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Centro inferido de la distribución
de cúmulos

Cúmulos observados

Posición relativa
del Sol
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DISCO GALÁCTICO
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CENTRAL
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GALÁCTICO

Centro
galáctico

2 Kpc

8 Kpc

��+2jI'?9<;n}R\ V)��D�;K3#1I9 e 1I/21IjBbc ;�L?-w/X;_�5bc ;nDqb;=*,7:-Q;)\

;=%B;O/.1Ij?bc ;_/./.;=3t;=9:-,3t1I>p�IjC;O/X;:Ga+X;O>:�?\

���� � �#���=���,���g!	�
 �� � 
 ��
 � 
��  

E^1I3#1�/.1TU?;=JFbc ;O3t1I>�-'Ga@?9A-0><;OL?1]-,%l-,/`@H-0%"b'?/�7<+.3#1Y@fb;=9:9:; e 1�L?-V/.;k>:-,*0*0+Qb1I%(;=%C7<-09A+.1I9,h&-0/u;OL)PI-,%ad+.3#+.-,%C7<1q-0%V-0/qb'?/27:+.3#1w>:+.j=/.1qL?-"7ab-,*0%?+2*Q;=>i1IJ?>A-09APO;=*,+.1I%?;=/.-,>i6#7<-Fb1=9:+.*0;=>p3�b;=>i-0/.;=JZ1=9<;=LB;O>0hRUB;=%�@H-09 d
3#+27<+2L?1x;O/B;=>A7:9:1 e bc >:+2*01v*01=%?>A7:9:'?+29&'?%B;v+.L?-0;xJB;=>[7r;=%C7<-f@?9A-0*,+.><;wL?-u/.;x3o;=%)-09<;x*,1I3#1q>A-u*01I%a|BjI'?9:;q/.;3t;O7<-,9:+X;uMN'?-p*01I%)>A7<+�7<')6=-^%N'?-,>A7<9:;I3w;=/X;:Ga+.;)\��";=%q>:+2L?1"L)-i@B;O9A7<+2*0'?/.;=9�;Q6R'?LB;�/21I>�9:-,*0+.-,%C7<-0>�;=L?-,/X;=%ad
7<1=>"9:-,/X;O7:+2P=1I>";#/X;#1IJ?>:-,9APO;=*,+�b1I%W-0%�1=7:9<;=>�/.1I%)jI+27:'?L?-0>�L?-�1I%?LB;oL)-0/�-0>:@H-0*s7<9A1V-0/.-,*,7:9:1I3t;=jI%ib-s7<+2*01?h
@?9A+.%?*,+.@B;=/23t-,%C7<-V-0%E/X;4JB;=%?LB;GL?-Y9<;=L?+21?h^/.;=>nMN'?-k%?1=>tUB;O%E@H-09:3#+27:+.L?14/.;G1IJ)>:-09[PO;=*0+Qb1I%EL?-Y/X;O>
9:-,jI+.1=%?-0>w3Eb;=>w9:-03#1=7<;=>vL?-0>AL?-o/.;=>v*0'?;=/.-,>q%)+.%?j^b'?%41=7:9:1V7<+2@Z1�L?-#9<;OL?+X;=*,+�b1I%�@)'?-0L?-#/./2-0jC;O9xUB;=>[7r;
%?1I>A1=7<9A1I>0\^$&/�@)9:1 e '?%)L?1t*,1I%?1R*0+23t+2-0%C7<1nL?-q/X;=>u-,>A7:9:-0/2/X;=>,hB>:'W-0>A7:9:'?*s7<'?9:;t6�-,P=1I/.')*0+�b1=% h ;=L?MN'?+29:+.L)1
