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Geometry and Light



Invisibility: Invisible Man versus Invisible Woman

transparency curved space



Fermat’s Principle - the principle of the shortest optical path
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Maxwell’s electromagnetism and Einstein’s general relativity

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



Leonhardt 2002: Invisibility cloak?



Conformal

Virtual space Physical space

[Leonhardt, Science 312, 1777 (2006)]



Transformation

Virtual space Physical space

Pendry, Schurig and Smith, 
Science 312, 1780 (2006)]



Maxwell’s electromagnetism and Einstein’s general relativity

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



Patent office



Cloaking device for electromagnetic microwaves



Challenge: Broadband invisibility

Problems: * anomalous dispersion,
                 * infinite phase velocity at inner lining
[Leonhardt and Philbin, New J. Phys. 8, 247 (2006)]
                 * zero group velocity
[H. Chen, C.T. Chan, J. Appl. Phys. 104, 033113 (2008)]



Carpet class

[Leonhardt, Science 312, 1777 (2006); Tyc and Leonhardt, New J. Phys. 10, 115038 (2008)]



From fugu to flatfish



Challenge: Broadband invisibility

Problems: * anomalous dispersion,
                 * infinite phase velocity at inner lining
[Leonhardt and Philbin, New J. Phys. 8, 247 (2006)]
                * zero group velocity
[H. Chen, C.T. Chan, J. Appl. Phys. 104, 033113 (2008)]

Ideas from Non-Euclidean Geometry



The idea



The resolution limit of imaging, established around 1870

Ernst Abbe Carl Zeiss Otto Schott



Pendry’s paper



Negative refraction and perfect lens
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Xiang Zhang et al.
 @ Berkeley [Leonhardt and Philbin, New J. Phys. 8, 247 (2006)]



Invisibility: Invisible Man versus Invisible Woman

transparency curved space



Cloaking at a distance
[Lai, Chen, Zhang and Chan, Phys. Rev. Lett. 102, 093901 (2009)]

Invisible slab Invisible sphere



The Invisible Man - cloaking at a distance
[Lai, Chen, Zhang and Chan, Phys. Rev. Lett. 102, 093901 (2009)]



Problems of negative refraction
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Section “Perfect imaging”



Maxwell and Luneburg



Conformal maps



Maxwell’s fish eye makes a perfect lens
Maxwell 1854

Luneburg 1944: Stereographic projection



Refractive index
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Fish-eye mirror

[Leonhardt, New J. Phys. 11, 093040 (2009)]



What about waves?

[Leonhardt, New J. Phys. 11, 093040 (2009)]



Perfect imaging without negative refraction
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[Leonhardt, New J. Phys. 11, 093040 (2009)]



Geometry of light: reason for perfect imaging

TE:

TM: No perfect imaging

3D: Impedance matching necessary for perfect imaging



Perfect imaging without negative refraction for microwaves
[Yungui Ma, Singapore]



No outlet, no running wave, no perfect image [Yungui Ma, Singapore]



Perfect imaging without negative refraction in silicon photonics

Lipson Group, Cornell University
Similar to carpet cloaking
[LH. Gabrielli,  J. Cardenas, C.B. Poitras, and M. Lipson, Nature Photonics 3, 461 (2009)]

 

 
 



Non-Euclidean Transformation Optics:
broadband invisibility & perfect imaging

The key: IMAGINATION

Einstein: Imagination is more important than knowledge. For knowledge is limited
to all we now know and understand, while imagination embraces the entire world,
and all there ever will be to know and understand.



General relativity in electrical engineering
[Leonhardt and Philbin, New J. Phys. 8, 247 (2006)]



Einwell and Maxstein



Geometry and Light


