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31  Electric Potential Energy

Conservative forces: are forces that the
total work done in moving a particle between
two points 1s independent of the taken path. A
conservative force depends only on the
position of the object

laqol

Electrostatic force F, = k.. = and the
force of gravity F, = G mi? 2 are

Conservative forces both gravitational and
electrostatic forces depend only on the
mverse square of the distance between the
objects

Non-conservative forces are forces that the
total work done in moving a particle between
two points 1s depend of the taken path Like
friction force

The work of conservative forces leads to a
shortage of potential energy W, = — AU

When a charge q 1s placed in an electric field,
it acquires a (U) energy called electrical
potintial energy, which 1s like the energy of
an object whose mass m 1s placed at height h
of the Earth's surface
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Al o s Aol 28 e o dildl) e
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Electric potential energy: The work done by

an electric force, W., when the system

adse soayLavie ¢ JF, A0l 55 48 4y 58 (oAl Jadl)
AUy s ¢ Al AN 1) Aol 30 e Qs

configuration changes from an initial foig
state to a final state, 1s given in terms of the e
change in electric potential energy, AU
AU=U;—- U, = -W,
AU=Us—0=1UT
U= -W,
| Luay Bani Ata Page | 1 0505369567
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Charge in a Constant Electric Fieldy adils AU < Jlaa A s

Free movement charge q 1s placed 1n a regular electric field

the work done by the force on the charge W = F.d
WA B d bAai=ily o 5 Sl fo S G s Al
the relationship between field strength and electric force affecting the charge

F =qE
F=qE a8l e iy i dn jeShs 6l el sab g 28l
Work done by the electric field Jlaall o 331 2l Jadll
xS
W=F.dgzgE.d=qEdcost
d = d = -
E E o
. ) p=0° E
6 i 6 i " R
W:ﬁ.&:qﬁ.&:qucosQ W:ﬁ.&:qﬁ.c?:qucosE) W:ﬁ.&:qﬁ.J:qucosa
W = qEdcos(180) W = qEdcosf W = qEd
AU = —Wo= gEd AU = —W, = —gEdcost AU = -W."=—qEd
d«—O—F. p 49 o=%, ¢
~ e
> 1 > F > E
F.e—Q@—>d k Fe‘_é 9—’1‘} AXI};__IO X
The field affects the charge by Force is perpendicular to The Tield affects the charge by
electric force and makes a work displacement the work from the electric force and makes a work
that increases the electrical field is zero the electrical potential | that decreases the electrical
potential energy of the charge energy does not change potential energy of the charge
The charge moves by an external The charge moves by the field
force to overcome the field strength strength leading to an decrease in
leading to an increase in electrical electrical potential energy
potential energy

Luay Bani Ata Page | 2 0505369567
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1
Proton and electron were placed in a ot LS alatia b3S e 8 G589 09 GRS s
uniform electric field. sl JCEl
1- Determine the direction of movement of IO R W (P L 1 IR, BV
each if they move underthe influence of the o el
electric field S5 1 Cpamsall e S iy dila e 1Ly 1302
2-What happens to their electrical 0 aall 8 41 ym IS ,a
potential energy if they are left to ”
move freely?
--------------------------------------------------------------------------- )_
........................................................................... c € Qs —
el
........................................................................... 0 P C.L’:JJ‘
--------------------------------------------------------------------------- }
2
A proton is released from rest in300.0 N/C o jlaie alitie AL 568 e 3 &yl 5150
lelectric field pointing to positive x-direction. crsSadl (e i sl X osme sat a3 30670 N/C

Calculate the change in electric potential
energy 1f it moved 10.0 cm making an angle

60.0° with the electric field.

110.0 cm &l e 131 430 58Il gl 48l 3 il G|
diaall g2 60.0° b lia 435 50

Luay Bani Ata Page | 3 0505369567




ELECTRIC POTENTIAL Abgsh 32l 2024-2025: FIRST TRIMESTER—(12ADV) PHYSICS
3

An electron 1s released from rest at x= 22.0cm
m 300.0 N/C electric field pointing to
positive xX-direction.

