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Electric Potential 2024-2025 :FIRST TRIMESTER - (A) 12 - PHYSICS
Electric Potential Energy 31 440,451 s o)) 29U

Electric potential energ 4y <l pa gl A8a

Electric potential energy is analogous to .o T 5 o w5 -
o . Adal) aua gl ABUs aa Aaily jgSl) puda glf 48U ALLASS
gravitational potential energy. il S e e ¥ ’

: ) : : i) aa Al | audagl) A8 8 3l Ly
The chapge in electric potential energy is . - &= “J:f__ f-:jiﬁ-“ dﬁ‘f d;\:ﬂ )
proportional to the work done by the electric ) Jl) b (S s A oS it -]
: Cra pUaL) 0 €3yt die W Aily 14 5 g8 Al
1- For a system of two or more particles, the b il ANy aany ¢ Agilgd Alla ) Aafand Adla
work done by-an electric force, We, when the - 5 N\ o T
; :(AU) Al <) auagll 4Bl
system configuration changes from an initial
state to a final state, is given in terms of the AU=Uf-Ur=-We
change in electric potential energy (AU ) : (We ==AU) = (AU= Us=1U;)
AU=Uf-Ui=-We
(We==AU) = (AU= Us-Up) Jlxall (B dlais (&1 J) DVl (po diseds Slsyoeid -2
2- moving the charge from infinity to any L SLseSI
point by the electric field :! (Ui=Ux=0.0)
(Ui=Ux=0.0)

field on a charge.

W, zﬁ-c?:ql:?-c?:qucosez—AU

where 0 is the angle between the electric force and the displacement
Aal V) g Al gsl B RN G Ayl 0

x
>

/\9:180°:E
Je—t—a'-1-

»
>

L.
>

Work done by an electric field, Work done by an electric field, on | Work done by an electric field, on
on a moving charge ¢ >0 : a moving charge ¢ >0 a moving charge, ¢ > 0 :

the displacement is antiparalle general case where the displacement is in the
to-the electric ficld (0 = 180°), the work done by the ficld on the same direction as the electric field
the work done by the field 1s charge is W= gEd.cos 0 (6 = 0°), the work done by the

W=-qEd X 4y 9 3adlandll e dal3y) field on the c}iarge 1.s W= qkEd.
CpmSlaia cpalad) A Aa)Y) g 8ol W =lqEd 050 sl Jlaall Ajlsa daliYl OsSS Levie
(0 =180°), Lagiss gl Jlaall (s Jodiall Jaldl (1585 (0 =0°),
Gl Jlaal) Jadk W=qEd &aid) s xS

Because the change in electric potential energy is related to the work done on the charge by AU = -W,
if ¢ > 0, the charge loses potential energy when the displacement is in the same direction as the electric
field and gains potential energy when the displacement is in the direction opposite to the electric field.
G q>0 "SI AU = -W 48l PA (e dadll o Jgdual) Jrilly ot Ay Sl puda s A8 3 sl oY ) jlas
slad¥) A Aa) JY) (St Ladie aun g ABUa i€ g (AL gl Jlaall ol il B da) JY) (9S8 Ladie auda g 48U S8E5 Aiauil)

sl Jlaall (usladl)
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>

>

IB_) d
> E Fe

Fe

Fe

[

> E
.

Force is perpendicular to
displacement
We(-),(AU=-W)
the charge gains potential
energy
Sa « Jlaall 5 g8 slad) (use A4S jal)
1 633 ol Jlaal) Ji
48 ) 43l (s § pagll ABUa 5005

displacement

the electrical

Force is perpendicular to
We (0),(AU=-W =0)
energy does not change

Mcd@d\ulc%,pwséﬂ\
@ﬁﬁ&é&ﬁ\’\gbﬂ‘}uﬂt

>

The charge is affected by
electric force .
We (+),(AU=-W)
the charge loses potential
energy
Jidi ¢ Jlaall 548 Jady Adadl) & At
e 1) 6la il () 533 e 9a Jlaall
As ) A8l Bal 5 9

potential

foa ) s

(1) g

Proton and electron were placed in

LS Jaa A O Fign 9 el aag

a uniform electric field .
What happens to their electrical

e € QA

5 Tk Vil slaal) (SN (8 LaS aliila

potential energy if they are left to

& P usion

S A% LS5 13 panial a S giag A
¢ Qe (2 Ay

movefreely ?

