ELECTROVAGNETI SM : Cour se synopsi s

I ntroducti on

Brief review of vector know edge required. D vergence, gradient,
curl. Divergence theorem and Stokes theorem + vector identities

needed: O x O x A=0(0.A - ’°A O.(Ax B =B (0Ox A - A(Ox B,
0.(0x A =0 always, O x (0OA) = 0 al ways.

Phasor representation. Tine-averaged power and related quantities in
terns of phasor representation, e.g. <P> = % Real [V(t) . I7(t)].

Rem nder of standard expressions for electric and magnetic (Biot-
Savart) fields and forces. Lorentz force expression F = q(E + v x B)

Fornul ation of differential equation formof Maxwell's Equations:

1 D.gzﬁ from Gauss Law

£0
2) Dx§=—% from Faraday's Law of Induction
3) 0.B=0 no magnetic monopoles

4) OxB=pu,J+u, o%—?E beginning with Ampere's circuital Law

Reduction to two separate pairs describing electrostatics and
magnet ostatics when there is no tinme dependence. Brief references to
Lapl ace's eqn., Poissons eqgn. Mention of vector potential defined via

B=0xA
The Continuity Equation:

0Jd = 9
- ot

and charge conservati on.

Propagati on of EM waves in a vacuum

3-D generalisation of wave egn. as appropriate for EM waves in free
space with ¢ = 1/ ( L&) *

2
TE=pe, S, DBpue




Pl ane-wave solutions with E, B 0 e '(“ - kD k2 = e, Phase and

group velocities. Mitual orthogonality of E, B and k with E x B in
direction of propagation (k) and B = E/c.

Medi a

Delectric materials. D pole nonent p, and polarisation P. Derivation
of expressions for surface charge density o, = P.h, volune charge
density p, = -0 P and polarisation current density J, = dP/at. The

electric displacement, D. Electric susceptibility, z wth P = gxE
in linear, isotropic, honogeneous (LIH nedia.

Magnetic materials. Magnetic dipole nonent m and nagnetisation M
Derivation of expressions for volume current density Jy = 0O x M and
surface current density Av = Mx h. The magnetic field intensity, H

Magnetic susceptibility, ymw with M= xpHin LIH nmedia.

Conductivity and decay of excess charge density wthin an LIH
conductor. Relaxation tine 1 = ¢ o.

Maxwel | 's equations in nedia

Reformul ation and solutions of Muxwell's egns. in a general LIH
medi um

1) OE=

pfree :0
&

2) x E=- 9B
ot

3 0B=0

J0E 0E
4) x B udJ, + ue—— UOHE ue—
) = u_free H at .u = ,Ll at

Ceneral i sed formof wave equations:
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Specific solutions of k® = uswf - ipow in the poor (e&w >> o )and good
(o >> & conductor limts. Real (n) and conplex (n" = n, -in)
refractive indices, in both cases refractive index defined as ck/ w



1

[l [P
For a good conductor n, = n, = c(uof 2a)¥? , skin depth & = BL ,
How

Voh = Wk = c/n = (2w po)? = v/ 2. Copper and seawater exanples.
Transparency of "poor" netals to EMwaves in the W region.

Energy flow and Poynting' s vector

Poynting’ s vector S = E x H Proof that P = [S.da = [(E x H).da | eads
to consistent statement of conservation of energy. Current-carrying
wire and sinple plane-wave exanples. Tine-averaged Poynting vector,
e EOHO = EO2

2 2u.c
for plane-waves in free space. |npedance of free space [=u.c=(ul &)"?]
and LIH nedia [=(/ &Y?]. Ratio of electric/magnetic energy densities
for non-conducting LIH nedia (=1) and good conductors (=w€ 0).

§ave=%Re%XﬂE when phasor representation enployed. S

ave

Refl ection/refraction at the interface between two nedi a

Derivation of boundary conditions - continuity of tangential
conponents of E and H at the interface.

Use of boundary condition on E to show constancy of frequency for the

incident, reflected and transmtted (plane) waves. Proof that 6 = 6
and Snell's Law result (independent of polarisation). Total internal
reflection (TIR), critical angle and existence of evanescent wave
wi th associated decay |length. Frustrated TIR

Dielectric/nmetallic (non-magnetic) interface, 6 = O independent of
=> exponentially decayi nhg wave nornmal to interface.

Derivation of Fresnel's eqns. with E polarised normal and parallel to
pl ane of incidence [nakes use of H=nE/(uc)]. Sinplified formin the
case of non-magnetic nedi a. Dependence of phase on relative val ues of
refractive indices. Brewster angle. Nornmal incidence. Reflection (R
and transmssion (T) coefficients. R+ T =1.

Low pressure ioni sed gases - pl asnas

Exanpl es of pl asnas. Response of low pressure (=> no
collisions/energy transfer) plasma to a plane EM field. Pl asma
conductivity = -iNg¥(wr). No net absorption of energy once

oscillation established due to relative phase of E, J. Use of

k? = ofpe -i pow to obtain k? = (1- @ o) o/ c? with « =(Ng% mg)Y? - the
plasma frequency. In hertz, w = 9N* Hz. Propagating (w > «) and
attenuated (w < «) solution regines. Decay |ength.

Results for the phase and group velocities and refractive index are:



Phase velocity, wvu=

2
[P
Goup velocity, VQIC%L-—(UPD
U

2
[P
Refracti ve i ndex, n=%-ﬂm

(Above applying when w > @, .)

| onosphere used as a particular exanple. Handout giving review of
inmplications for terrestrial (D, E, F, F;, F, layers) and satellite
conmuni cati ons.

Radi ati on theory

Solution of Maxwell's egns. in tinme-independent case. \Vector
potential, A  Choice of Coulonb gauge in order to obtain expression
for A by analogy with nore famliar expression for scalar potential,
V.

1 r,)dr
V(Lz)z Ip(_l) 1
are,d |r, -1
J(r,)dr
Alr,) = I T
Iro =14l
Ceneralisation to tine-dependent case - "conmon sense" approach used
A
rather than deep theoretical study. B=0x A, E=-0V - %_T
Hert zi an/ oscill ati ng electric di pol e (magneti c di pol e not
consi dered). Expression for A obtained. Expression for B = 0O x A
obtai ned via derivation on handout. Small r (Biot-Savart-like) and
large r (radiation term limts discussed. E, B and S patterns

di scussed using spherical co-ordinate system expressions. Radi ati on
resistance (R), directivity (D) and beam width (W defined using
Hertzian dipole as an exanmple (R = 197 Q, D = 3/2, W = 90°.
Real i stic antenna/aerial radiating systens, e.g. half-wave dipole

(R =73 Q D= 1.64, W= 78° including expressions for E, B - not
derived, however, A/ 4 nonopole + earth screen. Broadsi de and end-
fire arrays briefly discussed and sinple reflector + dipole +
directors (parasitic elenent) type Yagi-Uda array as used for tv
reception.



