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1444 LEVERETT

F1c. 1. A possible disposition of a solar magnetic field inside the
cavity in the galactic field. The arrows represent the solar corpus-
cular radiation.

The first suggestions concerning the existence and nature of the
heliosphere were made in 1955 by Leverett Davis in connection
with the origin and propagation of cosmic rays

Axford, W. |., The interaction of the solar wind with the interstellar medium,
Solar Wind, NASA SP-308 (C. P. Sonett, P. J. Coleman, Jr., and J. M. Wilcox,
eds.), pp 609-657, NASA, Washington D.C., 1972.
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Figure 1. The configuration of the heliosphere shown schematically.

Axford, W. 1.: 1972, in Solar Wind, NASA Spec. Publ., SP-308, 609
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Figure 1.3. Dial plots of solar wind speed with co-temporal coronal images two years prior to solar minimum (Or-
bit 1) and at solar maximum (Orbit 2). Time runs clockwise from 3 o'clock. along with heliographic latitude. The
solar wind speed scales are 500 km/s (1000 km/s) on the inner (outer) dashed circle. The 6.2 vear orbits start 1n
1992 and 1998. The gaps at the north and south poles reflect the maximum Ulysses latitude of 80.2°. The final U-
II data point 1s from December 2002.
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Solar wind velocity in 3D for several Carrington rotations
near solar maximum (1990)
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Properties of the Very Local
Interstellar Medium

NEUTRAL COMPONENT Flow Speed 25 +/- 2 km/s

Flow Direction 75.4 ecliptic longitude -7.5 ecliptic latitude
Hydrogen density 0.10 +/- 0.01 /cubic cm

Helium density 0.010 +/- 0.003 /cubic cm

Hydrogen temperature (7 +/- 2) x 1000K

Helium temperature (7 +/- 2) x 1000K

IONIZED COMPONENT

Electron density < 0.3/ cubic cm

Flow speed Assumed same as neutral component

Flow direction Assumed same as neutral component

lon temperature Assumed same as neutral component
MAGNETIC FIELD Magnitude 0.1 - 0.5 nT Direction Unknown
COSMIC RAYS Total pressure (1.3+/-0.2) x 107(-12)dynes/square cm






ASA's Voyager 1 spacecraft has entered
the solar system's final frontier, a vast,
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IBEX

INTERSTELLAR BOUNDARY-EXPLORER
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http://www.ibex.swri.edu/index.shtml
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each major radio event follows 415 days after one of the two largest decreases in the
cosmic ray flux observed at Earth (Forbush decreases), both of which were associated
with periods of unusually high solar activity and multiple CMEs.

415 nuépeg x 86400s x 800km/s= 200 AU ;
415 nuépeg x 86400s x 400km/s= 100 AU

*Gurnett, D.A., and W.S. Kurth, Heliospheric 2-3 kHz radio emissions and their relationship to large Forbush
decreases, Adv. Space Res., 16(9), 279, 1995.
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Ulysses mission

Ulysses
31 Mar 2003

Orbit:

It is the first time that
a mission study the
heliosphere in 3D

Morth Solar Passes
June-Sept 1995
Sept-Dec 2001

Earth .
observing the

interplanetary medium

Launch

o gl off the ecliptic,
— above the poles of the
South Solar Passes
June-Nov 1994 Sun.

Sept 2000-Jan2001




AlnAerniopaon tme HAlOGpapog e
170 Al0oTptko X®pPO.

HMoopapa: O ydpog péca 6tov omoio Kuplopyet
o Hhoko¢ Avepog ko tor Loyvntikd media
HMoxkng tpoérevonc.

H HAomoavon Bpicketon exel 0mov 1 mieon 610
ecmtepkd ¢ HMOopapog eCicmveton pe tnv
Tieon 610 EEMTEPIKO TNC.

2 B 2
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21t0v HAMo@A010 vtdpyovv eKTOC 0td 10 TPOTOVLL
tov Hhokov Avéuov, kot to pickup ions (PUIS).

