
Optical properties of materials 
Dr. Arianna Marchioro and Prof. Frank Nüesch  Assistants: Viktor Vorobev and Mischa Flór 

Exercise 1.1 (Photon properties) 

Photons are quantum particles and therefore obey the laws of quantum mechanics 𝐸 = ℏ𝜔 and 

𝑝 = ℏ𝓀 (𝓀 is the wavevector). For a photon with a wavelength of 500 nm, calculate its energy (J, 

eV), frequency 𝜈, wavenumber 𝜈̅ (cm-1), momentum 𝑝 and dispersion relation 𝜔(𝓀) in vacuum.  
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Exercise 1.2 (antireflective coating, interference) 

An antireflective coating for a glass lens is designed in order to suppress reflections at a 

wavelength of 530 nm for perpendicular incidence. You can assume that there is no absorption 

in the glass and the coating. 

a) Derive the minimum thickness d of this layer assuming a refractive index 𝑛1 = 1.38 of the 

coating material and 𝑛2 = 1.5 for glass.  

b) Neglecting multiple reflections, estimate the percentage of the suppressed intensity of the 

reflected light due to the thin coating. 

Optional question: Compare your result to the exact solution including multiple reflections. 

c) What happens with the light that is back reflected at the uncoated interface of the glass? Can 

this back reflection also be suppressed? Please provide a qualitative answer. 

 

Note: Use 𝑅 = (
𝑛1−𝑛2

𝑛1+𝑛2
)

2

 to calculate the reflectance at the 𝑛1/𝑛2 interface and in analogy at the 

𝑛0/𝑛1 interface.  

 

Ex. 1.2 Solution 
 

Although the reflection coefficient from glass is relatively low (about 4% at air-glass interface with 

𝑛 = 1.5), in complex optical systems with many surfaces even with a small reflectance 𝑅, 

significant light losses eventually accumulate. Therefore, the problem of reducing the intensity of 

reflection from surfaces arises. 

This is achieved using a thin dielectric layer deposited on the surface of the reflective medium 

(antireflective coating). This is shown schematically in the figure below. A flat dielectric layer ( 0 

≤ 𝑧 ≤ 𝑎) with a refractive index 𝑛2 is adjacent to a reflective half-space (𝑧 > 𝑎) with a refractive 
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index 𝑛3. We put a refractive index 𝑛1 for the left half-space (𝑧 < 0). However, for this particular 

case 𝑛1 = 1. This situation is shown at the following scheme. Just for clarity the picture shows 

the incident angle different from zero, but the calculations are made for normal incidence. 

 

 

 

Incident wave with intensity 𝐼0 comes from the left half-space (𝑧 < 0). It reflects from the 

interface 1-2. The reflected wave has an intensity 𝐼11. We remember the link between the 

intensity and the amplitude: 𝐼11 = |𝐸̂11|^2 

For the coefficient of reflection for the intensity, we know: 

𝑅 = (
𝑛1 − 𝑛2

𝑛1 + 𝑛2
)

2

 

So, since the incident wave has the intensity 𝐼0, the part of that reflects at the 1-2 interface is: 

𝐼11 = 𝑅12𝐼0 

The second part of this wave transmits to the dielectric coating ( 0 ≤ 𝑧 ≤ 𝑎) with the coefficient 

of transmission 𝑇12: 

𝑇12 = 1 − 𝑅12 = 0.9745 

So, the transmitted wave intensity is 

𝐼21 = 𝑇12𝐼0 

The transmitted wave reaches the second interface and reflects with coefficient 𝑅23: 
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𝑅23 = (
𝑛2 − 𝑛3

𝑛2 + 𝑛3
)

2

= 0.00174 

The intensity of this wave: 

𝐼21′ = 𝑅23𝐼21 = 𝑅23𝑇12𝐼0 

This wave reflects at 2-1 interface with 𝑅21 = 𝑅12 = 0.0255 and partially transmits with 𝑇12 = 

𝑇21 = 0.9745. So, the second reflected wave in medium 1 is 𝐼12: 

𝐼12 = 𝑇12𝐼21′ = 𝑅23𝑇2
12 𝐼0 

 

We have 2 waves reflected from the lens. At this point we can use the formula for interference: 

𝐼 = |𝐸11𝑒𝑖𝜑11 + 𝐸12𝑒𝑖𝜑12|
2
 

Remember that the modulus square is calculated as the product of the complex number with its 

conjugated version, so 

𝐼 =  𝐼11 + 𝐼22 + 2√𝐼11𝐼22cos (∆𝜑) 

We assume that the coating is designed in such a way to reflect as little intensity as possible, so 

we seek min(I), thus ∆𝜑 =  𝜋 + 2𝜋𝑚, where m = 0, ± 1, ± 2, ± 3, ….  

As we seek min d => m=0, next for the phase difference of optical waves, one of which that 

travels 2 times through a medium: 

∆𝜑 = 2𝑘𝑑 = 2 ∗
2𝜋𝑛𝑑

𝜆
=  𝜋,  

𝑑 =  
𝜆

4𝑛
 

a) Answer: d ~ 96 nm  

To estimate the percentage of the suppressed intensity of the reflected light due to the thin coating: 

𝐼 =  𝐼11 + 𝐼22 − 2√𝐼11𝐼22 

𝑅 =
𝐼

𝐼0
= 0.0142 

𝑅12 = (
𝑛1 − 𝑛2

𝑛1 + 𝑛2
)

2

= 0.04 

b) Answer: So, reflection suppression:  

∆𝑅

𝑅12
= (𝑅12 − 𝑅)/𝑅12 = 0.65 
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c) Answer: For the uncoated back interface of the glass (glass-air interface) the reflection 

occurs as well. The energy reflection is the same as for air-glass interface with 𝑅 = 4%. 

This reflection can be suppressed as well with another antireflection coating.  


