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Electric Flux

« The total number of lines penetrating the surface is proportional to the product E.A. This
product of the magnitude of the electric field E and surface area A perpendicular to the field
Is called the electric flux ¢ see figure down.

Area = A

« From the Sl units of E and A, ¢g. is scalar quantity has units of (N.m?/C).

« If the surface under consideration is not perpendicular to the field,

the flux through it must be less than that given by Equation:
Normal

A 7~ (pE=EA

el




« We can understand this by considering the number of lines that equal to the number that cross

the area 4, which is a projection of area A onto a plane oriented perpendicular to the field.
« From above figure, we see that the two areas are relatedby: A4 = A cos 0

« Because the flux through A equals the flux through A4, we conclude that the flux through A is:
o =EA=EA cos@

« The flux through a surface of fixed area A has a maximum value EA. When the surface is
perpendicular to the field (the normal to the surface is parallel to the field, or, 6=0° and the
flux Is zero. When the surface iIs parallel to the field, (the normal to the surface is

perpendicular or 6= 90°).
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« Consider the closed surface in Figure below. The vectors A; point in different directions
for the various surface elements, but at each point they are normal to the surface and, by
convention, always point outward. At the element (1), the field lines are crossing the
surface from the inside to the outside and 6 < 90°; hence, the AE, = EAA, through this
element is positive. For element (2), the field lines graze the surface (perpendicular to the
vector AA,; thus, & = 90° and the flux is zero. For elements (3), where the field lines are
crossing the surface from outside to inside 180° > 8 > 90° and the flux negative because

cos0 IS negative.
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* The net flux through the surface is proportional to the net number of lines leaving the
surface, where the net number means the number leaving the surface minus the number

entering the surface.

« If more lines are leaving than entering, the net flux is positive. If more lines are entering than
leaving, the net flux Is negative. Using the symbol d to represent an integral over a closed

surface, we can write the net flux ¢ through a closed surface.

« Where E,, represents the component of the electric field normal to the surface. If the field iIs

; 3 3))| DR. AHMED ALMURSHEDI

normal to the surface at each point and constant in magnitude.




Example 1: Flux through a Cube

Consider a uniform electric field E oriented In the x direction. Find the net electric flux

through the surface of a cube of edge length ¢, oriented as shown in figure down.

)‘

Sol <‘: /@)
The net flux Is the sum of the fluxes through all faces of == /\ o K

ﬁ (IK\
faces (3, 4 and the unnumbered ones) is zero because E 2

"2*7(\"’
Is perpendicular to dA on these faces. The net flux N ‘o
®

d K;

the cube. First, note that the flux through four of the

through faces 1 and 2 is:
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Qg = fEdA CcoS 180+fEdA cos(

(pE = —Elz +Elz = O
Therefore, the net flux over all six faces is:

og =10
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Example 2: Electric flux through a disk

Disk of radius 0.10 m with 7 at 30 degrees to E, with a magnitude of 2.0 x 103 N/C. What

IS the flux?

Sol r=0.1m
ol.

A = mr* = 0.0314 m?

@ =EAcos0 =E Acos30

103N ,
o =|2x - (0..0314 m?)(0.866) = 54 N m?/
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Example 3: An electric field of 500 VV/m makes an angle of 30° with the surface vector,

which has a magnitude of 0.5 m?. Find the electric flux that passes through the surface.

Sol.
o =E.A=EFE Acos0

V
Qp = (500 n_l) (0.5 m?2) cos 30°
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Electric Dipole

 An electric dipole consists of a pair of +q and —q charge particles, which are separated by

a distance d. The magnitude of the dipole moment of this electric dipole is p=q d.

* The direction of the electric dipole moment is along the direction from the negative
charge to the positive charge. Electric field generated by the pair of charge particles at a

distance r, with r >>d, is called dipole electric field as shown in the figure below.
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1. Electric field due to an electric dipole at an axial point.

The electric field at p due the positive charge is given by:

1 q

Ev = tme. = ay

The electric field at p due the negative charge is given by:

E, > E, therefore the magnitude of electric field at point p is:
E — E1 + EZ
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1 q —q
E= 4me, ((r — d)? * (r + d)Z)

. q 4rd
41T€, ((1‘ _ d)z)z

If p Is far the dipole, then r>>d

E

q 4rd
E = 2
4Te, T




2. Electric field at a point on the equatorial line.

The magnitudes of the electric fields due to the two charges

+(g and —q are given by:

o 1 1
T 4me, r? + d?

P 1 1 5 0 -
" 4me, r* + d? “— W —>

We resolve E+ and E- into components along the x and y directions. The y components of E+

figure. E=FE _cosO+ E_cosO@ =2Ecos® E, =FE_




d
(dz + 1‘2)1/2

cos 0 =

1 q d 2qd

E =2 _
4me, (d? +1r?) (d? +r?)V/2  4me, (d? +r?)3/2

d is negligible compared to r.
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Lines of Electric Force

The electric field in a region of space represented by imaginary lines known as electric field

force introduce by Faraday. The electric field lines have the following properties:
1. The electric field vector E is tangent to the electric field line at each point.

2. The number of lines per unit area through a surface perpendicular to the lines is

proportional to the magnitude of the electric field in that region.
3. The lines must be begin at positive charges and terminate at negative charges.

4. No two-field lines can crosses.
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If the electric field lines associated
with a positive charge +2q and a

negative charge -g. In this case, the

\ A number of lines leaving + 2q is

a —q twice the number terminating at —g

\*J
/ see figure below.
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H.W: What is the electric flux through a cylindrical surface? The electric field, E, is

uniform and perpendicular to the surface. The cylinder has radius r and length L.

dA

A +—>d4 £
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