ELECTROMAGNETISM SUMMARY
(Rees Chapters 2 and 3)
Review of E and B

The electric fieldE is a vector function.
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If we place a second teshargedq in the electricfield of the chargeq, the two sphereswill repel
eachother. The strengthof theradialforce F is proportionalto the productof the chargesand
inversely proportional to the distance between them squared.
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where!q is the electric permittivity (8.85 x ¥ F/m) . The radial component of the electric field is
the force divided by the strength of the test chggge
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The magnetic fiel® is also a vector function. Magnetic fields generatedy chargesn motion.
For example, a current traveling through a wire will prodaiceagneticfield. A chargemoving
througha uniform magnetidield will experience forcethatis proportionalto the componenof
velocity perpendiculato themagnetidield. Thedirectionof theforceis perpendiculato both v
andB.
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The particlewill movealonga curvedpaththatbalanceghe inward-directedorce F+ and the
outward-directeatentrifugalforce which, of course,dependn the massof the particle. The
magnetic field strength B is
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The ratio of magnetic field to electric field has units of velocity.
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Electromagnetic radiation (Rees, pages 9-11, 34-41)

Chapter2 and3 in Reescontaina brief review of the resultsof E&M theorythat are neededo

understand the physical principles of remote sensing; most of this mateaaéredin a 3-quarter
course in freshmaphysics. This reviewwill take at leasttwo lectures. If you havenot seenthis

material before, you should read the chapter several tinpsktaip the terminologyand important
results. Evenif you havecoveredthis materialbefore,you mayhaveto go backto your old text
books and review some basic physics.



The topics that you will need to understand for latethe courseinclude: refractiveindex - n, flux
density- F, the electromagneticspectrum,absorptionand absorptionlength, reflection and
dispersion, polarization and Doppler shift.

A second set of topics treated later include: diffractionrasdlution,Snell'slaw, thermalradiation,
radiance,andirradiance. I'll spendsomeextratime on thermalradiationbecausethis is an
important topic for detection and interpretation of infrared and microwave radidfloreover,it is
interestingthat quantumphysicswas developedto understandhe spectrumof black-body
radiation. Today,someof the mostchallengingproblemsin climate remotesensingare relatedto
developing stable calibration for thermal infrared sensors.

Maxwell's Equations - We'll start with Maxwell's equations under gsumptionshat thereare
no free charges E =0, no current$” B =0, andall materialsare non-magnetiqu = 1. In this
case Maxwell's equations reducevector wave equationsand the solutionswill be propagating
waves
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wherec is thespeedof light (~3 x 108 m/s) and! is the relative electric permittivity which is also

knownasthe dielectricconstant. The speedof light is relatedto the electric permittivity of free
space o and magnetic permeability of free spage

c= (_IOHO)H 1/2
!4 - electric permittivity of free space - 8.85 xX¥F/m
Lo - magnetic permeability of free space # x4107 H/m

Notethat y hasa definedvalueand!, is implicitly measuredvhenone measureshe speedof
light. For our purposesthe importantquantityis /, the dielectricconstantwhich containthe
variationsin permittivity with respecto the free-spacevalue; /, canbeeitherarealvalueor a
complexvalue. If ! is complex,thenthewaveswill be attenuateds they propagatehroughthe
medium.



Sincewe haveassumedhereareno chargesor currents,both E and B are perpendiculato the
direction of the propagation of the waaledthey are also perpendiculato eachother. Considera
wave propagating in the negatdirection (use negative to follow the developmenRees)with a
frequency$ and a wavenumbdér. Thex-component of the electric field is

E, = E, expi(wt - kz)
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wherek, is the amplitudeT is the period anéds the wavelength. Plugging this solution into the
x-differential equation for the electric field yields a relationship between the frequency and
wavenumber.
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The phase velocity of the wave is
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wheren is the index of refractiom =!/1/2. Also note thak :n-% and we'll use this later to

eliminate the wavenumber from the equations.

