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Homework

. . Two Photon Fluorescence
* Spatial resolution of

Three Photon Fluorescence

* Spectral focussing CARS



Mult1 Photon Fluorescence

Linear Microscopy Nonlinear Microscopy
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Spatial resolution

One Photon Two Photon

v=k (NA)r ~
PSI:one—photon=PSF(Vf u) u=k(NA)*z k= 2r/A
radial and axial
PSI:“Cmfm:al - PSquminamm X PSF i e PSFz(V, u) normalized coordinates
PSFtwo-phomn = (PSFillumination)z ~ PSF* (V/Z’ 11/2)
I:)SFThree-photonz (I:)SFiIIumina‘tion)3 = PSF? (V/3' U/3)



@ @ @ confocal microscopy

illumination-PSF ~ detection-PSF effective PSF
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ADVANCED TECHNOLOGIES IN BIOSCIENCE 5p, Theme IV-2008/09:
Introduction to Advanced Confocal Fluorescence Microscopy and Related Techniques for Bioscience

Resolution in multiphoton microscopy

2PE 900 nm

1PE 543 nm

FWHM,,= 0.25 um
FWHM, = 0.50 pm

FWHMxy= 0.40 pm
scale bar » 0.50 pm FWHMZ =1.1 um

scae bar » 0.50 um

Orange bead (& 0.18 um) imaged with 60x/1.4 oil objective

Maria Smedh, Centre for Cellular Imaging




1.1. Comparison of resolution between two-photon and three-photon
jence mucroscopy under the condition of the equal fluorescence wavelength, v
- ength. vi,2 and Uy ;2 are the transverse

for an axial response to a thin Iayer, y the gradient of the image intensity at
e of a thick layer, y the gradient of the image intensity at the edge of a thin
3 v" the gradient of the image intensity at the edge of a thick edge

Confocal | Conventional | Confocal
(2-photon) | (3-photon) | (3-photon)

Conventional | Confocal

2.86 1.41
9.87 4.89
9.98 5.67
0.047 0.082
0171 0.349
0.166 0.305

11.2. Comparison of resolution between two-photon and three-photon

ence microscopy under the condition of the equal illumination wavelength, v
are normalized by the incident wavelength. The others conditions are the same
n Table 11.1

Conventional | Confocal | Conventional | Confocal | Conventional | Confocal
(1-photon) | (1-photon) | (2-photon) | (2-photon) (3-Ehoton) (3-photon)

V1,2 0.81 0.58 117 0.67 0.953 0.47

PSF |u2 2.78 2.0 4.01 2.31 3.29 1.63
AU 2 o0 2.15 43 2.50 3.33 1.89

0 0.18 0.09 0.186 0.1 0.246

0.54 0.84 0.416 0.722 0.513 1.047

0 0.67 0.334 0.68 0.498 0.915
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Figure 11.5. Image intensity of thin (a) and thick (b) fluorescess
conditions are the same as those in Figure 11.1




Spectral focussing CARS

Energy level diagram

Conventional multi-beam CARS:
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Spectral focussing CARS

Raman active vibrational mode:w, -w=0Q

Conventional ps CARS unmatched chirps fs CARS Chirp matched fs CARS
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The spectral resolution AQ is determined by the total height of the ellipse wp —W..



