Lecture 10 Electromagnetic

Dielectric Material
Polarization:

Dielectric materials become polarized in an electric field with the result that the
electric flux density D is greater than it would be under free space conditions with
the same field intensity.
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As result from the figure we can get:

p=0Qd
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p the electric dipole moment.

Polarization is defined as dipole moment per unit volume. @ @@
- .. Np
D=¢gE+P @ @ @

This equation permits E and P to have different directions.

In an isotropic or linear material E and P are parallel at each point which is
expressed by:

P =x,6FE
x, electric susceptibility
D =¢y(1+x,)E = gy¢,E

&

& = (1+ x,) isalso a pure number. Since D = ¢E ¢, = =
0

&, 1s called relative permittivity.
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1) Find the magnitude of D and P for a dielectric field material in which
E=0.15 MV/m and x.=4.25.

&=1+x,=1+4.25=525
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.5.25-(0.15 x 10°%) = 6.96

D = SOET‘E =

-9
36w
2) Find polarization in dielectric material with &, = 2.8 if D = 3 x 1077C/m?.

P =x,60F = 4.25- +(0.15 x 10%) = 5.64

P =x,6FE

& =1+x, x,=28-1=18

D =¢geE E=
Eoér £oE,
3x1077 C/m? . ,
P=18"¢-" =1.92x 1077 C/m
£0(2.8)

Boundary conditions at interface of two dielectric materials.
1)The tangential component is continues across a dielectric interface.

Dtl th
Etl = Etz and _— =
£y Emy

2)The normal component of D has discontinuity of magnitude |p,| across
a dielectric interface . If the unit normal vector is chosen to point into
dielectric 2, then this condition can be written:
Ps
Dp1 — Dpy = —ps and  &gEp — &2FEn; = _g_
0

Generally the interface will have no free charge p; = 0 so that,

Dnl = Dnz grlEnl = ngEnZ
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1) Given that E; = 2a, — 3a, + 5a, V/m at the charge free dielectric
interface of figure .Find D2 and the angles 81 and 62.
E, = 2a, — 3a,, + 5a, &
E, = 2a, — 3a, + Epa, E,
D, = €y&€r1Er = 4€pa, — 6&pa,, + 10&a,
D, = Dyyay — Dyya, + 10&a,
D, = &y&r2E
Dy,ay — Dy,ay, + 10gpa,

= 280Er20y — 3‘E‘OSTZay + &0&r2E 0,

sz = 1080 Dyz = _1580 EZZ = 2 = 2

&r2

E,-a, =|E{| cos(90 — 61)

5 =+38sin61
E,-a, = |E,| cos(90 — 62)
2=+17sin 62

01 =54.2° 02 =29.0°

A useful relation can be obtained from

D
E 2/
tan 01 = z1 = £0ér1
E2 + E§1 \/ EZ + E§1
D
E 22/
tan 62 = z2 = £0ér2

EZ, + E§2 \/E,%Z + E§2

tanf1 &
tan 02 &

2) In the free space region x<0 the electric field intensity is E; = 3a, + 5a, —

3a, V/m. The region x>0 is a dielectric for which &,, = 3.6. Find the
angle 62 that the field in the dielectric makes with x=0 plane.

E;-a, = |E;| cos(90 — 61)
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3 =+vV43sin61 01 = 27.2°

1
tanf2 = —tan 61 = 0.1428 02 = 8.13°
=)

3) A dielectric free space interface has the equation 3x + 2y +
z = 12 mthe origin of the interface has €,y = 3 and E, =
2a, + 5a, —.Find E;
_3ay +2ay,+a,
a, = \/ﬁ

The projection of E; on a,, is the normal component of E at the
interface.

11
El'an=_

/i

) = 2.36a, + 1.57ay + 0.79a,

E - 11 (3ax +2a, +a,
™14 V14
Etl = E1 _— Enl = _0.36ax - 1.57ay + 4.21az = Etz

Dpy = &0&r1En1 = &(7.08a, + 4.71a, + 2.37a,) = Dy,
1
E,, = e_D”Z = 7.08a, +4.71a,, + 2.37a,
0

Ez - Etz + ETLZ ES 672x + 314Cly + 658(12
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