8.022 Lecture Notes Class 42 - 12/6,/2006
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Wave equation can be extended!
f(z,t) = Ae'F*=“Dp (2 ) f a vector function
transverse: n -z = 0 «— EM waves
longitudal: n x Z = 0 «— sound waves
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Assume n # n(z,t) for now.

n = cos 01 + sin 0y

f(z, t) = Acos etz 4 Agin gl ket

6 is the polarization angle of the wave



No local charge and current:
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Since these E and B waves travel at the speed of light. it must be
what light is made of.

Since



Assumptions

e w - given frequency <

E(z,t) = Eyellke=t) monochromatic
B(z,t) = Byellk==+1) e plane wave in 2 - direc-
tion

V-B=0,(By).=0

this means waves are transverse waves

What about V x E ?

Tells us 2 things !

eB 1 FE
e In phase !

(we can get from By to Fy merely by cross-product)

1Byl = E|Ey| = 2. = LB
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| Bo| = L Eyl



Extend to 3-D:

Energy, Momentum

U = [51]

1
2 8

2 . 1 P21 _[egs] Ei+B3
[EOE —l—,uoB]_ch 0 0
seoE? + %ﬁMOEOEQ
U= €0E2
= cpcos (k- 7 — wt + 6) B2

Energy in EM wave is equally distributed

e Poynting time!
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= luOé - Eycos(...) - %COS(...)

- E? cosz(...)i(‘ Jeofln)? * C

= 2. ceoE} cos(k - 7 — wt + 6)
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Knowé-c:ﬁandU:eoE§COS2(/?3-F—wt—I—5)

S=u-v



e Momentum

p= i; ( from eq. Pom = Ho€0 fv §d7')

= Louz ( Let 2 = 7)
C
1 12
<u>= segly :
25070 Only difference
G ~— 1 25 .
<S8 >= 2ceo b2 between energy , S,
S 11, 123
<p>= sze0bEgz and momentum:

I = < |S| >= 3ce0E} factors of c.