Calculate the change in electric potential
energy when it reaches x= 5.0cm

o la aliiia AL S Jae 8 & jah 05 S
OsSadl e G gall X ) sme a3 4l 300.0 N/C
A yat 130 Al oSl a1 480 3 il Canea)
x=5.0cm I X=22.0cmu=

A regular electric field of 250 N/C and its
direction toward the negative y-axis
Calculate the change in electrical potential
energy of an electron's as it moves from point
A (x=0.0m, y = 0.02m) to pomnt
C(x=0.03m,y=0.06m)

1 aalail 5250 N/C i alaiie Al S e
el am gl a3 il Cusl (Ll y | paddl
ALzl (e 4S a3 oL (5 I
A(x=00m,y=0.02m)

C (x=0.03m, y = 0.06m)

Luay Bani Ata Page
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5
A uniform electric field (E =2 x 10°N/C) is E=2x10°N/C) e his aliiia b S Jlne
directed along along the x axis between legit Joast (Y s s gl G X Dsme ot 4l

parallel plates of charge separated by a distance (q =8 %106 C ) is 5o Lind (d = 2cm ). dibina

(d=2cm). _— ot B - s

A positive point charge (q =8 %1075 C) il (e g Sudl (e S jaim =4 x 1072 Kg 3
of mass (m =4 x 1072Kg) is released from B ik A
rest at a point A and accelerates to a point B. B adhaill vie 48l Ao sl

Find the speed of the particle at B

+ L
R I T I L R T R I v =10 47—

+——————ig

........................................................................................ ® ®|
+ 2 -
+ -
+ -

d I
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The adjacent figure shows a Proton moving
from (a) to (c) , If the work done for moving
the electron is (4.8 x 1017 J)

1- Calculate the changing in the proton
Potential energy for proton .

2- Calculate the displacement between two
points (a) and (c)

3- Calculate the change 1n Potential energy
for proton when 1t moving from (a) to (b) to
(c) then to (a)

B (@) Aba (e 51500 JEB) die ) slaall JSAN 3
(4.8 x 1077 J) o jlvia S Jlaall Jy (c)aduil
ool gl ol 8 sl La -]

(c) 5 (a) ¢ibasill s Aa) Y1 Caal 22

(a) Akl (e (g5 Y i3 1Y -3

05688 (@) ) Teals (o) Akl Y (b) adaiil )
¢ 20 oS!l anm y sl 3 il

............... T ——————
--------------- E ”’/I’ >
............... ! f’f
— >
I - %
............... bt E=2x10°N/C
>

The opposite shape creates a uniform electric
field of magnitude (250 N/C) Calculate the
change in electrical potential energy of an
electric charge ( -2pC) When its move from
the point A to point C

(250 N/C) »_lvie Laliiia Gl ¢S ) slaall JSaI
C adaiill L)) A il ¢ye LaTH wie (2pC
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3.2  Definition of Electric Potential

Voltage at point: The electrical potential Ao guite Al 410 o€l ALK A8k -Adadill die agal)
energy of a charge divided by the amount of Al 4l e
charge
V=—
q
% Voltage is a scalor quantity Al AeS agall o

¢ The voltage at infinity 1s considered WPEIPE T | T A

ZET0

¢ The voltage 1s directly proportional to Al S g 1 A8l a Laa yha iy 2l
the electrical potential energy

The voltage 1s measured in volt
The voltage may be positive, negative Gl gl o gl pal Bas 5 o
OT Zero

N N
0‘0 0’0

i 5l Ul 5 U 5e gl 0550 38 o

The Electric potential difference: between | (dled adadiy dylay Adasd) ik G 1 AL HeSl g2l (55
two points (a starting point and a final point) Jai 84y aball oy (3 Jadl) o AL 568 Jlae 3
in an electric field is the work that has to be PR PUESY v | (eI
done in transferring unit positive charge
from one point to the other

AU
AV =V, V= —
But W = —AU AV:—%
W=—qAV
AV = —Ed

| Luay Bani Ata Page | 7 0505369567
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Work done to transmit an electrical charge by
an electric field

0 eS Jlaa idanal 5 25 5 Aind Jail o 30 Jail

Wa—>b = =1/ AVa—nb = _Q(Vb - Va)

The relationship between kinetic energy and
potential energy

g sV &l 5 &S ) AUy 28Dl

AK = — AU = —qAV

Where

AU,

+qAV

1

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

The difference 1n electric potential between
the two plates 1s 450 V. The proton 1s
released from rest close to the positive plate
1- In whitch direction will the proton move ?
2- Calculate the kinetic energy of the proton
when 1t reaches the negative plate ?

