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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 Jaadl ) 3.5

0

1

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 e gall JS&Y) B8
dadll) )P Aalil) (e g gadia prar jad | 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) lasa G eyl e s

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

2
What is the electric potential 45.5 cm away ki e 45.5 cm 2 o lgsl gl dad L
from a point charge of 12.5 pC? ¢ 12.5 pC W )a8a 43k
0.247 V | 10.2V 1.45V | 257V
alile s gl (ya U guaii ¥ 1 Al b i glad 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 jacial) Liadl) oo 58S e
Ge i) A ady G Sl g () Juat O
SALAY) doaid)

4
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) 3 g3 Aaddl (0,0) Akill) 2
a=8.00m , b=6.00m :<ua

op Al sie L <) gl e

2 Al 58 i glad 5L
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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.

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 | | |

— f | d :

SV A B e 1

(n @ 3)
1>2>3 2>3>1 3>2>1 Same potential
6

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 sagigx sl
X o9l e =11.9 em

¢ Caiiandd) L:)ﬁXJM‘ d‘gku.bm:\g\ K
forsan La il Lagla il il gl agall o5
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Suppose an electric potential is described by V

(x’ Vs Z) = '(sz +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,Yy,2)=-5x2+y+2z)

Chiay 40 C ) e o, gl

¢ el il g8 Bas g ¢ 8l (AL Sl Jlaal)

E = 10x%

E=5%+ 2y + 22

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

8

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

Aga) 4 gluia Un ghad Ja ghadl) Jiad cpuida gall JS&) A
(AP Al die 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;, < Ej3
5V L 25V
20V 10V
¢ 25V 5 ;33 E1 > Ez > E3
30V ,'23; ¥ 30V
(1) (2) 3) E3 < E1 < Ez
alile s gl (ya U guaii ¥ 4 il 58 i ghat 518




9

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) ppalBall Jiia Juad) i Al clgaiall
1o A gduall Al gl Jlaal) (s 58 cilaladil g

SO P (ki die 4y gal) ciliaid)
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15V

20V

—_———— 25V

30V
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It
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10

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

43 glucia Un ghad ko ghodl) Jiad cpuia gall JS&d) B
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

11

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 S Om 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 G )W G (ALl el i

JaY

S0V +150V
(1)

-20V 4200V
2

300V 500 V
(3)

E2<E1=E3 ‘

EZ >E1=E3

| E3 < E; < Eq |

E, < E, < E,
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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

b S Jlaall dant (Say (g (Bataa Akl IS die dgana Ll Sl M) raasw
The electric potential would become infinite at every finite point, and the electric field could not be

defined.

o3 LaS (b Sl Jlaall Ay 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 (g cAdlual) 3L aa JAS) play daa g Audali diad e i) Mgl aldian (JUa 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 liia (i

13

The electric potential in a volume of space
is given by
V(x,y,z) = x%+ xy*> + yz

AN (e pladll e Saad (Al S agad) aaay
V(x,y,z) = x?+ xy* + yz
aY) die dlhiall sda B Al sl Jlaal) aaa

Determine the electric field in this region (3m,4m,5Sm)
at the coordinate (3,4,5)
alile s il (o U geali Y 6 il 5ub i ghat 5L
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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,5Sm)

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)

15

Suppose the electric potential at a point is
given by:
Vixyz = 8x — 9y + 522

rABMally daa ddali die il gl gl o) Gl )
Vixyz = 8x — 9y + 522
aie (Al gl Jlaal) dagd saad (X,Y,Z) ¥ (s sl

Which of the dimensions (X, Y, Z) ¢adanil) »3a
determines the value of the electric field at
this point?

X | Y Z | XY, Z

16

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 didna 8 S Aaia] 2 V 4y jlday
S (A G 98 LaS (¥ 51 m Lkl il
BSY 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 | | 0 12
| | 12 0
12V 12 12
pliled lla (e Uiguadi ¥ 7 Apily 58 gha 38
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An insulating sheet in the xz-plane is AL 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 8 il 5ub i ghat 5L




3.4 Electric Potential of Various Charge Distributions

Aadll ARUAA) ey 3 gl (il g} gl 3.4
3.5 Finding the Electric Field from the Electric Potential

Fugsl sl Ga Jhb Sl Joall 01 3.5

1

In the figure, the lines represent equipotential | 4 siudia Usghi J ghdll Jiai (i gall JSi) 3
lines. A charged object is moved from point P | 4kl J@“ﬁﬂ‘ O Goadia aed Al agal)

to point Q. @
How does the amount of work done on the 2 addl Ao Jgdsal) Jadd) J‘ﬁf O QU
object compare for these three cases? WQX - 9 A GO el

__f—é of N

15V

20 v 449_@5 QL@

Yo £V 30V ©
30 v (2) - 30V
(1 )

All three cases involve the same work.
Awdi Rl laka SN e\l aad Gaal

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

2

What is the electric potential 45.5 cm away ki e 45.5 cm 2 o lgsl gl dad L
from a point charge of 12.5 pC? ¢ 12.5 pC W )a8a 43k
0.247V | 102V 1.45V | 25.7V

