https://youtu.be/tHhFH5PKkcM abiiia e g aliiia Jlae (8 AL Sl 26a112-3
https://www.youtube.com/watch?v=fNTHsfD90Zk&t=1239s gl (5 gl Ja ghad g ol 3-3
https://www.youtube.com/watch?v=hWAg9gpweS4&t=1s aiadll Adlisall culay il Al 141 1¢al13-4
https://www.youtube.com/watch?v=ym-MV-10TIs&t=50s (A4S gl e (Al gl Jlaal) a1 3-5



https://youtu.be/tHhFH5PKkcM
https://www.youtube.com/watch?v=fNTHsfD90Zk&t=1239s
https://www.youtube.com/watch?v=hWAg9qpweS4&t=1s
https://www.youtube.com/watch?v=ym-MV-10TIs&t=50s

Chapter 3: Electric Potential

3.1 Electric Potential Energy

(For Enrichment-Special case: Dipole in a Constant Electric Field p:61-62)- ( 61-62 o plitia de\m ] YW dels Al - 1)
3.2 Definition of Electric Potential (Self reading: Batteries p: 64) ( 64 :a hy Akl Al 3¢ j)

(For Enrichment: Van de Graaff Generator p:65-66) ( 63-66 1,0 ik 63 8 Wye - J18)

3.3 Equipotential Surface Lines

3.4 Electric Potential of Various Charge Distributions

(For Enrichment: Continuous Charge Distribution p:74-76)- ( 74-76 e &iaxddl Juatal) ajdl 1)

3.5 Finding the Electric Field from the Electric Potential

(For Enrichment: content after example 3.6 p:78-79)- ( 78-79:y0 ‘3.6 e day gicnall i Y1)
3.6 Electric Potential Energy of a System of Point Charges



Determine the direction of the uniform electric field

aldiiall Al ¢Sl Jlaall slad) daa

1
1 1

The field goes from the positive The field goes from higher voltage
plate to the negative plate to lower voltage
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~bgsll sgaliElectrical voltage
2
U AU —W
V=— AV = — =
q q q
l !
Irregular electric field uniform electric field
aliila p& (Al 4S Jlaa abiiia (Al S Jlaa
V= ﬂ AV = —Edcos@
r >
AV =V, —V, E
Vit =V1+V; o J;ﬂ\
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For a charge to move between two points, there must be a potential difference between the two points
kRl g 34 (32 3929 (a4 (il G Adadi T
The figure opposite shows a regular field to the right:
D Ol oladly aliiia Jlaa Jilal) (S5 i g

o

* gl 1- Which points have the largest amount of field?

b *a ] ¢ Jaall Jlika i Waaie (o< &l i -1

® >

. X All points are equal in electric field

¢ Jaall (A 4 gludia JalAl) e
¢ O Al Sl pua gl AUl jlaka s ladie ¢ g8y LIAL (o -3 2- Which points have the greatest amount of effort?
3- Which points have the greatest electrical ? agall Jlaka ) Laie (S, Jalial) 95; -2
potential energy of a proton? ?‘Bm‘ Jaalf sladls J& el 0N g b ¢ LAl

A gal) Al aagl) 48l Y g b ,c bl
i sall 7 sl (e sy Ll 21435 Va=Vp =1 >Vg> 15



When the potential energy and electric potential of its charge increase or decrease, it moves in a uniform field
aliiia Jlaa (& & Al Adadd Al Sl agadl g aua gll A8Ua J&5 g) S35 e
-+ -+ -

+
AUJE} AV AU = qAV AU B AV
. K=We = —AU = — qAV e -

E

When a charge moves from the positive plate towards the negative plate (movement
with field) This is accompanied by a decrease as well as a decrease in voltage

il IS (ol oS 3 (el on 35 50) ] gl ooy iyl 25l 0 R3S 2 i
The change in voltage is negative s dgall i gl ) 2l
AV — Vf - Vi



w48 yaliElectrical voltage

we define electric potential as the potential energy of a unit charge.

V==
q A B,
—qEdcos6
AU =Us;-U;y=qAV AV = 7 =4 q""s = —Edcos0 —
: :

The voltage (V) is known. What is the amount of work done on that charge?

Zaadll @i e (Jhall ) gasall Janil) 138 laie (V) 5L eSH) agall Coyay

AU _-W -W. _ —qEdcos@
AV = AV =——"e =122 — _Fdcos0
CI CI q q
W, = —AU = —(Us - U)) = — qAV
_y .
V=1c Voltage unitelb gsd) sgadidaa

lad) Al Gl (S pLadl) B (S S 8 dad Al g Al duaS 2gall g dgaia dpaS (b S Jlaal) Sk



1- The corresponding figure shows a uniform electric field of intensity (250N/C).

o (250N /C) 4iad aliiia (il 3¢S Jlaa Sikhal) JS&Y gada gy -1
E 4| 4 4 4 .4
¢ AV = —Edcos6 L @b kAl G gall 5 el -1
0 Calculate the potential difference between the two points
£
s AV =-—(250)(0.03)cos90 =0
) <+
@ 13.dcm| D . C,b (bl s agall § 8 caual -2
Calculate the potential difference between the two points
AV = —(250)(0.04)cos180 = 10V
o 004 0. 04 . C,a Okl G agal) 38 cawal -3
€0sY =305 AV = —(250)(0.05) (—— | = 10V
0.05 ( )( ) <0 05) A Vbc — AVaC

a,b,c LUl vie ¢ A8 il g8l puda gl A i B -4
Compare the electrical potential energy of an electron at points
P P . P Uu.>U,=U,

V. <Vp=V, abc Bal e gy A<l sadl om o 8 -5



The work done by the electric force on the test charge (g, =+ 2.0. 10°° C) to
move it from Ato Bis W,z =+5.0.10J. . Find:

#B A e lelil (g =+2,0.106€) LSV Aind e 1al S 5 Al U8 (e J sl Jal
D aa gl W,;=+5.0. 107> J.

AV = VB - VA LU G AV = Vg -V, < 3l (38 paas (1)
e Calculate the potential difference between the two points
T ~(+5.0.105
AV = VB — VA= —>020 D o ooy

W,z = +5.0. 1075 . ) +2.0.1076C

da) V) olad) (wdl 2 5 481l sladl o) G g Jaid)

AV = : Work is positive, whichever direction the force is in the
same direction as the displacement
Vp - Vy4=-25V Vg < V4

The negative potential difference of the test charge moves from
high voltage to low voltage (with electric field

gl Jlaal) aa)padide aga ) adije 3 o Al JLEAY) Aad calla agal) (38



The 400V voltmeter reads across two equal parallel plates 0.020m apart. What is the electric field between them?

Tlag (Al gSh Jlaall 52 L .0.020m Lagin Juads (i gbauia (il ) g3 (i gl e 400V il dl) | &

AV
| " AV=Ed E= - E= o =2.0.10*V/m
0.020m

When a potential difference of 125V is applied to two parallel plates, the field
between them is 4.25.1073N/C. How far apart are the two plates?

Legin daadl 5S¢ G il sie Gpa o (e 125V deall (3 8 (Gukai 26 Ladie
S sl aels saa e 4.25.103N / C.

AV / 125V _ —2
AV = E.d d= — d= R N/C—2.94.10 m

What is the potential difference applied to two metal plates that are 0.200 m apart
if the electric field between them is 2.50.10° N/C?
0.200m 42busa Legin Jaady Gpiidma Cpas gl e a8ndal 25y (g3l AL jeSl agall 3 8 8 Lo,
£2.50.10° N / C legin (el Jisadl IS 1Y) i
AV =E.d AV=(2.50.103N/C)(0.200m) =5.0.10%V




3.1 A positive charge is released and moves along an elecrric held
line. This charge mowves 1o a position of

a) lower potential and lower potrtential energy.

b) lower portential and higher potrtential energy.
) higher porenrtial and lower potrenrtial energy.
d) higher porential and higher porenrtial energy.

