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Homework	

 
•  Spatial resolution of 

•  Spectral focussing CARS	

Two Photon Fluorescence	

Three Photon Fluorescence	



Multi Photon Fluorescence	

h"p://www.thorlabs.com	

・Two	  Photon	  absorp5on	  	

・Three	  Photon	  absorp5on	  	



Spatial resolution 	
One	  Photon	 Two	  Photon	
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PSFone-‐photon=PSF(v,	  u)	  	

PSF	  &	  PSF2	

radial	  and	  axial	  	  
normalized	  coordinates	  	  	

v	  =	  k	  (NA)	  r	  
u	  =	  k	  (NA)2	  z	 k	  =	  2π/λ	

PSFThree-‐photon=	  (PSFillumina5on)3	  =	  	  PSF3	  (v/3,	  u/3)	  	
	





Spatial resolution 	





thin	  sample	

thick	  sample	



thin	  sample	

thick	  sample	



t	

This paper	

Delay	

chairp　pulse	  	

60	  fs	  	  
80	  MHz	

Spectral focussing CARS	



Spectral focussing CARS	

The	  spectral	  resolu5on	  ΔΩ	  is	  determined	  by	  the	  total	  height	  of	  the	  ellipse	  ωp	  −ωs.	
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Conven5onal	  ps	  CARS	

Stokes	
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unmatched	  chirps	  fs	  CARS	 Chirp	  matched	  fs	  CARS	

Raman	  ac5ve	  vibra5onal	  mode:ωp	  –ωs=	  Ω	  
	