= 45-50m =0-455m J- X%

= 12-5x|61 A

q’ Xlo C (C\ . 1-q)(\.?_-5v\:‘7‘ o N/
\r:L ML J N\ NTY /: U-L,\ ‘
o -455

alile s gl (ya U guaii ¥ 1 il 58 i ghat 518



3

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

L@EA‘,A@U450”CMJ\MA4433AW
+3.00 pC 4%iadi 36,00 g A psesx (3l
slaily 3 dilia 66.0 m/s W _aka diaty) de pouy
5\&\420 cmM@Mw@L\S\M‘
M@M\M\wﬁﬂ\w\uﬁgn

moving charge get to the fixed charge O el (B lagy G sSud) &2 5 O
before it comes to rest and starts moving “‘—ul-d\ Lal)
away from the fixed charge? AN = A K
Q- L\-BGX\E‘SC JBG’&)J_S'I/ Sl
m, = 68_\ooc> =0-00 6¥9 —AU =+ JEACOs &
‘ Yot s oz,
%: 2 X\e ~DW = "qu%(
Ji= 66w[S —D\\= Ak
\?‘: )_(‘,‘QOQYV\'—_\QQ—'O-OBIZW —K%%(L.___) —LM<\JT‘—- U )
‘T—: ? —C\X\Q 7\1'\' bo 7\\06 7\—57“0 (‘—__‘_ \_‘ 00(56(;"
Vi | -c,LP-/ —=
) \P=F-6¥0°
4
three-point charges: sAghls ciliad &G
q: = +1.50ucC,q, = +2.50uC, q: = +1.50uC,q, = +2.50uC,
qz; = —3.50ucC qs; = —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) 3 g3 Aaddl (0,0) Akill) 2
a=8.00m , b=6.00m :<ua

op Al sie L <) gl e

\].LQJE: K(q.r(\\ 3\-32:_.4_({&_
£3 X3
Viks Qo) \"5" 5% BSHyxe
( e
'\]l _ 562 BV
2 Al 58 glad BLIB



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

daua gall OGN 3kl ;bbﬂ\éoﬁﬂjﬁdgx
B L) AW e EDIAN el iy Jedd b
- [EIVIEN

AL die @il V S i g agal)

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?

point P.
\/ W\ 3 )
'b’t k( Yo i p—i
I | T T
| ¢ :
(== B e
(1) @ ® 2 Gy \Y 2
1>2>3 2>3>1 3>2>1 Same potential
6
A charge of g1 = 0.829 nC is placed at r1 =0 on Ser =0 2eg; =0.829 nC s aa g

dieg, = 0.275 nC A dad aa gigx gl

X ol ey =119 cm

¢ Caiiandd) L:)ﬁXJM‘ d‘gku.bm:\g\ K

C0Sas La A Lagaa gilil) (Al g <) agad) ¢ 9%
-

-\S o -829

Y=o-3nC Y =0-L15NC
| 3 e
- =0 -- -\ 1Cw
LAY S - v, X
Yok = o - \*
X o (sl
E:. —o @ &)
2072 e o,i E = B

oz

\l o-235

<=0 U

,q_‘)()

No-g28 (119-x) =

aSile s pllua cya U gaul Y

Jor75(x-0)

X:—‘I"SS m 3

iy 3 g 518
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Suppose an electric potential is described by V
(x’ nZ Z) = '(sz Tyt 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,Yy,2)=-5x2+y+2z)

Chiay 40 C ) e o, gl

¢ el il g8 Bas g ¢ 8l (AL Sl Jlaal)

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

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

\\‘(.Y_,%sz = -

_.\6_.'2_

EX_ —Fﬁ-:—<—-l0‘x o -\-C))-—:\O\lL \\|W’

—

3N

E.*a:_— —fé\l . - (o -\ —Sro) 'Q\'\Yl

EZ — ?)\f (d Yo —'\)

—’3
E:\Ox%'\-\

St

N[

N A
4+ Nz

S_Ibﬂ_,yj X LB

8

In the figure, the lines represent Sl 4 glucia Un ghad Ja ghadl) Jiad cpada gall Jol) A

equipotential lines. How does the
magnitude of the electric field, E, at TE
point P compare for the three cases?

