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F’Ianetary Magnctism

All planets and generally all solar system
bodies have some kind of magnetism.

The giant outer planets all have strong
magnetic fields.

The innermost small planet Mercury has a
substantial magnetic field.

Jupiter's moon Ganymede has an intrinsic
magnetic field.




Planetary Magnetism

» Europa and Callisto have induced
maghetospheres possibly related to a
subsurface ocean.

* The Moon has a remnant magnetic field.
* Mars has localized field concentrations.
« Asteroids may have a strong magnetic

field.




Planetary magnetism

Planet Radius (km) | Rotation Equatorial
period (days) magnetic field (nT)
Mercury 2439 58.6 340
Venus 6052 243 0.4
Earth 6371 1 30,000
Mars 3397 1 <0.5
Jupiter 71,398 04 424 000
9969 Braille | 0.8 3.6 92,500
Saturn 60,000 0.41 21,500
Uranus 26,200 0.72 22,800
Neptune 24,300 0.70 14,400




Planetary magnetism

Planet Radius (km) |Rotation Equatorial
period (days) magnetic field (nT)

Mercury 2439 58.6 340

Venus 6052 243 0.4

Earth 6371 1 30,000 (0.3 G)

Mars 3397 1 <0.5

Jupiter 71,398 04 424 000
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Saturn 60,000 0.41 21,500

Uranus 26,200 0.72 22,800
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Planetary magnetism

Planet Radius (km) |Rotation Equatorial
period (days) magnetic field (nT)
Mercury 2439 58.6 340
Venus 6052 243 0.4
Earth 6371 1 30,000
Mars 3397 1 <0.5
Jupiter 71,398 0.4 424,000 (4.24 G)
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Saturn 60,000 0.41 21,500
Uranus 26,200 0.72 22,800
Neptune 24,500 0.70 14,400




Planetary magnetism
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Planetary magnetism

Planet Radius |Rotation Equatorial

(km) period (days) magnetic field (nT)
Mercury 2439 158.6 340
Venus 6052 |243 0.4
Earth 6371 |1 30,000
Mars 3397 |1 <0.5
Jupiter 71,398 0.4 424,000
Braille/Gaspra |0.8 3.6 92,500/ 78,000
Saturn 60,000 |0.41 21,500
Uranus 26,200 (0.72 22,800
Neptune 24,300 [0.70 14,400




Planetary Magnetospheres I

| VR 5 * Produced by rotation of
i .I.)e'_flect'ed-.SoIar Win'_d Pa_Arti;cIes conductlng fluid
g 27 ! — Earth: liquid Fe core
— Jupiter & Saturn: metallic H,
— Uranus & Neptune: salty oceans

e So what?
— Atmospheric retention

— Habitability

Planetary-scale magnetic fields:
Earth, Jupiter, Saturn, Uranus, &
Neptune (Mercury)




Planetary Magnetospheres II

 Planetary magnetic field
immersed 1n solar wind

.+ Solar wind 1s high-speed
SN 44 :‘}{:;{:;{;55_,":5;s,,j;;_;-;‘:.;»::-. ,;j.f,:v:»f;:.:-i;i,,t plasma Wlth embedded
rnanee, (8 magnetic field

lonosphere

« Pressure from solar wind
impacts and deforms
planetary magnetic field

» Magnetosphere

Large objects, e.g., Jovian
magnetosphere 1s 5x
diameter of full Moon
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Venus

e VVenus rotates too slowly to
generate an internal
magnetic field, so the solar
wind interacts directly with
the ionosphere.

e Hydrogen is stripped away,
and over time, there is very
little left to form water.

Troposphere Thermosphere

Venus' Atmosphere
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Mars

e Mars also lacks a
global magnetic
field, although in
this case due to the
absence of a liquid
core layer. -

e Most of the Martian =
atmosphere has
been lost to the
solar wind, leaving
it a dead world.
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o and
have an interaction similar to
that at Earth - a supersonic solar wind
interacts with a magnetic field to form a
magnetospheric cavity but the nature of
the obstacle differs greatly as do the
solar wind parameters.

e Jupiter's moon intferacts with a
plasma wind within Jupiter's vast
maghetosphere rather than the solar wind.



o may have a strong interaction
with the solar wind.

e The ionospheres of and (when
outside Saturn’'s magnetosphere) interact
with the solar wind flow o form an
induced magnetospheric cavity.

e The small size of and the large
amount of gas that evaporates from them,
make their interaction with the solar wind
unique.



