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An diaphragm is moved in the
accepted field of
view of the
instrument to
obtain the
different
off-axis
responses.

Field of view

IR detectorMetrology
detectors

Input
collimator

Output
collimator

Metrology laser

Optical isolator Aperture
stop

Field
stop

Relay
lens

Beam
splitter

Compensator

End
mirrors

Source

Laser

Integrating
sphere

Optical
Amplifiers

Gas cell
Blackbody cavity

High temperature
blackbody

Sources
Detector

The detector used is a 4 mm
photovoltaic InSb detector with
a 60° field of view. Two pream-
plifiers are used depending on
the signal source.

Interferometer
The interferometer is essentially a flat
end mirror Michelson interferometer.
The moving cube-corners fold the opti-
ca l  pa th  of  each  a rm g iv ing  avv
mechanical gain of 8 for the optical
path difference.

Input optics
A 550 mm focal length off-
axis parabola collimates the
input radiance.
It is the input optics, not the
detectors and cold stop, that
defines the field of view of the
instrument. This allows  a bet-
ter control of the divergence in
the interferometer.

Experimental setup
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Introduction

Truncation Effect

MPD-MPD

The main contributor to the instrumental line shape
of FTS is the truncation of the interferogram aris-
ing from the finite optical path difference measure-
ment scan. Its effect is to convolve the spectrum
with a sinc function corresponding to the OPD
measurement window.

Combined effect
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The resultant ILS is a distorted sinc function
shifted towards lower wavenumbers. Depending
on the field of view configuration and other diver-
gence effect, it can show a significant level of
asymmetry.
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Conclusion
Very good agreement between theory and experiment
Presence of phase in the ILS
Provides a powerful setup for ILS removal algorithm development
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Applications of Fourier transform spectroscopy in atmospheric science often implies high resolution, high accuracy
measurement of spectral lines. To obtain meaningful retrieval of physical quantities such as temperature, pressure and
concentration, one requires a precise knowledge of the effect of the instrument on the acquired data. The instrument
line shape (ILS) of a Fourier-transform spectrometer (FTS) is governed by the angular distribution of light in the inter-
ferometer. This influence is sometimes referred to as off-axis effect. Radiant intensity distribution is mainly determined
by field of view configuration [1,2,3,4] but can also be affected by several types of misalignment [5,6]  and the effect of
diffraction. Experimental validations of these ILS models have been performed [3,6,7] but never with a high enough
resolution to clearly show the predicted divergence contribution. The reason is simple, common FTS designs usually
impose that the divergence contribution is to be at most comparable to the interferogram truncation contribution. This
poster presents line shape measurements obtained from a reconfigurable FTS specifically designed to resolve the diver-
gence contribution to the ILS.

The instrument line shape is defined as the instru -
ment response to a monochromatic scene. It is mainly
governed by the windowing effect of the Fourier trans-
form but is also affected by other factors such as field
of view configuration, diffraction, optical aberration
and misalignment.

Another effect to consider is the finite source size.
Light rays propagating at different angles in the
interferometer see different optical path differ-
ence.

Different field of view configurations lead to dif-
ferent angular distributions of light in the interfer-
ometer, therefore different instrument line shapes.

In order to directly measure the divergence effect
on the instrument ILS, we developed a dedicated
FTS whose line shape is largely dominated by the
divergence contribution. The optical layout is
capable of sustaining both high OPD (MPD = 17
cm) and high divergence (θmax = 15 mrad) with-
out vignetting.

A circular, diffuse monochromat-
ic light source is obtained by the
use of a 6450
cm-1 semicon-
duc to r  l a s e r
and an integrat-
ing sphere.

A high temperature blackbody and
a gas transmission cell provide a
broadband source with narrow
spectral lines.

Two sources are available for ILS characterization

This figure shows results obtained with the DFB laser
and the integrating sphere for different field of view
positions. The solid lines are the theoretical model
predictions while the circles represent the experimen-
tal data points.

Transmission cell
measurements

Monochromatic results
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The transmission cell was filled with 44 torr
of a mixture of natural HBr and some
unknown gases resulting from its reaction
with the different parts of the filling system.
The solid curves show the theoretical predic-
tions for a HBr partial pressure of 22 torr.

A very interesting result is the presence of
phase in the ILS. The phase clearly varies
with the position of the diaphragm in the
focal plane. On the figure to the left, we
see the ILS as the aperture is moved along
the x axis. ILS from each side of the cen-
ter of the FOV have opposing phases. This
behavior is not seen if we scan the posi-
tion aperture along the y axis. This phase
is believed to come from a mismatch
between the beam splitter ant the compensator plate.

HIGH RESOLUTION MEASUREMENTS
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