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Requiem for Gravity

Requiem for Gravity

From Newton to Einstein



1687: The First Theory of Gravity
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1687: The First Theory of Gravity
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The Orbits of the Planets

o222\ Circle

GMm " " J\ Parabola

F=-"3

Hyperbola
= conic-section trajectories

Orbits correspond to conic sections.
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Speed of Light

c=299792458 ms~!
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The Addition of Velocities

B vV +u
1+ 4%

Vn ew

v = speed of object - u = your speed
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Einstein's Question

How fast does gravity move?
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Einstein's Field Equations

8rG
R,uy — %Rg,uu — 7 T/u/
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The Mathematics of Curved Space

7 Sun
ds® = — f(r) ?dt® + f(r)~dr* 4 r?dQ? vwh
Dwarf Black Hole
fry=1- 2rGC’2V' dQ? = d#? + sin?0 d¢?.

Schwarzschild geometry.
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Invisibility Devices
/
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VXE=-0;B, V-B=0, VxH=0D+J, V-D=p
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VxE=-8,B, V.-B=0, VxH=0,D+J, V-D=p

D:%6E+%XM B:muH—ng
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VxE=-8,B, V.-B=0, VxH=0,D+J, V-D=p

Units: Sl; ¢ explicit; €o, po explicit; signature (—+4+); g is the magneto-electric
vector.
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Maxwell is blind to overall scale




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

Motion mixes E and B via go;. Flow/rotation/sound s

= frame-dragging analogue.
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The Big Picture

Curvature | P03k [ Media
(GR domain) map (EM domain)

Unified
Media
Dynamics
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The Idea

1

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' + Bdt)(dx’ + F dt)
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ADM Constraint Equations

BR + K? — K;K7 = 167G p
D(K" —+'K) = 8rG '
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Visualising the ADM Constraints

Hamiltonian constraint
deforms slice

Momentum constraint

translates slice
—
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ADM Evolution Equations

8t7,-j = —2CYK,'J' + Diﬁj + Djﬁ,‘
8tK,-J- = —D,'DJ'Oé + &((3)RU + KKU — 2K,'kKkj) + ...

Conformal gauge goo = —1, shift 87 = 0: v; = (dete) /¢
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Self-Gravity of Light

EM source terms

p = DE+BH)

5e

1
J:—zEXH
C

E.g., radiation dominated era.
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What about sources?

3+1
Electromagnetism

Thorne & Macdonald (1982)

Membrane formalism
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Weak-Field Approximation

Small perturbations

gU:5U+h,-J-, ’hU| <1
B'=0 = Kj=—10:h;

Linearised constraints give wave equations.
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Optical Analogue of Gravitational Waves

Linearised constraints

00k —V?h =0
Oih" —9'h=0

TT gauge (two radiative modes)

1
2, TT 2, TT __



Plane-Wave Solution

dielectric

l ‘ ’ 66;51- - Aijii(kx-cuf)+Az‘j e—i(kohwt))

Eren Erberk Erkul — METU EEE — Einstein <> Electromagnetism



Another EinsteincsMaxwell Lens: DGREM (Most et al. 2022)

Maxwell

A, L F, =dA

d*F = %J

homogeneous / inhomogeneous

Phys. Rev. D 105 (2022) 124038
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Another EinsteincsMaxwell Lens: DGREM (Most et al. 2022)

Maxwell <~ DGREM

A, L FL = dA 0 <L F = do?

d+F = %J duP=t+kT?

homogeneous / inhomogeneous Nester-Witten / Sparling

Phys. Rev. D 105 (2022) 124038
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Limitations
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Take-Home Message

Gravity < Optics
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Gravity < Optics

Transformation optics + ADM split
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Take-Home Message

Gravity < Optics

Transformation optics + ADM split
8uy < (5ij7 Hijs g)

Weak-field limit =- tabletop gravitational waves.

Design materials = design geometry.
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