—

Proton moves with the same
direction of the electric field and
there is a decreases in potential energy .
Electron moves in the opposits direction of
the electric field and There is a decreases in
potential energy .

Ade Jiy Eua Cpal) gad (gl ulh @paty
Ay dils ATakl ) aim L s Sl Jlalt
Ml Jlaall dgle Jhy G L) gad g SN & Al

[4,=1.6x107°C1[%=-1.6%107""C | (2) Jlisual
1

The adjacent figure shows

Qg JUS) de ) glaal) Joi) A

a Proton moving from (a)
to (¢) , If the work done for

SN (c) Al ) () Akl e

moving the electron 1s

(4.8x1077J)

(4.8 X 10717 J ) o e Yo Janal)
gl Al LT AP |

Q—————-——

1- Calculate the changing in

o

E=2Xx103 N/C ¢ Qgignll
>

the proton Potential

(a) Ol i dal Y cual 22

energy for proton .
2- Calculate the displacement between two
points (a) and (c)
3- Calculate the change in Potential energy for
proton when it moving from (a) to (b) to
(¢) then to (a).

. (c)s

(a) Akl (e (g i) JE513-3
L(a) G1adly () A Y (b)Y
¢ 4y jg<l) dnin g Al (B ) oSy A58




Electric Potential -
potential energy in nonuniforme electric field
qz U = quQZ

r
U=+,-,0

2024-2025 :FIRST TRIMESTER -

A)12 - PHYSICS

(3)

In molecules of gaseous sodium chloride, the
chloride ion has one more electron than proton,
and the sodium 1on has one more proton than
electron. These 10ons are separated by about
0.236 nm .

How much weork would be required to increase
the distance between these ions to 1.0 cm.

Oo sl Ao 5 olsh (gl (s s o g0 geal) 58S 86
G psagall Gal g, cligig ol ase G fiS) aal g
O Ablaall 5, g AKY a3 G i8] aa) g Ggisn

Baly 31 Addy o U Jad) casat, (0.236 nm ) i)

(1 em) ) Oia) O Adlaad)

[ 4= 2.0 x 10 C ] ©ladll Cemy ) glaall JSEN &
comtindlb b el gl S 5 [ 9,=4.0x10° C |9

(b ) ikl (@) Al o i Lo | Q=-3.0%x10¢ C |

138 ¢ glaall JSEN B LaS £ ggd) B () Aualil) Lall) g
(2 )aa sic [ 4.0 x 10?2 N/C | oSbgsl) Jlaal) bad jlaka oS
(q) Madl)aie Gual [ 5.0 x 102 V | Laie A4Sl sl

q=6.95x10% C

(0556148911 ) (2l gsl — Cmun jal e
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U"’J:” 4.1.1\) el 8 0 0y 0 0 [ . "
gty e o |Definitionof ElectricPotential 3.2 Sl agd!
potential energy of a charged particle, ¢, in an el L S (ol L Gt ) Al Aty b dsas
electric field depends on the magnitude of the 131 o ) il b Al g Ak JS! el %
charge as well as that of the electric field. Dol Jlaall 2 4adls #a2 5 (V)
A quantity that is independent of the charge on O omar lalda 5, Aaddi g 22 93 Y ol Adad gy Caa g
the particle is the electric potential, V, defined e e e L e

die Aindil) Lgd A% A g Auily <) quda gl i
U

in terms of the electric potential energy as :
' N = O gl By agal) ladi gy g Jlall (B lgaiag
- The electric potential is a scalar. It has q o )
’ : AMall JSA
a value everywhere in space, but has no
direction Cavd 13 Y Slanal) Jaa A aga b S Y -

