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 Physical effects limiting the resolving power of a telescope
 
 Optical aberrations (can be minimized by design)

 Atmospheric “seeing” (space or adaptive optics)

 DIFFRACTION (intrinsic to EM propag.) 

SUPER-RESOLUTION aims at achieving
a PSF narrower than the classical 
diffraction limit. 



  

Petrin (2010)

Super-Resolution: active field



  



  

Toraldo Pupils
G. Toraldo di Francia  (1952) recognized that an array of concentric 
finite coronae (providing 0º or 180º phase delay) can sharpen up the 
central lobe of the PSF at the expense of increased side-lobe 
strength.
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Toraldo Pupils in the Microwave Frequency Range

2003: First laboratory demonstration of super-resolution 
achieved with Toraldo Pupils in the microwave range 
(Mugnai et al., Phys. Lett. A, 2003).

2015: Start project “PUTO” devoted to study the 
implementation of Toraldo Pupils on radiotelescopes:

- EM numerical simulations    (Olmi et al., SPIE vol. 9906, 2016)

           (Olmi et al., Appl. Opt., subm.)

- Laboratory measurements        (Olmi et al., Exp. Astr., 2017)

- Prototype fabrication and test                      (in progress)

- Development of metamaterial-based TPs



  

Toraldo Pupils: FEKO* EM simulations

TP3
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(Olmi et al., SPIE vol. 9906, 2016)
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* https://www.feko.info/



  

Laboratory Measurements
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Laboratory Results
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Implementation on (Radio) Telescopes

Telescope Collimator

Acting on wavefront at exit pupil 
is equivalent as acting on it at 
entrance pupil of telescope.

Ideally, place TP on entrance pupil

Dewar should be 
moved  backward

Transparency function



  

“Aperture plane excitation” 
simulates Cassegrain focus 
of Medicina telescope

Collimator Design
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Mounting on the Antenna

RX can't be 
(easily) moved



  

Nominal focus position 
(inside dewar)

New focus 
position

Implementation on 32m Medicina Telescope
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Summary

EM simulations and laboratory measurements confirm performance 
of discrete TPs. 

Low-efficiency  (and to a lesser extent high-sidelobes) need further 
analysis and optimization.

Medicina field-tests  (in preparation) are required to fully characterize 
a real TP “plug-in” optical module.

Continuum TPs  and/or metamaterials  could be used to improve EM 
performance.

olmi.luca@gmail.com
http://www.ifac.cnr.it/PUTO 
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