The electric potential inside a 10-m long
linear particle accelerator is given by V =
3,000 - 5x? volts, where x is the distance
from the left plate along the accelerator
tube, as shown in the figure. If a proton
is released from rest at position x=4.4
m, what is the impact speed of the
proton when (and if) it collides with one

b e £ e JA1 Sl gl agad) ey
¢ clgdV = 3000-5x ol g2 Jlial 10 4 gk
dob o s omull da sl (e Adlucal) & x S
23130 Sl (B i sa gb LaS ¢ gl gl

Ledx = 4.4 pudagal) (& (o) (o (15890 (@)
gl ashaal (1315) Lesis &89 0l A m
¢ geilinal)

of the plates?
Proton
®

-

x=0m

A=10m

a. never collides
b.8.15x10%2m/s
c.1.36x103m/s
d.2.78x10°m/s

{:l.eJ-L'*-*A:‘y

b.8.15x 102 m/s
c.1.36x10°m/s
d.2.78x10°m/s
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Over a certain region of space the
electric potential is V (Volt) = 3x - 5x%yz +
3yz2. The magnitude of the electric field
at a point

P(1Tm, 1Tm,2m)is

Sl agad) (6 ¢ pladll (e Al ABhia o
Jasll Jla8a V (Volt) = 3x - 5x%yz + 3yz?
@ P (1m, 1m, 2m) L 4aii xic il <)

a.7.1 N/C.
a.7.1 N/C. b.12.9 N/C.
b.12.9 N/C. c.15.8 N/C.
c. 15.8 N/C. d. 18.5 N/C.
d. 18.5 N/C. e. 25.1 N/C.
e. 25.1 N/C.
In Figure, itis given that g: = +Q. qi=+ Q.0 ¢« JSd B
1 A
o 9
| |
| |
| |
| |
| |
| |
|
{}'2._ ________ OB

(a) What value must g2 have if the
electric
potential at point A is to be zero?
(b) With the value for g2 found in part
(a), is the
electric potential at point B positive,
negative, or zero? Explain

gl S 13) g WSl o) g AN Aadll) A L ()
9k (A) Al is o S0
QS ¢ (1) sl A Basasall go et 2529 e ()
¢ lla ¢ e B Aalil) die 3l Sl agal)
T € ha )

Mr. Adham Zewin - 0505084733



G12 Adv

Physics — Chapter 03

LY Bas gl — gl adl T1-2024 - 2025

An electric potential has the value
(22 V/m) (y) - (13 V/m?)(z-3m)>.
What is the electric field at the origin?

Ao Al L sl 2gad)
(22 V/m) (y) - (13 V/m?)(z-3m)3.
fduaY) Al sie (il gl Jlaall o4 La

a.-22V/my a.-22V/imy
b. -78V/m 2 b. -78V/m
c. +56V/m C. +56V/m
d.-22V/my - 78V/m 2 d.-22V/my-78V/m z
e.+22V/my+78V/mZ e.+22V/my+78V/m 2
The derivative of V' (y, z) with respect to z is:
oV o o
—— = 13-2(z - 3)V/m’ = 26(z — 3)V/m’
0z ' '
At the origin z = 0
E.=(-26(0 = (-26--3)=-T78V/m
Step 3: Write the electric field at the origin.
At the origin (0, 0, 0), the electric field is:
E=(E,E, E.)=(0, 22V/m, 78V/m)
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A 12-V battery is connected between a
hollow metal sphere with a radius of 1
m and ground as shown in the figure.
What is the electric potential inside the
hollow metal sphere?

4 s diara 3 S (g il 8 12 A Ly Jua i oy
£38 gal) el 5,01 a1 Sl e sgall 5a L

.12V
.-2.9V
oV
.29V
.12V

® Q00T W

a.-12Vv
b.-2.9V
c.0V

d.2.9V
e. 12V

Two electrons are fixed 2.0 cm apart.
Another electron is shot from infinity
and stops midway between the two.
What is its initial speed?

