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B (T )λ ο

Continuo Térmico

κλ

Pefil de absorción

Iλ

Espectro de emisión resultante
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Continuo de radiación exterior

κλ

Pefil de absorción

I = I - c k ( S - I )λ λο λ λ λο

I = B (T )λο λ ο

S = B (T )λο λ c

Espectro de absorción resultante

T <Tc o
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F / Fλ λc

1

λ

∆λ

Pλ

λo

Wλο
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Línea delgada Línea saturada Línea gruesa

F /Fλ λο

λ
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Perfil lorentziano
(Natural y colisional)

Perfil gausiano
(Doppler)

Prefil de Voigt
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1 1 2 +H +  H       H + e + ν
1 - 1 2H + e +  H       H + ν

1 2 3H +  H       He + γ

3 4 7He +  He       Be + γ

7 - 7Be + e Li + ν

7 1 4Li +  H     2  He 8 4 +B     2  He + e + ν

3 3 4 1He +  He       He +  H
3 1 4 +He +  H       He + e + ν

7 n 1 8Be  +  H       B + γ

ppI ppII ppIII
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12              1              13C +  H      N + γ

13 13 +N       C + e + ν 13              1              14C +  H      N + γ

14 1              15N +  H      O + γ

15 1              12              4N +  H      C +  He 15 15 +O       N + e + ν 15 1              16N +  H      O + γ

16 1              17O +  H      F + γ

17 17 +F       O + e + ν

17 1              14 4O +  H      N +  He
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4 4 8He +  He          Be

8 4 12Be +  He           C + γ

12              4 16C +  He           O + γ

Proceso
3-α
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Eje de rotación

Campo magnético
Punto Caliente

Radiación
emergente
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Centro inferido de la distribución
de cúmulos

Cúmulos observados

Posición relativa
del Sol
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50 Kpc