-0%o/.1I>�b'?/27:+.3#1I>&L?1I>i>:+2jI/.1I>&6#@H-09 e -,*0*,+.1I%B;OL?1_*,1I%�/X;q;=@B;O9:+.*,+�b1I%#L?-�%R')-,PO;=>`U?-,9:9:;=3t+2-0%C7r;O>p7:-Fb1I9A+.*Q;O>
z /.;V3t-,*Fb;=%?+2*Q;V*0'ub;=%C7<+.*0;Y@H1I9w-L9A-,3t@)/.1�MN'?-tL)+�b1�@?+.-#;�/X;V-0/.;=JH1I9<;=*,+�b1I%�L)-#')%B;W3#-L9A1I9x7:-01I90bc ;VL?-,/b;O7:1I3t156o>:'Y%xb'?*0/2-01N�i6o@?9Bb;O*,7<+2*Q;=>qz /X;5+2%NP=-0%?*,+�b1I%YL?-w/.1=>`*01I3#@?')7<;=L?1I9A-0>f-0/2-0*s7<9Bb1=%?+.*,1I>r�mhB;=>0bc *01I3#17r;O35J?+sb-,%�-0/Z*09A-0*0+2-0%C7<-v*,1I%?1R*0+23t+2-0%C7<15L)-x/X;=>i@?9:1=@?+.-,LB;=L?-,>uL?-0/Z3t-,L?+.15MN'?-v/2/.-,%B;�-,/ -0>A@B;=*0+215-0%C7:9:-
/X;O>�-,>A7<9A-0/2/X;=>,hZ%?1=>"UB;=%W@Z-,9:3#+27:+.L?1K7r;O35J?+sb-,% hH1IJ)7<-,%?-09�/X;n*0/.;=9<;#+.3Eb;=jI-0%YMN'?-_U)1�6Y7<-,%?-03#1I>�L?-_/.;
3#1I9 e 1I/21IjBbc ;q6VL?+2%fb;=3#+.*0;_L?-w/X;A3w;=/X;HG)+.;)\
D�;A3q;O/X;:Ga+X;w@?'?-,L?-v*01=%?L?+.L)-09<;O9:>:- e 1I9:3t;=LB;_@H1I9<V5>:'?J?>A+.>[7<-03t;=>wz{PI-0;=>:-v|BjI')9<; }a\ VC�s�&-,/�L?+2>:*,1?h)-,/
;=J?')/27r;O3t+2-0%C7<15*,-0%C7<9:;=/pz $ (��Y&��=!.-����%-��%( �p6�-,/FUB;=/.1)\DE`;=LB;K'?%?1nL?-v-,/./21I>`*01=3t@?9A-0%?L)-v'?%B;nL?+.>[7<+.%C7<;L?+2>A7<9A+.J?')*0+�b1=%]L?-V-,>A7<9A-0/2/X;=>�z L?+2>:*01=+.LB;=/p@B;=9:;k-0/iL?+.>A*01T6g-0> e -09:1=+.LB;=/i1T-0/2+.@?>A1I+.L?;=/�@B;=9<;W-0/^U?;=/.1k6
-0/�;=J?'?/�7r;=3#+.-,%N7:1�*0-,%C7<9<;O/{�";=>0bc *01=3t1V'?%?;�L)+.>A7:+.%C7r;t*01I3#@Z1=>:+.*,+�b1I%kMR' bc 3#+.*Q;tL?-K>:'?>w*,1I%?>A7:+27:')6I-,%ad7<1=>0h�L?+.>[7<+.%C7:1Y*,1I%C7<-,%?+.L?1WL?-n3o;�7<-09A+X;V+.%C7:-09:-,>A7:-0/X;O9w64')%B;YL)+.>A7:+.%C7r;VL?+2%fb;=3#+.*0;)\n� *,1I%C7<+2%R'?;=*0+Qb1I%
L?-,>:*09A+.J?+29:-,3t1I>u/.;=>u*Q;O9<;=*s7<-090bc >[7<+.*0;=>u@B;=9[7<+2*0'?/.;=9:-,>uL?-w*Q;=LB;K'?%)1tL?-w-,>A7<1=>�>A'?J?>:+2>A7:-03t;=>0\



