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CONCLUSION

IUGG REPORT: (Nagy et ai, 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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Fig. 1.6 The sizes of the Sun and planets on a 10-billion-to-one scale.



Neutral Atmosphere Characteristics in the Solar System
r- Temperature of Upper Atmosphere

(a) Killenetal. (1999)

(b) Bougher et al. (2000)

(c) Moses (2001)

(d) Yelle & Elliot (1997)
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Observational Strategy
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In^prng science

MARS IONOSPHERE: COUPLING FROM
BELOW

-Systematic variations between the height of maximum electron
density (hmM2) with longitude

BOSTON
UNIVERSITY
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MGS: 24-31 December 1998

Bougher et al. (2001)

100 200

Longitude

9-21 December 2000

Bougher et al. (2004)

Interpretation: Tidal wave number components 2 and 3 related to Martian
topography m^ longitudinally dependent thermospheric
motions wa+ ionospheric photochemistry at unit optical
depth hb^ longitude-dependent hmM2 (and not NmM2).

-5«e T.Fories' f/icoUt Lecture :/|*a U*t*;te



Photo-Chemical Equilibrium

Production (P0) :

Transformation :

Loss (L):

For P0 = L :

EARTH

N2 + hv—%> N2T+

N?++ O -=-» NO++N

h

NO + e"^> N +0

P0= a N,

MARS

k,
CO, + hv^> CO, + e

CO/ + O -** 0/ + CO

~ a?
O2 +e"-SJ-> O + O

With P0= Production of overhead Sun = f(EUV/x-rays) « f'(E10.7)

In general, with %= Solar zenith angle
V X

Latitude + Local Time dependence
cosxorCh-' (Rp, H, x)

active regions (27-day) +
solar cycle dependence

Ne =
Po[f ' (El 0.7)] cos j

a



Ionospheres with Molecular Ions

?r>Juciioh rile: Qa $9&'°iJA)^M
Loss nie : L = °< /V/

--- For Tlio-io-CfjeM/cs/- £aw///l)Huw> , Q - L

wlien T*l, effectively wWe m(Xt) * lO^/c^J

Two Cbafinih"Scilihj Laivs " :

(ei) For pbhff-ts »t </»s4»Hre$ (</J,
on/«j so/ar flux Hh'es W/fl* Jo,

f

CM* eacj) planet (Jf wrtl^^nft^e JfW,
Xhtflf OTl'o* • Xohosohtr-ic Vzrili>ilii>j *$okh V?f/^//"(j
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Case Study Period — Mars near Opposition during
a month of pronounced Solar Activity

Solar Activity Indices 9-27 March 1999
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COMPARATIVE IONOSPHERES: 9-27 MARCH 1999
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Effects of SoUr flirts Ufoh tine. VUneis

♦ E/4RTH-"Ml*>y lotosfh&ic J>-£-F-Ujer" StuJi'es
Z\nl Eifecks XJfoh ibe GeotnaftoeVic Field

SoUr -flare X-rsns
, r yefleciej to Eitik -

* M/1RS "Recent Mjf-s 6/ok/ Suri^ejor ♦ Mits Express
Jeieciiohs of ionospheric ehlnihceyneh-hs

(MeJ;ll* «-fe*l,*«*) (e-MKbett cfca J., ew)
—XS+ZCAfril Z°°X IS GtfkcuUr 2oo$~

—CEDAH Po%l-ioc "Refori • Dr. Pa»l Milter* - Tk.\s AH \



C
D<
0

oQ

HX
TO

5
~

-r

U
l

1
.

C
O

>k

*
k

w

0
)

to

H
i?

u
t<

0

J
*

a
.

tL
U

V

5?«ito

9
*i

-
2



The &r*it So\vr FUn. of ?/%«<*£ 1198: JoUt Eleclw Cogent

ir~ 4©f0 «/*im*
BOULOER

I300 ISOO I700 I90OUT

STANFORD

1400

FT COLLINS

1400

CLARK LAKE

1400

1500

*-

1500

1500

1600 UT

j—,—.—i

1600 UT

1600 UT

1700

1700

1700

LONDON, ONTARIO

p 111 11 i 11 i i | i i ri i |

I400 1500 I600 1700 UT

DANVILLE

6REENBELT

1400 1500 1600 UT 1700



The erezt S*U\r Fk** of 7AuSust 119* ' Mi//*Ue MU TStX

1100-

1000-

900

aoo

-g 700

o 600
ui
x

500

400

300

200r

100

(D <3)<2)

4.0 4.5

MILLSTONE HILL

VERTICAL Ne(h) PROFILES
7 AUGUST, 1972

MILLSTONE HILL TEMPERATURE AND VELOCITY PROFILES 7 AUGUST, 1972

START TIMES
0 14:47 U.T
<Z> 15=21 U.T.
<3> 15:56 U.T.

START TIMES (U.T.)

14:21

14:55

15:29

16:04
750 r

675-

600-

§ 525-

o 450-

375-

300-

223-

IMP 3B FLARE START JflAJL
Ha UT* 1900 1930

10 em UT- 1300 1927

J.
<p'®' !o

6.0

900 1000 1900 2000 2900 3000 3900 I

CK)5.0

L06(N.)

5.5 m/stc



Photo-production vs. X
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Ring Shadowing: Then and Now

(left) 1980, Voyager 1, Solar declination = -1.6°

(right) 2004, Cassini, Solar declination = -26°



The Ionosphere

SOLAR

»

rings?

cross-sections

2000 A

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

—'Avtpril +V/a*« rlc)4t*£
reft* sc*4»ii*H$ *JJ+J **-

wave

GCM *
heating
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Diurnal N™AV Variation- w^MAX
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CAM H be coHT/ertei *to *
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BUT
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Observed "water dump" (5x1027 H2O molecules)
Terrestrial Ionospheric Modification Experiment
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Mars Crustal Magnetism Mars Global Surveyor

East Lo

-200^<>^70V . 200

Geophys.Res Lett. 28 401r.-4018. 2001
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Mars Ionosphere
Variability
MGS Ne(h) profiles over
crustal B-fields using
Arkani-Hamed model
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Mars Ionospheric Irregularities Associated
With Crustal Magnetic Fields

Electron density profile from MGS, Magnetic fieldlines from Arkani-Hamed model
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Saturn's Plasmasphere: Ionospheric Contribution

(1) Define plasma exobase parameters (z, T, VDF)

(2) Use Liouvilie's Theorem 4 solve for momehts of VDF

(3) Evaluate in terms of exospheric classes of particles:

ballistic

1.5

Od
1.0

Nl

0.5

0.0

o.o 0.5 1.0

r (Rs)
1.5

incoming

escaping

trapped

r 2GM
^-sec2/l

\K
rc =

V 3Q J

Use derivations of Lemaire (1976) and Pierrard and Lemaire (1996)



Inner Plasmasphere e Distributions
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Courtesy to the Federal Aviation Administration.



"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.
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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."


