
Assignment 1: Optical properties of materials Due date: 20 October 2009, 2 pm

Assignment 2: Absorption, Refractive Index and Dispersion

1. Describe in simple words (and supporting mathematics) the physical meaning of the

real and imaginary parts of the refractive index n = nR + ini.

2. The equation of motion for a Lorentz oscillator under the influence of an external

electric field is,

m
d2x

dt2
+ mγ

dx

dt
+ mω2

0x = eE0 cos ωt. (1)

What is the phase difference between the displacement x and the external electric

field?

3. We have a gas of molecules at standard temperature and pressure. The gas exhibits

one resonance line at a frequency ω0. Its decay constant γ = ω0/10.

(a) What is the relative permittivity of the gas at perfect resonance?

(b) What is the (real part) of the refractive index at resonance and hence the phase

velocity of the light?

(c) Monochromatic light with intensity I0 and frequency ω0 enters a cell containing

the gas at STP. The length of the cell is d. What is the intensity of the light that

emerges from the cell?

4. Consider an almost transparent gas with a resonant frequency ω0. This means that

the damping constant γ is very small as compared to the term ω2
0 − ω2.

(a) What is the refractive index at static fields?

(b) Sketch a plot of the real part of the refractive index as the radiation frequency

increases from zero to ω0.

(c) Describe, in terms of the constituent oscillators, the absorption process that takes

place near resonance.

5. Salt (NaCl) absorbs very strongly at infrared wavelengths in the ‘restrahlen’ band. The

complex dielectric constant (relative permittivity) at 60 µm is −16.8+i 91.4. Calculate

the extinction (absorption) coefficient and the reflectivity at normal incidence at the

stated wavelength.
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6. The figure shows the refractive index of NaCl in the infrared spectral region. Use the

data to estimate:

(a) The static relative permittivity of NaCl.

(b) The natural oscillation frequency of the vibrations.

(c) The restoring force for a unit displacement of the oscillator.

7. Gold is generally used as a transmission grating in electron microscopes. Estimate

the fraction of light of wavelength 1 µm that is transmitted through a 20 nm gold foil

at 77 K. The DC electrical conductivity is 2 × 108Ω−1m−1. The electron density and

plasma frequency of gold are 5.90× 1028 m−3 and 2.18× 1015 Hz.
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