[Topayovtol amd 10VIGUO TV OVOETEPMV ATOUMV TOL
OLGTPIKOV aEPIOv KOOGS VT EIGEPYOVTOL TNV
HMocoatpa.

210 TS ta PUIS tov Yopoyovou gptavovv Ge
mukvotnTeC Kovtd oto 10-20% tng mukvotnTac T0V
HAoko0 Avéuov, Oepuaivoviol Kol Topdyetal Vo
TAVONGUOC VITEPOEP UKDV 1OVIMV.

H mieon tov 10viov autov gival Kol n Kupiapyn otny
mepLoyn avtn Tov HAtopAo100.



ENAs (Energetic Neutral Atoms)

e Evepyntikd QOpTIGUEVH COUATIO GTOV
HM\opAo10 (mpotovia HAtoko AvEpov ko
PUIS), aAAnAemidpodv pe ovdETEPH, ATOLLOL TOV
OO TPIKOV aEPLOV.

* Méom ¢ avTaAAaync @opTiov Tov
EMITLYYAVETOL LE TNV OAANAETIOpOON
owovpyovvtat to. ENAS

* Ta ENAS gioépyovtar otnv HAOGea1pa ko
OEV EMNPEACOVTOL OO TO OLOTAAVITIKO
LLOLY VT TIKO TTEOTO.



Ta Tpoto 0coouEva.

* O Voyager 1 mepva amd 10 KpOLGTIKO KO
¢ HAoopaipac otigc 94 A.U 10 2004 o€
EKAEMTIKO TAGTOC 35 poipec.

* O Voyager 2 gvtomilel To Kpovotikd koua 1o
2007 o€ amoctaon 84 A.U ce exAelmTiko
TAdtog -26 poipec.

* To mAdoua otov HAo@Ao10 apapével
Y epnyntiko. AOY® TOL YEYOVOTOC OTL LEYAAO
LEPOG TNC EVEPYELNG OOTTAVATOL Y10, TNV
0<puavon tov pickup ions (PUI).



e Ta uéypr onuepa LovtEAa Bmpovoay tnv
Tleon Pong TOL OIGTPIKOV aEPiov Vo Tailel
TOV KUPLopyo pOAO GTOV GYNUATIGUO TNG
HMocparpog.

e Me v ueAétn tov Evepyntikmv ovoetépmv
atopwv (ENAS) eaivetor mmg to LovTEAD LOG
CLOVLVOTOVV VO OTTOOMGOVY TO TTOLPATPOVLEVOL
OEOOLEVOL.

* KaBopiotikdc mAéov paivetal va eival 0 pOAOG
TOV OLOGTPLKOV HOLYVITIKOD TEOIOV.



AmootoAn Cassinl — Huygens kot
IBEX.

* Me 10 6pyoavo lon and Neutral Camera
(INCA) &yovv yivel petpnoelg mov
ECLTNPETOVV GTNV KOTAGKELT] ¥APTN TOV
ovpavoL TV ENAS ce evépyeteg 6-13keV.

* ITo mwpoospata dedouéva and tov (IBEX)
LLOG O1VOLV TNV OLVATOTNTO KOTUOKELTG
yopt®V ovpavoL Twv ENAS uikpotepwv
Evepyewmnv (0.5-6 keV)



H Ewoéva toov ENAS (5.2-
13.5 keV) o€ exheuntikec
GUVTETAYUEVEG (TAV®) Kol
GE€ YOAUSIOKEC
GUVTIETAYUEVES (KATM)

O1 yapteg €ytvav pe TV xpnon
OEOOUEVMV OO TO OPYOVO
INCA ¢ amoctolnc
Cassini-Huygens.




Kupia yopoaktnplotikd.

* To eldyioto ¢ éviaong tov ENAS supaviCeton
OTNV KEVIPIKN TEPLOYN TNG EIKOVOS KOO Kl GE
EKAEMTIKA UNkm peyorvtepa towv 120 popov uéypt
nepimov 16 -170 poipec.

