












interferometer was designed with high spectral resolution and sensitivity to measure and characterize atmospheric 
emitters and excitation mechanisms. The flight of A30.276 was a survey mission and provided the first resolved 
spectra of carbon monoxide (CO) near 4.7 μm and of ionized nitric oxide (NO+) near 4.3 μm. Data from this flight 
also provide the first high resolution spectra of other atmospheric emitters as a function of altitude such as hydroxyl 
(OH) near 2.8 μm, carbon dioxide (CO2) near 4.3 μm and nitric oxide (NO) near 5.4 μm [9, 1]. Typical spectral data, 
as shown in Figure 2, clearly shows the unique capabilities of a field-widened interferometer and its potential to 
collect new spectral information to answer compelling questions that have developed from analysis of recent data 
collected by the Sounding of the Atmosphere using Broadband Emission Radiometry (SABER) instrument on the 
Thermosphere-Ionosphere-Mesosphere Energetics and Dynamics (TIMED) satellite. 

 
Infrared interferometry of aurorally disturbed ionosphere-thermosphere energetics 

The purpose then for returning the 1983 interferometer/spectrometer to flight is to develop a new prototype field-
widened Michelson interferometer (FWMI) with enhanced capabilities that can again measure auroral infrared 
spectra during a storm time enhancement. These measurements, in the auroral region, will augment the SABER data 
to provide an improved scientific understanding of the fundamental chemical-radiative mechanisms responsible for 
the response of the ionosphere-thermosphere (IT) to solar-geomagnetic storms.  

There is a compelling need to understand the effects of solar-geomagnetic storms since they can disrupt and degrade 
satellite and ground-based technological systems. Infrared radiation is the primary means by which the atmosphere 
dissipates energy input into the IT system. Consequently, understanding the physical mechanisms responsible for 
infrared emission is essential to understanding the energy flow, composition, and dynamics of the upper atmosphere. 
For example, an improved understanding of the physical mechanisms for storm-time enhancements in infrared 
emission will lead to better satellite remote sensing methodologies and better large-scale numerical model 
predictions of thermospheric density perturbations that affect space debris tracking and satellite drag, and 
ionospheric E-region electron density perturbations that affect radio wave communication and navigation [10, 11, 
12, 13].  

Scientific motivation  

The new FWMI, along with other new ancillary sensors, is intended to take data that can help in understanding the 
recent discoveries by the SABER sensor. The sensor observed large enhancements of thermospheric infrared limb 
emission in a number of radiometer channels during solar-geomagnetic storm events.  For example, the SABER 5.3 
µm channel (1840-1980 cm-1) limb radiance measurements were enhanced by factors of 6 to 10 during the April 
2002 storm event [14,15]. A storm-time enhancement of NO(v) 5.3 µm emission is the primary mechanism of 
dissipating solar storm energy in the thermosphere. Thus, NO(v) 5.3 µm emission is known as a “natural thermostat” 
by which heat and energy are lost from the thermosphere to space and to the lower atmosphere [14, 15]. However, 
large uncertainties persist in the role of chemiluminescent emissions, nascent vibrational, rotational, and spin-state 
distributions, and the role of vibration-rotation and spin-state non-local thermodynamic equilibrium processes [16, 
17, 18, 19, 20, 21, 22, 15]. It will be the role of the rocket-borne FWMI, when it flies at the height of the next 
sunspot cycle in December 2013 or January 2014, to produce new spectral data similar to that shown in Figure 2. 
With this new information, the uncertainties associated with the energetics models can be reduced.  
Overarching science objectives and supporting questions  

The discoveries from the SABER radiometer have generated three important new science questions which, when 
answered, will lead to a more complete, physics-based understanding of the excitation and loss mechanisms of the 
two largest sources of infrared radiative emission in response to solar-geomagnetic storms. The science questions 
are: 

Q1: What are the nascent vibration-rotation distributions of the exothermic chemical reactions forming 
NO+(v), especially the dominant O2

+ + NO charge transfer reaction? Since O2(1Δ) is formed directly or 
indirectly from the same charge transfer reaction, knowledge of the vibration-rotation bands of the O2(1Δ) 
electronic transition provides important clues into the details of the chemical-kinetic energy transfer 
mechanisms associated with the key O2

+ + NO charge transfer reaction.  
Q2: What is the nascent vibration-rotation distribution of the O2(1Δ) electronic transition?  
Q3: What are the nascent vibration-rotation-spin distributions for the exothermic chemical reactions that 
form NO(v)?  