- The potential is zero at an infinite distance. e . . 7.
- The difference in electric potential A} O 3de hy ) . 3¢ Aaglas 4y lma Ak
between an initial point and final poin (Al Alwa e | i (s gl gl
( V£— V1) can be expressed in terms of the LA, - . A . X
electric potential energy at each point: Ve g Ll 5} Liaga Qg8 O AR A gl (S -
AV = Vi — V[ A ol f 32l (38 oo i) 08 -
A T | ¢ s 5 Bl oia i gl dBL
) B gy (i Sl g (ol
== S(JIC) A Ay (V) aug
AV =-FEdcos® Gbbia ¢ Jlanall ol oysSs Laga -

- A relationship between the
change in electric potential and AU
the work done by an electric 2V =F "\ —
field on a charge q q

11
- Anelectric potential can have a positive, AU = +gAV/ agal) ghlia ) ad pall agad)
a negative, or a zero value, but it has no - TR
direction . ’
- The units for electric potential are velt (V)
this unit is equivalent to (J/C).

For uniform electric field aliiall il ¢Sl Jlaall

a . . .. b
increase electric potential o >E

A
A S g2 233 l |
< oEPae- - AVap=<E.d

Decrease electric potential

Sl 22 5y

> A
—_— L > \;{;
Va>Vy Va=V,

AVac=10 AVap = AV
Al hds (58 ) Tase ek oSy
We apply the law of conservation of energy
AK+AU=0 == AK=-AU
1

_ 1 2
k—zmv

(0556148911 ) (bissl — (s sa Slaa
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(4
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 ?

The electron will move to the left (negative
| x-direction) because it is negatively charged |

5 The electron will move to the right (positive ('
x dlrectlon) because it is negatively charged !
-

-

Em—— W ESE———

The electron will move to the left (negative

| x-direction) because the electric potential 1s C
| negative

The electron will move to the right (posmve
x-direction) because the electric potential 1s
negative.

= L e o=

Not enough information is given to predict the |
{ motion of the electron.

b compar — em  —oustm. pa—— — P =

\ | |
.0

B

)
Al A8 o5 a3 (X ) gl e 9 A8 pag
L(-20 V) sl agall dagd cuils g alde
¢ 09 AN AU ASal) Chuay ALY bl

Mv(%ﬁm‘x))w\agﬂkﬂ‘u\iﬁﬂ\d)m
MLHWJ.} ;

T e T——

ay (mﬂ‘x)u@\om&ﬂ\ugﬂ‘i\d)mt
UMA.\MJJ

B O o e T g

Q

o‘z(qm»x)Jugm.gasﬂswﬁmmeg
ulh.nu.ih)gﬁiégaﬂ

B e e =

O (eagall x ) Cpasll olad AS al) ¢y g S & et
ol AL gl

o O9ASIY) AS a8 g A8 claglra 2255 Y

{

- e vy - wemswa

(5) el

A proton 1s placed between two parallel
conducting plates in a vacuum (Figure) .

The difference in electric potential between the
two plates is 450 V. The proton isreleased
from rest close to the positive plate

1- In whitch direction will the proton move.?
2- Calculate the kinetic energy of the proton
when it reaches the negative plate ?

3- Calculate the speed of the proton when it
reaches the negative plate ?

zol O QAN GsSall (e g (Bl slaall JS&Y 8

6 S O sl G (Al g gl (38 (IS JAB | s al)

) tek el (450V)

o1 G Ua (559 a0 48 ol aas -]

Tl ) Al pua g ddiad (g1 ll A8 ) ABlal) Gas) -2
. el

) 7 gl ) Al guag Bl (g gl A8 pw aasn) - 3

(0556148911 ) b sl — Cyun
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(6) Vsl

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) ?