_I_ —_ 71 _ E_g..n I£1' Al
\ @-—‘> - ainsll a5l 3 Jalg agdl 3 Jal (a
T ) sl A8l 3 lely agdl 3 g3 (b
a amsll A3l 3 Jaly agd) a el (c
el aBls 3 lely agd) 3 lel (d

Sl Jlaal) olaily

A@AA\ dsgi.ai\d °

N335 dun gall Liaill piagll Adla J&5
ALl Aaidly aua ol 43U




3.2 A provvon is placed midway bertween poines A and B. The
porential ar point A is —20 VW, and the porenrtial ar poine B +20 W. The

potrential ar the midpoine is O V. The procvon will
a) rermain ar rest. '

b)) mowve toward point B with consrtant wvelocitwy.
c) accelerarte toward poinc A

d) accelerate toward point B

e) mowve toward point A with constant velocicy.

A Glaa-Jl as e agd ) LS IEP-EQAG._-JL_TIE &Hﬂm}méaﬁgﬁ e s 3.2
Bgws Cy9dg pdl olB

A 6 LSl s (a
hlg — FLO os Ggecie e, w B alanid) olE o) ,-n (b
F | A alazad) ol g yLass (C

- =T o= ol (-

% LAzalE Agete Ae ,us A Gl olE o), -z, (e

Q98 1A A Akl aga (e uS) B Akalll) aga
Adill) ) B Adalil) e Jlaal) ol

A AR gad Jaall oladl ga (594l §jlasy




3.3 Whar vwould be the consequence of setting the potrtential ar + 100 W
at infinicy,. rarther than taking it o be zero there?

a) MNothing:; the field and the porenrtial would hawve the same wvalues at
every finite point

b)) The electric potential would become infinite at every finicte point,
and the electric field could not be defined.

) The elecric potential evervwhere would be 100 VW higher, and cthe
electric field would be the same.

d) It would depend on the situarion. For example. the porenrtial due o
a positive point charge would drop off more slowly with distance, so
the magnitude of the electric field swould be less.

B A s Akt 551 Ane asals agdly Jlt) o3 s . fe e W (a
ol e S) L)

ALY Lmes Laxe o ulSe S @ 100 VW aezms el Al eSSt agd) memew (c
cam Las Sl S

B e e FLll gV s G JELY e ole i mBglt  le oW sz, (d
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3.27 How much work would be done by an electric field in moving a proton
from a point at a potental of +180. V to a point at a potential of —60.0 W2

§— ﬁﬂﬂvhaﬁmg? +180 V Lﬁ..l..._t:-

Nz - W
W =—qAV =—(1.6 x107?)(—60.0 — 180) = 3.84 x 10717J
< J& agall J&5 ada gl A8 312y Jadd)
__{ @D S % N QA8 &y Al
<_

W=—-qAV = —(-1.6 x1071%)(-60.0 — 180) = —3.84 x 1017

Jh agall Mo kgl Al S84 Jedd)



Concept Check 3.1

An electron is positioned and then released on the x-axis, where the electric potential has the value —20 V.
Which of the following statements describes the subsequent motion of the electron?

a) The electron will mowve to the left (negative d) The electron will move to the right (positive
x-direction) because it is negatively charged. x-direction) because the electric potential is
negative.

b) The electron will mowve to the right (positive
x-direction) because it is negatively charged. - Mot enough information is given to predict the

i i motion of the electron.
c) The electron will mowve to the left (negative

x-direction) because the electric potential is

negative.
3.1 gt lal) das) o
3 adli) sl 1. =20V sboaS agd) dad colSs cadle ¢l mad addn) @ X jed) Lo 59:8)) s g
A > ®5aA5 Al &S L) Cany
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Electric potential of a point chargedahis Aiadd b <) agal)

!

4w AailNegative charge

b Al sl adNegative voltage

, T(M)

van'

!

4 5a Liaddipositive charge

e Al Sl aliPositive voltage

Vi) 1

r(m)



2- In the opposite figure if you know that: (q; = —3.0nC,q, = +4.0 nC).

3.0cm

’: | & Calculate the electric potential difference between the two points
I 2 N Yo S g FRVESI JVEX g JUWEN
S
oM
k k
! v, = q1 + q>

v rl 1‘2
b- ®

v (9 x10°)(=3.0x107°) (9 x10°)(+4.0 x 107?)

A\ J

=525V
4.0 cm a 0.04 1 0.03
kq, kq, 9x10?)(-3.0x107"° 9 x 10%)(+4.0 x 107°
v, = n Vb:( )( )+( )( ):OV
rq Tro 0.03 0.04

AV = V,—V, = (525) — (0) = 525V



3.69 A Van de Graaff generator has a spherical conductor with a radius
of 25.0 cm. It can produce a maximum electric field of 2.00-10° V/m.
VWhar are the maximum volrtage and charge that it can hold?

25.0 cm o dad Lial {é_q_,s Jiaga Uln i @ gl ..'j_g.a '-.55":""" 3.69
alyd ol Lot o 20010° V/M o 3,48 Jlow £l g

lglaot o 5c dndy

V. =E,ur=(200-10° Vim](0.250 m) =500-10 V.

iR

FE _{11:5::' m) (2.00-10° V/m 30100

k {3_99-11:}" N m’ frf}
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1- Find the ratio of the electric field strength at position B to the electric field strength at position A
A psal) b b gSl Jladd) 538 ) B g gall b (Abgsl Jaall Badi (s duadl) 33 -1

Ex, 71 1
2- Find the ratio of the voltage at position B to the voltage at position A

A pagall A ALl agall ) B adgall (B Al sl agad) G Al 3y -2

kq Vg 1rqg 1

~ T VA rp 2 VA — 2[/B
3- Find the ratio of the potential energy of a proton in position B to the energy in position A

A pasall B lgaagdih ) B gagall B g sl Al (n dpudll 22 -3

U = kq1q> UB L) 1 UA — ZUB
A UA rp 2

|4
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A goasall b Al Sl Jlaall 308 Y B aedasall (b b Sl Jlaal) Bad (s dpeadl) 2 -1
Ex ri 141

E, r2 22 4 Eq=4Ep

A poagall & Algsl agall ) B pudgall (b lgsl agad) G dpwdl) 3 22

VA —_ ZVB

A pasall B lgaagdih ) B gagall B g sl Al (n dpudll 22 -3

UA rp 2 UA - ZUB
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2-3 Electrons gain energy
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CoibaBil) C aga (G 8 a5 9 (pa Y (pilall (g Adah & AT s W = —AU = AKE = —qAV

For a charge to move between two points, there must be a potential

difference between the two points

¢ x_
a

b S adasd) g (g ASl &y jad e
c - Ja Jadd)

- J&5 A< jal) 43U

+ 2235 i gl) 43l

" S gl

When moving an electron with the field ato b
work less —

kinetic energy decreases —
Potential energy increases +
voltage decreases +

KE; — KE; = —qAV

1 2
Emv = —qAV

b S adaad) g (589 byl e
+ 303 Jasdd)

+ 302 35 A4S jal) 4Bl

— J& pua gl ABa

i gl

When you move a proton with the sphere ad to b
Work is increasing +

Kinetic energy increases +

Potential energy decreases —

voltage decreases -



31 _"'XFEnue.trnt__'.]‘_v,nr Gain of a Proton

_:—f

A proton is placed bertween two parallel conductring plates in a vacuum (Figure 3.6).
The difference in elecrtric potrtenrtial berween the two plates is 450 V. The proton is
released from rest close to the positive plate.

