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2KOTTOC TNC AOKNONC
[EWUOYVNTLKO TTEOLO KOl TEXVLKEC AVIXVEUONC
tou (MéEpocg 1°), TEXVIKEC avixveuonc
dopTlopEVWY cwpatdiwv (MEpoc 2°)
['VWPLULA LLE TLC NAEKTPOMOYVNTLKEC
TOAOQVTWOELC KOl LE TN onpacio Touc yLa ta
nAektpovia Van Allen (Mépocg 1°)
Elcaywyn o€ emAeypeva oTolxelar SLOLOTNULKAC
duoknc kat edkotepa twv {wvwv Van Allen
Eneéepyaoio peETPiOEWV poyvntkov ntedlou
(Mé€poc 1°) ko evepynTLKWV NAEKTPOVIWV
(Mépoc 2°) e To TtakeTo Aoylopitkov MATLAB



Mepoc A

FewpayvnTko edlo Kol NAEKTPOUAYVNTLKEC TAAAVTWOELC

Oktwpploc 2023
Epyaotnplo KatevBuvonc AotpoduoLKAC




To payvnTtiko edio TG G
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XapOKTNPLOTLKA TOU payvntkou mediov tng NG

AUTOALKO HEXPL
QIOOTACELG 5-6 R

* O atovacC CUMMETPLAC
oxnuatilel ywvia 11,5°
LLE TOV aova
nepLotpodng

* O BOpeloC payvnTIKOC
NOAOC 0TNV AVTOPKTLKN
KOlL O VOTLOC
LLOLYVNTLKOC TTOAOC
BopeLa TG
[polAavdiac otadlaka
LLETOKLVOUVTOL




2UVEXWC peToBaAAopevo payvnTtiko nedlo
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Northern
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US/UK World Magnetic Model - Epoch 2015.
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Map developed by NOAA/NGDC & CIRES
http://ngdc.noaa.gov/geomag/WMM
Map reviewed by NGA and BGS
Published December 2014

135°W

Main Field Total Intensity (F)
Contour interval: 1000 nT.

Mercator Projection.
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... 0€ aplOpoug

e KOVTA OTOUC payvnTikoucg moAouc ~60,000 nTesla
* KOVTA OTOV HayvVNTLKO tonpeptvo ~30,000 nTesla

H €vtaon tou payvntikoU mediou amo va
SlakoopNTKO payvntakt Ppuyeiou eivat 10 mTesla
(10,000,000 nTesla - 6nA. 1,000 dopsc Loxupotepo)



H enibpaon tou nAtakou avepou (1)

Emidpavelaka Kopoto
QVATITUOCOVTOL OTN
Hoyvntomauvon otav n

Stapopa taxvutnTog LETOEU

TOU NALAKOU QVELOU KOlL TOU
NMAQOLATOC OTN HayvnNTtoOnkn =
ylVeL peyaAUTEPN ATIO ULl
KpLOLUN TLUN 608"
(Kelvin-Helmholtz instability)

Resonant Magnetic




H enibpaon tou nAtakou avepou (I1)

KUpata avamtuooovtol
ETLONC WC ATIOTEAECOL
QATOTOUNC METAPOANC TNC
SUVOULKNC TILEoNC TOU
NALAKOU QLVELLOU TTOU
TPOOKPOUEL OTN
uayvntonavon. H
Layvntoodoalplkn Kototnta
apXilel va TOAOVTWVETAL OF

XOLPOLKTNPLOTLIKEC CUXVOTNTEC.

>

Magnetopause

Damping Region

Non-uniform
compression
Resonances at
cavity resonant
frequencies



Metproelc Tou payvntikou medlov tnc g

Mayvntopetpo tunou fluxgate

Q ‘
ANTARCTICA 9 A

9
9 /
° g J
v it

EkteTapEVo SLKTUO EMIYELWV HAYVNTIKWY OTAOUWV



Hall Effect Magnetometers

Magnet

Lines of /¢ Yy
Force ! / Y
| v 1
gl

|
\ 1, Directional

|

"1 Magnetic
' Field (H)

Constant
Current Flow

P-type

Semiconductor 4~

Hall Element

-

DC Supply

We generate a constant current
through the semiconductor

The presence of the
perpendicular magnetic field
creates a Lorentz force that
diverts positive (negative)
charges to the left (right)

This produces a voltage that is
then measured (Hall Voltage)

From this, the magnetic field
strength is derived



Hall Effect Magnetometers

 Smartphone magnetometers
MEMS Accelerometer, Gyroscope, Magnetometer are typ ica | |y Ha | | Effe ct

tutorial by www.HowToMechatronics.com
Magnetometers

MC5883L

Magnetometer L3G4200D

Gyroscope

* Three semiconductors are
positioned along
perpendicular directions to
produce estimates of the
three components of the

ADXL345

Accelerometer magnetIC flEld .

