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From the beginning of astronomy to recent times, only
light visible to the human eye could be observed

!
optical <2




Frequency "i'i"av:ele ngth

Ultra Low Frequency Raliraiis

Observations

lonosphere blocks/reflects wavelengths
below ~10 MHz

» Space-based observatory
Long wavelengths require large apertures
for angular resolution (& = A/D)
Monolithic apertures are impractical
» INTERFEROMETRY (sparse aperture)

Interferometer baseline measurement
requirements easier at long wavelengths

(u~A/10)
Solution: CubeSat interferometer in
space
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Astronomy at long wavelengths:
Coronal Mass Ejections (CMEs)

anger to spacecrartt,
ol

Wind/WAVES: 2005/09/10 22:37

e of radio burs
dicates how
dangerous a sola‘r storm
will be to Earth

20:00 22:00 00:00 02:00
Image Credit: NASA/ESA



Astronomy at long wavelengths:
Giant Planet Magnetospheres

5 planets with strong magnetic fields in the solar system:
Earth, Jupiter, Saturn, Uranus, Neptune

* No spatially resolved imaging of radio sources below
ionospheric cut-off A J

* \oyager s (launched 1973) were first and last tc‘(study long | ,,
- wavelength radio emissions frpm all giant planets '

Flux density at 1 au (Jy)

Frequency (MHZ) rigure credit: Piso et. al, 2011






Radio Science Instrument

y
e 2 deployable “active” BeCu
dil antennas (6 m)

orthogor h othe

¥

\.m'ﬂ

GA-ba: "
Hzfl cy tuning
Bandwidths from 1 kHzto =
10 MH

— Optimized for 100 kHz to 1(
MHz

~ Stored Tubular
Extendible Member
(STEM) deployable
antenna (Northrop-
Grumman)



Interferometry

. . Present: Ground based, central correlator
Aperture synthesis N |
interferometry ‘7'"14 P -
. . ; { ;‘
Distributed correlator — - 4‘
7 21 -~ Very Large
no central hub g Amy),

New Mexico,

190 unique baselines (Zd 5 Lo
spacecraft .

Array will grow over
time, increasing angular

resolution;
. SOLARA:
* 1-60arcminutes @ | sace-based
1 MHz distributed

correlation

/\ﬁ’"



Formation Flight (Lite)

ME — dC
neasure S , OU

* Relaxed metrolog
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|

rate
\oT
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e Constellation orie - aggregated star
tracker measurem .

-‘




Communication: SARA
Iet;xr
/ Ke
.

! a ‘ m
)

P
£
' ) -
.
[ ]
.
J

* Separated Antennas Recc
SOLARA constellation as
MIMC " In space

(SARA) will use th
L the :‘ hnology of

o ya

v aste AY ontigurati
— Comm to Earth (time, da ated by master
— Intersatellite clocks and r hanged frequently |

+ SARA gain: 23 dB, 57 kpbs from LL1 vs. CubeSat gain: 6dB, 2.4
kbps from LL1




Propulsion:

Electrospray Patch Thrusters

! l
-‘ Q voltage grids (1-2
/lonBeam
| accel 2rate jons to
=F ¥, = _ = _,=—_=<_Extractor Grid . Dro ' .

Ide tn
]t Porous W Array
Porous Fuel Tank ‘

U
0P J S Or
olumbing '
| No combustion
{ ‘° High Isp (~3500), low
' propellant mass
e ~1 uN per thruster

* Thrusters will be tested
In precursor missions

Images adapted from Lozano & Courtney, 2010

1



Carrier Vehicle = GTO to LL1 transfer

Multi-payload Utility
Lite Electric (MULE)
by ULA/Busek

Avionics

Propulsion

SOLARA
CubeSats

&

Transports

SOLARA/SARA CubeSats
to LL1 destination

Radiation 'protection

while in transit

Pliigh gain

communications

Back-up central hub for
array



Journey to LL,

i~ 1B ~ . .

eost

T
¥

. S '. : | L
Earth-Ma ' ction ir! L

Lagrange Po orbit about LL1
x* :

Earth ‘\ i .
A y

60°\
S |
Oon ' Jl
EN




Subsystems

rusters a

ate

rsys trac ‘ r, sun

!
u |

|

-pointing solar panels
nvironment. Ar'tisun-
Ised as radiators

* Thermal— LL1 orbit
! provides a stable th
facing spacecraft sides




Strategy and Schedule

* Three-phase implementation:

— Phase 1: Thruster demor‘15tration

precuysor.mission' - 2014

- — Phase 2: Science’paylopd
~ demonstration in LEO (23
CubeSats) — 2015-2017

— Phase 3:‘FuII array launch and
deployment in LL1 — 2018-2020



Con

» Ambitious but feas
» | Precursor mission:
tec !‘ ' '

NS

A —
= J {g .
Deployable STEM a nna
S-band inter=satellite rangi
— CubeSat star tracker

— ADS sensor-enabled solar pane |

— FPGA-based correlation
— Multi-CubeSat delivery

)

5loNs

o}

|

¢ high reward ‘
aise Q of novel

[ ,
I -

A il

0 J develof
Technologies:
— SARA |
— Electrospray thrusters
— PTS (radio science receiver)
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| kL |

Frequency Wavelength 6 @ 10km ©@ 100km 6 @ 1000 © @ 10,000

km km
‘ 30 MHz 10 m 3.4’ 20.63” 2.06” 0.2”
| 10 MHz 30m 10.31’ 1’ 6.19” 0.62” .

300 m 1.719° 10.37

100 kHz 3000 m 17.19° 1.719° 10.37°

30 kHz 10,000 m 57.29° 5.73°



CubeSat Implementation

i
zEIectrospray
patch
thrusters

S-band
patch
antennas

Solar panel
“wings”

!

3 m BeCu
deployable antenna Star tracker
lens