3- Calculate the speed of the proton when 1t
reaches the negative plate

Coll ¢ Al GgSadl (i stign Bt glanadl JSl)
6 S On sl G (Al ) 2l (88 IS 18 (sl
ok L 221450 V)

3 G Ui (5.9l 4 o olad) aaa

Tl N Mg dliad g5 g pall AS o) ABLY) o) 2
el

bl g ol ) A guag At g5 all A8 s caal- 3

......................................................................... A a
......................................................................... + >
+§H >
......................................................................... L Iy
o s
......................................................................... . E "
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2

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 ata
potential of (- 60.0 V) ?

58 m dh Al Al S Jlae i (53 i) faka L
(-60.0 V) L dhii 3 (+180 V) Lagn 4kl 0

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

i On oS g B ased w9300 o M gl (58 L
T (200 keV) Wik &S dildy s iy

PAST EXAM

A proton 1is accelerated from rest close to the
positive plate to deliver to negative plate with

maximum kinetic energy ( 4.8 X 10717 J ) .

What 1s the absolute value of electric potential
difference between these tow parallel plates ?

i sadl sl (e Al & sSad) (a (889 2 o e pl
6 3l &S Ay L) ol ) Juaid

2301 (3,8 Aithaal) Aadl Lo, (4.8 X107 J)

¢ G ghadl G gl (i G (Al g

A 3V

300V B

30V ov

D
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4

An electron 1s 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?

< i) a8dla] o3 a3 (X) Lsaell o 058 gy
(20 V) el agall dad S 5 aile
O I AN A Hall Cony 2000 cul ) (o

The electron will move to the left
(negative x-direction) because it 1s A
negatively charged.

M?dM‘(X)JLu&HbMESJ;J‘UJJjSMLﬂJ;%\M
Al g 5

The electron will move to the right
(positive x-direction) because it is B
negatively charged.

1Y o sall(x ) Cpadll a3 AS jall 5 SN & jatu
Al A G 5

The electron will move to the left
(negative x-direction) because the electric | C
potential 1s negative

4.1‘)’ L_\JLLA.‘!'I(X )JLua.‘l'I QMESJ;_“ UJJSS.“ tilJ:;j;Lm
S| IVIRVEN

The electron will move to the right
(positive x-direction) because the electric | D
potential is negative

1Y o sall(x ) Cpadl 0aT A jall ¢ 5 8N & jatus
i agall

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

05 AV A a1 2B e slae 20 53 Y

PAST EXAM

A proton 1s accelerated from rest close to the
positive plate to deliver to negative plate in
(0.02 S) . If the electric potential difference
btween these two parallel plates 1s ( 100 V') .
What 1s the acceleration of the proton ?

ZoU! o IL O gl (o 093938 a0l oy
0)8 ¢p0) § Ll ol I uand G gl
gl o LS ug=mll 38 05131 (0.02 8)
T Ogigdl dxs Lo (100 V) Soluw

A 11.9x1010 nys? C

3.8 1010 mys?

B 17.0X10% m/s? D

1.4 X105 m/s?

Luay Bani Ata Page | 10 0505369567
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3.3 \f Equipotential Surfaces and Lines

Are points within the electric field where the
potential difference between them 1s zero.
The work done to transport electrical charges
between them shall be zero

or

Are points within the electric field where the
voltage 1s equal.