Magnetospheric Control Parameters

- Solar wind dynamic pressure

- B, component of the interplanetary magnetic field
- Planetary magnetic field

- Planetary rotation

- Plasma sources and mass density

- lonospheric conductivity

- Magnetospheric scale




The Moon ?

Radius (km)

Rotation period
(days)

Equatorial
magnetic field (nT)

1737

?




The Moon

Radius (km)

Rotation period
(days)

Equatorial
magnetic field (nT)

1737

27.3




PINK FLOYD - DARK SIDE OF THE MOON

https:/ /www.youtube.com/watch?v=iux6rrK4fic


https://www.youtube.com/watch?v=iux6rrK4fic

Ta ovo axkpa
OTO NALOKO pag oLOTHA




The Magnetosphere of Mercury: Facts
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No atmosphere

No ionosphere
Exosphere

No plasmasphere
Weak magnetic field
Multi-ion plasma

Small magnetosphere




The Magnetosphere of Jupiter

magnetosheath

B 39060 pay s
Reference:
Dessler, A. J. (Ed.),

Physics of the
- : — Jovian
neutral sheet Magnetosphere,

Cambridge, 1983.

Jupiter’'s magnetosphere is “sharper” than the others because of the rotating plasma.




Magnetosphcric Plasma Sources

Mercury:

Earth:
Jupiter:

Saturn:

Uranus:

Neptune:

solar wind and sputtering of surface material,
e.g. sodium

solar wind and ionosphere
solar wind and volcanic activity of the moon lo

solar wind, atmosphere of moon Titan,
sputtering at surfaces of icy moons and rings

polar ionosphere, minor solar wind contribution

ionosphere, moon Triton




Solar Wind

Observations of comets suggested

solar ionized outflow (Biermann,
1951)

Confirmed in 1960s by spacecraft
measurements

At1 AU (Earth orbit)

— speed: 200-1400 km/s (~400
km/'s)

- density: 1-100 cm™

- magnetic field: 2-20 nT

Great variability during solar
storms
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https://iconsandmoments.blogspot.com/2020/07/blog-post_21.html

The successor of 1000 and One Joys and Sorrows

Kountg NEOWISE

0 kountng Neowise amowe mavw amo tnv MeviéAn

AcvoTtoAn Sragnuion
ApTeuic Peuydtn

Waves, particles and storms
My YouTube Channel
H €A&n Tou ayvaoTtou

210 d1aoTnua propei va
KpUBeTaln Bepaneia aAAa
Kal o OAeBpOG pag

My other blog

Diamonds and Rust

Total Pageviews
186,931

This Month's Top-10

Capsule Hotel

Mpwtn dopd oe
yianwveEXIKo capsule
hotel - The Millennials
oto KuorTo.
SNUAVTIKO afecoudon  Video 1



https://iconsandmoments.blogspot.com/2020/07/blog-post_21.html

Solar Wind

ULYSSES /SWOOPS Speed (km s7')
Log Alamos
towem wad dmorpherks Seleaoe

Mercury: 39nT
Earth: 8 nT
Jupiter: 1nT

Saturn: 0.6 nT
Uranus: 0.3 nT
Neptun: 0.005 nT

ULYSSES /MAG it /' ) . ' EIT {NASA/GSFC)
Imperial College "N ? o Mauns Loa MEZ (HAQ)
#0utward IMF X LASCO €2 (NBL)
Inward IMF

Magnetic field and plasma density

33 cm?
5cm3
0.2 cm3
0.06 cm-3
0.01 cm?3
0.005 cm?3




Solar-terrestrial coupling

lllustration by K. Endo /Y. Kamide



Sun-Earth Coupling

Discovery Channel


https://www.youtube.com/watch?v=Iz9ETgxVBS8

Terrestrial Magnetosphere

magnetosheath

magnetopause

neutral sheet




IMF

magnetic merging region
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shock

n=0.001-1,00C Convection — g Interplanetary
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H. Koskinen




1957: Dawn of a new era




H auyh piac véacg emoxnc

flePBbin B MUPE
COBETCKHMUH
KCKYCCTBEHHbIM
CIIYTHHK 3eMAM

4 OkTwppiov 1957: CPYTHWUK - O Aopupdpoc



JUPITER-C
EXPLORER I 2R oot

EXPLORER MAIN CHARACTERISTICS

LENGTH 80 IN.
DIAMETER 6 IN.
WEIGHT 308 LB

VELOCITY (APPROX.) 18,000 MPH
APOGEE ALTITUDE 1,594 MI
PERIGEE ALTITUDE 225 MI
PERIOD 114.78 MIN

MAXIMUM LATITUDE  33.3 DEG. 11,594 MI 2 550km
b

MSEC-58-PA-329"
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Importance of data routing ...