PROBLEM
Whart is the kinetic energy of the proron when it reaches the negarive plate?
Je2 : A
-4 —_ : -+ — - - - -Lb\"
: ddlal) (1oig pd) LulS) 3.1
D = : — g
o ° : Co———— h
E NTOP VA URRE L JURRILY (3.6 ysa) ¢l 8 gwilsia loga gl G0 08 by S
E sl ol o 2l Sl (e (igig ) o5 Gy 450V sl
@ : ®)
.  F
Cralisas i) Cras Gadens DO (R it d..le.U
M) & (@) g1,a 3 Gossiis Husleie i . -
._-,,39,le ._'1;5&. (D) _asal cia Siasead) ?‘—.JL‘J' C.?J-” L.."J.I. J“m Lowe LJB—"B;*.‘-U "-'5.;—“ asllll Ly
GesiSe codlad) zol) J) canmall zolll e

W = —AU = AKE = —qAV

FIGURE 3.6 A proton between two

charged parallel conducting plates in a AKE = —qAV

vacuum. (a) The proton is released from

rest: Fh] The proton has mr:qwed from thfﬂ:l KE;—0=—(+1.6 X 10—19)(_4_50)
positive plate to the negative plate, gaining ’ > -

kinetic energy. KE;=7.2x10"1]



W = —AU = AKE = —qAV

3.26 An electron is accelerated from rest through a potential

KE; — KE; = —qAV

difference of 370. V. What is its final speed?

1
Emv = —qAV

il i o L 370V s 3 e oSl g gl ) 3.26

=1.14 x 10’m/s

|-qav  |—(~1.6 x 10-19)(370)
I~ Jo.sm | 0.5(9.1x10-3Y)

3.28 Whar potential difference is needed to give an alpha particle
(composed of 2 protons and 2 neutrons) 200. keV of kinetic energy?
a8llas (9,009 Osda,s cre (aSas) Lull puz dagsal a3 agd) 5,8 Lo 3.28
1200. keV Ls,lans a8 -

_AKE 200 x10%x1.6 x1071?

— 5
AV =— e igoe = 10x10°



3.29 A proton, initially at rest, is accelerated through a potentia 500V ily sy b sue ipSaall pingn 0 b scugin g ol 3.29
difference of 500. V. What is s final velocity! Yaslyl) dgoall ae o L3

i — -19Y(—
3.30 A 100V battery is connected to two paralel metal plates vp= [ | LX) _ sy
. . 0.5m 0.5(1.67 x 10-27)
placed in a vacuum. An electron is accelerated from rest from the

negative plate toward the positive plate.

Eoluzs )l § Gregings pujlate Guild peesb dlais 10.0V 2 ks 3.30
crl) g3l ol L) £ o oSl g 0 39S

3) What kinetic energy does the electron have just as it reaches the Sl zalll ) alguny wic s a8 45,40 2Ll laza Lo (a
positive plate! Scamall talll J) iy sic g AUY) de s Lo (b

b) Whit is the speed of the electron just s t eaches the positive plate!. @) ~ AKE = —qAV ~ KE;
= —(-1.6 x 10719)(10.0) = 1.6 x 10718

—qAV
D) &5 0.5m

B J—(—1. 6 x 10-19)(10.0)

=1.87 x 10°
0.5(9.11 x 10-31) m/s



AKE = —qAV
KE;—0= (1.6 x 1071%)(5.0 x 10%)

KE; =8x1071¢]

2KE

m

V=

| 2(8x10-16)
V= [(9.11 x 10-31)

=4.2x10"m/s

4.2 x 107
3.0 x 108

X100 = 14%

Concept Check 3.2

A cathode ray tube uses a potential
difference of 5.0 kV to accelerate
electrons and produce an electron
beam that makes images on a
phosphor screen. What is the speed of
these electrons as a percentage of the
speed of light?

a) 0.025% d) 4.5%
b) 0.22% e) 14%
) 1.3%

3.2 e Lad | Ao o
sy 3 0l ansl gl ALy
il 1Y) L) 5.0 KV oluns
ao (8% b 28] glad plals
add deyu Lo dsygawgd abLS e
Yegiall dcpu o dennS clsg 28IV

a) 0025%  d)45%
b) 022% @ 14%
¢) 13%



13.31 A proton gun fires a proton from midway between two plates
Aand B, which are separated by a distance of 100 cm; the proton
initially moves at a speed of 150.0 kny/s toward plate B, Plate As
kept at zero potential, and plate B at a potential of 4000 V.

3) Wll the proton reach plate B
b) 1f not, where will it turm a%und?

il By A o) o 0Ll iy ga gy gy p oy 3lk3 331
150.0 kS e il § oyl o 0.0 M @ Ly Jon
ADO.OVB ryll oy Jjno A gl ago Jlay B gyl ol

R.9cm <5.0cmJ=Y rolll ) gl fass Ja a

A CJ-“‘UA 5.0cm+2.9cm=7.9cm)

B (89 ) i g (b

W = —AU = AKE = —qAV

—AU = AKE

1
qEdcosO = 0 — 2 MY;

A
. AV| 400-0
. e ~|d| 0.10
5.00cm =4.00 X 103V/m
ov-

10.0cm_ 400.0V

(1.6 x 1071?)(d)(4.00 x 103)cos180 =
1
0—> (1.67 x 10727)(150.0 x 103)?

‘ d=0.029m = 2.9cm ‘




+3.31 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 4000 V.

2) Will the proton reach plate B!
b) If not, where will it turn around?
¢) With what speed will it hit plate A

suilll By A o) o 3Ll Craiia ga Bigiy p by pda Ll 3,31
150.0 km/s ac s ol § osigd) I n 10.0 €M iy Ly Jonu
400.0 VB rsll wyzg djao A golll sy Jlay B sl ol

_|av] 400-0

~|d| 0.10
=4.00 x 103V/m

B 1ol ) il s o (8
$ i Ja oy o g (b

| —AU = AKE I

1
gEdcos0 = 0 ——mv

2
2 [

(1.6 x 10719)(7.90 x 1072)(4.00 x 103)cos0 = %(1. 67 x 10727 )v2 — 0

10.0cm_ 400.0V

v=2.46 X 10°m/s




=AY . o MK L_E.IJJ} :B_g A .cﬂa-_gj L ALl s, e L_qi_g_,.'l- ;lhg,i_g._,.'r @M éJJﬂg 3.31-

E
‘F 150.0 km/s ae ;i aladl 3 ygisd) oz 10.0 €M adlus Lips Juass
— ‘L 7=0 400.0 V B 5l ayss Jyam A ralll ays Jlas B 75l olE
F-:_u'—ﬂ 2.9cm < 5.0cm J=Y B zslll J) el Juarw Ja (@

= D Adlsa 22y O 98 gl pdies g (b i Ja Juay o o) (b

- - Azsd e (5.0cm+2.9cm=7.9cm) | sA ol pilaacs dc sb (e
b= 5.0 cn =atea= 5 () 111 == ]

AV (400.0 - 0)

1
—4.0x 103N W = AKE FdcosO = —m(v% — v? ; F=Eq
d 0.10 f < 10°N7C > m(vi —v;)

a) E =

1
(1.6 x 1071%)(d)(4.00 x 10%)cos180 = 0 — - (1.67 x 1077)(150.0 x 10%)?

d=0.029m = 2.9cm

1
= 0 — = mv?
¢) —AU=AKE | TR k)

1
(1.6 x 10719)(7.90 x 1072)(4.00 x 103)cos0 = > (1.67 x 10727 )v2 — 0 v =2.46 X 10°m/s




3.70 A proton with a speed of 1.23x 10" m/s is moving from infinity
directly roward a second proton. Assuming thar the second proton

is fixed In place, find the position where the moving proton stops
momentarily before turning around.