(AP Al yie F AL Sl Jlaall ik ¢ ¢ 8

10V
—_— 0V 15V

\" AN ! T SN eyl

E1=E2

I
e
w

20V

n
<
>

)

P — 15V
25 v 5 20V
———— 25V

30v W 30V ¥ 30V

(1) ) )

aSile s pllua cya U gaul Y
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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

de gana Lo, QAdadll) ic G AT daa ga Lia
L) ppalBall Jiia Juad) i Al clgaiall
1o A gduall Al gl Jlaal) (s 58 cilaladil g

SO P (ki die 4y gal) ciliaid)

oy AP

WA

Ep

-]
|

5V
10V

15V

20V

—e———— 25V
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30V

F
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—
—_—
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E

o

i

It

Qo

W,

i

10

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

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

E s v Up Down
10 y ) Jau)
oL 20V -
25 Left Right
( el Ol

11

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

T35 S Om 4155l ) o) e ) o) 45D
A e ga 7o JS g g Lgesd ALaldl) ABLial)
(B 90 S O BB AL Sl Jlaall g 4

A A a1 981 o Y Jlaal 5

ale QQJJA;JC\JS%‘

E between the plates from highest to lowest Ct \ A JAY
| S \
<|50--5¢°
= | T = E | N3
=909 W\ = 000--2¢
~ 220V =2op ¥
50 V(l;— 150 v -20 V(2)+200 \% 3 (3),
E, < E,= E; | E, > E;= E, | E; < E, <E{| E; <E, < Eq

aSile s pllua cya U gaul Y

Al 5 i ghab 5L
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What would be the consequence of setting Ya Al DU 100 V Aaiby 3¢ B gluse daii La
¢ halls 49 slsa (pa

the potential at +100 V at infinity, rather

— N
than taking it to be zero there? E pd \_%_\

Pt
s dkaki g .\.df\u.ntixai\ Pdlaall o (A tp Y

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

b S Jlaall dant (Say (g (Bataa Akl IS die dgana Ll Sl M) raasw
The electric potential would become infinite at every finite point, and the electric field could not be
defined.

o3 LaS (b Sl Jlaall Ay Lady (S JS (8100 V Ay o (b 548D 3¢ s
The electric potential everywhere would be 100 V higher, and the electric field would be the same.

A (g cAdlual) 3L aa JAS) play daa g Audali diad e i) Mgl aldian (JUa Juu o i gal) o jaY) s
A S Jaal e (bl
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

X
X
i
X

13
The electric potential in a volume of space ABMaY) (e sliall) (o Jaad (Al gl agal) aasdy
is given by V(x,y,z) = x?+ xy* + yz
Vix,y,2) = x?+ xy* + yz laay) sic dilaial) oda B Al Sl Jlaal) 2aa
Determine the electric field in this region (3m,4m,5Sm)
at the coordinate (3,4,5)

Eyx=- 2= - (2xxy ~°)

= - (243 1+ 4%) -—22\m
E‘g 4 _%\!‘S: _ (o +2XY+Z)

= (o« 2xaxh ¥ 5)=
Eze- 2 (y)- -4Vm

L

.-?_Ct\”m

—_— N N AN
E - —2:x - 1Y -4z

N I L - 366\

alile s il (o U geali Y 6 il 5ub i ghat 5L
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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,5Sm)

ABMad) (ha pladl) e Saad il Sl agad) aaady
V(x,y,z) = x%+ xy?> + yz

() -‘-'i)v\J/JM 5 (ALY Jlaall 48 ja 20a
(3m,4m,5m)

E\é: --9-c\ \))I’VL

15
Suppose the electric potential at a point is 1ABally Jan) ddadi die ALy St agad) o a yid)
given by: Vixyzn =8x—9y+ 522
Vixyz = 8x — 9y + 522 aie Al g Jlaal) dagd sas) 3 (X,Y,Z) M) e s
Which of the dimensions (X, Y, Z) ¢adanil) »3a
determines the value of the electric field at
this point?
X | Y z | XY, Z
- —(g+o +0) Ey-—(o -9 +9) £, .—(o+otloz)
E=-38 V[m Evzd V[m Ez=-loZ
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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
are the electric field and the electric
potential inside the hollow metal sphere?

4 gaa didna 8 S Aaia] 2 V 4y jlday
M\L’AUAMJALQSGUGJ;\J‘Jlmu#M
aJSS’JA\Ju.:Lug.SS\ 3¢l 5 gl Jlaal) Ao La
— T Al

V(V) E (N/C)
cl’ o 12 2V 0 0
1 | | 0 12
| Il
12 0
12V 12 12
alile s gl (ya U guaii ¥ 7 Al b i glad 5L
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An insulating sheet in the xz-plane is
uniformly charged with a charge distribution
0 =3.50 x10° C/m?2.

What is the change in potential when a
charge of Q =1.25 pC is moved from position
A to position B in the

figure?

AL Ao ) g Wglinddixz s gimal) AL le daidia

[..'__ o’

sl b il laia g = 3.50%10° C/m?
A @ sal) (1eQ = 1.25 PC Aad &l i ais
1JSA (AB ad sal

B 2%a

o i

Al _ =
ﬁ N O AN = E\clcosc;
Z _ - So X\© \ Co

A\I = \IQ% 1\\05

2% §-

=P\ OE

N ERETIITEAN

e

—

/N

—>
c - ay

\
AN= - — S N
-5
A\[_:_ _ 3-50)(10 - Sdt’ - \C‘g Xlo \/
2%3-35x10" "~
S
alile s gl (ya U guaii ¥ 8 Al b i glad 5L
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