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Alan Eustace, 2014 (41.425 km)

50 km

Meteorological balloon (37 km)

0-18 km

Mount Everest (8.848 km)

Passenger's airplane (11 km)




Mesosphere 80 km









Some characteristics of the Sun...

Chromosphere
Age = 4.6 billion years
Photosphere
Diameter: 1.393 million km Convection
Zone
Volume: 1300000 x (Earth’s volume)  Fodiative
Mass: 333000 x (Earth’s mass) Core

(1.989 x 103° kg)
Surface temperature: 5780 K (= 5500 °C)

Distance from Earth: 149.6 million km




The many faces of the Sun!

Surface - visible light Surface -- magnetic image Ultraviolet light - upper chromosphere
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Ultraviolet light -- corona Ultraviolet light -- corona Ultraviolet light -- upper corona

2002/09/15 07:00 2002/09/15 07:13 2002/09/15 07:06



The Sun is an active star...

Solar wind: Constant stream of
charged particles escaping the
Sun’s atmosphere (corona)

Flares: Sudden flash of increased
brightness on the Sun

Corona mass ejections (CMEs):
Release of large amount of
matter & EM radiation into space
above the Sun’'s surface




400 Years of Sunspot Observations

% of Sun's visible hemisphere
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Solar cycles have
an average
duration of

about 11 years!

20 21 22 23 24
1970

1980 1990 2000 2010 2020






“Ever changing conditions in space driven by physical
processes taking place in the Sun and also influenced by
energetic particles arriving from outside our solar system
(cosmic radiation)”.
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Solar activity
and space
weather on
Earth

13 hrs. to up to 4 days
8 minutes
20 minutes to

up to few hours







weather
and its impact on
our lives




COSMIC RAYS
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Some historical examples...

« 1859 Carrington event

e 1967 Close to nuclear war
between US and USSR

* 1979: NASA's Skylab (430 km)
launched in 1973




Some historical examples...

e 13 March 1989: Black outs in
Quebec and North America

e 29 Oct. 2003: Halloween
storms — communication
disruptions and damagin
satellites




The SPace ENVironment

Information System
(SPENVIS)
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Radiation analysis with SPENVIS...

Effects

Environment



Major Space Environment Hazards

False stars in star tracker CCDs

During exposure 1o
Before n__mm_'-MeVons

Solar array power
decrease due to '
radiation damage - 2

\ Q 4 S Surface degradation from radiation

Single event effects in microelectronics
1101 = 0101

R

Electronics degrade due
to total radiation dose

y N Solar array arc

- . discharge

Spacecraft components become radioactive

Electromagnetic pulse from vehicle discharge
(on surface, behlnd thin shleldmg, or deep inside)

Voltage
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Performing radiation analysis

Requires accurate knowledge of
a. external space environment
b. shielding effect of material

Radiation shielding
assessment




Next you will use SPENVIS to ...

* Define your mission & orbit (e.g. Sun-synchronous, Medium Earth or
Geosynchronous orbit)

 Characterise the space environment (e.q. trapped & solar particles)

* Radiation dose to component near the surface of a spacecraft
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