Posición
del Sol

DISCO GALÁCTICO

Disco delgado

Disco Grueso

ABULTAMIENTO
CENTRAL

HALO
GALÁCTICO

Centro
galáctico

2 Kpc

8 Kpc
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Centro GalácticoSol

Objeto estudiado

Rotación Galáctica
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·�@F�A�A]T:lRTLONZUZY}EA@AS=: 7r<?@A��S=]bK^<Z:=<7KFz����XSlG}@F:WUZ:D>AUZ:D<Z:DLHNVKML2EARe<?NVReLON~KM<4KM>�:=UqNV@AUZKM<��$EARenr:DLA<ZReY[LA:D<EA:D]¤KM�A@F]eN~K^nrRe:=LONVYJS=:DLONVUVK^] �/k)KM<¯o[KM]bK�|yRTKM</:=<Z>FRTUVK^]T:=<CEA:=]�<Z@F�FNVRe>vY\K�� wFK[�/NVRe:=LA:��AUVK^f=Y[<¯KM>AUZ:mN~KMEFY[<�MBK^LAo[@A]eYrEA:WKM>�:=U?NZ@AUVK��*����������	�
­�¯��oMUVKMLAEF:=<;K^�A@A]eNVKMn8RT:=LONZY[<xS=:=LONZUVKM]e:=<\����
��������������������! "� µ$# 7O�m���L�:D]�YMNVU?Y$:m|}NVU?:=n8Y�]TKM<;oOKM]TK�|yRbKM<7:=<Z>FRTUVK^]T:=<hEF:=]/<Z@A�yNVRT>�Y$SX� wySg�7NVRT:DLA:=L��AUZKMf=Y[<J:D<Z>AReUVKM]e:=<hna@F�KM�ARe:=UqNVY[<l�^BKMLAo[@A]eY\EA:lKM>�:=U?NZ@AUVK%� �&����������	�
­�¢�t>�:=GH@A:H�LFY[<x�A@A]T��Y[<l���&
'�����(�����&�)�*���! +� µ$#~µO¡[���¶7]eo[@ALdK^<WoOKM]TK�|yRbKM<J:D<Z>AReUVKM]e:=<W>F@A:=EA:DL	>AUZ:D<Z:DLHNVKMU\@ALdK�>v:DS=@A]eRbKMUl:=<qNVUZ@FSDNV@FUVKs:=L ��YMUZnrKXEA:��dKMUZUZKGH@A:xLdKMSD:Q:=L�<Z@�S=:DLONVUZYl:m|}NZ:=LAEARe:=LAEFY[<Z:xPdKMSDRbKhK^��@F:=UVK7�aEA:QS=@F�MY[</:m|}NVU?:=n8Y[<�LdKMSD:=L�]TYM<-�AUVK^f=Y[<D�-¶:=]e]bKM</<?:;]bKM</EA:DLAY[n8RTLdKl:=<?>ARTUZKM]T:D<C�dK^UZUVK^EdKM<C�8U?:=>AU?:=<Z:DLON~KMLt@ALAKW<Z@A��S=]TKM<ZR`£dSgK^S=R&BYMLrEA:�]bKM<¢oOKM]TK�|yRbKM<:=<?>ARTUZKM]T:D<=�k)Kc<?:=S=@F:=LASDRbKaS=YMnr>A]e:DNVKlEA:7:=<Z>FRTUVK^]T:=<¢LAY[U?n�K^]T:=</�8:=<?>ARTUZKM]T:D<C�dK^UZUVK^EdKM<=z}EA:D<ZEA:;�FUVKMfDY[<un�BKM<¯K^>AUZ:��N~K^EAY[<QKW�FUVKMfDY[<Qn�BK^<uKM�ARe:=UqNVY[<C:=Lt]bKcS=]bK^<ZRe£ASgKMSDR&BY[LrEA:J·�@A�F�A]T:�:=<u£dLdK^]Tn8:=LONV:^zdwFKFzAwFKM�¤zAwy�¤z�w}�vS^zwySh�Xw-,¯KFz�w-,uKM�¥z�w-,¯�¤z�w-,C�vS^z�w-,¯SM���]xB@F]eNVRenrY¯o[UZ@A>�Y7EF:CoOK^]bK�|yRbK^<�S=Y[LA<?RTEA:DUVKMEFY7>�Y[U³·�@A�A�F]T:¢]TY4UZ:=>FUZ:=<?:=LON~K^L\]bKM<)EA:DLAY[n8RTLdKMEAKM<)oOKM]bK­|}�RbK^<7RTU?UZ:Do[@A]bK^UZ:=<D�;¶ B:D]!