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DETECCION DE PERTURBACIONES DEL VIENTO SOLAR POR HEDIO DEL 

CENTELLEO INTERPLANETARIO. DE FUENT_ES DE R.ADIO EST.ELARES 

:_: :, ·~.: .. /:» .: , : -~t~·>~,~ .-: .'.~-~ : .. -:-.·:z_-__ -~-- C\'< '--~·<--, :: : 
En, e_st.a_·. lcs-ls -~~¿ P~~-5~~=~-~ ;~~:~. ~\;:~~.i,~i<-.i~.P-~-~~~.~-~ ;~:na revisión del 

es ta do a~ t ua ¡-,\ d~ ~:: ¡~·~>~:~'?·~-~-:~~~,~,:~~,~:~-4;~1-~~~S-~ .. ~~'.- i:F ~·~·~¡; ~ #~~~~-L·ü:~)-~; -;:::-~ (,'~~ i ~n ~~ 

::::r~n:°';:~i{fj~t~;·~~~ci~ff~~~~~~:~V~?fftHf~~·".l~.~~ff ~i~t~::d:: 
::_-·-- ,_ -

1 n tcrp lá:n~ ~ª~~~:_· -~~:~-~ :·~ 'iic·1 !lYe~:;:~~-~-i' ~ey~i ~ iÓrÍ ';"de:;,: loS: .--p~~ 1 !>:~º-~ ·: -~ /18~n_es·· de 

l_as -P~r_t~m.{a~:bg-:~n~;-ce¿t:~o/s _ _ff'.~é;.~~r-~:~1-?c.'·~o::.~~s~~~.;~·E~ ~n•'~· ... ~.··"l;;a'T.~.;r:Sefv.~1-_;s:~~l~6~n-~t.:-sto~~b~~r~e~[~_l·j_?.,~t~-~-~ f,~:~- ~?~~~·~ 9·0~~nO 'S~s 
eféCfos. ;.;ü;OlO'-.'Soi'.ú·'~isE!·~ h-a:c~·-__ · u~ 

-~- ~ '.)~.; : ~ ¡,;"'·• 

aná t ~ s ·1~ -~e i-.:.,~~d-~i.~:.a~J~a·~~~f ::·~~,~·~::·Vj_e:~ 1:·~ ~ '.Sb'1:~f_:~y-¿~~;·:~,~8~·~ ~~-;:.e i ;(~~-~ P~ .... d': 

sol~~·~~~~-~·:.:;~-Ü~~)~-~i':·~~Jüriht·~~~-~::~~~:~ ~¿i:t.{~:'. ~~!?f:~.;:~~~¡.~-;-·;·{/C~~· fa \ párte: .. de 

pc.r.~u-~báCi~ri~~~:;:._q~~~'.:. ~~iI~·~_)'~~'~}~f,~:~- iil~«lí~' ~· l:nt~Y~í~~~:ta~~t~ ·,'.~:~~:' ~~b~'. ~-~~~~ 

~::~I~p:ltr'.Jt~~{}i~tlf ~::~f L~{{ªií~1~(~~~f;~~qj~~tii~;~]~ta;t:: 
. pos lb.le r~ ~~9tn:~f~ "kl~ t~Y r,~i t:~~e~;~~ ~~,~·:ft~t :~t~· :;r_: •. ·· 

En .~l ·capl tul o 2. "-se ··J:,acc,-:;una.,.rcvlsl6n.:dcl .. es.lado·; actual s!lbr;c la 

l~or:i~ :~;_;~~~:~-~~-j ~;~ j~t1;~~}~·~~:i·~~,l-.~~~~-¡ i~~~j1:;:;~~~=·i~:~~t:)~~~:j~~~¡·i~¡~-i~-- ~C- ·-~as 
~ - ,-. --- -e- _-Ác-·-'- -'0'--3,,--:-~=-'.c-'-C'----;o·,o-·-o:'---''?----'·-=- o'-'~~-- _o__·..'.~c· :~1-~'-= ::1:?.~-~.t;-·::~·.'._ \~~-'. -, _ =;.'.,.:-~ _-;_ '·' -.·: .-

ObserVaC l.on'?S ~de .-ó~~ént~ l leu .-~ lnti::rplane tar ló- c01ñó0 ;:-m_étodo--yde;' rastreo;:'dc--

laS )er t'uf~aCl~neS :.' que:~Y i·~J~n '::,~ :'~f?~~~~?-~.\~,~~~~:~~~~t'~ri~ .. \· ~~\ ·r_eai iza 

una d~scr{p616,~ d~t:11,~da%e 'la lé~~lc'~;';,m~i~n~tp~;a ·generar.· mapas 

te6rlcos. y ~b~er_v~~l~~l~le~- .de d~~1t~ Í:~·é~,·:.:, iiltci~Ia~~-tar l~ y, 'se concluye 

óste ·~npl~·ulo . .'m~s~~~n·d~ co~o.cs- ;-~n -~~CnlcÓ __ pá~a- dCtcctar pcrturbát..·loncs 



en e1 medio iñtcí-P1an~lñr1ó-l{sálld~' mápas·· .. e" cii1apas~·dc:cénte11col. 

EO e 1 ~¿~-~1~~·~'¡·~':.-~:\/:~-;n ~ ~~'t·~~~d~rit~,~-~~~~~~~{i~~,- .:~;~e~"J~b-~-~-d~- ~·~dio 
he~ ram 1 en ta-~~-~~ ~a~(~-~ t~J :\ ~~~::~~":~-~ ·:._:t~-~ i'~-~i··~;~~~-. · ~i-·; ·r·¡·Uj~- ~ -~-~-~-' ~nai· Íucn le 

:: r.·::e0~:t:I:r;f~rº,i~~cr~~:~"l~~-]~x;~º6:~Jif df t~º.~~tt"11~7~1r~r~l:: ... 
~-·: '.:' 

cara et: r~s t !:."~ ;{,ióc;~~~~.:1!~~º·~.'.~.•~i~.~;~!~ª·~p~[.~~~}i;'<~M}~/~rº; 1q~:. "1 

1 ns ti tu_ t_'? .- . ~~ \~º?r~~r~:~. ::.- c.~g_f~:·>-~~~ ~'~?~-,~: ~-~~-~-~! ~·~ ~~t1~f;.~-':/~~;) ·;:\;}:;_~~_:::~-1 .. ~:~~· : de 
EsúíC11os su~?~l~Ii>~,.~~\1tl~i.~·~ir.',?~:¡~WT ~j{1.;~t·~ *~kb;AY,~ .:~:~~t.~rid;, 
cu a 1 es·--·. 'ta ~:-~~i rii. ~~~-¡ ~ _':"'pa·?~·:(e d~ ~b-~óc~'.~a t~·{fo~;,:~~~·:t-¿ii~6'.< d~h·t~"b::·· d~~ .: i'a,._:~;~d 
s iob~-¡ ,:\¡~ ,:;~ri-i {~'f ~-~~?\_-{~ ;_ .. ~~~2;~-i~~i~~;:8J~~~i·~~t~~~iJ:~'.A~t,~izb~~·;S~~~ t~;,~:~~~ , de 

- ca·mbr1~~e.- ~~-;~~¡i~'.:~;~-rrj~~/~:~i,~~:~~~-;~~~":~~fi~~~~1~::~~;~~~¡\¿?<:~};:'.-r~~~. ~·~-·--



INTRODUCCION. 

atmósfera. y. dc:···\á~.)ó,~<?~~.~f~.:~·. :~~ .).~·--~x-O~f-~~il/ '-5~~'l.~~~-~~~.;~~~~-~'.~ú~~~do J_a 

dens_~~ª~--- ~~·l.'--~~-~- ;:~;:·;_-,1:~;~-:fh~~~~i~-~~~~i:~,i~~~~~:~i~~.~~~~H~.iJ:~,i;~g~~i-'~~--:~~~~c~-.~~~~:~;~? 
in t~ :es~"-~~ -~~~-~ :~;~-~~:- .W~~~ _t~~~:t~~~t:~}-~~:~;f:P:l~-~~ ~~~-~,1-~-;~~~:u~~--~-W~-~~-~}?s-~·E~i~ ~- ·. q~~ 
-~os _P la_nc_~as ·dcscr lbcn :·sus · órbl tas -por \~'~::~~J~-)~·~'.'.·;¿~:k;_·~~t~:~t~;~~;~~,;~~~~ .. :~n 
meteórlto~ l~~i?~t'rNc;:~i~.Sit;!,f~j{;.,i_- ~·~1:" :.: 1 •• +~''~-y~i: i:$,~ C~" C~ ·-_·· 

rñr·a _·los· años~ Clncü~nt~s, ~ esta~ ~forma--' de ;~\iC[-,_-;'/Cl ;:1~Sp~-cio 

1nterf;1a~e/a~\~. {~~·1!VJJr'ill}~~Jt~~1~1~~~lt~~!ff.fi~~J~~~:rff;?"'J~':\~~ .. · 
mcdlcloriés. hcchas-~e-~- Jcl::a1-tac at-;nc:J'sÍ~~a"-_lér~·c-iitJ:Cf·'.·~~C;:_;_e·~c~ntr6. Qu'~- .é-stfi 

:::::::1::~~"JP~~'~§;~.¡J~i~í~~~d~t· 
debla· a la 'Conducc16n'; de. -calor~-dcsde'.el-~--'1nlerlor~ºdel·' Sol-¡ .::a: través: de 

la -~~~ori'~~-: s:;·i;Í~ ~-;·>~~:{h_::-~~- l:d~~::::~~~f~~~f;~;~~'~{{i !-:~f:-~)~~:·:-: h~·rsJ~:~~-~~~ri.~1 iad¡,-~ 
.... --•:;?:<1,'.i·--- ,::;,: --~ ·'-'' ' ,~,.;;~ -~~;:,_:, 

Chapman .· :~~"º·~~~.~ .··~w: '.:~:f t~;~t;i.~t~.8,zt~f ,;:f :,i•~:cif ,~~1;~;s• }~;i1.~~~tt~f O:y ~ás .. 
allá , llenando: todo_ '-!?_l_"~~l~t~a~; so_lar:W; estlm6'.1:que:,,:l~ .-.Lempcratura::·de ·la 

cor~~~ :-'. ~::~ .¡-~-::~~;~~:{·~·~;:··-,~~~:;~:7;~r~~f~~;;~!f·~~-~~!:~r:rfs~:~t~{~~:.\iJ.i6~?i·r <i~~'~f~1:T~-;{'.'~T~· -
ac t ua i 1d~'J- ~~'-;.'~a~~\::qJ~·,: ei (:.~g r~:·~~-~·1~·~-~·~'.'.?:~, t~~~;~ái~ósr¡~~r:·{~~;:~~:t~e 

..... , ..... · '". ·-· ~':~:.F :.~·:'~ , ·:> 

-~:t u;~;;ii.~~~;1~;[~~li"~~I{t.~if~itlij~~l~:~~~~~~g~~i~ti-1~;~:: 
lnter~s un~ ~i~~té~~~,;q; ~¡· Bl~rmann ?"~· ~lu~~:'' e~{heEho de, que_!~·. cola 
de Un come i-~ > ·-q~~ ,~ S '.ifl~-~~~,'.~~~ª-. -'~\~~~~·l.~-~J~;·~~ !-~,_¡~-. ~·~~~;;,~~·:.· .. a;¡ -:T~s~ i· ~'>·~e; ~~e ·_ 
pod¡~ ex-~l l~~,~ - p·~:~' ~~a,1-~ :dÜ -i~~-::pr'e~lón:·dri·. ~.~dl~~·tó·n ·d~1 . 5~·1:·. AÚO .~áS, 

;~··.'~ ··:: ··:,·: :>· , .. ··-'..· ····~:.-.·:-. ....... ! 
los astrónom~s ~.1~.m~ncs :.'~·. · ~chr_·:y _ l_I:~.':·· S~~~e~~~-pf . .ya ha.blnn.': aprc:~.~ado a 



comienzos de los, af'los clncucnlas que la luz zodlacnl, fenómeno luminoso 

visible ei:i l~. ccllp__~lcn-.,C:n los, a~r~dcdorcs·del.-So~,·· eslá·:muy_ pol_aT_"lzada 

y que 'éste hei:ho ~¿J.o·-:~~ pOdia r;O~prC.nd~r: s'l· ~~n:~.-~~:~.¡~;.::~011'0."s cxlstlan 

elecLroneS: ·1i~:;'~·s '.-~~·:·.J~~'_:.~·~~~'e;~¡~·~-~·1-Ó~ 'de·~~"i~o-01~·~ ~ 3-~ .:, ::>~--.: :.:~ .: · . , 

/En sg;s;/~. 1 f~r~~:~; c~~~~¿r~ ~~: cl'_~Úm~",6 ~:¡ r~~;~s ,g.·d~~s ~uc 
i.1es~~ • .ª2~~ ,g,•rrtr;.·.~~1.f i.~;ºf'~,~~f~\".~;t;;~~1:f~ ·)\Z°' :r/:\~·~t~~·c~•~ .. ~~l",; l .•····• 
~~nor.:-:.c~·,·)~~/m~xl~o:._~ ~~. ~:~- clc_lo_. ·::_: ~dc'!'á:5:·. ~-~t.ó _q~-~-~'-d~r-~~.~~,~-'?P·s:;: tol_"m~~~~~ 

·-g~oma~n6.~;~f"~id!1~?f0:d~'.:f~Y:~5~0~T~f~;-d.\!,m'.:ii~~~:~~r'~~~''.,;'.b~;3f~k ,. 
Hasta ·_ese .. :_ momcinto~~f .. so .:~pc-nSaba:': quc.->:c1~:,_plasma:.:-solar;:;-i:rn .:.un-·-conJunlo' 

: -\~- ~-= ·:,"·j~:~~~~.~-t~':·-.~1~tt:~~~;7,??<~i:.;~:~~~ ~l:}?~~~~F ~~~/:~"":~.:if~~·~:;~o;~~~;f,;~~"~~~~~~,;:',:ic~~\;_~::~~:;~·:'.-, ~:c--
ncu t ro de_· pnrL_l~ulns·· pos~_tl_vas ·.y:; ncB:n'llvaS í:¡uc ~snl fon ,,_dóL _So:t-· po'r lmcdlo '.' 

de -laS _ rár~18a.~~,,S~i~res·~ PCróYiio.-·'Se·: -P·~·n·sao"a ·~_qUc·~: ~1 ;, ihédl~,,"lnt«!Fpi·an~ L~'rjo 
l:;. , ., , -,;_~ . ~:·{,_;; .:.¡ ;'o.,c/ -~J.;-.;·~, --;,--~¡:''-e >C:~·'..::,,; •-"7'·~ . 

. . ~· tu~.1·:~ffº·~~~".~f t~·mº,~J,~{~:fyPá,~?¡ ~~§~~¿li¡'~/k~s1~¡i~~~.l~t;'.~~f;}·fA'.~JJt" 
por. qué ·._v_ar lab<i ""·la~- c_~nt: ldad, dQ·~~i::ayos';;cósmlcos·-,,~on:~~l~(:.acti ~Jdad __ .sofa.r::. 

P. Mar-i-1sOn::SUg1r_16 -~f~· '.e1/p1·n·sma-:"'5¡~1ar::.:ar)~~-ú~'i:ibil -d~ilSigó.: PCíi-_fe-'-·d·e1' 
·, ;· '. :::: 'e/·-:' : ' '. _ _',':~.';. -. :"' '·: : ·.- -· 

camlJ~ · ~~~ñ~t.~~~-.~~g{ni:-:-~·;Y--:.~.~:~:~,1~:·~·~~ .. ~~.·~: p8.f~T~~f~,B ::d~.:' l~~-- r·;y~~-;::c6sml,c0~ 
haC la_ ~r-~.~ra"=':~el/~·~p~-6~:~·:.i~'i.~~~;i~n~-~~-~ ¡:~~).. P~~~~·. '~:i~.i~-~;F ~~~,?~~-~-·t)i:·;~;~~·~·~::-~ ·-·: 
rayó~ · cÓs·~·1cOS- i:.crlla~ 'q~-e '.·:a-L~n~6·Sa/_-'C'--stC'_:'cam~O'_. m~'fi~éii'dO:· «:p~~ :, ~-b::_ct'i.í.C{\a ·, 
rep~:~sl·~-~ ·._d~::~-lo~ri~y~{ có"~·~ic~~··:·~r~- ·~aY~'.f -~~~~hcio el ~:~-i~-~~~, ~-s~i~~: ~ Sl( 

: . .. - "·',· '· ,-
campo eran ·más intensos lMorrlson, -.1954] •· · . . ' 

Todas estas· ldéas . cstab~n en Ciara' c~~~~;~~-~~f~~-~-X d?n·, ·.'. .. ia·:;; 

concepcl6n, ha~t~ ~ntOni::cs ge~crU.llzada_,. de'' '1n _CsP~~~""f:::-.1~"f.~~-rP,1.~~~~~~1~·.'·: ~ 

_._ "v-~Cio ·•::en·-c C 1 CfUe~.-~-eñ .,-tód·o -e· caso-.---~~ Í.~-tia_n ':~):gÜn~~~::~·r·~;~~~·jj~~~ ~~~~~~~c..: 

Po~ al~úno_s·::·_~-n~~ l~ :."pr~púes:t~;. ~~1:'.c~~~~a-~.Y~-e~:~J:~;:_',:-~~~d:~~.~·16~·-,:_:dr/ 

calo?- a t~a~é~ d~. ta·~~or~:~~~.--soi~_r ~-Pir.~ ·_,'.~-~P1_~·¿-ár:-:F~::.·é~·l~,~-~~.~l~~t_~·::~~.:·::·1~: ~ 
ana atmósfera · té·rrcstre·. ñc>" i"u6. ·né:~pta:d·a_:'.P~r;· ·mUChOS'·::··~í-~~-t'.i..f1¿~~ :'}<nO · 

fue ~a~-~a· Í ~·~?. -~~:~·<_:.¡i·.:. ~~~'.i~~~ ·:;·~·:1_;:~~:.'. ~~-.1:;~!1~~~~~~~~-~~~ '~bs~~-~·~s : q~c ~~ 
". • '>' • • ..... ~:.;- ·: ••• e: . :. ., 

podlan _expllcnr '.c?n e~- mO~c~o".~e .. c.11~Pm~~.'. 

4 



-_ - _,. '• __ : '· .' _'.: > 
E. Parkc'r propuso :un rnodcl-~·-d1~6.ÍnicO Cri_:cl_;_C¡ué-'la· ~·OrOna,:.dcb~-

transformarSc·:,. en una · cOrrlente · ~e ·;::~\t-~ ~~:;\'.~.i;~~¡d~~··:<~~i~,é~~~~e_.·;:!lác~~ .. ..'.-_.·-,·;.:. 
nfuc_ra -de'i~· C~¡)~~~o; {P_a·~~-~~. <·\?.~~·:; ~\9~~-J ;~/~:~:·;)9~~ -~·:~ci'.:·:.-.~~c\~ :\tü~:,_'._: e·~ "(sl:.1~~ 
escn~·1a i-m~~t~ :: :~~-~:;-~ ¡:~s~~~,~-d~:~:~;-~~P..$f ;('~~~;·~i;r~:{~,~~::t~~'- ~~~~-.. ::~.~:;~-p~d.~-~ ·i·~~p~~-;: 
ta corona ;-c~lti.:~-l-~a·:. y·_. ·i~:~--~ü;~-le~t~·:_ dó __ : ~~h:·rc'~-~~,~-, r·i~Yc1n·d¡,--'d'~~d,f~ ~i · so1 

'/ ·:~, ,~- «-, :..--

c-on-·.;1 ta·-·vetiO-~í~ú1cfri~·at;~-1~~~n~~?'.;i;;.i~~-i ~i6~~~ -'~~:~ a~b-~s;_::~-1n~ ~'mbarg~-~ 

lmpo~íb leº:; E;¿jri {~~f :f~~~if~.ºcº~~~~i;~¡:~~l:~l~~1~c~i::r~:·., 
Solª-~ ' e~\~b·a .. ~-~~;e~~-~-~~~--~~~~?:~~~~~;~~~~ e~ i.~~~cs::·L~-~~-~~~~;·:en,~~~i:~-~?-' 1,~ :;:~o·r·~n~ ·Y>~ l 
n UjO'~ S?·~·ar~ -n·t?:_:pué_ctCO~·:s_~·f_::,·CO((~#-~C_,~,~~~~·~d~~-,\.~ ~~-~en: S'er :-_ío·_··mism-o~·::<'La 

co~~-~a ," -qJ~~-~º~~~~C'.t~~~_r l~¿,;~:~~~:':-~l}-~~ ~ ~~6~-f ~Ya_: ~-~-~~ti~-!,~"~-·-.' ~~~c-~··/d~ -¡- 5-¿i, ~~b'e 
7 -.. _·: : • • <(' "·'·,:.~: . ~;;}'.:,~:-.;L.--';>·.:·<:~\·_,; . .i-<.::,,--, ,_, .-.:.· . , ·>-<-~ .. ::·.:·. :. _ · '· :_-_: ---::,_ .- ; , <· · --· ,, 

evoluclonar_-·_en -"~~'.corriente' de-.~al~;~---veloc~.~ad ·moviéndose· hacia_ aruera 

dcl,-.~spac·lo'/Ta Píí'rt.itt'd'e: :
0

1/i[;J.t~:_:dl~l~~cla;· e'i' ~Odei~ .·dé E~ Pnrkor ·de la 

exp~~~l~~ · d~; __ :· l~:p~º~-o~~- ~¿~ris·{i't~uy~: ·,{~~:;~.i~ -·~·c-tU~rict~d· la base·-:· de,,:·' las· 
,-,_-,,~_;:/:.-- ,-;·,~ 

teoi--ias-,-dCl ~'11éíitO'.."SOfa'rJ~~:.-· ·.- ·-,-
AL e~·t,U"dl~~~'-~~:~.~~~é~i-_.~am·LeO_tO ?el, V1Cntó So.lar: .. 'Se·~ detecto~ una 

es -~u~~~~, ·_P_~\~~-,~~--~~:t-~-~~~<·e.~~:~~}<: ~ .. ~~~:~~~~- ~-~\~-~~~-~-~~ri~~t·~-~-~:~-:-~'.'.~-~~/:~ \~-~-;~ .. '.;~~:~--~ ; d~ . ~v.~L;~~~.·;~~Jf?~°:~ffü~1 .•. 1e.~t.~/fa ..• ;~,~~1i~t;~.~;~frJ~ii:.·'.~~·~.; .. choqu.e 
a_~,~71 ~~~s _· ~.~-~:. f:~-c~~:~~~, t ~~:·:.-~.~-~::~ ~--~~~;~~~~~-~:~~~~/ ~~·~-~~~},~·~~:-~::·?'.:':~:_;':~-,'.~! =~-· 

~ ~~~ ,e~~~~ ~-~~~·l~_·:~~ :~;,l~o/;~. p'.~_r.~_u,r~~~~;~~~s.;~~~~}.~:~::,~;:¿~d-~~~~.-d~~-; ~~~ 
.ª~-~cl~d~_s .. ?On :;:z~-~as~ : d~ · :~B.fa'n ;··c~c~'i_a-'--~n-:··~¡·'.~V-_i"c~:t~:: ~P\~-~~{-~~n>,r;t~-~·~l~~d~~-
mayores o ~Cn~·r.cs :-que ·1a' dcÍlsldad pf:o'mCd'lo_··del>P1aSm"a,;'1~ú;rp1¡:.ñCtarlo 

conocldaS 
" . ',. ·-. '. ·_:. -::". .. - .. ·-:." , 

el . riombre · de h~~es <?orr~tantc~, y ;,)·rent.es -.de choque 

esférlcos. 



CAPITULO I 
VIENTO SOLAR Y.11:fEDIO IN1'ERF'.LANETARIO 

L ¡ , MODELO DE PARKER DEL. VIENTO SOLAR. 
, · .. ;:· e 

P~~,k~r~:.d_eno~-lnó·:;a esl~ cxPansión--de la corona "Vlcnto Solar". 

Pará .. sl~~~Lr"i'~~;r_-_~~--~~-~~~~c~-~crilc··-C1 P~~~le~a,-. .Pa!"kc_r l 15160) ,'propúsó úlia 
·:.:_< - . - .. - . - . - - _,. ~ -

slmet.rla _ _,c'sr~-r-l,!=·~~~0Ü~-~-So:1_,_-cili~ -!·~~-- i:_o\~-- _e _.tnm~,i:-~~ ._e!' el .Va_Cio -C LÓ cual 

lmpllca· ·qúe. ·1~~ preStóri _·Cn e1· .·iñilnl_to ·es:::·ccra·L·- que''_ to-d~--cl:'rp1~S-iñá. ~esta-' 
compuesto:~ únlcamc.ntc ~~-- l~ l~~~gcnO: :i~~ lz.~~~~- ::~(~-~~-~~-~~s>~- ~{~~t~i;1'~~/-\ 
adenl~-s _·de~p~c~~ó. -~~ /~:e'~,~~-~:-_~. ~~i -~ ~~~;~~:~/~-~~:~;-~~~~ ~_soj;_~:_--:·:~-~~-~-~-.:~--~~--: --~~e 

'.; ._-. -. ·.\ '.:- : ·_ \· \.'. : ·:<: -~~,· ··> .··. ! ' 

:k;;:~·:+_~.!!_:..' ¡~~·2Nk;: ·,1 :+~ GHoMi~ = ·~­
::.~r _'·.~.r.c:Jr :. : ... ;.·:_~:<: -·./::: ·r~:1--. -'P--

ú) _: e~Ü~~~:¿-~:-.~~:?~·~·~~J~~:~~:~.-~~~::~·~ la· masat " 

·~-::·¿: ~2_,:-~::_-~~~-:~,:'·~ii' . !'.::~- ., ;;<:~:~:-~--.-"; ... ·, 1;2 
donde N es •1:~e~s~di~ d¿:P~;Ü~ul~i·~ H ·~n•mf~'1 ~e i'a)pa~~lc~~n~. H;1n 

~~~~!~~!~~t1i~1lllllf ;~~¡¿_ 
resuelve e 1: ~ pro~0~e~~;· -~~-~~-~~.~-~~? · .. -~~arl os;. casos 1 c>1:co~-~~f-~-~:~r~~o ~}'f'~-~~_ió~e·~·. ·. 
dl.rerCntes.:pára.º i.a· \~-~pe~~~:tui~l-: ? ~·> ~~;_:/: :::~~: .. :: ~-;~§l · ~;~?:~-(~}~' 

- .,.,.. .. :·."· ::;;i,;,~ .\ ~.(~::'.t 
ál. ªª!".~n~?!Sot_~r"!!.~·~;-:·: , ~;:;~: _ {j~~:~-1 r~'.:f'. , F_i¡.'-.;· ·:;: q·º1 ?; · 

É_n c.st~· ·~~sa_ ::1.~~ ~Xl~~niií~~·.:d§~-,:~n :_:~~~~~~~:~:~:~:~ ~~\~.r·mr.~ü, i:í{~~~L.a ~l~rla_ 

ci 1.stañ~~ª. ·. b, -~~S :ª·i iti :-cf~_' la.".' ··c·ua\·. ·sc'_:·-~01~-Si?c~:~·-··cl~.~ ~ ·c~i.>cii1~_nla~1.cnl~ 



desaparece,.' por. lo_ que, 

despreclab_lc, 

suposrc16n 

7 

1.5 

1.6 
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/C.-:;~ :.,:>;.·:Y_·-,~:::?:::: '. ·:,\~;~. :· 
O L.l. u_l1 .1J...LLLi...L.Ll:.u;:¡~j~.~W.J."-
O 20 :o, eri·'~i~id~d'!,9',;~ ~~60 k~ :'.2() 

• -,.,:,--;, - .. - ,_ .... , -· - '·-¡ 

Figura 1: so1uC10~;·s :p~~~~<j:~{~~;~~~>y~¿,{~~~~j~~::\b-~;;~cf:~--19·65-1. 

la corona. - c~-nsld~:;~~c/';·-~L;s:7~ ';É~fu~;~~~-{u·;~ri-~:~_:T(~'( ~~~:~~-~~-\;on6~o,namcr~Lc 
más lcntam~nt_e_:~u~-/~'i--.Y~K-~;¡~~::~: a;_·y--;~~:'.-~;~~~¡~~~{~~.. c~-lo --~-s . que T.-= ar ~n 



para O< n <t y·tt·~. ~~-O;;_·~n\o'.ñ.d·~s é~ L~'r.m"irlo: 

/~'-f.•fJ<c(~>:J.·=•·2(t:~~k 
posl_l'i'~?;:_·~;-:/~~·~~·; ~;Ú(,~:est~·~térm.lno ·decae·más lentamente que r-2 de 

--·I',, ,_;;-·~··· 0. -~ ·.: ,~- ·--·- . -- , " , .. : 

r 0 ~~~-:~q~~--~~~i~;~E\·~&~F~~J;,~~11;~.~~~f ;f~~i~ ~,~~-~~ºr~~t\·~ v~:. : 
Piirá:··~eStUénár.::·:jas:~Jorñ\as· .:de< iaS; so1Uc"10néS,· :sé -:l6~a :;~.n- 'cUCnta'-

q~c, e{@~~;~-~+~~~Jm.~mt~~~~~g,,}.~ P.i~uefif y ~nt~llces 1-c21v2 .~ 
negD.tl\ia at·/18t.iar~.'<tUc't~(r),:·,_.péfr-:~·:lo ~:que,~ para,~qu~.> 1.6. ·se -;~ti~fnsD.\·:. 

tl~/d~?o;· ~~~~;~::~~~~T?;~~-~~t~::.·~-ug:· .. º-1~ ~1~~.l'~·c)d~.~ ~.- -d~~>- r~~JO_ ~º~~~.«:11ta.:·: ~~~---la~· 
~~~-t~~~1~-~::~:,1?.~j:is·:. ~:·~_r,~·~~~~cS :~~-íp~:~.:de -. ~~ iu·~-~om?"S~: º ta"·:~ó~.~S<i .:p«~.s.~ bl~ , par:~ 

~-~~:'s~-1 ::~~·~~~;~~Íá '::~~~~:-{~\6~::~_;~~-~~~~~~;th·r~-,-; ~ié- -~n·.~ s-o"l~ ~o~f~~:do~·~i~.- ~~·~io-- P <~ 1~0· -

c_s:-" ~q~·~fi~:7~~~ :;:~l.- -~~·~~l J~~;·i-~ ~·C~f~·~:· -~-~.~-:.~~~}.~~,·-~~~--~~~~~~:~-~~~ ~~:~:~:.~~~.-~~"~~~~-= .-~~'· 
do~d~ ·_.· R_ ( r}f ~~,;,·h~-c::~::; ·e~¡..?~~·" ESt:a ,'~~.l .uci~n_': p8~a·· .·~':'ºv.é~)in~~- . P~.r::·: ~·i"~.;_¡)UnlO . 

. c~ll!,~~ ,i,~~·~cJ~>.,Jl;ítr~:~~·f/11-~'y' s~ inn~tl~n• .. ·. cr,ecL~n~l? ~<J~ .~~!dr~o 
hasta'.'· r. ~ .. ~~'La ·.dens ldad. ·de·. a'Cucrdo' Con,. la ecuación .1· .. 2; :,dc'cae ;·más.; rápido 

q~e :¡,5;~i"~:~i·~t:~:~~~ji~~::;~~; .· ~~~-~ .. :~~~¡~~-.::e_~;~~~c~.~·~ .. ~ ·.com·o_ ~·e\::~Xi~~~- .' f'i'~,lc~~·cnlci·. 
, Eºr ·,l? t~~~o~~t~;.idi;:1t;;·tc,~~~;~!.tu~á. ~ocacjmas,llnt~icn~§ .~u.0.11 \~v~rso 
d~ :la dl.~tancla,-.:'.·;-".~l ~-~nlCO'.. es lado' o.estacloñarl.o:·:-p.arai~'una.:~,atm6sfe~a '· 

. ·.·_;'< ·:; .. ,: _:· _·._ ...:·_"·. '·:·:."·'-r_'- :::-i> ''.(··:::' ::.<.¡ '):_· 
rOdellda· .. :p~~:·.~.

1

·~'1 <··v;,.'C:lo: ;_;-.·e~ ··.::~~á·· ~~.P.º"~~ón --·~º~ .. -;·'?':?~~.~~d~~.!7~ · .,~u.~e~s~pl~~~ 
ieJ~~;·-~~'{.~-~~·.f ~.}~~:~{;~·;t\:'~~,_~-~-::~-. -~ s·~ .-, ~~·e·~- t r·a-n· : gr·11f·1 cri~e~ f~\cl'a·~ ~ Só (~é"i o O es 

•.• - -·0 

-.~ ~ --:~-~~~:~-~:J~C~~i~:r~0~;.~~~~.~~~.~?~;{f .. 7!f~ ~~.~~~~~f-~~~,·;.~}~~;~~~~~~~i~~j~~~~:.-~~-~~ 
aproxl.macl6n éste' modelo simple es cualllallvnmcnlo aceptable. :~;in. 

~mb~r&o·;-:'·'~u-llhd6 ·-.i ~ci'>' ·Irt·~~o·du-¿~:;;~F~·~~.~s~-J~·~-~·1;;;·~·~:_rjuc ·;·1a :~'t~~P'~i-·;t~i~~ >~~~~ 
cOnS ·t·~~· ~~·~· . ·¡~:·.: .. ~~·¡·~.~-~~'.{' á~·~fü~~~i¡¿~~ ;:,''~ .-.. ~1 ~-.:~~~~¡ ~~·;'.~:- -~~'-- i"i }.~:~:~~,~~~· , :¡ i~ :·:· ~:~~~; 
~stán Pº~ ·, a~:~.iba:·,~~-(~·~;l·~~l0:~h~~éJ~~~'.~·~· ::_i.-~·~: d~.- ~~~~~1~~·~ ·.: ~~/ -~~·b~,J~. El 

·-··· '<:· 
viento solar· -fue, ·,dclé~.t~d~.:. dÚ~ctó.ffiente. pOr:·· pi-l~~rD. ·.vez·~.durrintc el 

vuc~o do . ¡/ So'nd·~ ;~~:~~-~-~·~~:~~:óti:¿~¡-~a-· .Lunlk I J, en sept
0

1cmbrc ~~ 1959, 

por Grlnga.uz: l 196i1 suS :.C61aborá,dorcs. Estas: obscrvacl.ones fueron 





viento solar, ver figura 3. 

Figura 3: El vJcnto solar es un flujo r'11t.imente varlable 
Jo cual se observa de los datos tomados en el madJo 1nter 
planetario, Las grá[lcas muestran solo los parf:Jmetros de 
vclocldad y densidad y temperatura. 

[de lnt.erplnnclary Medium DaLü Book. 1970]. 
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1. 2 HEDIO INTERPLANETARIO Y VIENTO SOLAR. 

a), Co~~lcn~~-~: d~~-~l~~to' ~·~-¡~~--;~~· ~i·t~- v:~iocidad: 
Bll lln&s-,' Y~~:Roh-erts::--\l l 964Í ,- -_---~~S{i-i:Cr~ri'. -q~·c·_:: iris corrlci:1Lcs de 

vlcnt1¿ s~¡a/:~~~:-~:¿y[á;(·J~--i:J~1:~-~~\~-~~:~ ~~d:Í:~~-: ~:~i~1;h·r·-----~~::, ~~l-~úciui-as de 

campo · magn~~l-~~ 7~~~~~~7~ ;~~~-~-t~::~--~~~::; ._: ~~-r~~~-1 f . ~~- Ye~:~.;~c :_· iég~~-~es :que 

t l ~~en : l fn~n~-~~~d~-~ -~y~~';{.~~~-~-~~1d~'S~· -~- ~b~-tri-~ ~:º·~~~·~ t·ü}¡W i-ú:'~~ _:·,1:1-~68: 1 ~-: -~ iÓ _.:·un 

gr~n. '~-P~~~-~ :~~¡ ~-~~~~:ó~;~: ~:~'tó~·:.·/~"f:i ~~1~~ri:~~-:~,p~~-;~~~~~_j'~:-~~pp~~ f(~7i}~~-Y· -N~~l-
-~ -t-197; l ~ J~J~~~~l~~~~~~~,~0-1:il~riji'f-~:r~~;6~ii~l~i~~*{f f;~{it~~~~~~i~~~i:~·~:i~L1'í't~~~ 

de -~sl~ ·: -1·~~~-·:<--~~~·:i~~~·~~!i~i~.'.~~e-~·¿:J·~,~t~ \~~j~·~ ;:~~~::~~~~,;¡~·l;~6-i:t~~ '.';~i{~~~~-~te · 
que. Úe~~: ~~;~~~;{{ ct~~~~ris~l1:o"~~ i~~~~~~~urii;~ denslcl;;d; .;a,~ocfilad· 
y campo~ago,~tÍ~~ iª ·1~~~);i!i'á •·<ic ;;~~rb"~-~~ '.~if.C,~irr~?~1ofr.;~o~;:e1 501 

CruzBndo ::·1a ,.j-ú;r~·a.:.;.· r~·~~~i:-~~-~~fu.?il le: .e~~·. ~i -j ~·as.o·.; ~~·.;·qu~:~-~ L-(l~~mP~?~.e. '~~da 

de 1 hoyo éoro~··. de~ ~.~.· 1".~v lene scri .de; varias.· ~~.~~c1:6ne~; soi+¡.;;~l'éon 

;:t::;:;:,º :~:;:~tr::_;r~:. :~!:n:r~~n:(~'t:!tl~~:~t:f$[t:l~}~~~~:im~:··· 
r- -- 2-' "¡~:;;o-~ -'·°"'·!' -~"·~ r • , rápldo. <¡~e ·•·vl~~t" sol·t~~~~i~i ~~~~:.z'.º~,t~E;~mA~~:fü.d~.:·ht~~d· 

300 ·a 400 Km/s, . Feldman ! et'_-al'.·:~· { 1976) '.~'estudiaron·_ una> muestra· ;de ·.19 
. . :''.· ··> ,._:,_.;_-~·::~-!~-~--:·-'o· -Ít -~< .:.,¡~_,,~.:.:-~J~;, ~::;·.;.~~:.~\:.};~~:~:·~,;, ·~;~;,-:,·· '.··;_:~;, ·~,,' ·: 

corrientes c.xtcnsas con vclocldades\má.xlmas· super.lorcs~a:, .. los; 650¡ Km/s· y·.· 

encontraron qu: .·su·• an~hu~~,·.~né.~!f ~t~Hr.;~t~§'.~~~-~~~1~.fü~;Js;~:i~é un·· .•. 
promedio de __ 89 __ (ver __ (lgur:a:' 6) ;'.·2"Es~as-~:corrlentes?,·'se -;-:observan::~cn·: toda - ,-·-

.. .· (· ,i;."º?2:C~'.oo;?...,;:'°'f}';:".i'.J;C:r:,;c:" . ..,'.'7'~cc:;~;'~J;;!''::;- .... ~ 
las fa.ses del _clclo.:,solar,~, pero. ;las\'más .estables-. ocurren,~durante ,la 

:...·,.~ >~~:,. :J~,::·:··.·;i~~-- :;:,':\:• _:\: ,.,•. ·_:; _-.\:~:,·. ''~;.~:,.·.-. ·, 
fase declinante. La::_~.'~f.~.:~~-.~~~/~~:~~.~1·~~-;\;~:.y~~~-Z~.~~-~·~.~:ª:~/'.,~'.~·:.~~r~ 'ol_as~ 
corr len tes de . v len to: ~.;l~r' r1Ti'i<l2•;.; ~~.s 'g;;~d.;~i h~~º~ ~~ronji.~ fue 
manifestada ·por ··.".Kr.i~-~j(::~'.V· d~:::~~;\ ;_~~~~·,; :qUi~rl~s->~;;~t~ii~o.ré' q·u·c::-\i~ -"hoy9 

coronal obscrv~do'·_· en··.-.r~~~-~'·-·x- 'P'~/.·n;ádLo -d~- ¿~¡;~t~·~>~d~d~- ~~·~: ·:·¡·~ ::·f~~~Le 
de una 

-., . ¡ .·"': ..• ; . ·" . . ·.·: ,':' . ........ ····'. 

mlentras el hoyo exl~tló. Pos.terlormenle_ co~· los ,datos del Sky:lab una 
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gran cantidad -de· trabáJ~s -.co~f1rma'ron ~'1n :-11;18.ir·-~ .dí.ida· que~ lo~ hoyo~­

coronalcs _ sOn ·-1~. r~Ícn.tc-<.·d~ ·~.lá~ ·{cor~l-~nteS-"._dc·:-:: ~iCOlo-··~~·lar· ·--de -gran 

vc1oc1dad. Co.1c~·.:_-.-~: n;·~kri~(:-~ 1·1976·1 \~-.-.:Ri~-kCt- '~-~ ._:~·¡~-- :-i· ~-~~-~t;>m1'd1~ro~· -1~ 
vclocldad · d~i· .~:~l&~ro· ·.·~~,'ii~·;.?'f..~-~-~-~ d-;;-.· 18 .. , -~cf{P~-~-~~ ;~~~ ----~~.dlo,.-:del . · 

ccnte~~~o ~~_!.~~~i~~-~!i~:t-~~,f~_' ~ ! d·f ;s)·r ::jfa;-::.- --~-~~1~f;~~~{·~'~ ·.-:·~~i~lO:r~S-: 
es table~.L_c-~.~-~ -:~Ü~·::·~-~~ ~:~h.~9~.~ ·~-~-~·o·~-~~·~~x~.~i'.~~~~~s -:·-~.?.~ _·f..h~~b~-~~ '._· f~~-0·~~-~- de 

_vlentó Sol~-~.'..ráPlci"o?::_'_COñ~:;:,éi~Cfet.i~:fos·._ci~---~haSt~···ació :·Km/s·:· .. GÓ.~1 ln'S et:_ al. 
:,-_--; --· :.-~~~.:;:- •-.~~;r:'=-- :·~_"--;~ , .. - -:~-~:'.._- ~··---~, 

vc-l.oc¡·d~~:·:~ .. ,·-~~~- ~~~;~~·ii~~< ~Pt~~~'.~:': ~~;;~::"q-~:~;~ .. -1·~-~-:. ;-h~~~-s > ~:~·rcir1~ lc·~--...~-SO~'..: .. 1 aS 

fü{iCa~_-:Ju-~-~'t;~:-?~e(;:-,pí~~~:a.-·:q~~" s~-¡~- -dc1 ~-.5~~1 ;{;·-li_~-~~- iOd~ el '-mCdió 
interplanetario. 

su ca~po magné~l.co. 

