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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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potential energy (Al 48al) ) a5l 43U

W, = =AU = —(Uy - Uy) |
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The potential energy between two charges

d1 q- q
1 42
@ -@ U=k
Tr 12
q1 9> q1 9> 1 1
AU =U,-U: = _ - _
U=Ur-U; =k r; k = kq. ‘h(rf Ti)

We = —AU = —(Ur - U; )
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Potential energy in a uniform field
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We=q75>.71> = qEdcosf

W, = —AU
AU = —qEdcos0
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The force due to the electric field sl Jaad) oo 45 g8l

Determine the direction of the electric field in the regular field?

¢ aliiial) Jlaall B Al sl Jlaal) oladl das

+ + - (EVEN Jgi)c,\ejd\ T O daly Al sl Jaal)
o _; p (12> J3Y) bl
l § The electric field is directed from the positive
plate (higher voltage) to negative (least voltage)

Aol g 858 0 aiTie (i S Pl B Adni g i
When a charge is placed in a uniform electric field, it is affected by an electric force

The free positive charge moves with the field | J=l ga &2t 3 all A3 gal) Adal

Jaall (usSe 3 all Adladl ddauid) ¢ A

The free negative charge moves against the field




1- Placing an electron and a proton in a uniform electric field, as shown in the figure:

E D JSAlly Las aliiie Ll g Jlae 2 Q55009 GO ASY) auag -1
>
) Determine the direction of their movement if
P g they move under the influence of an electric field.
> c o Sl Jlaall 5l caali 1S 5o 13) Laga S AS ja ola) s

Determine the direction of their movement if they move under the influence of an electric field

The proton: moves with the field Jiaal) pa & 2y = i gigdl
The electron moves against the field Jaall (use & aly g ASTY) =

What happens to their potential energy if they move with the field?

¢ Jlaall e S 4o 13) Laga S auda g A8l o il 13
Proton: its potential energy decreases Al Sl pua gl A8l J&5 1 ygiga) w
Electron: Electric potential energy increase Al gl auda gl ABda afa 35 1 (g Sty
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The potential energy of a charge moves in a uniform field >

-
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‘—69

Any charge moving in a uniform field freely decreases its potential energy l F €0

g g dBlh J85 4y a0 aliile Jlaa B & ol Aad g

2- The force is in the opposite direction of
the motion, so the field does negative work

and the potential energy increases
A1a 38 Ll B Ji Jamall (18 4S Al olat) use (A 8 5l1-2
AU = Ur-U; =- W, aily gl puda gl AU

1- The force is in the same direction of
motion, so the field does positive work, so

the potential energy decreases
JEI8 L ga M Ji Jlanall (18 AS ad) olai) (i (A 8 98111
We =—AU = —(Us - U;) 4t pagh A

Any charge moving in a uniform field opposite to
its freedom increases its potential energy

!nn dl.&ﬁ ‘; ﬂ oo "4~ % L..Si
Lgrsa g 48U 213 3 gy ;A uss

Any charge moving in a uniform field
freely decreases its potential energy

L g dBUa Ji5 4y ay alitia




The potential energy of a charge moves in a uniform field P‘H"‘ Jaa uﬁ ‘ﬂJ;ﬁ FREA &,.433\ aals

t + +-
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AUJSS
oy
o gl) Al

AU %

Any charge moving in a uniform field freely decreases its potential energy

Any charge moving in a uniform field opposite to its freedom increases its potential energy

Lgrda g ABa 213 35 gy ja (use aliila Jlaw & & ol dad g

Any charge moving in a uniform field perpendicular to the field lines has its potential energy

Lra g 43l Jlaad) bghd o 433 e aliiia Jlaa A & et ddad o




Potential energy
(increasing - decreasing)

((JE = 313 55) aua gl dBULa

Work
(increases - decreases)

