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Notes:   Reference:  Merline, W. J. and S. B. Howell (1995). "A Realistic Model for Point-sources Imaged on Array Detectors: 
The Model and Initial Results." Experimental Astronomy 6: 163-210.
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Notes: 



Notes: The IRTF has an f/38 secondary mirror, which reduces the central obscuration of the primary mirror and this minimizes the
thermal emission from the telescope.  The Gemini North telescope employs overcoated silver (Boccas et al. 2004; Vucina et al. 
2006) so that the emissivity is about 2% per mirror surface in the near infrared and about1.4% in the mid infrared. This can be 
compared to >25% for the total emissivity for a conventional telescope.  

References:  Boccas, M. et al. (2004). Coating the 8-m Gemini telescopes with protected silver. SPIE. 5494: 239-253.
Vucina, T. et al. (2006). Gemini's protected silver coatings: first two years in operation. SPIE, 6273: 62730W.
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Notes: 



Notes:   Telescopes at the South Pole take advantage of the much lower temperatures of both the sky and the telescope (Burton 
2010). SOFIA accomplishes this to a much greater degree by going to an altitude of 14 km.

Reference:  Burton, M. G. (2010). "Astronomy in Antarctica." Astronomy and Astrophysics Review 18: 417-469.



Notes:  Special handling of data is always required due to problems arising from array defects and array readout 
characteristics, fringing effects arising from the array, instrumental effects (scattered light, nonuniform illumination), 
and variable weather. 

References:   McLean, I. (2008). Electronic Imaging in Astronomy: Detectors and Instrumentation, 2nd edition. New York, 
Springer.



Notes: 



Notes:   Steps in removing the background.  First a median sky frame is produced (step a). Because the background is time 
variable, it is usually necessary to offset the background image by a constant factor equal to the difference in the median values 
between the source frame and the background image before subtraction. The result should yield a “background subtracted” image
with a median level around zero.

Then the sky frame is subtracted from each exposure (step b).  To remove variation in the pixel response, the image is divided by 
a flat field (step c).  The ideal flat field is obtained by observing a uniformly illuminated source that fills the telescope beam 
exactly like the astronomical source.  

In the final step the images are shift and added to make a final image frame (step d).



Notes:   Naylor (1998) discusses ideas for optimizing the SNR in photometry.  He points out that each source frame must be 
processed with its own unique background and flat images, generated from all the other source frames. As stated by Naylor (1998,
p. 342), “Each frame must be flat-fielded with the median of all the frames in the group excluding itself.”

Reference:  Naylor, T. (1998). "An optimal extraction algorithm for imaging photometry." Monthly Notices of the Royal 
Astronomical Society 296: 339-346.



Notes:    Images from M. Connelley, private communication.
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Notes:    In an early primer on IR photometry, Low and Rieke (1974, p. 444) stated, “Observing at 10 µm with a ground-based 
telescope has been likened to observing visually through a telescope lined with luminescent panels and surrounded by flickering 
lights as though the telescope dome were on fire.”   This is literally true.

References:
Kaeufl, H. U. et al. (1991). "A sky-noise measurement and its implication for ground-based infrared astronomy in the 10-micron 
atmospheric window." Experimental Astronomy 2: 115-122. .  [Empirical data on sky noise.]
Low, F. J. and G. H. Rieke (1974). The instrumentation and techniques of infrared photometry. Methods of Experimental Physics: 
Optical and infrared. N. P. Carleton. New York, Academic Press. Vol. 12A: 415-462.
Mason, R. et al. (2008). Observing conditions and mid-IR data quality. SPIE. 7016: 70161Y. .  [Empirical data on sky noise.]
Miyata, T. et al. (2000). Mid-infrared camera and spectrometer (MICS) and sky noise measurement in the N-band. Proc. SPIE. 
Bellingham, WA, SPIE. 4008: 842-852.  [Empirical data on sky noise.]
Papoular, R. (1983). "The processing of infrared sky noise by chopping, nodding and filtering." Astronomy and Astrophysics 117: 
46-52.  [Good discussion of the physics underlying sky noise.]



Notes:  Sky chopping is necessary only at mid-IR wavelengths (λ � 5µm).



Notes:   The variability of the sky background is the main problem, not the absolute magnitude of the background. 

The optimum sky subtraction frequency is dependent on the site, the detector used, and local sky conditions during the 
observations. 



