\ Helmholtz equation |

Substituting U(r, t) = U(r)exp(j27vt) into the wave equation

) ) . 21y )
(V2 +k)U(r) =0, k = — =~ (wavenumber)

: Helmholtz equation

mmm) “The wave equation for monochromatic waves”

The optical intensity
I(r) = U(D)I? I(r, 1) = 2(u’(r, 1))
2u(r, 1) = 22%(r) cos?[2mvt + ¢(r)]
= U(r)1*{1 + cos(2[27vt + ¢(r)])}

The intensity of a monochromatic wave does not vary with time.



Gauss’s law V-D=py
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Faraday’s law VxE=——
dt
No magnetic charges V-B=0
(Gauss’s law for magnetism)
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Trial solution

PY(x,t) = X(x)T(t)

102T(t) .. 9%X(x)

XNz = T3
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cos(A+B) = cosAcosB - sinAsinB
sin(A+B) = sinAcosB + cosAsinB

T(t) = Acos(wt) + Bsin(wt)

(D

= (VA2 + B2)cos(wt + ¢p), tan gy = —%
=A'cos(wt + ¢g)

X(x) = Ccos(kx) + Dsin(kx)
= (VC?% + D?)cos(kx + ¢1), tan Py = —%

=B'cos(kx + ¢,)

PN

T(t) = A'exp(j(wt + o))

X(x) = B'exp(j(kx + ¢1))

T(t)X(x) = A'exp(j(kx + wt + ¢,))
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Y(x,y,t) = X(x)Y(y)T(t)

T"+ w?T =0 w? = (kZ+k3)v?
X"+ kiX =0
Y"+k3Y =0




= T

E(x,y,z;t) = Re[E(x,y, z)e/®!]
H(x,y,z;t) = Re[ﬁ(x, Y, 7)el ®]

v-E =2
VxE=—jouH
7-H =0
V'xH=]+jweE




Maxwell equations in vacuum

- V.E=pfre=0 - V.E=o0 B
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B oF = 3D wave
VXx(VXE)= ~Hofo 37, t equation

Vx(VxE)=v(V-E)-V2E -



In materials, not trial

V-E= =0
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VXE = oH
~ M5t
V-B=0



Time-Harmonic Fields

E(x,y,z;t) = Re[E(x,y, z)e/®!]
x\;’/ H(x,y,z;t) = Re[H(x,y, z)e!®t]
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(a) Spherical wave
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Uniform plane wavew__ |
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Time-Harmonic Fields

VxH=]+jweE
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complex permittivity &, =

V x H = jwe E
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Time-Harmonic Fields
VxH=]+jwsE
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Time-Harmonic Fields

F = )
V E~—0 R VX(V
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V2: Laplacian operator

V2E + w?ue,E=0
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c _Gw HeEc Propagation constant



Time-Harmonic Fields

V’E—y?E=0
V’H—y?H=0

Vx (VXE)=—jou(V x H)
VX (VXE) =—jou(jue.E) = w?usE
Vx(VxE)=V(V-E)-V2E
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V2: Laplacian operator
V ZE + (1)2 e.E=0
C
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C —@U HEc Propagation constant



V2E—-vy2E=0
V’H—y?H=0
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