(Ja - 24 ) Joidl

direction of motion
of the proton
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According to the
direction of movement
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with electric field
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opposite electric field
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Angle with field lines
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vertical to the field
lines
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Aaily g puda gl) A8 85
AU = —qEdcosf = — + + +=—- W=+

Al <) Al gl) A8 313 3

AU = —qEdcos =— — ++=+ W =—

p A Jladl plad) (uSe dua ga ddald & Al Ladie -2

Al Sl auda gl A8l afa
AU = —qEdcosf = — + + — =+ W= —
sl el o Baalatia Ay ga A Al Ladie -3

A5 Ayl gl pua ol Al
AU = —qEdcos0 =— + +0=0 W=0

A S Sl ol use Al ddad & Al Lasie -2

4y S gl ABlls i
AU = —qEdcos@ =—— + —=—- W=+
s Jaad) e Baalatia Al Aad & 2l Ladie -3

Al il ) puda ol A

AU = —qEdcosO =—— + 0=0 W=0




Lela Al 4ial O daxia LAl VRN cﬂJ;l\ Ladic
e [+ = When a test charge moves away from a negative charge, it

Gaining electrical potential
Al S gl g Alla GuudiS

L_._a..::.an.f{_,;‘:-;:r
Slgia &l AIT0,6S g AU LIS oia HLis ¥l Silimd G Ladd susl
One of the test charges is gaining potential energy
a b
© o — & o d
c d.

When a test charge moves against freedom, it gains potential energy
cmjj\ a8l L_u.n.\SAM);j\ u.nS.c J\ﬂ'\\ a5 cﬂ);m Ladie
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The work done by the electric force on the test charge
(g0=+2.0.10-6 C) to move it from A to B is WAB =+ 5.0. 10-5 J. Find:

SlaaW) s e A0l eS8l S e Jsaall Jaill
2l Wy =+5.0.10° ). »#B JA el (g,=+2.0.1076C)

AU:UZ—Ul

AU = UB — UA kil G o gl ABda 3 puadll(]
g = +2.0.10°C The change in potential energy between the two points
0 - . .

W,=+5.0.107J. AU =Ug—Uy

AU=-W, =—5.%x105]

Is the movement with the field or not?¢ ¥ & Jlawll ae 4S a1 Ja

Since the movement from A to B and the potential energy of the charge is reduced,
there will be freedom (movement in the direction of the field)

(d\A.AM o@\@ﬁﬂ\)‘bﬁtﬂm UJS-‘S‘—‘SSMQAJS“\ALLJBJ‘AUA‘\SF‘ u\\.m



The work done by the electric force on the test charge
(g =+2.0.10°C) to move it from Ato B is Was =+ 5.0 . 107 J. Find:

AU = U, — U, SlaaW dad e A0l 5eSU s @l (e Ol Jaill
AU = UB — UA 3 Wy =+5.0.10° ). 9B JIA o &l (q,=+2.0.107°C)

0o=+2.0.10"°C Ly R D
Oihail) yn aia dll dBUa & psll(]

W, =+5.0.107J. : . ;
The change in potential energy between the two points
AU = Up — Uy AU=-W, = —5.%x1075]

If the potential energy at Bis 2. X 10~ ] What was the potential energy at A?
TA e x| adlls S S 2. X 107° Jes sbudBaic poa sl dalla Cils|
AU =-W, = —5.x107]
AU = Ug—U,
UA =UB- AU UA=2.X10>—-——-5%x10>=7.Xx10)



s alatiall AL eI Jlaall JUC adasill A ddassl) e o 635 0 Jlai) die
—al2000N/C (b S Jlaall 305 cailS1314,8%10-17) 3 )laea

_ ko Ol puagddla & il ]
e > AU = U -U; = W, &= ~~
>E AU =-W, =-4.8.107 .
} . . £ s
Be > C e 43 Adla alis S8 ¢ &ul) gy gig ) 1y 1312

KE =W,_=4.8.10" .

