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TIME AND FLOQUET METAMATERIALS
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TIME AS A NEW DIMENSION FOR WAVE MANIPULATION
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A TIME METAMATERIAL

H. Moussa, G. Xu, S. Yin, et al., Nature Physics 19,863 (2023)
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OBSERVATION OF BROADBAND TIME REVERSAL
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SCATTERING AND INTERFERENCE WITH A TEMPORAL SLAB
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TIME CRYSTALS AND K-GAPS

Photonic crystal Photonic time crystal
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ANGULAR-MOMENTUM BIAS
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SYNTHETIC ROTATION WITH TIME MODULATION

Ae(p,t) = Ag,, cos(wy,t — £ p) w;(t) = wg + 8, cos(wpt — £, (i — 1) 2m/N)

R. Fleury, et. al., Science 343,516 (2014)
N. A. Estep, et. al., Nature Phys. 10, 923 (2014)
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EXTRACTING ENERGY FROM A ROTATING BLACK HOLE

Negative energy orbits

Extraction of Rotational Energy
from a Black Hole

THERE has been considerable interest recently in the question of
the gravitational collapse of a massive body and of the possible
astrophysical consequences of the existence of the **black hole™
which general relativity predicts should sometimes be the result
of such a collapse. In particular, the question has arisen whether
the mass-energy content of a black hole could, under suitable
circumstances, be a source of available energy. We now
consider the extraction of rotational energy from a black hole,
not least because the rotational energy (defined appropriately)
of a black hole should, in general, be comparable with its total
mass—energy’.
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ELECTROMAGNETIC PENROSE SUPER-RADIANCE

GENERATION OF WAVES BY A ROTATING BODY

Ya.B. Zel'dovich

Institute of Applied Mathematics, USSR Academy of Sciences
Submitted 9 July 1971

ZhETF Pis. Red. 14, No. 4, 270 - 272 (20 August 1971)

An axiaglly-symmetrical body rotating inside a resonator cavity 1is capable
of amplifying definite oscillation modes inside the resonator, transferring the
rotation energy to these osclllatlons.

SOVIET PHYSICS JETP YVOLUME 35, NUMBER 6 DECEMBER, 1972

Amplification of Cylindrical Electromagnetic Waves Reflected from a
Rotating Body

Ya. B. Zel'dovich
Institute of Applied Mathematics, USSR Academy of Sciences

Submitted December 10, 1871
Zh. Eksp. Teor. Fiz. 62, 2076-2081 (June, 1972)

Negative rotational Doppler shift
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WAVE AMPLIFICATION FROM ROTATING BODIES

Rotational superradiant Amplification of acoustic waves
scattering in a water vortex flow from a rotating body
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SYNTHETIC PENROSE SUPER-RADIANCE

= Excitation with OAM signal
= Synthetic rotation based on Angular Momentum Biasing

= Monitoring the strength of output OAM signals
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GOVERNING MATRIX EQUATION & HARMONIC ANALYSIS
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SYNTHETIC ROTATIONAL DOPPLER EFFECT
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SYNTHETIC NEGATIVE ROTATION DOPPLER SHIFT
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SYNTHETIC PENROSE SUPER-RADIANCE
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ANGULAR-MOMENTUM BANDGAPS
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ANGULAR-MOMENTUM BANDGAPS

wy = (wy + n)wy

w 25| - ]
il B ]
iy = alg + iy T ——
Eﬂz(ﬂ 161l _._ i
— e i m+1 .
E {"-——____
] 05 u
dyy = g + 3 . (.I.;J A
5 = B
id —
| -
0.5 |
0.06 - il m_l T—
-:::::
0.04 - == -
-15 - |
0.02 . {,_-;- T
= L --tlll..l‘lll--'ll) —\—\_____ ) A .
i 0-
S °
it
-0.02 . 0.06 i
|
'
-0.04 . 0.03 | Fy
] r
b
-0.06 . =) by
- ) | ] |
= T
< il
0 -0.03 Ly
P!
1!
-0.06 | 1!
.
0 05 1 15
3 0 /¢,

WI The City University of New York <
\ RS

ADVANCED SCIENCE RESEARCH CENTER

METAMATERIALS & PLASMONICS =
RESEARCH LABORATORY @



SYNTHETICALLY ROTATING CIRCUIT
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EXPERIMENTAL SETUP
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OBSERVATION OF SYNTHETIC PENROSE SUPER-RADIANCE
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OBSERVATION OF SYNTHETIC PENROSE SUPER-RADIANCE
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OBSERVATION OF SYNTHETIC PENROSE SUPER-RADIANCE
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PENROSE SUPER-RADIANCE FOR 6G COMMUNICATIONS

BARI: Bilateral Academic Research Initiative

¥ International partnerships for high-impact science

Surroundings
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SPONTANEOUS EMISSION AND QUANTUM FRICTION

The metric near such a body is described by the well-known Kerr solution.

