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The electric field
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The electric field
(E) nns) Jlaall 3o

The electric field is the area surrounding the electrical

charge and shows electrical effects on it

The electric field E at any point is the electrostatic force F
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that would be exerted on a positive test charge g, placed
there: E = S

N/C
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Field Due to a Point Charge
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Ex1: The electric field at 0.1 m away from a charge is 3 N/C the magnitude of the

charge Is:
(a) 2x10 e (b) 3.33x10 ®pc
(c) 3.3x10 e (d) 5.1x10

Solutio

r =01Im E :9X109%

E = 3N/C '

= 29 3 =9x10° Q2
a (0.)

3x001_ 333 x 107 c= 333 x 10°
9x 10

. Q =

) The magnitude of an electric field in which the electric force on electron equals in magnitude to its weight is:

(2) 100 N/C (b) 5.6x10-11 N/C (c) 3.92kN/C (d) 1.02x107 N/C (e) zero
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O:Tan‘lE—y Sl e dladill @l sie Jeasdll E olad) saas *

X
¢ Ex )il o deanall Jlaall 48 2y 3 a0 46 e 22y 482 39l 50 daf 2and (S

Ey
hash opciiad daliin) Jdo ddadll) culs )Y —:daly dddsats

AatisL) culialil) dguliial) clial
1 EiE; 2 E E; 1 E, B2 2 E, Ex

1 E, E; 2 EE

E=E,+E, | EZE,-E, _@_<+._@_<_<+

cliadl SV ol i sl n | clsdl » s

‘)-_\Siy\a\;:\\‘;i}E:El—Ez E:E1+E2

1001004u.com Qs o gl ;i Iia snmm.mjmﬁgw} s



Ex3: In the fig. if the charge q=1uc.

the electric field at the center of the square is.
(a) 54.2 KN/C (b) 8.2 KN/C
(c) 76.4 KN/C (d) 2.12 KN/C

g =-¢q =-1x 106 C & 0, =135
Q =-2q = -2x10°C & 60, =45
g3 =29 =2x10°C & 0; = 135
g = q =1x10°C & 0, = 45

(0.707)?
E, =E;Cos0, + E,Cos6, + E;Cos0; + E,Co0s0,

E, = E,Sin@, + E,Sin6, +E,Sin6, + E,Sine,

00966502047005 B2 twis— Zewail —

_2q

1m

2q

___________ -——=X

2 ont ah (baal) k) aoall S e sie VLl alal waad 8 Al p s Uatd sAB gl
Lad el S ie el clalasy Uy )

r _ b2 V2 0.707 m
2 2
9 )
E, = = 210X110 7 80054 NiIC
(0.707)
9 -6
£, =g, = 20 x2x107 _ 355108 NIC

76390.6 N/C
E = JE; + ES = J0% + (76390.6)> = 76390.6 N/C = 76.4 KN/C

1001004u.com Qs o gl ;i Iia mmmwmﬁaw} s L




00966502047005 B2 twis— Zewail —

Ex4: In the fig. three charges at three corners of a square of side length 1.4 m.

the magnitude of the electric field at the fourth corner is_6

9 1e
a) 19212 N/C b) 18300 N/C
c) 18302 N/C d) 22140 N/C
Solutio lam — -buc

_ 5 = 90° Y
g =-6x10°C & 6, =90 W @

g = 9% 10°C & 0, =225° E. 4
g3 = 6x 10°C & 63 =0 > _
9x10° x 6 x 10°° ‘E/ SR
E, = Eg= —— "2~ = 27551 NIC
(1.4)
E, = 9x10°x9x10™° _ 506612 N/C
(1.98)

E = E;+E, = 183018N/C
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EX5: In Ex.4 the angle that the electric field at the fourth corner makes
with the positive Xx-axis is.
a) 90° b) 145° c) 45° d) 180°

E, = 1294133 ,  E,= 12941.33
(+.4) —> B ladies

E
6 =tan" (—VJ = 45°
E

| ol 8 Alanddl (Y Lewii g

1001004u.com Qs o gl ;i Iia mmmwmﬁaw} ; U



00966502047005 B2 twis— Zewail —

Ex6: Three equal charges 1uc are located at the vertices of an equilateral

triangle of side length 100 Cm. the magnitude of electric field at any vertex is.

