Electro Magnetic Waves

and Maxwell S Equaﬂons

Electic Field




Classical Physics

* Newton's Laws - forces, momentuwm,
enerqy

* Newton’s Law of Gravitation

* Thermodynawics

* Maxwell’s Equations



Maxwell’s

Equations
f E.-dA= q"'—""'

Gauss’s Law, charges produce electric fields

% B-dA=0
Gauss’s Law for magnetism, no magnetic monopoles
}{ E-dl = dq)tB
Faraday’s Law, induction, changing B makes E

dP
%B dl ,u,()I—I— HU0o€Q th

Ampere-Maxwell Law, currents and changing E makes B




Lorentz Force

ﬁL=ﬁE+ﬁB =q(E+17><§)



With Some Math, We
Get Electromagnetic
Waves or LIGHT




1 At first the transmitter’s
capacitor is uncharged, so the
test particles lie in a horizontal
line along the x axis.
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2 The electric field points E 4T T+ |
upward in the positive y | R
direction. : :
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3 The capacitor discharges,
and the electric field moves
outward in a pulse.

4 The pulse reaches the
receiver so that the electric
field is now between the
receiver’s plates.
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Waves
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Cale 3 math and differential equations gives
0*(E, B) 0*(E, B)
e R
Solutions

E(a:, t) = Emazsin(kr — wt)5
E(a:, L =B stk — wt)l%
Orthogonally propagating E and B




Transverse wave
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Review - wavelength and frequency
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Relationship Between E
and b

Boa— CBb oo
energy density
1 jEssEaEne s 1B«
ugp = —€gb* > F =cB 5= —¢pc°B* =up =
2 2 Dl

E and B contribute same energy density
Energy switches from E to B and back again

Example



Electromagnetic
Spectrum

Penetrates Earth's

Y "\
Atmosphere?
Radiation Type Radio Microwave Infrared Visible Ultraviolet  X.ray Gamma ray
Wavelength (m) 0.5x10°® 1078 10719 10712
Approximate Scale I
of Wavelength “ &

Buildings Humans Butterfies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

Frequency (Hz)

10* 10® 10" 10" 10'® 10'® 107

Emperature of
objects atwhich
this radiation is the
most intense
wavelength emitted

1K 100 K 10,000 K 10,000,000 K
-272 *C -173 *C 9,727 °C ~10,000,000 *C



radio continuum (2.5 GHz)
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Enerqy Carried by Light

Poynting Vector Power flux, energy per time per unit area

S = i(l—fxf)")
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S = —[EmazBmazsin“(kz — wt)]s
PJOS

Example



Average Intensity and
Energy density

Time averaged Poynting Flux

P 1 ! C

fr= = — EmazBmaz = =22 = —B;
472 2[1,0 siERsasEaRd b 2#00 2,(1,0 ddeias
Average energy density
1 1
I = ClUhgvg = 2_MO'B?%7,am = §€0E3n,aa:
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Radiation Pressure
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Do

| _ 1 |dp] Pressure
A dt
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p| = — Absorbed
‘ reality, in between the two

p| = 2% Reflected

~ 1dE  power

e area

P = -g- absorbed Examples
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Intensity