Science requirements traceability and proposed instrument development 

New spectral infrared radiance measurements are required to answer the three science questions. The NO(v) 5.3 µm 
bands, including the chemiluminescent emission bands, span the spectral region from 1300-2100 cm-1 [21]. The 

Proc. of SPIE Vol. 8154  815403-6

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 04/02/2015 Terms of Use: http://spiedl.org/terms



NO+(v) 4.3 µm emission bands radiate from 2100-2600 cm-1 [23]. The vibration-rotation bands of the O2(1Δ) 
electronic transition covers the spectral region from 7664-8065 cm-1 [14]. In order to simulate the NO(v), NO+(v), 
and O2(1Δ) bands emissions from a physics-based model, it is useful to derive rotational temperatures for model 
input from a spectral region relatively insensitive to storm-time enhancements – for example, from the OH(v) 
Δv=1Meinel bands near 2.8 µm (2900-3600 cm-1) [1]. Furthermore, the OH(v) Δv=2 Meinel bands near 2.0 µm 
(4400-5220 cm-1) and 1.6 µm (5680-6470 cm-1) are used in the non-local thermodynamic equilibrium CO2 model in 
order to remove the background CO2(ν3) 4.3 µm emission and isolate the NO+(v) 4.3 µm bands [13] The spectral 
resolution that enables the separation and isolation of the various NO+(v) 4.3 um and NO(v) 5.3 µm bands, and the 
retrieval of rotational temperatures from OH(v) 2.8 µm spectral radiance measurements, is on the order of 1.0 cm-1 
(unapodized) [1]. Furthermore, in order to achieve the same signal-to-noise quality as the broadband SABER 
measurements, infrared spectral measurements that can detect a signal as low as 10-13 W cm-2 sr-1 (cm-1)-1 throughout 
the 1300-8100 cm-1 region are required. In summary, three changes to the 1983 instrument are needed to prepare it to 
produce the quality data needed to answer the questions found in the SABER data. The three changes are, 

(1) an expansion of the spectral bandpass of the sensor from 1250-5000 cm-1 to 1300-8100 cm-1,  
(2) an increase in spectral resolution from ~ 1.2 cm-1 to ≤1.0 cm-1, and  
(3) a new dynamic range characterized by a 10-13 W cm-2 sr-1 (cm-1)-1 noise equivalent radiance (NER).  

These new requirements are essential to answering the three science questions and to the overall science question as 
listed above. 

SABER only provided an integral constraint via its broadband measurements.  In order to advance our understanding 
of IT storm-time energetics beyond the current state of knowledge, high-resolution spectral infrared measurements 
are needed made with the enhanced FMWI. SABER measurements have expanded the current state of knowledge, 
but at the same time have approached a knowledge barrier that can only be breached by the new spectral infrared 
measurement capability we are proposing to develop in the new FWMI.   

4. TECHNICAL APPROACH AND METHODOLOGY 
Phase II payload overview 

To make the needed measurements that can answer the questions derived from the SABER data; we are leveraging 
the success of the 1983 rocket-borne Michelson interferometer/spectrometer system that was designed by Utah State 
University / Space Dynamics Laboratory (USU/SDL) in the early 1980s and flown multiple times on sounding 
rockets. This sensor was designated the Rocket-Borne Field-Widened Interferometer-II (RBI-2). . Utilizing modern 
electrical designs and current detector technologies, the Phase II sensor, now designated as FWMI (Field-Widened 
Michelson Interferometer) will be modified in Phase I to have an extended spectral coverage, a higher spectral 
resolution,  an extended dynamical range, and possible reductions in mass, volume, and power. The resultant FWMI 
will then become the prime sensor that flies in the winter of 2013-2014 to collect the new data that can addresses the 
key scientific objectives and critical science questions presented in the previous sections. 

Field-widened payload description 

Figure 3 shows the RBI-2 interferometer “stacked” in its 1983 flight configuration, with the field-widened 
interferometer located above its LN2 Dewar, a PCM data system, a metrology laser, and the control electronics and 
batteries.  An atomic oxygen detector, four photometers at 3914 Å, and an energy deposition scintillator were also 
located in the lower section.  

There are two interferometers in the stack: the field-widened interferometer, which is the main channel, and an 
ancillary standard Michelson metrology interferometer to provide the sampling function for the main channel. The 
air-bearing translation platform is the enabling technology for the field-widened interferometer.  Its precise 
performance is critical to the successful operation of the interferometer. The moving prism, supported by the 
platform, moved at a high displacement rate (1.5 seconds /scan) that optimize the amount of data collected during the 
flight. At the same time, the platform had to move with great precision and stability, holding an optical tolerance of 
~1 arcsecond over the entire scan. The surfaces of the translation platform and the base were only separated by about 
0.0001 inches and the bearing used the boil-off gas from the liquid nitrogen to separate the translation platform from 
its base. To maintain 0.0001 inch tolerance, the translation platform was fabricated from a custom alloy that had a 
temperature coefficient that precisely matched the temperature coefficient of the optics [24]. The coefficients of the 
platform and the prism had to track precisely over a temperature range that varies from 300 K to 77 K. Holding 
optical alignment during cool-down and during the vibrations of flight was a stringent requirement. Angular rotation 
was required to be less than 2 x 10-5 radians and any deviation from a straight path was required to be less than 10-5 
cm. 
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The beamsplitter was a cube type with halogenated chlorofluoralocarbon oil used as the bonding agent between the 
two surfaces. This oil was selected because it remained pliable at nitrogen temperatures, it had about the same 
temperature coefficient as did the calcium fluoride material used to fabricate the beamsplitter, and it was free of 
absorptions from 1250 to 10,000 cm-1.  

