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Space Physics

* Fundamental plasma physics with universal
application, including to fusion plasmas,
astrophysical plasma systems, and space weather.
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Solar flaring and the connection to geospace:
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Global infrastructure and
economies are connected
regionally and globally.

Space weather impacts are
Inter-connected.
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Radiation Belts and South Atlantic
Anomaly

}




Space Environment Hazards

before

False stars in star tracker CCDs

Outside
linner
\belt - o.‘.

»

Surface degradation from radiation

| €32000/07/14 10:42.05

\
Solar array power
decrease due to

radiation damage

Electronics degrade due
to total radiation dose

Solar array arc

Single event effects in mlcroelectronlcs discharge

bit flips, fatal latch-ups
1101 = 0101

Spacecraft

components

become radioactive
Induced,,,
Voltage

Figure courtesy of Joe Mazur,
The Aerospace Corporation



The Experimental Albertan Satellite
1 (Ex-Alta-1)

Review the Ex-Alta 1 and
AlbertaSat story on YouTube!




The Experimental
Albertan Satellite #1

Institute for Space Science, Exploration and Technology
University of Alberta EX-A ta 1



Payloads: Digital Fluxgate Mag. (DFGM)

Low noise
measurements of
magnetic fields
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Payloads: Multi-Needle Langmuir Probe
(MNLP)

Provides high time resolution measurements of electron density and
temperature




Payloads: Teledyne Radiation Dosimeter
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Enables routine monitoring of
spacecraft radiation environment.

Assessment of dose as a function
to time; impacts from South
Atlantic Anomaly.

Commercial non-ITAR part. Flew to

moon on NASA LADEE mission
Assess on-board anomalies?
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Payloads: Athena Open Source On-Board
Computer (OBC)

Goal: to create an open
source suite of U of A
cubesat subsystems

Opportunity for student-
led hardware and
software development

A second iteration of this
board will fly on Ex-Alta 2.
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A Multidisciplinary Student Team
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Mostly undergraduate students!
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Ex-Alta 1:
Integration
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Introducing Ex-Alta 1
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Crowd-Sourcing!

LIFT OFF ALBERTA!

FX-AITA 1 - OUR FIRST CURF SATFIIITF

WITH THF SUPPORT OF

Rebzx3amonte  Jim Jannatt 3 Matthew Fasssr  Fatin Joor Clu S1LEMTS, 11S4¥377))  fatarine fomas Fonsaca  Artersla s AlexFessscjess  Joanne Resrcds  LaTsine Crawhad  Mickss, Osr-pdan

Rebzrssa Fervily  “he S1bs of g Dernis Shuer  Chriz Sacps-  isron eris Mazziny o o1 Nt s NaesiiFaniy CrainWatsen  iade Mack: lennifor Moncicr  ZtF31Trideau

Larry Sanreget .3 ér Psdoers hanie 302 Sresey Chaung  Shristeare Rabson ‘k:xzrﬂ n 0 LEr Melisse Hawelechke  Ethen MacConale ojis  Ervn

Lynanie Trassr dmiszhensk  MaltelnKes  lersttan daby Sall Kermros  The Mottt 4 20mie Mancy Hun: rzfore

Tkt et Wi 2% Schouerran errert sl et i CuncanClake  fian umar  Claive Las<r  Bizon For by

Ir mer of 2 ¥iolfjang . Schulte AlexTheras Hevs INHI Tre Stese-Fanly  E.Smith  3ridget “sana mblyy  MPIDELiot  3uce Fatweell %ol Nowak )5 Bulr
ken E

ertFerrai  John  Cheung lﬁnai*r\ ErzaiFowsell  Kawn'tilses  /atirlrg Joannea1n  AndyGretis  DarvnCuwen  De-s e
Tom Goceing _ Michss. ¥ Sleendorrl  Favicie Sacaya  Todd'wendt  Desirs Eryce filses  Cassandrs 222 Hiles  LucinoCcr2y  Duane 4ryyys  TheEruceClan
ors Cavs Brift Al mwnmr 3 Rerrokfhours 3 llerz vz 1G Jors Bonjami Kaasa  Alurni Coune 120°3 16 SusIshep  Ienes Elin  Seot <estinn  3on S1a

