(A agad) 4B Bas o) S (ol ) Sl pdiia e AUl Ciall
3.6 Electric Potential Energy of a System of Point Charges

dudadtl) cilialdl) aUal duily oSl aulagll A8Ua 3.6

-4 AV - Kp Mol
Y e )2
—- 4 - /N = -

U S % (3)

ey o) AN = 2U tp)\ﬁy [l

Ay - L
AN<= -Edcose AUz —YEdcoss
SE

Ay b i b 518



(A agad) 4B Bas o) S (ol ) Sl pdiia e AUl Ciall

\N(’. = —Au: _.‘l?bli\/ - Ak

&g~ (2
ZJI/]_fgj\fl G
ﬁl U 2.6 -
O N= TS iy
CL é;«)\a,;,;)bpz,\;gwl\ +<—-L_u_ kq'qu_ U=t
\[: —7— (7 adime To s _<—J B C
TN
o 9 %
+ +
+ - =
/‘l\k ff ﬁf S
Wl U K SLS —
& SN
SN
— W
r l.r — .
A ®
JJ\\/M: Kqﬂq"' ‘ Ca.x-e)\"@l-wu c_a_.)\ ‘p‘
e L ple pp M sl s

aSile s gllua ¢y U gaul 2 Al b sk 58



P FRVAS| IVEN PRI XENP S (ol ) Sl pdiia e AUl Ciall

® @
1 c —
+l= kq*r*:r; o Caned Folubl oY
L ytar ) sbni
Z:ﬁ9)\ :&Bll{)\%;fs
40 > 20 o < 90
lto = 2% 20 —lo =2 x-20
%= 2'“{' b2z é}lc
e 5
locw o
<CEN 3L 4Gy s Gl LGl

S
U= Khb - QeGareeme) e

o-\0

- ®\ CEN 2\ SN2 2oLt
';t“

S
z U(\b Wa ul3 * uz}
X - q,z,‘-"-?'}lc = K (qrqn. -\-qﬂqg -‘rquqd)
q,a-_)}k(, AN O u Clxloq (‘ILK 3 A 2K\ & SK\)MO Qly{;z

9, q,ju.\) aiL/ag\Z:e)\wLo \as e
U\ p Um_ -\-U.g_ _-—(Ct%*q'l%)

- " 1o (263 + 2 K1) = ~0-olZ]
asile s pellia (o U guali ¥ 3 3 4l b (i ghad 3L




(A agad) 4B Bas o) S (ol ) Sl pdiia e AUl Ciall
Al=Up - W

an;z’;o»oﬁf; 3
Al K98 (5 - %)

. s _\__ \
PR We = - K4 (%) = KW (% %)
Dz o\ gl Woy = Al = k%%(_\-—_ L,)

Cf/\_}\ ‘(C ‘rl
’ Y=2NC ,=-3JAC
® O

\

[}
Sc e l

N A W A A VRIS (R WAL J7 SN | SO
L
Web(: AU: kq'\qb(—v'r: —Tl>

Wex= 910! (2x15° x —3"\56('31-10_ ’S\EJ

Wz,x*—'- o-0 45 3—

alile s gl (ya U guaii ¥ a4 4l 58 i ghat 518



(A agad) 4B Bas o) S (ol ) Sl pdiia e AUl Ciall

éA\ Criay (o= Gloals

® ®
%\3”\"5 u/ﬁi:) < Qe [y Wb 550\
Nz W
Al =-
We,:+
@ M W _S o G oo SWh =
-’\J_')Su

We = - All= —9AV = Ak

—AU-9E dcose e ) L
_ AU
_.Au?- - qutqu(—if———jﬁ bté:efé-)b\:.‘bp
= k%\(\q (_'\Y‘.'l""‘lﬁ)
-~ = A — MF

pliles gl (o U guali ¥ 5 i 3 i gl 51



3.6 Electric Potential Energy of a System of Point Charges

dodadtl) Cciliadl) aUal Al gSl audagll A8 3.6

1

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

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

sl dBlh g d Adluse Lagly (el (lihals (jliiad
U Lagd 4ty gl

Caasal 13) 4l <l aua gl A8l Cuaay )3l

d / 2 Laghn Aolal

2U 4U

U/2 U/4

2

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

What would be their electric potential
energy if the separation distance was

d/2?

