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“The Sun is made of ionised Hydrogen, that is the most abundant element

in the universe”
Cecilia Payne, 1925

Free
electron







sun Density po [g cm

Sun radius 7 [10° km]

H ionisation
temperature



















Magnetic fields
trap gas.

sunspots

T = 5,800 K T = 5,800 K

convection
Atmosphere cells

Photosphere

Magnetic fies Dpress convection
and prevent surroturmamy plasma from sliding
sideways into sunspot.

Copyrght © 2004 Pearson Educetion, publishing as Addison Weslay.
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Coronal Mass Ejections

500 - 2000 km/s
Dense front and core
Expand as propagate

Couple to the solar wind at 4 R,

Magnetic flux and plasma

2010/12/12 00:00




Solar Wind
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Mauna Loa MK3 (HAO)
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Coronal Mass Ejections

CME magnetic flux perturbs
magnetosphere

REAL TIME SOLAR WIND
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Solar Minimum
eern
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Activity varies over
the solar cycle

Solar Maximum Rt we are here



YN
AR
/ATATAVAVAY

2000 2010 2020 2030
Universal Time

-
QO
L0
—
—
-
P
-
o
Q.
V)
-
-
)




Dipolar field (30 000 nT)

Earth magnetic field

o

Currents generated by earth core (1 220 Km)
20 % Ry made of NiFe, as hot as the Sun

Earth dynamo
Convection of the outer core

Deflects charged particles (makes life possible)

Inhomogeneities lead to South Atlantic anomaly



Solar Wind




Analogously to what is observed on the brightness of the stars in the

lonospheric
scintillation

Incident wave
lonosphere

Wave front:
uniform phase
IFpe ] :
. & ,Q and amplitude
Wave emerging from tiag

below irregularities:
non-uniform phase
and amplitude

e

P
aSm a dfift

optical band, ionospheric scintillation is defined as a rapid and random
fluctuation in the received amplitude and/or phase of radio waves

passing through an electron density irregularity.

REFRACTION

Is a deterministic process, such
scintillations can be corrected using
multi-frequency measurements

S

Typically produced by 1onospheric irregularities at
small wave numbers, induces mainly phase
fluctuations.

The received phase changes because the
electromagnetic wave enters a medium of either
increased or decreased phase velocity.

i DIFFRACTION

Produced by ionospheric irregularities near the first
Fresnel radius (up to hundreds meters for GNSS

Is a stochastic process, such
scintillations cannot be corrected

Diffraction/interference ‘-[

pattern

Amplitude fading
Random phase fluctuations

Ground

signal transmitted at L1 = 1575.42 MHz), induces
amplitude fading and random phase fluctuations.
The impinging electromagnetic wave enters the
ionosphere with a spatially uniform phase and
amplitude and exits the 1onosphere with a spatially
irregular phase and amplitude.




Global Navigation
S un Satellite Systems
Communication/ (GPS, QZSS, etc.)

lonospheric effects on R I A N
i i “\ I\ ¥/
radio propagation
- . . e i Ionos here
Irregularities generate fluctuations in the '°"°-°'P"e"°5t°’ WO - e
lonospheric refractive index having significant Radio Absorption \;\}4 -—f-—y-- e

D,
jeElgn . 144‘4«‘4

effects on radio waves.

Giving rise to refraction, reflection, absorption,
time delay phenomena as well as Doppler
sudden shifts, and randomly, amplitude and/or
phase changes of the radio waves passing
through the ionosphere, they can degrade trans-
atmospheric signals on which some
technological systems relay on.

Satelllte Op‘ge‘ra'i:ion
~ Positioning/
:;_ 4;; Navigation

FM/Community Radios H
Marine Radio HF Communication/Broadcast



Neutral Mass Density at 400km Height (2022/2/4 21:00UT)
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* Above 80 km

* Recombination of ionised nitrogen.

* Transition to ground state of oxygen and
nitrogen molecules
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CORONAL MASS EJECTIONS

COSMIC RAYS

SOLAR CELL DEGRADATION.