AT G 2w 2.0 g Ao G g S]] i &3
O Ablaal) Gl (B i 55 g AL (e 3l
S0 oY) Ae pud) A La i)
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6: =60°

how much work must we do to bring a
particle, of charge Q +16e and initially
at rest, along the dashed line from
infinity to the indicated point near two
fixed particles of charges g1 = +4e and
g2 =q./2? Distance d=1.40cm, 6, =43°,

‘auec,\.‘e.‘@egﬂ\uz\.bc,\*@ﬂ\w\jﬁau
dob o« daiy ¥ 4l Ay Q + 16e 4diad
L) _Lial) Akail) ) Alg DU ¢ adaiial) Jadl)
02 5q1 =+ 4e ol (il Gpasd (e @ Al

¢4299,=43 ¢ aw 1.40 = d déluall $=q, / 2

45 ,19,=60

)

@ 2.004d

9]
0, SR,
4

A
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A uniform electric fi eld of magnitude
325 V/m is directed in the negative y
direction

The coordinates of point A are (20.200,
20.300) m, and those of point B are
(0.400, 0.500) m. Calculate the electric
potential difference Vg - Va

using the dashed-line path.

(s 4294 325 V/m a3y 3 ga AL S Sl
20.200) m (A& A 4iil) cldiaa) yedbud) olasy)
¢ 0.400) m A B 4kiil) s g ¢ (20.300 ¢

Ve = Va bl 2gall (@48 qua) (0.500

,éh&.ml” PIEN] Jhsa e\.\iﬂul.)

NG
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A point charge of +2.00 uC is located at de + 2,00 pHC ke 4kl Liad aa g
(2.50 m,3.20 m). A second point charge of 430 ddasil) 4ia (2.50 m ¢ 3.20 m)
-3.10 uCis located at (-2.10 m,1.00 m). (-2.10 m,1.00 m). s a8i-3,10 uC
a) What is the electric potential at the fduaY) Adali A Al gl agad) g8 La (|
origin? Criadl) WIS e ey M) bdl) Jgh e (o
b) Along a line passing through both point (2sgall) 2gad) (Cr985) Al g u{ Cyidaddl)
charges, at what point(s) is (are) the Cohall g gluy A3l 4sl
electric potential(s) equal to zero?

For the first charge g1 = +2.00 uC located at (2.50 m, 3.20 m), the distance to the origin is:

ri = /(2.50)% + (3.20)2 = /6.25 + 10.24 — v/16.49 ~ 4.06 m

For the second charge g2 = —3.10 2C located at (—2.10m, 1.00 m), the distance to the origir

ra = +/(~2.10)2 + (1.00)2 = v/4.41 + 1.00 = v/5.41 ~ 2.33m

Step 2: Calculate the potential due to each charge at the origin.

For the first charge g, = +2.00 uC = 2.00 x 107° C:

kg (8.99 x 107) - (2.00 x 10°°)

Vi = A~ 4.43 x 10°V
r1 4.06
For the second charge g = —3.10 uC = —3.10 x 107° C:
kg 8.99 x 10%) - (-3.10 x 10°° .
L )-( )~ 120 % 100V

T2 2.33
Step 3: Add the potentials to get the total potential at the origin.

Viotal = Vi + Vo = 4.43 % 10* + (~1.20 x 10%) = ~7.57 x 10°V

qu kq_; _

z l d—x 0
Since k cancels out, this simplifies to:
o q2
d—z
Substitute the values ¢; = +2.00 pC and g; = —3.10 uC:

2.00 x 10°%  3.10 % 1076
T - d-x

Let the distance between the two charges be d, which we can calculate using the positions of the

charges:

d=+/(2.50 — (~2.10))2 } (3.20 — 1.00)2 = \/(4.60)2 | (2.20)? = v/21.16 | 4.84 = +/26 = 5.10m

So, the point where the electric potential is zero is 2.00 m from the first charge, which is located at

(2.50m, 3.20 m).
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a charged particle (either an electron or
a proton) is moving rightward between
two parallel charged plates separated
by distance d =2.00 mm

The plate potentials are V1=-70.0 V and
V,=-50.0 V. The particle is slowing from
an initial speed of 90.0 km/s at the left
plate.