The Equipotential surface in the regular field
1s perpendicular on the electric field lines

The voltage 1s equal (constant) at all points
on an Equipotential Surfaces

The voltage difference between any two
points located at an equipotential Surfaces to
Zero

gl (38 058 s A Sl Jladl) Jaha Ll a
ina Legiy

1 jia Loging Ay 5 SI clin il Jaal o 5301 Jasll

gl

& shusia dall Cua 35Sl Jlaall Jals Bl

%gA}nQ?LM\@bJ&A\dMi(;A@i@JMC_LM
el Jadi hashas e

%gjmcjbuécklﬁﬂibu;(;(ﬁ\gb&)%gjm&aa@\
SYEN)
gl g st handf o lad okl o o sl 34

The surface of any conductor fo

AVgp =Vp—Va=0

equipotential surface

Constant Electric field

v

v

v

e

Equipotential surface

E E

Equipotential
surface

point charges point charges

Equipotential surface Equipotential surface

Two charges of the same
magnitude but opposite sign.

T —
Equipotential surface

L

Two Identical Point Charges

| Luay Bani Ata

Page | 11
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The figure shows the electric field lines and 8 st prhanl 5 AL yeSI Jlaall o ghas JKAN aia 5
equipotential surfaces of two-point charges. casaall o b les o il ciliadld agall
Which of the following is correct?

1

point charges J lines
A | same magnitude and electric field lines
opposite sin
B | same magnitude and equipotential surfaces
opposite sin
dentical and positive electric field lines
D | identical and negative equipotential surfaces

2

Which of the following is true about electric | rhaully Sl Jadl bghs o guaiy b las o
field lines and equipotential surfaces that Olshaie Glidads oliia s L Al agall 4y jlude
have two 1dentical point charges??

Electric Field lines are parallel with equipotential Surfaces

2 sl 6 s ekt g 233 5in (el Jimall Jnphas
Both are concentric circles centered on two charges

. WO IOIDOL 1 L Lass
Electric Field lines are perpendicular with equipotential Surfaces

C gl (g sl zhand xesalata LAl Sl Jaall Jaglas

D

ol a5 e 385 st il B 3857

Luay Bani Ata
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&)
The opposite shape represents equipotential dad e 5 agall (g gbud mhaw Jlay  slaall J<AN
surface and shows five paths of an electron Sy ghuall o3y ety 5 I il Hla
moves between these levels?
1- Determine the direction of the electric field (s esl Jlaall olai) aaa
2- Determine which paths the work on the electron E +—1, : L : — _f-i-- il
negative and which is positive, and which is zero E SC':—"f | i i
Siea Ll s o e Ll Gl 0530 e ol e (gl 2aa E I *—Idj] i
===
..................................................................... 5 W
4
Suppose the charges in Figure were located die a3 S JKEN b a gl o (i il
at (x,y) = (=10 cm,0) and (x,y) = (+10 (%) = (<10 cm,0) and (x,y) = (+10 cm,0)
Ginj{e (x=0) vy jsmedsh ol e sad o S 1

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

Luay Bani Ata Page | 13 0505369567 |
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3.4 Electric Potential of Various Charge Distributions

To determine the electric potential of the 2aay T ¢ 5eSl Jlaall 3l 568N gl sl
electric fi_eld, we begin by defining the work i s e Jadllg 355 F 4a) ) JMA e ds
on the object of its charge q by force of F

through the displacement of ds

dw =F .dS
[
dW = gE .dS
Calculates the integration when the object s (pa Jlaall b anndl & jadh Lovie: JalSHlH o
moves in the field from the starting point to \ ALl adasill ) agal
the final point

f — — f—> T
w=we=f qE,d.S':qf E.dS
i i

We f—» =
i

== f_’ o
V(i) =V(f)-V(w) =~ | E.d3

Point Charge gl Ain
To calculate the voltage of a point charge we A8all ardid (Adadt Aiad ga bl
use the relationship

Which E = k%

the direction of the field 1s along the radii of Sl il ad o ar %

the point charge and, therefore A1) et sk e Jlaad bl;jjuufi"
: =

E.dS = E.d7

| Luay Bani Ata Page | 14 0505369567
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And therefore

Sl

V(R)z—f E.dS= — f - dr——

o

Notes

» If the charge is positive, the voltage at
the point 1s positive

» If the charge is negative, the voltage at
the point is negative

» The voltage increases as we approach
the positive charge and decreases
decreases as we approach the negative
charge

» The lack (Absence) of field at a point
does not mean that the voltage 1s
lacking at the same point