13 



PARAÍimcis .. DELVIENTÓ SOLAR PRDHEÓro.'i..1.úA' 

~ ,,, }~~f ;r;~f :L~~· 
v·~1DC.Íil~4~B:~~-~·~~ )~¡,y;:?~-~fr- ::: ~; 

·Jtc~~=~::::. ~:~:~~~~~!~; 

F~~~~:~-~ci{~·'i~~-~-j~--;~~~:;; 
del pla~'!lá,\p~ra_ lon~s _CW[.t) 
del:plasmn' para· electrones.· (Wpo) 

d~ C1C1o·t:,.9·n--~~r~ i~~e~- cri1 j 
de clclolróri_pnra cleclroncs, (Oa) 
de ·collsl6n entr'e iones (Znvcp) 

Escalas de tiempo ( s) 
periodo de giro de los iones 
periodo de giro de los electrones 
tiempo entre colisoncs 16n-16n 
expansión (r/V) 

Escalas de longitud 
longilud de Debyc (i\o) 
camino libre medio 
radio Larmor iónlco (ni} 
radio Larmor elcclrónlco (rLe) 

Parámetros no dimensionales 
número de Debyc (Uu=n:\.3) 
beta del plasma lónico ((11) 

14 

> , ••• , 

:- ._-,:·;_,~~~'¡·Or 
. ' ~ . ' 

--- ;~~~~~;)~:;,-, 

--30--· 
1000 ' 
so -

3000 
10• 

-o;s 

12 
»6•to·.3 
3•10

6
'.:.' 

3•105. : .. 

1.o.m·:,~ ·' 
0:6.UÁ 

_60 Km' 
1 Krit ·· 





lnc6gnltn para.-·cl .. hoffibíc ··que dCsde,: Já·· Tlerr'a hD. hecho . grandes 

especulacl·~·nes·>~~br·~-.:;'~:~~: :. ~~·ra~t.c·~,~~~·l~~~~·i :'~l - eSúicn6 ·.·de dicho medio_ en 

tOrma :·: co~~-r~-~~J~'.~ ~~:·~~-:- \~_t.cl:~-f~--~;:~;~:-'.; ~~·~~s: ~~~~~/,->\~~~~:~~ ':-~~ -_Lccn_~_l-ogla 
e~pac i~1 _ ht'~6 '~~~~-1bi~ ,· S:l( c.xPl~r~~·ión .~~i ;cc·l~::·. -·.A~i.e~·;· ·_:10.~ que- ~~··pu~ ie~á 

mene i~n·ar-~ d~:º ó 1\'..~·r·~~:Pc~u:6:;:~·.1s--:;·q·úc~'m~·r·~~~<c~6~·q·ü Ú\C'1 ~·~~~·~, ·· E~:' e i'-'.de·~~rr.01 l ~ 
';J'i"~·:,: ·?f :':'~:~" -··-~-::.; .. __ ., -,;,'-'"· ___ ,-. 

de ia>.':1nvest ia~c·16~·:'d~i..-Tñe~:úé>;:i1iterP'fañ~ct.a~r.io ;~·x·¡ st~-~~un:~PUOL'ó ··re lcvant~ 

··.f~~;j~!fi~~~á~~if{~ft~~~t~i~1HE~: 
: ...... · L;:~~~~.~.1~~~:,~6.~,~.~.; ~;¡i; ;~~).~t~tª,~f~:1i~~f:!:·f~~~~I;;ristnns;~º 
el las-o- son-'. ·--las·~-, ráf_f:!.gas;·.\ ·erupclones·}:de-:'·_f llamen tos;~·,, reglones:,: activas; 

,,- - - :·:; _-. d: ·~(: . ::~/-._~·~-:·::!:· .. _:_:_~·~:-~It~t~:~~ .. :,~~f~:-~ ·~~~~~~;~_/ii;)~~,·1,\~'.}'~~~i-~?J..:.>: .. '- ~~;:iÚ·i: :~·0,~>~.' _::::·· - .·. 
-· h~~~s' ~-;~;~.º~}~.'.'.··.'.:~.~~~.:::~r~~---~;)_,~--~:~::;-~' ~?'\~º~~~:~ ' . r - _f:~~~~.-~':;.~:~~~.~1~~~ 

que •arlan ~.~~· i~It1~~P~.w:·~~~~;~j~1M~ · ..... ··· ... ~r!~l~t~é¡)dcate~ ·' 
qu~· estefs _m_anlfestaclo_nes.'.~ocur;rén.:. con,_,:ffiucha\frccueó~la/Y-:,~ ~neÍ-gla, ;. y 

:-- .- -, . : .. ~º- ·'~,~ ·,:,-;: ::;:;~::-"- -::'.;~:.;\;. :::-:.~::;;{':,~J~?. '.::.',S.{~~\:':'~:~:~(::, :::,:~·\.~1;~ ¿;ü:;~:;,,:_~·t:;:.-;·~~:·~:'.2:~!f>'.·~·,'::,;.·;_'. 

o tras e.n que ~:\ ·:~-~::·: ~-~:'~·~ :-: ·~--~~-;~~~~~:·· '.;,~,i.~.'~·:_'}}~~-~:.'.'!.f ~r~-:~~:'-~,1~:: .. ~~~.~~:~~?:t:~·· 
la· actl~ld·~.• sº:\·~.,.;,1~f,t~~1~\\édi~Kt"·\~,fp¡.~~:s~iiéi(:¡~r~~i~i~~~·~tº~···•· ocasiones a .al tf?rar:: en_·forma .considerable. 'el:-·campo. ma!friellco :t_'e·rreS.i:'re.>~ 

='~~ ~- ;:~!~ ... -.- -;,:" ~!.{ - ";.-':'J' .:i 

Las obser~acI~~~s·)de: f;~~"te,f:,-},~;~1,r .. ··.· .. ·, ''?¡:··¡¡C;r .~~";.i;'f{ ~~d~o · 
lnterplnnetar lo .. son.' tan·,vlcjas rcomo ,-las·;.obscrvnclones '.del:-:vlenlo soli:i.~- ·. 

: ·:- , --- --. ~-: ;'·< .. ,, -/:;.~/:~<-.:.~;: ... :/;:!.:~ -~~.'.k(.~~-=.~~::1~·.~-.{~;;r;:.~~s;_:_f r::_:-~r:x~·,.:~:'.-;.:;¡~/·.~- ':'.~·¡:,>-. :ó~r~ 
en los años· sesenta::' En;;la'-.ÜptUnlldad~·~.se~'i:tlenc~.lnJccr:teza·.;de: qu'e.- el. --- -\,;~ ·:..._": ... -<< . .--·.'. v>: ·,· .".:ó;.:·;::_:;\,_:.~·~;!: ~~'.rt<-Y¿+:~-~;}_:~-;~.:- -i:~:,;:;_~::::i::U'.::'j~-~;-..: r~~L~;·,_\:.: 'f·>·::,:\: 
or lgen _de la·s-o-ondns:de·cchoque_,;,quc(:y!!iJan-oen:fel-fmed 101:-lnt.orplnnetar_lo es: 

:: ... :::. ·:-·'. '"-· --. ... -'~---~,:-;,.:: ·.:.:~·.;':~ :· .I.;:~~~~·: f;~?:~~,:~;..~f".~·T~t''"°~::~~J-~º ~¡?~g'.:~:~j'{~~~Q~'.:~:~~·~,:-
e 1 s~~ . . . Lo:.._ p?~~~r~s::' '~~-~ f ~-~.->~< ~~.'_:·r~-~(·~ ~~-~ ~.>~-~~-:~:~;~t~:~:-.:~ _. ~~J-~~:_r_;f! _ ~-~· c~.b~.- ~·­
has ta . la déca~n .. e+<~~~ .~~lE·~~~!: ~t;),~i~~}'.~.ct{i;;,~~·~If~t;),(1;~7;~] ,/ 
HunhaJsen ( 19721. ,;Estos',7,,frent.cs,",de "choque,-,; .qu_c; ~lnj~n/;a_ ; v~loclc:!ad~s' 

::..: ·. ),:,_::;·.: ·~~;\'f,,_ ~ ,. -<!- ; (.' ' ' ;;,: 
supcr!Íl~grielos6~\·~~~ 'r_~~(!CCJ~ ~l·:: ~fé'ót~·~:·~'.,5·~1~;..·, ~: .cí~c;{:~:·~.'.'{~,~··:;· -~~z· 

supcrmaen~~os_Onlco; -:~~·~'t.~;r~:~-:~ ~if ~~~¡·~~g~.·~l~~~~~·L'r.i'. c~1~~d~~'.:;~~1P~~~ ·:el 

bo·r~e 'dC-~ -1a . -~~a~~·l~~-r~ .. ~~ ~.,-}~~r·~~:J~:~~A;_:.·._<~~~{~~·~: '~·(_;?.~'.}~:~-~;;~·:: ·: ~·~·;~ L~~~~º ~ª·~ 
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goemagnétlcns y .1aS:a·urcirá'S· polarcS: 

e) El ~~·~:~~~:~~~~~{{~~»._·~·n(I1 .. ~c~lo i~·lcrp,lanclarlo: 
.~n- -~1-:~;s~;¿~~-·1;'i~~--:4~_-·:ia·s: ~ª~~/~;~· .. ;;·¿6:;1~~-.-;~~b.I-~ -.vle_n~-~· ~o~ar. pai-a 

s i~P-~ i_~ 1~~-~ (~:1. :: t~,~:~-~~~~.~;_ {¡??c~:.~:~::,~:~-~:~~/~:~:~~~-~~-:~;~~·~- ~~~-~::r~~?:~~f-:~ ~~!.-~<~~:~-~to 
so i a~ ··c~n: ,e i ;~ .ca~~~-::.m~-g~~ ~ i~o:,:.c:t_é-j ;; s;;;,~ ~\ _ N~·;·.~-~ ·/é-~.º~~ªd~-~~ ~ .. ~1.X i_dá ·~ :· clu~ é i 

ca~Pº.· ~~.sni,\1•~º;k~f 1.f:~f~':~3Jcº~~;?f~~"·J~~~{~"~~i~:c~';ffo~¿;,s~~~j Yc.t• 
determinante- Cf'.l ?la ,cvoluc16n .dcl~,,v 1.eiito:~sol¡_t.f'·:i::Cab.~ --hacer ;_nota~· .. c .. que ;-un 

campo .-·magn~t~:C~~{' ~o';;~;~/~~~~!l~j~~o." !~~.~I~t~ -~enáXa '~~º~~~-- ~Í~~~¿;~t!~~-~ º'. ~-i: 
. co~¡¡~ªm·¡~~,i·~-; -~~JX~: :~~,~º.J~~~~~-~-~:~;[;:_ ~ .. :~~~~~:~·~ r ~~.:~;) ~:\:~~x~· t§~~ :i~·~~-d~=~- ~.-~~.e~ lo 

so1a'r. ):i~-ro-·::·.~?m~·~-:~~:lS~~ ,~ti·~a·; ~ ~-~Pa--~-~ló~.~-~) el ·,·'_'V1~~ ~~ · '. 's~.l~~:?~;·r~~s.·l.~~·.·'.c1·~' 

c~~pO _· ~~g'~~-t~i.;0--I:~·ía:~f¿~~~,,~~-¡;~·~-~~~'.~:1 'h~cl~.:~~·f~-~r~.-~-~~\~~s~i:;~<Sl~,~-'~ i · 'S9_1-· -' 

racÍ la '1 ·-· ~~s~:~:6~~ ~:::~~i~'.!;'.~~'i'.: ::~ ~.~~~:::;:~·6~J--:._-'~i, :.'.~~1.- 's1 r~_' ':·1~i~1l~~:~.~· :.-:-~,~-~-· ~~-~~~º· 
.-_ , ... -. ·~,., . ~:-- ·.. '·· ·.· . . . .· - -. , L. - ".,-,,-. 

mo.gnótlcas lomo.n.una conflgurac16n de forma esplral sobrc .. el p_lano,.dcl 

ecu_a~or. s~lar:; _(6;;:.~~~~l~·~~~-~~:~-~;'.-~~~~·~-~·.~~-xpli'~ar: 'cO·n~Úic·~;i;~~:~:~·~~ ;~~:~~~~O:~­
magr{é Ú·~~.·: en . ~~-:t~Ki~-~-~~~L~'¡ ~·-~~Cnt~': ·.·cO~d~Ct~r / '~~ ;: ~·~~~~~?~~<; éOmó~.'."''61 

es tu·~,1 ~-~~ ... ~º-~~..t~.~~{·:::~" ·:~ ~,F ~.~-.~~.r l~.~ :· :~ ~.~ ·.:;L.~:.···~ .. 
0

.:: .. Ju.:·e.:.~:. t.l.'.:.~:.:.f ~.Y.t~.·~.t.:1.'.;.~q.1:.tI.T 
ca~·~?: m~&nc.~,(d~r~~·-~~-~:':~~o~~-~:~~~r:~·?· ~,ii.~-.-~s~~~. -, < ' -

velocidad , ;CiC";,,.~)a--, 

donde ' rJ ... = ' 
. fü,;F :J!J;'E~~~§; 

~·"; ' 
•\Sl 

d ls tinta·, dC·'.Cer'ó\y.;_ rr.-~cs·:.múY.:·gra~de '!=Omci~~en-· ,t-;:i;·,v1e·n to :·s~iar·t,_:entOrlccs·:' 
-,.>{,, .-,",. ;·~-,~··:: ... ":';·.:::::·,.- .':!:r.xt: -~~'"'" ·.~:.·;1 <~ .. ~t; .... 

'· }\,:::. '.;';i~'.~~:~J\~~;~f'1!l~;/ ,ccz:: ,;¿·'·~;· 
El térmln_o .>.que s~~ ~l;ü:~n~\;ací '('í~d.~'·; ~~:~.d~i,·d;_:·de·_:_; in ccunclón 

·17 



anterior es, et~- rOta-~lon~~ __ :.-~-e·,·: unn. _'.:'.'f.uc~0~~·~. \--~-~lu~·ida ~· ~~r ' él cnmpo 

eléctrico ~; . ~Ü~-~-~ ~~::~_'.e/·::~ ~~~~~~~-~:~:~~~~:~--~-_'.-~\-~·~~~~:/{:-Úi~}~t,~i~:_:",I E.J ~;j ~~HI .­
i:;n ~~n~~-~-' riJan~~-'.-~-'.~~ :··p~~~~~-\ ~~-~:·.<~,¿~~·~·:-:·e'~·,-:· u·n·(~-~~-~-C:--~.:~a'g~Ó t'i'.d~·:· ·;~·¿~·:~ampo 

:::c·t~c;·J~i";;(1~~~r;i~~~~~~t~~i::ir~tfi~~fa~~;,;J?~~t1~g:º:~:.··~:·. 
--· vfa'. ~* -- ~-~:~R~i;~~-~·~~-~~~fif '.~~4;:~B·~~~~CUi~~~:~~~~~-¿~J_~J;~f~~:·:·j~~;;.~~~L~-~~-~·r_:·_~~~~~ L,~~:: _ 
-~-~V lm'1~~t0';-~~~ lf '~e1'~'i:.1 V~(iú\~~ler i~L 'í~~-iZ~ci~ ,.·y::;dci:_:aqui ~:QUé···s~;_:·-d18~·-~q~c · _ 
el ·~a~~~,!.~;2rt~{~.fh~s~~~~';;J1~~~"~"~·.~c·~~t;¡~~.~f¿¡~~~~~fi;n¡;11i.i qu~ .;¡·· 
campo.:·má

8
rié'tlco· -'~s-.:i::r·anspol-t8dO···p·or,:'.~é1 -.j)ia·sma-.. :· ·- --~-· ~-·";,-· _, _,.-,-

. 3ar~;;~e~~~:15íF1~::'E~.l~~c;~,~ª--~C,;_ ~;;¡,c..~~a¡¡~~tjc",º~s~ln~ e~' ci1 

· ·:!p::::~~~irf ~~~~(~~f;~~:~r~c:~fJ";}J~~;ct~f J:f~:;;_;~::ª.:~:;t:e~;l:~~dr 
del so·i ,::·c·e~~~:';,d¿1.-·,eh~'~db·r~- ~~Ú1r

1

(; 'dará. ,).U&ri'f. ~: :·J~a-::'~sLr:~~iU~a:_ ·con . lnS" · 
;,.¡;_· · . .::'i 

'. ,' ' . " . ' - '. .'- . ' ' •· I·,-; . ' ,J . ' ''. ~'. . . ·-. ·' ., • ,. - ' . - . ' 

líneas·:Ac )~~~Pº::.i'm_a!l~-~-~.lc~,_' ~~/r.?~!11~~. de:'.·-~_m_1_-~~~p~r~l ,·~~. A-r:-q~lmc~-~~. ep C:l 

ecuad·o~'(s-~l~·r·;·~-·E1 .. áO'SUio::·ro'r·~~dcí".'~~~t·~é~ .. ~i ~~rici 1·0··.· ~~~t~r :·Y ·,:·fa :·{an&érl.te ·a: 

la espiral.' ~e ',;~c¡u;~~d~~. ~e ~:~omI~~ ~; ~TIÚi;, ~éma~gue;~, y ~stá dado 
.. 

·~~-~ ... ·;,t·a·~;n··;{'./=··-·<·_ílv·,·~.;:~ : :':-.: '.-_>, 
\;I' ~.: .-·.·'. - • • • 

por: 

donde·.•·. n_·•~·~,1~ ... ~º~Sª~o ~ngú.fü'"~º(étº!.'~ .~_:·~=·~~.~~ancla 
heliocentrlca Y. vn;eS-: la· VelOCidad. ~e(,·ViC'n'tO'. SO lar._·:- ~n-ra_~·r '.~·--¡ UA · .. (1/'1 

•:• --24:; 1: ·d·i'ri·~;- ·-~i~,:·p~·~·1bd'~·\::d~Yf~i~~t~~ <·~~·í ;,¿¿~.id~~·: ~~'i~r·;· ;\\¡;;_~, -~-n~;irint·~o:· 

qu~ a . = ~;~-5~ i:~-~~:.-. l~~(i {ri;;~}~~-i~-~~-:~ií'J/~~'~ ;::.~i6:~;~~~~':,~~~~d~~~~a~:~i e~~·;: ~lns. 

2i¿1:~~Ji~ir~llif 1r~~~~i~f li~~~~i~li::t:·:1 
súpc~r·t:ci~~~;~'.::¡·~/;\{:;V~~;~?:~; ;·-rt~. }Ji( ¡·,-:;;. 

Una·. r'óLO,áf_~~l0·:-·.1_·~-~-ta~~-6-ÓC~-'. de ;:-¡:~ ~;t~~p~:~~l ~,~:~~;:·;~~~~~~~~-~.~:~de 



Vs =400 Km/s y r ~ 



Considerando el .. caso .-en, que r >> 

está dado por: 

.ºT.= e.(tj'.(1~~c[l~:t;JU:' '.,, '.' ;., 1;10 
ParB· raé'11;i i~-r .<i~~,;:~~~l~·~t~~ =-~~·¡'· -~;~i~·_;·~-~:~~-~tt~~' S'Oi~·r:'/~~ ha~ 

hecho mu l t lp~isc ~{~p i{~S~~~¡bh~· • .. ~~ro ~; ·· ~éa 11~~~ ·. · ~/ cam~o ' m~~~¿ L l co 

solar -prC.sC-nta·_' ~.m·~: :cst('u:cll.il-~· ·~U~hci -~ ~ás- ,~Omri~J~ ~:qu~·:·u¡:.¡,:¡,~ s¡;np·i~·~;~~iPl rai. 
---·":..'..::::;''::'' 

de Arqullnede-s.: -A: ¡j~rtli- ·de_.· laS =mCdii::10ncS, dC1-'Plónci-o_~~s-;0:dcFM.~fh~el"-~~.2, · 

del I_M~;._~, y":_:¿~~~.~~:~·1:~~r-,~-~. ~e ~ncon:tró··~a· é-Xi~-~e-~~·ia·;.'.~~'.-ú~~~~--~-b~~~~~~_'~~:; 
del campo m:~ri~~-~-~:~: : .. ~~~la~ '~rt~gon~~·. -~(-"py~~'~ ·-d~-?1\(~/~"~j¡-~·\:··¡f.~{:;_;~~yo 
valor es slg~;f~~a~l:~. E~fos resultados generar'c~~~N.;d~Ja~~~cojtra 
tcoria existente, a pi.:irtlr' de ln ·cuál .se obtuvo'~~·qu·e~~'.díctill"'~:~~·i!ÍpbOC'iil~ 

•, ... -,. i•: ·-~·,;:, >.:;'¡" 

deberla ser Cero. En un prlnclplá" .. _s~·' :~'.~~~r~~--:: f-~~~~ ;·;. ros·;~:.'e.rrores ", 
cxpcrlmenlnlcs eran la causa de -OblcnCr u~',"-0 ompo ,~~-~ ·~ ~I~'9g·¡;~~i;,::ci~{· 

campo magnótlccí lnterplaneta?º• P~íº ~d,:~:~;~2~11:t:~~'rni,!. hc~Í1~~ · 
co.n mayor preclsl6n, han ~~nr~ rmnd,~ ~s~ '-~~1~;.~!1~!-~:- ,. , ,..~;: :;-·í~~--- . '.j~<~ :;p ~.'~~ 

La existe~~"la: d¿'-dl~~-;a=~'~'i,~p~~~~t'~:_;'~'-5"/di{~{~~·r :~f!~~óf"lnn~i1i~C0\la¿~ 
relaciones Sol-Tierra: .d~~o ~fE~·~.~~;}i;%fHi&'1~· !;.~;;• ?;; J~~~~~~h~~ 
ortogonal_ del campo magné_tlco: .. es .. d~7tin~a ··,~~~!¡_c~~~. '.'ll~~~a::t;~·a,Jo 
del plano de la··eé:llptlc¡~·~u·;r~.€,·i . "' ~~~tii~~~{;~;,~l~i}~o. 
tcr_rcstrc genera dlVe.~s~·~; e Ur_bacloncsij,geomagnét_lcas; 

~;,;~'/\' ._ .. ,,. ;~~t> ~¡ '~.' 'i, 
como veremos más adelante •.. ·s::~.'º.;'( ,;;,y)4s.•; it.·.~.~~ ::.~~~ ~:>~:;·',_-_;.,;,Y.,_ 

d) ExtenSi6n -del ·:~,.~~~~,~:;~:~'.~~i:~{--;i~>·:;~·::.: .:~.-.:"··> ;~,i~·~~~ -:J}' ~"' -;;f{:~-~-">-::·~-. : <~·<' 
Considerando que -:el·.· vlento,:;sola~ ·se' expande radlalmentc y la· 

'_,;\'"; '.~~_¡~'.;. ~-";/;':·~/-~·JX. :'.:.-.::v·. :,·>.':i· ·' '~:.·;~:·r!:.'.--' ;, ·y -·· . .-;,-1·, "»·~·· .:'' :·'~" 
densidad de masa dcC8.e ~¿·~m~ ,-1.t,r. i"~·~u~<;>~g~s-~":,que·.:l<>;;:~.P·reSi_6n · deL'plasma 

. . . ."·. - . - '•," .-, .. - ,,., .. ' [;-~~{'. '"''·"-''' '" . .. . ,, ........ ',- . 

::s: 1 c1lnr :::::1:: :e::, ~~~;,:5
1

CIE!sºt;~:c~:.,~~l~{'1WJ.:~t~J~f :I:~td:: 
viento solar eSté .-~qu\1:1br·~-~~;:-- 'é.ó'~- i~ .. -_p·~~:~·i~-~:;:·d~~~-;~_i~~-~~.:._.~~~-~~·:··~ una 

20,· 



. ~:~ i .. ' ~. . ' . ' . '. -. '.: 
distancia hC.ÚocéntrlCa: rh;- Dcbldo,·a ·la. pr~s-~·ncla· -tl~~Jpla~ma~:~~~n- una 
ve locldad ~~-¡: ~i~~;,·~-~·~~~·~,~~-1c·a·:<·· S~.·-~·~~~:~.ar¡ ~--··~~ :· ¡~~~~~·:::~~·~·:·.:.~~-~~~~·~~ Y,. el 

v l~~t~ '.~ :~:~·~!;~~~:~_:~~:;~~~;~:~~:·~-~·t.:-- ._l·~~~s·~:~J~h ·;-:, v0~'~·-i':~~:~~~:·;: .. 1;··~u~:~~~ié~·. · é~ta 
r roni:C.~a;_~·~e·'.:'.iü~'m;,.-;·J','ci·J~p~~·~a ,<.\!\~ ·. ·~~-gló~;-.-~~11~:~ t~d~ ~p~r~:,~~·¿·~": Y~:do~dc el 

pl~~ma ~ ·~_s',:·s~-~·~.~?-~ l~~:··~·~· _:d~.~O~~~~dii)i~ h~ftt~F~·~ ~~:;~·-;~~.-~~c':·.:1dc~ :.de ·Cómo 

~ ·_·e~-'.\·~;; ·r:~~·~~<;~-e-'.,;J~ ~~·~~-i 1 ó~ fri·~~·(; __ · e·~~;:¿ t\ i'\: í~~~~-~ i~=~/~i~~)~ ~'~-~º-_ .ª~~logia: 
·· .. ·· ;,.Iár)d~ '•X '/ ;.~ttl"¿i~X~I;)~.~~ c"i~·~i, u~:éi~nH~'J' ilc~~{ i:·~~tj.,~ºrnº~ 

º-~·s t.~cU.t~~ ·~ri? ~U:'; ~~m·fr§~~Y.- :'..P_-~Y~-~.~~· ~·~ '.-~ 1-~~-~-~d~~ ~:~:· ·~b~-~-!~:d:~,:---~.~~-,·.~cáv-l~a~; s l 

, : e(:~1a~~,i·~-:_fi',~ne:·juO:. ~-~~Po_-·~~c~~ti·~o:;~.~-L::~bS.tá~Uio,\.~~á~ ·~~~~:.e~~-~º,_~ 
.••• ·,,· .' • •• . .,~ •. '. ,- ¡;. .-.... .. " --,. ' , ... - - ••• "' .·, .- .•• --. ·-- --· - • ., ., j'' 

·,.· .cr~~_rá /§,~~ ~>~~ ~ñ~·~.~~6~,f~~~~~~ ~-~ i.~~~?~~:¿;_~;~?:~-:~~~:~~~~~ ~~C~~ ~~·l.~' ;-~S~~~ ~n~.:~~ .. r~B .1 ?n 

· : dO~d,~'_:~1 ~.~~~r~:~~.~~~~m~:6.f frí'a.sWó l~~?}bo~-~ i:~fa~·~~~'Y f ~~·~~-~ ~~~~.~,~)P?~'.:~·1 :-:~f.~ ü:.i~~~~:1 ~:;~~ 
-V ~,~~.t~'>,~§ ~·~r'.>c~~~·,:.:~~~t~· :k,t~:~~ .-~ és · ·~·~~~i'~~:;i~~/·::~~·\;f~~~~f ri ~::u'~·~ 'f '~~ri~.-~ -: ct~"- ··. 
ChOque-.:·a~·t'~~::'.·d~ :'.:lk .. ·~~~~~;.t6Sré~~~.~. ·~-1(' Cü~·t::;-~·~·~Jii~k~-~~gí6~·-. ~li~·~d-~·fgad~ .. , en: 

·-~~ ... ~·:'.·.· .-. -.··;-:- .. º':.;,'' .: .:1.:·~:··· ... ) .. '~·.;.~~~>- .. "•". ~, ... , .. :,, .. ~:::''_. 
la -·que·: eL· vlenLo) supersónico se~ vuelve subsónlco:.<La ;'dlstá.ncla'.:entre·~·e1' 

--'' ., ) .. ,' ·- ' -~.:~ ' : ··~: .". . . .- . ·:~·-:.: ... : -. ::;:~':~' .:~. -.. y::·.:. : ~:t~~~:-~.- ~,,~~;;::~; "';<;· -~'>.~· ., " 
f r,ente('de- é:hoque".:<Y· el =;obstáculO~:. asl -:como;·c,l.:."·tamafio· de.-~'la~:'magríe,tósfcra, -•~' 

--~··~,- ,,.,,. - '·, ,'~ ~··~. ,:•.·;_, ~).·": f 

. , ••. tán · dotcr,foiii~i!~~,·¡,:~r,.•1(;,\~l"~:·1~.~~,f~;:\i~~;~:1ü~Nr:i~4~~~~M~~%del:. 
•·· pla~~ta''(~o~·?~s~~c'~;,1{h ; camp~; · trans~r¿~;tado,' p~~' el c pl~;~.~ ;X' pe~' la 

cnérgla _·;e 1 né ti ·c~1:; de,· é.s ~e. ·:c~·ariciO~ :-'.'e( ;,· í tirl' Ló' .. ,·c~PUJ'h:~ 'nláS'::f U'é~~C ;\_.:~"i ··-pa;n·pa -, 

·.·~1;~!~[~~J~~~lt:~:;~~~:~1i~~[ · .. ~· 
::: ·~:::::~~~~~~t~~~t;f ~~~;~1~!};~~::::\ 
"he l lopausa" ·estará '.dc~crm~nad~.·~-~riiri_b.léri~:por:-~:uO ,·cqullltirlo·:·:dc; presl.~~~s ·· 



entonces la·, región.~. alrededor·· ,del SoL·-·:en dondC. la:. acllvidad Solar 
' ~ - ... , ~ ·~ .. ' - ·' 

domina. DcOt.rO --de', Csta · : "rc816ri·,· 'tas/ condlé:loñ.cs fislcas .. 

