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Space Environment
Lecture 4

Sun, Solar Wind, Plasma



Why study the Sun?

e As a star, it’s only one of many, and not so uniquely
interesting.

* But as a plasma-physics laboratory, it is relatively
nearby and has many interesting features: it is uniquely
resolvable via many “messengers”.

“If it weren’t for its magnetic field, the Sun would be as
boring as people think it is” — Robert Leighton (Caltech)

“Magnetism is to astrophysics as sex is to
psychoanalysis, it explains everything that we don’t
understand” — Hendrik van de Hulst (Leiden)



[eploplopol mou oxetiovtal LE TNV TNAEUETPLA

e Telemetry is a crucial constraint for solar satellite
observations, limiting the cadence of imaging
instruments and/or the spatial resolution, and
reducing the quantity of spectral information
produced

e |nitially, EIT on SOHO was allocated 1 kilobit/s (kbs)
telemetry rate, corresponding to only 6 full-disk
images/day!

e SOHO has a standard science telemetry rate of 40
kbs (=PSTN dialup ...)
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* |nitially, EIT on SOHO was allocated 1 kilobit/s (kbs)
telemetry rate, corresponding to only 6 full-disk
images/day!

 SOHO has a standard science telemetry rate of 40
kbs (=PSTN dialup ...)



[eploplopotl mou oxetilovtal Ye TNV TNAEUETPLO

* |nitially, EIT on SOHO was allocated 1 kilobit/s (kbs)
telemetry rate, corresponding to only 6 full-disk
images/day!

 SOHO has a standard science telemetry rate of 40
kbs (=PSTN dialup ...)

e SDO: 150 Mbs (=4000x higher)



)

H atpoodatpa tou HAlov elvor aotaBng ko
eEOXVWVETOL UE TN HopPn EVOC ¢
QVELLOU TIPOC OAQL TAL ONMEL
TOU nAlakoU cuOTAMOTOC.

Oswpntikn mpoPAedn: K. Birkeland, 1908 /

A. Eddington, 1910 / L. Bierman, 1951 /
E. Parker, 1958

Mewpopoatikn emBeBaiwon:

Luna 1, 1959 / Mariner 2, 1962





https://www.lpi.usra.edu/lunar/missions/apollo/apollo_11/experiments/swc/
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H dpapatikn dtadpopa
Oeppokpaociog amo N
dwtooPaLpo OTO OTEUUA ELVOLL
auth tou odnyet otn yEvvnon tou

nALtakoU aveOU



H evepyela mou ekAUETaL oo tov HALo
netadideto/petadepeton

Qo To Ao

Kol TO SLammAovNTIKO HoyvnTLKO medilo



Eldn evepyelac:

*  O&gpULKN TNC ATOKTNG BEPULKNC
Klvnonc Twv cwpatidlwv (T)

e KwnTKN TNC OCUVTETAYUEVNC
Klvnonc tou pevaotou (K)

AUVOULKN TOU payvNnTkou

rniedlou(B)




EveEpyELaKN MUKVOTNTOL:

N EVEPYELO TIOU EUTTEPLEXETOLL
oTn povada Tou OyKoU
Kot elvoit StaBeoun

yLoL TNV TTapolywyrn €pyou




EVEPYELAKN TTUKVOTNTO
(evépyela / oyko)

"/

Tileon
(6Uvapn / emupavela)



Eidn mieong

1. Oepuiki



Oepuokpacia = KlvnTlkn EVEPYELA



Eidn mieonc

1. Ocppikn: n kg T

n = TARBo¢ owpuartidiwyv / V
kg = oTa@epd Boltzmann

(1.38 x 1023 J/K)
T = Beppokpaaia



Eidn mieong

2. Auvauiki



Eidn mieong

2. Auvauikn: pv?2

p = mukvoTnTa (kg/m3)
v = TaxuTnTad ponc hAiakou
avépou (m/s)



Eidn miconc

3. MayvnTikn



Eidn miconc

3. MayvnTikh: B2 / 2u,

B = 10xU¢ payvnTikoU mediou (T)
Uo = HAyVvnTIKA d1dTTepaToTNTd
(1.26 x 10 N/ A?)