oy Ma Gre3 Upricht M shas! _saMacks SepetrF Khel31 udi Sherandlssa  Sat Chand= 73 omed  waciawicl stranaman
tFery  Les Schow Haver Fersity  Kim Jg377:  Jan =r Mann's mether Zec L3 Sheung dossjzvs Mowat  Pater R amnd ‘wr ane orey  Deklr Kzor D Zon
Martin Fe-gusc 1 Pel. (raham “amn J Jehnvo;nserntrlmsF'ﬂre £2-and Ch = Trac Searbann  Lewrarze 4. e s Equal ty Soc &1y cf bz ta T

Iy Jame Shers o Muller . Methen rauam Rivrd
an . Kelclum  aliSiza  Keck thoi Na chars Mas M ks Caseo
sy Maurice Frize Srebifobesy loberFedseess SeccomaniFanly CclnReneher | EdHarvey
n  ComDev rteriational DerielFriel Caze 3ossmin Wavis Eerr  Catherine Le b

ehialact  Es Alukc JessieRessS.  3rucs i Wclolum I Cyby
30ss Locsward flrarc Hartrany  Farrille Charrgagne  Kr Gleason  Ka'sted Kurar sncruse,a Liam MacKirncr  Dariel [ Kezek _c1r R
crs3 42sert Foy  RubeKlrsspetn  Jon ildidge McCsnald  22.UFrice  Marg Jary Va.erie g 4a.ach  The Lan Zamily

latillse;  Ralgf Tctran I Coler SerR Leomow Cherdlooper Hugh e Lis et thelski  Krgstor Kumsr  Diane Stepney
reafntonius  Maures® Jacsss1  IMSCE Johnsa1  “homes 3etrck  3ennEaschuk  PeterExthelsen G lianTapler FelictiHrecw  RaphN
rlerz Covovan  énn Marie Reinsst  Aud-ev Chetrg Eleents.13 lanF.Mann  Cougls Sr3zeFerg.son Fall  Miiam Jusic
Mariz Cresry  Reray Nusall iamueltra\ MicheleBurks1s-Lee  3te.don & vasolf
Simen Burke Do | frrieRebatsn JorcyCad  faqang ke
oiiemate. b Kaendar YisrreMies EricCay Bertar: Keatry
Macke  FeiminZ1ou a nc tersen Kin  SeranWiles  <enCclosirs
Gilla1Elsscue  Samanthadiller  Devid.Frse  ChaagangS.r

Celoy Miller  JaugCale  Reintard
ot Favsarona - honr
S Kaating o

rddington
Seo: Munre

ke Graelle

ez, Jran  Lez oy
AurtBertrand  Cenrie.
d

=

Hrvnghe
s Rogers  EV

Jeesua
E

Serys Bez Anecland  Shris Henderscr  Eileer Guimont
SRR piead Sharss Mo SaahArcecscn  Torasz Wit fruzskonss Manas Paride e1Desey ke
Soiencane 0 T. dugberri Thomed Ui Sinlin bl A JaczLeling Sulesime
Loreozes Ch.r Chiechun T1omas MchE 1525 Car3Faoser  Anteric Harele:hke reter Upright
Mohannune Fashs § wtatdiau HankMotl  bikeFa 5
= L Lovis Eleale.r Fiel ik adebeck
Je: A e Casar Shaw Srders Musket Makeel 3aiup i
Marc Lz Mertign Car sgher Kally Feascr or 7 Wic  Ewet Mann Feary Siung

Enls dsern
Lames Erpee
Chosslar Jin

adi
EdnontonGertiz Willan Sare
L

weau  heog it
Lyiedbsraly  TeanFersitls  Savanns haregaard  Camerr s,
Evan Macks  Jasan Vo
Loz aim Ja:.kil.ll. o Joiatien stuun  Jurga i —undanr Backs kg Yarst
Pazkars lus Lo o i Corgllaveelschks  Melck  Hubelshen  San

