
Optics and Microscopy I




A typical biomedical optics experiment
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Wave and Particlel Nature of Light


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




Physical Optics – Wave nature of light 

Maxwell and His Equations Wave Equations 
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Plane Wave Solution 

r r 
E(x,t) = E0 cos(kx -wt) 
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Plane wave propagates like a “ray” of light




Reflection and Refraction of Light at Boundary


Reflection 

sin qi = sin qr 

Refraction (Snell’s Law) 

ni sinqi = nt sinqt 



Rcfkactlon at 8 spherical surface 

Let's h k  at one of the simplest case of how light is transmitted 
thou@ a spherical diektric (glass)& i n M a e  

We can trace a ray oi@ating a?a distance S1 h nthe &&ice. 
How far Grom the intmhce (wwillthe ray intersect the axis of the 
spherical inferface? 

This question can be settled by Snell's law and my tracing: 

~nm! nl sinel =n, sine2Sneu9sLaw: 



The sc)lutimiscomplicated d e s s  all  the anglesam small W e  
will 6rst consider this caw. h this case, the she of the sum oftwo 
mallangles is the sum ofthe sines: 

From Snell's law: 

This siqliato: 

Rename S, to So 
s*to S, 

The assumptimof smell angle iscalled the paraxid 
qpmhatiion. 





Derivation of the Lcmsmaltcr's Fo-r 

w h a t h t p p c n t o t h e f b d ~ s , , w h m t h p o i n t s o m a o f ~  
is mavedtoa distance tb;m the object focus, Po? 

A l e n s i s W d l y t w o s p h r i c a l g l a s s s ~ b o o d t ~  
baekW& Let'sateodthevirtullimagehningclseand 
place a 2M tothe sight. 







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 pass through the focal point becomes parallel to the optical axis. 

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

Rays parallel to the optical axis 
converges to the focal point 

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



Simple Ray Tracing II


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

Rays originated from the plane 
emerge collimated 

Collimated rays emerge focus at 
The focal plane 



Ophcal elements I: Lens 

Wehavebeenusinglensthroughmtthis~,itmaybeusefnl 
to pause for a moment to desuibe what are the typical terminology 
associated with lens. 

Biconvex 
R1 >O 
R2 <O 

Biconcave 
R1<0 
R2>0 

Meniscus 
convex 
R1 >O 
R2 >O 

MenGcus 
concave 
R1>0 
R2 >0 

These are common elements that is mostty d f e q h a t m y  
d I w i l l n o t ~ ~ t i m e o n ~ .  

Mirrors: Minors has similar tumjnology as leus but oaly has m e  
Sutt-5~.  

Prisms: Prisms has a number of applications such as dispersing 
di fkmt  color of light and direcling light and image. 

AperWes & Stops: As discussed before, apertnre and stops serves 
t o ~ o p ~ l p t h d t o ~ a e r r a t i m e ~ ~  
dmimting m - p d  rays. 



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. 
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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 combined field is 
r r r r r r r r
E(r , t) = E01 cos(k1 � r -wt) + E02 cos(k2 � r -wt) 

The brightness or intensity is the “mean square” of the field
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d is a phase factor measuring the path length difference
r 
of the two beams at r multiplied by k 



Interference

Consider two thin slits separated by d. What is the intensity of light 
at a screen distance s away at a position y? 

q /tan s	y= 

Constructive 

d = 0,2p ,4p ,L


d sin q = ml


Destructive 

d = p ,3p ,5	p L 
1 

d = kd sinq = 
2pd sinq d sin q = (m + )l 

l 2 

What happen if we have many slits with separation d? 
Implications in the photonic crystal experiment? 