Magnetopause

* 1930 Chapman and Ferraro
* 1960s: in-situ evidence (Explorer 10&12 )
* nose at ~10 RE
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@ = atom
® = nucleus
® = electron

States of Matter

Plasma

Add Heat



Ti yapaktnpiCovue TAdcu;

Tnv 1ovicuEvn VAN



Ti xapaktnpiCoupe TTAQOUQ;

Tnv loviopevn UAN
AEpIa OTA OTTOI
IOVTA KOl NAEKTPOVIO
(ouv gAeUBepa KAl AVESAPTNTO



A plasma is an

ionised gas

that is in a state of

electrical quasi-neutrality

(olovel nAektpLkn oudeTEPOTNTA)

the behaviour of which is governed by
collective effects

due to long-range electromagnetic interactions

between the charged particles



[MAaopa

loviopEVO aEPLO
TTOU OTTOTEAELTOL ATTO

BeTIKA KAl ApvNTIKA POPTLOPEVA CWHATLOL

LLE TTEPLITOV LOEC TTUKVOTNTEC PpopTioU
ONnA. n,=n,



[MAaoua

Mropetl va dnpuouvpynOei

armno Beppavon

£VOC ouvnOLlopEvou aeplou

£TOL WOTE N KWNTLKN EVEPYELA TWV OTOLLWV
va EETIEPAOEL TNV EVEPYELD LOVIGULOU TOUC.




[MAaoua

Mropetl va dnpuouvpynOei

armno Beppavon

£VOC ouvnOLlopEvou aeplou

£TOL WOTE N KWNTLKN EVEPYELA TWV OTOLLWV

va EETIEPAOEL TNV EVEPYELD LOVIGULOU TOUC.

TOTE Ol CUYKPOUOELC £XOUV WC ATTOTEAECUO TNV
aneAevBEpwon NAEKTPOVIWV.

Auto apxilel va cupPaivel oe BepuokpaoleC
LEPLKWV XAladwv K.




Oepuokpacia = KlvnTlkn EVEPYELA



[MAaoua

EvepyeLa Loviopov



[MAaoua

EvépyeLa LovIoUoU:

X+ energy > X"+ e~
X* + energy > X" + e”
X%2* + energy > X3* + e”

[la H: 13.59 eV
[wa He: 1" 24 .58 eV, 21 54.42 eV



[IAaoua

1 eV avtiotowxei o 11,600 K,

SLOTL autn €lval n Beppokpoocia

ntou av toAAamtAaoLaoTtel pe tn otabepa
Boltzmann kg = 1.38 x 1023 J/K

noc 6tver 1.6 x 102 J —

TTOU €lvall N EVEPYELA EVOC eV:

1eV=1.6022x101°)



lonization Energy [eV]
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Ti xapaktnpiCoupe TTAQOUQ;

Tnv loviopevn UAN



[1000 IovIopEVN;
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[1000 IovIopEVN;

TOOO IoVIOMEVN (ME TOOO EAEUBEPQ POPTIO)
WOTE VA £XEI OUAAOVIKN OUUTTEPIPOPA
kaBopiouEvn atmo HAM duvauelc



[1000 IovIopEVN;

Since thermal decomposition breaks interatomic
bonds before ionizing, most terrestrial plasmas
begin as gases. In fact, a plasma is sometimes defined
as a gas that is sufficiently ionized to exhibit plasma-
like behaviour. Note that plasma-like behaviour
ensues after a remarkably small fraction of
the gas has undergone ionization. Thus,
fractionally ionized gases exhibit most of the exotic
phenomena characteristic of fully ionized gases.
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E¢lowon Saha



/ temperature (eV)

T3/2
ﬁ —3%10% e—U/T
Degree of ionization from Saha’s Eq. 7 - B /

n i

1 eV =11,600 K lonization energy
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A plasma is an ionised gas thatis in a
state of electrical quasi-neutrality,

the behaviour of which is governed by
collective effects due to long-range
electromagnetic interactions between
the charged particles



Xagaxtnorotikes Ilagapergor Il aocuatog

[TukvoTnTAa NAEKTEOVIWY N, =n,
Oeguoxgaoia nAektoviwy T,= T,
BaOuog toviopov (amo eétoworn Saha)
Mnxkog Debye A,

