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528 small satellites launched
from 2004 to 2013 (primarily to LEO)

232 Test and development satellites
107 Scientific satellites
89 Communications satellites
78 Remote sensing satellites
; e Several commercial and
19 Military sateliites / / government constellations

of small satellites are
| planned beyond 2013

Public-Private Partnership for Space Capability Development, April 2014




High spectral resolution is needed for fine relative motions, multiple sources,
Isotope ratios, temperature, turbulence, currents, and etc.

sulfur and oxygen line shapes for ion precipitation
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Jupiter's northern aurora, (~1 A) from Upper panel: image of the FUV Jovian
Hubble-STIS northern aurora observed with WFPC2
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No, 1D or 2D spatial information
Compact/miniature

Small aperture telescope

Low data volume

All-reflective design

High tolerance (optomechanical,
temperature)
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Grating spectrometer

1D or 2D spatial information

.‘ \ / (data cube capability)
‘/% Well known concept/heritage
¥ All-reflective design
Point sources
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Reflective SHS Michelson design SHS
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X a SHS Is a cyclical interferometer
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Side view Top view
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Khayyam: the first facility-class
SHS constructed

Siderostat second
mirror port

HamSpec
housing
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Coupling SHS to the Coudé

Auxiliary Telescope (CAT)

Using Shane
{ Using CAT
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Diffraction grating

Roof mirror )
Flat mirror

Fringe
localization
lens —

Three-mirror

Fold mirrors
telescope

SHS Assembly

Fringe
Localization
Lens

I
Baffle Telescope Bench
3 cm aperture
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In comparison with similar spectral
resolution instruments
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R ~ 500 — 3000 R ~ 30,000 - 100,000
Wide bandpass Narrow bandpass
Low throughput High throughput




Multi-channel SHS

Each channel is 0.5 — 2nm bandpass and targets a specific spectra future
at 20,000 to 70,000 resolving power.

orbital channels vertical channels



In comparison with similar spectral
resolution instruments

Keck spectrometer (HIRES)
$4 million, 8 tons, 5 m length
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SHS (8 cm)
Volume: 13.5x13x6¢cm *
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Interstellar Medium

H-alpha mapping of Nebula and Galaxies 3
Solar wind interface LT




Back Up



Field
stop
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Narrow band
Transmission filter

Calibration lamp setup
on “flip in” mounts

incoming
beam Collimatin
g Iens FLP
Guider imaging
imaging lens lens
Lens can be
replaced by

mirrors for a
full reflective

design Imaging
Detector

Off-axes
coupling
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SHIMMER on STPSat-1

Launched 2007,
decommissioned after
completing 2.5 years of
successful on-orbit
operation

Mesospheric hydroxyl (OH)

The STPSat-1 small satellite, built for the Department of Defense (DoD)
Space Test Program (STP) and operated by the DoD STP for the first
year then transitioned to NRL.
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MIGHTI on ICON Heliophysics

Explorer Mission will launch at 2017

$200 M ICON mission

(Tom Immel, UCB;
Orbital Sciences)

Earth’s
thermospheric winds

and temperatures at
altitudes 90-300 km

Engineering model of the MIGHTI
interferometer
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MANIC: direct detection of nearby
Jupiter-like exoplanets

Boston University, MA with input from Light Machinery Inc.
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