Photonics, Spring 2025

Submit your answers as a PDF file via Google Classroom before deadline (27.01.2025 at 10.00). If problems,
contact the course assistant joonas.mustonen@helsinki.fi.

If you utilize LLM models as assistance in solving the task, please specify their usage at the end of your
submission.

Exercise 2, 20.1.2025

1. Reflectance of polarized light (1 point)

A linearly polarized plane wave is incident on an interface between two linear, homogenous non-magnetic di-
electric media. The angle between the plane of incidence (xy-plane) and direction of polarization is y; and the
angle of incidence is 6;. The reflectance components of the p- and s-polarized components are R, and R,
respectively. Write an expression for the total reflectance R.

Hint: start by writing R = I,./I;, where I, is the total reflected intensity (I = CZ—GEg).
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2. Reflectance of natural light (1 points)

Natural, or unpolarized light, is such that the angle y; of problem 1 changes rapidly and randomly. Derive an
expression for the reflectance of natural light R,, in terms of [, and 1.

Hint: problem 1 should give the reflectance R as a function of y;. Since the polarization angle now varies
randomly, take the time average of that result: R, = (R) = (f (¥)R; + g(¥)RL).

3. Reflection and transmission at a semiconductor-semiconductor interface (4 points)

A light wave with a free space wavelength of 890 nm that is propagating in GaAs becomes incident on AlGaAs.

The refractive indices of GaAs and AlGaAs are 3.60 and 3.30, respectively.

a) Consider normal incidence. What are the reflection and transmission coefficients and the reflectance and
transmittance?

b) What is the Brewster angle (polarization angle 8,,) and the critical angle 8. for total internal reflection for
the wave incident on the GaAs/AlGaAs interface?

c) What is the reflection coefficient and the phase change in the reflected wave when the angle of incidence
is 6; = 79°?

d) What s the penetration depth of the evanescent wave into the AlIGaAs when 8; = 79° and when 6; = 89°?
Does the result make sense?
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4. Evanescent wave (2 points)
Total internal reflection (TIR) of a plane wave from a boundary between a dense (n,) and a denser (n,) medium
is accompanied by an evanescent wave propagating in medium 2. Derive the corresponding plane wave
wavefunction and discuss how its magnitude varies with penetration into medium 2. The general wavefunction
is:

E = Eoei(k-r—mt)

Hint: draw a simple ray diagram of the general case of incident and transmitted rays (without TIR). Express the
wave vector in terms of its orthogonal components (x, y). When 6; > 8. the transmission angle becomes
complex, where the imaginary part describes the Evanescent wave; the imaginary term allows for exponential
decay of the resulting Evanescent wave. The goal is then to express both components of the wave vector as
functions of 8;, which remains real-valued. Using definitions of the refractive index n = c/v = 13/4, the
wavenumber k = 2/ and Snell’s law, strive to express the wave vector components as functions of the real-
valued 6; and readily known parameters n and A,.

5. Orthogonality of E, B and k vectors (1 point)

In the case of electromagnetic waves, electric field E, magnetic field B and wavevector k are
usually considered to obey orthogonality. This may be a good approximation for a plane
wave propagating in vacuum:

B(r,t) = Bye'*k7=o0
E(r,t) = Egelkr—ot)

Recover free space Maxwell equations (exercise set 1) for a plane wave and therefore show
that (E, B, k) are right-handed orthogonal triad.