es l~bl_e·61~~~·:, .. :·, -~~cÚ~'.;~-a~~.'~<~ ~~~~bc-jf:-~~ª~-~:~~~;~~\;\ :·:i::i ~-! ~-~!~'- l~oy_.-:-c~-·:·di ~ ;· ~ 
mUChaS·;· :la~.~-{~-~~i~ri-tri:;(~ ~-~~, ·~~-~~~~-~{~-~-~-~~-~~ri}~~ \i~-· ~0~f i¿~¡~~~·;·~~: ~d~¿· ~-' ~~~· 
~~~~ · ~~~.-~~·~:-~~~-r -~·~=;;~/.~~) .:~~-;~:'.: ~~·~:~~~~-:~~:~·~t~~~ ;-:~xj;-~~:~;.~.1?~~t~:~~~::~-~~~~fü-.·~~ g'.;~·~~-·~-
ta·n 1-eJos-.:·-se·:._-cxpiiOd~ ;:-su· i~"fi~C-riéia"·h·~;;n /¡;;i·~ 'méfúo ::·_,int.'~·resl"~l~r:>..::·si.~·. · 

~-~~~~~~;:~- --:~·~:1~gJ~:~,-:.-.- ~-~;>~s'J~· ·:~~~P.i~~~?~~~-f~a·~·-:~:-~'ld~:;~-~~d~~~~;--~~~~·:,)~~~-~~~-:~~:~~~~-~: 
l~d l ~ec-ta?< PoE:-,..-:eJ~~~~-o /_):~-1~~-~~· ;{~~'O~-~;~,~~-~ ~m,~o-;;v;~L?m;,L;rc"~n·.~l;~o:s+,L.ad~··.~;.pl•\a:.:s\ó~.#.~s;tir:~.·:c_;l:_~ el~~.~ª.-+ 
Csrérica, sin .:'~mb~~·g~.~-:.: .. ~'~ ·,:~~-t.~~i~~--;i~Ü~-.- . _. 

cercanas, ;; • .;i{dont/ó ~u~ ·~ med.l~ ¡,;t~,.~¡cl~ .. ~~~;~uo_~~;~r~; .. :;r soy 
desde el ~c~-~-r-~::td~ -í,~t~)t~)a.~i_a'- ~o~----,-;~_~a .. ~~·~)?,q;_~~+r~~,~;;2~,;~,i-~~t-~'.:~:-~·> 
consid~raód~ qu~ __ c_~>_C i -. ~~i- .-:~·i ·.-q~~-:-_5~,---m~e·~c.~: --~~.~~~~~~~:'.'.,,9~:#-~s~,1:~e~~,m~c~·fc;' 
se· d L T {g~- ._hacl~ '-u~· >pu~l~ ·_.Cn l~e.°; í'Ds ·c~ns l~:l~'ci'.ó~~~'.'.~CÍ~·- L.Í'r~~/~:~-ÍÚ/~c;-~1i«;·~; 1;- '· 

a
0

rlc
1
J

6

án,n. do~.; de Ú~. ~~~lo clds~l~do :Jó0 ·~~~i.t:.i~~p'~,:. ·~:~•''.~~~;~~.1~6!i~ri·.•·~~ 
:,:~ ' • • i' 

º,:·~·.:~'"':..:· .. :~~"~·'·• '-~--.--:: ,-,, ~4;~;~; .<··~~-... ::·;,,, 

Al·•• ~·º"ºr.~;r~f ª":~ ..• 1 n:~rt~;~i~u~.~ J>·~~.:.~:~c· ~;\:'.~ ·~'.~r~·;~.i,·.~.Jir ~~~·· 
creeO º.··qu?~- 20 ¡ .Km/S .:<.(ve ~oc l_dad -:~Upe'rs~n!i::~ re la ttvcll.-- es >una·~: velocidad 

sur Lclent~.···. ·~..:frt¡·~~,~~r,·1.~:~ ii~~~r·r:~~·~~;s;~~Tu~~~]¡.};&?¡:f ~ ~&.rEf l~ 
Lnterestelar (plasma formado:, en:·,e1 ,orJgcn, dcL: unlverso-.;que, se; encuentra 

º" ·~l~·,,!1~i~lf~~~1~:~~3I~i~1~1~~i~fl~~~::;~r2t~.~.i.:v~:~~~ ..... . 
lnteres~elar·- .serla e:. empujar0 ~_a :: la. : hcl'lósfera )ºY ·crear:.<: unaYlarga-:.-;·cola ~T"O'":.=-:-~ 

i?!.\· . <~~;:y,·;~ '\:~'t > ~~;+{_;' ·-Í.}'_¡~'.()_'.Jt '->~-~;;{-~-~·'. :~¡_::t0~-:. ·t~;\~i~;:; :~~\f;\~\f(V::~)::.:'>';'.· >~:;~_- -_;. ·, 
magné ~-1~.á-~, en_"~~~ :~a lreccl6n >:Oel :·mov imlenta::;: de l;~.:r1ujo::;. ~Debtdo''. 'a:·.-. lo 

ante~io~ •. :-. no- ·-s.~,~~~-~~~-~~~'.·;·~.\~~-~~r-~.~ -~ ~~:tFi-!·~;~~~~f~r-:_-~-~*~~:: i·~::l~Ji~{~~i~;~- Sea :·- ~ 
slmélrlca con. re;;peclo 'a1 s~1.:;l!..: í1~1'~6;;'r~r~r~e .• ~;;;.~~};~}~)1é!(,;¡;i,;61~s 
mnyore~ en_ {~ -:_ d l~~Cc ~·~n_,~~d~py ~~~.'i~P~~r ~ ~~f~~ ~~:~_1(· '~f;, ~e;,~ 1:~1~r,~-o ·::·~~i~ __ s_~ l .1 

que en la- del.· ~pe_~ ;_(d·(;~.c~ió~·'d~'.l~ ~~~~-~{~·~t~]#;cú~~j._r ~'~(~i·'.~~~é'i~úé:«'.~·a~ 
lejos está ln ·hellop~Úsa _dcl.'_l~doJ~~1-_:.~·~~X.:··~~i"Í.~·~~-,:-S~';::~l_~-i~;;~'- ~L·~· d~be' 
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~peX es au~~~~~-~ ',ni.~~lc~i~~~;;·,.'. Pc .. r·J .. :.-~~ :-.. ~~ -.,~~ª~·~'fd~.-.-~u~<.P~~dd '.~~~·.·~~.·la.· 000 

UA, ~ ~·1 ~;de~:O-~ :d~:~u;¡·,:~:~~'x'l~/ct~··\~ ~fi~~ .::.L~·~ ·, ( ~~1~· 'f fg~ra':.:'ki .;:: __ -Para:~ ~:~n~'CCr 

más acCréa' ':l~;~.::: _· f ~.:.-;:;;:~i~~.~·-.~~~-~·i·-~:.i'.~_\-.(~·;;-¡·~.i! ~f ~:}~?:\~:~~'.~-~-~;~:j\~~\?.~ ~' ;~:~·~:bi;_~;." 1 a 

"d1 ~ i-~~~i~>~ ~·~-{ i~-~-it¿~~~~~,~~¿-~~ ~'l~~d'fá ~ q~{.i·:~S~~-~·a-ff~:~ {;~e:r~M.'~·~:-~,d~·L9·s: de 

las:. ~i~·1'~~C~'.?~~~a·~;~ i~~--.é~~ry~º -rf~'iU·~·n"- ~-,\~s; l'~¿.i~·~~~;··.:~'~/~Í~~;~' rCgl ón. 

- ~" ~----.- ~ :-~.-- ·¡:~~·<~~ -_ 
llelfopausa~ -. 

r ·:·~e• ~: -:.-::.~-- :.:i=-; 

'Medio Interestelar·-

_:~.~·. -:-. ':'.-\ -~·:_~'.'·-;··. --~>~~-~-,>:~:-'-":~~~ .. :·: .--->:·~;.~'-· ::'-.'·; :. ' 
Figura. 5~ -Esc1w:/~ia .'gc~1eral/<:Je .· Ja·-_·co1.1f ig~~ácló~. dc;),a ·1i~J 10sfera, 

tambléf{·-sC--mUeStrá---- ia.':·conr 1aUl-'iC16Ti::Ji/ úl. llCYiOJ;:1u-Sa·'.'Y' el>r.l:Cn--· 
te, de, ~J1'~qtje~.dc·{ p_l~~'f!!!- ifú·c·r~;;t~J~~~·c~~·'..,'eJ \ficOtO, ~oicir.:-'en·_ ·ex-

pansión~:.:·.-.. <;<:~:::,~·::·:-:., . :~ '._,,>;:.·~::~/·· .. <:'.:::- .:_;_'.:·-·:/-'-.< 
__ l. iPc~L:~rb~·¿¡~~,~~·-· qi:¡~'.~vibJan: ·~·~ cÍ ~mcd.1b· ~i~·l'e~P·1·~~C-Lri~Í~/· 

' ' -
Desde h~~¿e;·m~-~h~'S'.'afio'~~.se 'pensaba _qu~- e"1 m~'dl~ l~tei~·¡-~n~t~ri~ .de 

': : ·<:.: -. · .... ' .. :·.. ·. .-- ~' ' '" '.<·: < ... :··:.: . ; :;, ·-:.~· 
una man~~-a-. u.': _ot'.~a _o servia: .'co11_10 med-lo :~ransmlsor :·.de .. ~ cv~nlos'\ que 
gen~~~bary-·~1_·:-~~~cl ~a~~e:_ :fcn6me~os v·l~lcn~os e~· ·1~. ~~uper~i~~.~:·-.~6~~~; ·En 

los ... ifr l~~ro~·:"~ñO~:; de~. deSclrrollo d·e·_. la 'Léor_l-~ ~~b·~e. ,; 1~1i''l.á· -~·c;;1a~ 
ñabl~~ d~~~~r?X!a~:~ un~, co~lrovcrs~a -~e s.l en ~l ~/~~l~·: ~·~l;~~:-·sc'.·;~~dri~n 
gener-ar dioques dlsconllnuldades, conslderando ' que toda 

dlscontlnuldad se .caracteriza por un camblo br_usco- Cn la ~ensldad, y la 
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velocidad del""', vlcinclo ·:'solai-~ 6 ,,Varlacl6n 

protones. Esta·>controvcfs18·; ~e :;.y~s~i,vl~ 

.,:ia ~CmPcrii,~ur;;¡- de ·10S 

?i~ .-,01~scr~a.C1.6~ de. los 
• :·:; ' • '' •• • • ! - : ,'' •• "." •p:·· · ... , .. ·,- ; . -,· ,-·.· .. :·:·· : . ! •• :·'." • · •• :. ,, .,:,~ 

fl-~nt.e~ ~~:-~''.c~i:~q~~~··:·· ~~ .. ~: ~.1- · ~~~"i~·~.7:1_~~t~.~p~~¡1i~a.~i~.'.; ~u.f~:~~~ ·:_m,7~-c.1~.n~~~s.·~ 
Además[ •. l~sf ob~~·r;;;c:f,,~~~{~·f :\\-•~J:~i ~~;~#~t~~~f ~·,~~~~~.!~Í~s(0~~~~~ ron • 

. q.¡~- ~~~ -~n~~~·~~~-~~·~~~ ~pr~x.1.~a~.1~':1.; _el 1".'.l.en_~~.-.-~º~.~~:·: ª-~-~~.~---_c;:<?mo;~ un.· f,lµ~do· 

1sprc1.~cr .• ~t····~1 .. ;~t~~1jE~~r .. v'~t1;~!J~1~f:Q~J-,fü~1fa~:~~b¡E¡·rc~~dº~ 
pudiesen aplicarse para -comprender·. la .dinámica:, y :·estr:uclura ·del viento 

solarÓUn~·~l~:;t~cl~~ ~¡,l¡~~ff~.'~~iiuv(f~~~~n~~:~~~i~tifii~;~~~-~i;~q~i~~~···· 
Puede·. ·ve~· - en · ~recris'iarid:·:·:·[ 198~] ~.}·~'.¿~~~-~~~:~,~ü~-i~i4~. ~~kr~l:ffk ;\~~~i1~-: · d~·-, 

ch~quc;, ruc;•r~a 1 izad~ p~(. Kc,~hl1 ~~.~ª,UJ'~\i~"[;;~~-~'rJfi~,~s±f~H1 ~~,.;f 
- muestran que -la '.'liñtUralCzñ ~·de ;1,cis·: choqucs:i.esº} muy" ... -dcpcndlcnte.· de·:: los 

" -•-o -- - - , ·- :_,,, - -.;~o:..· -- ;.-;-e'-· ---~~"'.,-=- '··"·--·.O. ·~:~j~~i ·f~;~~:-.:7:~;;,~:.--:.''.~~{;'.~~- ~.<f~7 .. ;--.; . .;, •--__ ··----
parámetros·. ·d~ riujo.')d~1;.·~-i~~t~'.::s~t~~·~·;-i L~ cstructura·;.dcl ··choque d~p~nd'7. 

::::.:~:E~;iif j;j~~~f ~~~~ii~~~Y,~J:t~~~'.:: 
perturbaciones han"?: asociado., (:émlsloncS~:súbltas·<(dc: masa ;·solar qu~_ .. _ 

posterlc;rmeritc' ~e' p;;~ali~;:;§~y;_;!jg~~J~hi.~;;~1\~p~g~l~¡~~ ~~.'~~J~{ar; la.s 
'. '-. . . -;'~ -:. -... ' ,.,., ... ' 

::::::::T;(. std~~~F~~t~trt~~ti~~i~:~&t;.~~}~~~~~rJW~n"~t)2;r~.:~r 
_:__e~~~~~-~~~ ~~,~~~~~<?>~~~~}{l~.~ig_.:~;~~~.~~~i~j~~~-~.?~1!~~.~:~;~~~~~t~:~fJ~~ ~~-ª~:~-

recientes· mod018~1o~,~:S ,-:t.·i~ncri.~:.'url,0rdcs~rr~:)úQ~>mil8íie-tOh1ttr:Oé11náfníCo·::· Para 

dos .Y ¡res: .. ~:i~~~·~{bij.~~~: (~J~~,~~k( ~({·~_,r'.=;:Ti~·sn -J~t:il·~}~:~~d~~~:l>?~\~a¿·}'~.~ 

L 4 Orlgc~ d~ 1~~~~6(u!:.c;;~~}~:/t¡,cj¡)so:L. , ; 
1966) solar 
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proporcionadas por el ._Sky Lab maslrai-6n cSlrucluras do los 'haces de 

vlcnto .. solar· vlncU1ad~s a· ·11oyOS· éorOnales,· ·1~ C:Úal Úeg6· a rorlaleicer 
. · ... -,. - .. ''.· 

las . ideas 'Ya: 'cxi~tC1't·~s-:·ci'~ ·_qüc;.,._fq·s .. _.oi-JCC~~~-··. _de:·~:(~·~- :·lrCill.cs·· de· chOquo 

a 11 OeitdOS d~-~ .:· ~-i::"-·¿~~-~~ -i~~-~~;~·~:~6"a:/c·~~-¡;~á1;::_~-~:.-.:~~~-~~:~~~~~~:~, ~~:n'/.'·el :,:,>so 1 · 

(e I Rs ) ~~ ~1·~~:n :: ~~~~6-¡~.~~~ :~.:~_.(i'. f{ ~J.'~/;~e i:J.:-'~ i~h ~~ --?~~~' ~d~)~-p~~~~~~~{~~ ~~;~. dÓ 

- hoyos · cor:lf;ies"~ .¡.;~ 1a'~ií.t~~~;¡;\;k~~{Jfü~'J€'b~;J.€s~~~ri1i:1;i:,;~;;¿_cgl~'na~ 
· ¡U-fer~ñ.~íad~~~,:~;~~ -21~\~ :"·--~~:;.: .. .: , .-, ,, . .,~ .. .,·: :;~!~;:". · --·-, ~- ':_¡:,:_,~"..::'.:., ·-

. . . ·- ,, . -~- - ....... -··- . . ~ <!?~º .·t7· .. 1_~--.•,~.·.•-_· __ ·.·_._-·.---.~~~w·_ .. _r.~.:.-,~1;::.--1.l·.·.~h-· .. "·b.:_,_·.·.··-r.~.·~.---.º~.t .. ·º·t·,--.. ·
1

_''.~_-.d'::·.-.. ,·.:;aº_•._'._--__ l'.~.,:._··.·.-.·,:_,-.·_•_.
1

•r_ .• -ºª.·.d·•' .. 1~·.-•. ~·-'·_;;t.···,.·'-·
1

· ..• ·_--__ ··r1 __ -~.-9~f7,_,ª.~1-.'.·~_.,,·: __ -.ª .. · .. _.·_
5

··s~ ·'ª·._•.·;.! c.t_.-.º~·~. -.. ~~-~-~'r·1~~-~·~~;d;;-i·rii~l;1~~f:\J;¿!:'.¡{ · - .. " 
':;- : :· ~--: ·>~< .: . :<- ~ .. _-. : ~'-··:_:' ::. :-,'.. ~ 

197~; -;~V~{~~~,.~'"·'~; t: ~·' ;~,~-i ¡-, ;:-;~~ 1973. ('\ !úórl'dO·::Wi ~~-~f h~Y~~: :c:'.C6'~0n'~i~s-~t~efii0rles · 

:i:~~:1~{~~~~~f¡~,f i\~~lf 1¡¡¡~~1F~:;: 
emerge es -~.~~.t1;1:mC~t~,.':.1.o '.~~-~-.S.~/ cOO'?c~, ,~_omo,._~I~-'i.~~lun~~ausC~'.·':-J'J71 l ~ 

r !gura 6 .. ~:], ~jª;~~~<>tf omJ',{" t.f 'lc~~~~·i1:1i.ªé~pji;.~1:~;XÍ,f,f ~cif:.ºiar rá~Ído, 
aso~~~~~::_-:~~~. ::r,:.}~.~;~.:~{r~-:::!,~.~·~--~-~-.·: ¡_~-~: ~~:~'.~---~-~.: ~.~?;.~~?~;:-~;~.::_~:~~S-~·~,~:~·~.~ .. ~ 

-el -ca~pó_ geo~ng,":é~_Íso'.;r:~~·'di+.r~r.~tln~~~°p.~:rE:s,~~:tJ;~;¿';2~~va~:;·l~98.1 l: 
Las· perturbaciones .de~~gran :esCala~máS :_linp'ortanttis~~en'geL.vlento:.o:solar, y. 

la~· .más-er~6t; v~; ··~~Ja··~~r'tu.i~~l''~:;·.&~r,~l'.J.~~~t~~f~E; i~~\ ~~tr~<?n;es. 
de· on~a .c1e ~!'.º<Í~~:·~;tas,;J?.~i~t~~~.;g:~t~~.~~g;;~~.~;n.'é~;·~ r~.~~llado de.· in 

intC·r~~CiÓ·~¿~;-,~·n"t}~::'.'1~·"9 ~~~~~'~ _::.º~-~ :)~~~~ma· < rápl 'C:fo~_:p1asma ,,·más ··.lento 

~~lt1cÍ~~:-:~N~t~-;f~tt~~-~~~·~--~~~it'}i~~~a1~· ~~f~~i: .. ~~.~~;~-~~lón: 
'' --:; .. ; : ';.';. ,. ' 5.;:;~,:):"{" . -~~:.'_ .. '-.~'.~~':~:- "",:(, . •. '.~!~::,: ',,.-' ,,,. . 

en" las··que ·:la dcnsldad_:dcl_;'pl~sma;,.s_c.~v.e·· nolablcfl\cnte'.'..lncrcmcnta"da y qua 
"~"'. ::-"->; •\-'!' - ,_·,-'.-.-:?--'-·')::--.· " 

·~·~tu;~ .. mº~Jfj~~!lar';f,.~~~f~t,~{'-~Tu;0~":::m~~'tf·t"fª:rnt~r:J:•·•.~~·· p~~.t_1cu1ar, 
el' flujo .:dc,:.plasma:·rápldo>cml t;ldo: por,_·lin::hoyo i-.cofona lf.lnteractlla con· el 

. . , . ~ ,_ .. ') ,.:r_,,. ::;:;fy./;:;:l:P -5~'.·:C·: .. '- -.. --.-··- ~!f:;: ': ;-· ·-.-.' · ·"º· .. -.,. . ·.·>; 

~~.;:~-~ª·: :~·~ s ;~~~:." ~~~::·f-~;;·-~~r _··--~,~-f-~:~'·tT~S2~:::· r~-~:7~~~~.>-d.~ :,~ ~ t: c~n~~~~e le~ ·-. 1~~~º: -.. r~ ta , 

co~ ·e i}~~J.c,¡,~;~f '.~tl~i'',~?~1:td~~~~:l~~¡;dj:0~~jflª fb·.d~~; sc:'~~n?;nln~- cómo 
una reglón '.corrotante«dc'.;Interacclón:.(ClR) ~-~que ~;~';<¡:¡~·~,"fr-~~·~c· :d~ -:.Choque 

;'''·. '.~·;:,:; ;::! '- ' ·~~"'"' ... ' .. ,_,. . . ' . 
que. c~i~ot·ri:>~o~ Cl' ~~-~·: :·}JY~~:á"cp~~·l~'i'~·:~.'~~' inüeSl~-~ ·~ .. ~~U~~~~~~~-~~n~~ -.en. 

~;.; . - ' . .. . ' ' 7 "~: 



la figura ·· 6, El · paso.· .. de·· esla~ CIRs por.· la TI.erra. ocaSloria: - ·<·<. >:;.· " _ .. ·.~· '·<: :( .:'"'-..·>~ ·._ .... ...,.. :.;· 
pcrtufbaclo~·cs. gcomÍ:tgnélléas'.' recurr:cntcs cuando.· los.' hoyos· .coroÓa;les que 

las prÓ~uc~~¿ ~~~~~ii~~~--~~;a~Í.e va; ;a~,~~td~fon~~ s~l~rcii,·P~r~ exÍslen 
en: e 1 ·\~cd·.¡·6·¿·~{~f~~i~~:~-~~:i~· :~(~~ Ll po ···ci"e, {rcn tes·::dc: ·c·hoqUC~: · io·~-- rr-Cntcs 

~e ... _' ~1_1_~9~~~;·:;[;~,;,~:~ ~~;-~/·;· -~~:~§-~~·~~~~~ .-~ .;_~~~~~~~--~~~;!~.-~·_;};~ ;~{~~.~:~~·/ ~-~~~i~~~ i~~~~-. 
-· . .;.: 

el--Jpu~áS··:·'·de:·:·p.iasma'·· '.niá~-::;á·P"1do "dBSdc·,.-_.c;lci-La~;- ·r·egl~nc·~;~:'del~·:Sol~ : .. Los 

rf -~-~ ~~~~~~:~.º~~~~~~,~~~:~~:/; ;'k~ (;t~~~~;~~ _ º.~)~~~;·;-~,~~ i;~~~iL;·;-.:~~}~~ ~/~·~,: ~~~:~ ~ r ~,~J~n -
rri~·¡ a-~~-~~¿~;~:··"~·~·~-¡~~-~ ~J~r~::~~O~o\· ~-~---~u-~-s l,~~; ~;-~~·;·:iá .~:·f ·f·é~~~~~ 7 ~/~~"Lii-~ :.--ú ¡·-(fin as 

r:~~~-ó~ -~~~~ ~-ii~~~··~º~.~~~: ~ .. a.~;~sb~1.~~-~ ~~:\~,<m:::?F.~r·~~. 'ri~'.lu~~/~ · .. ::-:~: ;~::.:-!~~::;-.-~A:r:~_gª·~ 
so.l.ar~s·:'_( l~~!~~.~~u-~".:rlJ_ ,:·1_9?~J; .', ~_Ü:~ll~~/~~,1~.~~:;:-,-~:~.~)~t-~-~~~~~~ ~'~-~~~_fV~~~~l.~n~s. d? .. -~ 
lo~'. r re·n tes-·:·ac . ChOq~~~~· 10iC /p1 árÍ~ la;~~-s~~i1ábia-~~y~ ::~cf ~·s _p~~ i éí'oncS-.~t~Ór 1 cas 

dtr_enf~s.-~~: ~~:i~ .~ u~:~~-¡~~~~~:'~Pa··;kei)~~:~j=~~~~~ ~- ·p.ój; t~1 ~- ~~~~t.~ ... 1~·s -"o~~~~··:_.~~-. ~'.é~:·c,-que -
-~bS~r_~-a~as.:· ~:~,~~:~~d.~:~:·\1:~}~:~~~:~~~¡4d·i~P~~~~~f ~~~ Y~~·r- :·.~·~: CriOi-m~-,, ·pü1 ~~ ._.de 

prCs1ón'.cáÜ~~tj~ :'Por .. :.e.i:,·~;~ .. t~úldo :de:-:~Ía ..-:rár~·ga·,, i"a~··c.uá1es_' _'Se p~OpagitbaÍl 

a t~avé·s:,_:d~-/.t;,~rf~~:~~.~~;.d:~:~i.~-~~\~;,~~g-~·¿·t_(~'ó y{~~bí'C:r·t~~- .der" Yl~~-to- solar . 

. ".' ~ ~~[~·.:~·t·f~~~_/)."~~?.!·~~icfi.~(i~9~~r-h~a~~~ ·ya·;;menClon~do: i~ pOsl.bl.c - cmls.16n 

de lénguas él~: pl';.~,,;'1'.~;c~~~?ék;;;;¡, '~ebld~s .¡¡ eslall ldo de las ráfagas, 

que eStfrabD.'ñ·· Úl!;.!/úil~iíS··,·dC :~~~~P~ ",'.~'ágn~tlc~ cerradas de, esa reglón y 
'; -.. :~:. :: .. ._-,.~;:·:.:~ ,:.<' \ '. :;:::.~ 

que formari_a!'.· --~º.s ~ ! c::~oqucS al introducirse supersónicamente en el 

/ .......... -· • !.!~.~:· ..... ·· 

( 
•· .... ...... 

Figura 6: Dlagrama esquemátlco mostrando la estructura ccneral 

de una perturbaclón del tJpo ,llaz corroti!nte {CJR). 
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(Jv1ENTO soLAR 

Figura 7: Dlacr~ma es<¡uenrJ.tico mostrando la estructura general de 

- p'ertUrbaCión del t Ipo concha esférica desplazandose 
- - -

radJalmcTitC-=-11acJa- aiuera- del _Sol. >~.-~_,·-::_~-;-~~:~º,-·~:~<~--_ .. '::c .. --·,--~ 
Esta' '.¿~-~~i~~~~~~~-it~¡-Í:1'.~~d 

0

fue-~0;~:~o:t~~ior:~~te dcsarro1\ad'a 'Por. otro· 

clentlfl~os :-·,,·;~:··~:·~-1~~~~~~::·:--~~~~-~,~ :(~ciJ~·ri- y_: n~-~~~lm;~¡~-(~::_::~C ·fu'~-~~i~~~-~~ ~-\-~s 

::b::t;:rpifªf ~,1~T~ff;,~~~::~~~;ft1:~t;~;"Ifbriiª~S,f1cuf~::~r1:~t:: 
camp~ S~:)ia·n~~e~c·o~i-~_c·t~d-a·. -~~i- S~-.( Y,~·C~~~ad~s.-C.Ori~:ÍfiO. ·~1~fua~··-.'c p]~_;,n¡,úieJ , 

,~\1:1,.·: ;;.~!~~-' ··· - -·· .s~ ·· · ' ,;.~~ 

~::P:,::~et<:~t~!;{~};¡~~;i!(c~:{~t:•~1~:~~;¿:~;~~1~{~;;;;,t;~,,r::,;;1::~:: 
lnterplanetar1os' ,con«:·cC- .eslal Udo :.:de:·: uru1 · .ráfaga;;·~solar·'·, tUvo ". ser.las 

-. · ·. · ... -\ .' .. :~ · :t!: :.>~_\ :; ',:;~--f ~/~·;y:;.~;:~-'.~{~~~~ .,_ ·:.;'.~;''..:,\_)~~~':-· · ~:~ >'.':--:.:.\:;!.:·::;:_;;,~~<'-~_-';.;:};;:e-.:':'.:·~;:~~:;,.: __ ~~-::._~ · ~-:~ ~: 
d~-~,~~:~~-~-t~-~~s-.t~~~t;_~e;~~-'.-~.r;~t-.~:~p1~;.:~~\:.~~~~ -~º/-é~~-~~~~-~(~~:~-~~~~~~~~-ª_r-~~~-~qu~_s 
in terplan:;~,}~~~¡~~~~~~~!:~w~~~~~~~~F~4~:~;~~~~i:ri•,- ~Úf:•a•._•_Y _ .; 
númcro"«dc: ráfag-as·'.roB:l strndas.»slempre~· ha eXcedldo;}por .mucho;·t·al. número 

de _ ch~qu:~;·¡·~~1i'rl/~'.~~:;f;;~~'.~,i:Jg.:¡~f ~i,~;~~~~·¡~~~1i~f/i~:~· iZ~;~;~'- -h.~ 
~~~e~ º~~-ci-~: ~:· ~ .. ?:-~~~:-~ji:.~,~:~~;t:~~;~:/~;{i~r.~~~i-;;, ~;~~~~~~~r~~~?:~~~:~~;N~:~~f ~\~.~:~-~.~ ~-1 ~ 
después ~e las ráíagas··¡ más 'f:lntensas+r·: ... tus~;.obServac¿fnes'., de> la·. úl t.Ima 

dé_cada .· .. h~.~ ~-··.pu:~-~:~~ ~:;e~,~~-;~~~;~;;;~~.~~,~~-~~::,:,:~~~"~ t'.\~P~~-¿~~:;<~:~{:~~ .. ~-~:~;;;: ~n:_~-~rP.~~. ~ª~.í 60 .Y 



con los~. fr~ntc;~.:.<~c·-::.~~~q_uC ·~~(éi:-l~os ·.' l~tcrpl~nCtari?s ~~!1 ·- S~do_~ l~S 

protuberanCláS. eruptlyas >[JoSc'lyn '.Y Mclntosh; 1981 J, qUc .conslslc'n -'en 

l~ :._de.~Ú~·t·~~~~~l'ó'~ ._:;~;~-ñ-·ti~a :_~~ 1~~ 81~antc!'scaS · arC~~-as de/material 
-d~·~~~- .~¡~irifr~~.'~:~J~~d~~~~ ;·~·~i ~,~-~~-6sf~·r.á ~~ la· co~orlñ -·~¿¡-ar·,· ·si:n·:·ciñbtfrgO, 

. u~"-:~·~ ~~;~;lo '.:.~i~· ;~~~~·~~~~-1l,'.~a :-~,~~ -~"{~~t:¿;~· d(/ '~·;~~-~-/ o-~~~:\¡/··~~~!~~-~'.~~;j~nai .. 
(EH.el, ~.1~;-,idi_ci.;t~do ¿¡;~1':1o_solrir, m~~lró}~p~rc~~~~~(n~muy 
ya~-i_ab·i~---~~.~-~~~.a;::.~~º~~,': d~--~~m-érlos'. ·u.~ _-sm(:--d~ EMC. ·a'Soc-l·~a·as- -~e·~-~ : .. f~rá8~S. :·o -'' -, .. .;- " '-;-- ... , ,.,-.-;::y·.¡-
e~~'.---: Pr_ó-lüti-~c~~n¡;\hs/.~~-r~P\ ~·~~~ ~~: tw'~-nn-c~;·-~~~ úJfs~· 1·~~~ .M;{S:--.--;niint :.=· an611 sis-

dc tal la·d~s -:'. -d~- )ii'-'. 'c~~i~~l-óO :·:-ac' :~~b·o~<:~-é1~~~~ .-: dé. ". p-~~.~~:~~~ ~~~n~b ';,~e 
en·C~in t~ ~ri ~on :':ris~c; 1 ~d~~'; .: . '~~s· l'rfi ~~~-:. ~'~i~.:~-.~~~{ ··cj~:á)n ;~~:~·~.-:::¡~'"i~:~~:¿_ , ~~~~~-c·c;_n. 
verse «Í~te~~:~~e-'-CiUe.o:-oc_~~~;:-~:~~iif"~~~~~~---_:~~p·1~:~~vi:~~~p~;!iC'i~i~·~[j8-k~óñ ·y 

--- "~,,..,·~_,•"'"";:,"~ --~o;o--;.--:-'-:=' --"·"-"-:>·'~':_,'.;;- • .'.:.""'º~~·=--=~- ,..-;-,- -=-'""_,'.'.:.=,,_::::.'i;.~ó-,:'.· "'~'..,';-

1111dner, .· 197~·1.'.:. i'Est·~~~~.~~n~i.l~-~·: .. ~~·~·cc'~~-r,i"~.-~~~t¿':~:ií( a'd'~(tir., .q~·~::~ ~~~~~q~-~: ·\as 
. . ' . . . ' . ' " . ,·/~·:,;- ;-.\ 

EMC, .. Y ..... r~(:1~J:Y·~f . .fii·:~k:~fü·: 1.~~-~P}~"#~~i~f; és-téncia ·voces· 
asociados .Con _estos-~cvcnlós;:.0-solarcs ·:cxpioslvos,<·,1as :~~~~-~~:~ o >las 

·, ;-.:: .'I-.<~:· :~i!/.;":·' ·~ :~:~~'. :._.~'.~:'.·--~~::-.::)1,:~,~-'.-.~/:i~;~::(:f:":\ :.;1 :·)~/ .:·::,~{'~·;:-_\:~·;:;::. -:_:·.·::-.-'.' •• := ...... ,~, • __ 

. protubei:-~nclas . ei::upttvns ;~ho ~ pu_~dcn·;;.ccmsider_a_f'.'~~~d~ ~.nlhgU_n~ ;•·mal}_f:?r~ ·'.-.'?:º~º 
1a _c•~s¡· ~d~"~ .. fEMf irr:/~~r \~~¿~~¡;f'.0T'~~~~º''°dii í,b~' ~¡;~~:~. que 

forman· Ds6é1Bda·s~a -olfaS ~:~~-'.~~)~~~~·-· ·~~'5~·:.:-~:-F,~~:;o 1,'>~~- .)·¿ - -
.·.··::., ;. ;;::~ .':}'~J·~:' ''f.>" ,) 

Más i''e6ie~té~it~~;t'~"~~~l.11~ ,jfiíé~";·¡~~?·~ '~!~í;• :~:-º~;~~e Ión cn.trc •. 

• eyccc1e>~ •• :.~~ ~~.~~ :~°+rº~~.~.;I}~.'.~:r:~~~H~O,rii;~~.~J',)r);,?;~;.~~,~~~"'?'.~~· .• iuz. 
b t'anca ,,. cerca"" dc'l '~ es.:--de:~choque .. ~en ·-' cl-'.<_mcdio '.- interplane lar lo 

- -- ---=o:--o_-o-,,,_--,--~ --;o=----;--H,~-y:-'-~ ;.~2~~~~~~-~~-~:t~:,~c=-~~:::??;::'.i~~?j'.:-_'.t"·: ·>-::~~~--:;:-\-:-:-·'--·,T· -
(Sh~e !~~~~-" ~--~~-~- ~.i:~~\:. "' -: .. ~ d~~~.~·ª" ~~g-~~~~-..~.r:~.~'.-t~-~~n~~i:_~~-~:\J.ª~·- '. EM~. 
represC~ta·ri·J:~ri~"~:fci~-/;lt~~:~:i}~. ~1{}~.ík.~~:s;~~~'1li~-~~tf~'~Jt~'it-~s.:d~. ~~o~ue 
en --:=~·1 .: ~~:d ·1:~-0{:.i"r~kd~~.-l~rici:t:~-~t;·/.~"~¿-~~-,\r1: :~~~ia~~-;rd~·,'.'~l~~~~~,;k~c:.-,'.·~d: ,;-~~ 

bien a¿n, 'M'í~~~t~s'~~e:{~~i,~(~ '~i';'c 1l~'.ciri• lii~,rrnc"se}i1iin''·.ásoé:lado 
únléilmont·e 'bo·~ :riiraC~~< y;',.'d~'t l_:úf· dl<:J,nf.ri: -.Pr~L~iici·;,i~~-l~~·:(;i-~pÜv~·s, -·una 

rrac,cl~·~.- '~~-~,,.:··v~·(-~:~-i:L~~ ·:::~ºi::: ·~~;t n~:.::·sc<'h-~". 'P~dido. ·r~1·~c1a~~r eón algún 

evento ·:er:i \'~ .. s~,~-~~:~-;~l-~ ·~:~ -·~~\ twagne17·;, 'i9e~J .. ~videntcm-ent~; las EMC 
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deben generarse ·por __ dlfcrenlcS mecanlsmos., 1) . por· . alcún --proceso más 

fundanÍe~la'1·: ·: .q~~·)· ~rl·>-~da~¡-Oit~s· iip-roPlridiiS/" .' piJcdc. - .también:· disparar 
r4fagas.~~ cr~~·~i-~~~~-·;'.·~~~·:.-~-~~~t-~~~i;~~~i~~·:,¡~'.:-j.,- •<:'!/. :~:_\;,·, : 

~~ · -u~ :~~~~-~-1.~-~ · ~~ t~~A~-'.~de;.-§,ª~~~~'.·(a~~:'p;;r·~-~fb.ª'#:_1~·n~-~-~~-º--::1(r.~!1=~:~'~?a\~ ·, ~º­
e 1 Ylc~-lo .-.~~6ia~~\~:·r~'~fr'.~~d-~~ ·:~~ó~·-··e1tm6,ti;'t~ié(á¿;c~húh)~ii-;~J'~L~r~-í~~~-i.,_r·10: 

~---·:· ~->~::.~~-;~;~";-- :~~-:-;-----:-~,¡,, • .~, ~;5.: º-~·iil~f~~-.,;l_'~~~-~-~ ._':'·~.~. ' : :-:~ • >--f>- - ~•; •-•-r r-,;:_•,•_ • -:·•: 

C IPS) ·: duran~.c má~- de<; un·· af].o,~,HewlSh: y_:_Brnvc:>_-c.[ 19~6] · ~~dle,ron csLlíiiar:-_::1á 

rCs16n:,::dc 1-5~~ it~~~~'~-TS~~f~~·íi{~-~ ~J~~:-_ ~~{~;~_ ~c·r tJ~·glú:'i·-gh·~-~:'._ ~ -.\ ~~-~c;n t.·~?-~ºº 
--- ~>'.;'~'.'.~_;·~¡\~~~i-:-:~i~;:t~;~~·~~,:;,;: .. ~~>>. <' -- _,.,.c .. _-i:;;-.~:::-.-~-' -- - ·~,·:· ;_': . '·'-~-- - . -

que, ~-~~ -~ --~ º-=~º~ ~' \~;~; ~·~::.~~-~ '.:!:~d-~-,:~:'._r~g l-~·~ : -~~-~,,:_~~:_ª ~~· ~~~~ . r~_cn t-~"' .c,<?~.t~~ ~n · un-, 

::::L~~i.º~1J:~;E5h:?~~i~~L:f.ffi,::~irv:~;::~~:!:~;!:~,'~:'if!m:b~~::·· 
pod l ª_. ·~-~~o-~J~'i?-:~:~; r~¡~s''. ~t*i{~~:~~~ ~~~~·~~-;~~!e :~·r-~'~-~ --~:~:l~·i:~~~·i7~~xp·i~-~ i'v~~ : d~ 
v_~--~-0~~~;.§?ol~:~.~'.'.~-~~j,:~~~~·~º~:f ;_~~~~'~'~-~~~~;::~-~~.~-jfi~~·~!~~~:\~~:,~:«'" {~~-:~Tl~~~~a. -.~ É~~~ 
estudl6 .most~o: ~U'e,;' iei:s 1~·óf~S,_co~~Oa1és-~~ Ei~n-_ S~-i~~-cnie ía~ rUc'nl;~- de1 

~-l~s~·;t-';~~.·¡:;_:~;~~~:g~:.~:¿·~-~'r ::·~x~~::'.~·~·e ':.~!~~bi;~~·. s~·~;i,i"a~~-·~:';~ú~~--t:~¡ ! ~~l' -~~~s_mn: q~~ 
se erÍi-1 t.~·-.-~~tipú~~~Ü'rtt'.c ., d-u~rárii.~-~: 1-~~:_:,ú~~p~·~:-~ih:~'.·~~r(: il~·t.1.~ci.'.' ~Í~ ~ .. que·:·· 'i~-s 
convierte .en los únlco.;~~i .• ~~:~t~~ni~;ld;,~ deÍ: plasma •.~!~~ hacia el 
méd lo lntcrplon~lar'í~? >" c.; ;¡:. t:; \ '. :'.·/ :'; . 

~' ¿~ ·:-~~i~¿~1~:.-:·~~~~~¿:~flv~~:~~~~~i: 11~WfSh~ ~:,~ nrá~o .;-'(1986ºí~,;·1·r~V6°~' D la·-· 

concluS16i\;'de.:,~ü~--,~:~s .~p~~tu·r-6~c1~nc:~_~1:c gran esc~··;~· ... ·~ue vl:,;:n en el 

me~¡~ rn l;r~li~;~~~ ~JY&We:~.i~º:~~ .. 1:;~.~e· ~r,~d~5~,·~ ~;~,l~h~c.1ih~· :fon f. 

~ ·:~·r2:;st~ff [~!~~~~~~::1:~~~:::1·=~~-7~t~~rr~!'.f-fi~;~1~:~;~~: 
asOcÍild-oS(a1'. liUj~:.·~h:~p·t~ÍVo::de; U-~,,..hoYO";'~Oi-.On8'r:':q~C<~S,:·1l6~ii)·1~· .. ·'q~·~/éstos 

::_,- '.:.~.''" 