The heritage sensor was equipped with two cryogenic Dewars. The first was a liquid neon Dewar that housed the 
main channel detector. This Dewar had a nominal temperature of 27 K and a capacity of 1.5 liters. Its hold time was 
about 48 hours. A second larger LN2 Dewar provided cooling at 77 K for the interferometers and boil-off gas for the 
air bearing. This Dewar held 15 liters and had a hold time of about 30 hours. 

The main channel detector was fabricated from indium-doped silicon that was located at the focus of a parabolic 
reflector. Detectors of the type used on the 1983 instrument are no longer available and so, in Phase I, one primary 
task is to find a suitable prototype replacement detector that is both compatible with the throughput properties  of the 
RBI-2 and capable of meeting  the new NER requirement of  10-13 W cm-2 sr-1 (cm-1)-1 . Procurement is currently 
underway to buy a prototype detector and amplifier from IR Associates in Stuart, Fla., and then have Teledyne-
Judson Technologies in Montgomeryville, Pa., install the IR Associates devices in a custom LN2 Dewar.   

The separate helium-neon laser metrology interferometer (0.6328 µm or 15803 cm-1) is designed using two corner 
cube reflectors and a cubic beamsplitter. The detector for the metrology interferometer is a common silicon detector 
capable of operating at the ambient 77 K temperature of the LN2 Dewar. This detector is still operational and will be 
used in the Phase I implementation. The moving corner cube reflector is attached to the main channel 
interferometer’s translation platform and moves in sync with the moving prism. The helium-neon laser is mounted in 
the electronics bay beneath the LN2 Dewar. The beam is transmitted up through a tube that runs between the warm 
electronics bay and the cold environment surrounding the main channel interferometer. Hermetic windows on each 
end of the tube are used to maintain vacuum in the Dewar.  

The original electronics for the RBI-2 design are shown in Figure 3. These electronics were not recover and will need 
to be replaced in Phases’ I and II. In phase I the electronics needed to control the movement of the prism translation 
platform and to do the signal processing for the two interferometer channels will be a combination of hard-wired 
electronics and a software defined interferometer controller (SDIC). Housekeeping data will be directly input into 
the LABVIEW system.  In Phase II, all hardwired and software defined designs developed in phase I, will be 
transitioned to space-rated circuits as preparation for the rocket flight.  

5. PHASE III CONCEPTS 
The concept for phase III comes from the expectation 
that the phase II sensor can further upgraded to fly a 
satellite mission. The transition would require major 
changes to the basic instrument that would include the 
replacement of the air bearing with perhaps an 
electromagnetic bearing that could support the moving 
prism for the long duration of a satellite flight along 
with new cooling systems for the interferometer and for 
the detector module. It is very probable that cryo-cooler 
technology, passive cooling, or a combination of the two 
could successfully replace the existing cold gas based 
system. The ability for a field-widened interferometer to 
take rapidly take data should also negate much of the 
need for the usual sophisticated pointing system needed 
by the standard interferometer to remain on target during 
its scan. A satellite-based field-widened instrument is 
entirely feasible and would allow scientists to measure 
IT energetics world-wide and, specifically, to focus on 
measurements made at the two poles, to understand how 
energetic conditions change over the course of 
upcoming solar cycles. 

Conclusions 

The successful flight of RBI-2 established a solid 
foundation for the development of the prototype FWMI. 
New designs and modern technologies will be added to 

Figure 3.  The field-widened interferometer and liquid neon 
Dewar “stacked” above the PCM data system, system 
batteries, control electronics, and ancillary instruments. 
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the legacy design to upgrade it to accomplish the stated science objectives that are the path to a better understanding 
of the energetics of the ionospheric-thermosphere. The effort in Phase I is focuses on the development of a new main 
channel detector system, a new signal conditioning system, and a controller that can increase the displacement of the 
slide to improve spectral resolution. The heritage field-widened interferometer is the enabling basis for the transition 
to the FWMI, and this improved instrument will ready to fly in the next solar maximum.  It is fully expected that the 
field-widened interferometer, this elegant variation of the Michelson interferometer, will once again successfully 
measure the energetics of an auroral disturbed ionosphere-thermosphere and expand the understanding of the 
complex physics found in the energetics of the ionosphere-thermosphere. 
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