.J;-T.Lj_gﬁ-_g._,.'r :'i';- ErJ.:uLH -:-Igl.lfa'.ﬂ.n- 0 dl_,:n.'-g 1.23 x 1“4 mf‘ﬂ A0 it )gag 3.70
0530 4l) axd Cabany i) gl azg) cwilSe § s st gie sl o] ual bl
it o) Ld dlasd) ) saall

. kg . kg
AU = qAV V=7 — V=7,
hf

1 5
E=U = —myv =——
2 F r

kg 2(8.99-10° Nm* /C*)(1.602-107" L) A
_ =1.82. I,

a

LY 1.673-107 kg]({1.23-10" m/s
F




SOLVED PROBLEM 31 /| Beam of Oxygen lons

PROBLEM
Fully stripped (all electrons removed) oxyvgen (' “0O) ions are accelerated from rest in a parrticle
accelerator using a total potential difference of 10.0 MV = 1.00x 10" V. The 'O nucleus has

8 protons and 8 neurtrons. The accelerator produces a beam of 3.13x 10" ions per second.

This ion beam is completely stopped in a beam dump. What is the total power the beam
dump has to absorb?

il
SNV ENARY UPC SN (ERPIELY) (FUDES FERS SPAIT) T NE Y ) JUNSINCS {RENTPR FIc
Cabgigns 8 Lle ©0 a1y 53155 .10.0 MV = 1.00 X107 V ajluns s 3,0 Jlex) alasiol

ol 3 caligd 313X 10™ (0 (355 daje J3al) g aby 350 8
Taosd) Uaic lpaig ol Cove () 850000 Jlex) Lo dazd) paic 3 LS Gbg¥) daz> Cadgig

AKE N qAV
P = =

P=(3.13 x10'%)(8 x 1.6 x 1071°)(10.0 x 10%)
t t

P=(3.13x10"%)(8x 1.6 x10719)(10.0 x 10%) =40.1 W



«3.32 Fully stripped (all electrons removed) sulfur (*-S) ions are accelerated
from rest in an accelerator that uses a votal voltage of 1.00x 10% V. 7°S has

16 protons and 16 neutrons. The accelerator produces a beam consisting

of 6.61x 10" ions per second. This beam of ions is completely stopped in a
beam dump. What is the total power the beam dump has to absorb?

all> 4o (525) (\_rbgj.‘SJX' ¢LL9_,_._a) LoLlS 35,90 o3 (S c_sl_ay“ ¢ rasns 3.3

o I 325 ($85>33. 1.00x10° VvV acla® \_JLoé' PR J>=23 3 Cyo Sl

AslE)) 3 osl 6. 61 x 1020 1355 de;> J5sd) gas Bg3sd 16 o Beig,s 16
PIVENA u' L™ g_r"” a,aall L:,JL;:-! Lo .ao3;3) ol ,_.3 LS abga¥) o3> aBgex
Taa;d) asg

AKE NqAV
t ot
P=(6.61x10")(16 x1.6 x 10719)(1.00 x 10?)

P=1.69 x10*W
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Determine the direction of the uniform electric field

aldiiall Al ¢Sl Jlaall slad) daa

1
1 1

The field goes from the positive The field goes from higher voltage
plate to the negative plate to lower voltage

i) 7 sl (A o gall 7 M1 G Jlaal) Any JEY) gl (A1 Ao agadl (e Jlaal) 4ny

v

+ A B

A B

v
—
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Vy= Vo> Vg Va= V> Vg



When the potential energy and electric potential of its charge increase or decrease, it moves in a uniform field
aliiia Jlaa (& & Al Adadd Al Sl agadl g aua gll A8Ua J&5 g) S35 e
-+ -+ -

+
AUJE} AV AU = qAV AU B AV
. K=We = —AU = — qAV e -

E

When a charge moves from the positive plate towards the negative plate (movement
with field) This is accompanied by a decrease as well as a decrease in voltage

il IS (ol oS 3 (el on 35 50) ] gl ooy iyl 25l 0 R3S 2 i
The change in voltage is negative s dgall i gl ) 2l
AV — Vf - Vi



The figure opposite shows a regular field to the right: 1 Gl sladly aliiia Jlae Jil8al) JSA) gy -

1- Which points have the largest amount of field? ¢ Jlaall jlaka yS) Laie ¢ ¢S LalEiY (o) -1
- = All points are equal inarea  Jaall (& 4y gludia LAl e
S € » 2- Which points have the same amount of voltage?
Xt b : -5
“H ;e

¢ agall jlaia Ludi aie (0 6<; Laldl 4 -2
a The: points a, b, ¢ have the same voltage sall iyl a b ,c LAl

8
T E= % Points d , e have the same voltage %l (dild d e LAl

The line joining pointS a, b, and c are called equipotential lines in a uniform electric field

alaiial) L el Jlaall 8 dgatd) g gt b glad ani g,b, ¢ LG Gy Jeal ) Jadl
Characteristics of Equipotential Lines in a Regular Field eh:‘-“ Jlae 2 AYES] TR b ghi ailad

1- parallel

2- They are separated by equal distances 6 Juia cl8licay Wz (& dad -2
3- All points on an equipotential surface

Mﬁéﬁl\jﬁat@é@\g\gbﬁ@hﬂ&:u\ﬂ\bﬁmw-3
have the same magnitude of potential. Jlaall b ghadl 3aalea -4
4- Perpendicular to field lines. o

Ayl sia -1



Example 1: The figure to the right shows a uniform electric field, and the lines A, B, and C represent
isoelectric planes. Depending on the figure, arrange the surfaces of equal voltage in descending order
according to the value of each voltage

el gz shu C s B s A bshall Jidiy aliiie Sl j6S dlas ) stall JSAI a0 110

Remember: the direction of the electric field is from a wave charge to a negative charge

« Aol Aaa il GS)%;@\M\QAQJS:'@Q)@SMJL;A\A;S\;JSM
> Remember: the voltage is greater near the positive charge and
lower near the negative charge
- ALl Ry oL s A sl Al (e il ST )5S dgalls S

C B A

The voltage at A is greater than the voltage at B and greater than the voltage at C

C ot 2l e ST B (8 2eall 0o LSTA 8 2



Example 2.: Two pa-ra?IIeI plates of metal are A dagiall Crind U ) sie i Sl lissen ¢ 2l
charged with a positive charge, plate A with a . .

positive charge, and plate B with the ground, so it s =034 B a5 dn s .
is charged by induction with a negative charge. The <& ol (B aeall g lus CJ‘L"“‘ O JSA 5 e Aiad
figure shows the equal voltage surfaces in the 20mm  (pisgdall G ddluel) CulS A Grisall
space between the two plates. If the distance REEVEY
between the two plates is 20 mm Claladl g 1 jlate cpisgicall AL Sl d\;.d\ -1
T-.-l- VA=1400v c,b,a blaill aic Lf‘\_j)@ﬁ\ eall -2
Py AV =E.d
C
AV 1400V-0.0V
I b E= = = =7.0.10*V/m
o d 0.020m
I L#waﬁw\dﬂ#ﬁd\ég)@\dw\@;ﬁﬁ
L fa d;= ZOTm =5mm CAsbuie agall (5 glus
1
VB=00v V, — 0.0 = 7.0.10%* (5.1073m)= 350V

V, —0.0 = 7.0.10% (2 x 5.1073m)= 700V
o2 YL J sea 5a Ve — 0.0 = 7.0.10%. (3 x 5.1073m)= 1050V



Equipotential surfaces in a non-uniform electric field el s 4;3\-.’ <) Jladll c_é seal é}u L

