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Maxwell Equations
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Wave Equation in Cartesian Coordinates

Assume a separable solution
(wt—k x—k, y—Fk
s(x,y,z,t) = Ae/lvkahyksl
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Monochrome Plane Wave (1)

s(x,y,z,6) = e/ 7kl Fixed point  (x,y,2) = (0,0,0)
S(O,O,O,t) = A’ = Acoswt + Asinwt ‘ Monochrome Wave
s(x,y,z,t) = Ae/ k7RI | Fixed time ¢ = 1,

S(.x V,z t) _ Aej((uto—[kxx+kyy+kzz])
’ ’ 2 Y0

points (x,y,z) suchthat k x+k y+k z=C ‘ Plane Wave

planes of constant phase

S(x,y,z,to) — g/ kxmky=kz) hag the same value 4 ' 10t=C)
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Monochrome Plane Wave (2)

s(x,y,z.1) = A/ TR mm (k1) = gl

planes of constant phase == fk-x = C

If truly a propagating wave

planes of constant phase move by 0x

as time advances by 6¢ /,‘ (1451) - k{x+5x) = C
— w — KX X)) =
wt—kx = C
) s(x+d0x,t+8¢) = s(x, 1)
ox
" o(t+0t) —k(x+8x) = ot —k-x
wot —kox = 0 s(x+dx,t+06¢) k
s(x,t)
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Monochrome Plane Wave (3)

constant phase > k-x = C

planes of constant phase > perpendicularto k

Plane Equation

n(r —ry) =0
\ o(t+8t) — k(x+8x) = C

ot —kx = C

Normal Vector Position vector of a
point in the plane
nr,
kex—C = 0 \
s(x+dx,t+06¢) k
s(x,t)
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Monochrome Plane Wave (4)

constant phase > k-x = C

planes of constant phase > perpendicularto k

as time advances by §¢

s(x+08x,148¢) = s(x,¢) —> wdt — k-dx

If truly a propagating wave  planes of constant phase move by 0 x

0x inthe same direction £  : minimum |§ x|

k
The direction of propagation CO = W
If in the same direction k-8 x = |kl8 x|
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Monochrome Plane Wave (5)

constant phase > k-x = C
planes of constant phase > perpendicularto k
s(x+0x,t+0t) = s(x,¢) - 0ot — k-0x = 0
dx inthe same directon k  :minimum |8 x| wdt = |k||9x]
k
The direction of propagation T, =
] o _ o
If in the same direction k-8 x = |k||d x| |k 0t
o 2
K+ +k == k* = &
¢ ¢ The speed of
RO c = O |8 x| propagation of
i ] Y the plane wave
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Wave Number, Angular Frequency

27 27
wave number £k = Y angular frequency W = 7
Howmany A in 2x (rad/m) Howmany 7 in 2nx (rad/sec)
3-dimensional space
2T 27
wot — k-ox = 0 ormy T = == Ox mp A = —
/ ) ; ‘
period wavelength wave number vector
spatial frequency variable
Its magnitude represents the_number of
cycles (in rad) per meter of length that the
monochromatic plane wave exhibits in the
direction of propagation.
Propagating 10 Young Won Lim
7/30/12

Wave (1B)



Wavelength, Frequency

S(/.:C,t) — Aej(wt—k-x) (/‘(Dt — Ii\x) = O (f — (%)x)
position temporal 3-d slowness/
vector angular spatial vector
frequency frequency o
s(x,t) = e/l = [o(t —a-x)]

Function of a single variable Slowness Vector

_ jlo) _ k
s(@) = Ae o= o
. Speed Vector (Phase Velocity)
s(t—o-x) = Ae/tx)
(1~ ox) e
= S(x,t) ! k
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Summary

Propagating Plane Wave s(t—aex) = 4™ = 5(x,¢)
Propagating Sinusoidal Plane Wave sin(w(r—a-x)) = sin(ws—k-x)
Slowness Vector o = & o = 1
W C
Wavenumber Vector k = oo k| = 2_}\7[
Frequency and wavelength o = M c = L =2
® o [#]
O
¢ 2T
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Maxwell Equations

A(t, t) = A,coslkx — wt)
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Maxwell Equations

A(t, t) = A,coslkx — wt)
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