C A Oihasill () 55 ) LS pad il aal HY1 Le-3
AU= - qE')cf = —qEdcos0

—KE =-W,_,=AU = —qEdcos®6

-4.8.1017=—-1.6.101 %2000 X d cos0 d= 0.15m

A0l )eSl) A g A8l & il (58 2S8C N BIIA (e 5881 & a 2ie 4
Mjaﬁtba\gzédg.d\@é)qw)ﬁ‘g\Q‘yg;y):\s&\ AU =4.8.10717 ),



A proton moves in a uniform field of magnitude (250N/C), as shown in the figure below.

—
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alculate the change in potential energy of a proton in the following cases

3.0cm

1- When it moves from position a to position b.. b aasall J) a gl (e Joih Ladic -1
AU = —qEdcos0

; AU = —(+1.6 x 10719)(250)(0.03)c0s90 = 0
Aaa o Al Y Jlaall xe 48l el 5 8l AU = —qEdcos6

180 4l W S8 Jlaall (uSe 4S Al b g2l ) ¢ sl e JiL Latie -2
AU = —(+1.6 x 10719)(250)(0.04)c0s180 = +1.6 x 10718
Jaall Jaghi (o 439l ol 48 2 Jc sl ) a giasal o JE Letic -3

laal) Jaghad 53090 il ddlacall addic
0.4mdlaall ghi 5l 58 (Al 3 AU = —qEdcos0

0.04
AU = —(+1.6 x 1071%)(250)(0.05) (m) =—-1.6x10718]



i Jaall sal pliie Al el e (30.05m 4dlse il G 585 0 JUE) e

v, i W=qE.d = qEdcos6 Jsuall Jalll caual 2000N/C
A< jad) slad) g Jlaall p 4s ) 5l &I -

AU=-We=-1.§8><1o-17] 30 AS_all olad) 5 Jlaall (G 4g 5 5l 2ulsIa) -1

- W= 1.6 X 1071 x 2000 X 0.05 X cos30 = 1.38 X 1077 ]
& = 0" :E
s a-LT °¥¥‘Lﬁ*‘£g§z\sﬂ‘$d\%ﬁ“-2
" W=1.6x10"1x 2000 x 0.05 X cos0 = 1.6 X 10717 ]
ﬁHZIHLT*E

T el s b Al g Jlnall-3

- (c) W= 1.6 X 1071% X 2000 X 0.05 X cos180 = —1.6 X 1077 ]
+| I | Juaal) b ghad o) e 43 gas 48 214
U |

W= 1.6 X 1071% x 2000 X 0.05 X cos90 = 0]



A proton at point A in the electric field has an electric potential energy U, =3.20 x 10''° J. The proton
experiences an average electric force of 0.80.107°N, directed to the right. Then the proton travels to point B,
which is at a distance of 1.00.1071%m m to the right of point A. What is the electrical potential energy of the

proton at point B?

Lﬁ ﬂB—VE U. =???? @b)@ﬁ\ sl A Adagil die 3 g gall () 539 0l S A
- S sa i sU, = 3.20 % 10719 . Al 68 aumy il e

d =1.00.10~"m U, =3.20x 1019} Ag> 54 ¢0.80.1077N (5 sbust Aan gia AL 1S 3 8 (5 535 yall

B ol A (30 4S5l F,=0.80.10™°N Ale Jo a5 B ddadill ) ¢sis ) oty &5 cpad) )
A. Abdl pa J11.00.1071%m

B adatill xie () 68 g yll Al yeSI) Al 48U 8 L

Vl/e =-AU=—(Uf-Ui ) =Ui 'Uf

Vl/e =Ui 'Uf
F.d=U, -Ug

F.d.cos=U, -Ug

Up=Uy - F.d.cos® y,=(3.20.10719) -(0.80.107°N).(1.00.10"1%m)cos0 = 2.4.10719



clldli(x) Usaaslail (250N /C) o484 litia AL ¢S Jlaw -2

(—2cm,4cm) il ) (S5cm, — 3cm) Abiill (e JE Ladie (9 ASY) pudag 4Bl 8 i) Guua)
J — - ) 2P =AU = —qEdcos@
_1 AU = —(-1.6 X 1071?) x (250) x (—0.07)c0os180

z - _ ~18
E <« [F 138 AU =2.8x10718]

