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Radians 

Most common situation, e.g. loudspeakers speakers – diaphragm and exit cone 

circular 

Most intense 



Radians 

The diameter w of the diffraction pattern increases with distance 
L, showing that light spreads out behind the circular aperture, 
but it decreases if the size D of the circular aperture increases. 
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θ = sin−1(λ /a)

Wave vs. Ray Model 

Sound fills space behind 
opening because λ/α >1 easily. 
For light to do the same a=.001 
mm 
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2.44λL /D = D

Dc = 2.44λL
a < Dc diffraction important; use wave theory
a > Dc diffraction negligible; use ray model

w= D 



Ray Optics 

Line of sight 







Aperture- A hole 
through which light 
is transmitted or 
collected  

Examples of 
ray diagrams 

Point projection 
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hi /ho = di /do



A long, thin light bulb illuminates a vertical 
aperture. Which pattern of light do you see 
on a viewing screen behind the aperture? 
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Virtual Image 
Consider P, a source of rays which reflect from a mirror.  
The reflected rays appear to emanate from P', the same 
distance behind the mirror as P is in front of the mirror.  
That is, s' = s. All rays DIVERGE from the virtual image 







Two plane mirrors form a right angle. How 
many images of the ball can you see in the 
mirrors? 

A.  1 

B.  2 

C.  3 

D.  4 
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Refraction 
Snell’s law states that if a ray refracts between 
medium 1 and medium 2, having indices of 
refraction n1 an n2, the ray angles θ1 and θ2 in the 
two media are related by 

Notice that Snell’s law does not mention which is 
the incident angle and which is the refracted 
angle. 







Total Internal Reflection 





Image by Refraction 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l = stanθ1 = s' tanθ2



EXAMPLE 23.13 A goldfish in a bowl 



Does Mirror Reverses Left and Right? 



Color 

Different colors are associated with light of different 
wavelengths. The longest wavelengths are perceived as 
red light and the shortest as violet light. Table 23.2 is a 
brief summary of the visible spectrum of light. 



Dispersion 
The slight variation of index of refraction with 
wavelength is known as dispersion. Shown is the 
dispersion curves of two common glasses. Notice that n 
is larger when the wavelength is shorter, thus violet light 
refracts more than red light. 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RAINBOW 



Why are plants green? Why are sunsets red –Why is 
the sky blue 

Isc ~(1/λ)4 

Raleigh 
scattering 
Blue scatters 
16 times 
more than red 

Green glass green because it 
removes (absorbs) all other colors  



What is a lens? 
Device that provides a capability to create bright and well 
focused images. How? 

Use Refraction to create images out of divergent light rays 

•  Focal point 

•  Focal length 

•  Property of lens 
no matter how it 
is used 

•  Distance from lens 
that paraxial rays 
converge 

•  Reversibility 