Sputnik 2 detected the Earth's outer
radiation belt in the far northern latitudes,
but the significance of the elevated
radiation was not realized. In Australia,
Professor Harry Messel intercepted the
signals but the Soviets would not
provide the code and the Australians
would not send the data.



The first RB map

Van Allen /19597



Opoonua TN SLaoTNULKNC e€epelivnonc

1902: “La Voyage dans la Lune” (1865)
1903: ToloAkoPpoKL
1926: Goddard
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Opoonua tn¢ dltaotnNULKNG e€epeuvnong

1902: “La Voyage dans la Lune” (1865)

1903: ToloAkoPpoKL

1926: Goddard

1957: ZrmoUTVIK

1958: Zwvec Van Allen

1961: Nkaykaplv — o avBpwroc oto dlaotnua
1963: MeTpnoeLc NALAKOU QVEUOU

1966: “Star Trek”

1969: O avBpwmoc otn 2ZeAnvn

1971: Salyut-1

1972: AvakaAuvn oéuyovou oto yewdlaotnua
1973-1979 Aiac, Adpobditn, Epunc, Kpovoc




Opoonua tn¢ dltaotnNULKNG e€epeuvnong

1981:
1982:

STS-1
“Blade runner” (androids, 1968)

1984: McCandless
1986-1989: Oupavog, NMoostdbwvoc

1990:
1995:
1997:
2001:
2005:
2011:
2012:
2014:

Dwrtoypadia NALoKOU CUOTAUATOC
Galileo otov Aia

Mars Pathfinder

NEAR otov 433 Eros

Huygens otov Titava

MESSENGER otov Epun

Voyager-1 otov yaAaéia
“Interstellar”
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A kol Q:

Dwc (evepyeLa)




A kol Q:

Dwc (evepyela) — Fiat Lux!
















The Sun: some basics

Mass

1 Mo = 1.989 x 103 kg

Radius (photosphere)

1 Re=696,000 km

Mean density

1,410 kg m-3 (Earth: 5,510 kg m)

Irradiance (at Earth) 1.368 KW m2

Luminosity 3.85 x 1023 kW

Effective temperature 5778 K

Mean distance from Earth 1 AU =149,600,000 km
= 1/206265 parsec

Rotation period

~25 days (equator), ~35 days
(poles)

Rotation speed (equator)

2 km s-1

Magnetic field strength (typical
values)

General solar ~ 104 T (100 nT)
Sunspot ~0.5 T / Geospace ~1 uT
Chromospheric plage ~0.02 T
Prominence ~ 0.001-0.01 T

Solar wind velocity

300 -700 km s!

Solar wind mass loss

5 % 1016 kg/year
=2.5 % 1014 Mg/year
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Lightbulb Sun

The solar radiation energy absorbed in some form by the Earth's atmosphere, oceans, continents
and living organisms in or on them has an average value of 250 watts per square meter. 250 watts
correspond to the power of four humble standard lightbulbs.

Despite its rather modest magnitude this energy, combined with the equally modest
greenhouse effect of the terrestrial atmosphere, keeps the average temperature of our
planet at 15 degrees centigrade, making life - as we know it - possible on Earth.

Sdny
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https://www.youtube.com/watch?v=3RoA-CMCy00

The Sun is a lightbulb

Elval Aoutov aAnBeta 0tL n Loxu ¢ TNC NALAKNAC
aktlvoBoAlog tou pTaveL otnV emPpaveLa
™NC¢ F'ng €xeL paAAov tamewvo peyeboc.

AN\ elval eTtionc aAnBela otL Ywplc autnv v
Ba vrtnpye ixvoc (wnc.



°hotosynthesis

s the foundation of life on Earth
broviding

the food, oxygen and energy
that sustains the biosphere and
human civilisation




