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Solens struktur

~ ktionen sker 15 miljoner K

Layers of the Sun
alans fOr narvarande,

Inner Layers | W balanseras av det
s il gompiieon fusionen i kdrnan.
Radiative zone
7.990,000K av solen med en
Convection zone Prominence
2,000,000K - /

Outer Layers J

Photosphere
(Visible from Earth)
4000K - 6500K

Flare

Chromosphere
4000K - B000K

Transition region
B8000K - 500,000K

Corona /

500,000K - 1,000,000

Coronal hole

Sun spots
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Solvind , Stralningsspekirum

e Deflcted solar wind panict
7 g \” = : - N = Dr. Eugene Parker (1927-2022) utvecklade teori om solvinden pa 50 talet.
g > ; A = Solen slungar standigt ut materia at alla hall, i en takt av cirka 1 miljon ton per

' sekund (10° kg/s)
f‘*“j-; Seaphyes — = Solvinden bestar mestadels av elektroner, protoner och alfa partiklar
Bow shock - | — = Solvindens hastighet 200-750 km/s, varierar mycket.

Ca 10 partiklar /cm?. Flodet méts i enheter om 10%? protoner/m? och sekund
solvinden utovar ett tryck pa 1-6 nPa/m?

uv : Visible : Infrared —»
1

; = Magnetosfaren ar ca 10 jord-radier pa solsidan och ca 1000 pa nattsidan,
1 T magnetosfaren ar en mycket dynamisk struktur som reagerar dramatiskt pa
: ' variationer orsakade av solen.

5250°C Blackbody Spectrum

= Solens stralningsspektra stracker sig fran rontgenstralning till radiovagor (solbrus)
Radiation at Sea Level
= Flertalet satelliter Gvervakar solen.

Parker solar probe (2018) ESA solar orbiter, SOHO, STEREO-A, SDO
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Magnetfalt och solflackar

North Pole

South Pole

« Solen har inte en fast form utan bestar av
heta gaser och plasma.
Rotationshastigheten varierar mellan
25 dygn vid ekvatorn och 34 dygn vid
polerna.

« Detta ger upphov till att magnetfaltets
faltlinjer som skapats i konvektionszonen
blir mer och mer hoptrasslade.

» Solflackar ar ytor med lagre temperatur
(3500 K)

Hot gas unable to
rise here because
of magnetic field.

Hot
surface

P Magnetic field loops out of Sun

/ Photosphere

Sunspot
(cool surface)

Hot rising gas

Magnetic field inside Sun

Alla solflackar/grupper tilldelas ett I6Gpnummer
AR# (Activ Region #)



~ Solflacks cykeln (ca 11ar)
« Uppgang 4-5 ar, nedgang 6-7 ar

» Solflackarnas antal ar direkt knutna till solarfluxet (SFI) och joniseringsgraden

I jonosfarens olika skikt.
ju fler solflackar desto kraftigare jonisering vilket medfor att hogre frekvenser kan

bojas av och spridas runt jorden.

« Solarflux Index (SFI 65-300+) méts som solbrusniva pa 2800 MHz A 10.7 cm vid
en bandbredd pa 100 MHz
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» Skillnad mellan Max 2014 / Min 2019
» Solcykel 1 startade feb 1755
« Antal solflackar ar raknade och

dokumenterade sedan ar 1610
Maunder minimum 1645-1715

Solcykel 25

ISES Solar Cycle Sunspot Number Progression

Numbering On/Off
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Hubble 550 Km
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Foljande stralning joniserar i huvudsak de olika skikten

D .. Hard X-Ray and Lyman-alpha (1215 A)

E .. Soft X-Ray

F1. Extreme UV (XUV)

F2. UV

Méngden fria elektroner bestdmmer brytningsindex for skikten

(och vid vilken max frekvens (MFU) som radiovagen bryts av mot jorden




Vagutbredning

» Felaktig skala, jonosfaren mycket narmare jordytan, jordens radie = 6730 Km
* Ingen reflektion, men avbojning pa ca 500 Km hojd

Lag infallsvinkel (antenn stralningsvinkel) medfor att signalen fardas langre i
jonosfaren vilket ocksa medfor att hogre frekvens kan anvandas och att man nar langre.
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31 Angstroms

Cﬂ'u'caf

Field lines become
twisted and some
eventually burst through
the surface to form loops

Solar flare

Solar activity
= Al A-fays averspe

24 hours

— Primaty — Sesondaty

Stralning fardas med ljushastigheten ,
ingen forvarning (SID)

Solar flares klassificeras
efter mangden rontgenstralning

5 klasser A, B, C, M, X
10 undernivaer i varje klass

A-C ingen paverkan
M Minor, Moderate
X1 strong
X10 severe

extreme



Solar Flare Detection

Data provided by NOAA/SWPC GOES-16 X-Rav Flu Click to expand data
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Solar flare