« H «Coovn» 0VTY EKTEIVETAL GTOV LGTUEPIVO OTTO -30
umpeg ew¢ -150 poipec kat oc(pou KOAVEL KUKAO GTOV
ovpavo Eavamepva ToV IoUeEPVO ota unkn ard S50
noipec uéypt 110 poipec, aAAd n Eviaon otny TAELPA
VTN EIVOL LIKPOTEPT).

e A&V TOPATNPELTUL UEYIOTO GTNV EVTUGT] GTNV
Katevhvvon ¢ ponc Tov dactpikov aepiov (Nose),
OT®C TPOEPAETAY TPONYOOUEVO LLOVTEAQL.



e O1evidoelg oty Katevbouvon e «ovpac»
elval LKPOTEPEC.

e Emiong moapatnpovue 0Tl 01 EVTAGELS GTNV
TEPLOYN OTT TOV YapTN (TEPimov I0UOipES
EKAETTIKOD UNKOLC), Evon AyOTEPO
KOPYOVOUEVED.

* O1evidoelg otic Katevbuveelg am’ Omov
nepace o Voyager 1 kou Voyager 2 ivon Alyo
UIKPOTEPEC OO TNV EVTUGT] GTO UEYLOTO TNG
«CovNno»



Y moAoyiopotl amd to 0EO0UEVH, TOL
INCA
* AmO tO 0goouEVA Yo TNV Evtaon twv ENAS
UTOPOVLUE VO, EKTIUNCOVUE TNV EVIOCT] TOV
[ovtov.

* Qo cipaote TOTE 6€ OEGTN VO EKTIUTNCGOVLUE TNV
un Oepukn mieon Tov 10viev Tov HAlopA0100.

* Omoe Oa Eyovue Lo OIOLPMOTIGTIKT) EIKOVA Y10
TNV OVVOUIKT] TOV OETEL TNV OAANAETIOPOCT)
¢ HAloopatpac pe to 01aeTtptkod agpo.



 H perpoduevn évraon tov ENAS pe tayvtnta v
umopet emionc va 000¢i amd Tov TOMO:!

Jena (V1 1V) = aloroj nH(r —vt)Jion(r —vt,t)dr

e Omov 10 eival n andcTac™n Tov TS.

* NH givoil n mokvoTNTO TOV O10GTPIKOV OTOUMDV
Yopoyovov.

o Jion givo | €vTaon TV EVEPYNTIKOV 1OVTMV
* ¢ eivon o charge-exchange factor.



To oloxAnpopo umopel va ypapTeL oc:
104 ;
Jena =0 Ny Jo Lo,

Omnov NoJo €lvar n péom U TOL YIVOUEVOD NHjion
o€ oldotnua wov kabopiletar amd TNV
AKTIVIKN amootacn Fo€mg o + Lion.

2NV TEPLOYN a1 TAVED amd t0 TS PpiokeTon o
TEPLGGOTEPOG TAVONGLOC TOV EVEPYNTIKMOV
OVIOV.



OnoTE UTOPOVLE VO LETATPETGOVLLE TNV
uetpoovuevn evroaon twv ENAS oty
AVTIoTOLYN LECT EVIOOT TMV 1OVI®V TOV
HA109pA0100.

C 100 : L T P onBee Bl ]’ 1 1 4 T T L PN R I 3 | l;

: '\\\ fion (E) = jena (E) * constant/o (E) f —= V1-ENA

5 NG s -
= A= L. N / i V2-ENA
® : e VA ; :
k- - N\ 1 —— Min-ENA
— - A , -
: 1 —e— Max-ENA
o 1E . E
& : {1 —=- V1/CS
\ N
o
£ V2/CS
3 01 = :
a . 1 —- Min/CS
& - jena (INCA) :
= —s - Max/CS
= 0.01F ~ =

; w3y - Viions

i P 1 = V2ions

0001 I W . | 1 A I N T B N | 1 1 3 -} 42 qa
10 100 1000
Energy (keV)




* Mg ta 0Ga avapEpONKaY umopel va Yiver o
VTTOAOYIGUOG TNE TECNC TOV TAAGLOTOC GTIC
avtiotovyeg evépyeleg E>6keV.

e IToAAd amo ta PUIS ta omoia givat
ocvvipacuéva pe to TS kou tov HAophotd
CVOLLEVETOL VO EYOVV EVEPYELEC ALTOV TOV
£0POLC.