G885 il b S Jlae Al o) Jrdl) j)aia L
Laga 4kl 1) (+180 V ) Wags Akl (1
£(-60.0 V)

(7) s

What potential difference is needed to give an
alpha particle ( composed of 2 protons and
2neutrons ) ( 200 keV)) of kinetic energy ?

Gigias (o Gosh ) Wl asea 3938 233 2gall (34 L
(200 keV )W _)aka 48 pa 4By (g sy

(8) Jad

An electron is accelerated from rest through
a potential difference of 370 V. What is its
final speed?

Ld . 370V s> G2 e OsSud) Ga glady O g 58Y

(9 ) Jad)

A proton, initially at rest 1s accelerated through
a potential difference of 500 V. What is its final
velocity?.

a3 @4 5o (oSl pudga (e hay (sig 0 B by
¢ 4l Agadiall dle ju Lad, 500 V
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(10 ) Jlgudl

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 A. Plate A is kept at zero
potential and plate B at a potential of 400.0 V.
Calculate a proton speed when it hit plate A?.

(O 9 O ABluall Ciuaiia (o Ligign adia (3l
G559 a5 10.0 cm A8laie Lagin Juadli (pd B 5 A
3> JBy L A sl olad 150.0 km/s 4s s 4l B
.(400.0 V) Bz slll 3g29 1 4 A sl

¢ A sl Algua g Aiald 59l 48 s s

F=400.0 V¥

T
'
I
I
'
'
]

B
Falamerss 5.0 cme]

(11) sl

A 10.0 V battery is connected to two parallel
metal plates placed in a vacuum. An electron is
accelerated from rest from the negative plate
toward the positive plate.

1- What kinetic energy does the electron have
just as it reaches the positive plate?

2- What is the speed of the electron just as it
reaches the positive plate?

O 90 94 (o 31 g5 (o 38 (o oy Alucia 10,0V A iy
TS e CsSaal) g (e (9 RS £ by £ AL (A
REPQULY P PRI O
Tl A Al puag die (g S AS ) BN laa ba -]
T gall
S sall ol ) A guag die (19 SN Ae i e -2
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(12) J
I

The adjacent figure shows o lala Jrdi Jdw ) glacall J) 8
a positive charge Ladd) 38 [1.5x107 T
(g=5.0x10"C ) moving | [4=5.0x10"% C] 4kl
from (c) to (a) If the work don ) . (a) A S (¢ ) Akl ¢y
for moving the charge is equal : . Ot ool S dgall 5 o) -1

(1.5x1077) (c)g(a) ikl
1- Calculate the potential Baa g JAH ) gdual) Jaddh camal 22
difference between (a) and (c) () Akl e L gall cilinly
2- Calculate the work done to
move the charge from (c) to (a) .

u3) gsudl AT
A cathode ray tube uses a potentiaff difference ! ( 567;\7‘) o Mia 3¢ 38 Sl dadif gl addlieny
of 5.0 kV to accelerate electrons and produce | £ ' 1,5 98 @il g 5 plad glidl 5 cli g Sy g el
an electron beam that makes images on ' I LA shad AELE e
a phosphor screen. What is the speed of these ’ ¢ o guall A i (pa AniS il g iSY sl Ao i la

electrons as a percentage of the speed of light ?

A 10.22% ' B | 0.025% C 1.3% D | 4.5

R e Y

AT = . e

 (14) Jlisd

| The adjaceﬁf ﬁgure shows Ao gaga () Al Aind gl gl & |

' a charge 1n a uniform electric st oladl (E ) aliiie A g8 Jaa b

' field To any of the points shown & ) . &7 > o
in the figure can be transferred so i Sy (q) AT gl B Al ) |
that the Potential energy for the ~ € Al Sl gaia g Al Y
charge does not change .

