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Problem 1.
An oxide glass sample (1 mm x 10 mm x 10 mm) with a bandgap of 8 eV is doped with Nd3+ ions at a doping density of 1026 ions /m3. 




a) The absorption of the material is measured as a function of wavelength in the range of 200 – 2000 nm. The incident light is normal to one of the 10 mm x 10 mm surfaces of the sample. Describe qualitatively what the absorption spectrum looks like.
b) The material is illuminated with a laser source at 800 nm and the output light is analyzed in the wavelength range between 900 and 1100 nm. Describe the output spectrum.

Problem 2.

A laser cavity has a length of 10 cm. What is the spacing (in frequency) between adjacent longitudinal modes?

Problem 3.
In the SI system of units the polarization P (C/m2) is written, up to second-order in E, as:

P = E+ E2)

A nonlinear crystal has a refractive index of 1.5 and a 10-12 m/V.

What electric-field amplitude and light intensity are required to get the second-order polarization to be 1% of the linear polarization?

Problem 4.
Consider propagation of light of 1 micron wavelength through a fused silica optical fiber with a diameter of 4 micron and a length of 10 m.

Calculate the optical power required for a nonlinear phase shift, F= -p.

The nonlinear index coefficient for fused silica can be found in the paper by Tanaka et al.

Problem 5.

In a Raman fiber amplifier the 1300 cm-1 Raman mode of a phosphosilicate fiber with 11 mol% P2O5 is used. What pump wavelength should be used to amplify at signal at a wavelength of 1.3 micron?
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