a) 1.6x10°'N/C b) 2.5x10°N/C
c) 8.2x10°N/C d) 1.1x10°'N/C
Solutio o

Lsluiie B 5S84y gluiie el g 4y gluie clinitll (1) ¢ JaaY

bl ehy S die E g

LAaa 3l :"olh&@_'\w“' "L@.\S&A.\JJQE&ALA;MC(Q.) / 1m
1

E
{0, =240, 0, = 180}

Q2

A E U0 (0) aaas s Jladdl Waaie oo sladll Al sie Jlaall ol apant) Zisll 5 L) axais 3
9x10% x1x107°

E,= E, = =9x 10° N/C
(1)°
E, =E,Cos6, + E,Cos0, = — 13500 N/C
E, =E,Sin0, +E,Sin0, = —7794.2 N/C

E = JE;+E, = 15588.4 N/C = 16x10°N/C

7794.2 )
=tan! =| —%0.01° d g 3 (e 1Y) cAda
(13500) B Al 3l alla 1Y) cads gada

(l” c-u) Ol (—c—) Ey ¢ Ey :Cjci\:\;

0 = 180 + 0.01 = 180.01° from +v-x ieldl L&e
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Ex7: Two particles with equal charges of magnitude 2x10~"c but opposite
signs are held 15 cm apart. The magnitude and direction of E at the point

midway between the charges is.

) 4.6x10°N/C : 6.4x10°N/C 0 2.3x10°N/C ) 6.4x10°N/C
to (-) to (-) to ® to (-)
Solutio
15cm
4 N
0z o]
Slo dhaii die Jlaall ¢S Jadd cynind Alla b 1ol BaY C\ AEzEl ©}
Y Y
u_\'_'\_q;_.ﬁl_\ Jl_d\ &@LA\ 7.5¢cm 7.5¢cm
u.ﬁ.@_\w\ (')-\-!-\MJ.,“ il GJ\A } E2 ¢ El E}AM (‘)
delindl cliadll oy
E> « BE1 0 @A (@)
dabisal) cliadl) 7l
ds-‘-ﬂ‘ e efI_ 1 92 =0
9 —7
E, = E, = 9x10” x 2x10 ~32x 10° N/C

(0.075)?
E=E +E;=6.4x10° N/C (6=0 5
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Ex8: An atom of plutonium 234 has a nuclear radius of 6.64 Fm and the atomic
number Z=94 assuming that the positive charge is distributed uniformly
within the nucleus. The magnitude of the electric field at the surface of the
nucleus due to the positive charge is.

a) 3x10°*N/C b) 2.5x10%'N/C
c) 3x1072IN/C d) 2.5x107%!N/C
Solutio o

Cligig ol aae X gl diad = AN Lnd) lade
q =16x 10" x 94 =15x 10 C

r =664 Fm=2664 x 10 m

9 17
E = 9x107x1.5x10" - 31 » 10% N/C
(6.64 x 1071%)?

1001004u.com  Zgall do yadlly ;hall 1 SaLha liSay g gy Slaaila | 10
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9 Two particles Q1= 0.70 nC and Q»= 12 nC are separated by a distance of 2 m. The net electric field due to
these charges equals to zero at:

(a) 1.61 m from Q. (b) 2.63 from Q. (c) 0.39 from Q- (d) 1.61 from Q, (e) zero

1001004u.com sl o guaally ) al 130 Sanldia iy g agy aw,.} n



a) Xx=20cm

Q|

x—-0.2
1073

1001004u.com

electric field is zero is at.
b) x=12cm

Ladll Aaliy Lega A a8 Alail) 13 dabise bl -0 B
OsS dlls gol =1 S

_ Q]

X

X—=r
J1x10°% /4 x107®

X

2 %1073

g,muscﬁgﬁg,ummmm.@djmﬁgw} 2

o
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Ex10: Two charges g, and g,lie on the x-axis. The charges q; is at x=0 and

q,at x=20 cm. if g; =4pcand g, =-1uc, the point p at which the total

c) Xx=40cm

d) x=-12 cm

=4
r=02m
X =2x-04
X —-2x= -04
-x=-04
X =04m
X = 40 cm
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Ex11: A 32uccharge is positioned on the x-axis at x= 4cm. where should a 18uc

charge be placed on the x-axis so that the net electric field at the origin is
Zero.