» the voltage can be not lacking for two
positive charges

» To calculate the voltage at a point the
distance r 1s located within the range of
several point charges of the

Uia 5o Adaiill die 3gall )5S0 cdan go Al il 13
Lalles 2l nie agall () oS0 Al Aiaiil) i< 1Y

LS iy 5 A gl a3l (e Ll ) e gl ol
Al Hin ) e Ly il

agall of imy Y Lo Al aie Jlaall (L) a5a 5 a0
i) (s 8 adaly

Ot s Gt agall axaly of (Say ¥

Ciliadi 3ae Cje 1 4dlue da it ¢ Lo ddad aie agall il

relationship

! Vtot:V1+ V2+V3+ \

A3l a2 ddaay

PAST EXAM

The electric potential of a point charge

(3.0 KV)1s (1.2 m ) away from this charge .

dudad’ dicedts (46 &gl (3L ygSI1 Ut &l
D il odd (e (1.2 m ) das (e (3.0 KV)

What is the charge amount ? ¢ il yldde Lo
A [0.48 uC 4.8 uC
B |25 puC 0.05 pC

Luay Bani Ata Padge | 15 0505369567
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1
What is the electric potential 45.5 cm away Aahsi i (455 em 2 o Sl agall L
from a point charge of 12.5 pC 12.5 pC la i
Al 0247V B 145V C 422V pl102V E 230N
2

Three 1dentical positive point charges are
located at fixed points in space. Then charge
g2 1s moved from its iitial location to a final
location as shown 1in the figure. Four different
paths, marked (a) through (d), are shown.
Path (a) follows the shortest line; path (b)
takes q2 around qs; path (c) takes q2 around
gs and q1; path (d) takes q2 out to infinity and
then to the final location. Which path
requires the least work

3 AU Ll 8 A ga AliLale dyadl Aiaf O Camaa
g5l 1) ) Lgad o (e qp Aimil) O pa Linil
ol Jlasa dag )i rangay (JSAN 8 e se g LS LG
(@) G (a) e BB pree Adlisg

¢ i il adiya) el

ds~ q2 3L (0) Jbdi ¢ g3 I~ q2 3L (b) el
‘q1 93

el aisall WSS Y L ) qp 1L (d) bl
Ja Jof bty jlsa (g

oo
/ \w
(a) Initial

o] q,
4 Final

" path (a) B path (b)
C path (c) D path (d)
E The work i1s the same for all the paths

Luay Bani Ata
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3

In the figure, the lines represent equipotential | (e Osatic aua Jai a3 agall (g gl b phas Jiad JA
lines. A charged object is moved from point sl loie &5 jlie AT CaS (Q Akaiill L) P Adail

P to point Q. How does the amount of work T : ey
done on the object compare for these three S i e

cases?
5V 5V
P —_— 10V
—— Py —P 13V
I5\F 20\‘"
20V P —5v e 25V
—e— 10V 0
——25V 5 RY
— 25,
30V oV 30V
m @ )
All three cases involve the same work
A .
Jadll i Lg) O WY aren
The most work 1s done 1n case 1
B ] A 8 Jaill abaaa Slai) S
The most work 1s done 1n case 2
L 2 AW s JEEPAY R
The most work 1s done 1n case 3.
D 3 Allal i Jadl) adaae il oy
Cases 1 and 3 mvolve the same amount of work, which 1s more than 1s involved m case 2.
E
Mol i gn Lae S0 gy il pa ol (i L)

Luay Bani Ata Page | 17 0505369567
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4

The following diagrams show two protons @ p Akl (o uluadla (g g n Al cllaladiall jgdd
separated from the p-point in the three cases. GV aea A p Akl sde agall ¢ B ESA eyl
Compare the voltage at the point p 1n all N

three cases

------------------------------------- % D AIP
..................................... | 1 !
I*—D—é- d I . : :
- | et
..................................... PI“‘—d—": } P:IF ?P ?‘
lllllllllllllllllllllllllllllllllllll (l) (2) (3)
5

