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CONCLUSION

IUGG REPORT: (Nagy et al., 1995):

“The very basic processes such as ionization, chemical
transformations and diffusive as well as convective transport are
analogous in all ionospheres;

The major differences are the result of factors such as different
neutral atmospheres, intrinsic magnetic field strength, distance
from Sun, etc.

Improving our understanding of any of the ionospheres in our
solar system helps in elucidating the controlling physical and
chemical processes in all of them.”
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Thermsrhens + Ionosﬂltns in bhe Solar System
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TeMPERATURE of A PLANET WiTHouT AN ATMOSPHERE
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Fig. 1.6 The sizes of the Sun and planets on a 10-billion-to-one scale.
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Neutral Atmosphere Characteristics in the Solar System
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COMPARATIVE ATMOSPHERES/IONOSPHERES"
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MARS 6Glob| Surveyor Ridio Cecultations
MGS Radio Science
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MARS IONOSPHERE: COUPLING FROM
BELOW

&

--Systematic variations between the height of maximum electron
density (h_M2) with longitude

100 200 300
Longitudc

Longitude
MGS: 24-31 December 1998 9-21 December 2000
Bougher et al. (2001) Bougher et al. (2004)

Interpretation:  Tidal wave number components 2 and 3 related to Martian

topography wsssp longitudinally dependent thermospheric
motions mmmp ionospheric photochemistry at unit optical
depth longitude-dependent h M2 (and not N_M2).

~§ee J.Forbes' Micolet Lecture : 46U Webs;te




e Molecular Ion Plasmis —
Photo-Chemical Equilibrium

EARTH g MARS
Production (Py) : | N, + hy —2s N," + e COs + hv—5 CO;s"
Transformation : | N," + O - NO"+ N CO, +0 ey O +
Loss (L): NO"+ e—% N +0 :ﬁ 0, +e %> 0O+
For P, =L : P,= a N2 N, L

With P, = Production of overhead Sun = f(EUV/x-rays) = f"(E10.7)

—

active regions (27-day) +
solar cycle dependence

In general, with ¥ = Solar zenith angle

et

Latitude + Local Time dependence
cos x or Ch™' (B Hy )

\/Po[f'(E10.7)] cos ¥
Ne =
a
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lonospheric Characteristics In The Solar System
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COMPARATIVE IONOSPHERES: 9—-27 MARCH 1999
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E‘F‘Feclcs of Selar Flares Ufon the Planets
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o TUPITER---Bhardwa; et al. (2005,
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So[ar Flare E ffect Uroh Terres-(;rfa] Ionosrkel"e
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The Great So I«ZV Flare of 7 August 1772 : Mi"stm Hill TSR
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E—Layer Peak Density, N E (*10°%cm™)
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PoTENTIAL Scievce YieLd from CoMpARATIVE STubiEs

of SoLAR FLARE - Inpucebd
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The orrosi{e of Flare Effects--- Turn Photochemistry QFF;
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Ring Shadowing: Then and Now

e (left) 1980, Voyager 1, Solar declinatfion = -1.6°
 (right) 2004, Cassini, Solar declination = -26°



Saturn Thermogphere Tonosphere Mool (S T1M)--Sec Mosre paster

~ The lonosphere

—

SOLAR rings? B Wave

N\

TR A T e = N\ N
Cross-sections . NN

; ALEINNG

2000 heating
* 1-D solution of ion-continuity equations

* Photochemistry and ion-diffusion

* Global ionospheric time-dependent
structure using GCM

* Solar flux is the only source of
photoionization
~e=Aurera] + Wave Heating
representations allel---
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ATOMIC IonN IONOSPHERES
ARE Lowe- LIVED

-~ Contrast Twe Cases = - -
Earth (24 hr Ja,) Saturn (10 hr day)

OT+e” ™ O Cslow) H"'+e,"—-aH (sjaw)
but, O*+As > Mot s M (fat) + -
Notpe™ — M 10 ( Faster) He +e™ > H+H (fast)
ov @ diurm) pattery oo Mo diurnal pattern
due to new N' ho,uu'cs I F Hf" fersisfs

m“"‘ways 'LG EH‘\M{MG LQ'SS o?
Lessons Frem Eartl ?

