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The Microscope is a Combination of Lenses 

Real Space	

 	

    Fourier (Phase) Space 	

Real Space	





Not All Objective Lenses Are Created Equal 

The more correction that a lens 
uses, the less transmission 

Corrections: 
 Color - Achromat, Apochromat 
 Flat Field - Plan 
 Immersion Media 
 Cover Glass 
 Polarization 
 UV, IR transmission 



   Index mismatch	





Resolution is Dictated by Numerical Aperture 

The smaller the NA, the bigger the focal spot, 	


and the less resolution obtained – R ~ λ/NA	











Köhler Illumination  
is Absolutely Required  
for Good Transmitted 
Light Contrast. 

There are two sets of conjugate 
Optical planes in the microscope: 
 

1. Aperture or Illumination Plane 
 

2. Focus (Object), Image Plane 
 

These two are Fourier transforms 
of each other -- This means that  
they are related in specific ways. 



Spectral Features of Fluorescent Molecules	





Confocal	
  vs	
  Widefield	
  







Photomultiplier Tube (PMT)	



•  High-gain leads to high S/N 

•  Can detect single photons 

•  PMTs are very fast	


•  Drawback is relatively low QE 



Spinning Disk with Microlens Array 

Only 1% of Nipkow	


disk is holes, this leads	


to low excitation rates	



Lens array directs >50% 
of the excitation light 
through the Nipkow 
Disk pinholes	



But, faster acquisition means 
faster photobleaching!	





Super Resolution 

Image Processing 
Photo bleaching/activation 
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Feature Extracting by Image Processing  

EB3 Tubulin 



Selective Photo bleaching by binary 
selection  
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•  hEp://www.mdibl.org/courses/
Quan%ta%ve_Fluorescence_Microscopy/159/	
  