[ va yivouy o1 HETOTPOTEC OEYOUOGTE U0 LEGT] TIUN
tov Lion =50 A.U

H pepkn wieon AP givau:
AP:(4TEp/3)JionAE
OOV P: M OPUT] TOV TPWOTOVIWV

Kot AE: 10 €0po¢ evépyelac Tov
exdotote kKavailov tov INCA

IIpocOétovtag avTtéc TIC TocOTNTEC Yo KAOE KavAAL TOL
OPYAVOUL UTOPEL VO PTLOYTEL O AVTIGTOLYOC YAPTNG
TLEONC € EKAEIMTIKEC GUVTETAYUEVEG.
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* H xortovoun g meonc oTig EKAEUTIKEG
GUVTETAYUEVEC EIVOIL OLOLOL LLE TOV YOPT TOV
ENAS mov mapovctacaue TponyovuUeEVeG.

¢ Metpnoelc mov £ywvav amo tov Voyager 1 otnv
QOTEVN TEPLOYN TNS KOTOVOUNC DTTOOELKVVOVY
011 TpEmel va, Tpootebovv axkoua 0.02 pPa
OTNV €V AOY® TTEPLOYN.

* Edv AdPooue v’ oynv Loc Kot Tol 0E00UEVQL
tov IBEX (o€ evépyeteg 0.2-0.6 keV) tote n
OAIKT) un Oepuikn) mieon Yo EVEPYELEG
ueyoAvtepeg v 0.2 keV Eemepva ta 0.31pPa



H nieon pong tov oactpikov agpiov ivon 0.11 pPa
Y10, TUKVOTNTO OLGTPLKOV aegpiov 0.1/cm3

Oa TPETEL 1] TEGT) TOL OLUGTPIKOV LOYVITIKOV
TeOioV va Tailel Kuplapyo pOAO GTNV OLULUOPPMOON
¢ HMocpoupoc.

H aAAnAeniopaon tov 10vtwv tov HAlopAo100 ue to
OLOIGTPIKO LOYyVNTIKO TTEOLO £YEL Kuplopyo pOAO GTNV
olapoppmwon e Huocpapog kot oty
YOPOKTNPIOTIKT LOPpOT TV YopTov TV ENAS.

OnoTE TAPOVGIALOVUE TO EVOAAAKTIKO LOVTEAO TOV
vanpye v tnv Huoceopa.



Anuovpyio OLLUOY VI TIKNG
«PLGUAALOOC»

KbYplia aAinAierniopoaon PH
ue PB

Anuovpyio Tne «COVNO»
EKEL OOV TO OLLOTPIKO
LOLYyVNTIKO TEOL0 Efvou
KAOETO GTNV EMPAVELD TNG
HM\omavonc.



Aeoouéva, amo tov IBEX

* AwnBéter 2 single-pixel ENA kaupepec vyning
svoucOnciog.

* A) IBEX-Lo : Metpaet ENAS gvepyeimv
10eV-2KeV

* B) IBEX-HI : Metpder ENAS gvepyeiov
300eV-6keV

2€ AUTO TO (PAGLLOL EVEPYELDV DTOPYEL N
ovvartotnto kataypaens twv ENAS mov
TPOKVTTTOVV OO OVTOAAOYT] POPTIOL UE TOL
1ovta tov HAtokcov Avéuov kot pe ta PUIS



1 keV

ENA Flux [cm*s™ sr keV] Ca
100 200 300




B 0.9 keV SLO
0 1000 2000 300 400 5000 6000 0 400 600 800

TAOREL) X




Kopia yoapaktnpiotika.