A similar solution holds for the magnetic fiddd SinceB is perpendicular t& we have for this
case

_Iy:_loel( t-k2



Eo andBg are the amplitudes of the electric and magnetic fields and in free space, their ratio is a
constant.
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The flux density F has units of watts per meter squared and is thus a measure of the power of the
radiation.
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(***** Show Figure 2.1 - electromagnetic spectrum)

Slow Lossy Medium - Next consider the changes in the electromagnetic wave when it enters a real
material which is slow and lossy.
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Vacuum - The wave travels at the speed of light sd. andE, = E, € @t~ 2 .



RealMaterial- In arealmaterialthe indexof refractionis generallya complexnumber. In this
case the real part diie index of refraction,which is greaterthan 1, causeghe waveto slow down

andthusthe wavelengthdecreases. The imaginarypart of the index of refractioncausesan
exponential attenuation of the wave.
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The distance over which the amplitude of the wave decreases by a fadtcalled theabsorption
lengthl, = ;S or skin depth.

iy [y ¢ 10 i ' i [l
y B— —— T T

I ™, {
F ""._" ]
)
! \

Ty

1 4 ]
1 '\-\\v 1

Fu#s

L

{0 - 7D
|- i3 e HF 10" 1 L o e L 10 [
L L R ol
I HE]
5! i
o £ i |
! i
i A i
i 1
i b |
Fl o r 1
, ey Fy
= Tr 1 il |
T 1 f g II
; [0 I.'l e | { el
Pl / \
E Tk |II II'
i = | E
B i | ey =
‘£ I “J ¥
I} 1 - c
1) i M

=

3
-
Ak

o L1
ey | P L] 1 1 iy’
" 1 ' ' #
I N T T S L i 1 |
1 i ::n Inl. I.'. oy =i ."II I"- I'|l' "|'F :.-\__'.

0] H
Tregqaray (HO

Fhe 79 T inelin of sefraraen Q1o aned ahorpnn codilcmns (hitom)y for Dipead
amoplef gt @ M of limsEar Prequengy, Alae shimm pa shacisss are an onargy woak
{mrreren] md 8 wavelesgih e Jvedlical lisi) The visdde repen of the driquenes
specirum is indicalcd by ihe vertical dashed bacs. The shicipiasn cosMaen] b sea waler
i indacatedd by the dasheid diagenal kne s the kel Semic that ihe seales are logarnthme in
bosh direegaers, (o Saeckison, 1. D Classical Elecerodsnamics, Johs Wikey and Sonk, 19731

|




Dielectric Constant and Index of Refraction - From the abovediscussionit is clearthat a
complexvalueof indexof refractionis neededo computevelocity and absorptionlengthin real
materials. However,experimentalistandtheoristsusually describematerialsusing a complex
dielectric constant. This sectioncontainsthe equationsneededto convertbetweenthe two
representations.

n2=n2-12"i2n'I

n2=4" i #

Equate the real and imaginary parts

As an exercise, show the following is true

on2=1 + (124 72t

Dielectric Properties of Materials - Rees discusses 4 categories of materials based on properties
of their dielectric constant:

non-polar material I"and!" are constant witl§.
polar material (water) I"and!" vary with $ following the Debye equation.
conductive (salt water, coppér)= 73

1 2 " Ne2 .
plasma (ionosphere) I=n®= L N - electron density

m - electron mass
e - electron charge



For a plasma ifn?> 0 the waves are slowed as they travel through the ionosphere. Hafvever,

0, n is purely imaginaryand all the energyis reflectedoff the ionosphere. Under typical
ionospheric conditions, low-frequency radio waves reflect while higher frequency microseaves
propagate through. Since tlmmospherds dispersive(i.e. speeddependon $) a dual frequency
microwave instrument such asadaraltimeteror GPS canmeasurdhe total electroncontentof a
columnof ionosphereand canusethis to correctfor the delay alongthe path of one or both
frequencies.