(—2cm4cm) i ) (5em, — 3cm) Al (e JiL Lasie &9 58N e Jgdaal) Jadd) uual
W=-AU=-2.8x10"18]

@ @ E Compare the potential energy of positive and negative charge in this site?
T2l gall )32 (.;54-.‘3‘-“3‘3 daa gall Adaudll aua gl d3a o 8

~4- —+ —+ (U+<U_)
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potential energy (Al 48al) ) a5l 43U
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The potential energy between two charges

d1 q- q
1 42
@ -@ U=k
Tr 12
q1 9> q1 9> 1 1
AU =U,-U: = _ - _
U=Ur-U; =k r; k = kq. ‘h(rf Ti)

We = —AU = —(Ur - U; )
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Potential energy in a uniform field
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We=q75>.71> = qEdcosf

W, = —AU
AU = —qEdcos0
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Electric potential energy in an irregular field (a system consisting of point charges)
(Aahll cilind (pa (oSt allil ) alitia p@ Jlaa A Aily Sl sl A8

X

chargeS are different in kind
&J—u‘ Q’é ~"~S... <l :.“

Potential energy increases when

the charges are separated
Cpfiandl) dlady) dis i glf A8 303 3

The potential energy decreases when

the two charges are approached
Crpiadd) ol y38) aie aula gl) 43U Ji

3 r(m)

Same type of charge
dudi £ gll) (pa Clialll)

Potential energy increases as

the two charges approach
Crtiadd) ) 58) e auda gl 43Ua afa 33

Potential energy decreases when

the two charges are apart
Crtiadd) Mady) Mo au gl dBh i

u{J)

AU = Uj — U;

kqi1q;

ugj

r(m)




choose the correct answerdisssall 3 jlall il

The positive test charge moves in the direction of the field of a positive charge
A g0 Al Jlaal) olad) 8 s gall HLEAY) A0l & jaTs

Al Sl auia ol) A8l Jai- A
A- decrease in electrical potential energy
el Jladd) 0 (e Jsaall 30 Jantdl 312 50-B
B- The more work done by the electric field

LAY dind 48 a4 23O
C- The kinetic energy of the test charge increases

D- all the above Gla aen-D




choose the correct answerdisssall 3 jlall il

The positive test charge moves against the field direction of the positive charge
‘\AAJAMJ\AAM a\;ﬂ\ u.&: MA)A\JMAY\MM&H

Al e SIl a1 A8 Al 35-A
A- The potential energy increases
eSH Jlaall 0 e Jsaall 530 Jaill Jiy B
B- The work done by the electric field decreases

C- The kinetic energy of the test charge decreases

D- all the above Gla aen-D




choose the correct answerdisssall 3 jlall il

The positive test charge moves in the direction of the field of the negative charge
Al 48] Jlaall olad) 8 doa gal) JLaaY) dial & jats

Al Sl auia ol) A8l Jai- A
A- decrease in electrical potential energy
S ol 08 (g Il (53 Jactll 33308
B- The more work done by the electric field

C- The kinetic energy of the test charge increases

D- all the above Gla aen-D




choose the correct answerdisssall 3 jlall il

The positive test charge moves against the field direction of the negative charge
Al s BT Jlaall olad) (pSe Aas gall LAY diad & jas

A- The potential energy increases
| el Jiaall U8 (g Jsaaall 53 Jadll Ji B
B- The work done by the electric field decreases

C- The kinetic energy of the test charge decreases

D- all the above Gle aen-D




From the given figure, calculate the potential energy between the two charges
Oiaudl) (s pua gl d3Ua ) JulBal) JSEN pa