��������� � ����� � ��� �	 � �I� � � � � � �	� 	 � � ~I~

������� ��������������� �!�#"�$�&%'�(���
;x-0>AL?-�/.1=>k7<+2-03#@Z1I>YL?-y��-09:>AU?-0/2/5><;OJZ-,3t1I>kMR')-�/X;E+2%?3t-,%?><;�3t;Q6I1I90bc ;EL)-8/X;=>k-0>A7:9:-,/./X;O>kMN'?-@H-09A7:-0%?-,*0-,%V;q/.;�3q;=/.;:Ga+X;)h=%?1�-,>A7Bb;=%oL?+2>A7:9:+.J)'?+.LB;O>&L?-�3t;=%?-,9<;w;=/2-Q;O7:1I9:+.;x-0%o-,/ -0>:@?;=*0+21_;=/29:-,L?-0L?1=9
L?-,/H*,-0%C7<9A1_L?-,/ >:+.>[7<-,3o;)\�$&/./X;O>&>:-�;=jI9:')@B;=%#*01I%?>[7<+�7<')6=-0%?L?1_'?%B;w-0>A7:9:'?*s7<'?9:;�L?+2>:*,1I+.LB;O/ \���'?-,>A7<9A1I>
-0>[7<'?L)+.1I>uL?-w/.;5L?+.>[7<9:+2J?'?*,+�b1I%�L)-0/F3#-0L?+21K+.%C7<-,9:-0>[7<-,/X;=9`-,%W/.;A3q;O/X;:Ga+X;ahRL)-035'?-,>A7:9<;=%�7r;=3_J?+sb-,%V'?%B;
*0/.;=9<;o7:-0%?L)-0%?*,+X;�;�*01I%)*0-0%C7:9<;=9A>:-#-0%4-0/�L)+.>:*,1VMN'?- e 1I9:3t;o/X;O>x-0>[7<9:-,/./.;=>nz ')%B;V@?9:'?-,JB;�L?-K-0/2/.1�/21
*01=%?>A7:+27<'a6I-n/X;V1IJ?>A-09[P=;O*0+�b1=%GL)-#/.;�JB;=%?L?;�1=>:*0')9<;�*Q;=9:;=*,7:-090bc >A7:+.*Q;V-,%g-,/�@?/X;O%?1�3t-,9:+.L)+.1I%B;O/�L?-n/.;�5bc ;TDqb;=*,7:-Q;)h�MN'?-V*,1I3t1k><;=JH-03#1I>5%?1�-,>K1=7<9:;T*01I>:;TMN'?-V'?%B;�jI9:;=%�;=*,'?35'?/.;=*0+Qb1I%8L?-V3#+./2-0>qL?-L?-,%?><;=>v%N'?JH-0>,hFMN'?-5>:-K-,%?*0')-0%C7<9:;=%4@Z1I9�/.1o;=%C7<-09A+.1I9�-0%�-,/�@?/.;=%?1�*,-0%C7<9:;=/�L?-,/�>A+.>A7:-03t; e 1I9A3o;=L)1
@H1I9"/.;=>"-,>A7<9A-0/2/X;=><�s\v$&/�L?+.>A*01VL?-5/.;�3w;=/X;HG)+.;#-,>x@?'?-,>v-0/�/.'?jC;O9�-,%�-0/�MN'?-K>A-K;=*,'?35'?/.;t/X;t3o;Q6I1=9
@B;=9[7<-wL?-w>:'Y3t;O7<-,9:+X;_PR+2>:+.J)/.-nz -0% e 1I9:3t;5L?-w-0>[7<9:-,/./.;=>`6V%N'?JH-0>�+.%C7<-,9:-0>[7<-,/X;=9A-0>r�m\
$&/ L?+2>:*0157:+.-,%?-x-0%V7:1=7r;=/�z 7:-0%?+2-0%?L?1n-,%V*0'?-,%N7<;#%)1K>Bb1I/21K/X;=>i-0>A7:9:-,/./X;O>0h?>A'Y@)9:+.%)*0+.@?;=/Z*,1I3#@Z1I%)-0%C7<-Oh
>:+2%?1w7r;=35J)+sb-0%#-0/ jC;O>p6#-0/ @H1I/2P=1�+2%C7<-09A-0>[7<-0/.;=9r��'?%tL?+�b;O3t-s7<9:1q3#-0L?+2L?1wL?-x;=/29:-,L?-0L?1=9pL)- ����Q:RTS \&$&/
Ca1I/ h�'?%B;uL?-�/X;O> -0>[7<9:-,/./.;=>FMN'?-�/.1u*01=3t@H1I%?-Oh�>A-&-0%?*,'?-0%C7:9<;�')J?+.*0;=L?1�;`'?%B;fL?+.>[7r;=%)*0+X;*),+ 	 �.- ��QHRTS h
PO;=/.1=95MN'?-�/./X;O3o;=9A-03#1I>q-0%(;=L?-0/.;=%C7<-Ohp/.;0/ 221'& ! � $'2"! + !.-/!%$'&�3�$ �(��Y&�� 2 $*! h�68MN'?-Y>:-,9Bb;�'?%B;4L?-V/X;O>@?9A+.%?*,+.@B;=/2-0>`*,1I%?>[7r;=%C7<-,>"+2%NP=1I/.')*09<;OLB;=>u-0%Y-0/F-,>A7:'?L?+X;nL?-w/X;5*,+.%?-,3�b;�7<+.*0;5jC;=/Qb;=*,7:+.*Q;a\
$&/�jI9:1I>A1I9fL?-0/�L?+2>:*,1?h?PO;=9Qbc ;n@)'?%C7<1�;n@?'?%C7:1�;K7<1RL?1t>A'T;=%)*rU?1t6�/.;=9:jI1)\ ;v;OL?1tMN'?-q-0>�+.3#@H1I>:+2J?/.-L?-s|B%?+.9�@B;O9<;�'?% >:+.>[7<-,3o;�L?+2>:*09A-,7:1(L?-4@B;O9A7<+2*0'?/.;=>V'?% /.+23t+�7<-YJ?+.-,% L?-s|B%?+2L?1(>A-4*0'B;=%C7:+2|B*0;l-,/
jI9A1I>:1I9^L?-0/FL?+2>:*,1KjC;=/�b;O*,7<+2*0153#-0L)+X;=%C7<-"-0/F'?>A1#L)-0/ L?-,%?1I3#+.%B;OL?1K�IjI9A'?-0>A1#*0;=9<;O*,7<-,9Qbc >A7<+2*01I�)h5476r\�D�;L?+2>A7<9A+.J?')*0+�b1=%�PI-09[7<+2*Q;=/FL?-w-,>A7<9A-0/2/X;=>u-,%W-,/FL?+.>A*01nL?-q/X;A3w;=/X;:Ga+.;)hRPO;=90bc ;5L?- e 1I9A3o;5- Ga@Z1I%)-0%?*,+X;=/ h