In the opposite shapes, all charges are at the | 48lwall (uii o cliadd) auad oS b glaall JlSaN) &
same distance from the origin, in which Al die bl 5) L ga 2l (5% Wea (s Bl (0
shapes the voltage is positive and which Sl

voltage is Negative at the point of origin

Luay Bani Ata Page | 18 0505369567 |




r
ELECTRIC POTENTIAL Abgsh 3l 2024-2025: FIRST TRIMESTER—(12ADV) PHYSICS

6
Through the following forms. Which couple Rga U8y of oSy opinc of 200 zaladll DA (e
of charges it can be zero voltage at points or x ggadl o L of Jalas vie 1 44
points on the x axis?
............................................... _Eq -—-[:‘q 9 +l:’q _;q X
............................................... (1) (2)
............................................... 5 " i g . :
+12¢ +q -bg 2q
............................................... l"].) [_”
7

Three fixed point charges: ( g1=+1.50 pC ),
( g2=+2.50 pC ) ,and (g3=-3.50 uC).
Charge ¢1 1s located at (0,a), ¢ 1s located at
(0,0), and g3 1s located at (5,0), where a =
8.00 m and b = 6.00 m. Find the voltage at
point p that prouduced of the three
charges

qg2= ) 3 (ql =+1.50 MC) 33-113 217;393.1 Ciliad GG
Niegg sl #8 (g3 =-3.50 pnC) 5 (+2.50 pC
Cus ¢ (b,0) 2ie g3 gy ¢ (0<0) 2ie g a2 < 0,a 0)
p kil aic agallaa sl h=6.00 m 5@ =8.00 m
DA Calin ) asiss il

|

]

1

1

]

]

]

]

]

1

]

i
e e Sy |

o
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8
A positive charge of 4.50 pC is fixed in AN avs Sl LilSa A 2004.50 pnC s 5o A
place. A particle of mass 6.00 g and charge 66.0 m/s Al e 3.00 pC 4iaii; 6.00 g

+3.00 pC 1s fired with an initial speed of 66.0

' i Le Zlise (e ATV Aia 8l olatly 5 ile
m/s directly toward the fixed charge from a (e 2 420 cmyddicie e i >0 8l

distance of 4.20 cm away. How close does 5 ) J8 AL Al e A8 patall il
the moving charge get to the fixed charge SN Al e i) s fai

before 1t comes to rest and starts moving

away from the fixed charge?

.............................................................. D=0 D=1,
.............................................................. i‘<""""i‘“"""li""""J:
R
--------------------------------------------------------------- l I l
1 I |
............................................................... X=0 X=d; X = d;
9
A charge of g1 = 0.829 nC is placed at r1 =0 e 11 =0 i e g g g = 0.829 nC s

on the x-axis. Another charge of ¢, = 0.275 sie Ae e g2 = 0.275 nC 63 Aind x yadd

. Jgl adaii of 2 | =11.
which point along the x-axis between the two shse dhilg) So X Jpael o 2= 119 em
charges does the electric potential resulting oo @l AL el agall (58 ¢ ot il G x sl
from both of them have a minimum? fiad 0 Legia JS

nC is placed at r = 11.9 cm on the x-axis. At

*
I
I
I
:
I

¥

-‘Ir--
|
1
1
|
I
1
I
|
1
I
I
I
|
:
1

y

R S
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10
A point charge (+3uC) positioned at (0, 0) & e Sle (0, 0) e de gim go ((F3pC Ak 2k
position at plane (X, Y). What work is e e (2RO Gl Jall L ( X, Y).
needed to move (+2pC) from (x =5.0 cm, y ‘ :
= 0.0 cm) position to (x = 0.0 cm, y = 2.0 &2 X = 5.0 cm, y = 0.0 cm))
cm) position x=0.0cm,y=2.0 cm)
A 2¥ 1 B 1.1J C 8171 D 1.6J
PAST EXAM
1 fan
According to the figure , if the agall ke s 13 ¢ Jodll 8d g
magnitude of the electric 0 CE A (O ) Akl B L sl
poten?]al p.roduced by an . @— -—- -9_4_q —————— e s s () Aot Al s A
electric point charge (q) at point s zt2al 7= £ 0.0X102V
(0 )is equal to (+ 9.0X10 2 V) PSR )
A- Calculate the magnitude of charge (q). . () ol g ‘fwm -A
B- Find the magnitude of the electric field at . (0) Akl T oS Jaell jlita 22 B
point (O) . c(O) A8 B 5 Aldhtidiag cad g Ua 5 -C
C- If another point charge is placed at point (O ) ¢ (0) Ak B AL sl Jlaadl jlaia pat Ja
does the magnitude of the electric field at L Ala) el
point ( O ) change ? Explain your answer . .
N O G S S g e Sl G
B | e e e
ol R B A MAkii P i
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35 | Finding the Electric Field from the Electric Potential

