Physics 202, Lecture 22 Maxwell Equations

Totays Topes fE =dA = % 3Gauss's Law/ Coulomb’s Law

m Electromagnetic Waves (EM Waves) 'BEE"”'* =0 —}I.Guamﬂmﬂzgnehsm,

B Review: Waves and Wave Equation S A

B Maxwell's equation ¢E df = —? —+Faraday’s Law

B Propagation of E and B

®m Energy Carried by EM Wave, Poynting Vector ¢E+d§ = ‘,,.l:j...%ﬂmi > Ampers Maxwell Law

m Momentum Carried by EM Wave dt

B Spectrum of EM wave.

Also, Lotentz force Law 3 F = gE + Vv x B

These are the foundations of the electromagnetism

Electromagnetic Waves ¥

O EM wave equations: i = The EM Wave
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O Plane wave solutions:
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O Properties: —

* Mo medium is necessary. g1 .
» E and B are normal to each other .o+ 55 be @
= E and B are in phase
» Direction of wave is normal to both E and B

{EM waves are transverse waves)

» Spead - 1
speed of EMwave: _ _____ _ 5 0072.10m/s & _
 ElB=E__/B_ =t ¥ Mg Two polarizations possible

» Transverse wave: two polarizations possible



Wavelength and Frequency

0 Because of the wave equation the wavelength of and
frequency of 3 EM wave in vacuurn are related by:

M=c=310m/s

O Example: Determine the wavelength of an EM wave
of frequency 20 MHz in free space

e 3-10°m/s 3-10%m/s
. 3 —6m

f 50MHz 5-107s5

Energy Carried By EM Waves

O Recall: energy densities u_= "%z B2, u_="= By
O For a EM wave, at any time/location,
u, =g B2 ="%Bp, =u, (using E/B=c)
=*|n an electromagnetic wave, the energies carried

by electric field and magneatic field are always the
SaAMme. ¥

O Total energy stored (per unit of volume): @
u=utug = 2 B2 = By,

O Power transmitted per unit of area B
is equal to uc in the direction of wave

O Averaging over time:
u,,= s Bt = Y Bty U, = | [intensity)

worses ] VHF: 30-300 MHz

: | . UHF: 300 MHz -3.0 GHz
B r I ‘| Cell phone:
MHZ - - l 009001 300/11500 MHz
w1 T Wi 2.4 GHz
is o “ Microwave Oven: 2.4 GHz

N | Wireless phone: 2.4/53.8 GHz

The Poynting Vector

O The rate of flow of energy in an em
wave is described by a vector, 5,
called the Poynting vector

O The Poynting wector is defined as

5= = e E
fa | =E.E:r! B _II — SEI.'
O s direction is the direction of 3
propagation e
0O This is time dependent “ E T
= lts magnitude varies in time F'uwerper unit of area

» s magnitude reaches a
maximum at the same instant as
Eand B
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Momentum Carried By EM Waves 'ﬂ'il A

O EM waves: momentum = energylc AX=CAL
Change of momentum in AU wACAL
100% zbsorption = - = & = UAAL
Change of momentum in AlT MACAL
100% reflection APES— =l
O Radiation Pressure (P): P—E—E—H—E
T A A e

100%: abaorption 1l][r'1.n!'||}i:|juﬂ

Ap=p#P=5ic ||lap=2p =+ P=28%c

Antennas

O Antennas are essentially arrangement of conductors for
transmitting and receiving radic waves.

O Parameters: gain, impedance, frequency, orientation,

polarization, etc. Fram g
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half-wave antenna
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Example: Solar Energy

O The average intensity of the EM radiation from the
Sun on Earth is 5§ ~ 107 Wim?

» What is the average radiation pressure for 100%

absorption:
I TAT
pI 10WIM s Nw
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» What is the force exerted by EM radiation by the
Sun on a surface of 1 m?

F=PA=3310"N/m"-1m =33-10°N



