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Do we consider spatial dispersion?

Nonlocal material response

Homogenous material

Spatial Fourier domain

Taylor expansion
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Constitutive relation in Fourier space

Constitutive relation in real space
Ji(r, w) ~ —IW [aij (w)Ej (I‘, w) + aijk(w)ﬁkEj (I‘, w) + Akl (w)&’lé’kEj (I‘, w)]
D;(r,w) = [g0di; + aij(w)|Ej(r,w) 4+ a6 (w) 0 B (r, w) 4+ a0 (w) 00k B (1, w)

H(r,w) = M(?lB(Pa w)

We can shuffle electric and magnetic response!

V x H(r, t) = aD(g’t) - Jet (T, 1) V- -D(r,t) = poxt (T, t)
D'(r,t) = D(r,t) + V x Q(r,t), and H'(r,t) = H(r, ) | 8Q§;,t)

Think of Q as a gauge function; leaves E and B unaffected!



Gauge away to some elements of the first order term
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Q; = Zgjlm(ailm — Qjmni + Qi) E

Bianisotropic media with weak spatial dispersion

E0€ij = 0045 + Qi local response

blanisotropic response

&ij = € it (@it — @il + Qi) . .
(electro-magnetic coupling)

;i (W) weak non locality

 multiple solutions to the wave equation

e additional boundary conditions are needed
e carefully look for traces of such non locality




How multiply curl of Maxwell's equations to come to Poynting theorem?

. OB .
Maxwell equations rotE(r,7) = - g’t), divD(r,?) = p,,. (r,7)
rotH(r,/)=j__. . (r,f)+ 8Dé:’t) , divB(r,7)=0
in optics rotE(r,0) = -, S, e divE(r,) = ~div P(r.)
rotH(r,7)=j_ ,(r,7)+ oP(r,!) +¢g, OE(r. ) , divH(r,7)=0
ot ot
straight multiplication H - rotE + p H-ino
"ot
—SOE-QE+E-r0tH:E-(j+EP)
Ot Ot
using div(ExH)=H rotE - E-rotH

subtracting 1 - 2



