7.8 Waves in and out of media

Waves in lossless media
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“On an opaque surface.

bIn spherical polar coordinates. See page 120 for the meaning of specific intensity.

“Normal to the plane.



Antennas

Spherical polar geometry:
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. 6megc 3 /
short electric K
dipole in free ~789( L) ohm (7.200)
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Forward power _4n
gain G(0) N (7.211)
Antenna effective 22
area Ae= Q. (7.212)
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4All field components propagate with a further phase factor equal to expi(kr —wt), where k=2n/A.
bThe brightness temperature of a source of specific intensity I, is Ty, = 421, /(2kg).




Reflection, refraction, and transmission®

parallel incidence perpendicular incidence E  electric field
E; E, ' B magnetic flux density
E; i E, ni  refractive index on
6; 0, incident side
B; ™ ne  refractive index on
B; B, transmitted side
0; angle of incidence
1t 0, angle of reflection
0; angle of refraction
Law of reflection 0;=0; (7.216)
Snell’s law” nisin0; = 1 sin0; (7.217)

0  Brewster’s angle of
5 tanfHn = . 7218 incidence for

Brewster’s law B =1t/Ni ( ) plane-polarised

reflection (r =0)

Fresnel equations of reflection and refraction
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R = rﬁ (7.221) R, = ri (7.225)
nicost 5 nicosty ,
=— 7.222 =— 7.226
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Coeflicients for normal incidence®
(i —n0)? =
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i 10° 7227 i
4nin 2
=0 7.228 t= (7.231)
G +10° (7:228) e
R+T=1 (7.229) t—r=1 (7.232)
| electric field parallel to the plane of 1 electric field perpendicular to the
incidence plane of incidence
R (power) reflectance coefficient r amplitude reflection coefficient
T  (power) transmittance coefficient t amplitude transmission coefficient

“For the plane boundary between lossless dielectric media. All coefficients refer to the electric field component and
whether it is parallel or perpendicular to the plane of incidence. Perpendicular components are out of the paper.
bThe incident wave suffers total internal reflection if :% sin6; > 1.

‘ILe., 0;=0. Use the diagram labelled “perpendicular incidence” for correct phases.



Propagation in conducting media“

g electrical conductivity
Electrical el ne electron number density
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conductor” 4nveg 1 e maex
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dep 8 =(uoomv)~/? (7.235) | 6 skin depth
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“Assuming a relative permeability, u,, of 1.

bTaking the wave to have an e ! time dependence, and the low-frequency limit (¢ >> 2nvey).

Electron scattering processes”
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A moc
; h' = ————— 7.241
J o me S T cos0+(1/8) (7.241)
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“For Rutherford scattering see page 72.
bScattering by bound electrons.
“Scattering from free electrons, & < 1.

dElectron energy loss rate due to photon scattering in the Thomson limit (phy < mec?).

¢From an electron at rest.




Cherenkov radiation

Cherenkov g5 < (7.246)
cone angle no
5 e 5
€ lo

Pyoi=——v l-——|owdw 7.247
Radiated O 4 / { 027’12(0))} ( )
power? 0

where #n(w)> ¢ for O<w< OB

v

0  cone semi-angle
¢ (vacuum) speed of light
n(w) refractive index
v particle velocity

Py total radiated power
—e electronic charge

uo free space permeability
o  angular frequency

. cutoff frequency

“From a point charge, e, travelling at speed v through a medium of refractive index n(w).




