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I. Image Acquisition

Ia|-> Fundamentals of confocal microscopy

Ib|-> Fundamentals of fluorescence

II. Deconvolution

III. Segmentation
IV. Analysis



vvv |-> Joseph R. Lakowicz

• Principles of Fluorescence Spectroscopy, Joseph R. Lakowicz 4.1 
Introduction to Fluorescence

|-> Quenching, Bleaching ...

|-> Polarisation ...

|-> Steady-State and Time-Resolved Fluorescence...

|-> Förster Resonance Energy Transfer ...

• Photomultiplier www.olympus-lifescience.com/en/microscope-resource 
/primer/digitalimaging/concepts/photomultipliers

• Chrome Spectra Viewer www.chroma.com/spectra-viewer
• Thermo Fisher Spectra www.thermofisher.com/order/spectra-viewer

https://www.chroma.com/spectra-viewer
https://www.chroma.com/spectra-viewer
https://www.chroma.com/spectra-viewer
https://www.thermofisher.com/order/spectra-viewer
https://www.thermofisher.com/order/spectra-viewer
https://www.thermofisher.com/order/spectra-viewer
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Interactions ...
• intra- and intermolecular...

produce changes ... 
• spectral
• lifetimes
• polarization
• intensity ...

- Fluorescence
- Phosphorescence

Luminescence :

t ~ 10-8s
t ~ 10-3-100s

Absorption / Excitation

 t    →

Emission

|-> Fluorescence
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

Energy of a photon : (~1-5eV)

E  =  h  =  hc-1 |  c  =   
, frequency [s-1]

h, Planck's constant [6.626 10-34 Js-1]

, wavelength [m]

c, speed of light [~3 108 ms-1]
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|-> Fluorescence
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Intercombination

10-8s

10-6 - 1s 

Transitions :              w radiación Levels: vibrational

w/o radiación |   -> heat electronicos

-> energy transfer (FRET)

-> radicales ... STED

10-9-10-8s Fluorescence

10-6 - 1s Phosphorescence

10-15s Absorption

10-12s

Internal conversion
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|-> Jablonski Diagram
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https://zeiss-campus.magnet.fsu.edu/print/livecellimaging/techniques-print.html
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From Geometric Optics to Diffraction Theory:

Diffraction: The deviation of an electromagnetic 
wavefront from the path predicted by geometric optics 
when the wavefront interacts with a physical object such 
as an opening or an edge. 

|-> Diffraction limited Microscopy
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PSF =  |U|2 = f( J0 )

U, Kirhoff's Diffraction Integral

J0, Bessel function series

Non-geometric optics / 

Diffraction theory
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Huang et al, Cell 2010

|-> Diffraction limited Microscopy



vvv |-> Diffraction limited Microscopy

Bertocchi, Cristina & Goh, Wah & Zhang, Zhen & 
Kanchanawong, Pakorn. (2013). Nanoscale Imaging by 
Superresolution Fluorescence Microscopy and Its 
Emerging Applications in Biomedical Research. Critical 
reviews in biomedical engineering. 41. 281-308. 
10.1615/CritRevBiomedEng.2014010448. 
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Bo Huang, Hazen Babcock, Xiaowei Zhuang, Breaking the Diffraction Barrier: Super-Resolution Imaging of Cells, Open Archive Published:December 17, 
2010 DOI:https://doi.org/10.1016/j.cell.2010.12.002

Bertocchi, Cristina & Goh, Wah & Zhang, Zhen & 
Kanchanawong, Pakorn. (2013). Nanoscale Imaging by 
Superresolution Fluorescence Microscopy and Its 
Emerging Applications in Biomedical Research. Critical 
reviews in biomedical engineering. 41. 281-308. 
10.1615/CritRevBiomedEng.2014010448. 

https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://doi.org/10.1016/j.cell.2010.12.002
https://doi.org/10.1016/j.cell.2010.12.002
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