oasl) Al g  Adlusa Ly (e (liphals (jliiads
U Lagd Ay <l

Cuaal) 13) Al 1<t auda o) A8l Gaaay 13la

¢ 3d Lagy Ablual)
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3

Two-point charges (+5.0nC) each are

placed on two corners of a square with side

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

Qe 9294 (+5. OPC) e IS Qlishati (liiad
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4

What is the electric potential energy of a
system consisting of three charges, each
of 2 pC, at the corners of an equilateral
triangle with a side length of 20 cm?
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Three-point charges on the x axis
q, = 2uC at location x=1.0m
, 02 = —3uC at location x=2.0m
and q3 = 4uC at location x=3.0m
What is the electrical potential

energy of the system?

X934 Ao Adali ciliand & ad
x=1.0m s e q, =2uC
x=2.0m s e q, = —3uCs
x=3.0m e q; =4uCy
«:emm R.gl.))gﬁi ebjl\ 48, Jd8a La

6

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

Lagin Juall o AUl clia&) ) g5 Cpe IS
pa g ABa S| aual 7 9 (), dAdliwa

highest potential energy? 0aily S
All pairs have the same -SCand+3C | +5Cand-3C +5SCand +3 C
potential energy
7

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

potential of —60.0 V?

&y ail il Sl Jlaall Adly o3 Jrdd) ldka Le
die Aaki ) +180 V Wwaga Akl ¢ (59

£-60.0 V 3>

aSile s pllua e U gaul ¥

iy 3 g 518




8

Three charges, q1, q2, q3, are located at the
corners of an equilateral triangle with side
length of 1.20m

Find the work done in each of the following
cases:

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

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

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

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

$sbudia Eilia Ll g gé &l g3 g2 (gl wliad Qﬁ
1.20m 4alia Jsh g 3oyl

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

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

e Q ) q2=2.00 pC <A apnd) B
A

e R (N g3 =3.00 pC « AV aral) Jall 7
AU

a G sSall U Ay g gl 4Bl (Hlan) 2360 0
.q39q29 gl Clad DAY

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

psdl (5 5 (g Ja) g gl by sl Clissa (B
g gl ase (e S aal g (g A8l e ) 6l
Cre AS) a5 (g A8 gl Gl s s
TAdlsa il oY) oM (i Jualy g il g S as
08 0.236 nm

O ABlcal) By 31 ALYy o ) SRl laka e

fem 1.00 ) oxisY)
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9

A positive charge of 4.50 nC is fixed in  gilsa 8 434,50 pC W )aa A ge Aas
place. A particle of mass 6.00 g and charge +3.00 pC 4%indi 96,00 g A5LS a3l
+3.00 nC is fired with an initial speed of slaily 3 e 66.0 m/s W laka Aty ds yuy
66.0 m/s directly toward the fixed charge ) (N.4.20 cm 25 ABlua e ALY Aiall)
from 4.20 cm away. How close does the I ALl ) (e AS jaial) Al 85 g 2a
moving charge get to the fixed charge Ce i) Bty o sSad) gy ) Justl
before it comes to rest and starts moving oAl Al
away from the fixed charge?

10
Nuclear fusion reactions require that 4 i) cu & o g sll) Zlaai) Cdle LS allat
positively charged nuclei be brought into Sl g pgsl) A Jde qulaall Al A ga
close proximity, against electrostatic Ui of o ety o dasd) ALLY)
repulsion. As a simple example, suppose a La By Adlwa (e AT il (155 0 o (3Ll
proton is fired at a second stationary proton & jaial) ¢ g5 gyl W b g5 o ) A8 jal) 48Ul
from a large distance away. What Kkinetic ciagh) a1.00%x10715 m 2 e s
energy must be given to the moving proton to e gk o Gy . . . s
get if to come within 1.00x105m of the Sl g Ol plal) G pladti dsng 025
target?
Assume that there is a head-on collision and
that the target is fixed in place
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Two protons at rest and separated by
1.00 mm are released. What is the speed
of either at the instant when the two are
10.0 mm apart?

