
Optics & Microscopy III



What have we learned last lecture:

1. Microscope design: trans vs epi

2. Optical aberration

3. Interference: double slit, Michaelson

4. Fourier transform interferometer 





Fourier Transform Spectroscopy
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For single frequency

For a “sum’ of frequency

The spectrum is the inverse Fourier transform of 

measured intensity at different x (interferrogram)



Origin of Laser Speckles

www.dansdata.com
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Speckle Imaging of Blood Flow in Mouse Brain

(Dunn et al., Journal of Celebral Blood Flow and Metabolism, 2001)




I
k I

Speckle Contrast:



Speckle Imaging of Mouse Brain Blood Flow
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Imaging of Cortical Spreading Depression in Mouse Brain

Induced by a drop of KCl

Cortical spreading depression is

a local suppression of electrical

activity with potential relationship

to the onset of migraine headache.

KCl



Contrast Mechanisms in White Light Microscopy I: 

Dark Field

http://www.bmb.psu.edu

www.westga.edu



Contrast Mechanisms in White Light Microscopy II: 

Phase Contrast

Scattering results in p/2

or p/4 phase shift for absorbing

& scattering objects respectively

Phase plate introduce further 

phase delay to either enhance or 

reduce detected intensity.  

Invited by Zernike 

(Nobel in Physics 1953)

Histological slice:

(Top) bright field

(Bottom) phase

http://www.lot-oriel.com



Contrast Mechanisms in White Light Microscopy III: 

Differential Interference Contrast (DIC)

micro.magnet.fsu.edu

DIC

Phase

Mucosal

epithelial cells Kidney Section



Contrast Mechanisms in White Light Microscopy IV: 

Polarization

http://www.lot-oriel.com

Mitosis





Huygens-Fresnel Principle

Spherical Wave Solution



Single slit diffraction is a result of the interference of light due to its wave nature

Diffraction I



Diffraction II



Diffraction III



Diffraction IV



Diffraction V

Microscopy imaging can be consider as the diffraction from a circular aperture

with a lens for focusing – diffraction results in “broadening” of the focal point.



Recall from lecture 1, the interference of two plane waves: 
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In the case where the waves incident symmetrically and looking at the intensity along the 

y axis 
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The intensity has a simple distribution depend on angle : 
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Note that when angle is zero degree (light wave counter propagating), the highest 

frequency oscillation is observed at spatial frequency: )
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pk .   When the waves are 

parallel, angle is 90 degree, the spatial frequency is zero (constant intensity light). 

Fourier Optics I

Recall the interference of two plane waves



Fourier Optics II

Consider two point source at the focal plane of a lens, the light rays

become collimated plane waves after the lens and interference is observed.



Fourier Optics III

What happen when the two sources coincide?  Only parallel plane waves 

are generated.



Fourier Optics IV

What happen if the point sources are made further apart?



Resolution viewed from Fourier Optics

Light emission from any object in the specimen plane can be 

Decomposed into its Fourier components.  Which Fourier component

will pass the finite aperture of the objective lens?  Low frequencies!



Resolution viewed from Fourier Optics II

What is the maximum frequency that can be pass?  Consider the case

of a very large lens (numerical aperture, NA approach one).  The 

waves will approach counter propagating and the maximum frequency 

is:
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Note that maximum spatial frequency is a function of wavelength.  

Shorter wavelength implies higher frequency (resolution) imaging.

At a given wavelength, we should expect a resolution of about 
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Resolution viewed from Fourier Optics III

More quantitative analysis shows that:
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Point Spread function



Resolution viewed from Fourier Optics VI