·c's.té~ :·~, v~-;d~ét~P~~~:~·t:~- :\:~}o~~h~o~:~-;-~-:~,'.~-~~r-~;-~~~~~\O~-:'.~~/ -:·,)_~;;, -~~:-.~~~-~,~·~:··._s610 · 

1 as · ~-á ~ª~-~~-: . ~~~~- .:: lii" .-:·d·¿~~;~aii:d io·~:·:bf ~s·~-~- /: ~~-i f· 1 Ía~~~ tri.f _,'. ~:~~,~~~ff ~~ó~:~ri~s 

pe~ 1r~~1~~~· : a-i\·~~~~-~~i·s~~~ . .-~~l·~~:~~~,l~ ~ qJ~'. <?~,~~~ \·~·,·:,p·~~~{~~·~:~~\'k~;:::':~~;~O ·. n~~ 
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lleva a tor~~.r_noS_·~~~ª- .n.u~~~:_:·~~a.87n cf?·:· l~~·-·11.oY~~ _-Co~oiHi~Cs_~n.~.el -:.s':ntldo 

de que ·c.1 ··. _i,1~j~>.~.~.~.;·:~-i¿~-~~·.;-:·:~~·~:~~~,<.~-~~j~·?·· ~~·~~·-.:.·~~·:·.·:-~\{~·$ :.,;_~ursé~ pue.de 

· ma~~.':'."7~s~. ~~t~b.~C<d~.ta~~~-c~·_'~n ~-P~~l·o_d~> ~a:.~gc>.~Y .'.·P·r~~:~h.1_r.-.'.un~·~ ~11(_0 tener 

,::~::::~~º:~::;H*~~~~::~.~~ó·~:0ri~~~:.-·~fü~~·:rª~~6j~;~~~~tJ"~¡~~(L~;_¡: .· · 
,év 1?~~º~-~ ;".~I~7~~1;'.;,'.~~_(q~~~ 10~-· '11a:r~f ;.~11o~H1·i~d§t?éº~·~~~-.;ráfa~as.. .· 
son· en ·-_i:cal~4<!-d·;~~~µsadoS: por. .. ·fl~Jos_. varfabl~-s :.dCf. pl!'isina ~,del-. v ieñto , · 

' -;;; •. 7 ~. -~- ,,,_ -.'--~-'--?_:, . .;,_;2.: 

--: ~o úff:~=n'~i"~h ¡;q-~~·:c-u~ 1~-~ii:.~'drfi·.fV~':~dé-··-i~S~--p~·rr11c~-~-t~~Jo'ra1'~~.-;·deó_d:~s.1dact:.·y,'. ~--~ 

so,l~~ . -~~-i~~"i~--~-[~·~.~:;. ~~~: ·~i~-~-~~ ¡e·:.-~-. do >-~t'{o~;i~~·- ;&~.~¿~,~-,~~··_:~/~~~ d~·~J;:l~;~~-~ l~·~·l"to 
~~~,~¡~--.:·~~~ ~;~~~-l·;ri1~~~ ~~~º-1~~.-~·r-L~~i.~~~~<:y:~:~·;~, ~·~~-~ -~}:-. ~:p;::~_: :~"~· 

Eri" 1991~: Brñ~o· -Y'. PÚCz-ém~iq~ez- er\c'~~l.·~ii~;C;~~~~-1~\·;~·l~"~lÓ~l;·g~pUc;iñ1-· 
. mu'y- ce'r·~:an~·:-,.~~t~~; i~~:· ~;.~cCio~·~~: ~~ ;'.~;~¡~:;.~~;~~~:,~-~'{:~~6:~,i~J~{~-~-~~ ·.-.-~ho~~e·s 

ln t:~rpl~O.el~~~º~ '.:o~scii~~~'i~ :1·:~d~\ ·~·~·%~·~·~Et¡·hs:;i:¡-~.;;~~---:-;i~;~~i:~;, c~/~~·ai~s.· ·::E~ lo 

rc~¿~rza la-~ asocl'~~-1~~-:··~~~-~-~·-~;~~;a ·.~~~"':_e~fri~:f~'~:~·:_-~-~·-"_I-~~; ~~~{~·~ :··~~·;»- ho-~os 
:~-rorla.ics ·y ~~;in~~:~~·~{~~~~~~-¡:~:~~¡.;:~J~.'~-~~{~·~ ~i~~·~T·i~~~:~-J~18~~--~~~-ib 0.·_· ·aLnq~-c; 

"ne··c~-sa·;i~m~~'·t~-' ·í~d1c~:~:~J~\1~~i¡Ji~:~~Ci~~-(~i·~ i·~·,;··~t--·~· ~~~-1 ~·h~q·u~ ~: qu~ la­

acO:nlpa~¿::.'h~;;~~ ':~_{_do .:·:~;:to-~\~~.i~q;·~ -:~~~' ~~~tjó:·. n~,·~·~_S\~º~ l:~ie :·:~~·~t'_l_ Ó ~a:·.:· ~~e 
sC. erliÚa~--l~s- .c~'n'l1d:~-d~s:·:~{~~· ~;~~d~·~,:.cú/~~~a''.·'qu~ ,~~ -~b~~r~a:n ~~,:un~._~_EMC. 

---_ c~-~o =- p·r~v~-~~~·~~-~~~_:_·~~~i~~;~:-i~~-!i~~i;i~~~~~f !!~,f-~2;~~t~~:~~1~~2~~dC_.: 
r1uy-c ·c~n_s.tnOtein~·ntC_.:\•Íc.~l~ s~_1É-r,~.~.l.a."~í~i.c[P~e.ta.~16·~-;é'd~da·~:(;~~-:;:_B~:av~-- ~-

Pó~ez-~rir iq~·~~- :-~~, ~-J~.' e ¿ .. :~l~~~~¿~?¡~-~~~;~~·~~~~~.'.#h·~\:;;_~,'j'~~~'.-.:~~~~~~~~~:~/ ~~-~:, ·: l~· :· 

::u::::~ . ::· :º~ :::::·~:?1\r'lí~x~r~(iy*;~;r":t:;~~::0,;;c;:t:'.,i~:::. 
lntc~P ln~e,.ta.~l~~-·-:y :_i·;~· ·f:t.lé>~ó~i~ ~:~?~-~·~-~-?7.16~~ºh'?·; -i~~cl¡ii~~~·_:~~: '_:,'i '.sen t fdo 

de que' ~~b~S- LiC'ncO,~ él -mts·mo~·.;rig~-,~·~· '. PCro-, l~S: EHc ¡ry:;·,.·~~;~". i~ " .. ~ªl.1~·a· de 
... - - :-,:. :· .:·-:: ;,<··:; '..'·" ;-/:>.:>··. ',, 

los choques. E~.· origen ·_cOmun .. dc_':iam?~S· r.Cnómc~~·s es, según· Bravc;> y 
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Pérez-Enrlquez,· ··el ·.-·surgim!Crlto.· -desde- abajo .de·, la - fotÓsfcra solar_ de 

ma.ter-üli- ·d~.· ~~~:0.rl~~~ :di~:Li~-~-¡~· :.~!·.·. c·~~i~~~,d~-<·~tl~· c~n· an·l~r lorldad;, Este 

~~r8lml~ó·E·~:; :.,~~,~·- ~:~;~. -~~)~._··¡~·~-ó :.'~·¿_, Ü~·::S·uci·~'ó ·norma·( _e~:: el, S~l pr~v~~a. 
·. _,._··\·:.: .. :·.-.:;; <.\::,:...·:.:y::~:·~:>·::_".:-':··:.:·;.":·:-· :·;_: __ . . :'· ,_. -rmiñ'ñ.óúCo";.,or~fBiOátmcnlc 

:: .. ~i~::n-~~~~~:;¡fi¿~:~f z~;'t11·~;:2¡¡)t:n ·~~~~:c~:~;ri;;\ •. ·~bran, 
p'i-oV'OcandO :; coi-i 1iel iO'·:dcl'~' 'éreCt:Os':'·d 1 re~-c~l~~·=: P~r.}url' :.:iadÓ~ < Úi ·'·11 bC17ac'úm 

d~ iá·:ma~a·/~-~t;r¡~~~ni~·~:{~.:·.cikfe-n'i'd~~- ;;ri~ úVr~glóri".d~{:· d~~~·º "'·;c·~r~~~ _ q~·e 
.~-,,- ,'!~ . .. 7;;"::cc;_' -

abr ló. -- Y:i~..,,~~~{~~~~.~:-: !:~·~~~ ~:r~~ ;;?[~~ ~~ipn\~/.~-~ i, ~-~-~:~~~~-~-·-~ij 1 :~ -1-1~~~ ·.::_có=r6~~·1 
adyac·cn·tl'. -,~l·.;(~~~~·;'.(~hf?.¡~·:·;::¿~~~~~~~,d~·~-·á_~··: ~-~-~~·ié·~ ~-~· ~· {~·~ '1 {ncnS·~· de··': ·CáITTp~ 
in~gné~~-~~ .. ,~~:6'1·~-n~~~~~Ct;'~~~,~·-¡·~·'fi.J.~i{E~;(·~:_;iJ{U:~~ ~~'Cr~¡;l~ ~i;~á·~~1-~-~~/:·~ la 

al teraC16n":'.'.rCPérliTOá:~-d~l-~a~~~~nctÍCi~~i~ :d~ =:·.'?f~~O >dC 1 :-:~-;len t¿~\;oicir en 

~~,~~: ~~-~¡;:~;;-: P;~~;~· ~ ~>~}~~.~.~~.~ ·.~,1a < r ?r;a,~.1~-,~ .:·.~"~-,~:.~.~~:~~?~~·~ d~.~,.: e~.?~-~~ .,· é¡uá 

propague .• 1 m~~fo .·in t~r~lan~larl?. c~,m~ l~~~h:t:•:.~Í~~h~';nuj~rl~~mc~tc 
Has'arl -y Vcnkatakrlshnnn·-:;:[1982]:: En··rcSumen-,··),cJ:.·-sufglmlcnto--de :malcrlal 

• - · ~-· · · ·' -··· · · - ' · .- '· · "· - ··,:,· ·' ·¡-~ :. ;,.,:.- ···>:•'•. , '.-:-•·-. ;:,(· ·:<·" 1 - , •• e e 

·rotoS~ór 1có.: dc':'Pol ~·r .. 1d~~j11 ¿~~~~t.:;; ~il ·,:·j;{/~~'.(:~~,~~~~·~ i~~~~}~íú~z.itdo '. at~i ·~~~ 
anle~~Or !'~~~· · ~~::.:;:··~ ~ ·?_~~~- .-e~:~:::O'~~¡;i;ó~ri~\piid·ú~~);}~il~;:~~P"t'ú;.a :_o:de <l Íncns 

of. lg lna lmcn te. -~~~·~·~·~·~~-;~; ·Y ~f b~ó~¡'. ~~o- ~ifi;~ ': =-;:{f~~;~tl J~S~~:~d·i~:~~U-ri~·º:- cañ l ldád 
';:, 1; :..:'·:::; ~ ;--.:;. ·,, ··: . ,(•J 

np~cclable '. ~?. mc'iSa-:.,~'?roi(~~: :.CEM~\~t:.ii'C;·ét10~i~-~~~~f9'?fCPti~.ú~~·: dcf.:'árCa 

transvers.11: dci~ "túbO::de.: iíujO:.~·-cieíú~~yó':::c·or:ci'n~i:::~dY~c·ent~í\~ésl'b. p~c;ducé 
'.,_.:-:.": .. ·,..:;:::·::..A\~·.,:~('.-~·~:,.:~~~;!:~:.:::~. ~jf1~·;<~_:1·"1:,,y.::·~:r~.:.. ~:~~?' ir:·~':·· ... :::.,:;:-~·· ,: ~:· .. :: -

un. cambio _y lo lento ~del~-· r~glmcn ·,de_:,flujciº'.del\.vlc_nt?:-sq_laf·'desde_~ el:' l)_oy9_·_ 
-º ~.~~.;.~."':-'=.0·-:-":0":~~ ;.~-~: ~'i.;;,~ .. ~::.::~i:'.:;:.~~~~'.f~-~-·;~~~ -~'~:.::=-'."~ .'-5:.:s :·::,~,:- · ~-·:.~-~~ ~~;.~.~..,~.·.-. 

Y ~~ª e~;~ª~~~~. ~~<,~~~/-~.n.~~'>.~~\;.;'?~.~.q~~-.' ~~.l~~.~.;.~~l~~-~?.~:::~.~~~~~:·· c~~~~':' .. 'cstá · 

ce.rea d~ una_-- r~g·L6~:--~;é·~i.~~ · º ' .. ü~ñ~· :·Pf6t~tié~a~6}.~:::::~~ta~::·~·e_·~-~~s~_S.~ab1'ilzan 

y. dan: l~ga .. r _ .. ~1 \~·ta·f·~,~·~~.:'.~~~·. -~~:~ ;,:~df~~*· .. ,~·; a ¡~, ·ciu·p~i~~ -d~'l rii~-m~.~.t~·. 
:1'· ' 
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de· "!ns . pcrlurb<iclonc's .. del vlcnlÓ 

~· 
Ya - sci ,: ha ~·~~·~~~º~.~:~~·> .~~~·: ,_~rl\:_ p~·~~m~.)~~'~.::~~-~~)¡x~-~:;;_~,~~~·~~-~~.·~-·~~a~ 

e1éctr_1~.ª · ~Omo ~~e.'~·· ~·¡~~t~\~·~1 ~-~_ka'~}~~fr~·]::~e~·::·~.~ ~¡·Ú~J~'.~-~j- J~~-~-~·)-~~g~éi1C.o 
::'.;· ... :~'.~~. :.; ' . :. : '. . ... 

q~e ·e~·.-,.~ l_,:·~ s~ . ~ii~~~~·n~·r.~:(:-°'~P.e.~:~~; d~~;;_~·a ·::·:~~·~m~~~.~~.~~~-:·--~~~.~, e~ le:_: plasma no 

puede:~: -~~-~hdóOttr.~: ~ i:-~~~m~O"::-de::· :~}l'~~iu·g~-~~i.~i~.~~-~~'iii~~ ~f.; t~-~~~~~\ ~~~#~~~· ~-~-~pta_~-

1~ -.; pr:~~~n.i;,0 ~~~-~;·_:c1~P~-s~:~Jc-=n~~:--:c·J:o_iñO~~~~·~iJ~~:: l~~:·~- c~~Rºs~-~'-~!BÍ_l;~tlcOS de 

a· 1 &ún~~ ·:_ ?~~;PÓ.~·.:~.d~ ·<~:~.1 s·t~~~·:·.~~ci~1~ ~::.~ E~ ~:P~f :t ~\~~) ~[ .- ) I~ .-·: T ~~'r·~:~- -'.~ p~~~~ 

c.anipo .'.. ~~~~¿~~'íc~ ~·:l.n t ~ ! ~~é:~-º, -·:·: g~ne-rp·d~ '~~ -:·s~ ~'-~-~ ~~~:·1~t(:-:·e_1:;_.~~a ~.":~~·-- ~~ ~!'1cr~. 
·~p~·OxÚnacÚ;nf ·Se:-: pli~de·~--ícP~~·sc~lar.: ~~~ó: ct1P~1a·~_:·y. c·üyo __ _'~j~·.··-·~~l~ -gn l~i:tl'.'~ 

crí ~c~b ;61~·-:-A~e~;~~i~~~ .. -i ~~¡; ~~·~~:·· ~~~p~,~ ~·~··:d¡ i ej;: .. de ~: ~~·ta~i:ó~·:::· ~ -~-
~~ ·~(,:~i~~:~o:::~·~?¡~~':_:.·~;J.t~~~·~:;;, ~:·. ~ ¡ · -~:~~p~:·:_.iaB.~;~l .l~~~~\ t;~;~es~~,~ 

é'xlerÍde~ l~::·p~r<~?d~>A~·-.·~~!f.1~~:-~~t~f"p_i~~~-~~r(~·,· :~.i~nd~::~é~d~ :"'..ez~:)n~.~. d~bl l 
pC'í-o :~~~Se~~ª~~,:;~ s~:·:-~·~·ñf 18Ur·~~·1an: ... ct,.1pof~-r~¡·:Pero. ~"i-.~~Y~n.tO; ~~i:~·~<r-·1.-~Ye: ~ 
é~f'.un~ .··pº1a~~~~ :,q·~~, ~·ríO~r~d;,1 ·t~~- :·~ri ~.~-u:~ Scni ;~:~mPó\i ~- aJ~hos :~ ~ i: :·.~~ ~:~sü'. 'ü'r la(iO-; a 1 

. ::;:~~=·1f lti~;·~~]tI~~~;;:j~Jj1J:L~~i:;frgJ1[~:~~tftf.~[~!1~EL~z. 
se •. <Í~nomi:~~ m:l;;, ~gfei~'"~ ·~ tc,ne(:e1 ¡~,;~.e~~· ~Ú~n~~~m".tá, c'J~,• un~ .. ·cola 

...... '?:X~t~[c-t:•·::~~~;~Ai:~~~~~&~~~~~ii~*sr~Ej~Jf:t~C~~c::: 
... ~,.-·.,·>;: ..• '.~::·::. :;· -:.,. }~.1~:, ·~·~'.:'" .. :~~,:;:.~~;~·,\-_ ..... ~·\f,;<' .· .· ·,. ', .. 

rrOntéra '.~el·_ campo)magnéllco·~ dc:(orlge·n:·- terresfrc _deja -~de: cxlsllr y el 
'--... · :-. · -/;·;<,: ';\<~''.- :·:->:-~~~:.-.. Vi~;;'f .. \t~{··::_~~~~:F;i · .. {;-:.-~'~::::. i~i~f ··~;~:-\: . ..:/~/: .. ·s.:.,;:_\.' :_; ·· , 

· ún'lco campo-exlstcnte .. es,;elJ.-transportado ·por ·el;.'Vlento solar.-
,;~.':.:< ·>~-~·~ ... -, .?:~,:::· ;·:·~:~;;'.~:,:· .ixi::6\--!:~>J:;"!~~~·.:;~ ?~+.:~, ~·:·.~?/:··, .:, .;/:::. · ;~.:>- · ·.: .;... -. 

La.' .vnrlabllldad ':'.del-"«.vlento ·.solar.,-. origina . algo , parecido 
~ :.::. ::::<~ ... _ .. < .. :.i:::<:<<~¡;..¡_:~~i/".:~,;~:::·» .. _::_;;:\/ .. ~~:·t~: :~:.~·::·": ,.1 '.'~-' • •• '.:}:·:· ... ·' '. ··:,::: ·:: : 

"tlempo'~.: o ·.!'el lma''..::1_JnlCrpl8.'netarlo" C:¡uc, Cst.á·.en':condlcloncs,, de ejercer 
;:·1 ·1"· ,·· .. ,; __ ,~· .,-_ .,,., .... 

Una ·g~~n:: ,l~_fl~~~C\~~/_,~O~f~-:::1,~A\~~~!~-e.~6~-~Cr~:·~'t~,r~.e~·lr·~·. Cu~ñdo .-el Sol .está 

ac ti·~~; . .:-~-~~: "·~~·~ it;'.1\¡~· ~~:f6h6~:~~~d~'!~:J~d ~ 0~·1 ~~~"~.e.e-~. Ó i ;y· :,_, ~~' .~OOsec~enc,1n 
tr.an~~i ~;~~.-:.-~~~~t~~·~~'61·~~~'.~.:-. hBC1~:.;.~Cl i"~;.~,~~:·:~"--~~~,~~P,~.i~~~~~.~o~;: ade~~s ·-~e 
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particulas y ondas eleclromaanéllca de alta cncraln que se pi:-opagan 

hacia afuera. interactuando en. ocasiones con la .magnetósfera terrcslrc. 
- .. ·.·· ... · . . . '- .... · ,. '.. .. ._- . .' .- .. ,- . . ··: ... :.:. ~ 

La -.Í:~LCí--áf::clÓn del -campo. maanétlco_ inlc:rpl~~cl,n~~-º y.- el. -~·a~pO 

geom~gnétÍ~~: ~~: P~c~:~: ~FP~.1l~·'.- s~·~.:·s_e.;·~~~·~;.~-~~r.~)~~:~:'.?~~ :·~·~~P··~~·~:~a~-n~llc~. 
~-nl_~~-~·~·~·n:~\~~i.~ Se~; (>uCd~:.·. r~Ciin~C la·~~;:-~on~,,~i:, ~ar;;po~;.e~om;B'~é L iCo :·: s·1.' e 1 

c!1~P~ .. -~_a8ry~~ t _i~~-;'..'~·~-~~J.~ t.á.~c.t·? -~.~ ~ ·_ :~ ~-~~C :~~:n~-~~~é~P.~i.~:~-~~{.f ~~~'JS:~f ;·:: ·~~ ~ .. ; :~r~_a 
de.· e~i.a · í--~c~ne~16n:· ~-o·: ~-~·.;~ a·úñ_ :.~· tñ~~'.~;Y_.,--~~ ·.:·'!1~·~.(Y~-~A~:: .e·~.~~d.iO_';·,:..: ~.1~ :'. Cmba'i.:g,;. 

·. ios .. •f t~~i1;·~~;.~9@1j~\~~.~~·.L~~~~~:'.~~~~~~MW¿!1~~. ~fü~";,"~· 'éo:n,,.10.• 

p~~-~m.7~}'"~~'~ d;~~~~--~-1~~}-~: .s~ l~r·; .~u:,s~.r~=~-:'."Q':',e~: l~~~-e~f .s.~~'~'~}~'::?-~ 7:_~~a :º:~.".-:~-~·~ 
. srhn¿e''·¡~~~~J;y~~-~~!ii. t1~i~~'~f~¡~i;;f;;?j ;;;i~~=~t~i~· ~t°; cl~~r~~ ·. 

to~~mc_ry.~:~ :~·~~~in~.&i:i.~~~~~:~::ii~;~', ··/"', :J:;¿ ;~;{J~;, .'3.t;¿<~~~~: · · 
,:E~t~·~,~~~:~A~~- '.~d~T.,.B:~TI~~~"· -.. · .. i,-~t.:~·': 'YE·et~ü:~·~~r~:;·~~.~~-~.:~n :~~~.~:~:)~~~~~ -~.:- i~s_. 

- .... , '".," , ·=-.;.-,:: ,·;:;:,.-;;-~ "L -· . 

·~~:s-r~;nJ8ri~~~,,;~i1~apar:e~~-~\!_detr'ás de-

ci1.;,: ¡,·;~i.•A.~i~1~3~~~;~~n'.~~·~~··~1~~~-.~··:s: ··;~;·,·.:\·r ... ·zi; .. . 

detoct:::i·~~:~~~~~J1~R1~:1Y¡~~~~~~~1~~~t i: f 0~~~:~!:r~1f~1f r0~~~b;:~:n·: ·.· 
se.pt1Cmbr~, "d'~~~;¡979;::rnf~~O\ ~~lf_íi~s~·~-~ .~:-r1J:pQ·~·t¿f'~~~~~iQüci:~~:J~s~·:'P~·r."t~·;·t;a'~t6n~~-

~~-~e? s~.d~~>f ~i;:ff~~~~~J~;~: ~~~-;·t~;}~Y~~;~/:~~¡~¿_k::-~~~~~-~:~~~~~l~~;:" ~ . ª 
" ·.•. • • • ~-,·~:::. :-~-::'~. ,''~-;~~~_'.\{~~; ~cr.··~-- -;.--o;,-;- ·-::';;,¡~ •S",--'• ~-~·-

r,~p.ld_aS c~~~h~,~/~?Y·~~~~-?,·~·~<'. .~~- -~·~.!~'.~~ i1~;.:i~~ ~·~::·-~ j.~~~~.-\~~~ ~ ·::~~~~,!~:·C4~¡~á ~~~,~ª .. l 
~~a·t'~ó ':':-deo::x i~~·zp~·~t·~"~,b~~<i;orl¿~/: r:~~°t're·ad~~-\~~ .. ~~~éJ i'~;~ri .:·: '~~·1a'l i ~-na-~<·: Cori 

,. '~ :~ .. ;:." -
1·nicl¿~ -, sób'ú-i~:::d·~: ... 'f?s ·;~~~; i~~-~:í6 \P't;rt~ri~c1·~~, 'ai::·tip~-~~-º . ~·~'Ce~~"~r~pú vo·s 

-Y-. e _: tfl ~ t iPof de~:~i~ií:~~!s~;;;ót~ePáh i'rl~~~ ~~ ~118~{~t~lils '°; -~~!lt·cii:<CsC l';~Só lo-:: 4 ~- -­
·chOqucS ·.a~~diD~6·s·:·~~.;é·~tos":-:-·l'~°i'~i~S='.'~o- :~e· .:1~·g~·arCi~l"'.'·"d~t.~:Ct~i!<~~-~·:10S · ~(lpas; 

·_;;· e~, ',f, . e ·:_;. de e~~~· í 'i~?. :%·~.·; t~?;t~f ~~g;·.~··, r.t:'t1~f":.° ·}'.~??jf c~~j~~~~:t~~l'f ~.h.~~ues ..• 
asociados ·a·'. _un.~,lnlclo .' sflbl lo.·.; eL:.lnpso ·~e:'._llempo .: Cd.t.):- entre,;·_la ~primer-, 

l.~~n ~·1r1 c_~~.~-~n::._~~-: l~-. :·~~.f: ~.~tb?'~~ 6~';·'.~~-. ~ ~:~~ mé~, ~o,~:lfl}~·r~~ ~!'·~.~-~-r i~:~: ??~-; ·m_~d 1 ~ 

d~ · rPs·:. ~: .. ~· ~1;~;:,~c6'1.~_t.rO·f:··~·~(/.~~~i,~~.~~.'. ~:¿~1,~~.'.'~: (~C\'.~~~·._ .. ~~~~~~~-n · é~· .. el 
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hislogram:i de la figura e. Del hislogrD.ma -se puede ver que muchas de 

las pÓrt~rbaclones ·~_··~~er6~; d~t·~:~t;id:s -~~~~·--. mtls·· d~·.-:·~n, ·dla "'de ~nllclpaciÓn 
a su. arr lbo·, a- ·l·~·. -Tlcrr-~;,:y·. a.i-guna~'_.:.de ::~l¡~~·:s·e \oc·~~~~~'.: ~-bs~·i-va1; hasta 

,. . . -·· 

por. cua.lro .<_.tla~_· __ -dUra~lc.'_s~ l~~n~~~o -a i? TÍc~ra: 

Figura B: En el hlstograma se muestra el porcentaje de 

pertutbaclones detectadas diferentes tiempo de 

ª~-~~cl_eac~~~----{.At} a su arribo a la Tierra, [De Bravo y 

Het.1ish; .1988-], 

De un monlloreo'.conslanlc del medio interplanetario, usando 
; ~'--.:·'º" ::-:·; · ... ' . ' 

red global de· ra~·io. t'eleSCo~l~~- pa~a cen-t~liei:,. Se~ Pú-~de' COnOc·er· mu¿ho 
' . : . ;-- . . . ' -.: : ' : . ..... . : - : : .. · . .". ·. ~· ·. ': .. : : . ::.; ... ·: .. ·: 

más acerca de_:-\as· ~·ar;Cter.istlcas relevantes .. de las p~rt~rb~cio~~~ \Ju"e 
-_ .-.,~.· ... :.-.-,_·,._ .. ~·1'::,::~·- ~--.',·-·_:, .. ·.~- :.,._ .. <: ·:--··-.',_:·.:.:-:-·: .·:.; 

viajan ·en. el medio: interplanetario. con dirección hacia:'. la ·Tierra·: con el 

fin de · dete.;~·in~r.:' la ·.'/is¡~a dci p~-~~e~~ ·q~e .e~ ::~i-·;-~~~:p¿,~~~-~~;;~: :·d::.:la 
, ,: .. ~ , " 

generación cte. laS tormentas ncOm.agnéllCas. 
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t. 6 Indices geomagnéllcos. 

Para :el estudiO_ slslemállco _de los - fcnQmei:ios _gcoin'agnótlcos se 

hlzo 

manera obJ~~-i~~;,"i~s. ~~-~ ¡~:~t>~~~ · é~>~ 1:::-~:~~·p/:~~~~~-~~~·'(f~:/~:,-~~::·Á~~-cih-~1ón 
I n,~,e~n~6-1~~~ k,: :-~~~e~: ~~:.~~~~~~-~.l.1~~~-:,.~y:_\' ~-e :~~~~'~:i~:-.~ f -~ ~q~~)_·::~:~;;'.i~~~-i~~ ::'.::_~~ ln·~-~ pn. i 
ª ~~-=: 1 ~c16~:;:·~n~~-rs'ad~ \~ ::~º ::\_ó~~i;:;·~-~~·~~d~~}·~p~f~~ , ~¿-~r f i'~~:-~-~~'.~:~~-d~:/L'~ -1 ~·-:.=:la~· 
lrid:1 c~S<'. ·g~~~~~~¿ ú'¿;;;~. ·,: \i~n' :~·'r-~'v·í·süi·~ :·_ d~· i'. :1~ci~:, ·_ ·t~di·~~~:r{:~cit~it~ri6U e~~:· se 

- ;·•, -·:''' '':.:¿.,<; 
Pü~de-~.-~~~. ;-~~ -/ch'D·P~á~-¡\~;_s~:::;·y-~~J ¿:{a~·r:t~ 1::;:'.-i9íio·:~~:cít·~rnós-~f ,:_~~T96-0i::j .. i "~ºin .. : : 
l967í ·e:- ce~· .-. ,. . ''.i·';~~ ¡-;;z3;·~,5 ;;' ·;.•;·· 

_ _ ~~~~t:~~*fo;~J~?~!~_~J·_:~.~W~~-~:~~~ -1911a;
1

i_'c--:·'· ~ff*~it:t~~ ~?~:·.,:~~;~:-_;:e·, 
. - l.~~ ·,.::._lndl_C~.s::· :~~~:s~-~~~~-C~~ ·-~ ;~~ µrll"/;,cnrQétcrlznr. ' ·1as 

::::::::0:~~~:i::1g~:::it:1::~·:::t~~~~.·~]~:~;:2~··'"''···· ,., 7f ~z;);::.· 
néi;~-~ l~_'f ~·~~·-~:~:·~~ ~-~.b~~~~~~n-};~.· ~:~-¡~-c~·,¡:~'~,~-:~:d~~~::;~f~tJ~~~~~{~~;~jf;~;~\'~ i~~~~l ~~ ~ n·s L:~~ 

-· :,.,·-,, .·-..!"~ ·, '. ·~-' . '. , ?':;i .¡·_; :..;- ' "' 

se_ . rC iáC-fory~ ··co-n ';1a::ac Úoj1dad~ d~·. t'c;~ínCñ.t'as'!8e6m:~~~~ét't~_~sJ~·'..'ei_é·1.rld'1C'e Kp ~ 
r:ePrc~~n ~á' ·_é-1 ·rú ;;e i-':-~~ -Pe·~ t'u'r_b:~~ 1-6~-~:P i li_h!'!·t.¡;f-10::·):.t~-~5:-nct ~C~s ~; ~~·;:. 'ob t 1 ene O 
de -~~S~r~~--i~;·¡~~--;, "~~~~¡~-166'.~, ;··d1'~-:~It>~Í-~·6·s <~1~e¡~t; .. , :.::~~~ ',.~;}~~:¡~~~~ 

·" .:" ' -: ' ' . º- --;-:.' )c:_':_'.=:,'·~;.'!.·.~;T,;'> .,,:;;I·¡~~ ?'.};~~;.+ .¡,1(ó:~{;;: ;·f:f~~;~';,~i}t·\.~t;· ;~·:. '"'-:;~_';'. -'', 
ec~~to~lale~: .. ~a'sto la,,:~-~~~?•'.' , 71f'.'' L~r o~~~r~:t~r~~s tecrestrcs 
empte~~ •. u~ststcma a~ r~~er·:~·º:1~:~e~;~¡!\;~~'.é~'.~;z~f F~ :~D'.c~_i. ~{ Lo 
coiÚÍJon~Ote~ 11 repr:esenta> la ·-co_mp9n~nte:~hor;izont.a1·_ .. d~l' ~;-~~~\~~~~~tlco 
tange~.~-e ~ ,i·~-: ~~~~riY~¡;;;~~\:~~~ ·:{;f ~~~-~q:~:(~'\;~;6.~~~J~~~f'~~:.'i·~~;~~:~~~~~-~~a la 

:~7I·~:~;~~i;~~~~i~ffe5d~~;~~~t~E1~*·2i~rt4tf il~;;1~~Ii11;~·.::m~~ · 
de re~ ~r:~!l-c la·_ ~~:X~-~=·~.la,.l~~.-ªc-~;-o'.,'.ts;~D:~.:::~::·' .. ·····_·,: __ .·.i_.t.:_;_._·.:_;::,_~yJ.·_;_)=} .• ~~.~~-•.~--~s~\.~c~~·D'!.~_:,·_·'.• ~"';.. ; : '',',, ·. . . .. .i·~zs:~)'. ~·· 

•.· ;¡.~t~·t(:~~J~ .nF ·r:·;,_:5·¡1~;1~:t~ .... ~~····;;~·~~í.•x:· 
. A .. l~~- 1nd -~~cs·~~;.p::' Y.~1~K¡,_·,:~¡;-.-~ f~S'~·dc~~'!l .. ln~~~~nd1.~~S~~d~~;:·r-~Oiio-:~-p~arictar10' , 

pués desc~lbenr:~as ~'_C'r~U-~~-~~(¿~~:~):lc'.:··,a·~~a~~;;;-., ~f~~~1.-;J, Ío_~;=~ i:n~_ices: ,AE .Y 

35. 



DsL cuantlflcan 'La· pcrlur::Lin-clón' y la .dlslpaclón: de cner81n- en '.reglones 

espccÍ.flc~~'. [s'a~-~Joti~~~·.~::~198~J\; ,: .. ·t·-_,_, ·:' · 

I nd·l~~s ,·:~·=·::~~~-! { ~-rid·l-~~·:_¡¿:.-~·~:·- -~Ü~~¡-~-¡~ga; ¡ ~~i-~~~ t·:r Í~~~~;~~·¡'~/.-:basadq en 
• • • --~- ' - .. . ~ ' -.J 

el ind t'é:ct~\j_"tY-~tto~I;:-~;í_-9/~-~-- ?~l·;'; O~-:~a1 ,;~'°~<. -~~ ·_-::;~-~-d~~c·· --~ "s~º·,· ba~a -. ~~ 
ob~·cr~~~~:~~~c-~-~·-;;;:~~·:·~,~'.t:~~ ~'óf~· c_StO.ct~ó~ -~-C~r~-~~-nL-~- · Las ~~~~~~-~-!~,~~~--

" ·.· ,.,, ,· .. ::.,;;-;' . '· . - ' .. 

rcglci~~-l~~;~'}'.:f_~~~~~V~~-~-?",,l.~?-~f~~~~ l~----~--:1~'~-l~ s~-~? _ · ~-~p~'c_l~s :. -_:~o~a~c,~; rara 

Conslrui·~·;:-~~í{~f-i~~ti¿~:-• q'~e .-.:~eprc~cnlc .. ~n-~a.clc~l·s·l.i~~~ - -~i--~-b~·i:~-~ de la 
,;;:,;;:. , __ 

pér-tii(;b.:icfc'.>0:_ ··s'Ct- 'lri~~n ~ns·.--·-c;,;~~r-.;;nCion~s·~-csta~dar--1 zñt1i-ls -tKñ.l - dci 12 

estaC';-~~~~--;~-~i~~~-~~~~:-'~n la zona subauroral y se promedian, de-· donde 
--7 ,-<~--- ··;,.' ,_,_- -.- . 

.-~bd~:~e-.U~·--·'1·~cÍÍce_~-p- dcl1~inl~ndo Indice pla;~~·~.n~.i'a> ~-1 -cUa1 -s~ _¿sPrcsa 

~on--m~-~- p;~Cl~-~~~;.q_~~ _i'--~ us~-~~~~~te ~,e cx~·~c~~ en· l~rcios ·d~-~--~n-;dad. --
In~focs.-.·A;- PaÍ-a cle~l~s n~~-lcncloncs -es ;nc~-~~~~lo :~~Lar °CO"n un 

lndlce·qUe ·sca .. directamente· proporcional a' loS .rangos mismos- en· vez de 
. . '.· . 

sus logaritmos ya que cxlsl~n dcsvenlaJas ob'-'.las al, to'!'~~; In:: mc~l~ 

arllmtÚic~" de los .. lnd.lces. 'basados en. una cScaln lonc:i-rl~~lcfl::.· Para 

rcmcdlar este Darlcls ( 195 l l propuSo el· indice "ak"; . .. "• 

convirtiendo· cada indice K a su rDn8o cqú-l~~-i=;;;~--~~-. · ~S-~ e·nqUeiú~a ·un· . 

lndl.cc dln-rl~ :Ak 'Píomc·drand~."·10~'. S va1or.Cs-.aK:'.de·-~~- 'dl~;- SlnulehdO 
'.. -~ - . ~ -:· .· . " ' . -:·., :· '. : ·;> . -'·_:_·:. :< -~.- -~-'.~~~- . "<; 

mismo pro.CCdlnllcnto;_sc -puede Uégar n:cnConlrar: cL_lndlc'e.Ap. 

prln:-l;:~~:·-1~·lt'A"~~:Li~::I~:d 1 1~:~Jf.m.:L:~~;~ciCr±~~'dJ~d~:;-
dcsa~rº l l~do~- P'.~-r~_ ~,CÍ-~r\~,~~-!~)~Ct'l~·~~'ió~· ~:de .. '.·)~ -- t~·~cn~·ldá~ ./~.C · .: _i.'~-~, ~OrrleÍÍL~ 

ar~Ú-la r·. ~r{lcLl~?'~\l~;;~,:~1~-,ill~ ~~~,-~:os_~_;' __ · .~C/usn: .. ._·pnro;1}.~.':~~ ~-ri~;')~> t.~~~-n:~-~~t,a<l . ~~ 
1 a .~drr·t~h ~·ri ·-:'ri~~1 í'~,.~-~-: i_'t·~'~:c· ~-~~-: ._ l~~·~ :? ~~,~,~¿~·~,:~e_, --.Í~~': :~}~~-~~~~Ph~:~:~os/.~ur~~ª i 
·Y CCl:lnl~r)~i-:·:··~'rú:·:.(~CftC.C\sC:·: basa· ·'en·· -~ngnelogra:mas -.-dC .. dS't~cl~-nes id¡; biiJn 

l.ati"t:~~ .~:-(~-~ --~~-~~Í;~f-~~i~~~J .. ;.~·~,:· l;~~~;-c~:~·i:~~:'_~~: ·1~~:·:·~~~,t;·~d,{~~t .~-~ Ds~, - se le 
' . -::_."" :.)'.(·-'.- .-.,"' ;;._".:""-:-. ;'.:.: _· ,_ :-: _; :·.. . ;'· · ...... ":: 

dcóolnl_n~_-,-,c~~~nm~n-l~. :i~d l<?~C:< d~ . ."torm_c_ntn · porque m~.n~lorc~ la.: intensidad 
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del-proceso de ·tormentas mannül1cas, .. 1a-.'rucrzn_del_ lmllc~ D~l ra~lcá en 

su l~~b~ 11~1~~'.'.:·~)a~.~'\¡~~.~C:,~~-~\~~~~-~-' ~?r- ·~ ~:~F~.~-;~'.!:'~~ -~.-~.~~~~~~~~--~" lo '-cual .. so 
,:,·, 

dehé ·. á ·-~~~ '.-j~_~:··~º.i:~~~~-~-~ -~~.P-~a(:'~~~-,~~- :¡~·~~mCíió ~~t~~>'~~.i · aSl · qu~_ ·no. hay 

Ól.ngl;na" pos'ibU: ÚI~~; d~'.:"q~e·"cCi:~~iridr~:C::·b~i.':~~~"i s~~,, p-~~c~·t·~-: del.~ crcchnlenlo 
, · :-~ /.::.: .. :i/i··.-:'.~-;'.._;::··:/ .. : .. ~r:}-::-.:·.,kY· _.,¡~~·t.--::'.:: :~:?)G:;,~>:<:~:.'.~'::": 'I :~ .. · .. .-/;;~·\: ·:':-: _,\:·;. · ~-~.-~ 

de_ :ii:i ~<_>.rrlcntc•:anula~~::;·Dcnlro''dc-·unr:margcn :de'. dosc horas,., el_: indico ~st. . 
:. " -:_::";,_: ·.<·>~):·: ;_,"_,-,. ··.:_ .. :, -~;,,;· ;.:.X:t.·: -;>_,_;·,:::-,,f._., , ·"";;._: <· , __ ,.~::., --"·~./"~; ·: ·. :,-·.- · . · :. , 

es ;cap;:li·:.dC:-_dcte~tar/·'cl :, suíglnllcnlo/Y -~~'..;'~!~lna~lón'.·de . .-~I~ .r.aS!c prlnclpal 

de -:~-tna-~:-:tor~cli"t~~:~g~·c1J~~~-él!i~~-j{:E~ió·h~~s·;~:li~~-1n_cfrc~ t~~-~ ··::~~ ~:~~~--- b~Cna 
_ de~~:~'.;l~~i!~~,~~{~ti~~t~:~\~~::}~~~~~~Á~~~~ki}~~~;~~~~dt:i~-~~- ;;ni{Cn<{lo!i(é?l~~ -en 

cu·aºiqu i·~'~ ;::~;~~-~~-~-t~6;~')~~,~~~~~~ :-~~- ',·:·;~·;:,~-~~\;d~' ~'.:ci·~p} ;;~~ -~~~~/--~-~~~-~
7

~~;- la 

pre_s~n~l·~·,:~·~+~ú-~~~i-;~~~-~~~-~~i;:g" ;_· 

·;·,.,, :--.. ·: .. · . 
i:Orrío~Ya.se:·.menclonó,: uno de los más grandes esfuerzos' he~hos para 

- . -": ·,._ :-j_ .,"·:·-_o: .... - -.. - . " 
ra.~trc_ar._p~r~~rbacloneS lle gran escala en el viento solar: y º~e algunQ 

manera· .. ' Íntéñ'lai-: .'-pro'nóstlcar tormentas gcomagnétlcas, se·.· rcaÚzÓ. en 
,:- ' - "-----" 

Crimbrldge, ·-.-:.~ngla~crra·. empleando un arreglo··· de ,._radl~ · ct.Íya·._apcrlUra 

Eic'Olnót;·¡~~"-~·~ -dC '3.6· heCló-rcas. b-1chO ~l-rc-810 -cic~1C·, Ía"-capD.c'tCJad ·du 

pod·~·r ·m6ntt~.~~~;.·.-··apr~X~·mñ~amcnl.c sáoo· fucnlé·~ es·l~·ia1~és .. de:- ·~adi_o d~ · J as 
':' : ::, .. ::._._,' ':· { .,. ·::. ·-.... . .: - .· ::;-::: :.· .. ' -:-_: :_:_::. ~. -·. ·.::. ~: 

cuales _:,900\'. prÓporclonan ·.una buena:· rcjllla-.::.de ,'.:ob!'>orvaclón. Las 

~~~t. .. 1e~,~~c·:-~~~·- -~·~79,('~,~ ~~-~~~~t'.~·;-,;!J~::~'.:f~~f:~;~~:·~~'..ii·~~c< :~ _ _.·~~:~~o. '.de l9s1, 

a lguno-~'.'·.dc·<':·i~s.>~~i,1~-~~~~:·;.:_~~·~~i~-~~·t¡~!~, '~bi~'~¡IJ~s-; éÍ-~ -:j~S· '~ob~~¡:.v~~i~nes se 

p~e~en' .,~·e r. :~-~·: ~~ ~~c-~_;·~}J ~~~{, -~}~,;~;,~{~ ) ~-~~,~ ',·: ,:·~i ?~~:r: ~ lle~ l sh --~ t ~l.· ( 1985 l 

e Hcwlsh: y Bravo·· l t?861.<1::i· --~·¡~~~ :;~'(¡mé~~ .. -dc:::'fu~-r;Lc~·-ob~crvddaS :en e"stos 

m~s~s hizo .-·poSlb.lc. :·\·~~~:;- -~:~~·~·'·;~~-~~~~'<·~-~~~~· · -~~-:.-· -~~~~-el~-e~ ·.de1 m'ectl~ 
lnterplanctarlo i:n.r~-.. c;.ad·~ -~~~-:~:-~--~~·\ poder: dlsllngulr las perturbaciones 
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ésle: Es iÍnP?.r_lanlc que los mapas de ccntcl leo 
-. '-~ 

obscrva~lonalcs ·:~o -~~~-.l~5Ée~e'~ ln"s'l~ri.tóflea'S-d~l cle~O, cada uno cubre 

211)10~~.~ -d~-~~~~-~~~;~·;;~-~ bñrr.1~,Íld~·~.'el. ~1eio-_de ÓCs~c :a_ Esl~.~ 

~i:'·a .-L~;:1~P~~~'l~~"~'ia:\¡~'-_ ~~d~~ --~rédc~lr lormcnlas .gcolÍlagnéllcas. 