a)2cm b) -3 cm c)4cm

d) -4 cm

01
Lot o ) dday 68 0 dgldne chlia il - 18 uC EJ— 0 32 uC

) ik Gl e gAY dmil am

\/18 x107® _ A\ 32 %1078
X2

0.04
3x107°42 _ 4x107%42

X, 0.04
4x, = 0.12
Xy = 0.12 = 0.03 m

4

X, = 3 cm
X, = -3 Jaa) Aot Hlun e bl

1001004u.com sl o guaally ) al 130 Sanldia iy g agy aw} 13
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The electric field due to an electric dipole:

The electric dipole —: a S) bl il

Nax b a0 Adlie Leging s LAY1 8 opidliday Jaddl & i gladie itiad e 3 jlbe oo

Py dipole S

1- Dipole moment Al et @)

- ‘;“_\3(:)9 olail
f q. d\ c.m - P o
| \ P

podl daaal ol o 2l

)
Ex12: The electric dipole moment of an electron and proton 4.3 nm apart is:

a) 6.88x10"28¢c.m b) 13.4x10%°cm
c) 18.5x10"c.m d) 2.5x10%%c.m

g =16x10" ¢ P =q-d
= 1.6x10"° x 43x10°
d =43x10° m = 6.88 x 107 ¢cm
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2-Field Due to an Electric Dipole

Ex13: In the fig shown the electric field at. Point P is:

a) 0.IN/C b) 8.IN/C .
0.15mm
c) 45N/C d) 8.5N/C | 9 F
1d=0.1mm
Solutio @
P
d =01 mm E =2k —
r
= 0.0001 m -~ ok qg
r
r = 0.00015 g s 100 L6X107°x0.0001
q =16 x 10 C (0.00015)°
= 0.085 N/c = 0.1 N/c

*khkkhkkkkkhkkhkkhkkhkhkkkkhkhkkikkhkkhkkhkkikihkkhkkhkkkkhkhkikkikkkkhkhkikikhkkkkkihkikikkikkkkkikikiikkkx
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Field Due to a Continuous Charge Distribution

Charge density
Charge density diadl délig Charge diadd
1) Liner charge density 4asll 2aG<)):
Q Q=AL
A== c/m _ s bl J
L omo RSN gk
2) Surface charge density disall dslaud) 486<Y);
Q=cA
c=2 c/m?
A
3) Volume charge density disill 4aaall 436<1);
Q=pV
Q 3
== ¢/m
P=Vv
Area 4alual) Volume
1) Sphere A =4nR? .
2) Disc A =1R? 1) Sphere vz§nR3

3)Square A=L?
4) Cylinder A =2nRh
Length for ring = 2nR

The electric field due to a line of charge: —:¢gada bail - ¢Sl Jaall 5ad Gl

2)Cube V=L°
3) Cylinder V = nR°h

E=2K—

~

r
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Ex14: A conducting long wire carries a liner charge density

A =8x10"t2c/m. The wire is surrounded by an insulator of 4 mm
radius. The electric field just outside the insulator is:

a) 22N/C b) 36 N/C c) 29N/C d) 63N/C
Solutio
!4mm
k>
12 / N @
A= 107
8 x 10 c/m E = 2Ku :
r =4 mm ' i
~12 !
= 0.004 m = 2x9 x 10° 210 |
0.004 !
Just outside Ly & mhaull e - 36 N/C :

1001004u.com sl o guaally ) al 130 Sanldia iy g agy aw} 17
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Ex15: A uniformly charged straight filament 7 m in length has a total positive
charge of 2uc. An uncharged card board cylinder 2cm in length and 10 cm
radius surrounds the filament a its center with filament as the axis of the
cylinder. The magnitude of the electric field at the surface of the cylinder
IS:

a) 22x10*N/C  h) 514x10*N/C  ¢)5.14N/C  d) 5.14x107*N/C

O Solutio o
L =7m v = q
qg =2x10° C - 0oL
-6
r =10cm = 0.1 m = 2X170 @
i
|
A= % = 285 x 107 o/m .
A
E = 2|<u
r
5% 9 x 10° 2.85%x107'
0.1
= 514 x 10* N/C

1001004u.com  Ggall o yadlly ;hall 1 SaLha liSay g g luaila | 15
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Ex16: Conceder an infinitely long wire of charge density 2 mc/m lying along the
x-axis as shown in the fig.