8:9;8 +=<?> R z�@	4BAC476A�
L?1I%)L?- 8 -,>`/X;qL?-0%?>A+.LB;OLV%R')3yb-,9:+.*0;_L?-x-,>A7:9:-0/2/X;5;�'?%B;K;=/�7<'?9:;D45>:1=J?9:-x-,/�@?/.;=%?1�3t-,L?+.15L)-0/�L)+.>:*,16 8 +q-,>�-,/�PO;=/.1I9"L?-n-0>A7<;W@?9A+.3#-09:;�*Q;=%C7<+2LB;=L4-0%04 	 � \\CR-tL?-s|B%?-#-0/&�Ij=9:'?-,>:1Y*Q;=9:;=*,7:-090bc >A7:+.*01=�L?-,/�3#+.>A3t1)h)*01=3t1n/X;n;=/�7<'?9:;n;#/.;n*,'B;=/F/.;nL)-0%?>A+.LB;=LYL?-q-0>[7<9:-,/./.;=>fUB;#*0;=+.L)1#-,%W')% e ;=*s7<1I9uL?-E< �'F
9:-,>:@H-0*s7<1�;K>A'YPO;=/21I9`-0%Y-0/F@)/X;=%?1n3#-0L?+21?\
$&/"jI9A1I>:1=9o*Q;O9<;=*s7<-090bc >[7<+.*,1]L?-,/"L?+2>:*,18jC;=/Qb;=*,7:+.*01g-0% *,'B;=/.MN'?+2-09#@?'?%C7<1�L)-0@H-0%?L?-�-,% jI-0%)-09<;O/"L?-,/7<+2@Z1GL?-Y-0>[7<9:-,/./.;=>n-0>A7:'?L?+.;=LB;=>,\ E^'?;=%?L?1g>:-kL)-0>:*,9:+2JZ-Y/X;4L?+.>[7<9A+.J?'?*,+�b1I%lL?-Y-0>[7<9:-,/./.;=>9?b1=PI-,%?-0>o6
/.')3t+2%?1I><;O>v>:-#-0%?*,'?-0%C7<9:;�476HG � �WRTS \�Ca+�-,%]>:'g/.'?jI;=9v>:-#-0>[7<'?L?+.;W/.;�L)+.>A7:9:+2J?'?*0+Qb1I%4L?-#-0>A7:9:-,/./X;O>
3Eb;=>�-,%CPI-L9A-,*0+2LB;=>56g9:1:9A+2SQ;=>q>:-�1=J)7<+2-0%?-OhI476EG V � �'RTS \k$&>[7r;kL?+ e -09A-0%?*,+X;W@H-09A3t+�7<-#-0>[7r;=J?/2-0*,-095/.;
-'Ga+2>A7<-,%?*0+.;�L)-iL?1=>�*,1I3#@Z1I%)-0%C7<-,>�-,>A7<-,/X;=9A-0>�J?+.-,%�L)+ e -09A-0%?*,+X;=L?;=>���-,/CL?+.>A*01 9A1�PI-0%VzJ476LK MN+JOQPSRTG � �WRTS �
6V-,/FL?+.>A*01KPR+.-L9A1WzU476�K +WV�X�G V � �'RTS �s\
E^'B;=%)L?1T>:-t-'G);=3#+.%B;Y-0%8L)-,7r;O/./.-n/.;Y*,1I3t@H1I>A+.*0+Qb1I%GMR' bc 3#+.*Q;VL?-t/X;=>q-0>[7<9A-0/./.;=>q@Z-,9A7<-,%?-0*,+.-,%N7:-0>n;=/L?+2>:*01)ha>A-"9:-,*01I%)1a*,-�/.;q- G)+2>A7:-0%?*,+X;_L?-�*0/.;=9<;O>iL?+ e -09A-0%?*,+X;=>�MN'?-"@H-09A3t+�7<-,%oL?-,L?'?*0+29i/.;q- Ga+.>A7:-0%?*,+X;qL?-
'?%B;K7<-,9:*,-09<;n*01=3t@H1I%?-,%N7:-w*01I%?1R*0+2LB;K*01I3#1K�IL?+2>:*,1#j=9:'?-,>:1I�Y\
D�;=>5L?+ e -09A-0%?*,+X;=>�-0%�*01=3t@H1I>:+2*0+Qb1I%gMN' bc 3t+2*Q;YL?-�/X;O>_-0>[7<9A-0/./.;=>_-,%�/X; 3q;=/.;:Ga+X;)h�-0>[7 b;=%�-,%�jI-0%)-09<;O/*0'?;=%C7<+2|?*Q;=LB;O>"@H1I9f'?%T@B;=9?b;=3#-,7<9A1t*,1I%?1R*0+2L?1t*,1I3#1o/X;n3#-,7r;O/.+.*,+.LB;OL \^$&/2/X;n-0>"')%B;t3#-0L?+2LB;nL?-_/.;
*Q;O%N7:+.LB;OLG3t;Q6I1I9w1�3#-0%?1I9vL)-#-,/.-,3t-,%N7:1I>v@H-0><;OL?1I>q@?9:-,>:-0%C7:-0>_-,%g/.;�-0>[7<9:-,/./.;o6�>:-#L?-,|?%?-n*01I3#1
/X;#L?+ e -,9:-,%?*0+.;t-0%�-,/�*,1I%C7<-0%)+.L?1�L)-K��+2-09:9A1?hH'?%TJ?'?-,%�9:-,@?9:-,>:-0%C7<;=%C7<-nL?-5/21I>�-,/.-,3t-,%N7:1I>"@H-0>:;=L?1I>,h
9:-,>:@H-0*s7<1�;n��+.L?9?b1IjI-0%)1?h?-0%Y/X;5-,>A7:9:-0/2/X;56V-,%W-,/JCa1I/ h);=>0bc h



