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The Jet Propulsion Laboratory MkIV interferometer is a high 
resolution Fourier Transform Infra-Red (FTIR) spectrom
eter, designed to remotely sense the atmospheric composi
tion. This instrument made ground-based observations 
from McMurdo, Antarctica, in September and October 
1986,1,2 flew on board the NASA DC-8 aircraft in the polar 
AAOE and AASE campaigns of 19873,4and 1989,5 and made 
observations from high altitude (39 km) research balloons 
in 1989, 1990, and 1991. In the winter of 1991/92, it will 
participate in another airborne Arctic campaign (AASE II). 

The instrument 
The optical design of the MkIV, based largely on that of the 
ATMOS instrument6 that flew on Spacelab 3 in 1985, is 
illustrated in Figure 1. The first three mirrors in the optical 
path comprise the suntracker assembly. Two of these mir
rors are servo-controlled to guide the solar radiation onto 
the beamsplitter while compensating for any motion of the 
observation platform. 

The beamsplitter reflects half of the incident solar radia
tion onto the moving cube corner retro-reflector, while 
transmitting the other half through the compensator and 
onto the fixed cube corner. Since these beams are dis
placed from the vertex of each cube corner retro-reflector, 
the reflected beams miss the coated part of the beamsplitter 
and are reflected/transmitted onto a flat mirror adjusted to 

be perpendicular to each of these beams. 
From here, the beams retrace their paths 
back to the coated portion of the 
beamsplitter, where they recombine and 
proceed through a hole in the flat mirror 
to the detector optics. 

A paraboloid focusses the solar beam 
onto a cold field stop, located inside 
each LN2-cooled detector dewar, where 
a lens images the (uniformly illuminated) 
aperture onto the detector. Prior to the 
dewars, a dichroic splits the infrared 
beam: the low wavenumbers (650-1850 
cm - 1) are transmitted onto a HgCdTe 
photoconductor , whi le the high 
wavenumbers (1850-5450 cm - 1) are re
flected onto an InSb photodiode. This 
arrangement prevents photon noise from 

the high wavenumbers, where the sun is brighter, from 
degrading the weaker signal at lower wavenumbers. 

Since the interferometer is double-passed, a large optical 
path difference (up to 2 m), and hence a high spectral 
resolving power (one million), can be achieved in a small 
(0.6 x 0.7 x 1.2 m) volume. The moving cube corner slides 
along steel rails, pushed by a flexible plastic integrating nut 
riding on a leadscrew. This configuration was developed to 
provide a mechanical constraint for the moving cube cor
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ner under conditions where the instrument platform may 
be unstable. Together with the double-passed optical 
scheme, it renders the instrument insensitive to the effects 
of mechanical distortion or shock.7 

The optical path difference between 
the two arms of the interferometer is 
monitored by a single-frequency 633 
nm HeNe laser whose beam traverses 
the same path as the infrared radia
tion. The interference fringes of the 
laser are used to trigger the sampling 
of the infrared signal chains. This en
sures that the samples are equally 
spaced in optical path difference—es
sential for achieving high spectral reso
lution. 

Simultaneous measurement over 
such a wide spectral region imposes 
severe constraints on the dynamic 
range and the linearity required of the 
detectors, preamplifiers, and signal 
chains. In the MkIV, a large dynamic 
range is achieved by use of a 12-bit 
digitizer in series with a switchable 
gain amplifier providing 8 automatically selected gain 
states from 1 to 128. Effectively, this combination provides 
19 bits of dynamic range. Each interferogram sample there
fore carries 36 bits of information: 16 bits (12 from the 
digitizer, 3 gain bits, and 1 parity bit) from each signal 
chain, plus 4 bits of telemetry formatting and housekeeping 
data. At a 10 KHz sampling rate, this implies a 360 kbits/sec 
telemetry rate, or 162 Mbytes per hour. This raw data is 
recorded to disk in real-time. Typically, a pair of 221 point 
interferograms (1.33 m optical path difference) take 210 
sec to record. Upon phase correction and Fourier transfor
mation (performed after data acquisition has ceased), these 
yield a spectrum with a signal-to-noise ratio in excess of 
400:1 over the entire 650-5450 cm-1 spectral region at 0.006 
cm-1 resolution. 

This highlights the most significant advantage of the FTIR 
technique: by observing a wide spectral interval simulta
neously, where many atmospheric gases absorb radiation, 
an almost complete inventory of the atmospheric composi
tion can be derived with good precision. 