>�:=U?NZ:=LA:DS=:DL�NZYyEAKM<;]bK^<7oOKM]TK�|yRbKM<xGH@A:\LAYt>F@A:=EdK^L2<Z:=UhSD]bKM<?Re£dS=KMEdKM<�EA:=LONZUZYEA:x]TYM<�o[UZ@A>�Y[<¢KMLONV:DUZReY[UZ:D<=�-k)KM</oOK^]bK�|yRbK^<->AUZY^NVYMNZRT>�YhEA:x:=<?NZ:�oMUZ@A>�YJ<ZY[L8]bKM<�EF:=LAY[n8RTLAKMEdKM< 54@A��:=<EA:J®�KMoOKM]e]bKMLA:D<h� _[:=UC£do[@AUZK �y�  H���/wy:7NZUVK^NVKWEA:;@FLX>AKMU¯EA:7:m|}NV:DLA<VKM<xLH@A��:=<Q<?ReNV@AKMEdKM<unW@F��SD:=U?SgKKM]A>�Y[]eYh<Z@AU/S=:D]T:D<?NV:x�\GH@A:x<dBY^��@A:=U?Y[Lr>�Y[U�>AU?RTn8:=UZK7_[:=f4Y[�A<?:=Uq_MK^EdKM</>vYMU�@ALrY}S=SDRTEA:DLON~KM]dEA@FUVKMLONV:x:D]_}RbK­�?:¯EA:uS=ReUZSD@ALALdKg_[:DoOKMSDR&BY[L\EA:Q]TK �QRe:=UZUZK;EA:/3d:=U?LdKMLAEFYhEA:x®�KMo[KM]T]TKMLA:=<D�-w}Y[L\@AL\>dKMU!EA:uoOKM]TK�|yRbKM<na@F��SD:=U?SgKMLdK^<;��S=:=U?SgKWEF: �Mµ 8H>vSg�mz}GH@A:�>AKMUZ:DS=:=L�:=<?NVKMU¢@ALARTEAKM</o[UVKg_}ReNVKMS=ReY[LdKM]enr:DLHNZ:xKl]TKhL}@F:=<?NZUVK�t<?:=UxEA:J:=<qN~K�n�KMLF:=UVK\<?@A<�<ZK^NyB:D]TR`NV:=<DzF�tGH@A:lLAY�>AUZ:D<Z:DLHNVKML�@FLdK8:D<?NZUZ@ASmNV@AUZKrEA:m£dLARTEAKF���Lt:=]vo[UZ@A>�YWEF:;]bKM<CoOKM]TK�|yRbKM</RTU?UZ:Do[@A]bK^UZ:=<Dzy:DLt]bKlS=]bK^<ZRe£ASgKMSDR&BY[LrEA:h·�@F�A�A]T:^zF<?:;UZ:DS=Y[LAY}S=:;KW<Z@+_M:=f]bKc:m|yRT<qNV:=LFS=RbK\EA:7@ALdK\<Z@A��S=]TKM<ZR`£dSgK^S=R&BYML+:=L$]TYM<¯NVRe>vY[<C�¢���Z�~�Fk³K^<QoOKM]bK­|FRTKM<¢��UZUZ:Do[@A]TKMUZ:D<uEA:=]vNVRT>�Ya��¨��U?U/�q�/<?Y[L�oOK^]bK�|yRbK^<-GH@A:7Kl>v:D<VKMU/EA:4LAYlNV:=LF:=U¢@ALdKJ:=<?NZUZ@ASmNV@AUZKW:=<?>ARTUZKM]dLARd<?:=U¢oOKM]bK­|FRTKM<�:=] Bj >FNZRTS=KM<=z]bKanrK^NZ:=UZRTKW:=L$:D]T]bK^<u:=<qN�BK\>dKMU?S=RbK^]Tn8:=LONV:;YMUZoOKMLFRTfgK^EdKF��¬³Y[UQ:=]¤SDY[LONVUZKMUZReY\]bKM<uo[KM]bK�|yRTKM<uRTU?UZ:Do[@A]bK^UZ:=<EA:D]¤NVRT>�Y\�Z�;�¨��U?U4�?�q�¯>AUZ:D<Z:DLHNVKML�:D<?NZUZ@ASmNV@AUZKM<�SDY[n8>A]T:mN~KMn8:=LONV:hEF:=<ZYMUZoOKMLFRTfgK^EdKM<=���L�NVRe>vYtEF:8o[KM]bK�|yRTKM<;LAYXS=Y[LF<ZRTEF:=UVK^EAY�EF:=LONVU?Y�EA:D]/KMLONV:DUZRTYMUh:=<ZGH@A:Dn�KXEA:\NVU?:=<Jo[UZ@F>vY[<Dz)]TY$S=Y[L}�<?NZReNZ@F�[:DL¦]TKM<tEA:=LFY[nrReLdKMEdK^<toOKM]bK­|FRTKM<�]e:=LONVReS=@A]TKMUZ:D<=z�]T]bK^n�KMEAKM<r>�Y[U$·4@A�A�A]e:�o[KM]bK�|yRTKM<twFµyz7GH@A:>AU?:=<Z:DLON~KML�SgKMUZKMSDNZ:=U=Bj <?NZRTS=KM<\<ZRenrRe]bKMU?:=<cKs]bKM<ao[KM]bK�|yRTKM<W:D] Bj >yNVRTS=KM<t�¨KM@A<?:=LASDRbK2EA:toOKM<\ReLONV:=U?:=<qNV:=]TKMU=z>�:=U?£A]T:=<hEF:\�AUZRe]T]TY8<ZRenrRe]bKMU?:=<Dz¥:DNZSM� ��>�:=UZYtGH@A:�:D<?N�BK^L¤z�S=Y[n8Y+]TKM<;oOKM]TK�|yRbKM<�:=<?>ARTUZKM]T:D<=z¤EAY^N~KMEdK^<hEA:@ALXEART<?S=YAzAKM@ALAGH@A:l<ZReLX�FUVKMfDY[<x:=<Z>FRTUVK^]T:=<D�
