
Optics and Microscopy I
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A typical biomedical optics experiment



Wave Nature of Light -- Huygen Particle Nature of Light -- Newton

Wave and Particlel Nature of Light



Physical Optics – Wave nature of light

Maxwell and His Equations Wave Equations
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Plane Wave Solution
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Plane wave propagates like a “ray” of light



Reflection and Refraction of Light at Boundary

Reflection

Refraction (Snell’s Law)
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Simple Ray Tracing I

Ray Tracing is just based on the application of Snell’s law 
to a curved (spherical) surface.  We will focus on 4 simple
rules of ray tracing.  

Rays originated from the focal point
emerge parallel to the optical axis

Rays parallel to the optical axis
converges to the focal point

Rays pass through the focal point becomes parallel to the optical axis.
Rays parallel to the optical axis are deflected through the focal point.



Simple Ray Tracing II

Rays originated from the plane
emerge collimated

Collimated rays emerge focus at 
The focal plane

Rays originate from the focal plane becomes collimated.
Collimated rays converges at the focal plane.





Optical Microscopy I

Detection path of an optical microscope.  Note that at the detector,
the magnification is the ratio of the focal length of the objective and the
tube lens.

X’

1

2'
f
f

x
x

M ==

Magnification



Optical Microscopy III

Kohler illumination ensure that the structure of the light source
(such as the filament of lamp) is not imaged at the specimen. 

Trans-illumination Epi-illumination



Interference I

Consider combining two plane waves:
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The brightness or intensity is the “mean square” of the field
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δ is a phase factor measuring the path length difference 
of the two beams at        multiplied by kr
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Interference
Consider two thin slits separated by d.  What is the intensity of light
at a screen distance s away at a position y?
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What happen if we have many slits with separation d?
Implications in the photonic crystal experiment?