A A B|B D'D

(0507438910 ) Cpad) — oy 3 Juald Alllae (0556148911 ) (sl — Cpun al slaa
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Equipotential Surfaces and Lines

(a)

y 4 ///;_i\\\,\\:\ \
///‘\“l\“ ')'
(t.LnQ )y\\

(a) Ski resort with three peaks .
(b) the same peaks with lines of equal elevation
superimposed .

(c) the contour lines of equal elevation in a two-
dimensional plot .

pad 236 (e g giat Alhaial g 5o Jlila (a)

gL Y (i o LS ayasy s daghd an ) (b)

43k Mjuh)‘i‘&b.a&&\iijﬂ@k&dﬁ (c)
&9

Equipotential surfaces and equipotential lines

3l g glud lnghd g pdan

1 - Equipotential surfaces and equipotential
lines represent locations in space that have
the same- electric potential .

(Charged particles can move along an
equipotential surface without having any
work done)

2 - A surface of a conductor is an equipotential
surface

3- Equipotential surfaces are always

perpendicular to the electric field lines.

4 - Uncrossed .( because the field lines uncrossed.)

5 - In the uniform electric field separated by
equal distances .

6 - In the nonuniform electric field
equipotential lines are close together near
the charge and more widely spaced away
from the charge

gl el o Aad by ol Sk Jh a 3L Y -1
o i Adads gz g ABlh (B ) AUl o L agad)
5 gy Aol (65 ) 1 e gelaad) 120 L e
28 Laia 13 g 3¢ (g ghst el st e ga (s gebas -
L g slada G 5Ss Jalslly Juagall o) (Al

Lo ghai aa Lags sl (g gbudi o ghad g o) dalali -3
ol b Ak o wie il g Jlaal)

adali ) Gl agan cadalis of LY Al Y 4
. Jaal) Ja ghas

e Ganl) Lguiany ¢ Lglualt alitial) Jlaall b -5
A glia

Cra AN Gl aa 535 aliilal) e Jlaall B -6
CAdadl e Landy LalS aelts g s i)

(1) Constant (uniform ) Electric Field:

: aliiiall (AL gSl Juaadl (1)

A constant electric field has
straight equally spaced and

pliiia Al 1S e
Constant Electric field

Jlaall Jo ghad aliiial) il S Jlaal)

clBlica Lgdu 940 3l gia g dalicua

parallel field lines. Thus, such
a field produces equipotential

’ -
o A gladia

surfaces in the form of parallel

>

> | el JS do sl (g gt oS SN

planes, because of the condition
that the equipotential surfaces or
equipotential lines have to be

AYEQPR voy ) Wy

Equipotential surface

Jaall gl o dya9ae 94y )) e
. A gluia clBlica Lagin g

perpendicular to the field lines.
These planes are represented in two
dimensions as equally spaced equipotential

(0507438910 ) Crad) — cilag i Jualé Alllae

(0556148911 ) (abissl — (s yal dlaa




Electric Potential -

2024-2025 :FIRST TRIMESTER -

(A)12 - PHYSICS

(2) Single Point Charge :

Aol iadd) (2)

- The electric field lines extend radially from
a positive point charge, as shown in Figure .

- The field lines point away from the positive
charge and terminate at infinity. For a negative
charge, as shown in Figure .

The field lines originate at infinity and
terminate at the negative charge .

The equipotential lines are spheres centered
on the point charge. (In the two-dimensional
views shown in the figure, the circles
represent the lines where the values of the
potential differenc between neighboring
equipotential lines are equal .

Equipotential lines are close together near the
charge and more widely spaced away from
the charge.