S2313Korsan Moo & Mokine  Bugal istioomica, Saciety of Ca rada
o Shas  Nangy Wolerik  Jesi, Jar dine-CN

g B aLCh . Bivwa a1 Canpbel
Palricis Gradirg Rater Soladzun  SueeUlen Copdo Sudhzasds heoser  Lusdmers ot Canga
e bz g2 Kt 1 Dansaton ke il

Oon Daliich dawey  HaraCaw Here  Brianan R thars Hey

Uans eshio

Ut LLaschuie Ler Uz Vil ke Ll

B ATBERTA SCIENCE

COM DEV’

INTERNATIONAL

IRADING e

Cromx... - § <> MEGloba! 5hanors

Fobration | characierizaten | Eperise

aechming & SppY Sevices Nu Mtzl

Wiz 1ope that we have reperted your name accurately. To agvisc us of cranges, alease contact us ct: (/8] 492-8831 or issetiéualbe-sa.ca

Chip fabricated at the Jniversity of Alberta nanc=A3 Centre, July 2016,

Institute for Space Science, Exploration and Technology

University of Alberta




Ex-Alta 1:

e Launch

April 18, 2017 | Cape Canaveral, Florida
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Ex-Alta 1:
Deployment

University of Alberta Courtesy of NASA and Nanoracks.
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Ex-Alta 1:
Deployment

University of Alberta Courtesy of NASA and Nanoracks.
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Ex-Alta 1:

First Two-Way Contact
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Canadian Space
Agency

Canadian CubeSat
Project

(CCP)
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Canada has a population of 37M
spread over 10 provinces and 3
territories

« The top 4 provinces account for
76% of the population

The space industry is highly
concentrated in only 4 provinces

In the academia, space science
(including astronomy), atmospheric
science, and spacecraft engineering
subjects are available in almost all
provinces

There is virtually no space education
or industry in the 3 territories

Canada has no direct access to a
launch vehicle

Canada "“"Spacescape”

CANADA

VECTOR MAP EPS 10




CCP }I.nitiative

« CCP goal is to launch at least 13 nanosats from post-secondary
institutes representing all 13 Canadian provinces and territories

« CCP requires the involvement of professors/teachers who act as
Principal Investigator of the project and are responsible for supervising
the student team to design, build, test and operate the CubeSat

« 15 mission teams selected in 2U and 3U Cubesats, with Proposals
have very diverse mission objectives: education, science, technology,
astronomy, Earth observation, etc.

2U 13 12
3U 4 3
Total 37 33

« CCP satellites to be launched in two constellations by NanoRacks from
ISS.



Ex-Alta 2:
Mission

Prediction Monitoring Postburn Effects




Ex-Alta 2:
Multispectral Imager

Spectral bands relevant to wildfire
detection and analysis:

Band Spectrum [nm]

1 620 - 670

841 - 876

459 - 479
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4 2105 - 2155
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Science with CubeSats?

Fundamental plasma physics with universal
application, including to fusion plasmas,
astrophysical plasma systems, and space weather.

Imge courtesy of NASA.

ute for Space Science, Exploration and Technolo
University of Alberta



Region 1 Region 1

Field-aligned
Currents

Region 2




1 vt Non-time stationarity and fine structure of

%ALBERTA Magnetosphere-lonosphere Coupling
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= Cubesat Constellation for Magnetosphere-

© ALBERTA lonosphere Coupling ?

Cross track
separation

Along track
separation

* Determine how the mag here stores, pr
and releases energy from the solar wind interaction:
» How does the magnetotail behave?
* How are particles injected to form the radiation belts?
* How does the magnetopause respond to the solar wind?

Institute for Space Science, Exploration and Technology

University of Alberta




Nano-Satellite Constellations

Institut



Summary and Conclusions

 The AlbertaSat project and data from Ex-Alta-1 continue to offer
exceptional student hands-on learning and research opportunities.

e Future U. Alberta missions in development, including a FireSat
mission targeting forest fires, and future space science constellation
class missions, with a goal of a cubesat every 2 years.

e Great science opportunities for genuine space physics research and
discovery with constellations of cube satellites — for example the
Canadian CubeSat Program (CCP).

* Future opportunity for international Space Weather cubesatellite
constellation - perhaps a partnership between UN OOSA, COSPAR,
Space Agencies and Member States?
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