Yropn @OTEWVNC «KOPOEALOC» OTTMG
AVOPEPETOL.

H évtaon tov ENAS atnv «xopoédion eival 2-
3 QOPEC UEYOADTEPT OO TNV EVIAGT] GTNV
YOP® TNE TEPLOYN.

To ebpoc ¢ Kvuaivetal amo 15-25u0ipec.

To pEco 0pog etval OLPOPETIKO Yo 'KAOE
EVEPYELL.

IIepvael 25101peC paKpid amod TNV «NOSE»



o Ytovg yaptec twv ENAS yia evépyeleg 1.7keV,
2.7keV kot 4.3keV dwokpivovpe QapdOTEPES
TEPLOYES EVIOVOTEPTG EKTTOUTNG.



[TBav €€Nynon yio ToV TOPATNPOVUEVO GYNUATIGLLO:

To oeTPIKO HayvnTIKO TTEDTO KATEYEL KVPLAPYO POAO
GTOV GYNUATIGUO TS e€mwteptkne HAMoGpapog.

‘Eva mBavo novtEAo aAAnAeniopaong e
HAMocpaipoc Le 1o 0106 TPIKO YMPO TOV TPOTEIVEL O
D.J.McComas e tovc ocuvepydteg Tov €ival To EENC:



A Heliopause B Jause

External Forces _
Dynamic < > Magnetic

Dynamic = Magnetic

IBEX Energetic

& o :‘. . - P /
Neutral Atom (ENA) Voyager 2
flux painted on the
Heliopause

~N S
14008532 1IBEX B \‘Q;_ 22N




* O1migon pong TOL O10LCTPIKOV aEPIOL ETvaL
GLYKPIGIUN UE TNV TIEGT] TOL LAYV TIKOV
TEOLOL TOL UG TPIKOV OEPTOV.

o 2NV EIKOVO QOIVETOL TOC TO OLOIGTPIKO
LLOLYVNTIKO TTEDIO TEPITVALYETON YOP® OO TNV
NAMOTOLGT).

* To OlGTPIKO LUOYVNTIKO TEOTO GUUTIECEL TNV
HAMomavon meptocOTEPO GTO VOTIO NUIGPULPLO
Topd oto Popro.

[TiBovn) e€nynon ywoti o Voyager 2 eviomice 1o

Kpovotiko kopa 10A.U eyydtepa otov ' HAo
an’ 0t1 0 Voyager 1.



e Ouoim¢ pe TNV TPONYOVUEVT] OVAAVGT] TOV
ototyeiwv Tov Cassini, 1 «KopdEALY
rmopatnpeiton kel Omwov to ISMF eival kdBeto
otnv HAomavon.
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The shape of the heliosphere, 1990-2009
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The shape of the heliosphere, 1990-2009

Vangelis Paouris, George Exarhos, Xenophon

Moussas, 2010
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® Days-mean =27
. , , | | Period: 1994 - 1997.5
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® Days-mean = 27
Period: 1999.5 - 2002.5
Solar maximum
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The shape of the heliosphere, minimum and maximum conditions
Vangelis Paouris, George Exarhos, Xenophon Moussas, 2010
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NASA's Voyager 1 spacecraft has entered the solar
system's final frontier. It is entering a vast, turbulent
expanse, where the sun's influence ends and the
solar wind crashes into the thin gas between stars.
"Voyager 1 has entered the final lap on its race to
the edge of interstellar space,” said Dr. Edward
Stone, Voyager project scientist at the California
Institute of Technology In Pasadena. Caltech
manages NASA's Jet Propulsion Laboratory in
Pasadena, which built and operates Voyager 1 and
Its twin, Voyager 2.
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*We use a realistic semi-empirical and detailed
model to reproduce the long term temporal
variations of galactic cosmic ray intensity. The
model is based on diffusion-convection and actual

interplanetary plasma data from satellites at 1 AU.