Ak L (e Lelad AL S Jlaal) hghad 7 A5
S (B mdga s Las ¢ gL L) A e
o1 e Ll L g0 Jlanal) o ghat 45 -
S (B i ga g LaS ¢ Al Akt diad
Joa 508 (S Jon () ) gl (g sl Ja ghadh
2ila IS o 0 sSi g (A AN ), dalaily Cilialy
() AU B) Adad) W S
sl Jlaall b ghad e 430 ga0 g} (g gl Jaghad
Jiaall b glad () 4S5 Laie 4 )\ dgal) (g ghusd aghai -

_(JM\SMSJQ}QJG:\S)&.)JG:\A

E

.~

Y Equipotential
surface

A 59 point charge 4 sl

point charge At

(3) Two Oppositely Charged Point Charges 3 OWilida ¢kl olilad

Equipotential surfaces
created by point charges

of the same magnitude but
opposite sign.

The red lines represent
positive potential,and the
blue lines represent negative

Equipotential surface

KYEN] QJM Gh.u\
R WA
A e ) Jal) 4

(A

Equipotential surface

Jiad g paaldl Lo gladl)

J@A,J\ LfJM Ghu\

potential.

The purple lines with the
arrowheads represent the
electric field.

The electric field and the
electric potential are the
sums of the fields and
potentials due to the two

Two charges of the same
magnitude but opposite sign.

Jial g8 30 Ja gladl
gl (g glud ol
oAl st
Lgale Al Jaghadly

b ghi Jid agul
A Jad

05 58 P Jad

charges.
The electric fields add as vectors, while the
electric potentials add as scalars.

(Cilgadia (|, Otiadd) e Cpailil) Crllaall dlasa
Ofiiall) gagad g sl £ ganall (g ghuw (ASH agad) Lal
(4 ad)

(0507438910 ) Cadl — oy b Juald Alllae

[10]

(0556148911 ) (2l gsl — Cmun jal e
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. ] ] . Ol alaail 3k aaaSe (Say
(4) Two Identical Point Charges  (tlilaia Gliiad i 2] e il ) Gilaid)

Figure : shows electric e I baghi | glaall JS&N i -

field lines and equipotential Equlpotentlcaﬁ“surface ) s gl aghd g Jlaall
surfaces resulting from two L Odasa ol ciiadd
1dentical positive point 5 Al il gl Jlanal) Jaghaa -

charges. These two charges
experience a repulsive 0955 2] djmiﬁ‘ﬁ’

electrostatic force. Because 05 5 I8l

both charges are positive c
Oe Gmaildl) cpllaall Alaaa

the equipotential surfaces 2,
represent positive Q) (lgada (|, Osiiall)

potentials. Again the %@\&' £ JAA.Q.“ 5 JLu.\ A 3¢l Ll
electric field and electric Two Identical Point Charges ¢ Y \?\F

: I
potential result from the ey e 53 ollilaie gliind |

sums of the fields and potentials respectively due “}X\M‘ o3 e Jgall o
Il el (5 a5 (oalac Ao
to the two charges. F=0 2 1 2054 .

(15) disusd

Suppose the charges in (Figure) wete located at

(%)= (=10 cm,0) and (x,y) = (+10 cm;0).

What would the electric potential-be along the
y-axis (x =0) ?

Al Laaa ok iy gluia ¢liiad ) glaal) JSil) A .0 t‘m:__ T
t2sall dic da ga 4l 9. (10 cm, 0 ) p2sall Sie = '@3 ’;:1:: :}-:
.(-10cm,0) PR 0'

"llll\
L(y) sl dsh 15 b e aga ) L Sa 0‘;0

(16) Jsead

Suppose the charges in (Figure) were located
at (x,5) = (-10 cm,0) and (x,y) = (+10 cm,0).
Would (x,y) = (0,0) correspond to a maximum
a minimum , or a saddle point in the electric
potential ?

Aie Labaa (s ga olililaia ¢liiad ) glaall JSiI) 3
(-10.cm , 0 ) adsall 2ic 458 5. (10 cm , 0 ) gdsal
bl Al A& (x,y) =(0,0) Addil glaiin Ja

¢ Al 2gall Aoy bl o (g jhual o

(0556148911 ) (sl — Gmn