E"q 7 Ef)l[b V=ﬂ E=K—g 4% spherical )
p— Na7 " r " 2-Closer to the charge s
| Adadl) (e Al LS <) -2
\ A | / Because the field decreases as we move away from the
T AR charge and where the equal voltage surfaces converge, this
N ) | indicates a large value for the electric field.
SER E el (g sba 7 shan g )l Labs 5 Al e Laady) LS J8 Jaall Y
L gc”

ol eSll Jlaall 8 e e s

L "9(27 3- All points on an equipotential surface have the same magnitude of potential
dudi agall laia Lt agal) (o gl o o dad) o) Lalill) ares -3

7»%& 4- Perpendicular to field lines . Jaall b ghadl Badlae -4

B // Since the work required to move a charge on an isoelectric surface is zero
Ay | ieall (5 g sgall (5 s plan e diad Jid o 00 Jadl) o L
W=F.dcosf = 0.0
F+x0 d+#0 cosf=0.0
6 =90

(b)



1nc charge moves from point A to point B around the charge q Determine the
potential energy due to this displacement if you know that VV, =180v

oda (e Anilll Al Sl aua gl Al daaqg Aisill JsaB ddadill  AILE Gelnc dad &
V= 180v o) e 13 4a) 3Y)
A— AU =+13x10717
& | B— AU = +1.8x107]
Bo. 6 ;'q_.OA c®ry=0 J
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A— Vg=V,
B e VB > VC

//A

B‘\ | | +A C I VA > VC

D- Gule area



Example 3: The drawing shows a transverse view of two spherical surfaces representing
isotonic surfaces and two electric lines perpendicular to these surfaces. When the electron
moves from point A to point B (in the opposite direction to the electric field), the electric
force occupancy is +2.3.1071°J. What are the electrical potential differences

o3 (e Gdalatia il eS ebad s dead) (g sl st S g S (padand Ui e 1k s M1 G ¢ 36

Al Jad Ol ¢ (PALeSl Jlaell uSlaa olad) (8) B ddaiill ) A ddasill e 5 yiSIY) 8ty Ledie  mhausY)
Al el Alaiaall COEAY) & Le +2.3.10719) 4l el
5«VC—VB (<) «VB-VA ()

1
Elavt“;'[rl-:I
field lines

Equipctantial surfaces

(Cross-sectional view)

f(VC-VA) (z)

—We
q

AV =

—Wasp  —(+2.3.10719))

Vg -Vy=

Vg > Vy

‘/C ‘VB=0.0

de

— =1.4357V
—-1.602.10719C

‘/C _VAZVB - VA= 14357V
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LKA 8 daia gal) Lalail) (S 8 agall -

VA = VB=30V J'@AJ\ LSJL"“"‘ C‘k“” L.A‘r’ 53 9 ga
Ve =Vp=35V 3l (5 sluia mhaw o 33 5a 5

.C B a5 B A (30 0.2uC Aands Jail J gdaall Jaddl -
Wasp = qa gl (Vg -V4)=(0.2.107°C)(30-30)= 0.0 J

V=30V

V=35V

e Wsoc = qa g (Ve Va)=( 0.2.107°C)(35-30)=1.0.107° )

gl gl mha e sal ) Akt e dind Ja 8 Jad Jh s 5L Y dsgn



3.2 5100 HLas %) g s (0,0) xie das yu ddadisgddle point

319 Jsadl 3 gmeid) ol s 28]
(.ﬂ‘n = (_1{:. CII],U]I e lisgsas g | ‘;,\L—.ﬁ e = Y
Sl da (£)) = (H10em0), N\ - -
duall akazs (2)) = (0,0) akaa A
Tk ) gl &=
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Self-Test Opportunity 3.2

Suppose the charges in Figure 319 were [
located at (x,)) = (—10 cm,0)
and (x) = (+10 cm,0). Would /

\ —
(x)) = (0,0) correspond to a maximum, \ 7\/\
N\

a minimum, or a saddle point in the —

electric potential? \/ h
" A T

There is no point of no effort because the sum of effort is collected at all points




100V Lo sgall Cum sgall (gt Jasha ax Al o (i sl (i o (pilind auia g aly

52. The potential for line c is

Lall aea C

A)-100V

B) +100 V D
y p C)-200V

D) +200 V

E) zero

+200% +100% a [ C

53. The work required to move a third charge, g = —e, from the +100 V lineto b is
b J+100V ba (eq=—e « {6 Ll ol mi) Cslladl Jad)
A) -100 eV
B) +100 eV
C) —200 eV E
D) +200 eV
E) zero
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(44) = (—10 €M,0) sic ohssnss ;"
osSew il () = (+10 cm,0) ,
V32 dsba e S aS)) ayd]
S(x¥=0)

Self-Test Opportunity 3.1

Suppose the charges in Figure 318 were
located at (x)) = (—10 cm,0)

and (xy) = (+10 cm,0). What would
the electric potential be along the /
y-axis (x = 0)? N

he voltage along the Y-axis is zero :
5& dI0NS a5 shaY ) sae Jta 2gal



There are two points of zero potential on the line connecting the two charges and its extension?
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Calculate the electric field at point P.

E

o |av
T |d

2000—-0

T (6.2—-4.7) x 102

=1.3 x 10°V

_Pw\ﬁs@g‘)@\d@d\w\

+ 1000 V

ycm)
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J8Y1 agadl I eV agall ce Laila aady Jlall

The field always goes from higher voltage to lower voltage
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A— AU =+13x10"1
B— AU =+1.8x 107

C— AU=0 ]
Vo= — 2 V oa A 31a50 Gic $3L5eST dgiTl
Vg = — 2 V 52 B al.ain dic $3L5eSI1 Sl
31 & V= Vg — Va
A A= —2V —(—2 V)
AV=o0

HN U= g-0
HN U= 0
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Find the position of the point where
there is zero voltage:

t Al gall Liaie axdy Al Adadil A ga 2

3.0cm
('M' :'\Gja
—3.0nC —3.0nC
3.0cm +5.0nC 3.0cm "
Q. O 4
VtOt:() 3.0—r 30—7 r . .
2 _ k9 V,; =0 X _ X492
V1+V2=O rq ry ri ro
- 5.0 3.0
50 3.0 Vi+V;=0 —— =
= — 0—-7r r
3.041r T Vi=-V;
r=1.125m
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3.4 Electric Potential of Various Charge Distributions
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Chapter 3: Electric Potential

3.1 Electric Potential Energy

(For Enrichment-Special case: Dipole in a Constant Electric Field p:61-62)- ( 61-62 o plitia de\m ] YW dels Al - 1)
3.2 Definition of Electric Potential (Self reading: Batteries p: 64) ( 64 :a hy Akl Al 3¢ j)

(For Enrichment: Van de Graaff Generator p:65-66) ( 63-66 1,0 ik 63 8 Wye - J18)

3.3 Equipotential Surface Lines

3.4 Electric Potential of Various Charge Distributions

(For Enrichment: Continuous Charge Distribution p:74-76)- ( 74-76 e &iaxddl Juatal) ajdl 1)

3.5 Finding the Electric Field from the Electric Potential

(For Enrichment: content after example 3.6 p:78-79)- ( 78-79:y0 ‘3.6 e day gicnall i Y1)
3.6 Electric Potential Energy of a System of Point Charges
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25V
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(1)

Concept Check 3.3

In the figure, the lines represent egquipotential lines. A charged object is mowed from point & to point G
Howw does the amount of work done on the object compare for these three cases?

a) Al three cases involve the

b)

<)

same work.

The most work is done im
case 1.

The most work is done im
case 2.

The most work is done im
case 3.

Cases 1 and 3 involhve the
same amount of weork,
which is more than is
involved in case 2.