CullS g dal g g (B 0 gSadl (1o Cpighg (3D o
¢} As i e, 1.00 mm Legin Alaldl) ddLial)
10.0 Lagin Abialil) ddlocall ¢y oS5 Ladic Lag-ia

‘mm

12

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

LlgNla (e & 2111.23x10% m/s A58 s 5590
o5 of pal B L AT 050 ol 8 sl
Ad (i gy o M) a8 gal) aa g AdlSa B gl ALY
Jediew f Ja8 ddaall & atall ¢ ¢ gl

13

A particle with a charge of +5.00 uC

is released from rest at a point on the x-
axis, where x = 0.100 m. It begins to
move as a result of the presence of a
+9.00pnC charge that remains fixed at
the origin. What is the kinetic energy of
the particle at the instant it passes the
point x = 0.200 m?

sie ¢ oSl (3at+5,00 pC Akiad vy (3ol
45X =0.100 m Cua x Jgaal) o Ak
sie 440 9, 00-pC Aad 33 5 Gum & Al
) ddads
DJJJAMQAMZ\:\SJAJ\&M\J\&LA

fx = 0.200 m 4hdilly
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14

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

L) aua g 4Bl cuils 1Y) ) glaal) JSid) A
aldy 3 Jadd) (b —8. 4x10°] s sbuiql
chaliia ) Gaiiadl) gaa) dyjadl (b s Jaal)

electric field to move one of the two (6 Sy Lagiy ABlisal)
charges to the midpoint
8.4x107°] -8.4x107°] 4.2x107%] —4.2x107°%]
4, q,
@ _

15

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

sal) sie 4o guaga 3 (+3. OpC) Aokt Ain
@Jﬂ ejﬁ\ M‘ LA"(X, y)‘s 9‘] WA(] ‘éj (0: 0 )
(5.0cm, 0. 0cm) &ésall (a(+2. OpC) din
(0.0cm, 2.0cm) gésal)

16
From the adjacent figure calculate the Al <) g gl ABUa o) ) glanall JSEY (e
potential energy for the system alaill
alile s s (ha U gual ¥ 6 il 5ub i ghat 5L




17

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

JAH O gdaal) Jri) laka La s JilBal) JSi) B
B 4adil) ) A ddadil) (e q Adal

18
In the figure: How much work is done SR J gduall Jadd) jlaia La s Ji8all Joi) B
to move the charge q from point A to B akadil) ) A akadil) e q Al
point B?
19
To what point must the charge q be A8l a3 (S q M) Ji quag Adali (6} )
moved to increase its potential energy ? ! gray
0 q
¢ = L] ® . l
2 3 4
aliled mlla (pa U guudii ¥ 7 Al 38 4 glad 5B




3.6 Electric Potential Energy of a System of Point Charges

ddadtl) Cciliadil) aUat ALl yel)

poagll Ak 3.6

1

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

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

’[u Kch

a gl) A8 g  A8luca Laginy Jualli (jlihalll o)liia
U Lagd 4ty gl
foda bl ABal uasy 13Le
?d/zug.geﬁéw\

Ciaal 13) duily gl

\"1,__

2U 4U

U/2 U/4

2

When two charges are separated by a

toa gl) ABlh g (f Alesa Lagis Juadls (ki (iind

distance d, their electric potential U Lagd Al <)
energy is equal to U. Cuaal) 13) il 1<t auda o) A8l Gaaay 13la
What would be their electric potential | X/U K %L._ ¢ 3d Lagdy Adlusall
energy if the separation distance was 5 \" 1.3
d/2?

3U oU U/3 U/9

3

Two-point charges (+5.0nC) each are

placed on two corners of a square with side

length (10cm), as shown in the figure.
What is the electric potential energy of the

GUS g 54 (+5. OpuC) Wa JS Gliuhads oiliia
s (10cm) 4ald b g sl o
S

O OsSall e&m&uxs&\ sl uuaJ\.mu

 two-charge syst);r" &
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4

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

&_IJAUAUJSAC @U)@ﬁ\@dﬂ\‘\ﬁlh Jada La
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Three-point charges on the x axis
q, = 2uC at location x=1.0m
, 02 = —3uC at location x=2.0m
and q3 = 4uC at location x=3.0m
What is the electrical potential

X5 e Ak ciling &G ol
x=1.0m s e q, =2uC
x=2.0m s e q, = —3uCs
X =3.0m e q; =4uCy
Caill ol 5l e gl il )sie L

energy of the system? qﬂzz}lc q,--3C %_,»:H‘C
. e fam ) L
J ~ X=im X=2m Y3
Q\E) un A U\\g + U?,B
e /LA 1 7 S %%)
Yiz Vi3
- -12
P 2 P

6

Each of the following pairs of charges are

separated by a distance d. Which pair has the

Lagin Juall o AUl s ) g5 Cpe IS

highest potential energy? 0aily S
All pairs have the same -SCand+3C | +5Cand-3C +5SCand +3 C
potential energy
7

How much work would be done by an
electric field in moving a proton from a
point at a potential of+180 V to a point at a
potential of —60.0 V?

