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Gravitational lens on a chip

Massive objects in space act as gravitational lenses, bending and focusing light. Scientists have now created a
photonic analogue of a gravitational lens on a chip, and have shown that it is strong enough to force light into orbits.

Ulf Leonhardt

Their device can not only mimic the JA3C: ] E’g%%ﬁﬂﬁﬁﬁ_[!;(
deflection of starlight that Eddington E:fu1 A 9-"=|5§ Tiﬁﬁ H’\]if{iﬂ})ﬂ“ :
observed in 1919, it can also reproduce A LUASEIAEE R B | higitsE

much more drastic effects of extreme gravit
| ”
that astronomers have yet to observe. The HI ?\\E&%

refractive-index profile was strong enough to Nevertheless, microspheres on chips
icht ite i : are very effective in capturing light. The

=Rav EyeES A 34 device is not only of great pedagogical

g value, illustrating general relativity at
work, it may also find applications for the
trapping of light in integrated photonics.
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Curved space-time on a chip

Photonic device simulates gravitational lensing predicted by Einstein’'s general relativity. ﬁ"'j{’“" H’JE
Metamaterials scientist Hui Liu of Nanjing University in China and his RINTF

Ny
colleagues mimicked this 'gravitational lensing' — which affects light in *’@Mﬂ?—%iu
ing | - we 155 bR S1E
the vacuum of space — by making light travel through solid materials =

instead. Different transparent media have different indexes of %EEWH*SI'

JR3:” AN TERE—IXRA

iR RIUS]

TNETRH N
HJER R,

“This is iIndeed the first time an exact solution of

KFEMRNZERNE G2
e e L
r‘_x*ﬁﬁl‘emﬁﬂﬁlu\:uo instein's equations was mimicked” using an optical

model, says Leonhardt. The simplicity of the experiment — microspheres on plastics — “beautifully

illustrates some of the ideas of general relativity”’, he adds.
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A photonic device is capable of simulating gravitational lensing, a phenomenon predicted by

Einstein's general relativity Light'bending black hole mimic is first you can watch
Sep 30, 2013 | By Ron Cowen and Nature magazine
It took two major expeditions charting the ‘ i ) 18:00 29 September 2013 by Jacob Aron

solar eclipse of 1919 to verify Albert
Einstein’s weird prediction about gravity —
that it distorts the path of light waves

In nature, black holes swallow and trap light via their immense gravity,
something that would be difficult, not to mention incredibly dangerous, to
recreate in the lab. Instead, Liu's team used a sheet of plastic — and
mimicked the effect of gravity by varying its refractive index, the property that
determines how much a substance bends light

around stars and other astronomical bodies,
distorting objects in the background. Now,
researchers have created the first precise

analogue of that effect on a microchip. Making light curve

The refractive index is different for different materials. That is why a straw
poking out of a glass of water appears crooked: water bends light more than
air, so has a higher refractive index. A material with a constantly varying
refractive index would take this to the extreme, with lots of little bends
creating a smooth curve — rather like a black hole’s photon sphere

Any large mass distorts the geometry of
space around it, for instance making
parallel light rays diverge or converge. One
consequence, deseribed by Einstein's

TECHNOLOGYZ:ORG

27,431 science & technology articles

Researchers devise a way to mimic gravitational lensing in a way that Researchers devise a way to mimic gravitational lensing in a

can be seen way that can be seen
S9p 30,2018 by Fob 142 { T Posted on October 1, 2013

. L. . . . i 3 Analogue of light deflection in a gravitational field and microstructured optical
Analogue of light deflection in a gravitational field and microstructured optical waveguide. Credit:

Nature Photonics (2013) doi:10.1038/nphoton.2013.247 waveguide. Credit: Nature Photonics (2013) doi:10.1038/nphoton.2013.247
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Photonic chip simulates gravitational lensing predicted by Einstein's general relativity.
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[3-12-2025] Our paper titled "Topological

degenera duced br sting” is published at

This work was done in collaboration with with ProfM.X
in Key Laboratory of Artificial Micro- and Nano-

structures of Ministry of Education and School of Physi...

Rev. Lett. 127,013901...

This work was done in collaboration with Prof. Meng
Xiao in Wuohan University and Dr. Qiang Wang in
Nanyang University of Technology.
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[2-12-2024] Our paper titled "A conformal mapping
approach to broadband nonli
published at nature photonics,

opties on chip” is

This work was done in collaboration with with Prof.Y.Lin
School of Electrical and Electronic Engineering, Nanyang
Technological University, Singapore.

[10-15-2018] Our paper titled "Definite photon

deflections of topological defects in metasurfaces and

transitions with material...

svmmetry-breaking phas

This work was done in collaboration with with Prof.
Huangyang Chen in Xiamen University.
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