(2)

1

-
-

(1)

(3)

5 W

10

15

20

25

S0

¢ € € € ¢

5 WV
10 WV

15 WV
20 W

25 VvV

30 WV

3.8 peetslal) a0

Loglad) (28 mamal) JS a0l 3
O Oal® Laad) Asgliung Ling b
Ao E.Uilg_,_ﬂj_” ,__]l_'-A'-I __:.14_79_4
LCEMEN LWLL ) g A2 Al

a) £ = E; = E3
b) Ey > E> > E5
c) By < E5; < Ej5
‘E3:=-E1.‘:=-E2
e) E5 < E;, < E,

S W
- 10 W
¥ 15 W
20 W
= S W - 25 W
- 10 W P
15 W
20 W
-2 25 W
30 W 30 W
=2y (3)



Concept Check 3.4

What is the electric potential 45.%5 cm
away from a point charge of 12.5 pC?

3.9 petslal) daas) o

La ylazmg aulaoy an= i 5o 455 €cm

$12.5 pC
a) 0.247 Vv d} 10.2V a)0.247 V d10.2 V
b) 1.45 W e) 257V b)1.45 V e)25.7 V
c) 422V c)a22 V
kq (9 x 10°)(12.5 x 1012

r 45.5 X 102



SOLVED PROBLEM 3.2 _"'fFixed and Moving Positive Charges

PROBLEM
A positive charge of 4.50 puC is fixed in place. A particle of mass 6.00 g and charge +3.00 uwC
is fired with an initial speed of 66.0 m s directly toward the fixed charge from a distance of
4.20 cm away. How close does the mowving charge get to the fixed charge before it comes
to rest and starrs movwving away from the fixed charge?

+3.00 pC 5 6.00 g wilsS peus allly JLslSe 3 aul 4.50 PC Lajlane dirgo dast
s S -A4.20 M sa s dslss e anlid) o sd) alEL A, 800 66.0 MY/S Laylane anlas) dc

Q_i_JlJ_‘:gEbélq_u_g I.JBS—"'-'—” g LJ‘J_‘QJLJ"_J_nj u‘m—:ijhﬂ_ﬂdj-’_":\_‘ll d_l_"ﬂﬂ—tj._lbl.;_}-l_lﬁ{j._"-_ﬂ
Tanlil) s s

=

—t———
=]
=

Il
s

L }E AKE —_- — AU
- I KE;— KE; = —k (———)
' 1—Q—>x f l CI1CI2
O : 1 Ir 1
x=0 x=d x=d O—Emv —kQ1QZ(———
e T ;
—(6 00 x 1073)(66.0)* = (9 x 107))(4.50 x 107°)(3.00 X 10—6)( )
r; 0.024
1 1
108 = (rf 0. 024) rg=6.70 X 1073m = 0.670 cm
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3= 2 = 1(c

1> 2 > 3 (e
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Concept Check 2.5

Two protons are located in space in the three ways showmn in the figure. Rank the three cases from highest to
lowwest net electric potential, V¥, produced at point ~.

a)y 2 =3 =1 d) The potentials are egual for cases 1 and

3. ith th T tial fi 2 lower.
b)) All three potentials are the same. b < potential for case = "
1= 2 =3

c) 3 >2>1 <)

I I

:|+'—-' r» =] e
. . i 1
- I -1 'i 1 :

_* - -— o pe—— o - I -

(1) L - ) (3)



Concept Check 2.6

Three identical positive point
charges are located at fixed points im
space. Then charge o5 is mowved from
its initial location to a final location
as showwn in the figure. Four different
paths, marked (a) through (d), are
showwn. Path (a) follows the shortest
lime; path (b) takes g, around o5 path
(c) takes g around o5 and o,; path

(d) takes g, out to infinity and then to
the final location. Which path requires
the least work'#

a) path (a) d) path {(d)

b)Y} path (b) e) The work is
the same for

c) path (c) all the paths.

3.6 e lal! daa>1 0
Aemeaga Aoy mala = S (EA1E ol w g
celinall @ az.lib lalzs ance Lols alilaza
lp2Boo e o du—sl) .S £ o5
emal sl s Aws sl pransas IS 20 3
F iy Ad) ) (a) @ il 53500 Awnlssa g
slhawl) Jmuag s bas L@ (@) .
g Anmfulls Via 40 &2 av—2:s.0 (b)
Viasa @ an=—ull (€} Laly  Juu.g
(d) Ll Jzues :fs &y an—sll.
aBal) (I &5 AslgnWilas (J) G an=2u])
MDY s g  Glal) La L 5las
ola A

(d) .. (d

la) ,L.vla
oty dssn@ (b) .1 lb

L= (c) . (o




SOLVED PROBLEM 3.3
—

PROBLEM

A charge of g, = 0.829 nC is placed at r, = 0 on the x-axis. Another charge of g, = 0.275 nC

' Minimum Potential

sl a8 e

is placed at r, = 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 minimunm?

—
PA[MY
mq2=0275HCUP|Muy5 X_;ﬁJUJ_Lﬁ=O¢_._LQ1=0829 NC dsd axgd
L a0 b 19y il o X 981 Jybo Le s gl e X 81 Le 1= 119 cm

3.3 Wolows bt

g, = 0.829nC
o .
ry=0 .. ., 7, =11.9cm

r1=x—0 T2=11.9—x
E, =E, 0.829 x107° 0.275x 1077
k@= k@ (x)2 (11.9 — x)?
r{ r5
41 4z v0.829  V0.275
2 r’ x  11.9-x

||| 1 T | T T T T
0 10 20

x=7.55cm
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(10cm) W kd Ciaig(6.0nC) A ke 4l S ddadi Jaad 4,318 5 S
; Al Jalll) die Al <l agad) aa

88N S e 0w (5.00m) e e Ak ddaii; Y

kq (9%x10%)(6x1077)
V=% " 0.10 e
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F.3F Two pointc A 3.00 pC -
charges are locatved T o 3.9 mpeusald
atr two cormners of a
rectangle, as showmn 2°0m
in the figure. JS ) @

O *s
~1.00 pC 0.500 m

a) What is the electric potential at point A? A Sl - Y P | L s L. (a

b) What is the potential difference between points A and B? SBa A yezilamd) L) 5,8 o L. (b

k k
V, = 91 + q:
rq r
(9 x 10%)(+3.00 x 107%) (9 x 10?)(—1.00 x 10™9) .
Vy= =1.80 X 10*V
4 0.500 " 0.250
k k
Vp = q1 + q>
ry r2
9 x 10%)(+3.00 x 107%) (9 x 10°)(—1.00 x 10°°
B:( )( )+( )( )=9.00><104V
0.250 0.500

AV =Vg—V,=1(9.00x 10*) — (1.80 x 10*) = 7.20 x 10*V



oslayl (Juibaius blg; 3 (+1.61 NC) il adaw wlimd o)) zng & 3.34
Sans Ld Bla¥le wie am l,aS)) agd) Guld oS 13) 500my;300m
SUabanal) 1ig) gl 55,00 3 agd)

3.34 Four identical point charges (+1.61 nC) are placed at the comers
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?

9x10”)(+1.61 x10°
V=4g V=4><( )( )

r V3.002 + 5.002
2

=19.9V




0,135 1.00x10° V (81,2 g3 old Wl 3b,4801 agd) olS 13) 3.35
axdhw Gle by aSIY) e bgig,d) sace w53 .20.0 cm

3.35 If a Van de Graaff generator has an electric potential of
1.00x 10° V and a diameter of 20.0 cm, find how many more protons
than electrons are on its surface.

v =4
Tr
1.00 x 10° = (9 X'198)q

0.10

1.11 x 107° 604 x 1012
—_ -6 = = = 0.
q=111x10"%C = =716x10-1° €

|




3.37 A charge @ = +5.60 uC
is uniformly distributed on a

thin cylindrical plastic shell.
The radius, R, of the shell

is 4.50 cm. Calculate the
electric potential at the origin
of the xy-coordinate system
shown in the figure. Assume
that the electric potential is —
zero at points infinitely far
away from the origin.