_ kqiq;
r

qq1 = 6bnc q, = 9Inc U

x=0.4m

(6.0 x1072)(9 x 107?)
0.4

O Omanll & i Lanie Al ddalld) aud g d8lal duass) i
What happens to the potential energy of the second charge
when it moves to the right?
Al Sl auda gl) Al (838 AS ) Ay e pa (19S5 Canl] AIEN Adald) AS o
The movement of the second charge to the right is with freedom
of movement, so the electrical potential energy decreases

AU = (9 x 109)< ):1.2><10—6]
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The opposite figure shows two positive charges and the distance between them (7).
¢ B Adalill ) el Aadd) JE Ladic AU algl) A8 o § oy 13La -1
1- What happens to the potential e/nlﬁergy of the system when the right-hand charge moves to point B?
B

- [
< »

X =2r .
x=0 X=r Potential energy decreases

Al Sl puda gl) 43U Jis

Because the charge moves freely according to the law of attraction and repulsion
ALY g adad) 0 6i8 Caa dg ey & At Adadd) oY

2- Find the ratio of the potential energy of a right charge in position B to the energy in position A

A rasall b lgaay Al L) B adasall b el Aisdll g sl) A s Apaadl] 2y -2

_ ka1, Upg 14 1 g 1,
o B — YA

U —
r U, rg 2 2




(1) Lagin ABlaiall g i ga (liiad Ji8al) JSA) pua g2
The opposite figure shows two positive charges and the distance between them (r).
¢ B Akl ) Aed) dadd) 8 Leie ABM ad gl Al e § jhay 13l -1
1- What happens to the potential energy of the system when the right-hand charge moves to point B?
N B

X =2r The potential energy increases
Al oS!l auda gl) 43U 3)a 35

Because the charge moves against freedom, not according to the law of attraction and repulsion

ALY g dall ol o Gud g Ay ad) (uSe it Adalil) oY
2- Find the ratio of the potential energy of a right charge in position B to the energy in position A

A pagall Al g dila ) B pdagall B el Aadll aua ol dBUa (ya dpedl) 2y -2

_ka1q: ol i U\ e g1,
— o B — 5 Y4

v r U, 1rg 2 2




. (g1 = —=3.0nC,q; = +1.5nC) : O <l 1)) S8l JS&l) 3 -1
1- In the opposite figure, if you know that: (g=-3.0_C, g+1.5C)

Potential energy between two charges ; . . '
O.MO&?&‘.‘JM&& (a) M\Q\Wyw(ql)M\Mde\M\um\

Calculate the work done to move the charge (g4) from its
position to the point (a )

4.0 cm

AU = Uy — U,

8 kqiq; 4 kqiq;

AU
rf r;
q:
AU =k 1
= CI1CIz(rf Ti) \ )
_ 9\(_ -9 -9 _ _ -
AU = (9 x10%)(-3.0x1079)(1.5 x 10 )(0_03 0_05) 5.4 % 1077]

W=-AU=+5.4x10"7]



Potential energy between two charges
r12 Ofiads (i o gl) 42U

11-Two (+ 4.0 uC) point charges arranged at the corners of a square with side length

(12 ¢m) as shown in the figure. What 1s the potential energy of a system of two charges ?

JSall 2 LS (12 cm) 4ada Jsb e Ailg) o glssage (+4.0 uC) LHa JS olighll oliiad 11

=1

€ Cpiadl) (e () gSal) aUAI Al gl auagll ABla jlaia La ¢y glaall

k
U12 — 1192 1.2 ] 0
ri2
50/ O
9x10°x (4x107%)(4x107%) 10y O
12 — —

U12 — O 85]



3.24 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?

a1y 98] le 0,818 pasl (gsize (L) paragaal) sayslS ibose 3 3.24
sae o AS) asly ggies le 933 gua]] oY $9eoug «bgis ) dae (ha s
Jaddl Jlane Lo Lo,ws 0.236 M adlus culbige¥! ada o Jiang .ol 2SIY)
?1.00 cm )l cpose¥) o aslad! sl adds o330

W =—-AU = U; - Uy

1 1
= kq1q; i
l

1 1
B 9L (. -19 =19 -
= 9% 10° x (-1.6 x 10719)(1.6 x 10 )<0.236><10‘9 0-01>

=—-9.8 x10°19




Calculate the work done to move an electron from point (a) to point (b).

