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History 
 Alhazen Book of Optics 1021 
 
Roger Bacon 1214-1294 
 
Anthony van Leeuwenhoek 1632-1723 
 
Robert Hooke: Micrographia 1665 
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Bacon English philosopher and Franciscan friar read the book of optics wrote on Reflection and refraction
Leeuwenhoek father of microbiology letters to the royal scosiety unicellur oganisms bacteria 
Hooke hand drew the structures that he saw
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Galileo 1609   
 
 
 
 
Kepler 1611 
 
 
 
 



  

Modern Bright Field Light Path 



  

Modern Bright Field Image 

Section image 
pollen 



  

Modern Fluorescence Light Path 



  

Modern Fluorescence Light Path 



  

Modern Fluorescence Image 
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Modern Confocal Light Path 



  

Modern Confocal Image 



  

Modern Confocal Images 
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Imaging Quality 

Point spread function  

Optical transfer function 



  

Transfer Functions 



  

Modulation Transfer Function 

Diffraction Limited Modulation Transfer Function 



  

Modulation Transfer Function 
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Optical Transfer Function 



  

Point spread function 

http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/sinslit.html 



  

Numerical Aperture 

http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/sinslit.html 

Numerical Aperture (NA) = n(sin µ)  
 

Numerical Aperture (NA) = n(sin µ)  
 



  

Point Spread Functions Wide Field 
 

Depth of field 

Shillaber, Charles Patten; Photomicrography In Theory and 
Practice., John Wiley and Sons, New York, 773 pages (1944). 

http://micro.magnet.fsu.edu/primer/anatomy/focusdepth.html 



  

Point Spread Functions Wide Field 
 



  

Point Spread Functions Confocal 
 

Nature Protocols 6, 1929–1941 (2011) 

30% lateral improvement in resolution 
compared to wide field 



  

Resolution 
 
 
Rayleigh diffraction limit  
Resolution = λ1.22/2NA 
Resolutionz = λ/NA2 

Sparrow diffraction limit 
 
Resolution = 0.47λ/NA 



  

Camera affects resolution 
 
Nyquist sampling ---  Half the resolution 
If a function x(t) contains no frequencies higher than B hertz, it is completely 
determined by giving its coordinates at a series of points spaced 1/(2B) seconds 
apart 
 
 
 
 
Microscopes  
 
Noise 
May not interpolate pixels 

http://en.wikipedia.org/wiki/Hertz


  

Camera affects resolution 
 
Without interpolation pixel size and location matters 
 
 
 
 



  

Camera affects resolution 
 
Without interpolation pixel size and location matters 
 
 
 
 



  

Camera affects resolution 
 
Without interpolation pixel size and location matters 
 
 
 
 



  

Resolution 
 

spacing 80nm best 80nm worst 50nm best 50nm worst 

200 0 0 0 0 

225 0.032 0 0.089 0.053 

250 0.182 0.065 0.22 0.18 

300 0.49 0.31 0.53 0.45 



  

Pinhole size and resolution 

 

 



  

Displaced Pinhole and Resolution 



  

Displaced Pinhole and Resolution 

Re-scan confocal microscopy: scanning twice for 
better resolution 
Giulia M.R. De Luca,1,7,* Ronald M.P. Breedijk,1,7 Rick A.J. 
Brandt,1 
Christiaan H.C. Zeelenberg,1 Babette E. de Jong,1 Wendy 
Timmermans,4 
Leila Nahidi Azar,5 Ron A. Hoebe,6 Sjoerd Stallinga,2 and Erik 
M.M. Manders1,3 2013 

Optical Photon Reassignment Microscopy (OPRA) 
Stephan Roth1,2, Colin J. R. Sheppard3, Kai Wicker1,2 and 
Rainer Heintzmann1,2,4 2013 



  

Airyscan Resolution 



  

Off Axis Pinhole Resolution 



  

Confocal vs Airyscan 



  

Airyscan 
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