� ~ � �������	�
����������� �����	 � � ��� 
�� �

��� <��� 	 /.1=j��	��
������ @8/.1Ij��	��
��������
$&%_PR+.9[7<'?L5L)-^-0>[7r;xL?-s|B%?+2*0+�b1=%_@?'?-,L?-`L?-,*0+29:>:-iMN'?-`%N'?-0>[7<9A1�Ca1I/N7<+.-,%?-^')%B;"3#-,7r;O/.+.*,+.LB;OL�� � < A���� 	
� hO/X;=>�-0>[7<9:-,/./.;=>�*,1I%5'?%K3#-0%)1I9�*,1I%C7<-,%?+.L?1"L?-^3#-,7<;=/.-,>�MN'?-`-,/R7:+.-,%?-0%53#-,7<;=/.+2*0+2LB;=L?-,>0h�� � < A������ �6�;=MN'?-,/./.;=>u*01I%Y*01=%N7:-0%?+2L?1I>f3Eb;=>f;=/27:1I>`>A1I%Y7<;=/.-,>fMR')-�� � < A������ � \
D�;=>&L?+ e -09:-,%?*0+.;=>�-,%#-,/B*01I%C7:-0%?+2L?1vL?-f3t-s7r;=/2-0>�-0%C7<9A-�/.;=>�-,>A7<9A-0/2/X;=>�>A-fL?-0JH-0% e '?%?LB;O3t-,%N7<;=/.3#-0%C7:-u;
/X;�*01I3#@H1I>:+2*0+�b1=%qMN' bc 3t+2*Q;fL?-^/.;�%N'?JH-`L?-i/X;fMR')-`>:- e 1I9:3t;=9:1=% hO-,%5@B;=9[7<+2*0'?/.;=9�;">:'53t;Q6I1I9�1"3#-0%?1=9*01=%N7:-0%?+2L?1YL?-t-,/.-,3t-,%N7:1I>q@Z-,><;=L?1=>0\cCa;=JZ-,3t1=>qMN'?-t/.1I>v3Eb;=>w/.+�PR+X;=%?1=>v-0/.-,3t-,%C7<1I>,h���+.L?9?b1IjI-0%)1�6
��-,/.+21 e '?-09A1I%G*09:-0;=L?1I>w-,%G/21I>v@?9A+.3#-09:1=>x3t+2%N')7<1I>"L?-0/&'?%)+2PI-,9:>A1?\nDF1I>v-0/2-03#-0%C7<1I>v3Eb;=>x@H-0>:;=L?1I>,h
MN'?-u;=U)1I9<;�+.%C7<-,jI9<;=%�/X;f3o;Q6=1I9Qbc ;�L?-i%R')-0>A7:9:1I>�*0'?-,9:@H1I>�6qL?-0/R@?/.;=%?-,7<;�-,%KjI-0%?-,9<;=/ hO>A- e 1I9A3o;=9A1I%q-0%-0/N>A-0%?1xL)-i/.;=>�-,>A7:9:-0/2/X;=>,\�DF1I>�@?9A1a*,-0>:1=>�-,P=1I/.'a7<+2P=1I>�L?-i-,>A7<;=>tb'?/�7<+.3t;=> >A1I%_*0;=@B;=*,-0>�L)-p7:9<;=%?>A@Z1=9A7r;O9
/.-,%C7r;=3#-0%C7<-#/.1=>q-,/.-,3t-,%N7:1I>q@Z-,><;=L?1=>_>:+2%C7<-,7:+.S0;=L?1I>q-0%8>A']+2%N7:-09A+.1I9wUB;=>[7r;Y-0/�3t-,L?+.1Y+.%C7:-09:-,>A7:-0/X;O9
L?-,/�MN'?-K3�b;O>"7r;=9AL?-5>A- e 1I9:3t;=9Bb;O%k1=7:9<;=>x-,>A7:9:-0/2/X;=>,\q$�%4-,>A7<-K-,>:*,-0%B;=9A+.1?h�@Z1RL?-03#1I>xL)-0*0+29xMN'?-K/X;O>
-0>[7<9A-0/./.;=>"3Eb;=>x@)9:+.3#+27:+2PO;=>uMN'?-K')7:+./2+.SQ;O9:1I%Y/X;o3t;O7:-09:+.;tL?+29:-,*,7r;O3t-,%N7:- e 1I9A3o;OLB;o-0%�-,/! ^+2jOd" ^;=%?j?h
*01=%N7:-0% bc ;=%835'a6g@H1R*01T1T%?;=LB;kL?-t-0/2-03#-0%C7<1I>�@Z-,><;=L)1I>��n-09:;=%8-0>[7<9A-0/./.;=>�;=/27<;=3t-,%C7<-#@Z1IJ)9:-0>_-0%-0>[7<1I>�-0/2-03#-0%C7<1I>�z >A'83t-s7r;=/2+.*,+.LB;=L�-,>535')64J?;H9:;)h#� � < A����%$ @'& - � \YD�;O>_-0>[7<9A-0/./.;=> e 1I9:3t;=LB;O>
3Eb;=>�9A-0*,+.-0%C7:-03#-0%C7<-Oh MN'?-5')7:+./.+2SQ;=9A1I%�@B;=9[7<-_L)-_/X;n3t;O7<-,9:+X;n-'Ga@H-0/2+.LB;#@Z1I9�/X;O>"@?9A+.3#-09<;O>�L)-0>:@)'^b-0>