The ratio of electric field strength t A(0.2m)
at point A to that at point B is: $ B0 1m)
A
a) 1:2 b)2:1 ¢) 3:4 g 4:3
G Solutio .
A =2 ¢ A0, 2m)
e =1 ¢ B (0 1m)
SO | T PSP D--—
A= 2x107° ¢/m
ok M
Ee ok A 2
I's
k—%2
(z* + R?)?
E = k% z >>> R
z
0 7=0  JS,dl xe

1001004u.com  Ggall o yadlly ;hall 1 SaLha liSay g sy laaila | 19
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The electric field due to a charged disk:gsada ga @ co bl e Jlaal) Bad

_e_Q
A TmR?
o 1 Z £

6 shu g o sl Ay oSl Aaland

8.85x107°C % /N .m?:¢) s¢ll

Ex17: A disk of radius R=2.5 cm The magnitude of density of

5.3uc/ mZon its upper face. The magnitude of the electric field produced
by the disk at a point on its axis at a distance 12 cm from the disk is:

b) 4.2x10°N/C

d) 6.3x10°N/C

a) 2.5x1072N/C
c) 8.2x10°N/C

Solutio
_ 2 _ Z
R =25x10° m E=-—[1-7==l
c =53 x 10° ¢/m? - 63 x 103 N/C
z =12 x 102 m

1001004u.com sl o guaally ) al 130 Sanldia iy g agy aw} 20
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Force on a Point Charge in an Electric Field

E 4isd S Jlae b 0 Auhils A e 5 Jfisall F 5 680

Old Ay eS A Alaiil) ol vie Caeiagg B a3k die oS0 Jlaall sad calS 1)
Pt Bl 3 5dl
F=Elg —

E | g

v“\a/’\«/’\-w/‘\af‘g
3
Foladl Gy 3

S
ESAUAALNALAANNAAT

q— culS 1Y Jlaadl olady &Slaa © g+ <l 13 Jaall oladl g

=
3
&
5

y

L A 4

E

LA A A
L AR 4

Jladll (e ol i (-) Al of ol 7 Jlaal o s (+) Gl of

~ —~—~ e e o o P P P P Pt P Pt P

A s Jlad) Jala gy 4l m a0 sndiall avall AL calS 1Y (o

| UPTEEPEL —
F

= ma \
. / T m/s? g sl
(N) 858l Jlase kg ALSY e

1001004u.com  Ggall do yadlly ;hall 10 SaLha liSay g gy luaila | o1



00966502047005 B2 twis— Zewail —

Ex18: An electron (mass =9.1x107*kgm charge=1.6x10"2%¢) in an electric

field have an acceleration of magnitude5x10®m/s?. The magnitude of
the electric field is.

a) 2.8x10*N/C b) 18x10°N/C c) 3.2x10?>N/C d) 2.8x10°N/C

qg =16x10" C c - F _ ma F =ma
m = 9.1x10™* kg 9] [of
a = 5x 1015 m/32 — 9x107 x5 x 10"
1.6 x10™
E = 72

E= 284375 N/C Or E=28.438 kN/C Or E= 2.84 x10* N/C

1001004u.com sl o guaally ) al 130 Sanldia iy g agy aw,.} »



Ex19: A negatively charged 0.2g metallic ball hangs from an insulating
string in a. 3000 N/C electric field which is directed vertically upward.
If the tension in the string is 0.004 N then the magnitude of the charge on
the ball is.

a) 0.7uc b) 2.1x10*pc c) 3.1uc d) 1.4uc

Jlaall Jals (Slu g b & i 2indll

SF =0 EA T
Ll
T-F-mg =20
_ osSe 3 gl F F
T-mg =F N Jad v
F=E —) A
q (=) A= W=mg
T-mg = Eq
_ T -mg
a E
_ 0.004 — 0.0002 x 9.8 - 68 x 107 C = 068 uC
3000