we can determine the electric field starting Sl agall e 1oy Al el Jlaall apaa iy
with the electric potential
dW = qE .dS
S qala— q}? .dS
- ov
~ 0s
And then can be found in the field by finding
the partial derivative of the voltage along the 40 el Asiial dlagls el 3 laala) Sar & (ag
direction of the component A el ol J sk e agall
7 av 4 4
* ox Y 9y N7
The formula for calculating the equivalent
vector is tot Al aniall Clus daya
D S oV oV oV
B dx 0y 0z

Where the factor V 1s called gradient
30V dalall e Cua

Suppose that voltage 1s given 1n relation AaMally daey agall o (2a il

V(x) =5x—3x*y + 2yz*

Find the electric field associated with the

voltage at the point x = 3.0m x = Akl vie seally i jall o 5eSh Jlaall 2a )

3.0m
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2
Suppose that voltage 1s given 1in relation AaNally daay agall of ia yial

V(x)=5x—3x%y + 2yz*

Find the ellectnc field in eachlcc_)mp(.)ner.lt e 21y & LLDlDRBHI0./
X.y.z at poit far away from origin (11. 0j. - il
2k) RS sl a5l (11, 05, -2k)dea¥) e By
Find the electric field associated with the .

. = 3l sie sgally daxi yal
voltage at the point x = 3.0m R o blalulie

An electric potential 1s described n volts by daud o gally AL el agall Can 5 T

V(x,y,z)=—(5x2+y+ zZ)

Which of the following expressions SO e Dvt< (I Pon e TR B o e el
describes the associated electric field, m Aol i esh s el L
units of volts per meter e JST g8 Calas g

A E=5Xx4+2y+ 27 B E=10%

C E = 5xx + 2y D E=10xXx+y + 2

PAST EXAM

Suppose the electric potential is given by the R NPV P FVIS(RVEN Ol g e
equation : Vixy,z) =5 X% -8 y? - S
What is the magnitude of the electric field at the Viter2y= 9ike =0 ¥
point (3,5,2)? (3,5,2) Akadll) ais b st Jaadl jlaka b
A 50 V/m B 7300 V/m C 85 V/im D 10 V/im

Luay Bani Ata Page | 23 0505369567 |




ELECTRIC POTENTIAL Abgsh 32l 2024-2025: FIRST TRIMESTER—(12ADV) PHYSICS

An electric potential 1s described 1n volts by

Aaud 5ol gally A0 5eSh agall Caua s o

V(x,y,z)=3xx+8y—6z

What is the magnitude of an electric field
atthepont(+20m,-2.0m,-1.0m

il iy 5eSl Jlaall jlaia La

+20m,-2.0m,—1.0m)

15.6 V/m

14. 0 V/im

D 31.0 V/m

C 27. 6 V/m

In the figure, the lines represent
equipotential lines. A positive charge is
placed at point P, and then another positive
charge 1s placed at point Q0. Which set of
vectors best represents the relative
magnitudes and directions of the electric

e Ao ge ddad Ciraz g agally sl b ghas (Jiay JSGN
&l .Q dkiill die (5 Al A g0 Ainli Cwnia 5 A ¢« P adaiill
il pdaall Juzsl JS3 Jiad Cilgaiall (radc sene

cilinall Jle 3 figall L3 oS ol 52 clalad

field forces exerted on the positive charges
at P and Q7

—— ()Y

5V $Q 5 P aic daa sl

15V
20V

30V
A | B h
C It D T]
PO PQ
PAST EXAM

If the electric potential energy of a system of
Two negative point1s ( 9.0J ) .