Ly il il el Jaall Al ) Jidl] ke La
die Aaki ) +180 V Wwaga Akdi ¢ (59

£-60.0 V x>
w& = -—(‘L SV :-—A

We=

U - &K

We = - 4 AV

. iy
= . C _

V=136V 7 RPN
\!1_. -’60\/ We,': 38? x{o 3' 25 ———,ae,\]
We = Q4o N
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8

Three charges, q1, q2, q3, are located at the
corners of an equilateral triangle with side
length of 1.20m

Find the work done in each of the following
cases:

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

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

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

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

$sbudia Eilia Ll g gé &l g3 g2 (gl wliad cﬂm
1.20m 4ala Jgh gAY

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

4 P ol cql =1.00 pC «Js¥) pomadl) JB11 ]
Uf;oa-,al-eiﬁﬁ

e Q ) q2=2.00 pC <A apnl) B
VL

e R (N g3 =3.00 pC « AV aral) Jall 7
Wi=edeu

O O sSall AUl Ay jgl) ol Bl (Maa) 32570
.q39q29 gl Clad DAY
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In molecules of gaseous sodium chloride, | (ps sisg (W agagal) 3 olS Cliysa B
the chloride ion has one more electron (i gi gl dae e ST as) g ¢ g S 2 i)
than proton, and the sodium ion has one Cra ASH aalg (s o agmgall (ol s siaag
more proton than electron. These ions are Alsa i) 038 G Juady g i g S 230
separated by about 0.236 nm. How much L2085 0.236 nm
work would be required to increase the O ABLeaal) 3oLy 31 Aldy 2 DU Jadl) )aka L
distance between these ions to 1.00 cm? fem 1.00 ) ¢ s

" e

@e— ® Nbx 2 ?

i
T

>
(= 0-2360™ ﬂ}__ \om

Wore A= K99 (G -+)

W q ~1q 4 (4 l (
= 0 bxlo Y(-|-bxlo . wp
= Qxlo ¥ (1-6x8")(-1-6 xl 5 " 3 ZB6K\°) 11
10
A positive charge of 4.50 nC is fixed in  gilSa B 434,50 pC W )ae 4 ge Aas
particle of mass 6.00 g and place. A +3.00 pC 4iiadi 96.00 g 4-lis P d-‘hb
charge +3.00 nC is fired with an initial slaily 3 ydilia 66.0 m/s L _aka dbiat) de pou

speed of 66.0 m/s directly toward the fixed ) 2.4.20 cm 25 A8luie (e AU Aa )
charge from 4.20 cm away. How close does | J: 44Ul Adadl) ¢ 48 adal) Aadl) o 385 g2a

the moving charge get to the fixed charge G8 i) B lad g o sSd) g T Jusl O
before it comes to rest and starts moving ALY Adall)
away from the fixed charge? Wz, - - q,A\f = | = '

Y= 4sexlsc _AU = AK

m, = 60 =06-006( -
stk KU ) = Lo (o)

e 42oun Fomiate  IMORE \° l (L&-mlo q:)
YF:? — —2'7\0~006 (O - 667")
o G- FbRG
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Nuclear fusion reactions require that
positively charged nuclei be brought into
close proximity, against electrostatic
repulsion. As a simple example, suppose a
proton is fired at a second stationary proton
from a large distance away. What Kkinetic
energy must be given to the moving proton to
get it to come within 1.00x10"3m of the
target?

