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Low (A) and high (B) magnification 
views of dendritic spines from a 
cerebellar Purkinje cell, drawn by Cajal 

(Ramón y Cajal, 1899).
http://ibronew.alp.mcgill.ca/Media/Images/si-
how-den-figs-fig1.jpg

http://www.ibro.info/Media/pdf/si-
his-pdf-
pdf22.pdf#search=%22cajal%20
spines%22

Photomicrograph from one of Cajal's Golgi preparations of the postcentral gyrus of a child showing a
labeled pyramidal cell similar to the one shown in the left panel (from the collection of histological
preparations housed in the Museo Cajal; published by DeFelipe and Jones, Cajal on the Cerebral
Cortex. New York: Oxford University Press, 1988).Right, drawing by Cajal illustrating a Golgi-
impregnated pyramidal neuron of the postcentral gyrus of achild published in 1899 (Estudios sobre la 
corteza cerebral humana. II: Estructura de la corteza motriz del hombre y mamíferos superiores. 
Revista Trimestral Micrográfica 4: 117-200). Left,
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Linearity

f(a + b) = f(a) + f(b)

Independence

in

out

Superposition

f(β∗a) = β∗f(a)
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Annalen der Physik 9: 273. (1931). 
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http://en.wikipedia.org/wiki/Kerr-lens_modelocking

http://www.imperial.ac.uk/research/photonics/research/topics/lasers/images/pr-cavity.gif







Svoboda, K., W. Denk, W. H. Knox and S. Tsuda (1996). "Two-photon-excitation scanning microscopy of living 
neurons with a saturable Bragg reflector mode-locked diode-pumped Cr:LiSrAlFl laser." Opt. Lett., 21(17): 1411-1413.
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http://upload.wikimedia.org/wikipedia/en/thum
b/9/9f/Confocalprinciple.svg/800px-
Confocalprinciple.svg.png
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Xu, C. and W. Denk (1997).
“Two-photon optical beam induced current imaging through
the backside of  integrated circuits.” Applied Physics Letters 71(18): 2578-2580.







Courtesy of B. Sakmann



axon

dendrite

spine

Courtesy of B. Sakmann













Yuste&Denk, Nature 375, p 682-684 (1995)
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Kleinfeld, Mitra, Helmchen, Denk, PNAS, 95: 15741-15746.
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Marsh, P. N., D. Burns and J. M. Girkin (2003). "Practical 
implementation of adaptive optics in multiphoton microscopy." 
Opt Express, 11(10): 1123-1130.

Milonni, P. W. (1999). "Resource 
letter: AOA-1: Adaptive optics for 
astronomy." Am. J. of Physics, 
67(6): 476-485.





Markus Rueckel, Marcus Feierabend, WD

Unscrambling the wavefront: adaptive optics



M. Rueckel, J. Bucher, W. 
Denk,"Adaptive wavefront correction 
in two-photon microscopy using 
coherence-gated wavefront sensing" 
PNAS in press



Drosophila embryo expressing tau-mGFP6 pan-neuronally under the 
control of the ElaV promoter. 
Imaged with the Bio-Rad 2-Photon system and a 40X objective.
z-stacks, taken every five minutes over approximately eight hours.
CSH imaging course, Peter van Roessel and WD