*We simulate the heliosphere with a series of
concentric spherical shell, each with its magnetic
field. These magnetised shells modulate the
cosmic ray intensity during their travel from the
Sun to the heliospheric boundary.

*The cosmic ray intensity at the Earth's orbit is the
result of the successive dynamic influence of all
shells between the observer (at the Earth) and the
heliospheric boundary.

«Our estimationns of the cosmic ray modulation '
are in very good agreement with ground-based
observations from Climax and Huancayo cosmic
ray stations.
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""" -THE LOCATION OF THE HELIOSPHERIC TERMINATION
| O SHOCK 2

precaatlil 2.1. Analysis

From Rankine-Hugoniot shock jump conditions for a
strong oblique termination shock, we get (Barnes 1998)

u,sin f = u, sin a (1)
solar wind flow
u, cos f = y_lucosoc (2)
S — y _l_l 1
v+ 1
- ;
y—1

Heliospheric
Termination Shock

" o 2
F1G. 1.—Solar wind passing through an oblique termination shock ps — p 1 u% ('}) C 0 S 2 a : ( 4)



solar wind flow

Heliospheric
Termination Shock

FIG. 1.—Solar wind passing through an oblique termination shock



Then equation (4), with the help of equations (2) and (5),
becomes

, 2y + 1) cos” B
P TR Tl = D cos? B 1

The pressure distribution p, on the termination shock is
obtained applying the Bernoulli equation for the flow
between the termination shock and the heliopause,
assuming that the flow is incompressible (see § 1):

ps = (6)

2psus +ps 2poouoo +poo . (7)

Substituting p, from equation (3) and u, from equation (3)
and then solving for p,, we take

_, .1 W (]
ps_poo 2p00 2p1y_1

uj
[47/()’ — 1)*Jcos® p+ 1




The solar wind density p; upstream of the termination
shock varies with radial distance r like

p1 = po(ﬁ) , 9)
rS

s\ _ P+ Dy + [u/0 — DT}

Ty 2Py + 3P0 US)




@% We express the velocity potential of the flow after the termination
= shock in the form (Fahr et al. 1993; Nerney & Suess 1995)

where P are the associated Legendre polynomials
®=Y) (4, + B,,r ") cos m¢P}(cos 0)
Im

B 1
®=A4,+—+1r(Acos ¢sin 6 + B cos 0) + = (I cos ¢ sin 6 + A cos 0)

r r
o0 B 2

U = — ar=r2"—(Acos9sin9+Bcos9)+5(Fcos¢sin9+AcosB)
100 : 1 :

uez—;ﬁz—Acos¢cos€+Bsm9—r—3(FcosqbcosB—AsmB)

1 0D , I sin ¢
_ y |
rsin 00 ASROT T

u¢=



The boundary conditions that we use are the following:

1. u(r > o0) = —u, z;

2.1(0=1/2, ¢ =0) =10 = 7/2, ¢ = n);
3. ur=ry,, 0=0=0;

4 ulr=r0=0)]] =@ — DAy + Du,.

From condition 2 we findthat A =0and I' =0 .

From condition 1 B=u_.

From condition 3 we have B, =|B— 35— [r:(0 =0)
ry(0 = 0)_



[(y — DAy + DJuy + u,}ri(0 = )—u (0 = 0)
2{[1/r0 = 0)] — [1/r,(8 = 0)]}

the only unknown parameters are
the termination shock radius
and the heliopause radius r, r;,

AL

I (0) can be determined from:

(5)2 po(y + D{ui + [uz/(v—l)]}
r 2’)/(}7 + 2poo ) |

rh(O) can be determined from the one-dimensional model by
Khabibrakhmanov et al. 1996)

r.(0)-r,(0)=37.6 AU .