L?-�>:'o@)9:1R*0-0>A15-,P=1I/.'a7<+2P=1_>A-�PR+.-,9:1I%t-0%?9A+.MN'?-0*,+.LB;O>^*01=%o/.1=>i9A-0*0+sb-0% e 1I9:3t;=L?1I>�-,/.-03#-0%C7:1I>i@H-0>:;=L?1I>,h
6#@?9:-,>:-,%N7<;=%�@Z1=9i7r;O%N7:15;=/�7r;=>p3#-,7r;O/.+.*,+.LB;OL?-0>�z)( 
��+* $ ~��s\�CR-"UB;=J)/X;_;O>Qbc L?-x/X;q-'Ga+.>[7<-,%?*0+.;_L?-"L)1I>7<+2@Z1=>�- GR7<9:-,3t1=>"L?-�@Z1IJ)/X;=*,+.1I%?-,>f-0>A7:-0/.;=9:-,>_�^/.;#L)-0%?1I3#+.%?;=LB;�,�1IJ?/.;=*0+Qb1I%47rh�;#/X;nMR')-_@H-09A7:-0%?*,-0%
-0>[7<9A-0/./.;=>�9?b1=P=-0%?-,>"*01=%W'?%k;=/27:1K*01I%C7:-0%?+2L?1tL)-�-,/.-03#-0%C7:1I>f@Z-,><;=L?1=>_z %N'?-0>[7<9:1�Ca1I/F-,>�'?%?;#L?-q-0/2/X;=>
@H1I9�-L9A-03#@?/21N��6�,�1IJ?/.;=*0+Qb1I%A7*7rhR;w/X;wMR')-�@H-09[7<-0%)-0*0-,%V-0>[7<9:-,/./.;=>&Pa+2-L9:;=>pL?-�35')6nJB;�9:;q3#-,7<;=/.+2*0+.L?;=L \
D�;V3t-s7r;=/2+.*0+2LB;=LWL?-n/X;=>v-,>A7<9A-0/2/X;=>vL?-,/�L?+2>:*01 9A1�PI-,%G6�-,/&L?+.>A*01VPR+.-)9A1?hF-0%G*01I%H9A'?%C7<1?h�1I>A*0+./.;o-0%C7:9:-
@ �.- � � ( 
�� * � �.- V)\.-"7<9:1vj=9:'?@H1vL?-`-,>A7<9A-0/2/X;=>,hC;x@?9:+23t-,9<;�PR+2>A7r;x+2%?L?+2>A7<+2%?jI'?+2J?/.-Oh�*01I%K3Eb;=>�JB;�9:;=>3#-,7r;O/.+.*,+.LB;OL?-0>fz(@ ��- X/�0( 
��+* � ��- &N��@B;=9A-0*,-0%o@H-09[7<-,%?-0*,-09i;=/BL?+.>A*01?hN*,1I%?>A7:+27:')6I-,%?L?1_')%t>A+.>A7:-03t;*01=%�'?%�jI9A1I>:1=9t*0;=9<;=*s7<-,9Qbc >[7<+2*01]L)-�476LK 13254 676 	 ~ - & Q:RYS h`MN'?-k>:-k*,1I%?1R*0-W*01I3#1]-,/�L?+2>:*,18jI9:')-0>:1)h
-0%k*01I%C7<9:;=@H1I>:+2*0+�b1=%k*01=%T-0/�L?-0%)1I3t+2%B;=L?1#L?+2>:*01oL?-0/2jC;=L?1?h *,1I%?>A7:+27:'?+.L?1t@Z1=9�/.;t>:')@Z-,9:@H1I>:+2*0+�b1=%kL?-,/
L?+2>:*01KPR+.-)9A1K6V-0/FL?+2>:*,1I9A1�PI-,% \
DF1I>�-0>A7:'?L?+21I>"*,+.%?-,3�b;O7:+.*,1I>fL?-0/�L?+.>A*01tL?-0/2jC;=L?1kz MN'?-�*01I%C7<+2-0%?-�-0/�^ � P L)-�/.;#3t;O7<-,9:+.;#L?-,/�L)+.>:*,1
jC;=/Qb;=*,7:+.*,1N��@H-09A3t+�7<-0%4-,%?*01I%C7:9<;=9w@B;=9:;V-0>A7:-t>A'?J?>A+.>A7:-03t;V'?%B;�3o;=>:;�7<1=7<;=/�L?-#;=/29:-0L)-0L?1I9vL)-NX�8
~ � F:95; � -0% e 1I9:3t;oL?-K-,>A7:9:-0/2/X;=>�6 � 8y~ � �5; � -0%4/X; e 1=9:3t;oL?-KjC;=>x6k@Z1=/2PI1)\�D�;�/2'?3t+2%?1I>A+.LB;=L7<1O7r;=/�L?-5/.;#*,1I3#@Z1I%)-0%C7<-5L)-0/.jI;=LB;tL)-0/�L?+.>A*01�jC;O/�b;=*s7<+.*,1t-,%T/X;#JB;=%?L?;�;=S0')/`z /X;nJB;=%?LB;t-0%�/X;nMN'?-
-03#+27:-v-0/O^�^