ASTRONAUT RADIATION
SOLAR ENERGETIC PROTONS

SINGLE EVENT UPSET

\ SOLAR FLARE RADIATION

ENERGETIC RADIATION
BELT PARTICLES

RADIATION DAMAGE

ENHANCED IONOSPHERIC
CURRENTS AND DISTURBANCES

%

NAVIGATION ERRORS v s

Gy

HF RADIO WAVE DISTURBANCE

CREW AND PASSENGERS

RADIATION
SIGNAL SCINTILLATION GEOMAGNETICALLY
AURORA AND OTHER : INDUCED CURRENTS
ATMOSPHERIC EFFECTS IN POWER SYSTEMS
DISTURBED RECEPTION g

L
T e
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¥ FIELD AND CURRENT
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ﬁECRE. " TIONAL
DRELLING ACCURACY




Live MUF V7 Mapping

Spots mapped. 181
Propagation:-All Modes

Freq range (MHz): =0 AND <=30
Date: 2017-09-10%from 12:00:00 1o 12:29.59)
Centre: GM99TW
Range: 7264km. \
Scale: 1000km = 21 15mm10mm = 472 .81km
Copyright (c) 1998-2017 GTRALl - Dave Edwards
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40m condx really deteriorating. KD4UYR, net control for
#HurricaneWatchNet, not able to be heard via SDRs in
Miami, Key West, or Dominican Republic. Only picking up
via SDR in Maryland.

5:33 PM - Sep 1, 2019 - Twitter for Android
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Aviation

Save about 3 tons of fuel
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Science

Solar storm knocks out flight control systems in
Sweden, grounds planes

Agency spokesman Per Froberg said flights disappeared from radar screens in Swedish air traffic
control towers during the blackout, which lasted about an hour until 5:30 p.m. local time (11:30
a.m. ET). Froberg said it was unclear why the impact was so severe, adding the last time

something similar happened in Sweden was in 1999. K esume
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Now relevant also for Europe-Asia flights



Power grids

does not break the grids, but It Co?tributes to their stress |
significantly more frequent
(peaks do not align) 0s0f 0.17 + 0.05 dist/day
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Trees

Article OPEN Published: 28 August 2018
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Solar superstorm of AD 774 recorded
subannually by Arctic tree rings

J. Uusitalo, L. Arppe, T. Hackman, S. Helam a, G. Kovaltsov, K. Mielikainen, H. Makinen, P. Nojd, V. 120° W
PP J

Palonen,|. Usoskin & M. Oinonen

Nature Communications 9, Article number: 3495 (2018) Download Citation %

Shanxi Province, China in AD770 (twice), AD773, and AD775. %W

England “red cross” in the sky dated AD773/774 in different
manuscripts of the Anglo-Saxon Chronicle

Germany “inflamed shields” in the sky, AD776
lreland “fire from heaven”, AD772

Germany apparition interpreted by Christians as riders on
white horses AD773
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Carrington Event

Very bright aurora over the/,,u 0 /o ©

| A O ‘20 N
Rocky Mountains (USA) // L
\;,-\September, 1st 1859 ESE e

. 2,,"_/.\*'\\
Aurora visible in Mexico, \
Cuba, Hawaii, Colombia

&

Telegraphs in Europe and US failed .
or worked without battery









Total 1860 Jul 18 First observations of a CME
= 18 July 1860

Saros 124
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Alt. = 56°
Gam. = 0.5487 Dur. = 03m39s

Five Millennium Canon of Solar Eclipses (Espenak & Meeus)




Quebec 1989

March, 10th and 12th CMEs

Electricity power grid failure (9 hours blackout)

Aurora in Florida
Communications Blackout

Auroral zone
« extreme on
March 13, 1989




Halloween
Event

2003

17 flares in 2 weeks

2003/10/18 00:18



Halloween Event 2003

Ulysses at Jupiter and Cassini at

Saturn detected emissions

Damages to South Africa's ,'
power supply (15 large
transformers)

Poznan, Poland

Two transformers in England

Houston, Texas

Power outage in Sweden for one
29th October

hour

Aircrafts re-routed



0.030 I I I I I I I

Superflares on solar-type stars . i
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Space Weather News

Space Weather (Dr Tamitha Skov)
forecasting

Top View Side View

=) &
Venus Earth

Newly launched solar storm may intensify impacts at Earth 19-20 April

Solar Storm Mid-Latitude Aurora Outlook

Sunday Monday Tuesday Wednesday Thursday
April 16 April 17 April 18 April 19 April 20

UNSETTLED UNSETTLED ACTIVE UNSETTLED
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Mostly Calm = Mostly Calm Calm Storm Watch Aurora Watch
(GO) ) (GO)

Mercury

Mars

2012 Jul 12 00:03:25 UTC

25% Chance , 20%.Chance 10% Chance 30% Chance 25% Changce
Active Active Active Minor Storm  Minor Storm
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