0



CR modulation

J = J,exp(—yugyBY)

J(la .]) — (J(l o 19 J) eXp(_ylustg_],j))
+J0—1,j - Dexp(]@”stg_Lj_l))
J@ —1, J I) eXp(_VSMSwBg_l,j_u)))/&oa
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Xpnuoatodotnon

e To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTIALOEVUTLIKOU €pyou Tou dtddokovTta.

* To £pyo «Avoiktd Akadnpaika Madnipata oto Maveniotipo ABnvwv»

EXeL Xpnuatodotioel povo tnv avadlapopdwaon Tou eKTTOLOEUTIKOU
UALKOU.

* To €pyo uhomoleital oto mAaiolo tou Emixelpnotakou MpoypAppatog
«Ekmaidsvon kot Ala Biou Madnon» kat cuyxpnuatodoteital ano tnv

Evpwraikn Evwon (Eupwmaiko Kowvwviko Tapeio) kol amo €Bvikoug
TTOPOUC.

ENIXEIPHIIAKO MPOrPAMMA |
i EKMAIAEYZH KAI AIA BIOY MAGHEH — we” EZ"A

* *
* *
* *

ERLEVOVON TNV UOVWVig TNE YVWON UV

* =] - Jowirons o w o
YNOYPTEIO MAIAEIAXL KAl OPHIKEYMATON  EYPanAIKO KOINQNIKO TAMEIO
Evpwmnaikr 'Evwon EIAIKH YNHPEXZIA AIAXEIPIZHX

Ei (K6 Kovwviké Tapei
e e Me tn cuyxpnpatodotnon g EAAaSag kat tng Evpwmaiknig Evwong
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2 NUELWLOTOL



>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0.0.
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>NUElwpo Avadopag

Copyright EBvikov kat Kamodiotplakov Mavernotipov ABnvwy, Zevodpwv A.
Mouaoag 2015.«Quoiki Ataotripotoc. HAltakog Avepoc». Ekboon: 1.0. ABAva
2015. AtaBgopo amod tn diktuakn dltevBuvon:
http://opencourses.uoa.gr/courses/PHYS5/
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>NUelwpa Adelodotnonc

To apov LALKO SlatiBetal e toug 0poug tneg adestac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopowa Atavopn 4.0 [1] A petayevéotepn, AleBvic
‘Ekboon. E&atpolvtal ta autoTeAn £€pya Tpitwy m.X. pwtoypadiec, dStaypappata
K.A.TT., TOL OTIOLOL EUTTEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall Pe Toug
OPOUC XPrONG TOUC OTO «Xnuelwpa Xpnonc Epywv Tpitwv».

[@ocel

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopikn opiletal n xpnon:

* 1ou 6ev mepAaPAVEL AUECO 1| EULECO OLKOVOLLLKO OPEAOC artd TNV Xprion Tou €pyou, yLa
To SlovopEa Tou €pyou Kot adelodoyo

* Tou bev meplAapPaveLl olkovoLKr) ouvaAlayn we polnoBeon yla tn xpnon n npooBacn
OTO £pyO

* Tou bev nmpoomopilel oto SLavopEa Tou £pyou Kal adelodOX0 EUUETO OLKOVOULKO ODEAOC
(r.x. Stapnuioelc) arod tnv npoPfoAr] Tou €pyou o SLASLKTUAKO TOTIO

O dwkatouxoc¢ pmopel va mapexel otov adelodoxo Eexwplotn adela va XpnoLUOTIOLEL TO £€pYyO yLa
TIopLKA xpron, epocov autod tou {ntnbeL.

P
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[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/
[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatpnon ZNUELWHATWVY

Ornoladnmnote avamapoywyn N SLooKeun Tou UALKOU Ba TtpeETmeL
va cupmeplAapBavet:

" 10 2nueilwpoa Avadopadc

" 10 2Znueilwpo Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

= 10 2Znueilwpa Xpriong Epywv Tpitwv (epooov umtdpyel)

noll e touc ouvodeVOUEVOUC UTIEPOUVOEGOUC.
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