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Interferometer (wikipedia)

 Interference of light with advanced/delayed copies of itself achieved via splitting light into two arms, 
modulating the path of one arm while keeping the second arm stationary, recombining light at a detector

 Analysis of interference allows for
 Determination of light spectrum of is path lengths are well known
 Determination of sample or mirror spectral response (both source and paths are known)

 Also see Michelson–Morley experiment
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Interferometer (Bruker)

 Interferometers at very long wave IR (sometimes known as submillimeter wave, 100 GHz – 1 THz) 
often use self supporting dielectric beam splitters to divide and recombine the beam

 Self supporting dielectric beam splitter means a thin, dielectric film suspended from a ring with no 
supporting structure

 Lets use multilayer calculations to design a beam splitter for a particular frequency band
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Interferometer

𝑑ଵ

E଴

𝑑

∆𝑑

𝑑

𝑑ଶ

E୲୭୲

E଴ eି୨௞ௗభ

E଴

E଴ Γeି୨௞ௗభ E଴ Τeି୨୩ௗభ
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E଴ ΤΓeି୨௞ௗభeି୨ଶ௞ௗ E଴ ΓΤeି୨୩ௗభeି୨ଶ௞ ௗା୼ௗ
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Interferometer
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E୲୭୲ ൌ E଴ ΓΤeି୨୩ௗభeି୨ଶ௞ௗeି୨௞ௗమ 1 ൅ eି୨ଶ௞୼ௗ

𝐷 ൌ 𝑑ଵ ൅ 𝑑ଵଶ ൅ 2𝑑 ൅ Δ𝑑

E୲୭୲ ൌ E଴ ΓΤeି୨୩ୈ e୨௞୼ௗ ൅ eି୨௞୼ௗ

E୲୭୲ ൌ E଴ ΓΤeି୨୩ௗభeି୨ଶ௞ௗeି୨௞ௗమeି୨௞୼ௗ e୨௞୼ௗ ൅ eି୨௞୼ௗ

E୲୭୲ ൌ E଴ ΓΤeି୨୩ୈ 2 cos 𝑘Δ𝑑
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Interferometer
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E୲୭୲ ൌ E଴ ΓΤeି୨୩ୈ 2 cos 𝑘Δ𝑑

 The signal at the detector is a function of the 
signal intensity

 The magnitude squared of the incoming 
field

I୲୭୲ ൌ E୲୭୲∗ E୲୭୲ ൌ 2 E଴
ଶ
Γ ଶ Τ ଶ 1 ൅ cos 2𝑘Δ𝑑
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Interferometer
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 The total received signal will be modified by 
the power reflection and transmission of the 
dielectric thin film beam splitter

 Assuming no loss in the beam splitter, 
How do we maximize signal?

I୲୭୲ ൌ E୲୭୲∗ E୲୭୲ ൌ 2 E଴
ଶ
Γ ଶ Τ ଶ 1 ൅ cos 2𝑘Δ𝑑

R଴ ൌ Γ ଶ

T଴ ൌ Τ ଶ
𝑅଴ ൅ T଴ ൌ1

R଴ 𝑇଴ ൌ R଴ 1 െ 𝑅଴

𝑑
𝑑𝑅଴

𝑅଴ 1 െ 𝑅଴ ൌ 0 𝑅଴ ൌ 0.5
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Interferometer
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 Maximum signal occurs when power 
reflectivity and power transmissivity are 
equal

𝑅଴ ൅ T଴ ൌ 1𝑅଴ ൌ 0.5

𝑇଴ ൌ 0.5 𝑅଴ ൌ T଴
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Oblique Incidence: Single slab
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θଵ θୠ
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δ୫ ൌ k୫ℓ୫ cos θ௠
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τ୘,ଵτ୘,ଶeି୨ఋౣ
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ρ୘,ଵ ൌ
n୘,ୟ െ n୘,ଵ
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Fresnel’s Coefficients

n୘,୧ ൌ

n୧
cos θ୘,୧
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n୧ cos θ୘,୧ ⊥, TE

Total reflection and transmission

Refractive index

Optical path
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Interferometer
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ଶ

 Find the correct thickness and refractive
index for a given wavelength
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Interferometer
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δ୫ ൌ k୫ℓ୫ cos θ௠ ൌ 𝑛𝜋

δ୫ ൌ k୫ℓ୫ cos θ௠ ൌ
𝑛
2 𝜋

Nulls

Peaks