< 13254 P 	 V ; � A�= �
D�;x9:-,/X;=*,+�b1I%K3t;=><;�/.'?3#+.%?1=>:+.L?;=L5@B;=9:;x'?%n>:+2>A7<-,3o;xL?;=L?1vL?-f-0>[7<9A-0/./.;=>�@H-09A3t+�7<-^-,>A7<;=J?/.-,*0-,9p*,'fb;=/?-,>
-0/H7<+2@Z153Eb;=>i*01I3 b'?%�L?-x-,>A7:9:-0/2/X;_MN'?-x;=@Z1=9A7r;�3o;=>:;�6�/2'?3#+.%?1I>A+.LB;OLo;=/H>:+2>A7:-03t;)\�$&>A7<1K>A-v1IJ)7:+.-0%)-
'?>:;=%?L?15/.;q*,1I%?1R*0+2LB;�9A-0/X;O*0+�b1=%t3t;=><;q/.'?3#+.%)1I>:+2LB;=Ln@B;=9:;�/X;O>i-,>A7<9A-0/2/X;=>pL?-"/.;q>A-0*,'?-0%?*,+X;_@)9:+.%)*0+.@?;=/ h
+.%C7:9:1RL?'?*0+2LB;5-0%Y/X;K>A-0*0*,+�b1I%G~I\ }_6V-'Ga@?9A-0><;OLB;t@H1I90h



��������� � ����� � ��� �	 � �I� � � � � � �	� 	 � � ~�V

= 	 = ��� ;; �����L?1I%)L?-YPR+23t1I>KMN'?-�� $ &g@?;=9<;�-0>[7<9A-0/./.;=>n*01I%l3t;=><;=>n>A'?@Z-,9:+21I9:-,>t; �.- � ; � \ ;x-V/X;4;=%C7<-,9:+.1=9-'Ga@?9A-0>A+�b1I%8/.;Y9A-0/.;=*0+Qb1I%g3t;=>:;W/.')3t+2%?1I>:+2LB;=L�@B;O9<;W')%B;k-0>[7<9A-0/./.;YL)-o3t;=><; ; 64/.'?3#+.%)1I>:+2LB;=L =uh
-0>[7 b;nLB;=LB;n@H1I90h