[MTagapetpog ITAaocuatog N

LUXVOTNTA TAACUATOS W,



Definition

Plasma is loosely described as an electrically neutral medium of unbound positive and negative particles (i.e. the overall charge of
a plasma is roughly zero). It is important to note that although they are unbound, these particles are not ‘free’ in the sense of not
experiencing forces. When the charges move, they generate electric currents with magnetic fields, and as a result, they are

affected by each other’s fields. This governs their collective behavior with many degrees of freedom.l®Il’] A definition can have
three criteria:clarification needed][8](9]

1. The plasma approximation: Charged particles must be close enough together that each particle influences many nearby
charged particles, rather than just interacting with the closest particle (these collective effects are a distinguishing feature of
a plasma). The plasma approximation is valid when the number of charge carriers within the sphere of influence (called the
Debye sphere whose radius is the Debye screening length) of a particular particle is higher than unity to provide collective
behavior of the charged particles. The average number of particles in the Debye sphere is given by the plasma
parameter,[@mbiguous] v\ (the Greek uppercase letter Lambda).

2. Bulk interactions: The Debye screening length (defined above) is short compared to the physical size of the plasma. This
criterion means that interactions in the bulk of the plasma are more important than those at its edges, where boundary
effects may take place. When this criterion is satisfied, the plasma is quasineutral.

3. Plasma frequency: The electron plasma frequency (measuring plasma oscillations of the electrons) is large compared to
the electron-neutral collision frequency (measuring frequency of collisions between electrons and neutral particles). When
this condition is valid, electrostatic interactions dominate over the processes of ordinary gas kinetics.
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Some basic plasma properties

What defines plasma response? = Start Qualitative

a small amount in a fully ionized
plasma?

B ’ v .
» ¥ (AT a9 ®
E > 3 - s+ *
b t bl
PR R S S
b \
'. b ‘ L ~‘ bl t *
Q: What if we displace the by

A: The electrons will feel a
restoring force that pulls
them back to the original
( “equilibrium’ ) position,

analogous to the motion of a
mass on a spring. The
electrons will oscillate with a
characteristic frequency
related to the density of the
plasma.

= Known as the Electron Plasma Frequency



Some basic plasma properties

What defines plasma response? = Now Quantitative

a small amount in a fully ionized
plasma?
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Q: What if we displace the by

Spring Analogy

Spring Force

Spring
Frequency

Plasma
Frequency

= Known as the Electron Plasma Frequency




Some basic plasma properties

What defines plasma response? = Now Quantitative

§t§t§

+
A

» A Hh

Plasma o
Frequency — 7¢

Things to note:

* m,is << m,, therefore the electrons
are more mobile and characterize the
response of the plasma as a whole to
disruptions to quasineutrality

* In a partially ionized plasma (the
lonosphere for example), the plasma
frequency must be much higher than
the collision frequency with neutrals
In order to respond as a plasma to
electric and magnetic perturbations.




2UXVOTNTO MAQAOLLOTOC

m*ey

2
Wpe = \/nee , [rad /s] (Sl units)

Wpe
27T

fpe = Hz]



Kplowun cuyxvotnta




lonospheric cutoff at ~10 MHz:

Very High Frequency Waves Pass Through the Almosphere
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nT-Diagram

White Dwarfs
| |

6 11 16 21 26 31 36
Log Electron Number Density (1/m3)

Log Electron Temperature (eV)




Electron Plasma Frequency in Hz
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Electron Temperature in Kelvin
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PLASMA ENVIRONMENTS

« Low Earth Orbit (LEO)
— High Density (~10°cm==10""m"=3)
— Low Temperature (~ 1,000 K)
— Oxygen (O*) and Electrons (e")

« Geosynchronous (GEO)
— Low Density (~1cm=3=10m=3)
— High Temperature (~1,000,000 K)

— Protons (p*) and Electrons (e")

e Auroral or Polar

— Short Term Transitions Through High Energy Plasma When
Crossing the Auroral Region (> 60° Latitude)
« The Worst of Both Worlds



[Mwc Lovidovtol Ta ATOUA TNG
ynwng atpoodatpag;



Plasma production:

1) heating
2) ionizing radiation

Glowing plasma inside a tokamak

lonosphere

e 44 D Layer
-~ Disappears
\ at Night
E Layer Almost
Disappears at Night

Night Time F Layers
F Layer Combine at Night

Collisional ionization
auroral oval (precipitating ions and electrons)
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Dayside ionosphere (solar UV)
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ATTO TO W ToU ‘HAIoU
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