
Fourier Transform Infrared (FTIR) Spectroscopy 
•  Basis of many IR satellite remote sensing instruments 

•  Ground-based FTIR spectrometers also used for various applications 



Interference 
•  Consequence of the wave properties of light 

•  Coherence required for interference: only occurs if 
two waves have the same frequency and polarization 

Ordinary light is not coherent 
because it comes from independent 
atoms which emit on time scales of 
about 10-8 seconds. Laser light is an 
example of a coherent light source – 
a common stimulus triggers the 
emission of photons, so the 
resulting light is coherent. 

Laser light is also monochromatic (has a single spectral color or wavelength, 
related to one set of atomic energy levels) and collimated (consists of parallel 
beams, with little divergence; e.g. laser pointer spot size) 



Constructive vs. destructive interference 

Waves that combine  
in phase add up to 
relatively high irradiance. 

Waves that combine 180° out 
of phase cancel out and yield 
zero irradiance. 

Waves that combine with 
lots of different phases 
nearly cancel out and yield 
very low irradiance. 
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Measuring the spectrum of an EM wave 
Remote sensing requires measurements of the frequencies (or 
wavelengths) present in an EM wave. This is defined as the spectrum of the 
wave. 

Plane waves have only 
one frequency, ω. 

This light wave has many  
frequencies.  And the  
frequency increases in  
time (from red to blue). 

Li
gh

t e
le

ct
ric

 fi
el

d 

Time 

Spectra can be measured using dispersive instruments, or an interferometer  



Michelson Interferometer 

•  A Michelson Interferometer (Albert Michelson, 1891) uses interference to 
generate a spectrum (variation of intensity with wavelength for a source of EM 
radiation) – used widely in remote sensing, particularly in the infrared 

•  Consists of a beam splitter, a stationary mirror and a moving mirror 

Beam splitter – reflects about 
50% of the incident radiation 
and transmits the rest  

‘Split’ radiation follows 
two different paths 



Beam splitters 
Combine two prisms of calcite, rotated so 
that the ordinary polarization in the first 
prism is extraordinary in the second (and 
vice versa). 

The result is a beam splitter cube – a 
crucial component of interferometers (half-
silvered mirrors are also used). 

Nicol Prism: made up from two prisms 
of calcite cemented with Canada 
balsam. The ordinary ray totally 
reflects off the prism boundary, leaving 
only the extraordinary ray.  



Michelson Interferometer 

•  If M1 = M2, there is no optical path difference (OPD), and hence radiation is 
recombined at the beam splitter in phase (constructive interference). 

•  If M1 ≠ M2, radiation recombining at the beam splitter is phase shifted and 
may undergo destructive interference (depending on wavelength) 

Beam splitter – reflects about 
50% of the incident radiation 
and transmits the rest  

‘Split’ radiation follows 
two different paths 

100% of incoming 
radiation reaches detector 
only for zero OPD 

Moving mirror – varies the 
optical path difference 
between the two beams 
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Interferometer signal 
•  Constructive interference: OPDs equal to integer numbers of λ 

•  Destructive interference: OPDs equal to integer numbers of half-λ 

•  OPD is measured very accurately using a laser 

Single wavelength: for a mirror 
moving at constant velocity, the 
detector signal varies sinusoidally 
with OPD (a cosine function – 
with maxima at zero OPD and 
integer multiples of λ) 

Two wavelengths: superposition 
of cosine functions for the two 
wavelengths 

And so on for all wavelengths 
present in the incident radiation… 



Interferograms 
•  The end result is an ‘interferogram’.  

•  An interferogram has every infrared frequency (or λ) ‘encoded’ in it. 

•  Characterized by a ‘center burst’ at zero OPD and a complex pattern of 
waves around it. 



Interferograms 
•  The interferogram is not recognizable as a spectrum. 

•  The interferogram is a function of time whereas a spectrum is a function of 
frequency (or wavelength). 

•  To produce a spectrum we compute the cosine Fourier Transform of the 
interferogram – essentially a ‘frequency analyzer’ extracting the component 
frequencies from the interferogram. 

Cosine Fourier Transform 



Fourier Series 

The principle behind Fourier Transforms is that 
any wave (or periodic function) can be 
expressed as a sum of cosine and sine 
functions (a Fourier Series). 



The Fourier Transform and its Inverse  

The Fourier Transform and its Inverse: 

Allow transformation from the time domain (t) to the frequency 
domain (ω) and back.   

Inverse Fourier Transform 

Fourier Transform   



MIDAC FTIR components 
•  MIDAC M4406-S emission spectrometer, 0.5 cm-1 resolution  
•  10” Newtonian telescope 
•  ZnSe (Zinc Selenide) optics and window (transmission range 0.5-22 µm) 
•  Gold-coated optics (improved reflectance in IR) 
•  Michelson interferometer 

•  Maximum OPD = 2 cm 
•  HeNe laser (λ = 633 nm) – monitors optical path difference 
•  Mercury-Cadmium-Telluride (MCT; HgCdTe) detector 

•  Sensitive from ~2000-5000 cm-1 (~2-5 µm) 
•  Thermoelectrically cooled (Peltier Effect) 

•  Indium-Antimonide (InSb) detector 
•  Sensitive from ~1800-6000 cm-1 (~1.6-5.6 µm) 
•  Liquid nitrogen cooled 

•  20” IR source for active measurements 



MIDAC FTIR components 
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Clean Snowmobile Challenge 
2009 

FTIR measurements 









Snowmobile emissions 

•  Carbon dioxide (CO2) 
•  Carbon monoxide (CO) 
•  Nitrogen oxides (NOx – NO, NO2) 
•  Hydrocarbons (methane, ethane, propane) 
•  Particulate matter (PM) 
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Absorbance spectra 
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Absorbance spectra 
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Peak CO concentration measured = ~26 ppm 
Path length = 14 meters; so ~364 ppm-m (concentration x path length) 



Concentration time-series 


