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• The Good, the Bad and the Ugly. Helen Pearson. 2007 Nature 447:138-140

• Seeing is believing? A beginners' guide to practical pitfalls in image acquisition. Alison J. North. 2006 The 
Journal of Cell Biology, 172(1):9-18

• V Castañeda, M Cerda, F Santibáñez, J Jara, E Pulgar, K Palma, ... Computational methods for analysis of 
dynamic events in cell migration, Current molecular medicine 14 (2), 291-307

• Fluorescence Microscopy, From Principles to Biological Applications, Ulrich Kubitscheck (Editor), 2nd Edition, 
June 2017, Hardcover, ISBN: 978-3-527-33837-5

• https://www.zeiss.com/microscopy/int/cmp/edr/21/microscopy-for-dummies.html

• https://www.microscopyu.com/tutorials

• http://zeiss-campus.magnet.fsu.edu/tutorials/index.html

• https://www.leica-microsystems.com/science-lab/topics/basics-in-microscopy

• https://www.youtube.com/playlist?list=PLG8B8Uyfh7-Azddns5nv_kZU1YQGD4bBg

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

• A global view of standards for open image data formats and repositories JR Swedlow, P Kankaanpää, U 
Sarkans, W Goscinski, G Galloway, ..., Nature Methods, 1-7

• Jonkman, J., Brown, C.M., Wright, G.D. et al. Tutorial: guidance for quantitative confocal microscopy. Nat 
Protoc 15, 1585–1611 (2020), https://doi.org/10.1038/s41596-020-0313-9

https://scholar.google.com/citations?view_op=view_citation&hl=es&user=pC1AX9AAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=pC1AX9AAAAAJ:NaGl4SEjCO4C
https://www.zeiss.com/microscopy/int/cmp/edr/21/microscopy-for-dummies.html
https://www.microscopyu.com/tutorials
http://zeiss-campus.magnet.fsu.edu/tutorials/index.html
https://www.leica-microsystems.com/science-lab/topics/basics-in-microscopy
https://www.youtube.com/playlist?list=PLG8B8Uyfh7-Azddns5nv_kZU1YQGD4bBg
https://scholar.google.com/citations?view_op=view_citation&hl=es&user=pC1AX9AAAAAJ&sortby=pubdate&citation_for_view=pC1AX9AAAAAJ:V3AGJWp-ZtQC
https://doi.org/10.1038/s41596-020-0313-9
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• Seeing is believing? A beginners' guide to practical pitfalls in image acquisition. Alison J. North. 2006 The 
Journal of Cell Biology, 172(1):9-18
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René Descartes (1596-1650) 

Passions of the soul  ( 1649)

... just look at the thing …

¿ Human visual perception ?

Treatise of man ( 1637)
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glandula pinealis / pineal organ

2| signals from other senses ...

A combination of ...

1| direct signals ...

3| feedback loops ...

... produce a symbolic 
representation of an object.
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Richard Feynman (1918-1988) 

“It is very easy to answer many
of these fundamental biological
questions. You just look at the
thing !

Make microscopes a hundred
times more powerful and many
problems of biology would be
made very much easier.“
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OTF: Object/Optical Transfer Function
Myoglobin in Action |Picosecond Laue Crystallography Diffraction Data 
Schotte et al (2003) Science

Object ObjectModelOTF-1ObjectImageOTF

http://www.youtube.com/watch?v=lnKIBZYarzM
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Diffraction Limited Resulution for a 10m telescope ~ /D ~ 0.01 arcsec
is limited to ~ 0.5 arcsec by the turbulent atmosphere. 
NAOS creates an artificial star at 90 km altitude in the Earth´s mesosphere. 

The Laser Guide Star is used to correct atmospheric effects

Object OTF-1 ObjectModelOTF ObjectImage

2.3 arcsec
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OTF-1 ObjectModel

Diffraction Limited Resulution for a 10m telescope ~ /D ~ 0.01 arcsec
is limited to ~ 0.5 arcsec by the turbulent atmosphere.

Object OTF ObjectImage

Hubble

VLT
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Confocal Microscopy | 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. 

10 µm 33 fs 

luz

OTF-1 ObjectModelObject OTF ObjectImage
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z = 17.86 m

z = 7.41 m

z = 16.18 m

A
raw image     deconvolution      ROI                 active contour ROI

B

raw data                                             deconvoled data

surface                                                active surface

polygon                                                          model

sphere                                              2-phase sphere

projection                                                   projection

5.2 m holes         patches
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G. Schlapp et al. / 

Journal of 

Microbiological

Methods 87 (2011)
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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://doi.org/10.1016/j.cell.2010.12.002
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2-photon                 SIM                       STED                     4- PALM

FWHM(xy) ~ /2          ~ /4               ~ /∞              ~ /4              ~ /100

M Goeppert-Mayer     M Gustafson                      S Hell                                 E Betzig 

1906-1972                1960-2011                   MPI Göttingen                       Janelia Farm

                                                                  BIOQUANT Hdg
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Schermelleh et al 2010 JBC
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Hans Janssen (1595), .... 
Galileo Galilei (1610)

|-> Microscopy
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Interacciones ...
• intra- e inter moleculares ...

producen cambios ... 
• espectrales
• tiempos de vida
• polarización
• intensidad ...

- Fluorescencia
- Fosforescencia

Luminescencia:

t ~ 10-8s
t ~ 10-3-100s

Absorción / Excitación

 t    →

Emissión

|-> Fluorescencia I
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Energía de un fotón: (~1-5eV)

E  =  h  =  hc-1 |  c  =   
, frecuencia [s-1]

h, constante de Planck [6.626 10-34 Js-1]

, longitud de onda [m]

c, velocidad de luz [~3 108 ms-1]

Energía molecular:

E =  Erot  +   Evib   +  Eel

         1        :    103        :   50·103

Energía térmica:

E = k T  (~2.5 10-2 eV, T ~20°C)
k = Constante de Bolzmann (0.86 10-4 eV/K)

pm nm mm mµm



10 10 10 cm 109 6 3 -1 -3


_

EHz PHz THz GHz



MeV keV eV

E

 X UV IR MW RW

Vibration RotationValenz

Nucleus

Internal

Elecrtrones Molecules

ESR /

NMR

300nm                            700nm

|-> Fluorescencia II
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Intercombinación

10-8s

10-6 - 1s 

Transiciones:           con radiación                   Niveles:                vibracionales 

                                  sin radiación |     -> calor                             electrónicos  

            -> transferencia de energía (FRET)

                                                           -> radicales ... STED

10-9-10-8s Fluorescencia

10-6 - 1s Fosforescencia

10-15s Absorción

10-12s

Conversión interna
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|-> Jablonski Diagram
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Frank Condon :
‘Transiciones entre niveles 
electrónicos ocurren mucho mas 
rápido que  movimientos de núcleos 
moleculares.‘
(masaelectron / masaatom: 1 : 2000)

-> Mirror Image Rule

Stokes (Shift) :
‘La energía de emisión es menor a 
la energía de excitación.‘

|-> Franck Condon
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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.thermofisher.com/order/spectra-viewer
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