The gravitational capture of the particles and the waves by the so-called
trapplng surface replaces absorption; the trapping surface ("the horizon of
events") 1s located inside the surface gg¢o = 0. Finally, in a guantum analysis
of the wave field one should expect spontaneous radiation of energy and momen-
tum b¥ the rotating bod§ The effect, however, is negligibly small, less than
fw*/c?® for power and fiw?/c? for the decelerating moment of the force (for a
rest mass m = 0, in addition, we have omitted the dimensionless function B).

Y. B. Zeldovich, ZhETP Pis. Red. 14,270 (1971)

s week ending
PRL 105, 113601 (2010) PHYSICAL REVIEW LETTERS 10 SEPTEMBER 2010 | |PRL 108, 230403 (2012) PENRICAL RIIWIENY LETIEIRE 8 JUNE 2012
Vacuum Friction in Rotating Particles Spontaneous Emission by Rotating Objects: A Scattering Approach
A. Manjavacas and . J. Garcia de Abajo* Mohammad F. Maghrebi, 2 Robert L. Jaffe,"” and Mehran Kardar®
I”‘m{;m deﬂgj‘;; i‘;f_isgg‘l (]‘S-‘em};T'ag;j;,gzgﬂm ﬁgﬂd’;%]gm m JC'(-:*m‘er for Theoretical Physics, Massachusetts Instn‘ure of Techna!agy Cambridge, Massachusetts 02139, USA
Cees e Bkt ol ) 2Department of Physics, Massach s ) of Tech gy, Cambridge, Massachuseits 02139, USA
‘We study the frictional torque acting on particles rotating in empty space. At zero temperature, vacuum (Received 9 February 2012; published 7 June 2012)

friction transforms mechanical energy into light emission and produces particle heating. However, particle . . .

cooling relative to the environment occurs at finite temperatures and low rotation velocities. Radiation We study the quantum electmdynarmcs vacuum in dfe pnesenceA cArf :ﬁ body rotating .alnng 5 axfs

emission is boosted and its spectrum significantly departed from a hot-body emission profile as the of symmetry and show that the object spcrmaneﬂusly emits ene?rgy if lf = 1055}!. The rﬂ({lﬂf&d powef =

velocity increases. Stopping times ranging from hours to billions of years are predicted for materials, expressed as a general trace t".nrmulﬂ solely in terms of the scattering ﬂlfitl‘lx, rlnakmg an explicit connection

particle sizes, and temperatures accessible to experiment. Implications for the behavior of cosmic dust are to the conjecture of Zel’dovich [JETP Lett. 14, 180 (1971)] on rotating objects. We further show that a

discussed. rotating body drags along nearby objects while making them spin parallel to its own rotation axis.

DOT: 10.1103/PhysRevLett. 105.113601 PACS mumbers: 4250 Wk, 41.60.—m, 4520dc, 7870.—g DOL 10.1103/PhysRevLett.108.230403 PACS numbers: 03.70.+k, 1220.—m, 42.50.Lc

Also related to the dynamical Casimir effect and quantum friction
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EMISSION AND FRICTION FROM SYNTHETIC ROTATION
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SPONTANEOUS EMISSION FROM SYNTHETIC ROTATION

Low-Q scenario
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SPONTANEOUS EMISSION FROM SYNTHETIC ROTATION
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SPONTANEOUS EMISSION FROM SYNTHETIC ROTATION
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SPONTANEOUS EMISSION FROM SYNTHETIC ROTATION
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SPONTANEOUS EMISSION FROM SYNTHETIC ROTATION
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SPONTANEOUS EMISSION FROM SYNTHETIC ROTATION
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SPONTANEOUS EMISSION FROM SYNTHETIC ROTATION
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SPONTANEOUS EMISSION FROM SYNTHETIC ROTATION
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SPONTANEOUS EMISSION FROM SYNTHETIC ROTATION
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RADIATION DISSIPATIVE REACTION FORCE

Classical analogue of quantum friction
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CLASSICAL ANALOGUE OF TWO-MODE SQUEEZING

Frequency correlation between the generated modes

Wy, @y = i Quantum Squeezed States: Unequal distribution of uncertainty
between the two quadrature (i.e., position & momentum).
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SYNTHETIC ROTATION AND PENROSE EFFECT
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