EE 420 H.W. Set # 1
1. An optical fiber has a numerical aperture of 0.20 and a cladding refractive index of 1.59. Calculate:
a) the acceptance angle of the optical fiber in air.

b) the acceptance angle of the fiber in water (the refractive index of water 
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c) the critical angle at the core-cladding boundary.
2. The velocity of light in the core of an optical fiber is 
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 and the critical angle at the core-cladding interface is 
[image: image3.wmf]80
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. Calculate the numerical aperture and the acceptance angle of the optical fiber in air.

3. The diagram shows a collimated Gaussian beam with a spot size of 
[image: image4.wmf]200[]
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 and a wavelength of
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 The beam is to be coupled efficiently into an optical fiber having a core diameter of 
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 and a numerical aperture of 
[image: image7.wmf]0.30

. Coupling can be achieved using a single thin lens as shown in the diagram. Calculate:
a) the smallest possible focal length 
[image: image8.wmf]f

 of the lens (this results in a compact system).

b) the largest possible focal length 
[image: image9.wmf]f

 of the lens.
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4. The f-number of a lens is defined as: f-number 
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, where 
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focal length of the lens and 
[image: image13.wmf]D
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 lens diameter. Calculate the f-number of a complete sphere made of glass having a refractive index of 1.50.
5. Given a light source with a very small spectral width (i.e. 
[image: image14.wmf]ll
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). Show that:
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where:  
[image: image16.wmf]f

=

center frequency of the source.
              
[image: image17.wmf]l

=

center wavelength of the source.

              
[image: image18.wmf]l

D=

Spectral width of the source.

              
[image: image19.wmf]f

D=

Bandwidth of the source.

 6. Briefly explain why material dispersion limits the maximum data rate in a digital optical fiber communication system.
7. List 10 advantages of the optical fiber in communication systems.
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