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coupling be taken into account.”® In Figure 5D, a configuration
of two adjacent split-ring resonatpys separated by a distance D is
shown. This is a magnetic dimerX/where the hybridization and
coupling occurs due to the magnetic dipole—dipole interaction
between the structures. An equivalent circuit model for the
magnetic dimer is also shown, illustrating another useful analog
for plasmonic systems, the analogy between coupled plasmons
and coupled lumped-element resonant circuits.

50 the structure behaves as a magnetic “atom”.”” (D) (left) Two adjacent split-ring resonators (SRRs) interact through magnetic dipole—dipole

coupling; (right) an equivalent circuit model can be developed to describe the behavior of these and other coupled plasmonic systems.” Reprinted with

“Blch 44 th SR B TR AT R R A BN RS




Nature Photonics 7, 902 (2013)
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Gravitational lensona c
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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
deflection of starlight that Eddington
observed in 1919, it can also reproduce
much more drastic effects of extreme gravity
that astronomers have yet to observe. The
refractive-index profile was strong enough to
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Nevertheless, microspheres on chips

are very effective in capturing light. The
device is not only of great pedagogical
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 B thiE

Photonic device simulates gravitational lensing predicted by Einstein's general relativity.
= M
Metamaterials scientist Hui Liu of Nanjing University in China and his iﬁaj{z E"JEE-
“ A Y
colleagues mimicked this 'gravitational lensing' — which affects light in *"3*7]-*4%%&“
- pp— S A 1
the vacuum of space — by making light travel through solid materials =

instead. Different transparent media have different indexes of %Elﬂﬂs*j*sl'
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“This is indeed the first time an exact solution of

FKFM R EEIE S IER
iR, AFREREMIRIR 1
,-‘-X*Eﬁlﬁmﬁllﬁ’b‘lbw 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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Curved Spacetime Mimicked on a
Chip

A photonic device is capable of simulating gravitational lensing, a phenomenon predicted by

Einstein's general relativity

Sep 30, 2013 | By Ron Cowen and Nature magazine

It took two major expeditions charting the
solar eclipse of 1919 to verify Albert
Einstein’s weird prediction about gravity —
that it distorts the path of light waves
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.

Any large mass distorts the geometry of
space around it, for instance making
parallel light rays diverge or converge. One

consequence, described by Einstein’s

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

can be seen
Sep 30, 2013 by Bob Yirka (TR

Analogue of light deflection in a gravitational field and microstructured optical waveguide. Credit:
Nature Photonics (2013) doi:10.1038/nphoton.2013.247
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Light-bending black hole mimic is first you can watch

) 18:00 29 September 2013 by Jacob Aron

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

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

TECHNOLOGYZ:0ORG

27,431 science & technology articles

Researchers devise a way to mimic gravitational lensing in a
way that can be seen

Posted on October 1, 2013

Analogue of light deflection in a gravitational field and microstructured optical

waveguide. Credit: Nature Photonics (2013) doi:10.1038/nphoton.2013.247



American Physical Society Sites APS Journals PhysicsCentral Physics

S
thS'CS Become a Member Contact Us

Publications | Meetings & Events Membership | Policy & Advocacy | Careers in Physics | About APS
Meetings & Events
Home | Meetings & Events | March Meeting | Press Room | Virtual Press Room March 2014 |

March Meetlng __________________ Image Gallery | Gravitational Lensing on a Chip

* Scientific Program

* Registration . ’ ’ :
2 Gravitational Lensing on a Chip
* Hotel & Travel

* Events & Activities

FAHyScLe R
F 1% 55 E 3
HELAPS

= Services & Support
* Exhibits
April Meeting

March
Meeting &5
2

Archives of the Bulletin of
the American Physical
Society

tJ Email © Print K3
Share

Pages For:

Physicists/Scient v ey Hui Liu, Nanjing University. Image courtesy of Ying Jiang, Peking University

Photonic chip simulates gravitational lensing predicted by Einstein's general relativity.
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 Nature Photonics 3, 157 (2009)

d Nature Communications 7:10747 (2016)
 Nature Communications 6:8360 (2015)

d Phys. Rev. Lett. 120, 243901 (2018)
d Phys. Rev. Lett. 119, 033902 (2017)
d Phys. Rev. X7, 031032 (2017)
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