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

%ﬂ%gﬂﬁ@”mcuwhmbmg&ﬁ
oSl g gl AR o Gulaill (diaid) A ga
Uyuqﬁwwﬁmmub&mdewue
uouuuuuutphdq”ufubd&\
AT ¢y g all b g5 o SO A ) A8
fuingl) (11.00x10715 m 20 Ao (s

‘e 2 -
T N e v
T = — N
L&:O 5 *<i:(JF _ in
bft_i ilo " K; = SETL L EK\EHJI _2-2 xlo—BA
N=0 { X101}V

12

Two protons at rest and separated by
1.00 mm are released. What is the speed
of either at the instant when the two- are

CilS g dal gy b ¢ gSal) (o Gl 519 i 99 2 (ko)
Lﬂ@}ﬂﬂﬂﬂmmb*mﬂdmﬂuﬂ
10.0 Lagin Alaldl) ddlical) ¢y 585 Ladis Lagia

10.0 mm apart? ‘mm
Vi= _ A= AK O 3’?)’
ﬁ:\MM
NIY.:'[ kqa({ (P / (UP/U()/
P=lome Snloq
m:\JG?X\o—Q?Kj q xlo x( ) (\Xlo loxlﬂ)_, (Flo”
%:\»GX\O_HC \JF:H\ W\/S
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A proton with a speed of 1.23x10* m/s is
moving from infinity directly toward a
second proton. Assuming that the
second proton is fixed in place, find the
position where the moving proton stops
momentarily before turning around

LG & ai1.23%10% m/s A58y (8590
s O 0Bl L AT ¢ gig s ol 8 s
agh i gy o3 a8 gall an g cAdlSa B il AU

et of Ja8 ddaall & actall ¢ ¢ gl

fL 6l
- 147X 27\<3 0\
\9.5110 ms
fp:
V%zo

ki

_n t
\7 « 1.6 Fxlo ?x(\.umé*) =

—

2
m\lf

)
- K %\qﬂ’
'

(x10") (16K

S =

_ i
= |- \\o

14

A particle with a charge of +5.00 pnC

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

sie ¢ sSad) (5,00 pC Aliad ass (3lbl

o Iuex =0.100 m Cua x saall o dhais
die 440 9, 00-pC Aad 393 9 G Al
Sl ddais
aJJJAM‘}M;\,,\SJAJ\&LH\J\ﬁALA

fx = 0.200 m il

the particle at the instant it passest ‘LFS}L ¢
point x = 0.200 m? effc | ® ) N
{,=5 e °C k2 K=olm X=o-2vn
Tizo-\'ﬁ‘
\JI =0 —=. >
qm-(h\lo C (‘1:6?’%
= 7_ \ k _ y
Qﬂ qu\(\v'v(rl_ — T _,k?-
QX\§R5110'£KQX 56 -L( )
\(Y_ =2-025
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In the adjacent figure, if the potential
energy of the charge ql is equal to -
—8.4x10°], find the work done by the

L) aua g 4Bl cuils 1Y) ) glaal) JSid) A
aldy 3 Jadd) (b —8. 4x10°] s sbuiql
chaliia ) Gaiiadl) gaa) dyjadl (b s Jaal)

electric field to move one of the two & Sl Lagriy A8Licall
charges to the midpoint
8.4x107°] -8.4x107°] 42><10 6] —4.2x107°%]
\l ~ 8-4x\0® A We= -oU
® © ol Q = Ui-y

WNe = —-3"\2\\6 - 6\6 g“b)

—
—-—

-4 x1d
16

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

sal) sie 4o guaga 3 (+3. OpC) Aokt Ain
ey adl p DU Jddl L (X, y) s siad) 2 (0,0 )
(5.0cm, 0. 0cm) &ésall (a(+2. OpC) din

(0.0cm,2.0cm) aé sl )

-b A \
%:37\\0 C ?,onmlp WQX,-:: kqvﬂf.,(—(
Wexs? - S5 — WQ,;(—- ‘txlé X 31L36?\2¥|5 y @S
q_b Q_x\O C %\"6;-3 - oo02 o-05
N/j W X< |- 67—‘3-
17
From the adjacent figure calculate the Al ) puda gl A8k ) glanal) JSY) (1
potential energy for the system alaill
U(\}pj: U\m_*b\,s -\-Uz_s
= . 6 x2 | _6xs [z
u Yy = X 0‘1( 230
i |\ r= 9x) RN A=) K \o
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In the figure: How much work is done
to move the charge q from point A to
point B?
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In the figure: How much work is done
to move the charge q from point A to
point B?
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To what point must the charge q be
moved to increase its potential energy ?
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