Use your mobile phone as a Lab: https://phyphox.org/



https://phyphox.org/

Flux Gate Magnetometers
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[ Ferromagnetic Core @ AC Current Source

Primary Coil

Secondary Coil Amp Meter

Two parallel bars of a ferromagnetic material
are placed closely together. The susceptibility
of the two bars is large enough so that even
the Earth's relatively weak magnetic field can
produce near magnetic saturation in the bars.

Each bar is wound with a primary coil, but the
direction in which the coil is wrapped around
the bars is reversed. An alternating current
(AC) is passed through the primary coils
causing a large, artificial, and varying magnetic
field in each coil. This produces induced
magnetic fields in the two cores that have the
same strengths but opposite orientations, at
any given time during the current cycle.



Flux Gate Magnetometers

==

<\>

[ Ferromagnetic Core @ AC Current Source

Primary Coil

Secondary Coil Amp Meter

If the cores are in an external magnetic
field, one component of the external
field will be parallel to the core axes. As
the current in the primary coil increases,
the magnetic field in one core will be
parallel to the external field and so
reinforced by it. The other will be in
opposition to the external field and so
smaller.

The field will reach saturation in one core
at a time different from the other core
(and fall below saturation, as the current
decreases, at a different time). This
difference is sufficient to induce a
measurable voltage in a secondary coil
that is proportional to the strength of the
magnetic field in the direction of the
cores.
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Satellite Magnetometry

ESA’s Swarm Mission

Absoute Scalar |
Magnetometer

Optlical Bench (Vector Field -

Magnetometer + Star Tracker
GPS Patch Assembly)
Antennas °

Electric Fleld
Instrumant

Langmulr_
Probe

Magnetic instruments must be kept away
from all other electronics onboard to
avoid measuring “stray fields”!




Metproelc Tou payvntikou medlov tnc g

42°N

40°N

HellENIc
GeoMagnetic

38°N

Array
ENIGMA

Space Research & Technology

36°N

Group . o o NI , s

9°E 21°E 23°E 25°E 27°E AL m

* [ eploootepeg mAnpodopleg
http://enigma.space.noa.gr/



‘ MewpayvnTIKEC KATAIYIOEC

VELIES, from 26-Sep-2011 00:00:00 to 27-Sep-2011 23:59:59
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MEeTPNOELC TOU payvnTkou ediou

Image 10 s FGM data from 19:30 to 20:00 UT on 23 March 1996
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Image 10 s FGM data from 19:30 to 20:00 UT on 23 March 1996

1 i
19:45 19:50 19:55 20:00
time (UT)




ElON KupaTtwy MoAU XatnAnNg cuxvoTnNTOoC

Irregular pulsations

Katnyopia Kdatw 6plo ouxvotntag Avw O6plo cuxvotnTag
2 mHz 25 mHz
0.025 Hz 1Hz

Continuous pulsations

Katnyopia Kdatw 6plo ouxvotntag Avw O6plo cuxvotnTag
2 mHz 7 mHz
7 mHz 22 mHz
22 mHz 100 mHz
0.1 Hz 0.2 Hz
0.2 Hz 0.5 Hz

Ao 1 mHz péxpi 1 Hz:

Ao TO YAUNAGTEPN CUXVOTNTA TTOU UTIOOTNPL(EL N patyvntoodalpLky KOLAOTNTA
HEXPL TN ouxvoTnTa IMEPLOTPOdNC TwV SLadopwv GOoPTIOUEVWY CWHATIOLWV
YUPpW oo TG SUVOULKEC YPOAUMEG Tou Ttebiou (yupoouyvotnta)




ANNAemiOpaon cwHATIOlWV-KUUATWVY

XapaKTNPLOTLKEC KLVAOELC e-

R L
Nepilodoc kupatwv amno 0.2 s pexpt 10 min '\’ R R

|
- ELECTRONS * IONS
! !

Continuous pulsations

MAGNETIC FIELD LINES

Katnyopia Katw oplo meploédou Avw 0plo TtEPLOSOU
150 s 600 s
45 s 150's
10s 45 s
5s 10s

0.2s 5s




ANNAemtiOpaon cwHATIO lwV-KULATWVY

1016 1014
1013
1015 -
. 1012
. i L ot 8
sr MeV 1014 (Power)
1010
1013
- 109
1012 : . . T . - 108
65 75 8s 95 105 115 125 135 145 155
Day of year (1994) GOES 7 oloctron flux s
Gillam st

Népa and tn Bswpia:

METPAOEL OXETIKLOTIKWY NAEKTPOVIWY amo Toug Tpwtoug Sopudopouc o€
TPOXLA YUPwW aro thn 'n Kal Tou yrvou payvntikol mediov otnv emidAveLd TOU
mAavAtn €6glav tn OTeVy OXEon TNG PONC OXETLKIOTIKWY NAEKTPOVIWV OTNV
e€wteptkn {wvn aktvoBoAiag kat TnG LoXUG TWV KUPATWV XapnARg cuxvotntag.