~,:~n:. ~--~~~6~t:d~~n'n1 i.-t~·n ~;C- ·:nuestro conocl~lcnlo ~tcl ·~coplnml~;~lo 
•\ .. _,·,_'. .. _: .. _é·; .. · · .. 

· ~ cn.~-r~l:_-.L_ V:~~":~~ .. -:.~~(ri'~,;-·Y:.:la magncl?sfcra es la __ pÍ--cdl:cCión :c~ll~s~: ~f?l. 
~o-~Po~~~-mr~~~·<? _;.~_~L'~(l i~~·<? .. -:~tcl_ ~ampo - eeomagñél leo. Sln cmba.ra~~' · á-u.riquc 
----~-.~-~<~-;.°"·: .. ;":-:'.º'._-'-- ... -·'.-:~--'ce' - _ . _"'" _ -~- ·--, -.-"-.. =:e---?·;· ... --~-·_-:.-=,:_-,º 

c.st_c .f 1~ _.ha· sido, obJ~lo de un~ lnv~stlgaclón clenl lf lca_ l.ry_.~~':'~s_~ ·_clur~r~t~ 

más.:,. <:f~ ºt.rcs_ ,dé_c~dns, ·-_.la. predicción de la acllv ldad gcomagné~~-~n_ _f7S
0 
.Un 

p.ro~lcma, actua.~ _de_ lmporlancla_ práctica. 

Para ·crllcndcr_ -su -·Importancia' basta 

:,-..,-.;, ... ; ':·~ -._ .-.~: 

claslf lcar ~en las· siguientes catcgorlas - ~.Pñra ~p~~-.:d lscu61óó -~~:~-:._a,m·~l la . 
' ~- ';~·,.-: . .. ~ ... ·.,.: ~": :>.~:- .. ,'.'., .- '.';'.,- ';~{~:~, 

de ellas ver.·La'nzdroll1·,'" 1979): .' ,:~;·:-:? <::.::'·l- - " 

al coHi~'t:~s ~rid~~;da~:; 'f · ·"' ·~?; ~)f: ¡;~F '\ ' 
Las r l .;cl~~c!~~§s ~e).~ :~mpÍ>:sé6~;Bl'¡Ú~ófr~~~~l~''.'~d;:;¡~nlc;. "en 

cab.le~ .,-._Y 1 inCBS ·~'-dC.·,0:lll Lá' 'l~~~~~¿ii:~{Ei{t 10~~~~~· .:éf~~'fc,~··, ·,son· 

l~~-e·~~~pc_L,~~~-~ ;4~.,;·-p·ef~~-ó~6:; :ci~·;-(oF~~~:i;!~'[-(;I~~\j:.6 ·:· inal 

r11nc tona~ tri~t~ ·•·de .1;;~-~Lt'f~;~~ ~i~cth~¡jJ~S: iÉ~·· 
-:-tens16ñ-,;=-1~~~pfo:~~~~s~~~-~~~;áik~f.i;{~J~fy~~~~~:h~~~Jir-i~~t:~-~~d-1:~i~6t~s-~ 

:::::::::nP.f t~~~ák:iA~t;~[;;~~dI~~:·~~~ii,;~4f :f ~~;:a~i;a;::::~end: 
cOns~~~u'~n lci·~~n l~-~(.u~~--~\;~ tc:\·dbi:/i ~': ·p·~ l-~~-~\-~: ·~u~;~, ·~:~ ·;:,~~~;: '~~:~~ ~~''.:.~<s t-~': 

'~'.·--,.;:·~~·.:--.·-~"·Tf~. 'Y,._.._ .. :.,':··-.'~;-<:- .:>·'.,.:'·:·-·J,,·,·', _, ... -,_,.· '. -.->- .. _ ,._. 
nCC~Sl tan ,~-artaS'·chqrás ·para .. reB:resa~i-, e'l'.; Lrañsrorma'dor:~.a sCrvlclo "sl .,._,. ... ,-,,,., ....... ,-..... , __ .. _, ... · .. '.,':· .. ,-.-·-- .... -.. , 

h.ly ':un" dafi~:i:~~./~-~~:'.': !;:Í - _'1 ~--;>~-~ t_·c;· : cc.~.l~Óm ·1ef~· ·ci:-i'.(.c'~'lc ~-:s~~c LOr :-· hs . muy era
0

ndc 

'·:: _._.. -·. ':·' . '\ '. :.· . 
como rcr'tcJil el hcch0-dc'quc 'en EEUU se gilSlá'forl'-22 mlllo-ncs de dolares 
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1989 por pérdida· de _tranSformadorcs;· _ycr ,la~~a 11. 

b) DcrlVa dé salélilca. 
~ ." .· "• -/: : .. >>- < :<~"-~'" 

La _ prcClpl t_aclón, de ; parl,1.i;:ul~s-¿' y-~ la ~C~_era~-~~rl ~:,de: :.cc:>r.r:ien~es 

ionosf~_r 1~~:3 --~~~ci~~~~~:,f~n-~ -:~ ¡~~{;~~J~~j-~-~~~~~B~~~~~~~~i ~\~~--:·~ ~-~i ~~n ~~,~ i~ 
atmósfera·_ ~upCrÍor 'ncul~a · h~·c·1~~d~f:_"q~·~;:¿·5f"&'·_sc-~-~-~pñ·ri~~ •. :;·L~··:·deri~1dad del 

a 1 re.a al ti tude"s~~~ltaj~s m~l'~;~~x·~M~@PdJ~~ i;~_e~ti~ h~~ tl en "." 

Orden :_de magnl fUd, ._·o'caSl~riand~. ,JOh\dCri~i( P'o[-·j·°ilcé.iÓh ·'ad-1,ciofia'l <~Cr1a:. 

l.a dcr~ va -de·· lOS--Sálél"Í i.cs~j~;; :-j~t~-~-~iLC~Ó-~~~pir~._,,7\0diiS::-iUS:{fan~~~~~~- q-~c 
" . . . . ·. - . "·': : · .... - , - ·-- ;'- ·-·F .... - ··."· 

deben predecir·.· los-. Üe~Po·s d'd .-V'id~ :_·o~b·i t~i~~- ·d~L-i~~:·:~-S~lÓÚ t~~-: -'_"Ad~~á~; 
"";J.,_-:.~- ;·,_.o;,, ;-:'.;O-"' ~-,._,' ~ 

!a __ pé ~~-~~-·~·- ~~-~.~~'_~~:L~-~~-~~;~~~ .:-~~~·~-~l~~?:~~-(~!f~ !>:~§~·~~fil~~,~~,~ !~~-~~{i,~~:~,i~-~~!_'!n~~-:~~-. 
p~r · ei c~-ñL s~~·:g~s t:~}Oi1'·.;m~,~~~~~ ~-s1CJO:~_~'ú ¡-~-~-~~:-~ii~i~J~.f~~:~~-.~.'.~~~:! {i6:9_~·:;{; .: 

,.~- ~ 

aslronEacu: tca
0

s;:veJnt7· •. :c,:t;i.v
08

i:dfa~d~P .... ª~.~~x~;tér~aJvje;1:15¡l~c .• url~a\rr::e}s
1

;¡~0.~ •• ~e;~n:;.'~tJ~.~f: .·•·é lnc:~yerido 
. _ .. _. ia-;,·::fOOÓ~~í-cra_:_;y .1a 

::,'..'::-: . ."<<:'.: !· c':-f ,.,-.·-· .•. , .. , ,, 

a _tm6sf_era·:: s_lJper tOr. ~~p-~~~?~-~tf~~·~~l{~~~~~Í-~-~~~'.~~i~- . ~~-~~~·~i:'.~,~:~~- :\~~(~~~en tes 
p~r.c.i~.n~~ ~-·si~ :._: ~~ l~~ :~--:~t;J'~-t.O~';(;~ Afl-lé'~--- .~::c¡-~"-:·.--q'UC ""--:i~j;; · -~b}~\:,~~-'. ·: ~-~:'~: ·~º~-~argcn 
espont.ánea~cnt{ ~~c~e~·1·~u~{'i~.;~t~i~:·~que'\'~an r;,,;¡¡~·· l.•i gene-ración . de 
~elia ~e~ ~i;~·éo"!~~~~-~ ~.'.~'.~~~~~-~~-~·-,;-.~~~--~~~~--;~~~·~9·~ ~-~f m~p~.h te~·~,> ~e·.;-: los _- sub~ 1 S ~emas 
e1e~tr.6ñl~-~s. "< L~ . .-.:P~~~ba·~{i"~'d~~-:~:d_~.:{'qi:J~';\~-.,·~~~VC~¡:~:~ carg~C a-~mcllta- ·Cuando 

·_ - -se ;--1~b~~~c'h·~-~~li~i/~'c·t·Í,J·(~:~J:~8~~~~iin~-iL:a·;~:~~-Al~~~oS:~i~a-(ói l Lcs-' Úsiiñ --el 
A <, • • < • • • ' ' - '-' ' ' / - - _:' ·: •" - :· • • • - " :~ 

C-amp0·-ge_~~~·8-n.-~t"_~c~~:~~-:-~~: ;_Ti~·~'r~' ~~i--a ~anlcner ~_-S .. U: ~r:lC1ltaci6rl. csPá'clrÚ. 

De -aq.üi ·la·· ,irnpa·rt~~clil :~~ pr~~cnt~- a sus ~péra~or~2\>.ohr,~ ·i;~,~->t:~-~~en·l~ 
: '· ·--·: ' 

gcomagnétlcn para pcrmlllrlcs 'lnhlblr los slStcmas'.':de:.::_·;6rú:.io"1--·,y 

utlliza·r c~hetes para mantener la orlcntaclÓn d~:l-· s·a~~~¡L~~->:·~i~;~táS' 
• ,'. • - ; .. ~: i '. ::. 

falsas pueden provocar que se agote el combust~_blc. del: -~~~~l~_lc 

prematuramente. 

d) Comunicaciones por rndio y radares. 
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Asoclndns con ln prcclpltnclón de parllculas que producen la 

parllcul~~-•. l~~ -~{~tcmaS :d~>\¡f~ r_z:ecu~~c-~a '(!1F .-de_ 3' _-a·--~o ·:Mi;zl. que 

opernn' a -e~~~~ l·1·~-~~~·:;··:~~·}:~-:_'·~::~~;~, sufr lr : una ; : ~- ~~;~~ l~~~·-· -d.C. · l<i · ñ1áx lma 

frecuenc¡·~·- 'u·~~·~ ~e~~-¡~~:~~~ ~e.i_·~~-~~:-'.·.~~t.> ~J-~~~~~·:.: ·e~-~~~~-a- ~:~b-ria :'._:·~-~r~-~·~1 ' c'i~6·a . ~ 
?~~_r·;:;r~~~~:~~~~~~·~~~~~~:~~;- ~~,r.~an _;~a-pa·s, '.E ~-)~Íl~sr~r1c.~.s- -~~po_rádicns·--quc 
~ª f e-é-t~-n-:. í.a ~P!-?~i~c~f~~)ú:~_':~ ·(~~-f ~--¡;~~~~~i 6~'.:~'.d~- ~:s ~;-~ ~~~rid~~')~'-'_:- ~~-~~; s iscl~~a-~ 

·:¿__ 

'Lr- C;JO: ·a .-·?go_ -~i)i~(~~~;VL~--'.:.C.? .:~'.·~ó·---~-~-Z>::qü.c -~p~r~~ .·:n·---¡~·,s ."t~81~.~~s .:P~.1.ar~~ 
~ -.~:ª tiró'~·ª-¡~-;:~~XP~~ _L~-~~\X~\- ~~-€~é~~~;~-~ . f.~~~:-:~ ~o; _--f~da-.~e-~:~ V!i~. ~·_( :í:~~~~::-3~ol1h~ ~ 

~~:._0!f,:-~<?_?P~~-i:~·:~j~~~h-~:L-~:~~~~~-:~.Z.~~~;/~~!:~.r,~1:~·~~~~~~~-~-~tfirf~'.~~~;~:~~~-'.tii~da_·~+ón 
;·· r·~,~~~~:;J¿~:/~.~~ti~~~<~·i_;:t:.:~~·-,~J~:·~'· :_'.·~:~~~\;~ . i~~,~,.-~ü~'-1-:~~;,'~~-~v~~ª'. •errores de 

scfinl~~i~¡.t~'ir~~J1;~&é;Y: (r~1~~j1J8r.},-~óC;, il1,t}mó':,,~ i&~ ~Í~~c~a~ de 
cóníUni~aCión ·~:ta\·~~:t~í·~.tcc:.y~if~::, W1F~: ',;;;z·~·~1~i~si~~-:~:·s1ú::. :c·3~~'¡;_':,~-30 '-GhZJ qué 

• : '. •:. ;_ ·', .; · .,- :':." -.:,.: ·.·, · .· · :·";:., ; -.: , ,-_ ...• :_,;r·'" . "-·~ ·_,, ,o.-,A::.:. ·' ,-~·~~~-- · :·1~·_{;,, __ ,·'. ~: .•. ;.,: ;_ ,~·,:; • · ·:-" 

operan- a~. través'·de ~Ja:: lonósL~ra ·: pc~t~~'~ada?~,~-~~den :.,sufr~t~; un.-f incrementó 

en· ·1a·: ra·s·~:>e in,~r~nié'h'la' '\ ·~:.'ia¡;;pi-ÚÜci ~d-~'.~-~~'hl"~ii~b~-:- :;i.~::· :~};;.;;_::-~ 
~-~~-)- '.i~_.~;;Sp~~~~¡~-~~_i_.&~: ~/~.-~t.),_t_:_"y .~_;~~-·Á·:l[~'.~~;}~:"'~·-.-:~;,.~'.-~ ' ~:_:-·.;:~;~ ... ·:.: 

_ '• e ~ •\i(•,: • :·~ :,{~'.,,'' -,_·::'::~:.:( ;; 
.. \,; ~(-__ ''"':· -.-_.,/!~. ' .. ~~!:.-i~::<~·l ,.,,,. '.·':;/_ .. ,,, ~' ' ... ~~ .. -. .-~ .. ,, .. -.~ ... , '." 

Para .. ·Ja,·busqueda ··de -:pctrólco;·,;'mlnerales o:·,anál lsls: arqueológicos, 
,, . · :· · . ·: :r.~.:. .. -;,,:·:t..:- <J{\·:<.::k::;1.>·::'.rf J·;J_;~.;~v~; ;~-~~t\·.~:.:.:gr·.~~ \(;1~:· --~ ;:.st.\-:-- ·: :;.::: <·';\::· · -~ .;-:.: - · 

los geoflslcós ·} ~tl)lzan·(_:! m':'pcos}. gcom<!gnétlcos::.,.._dC;?l ;;:tcr~r~no;'::: .. 10·,_-. cunl 

º-b~i~~:~p~~;~~-~~~~~:~~¡,~~a~~fj;~:~~~~~~u~~9Ji~~~~A~-¿~;~~~~g~~i~~~~~~-~:~:¿~.~-~'.l:·~-~~~~~ 
p·~rtUr~·a:ci~~? -ror.>.;ciú-0, ~-lado, 'p~~ii';~ :e1 :·:·:métOdo·<:nfagn~L:;)tCiúr1~0. so'n 

•.', .. ~ .. , .... , ,.-..-f~~ ... ;'.~~~3·'~:~:f:f:.:;' -:;:¡~_:;_-:_- /·::~'.1'; 1:_: >>":>.-'(;~: .. --~=~'.?"·:,.:\e:.-:·,;_-'~{/_-,.:·-:· .. ·. __ . , 
deseables.~ .. :~~~::{~~~·!f?.~~, ~ ~~.{~ t~:::.~::ª. ·,·~ g:.~~,ag~-~--~ 1 c.~ ~ .. ~-ª;;'.~~e(.' ·~.~,t~ -~~:é Lodo. se 

bása :·!;?n i~·~,p~~~ -~ª-~~,~_nc.~1~-~~~t~~~::'_'. ?~.~ '"ca'!1~º; g~pf!la_g~.~l~c?:~ a. fr:~cu_~~Cla~ 
níeiior'c~S ~·;IJ\. ~)r:.~ ~~~~:; ~c-~P'í_o·i:~·~.·;- 1~ re~l-St1v1'~iac(·:-~16'é.lri-c~ ... ,·p~·~ru.~d~ · e~ 

s 1t1~~ ~~'~ii;;-{tí'~~SP~ L~·S·;:: Sóndcos. m Lriern l óglcos ,~~:~ 1 ~·~::~~ .· l:':~~r~~~~-lón 
remo fo -~~~~~~·:l¿r;~-~~~~~g~·1'·¿-~::~~-1~l:~_· ~~-~·1 ~~·S -~C~~·¡O~a';~ e~~:~~-r·~~ .· :d"~·\'.~Osl~lón, 
t~S ·~~-~l~~~'.{:.~~~-:}~}:-~:~Ú>:,~~: 19~9 cnusáro.n pé~~ Ldas; mayores a los SS 

,, ,· '.':' :; ,·.:.:-:>·-._-. 
millones ·de ·dolares. 

40 



f') ApOyo cicnliflco. 
' , 

ilay muchas áreas de' lnvestlgaé:ióÍl. clcnllflca ·en las ,que serla de 
;:-·· -··¡ ...... ··.:'•·,·: ·- :-

a_ra:i u~(1.~~:~~-- -~ª: ~·rctú'~c16-~: d-~-J~·r·m~:T!-~-~~r/itc~~~-~-~é·li.c'a~_'.'Y ·que :~an dCSd-c 

estudios . .-. e~.Of1s-i~~~;:.'_:·.~:~~ l'é'1l te~;- ·.: bÍ.01o~·"ia,' -'etc .. ·;·. -.A .~~~t.inuclcl6n 
pla~-~e~ri~:~o~/~-~:.'.~;~l·~i;.;¿~·~~~\;~~y~-~-~·Ji;; ·¡¿:~')~ 

__ , ,:·-· - -:. :-':;:::":-"~ --- 'é:' }_}-.. ::_ '..' .'~::...::;;_~ - '"-'-' .~ ~ 

·_· Exls-ten~::. mul t_l tudf de- ·~-."~~-~PDñ~S,:,.:::·d~~:7}~YCslf8.iC1~n~~-- é1cnur lea, que 

.íri~'t~y~~\:~-~~:~-~r.~tri~~~~~~~ib~~ili~~~~~~~"~:~~~{~~ri~~~~t~~hi~-º·--~~~":~{obOS~\;/sO~d-a'-s 
at~o,sfé~lé~p,; pe;c~pcl6n remo~•' po~,;~~t'fütcº ~' oll~¿~~~~fona~ terrestres 
y·. ~u~ ·. t,í~~-~~:'"i~p~~~-~~-~!.-~~~~:~'._:~ .. s:~~-:f~.r~~·:·~.:in-~~~:-~~-r~-r~~~-<'c.o-~O .·: ~ie~~:e_._.:que-. hay 
t~rmcn~:· •• ~"?n>;,;~6~1.t; ... ~~.:~:~;[;~:;;Ü• ~~l.l'.'.~?~~ ·,aurornl .. 1~umcnln'. ln 
pre.dlcC'i60-.dC~ _·ci·ia"s 'P~~ffi1\i/i?:::~b~:~~'Yaéf6~es··cxl~osas ·de ·e~te tú'º· 

·~·'· ',,--·_. .: " .. < <:, .. '.· _-"'~ 
uáY 'ú~fc.·;¿~;~n::~~:ltf1iñC\a-~_:'dC': -qu~ -~ambios·· en'~ el cllmpo ·.Ccomágnéllco 

afc-~-~~~--~~1/ :'.i~'~i ~'.~~-l~~i~~-:~~~i_~~-ló~~Co~:- (~~·¿~d.~,~~~0~~~~1~:)} HHHlamsOri 

~ª.ü.f~a~::.~~:!.~~:~J .. ~f~~~H~t.~;;;~};:!:~.?.~,: ·-· ~~c_to.~; >: i 9x) _;: · ~ t r~~1i~ i~~/·- ~:~~2b 1 ~::_: __ .En 

pa·r .. i\c~-i-~r·,::z:.~-~~d'..'~.t~~~J{~~fiU·~~~ .J9~11C.?~i~-~ ·.,· m18i-ri t~f iás··-.:·qu~ ':·: ~~ar~·nt~~~~ t~ 
i:¡ ú' l= 1 ~~~ .·~'{'.;~1-;n·~~::';~~~~t~~ótli:-o'°_;p11~~i'.~"~-~-;:ü~~~g~·-~-i-~~-i.á~~~'.~:·e-¿ ::~\:.-· 6á·~~ -'. dci -1 a 

m~r ~;ó~~}·'~~t-~f ~-~J'.~if;~ .. th;~~j:~:~;~· ;~!.¡~~~~,~~~··;.·~~~-~6"1'·~~::~.~~-~~j.~~~~-,'. · ~, ii·¡c y~;¿~·m6: _se ' 

ve~ ~:; 1 a ~"Si~,é~·'.:·:·~'i~~~~~~Pí~~:~:;¿¡~ J)-~~~-A·(~~ {·:=:~:~t~ l~~.; .. ; J~~· ~f ~~~~-j\t·~" ;':t·~-;m~·~ ta~ 
.' -. se_~.n.a8'n~~·¡¡;~~ ~~~~;·~}{fi:i~-;4;,qí.~hO,~;t;~i~\\cl~i;~"~iÚo;~i~.f4'~-cJ;:f~c;~ne~, 

pi-C~iS-~~.-~--:/pf~d'ía~I~Ti~s·::~C~ílO~~~bt~~::~ dé~:1a. BC't·1;;i'cltith:8.e«~~a¡JñÓtlca. ~~.un 

icnguaJJ'_;;~¡~:~~;r ~:j·;.~:~~::~~~~:~.i~·~ti.~~:~~~~efc~.'.=~·ºs.~;¡~;:~~'.\{ ~ :.~·~ " ~~g;_~.:·~ ~/-·:·~: ~:.~ 
Éi1{.~atitif:1f¡~:~·~-:(;r~~i!',f ~b~(r;~f;fci~p~;d~·.)~·j~~.,d~ 1,., iri<lustr1a ,, 

los:· Eo Eo.U. U,-·._y ,:.su~ - pérdidas:. ecori6mlcas~:¡parD. ·~el.~;, af\O ;,:~~-= 1989; Es · 

nccesa:i~' 'Jj~~ ~;~1~ri~&~ 'lb~ <~;+::~~~~tf~d1~~t ~:¡1~",~';1~ tÍ~üd~Vi ~~'n lo~ 
más ai:~CládO~:'.~'i~~9~-J~+í"-rf~~:t~~~.Lu·~··;~~~-mririnó_tj'~~~~~:p:~~~'.:~·~ ~ ·~l:LO's;·:·¡~~li t~dcs 
sC man1r1eSt'arl ".(SUs·:~creéh:is· :Con: ·ma·Yor;,'.1nlCn:S1Cfo.'d,'::;'Lu~gC(··ent·otlceS el 

pro~6s t leo'.~~ -~~:~,~-~·:'.~~:·i:~~:~~.~~·;~~~~;~:i·~ 1mpo~-~·~nlc,, ~.~r/_nl_ú~t\ll_~. 1-ñzorics~ 
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Para ayudar a dar un poco más de lnformnclón sobre ,la dinámica de 

lntcracclón. énlrc la ·actlvldad solar y .. los fenómenos gcomagnétlcos se 
- - - -· ' 

haCc neCesar1C(1;ú\-·Con~larltC·' ~~Íl .. l LÓ-~~o -d~Í ·med_lo'>lnt~fplanclarlo el cual 

P~~d~-- h~-~~,_~,_~~-pi~~:ñd~~ l~ -~LÓ~~~r~~-- ~~-~::~~nt~·ií~-¡, ln.l'érPÚÍÍ1eÚ1r10 e IPSl 

el c~~/:-_~~~~-1~;~~~:::~~:~~--~~~~~·a{:~eJ~~ú~::·'~e ;~~-nl_~~ cslclar;es de radio y 

or}C·r-arid~-, SiSi~~á"ti~á~e-nt~:;: eit"_: 'if~rerc-rlt~s ú>Urilo·s ~e.e -glóbo - tcrráqucio 

prOporéiOÍi~-~~- ~~-á·s·:~~~f~rfn·~-~~¿~~ -~~k~~b~--·~c ~las~ car·a'cteriSllcas -·relevantes 

~~- · 10~ "ch~~~cs ·:> -~~<·;;lac-16;, _':on :· l~~ ~~-rmentas 'gcom~gnóllcas. 
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· ustlAnrós · D~L'si~f~H/;' DE Á(~n~~··ÓE 'ron~~~TAS GEOH/\GNETICAS 
(t~-:aSada ~en .el: lmpaclo.' en,-la.·scguridad,~0y_.,~co_~om1a :a· nivel :.naclÓnal) 

. '~-:·; .~··\JbdJ~;i:X ' -.,;< \_:\::'úsuARiQ';' '·'~J~ ~-;~~~fJ':~~:>~,~~16~~ 

··~~~~1:1S~f~f 6~m~:.·/.(niº:~.~· .. ;~ª:l~:.".-~.rrr:.~~p~:º·.·~.~ ... · •. ·~.~r····:··.: .. ~·;·,•.·.·,• ... ¿~ ~6:1,: .. :~--. ·=.~· ~~~:~~~cid~~~~,_: 
,~~·.-: ·.·::·.~·.'.·.:\ Pa~lflc Ga;'~ .-c-!)i .';1~o·n-cs··cn'.·19s9_;·:: 
~,·]:.~~#,:±'· J~;;;¿~: Nuclca~ Regulalory <-··:: .,::\:~-~~~i;~-::·i~~'-

·.-~\-':}~~~~: ~ ~--~';·-~-~ ' '-~, :-.·-~º~~~-~'.~~i~~t::,.~::·!~; .:,~~- .'éc;·.~ ·-~' -~ -;~'. •. )L~'.~·, ~ -~~:~~-~- '' 
::.Z~----~--.; --'"~1"- __ HihnCtiolEi~~Powcr.:-? - ~~ .;~-·- -----'·-'"- :;:. · · .; .. : ·· -· ·; ,.,._,,. · · ,,, · 

SEGÚRIDAD,NAéloNAL-. ~NAVY ' . - -;:'=~;(tYt-(~~-~~;w~a~:1~~'i-·;-=· 
·~,.- . ·: .-,,: -::;_::-:':'. :'.-: :, ~ · .. : ~-- '. \ ~~. A1r· FOrCc ·. 
' O~ERACION SATEL!TES NAG 

1999·_ ($5.0-mlll_orlcs) 

. : P~~~6·s~i~~1~l:~'~t:~ 

COMUNICACIONES 

NAVEGAC!ON 

GE American Comm 
Conlel 
Comsal 
GTE Space ne l 
ATS.T Snlcllllc Comtn 
JPL-Hagellan 
Inlclsal 
DOW Joncs 
NASA/GSFC Comm 
llughes Spacccraf l 
AT&T Long Line 

pnrn Cvllar·:'ralsá.s­
atcñcioilcs: d.e ~in:.:----_ 
ccndios 

DOE Office Energy Emergcncy 
UPS-Airllnc Convn 
Nacional Rall Passengcr Seguridad en lrenes 
Uniled Alrllncs e indicador_. de fa-
Depl of ·Interior llas (costo indcfi-
Acronaulical Radio nido) 

Coasl Guard (LORAN) 
FAA 

.NAG. 

Hala coordinación 
de LORAN (costo des­
conocido) 

RADIACION NASA Tf-i(>uia-Cfóff-cxpuesla 
RECIBIDA FAA a radiación (costos 

DOD desconocidos) 
HINEROLOGIA Tclco Oil Ficld Scrvice·Errorcs_de. posición 

Gcologlcal Survcy en 1989'con un cos-
USGS to de· $2. 5 millones. 

SOPORTE CIEllT!FICO HIT 
Slanford _ Research _ lnst. 
Sony Corp. 
Poker Flal·_ Programa de ·cohetes 
NASA-Shuttle.payloads splrll.· $50 millones 
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CAPITULO II 
CENTEL_LEO INTERPLANETARIO 

2.1 CcnlelleO· Lntcrplanelarlo (IPS) de fucnles de radio 

._CslclarCS. 
; .... - '. . - - . _- ·- -~ - _: - .: - :_' 

~~ª-' d~ :,}~s- -~pr_l!lc_L_pa~cs- herram~_er:ttas: .. ·quc _ _'se e~plcan_ p~r:n __ m~peai:- y 

rastrear· ·zOOaS ·:-dC:~~~~~~;~~:ScD_l~:; eO ':iÜ ·i•hent?~~:-SOi~r-. co·n-deOSldlldeS ·'iñay<>íCs 

o. menores i¡u~·.1;~~<dens1.~~~~,~~~1:~ :~i~.;~l~smif í~forl'ial1elarlo, es· el 
mét~~r ·. ~~:~~°:;~!!Hi;~·~:f~t.·r~JM~~;;~º]Ú'.f3!.·{*~~tf;r~~~·~:si·.d~.:. ~ª?1º 
pro~~~-1 ~~.~-~:~}~~-~ _: ~-~-~:~ ~t~.~-~~-~.~}7--:~~~-:~;; -~~~-:~-~:;_ ::~~~~:=.~f -~-~:.~f/.~:-~_~:~·+.~-~~ -:~:~~ :·'..-~t~~,~=~º · 
El. r~n6~~.no ~~-~~l~:'i~~ ¡i~~~0~}-ª":~;.r{~u~Í{d~;;~E:~~o:w.1.i~· ~fi~s 
~es~nfn~.~· _··:(l~C~.i:~h~~:1~.~(~}:{.~ ~/;~· • 1964 ):.:;Y .. oi:lsln.?lmente :-'·'..se.;. empleó' para 

_de te rml~.~~. ~ii't~~;~" '~~)¿~nle~;~~ w~l ~;~~-¿~ l~r~~;:;;~;-~i,¡\~~'tici '.~ci'lucfio. 
Más :; tn'~d? ·, ,' ~.1{~~.~ ~.~·i,_1·~~;--~~-~p~C.z~. ::~ ~ -:_-~Ú·~-~-~~:e.:_t~ e·nf.:::e·~·:;_ ~:#t~u~ ~-?f:~d~;;~~:s ~ r\1c tP.r,~s ' 
de~ >.,~-1~~ ~~·-. ~~~}'~~~,\~_-o -~~:~~~e·fi_~ :··:e,~~-ª i~ ;:(l_ú~_~Js~-t;~~ -t~·~2:~."~rt~~i 9~:~\:;:. ·-~~-~.~~--~~~~ :· 
1969;- uó~-Íshf; · s~~~~s/\~¿'9f~ :~s-i'n·:~%~hii~? -~-~Vt~;~~¡:-~t~~~XiM;i~~i-;~1~n~s 

de l •.. cen l~l!f~ :de;; r+tes .¡pdl ~~dua'¡:~~·;#,\·~. H(~i{i~fi~,\~;~~'-y -~~ 1 ~~~an ; 
{1963] ·descubrieron una relacl6n dc",bstaS;·conz.las;,corr.lcntcs· de vle1\Lo· 

de5:5°cfaa:l:ar_.q!.uP10
1~0v~~1··a.dJ:a:n:t_:e:nI_í•'~1:_:v:l{e··~nlt··~o~.f.;to:l:a"rrd.f ~~; .. :_~1rtt.'t~~!;••;~;~ 

"'"-'',' ; ' "- , ;<· !'\'.:'· .';~ 
-.~. ,:.~--.<- ·> ·:, .: ·-·._-~ . ..'. .-:.:< .... '.e\\"~; ,.o;t-;;\·'°, js;f.c;}2 -r~:;,ei:~rF1·'e~!-;r¡·~.=~~~-~_-;:i:a~~-~: .. _Í __ 1'1;· a-,.:sr, '.:: v' 'a·r".1· a'c· ·1·0, ·n··.· s 
E_~·-: .. -~iº.,~:~~i~~-:;'~~~_°:-~i~e:·ª-~~~~~-1tl:' .. %~t', 1,, < 

1
· ~'- ,~'.-., · 

osctlantes·:en .· la"-lnlensldad .:dc,l:la·._señal rcglslrada qúc proviene dé'. una··, 
!'.· ¡-- ;-,.·. ':'..\~:'\~~'--~ ¡~-.~~"'"''' :;~,~-- ., .. ,t -~~~·-;. .;;;.;¡ 

r~ent~.-~~, ~~~i~ ~~ttM~:if:~~r.t,~i~.~~f}~~;Q'~i~~f:~·s~~~~\;~~ ~J .. f1.?L.~~ac~l6n · 
'co~:-_ ... Cl :_:fí>'1~:~·~~-; · lnlerplanctnr:to;·/ Cfl;:>'.su:~:ctrnye~torla·.: hacia:·.: la, <Tierra. 