00966502047005 B2 bwis— Zewail —m ——
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Ex20: An electron enters a region of a uniform electric field directed along the
positive x-axis and of magnitude 5 KN/C. the initial velocity of the

electron is 10*km/s in the + ve x-axis direction. The speed of the electron
1.5 ns after entering this region is:

a) 8.7x10*Km/s b) 8.7x10°Km/s  ¢) 7.1x10°Km/s d) 13.1Km/s

~————— Solutio °
E = 5000 N/C m = 9.1 x 10~ kg
Vo = 10" mis g = 16x 10 C

t =15x 107° s

Q983 (gAY e 3 Sigal) 5Bl b Al g (+ X) s Jlaall oladl g (g Sl Al Adal) o) JaaY
(+X) 355 Vo dihaiiy) 48y Jlaall Jia adf i g Jlaall (s

As ) (uSe B gal oY gl & Aty

19
E = F = ma — a= ﬂ = 5000 x 1.6 X31-0 = 8.8 x 1014m/52
9 9 m 91x10"

=V, + at (3hls) cllu g bl o LaY

= 10" — 88x10x15x107"°
=8.7 x 10° m/s
= 87x10° km/s

1001004u.com sl o goaally ; jhal) 130 BaALdia diSay -y ) ha gy sl | 24
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Dipole in an Electric Field

1-Torque (t) zI9 N ale

s ddaal e 5o Gt o Al Al E e Jlae Jala calaill S aua g 13

0 S e Jea kil S

(—>F
P 70\
Fe—0)

m

vV VvV Vv Yvyy

7 =P xE =PESind=qdESing 0= omdsd N

7. =PE :[9:90,Sin90:1] P ol g E olal

2-Potential energy of a dipole

At 008y o eSl Jlaal e i 5si il adlh eS Jlae Jaly kil S pay xie
—1 b LS 5 gl el o 35 dai aua g Al

U=-P-E 0— Cmdasl N

P,E

3- work done by external agent on it in electric field:

—tagle Jatal Jintll ()5S dnang Al i (a Al Jalall) 568 Jlael Juis (05 ) B1 00) g0 4l s 13

:;.\a ald
— _PECos0, — (-PEC0s6,) 0=0-180

from end to end
W =—-PE(Cos6, — Cos6b,)

W=2PE ]
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Ex21: The electric dipole of an electron and proton 4.3 nm apart If we put it

in perpendicular on electric field 101°N/C. The torque is:

a) 13x10°*N/m b) 21x1073 N.m
c) 2.5x10™ N.m d) 6.88x10°% N.m

E = 10° N/C t =PEsin®
P =6.88x102% ¢m 6.88 x 10728 x 10°
0 = 90° 6.88 x 1072 N-m

1001004u.com sl o guaally ) al 130 Sanldia iy g agy aw,.} 2
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Ex22: An electric dipole of dipole moment P =6.2x10"*%c.m is placed in an
electric field of 1.4x10*N/C. Such that the dipole is fully aligned
with the electric field. An external agent rotates the dipole so that the
dipole vector Pis perpendicular to the electric. The amount of work
done by the agent is:

a) 8.68x10%2J b) 8.68x102%J
c) 18.4x10%J d) 22.3J
~————— Solutio e

P =62x10 ¢m W = —PE (cos 8, — cos 6,)
E =14 x 10* N/C cos 0, = 1
6, =0 cos6,=0
0, = 90° ~W = PE=62x10 x 1.4 x 10*
W = ?? = 8.68 x 10 ]

23 .InFig. 2, the electric dipole will move:

(a) clockwise (b) anticlockwise (c) straight backward  (d) straight forward (e) none

+ + + + + +F + + +
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20
An electric dipole, consisting of +10 uC and -10 uC charges, is placed in a uniform electric field of 300
N/C. If the maximum torque on the dipole is 3.6x10° N.m, the length of the dipole is:

(@ 1.2cm (b) 3cm (c) 3mm (d) 1.2 mm
(e)1m
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