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Maxwell’s Equations (1)

Maxwell’s equations: VxE = _oB

VxH=J+@
ot

V.D=p, For most cases:

V.B=0 «J=0, p,=0, M=0, and »?=0
Constitutive relations: D=¢E+P,
H=LB_M
Ho
Wave equation: v xVxE = _C%Z_E_ﬂo (?;t—s «— P(r,t)=P_(r,t)+ P, (r,t)
S>P () =g 7Pt-t)-E(rt)dt
“Small perturbation” = P, (I,t) = &, j j ji 27Ot -t, t—t,, t—t,) E(r,t )E(r,t,)E(r,t,)dt dt dt,

In the frequency domain (linear response only): L , )
2 Dielectric constant

VxVxE(r, o) —5(@)%E(r, 0)=0 <« g(w)=1+ 77 (o)
«E(r,0) = j E(r,t) exp(icot)dt



Maxwell’s Equations (2)

Dielectric constant: &(w) =1+ 7 (®) Recall: :

S e(@) = (n+iac ! 20) VxVx E(r,m)—g(m)f—zﬁ(r,a)) -0

w .
—~k=—n+i—

1 ..
“Refractive index” — N(®) =1+ > Re[ 7% (@)]
C

® -
“Absorption coefficient” = a(®) = -~ Im[7“ ()]

Lossless medium (or low loss): )
~ 0

- VE+n*(0)—
c

E=0



Fiber Modes

Wave equation: y "
2 Beware!

xﬂE+M@mETE=o l
SEMY = [ Bl 0)exp(-int)do
27

- Ez (r, ) = A(w)F (p) exp(£img) exp(i 5z)

2
dp pdp p
- F(p)=CJ, (k0)+C,Ny&p), p<a <« i=(nk; - p*)"

—>F(p)=D1Km(7p)+@l}(@, pza  «y=(B-nk)”

Eigenvalue equation:

{ In(ka) | Ki(ra) H In(ka) E Ki(ra) Hmﬂkdnﬁ—né))z
kJ (xa) yK_(ra) || kJ,(xa) nl2 rK. (ya) an11(272

Single-mode condition:
-V =ka=kan' -n)"* -V <2405



