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            Abstract
Ultrafast sensors and depth cameras are key enablers for imaging through complex geometries, through scattering, and beyond the line of sight. However, despite accelerating advances in imaging electronics and imaging applications, the optics of such cameras have been inherited from conventional low-speed photography cameras. This has limited ultrafast cameras and their applications to the design constraints of conventional optics. Here, we exploit time as an extra dimension in the optical design and demonstrate that by folding large spaces in time using time-resolved cavities, one can enable new camera capabilities without losing the targeted information. We demonstrate lens tube compression by an order of magnitude, together with ultrafast multi-zoom imaging and ultrafast multispectral imaging by time-folding the optical path at different regions of the imaging optics. Considering the vast variety of designs that could emerge by time-folding conventional imaging optics, we expect this technique to have a broad impact on time-resolved imaging and depth-sensing optics.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Experimental set-up and time-folded imaging overview.[image: ]


Fig. 2: Spatial compression of imaging optics by time-folding the focal length.[image: ]


Fig. 3: Multi-zoom ultrafast camera by time-folding the entrance lens.[image: ]


Fig. 4: Multispectral ultrafast camera by wavelength-dependent time-folding.[image: ]
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