_____ @92 In the opposite figure if you know that
I . (q1 = —2.0uC ,q; = +3.0uC) : & <ale 1Y) Jildal) i) A .2
' ‘ Calculate the work done to move an electron
e - from point (a) to point (b).
l % (b) kil J(a@) Addil) e g a8l JA Jgduall JRd) anaa)
= i asiid b
S. 0% kqg.e kqye
. .‘._- A7) P » a Ul — +

r1e rie

91— 0.05 m -

_— (9 x10%)(—2.0x107%)(—1.6 x 10719 4 (9 X 10%)(+4.0 x 107%)(—1.6 x 10719

: —2.4x%x10"14

¢ 0.05 0.13 J
9x10°)(-2.0x 107 %(—-1.6 x 1071° 9% 10°)(+4.0 x 107 ®)(-1.6 x 1071°

f:( )( 004)( )+( )( 008)( )=1.8><10‘14]

AU=Up—U;=(1.8x1071*) - (2.4 x1071*) = -6 x 10715

W=-AU=6x10""]



«3.25 A metal ball with a mass of 3.00x 10" ° kg and a charge of +5.00 mC
has a kinetic energy of 6,00 x10° . It is traveling directly at an infinite plane of
charge with a charge distribution of +4.00 C/n". If it is currently 1.00 m away
from the plane of charge, how close will it come to the plane before stopping?

Lesdllay +5.00 MC Lizaeig 3.00<107° kg LezlsS aoaae 5,5 3.25-

EJ_,,.._,, Gl ) o SLBY (setws @ Frblea ._L.g.._.;j|b 6.00 = 108 J ,_.EJJ.I

o
W = AKE  Fdcos® = KE; —KE; ; F =Eq =?q ,KE; =0 ,0 = 180°
—KE; € —(6.00 x 10%)(8.85 x 10~ 12%)
= = 0.2655m

~ o qcos(180) (4.00)(5.00 x 10-3)(cos 180)

x=1.00-0.2655=0.735m
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3.6 Electric Potential Energy of a System of Point Charges
aéjté)éﬁ‘ Ciliaudl) O 31.231 41.‘31-.‘)65-“ &*43-“ 3\31.23-6 u_u.u\q L;L\.aj‘.l.\.c .JAM-.J\_\MY\




Let’s calculate pthe electric potential energy of a system of four point
charges, shown in Figure 3.31. The four point charges have the values

” N q1 =+1.0uC, g, =+2.0 uC, g3 =-3.0 uC, and q4 = +4.0 pC.
The charges are placed witha=6.0mandb=4.0m
; i A Gl as sl
i adai Olows aa,l o 3.7
i eedy .3.31 JSa) 3 o) i sl 205 (1o 89S plad a5l , 4S80 pungl) 3l ay U vl
___qql qBé—»x .q,4= +4.0 |_I,C3.Q3=—3.U |_LC$ .q2=+2.0 l_LC_gq-|=+1.U lLC@EJJ_;%‘&__._ELJ'QL&—LJI
| '1| .b=4.0m545=6.0m1;11jbﬂ.|_u_£&h;h_iﬁ :1:4.531.5

Sadam lis s ao)) g 038U allaa) 1ig) &al,4S)) aong)) a3l Lo

Uiotr = U2 Y U3 + U4 +Up3 +Uzy + U3y

_kq1q92 kqqq3 kq194 kq.qs kq.q, 4 kqszq,

a b +/a2+b2+/a2+b2+ b a

(9 x 10%)(1.0 x 1076)(2.0 x 107%) i (9 x 10°)(1.0 x 1076)(—3.0 x 1079) k. (9 x 10%)(1.0 x 1076)(4.0 x 1079) N

tot —
6.0 4.0 \/6.02+4—.02
(9 x 10°)(2.0 x 1076)(=3.0 x 1079) . (9 x 10%)(2.0 x 1076)(4.0 x 1079) N (9 x 10%)(—3.0 x 107°)(4.0 x 1079)
V6.02 + 4.02 4.0 6.0

