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Transformation optics!

[Greenleaf, Lassas and Uhlmann,  Math. Res. Lett. 10, 685 (2003) electrostatics;!
Leonhardt, Science 312, 1777 (2006) conformal transformations;!
Pendry, Schurig and Smith, Science 312, 1780 (2006) spatial transformations;!
Leonhardt and Philbin, NJP 8, 247 (2006)]space-time & negative refraction]!



To invisibility and beyond!

[Leonhardt, Nature 471, 292 (2011)] 



Pendry�s paper!



The resolution limit of imaging, established around 1870!

Ernst&Abbe& Carl&Zeiss& O0o&Scho0&



Photolithography!



Microscopy!



Standard diffraction 
limit of imaging!

Evanescent 
waves!



Pendry�s paper!



Negative refraction and perfect lens!

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



Controversy on perfect imaging with negative refraction!



“Poor man’s perfect lens” [Science. 308, 534 (2005)] 



Section �Perfect imaging�!



Maxwell and Luneburg!



Conformal maps!



Maxwell�s fish eye makes a perfect lens "
Maxwell 1854!

Luneburg 1944: Stereographic projection!



Refractive index!

n = virtual length/ real length!



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!

Index contrast: factor of 2!

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



Controversy!

Nature 480, 42-43 (1 December 2011)!



Perfect imaging with positive refraction for microwaves !

[Ma, Sahebdivan, Ong, Tyc, Leonhardt,  
NJP 13, 033016 (2011)]  



Standard diffraction 
limit of imaging!

Evanescent 
waves!



Perfect imaging with positive refraction!

Perfect focus: near field!

Near field is not evanescent !

Inside-out Eaton lens! Maxwell�s fish eye!
with mirror![Miñano, Opt. Express 14, 9627 (2006)] 



No outlet, no running wave, no perfect image ! [NJP 13, 033016 (2011)]  



Light waves on virtual sphere!



Lessons from acoustics !



Evidence for subwavelength imaging with positive refraction !

[Ma, Sahebdivan, Ong, Tyc, Leonhardt, NJP 13, 033016 (2011)]  

[Pendry, PRL 85, 3966 (2000)]!



Luneburg lens in silicon photonics!

[Di Falco, Kehr, Leonhardt, Optics Express 19, 5156  (2011)]!

Greyscale lithography for making tapered waveguides 



Applications !



Applications !

Mythbuster !

* Amplification of evanescent waves needed !
* Near field = evanescent field !
* Near-field information is lost in propagation!
* Detectors do not change images!
* Field concentrations are artefacts!



Non-Euclidean Transformation Optics!

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.!



Happy birthday!!