R~~adhe~~ : ~ ~;~~,~--~ · ~~ :~-~:~?:~Y-~,~-~~~-~-r~;;~~~c~·~:7,~t ~~~ ~~l{~~~~~i;;: -~Y~~~~n.\~ ';.~rl~~ · ·~u.~.n _t7· 
eslc lar: de'., i-a'd10)~S i·ri~~/~~~·~-~~~::·~.f~~~~;~·Í,~~~·(~:'..S~·-/f~~~~:~·~~~ '<,r>; ':_esto 



.. . 
·- ... . ... ··-

donde s··es - el ccnl~ii-~"o--~.:-la~ -;~r-1:~~~-~~-~s ~~~l ÍºG-ri(~~- ·rin _ l~·;_ l~-l~n~ld.ud 

de 'i_a· s~~a1<~~?}~-~f~~~~:-~~-~~-~-~-rP'.~\~~~·-;_~c;:.~~~ /~?~~~>~~;~~_di~ ~?~~-~-i:a~·;: ~-1 
cc_n le 1 ieO :-_·s'~ ~-d~ be:.·.-~~ i"n'c i Pa 1-~~rli~- ·'a·1-:·rc1l6~~~~-~~de'.· d l ~;p~~~~' ión:.· d~ : --i -ª~ ·. ~ri~as 

-:.:.: -_,- :~~~-.- -, ::~~~ ::_:-~.~~t_:_:¿:-:;-~~~:- -~?'.~~j~ ~ ~~--~-~:; ::fc;~.--.;::'.~;~f;;.C:~.~-~~~,-~~!í.:;:_.-~-;;-:-::::'_~~~:}::-.. ··:·!;: .. fe~~;~-~-'_ .. ;~:-0-
gencf'ado ..:__,en:;.; ·~'~l: · __ medJ.o.-~·1'1ntci:planelar:lo;" ·el· \'c;:~t..iát .. :~c:~;(dcbcf~ a ::.~·la 

mieralu~bü1~~Jí¡,::~ci-t~~\~~~.i{r;;nfri¡\\fü1~tif~;;~~~~l9~ÍJ1;'.{D;~'ii~fiii<'lii-&au.:li ifn 
pa t r<fo'.··-~~ ~d i/~~~~i~jj·;. ·qú-~.---~~~I~~::·c·~~~;~}~::}-~,~~·~).ª::p"í ~~~--~~- d·~ '.>'V \~t6~ .-~\te 1 

observador CO' ::~ iá.:~; T1C'r~a :::: p·roCtUC-é:·::e:r::~Cé-ñié i'l_~O;.ld~{~í3f·~~fi81 --,,~~·,·~ f-~d-1~ 
-- -o_-~--'"~ "=-'"- ,=-·"~<~!;._~.,;~,-"- ~' . ..f-;--o¿.,_!z, .~.::,~'~-'-:,:.-~·:=:..-~- ~,.,:02-"'..'-· -

c~p t'~?-~~· ::·:~~-~C}.1~~-<?'.~~·,:~o_f_~!"-~~:g~C~~~!_(~~,~~J,~_?f~~~X~~i~1.~~~! l~'.~~'..é_O~-~l.h~ ~~alll (C~1 ~a _ , 
- ·- -----·--------~,·.-: -·.-.-:,:e·~,.-,.--~-----:-,-"-:··=-·~ ·---··-:;-;;·~.-.-::':'1:.-· .. -.-:--!" · -··-- - - --

pa~a estuénir ;~~~:§};:1{~--~-_tf~-~\~f~·~:~~:;~~-~" :~:g~~-ri~f" c;·~·cala::,:;-::e'.ín;:_: ei::-·~: ~éd10 ' 
.. :--:: -):'·:,, !/.__~·:<·"'"·': ::"/\·· ---:~;"-::· ··1. /,. :·· ... ·-~:~:;:. ;-~- ~--... >_.~,-.'.¿· .... ,~_:r>.~~- :!'." :" - ·._ .• ':~_. _ .• 

JntCrplan.ettj"r~C>. 'se: basa ,:'.JirlñclpalniCntc ;: en :¡.relaéloncs_ 'empir.Jcas: -:El 

método· ~;, · r~;tr~~fa~;tfü;if1q~ ~if;i'.íi~i~~1"r~~~(¿;~l~as'~~Pi~~da~ en·. 

'·-~- "'. ' · .. · ... , ,, . , ,, .. ' : .- '·- ... · -- .. -_,. .. , . -r·· . J 
1 a-·~ ~e teéc_l~.ri-~., ~e.';~~-ªs:.:{t,Y«7i::C:_!~_n_:.~T de :-_~aS~':":; ~~~:~~~}-:~; ( ~~ ~ 1 pO.h·r;, ·d 1 ~Per'.s ~ón 

Th0m.sori-~ ·:don~,~·: t'á.S '. pé:rLU"rlt~C10rlCs ·s~·; Ínu~~iran·:;'médú1~f·~,8"1 tCr'clc10'ne~ ·en 
ios~·-va i o-;:es"·_, a~mbr~~· r~':~de -¡ acdens úiad ~ ·e1e-,:: ;Tec-l"r-o-né·s~f 'í ü;i·~s-~:del ~:-;1 ~smn Y 
adeiñás·_.eri qu~ ; __ l~ -·~.~~.;:~.e/_r;~,ls.~~~-· es ~-~n-~'..;:i:~~:~~;á~¡{~~ ·~~~·\!:~:(:~~~~-~·º d·~~··la 
fuerite-.'.de, :rad·10· L~ -: '.ió.~ Ú1'r.go /d~ fa·, 'i·f-~:~~ .. :d-~f-. ~:{~-:~-6~~/~;'~h~~-f dlfércncln 

·-···:_<~~: -~{.}'" ·'.:::::·:~ ·-':"' . .-:: :·_,::~-:--:··--<·" >:. ':: '.;\·<, ·.-,:' .. .'':,.'_'.,::,: -",'''.~ 
__ __o __ lmp!l!-.-t~~~C -~-ñ-~~}~;~~,t~-~~c)~S~c-~;'-0-i~~-S_~~~?l-~-Ü-~~~~.~d~Z?.~~-~~~}~r¡: ~ ~-~/~_m\~~~s 

máx1nl~ _·-par'a ::·per~~-r'.bá{~·~n~S:.'-.qU~/~ ta~~-~, ~-~~·1~'.:-.f~- .. r·1~·r~~~;:; -L~.~~Pi:>~) b_ú1~hd: 
., ' - • • .. - ' ' • • • ' ' - •' • "< • '" .. - '·.~- : .. ' - •!' • 

de. - r~g:~~-~-r-~~,~::~~{~;s '~e;tu'r~~.c f ~~~s '. :_:~-~-sd;";~~~:t·~?;?~.~-?\~:~ _;:·c~·~"o~::;.;~n 1~\t'~e 
éstas envuelven -~~/ t~:~.Tier~~a •. ; ~1í'ml~·~n ··'.~~~~~~~~~.d_;/,"l~~,,~~d'i"?~.~·~~J:~~~s-:·d~ · 
obse~v~~ lón Aue .. ~.-~~hi~~¿.~~,~: ~~~ .. ~ .~'dp~~:.·1 b-1~'~,~~~~ ~--~'n'ri~~~. :~~¿;;~~:~·~~·ef~:-. ~·~·~re 
el ,c.1c1b:' y ~a-~- Un~ c·~(ibrá~·i~.~:_:.~tl~{~-~ :"(¡·u~'_-·~~~.·::P~~,~~~:(~~sY.~~ · CeA.tC~)~o , 

pueden ·~~rl~r,~~¡~r'.: i;:on :-~cd·~~i.ónC~ .. h~-cha~,:. · pO~\'y·~¡~J.~~l~~:-·.: c~~~cla~cs 
cerca de· 1a .T.~erz_-a. 
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2.2 Las Observaciones de IPS como. Mélodo de Rastreo de las 

Perturbaciones· que Viajan en el· Medio Interplanetario. 

-._ ;.·.· __ ,_-_ .-) 

·:: .. . ·': ·:-,. .. 

2. 2. 1 é1 .c~ni.~11-~~ -i~L-~~~-Í~~~·-lari'o·-· ·y ';~-~·<·~~~-Í.t~:b~iJ.'~~~~ -que 

v'ih~á~·:-~ri :~1·.::~~~~t.~.:s~-1·~~\·L 
~ ~¿- <':·- ~:·:,;:._,_~:~ ~- - -

_ ~~~-:.-~ 9?i:;~:~,~~~-~Lff~i'~-mº~ t.r.~ ~.ev ~-~~~~.~1~: ~~~~~~~~€~ ~,~~;-~~;~~~, aisunos ·. dc--

·1os 2au~-~~i~-~-~~c-~ -:~~-(--,~~-~.~~ ~l~.07- .~~~~:~~ .. f-~-~~~~~~r .i~:~~ª-t~~~ ;~c~~~~~~~~:~'1+~;·~r:r~-~-te.~: 
de' choqUC- TzOrln-~ '.~C ~-~()mpr_c_S1óll).--~p-r~o.t~.ítl:~~-.~:~cbrl~.-~) ".- ~?-!--B~.n-~rnd~s--p'Or':_ ln 

p-rri~Cn~l~· de·- ·y le·nto -~-s?1at·;.~d-~-~"-~-1 lri.;~-··v"e~i~~Ci.d~~-~\~~Ad~infl.fit; ::id~nf li fcó''.{1~~ .-. 

hace• cór'-r~;i"éi:-'.;~t~;a:~~:~t5'.ii:ú~~~~~~.;:.~~~~1:.~ig~~1¿i;: cfü.:Hfr~- ¿~;,1· 

fue' éiri~~:m:1~~t~~:·:t1t~~f 1 ~;!:,~j;Ij}~i~t;~~p~~í(~~~¡;I'P~ .-L:t·32·; 
• '' '';\>- µ ".; .-;,.,-·, • '. 

rue.nte~;;t·;pd~~~.~~L·-·.~·aJ·.~~9f;h~i2~º;,~:~º~~gm~~,~~:.b1ºsi~t".::t~.1 »(r~ª1:. 
conf lrmar:o(1 ·>los<, fesul tados~·.-dc~.-lloumincr]~ .. y: :a~emás_ ':-mos_trar~n e' una, fuerte 

corre_1a~i.6~'.Nn;~·sc1ª>~~~~~idtf:~~-1I~1e~l,~ ·~~~r,;~f,f·{--~r~e~;~a~;¿~ritel1ea••. · 
"-éon -un retraso· .. de;·eñtre ·2-,:y.,3~~diiiS;~; lleWlsh-:.,y:: llou-rrilñcr; :-~~·~-~~~i.~'ro_~\~.~:{"-'.: 
el· .1nCremc.¿~~~; ell· .ei)~Céri~t~1·1c~~~f~crii·a·:··r~~ª~,~·~~-,·:c·on·\-éi·:~1Jü:remeñt~ · en~_:::1a 

·-·~· .:-~-;>(:": ., " \"· 

·dCrlstd~ct d~¡:.-·vr~OlO._·~bi~~).~éáufi~do.-~~~r· ~1a·:· üitiirac·cú,fi':;:dc1}vienl_o. ráPi.'db 
·, ·;,' .. ,., ·;· ~. ·:,:::.::- " r-.: ;·:t;, ·:~:ü" 

~:2;J~i~;~~~]1~~~f~l{l~i~~~íE 
veces Ócúrri8n · ln't~ñSir'iCac1\:,-r\~~~ .. ~·~11·;f~F· cenlelleo··.'quc 1·no .. -se '·podinn 

asOc-l~r: -co·n ' csp.tra les'·. car·rot~~-LCS·,·;::_~_-_::_:1:0t~ tc/'~,~~·~~6: :::r~·~~)~/h~h:i:·~'i·c:··~'.;.ue 
' '<-': " ·~> 

asoclaáo con: r.re·n~es· .dc:º.-é~~qu~·~':. ~-~fé~f~fs·;~1~~'.'-';.~:tf~·íe·~'.~_~e::;·~·µg~~ian· como 

generados por ráf_asas .. so1a·re·s~.''.[ÍlouíTI:tOC(./y: "üC~1Sh·~·:f}974j: ~c~rño · rc·sul tado 

de una serle de ".~st~~~io~ .. :}~~~-:~::~1~-~; '!~~~es ·~~~~?~·~;ü~'o-~?~.sé'_:~·st~bl~clÓ- la 
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exlstencla de dOs tipos dlfercnlcs de: 1nlcracclón de flujos rápidos y 

lentos ·'en_ ~l: v(eOto solar,- e~l? c.~· ~Ccl?res al,,lnca~os con la espiral 

de AÍ-qu·1~edC~ -~dC-1 ''camp~>magiiétlCO' 1TitCi-Piii~ctaf- lo:. Corr~tanteS-. con el 

S~·1 ··. (C:IR~'r:.-;·;:_.~~~s~~~~s >_'~~~-·~~~(:~~as. --~j'~-:::. [';~~:(~. -·---~~/¿;;~c~·~.~· -~~:~~¡~zá~idose 
rad.ta·l~~n·~f· ha~-~~~: ~-~·Je-~·d~;-~~i·.·:s~sté~~- ~~-i~r:~ :~.Ver·; .. ~¡g~~~'s. --~.-·y_ 7:1:; 

lnleriSi~1ci~~-o· de<' t~e·nl.e~ de _---~-~d10 'esi~la-r~~ ·Ch;i ~ lá_ñi~tré>·! ~~cq·~eno .. cuyas-

1. i~-C~~ ,dc-'.;i~~i6~ · cruza-n .-~~-¡-~~-~- ~~t~uc'r~-~~s. ·~ 

E~ -úl-7:i:-:~--¡j~~~"l~~~ --~ÚÚ~ó -. ~~S-~~~~~i~~~c-~ ~~~~- I;f~~ p~-~~ ·'estudiar la 

extensú>n d~;>1~-~ ·-s~c·t~r~S' de· 'éC~foi ·leo 1~·te~~·l-f:1'~~d6'~}u~·r~'..·_d~~·'·p¡~~O· de 
e .-.. ;;-,>: '•' • •' • • ., 1''•' ,• • • ' 

ia:: ectlpt ~x~:·-__ ~~'..á.s ·; ~ar.~~<·;~n~~:~-ín~~.·:· Y~-<:Éf.Skfña.'.:~·:r i 97XL ·;~~:~~·tr'ri~~n ~ue 
cxrst 1an . algu·n.as .,'?.6~~-~-~acíó~~s· -~~:~i~~:it~~·~-~~ ~~~~~:~·.;.f~,~~ri¿'~~~i:~_~nld 

. . . . . . --'" i '. ~: , .~ 
aquel l_C?s casos:· en los- qué ·:.Se': rcgls~~~,l~un:{ccntelleo~'.\l~.~.~nslflcndo 

tOcio el ~c11úO, ~. ·~orrt;!iPoíldi'Cnt~:·.-·a· i·.:,_-cr'u'~~ · "p<:;rj: ia:·-... Tícr'ra··:-de:;· i~'f':~r'~~~~~~es 
d~'. '.·a~,t~: ~d~·~c~·:i~d;~-~~::·~:~~~il:~~~~~~:~;;~~~6·~~,f~~~~~~~:;~úijf;i~i~!~:¡~~~¡~~;~~'.~fio~~:t~i-i-~·~ 

cor~elaclon~ba>cº"".m"dfd.·~· .¡.múlláhea~:·d~~·~·riEf~·~~~,:.~.:,·'~H~~~ .·" .• 1 

medio ·-lnt.or~Iary".?~ª1:-.~.°,', c~r~i:1.: ~~:.}a;}'_l,c~p~.'-Y ._1co_n '.~.O:\ ~~.~S~l~a,~ :.d~;, .: v len to 

-- ·-~~. ~~-r-·-$~~(~~~~~eytc=ro~~~.i:.~-~~~~~~~~J~f~~L~f·;'.t~-~! ~,'.:_S; \~·~> ~~3~~~~-· 
~Pára'.+1 ~19;i·.-»_v1.~:s~y :.~-~.~· ~ i~~=··c._t\i:C~.~~~).~~ij:-~~~:~'.~h~\:t~-~ .~~::~:- ~_49·,~ fuehlcs-; 

lntent~~~º····~.~~~~j ~:f1~,v1'~-~i~H~~}~~;'. ~g;,;,~K~~~'.f'.~~ lJ;~~(,f~~~f~~····rÜé •• ~e· 
,·.,.·-,"·.-. .. ":::/.' . .'.c'c(''" \ 

n,ov 
1-~~,~:~:~' ·_,:~~.-.~.\!~::,. ~-~:~~~--~.~'.~,~~.~:~~i}i·~ ~::~~~.:~~~~~~f-:-,::~:Et:~~:~~}f,,J~;~~:~:;'.~'~:~~f t:1~;. '.'·_í·.~~· ~ ~, 

Mhz;-- El: análisis! de: Vlasov. ·resultó· po'co:' corí.flable:· pUes:',debldo· ar· bajo 
r'.:: ~"; < ~; ·;:~ ';':;~:;::,'. :; :.:~?:f~·.'.:.?J~f:~t,;·~·;;'~~? ::.~,::i\¿.~~~;¡{'.~)'.Üt'.~~:~'..;'. ::;t~/-º':::~.~~i-:-J /:~~-}~·{; ~-:?;i~;~_'{;°J>'./:,_· .: ~:_. · .- .·:' 

número : de.· .fuentesyy .. :.~ al\;brcvc ·par.lodo, :, solo.~::se ·,.pudieron .-.~reglslrar 

·• isu~at:. ~~~~~'kS·~1,~~~;~JJt~•'.!i,~: d5E.~~. i'[t~ 'f;~~j~I1~ i~i~;á ·~~~ : ~F1 ~~·~····.en 
el-·_. (1~mpo ~.:~/,-_.:_e{-~ .c·u~.(> rú_~·-:::~~·~·é1_a~~-~·~:~?Un~\::~_aY.Or>_.-~·üf,blú'ó;n·~1a_~·· ~e-._., tas 

~"::: ¡'~ ( .,,- : .. ·· • 

. rri~-~~~·~~.; ~~>~-1~~-~:~.' ~:~~ '~?~-~~~~(~:~~:~t~~x u~~-:-~-~ i\br~'ii'ióri'~ .. d i ~~;~ t·~ .. _-c!'c i ind 1 ce 
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de ccnlCllco que se d~flnc com? 11 'g ·:.-·5?.~:~:~ 1 .. el 

centelleo 

centelleo 

obtcnida-s por .vehiculos e~PaclalCs·· 



el centelleo tenga un 'máxlino en clongíiclones cercanas al Sol. 



proyecto que 11?, pcrml lió )a elaboración de.:" mapas dlnrlos de ccnlclleo' 

que cubrian ·gran parle 

;~. :;,;: .,.,,? :, ; :'> ,, 

Fi~.ura. fo: Deteí-~I(M~fa;;<li.'1c~I~b~o-~~o~má;c,iÍril-1á"~'fuc~tc -­
de· r~dl~. esielar': 3C 237. ,.Se~ obt lene: ~i,:C~nteY1~~~de·· i~~:r~~nte' 

. ~:1~:~:~~~¡s:;~¡~~~¡¡r~tíi!i&~~ 
'EÍ··: ·~né:1'i:~1~':~d~ ~-,¡::~~·: ~~~'li~~~··~'-·.;~~-i~{µ~i·,~~1-'·~i;:l~cÍ · d·~· ·c~~br tdgc para 

'~'. :·; "., . .,, 

obtener·. ma·p.l's"~·~1á·r·1~-~º~;~ae·l:$¡-~ié'i~:.::: :u~1'1.,i~·~ ~:- Uilci"': red .,:·d~: "900, fuentes·. de 

radió :CS.{~i~~~·~- '.'jf;>~ ~~~·~t_'i~,~~r~:~;J~fi'J~;>;:p~;~-1 ~ '!:~~~~-. ·:~~a". buena· .. dCf iÍtl e lón 

en la zo~a '.dci ·'.~~~·~,i~·~_i\~~:~"~-~;·~·1·'.:~-~~~l~ "~~.{~~~·~~~:~ '~:er- f ~gura. 11) 
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--· . .' ;.''. ·. 
Ir) 00 -

.¡ .~~t~~lllJiilli~~tJ-;t~~. 
-:;~-:.z~4 - · ' · 1sJ· · 1t. ,'·oa 01 

:·.:~·~:. · :·.1~·érk;ef~:g·#kc.~~-i'.·:F:~,:~~;,on~·~ .. _.:·~·~~'- ;"'·.:··.· -'·>:. ,. 
F~-~ur.n_·.~1 ~ \ ~f~.~ ~,; .. '!!~~~/!C:J:.:~!.~-.~;~-:::"-~~.~.?',/ .. {•1- ~'~~ J_c f,~n _. < .• 1~cc~c J ón 
rect.1 -,Y.::deCJ111:1dí't;n)·:·d~ ~~~·d.~ ·,T~~1 ~d~:~Ja;~·rué1,1t es. que (_ueron 

Íd~niítí~~d~-k-y .·~~~4~~·d~f:·~~-~fr~.:'·f%'{b1f~f¡;·~ ·;'PaF;~ -produéJr·· mav.as 
d·,¿~~º~t~i-1~~:~ 1d~~.~~~~o,-~-_i9Bai:.!·:· ·';:~~ -- · -·::.o • 

J. ·_ ~-:::~:¡\·~- __ , \"·}-' 

2~ ·~~;? · :D~~~¡:~~~~~i;~·~¡~~/~~if ~~;~~i~·:>~~ ~·~·~:Lc·ñ~-~·: · d~~ .. ~~~~-: árC-¿ 

Cnmbrldgc · sC. -~·~1Cc.élóÍló"'.-·1á ····~Pé:1Óií.·: Últ'C'rrCr~o-rnói)J ca;· 
.: --~~.:.- .: ::;~»···. :::·> .. •:». ó'·' ,· '_. : .... 

rn~~~·: ~~reiÚ_~ -~~ .. : c;?.~9rl~g~ Se.~.divfdló ·en °:CJ0S -part~S -1gua1 e~ ~SObie 
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swl tch~lritC1~fqroinétr1'~·~' d~:)r·~~·k N~~.tc~~~~~.' ~~'ci·d~~i·:rid~,·;>~i~~:i l~~~amC~Le 
·["" 

u!la :· sa.l lda. ~~-O :~-~,C~~ ~ ·~ .Y,f~-é~~~-~!:>.~:: ~~f~i;.~~-~·~::; ~-º,~ j_~ ~á:~·!§~ /~,~-1 '.·'.~ i.,~?~) ~~·: : ~ª-~In· 

;:::::•••E. ":::¡:!S~nflf"jit~t~~~·;:~~[~~~iji~Wb~i~~~1~:¡:t.tl:~;:::::~:·· 
del:~ p~-~~::·· ~~i~;~· l~ :_ f'~~~·l.~~{d~~{,:~-~~¡"}~~?~:i:t~~Ó-~~}~~-~fiób~ if -d~i_j·-~:! ii'rfi~~'n·;.;~:~1 :¡i~80 
·~. ~~~~)'c~~l.'h~~~~;l~.'f,~;~~l~'~*~~~¡¡~Jiizl'::~·~.~~~~}~<Jo;gn~~~) 1'.}rº •. 
p~~~-b~J-~\ ~~~ centelleo.-. registrado·/ se pr~m~~(~~--~-~c-~:~a·.; ~ó:-~~c·~~-~-~-~~. Y ,·_~é 

-- -;¡ ... . ··- . ~-~,,-,_ ... '"':;'."'. "' ]::>:._···. ~::<··;· -_::'·;.;_.- :·. ':··~·-. :-· ,_,. 
el lml~an.;-~ 1~~:: d~t.~:~ ··;_~~:?~~~a.~I~~~-~~~~,.;pg_~- 1ñtcrrr~~~:~~}?.~:~<~u-\~º}. ~'?,;~.' ~~.l~~n 

-soi~r- -6 '.:'c~~-l~i1~:~·.':i'ig·ri~·~fi~l-~·6~~-;:~~-~~::k'~b·~¡p-~e ~~i,;:,in tr;;~~\:~rm~"> dei~-:-i1uJo 
- ccn.tel ~~-~~~~-: (/lS~~S) '"P~-~a;:e,1: l~~h~¡~i:~de \:·fidci'; f~~~;:~-:~~t~~,n~-0~~~~~:~~-:~-¡~;-~ 

¡·,. - . ~A;> :~='::_,_;,, ;..-·.~-;-, :r _, __ .. i~t;~ --·~¡;~;:~·: ~" ·->·, ,.·; -. 

2~,_2·~ 4._;0b'le·~~ú:6~;_'!de: __ ~p~s: ';;~i;g~.~ __ ;;:~f:~~,~-j~t-ri·~-p~~-i.ri-~iÓn'~ ~t:,, - ·.- -

. Para :·de t.~ce~·~·-:·:~~~l~»fba~~~~~~',_.:~~. ~i'.;_.~c·d ~.e>~ iilL.e:r~·1·~"~~a~ io:-::rr imero-

. ~ec~~~r 1~·\ ·d~ ·t~~-~~i"~~ª~-~j1-a ·;y;:~-~~~·~:~·~nr~:.:; -,~ r-~· ~~:~¡:t:-t:~I-~·; :t~:i·~;_.'.-,~~F~~'i i~º 

:::~r:~º2":f :~~:.~r~:~~!ri;ºJ'.fü~~º.~~:fl~;5f:~~~~~"i'i1't~}~;11ir;::1~:: 
que, la· .. ~..;~r'l~ci-1&~-"-}\:i~í']'.:·~·~;t'Cit~~ º·6~-m·o·'.'.;f¡i~d16~ {~'¡"~~('l~~~~:éi'~~g~c-ión , ·(e) 
dcpendlii. · -d~( ,_ th~~-ñO··:,~·~nii~iar·· . .-~-d~ "i~·,_; :f~~nt~;?; "'Ú~·d:i"i·f~~~~·::~-·~~~l lzn.das 

::__·i,~ .- ., ¡--;:t:;2;:,,:1>;:·.:.,: . - .. '~- " 

- -d~ra·nt~~~t- ~~l~~~~~~,'~?~?~~9~;,~~~~li~~~?~~~'.~~q~:~~;r~-~~~;~~é~pr~S~~ (ábnn­

un "cCntCÚ~~\.Í-~t~~s~"/';Y~. :,;:\:,l"Ci'Ó·::::~b~·~r·~,~~Í~~~~:~;·:~e:·;:C:~d-~'/~'~á·;'de :: ~:iias se 
._,.,,, ',:-: !.~ ', . • ':- ; 

usaron par~:~h,r:B~~i'~~~'.,~.l~d_l~~dú~-~,~~-":~~t~·-·. ~-~~:~-e~~C l~~'a -~ ~~ 'cad~:. fue-~ Le ·como 

ru~~lón de '}n>"~lo~~acló~: Ó~!i~/,º~i d~; obtener.>1n dependencia del 
ccrÍL~ll'eo c·~n.· r;;Spécto a-:·~la!·e'ioniJáclÓ~·-~ (c.)', ·f~é. deff~ldo el fnctor 

d1ário: dé p~~-(u~b~"cl¿·~'·:o :~~~~t~i~i'.~~:·H.:~.~<.:~~·~~: 

donde ~Sob• es 11 v¿or de g c:~~:i~~.: ~::ervado (el· ·.Valor rms de . la 



señal) en el radio lelcscopl?, en dete'rmlnado dla .éon clcr~a, e,. para 

cierta fuente y Snor-·CS el-valor de centelleo norma1;·usoclado para esa - : . . . . . -

fuente, en ~·sa - ~~-~ti~-~¿'if;·~ -: (Í:: )·<:Y e~': cu~·(:-~-~-,'.~Soc·l-~-. con--~·~- 'viento ,.solar 

quieto. Consldef~nd~-: e.riló~~~~-'.- ~ue_· ~=l :". ~Of.r~·;~o;1Cie a:·--~n ~ ~~ntei leo :-para 

un vlc~.nto ·sOlar: ~º~-~:_~:~~~-b~~~;_·~ g>i_··~~,--~-~-:c~~'.f~u~~-~:--~-~~~~~-~~~.-·ci· n~rma1' 

Figura 12: Diagrama a bloques mostrando Ja conflguraclón deJ 

radio telescoplo para centcJ leo. 
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r• • ...... -, • <:~- ":>_.:.~;.·:.:.·.> ··<-.'.~ • - .... ~- .;."• .: .... 
y g<l un centelleo. i.nr~rl~(-a~::.-,'.~n.º~.1~m~.'.'~· ··c~t~n.c~_s,_c~n .. , l~s.~.val~rcs de 

los indices· · dl~rt'os :} cÍe·:~·-· g''--,\ ~SOé1~doS':f'-á·.~;·~adá: ,/ruCn-te- "ObsCrY"ada ·se .·· .. ·:: . .. · ... ,. .,· -·-·.,, -·--- .. _,' ' 

claboi-a~·:~ª~:~-~-.:-~.~-~~~~~::-:::~~~\~~¡~il'.··G·~.ª-~ .... ªIP,ºP~'.-.:,_e·.if_._· .. ·_ •. ~ .•. ·.;.~e·_·.-·~_.~l .. · •. -_r.···.;,:_r.·.~.·.·.{ ..•• 7~,10.·~ .• -.-~.·-~.(_._;.·.-.~_~.·.·:_s1 __ ;'.~9·.·.~--:~8,d··-·.·z .• _:~_._:._r_·~.'.-·· .. :Y·_~~~.¡;:,;tüs ií~iidos de 
pcrt~rba'clt?n~,-'.'._~e~.:i.'~~~~~:_·~~~-~;i'-('. ._, . . :·._ .·.- --. . ~~~~~~-~·~.:t:_--L~.1·~:· •. 

1983]. '-'<. :i;~M ·;~:: ·.". ·\"·''' .>··· ···" ··r· . 
.. E~;~ ee;::·-~~1-~f ~~3i~t~;;;fi,é~{~f.ª~~~~~~~~¡~_: '.~~encfrl_o;'i; Y._. 

mues ~ra~· ~~."_~e-~~ _1_~~;~.:;.,~:l:~,;;~-.~-~.';~~.~ .. ~~-~:~·::.~'.~-~:~s::·~~-:_,~:-~-~.~~.: t~d~ :·,.~~.':'~-:~.u~~.~ l::·dO: ,~'. 
o d 1 sm inu ~d~;--:f ~~~~~~ it~:-t!~t~;~~,~~;~1~:-~i=t~ ~-~~t~~~t~-rr~'~:;~d~~c~~ -i cff a,,~ p~;;a"-:~·~ 
otro son, obsei-va·'~~·s .'.c:n cfert:!~\~-~:rl~~Jff~:l~~~,~~ai: Pernli tlii:-: .. , con ~~~d~ 
de l~s m~pa~:".t:?f,~!Ú~~~b5~·iif11r,~t~~grg~ ,';, ~·~,.\~é~l~~~~c1<>if~ ~~~l~ .· 

::;:::::. ·c~~l1j~i;;~~~d~~:1~~:~:~!Zi~ ~~~.él~~lci~fi!:t~~pf~~:~!t~ -

z. 3. 1 Bases de l~s ;.~dclÓ~ l~Órié~~ .. :·::;·~· · . ';ce· e;;.; '.' • -,,_ 
Para :'hace~ l~s · i~-te~pi-c?.ta~\"~n:.:_~~:.'~~ ·;.1.~~ ,<Obs·~~~-ac·ir:~s~,.;·de' ·>;IPS 

real izadas en Cambr ldge, se h"izó nécesclriO ·'. de-sar'l-ói"i-~r:)üíl":· "s l:S-t'éma :·_;de 

programas los cuales a·· partir de .-J~>'. · ~:~~-~~~i6~; }~i~r.~~~;~¡:~:;,~~·~r·~~~e·s·-~ .. 
;;>";:,,: :_;,:,-.'.1F-,·~;·.;>~.:' :\~b~:,ii-~;·/~-; i),;{· :;{;:: -:::; 

idealizadas generan mapas teór lcos.°'de. :~.;.~,~·~'\~.~t_y;:t~~-;:.f~::-~:~;~:-~ ~-~~~.~~,;~:~:~r; 
usados·· como _"-punto. de 1ñi~:¡~ ~~~:~.~h-~}~~-r~;€±~§~-~,~m.~'~-~~~~~~~~~;~~~fjÉ~~.~~~-º~~·~·· 
el oh Je t1 va de 1 n teip~c t~:~ ·~ l~~.? :~~:~\~~~~~:*l?~ff: ~;~d;¡ets\~a-;r~r1;~0~_:;u1~~1::·~.\~d····0f.;ns,)·:.·_ .• _ •. r.~;~e~>.fb~" •.• :~:~_e0' nf_ ·: : 
medio interplanetario;- Los: Pr:~g~a~~~;~~~:{~~~P~&;~-~~ 

' ,- · ·'.>', .. •:;.;·, .... ,,;;,·-·:!;tct.·: .. -:.'.}·,.,_ ~1;····.· ; .. '.·"!•: .. ··,,.:.·; 
en el modelo de. vlento solar de:Readhead_,,11 .. ~?,BJ;:r,par~t.una-::reglón~con:uf!·;~ 

pico de dispersión (es deéir. u~~ ~-~.a1.~~F4º~~~~. -x_¿~ .. ~~i}~'.b:~:*~<l~~:;/~~-~~·<~-~~, 
es menor que 1 rad para una r;·~~u~~~ia--.-~~:·B·~·~·;; -~h~~~.:~~·~-~~~·~::~:iO~~~~.í'.:6~.:-de. 

= 35°). Esta aproximación es' _.se~~-'?-~{~~~~/'.c)~~·J:~·~·:~~~:-·~. p:~~~;~··¡·~·na·.>~na_ 
buena estlmaci"ón sobre la rcgió_n de.·--apllcac~~n.' (.No s·c ~~~C~t~ _~xp~nder 
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el modelo para reglones de lnlcnsa dlspcrs16n por tr~s razones: 
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2. 3. 3, Hélodo · Compulacional. 

f'-· 

Pai-a:· l~g~ai<;~~l~~i~r;)~· ··':.'ª~-~a~·l6n d~l .~·cntclleo teórico cailsada 

por una pC.~t~f.~~cl¿~·.- m~'ci~·1a~~' -~~:.::·~-o-~'fu~·'.a~~i tra~_la.· ~n: é1. ~-1~1úo -~~1a·r,: ~s 
ncc~~~r l~·:.;~ ln·(~~-~;~Ji:~,;r~~·.<12~:::i-,:~~~h'. ::~~~~~~-i;~:te:~ c~~-~~.dqr(:n __ f r~~c lo~es . de 

trayeCtor lá :. -d~'.·:J~\~et\á.i'.:'. ·atra~¿~-~ d~}:·cY~~.s·,··~ fnás:·. :_J~~ :"<~~~ -.: :·.1.nt~~'i-ac.lón 
anaÚÚ~:.'1ti'~¿i;: ~t;~~;iilz~i~~'.J~~· í~Xcs~~~6~;<~~-;tf1:~}¡_~ 0~~d 1~ª ·y·. ln 

ror~a-·~e~)l~l~~11~r;~~~~j;·;~e~~~,~;~t~~;~~t~H·~1~··~~;,~;~c.1~!1·~q.~e~a 
de Lor~ ~~ .. ~.~~~ . ~~.:-·-,~-:~~.: .. :~:~~; ~-~-\~,~:~~.:;~:~ :.;;~} -~~~-r ?~-~~-."[ ~~:t ~~r~·~~~{::.:·;~:.:: 

· :::S~~~t:~~~i~ii~,1~t;i~f ~f j¿~ktE 
radicúes: ~-- ~~~~·~-~~~~~~·;·; :,~:::_: .J;; .;-.-. ~.: ·:k{" ~'-~:~!;,;·{~ ;:-~v· · :;::-;~-l_. .. ~f ~-.R; 

requ1e!1>qJ'ts~~jt;;:~t}fJ~E~tJM~If~YJ~l~t~~;d~~t:~,~~~:10• 
; °"''-C1.>.:' '.~:-2·;;.:_:: · 

1 ~-~- >: · ~~:-: "~c~-~~c~~.~~:~ f ~,~~~_;::t:~.~r~-~,.~.~~:~},~;~?~~·.~::·~-~~~~,.1.~.~~::. ~--:~~:}~~te_~~:: y 
:.:::.:::::~Eªd!.r.~1:I.;~º~~=~~¡:~r~1~{º~\~~";,~~&:~~~~¡;~~~· 1:ttc e~:}· 

:.d~f;St:~f ~f,~i~!~I:~~!f~l~tf~t: 
crl ter los slmul táneamcnte\;, para_,, cs~~s-.. '_-condlcloncs es. - la·, formada por. 

i:·_ '-~:.' .. :-;'·-.:: __ :ri:S[:'. d·:~.:"':· .. ·:(< ·:{-:'.;: ... ;: ... >. ... ·-. -<'-:· . ,,,. .. ·'. 
cCldas C'.1e ~~~.UA .~ ~ ~_,;6¡~~~.flJ~c:l~~~)i ~.m~'dlsl~nc1a de·:3.UA respecto .. del 

So~. E~·~as, ~i:o~~~~í.4ri·~~~ ~=·d~~~~~·~i~~~'.\m ·a~reSi-~ dC: 30 x · 30 x 6~. ceÍdas, 
·1·.< 

pC~o i~S-:s· C~ld~S::_n;á~?."i~térnas .se'. llenen que omlÚr pues quedan dentro 
< : '>- :· _/·.':'.::'. .. , );~/.'.. ''. ~.:7!;:·:,./J>":.·. 'º·. . 

de··. ~n.a.:. e~~~8'.1C?.1.~ry. · .~.e~lor: ,do· ~O (par'.1 elongaciones menores de 30° el 

radlot~~C·~-~~~-¡~~i~·Ó· 2~~brld~c ~~·~_ciego y cslo se debe a la frecuencia de 

op~ra~·~-¿~·-~·-~·~.f.;·~~bi~::·,l.l_If;: y ln lnlegrac16n sobre 1n linea de visión es 
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. - -- . 

cero, ¡¡, cual dé~·e·rmlna -qu~·-.la ·. icd _de ~e~d-<iS _util i:zatií.~;:; .se~· d~ ·?s x_.30 

x ·Go =:-~s.ocío. La.- in·t~~;¿··c16~<-~n·\~-:-~~~-~~i·~~---.Ci:;-i1.:\:~~·-_.¡:;·h·c_a·~---,'P~r~ la 

capaclda-~:- d:~:~P~~-~-~~¡¡· :'.¡'uc·~~-- C~;~-~~~~~:~ la:'\~t~-k~~¿;:~~<-~~~~-~~~-,a;1~~~-~e-~ii·~ 
rormcl .. flnea1;:·:manten1en-ct~~ -:·1ci'.·_·cc-~rr:~·spo~denCjá -_ ·e~tre~~fbádli;<~~-1dñ.: :-~Cabe 

hac~r ~otar:: que_~º~~- ~~an '~-¿~~ro,, ~-e·.~~~)d~~,:- l~f.1_1~~~~~~~~:'.~~~~-~-/:;i·~;~~~\d~~ · d_e 

memar1a \, un, bú~íl ,·_·úe~Po'::·qc. __ 9p~_~aé-f6n -·dé·-_: ·m·áq~·in~·c: ·có·~o:'~~-t;'.; liún~~o _:-~:ht i·~· 

rue~t~ -~-Q-ue: "~-~ ~-~~~~íd~~~-,~:~~-_:-~~·~~~-~~~&16.~>~ :C.'~~~, -ü~:I ¡~~~-!ff~0~º~~~~~C~~-~;_~ºs :: 
-neCe.sl-íí-Tc(~ ~ .. ~ fc~~~-J.'~·n~f·r~ry~~-~: lam~~~O ·:;p~~~a:~-)a~:-::fjl:~_n ~~·f~,éi'~:?~µ""a,-~~f-·~.c\~-~eq~~ Cre:,:­

para hacCr .. _-iOs-_-.:cá1cU,fo.S~ \ÉL tnnícifio: dC-:_1a.~ r~~-~i..e __ ~·~~-- C:i~a>~·~ra-:·t~doS_ ;10S ~ 

mo-~e lo~::·-.-.-·Mu'~h~-~-~~.'d~ /f~~ .. :~kict~fi,-s -:· ~~ fl~t~d6~ ~~,'.·~rl"· '. Ccifub'~~~'.~~¿·-:~~1· l'~r~r~~\:·un: 
t~~~~º:/a~ -~t;~~~~~¡¡~-:~it~-~6\;:1~~~~_?_~_,.~ó·:;,..¿·s. ·-~~ ; .. ~~-'.;~~-~a~r_"--~-~~-; ~~·:h: ~fe~u~~~t'l,~:~'Z·:--i.1-1{'. ·E i -'· 

