Idiosynchratic primer on principles of light microscopy for neuroscience




Basic features of a microscope for transmission and fluorescence
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The lens maker’s formula (thin lens, paraxial beam, ...):
A good start to understand imaging

do optical axis [Z]

(di—f) (do - ) =F°



Infinity corrected microscopes: Two pathways in brighfield imaging
(1) Imaging path

(2) lllumination path
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Imaging path: Three essential lenses to magnify object

¢ An objective with focal length fo
¢ A tube lens with focal length fr (typically fr = 160 mm).

e An eyepiece with focal length fe.
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Extended source illumination: Two essential lenses for illumination
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Infinity corrected microscopes: Two pathways in brighfield imaging
(1) Imaging path

(2) lllumination path
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e Aperture diaphragm controls the angular spread of the light and thus depth-of-field.

e Field diaphragm controls the size of the illumination spot



Modes of imaging

Transmission: Contrast based on absorption and scattering
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Example: DIC microscopy to image V yptical path

Differential Interference Contrast Schematic
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Fluorescence: Contrast based on absorption and incoherent emission
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Absorption

Fluorescence emission

350 400 450 500 550 600 650
Wavelength (nm)

e =9x10* M'em™ at A = 500 nm

Rule of thumb: €maximum ~ 20,000 x (number of rings)

Example: £ =90,000 M'em™ at A = 500 nm for fluorescein



Spatial resolution: Set by the wavelength and geometry

What does a point object look like? Expect to visualize it as a dot of order one wavelength
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First zero of pattern, J(r)/r, at r = A x (0.6 / NA).
What is numerical aperture (NA)?

NA = (n)sin(p)

(a)p=7° NA=0.12
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H (c) 60° 0.87

& \l HJ
K e
H

(a) (b) (c)




At the very best, NA =1 and r = 0.3 ym for green light.
Better resolution for samples embedded in high index media.
Sampling theorem requires 2 2 samples per resolution unit, so we need to sample at 0.15 pm.

For the example CCD with 7200 pixels on edge, the maximum field is 7200 x 0.15 pm = 1.1 mm.

In practice, most lenses do not have such a large fields
e.g., Zeiss 40X 1.2 NA water objective has 500 um field and r = 0.25 pym.
This implies a CCD resolution of (500/0.25/2)> = (4000) 2 ~ 16 Mpixels; quite reasonable.



Detection versus discrimination

Detection has arbitrary accuracy.
Resolution implies a minimum distance between identical objects

Airy Patterns and the Limit of Resolution
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PALM

Imaging of overlapping, identical fluorophores that switched on at low density

Betzig, Patterson, Sougrat, Lindwasser, Olenych, Bonifacino, Davidson, Lippincott-Schwartz & Hess (Science 2006)
Rust, Bates & Zhuang (Nature Methods 2006)



Scanning microscopy for optical sectioning

Pixel-by-pixel excitation for confocal, multiphoton, harmonic, STED, ... , microscopy
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Change in slope of the mirror, ry’, is turned into a change in position in the focal plane, ry,

with r, = —f, 1 r



Confocal scanning microscopy (Minsky, Amos, ...., ¢a 1960)
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Two-photon laser scanning microscopy (Denk et al. Science 1990)

Integrated Absorption Probability
Area A is scanned in a time t with power P

One photon Two photon

(Nabsorption ~ P 1) (Nabsorption ~ P2t)
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In vitro and in vivo two-photon microscopy for structural studies

~100fs ~10 ns
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Currently, one typically images 500 ym deep and can image to 1000 um with special equipment.



Two-photon microscopy with free-ranging animals for cell function

Sawinski, Wallace, Greenberg, Grossmann, Denk & Kerr (2009 PNAS)



Super-resolution scanning microscopy through stimulated
emission: STED (Hell & coworkers 1994)

Excite
diffraction-
limited spot

Deplete
doughnut

Effective
sub-diffraction-
limited excitation



The goal is science, not (only) pretty pictures: Vectorization of data

Maximal projection of
vessel grayscale volume 7;

c Matched
o filtering
=] with rods
1]
P
c
(]
b) cross all fiters Constrainec
w local
treshokding
Vessel enhanced
grayscale volume
Background
regors
Local
threshokdirg
d a
4 Backgrourd Raw
Enhanced < oo vascular
vascular mask ¢ mask
A

AN,

;l;g:‘}t‘; Removal
5%, sequence

Thinned mask
with preserved
conneclivity

Voxel
enterng

Recentered mask

Center-lining

Hair removal based
on vessel dameter

Shaved
recentered mask

Small-scale Vascular
0op collapse centering
map 2

L

Center-line mask




	UCSF_2011.pdf
	Hieldeberg_2007
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	NeuroInfo_optics_2003.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled





	rose_bega[_mechanism.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled





	Womans&Brigham.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	NeuroInfo_optics_2003.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled





	rose_bega[_mechanism.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled






	NIH_Imaging_06.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	NeuroInfo_optics_2003.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled





	rose_bega[_mechanism.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled





	Womans&Brigham.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	NeuroInfo_optics_2003.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled





	rose_bega[_mechanism.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled






	CSHL_blood.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	NeuroInfo_optics_2003.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled





	rose_bega[_mechanism.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled





	Womans&Brigham.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	NeuroInfo_optics_2003.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled





	rose_bega[_mechanism.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled








	Allen_Institute_2006aoh.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	NeuroInfo_optics_2003.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled





	Merck_03+.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	NeuroInfo_optics_2003.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	Overview_for_Merck.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled



	5432405.pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_optics_talk .pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled




	CSHL_2003_spectra_talk.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled








	Learning&Memory
	Kyoto_2004.pdf
	CSHL_optics_talk  copy.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled





	UCSD_06.pdf
	Kyoto_2004.pdf
	CSHL_optics_talk  copy.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled






	Banbury_06.pdf
	Kyoto_2004.pdf
	CSHL_optics_talk  copy.pdf
	laser_cut_tech_trans_form. pdf
	PROPRIETARY INFORMATION
	TECHNOLOGY TRANSFER and INTELLECTUAL PROPERTY SERVICES, UCSD
	
	Hm. Phone:
	Untitled