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��L�YyS=KM<ZReY[LA:=<�<?:xY[UZoOK^LARTf=K7:=]A:D<ZGH@A:Dn�KJEA:QS=]TKM<ZR`£dSgK^S=R&BYML\EA:x·�@A�F�A]T:Q:DL8@FL8EFRbKMo[UZKMnrK7GH@A:Q>vYMU�<Z@:=<qNVU?@ASDNZ@AUVKWU?:=SDRT��:4:D]�LAY[na�AU?:��MEARbKMoMUVKMnrK7EARTKM>dKM<ABY[LA����_[:DUC£doM@AUVK �F� ¡[�m�!k)KcY[U?oOKMLARefgKMSDR&BY[L\EA:4]bK^<oOKM]TK�|yRbKM<�:=L�:=]yEARbK^o[UVKMnrK�YM�v:DEA:=SD:�K;@FLdKhRTEA:=K7:=U?UVKMEdKh:DL8SDY[LA:�|FRgBY[L\S=YML8]TK7UZ:D]bKMSDRTY[LF:=<-:m_[Y[]e@FNVR`_MK^<:=LONZUZ:�]TY[<+NZRT>�Y[<=� wy:�S=UZ:MBj K	GH@A:�]bKM<+o[KM]bK�|yRTKM<+RTLFRTS=RTKM]Tn8:=LONZ:�NV:DL�Bj K^L @FLdK	:=<?NZUZ@ASmNV@AUZK�:D] Bj >yNVRTS=KFz:=n8>�:=fgK^LAEAY�>�Y[Ul@ALdK���YMUZnrK$:D<?�gB:DUZRTS=KFz���GH@A:rS=Y[L :D]¢NZRT:Dnr>�Y$:D_[YM]T@ASDRTY[LdK^�dK�PdK^<?N~KXS=Y[LO_M:=U?NZRTU?<Z::=L$@ALAKaoOKM]bK­|FRTKc:D<Z>AReUVKM]-�¨LAY[U?n�K^]vY\�dK^UZUVK^EdKO�C>dK^UVKa]T@F:=o[Ya>�:=U?:=SD:=UxS=Y[n8Ya@ALAKaoOKM]bK­|FRTKcReUZUZ:Do[@A]TKMU=�¶7@FLAGH@A:�:D<?NVK�ReEA:gK :D<?N�BKpS=YMnr>A]e:DNVKMnr:DLONV:2UZ:m_^KM]T@dK^EdK��´SgK^UZ:=SD:�EA:�LARTLAo¯B@FL´<Z@A<qNV:=LONZY�NV:¤BY[UZReS=YAzNVY}EdKg_vBj K�<?:�S=Y[LA<?:=UZK&_s]bK�SDY[<?NZ@Ana�AU?:\EA:\]T]TKMn�K^U7K+]eY[<7NVRe>vYM<7GH@A:�<Z:\:DLH_}@A:DLONVUVK^L K+]bKrRTf=GH@ARe:=U?EdKEA:D]�EARbKMoMUVKMnrKWNVRe>vY[<CNV:=n8>AUZKMLAY[<Q�$K�]TY[<QGH@A:J<?:c:DLAS=@A:DLONVUVK^LsK�]bKaRTfDGH@ART:DUZEdKaNVRe>vYM<uN~KMU?E�Bj Y[<D�/k)KM<oOKM]TK�|yRbKM<\]e:=LONVReS=@A]TKMUZ:D<�:=L�:D]xn�KMU?S=Y�EA:X:=<VK�RTEA:=K�U?:=>AU?:=<Z:DLON~KMU=Bj KML�:=<?NVKMEAReY[<rReLONV:=U?nr:DEARTYM<\:=L�]TKS=YMLH_M:=U?<ZR&BYML�EA:J]bKao[KM]bK�|yRTKWEA:l:=] Bj >FNVReSgKaK\:D<Z>AReUVKM]{���L�]TK�KMSDNZ@dKM]TReEdKMEtn B@A]eNZRT>A]e:=<¯:�|}NV:=LF<ZRTYMLA:=<x�$nrY}EAR`£dSgKMSDRTY[LF:=<QKM]�:D<ZGH@A:Dn�K�EA:lS=]bK^<ZRe£ASgKMSDR&BY[Ltn8Y[Uq���Y[]gBY[o[RTS=K�EA:X·�@F�A�A]T:$PdK^L�<?RTEAY�PA:DS~PAY[<D��·�KML�<?RTEAY�>�Y[U\: �?:Dnr>F]TY2RTLONZUZY}EA@AS=ReEdKM<\<?