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OUR SOLAR SYSTEM

Our Solar System

From our small world we have gazed upon the cosmic ocean for thousands of years.
Ancient astronomers observed points of light that appeared to move among the stars.
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Space Weather
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Artist Rendition of Solar Wind
Created by: K. Endo

/ Photo Courtesy of Prof. Yohsuke Kamide National Geophysical Data Center
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The Earth’s Magnetic Field |
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http://www.phy.ncku.edu.tw/~astrolab/e_book/sun/images/magnetosphere.jpg
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and 557.7 nm Emissions

Dissociative recombination

O, +0" > O; +(QO (Charge exchange process)

O, +e = 20(°P,'D,'S)
\ O(*S) — O(*D) +557.7nm
0('D) - O(P) + 630.0nm &

Intensity, | o« [O*]

FORMOSAT-2



4 nm Emission

Radiative recombination
O*+e —>O0(CP,’P,>S)+hv
O(°P)— O(®S) +777.4nm

Intensity, | oc [O*][€e]
\ In the F-region, [O*] ~ [e]; and | « [e]?

\'~.

'0(5%)— O(3P) +135.6nm > used in FORMOSAT 3 (TIP)



pletions in 557.7 nm
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Height (km)

0.0 and 777.4 nm Emissions
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The 630.0 and 777.4
nm emissions come
from thermospheric
region.

If plasma depletions
are present at their
altitude of bulk
emission they can be
readily seen in the
Images.



557.7 nm Emission
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The 5577. nm
emission has two
source regions; in the
thermosphere, and in
the mesosphere.
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International Quiet solar Year (IQSY) daytime atmospheric composition
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lonosphere (Aurora)

Mesosphere

-

Troposphere

50 km

(http://csepl0.phys.utk.edu)

(http://www.windows.ucar.edu)
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Communications Satellite
300
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< Thermosphere
MLTI  Atmospheric Region Studied
by TIME ‘;Spacecraﬂ

il Noctilucent Clouds
<V Bora (Poiar Mesospheric Clouds)
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Ground-based Instrumentation
http://www.timed.jhuapl.edu/WWW/science/objectives.php
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http://www.timed.jhuapl.edu/WWW/science/objectives.php

Sl Composite lmaoge (SZ8 = 953, 2002 Doy 2639, Orbits 4328— 43472
2002_269 =l 1304 (blue, 767044 R max {dota}. 10008.0 R max (color scale))

al 1356 {green., 3422.86 R max (data), 108008 R max {(calor scale}) TIMED GUVI 135.6nm
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http://guvi.jhuapl.edu/guvi_summaryimages.htm

TIMED-GUVI QI135.6nm disk scan 2002 269
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FOMOSAT-2
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COSMIC

E.eaction Wheel
Avionics Stack

Propellant Tank

‘PS Payload 1
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RMOSAT-3 =" ¢

The FORMOSAT-B/COSMIC
system is a constellation of 6
LEO micro-satellites

Each satellite carries 3 payloads:

— GPS occultation receiver

— Tiny lonospheric
Photometer

— Tri-Band Beacon.

Global observation of pressure,
temperature, water vapor,
refractivity, ionospheric electron
density and scintillation for
weather and space weather
research as well as climate
monitoring

Demonstrate quasi-operational
GPS limb sounding with global
coverage in near-real time



ORMOSAT-3/COSMIC Program

An international cooperation
program between NSPO and
UCAR, USA

« The FORMOSAT-3/COSMIC system is
a constellation of 6 LEO micro-satellites

« Each satellite carries 3 payloads:
— GPS occultation receiver
— Ti nhospheric P

ri-Band Beacon.

lobal observation of pressure,
temperature, water vapor, refractivity,
lonospheric electron density and
scintillation for weather and space
weather research as well as climate
monitoring

Demonstrate quasi-operational GPS
limb sounding with global coverage i
ear-real time

eter




Tiny lonospheric Photometer (TIP)

TIP is a narrow band far-ultraviolet photometer
for ionospheric measurement



TIP 135.6-nm passes 14 Sep 2006
FM1 FM3 FM6
0-24 UT (2100 LT)
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0054 LT

2002 February 15
630.0nm

Large scale irregularities

N-S extent of more than
1000 km

Few 100 km E-W extent
(width)
Generated at the equator

Move 1n zonal and vertical
directions



Imaging Plasma Depletions

North

South



1ons In 557.7 nm

1800 2000 2200 Q000 0z00 0400 Q800
start Vend

arch 2002

Prominent depletions

ast-west width about 70-85 km
Eastward velocity about 55-60 m/s




2000/03/04 20:17:30 LT




2006-8/12 Airglow Campaign
lin (23.5°N, 120.9°E )




Ground based facllity




s : 22 December 2006
stward drifting depletions 630.0 nM

Exposure: 4 min

18:46:59 UT 19:02:07 UT 19:17:15 UT 20:02:39 UT

Deletions in general drifts eastwards with ambient plasma drift



Plasma Bubbles on November 10, 2006

November 10, 2006 _
F-region
equatorial
anomaly crest

Yonaguni (24.5°N, 123.0°E)
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630-nm All-Sky Image Nov. 12, 2001 (Otsuka et al., 2002)

Altitude
2,000 km

W

Both bubble images are quite similar,
indicating that bubble structures are
elongated along geomagnetic field.

Darwin
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Ozone * September 6, 2000  Total Ozone Mapping Spectrometer (TOMS)
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Fig. 8.15 Major ionospheric propagation effects on satellite to-ground links

These include Faraday rotation of the electric field, group delay, scattering and
multipath caused by irregulanties, phase and amplitude fluctuations caused by
traveling 1onospheric disturbances, and absorption in the D region



R R A BE

When CME’s impact Earth
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R LAl Spacecraft malfunctions Power system damage
Click on image to play video (a fried transformer)
Radiation danger for astronauts
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Feter H. Dana S/22/98

GPS Nominal Constellation

24 Satellites in 6 Orbital Planes
\ 4 Satellites in each Plane

20,200 km Altitudes, 55 Degree Inclination