(a) Is the particle an electron or a
proton?

(b) What s its speed just as it reaches
plate 2?

Ly oty (5552 o) Ol Lal) Qondia asa
d 48luay Gl guada Gl g (i gadia (pa gl (o
3V1=-70.0 V & Qbaslll 32 2.00 mm =

V,=-50.0V
(% 90.0 Km/s 4 s¥) die s ¢pa Ualily aneanl)
o5 al) da gll)

) 059 al Gl asad) Ja (1)
€2 dapll) ) A s g 3 e AdS i (A L (@)

-
A
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A charge of 0.681 nC is placed at x=0.
Another charge of 0.167 nC is placed at
x1=10.9 cm on the x-axis.

a) What is the combined electric
potential of these two charges at
x=20.1cm, also on the x-axis?

b) At which point(s) on the x-axis does
this potential have a minimum?

s A dadi x =0, xic 4e g 94 0.681 NC Liad

-

& x1=10.9 cm ¢ dc 92340.167 nC

X. 93l

o sl gl £ sana 98 La (i
s Lad ¢ x=20.1 cm s (piiadd) o0l
Crbaad) ) gaall

Aad ) agall

FIGURE 29.11 is a graph of the electric potential in a region of space
where E is parallel to the x-axis. Draw a graph of E, versus x.

FIGURE 29.11 Graph of V versus position x.
Vi(V)

10 m
0 T T — X (cm)
J/ 2 4 (;\3
—-10

MoDEL The electric field is the negative of the slope of the
potential graph.

soLve There are three regions of different slope:

AV/AX = (20 V)/(0.020 m) = 1000 V/m

AVIAX = (=20 V)/(0.040 m) = —500 V/m

4<x<8cm
E.= 500 V/m

The results are shown in FIGURE 29.12.

FIGURE 29.12 Graph of E, versus position x.

E. (V/m)
1000+
500+
1
1
1
0 T t T — X (cm)
2 4 6 8
1
—5004 . .= The value of E_ is the negative
: of the slope of the potential graph.
—1000 +——%_1

0<x<2cm

{E-‘ = —1000 V/m Assess The electric field E points to the left (E, is negative) for
0 <x<2cm and to the right (E, is positive) for 4 < x < 8 cm.
Notice that the electric field is zero in a region of space where
the potential is not changing.

AV/IAx =0 V/m

2<x<4cm {EX:DV!m
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Which potential graph describes the electric field at the left?

¥ Vv Vv Vv % %

E 1 M~ M

L A A I 1n1

11T 1n1

11T 1n1

I 1n1

¥ ¥ ¥ ¥ _I-I_I-I_I-_\

A A F 3
A A A

(a) (h) (c) (d) (e)

Three charged metal spheres of different radii are connected by a
thin metal wire. The potential and electric field at the surface of each sphere are V and E. @ @
Which of the following is true?

a Vi=V,=V,and E, = E, = E; b. Vi=V,=V,and E, = E, > E| ~Wire
C. Vl > VQ = V3 and E1 = Eg = E3 d. V| > V2 > V3 and E| > EQ = E3
e. Vo=V, =V, and E;=E, =E, . Vi=V,=V, and E; > E, > E,
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a series of equipotential curves. el 4 gladia cluiatal) e Aledi
a. Is the electric field strength at point A larger J:‘Si A dill) aie sl Jlaall i Ja A
than, smaller than, or equal to the field S 6‘9@ 9 s ual gl e
strength at point B? Explain. C;‘j“ ¢ Bikail) e Jlaal)

b. Is the electric field strength at pom? C larger LS © Akl xie gl Jlaall 308 & L
than, smaller than, or equal to the field o~ 6‘3‘“‘ 33 e sl 33 u-ﬂ