Notes: 



Notes:   Each frame represents the sum of �6,000 integrations, each �2 ms, for a total integration time of �12 s at one 
of the two chop positions (1 and 2) and one of the two nod positions (A and B). The chop throw was 30 arcsec, and 
the chop frequency was �4 Hz.  

Flat fielding was not successful with this instrument and telescope, and so it is necessary to have many observations 
so that the average background level could be obtained.

Reference:  Herter, T. L. et al. (2013). "Data Reduction and Early Science Calibration for FORCAST, A Mid-Infrared Camera 
for SOFIA." Publications of the Astronomical Society of the Pacific 125: 1393.  [This paper describes details of data taking, 
removal of detector non-linearity and other effects, and calibration.  The full complexity of data taking and reduction can be 
appreciated by reading this paper.]



Notes:  The 6 orders of magnitude difference in background means that even modest-sized space-based observatories like IRAS, 
Spitzer, and WISE can be up to 103 times more sensitive than ground-based facilities.

Reference:  Giovanelli, R. et al. (2001). "The Optical/Infrared Astronomical Quality of High Atacama Sites. II. Infrared 
Characteristics." Publications of the Astronomical Society of the Pacific 113: 803-813.



Notes:  https://www.sofia.usra.edu/
https://www.sofia.usra.edu/sites/default/files/SOFIAtech2016.pdf



The telescope is at the rear of the aircraft. A pressure bulkhead keeps the cabin of the aircraft sealed from the outside air.  An air 
bearing allows the telescope to track objects in the sky while the aircraft deviates due to turbulence.

Young, E. T. et al. (2012). "Early Science with SOFIA, the Stratospheric Observatory For Infrared Astronomy." The 
Astrophysical Journal Letters 749: L17.

28



Interior view of SOFIA while observing.  The instrument is in the back of the photo.  The mission director is in the foreground.  
The observer can be present while data is being taken.

29



View of the instrument.  The observing team is facing the instrument.
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Instrument mounted to the telescope.  This is the TEXES instrument for observing at high spectral resolution in the mid-IR  (M. 
Richter, PI).
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Notes:  I will return to discuss some of these space missions in more detail.
Boggess, N. W. et al. (1992). "The COBE mission - Its design and performance two years after launch." The Astrophysical 
Journal 397: 420-429.
Clampin, M. (2011). Overview of the James Webb Space Telescope observatory. SPIE. 8146: 814605.
Dressel, L. (2011). “Wide Field Camera 3 Instrument Handbook”, Version 4.0, Space Telescope Institute.
Egan, M. P. et al. (1999). "The Midcourse Space Experiment Point Source Catalog Version 1.2 Explanatory Guide." Air Force 
Research Laboratory Technical

Report AFRL-VS-TR-1999-1522.
Gardner, J.P. et al. (2006). "The James Webb Space Telescope." Space Science Reviews 123: 485-606.
Kessler, M. F. et al. (1996). "The Infrared Space Observatory (ISO) mission." Astronomy and Astrophysics 315: L27-L31.
Murakami, H. et al. (2007). "The Infrared Astronomical Mission AKARI." Publications of the Astronomical Society of Japan 59: 
369.
Neugebauer, G. et al. (1984). "The Infrared Astronomical Satellite (IRAS) mission." The Astrophysical Journal Letters 278: L1-
L6.
Pilbratt, G. L. et al. (2010). "Herschel Space Observatory. An ESA facility for far-infrared and submillimetre astronomy." 
Astronomy and Astrophysics 518: L1.
Planck_Collaboration, P.A.R. Ade, et al. (2011). "Planck early results. I. The Planck mission." Astronomy and Astrophysics 536: 
A1.
Werner, M. W. et al. (2004). "The Spitzer Space Telescope Mission." The Astrophysical Journal Supplement Series 154: 1-9.
Wright, E.L. et al. (2010). "The Wide-field Infrared Survey Explorer (WISE): Mission Description and Initial On-orbit 
Performance." The Astronomical Journal 140: 

1868-1881.
Viana, A. et al. (2009).  NICOS Instrument Handbook, Version 11.0, Space Telescope Institute.



Ref: Bell, A. 2018, "Investigation of Interstellar Dust Emission in the Infrared-Microwave Range with All-sky Surveys", Ph.D. 
thesis, Univ. of Tokyo. 
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