- ,;_j_g_.,_· ~--!/.-;_'...;;~-· ·'-• 
va.lar -'a:slsniido ·~.i~tei-1óf.~~·~t~:.:\~~··::·~i: -'.·q~~ .-.. .-~·~: CO~~id~r-a·~:'~~n{O ;·,·.0 •"tá~r1Bfió·:. 

tiplCa;• · ... asocio~~{ a ,..,:una\·· ;~~~-~-~~ ~~~-~i~:; ;¡~;}·~~:~:¡;¡ f~~t;:.!{~: ~t~b~,i~-d· de 

Cent·c· 1100.·.·.·.- ~ '~): ··.-".··~. ·o:~2." ... · .. :~"'-· >{;~~-, -~·:::~:::~~:0 ':~·:\' ,-:·:· "" 
·-? ~;:--' ;~~·'Y \:;(- >'--·" 

¡_•, i:t~sr~~1ón'.fe ~f'. ·:;ac1~~',2.'1;Hf,~·~''.(ió' :~f 1J~;cta,tb·~,ct~ · 
lo forma, m _ .= I>t·,.dz:' ,:· ·' 'sobrC_-:todas_ las- celdas.' en" la-¡': linea·· dc:,vlsl6n, 

do~de···~z~.;(~s,(~::~~~l~r~i.~,~~~:~C.rlªJ'.~~1~~~~i~i,;ii~r.r~f&l·';\\i••;i:1d~: 
corr.cspondlente:.. C I ·--:es ::el_,, integrando·.:;.de . ec~ ,,;_2.,1.-;.~Los;·:-delalles-·. para 

. . '.( · .::._ .. · :_>":'~~-- ;·.-,::::<· .·::;~.::·:<~~ .. ;.::;.:·-:~:-~::({'~\:~~:;.;;;~<:Tl~'.ii:_.~ ... ~~'Y-·f,;-:c ,,_;;~~:~~;::·:~',~_!:}·/': :·~,' .. ·:· .·:. 
calcular dz.:se· dan en ·-Tapplni:' l.1987) ~ La'"~ ln.tegr:ac.16n·~:sobre >la.: 1 inea. de 

~;~~~:;¡~~~~~~~~~li~~fli~~i~lf Jf :: 
1 ne reme~ to. -.~.~ -~- ; .. :.:'.n t:::.~-e~:;::;~:?;~-~{"~·~--~,~tj __ :'.:,~r::.:·~-~-~;:~ ~~·~·/~ .f:~~-\~~;~~ :-~ ~: .. ~ .;·~·~-~~ .. ~.~ : 
teóricos l~,~~~~~·~et';'\ a_1:'.t-.~i~~-~é~.;~~;·~~·~\:~~:~·~~\~j ;}i~~j'~~ ~\9~~-;:;, ·-~~;' ii~~~a 
13 y flgu~a .14~~· :.p~:~ici~-~il\l~~;{·~~'~!.~-~~rl:.~~.9'1~~ht~~-:~~-:~~,~ 1'.;:fo~·~;~s~-.. -.:,~~:-·~-e:_ 
asigna un valor · d.e·.- _·g~~'.·_:_a · ó~~Cr~ici:9~_cs~·:;:f~ii1.,í.'~ad~~-·'. .. é:~~/:el~~~8Ctones. 
menores de 30°, 
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F~~Ura.·1.~: .\lilpa.S:~e ·~~~-t~~~~.~· .t.~~-r~~~s ... :~ªl.~~:~a~os. pa~~-·. un_·-~.º~~·J.o 
qu~ si.mula una ~~r_t~.~~~.cl~~. ~~/:: ~:~Rº, c~~.c~1,a,:.'.cs~~r lc~··:~nl~~rme.,- dé 
aJ ta densidad 'con un·' grosor·:· de .'o. 2· 'UÁ; un ánCfio_ en 

heÚo··l~ngl Lud dC 96~ .Y ~·~a .. -e~~~·~~ÍÓn-~.' ~na<l~c/ic;.:.iat'Ítud':~e ±4s0 

y se supuso un vlento .s:OJar, con~tallte ~e ·1~0:\~m~;~~-~ .:·lci"~- Ta~~1ri'·~l 
al, 1983]. 
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2.3.4 MAPAS "g" TEORICOS~ 

. - . ' 

Para poder .1rii.CrprClar~)os ,mapas de centClteó~.~~bservaclonaJes ·se 
'~:' .... -;/- ... ::._';' _··.: ;:·· ~··, ' .... ;' ':->.<:'·::- '<: __ . ;;·.:. _,_._::,· 

requle;~ . c.~~~t~~-~~ª-~/~~~- é_~n -=.~~.~~s : .. t.~6.~~c~~/q~e~:;~s .~-.~~éc~.~f_l,~~~ ~¡~~orar 
us.andÓ · .. ~omputa1o~a~ ···quo .. ;'.~ac~f ~l.~u!a~lo~os "-"t.tléas •lt,ir~d~s ····~·r: 

~~~~k~~~~~iiii~i~t~~¡~~l~i$i:i 
~~~!f !~f t1,[~~8Jl!~\f ~~1li~E~ 
coñ-~h·a~· ,--eruptl vas'" ·de~·¡densldad;~: crecien t~_ ·téon·~.·-{~ i·reikilte:s·,~~(es'j)CS'ob;ts; -

oxL;~~l~~~~; ~~;!,2~~:tiicV::~·6~C:~t~~.~;'.~~ ¡•~;J~~~f~1~~·.;;•'.,\~~~~.6';; ~~ra·. una 
gr•n~•rl~d~~.J"i~!n~~!1:º~·~hf¡~~·}~ir~~.i~t1:\J~~dT:t'~~;.i'ºr.W':\(ºr;vº 
[ 1986} para ~)cfonÜf lcar~·.y::·r_aslrci:ir:.: Jás_ :per_tlJr_b_?CiOnes_:.y.~' lOCiil izar::- sus 

re8ihñci/.:- i~cih~tes;:--:~~ ~~y~;~~:~iJ{~~~i;i;i·~:~~~~~ ;~·~{-_'' ~l~f~:f-~~;~~::!{-~~ :_-·j·~"··,or i 11a de 

las. p~;turb~clo~;; :s~; i~i:·· m:~~s¡1to6rlcos y \comparando con · 1os 
observa~i~flái:~-~-~- _;''i.;~ PO~úb1C"'=: i1áC'ri'~:-.u~a" ~sumaCi"ó~(·d~ .-·la. VC1oc·1~ad de - . . -- . "~;;_--- - ... ' - ... ---. ,.. _.-- . ·-· - . 

·· ::::::·:1 ::n;:.·.~º~i:~~~~·ÍI~;JY{!tt'Z}!f;~rr~Y:r::::::~n c::0

:::: 

tnro·~macl6n, ·-: ~~-~bi·~~- ~~-.~~·~:~~ó-~~-.'~:~r~~~,;;~ -.~-¡'~~·:.~~~é,~~~-- qu~ tardará· .en .1 legar 

la pcrturb~clón a. ·~a -~iü:~~~1~;-~-~-iiiYP~~)~~~\~:~·ba,~·~~nc~. l_ocallzadas en· la 

zona de sensJbllldéid · dCi·:·r~~1~)#·f:~~8!.c:i· 'B'o .. ". P~cd~-n '~er ·: d~te.Clact~-~: Por 
1 ., • •• • C- • '·.-· • •• • • •, • 

ejemplo, una cáscara '~-( d:~~~¿d~f/;·:~u"~·:.:~9.':·~·~:,=.: ~~·t:--n~\·s~~.á,:'del-~~.ta~~ aún 

cuando se dlr lJa dff..~c-l~.ffl~ntt;;_)j?~i:~::· ~~·.~Ti~~~a,-'.:--d-~do-':q~e" -~~:. c~-~~J.~-1~ _ uná 

long! tud sur l ciente -·il J6,\~~:¡j~¡::~-J?:'~,~-, ·:i¡:~~~ ·:.·:d'C;_'~~~·ló,i~~:· LJ~{-~-~~~;~~- ;--~üe ~-~ 

mueva muy rápldamentC l~~~~~~-.:-~oá~á ~-~í~,, ~~A~-~(~~-~-~ ~L·:: ~ri~;~~~- ¿: ia _'. r.~g16n 
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sugiere que una zona de baja 

observa aún una perturbación que se aleja por el Este. 

31 Julio 1979. Por el Este, el mapa es dominado por una zona de 

baja densidad. Pequcfias pero significativas perturbaciones se pueden 

observar al Oeste, lo cual se puede asociar a que en la linea de visión 
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" . ., - -.. - . . --·. .: . . "> ' 
Figura; 14~~:. ~l~P~!;:_~'i ~~~ta~l~o .. obsen~ar.:JonaJ~~· q~c- .?ºr~~sp~~en ,-~1 
perlado del 1r .da-Jullo·_de 1979: al s -~e agosto .de .1979 crarlcadoS 

en c_~ordenada_ecllptlcas centradas en.el Sol {Tappln cl-·a1;_ 1984]. 



~= ::.~; 
'- ./! 

... /·~ 

' .. ' ,'. '·.. ', ~~:.· · .. :. ~ 
F1curn 14-n;_ tla~a.s· de crintcilCo' tc61·Jco. par~· Un mOdcJo ·de. 

perÍurb~c16n:- t 1Pó
0

·h~i~-Corr~tanÍ-c. P~ra. loS· d1~s ·. c~mpr~~did~~. entre 

el -~7 ~e ·Juiio d~· __ 1979:· aLs.~c:~·eO.~to -~e··~97(lTá~p~~ ·cva~~1984J. 
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CAPITULO III 
RADIOTELESCOPIO_IJ2.S. 

3. 1. FUNDAMENTOS DE ANTENAS Y DEFINICIONES. 

La. antena -es una_ ,componente -eSCócl~l '-~,eri·:-: cu-~-úiúl_~r sl-SLcmá de 

r.ndlo. Urrn. anfon~. de. radio. és. u~.· dÚpo,;l~~v~)~~~ilf~c~~{l•SÜc.i.~1r: · o 
~~añS~i_ti~--:o~cf~~~ ~~ ;_~~~_io._, _.E~. ·e;,~~}~~ -:~~)~~~~-~!_:~_'P.f.~~Í~/~~~?"°€~~~~~~Í.? 
tra~s1~16~:-~~ ~~~- o-~d~ s~ia-~a;·en~ ~na :-l~!tC~:·-~~;-~~.i~~~~!,~1~h~.~:-.·~~~:.:~~-da en 

e i ~e~~·~~ 1~~:~·1-~ ~~~-~~-'\~~:,:~.~~~~-~-t~~\~~ ~:~~--~- ·~;~-~-~--- -~~L-~.~~~~;~~~f ~j_':::!:~~:~_:'·f~\,~~~~~:: s'.~~: 
:i:º: 1~::W.t:~~~~::~,t~}[if~1~iI.r~ct~.1.i~s: ~n·····~~.•i~frsu1~~s·~~rd.1~ilr1os; 

.. u.~u~~m.~~t~A~~~M~n~·i::~yé~~r1r~" ~{f º~~c~:}1~~~~;~~;.VJJ~f~::~~~::r que 
corrcspon~:-~a- ln:_~r~c-~e~~1a·;.,u.~ada:.-,;:cuar:ado, :éslc'_,c_s. _el ~~J~~'; .-- ~~_ch~:.-··~e · i.l 
enél-81a· ~·:~~~·~~~<-~~f~~~}:.:.'f~~~e?f~;rj¿·~·L' :éi-~c-~;?t~ i~:~~~;~J~~~-¡i~i~h-~ .:"triibaJo --6_ 

dlslp~fJ ;~lar~' Per~:~cJ:~d~;¡t~f'tlim~~:J1d~;;s ,.diil '.cabÍeado ·.o de • 1as 
= .· . :~ ...... ---· .. :~~~-. ~,3f:~~.: .. ~~.:)';;.=:~~~::~r~;::-~~:/~~;:rii-t .. I,:/;;~:~:::.;.;:~·~'.:'~~.t~.~;:·,-~~0:. ;- ,~., 

cÓmpoñentes :son ··npreclablemente;· slmllares:·:á·:,: la" oJongl lud :dC Ónda. :_partC 
:·. :.·,··. ·: · _:. 1/:, ;:':>:?!: .. ;Ds"t'-.::1:.~~f;-~ '.)~t}\~t\~!:: ~;,f;~f\,~·.~-.if[f,';.-:::)~f> :::~(::. :· .. ~"{;. :- -. ~:_:.:_: · ~:, . · --
d.e ·la [_encrgla,.~cscapa•.'·por/radlaclón· · en;:iforma" de' onda·» el'eclr~m~gn~.tlca. 

;- ,: -.~ .:·~ ::~,,;¡.><'..:~·,,,.> ¿,.%;;'.:/>;:·,.".ú~;"'.,;/l:'.:<~;~{;:·:.· .->:;;,:-_.;:;:_:: ,·._.~ ·::/ .. ;~~;; .. ~-·. 
Cuando '·el'ccl rcui to Fse ·'dlsefiaiU~· lntcnclonalmente-:··para -:que '._la mayor· .. parle 

~~:~ r~~i-n~~i~~~~~l~:·~~~~~J~~;~lt~~i:~~t:i;Ú;~f~:~f~~;~~~~~~:r-~~~:¡-t'r~'.~sml~lÓn -d;­

e~~~~¡~_}_.-.;~g'~'.~!~~Z~j~·¡~:J~:~~q~~:;;~~~~·~~:g;:~ ·~I~Q~~~~: t?;:b:~--.:~~ ·~:~tru~turas. 
::,~ ·:~: . >_,:~:·. -. ;-~;;.·;,A:·}~:~;: -'/i:h:.;;· -L;·{,, ~;·¡_r:t~m~::~rf!é",::::.<?--~J~··~:,.¿~~:,::;." ):~3,:.:i 
guiadoras.~·' puede'., ser- ·acoplada ·:con •,lransmisores;.Y .'r'~~~~-~-~f.Cs sin' tener 

entre :11;.'r~~~?Ut.¿i~~~~)~u·r~;~~li\m~";:; '\1,;: .•.. ~~, · 
:Y~~\~~ '. ~ª-~ .. /~:~~-f ~.:~}~ .~~.~~~~-i~,~~y~:11r~·~,E~:?.~-7~·~·~{~::: ~ _; o~~r~ l i V ldad de 

una a·n~-e~a "~s. ~~~n~~,: su·.-~;,~~t~¿~: ~;~t·~~1~~~j6~;:>0~~;:~a·t~6~, de radlación es 

I-e'pres'eótci~'16n··:8ráii.~a: ,:d~" ::'\3'S -"~.}~;~id~~~de·s :" d~::· radiación de una 

~ntena~' E~~-~ g~ái1~~ ':s~:-·,~~c·~'.;~~-~~i;~~-d~'.~¿:~~?~~:~~~~\1~-}~~u~b·a alrededor de 
'.. "•'.'.; ~~- :<:.-: ~/·:~;·;: ".' .. '.:·- '. :: 

la antena que se requiere estudiai- ~y/'.a·~~na:.'dl~~~~cln:constante. La 
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dlrectlvldad; analltlcamente. lenemos: 
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el cual se asocia a .un 

:·::~t:'.:~:~llil!lililllll~;]!~~~~~ por la 

incrementa 



rápidamente al dlsl!'lnulr ~a·. fr_ecuencla, hasta. que la· lon6sfcra se hace 

opaca· al centelleo. cunndo ·v.~- 10 ,Hhz. 

Cii )·- Ei:':_:~~dl~~::d~'.?~~n,~~:{1~-~·.-::~~·· 1dcr~;~1~·ta cori;~l ,deércmen:lc>· de la 
' . . . :,\,. .. ::":.:·:--.. '. :,::; ::· ...... /··:--:-·: :~- .. '.;; - ;~-;<-j:-o; ~l-,;'<·._~:,.;._:~. ~-. -... ," 

elon~~cl.6.n ~«~.1,ª~···.--:·c~~'.· (ha~~~a·.~_;.·Que. la~ lnlensa .:dlspCrsl6n - rCi':-hace 

lndl~ tl~s~ ih~i-~b~ :L~~~~~~~~~}~~i~-~~~t~.~~~r.o::-- :E.i_-!J~ J.·a·~ :: :d~·r)¿~n·~-~-~ i~o\ Var ta 

c·an. in · r_Í:!iátl~·ñc1D. ~.y· ·,~úC~c ":;'s'ú ~ Íntúc1nlo~.-ºn-.;·co: ~!Í) ::.~~~~ : ·i~:~ .ñU~s-tfn --;-:-cn~--f ñ 
- ---="" -.:.:::'. -~:;,.:,~-.:;,';=::-e::,:>·- ·:.. ·" "' 

_Ta~.ia· __ ~ ~ r";~. -~~~~-º-~~~ ·.-)~'. :·~~~~~~~-n-C~~~ ~~~Í~~-~~f~~il~~? dó t-'~·r~~~n~~-~d~·~·~:'. t~i:~:~~~ r~~ 
al So~ ~e pÚcde ~.~P~~r cl.·~lc~lo s~iar.,i~.;~jaia~C:e H~ ~~:~;~~r:los 
puntos" anteS~_inen9-i.onado_s- :ÜCY.l~ Íl ·rre·cuen·ciaS·',_en~,C-f. ·r~h80 ~'iié--SQ'-~Mhi'>y 

170 :.M~~ ~q~~-- ~-es·p~~~c~~~:~~::::~;~-~·~~:. ideCuad;~~ =y~~ ~1;f ~ 1~.;dCS-~~1C'ilúrlCaS 
de estos. ~ar~cglo.s. ·de -~~di~'·;,·:, 

-·'1: 

de 

vlento 
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. ·:.·· :; .. ?.'.:'.·,·.:.~(,./(:-·.· f·; e·.:~'.~.·,"_, < 
, El ~ª-~ª~!?.'." .d~1;·,,,: .. ~~re~.1~~ del.~(-ml.~a -~l número total de rucnlcs 

eSLelareS ·-~C··rD-di'b·~:·q~~:,-~~ed~~ .. '~~?::~~,~·t~.;~~ada_s._y. usadas p_ai:-a mapcar las 

p'ertu~b~c l.~',~o¿:~·~~e-~.:.~~i~'j~k.:'.'.~~ ~- C(;;.:-i?·~.d lo __ _!_1~.L~rpl!1!1e_lar_~o. Entre más 
:';_;: 

d~~o~~-~'. ·~~~}~~~--~~~~~~:L~:1<~ .. ~:~c~·~~,~-:- ó~t~'·'~S ~;i·~·:· ~c~~lbi·c: al ccOLcl.leO~ Las. 

éXpé~ Í:~.:¡c1ti'~~~~~}~~.'~~~~iá:~{~~·:;;~am_Í;~·ld~~·~··:q~~~-:~.1~¿e ~·~~(. ll~~.r-t.ü~~, d_; 3; 6 

h~ct¡;;~·~"~~J~ü_~i~~ci~ · ~i{Jf 0il~~i~ ;~~::i: do~·r~~J~~;:<l~ ~;d{~ . -
cstelar:es, :rléC0eS·at-1ás p~'r~{!_ mapc~·r ;el ~v1cnt~·:;:~~i~~f~ :'.'f;~~~"; 1:~~ :¡o:·~ 
stere~:r~~ú~~~-~·;~~~;~:iZ~~~;t~·s·lbie .. ::;~~ s6~.h-~~:~"'t·~;~:.·,E;rc::~ó~~~d-·:·J~\'.Cr~1r{~ 

_ ''"·i'.:";-- /et;_, ··".,.O.t~.C :-; ·- - r· ~, 

~:Si:
1

º tE[ilid~,~~~j~IJ:({;:~i~f~18tt~!~i~I~if~t~1t~t;~~:-~:i~:;~. 
~~·ºt·~-~~e.:.i; .. ~ .. ~-~ '.:.'~'.~ ... ~-~'.:: -~~·~·~·~. :·:~~~:~?.~.-~ .. ~~ :~ ~.r~:~r. .. ~-~-\;\~-~;.~.:~~t ~~:-:~.:: .. :~.º.~ .. ~7-.u.J~.< (a~ t., 
el ,roq~c~.\mloifrq'1~i~ibré(~~~~f~;(t )/;:;Y~:~f i~~~~.~r!~;f h~fNd~é t6l · 



similar. 

::;::_ ;;,·',;' '\¡': .. •";","· ::;\\,' '':, 
Ei".-·arr·eg10··" d-C~a'f'~bíiüd~~~\'.~~- c·ámbr'fdgé;-:,:1.·cu·enta ·.:con ·una ""á~e~·'.- de 

,: ' .::~.':'<- _ .. (·::_~,,:'; .1;~;;~·;.r ;~·:::(-: ·!·.<···;·,· :~:~~::·: ·:·(;,!.' ':\~-: :: .?·.,_->·' -:-.;· -~' ..... _:'.)~:: ___ . :'.~'.o,í/· ···_": .. 
trabajo- _de· aprox(~~a~~'!"e~.l~)20,_000 mk~· P~!.!_cbas·-_.11~,,_y<!?_as :a cab~ 'c~'n esté 

;;.·º:. ... ·.· . --.-_ .. ,_ ·. . . . < - ..... ,. -- .--,- -- . ---·--· ---....... . :'~ . .. - .:r,:-:~:~ .. ~·:'.'; . 
arreglo: ·J:ian · .. ri_i~s t~.ª~C?-~ q.~e :·:un : :ar~eg~~ , ... comple ~~--. . ~~~-:.api:-i::t~ra.:,-: de~ ! incas 

Es tC·-OeS t'C ,'·A~~. -~ í)l~ ~~~:O;c_spaC?la?oS_ .-·~n ~·U~#-,: ~1 ~~~~·e!~~'.·: ~·<3~.:· e ~~~d·~ ~'.:~ -e S.': .ln .. 

long~ t~d··.d. and~ t~s~~~~d~ .• .. ·.1ª·.• ~f~H7~1 ª.::f'.·ntf i:1: i.tt ~i'.¿:~ión••· .d. l 
arr:-eglo) ,·: present'a ·-.un~':.. ef lclencla , . 11=0.-e :-. · (Duffell-Sml th,"\~1976~·· Nnsh, 

-- . · ,. ~.- , ::·~;->· ·. ~-?.:.~ ',. _.:::·~ ... : .... · ~-~ ~-::~· .: ~. \j' '. :: ::.-:; ,· :_ ~~"~· ~; .. _: ,;:,~\~;::.::.;'fX':J: .i»T;,:;:» ·,»~~~; .. ;·;_,y:::,:.~~-: >: 
:· ~ ~~? 1 .~ .. -':.¡,;_~~ ~t;~~,ª-1:.~_º .. _;=:_~-~.e _ .. :~·~:~?:_ ~~ ~'.?~:j;~?~~.! ~ ~~r~·~~-~º~~-;-·:;.~~.~::~~r~~-~-·~-~ -~~~~e -,-::~-~-~~-;;·~-~:r·~~~~~~;-;;);-:i¿~~~~:-:~:~- ·~-~~~~,~~-~;¿~~·:_~:-=~~;~~=:_" __ ·-~--: --

5~~·~'. ... ( ~Á)~(:Ó:: 8)~\,·.;' ·'d~Oci~<·:~~·', 6~~:.'de't~~~iriii~ :: n:~:~'.ci·Í;~fá~~-i'cfs:;~¡n~;r~~das 
' • ~< • • •'' , V , -~~ ''. • '•, .. ~·:,~'.}_;-~·.:·'\f;~::-. ~~:i111.;_~ <,,.~:;~,-

la f lgurá"; 16; ·-A es'. el 'área fislca·- dcl:::arr;f?glo-~y,;.T),,.es.;,Ja·. oíic l~ncla 

de o¡)eraclón" 'para,· é~~e ~};¿ ·;:·~~-· a·r.re'g"l;;i··:~::· ~;-~~~~~ ~j~~:. ;:;·~·~'.~b~:~eS, . ~l 
>~~-~~;> ..... --."· :{.::~ " 

\;·~f:{:'.~· :(' número de lineas· este-oeste es· :: 
:. > ... :•.:; 
NEo ·~···2-bí~:·_.~, 

y el número de dipolos de ónda \~cimPiet'a··~~~·~ _i·(~~~, e~~-:·­
rirow ;. a/A·' .. -



lucno entonces el número lola~ d~ :,dipolos (N) en_ el arrcelo queda 



l a ~···. ~~~!1 
seg. 

donde ó ·es el .~,riguf~ ·d~ ~C:~·~_J.·~a~.~-~"n d~ -lá: ruenlc. Durante este· tiempo, 

se detectan aproxlmadamCnte ·: t/2 -. centelleos por fuente individual, 
,-_.·-_·., __ --·/; .... '/ :." 

co~s_ld~rari~(~-~~~~~~-~-~:-:-~:"~-~~1~-:-~d-~:~:~ª~~~~,de_l _,_csPcctró de centcl lco11~s de O. S 
_Mh_z. -~-'~~C?~-~-~s_,~,~-ª :-~r,~cl~~-6!'-'c.c!.c::)a~-mcdlcl~~ e~ -de =:: (2/L) .• En la 

Tab10; .Vll ~'e -~~~-~~~~~~~tl'~~,~r~s):a~'c:~s: para una fuente con d=-20°. 



;\/2 y separada del· plano:horlzontal en ·una allu1·a de ;\/'1 ·(la pantalla 

reflectora Se deberá conslrulr ·de alambres . ~arale~os c~lrcchamcnle 

EXfst.óri- frcs f0i-ina5- en ias · cuatcS el c:irrcglo de raCua· puede 
: - ·-.; .. /-· .. ,. ~- ._ . 

operar en forma-de .. radlotclescop'lo: - ~-- ':.,:-<'· ---

i l' Configuroción- de Palencia Total. 

Todos··-1os elementos del arrcglo'.sc· concéta·~·.::a·--~ri·a-·sci·ia unidad de --
:'. .:·: .·>>:_: './·:·:-·< ·>· -_ -

ccnl~11é_ó_ ~/toda· la c;~~-rgia r~cibú.t~ c~-~~~dlda ~di'~e~ta~~nt~;-; i:.a.·saTtdá-
--·"-f.': 

del radio.telescopio en f~nC.tórl·: d~i. ~lemPO:- s~~·mueSt:i-a:.'~:fr _l~·:·r~·B~r~ :-~?· 

La ---rCspuest~ a: la '·fuente. de,; 'radlO>sC-: ve:·.·~·ÓbrCPueSLR· á>:' ll8ei-os 

cambios:~ dé~lexl~_~eS~\pr~~:~?s.: .~-~1 ¡_:~'.~;i.d~~>~~-;~~:~-·~-~·('~:;:;~-?;'.~~·~#~~'.~~e:~:~-~:~-i~~~·g:· 
so_n'. _mayores :.Qlle. \~s "::·~_S_óc~~dá.~ .::-~··:: l~.~,:f.ú~_~\1(':~.~":.~a~-~~;;_'Y: ~~¡¡-~(,·1:;:i~-Yi:o~:-.:. las ·_',' 

Varlaci~ncs)le-. ~Cinp·era ~urá·;, ·., EsL~: ~?do· ·~-~'._'o¡)~'r:~Ci~~·· n?~·:.-:e·s_;:.~Uy '. .U~'adO. ·en 

rad.10 · áii.t·ra·nO'm1ei>lc:(cO~ó-,·en·.~ia:·. ·1n-~Cstl8aCióO · Có~~,_·11~s·, s·6Tó·':s01{:imPO'rtantes 

la~,·-~l~~~u~~·~6n~~ ~e:. ~~tencla~--d~ la·. ·rUeri~~ ···~~-· ·r~~lo: ;:_~e :~u~d~·. 'colocar 

un f~l tro externo para eliminar las pequeñas. fluctuaciones. de la señal. 

RUIDO DEL SISTEHA 

TIEHPO 

Figura 17: La salld;1 de un arreglo.en conflgurac16n de 

potcncla total en función del tlempo. 
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La ventajn· pr·¡~·~:i,~~ l ·;.·de-. cs·l~ :· 'mociO· - de.--.. r:,·pe~a~i-6n·;·_cs· -~el -poder 

duplicar la· s~~~·ibi-i'ld;~ <~~;:~;: ~~ki~1i~~: é,~:~ r~~~~~~~~c~lo's minlmos de 
::::· .. , ·,:,;,", 

paft~_s:·'.~c~Ptor~-~.:«i ·~' ··;. '-" 
· l 1 i > :-. c~;lr 1"&~~~~·1t,~:o··ca~b-fri~ d~ ~ r~~~ :·E.::é{ ·''.~:-. 

El ·~frr~8i~ se;~~:d1V"1de;!:ifi~-~~·ii~:~-~~~~f~~~ri<-~:i'O'S' p~-rt~~-' iSuai,es:.a lo 
,'.,·.· 

::~:;i;:.1· Lje~~~~it :.t·:~;~~ti:~~i~tó"f ¡~;t&c::0l ·~:~:::·~~·:::: ~:: 
en l~-º Íi~~ir-~- 1a.-· _- --' _--;· · 

SENO 

' t LA ~F.ílAI. PROHEDIO 
ES CERO 

Figura 18: La salida de un arreglo en confJguracJón 

E-O en función del tiempo. [.a señal es modulada al 

sicronlzar el lado E y O. 

TIEHPO 

E!=i muy lmPOrtall-te hac·cr- n-otar't'- q~e-:n~,.:~~Y.t~~~-~~p~rf~,l~~cl6~ -~tl.~_r:.~ _ 

la temperatura. dc_~'.rüid~_ Y.·-.~~; n1i~1>d~.-: r:~-~~·r:~llc1a~~-~~-~O; . 

C iii) Configuración. cambio dC. f'asi!'N-s~·-.' 

La·.- án:~·ena ~~-. ·d~~~dc·: eÚ:~1~i·~~~~·~·~:~ ,~;~:::·:~~-~,fp~·~:{'~,~ r~~gua1Cs a lo 
- . ;: '. ·;-:'.' · .. :· .. 

largo del ·eje · E..::a/.- y.· las· d~s :m1 ta".1es .' ~~~~·i'~:~~l·~~~~.::o~~:~-~t<~-~O~o 
lnterie.;6~1e·t.ro múltiple. _ i..a salld"a del ~~.~.es~.oPio':_:~ .. c:=.?~?; .;/~~·c_ló~ /dél 

tiCmpo se mu.~Stra en la Íigur~--19~ 
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\..-.SENO 
1 
\ 
\ 

Figura 19: La sal ida de un arreglo en configuración tl-S. La 

respuesta a Ja fuente de radlo es posltlva o nt:?g.1tJva depcn 

dlemlo de ln posición de la fuente de radio rcapccto clcl 

patrón '!e (ranjaS N-5. 

La -_Tespues_ta·: c_l_~~:-~-ª-~F~-~-i:ite_':d~ :r~dloz'sc '.Pu~d~ .:Yer:-.:comO .:una· funCi.ón 

cUa~ra'~6:·:-:~~;{ t'i'~~~ .-~¿:;~-~~-~~ll~~'.!~~~;p~~di~~~¡~:_._:~d~-~~ ·,j-~·-;; ·;'!-~¡-~-~·~-~ de-,> la 

fuente de, rEldio.,rl:-pi6Y~--\i~::~J-.~'pgsfcÚ'6rt;C'On':''ciD p.ú."i-óO':_'de .- rranJiiS.: N~:s: 
.. 0~: mp~ L~~~',y3~.~v~~Ü~~~'.~~~¡Li~2.~.~j'~~~~:t;ji ~~nflg.urac.1.oncs 

de ::~~::• ;1;~;;{~t~~WJ;t~~{~ffr°!~t:1e~:~~~lsq~~e:1:l:::::::rncc:o·~:: 
ob_se~va~_l_;,~~(!-~ '?d~;:,:/~.~~F~:~----~~,;~t~~i~-17"'.I\~U~9,~~ 

- rCdu-~-en·-~-f~--~~~iii~\:1-1it~~d~~~~-}0 ~",1~°Ce~'t'~r1~~K 
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·~·. . . .·.·.-·.: .... ·.::-·:·. . - .. 
3.2.4 Cont.rol-dc'.dCcüñaci6n·por.cambio de rase. 

El pnra 

di rccclo~~~rsc::~-~n : .. :_:~~éi)_;{~~,!·~~-,·: '.'/{;~:~/;;~:e1.;~Xtrán_S.~ t.O:··: de t :·e 1 é i? por e 1 

merldla110- '·ce~trai~);.:·E1·~i;_'-~Orit~o'(~~:d~~:lf:i~~~~:~d'~·cil'~Sc'Úm _ d~ los lóbulos 

aencr~do~ .Pº~-/~~~<~~i~B{~'.· 1 ~~!t~r~~r~~~~~~~::.)~:~.ri~ tu.~.: ;..~2 se. ·logra· por" mc·d10 

.1;p:t:vJ~t l1~~~Ji~~~~}tr{i~f :t~6~~~~kJt1:~~~-tr~t1;u~c;,t::;~ :::: 
ir~ca d~~¡,; a~~•c.1 <i'.j'.ie ;:,~ombÍ~~\~o~ ~gcr~~;cs;~in6~cmcn ~~s . <Í~. ·. r°';sc ...•. c, 1 

~>1:~b~x~< ::~~,¿_~·~~f ~~1/~{~·~t~t~~X.f;~~. p~~·~. -":2 ~~-.~-'.ant.cnn~: _: po_dtt1 _ ~·~e~ --~ir~,~-~~~-~;·_ª 
Cí'irC-,~·nt~~ puntos ~&e declln¿'c-16~-. ~en la figura "'~~:;i~·.:·~~~~~- ~O~sCl~ª.\-.'~~n 
i'óbu Ío ,di~~~"ii·~~~~~ .. e~~·.-f ~~;~i~~~iina~i;ñ~f"-d i rC~Cfrl tes-º 's-c;;brc:~·c 1\:~er 1diano 

. ·: : .; ;~:·::«;_F ... ::. , ·:::.'.:·:>'. 
cen ti-al· C_ori:-esPondlen~~ :.al, ·~.~~~h:·:d~.ri~~: -~~·::·~ble.a:·. ~Í ·'·~·,,¿:i1~·. ~~ ~~:~úo: .. 

Figura 20: El lóbulo prlnclpal del arreglo se dlreccJona 

a diferentes ptmtos de decllnaclón, barriendo todo el 

meridiano central lo· cual le permlte observar todas las 

fueñtes en trflnsl t~. por el. ele lo. 
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<-::,,· Q·<_ .",,. __ .,.:-~-º· :-·-,-<_ --=· -~ -. 
de dipolos.',¡)uedc'. ser :;+SQ:::~- ó~:>,' -10 . : Uc-.)~s--_expér_lcnC~~S. cn-:cambrldge 

ha · ~-ne~~ ~-ra·J~~- ~·~~ ~:-~~~~~-~~~?~,J~'~·.c.~~~'~t¡·~~:~·~t~~~·,:ri·~ L ¡~-~ :_;_· ~~{~~~ t~~-ea~-~-~ -~e: 
~e .' Ob ~l-~1\e ;:._~~~'.~-~~~?-~'~S~?fú~~~-P.}J~·, .. ~'~.~ ·:~·~ ~;~ l_o _~é;:~-~-~:·:-~~-~ ~-r ~-~:: d~;-~ ~u_ L ~-~r. P~d r 18 

tener -ss i ~'Bu ib~=~: ~-~t:~i'~~~bt ~~~~-,:-~l~~-~-~g~ ~i.c!~:-;~~~~~)jl·~~f'.i4~ ,'~\~-~ ~ ~A~_---p~_f a i'a 

l 
--~ · -·-~r.i,t~~;- :-;,,,_,;·-· :_.:;·>.-~ '._'::.'.:. ,_,§:' 1··i::c. ;;~·-::¡-~ ''.J_5::: '/;;--<-'::, 

an ena.- . __ ., ~/~i;<:;,::-r::: ........ : -_:¡.;·,· >~:t .. ,·.. . _ 
..,._ : \''it ,,,,,____ --~f\\· --~.;}~-;~·: ~-~t :.~\::~( 1/ 

··~·-4~~~~-'.~:{ ·-=·~;~}~:.;. =~;;~:.··· ··,::¿~;- ¿;:. '·:'.:';~t; ;({l~: ' 
:--·:··. ~~~'.·~~.._,-;rjt··;_; ::.:-- 7-,·.:::;': _.-:_;., 

', __ 3.3:nhi-l.l:Es!ii~\ 101ffni:L~'·,;ruiEGLCÍ;ÍlÍ:RAOIOCPARAIPS; 

propue::.:~~r'.i~~r1.I?_~~ll~fa1,~:~j~~::~i~:~0}P:-.f •e:ti¿~.~·t~f :~t:5Lcna. 
--' ;:i';~· 

d1~1d~.1~ C_if--:·4-,~~~-~~l~~c:~-~~.~~ _;.(1:(.~~.1~,01?~~: ~~-ª~-: ·-~~n.'.·, ; ~~~~: :'iJho de 'los 16 

~ i PO iOs -á-¡ lRle~~~~do's·-~pO'r o! ~-~·~;~.:~¡~·~;-~ -~ .~~~·-- ;'- t ~·~.n~~\~ t~i/~'.'_se· ~·~:~,e~~¡-.~n_: ... ~~n u~ 
pr~ainpi ir·í~ador:: 

LABORATORIO 

1 

T ="----------------' 

) 
~-

~ 6'fJ...--------7 s 
Figura 22: El dlagra.ma muestra un arreglo. de 32 A norte-sur 

por 64. A este-oeste.· Cada:_, 16 dipolos, .se .conectan 

un preamplificador. los Cua~ro. preampliflCadores.de cada li­

nea se cone~t~n :¡;_·.~~-;._;;;z. ii''lin.:SCéúriq~:t.est.add de. p;ea~pl 1 [lea-
-~-,, ,;,,' :._: '.-- . .".:.". 

clón del cual se. ·env.lá. lti'..Scfial: .il:-U;iboratorio., 

La f ig~r~ _ ~~,·:~~~'~,.~,~~~::~~~~ '~-(~-~~~;f.:·'.~~:-?·~ ~,:·~f ?~~·~~·"·:·d~·':::~,'!~~~/gu r a;C l 6n. 'de 

potencia total. :cada -·.t.i~o.-,~e;·:.i'~;i 8s-'úóbu10S'_~;·5~ 0;·~~~~c·~a~.~:.~: ·su·· propio 

'.'<_r_ 
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recepto.r. -Y _cerilelle~dor· ·'?1· -c:u~-¡-: ~·~~~¡·~·{7 cfo -un., ~~-r i_~dor_ .. ~~ · rrecuencia, 

prcampl iil cado~.'.~·~-:- f i·:~Cú·~~;~,l~·-:.; ~·~-.~t~{~~-cd ~ ~, ~~~~; -~-~-;:. -~~~ lr'~ 1 ·-~.·~~--¡_·~t~á t 1 cci. 

de garl_an_d¡¡~-~----~ ~~_;: r:t~\~~~~.~:~;-~~-~·~b:;:~:-~{~~~;i_o\'~:~~~~j~,~-~~f~· mu·~ l1 plicadoi- de - ' 

runc'1cm · CU(ldra.da:.··y :~~rt--r11tr'~·;.-p.;,:s;a_~i>.iJO::~c; _:~ai1d~~\- · -:· ·: ~"' .¡·:~:~;~_ 
--:., . ·::· .... -, /'·.:·,_-);i,:-·- .. ~;'.>. ··:·· _,,:·.1.· .• '.- l:« ,., .• ,,c.,·;·.·,::;_:,:;·:: ·,,,, 
El r.llti:o,_~e:.fr~cuencia :"in~~r_mcdia'_- pu~de ,_l,c~Cf:?Un.·.C~rl~>dc,. 1 Mhz 

ar~ ibZ ~:~ d~~~~: ~:f~~jf !biii~-~t~-.. ~;~;j:~~~+~~~;~::j~·¿~~i.?;_.~-~-{~~~~r;i-~~~~'.~~~ {f :~~ ~; ~:~.-te~~:: 
; '":.3 

·~~:::~~::~~~~-e~•-.. m,1l;~~[º~7~:~~sdi~1~3~:;~~r~f dYr:~~~~t~~#- l• -

s~~t_1en~; -~;~~ú~~i}P~~~/:c'i;¿~~o~J~~1:~::.d:~\··gá~,~!l·~·f~-~,~~,,~~-~~~~-Í~~"-~:}~~~~-t. lo~~ '?u~l 

;::~!it.:;~·1~J~f i~tt{~~~~;}f:i~~~¡~{ KAi~;:z~~f~~~:f Nii~u· ":· •. d. 

