Homework Solutions:
1- During femtosecond photo-writing, the irradiated region of the glass is trapped in a higher fictive temperature state due to fast quenching. In most glasses, a higher fictive temperature corresponds to a lower density and consequently lower index. However silica has an anomalous volume-temperature curve and Fig. 6 in ref [1] shows that higher fictive temperatures correspond to higher index (higher density). It is then possible to write a channel of higher refractive index with a pulsed laser and produce waveguides in silica. Conversely, phosphate glasses behave normally and higher fictive result in lower index. The resulting photo-induced channels have lower index than the glass and consequently can not guide light.
2- From the attenuation plot shown in the notes, a silica fiber has an attenuation of ~ 0.35 dB/km for wavelengths of 1.55 μm and ~3.0 dB/km for wavelengths of 0.8 μm. The intensity drops to 10% of its initial value between two amplifier, this correspond to a loss of 
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. The distance between two amplifier is therefore 10/0.35 = 28.57 km. For a distance (NY to LA) of 4,500 km, this correspond to 4,500/28.57 = 158 amplifiers. Similarly, for losses of 3.0 dB/km at wavelength of 0.8 μm, the number of amplifier would be 1350.
3- According to the equation on slide 11 of lecture 1, the refractive index is a direct function of the number Ni of electronic oscillators. In other words the greater the density of electrons in a solid the higher the refractive index. Qualitatively, the glass with the greater ratio of elements with high atomic number should therefore have the greater density of electrons and the higher refractive index. Glass B has the greatest ratio of lead and should therefore have the highest index. Consequently, light should propagate the slowest in glass B.
4- The reflectivity of the shop window is related to the index according to: 
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In our case the reflectivity can be calculated from 
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and the refractive index is then 
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5- 
From Ref [1], we know that T ~ 50% for a Type II silica glass at 0.2 µm and that the refractive index is n ~ 1.45855 for a glass with a Tf of 1200 ºC.  We can use the following equations to calculate the absorption coefficient:
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where T is transmittance, I is intensity, R is reflectance, n is refractive index, α is absorption coefficient and z is path length.  Rearranging and solving for the absorption coefficient yields:
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According to Ref [1], as the temperature is increased from room temperature to 900 ºC, the change in refractive index is Δn ≈ 0.0215.  Therefore, the refractive index is expected to be 1.48005.  Assuming that 
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 and neglecting any change in path length due to thermal expansion, the new transmission is:
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6-
MCT has a very low bandgap which allows photo-excitation of charge carrier even with photon of low energy or long wavelength down to lower than 10 microns. The bandgap of MCT varies with composition as well as temperature. MCT must be cooled with liquid nitrogen in order to lower the bandgap and therefore increase the lower wavelength range of detection but also in order to reduce the number of intrinsic charge carrier that are thermally excited in the conduction band and would interfere with the measurement of photo-excited carriers.
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