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effects on the space segment (e the satellites — depends on the orbit),
on the ground segment (e the Earth station), and

h the Earth's lower and upper atmosphere.

oo Based

Bursriliand

ember




Satellite Failures — Galaxy 1V
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Satellite Failures - Orbit tracking of Satellites
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Increased Drag on Satellites : SMM — Solar Maximum Mission

XMM dropped 5 km during the March 89 storm
SMM reentered the Earth's atmosphere and burned -up on
December 2, 1989.
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Solar Array Degradation P Star Sensor Units “Blinded”

3 0000 AT AT TR I B, T 0 T By g oF 2 T ERCEOn SLEmenty PR sl
P * When particles hit the CCD they generate elec ns which charge up the pixels
just like the regular photons, producing images similar to a star.
* Confuses the attitude control unit and can lead to tumbling.

ESTEC, 1 December 2004 i S ) nber 2004
e Ly T

Solid State Recorder Single Event 5 Solid State Recorder Single Event
Upsets Upsets
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In the past, payloads have also been damaged by attempted
deployment du

etimes 1 per hour.

cember 2004 December 2004

e - Ly T

Navigation systems (GPS) Effects on Military Systems
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Navigation LORAN C

Effects on Military Systems

Some laser guided bombs use GPS to navigate

2B How Tomahawi cruise missil
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Effects on Military Systems
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Effects on Civil Aviation

Aircrew radiation exposure

Effects on aircraft avionics, communications and GPS navigations systems
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High Energy Particles Hazards to Humans ISS and Shuttle — fairly well protected

Space Station Orrhit 1s Exposed to High
E nergy solar Particles

Humans in space
hut S ssions to Moon

Crew/Passengers in high-flying jets and
polar route
Concorde carried radiation detec

dia
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Future space flights— Moon and Mars Proton events and Apollo Lunar landings

. . - W CIEC ARG WL
Will humans survive a mission to Mars?
* During the last 45 years humans have only been in deep space
for a few days at a time (Apollo missions to the moon).
Outside our protective magnetosphere humans will receive a lot
more radiation and over a much longer time that was the case
during the Lunar missions.

Protection during flight AND at the surface on Mars will be a big
challenge.
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These currents will leak into all long
conductors

— power grids,

— oiland gas pipelines (increased corrosion)
Train light signals can be affect
(two documented events in Sweden)
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Geological Surveys

Magnetic storms affect surveys for minerals which use either ground-b: or airborne

magnetometers to measur

the small changes in the earth's magnetic fie ated with

deposits of minerals. These surveys are more difficult, perhaps impossible, during major

magnetic storms.
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Space Weather: Why should we care?
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When the Sun went Crazy

Effects on the Earths atmosphere
Climate change

Effects from the Halloween Storms
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Big Sunspots and a Flare

SPE affects Ozone in the Southern Polar Cap
|GURv e an1 - u el maerom 11y )

Cclober 29, 2003
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Oct — Nov, 2003 solar storm shows large
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effect on NO emission at 125 km
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measurements before storm
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