>

N\

%

} » X

= 4.50 ..f'f

_(9x 10%)(5.60 x 107%)

4.50 x 102

Q= +5.60 an s o593 & 3.37
u;ﬂ_gh._...i JSea e allanb pC

Q _{_..}60”(: _,_E.l”l_d_.ﬂu&J_u ,_5_.3_;(_,5_._._..»}'_}

Cews) . 4.50 cm sl R
Jo¥l abm wie boeSl wudd
3 o xyL_jm.grPL&u
HlseSI agd) ol s 230 g5
832l blaul sic o gl
Jo¥) dlam o LY asd (e

=1.12x10°V



.38 A hollow spherical = = -

cornductor swwith a S oO0-crT L 2.y 93>0 g;§9)5 L_J—“’QS—Q 3’38

radius has a surface charge of o
a> b .o & ! m

8000 . - 9 5 OO = o)_laﬁ

8.00 nC
a) What is the potential 8.00 cm from the center of the sphere?

€a,S)) 35,0 30 8.00 cm
asd e aad) i e (b

b) What is the potential 3.00 cm from the center of the sphere?
c) What is the potential at the center of the sphere!

kq 3,51 53S,0 30 3.00 cm
a) V:T $5,S)) 5S,0 B asd) 5.5 Lo (C
9 x 10)(8.00 x 10~°
:( )( )= 900 V
8.00 x 102
k
b, c) V=—q
Tr
(9 X 10°)(8.00 x 10™?)
V= = 1440V

5.00 X 102
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q1+4z=q1 +aq, .




Mol e oy = 20.0cmy r;= 10.0 cm Loy, a9 lnas Hlaonss b ,S 3.71
100 pC Legamam 3 Jlas) 5958 Caems dugo Lagius

Tegemlaw (i 22593 4y Lo (@

sae 3843 L3 duse ) Slane Lad L wlsn Ll cpealiaze obLSI cols 15) (b

Sl e ) alland) Juny o) B el

3.71 Two metal spheres of radii r, = 10.0 cm and r, = 20.0 cm,
respectively, have been positively charged so that both have a total

charge of 100. pC.
a) What is the ratio of their surface charge distributions?

b) If the two spheres are connected by a copper wire, how much
charge flows through the wire betore the system reaches equilibrium?

]
01 % A, oy 4mR5 20.0% 4
o)) q2 A1 02 4-7TR2 10.02 1
A, 1




5 \ . el Le I, =20.0 cmy ry=10.0 cm Ly, a3 loay lisass 6,5 3.71
Aiot — 42 — 2 100 MC%D-\J;_JB-?! 093 Cuosy daxga Legian dig
R, R, ogenbiw piind g vt Lo (@
: . X Ae 3903 ) aoill lade L ol Clluy gailaze oS calS 1) (b
41 et — 41 Sola¥) Al J) sl Juay of Jod cllu)
R, R; -
D058 Gpla gall uadl aa
V="V,
q1+q2:q1+q2 kql_qu
100 + 100 = q, + q, S
. \ 200 — q, q-
q, = 200 —q, —
10.0 20.0
q, = 133 uC

Agq,= 67 — 100 = —33 puc

q, =200 —q, = 67 uc

Agq,= 133 — 100 = +33 puc
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3.4 Electric Potential of Various Charge Distributions &u J'Gﬁ‘ 143 M e w\_‘ )651‘ Jlaall alan)

f
W -
| = - :—_e:'— 8 e
aia 3,50 ¥ (3, 0all o X awd Lo 233 adaing glal) ns¥) 8, da)) o agd) i

AV e AV = 270.x° )l po sas b)) Qi a>gg cdulsnll RATIN : S . :
G 0 e 13.0 €M aeg ddams aie l,aS)) Jlnal) X 2550 Lo V/m? Glasg Ao d aTON/C 51484 ?‘E-“'“ L;-‘L‘J@S Jlae
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3.47 An electric field is established in a nonuniform rod. A voltmeter
is used to measure the potential difference between the left end df
of the rod and a point a distance x from the left end. The process

is repeated, and it is found that the data are described by the AV . E dS
relationship AV = 270", where AV has the units V/m>. What is the

x-component of the electric field at a point 13.0 cm from the left end? al
e _av 6
oy =—-—
dx AV = 20dS = 80V
E,=—(270 x 2x) = =540 x 2



The electric potential in some region is given by V{(x, ¥) = 2x% — 3. Find the

x — component of the electric field associated with this potential at point {1,2) in space.
Note: Sl units are used in this problem.

i oSl Jlaall x 4854 2051 Vix, y) = 227 — 3y Valeally L ddhaia 5 i Sl Mgl e iy
.(S1 units) J sl alaall Cilaa 5 oA Aaaaiiadl Gilaa gl {1,2) Al sie | 5L 5eST agadl 136 o jall

ARSI Al I N e a5 ey Cpmtid
You may use any of the given equations where needed.

v
V(ix,y) = 2x%2 — 3y : _?s g |
v ﬁE.dA:é_& —-4V/m
E,= ——
s —8 Vim
E, = —(4x)
6 Vim
E, = _(4‘(1))

E,=—-4V/m 5V/m



Myi.}S\)A.A;;‘ WCx,yv) = 3x — Zyz ﬁa@\abiﬁh&@‘!’é\e‘)@sﬂ Agal) e ama
?LE:I.“ Calaa =D AdaiTiuall Chlas Sl (1,2) Alaasl) A ‘;—3‘—.")635‘ Agall 13g Iass yall ",.'I\_.L)GSJ‘
(SI — units) A

AiEl Al L1 OlEDal) e ‘a_)lg Loy Oy=i)
You may use any of the given equations where needed.
oV

Bs = — 35



Concept Check 3.7

Suppose an electric potential is
described by Vix, v z) = --[5.:«’2 + v + 2)
in volts. Which of the following
expressions describes the associated
electric field, in units of volts per
meter?

E,=—(—10x) = 10x

3.7 peetslal) das) o

anMalls prnss Lol aSI agd) 51 e aa)
V(x ¥ 2)= —(5X° + p+ 2

APPSRy I | B | P SRS | BRI PR PR | N
ulg® B g yanll LA_J,l_uji.:'._ll Lk

p -

a)E =54 + 27 + 22
b)E = 10x¥%

C)E = 5x%¥ + 2¥
d)E = 10x¥ + ¥ + 7
E)Ezﬂ
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___________________ ]PE 3 0 1 O3
' > 2 ) 5
Bl g (V(x) =202 —20-8) ¥ ypna o ABhall s iy Al gl ) (81 57
X s gl all 4a
-85V ™ 267V 0
0.0V 3 =267 0
g, - -2V L
Y odx \/:23(0.9 -2%05—3

E,=—(4.00x)+2=0

X=0.5



V(x)=50+10x addal) (e pliail) B juad Al g o) sy 58
i) At e Alkaidl) ol (B (A 9!l Jlanal) aaa

-15 (V/m) & 15 (V/m) 03
~65 (V/m) 0 500 (V/m) O3

dVv
dx

E, = —15i



Jaal) s V(x,y,2) = 2x*y — x2° + 8 d8Ma) (e pliadl) & juad il g<)) agall a3 59
(1 1,0 ) Ay de ddhial) sda & Al s

4 +2) (V/m) O —4i+2] (V/Im) O

4 -2 (V/m) 0 ~(4i+2j) (V/m) &
dVv
dvVv -
E,=—S" By = ~ax ST

dx
EZ:OV/m
Ey =—(4.00xy + (2)°) = -4 Ey = —2(x)"=—-2(1)*=-2 V/m

E=4i+2)) V/m
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Concept Check 3.3

In the figure, the lines represent egquipotential lines. A charged object is mowed from point & to point G
Howw does the amount of work done on the object compare for these three cases?

a) Al three cases involve the

b)

<)

same work.