« Okad jonisering av D-skiktet detta

medfor 6kad ddmpning av
radiosignalerna,

storst paverkan pa laga frekvenser

 Endast pa solsidan av jorden

signal strength

/ A" 1hour — %
pre-flare signal strength levels ;,-’ Time

/
flare onset

20 MHz

10 MHz




Solar flare

Radio Blackouts

Physical Average Frequenc
Scale Description | Effect 4 d q .Y
measure e =11 years)

Extreme

Strong

Moderate

Minor

HF Radio: Complete HF (high frequency) radio blackout on the entire sunlit side of the Earnth lasting for a number of hours. This results
in no HF radio contact with mariners and en route avi 5 in thi

Mavigation: Low-frequency navigatio ed by maritime : geners ati ] Nperience ges on the sunlit side of

the Earth for m ours, ing i oning. Inc 2|lite navigation e i ral hours on the sunlit
side of Earth, w

HF Radio: HF radio communication blackout on most of the sunlit side of Earth for one to two hours. HF radio contact lost during this
time.

Navigation: Cutages of low-frequency naviga signal se increased errorin positioning for one to two hours. Minor disruptions of
satellite navigation possible on the sunlit side of Earth.

HF Radio: Wide area blackout of HF radio communication, | of radio contact for about an hour on sunlit side of Earth. X1 175 per
(140 d
Navigation: Low-frequency navigation signals degraded for about an hour.

HF Radio: Limited blackout of HF radio communication on sunlit side, lo f radio contact for tens of minutes.

Mavigation: Degradation of low-frequency navigation signals for tens of minutes.

HF Radio: Weak or minor degradation of HF radio communication on sunlit side,

Mavigation: Low-frequency navigation als raded for brief intervals.




Solar radiation storm , PCA

Solar radiation storm, energirika snabba protoner nar jorden pa ca 30 min och nér de joniserar
D-skiktet 6ver polerna far man en PCA

PCA slacker ut signalerna helt.
Det blir fullstandig radiotystnad, svart att veta hur lange, kan vara flera dagar.
Paverkar ocksa HF vagutbredning som gar éver polaromradena.

-  Kan elektriskt ladda upp satelliter samt orsaka skador pa elektronik solpaneler och minneskretsar.

1000
-

Pfu antal partiklar med energi >10MeV

Okad stralningsdos for flygpassagerare sarskilt 6ver polaromradena.

Farligt for astronauter speciellt vid EVA

Intraffar i samband med en solar flare




Solar radiation storm , PCA

Solar Radiation Storms

Description

Physical
measure
(Flux level of
== 10 MeV
particles)

Average Frequency
{1 cycle =11 years)

Extreme

Biological: Unavoidable high radiation hazard to astronauts on EVA (extra-vehicular activity); passengers and crew in high-flying aircraft
at high latitudes may be exposed to radiation risk.

Satellite operations: Satellites may be rendered useless, memaory impacts can cause loss of control, may cause serious noise in
image data, startrackers may be unable to locate sources; permanent damage to solar panels possible.

Other systems: Complete blackout of HF (high frequency) communications possible through the polar regions, and position errors
make navigation operations extremely difficult.

108

Fewer than 1 per cycle

Severe

Biological: Unavoidable radiation hazard to astronauts on EVA; passengers and crew in high-flying aircraft at high latitudes may be
exposedto radiation risk.

Satellite operations: May experience memoaory device problems and noise on imaging systems: startracker problems may cause
orientation problems, and solar panel efficiency can be degraded.

Other systems: Blackout of HF radio communications through the polar regions and increased navigation errors over several days are
likely.

3 per cycle

Biological: Radiation hazard avoidance recommended for astronauts on EVA; passengers and crew in high-flying aircraft at high
latitudes may be exposed to radiation risk.

Satellite operations: Single-event upsets, noise inimaging systems, and slight reduction of efficiency in solar panel are likely.
Other systems: Degraded HF radio propagation through the polar regions and navigation position errors likely.

10 per cycle

Moderate

Biological: Passengers and crew in high-flying aircraft at high latitudes may be exposed to elevated radiation risk.
Satellite operations: Infrequent single-event upsets possible.
Other systems: Small effects on HF propagation through the polar regions and navigation at polar cap locations possibly affected.

25 per cycle

Minor

Biological: Mone.
Satellite operations: None.
Other systems: Minor impacts on HF radio in the polar regions.

50 per cycle




3. The upper helix or “coil” of
magnetic ficld can break loose,
carrying material with it imto space.

1. If magnetic field loops 2. ... the ficld knes of
begm to pinch together... adjacent loops can
reconnect, Cansing a
release of encrgy.

Sun's surface

Before magnetic reconnection After magnetic reconnection

« Tusentals ton med materia/plasma
« 1-5 dagars transporttid

« Endast CME:s i var riktning ar av intresse

Approximate size
of earth for
comparison




CME, K index

\ ¢ e ris
i -Interplanetary Magnetic Field Lines " »

o
Magnetosheath

CME fran AR 3664/3668 direkt traff !

