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UV Definitions
Wavelength regions defined by technology

EUV: 7 – 91 nm.
FUV: 91 – 120 nm (FUSE)
NUV: 120 – 300 nm (GALEX)
Vacuum UV: 91.2 – 320 nm 

https://upload.wikimedia.org/wikipedia/commons/3/34/Atmospheric_electromagnetic_opacity.svg



History

• First UV observations made from V-2 rockets.
• Operation Paperclip brought German rocket 

scientists to Huntsville, Alabama.
• The solar ultraviolet spectrum from a V-2 rocket.

• Tousey et al. 1947, AJ, 52, 158.

• Sounding rockets (many from NRL) made the 
first observations in  UV, X-ray and gamma ray 
astronomy.

• Major push into UV astronomy because it was 
close to optical astronomy.



Why UV

• Many electronic 
transitions of 
atoms/molecules.

https://rwoconne.github.io/rwoclass/astr511/im/line-count-vs-
wavelength-Jenkins-label.jpg



Why UV

• Many electronic 
transitions of 
atoms/molecules.

• Physics is in the UV.
• Temperature, density, 

pressure, velocity.



Why UV

https://apod.nasa.gov/apod/image/omgcen_uit_big.gif
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EUV
• EUV: 70 Å to 912 Å

• Lower limit is decided by grazing angle optics.
• Upper limit is HI ionization

https://image.slideserve.com/404263/inter
stellar-medium-absorption-cross-section-
l.jpg

https://www.slideserve.com/meg/radiation-
processes



FUV

FUV: 91 – 120 nm
912 Å: HI ionization.
1216 Å: HI Lyman 
alpha.

Windowless detectors.



NUV

• NUV: 120 – 320 nm
• 1216 Å: Ly α
• 3200 Å: Solar flux.



Optics

• Normal incidence.
• Minimize number of 

elements.
• Long-pass crystalline 

filters.
• MgF2
• CaF2

• Mirror reflectivity
• Al+MgF2

• 80% (> 1200 Å)
• SiC

• 40% (< 1200 Å)

• Filters ~ 80%
• Contamination control 

mandatory.



Detectors







Counting Events

• Measure X, Y, PH, 
time.

• Exclude background 
events.

• Not possible to 
distinguish multiple 
events.



Quantum Throughput

• q.t.(λ) = 0.8 x 0.8 x 0.8 x 0.1 = 0.05 = 5%
• Counts = F x A x Δλ x q.t.



Units

§ We measure counts per pixel per second.
§ Magnitudes are difficult because A0 stars have 

no flux in UV.
§ FUV: mAB = -2.5 x log10(FluxFUV / 1.40 x 10-15 erg 

sec-1 cm-2 Å-1) + 18.82
§ NUV: mAB = -2.5 x log10(FluxNUV / 2.06 x 10-16 erg 

sec-1 cm-2 Å-1) + 20.08
§ Limiting magnitudes ~ 20 magnitude in 100 

second observation.



Counting details

• Zero noise detectors.
• Counts are Poissonian so S/N increases by 

square root of observation time.
• 20th magnitude in 100 seconds (GALEX AIS) =>23rd

magnitude (GALEX DIS) in 30,000 seconds.
• 10 counts for 3 sigma detection.

• Similar scaling with mirror area.



Detector Issues

• Lifetime of MCP ~ 1 Coulomb of charge.
• Avoid bright regions, particularly in the beginning of 

a mission. For large FOV missions, diffuse 
background may be important.

• There are only a countable number of hot stars 
which can be avoided.

• Avoid Galactic Plane, Magellanic Clouds.



Nonlinearity



GALEX/UVIT

• UVIT multiple filters.
• ~1.5 arcsec resolution

• GALEX: 2 filters
• ~5 arcsec resolution 



GALEX Data

• Available from MAST.
• Point source list.

• https://ui.adsabs.harvard.edu/abs/2
020ApJS..250...36B/abstract



GALEX Diffuse Observations

• Murthy 2014
• Cosecant falloff from plane 

to poles.
• Baseline of about 200 

photon units.its: photons cm!"#$!%#
$&!%#'!%(

100 ph cm!" !!% !"!% #!% $%&%'(%)!" !"!%*



EBL



Future Directions

• No UV capability once 
HST/UVIT die.

• World Space 
Observatory
• 1.7 m telescope.
• ~2025 launch
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• No UV capability once 
HST/UVIT die.

• ULTRASAT
• Large FOV.
• Continuous UV alerts.
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Future Directions

• No UV capability once 
HST/UVIT die.

• CUTE
• Atmospheres of 

exoplanets.
• To launch ~2021



Future Directions

• SING
• To fly on CSS in 2023
• Low resolution 

spectroscopy of 
nebulae.

• NUTS
• Planned for PS4 

launch.
• ~3 degree FOV to 

search for transients.
• Total cost: ~USD 

30,000 + 1 graduate 
student.



Small Satellites

• UV is where to go for niche science at low cost!