The solar absorption technique 
As sunlight passes through the Earth's atmosphere, certain 
wavelengths are selectively absorbed by gaseous constitu
ents. In the infrared, nearly all gases have characteristic, 
discrete absorptions whose positions and relative strengths 
are known from laboratory measurements of pure gas 
samples. This permits gaseous atmospheric constituents 
between the sun and observer to be identified and quanti
fied from high resolution solar spectra. 

One advantage of this so-called solar absorption tech
nique (as compared with in-situ methods) is that very long 

atmospheric paths can be obtained (up to 400 km in the 
limb-sounding mode). This can provide a very high sensi
tivity to trace atmospheric species, at the expense of de
graded spatial resolution. 

Further advantages of the solar absorption technique, as 
compared with thermal emission techniques, are: 
• A high signal-to-noise ratio attainable even without 
cooled optics, due to the brightness of the source; 
• Easy spectral interpretation due to the simplicity of the 
radiative transfer—in particular, its insensitivity to the 
form of the atmospheric source function and to uncertain
ties attending the assumption of local thermodynamic equi
librium; and 
• Self-calibrating solar absorption spectra, meaning that 
no warm or cold target calibrations need be performed: the 
zero level is extremely stable because thermal emission 
from the instrument is negligible compared with the solar 
input and can be verified from the centers of any strong, 
blacked-out absorptions in the spectrum. Furthermore, 
provided that the radiometric gain of the instrument and 
the intensity of the sun remain constant, the full-scale 
signal can be determined from between the spectral lines 
where the gaseous absorption is negligible. 

Some results 
As an example of the type and quality of spectra that the 
MkIV interferometer obtains, even in the vibrating environ
ment of the NASA DC-8 aircraft, Figure2 shows a 2 cm - 1 wide 
(less than 0.05% of the full width of each spectrum) portion 
of a series of spectra taken at approximately 10 minute 
intervals on Jan. 26, 1989, as the aircraft flew due west from 
northern Norway into the circumpolar vortex over central 

FIGURE 2 
A T M O S P H E R I C S P E C T R A O B S E R V E D 

F R O M T H E N A S A DC-8 A I R C R A F T A T 

70PI18N O N J A N . 26, 1989. 
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Greenland. Most of the spectral absorptions in this figure 
arise from O3 and CO 2 and do not change much since the 
solar zenith angle was almost constant at 88.5°. However, 
the absorption by C1NO3 at 780.2 cm-1 

(indicated by the arrow) slowly in
creases from the beginning of the se
quence (upper trace) and then abruptly 
diminishes at the end (lower trace). 

Figure 3 shows the integrated verti
cal column abundances of C1NO3 re
trieved from the spectra in Figure 2 
using the software and methods of the 
ATMOS Data Analysis Facility.8 It con
firms what was apparent by eye; the 
C1NO3 abundance increased near the 
edge of the vortex and then diminished 
inside. Also included in Figure 3 are the 
column abundances of HF, HCl, and NO 2 

obtained from other parts of the same 
spectra. The interpretation of these 
results is that the larger amounts of HF 
on the left of the figure are a conse
quence of subsidence of stratospheric 
air. Normally the HC1 would follow the 
behavior of the HF, except with its abun
dance being approximately four times larger. However, 
inside the polar vortex the HC1 abundances are only one 
third of what would be expected based on the HF values. 
The small C1NO3 abundances inside the vortex rule out the 
possibility of the HC1 having been converted to ClNO 3, 
leaving chemical conversion to ClO as the likely fate of the 
missing HC1. The small NO 2 abundances inside the vortex 
are consistent with large amounts of ClO. 

The MkIV interferometer demonstrates that, by careful 
design, a laboratory-quality FT1R spectrometer can be trans
ported to and operated in remote and often adverse field 
environments. This has allowed accurate observations of 
important atmospheric phenomena such as the Antarctic 
ozone hole. Measurements such as these are essential if we 
are to understand the atmosphere and hence predict its 
response to future perturbations. 
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FIGURE 3 
V E R T I C A L C O L U M N A B U N D A N C E S O F 

C L N O 3 ( Δ ) , NO 2(Δ), HCL(Ο) , A N D 

H F ( • ) M E A S U R E D O N J A N . 26, 1989. 