Attsjo magnetometer 15.05E 56.53N (JOT6NV) SATAHC Latest data 10.05.2024 23:58 UTC
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CME plasmat traffar jordens magnetfalt och skakar om det detta skapar en geomagnetisk storm och hégre K-vérde

ror ocksa om i jonosfaren och forandrar den forhallandet mellan molekyler och atomer, medfor ldagre joniseringsgrad (Lagre MUF)
Om det interplanetariska magnetféltet (Bz) ar negativt kopplar det med jordens faltlinjer och 6kar effekten av stérningen.

Positiv effekt ! Storre sannolikhet for Aurora



K och A index

K-index

A-index

O NWEOONO®LO

* K- index 3 timmars vérde (0-9)

* A- Index medelvarde under 24 tim (0-400)

Enerete Historiska handelser orsakade av solstormar (flares & CME)
e 12 5ep 1859
= | Carrington event, gnistor och brénder i telegrafstationer, aurora langt
— SPssinal |, y'.' s soderut.
“ﬁ - );\\ = ‘5‘ “on Avionics
‘.';%1.";233".{:::::“ / - * 13 mars 1989

9 timmars blackout i Quebec och uppbrunna eldistributonstransformatorer

« 3 feb 2022,
Reentry och forlust av 40 SpaceX Starlink sateliter p.g.a 6kat atmosfariskt
drag.

 Lista med solstormar finns pa Wikipedi.
https://en.wikipedia.org/wiki/List_of solar_storms



Corona hal

 Oppna faltlinjer
» Partiklar kan strémma ut
* Orsak till 6kad solvind och stigande K-varde

ev. G1 Geomagnetisk storm om halet ar i var
riktning.




Geomagnetisk storm

Geomagnetic Storms

Physical A F
' e 1 years)
measure (1 =11y )
g ms Kp=09 4pe

Extreme Power systems: Widespread voltage control problems and protective
complete collapse or blackouts. Transformers may experience damage.
Spacecraft operations: May experience extensi

Severe Power systems: Fo
the grid.
Spacecraft operations: M

Other systems: Induced pipeline currents affect preventive measures, HF radio propag
hours, low-fregue i0 navigation disrupted, and aurora een seen as |

Strong er systems: Voltage corrections may be required, false alarms triggered on s nmeprcﬂe'tu:nnde-;n
Spacecraft operations: S arging may o atellite ¢ nts, drag may i ) v-Earth-orbit satelli ; per cycle)
corrections may be needed for orientation problem
Other systems: Intermittent
and aurora has been seen as

Moderate Power systems: High-latitude powe ] y experience voltage alarms, long-duration s 5 \ se transformer damage
Spacecraft operations: Corrective acti o orientation may be required by ground control; po : changes in drag affect orbit
predictions.

Other systems: HF radio propagation can fade at higher latitudes, and aurora has been seen y ew York and ldaho (typic
55 geomagnetic lat).

Minor Power systems: Weak power grid fluctuations can occur.
Spacecraft operations: Minor impact on satellite operations
Other systems: Migratory animals are affected atthis and higher lev aurorais c y visible at high latitudes (northern
Michigan and Maine).




Forutsattningar for goda konditioner !

Bra forutsattningar Samre foutsattningar

& Propagation | & Propagation i & Propagation

Solar Activity Magnetic Activity
SFi: 235 K:4 A:0

Solar Activity Magnetic Activity
SFI: 227 K1 A7

Solar Activity Magnetic Activity
SFi: 214 K:7 A:272

» Hogt SFI >150 under flera dagar

« Lagt Kvarde <=3  Lagt A varde <=15 och avtagande trend

 Inga storningar, flares, CME eller Corona hole i faggorna

» Allmént béttre konditioner och MFU under solflacksmaxima men storre risk for flares och geomagnetiska stérningar

Summer doldrums, Sommarkonditioner

» Langre dagar medfor 6kad jonisering av D-skitet (Hogre dampning)
> F2 skiktet expanderar uppat och far lagre densitet p.g.a varmen (L&agre jonisering och MUF)
> Forandrad kemisk sammansattning i F-skiten (svarare att jonisera lagre MUF)



Space Weather webblankar Solar Data/Propagation

Click to add to your website
Solar=-Terrestrial Data
82 Aug 2824 1884 GHT
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Current Solar Inage

https://solarham.com/
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https://www.swpc.noaa.gov/communities/radio-communications https://www.hamqgsl.com/solar.html



Byggprojekt for den intresserade radioamatoren

SAM Simple Aurora Meter
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Forst presenterad i QST oktober 2017 da baserad pa en
ESP8266 Arduino kompatibel modul och 7” touchskarm.

Finns nu i utférande for Raspberry Pi, laga systemkrav.