1 

_. 

~l~m¡~~id~:.~ ,:~~j~-~:_.~;f~_{,?~}~~·~~:~~:;_::·f"Cd -,-sCftal1·ic'~~ ~~(i tf~d_a-.~~p~r '_;:~~.i · ,fl 1 t~·o '. . 
. ·~: ~.· '.i;f• ~ ',, h 

~~¡111~1r~1i~~11tr;~:~·~:f 1 
10 ~J~liE.ªt:;~~•-'.~it 1}~.;~~~:~g~d~l'~:~:~?¡~t'ttt~f~J1B~1t:~~t~·(ª:: 

- . ''-~'-> .,,:::_::::;_-l.:,,_ -~ .,,.._ ,- _,.,. ""\• ' 

¿;;-~v~:,ti~¿~ii~al'- ;,,,,,1~~0 5~~fs11,~Tf~fd-l~}~a['t~ada~2~o~~\cei: ladas 
,pcÍ~ - ~-~-J~·m~·~riJ.ii~·~~·~ Para;_'.;Sér. ~-ana·11Zadas·: y_·: almaCCriadás. éíl:. uri-, cenlro de 
o¡)éra·,;1one~·.·. · _ ,~~.-~"'.,¡~f:m~:,:~~;ortwa·re ·:· sC · Cnc-a·rga-rá.'.~C ._:·gCnc·r-a·r·_ ínBpñs _ 8 

vla 

s~L.é1it·~-.' ~·~~\;~:~:j}~~f~.?-<'~-~:. -~~-~:11~-i~-·\:·:. ~n.léíPf~~ta~~6.~- _ ~~-ra . e·studio y 

Prorí~st.lc/)~-~~e-:.p~~~l~,~bad_~~nes ·'.-~ue_::v.l~ja·n en',cl ·~edil:'_· 1-~terP·1anclnrio. 
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MAPAS r--1 / ""'- -~ 
CENTELLEOLJ ~ 

Figura 23: Dlagrama a bloques de la configuración de un arre­

glo de ·potencla total considerando 88 lóbulos detectores. 
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. .. . . . 

3. 4 i~TilATEGIA PARÁ EL <J~s~riv.\rnrilo rif: rPs EN HEXIco. 
;·<·;.· .. ,:.:, 

!lasta _móinCóto' )os áVáÍlccs la construccl6n del 
~~dt.o~eics~~~~-~--~-·J~~~;:.~~t~~t~/. ce~'~'.~·~ ¡~o:·: tn~-~rp1a~etar 10 '-dé , rUCn tes' de 

··...:· ·--:::---· -,,=- - . . - . -- - ¡:-

ra·~_io ";,~~~~~\~~ci~·~:·~~,:·".~~~·;···c: __ ~~.~~lC~.cC.i~_z:-i ·:~~-.sta _a· - cargo._-dcl . Jnsll luto de 

:-;,::;:: 

_.,:i f :Lh~~bá~d·~-,;·ci~~~:~.~~~u-~n~~ª~ ~-rÜ{e8 1d_~ _a_sl_8rl~a~~ P~f- ~itSc~~-~lár)a_· d~ 
-. _. ;;'", ,-.,,_._._•::;-.~.";'";!¡''"''T~.c-~ ;. ',: _ _ e __ ";'.,- . · - ' ··- \', --- -,; ,-- ,.'.-.;,-' '., '-~' 

~~~~_nl~~~-~~J~~~~~~~:Jf~~~~~,~t~~- ·_ (~CT) ·))>ara_ -1~:~; 6-p~r~Ció~~ .. ~~~1/ .·' rádio 

t_c~c·scóP.'16'{~~ óil~~-c_"13~~~.-9 :;·;¡¡;z :-a·, t11~'.;,,1 ··-~·11~. _'·e_~~ :.~~~:;._'f_~·~~~'.~íi~~,~~-~c~~-~~ai ~ 

Ec=139."6S:- ~I~~'.. ~-~E-~l~\-~~~d~·::.d~_·:~rc~-~~-n6~~:. s~~--~a~~~:¡l~~~-- ~-~ti¡·;A~:· ·11~;~·- cÍc 
-;~- , •-•, ;"'.''°'' '-"·"• • ~ • •"' '~',·~ --• -·- - ~-- • • -'~• ' •e.,.;=;,,__-'• :-f'~;· -- •- -.. ' • • -

~.~~_Ú1~!~~~ .. ,~~~}:~f~~t~~.SA~º-::~~~-~~-';;~~~-~~:~a~:-~::~~-m~;~}-~~~?!!~~·~:~~~~f~~(}~~;:'.~s-f'~v~:-­
j;a·r~ -us¡; cxCiú·S' íi~o :_ dC/1a:~ ~pcr·~c16n :_de i.·~: ~ád 10t~1~'S~~Pl e>·.· p~r·á ~· é~h t.e 11 co. 

~~J µ{á >¿X~~-~')G~·c¡~;J: dCi ~~·~ i~"t~-¡~~-~Í~~·1;b< ~-S~~~~.~-;a:f i·~~·,:á ·.~: ~n :'·dos 

et~pa~: L• .-~-';; ·~~-(' O ~}· ~ " • ,'. .'.' ,',~.;·:, ~::,,, ... ;r2;-.:·::· 
t:.;·-._ .. :'./~-,l:,:-}_· .. ~:r~~- "~'.::. -

~?: ~~!~~ .. ~-~~~;~-~~~i~~~~~i'.·:-~~: ~:~-~-~~~'.~:-~~:·~~r~:-q~ff~~-~ :~~~!::.:~on~~~á- .. c~n todas 
las car~C?t~·~~s ~l~~s ~: .. ~·~ _:oP~r·aci~n- -'. ~e-~~--~~·~f~&J~-~ f iry~1_ ;~pa~~\c~~ :_·u·~~ ~úmero. -
m-encir .d~·-' di_~~l~~/~ .~·~f. l~/'ta~iri.:>¿6ri:;~\1h~·:::;ái~'~\-~¡.~~-l1':;~~:d·~·;.:L~~ba.J·o m·enOr. 
quá. -la·:·: dc~l :·'.~~~~gi~': 't·~:t~í~/;.:·c:-~.~:~ide~~~d~·~'.~ i '.·f:~~t~:r_~-,dci.'.-~·r i~l~n·ci.~ :·.· e TJ.j de 

tr~b~~~--:_d~~t~~-~-~~~~~-'.~-J~~;~~\~~~}~1~:~Ht~. :~~~~~ _- :r~¡;~-~,~-~~.~~ el área, ~n~·1cnt~ r 

ml~lma Pal-a'..'cl -~r·reg~'~_¡·P~?.tbl~,t~'.·~~g~:dc·~~~::·;: · 
'_. - ~--L'~Ílc{~:;;i;.'t1~;~é~t~iii37;'~~)cáN~í ;'.9~~¡7 ~·~-

E1: a~~:~~.~;~'./?~~~.~y .. :~x~-~~~~-~~atf~;e~x.~t~:.:~~~.~~~;~~~1~,~::~~·:.~.; t'18~. 4 m~ y 
cuenta ·eón \J~ ··nú~~-i-c(d~r;;it"~'eas~~-Est:~~;~oé~S'Í:.e ·C!rid~tpor:: 

'
7 :'i;t ,;~!~.fi~'1;~~1 ~z~ii,2r~ 

;~~·~· ~~:i(;;,~ ·~)?X.r;.: ~·t{i\ .;;·:,~.'1,9~· .-;,;··.>··":·'•··. ,· ·, ', ,~, . ,. · 

dcc11n:~1:;t;~_;~1~i1~~~~~~Jt{?~teri~;qr~fa~:Bµ~~~~,n~~::: ~:-~::r 1:: 
f_ue~-te~<:~.~ :.)~~·f 4>-'~~'l:fi_;·~J~":;~,~~~~ ~:¡'.·~~~.Y~~~:1~·~~·~'.:;\;~·~'.~ e Í · n'úln.cro .:·dC' ·_ l tneas , 
Est-:-o~~~t~.--\p~r~.:~cí_::,~·i~~,;B)~ ~i~:t?dP~. -~~: ·JJ-.:';~~f~'~:.: lóf?¿l~~ .'·~ri_~c~p~lcs. 





:.-' .... :<>-.:.-·_:·>.·.·.:,::···-. ;_- --:: 
El ar:-rcglo finaLcOótará.-con·.64 16buJOS· dclcclores conlrolados en 

decllna~:ló~·;i~~---:~-~d¡¿>~-~-:-~~~·-:·~~--~~i~~~ ·~·~:_.~-Ul1e~t': ¡~ qu.e Perml ~~ni lcner 
un ba~~ id·~:_:_.:~~ri"-f~:~b~t~~df ~~-,,: .:.-~·:;:~~26~_:? ~~{~-;_~-_ l·~~-J :::~¡~-1 ·_; ~~.r id ~ano· · ccn L ra t 

ten~·end6_ c~~\;~~n~~6t~:d~'J:~~¡~~~:~·.;~~:~a'.;:K~-s~~-~~·6·¡·-~n -~·é·'. :~a'~:·: f·uériles de r<Jd lo 
• • p~.-~ • • ··-- • 

en• trá~:~L~'.'.fr&f,t{~~1:~~:~1~~B¿~1·'.Mr:g¡~ 'ri ~~l .~~ ~~pera•• de lec lar ·de t .· 

orden dc;-5000 Cfuentcs: dcc·radlo 3 cslelar.cs-:dc7 las cuales se seleccionaran 
;•.::: •_. -. ·'. ·:, ·:· ~. .. ' '•> '.o ;J.• .' - _"• ·.' :.·, '.· • -· -- -

~~-~-~:-_\q~~~--"~~füi ':-.~~J-~?i:t~~~1~~i~f-_\t~~g~~~~ P~~~_á_;_~f.?~~~~~~ -'.~ fll_ -::_ ~~~!,~ l~ _de :-­

ci~lciccÍ-Óh:~ .:.-~~-... ,.. - :r~;~:'. ~ <-r:, ;._~;~--;"/~:f.· 

L9.\c6~~~·l:~tJ2-~~6~·-;·d·~¡·,\~~-r~k1~',_-~in~'i : se_~ realizará;- cuando . .lodos-. los · 

. clamen fos.L1Ínto=d~ . 1t'1r~w~,~~;;~~'~rt;;nrc ·ig,h~ya~ :~ro1t~.~º ·~~ry ~¡.\;rc~g lo. 
P1,~~(o-'Y~.~S~~1> .. -~~~~·€~--~-(~,~~~/~-~~-~,:~q~-~ ~.'!Y~:~ un-''.Clé~eO_,~;O; i~¡ior:tri,;~t;;:-, para - la·· 

- ~¿-,; ~-,.: 

1~s: ~·a1a:c_~_ón·{.~~1.;t~:~~~~~-~-:,- ~·-~-~~~~:.:~.s. ~A·~:. ~·u:~~:r:.:;~_?.r~d~.f.-.f-~ ~§'.'.·: s~::~~bi,~,~~·ñ:. -/e i 

. lu~··~ .· tl~n~_::t~.~:~t·~ªf::i~~\~;·;ti~~};~tl:rj~~~,·~:;'n'J ~P'·l~,~·c{~º sf ~ºP••·· 
garantizar .. su operaclón;sln'"interf~renclas· o-,_ru.ldo:·-provocar,lo 'por·.· el 

·hu~~~~- :;:=::·~:~:~~~:~¡~,-~.r~~~-}:~:¡-~~i~ .. ·,-.r :~t~:, ,~,· ~~ .:_;; ·, -.. ;~:~~t~ .-- ;·. -... ~~~.·.·.·.,~~.·.· .. ~- _:.~~--·: .. ·_ · 
.. , . ·. - :{-· '/~;~ . )~;%) ;)-~> ':~··~:'.-~ ,,.,,,,: , 

E~ ; /:~~fr Lan ("' ~'~~;ér,,~~t~\'l"~~i~ ;Í~d l~~~,1 ... ~~~1'1.~; p•~f¡ I~S '· tjuc , so 
corJsi.ruYC:.~ -~-~\;.1)~:.Cl:cO' · ~lene_,_ muchas :,;<vc~1~iiJas·~:'So~r:c: .. _el '-;·_,_'radloleléSco.pÍo 

; .. ,.," '-·,•.¡ .-._>>· -:~·,-: .(:. -.-;.~~,,~--.-i,'.~~~·~':·~:?'.~·~- .:::;~g . ~-,, '~~~. [:-,' 
~~~cada,-:~:~ .. S.ªrn~r.1dge;'/~1gun~s ·_d~:_.e~.t~n:..v~"~ó;i'Ji:t~ ·son:. :i.Jita. rtec~,~~~c1a ·de 

:a~~iá-~16~,-~,·~i~'..' al ta (!"~=139. 65 _'Mhz)~ 1~. que~ le pcr~l l_~r~:·'.'~~~cr.v.ar, 
-- _:__:'__;_~-__:_~:__,"~~-:,~-~~-;~~~'.::_~~ - -- ~~-~ ·- '."~.:_e'-;-~~ ~~~~:O:;_.Ó ~~~o-+,;;_--7;:,~~~i~7~-;~.:.-0S:~--:-::--0-·;0:~~­

ángu ~ oS -._de :-c1ongác16n ·:fnCltOres·.,-;(cmlrie-20 .V·~cuaL·: lmPl 1 ca- :podCr ~'observar" 

má~ .~ .. -~~,~-~~ · ... --~!~ .. \.· ::,~~~1.·.'.~: ---~~·~.:; '.· '~,~~ ':. ~='i·; . ~-~c¿~~~~{~r ~~~~~:;_0d~~~~~:~~·r l~-k~ ~, _;;: ~ ~d ~, :_~1 a 
~ ' :· :,~_;:t> 

ubl~ac16ñ:· ¿e~g;·ár1~~ -de· MÓ·~1co:~c·1 ~~-~~~~l-?.(~:~~~~-P.~~'.~~.~:s~~~Y:~~~-'.·_"~~-~):~~\:;~-~~~~ · 
de ~:c·c·~:¡·~~c· l~~~-, : :~ -¡-i¿:~~~~ ~~~'.,~·-·. ·~,:~~:~~·~:~~~'Ci.º ¿J~\~'.;;f ~~~~~)}~J-~~:t~K.~J~f~:> .. ·::~~i~~~··~·~a·r 
reglones:' ~~l·- c_~c.1_0 ~~~ .. ry_~,:~. -~G~d;~%"ci~~,;~i.-~fjr~'.~~~;~~1?}:~·b~~{¿i~};;1·~:';'~dC 
cambrtd8e. ~/ .desde.:~e1 punlo{d.é :-¿¡;~·{::::-~~l·é·¿~:r;6't;~~?¿~tk~~, ~C6ri' 1"6~<~cl~-iahl~·s 
de 1J el~~t~-~·~lca··~ --~·o:fi~~·~~~·a·~~l%~i;?'.-'.\ 1:!~;;~ ~x~ ~t/..\ '.:·¿:.:~· ,':::~. ·'>'' 

Cu~;,do el • r~dloL~le~~opT~;~~,:~ • (;~,L~~~~lf{•,:u ¿~L;;l~ad 
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--- ..... · :. "/.-_ -·->:-- . . :.:· .- -:.~:·:' :"~: ::.''.:~ :: ... ':: 
formnndo Junlo con_ los obscr~a t.o~los ·de~· ca.:nbr1cÍn~. AÍ~~~cd~bad ... y Flor 1cfu 

una- -·red ~e ob~erVat~~~-~s ·._-la .:.~,~~~1?-~-~-~~~l tit~ · ~~S~~~~-~~~-- ~-¿:·:~~:~~~di~ 
:: i"<.,;,:. 

s~s lcffi~ tlco dc' .. _ lii.s_ :pc_rtur_~é:.l~~c_s_:-q'!~-~:~~a·:J,~.·~.:-.~:~:~~:~ ~ ::/.~~-~i~<~:~ y~~:\~~~ e1. 
fln de cstab¡ccer·._ ·e~:~. e~-,· fút'u~o.-~-~r:~.:::;1Si:-~~-~-'·;~t;·~~:-~t~~i'd~:; de' 

. ,'. -

pcr tur1:1a~loncs _ ·~eomágn~L~~ª-~-- e-~ L·,c~a l ·-.€~ -:~~i~".-:. ~~~,h ~--I~!';1~~~~~1~-~dc;~·'!c · e 1 

p_un~~-:~e- vlsta -cl~ritiflco_ y·:-tecnol6g~é-~z.pai:-a i~ ,' ~~~~~-id~f'·:,~~~di~'i"~·:. -
--;--:-

-:::_,-
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COllCLUSIONES: 

-En _.~ii11n-a;·~·dél<Lrohi\jo dc·-·csln -lcsh;- podemos c:qncl.uh· vn1·10~ 

puntos~) En.· la ·~~L.Jgi;J~~. l::·:nl:a ma~cr~ dcdclc~l;r y raslrcnr zonas 

ctc p~~ h1 ~~~~ ·i·6~~·~~~·!k-~~~Dl'·~:~~:~X~. -::~~·::~~ {--~~~~ ~,~--~~ ~-,!_l-~ ~p ~ á:·~j~--t~;1-~· :~-~~-:: m~ci i: ~º t~ 
técnicas·/ -~~~~~~-~~-~~¡S~:.~-~·LÍ~:~:~-J~:~i -:~<~~!~~-.:·'.·_. n~~~~J:~--;~- ~~É~~-C~c -~:-~~>~-;;c_;1~~'?:~ 1~-o 

{· -
i_!lte~P~ª.~~~.'~r_1_c;~~; _q~~l:~·;~~-~?.:~~~á · 1_i~r-~a.·m.~;Chl,~\ ~s~--~c1~_1:·:_cn_·~~~ :.cS.tu~.1.~ cte1 

v~0cn_~f-,s?Y~~r_.:·:·'..~?-~- ~;~( -~~p-~e:ci··. de.:·,·Í~ ·. -t_~ __ érl1~a·'. d~!/irs~··;~--~C/_:P~~~?!l:· ." ~~-s ~.riar 
p~rl~~:~ª-~í~~~~I~:ri~~ f·~s~?;c-~ ,:~!~~~-1.l~ndri·; ~·~,~~~ r~t~>iº~ t ~~-~~~~·~ 1-h?~' ~r~.-; e~·~ i 
da-r ~: -~.:~ná~_~\i ~;:~~'~' ~-': ~'-~. l~f~~ri~-i-~~~ l)':; ~c{~i~.· _ ·: ~~¿ ~ ~~J~:~~:~~-¿-. ;_" j~-~ -: . ~~ -L r_¿¿ L ü ~-~ s 
aSoc·~~da~':.·;~,-1~~:\~~~l~:r;b~~'.l~~:~~-~ -~ ~:~nd·~·:id~ -~~né';:~t~l~~:~~ci6{d·. ~ ·i~. ~'eb~~~~,1i~ 

hacia ·atrf···~n(re1.;ic16~ co~.rci~iil1~s ·~c~(~n:;,(fúli~r~;;:fy. Jf s~1 donde 

. 2) _:e~ ~~¿~~;ií~ }~~J~-~~~--.,. r~~- ~~,i:~~í¡~'.i,b·J~i·'.:;··~~:~~:~-¡~~~~~ .. -.:~~~~~--r:~~r,~ndo 
--p~rtdf.~ac1~-~-~~:;:~~~~:-~~-~~~i~~-f-~!~:~-?~¡~~ c·¡;~pl~~;is;:;co~~~~~:~r?rúVa~í~9ad __ d_e 

::0·;;,::~~.1:~Jfº:]i~ 1 :i~!:)ff.·.~~1:~·.~1~it~;e~J~!Jfff0 it~~:t~:~;::~:~::: 
fun~l~nC~ --. PU~~·/·: i~·:.':~~~;~~1~~-~ · ... 1~:1~~~-c·~-5-~;~~{;::y. ,:la'i::~e~t~i~·'.:-:_dei /·_'fncd10 para 

;-:{ .::~·. 1 

·::::~:::º·e:l:~fl~~;,~:i:~l':1ftf~~~::Jri~2~~;1[~f ~};Ji'i10~fi.lº:!r h::: 
--~{:': '.\· .. ,.,,:: .,, ~ ·"' ·-·. , ·'· ., par!!' 

-maYor·. rre~uc-óC'ia''.:~ .. ~ie_'~~:-~pnd:éi;; ~- .d~. ,· i:·a'~-:l per-tú·r~~~1 ~~~s,::.; . .'-. ?~~~.;·· cluc~· ·, c~da 
'.. ·. ·. ,· '·,:· .. : " .. :::. _·,:' '<.~>,. ,:,. :- '-<·.-:.. ', '_'.._'¡,\;- .. '-·>·.-; .. . ;.~''._(:.· .-.:;·'.·~·'" .'':-.: '(- ·- -,-:'; 

obs_!?rVa Lorl~ :~~1~ g~~_c;.a. ~~-~· map~! d': ·~~"-~-~}}-~5: '..~~s.~~-~?~~~r,1~}, p:or .... dla. 

3) Un'estud~o .. s!Stenlátlco- de" ,las iief_lu_r~~C-19~eS :C:tuc. ·viajan ·cii el 
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viento solar Os.de g~0.n .'lmr)órtanci~~:·~~~~~--~enl;~d~~:--.~uái'-_ es ~L mCc8nl·s~o 
flslco rcÍ~.c~o~.ªdº .. c°:~;su ~;;~ir·~¿¡;~ l~nloJ~:~J i.,1,.'~;,.~;ori ci1. medio 

lnt~~plnn~t-~rio;';._: Y.;.cUá.l~~ '..dc'::~iías\-_t:Ic'~~n .· {~" .'p;."dpl~d-~d·.~ d~·.:.1rllC.~nclú~r 
;·.:::.:, ,,;. ;/_';-; __ ·:-~-:,::o. - , __ 

:::e~~:l1ªjf~~~:~t0:~~:~~·~:W!i:;1~~~~~1~1;;{~g¡i;:~;:~~~·!~:t::~:: 
· por .todo ~~(iiic'>V<>~;fgr¿~~V tfü·~fa~~~~/ 'i~~º;~~~16n de la 

c~.~luc-!6n :_. :":>-·. '·'-' :· :·_"·."''' "'"'/- .,_ v,i~1z~:~?~~;·:_~:c· .. v1~·~~l-O'~;~~~¡~·~r:·dU~~~té. 
las · 2~ ~¡,;t:,~(~~frr;t~ff :Rº1ifi~~{ ~ t~~ ;~t~'ii 1 ; j)f 1rnerc 1>aso pa .-a·. 

-; .. :: <--r- :;'--::-~~- :'..•.<_. '-·~-~ 

estableé:er. ~~.tiUn '/~Y~!":~-~~~~~~ sisleino. ?e ... :~~te:~~i~~- - Y: rastreo de 

P~~ l'u~-~i~l~~~~'.~\~~/~ ~~"~~ ~~tl:~?;-~-~~~i~i0~~~,~ ~ Re~_i_i~J}~·~~·:-' ~~,}-~~ª~·~~- r~_sP~c Lo de -

l~ · Pos·1 Qle'~ b'cu~renC1ii(dc-~:; tOr~~-n~~S ~BCOinñ8n4l l~as.>; ÍrÍ ~~~S.as~ 

"-~-r ~--(~p~~;~r~t~r-~~~~;:,·~·~.~\~~-º·i~~:c~~,1;,.:\.~.;>~.:- ~~-~~;::~~,'.:'.Ii~s en ~éx_ico 
per~1.t~ :-:~cj~r~syp~si_~l i 1~~~~~ ~~1 ·d·~·"'.det~6-~.1~·n'.t:-~-\'n·~~.~;;,-_~; ~-~mo:_-:·p?dt::f ]. ve·;. más 

ccrCa -del .'5ci'í-···.:(-.~~1-n:;~_··~Só.f>- {~~~r~: ~-~· ;Í.~~L·~·r_~~-1'~ .'"d:{'·d~¿~-i~~-6'1··6n· .Jú~~~-n~~ · 
~ ~ '· ':. · ,- :.=·: ... _:.~ ·. ·r.:··: . ··.,:-·~-.-.'_ ,_. · .. : .<~ ., __ .;~,·:: .. : .~.: · .. ·· .. -'_; ·,),_,·--~~·XL-·· :·_'. ... _ :· :!·\:·<: .. :-:·:· : ... · ~ ·:-.:' .. ~ 

{.::.20 :sa:s+~ql:~~c_l'-'_~c.~~1, perm~t~~· r~~t~~-ªf':.p~r.~u.r.~'.1..Ci.o~~s.:_·_cz:i·;.region~s que 

nctUa1~~-nt~ . cst;·n; ~-fucr~,5~·dc·1 s::~icii~·6d -::'de''·'.:Ol~g~;;:; 6'i)S~·r\;3 tt}~i~-~/' dC .;::JPs . 
.. _,_· --~·'--' ' ~L...:~',\·-. 

AdemáS,··· da~a:. la:. Úbi''c.~c~6Íl~,d~()~éx'if~9./~~::~~a·Já~~.-.-1~1)-:·f~ti~,S.~~.J\0 :.s~-:-f.i~ne· el' 

pr,oblom~·. ··?.~; .. '.\~t~.¿~i ,~~.{~~J?'i~;~~r~~~cº.l',q~~~~~~f };,~F·~~?t.a~fén •... •1 tas 
latitudes·., Esto, es\de ·sum~.«lmpor;tancla:·pora'~ nucs.tro'-'.pals' ~esde. el,·punto 

dé~~~ 1~--tii~:Tiü~~'ñ tif ~~~~-y~~~<t~}~~~iiT~~~Í b~:~,;~f~~~~~-~~~~-i t;~,~ -~realizar 
·1~vest1a~cl~n·~~ .. ,~·-~~-.',: rront·éra .:·;:b:d~ü=-¿ :. ·,~~~- ;ff~:f:,~-~-~·¡:~'~t~· ·:· 'del medio 

" · ·. · .. -,., .. · : ... · · ·:<:/\::· ;:::;~:~:.' '. :;, ~~1~-~~ _ · ri /~:~ :: :,:·::';,\': '<;:·,'.:;·;_~ 
i~t-erp°Ía~·¿~~-ri?]· sin :·t~nef ·que .. ha~cr~;grand9s ·10YerS1'ónC

1

s:'.'CcOil6mléas ,en 

equÍpos i'1sl~1~·é1o·n~-s·, ;:_~-:i-~~~.'~:.,~Jd'i:~~ ·.· .. ~-~>::~·~,(~;~i .. :d·~-~(;-~-;·:· de las 
: . . . ·, ;·~ :' ·.:'-~· >'>. :_,_/·. ,'\:: 

poslbi l l~a~~s: e!=~n~mi_c~s, d~. -~é.xlco. 
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APENDICE 1 

. ' 

Sis lemas ··asli-ol16mlcos ::de -coordénadas. 

Exlslcn-- ·varlos 'siste.inas de coordenadas aslronómicos -que 

usados 
- . : · .. : - . :_~ - " ~· . . - ·,- •' . ·: :- - .- . - .. • '-· ;-_ -'"-'. ; '-.,. - ;'ºo. ' . . .,_ . . . : 

cooi-denadiiS eSteJi.ir, ei:-slstema de_ coordenadas ·ecllptlco, el sistema de 

c¡;or~~~~~'a·~---~ ;::i~~--i·/~-~-:- ,~~--~e)_.~~¡:., ~~da_:::~!~~: d~-~~~(:~-s _;-~-~~·~~~,tl~ ~·Ja~"~~:~!- ~~-Ón 
~e--~~; '-~b~:~:t-~ :. ~~-~- e.-¡:;~l~l~- .6 ,·:é~-f~~-~:' ~~i~-sl~-~-·~s-;?~~~:~--~~-~ ~-~-6'.;.·:~~-~, é'~i~~~-~~~ ~ 
~s~~~ · ánsu1'?~; ~º~<. dctcrrñ_1ria~os --~~~nd~- ~ u·n'-:p·!ªb~fci_~~:r~-~~~~n~1·-~_'_.~ --~}.' c~ar 
~-onl'i~nc':~Í ~~-sei--v~da·~·::Y -~~-~~ -d·i~~~~-1-~n-~-d~'~ ~-~f;r~;~~J;;:-·:;~,i~: :-:c~aÍ.-·--~s la 
d 1 reCc16~· :·-dc~d~--~ ~-1:·.::~~~·-~-~v-~d~;·---~;; ~-~-~~- P~rilo: ·¿1~Í:;i lr~;~ lo-;;:-~~n -.~\('~:l~~~.O de 

rel-é~en·c'¡~~ ,-___ :~~·i: i·ri:~~·~:~~~:l¿~ :.'.~~ ~{~~-·~. ·~F P-¡~~:~~~-~~-{:(~~~,~~~-;~~;~~ i~; ;,~-ª ~-:;:~·sr ~¡.·~ 
ccle.Ste·'·~s· ·.ur\' 'gran~ clr~u!O, el~ cual define el ~ec~ador, del sistema de 

- -c.:C ;1- "---;.- - "-~:;=;· -: ---,- ''----' -' --'-· 

coord~ilá.di:iS." _:: Lt'S ',:,dOS'./PU~rl.tciS.·~ dé'l'erffiln<Íd~~::-.-por;?:1a:·)~ntCrseC"C'16rl de lci 

e_sr~;~ :d~·i*~~ff:~:-~~~~~:~'.C~--~::~.~~~:fri~~·~§f-~~~~-~:~.,Í::',a·~ ~~ar1o.-:d-~ ~~~~-;~ri:~Í~ ~·se les 

_:_:-un~~~d~~~-~~-j~~~~C?~~o-rd~~~~il~tá~i~¡ares~-d~.-~cad~~~,s1_Stema.-:-c;~or:'!~na~o·-~ 
e~ · ~edtd~ ::~ct~-~~~\c~--, ~1E~7~~~~!~'r·:-:::-'d~i·;;'/si.~t~ma ... ~{ .bb:j~-t'ci-," · ª:;-]'~o· :i~-r~;;~-~d~ :.1~ · 

trayé~tO'ria -'qú~ --de:t-~'r~iñá ·un: 8rll~L c1r-cu10·, ·qüc': pásil'-a· tr·a~í'CS/d~t'.:·obJ1ú~ 

y d~'._-.-~~-~'.~1~~~-~~:t::.~~/:_?-:(~;{_á:~~--~d~p~ci~.:>J~_c~'i'~r :.!?~._ .. ~,~~~~~-;~:;_.: 1;~~ iri-~rio del 

ecua~or d-~sde7~>1a·:.{ d1reCCi6~ 1\de.,, .. ref'er.enC1a h~sta_ .i.la ·. 1·ncterSC.Cc.ló~ del 
"':,' " ;>-~ ..... ,-. ' ,':~---- -: ,-~~·:·:,.-·.:,>:>':/·~;-:-.-- ._ :i~~, ;_._ 

. ecuador ~-~n ~~l~.:~·ci:'rctúC>(clUc;·<, pa~a, a. \raves.-dcl '.'objeto (y, fOS:,: poi Os~ 'É1 

sistema .áci.: ;fo~~~C!,i\e/r~~t~.i. d~·!~na ,~xc~lo~t~'.+~ocfr,'.~qu.1 i,1 
pia~'o"-··c1a·1/·e~~ád~i->-t.c-i-'f:~'si.~~-(Cs :~C-1'. ·piano fund·a.~eñl~"l. d~·~ '-, s1~lc~a; LoS. 

: pO I~~- -nq'r·t~- ~ ···s~r:, t'~-~f~~\r~~s:' · ~~n :·.-~-~i,.'.~~~~:S:·.~~,~·'..:·~i·~~[~~~-;:.:~~·:. ~~~~~-~~adas. 
;." ::·.'_· ._: .. ,: ......... :._:) :::._,,-·· :···,: : 

Una---coordenada, ,:1a. latl tud -de un lu~~r. ~e- _dcf lne~ c~mo ~ r<?si tl'va ._cuando 



se encuentra al ,norlc y negativa sl es al sur, respecto del ecuador. del 

sistema·. L~ · otrá. c.oordenadG _-Ja longltucÍ, · es." mcdlda··-·a "·10 l~r:go_'. del 

ecuador ,desdé la, lnle~s~c~ión-'"de'.1 mcrl~l~·no. :;~Úe_·~ pilS'á .;~or -~l lugar ·y~ el 
·~·.'· " .. ·-·:-.:·_ ,( < 

ecuador, has la l~:· Í~~~~-se~-~¡Ón:·~·e¿·~-~rl~l~no. de Grccnwlch ;~·~-'é/}i~~~~:~~. 
la · dlreCclón .: -d~:~de ei .··c.~n~~~·'.:-.dc:· .la -·:r;e,:-~-~ - ·11~5~~'.:: -:~-~-; :'.·~¡m:i.-~:>~a~'·¡-cs. ~ 

",'_ ·, . :.- :.;· . ··~- ..... : .·.· ,· ..: -- .: .. ·_.- f"'._'_-'.. -- ;-.,-···:::.-~··:;'"~~.;~:.:'~·;·:_:.· .. ·, 
.m7~i;:.!on_~~~ C;?-~- la -~.lrec.clón ~C: ~~lercn.cla.~ la }~ñgl~':ld_~f.~:~'.:~~-~~~; ,~~·¡~~~ª 
caso pticde - s·er_. este ·ú: oeste, pe.ro cO el -Slste~a 'de:.-·C~6J..dé:n~~Úi~.:-::~~ie·Slc 

ésla ·e~ ···-~~r~~~~,.ñ~~a '·:~n - una sOla -dlrccclón -desctci '"~ :~~~:~f-~;~ij~;~ -ó ·-.:-su -- .. 
- _,. -- -_ .. ·. ,.. . - ·. . :. ' - ~ 

cqulvalc,.;t·~ 'de. oh:·.-~- 211~1 ;-
" r;-_,_ --;e_-'-

Sistcmá;dc coordenadas Eclíptico. 

- E~:·i~·é s:1;(~m·a __ dc~:;~fc~encl·~:- é~ _ mu~;-~Sad~\'~~~~ ~~~~'.6!r·i~:~,)~~-;~;ri~~C~~~ 

~ . en e~:- s ~:~.:~-~~~-:·~º·~-ª ~. .~·~ lg 1 na·1·me.n t,7' ~-~~:---.~~~\~~r:~~'-'.·,~~~~~t~~~·'.·~j~~:~·~:~~~ ~:1 ~s·. 
El s·l~~~~~···-d~. · ref~rcric1.a - e·~l.ip~.i~_o.;,.".~~~'.:·.~.,?.~:.,~.~~-~rd·.~~~d~~ ·;'.-d~ rcfcrenci a 

las'.: cuales ~.se: denominan '·:;~~ric'hU<i;:,:}~~l~i"P:t i~.~j'.,;: ~~~¿;·1-~;t:~¡¡~~' > ecl fptlca 

conSlder~~do : ~~. ~~j:¡-;i:j;~ · Com~ ~;·e1·-: _-:phi~~:_:.;·de;:;·'~~r~·~-~hC ia :. · L~ . 1ong1 tud 
'_;·:c'_:,o,' 

~c1 ~Pi_i ~a3Qs··"i~\d'1.Slllrl~l-~/a08úlii'~~::dc~d~·- ~'f~ ... ~qú Ln_~.xl:q ~.·ve:rna1 ·Y. nicd 1da en 

~~·~i~ ~n-~l~~~~t\"c~srf~~};t;;;{~;i~~[,1j'k•'.~f71,p,t1caÜra1{go de, a· a :i6o • J 

. _;:La ~--~t~: ~(-c~r~.~~~~ª.'_<.:;:~r'.·Ja·~:'t~~~,·:·~r~::?.~-~-·~:;.·<·~·~. ~'.ª .. · dlstancla angular 
entre~.eL·~bJcto·-e~·~~~t?~~io t~.tia;;J~1i~~1:~<(ra·n~o dC ± .90.

0

). Los polos 

~jrtcf s~~-!e~'.J;~y1~ii"~~&~°;~{~~~~-~::1~:~~~~fr:~~cl: d~la __ e.cllptlca, 
-Entonccs~-Ja';ecllptlca·:- esta \ln.cllf!ada :23 .2.7' 8' •·; 26. rc_specto del ecuador 

/:.._,";."" .-;,;·.; ;~: 

. y l~s po,1o'~(•{gp~~~?ª:i~ encucrytran ap;~~lmadamcnte a 2J.s
0 de los 

polos' ccle!!·les:C·; " 
- >::····,'/.' .;:; 

E1' 's1~lcm~··-écÚptJc~ .cstri basado en el movlmlcnlo de revolución de la 

TiCrra ·alrededor :del'.. Sol. 
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