. ” . CRLE P
strength at point D? Explain. -CJ&‘ ¢ DAk e Jlaal
c. Determine the electric field E at point D. D. ikill) 3k () sl Jadd s g

v (cm)
2_

2V

r . _4'I V

SA -0V

11 ro,r

l'lf ” g - - _] .\',
0+ ‘-I‘D'- ,. — X (cm)

0 1 2
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What is the electric potential energy of
the electron in Figure? The protons are
fixed and can’t move

SISl B ¢y g AU Al gl aua gll dBUa 2 La
A ) Lgisay Vg Al el g5 g )

@

I
/:0.50 nm
|
|
\ :0.50 nm
|

®

Protonsk — — — — — —

Electron

+1.0 cm, respectively.

the electric field zero?
the electric potential zero?

the electric potential along the x-axis

A -2.0 nC charge and a +2.0 nC charge are
located on the x-axis atx=-1.0cm and x=

a. At what position or positions on the x-axis is
b. At what position or positions on the x-axis is

c. Draw graphs of the electric field strength and

' 2.0+ nC 4adiy-2.0 nC 4iadi ol
«Xx=+1.0cm sx=-1.0cm s x gl

A

hd) ) gaal) o @'A\yﬂ reaga Lﬁ‘uﬁ‘
€ o il gS) Jad

) Jgaal) o adlga gl paga gl A Lo
f ol (Al sl agd)

gl Jlaall Badd Ayl Sla gy ani)) g

3

ol gl Jgh 1o S 342
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An infinite plane of charge has a uniform
charge distribution of + 4.00 nC/m? and is
located in the yz-plane at x=0. A+11.0-nC
fixed point

charge is located at x=+2.00 m.

a) Find the electric potential V(x) on the x-axis
from0<x<+2.00 m.

b) At what position(s) on the x-axis between
x=0and x=+2.00 m is the electric potential a
minimum?

c) Where on the x-axis between x =0 m and
x=+2.00 m could a positive point charge be
placed and not move?

g ddad g8 A ALEBDU cadd) (5 gia
X e yz s gimall A& ali9+4.00 NC / m?
X = s +11,0-nC 4Liaddl o 4= 0.
+2.00 m.

xo5nal) AoV (X) (sl 2gad) 2o
from0<x<+2.00 m.

sl o (pdl ga) pasa sl (B (=

3l A aall x = 42,00 m 9x =0 (X
it Sl

Jx=0mOﬁXJJ;d‘ui°C)£i (G
A 9o Adali Aiadi a9 Sy X =+ 2.00

e ati Y g
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What is the change in electric potential
energy of a 3.0 nC point charge when it

is moved from point A to point B

ddais Lakd Al <l pudaglf dBUa B il o8 Le
B dkiil) ) A dhaidil) (e Lgl85 2ic 3.0 nC

5.0 cm

*A

-

7
@®

5.0nC

1.5cm

Mr. Adham Zewin - 0505084733



G12 Adv

Physics — Chapter 03

AN 5aa gl — £l el

T1-2024 - 2025

charge?

The graph in Figure shows the electric
potential energy as a function of
separation for two point charges. If one
charge is +0.44 nC, what is the other

L_s-‘lé)ﬁﬁ‘ @bj\&éthd&ﬁ‘ég.\w\ e.uuj‘ s
Ul gaa) il )Y | cpuihadl cputing Juadl A3fag

«+0.44 nC
oA Ladl) Lad

-6
-8
Ugec (p1)
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In the rectangle of the figure, the sides
have lengths 5.0 cm and 15cm, q1=-5.0
uC, and

g2 =+2.0 uC. With V = 0 at infinity, How
much work is required to move a charge
g3 =+3.0 uC from B to A along a diagonal
of the rectangle?