» Sub-Auror: | Troug A
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occur 2t SATURN 7
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CAN H' be convertel ¢o 2
moleculsr ion (to enhsne Iou).?
HY + Ha —> Mot possible (@.1.)
BUT
HY+H. [V;L.?H)-&i Bt 4R (2)
Then, He' preduced directly aud
He* rrolucol 53 sbove
Hc+ 'l'Hg & H;f +If Diurn |
H3+ re” jg_sf_*‘) Hoe + H Variahm!
BUT
How te excite H, (vib2 "l) ?

Awl, if so, (1) miy be slower thiy
exrntc.l q) Hlm‘b's). |

A _T;rg "Water Duhf' Solution



I an Ionosrl!m has atomic ions (O H"), water c2h
M:Me 'Hieh iu'&o ho’ccu'ﬂ- iong —""J;U f. n’o'J recou“na'fa'ou,

+Ho—‘-L>Ho"+o Ha0tre -2
O t ne 4 1”0?{)8'&"‘13 eV te ——-)HC"‘O

H"' '}Heo A*-! H&O* + H thin by dmbren I,..,,rl,",
molece les S les
EARTH SATUR M
— Water Release "Ac’&im Exf&inc»’é.s ’ Cons‘(:lu't Heo Stibesl: :
—:Daj-h;m —> F-layer recovers — Ring spu tn‘:eh'-».s-
in ~ laourCs) . E‘jecfl'ohs 'Fh‘)w\ Joloi
—M Lt‘l:m(—-'r F- I:aor sty s M, 00N Encbltjcs
ch!&.&&j uh..b/ oo IOMS‘ L‘ﬂ'& COH’EI“L{_pus/
Suhrise,

in a Jc_]o c'l':u[ Stl’&@



Altitude (km)

Observed "water dump" (5x1027 H,0 molecules)
Terrestrial Ionospherlc MOdlfICOt!Oﬂ Experiment
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Earth Jupiter Saturn Uranus Neptune

echiptic

Tilt of rotation axis |
Tilt of magnetic axis |
Offset of |

magnetic axis / 10% % 31% 55%

Field at equator 31.000nT 428,000 n1 22,000 nT 23,000 nT 13,000 nT

Magnetosphme | 10 Rl-.lnh 65 [{‘lupitn'r 20 R Saturn 18 Rl]rnnus 25 HN,.I,“,,,I.

55. Pasachoff Copyright © 1991 by Saunders College Publishing, A Division of Holt, Rinehart
and Winston, Inc.



ELECTRON CONCENTRATION (EL/CHM==3)
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Mars lonosphere
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Mars lonospheric Irregularities Associated
With Crustal Magnetic Fields

Electron density profile from MGS, Magnetic fieldlines from Arkani-Hamed model

Mars Electron
Density Profile
with Ahomalous
Feature

Mars Magnetic
Fieldline of
Crustal Origin

Height (km)




Saturn’s Plasmasphere: Ionospheric Contribution

(1) Define plasma exobase parameters (z, T, VDF)
(2) Use Liouville’s Theorem = solve for moments of VDF

(3) Evaluate in terms of exospheric classes of particles:
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Use derivations of Lemaire (1976) and Pierrard and Lemaire (1996)




Inner Plasmasphere ¢ Distributions

Maxwellian Lorentzian
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Model Predictions vs Observations

RPWS - Gurnett et al. 2005
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Modeled Closest Approach
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GPS Applications

Communication ‘i X . t. A
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Courtesy to the Federal Aviation Administration.



Mars Network

“As our ability to explore Mars increases, we need to create a capable communications
system that will support global reconnaissance of the planet. This infrastructure will also
relay back to Earth the vast amounts of information gathered through surface exploration,

sample return missions, robotic outposts and even eventual human exploration.”

Courtesy to the Jet Propulsion Laboratory.



Range Error [meters]
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Conclusion

IUGG REPORT (Nagy et al., 1995):

"The very basic processes such as ionization, chemical
transformations and diffusive as well as convective

transport are analogous in all ionospheres;

The major differences are the result of factors such
as different neutral atmospheres, intrinsic magnetic
field strength, distance from the Sun, etc.

Improving our understanding of any of the ionospheres
in our solar system helps in elucidating the controlling
physical and chemical processes in all of them."