What 1s the electric potential energy of the
system when the distance between the two
charges 1s tripled ?

oo (e el duSl S diatsd! ddlall 313

Al dBal) jlaala, (9.0 ) il (pindads
Ll G Leg ABlucal) oLt Ladie aUAIN

Al 907 3.0 J
glooJ 1.0 J
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3.6 Electric Potential Energy of a System of Point Charges

The electric potential energy of a system of e ksl clin Sl JUsH 3L 56 a1 AU (ol
point charges 1s defined as the work OsSEY Cuny e clia il Jail G glaal) Jadd) L
rec_[uire_:d to _bring the charges together from Cre qp Al kil Aind juaad g3 Y IS sac il
being lnﬁr_utely far apart. we brmg the g1 Oa 1 Ailadd) ) Al
second point charge q. from infinity to a
distance r from q:

Two point charges
separated by a distance

The electrical potential energy for e Tlarge 1. . v . . . - - et
(q2) when transferred from mfinity to a pomnt e g Ll e (g2) hogrlidnis il

on(r)is: (o (1) e Ak )
U=qZV

Which V=k%

To determine U for more than two-point

charges, we assemble them from infinity ‘
2 ; i = 1 - e e .»] e e N E A;‘j_‘]

one charge at a time in any order R LA G AV U

i 6105 3a S L3 ls Y saaly Ain
qiq;
I
ij rij

PAST EXAM

The electric potential energy of a system of two S SeS Cntiallas i QLAY Al sty AlalsY) ABULY)

negative point charges is equal to (1.2 X 107 J) Bl Faata B Sl @, 3
If the distance between them becomes four times d - - ' Pe(1.2X107J)

what it was , what is the potential energy of the ¢ Alaill Aialsl) ABUal) Lad ¢ Al ilS La
system ?

Al 15x1037 B |3.0x107°)J C | 48x1072J D |1.2X102)J
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Two point charges have the values ( q1 =
+8.0 nC) and ( q2 = +4.0 nC), The
charges are placed with (r=0.3 m ) .
Calculate the electric potential energy of
this system of two-point charges

(q1=+8.0 nC) pill L (piihaii (pfia i
e lin sl pn oy ¢ (qp = +4.0 pC)

AUl 13g1 L <l a1l Z3la s} (r = 0.3 m).
Cihasil) s El) &

Three charges are placed on the head’s
triangle as in the shape Calculate the
electrical potential energy for (q2)

(q2) 2 S S pa gll ddlh )

PAST EXAM

If the electric potential energy of a system of
Two negative pointis ( 9.0J) .

What 1s the electric potential energy of the
system when the distance between the two
charges 1s tripled ?

iionds p0 plaid d60,4gSU1 diSd! d3Uall OB 13
AalgY A8l e La . (9.0 J) oriadlu cuiakad
Ll e GBI Lagia Adlucal) Cie Lt Ledis ol

Al903J cl|301
gloo1J pl10J
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3
Two (+ 4. 0 uC) point charges arranged at e Wy die 48y ((+ 4. 0 pC) Qlithss s
the corners of a square with side length (12 :

[P ] : L& dalia
cm) as shown in the figure. What is the it LBl b o LS (12:0m) sk
potential energy of a system of two Olind (e allail duily 41 auda glf 48Us
charges?

- 4.0;1(:?__________,:
i 512 cm
L--iia-n----'é + 4.0pC
A 127 B 500 ]
C 10 ) D 0.85 J
4

In Figure four-point charges have the values
q1=+1.0 nC, g2 =+2.0 pC, g3 =-3.0 nC,
and q4=+4.0 nC. The charges are placed
with @ = 6.0 m and b = 4.0 m.

What is the electric potential energy of this
system of four-point charges?

(g1 = +1.0 pC) Aokl clinch g Sl 8
ga=14.0 )(g3=-3.0 nC ) (q2=+2.0 pC

6.0 m ALk Jilinan (53 e il Cinin s (BC
el 400 s sl Adla 2 e 4.0 M. 4 e 5

O Jalad i e o sSall aUaill
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