=—6.2x1073)



gl Al Casl g, =1.5nC 5 g4 =-4.0nC 5 b=80cm, a=60 cm : Ol <ale 13 -

QO________L _______ + P PM\&LWqug_ZSnCJM

=

U=U13+U23

kqi1q9; kq,q;
U= ¥
———————————————— QO 4 ri3 r23

U_9><109><—4><10—9><2.5><10—9 +9><109><1.5><10—9><2.5><10—9
B (60 x 10~2) (80 X 10-2)

U=-2.25 x10"7+4+6.3 x108=-1.6 x1077J



3.24 In molecules of gaseous sodium chloride, the chloride ion has one
more electron than proron, 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?

axls 098] le asslSl pssl (soim (3L porasall ayjslS wibuse § 3.24
sae oo ASH asly ygign Lle pasdgeall oY 95wy lbigse sl sae e AS)
Jaddl Jlans Le Lo,as 0.236 N aslas culbig¥) ada o Jeang .culig 251
?1.00 cm J) oee¥) e adlual) sabip) alis 23301

W = —AU = U; - Uy

1 1
= kq1q; .
l

1 1
B 9L ( -19 219 G
=9x10% x (1.6 x 1071°)(1.6 x 10 )<0.236><10‘9 0.01)

=—-9.8 x 10719




©3.25 A metal ball with a mass of 3.00x 10™° kg and a charge of +5.00 mC
has a kinetic energy of 6.00 x10° |. It is traveling directly at an infinite plane of
charge with a charge distribution of +4.00 C/m”. If it is currently 1.00 m away
from the plane of charge, how close will it come to the plane before stopping?

lesally +5.00 MC i 25 3.00x107° kg Ly:l:S a0nues 5,5 3.25.
225838 ol i) o LY (ssiwe 3 3,5l ), .6.00 < 10% J 25,4

.w’bg_._.u\_,_c1oomwuuul}_ul5‘gl_e 4400 C/Mm* s 20
Teads3 o) Jed soial) Go AR o> ) LB

- r _Ea_ oq __ (4.00)(5.00 x 10°%)

m m  gm (8.85 x 10~12)(3.00 x 1079)

= —7.53 x 10%m /s?

Vs = v} + 2alx

YKE 2% 6.00 x 10° 4
2 _ 0= 2(—7.53 x 101)A
vi=(— ) t2alx Soox105 0 T2 JAx

Ax = 0.266m d=1.00-0.266 =0.734m




#3.25 A metal ball with a mass of 3.00x 107 kg and a charge of +5.00 mC
has a kinetic energy of 600 x10° |. It is traveling directly at an infinite plane of
charge with a charge distribution of +4.00 C/m”. If it is currently 1.00 m away
from the plane of charge, how close will it come to the plane betore stopping?

lezdlby +5.00 MC Lty 3.00x107° kg LizlsS aouss 5,5 3.25-
25909 ol ) 40 L,:Lpl’ QMQBHL@ PN T 600*108.]@5,.1.’
.MiUM&1OOmMULLLJL>_‘Jl5bu +4.00 C/m? a>i)
W = AKE = —-AU S 2353 o) JuB goial) 5o AR o> 5] JIB

KE; — KE; = —(—qEdcos0)

0 —(6.00 x 103) = (5.00 x 10~ 3)( +09 12) dcos180
8.85 X 10~
d = —(6.00 z t%s) = 0.266m
(5.00 x 1073) (8. 35 10_12) cos180

d=1.00-0.266 =0.734m



