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Invisibility Devices
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VxE=-8,B, V-B=0, VxH=0D+J, V-D=p

The covariant free-space Maxwell equations are equivalent to
electromagnetism in a material medium (Tamm, 1924; Plebanski,
1960).

D-cE+ZxH B=LHn-ZxE
C EC C
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Virtual vs. Physical Space

A coordinate deformation (left) is realised by a graded e, u1j; profile (right). Light rays follow
geodesics of the virtual metric while propagating through an ordinary laboratory sample.
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Spacetime transformations in moving media
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! 800 ! 1—u2n2/c2 !
Motion couples E and B through gp;. Flow,
rotation, or sound waves mimic frame dragging.
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The Big Picture

Curvature | PePamski [ Media
(GR domain) map (EM domain)

Unified
Media
Dynamics
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The ldea

______

-

Medium Curvature
ADM
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Optical Metric in ADM Form

Transformation optics ADM (3 +1) split

ds® = goo dt* + 2go; dt dx’ + gjj dx’dx/ ds®> = —a?dt® + v;(dx' + Bldt)(dx + Fdt)

Identify the optical metric parameters via ggo = —a® + ’y,-jB"Bj, goi = fy,-jﬁj, 8ii = Vij-
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ADM Constraint Equations

GR+ K2 - KjKI =1671Gp,  D{(KY —+iK) =8rG '
p and j’ are supplied by the electromagnetic energy density and Poynting vector once the

mapping is complete.
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Visualising the ADM Constraints

3D Slice
SN

Hamiltonian constraint
deforms slice

Momentum constraint

translates slice
—
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ADM Evolution Equations

8{7,:,' = —204K,'j + D,ﬂj + Djﬁ,‘,
8tK,'j = —D,-Dja + Oé((?’)R,‘j + KK,'J' — 2K,'kKkJ') + ...

Set goo = —1 (@ = 1) and identify the optical metric

7ij(x) = (dete 5’7) -
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Self-Gravity of Light

Electromagnetic field as source:
- ' (DE+BH), j=_ExH
p - 2C2 ) .I - C2 *

This scenario naturally arises, e.g., in the early radiation-dominated universe.
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Weak-Field Approximation

Assume
gj =0j+hj,  |hjl <1

Gauge choice ' = 0 gives
Kij = —34 0:hj;.

Linearising the constraints then leads to familiar wave equations.
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Optical Analogue of Gravitational Waves

Hamiltonian constraint
90k —V2h =0, Momentum : 9;hY — d'h = 0.
TT-gauge isolates two radiative degrees:
L o7 2, TT
?8 h;" —V=h;" =0.

t '

Identify hlT = §elT to obtain the optical wave equation for dielectric perturbations.
Y ij
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Plane-Wave Solution

dielectric

l ‘ ’ 66;51- = Aijii(kx—cuf)+Az‘j e i(kx—wt))
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Another Einsteinc-Maxwell Lens: DGREM (Most et al. 2022)

Maxwell — DGREM
d 5 d 5 3
Au — Fu = dA 0° = Fi=do
dxF =xJ duP =t +kT?
homogeneous / inhomogeneous Nester-Witten / Sparling

after Phys. Rev. D 105 (2022) 124038
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Why DGREM helps simulators

First-order & hyperbolic
HDf — VxH = —J3
Flux-conservative core
oU + V-F(U) =0

Machine-precision constraints
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Two roads, one goal

DGREM

tetrad —»

Optical-ADM

dielectric map

spin-connection -ADM
- EM-style fluxes constraints -
geometry

!

Both recast GR in electromagnetic language—
—from opposite directions.
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Take-Home Message

Gravity +— Optics
Transformation optics + ADM split
uw (eija Hij W)

Weak-field limit = tabletop gravitational waves.

Design materials = design geometry.
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