The most work is done im
case 1.

The most work is done im
case 2.

The most work is done im
case 3.

Cases 1 and 3 involhve the
same amount of weork,
which is more than is
involved in case 2.

(2)

1

-
-

(1)

(3)

5 W

10

15

20

25

S0

¢ € € € ¢

5 WV
10 WV

15 WV
20 W

25 VvV

30 WV

3.8 peetslal) a0

Loglad) (28 mamal) JS a0l 3
O Oal® Laad) Asgliung Ling b
Ao E.Uilg_,_ﬂj_” ,__]l_'-A'-I __:.14_79_4
LCEMEN LWLL ) g A2 Al

a) £ = E; = E3
b) Ey > E> > E5
c) By < E5; < Ej5
‘E3:=-E1.‘:=-E2
e) E5 < E;, < E,

S W
- 10 W
¥ 15 W
20 W
= S W - 25 W
- 10 W P
15 W
20 W
-2 25 W
30 W 30 W
=2y (3)



le .o— 3.50 >< 10_6 C/mz PLI-&-:’L’ ac 300 lazu> 5 XZ 95l t:3 alslce & » 3.65
B asgl) J)A a23,51) o OQO= 125 pnC a2 3 1y , 5 sn o saedl 3 Zsz Jlams

z TAS = 3
L -
*.A B_) .
|: B _ _
SO0 =0 T T 5 AV—VB—VA——f E.ds

AV=VB—VA=—g dy
0/73.00

3.50 x 10°°
2(8.85 x 10~12)

AV=Vg—V,=— (2.00 — 3.00) = 1.98 x 10°V
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3.47 An electric field is established in a nonuniform rod. A voltmeter
is used o measure the potential difference between the left end

of the rod and a point a distance x from the left end. The process

is repeated, and it is found that the data are described by the
relationship AV = 270.x°, where AV has the units V/m~. Whart is the
x-component of the electric field at a point 13.0 cm from the left end?

dV
S

E,=—-(270x%x2x) =—-540x



3.48 Two parallel pltes are held at potentials of +2000V and ~1000V.

The plates are separated by 100 cm.

3) 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

b) —qAV = KE; — KE;

qEdcosO = KEy —

KE;

100 cm
ol o a8 ) a2 o

8,31 il wagl gl g @8lal) cnama § i) axdya 9] (b
sl gl pabsy Losse

200 ——-100

=3.00 x10%Vv
e ‘ 3.00 x 10* V/m

(—1.6 x 10—19)( o1 )(3 00 x 10*)cos180 = KE; — 0

KE; =2.40 x10717]



3.49 A 250mg dust particle with a charge of 100 i falls at a point
X = 200 min 2 region where the electric potential varies according to

Vi) = (200 V/md’ = (300 V/m’)’. With what acceleration wil
the particle start moving after it touches down!

by Lo Iy 100 UC ity 250 Mg S ok g 349
) 3y 30,g80) agd) b calisy b 3 X= 2,00 m
s 2l V(1) = (200 V/m) - (300 V/m)¢
ng oty il § i

E, = —(4.00x — 9.00x%) = —4.00x + 9. 00x>

E (x=2.00m) = —4.00(2.00) + 9.00(2.00)2 = 28.0 V/m

~gqE (1.00 x 107°)(28.0)

T (2.50 x 10-9)

= 11.2 m/s*



3.50 The electrc potential in  volume of space s gven by {ITHE f+ xf Y280 g il g 3 S b vy 330

Vixyz) =x2+xy‘!+yz. Determine the electricfeld i ths regon 148) ol e il 1 o) 14
it the coordinate (345). (4 )tg“": w it i § gl 510

Ey=——r E; = —(2x+y* +0) E,=—(2x3+4%+0) =-22V/m
dV

E":_d_y E, = —(2xy + z) E,=—(2Xx3X4+5)=-29V/m
dV — —(4) = —

E=-22%—-299—43



#3.51 The electric potential inside a 10.0-m-long linear particle
accelerator is given by V = (3000 - sx*/m’) V, where x is the distance
from the left plate along the accelerator tube, as shown in the figure.

a) Determine an expression for the electric field along the accelerator tube.

b) A proton is released (from rest) at x = 4.00 m. Calculate the
acceleration of the proton just after it is released.

c) What is the impact speed of the proton when (and if) it collides
with the plate?

Proton
(W

T = N
x=0m x = 400 m x= 10,0 m

av
a)Ex:—E

E,=—(—10x) = 10x
b) E(x=4.00m) =10x%Xx4.00=40.0 V/m

Y qE _ (1.6 X 10~19)(40.0)
¥ m (1.67 x 10727)

M100md,buhsumeJslgL,sb,,,thplam351'
J,bun,_mmt,ulu;umu_.xmv (3000 — 5x%/m?) V aasLall

S 3 0 5 LS 5l g
Jal) sl Jsh Le 3b,aS) ) Gy g ail) su (@

| alne o) . X=4.00 m asluas le (HeSul) Al 52) Hode, @l (b

B, Slig aBM ) ses yaig 4]
Sz P_;_la_.a' 153) o939 54 P)L.A:) ac ,.o lo (C

959
(]

> X

= 3.83 x 10°m/s?
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100mu,bubuu...>4>“&|,usu,,supum 3.51-
Jsbs Lo oas¥) 2ol e a2 ) o X o> V= (3000 — 5x%/m?) V asstal)

JS..u." L_S e o LS J_)._t.l' (_i,_._\.
d5al) gl Job Lle LS JI) Crny 3 Leil) sus (@

dalo o  auua>V X — 4. 00 mMm aal_..o P I3 (09 S—wud) Gl 53 0) 3859, Sli~-> (b
-6)_..".-L5_4 aadSl ) e C3a3g o))

S Pm' '5_’ 395 g s ) P;L.AB ac ,.o la (C

3195 9 »
[

> X

1
1
x = 400 m

Vax=100y) = 3000 — 5(10.0)* = 2500V Vix=4.00) = 3000 — 5(4.00)* = 2920V
b) —qAV = KE;—KE;

1,
—qV, —Vy) = Emvf -0

1
(—1.6 x 10719)(2500 — 2920) = > (1.67 x 1072")vs — 0
vy =2.84x10°m/s



¢3.52 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 = +200 m.

a) Find the electric potential V(x) on the x-axis from 0 < x < +200 m.

b) At what position(s) on the x-axis between x = 0 and x = +200 m
is the electric potential a minimum?

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

o clinil) gl pjg @ clodd) ga MpY et 3.52.

ikt dind a2 X = 0 wie 2 gorall § w9 +4.00 nC/m’
X=4200m ae +11.0-nC s

0 < x<+2.00m ga X 3981 Le V(X) 30,450 g il (2

sl 0sSy X=+2.00 my x= 0 g X 1581 Le (2d50) &39»9"‘& (b
fiad (ol )
maﬂaw&_x:+2.00m9x:0m;,,;x,,giuu&,5p\_,~im (c
00l 5 ¥ g dulas

b) Epet =0
a)Vige =V1+V; E,=E,
kq o
Viot= - +2€ X e kg
0 2 (2 — x)?

4.00 x 107°

- (9%x10%) (11.0 x 107?)

2(8.85 x 10712)

(2 — x)? x=1.34m