@A�vSD]bKM<?:=<�GH@A:NVRe:=LA:DL�>vY[U7: �?n8>A]TY+:DL�SD@A:=LONVKX]TKM<;EAR`��:=UZ:DLAS=RTKM<;:DLHNZUZ:�oOKM]TK�|yRbKM<�GH@A:�<ZRT:DLAEAYtEA:D]�nrRe<Zn8Y�NVRe>vY�EA:·�@F�A�A]T:X>AU?:=<Z:DLON~KML�]e@An8RTLAY[<?RTEdK^EA:=<\EARe<?NZRTLON~KM<D�´wy:XPdKM�F]bK�KM<gBj EA:X@AL�SDY[L��?@ALONZY�EA:�¡�<?@A�FNZRT>�Y[<UZ:D>AUZ:D<Z:DLHNVKMEAY[<\>�Y[Ul]TY[<lL7B@An8:=U?Y[<JUZY[nrKMLAY[<lEA:D]C�JKM]�iWz�EAYMLAEA:�]TKM<loOKM]bK­|FRTKM<hEA:D]CNVRe>vYX�7NZRT:=LF:=L�AUZKMf=Y[<C:=<?>ARTUZKM]T:D<C�ARe:=L+EF:D£dLAReEAY[<Dzyn8RT:DLHNZUVKM<¢GH@A:;]TKM<CEF:=]�NVRT>�YJi§NVRe:=LA:DLrNZ:=LH@A:=<Q�FUVKMfDY[<¯:D<Z>AReUVKM]e:=<=���LONVU?YyEA@FS=RT:DLAEAY�:=<?NZ:�<?RT<?NZ:=nrKXEF:rSD]bKM<?Re£dS=KMS=RgBY[L�>vY[UJ]e@AnrReLAY[<?RTEdKMEF:=<=z)<?:rEAReS=:8GH@A:r]TKXo[KM]bK�|yRTK+EA:¶7LFEAUZY[n8:=EAK�:D<�EF:=]¤NVRe>vY8w}�A� ���?�h��_M:=UQ£do[@FUVK��F� �O����h:=UVK^UZEsEA:ci¢KM@AS=YM@A]T:DUZ<=z¥PdK+PA:=S~PFYt]TY[<�n�BKM<�RTn8>vYMU?N~K^LHNZ:=<�nrY}EARe£ASgKMSDRTY[LA:D<4��KMEAPF:=<ZReY[LA:D<JKM]�<?RT< �NV:Dn�K\EA:lS=]TKM<ZR`£dSgK^S=R&BYMLXEF:c·4@A�A�A]e:M�¯wy@A<4nrY}EAR`£dSgKMSDRTY[LF:=<QRTLFS=]�@F�M:=L�]TK\:=]TRenrReLdKMSDR&BY[LrEA:c]eY[<uNVRe>vYM<��UZU$�8:���UZU$�Z�~zu�´]TK S=U?:gKMSDR&BY[L�:=L <Z@¦]T@Ao[KMU+EA:�]TYM<+NVRT>�Y[<XwyE�� wyn �¨>dKMUZK	]bKM<toOK^]bK�|yRbK^<�GH@A:>�:=U?NZ:=LA:DS[Bj KMLXKM]¥NVRe>vYW��UZUQ�q�¯:h��n ��>dKMUVK\K^G}@F:=]T]TKM<uGH@A:J>�:=U?NZ:=LA:DS[Bj KMLXKM]¥NVRe>vYW��UZUQ�Z�q���dk)KM<QoOKM]TK�|yRbKM<_[:DUZEdK^EA:=UZKMnr:DLONV:lRTUZU?:=o[@F]bKMU?:=<QY8KMn8Y[U?�¨KM<¯<ZY[LXS=]TKM<ZR`£dSgKMEAKM<Q:=LX:=]¤NZRT>�Y8��UD�¹¯Y[Lr:=<?NVKM<¢L}@F:D_^KM<¯n8Y}EARe£dS=KMS=ReY[LA:D<�]bKM</LH@A��:=<¯nrKg�[Y[U���n8:=LAYMU¢EF:;®�K^oOKM]T]TKMLA:D<�>v:DU?NV:DLA:=SD:=LtKJ]TYM<NVRe>vYM<=z�w-,Cnr�?�Z�/�t��nr� i4� i U?:=<Z>�:=SmNVR`_MK^nr:DLHNZ:M�
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Espiral Envolvente Espiral Retrógrada
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Situación Inicial Patrón espiral formado Patrón espiral destruido
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