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1. (15 pts) The figure shows the reflection and refraction of light at an interface between two 
different materials, each having an index ofrefraction as shown, where nl > n2 • 

Given: 

sinO =!i 
c ~ 

j ±r-1 

E (x, z) =~"te-jkQnZ (xcos8z+zsinOz) 
t E j 
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For ~ > , sin ° 2 > 1, total internal reflection (TIR) occurs, and the refracted field is 
E/(x,z) yEte- e' ,where fJ=kon2sin02 =kQ~sin~. Derive a simplified expression for the 
absorption coefficient a of the evanescent field in terms of the incident angle fA. 
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2. (10 pts) A midshipman has gone to the Baltimore Aquarium on a Saturday afternoon, but after 
a busy week of exams he has fallen asleep while leaning against a wall. A good distance down 
the wall from the midshipman is a fish tank that is 3ft deep and 8ft long that contains three fish. 
If he were to wake up, which of the three fish, if any, could he see from his position near the 
wall? Justify your answer. Hint: Determine precisely which region of the tank can be 
observed by the midshipman. h 'f.. f A'T )( ~ t T c.+ .... 40" 1 ClI!'SIfE,.JH~a.~ I 
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3. (35 pts) The mode chart for the active area of an AIGaAs LED is shown below. The range of 
the effective index of refraction in the guide is defined as n2 < I1eff < nl. The wavelength emitted 
by the LED is 820 nm. The thickness of the active area is 5 !-lm. The drive current is 100 rnA. 
The carrier lifetime is 3 ns. 

a) (5pts) Label only the TErn modes that actually propagate III this LED along each 
corresponding curve on the mode chart. 

el 

b) (5pts) Which TErn mode propagates near the critical angle? 

c) (1 Opts) Solve for the numerical aperture and estimate the angular beam divergence of the 
light as it exits the LED into air (110 = 1). 
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d) (lOpts) If 10% of the electron-hole recombinations in the active area result in an emitted 
photon, solve for the optical power emitted by the LED. 
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e) (5pts) At what modulation frequency is the emitted optical power is reduced by L5dB? (See 
hint below.) 
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Hint: Ifoptical power P is linearly proportional to drive current J, then: 
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4. (4Opts) A certain optical fiber has a core diameter of 8 Jlm, a core index ofrefraction of 1.48, 
and a numerical aperture of 0.12. The mode chart is as shown below. The dispersion zero 
wavelength is 1310 nm, and the slope at the zero dispersion wavelength is -0.085 ps/nm2-km. 
The source wavelength is 1.55 Jlm with spectral width 125 GHz. 

a) (5pts) For what range of wavelengths does the fiber support only single mode propagation? 
n r-------------,90· 
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b) (lOpts) Solve for the mode field diameter ofthe fundamental LP01 mode. 
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c) (15pts) Solve for the dispersive pulse spread/unit length in this fiber at the source wavelength. 
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d) (1 Opts) If the loss at the source wavelength is O.2dBlkm, solve for the maximum length of the 
fiber if the source power is -5dBm and the receiver sensitivity is -25dBm. 
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Equation sheet: 

V 
A

2Tta NA 

W(eV)==~ 
g A(Jl11l) 

p == 7l~ (eV)J 

hdB _1_ (electrical) 
2Ttt 

dB 20 log ( ~~ ) 

Ll(f)=-MAA (SMF) 

~ = 0.65 + 1.619(Vr15 + 2.879(Vr6 

a 


dBmy dBm, +dB, 