153&&&5,0&»'4\}\‘5\‘95\‘&:\23“‘5&14\@

¢ o

q2=+2.0 uC. s ¢«q1=-5.0 uC
ng\M\jﬁALAs&ﬁL@JM‘.\J&V:O&A_
dsh = A I B (e g3 = +3.0 pC 4ad &y ol
¢ akaienall (5 kb

o.lim

Which of the following statements is true?

a. If a metal sphere is charged, the extra charge will be uniformly distributed over the

volume of the
sphere.

b. On the line between two positive charges, the electric field is never zero.
c. A positive charge will always be attracted to a metal surface, but a negative charge

will be repelled.

d. Good insulators do not conduct electricity well because they are usually doped with

small amounts
of impurities.

e. On the line between two positive charges, the electric potential is never zero.
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A uniform electric field of magnitude
250 V/m is directed in the positive x
direction. A 12.0-mC charge moves
from the origin to the point

(x, ¥) =(20.0 cm, 50.0 cm).

(a) What is the change in the potential
energy of the charge—field system?
(b) Through what potential difference
does the
charge move?

4234 92 250 V / m aaag aliiial) il <l Jlaall
(% 12.0 MC Aok & Akl G gal) x slaYl B
(x,¥) =(20.0 cm, 50.0 cm). 4kiil) ) Jual)

Jlae aldii 4 g pudagl) A8l 2 il o8 La (1)
¢ )
SAiadd) & el Jaiaall agadl (58 9 L (@)

Checkpoint 2

The figure here shows a family of parallel equipotential surfaces (in cross section)
and five paths along which we shall move an electron from one surface to another.
(a) What is the direction of the electric field associated with the surfaces? (b) For
each path, is the work we do positive, negative, or zero? (c¢) Rank the paths according

to the work we do, greatest first.

2. (a) rightward; (b) 1, 2, 3, 5: positive; 4, negative; (c) 3, then 1, 2,

and 5 tie, then 4
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+23.43 Four point charges are arranged in a
square with side length 2a, where a = 2.70 cm.
The charges have the same magnitude, 1.50 nG;
three of them are positive and one
is negative as shown in the figure.
What is the value of the electric
potential generated by these four
point charges at point P = (0,0,¢),
where ¢ = 4.10 cm?

*6  When an electron moves from Electric

A to B along an electric field line in  field

Fig. 24-34, the electric field does ¢ ‘*
3.94 X 107 ] of work on it. What
are the electric potential differences
(a) Vz — V4, (b) Ve — V4, and (¢)
Ve — Vig?

| . .
Equipotentials

6.(a) Va—Vy=AUlg=—W/(-e) =— (3.94 x 107" I)/(-1.60 x 107° C)=2.46 V.
b)Y Ve—Vy=Vg— V=246V,

(¢) Ve—Vp=0 (since C and B are on the same equipotential line).
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*»8 A graph of the x component of the electric field as a function
of x in a region of space is shown in Fig. 24-35. The scale of the verti-
cal axis is set by £, = 20.0 N/C. The y and z components of the
electric field are zero in this region. If the electric potential at the
origin is 10 V, (a) what is the electric Ey
potential at x = 2.0m, (b) what is
the greatest positive value of the elec-
tric potential for points on the x axis

E, (N/C)

for which 0 = x = 6.0 m, and (c) for —kiy
what value of x is the electric poten- x (m)
tial zero? Figure 24-35 Problem 8.

8. (a) By Eq. 24-18, the change in potential is the negative of the “area” under the curve.
Thus, using the area-of-a-triangle formula, we have

x=2 1
Vo10=-| E-ds =—(2)(20)
which yields ’'=30 V.

(b) For any region within 0 <x<3m, — IE -ds 1s positive, but for any region for which

x> 3 m it is negative. Therefore, I7 = Vi occurs at x =3 m.

x=3 — 1
y-10=—| E-ds ==(3)(20)
which yields Vyax =40 V.

(¢) In view of our result in part (b), we see that now (to find V' = 0) we are looking for
some X > 3 m such that the “area” from x =3 m to x = X 1s 40 V. Using the formula for a
triangle (3 <x < 4) and a rectangle (4 <x < X), we require

%(1)(20)+(X—4) (20) = 40.

Therefore, Y=35.5m.
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a3l J8s s glaall JEN gﬁ Al EJ‘Y'I L@l e LLST -2

Q. 59
‘% - o 0 8 gl 0 ngh Bl s I Jla) geiga 5 g
eokan Lo JB cpia )

40 30 20 10
g atearoladl ol B ccal gad dlaghi ola) alitia LS Jlaa A ba 0950 -3

Sdaung btk o s Vilag

4y Al Dagis gl O dnns Bl Jos Al O 4mis Bl gy IO anias 38l oy Jleall 0

tade b Lo Hia ) gl AR dng By Lo Al e Al Rl Rk 0 gl (gl gl i ol sl -8

40 ;0 >0 2 0
?@muga.;.;,mwfu’u.mmy'|:\3Qngh@aMamgyﬁa@LwlﬁwﬁdﬁbgL -9
E 2 O 40 S i
[ e 4 2
% P4aag 2l 3255 Lagas 09 8Y JEI 1Y jgladl) JS2) B cpibis (ol ~10
—— cllboed  adlege T cdasd b dage O
= ddayl
10 9|8 3 2
1] 1] | 3oy &
¢ o |11 4
2o 2|2 )

(g2 =+2.0x107°C) (g = — 2.5 x 107 2C) olishis oliiad cmiag-11

e L+ coslaal) JSA B LS (A Sl Juaia hasa ¢a caills
I 1 ., i
0. 3m——ie 0. 1m—i ™ Al Osadia Juagall o dlyy e
" - Qa1 dlay)

Ligadia oIS ol Lo dTind Jakay ol lasae Ll dlifla) 0 @

= alay|

. Q a4, 9 - Vit @1 4z _ _ —25x1077  +20x10”%) —10
Vm—kc(R+Tl+TZ)—>Q—R( )=0.10x (0 - Y ) =3.33x10"1°C
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Joaga Jlae 3 ad dki die  JleSH Jlnall 838 cilpasn pslaall bl a0 —14

16.0
g \ (Jeapalls Jamy elsall G 1Y) L diagall 55 oo Wand it O 538
=
malz'o \ %53)551&034-‘\-~53%'
Z g0 T Al e :LL;?!N
a0 E,y. =16x10°N/C s R=0.05m
00 — L _ la _ ExR? _ 16x10%x0.05> _ _7
0 01 02 03 E=ke R Qi k. 9x10° 4-4x1077C
£ s e U e JR Lt (g = 3 % 1075C) Aind e Jlaal i 53 ) ol @
Lyl ) Jeagal) 3$5a coa (0.10m )
Py e '[' l
W, = —APE, = —KQq (T—‘f—}) =—9.0X10° x 44X 107 x 3 X 10 8(5 — =) = —0.12]
t AT Ja
101 . - 11
W,=—APE,=—qx(V;—V;)=—q.K.Q — | = 90X 107 X 4.4 X107 X 3 X 10°6(— — o) = —0.12]
f i X

23.59 ** CP A small sphere with mass 1.50 g hangs by a thread
between two very large parallel vertical plates 5.00 cm apart
(Fig. P23.59). The plates are insulating and have uniform surface charge
densities +o and —o. The charge on the sphere is g = 8.90 X 1°c.
What potential difference between the plates will cause the thread to as-
sume an angle of 30.0° with the vertical?

Figure P23.59

—
| F. =mgtan® = (1.50x107 kg)(9.80 m/s*)tan(30°) = 0.0085 N
| e b - s T
' Ve Fd (0.0085N)(0.0500
e Fo=Eg="% ana y=F9L_L( X = ) _ 478V,
| d q 8.90x107 C
Py
°
s 500 cm ——>|
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