< 	 ; A�= 	 ; Afz = � z ; A ; � � � �E^1I%?1R*0+2LB;u/X;`9A-0/X;O*0+�b1=%v3o;=>:;�d /2'?3#+.%?1I>A+.LB;OL"@B;=9:;u/X;`-0>[7<9A-0/./.;wz - G)@)9:-0>:;=LB;�-0%q'?%?+.L?;=L?-0>�L?- ; � A�= � �>:'Y3t;=><;K-0>[7r;=9?b;#L?;=LB;K@Z1=90h
; 	 < F � � F � � � ; �Ca-�*,1I%?*0/2')6I-Oh5')7:+./.+2SQ;=%)L?1E-,>A7<-y9A-0>:')/27r;OL?1?h_MN'?-�/.;�3o;O><;�L?-8/.;=>T-,>A7<9A-0/2/X;=>k7Qbc @?+2*Q;=>kL?-0/5L)+.>:*,1jC;=/Qb;=*,7:+.*,15-0>,h

; 	 V F � � F � � � ; � 	 �.- X.^ ; ��p;=/21I9`MN'?-q*01I+2%?*0+2L?-v*01I%�-,/F*Q;=/2*0'?/.;=L?1n@Z1=9u/X;_7<-,1I90bc ;5L?- e 1I9:3t;=*0+Qb1I%�-,>A7<-,/X;=9,\
E^+.-,9A7<;=>&-0>[7<9:')*,7<')9<;=>pL?-f+.%C7<-,9Rb-,>p>A+.9[PI-0%#*01=3t1v7<9:;=SQ;OL?1I9<;O>&L?-f/X;x-0>[7<9A'?*,7:'?9<;wL?-0/BL)+.>:*,1�L)-u%R')-0>A7:9<;
3w;=/X;:Ga+.;)\�DF1q>:1I%o;=>0bc @H1I9�-L9A-,3t@?/21w/X;=>p;=jI9A'?@B;=*,+.1I%)-0>�L?-�-0>A7:9:-,/./X;O> 9?b1OPI-0%)-0>vz ;=jI9A'?@B;=*,+.1I%?-,> -Kh  u�mh/X;O>�%N'?JH-0>KL?-tU?+.L)9Bb1IjI-,%?1T;�7 b1I3#+.*,1Y6g/X;=>q9:-,jI+.1=%?-0>_�]7*7r\�$&>A7:'?L?+X;O%?L?1�/X;�L?+2>A7<9A+.J?')*0+�b1=%]L?-�-,>A7:1I>
7<9:;=SQ;OL?1I9:-,>&>:-fUB;xL?-,>:*,'?J?+.-,9A7:1�MN'?-f/X;�3o;O7:-09A+X;"-,%#-,/?L?+2>:*01wL?-u/.;I3w;=/X;:Ga+.;">:-f;=*,'?35'?/.; e 1I9:3t;=%?L)1
'?%B;n9:-,jI'?/.;=9`-0>[7<9A'?*,7:'?9<;#-0>:@)+.9<;O/ *01I3#1n/X;51IJ)>:-09[PO;=LB;n-0%k1O7<9<;O>ujC;=/X;HG)+.;=>0\
$&%_-,>A7<-i@B;O7:9Bb1I%�-0>:@)+.9<;O/ h�-0/�Ca1I/C1R*0'?@?;�-0/NMN'?-iUB;�7:-09:3#+.%?;=L?1fL?-0%)1I3t+2%B;=%?L)1I>:-p-0/  ^9:;=S01�L?- -x9A+�b1I%ad
E^+.>A%?-=h);='?%?MN'?-";=/.j='?%?1I>p+.%CPI-,>A7:+.jC;=L)1I9:-,>^@?+2-0%?>:;=%�MN'?-x@H1aL)9Qbc ;v7<9:;O7r;O9:>:-�3Eb;=>iJ)+.-0%oL?-0/ ,&'?-0%C7<-"L?--x9:+Qb1I% hI'?%?;qjI9:;=%n9:-,'?%?+�b1=%#L)-u-0>A7:9:-,/./X;O>�6KjC;=>&MN'?-�*01I3_'?%?+.*0;=%KL?1I>�J?9:;=S01=>�P=-0*,+.%?1I>,hN'?%?1q-'GR7<-,9:+.1=9
*01=%?1a*,+.L?1G*01=3t1G-0/�J?9<;OS01]L)-�,�-09:>A-0186y1=7:9:1g+.%C7<-,9:+.1=9n;=/fMR')-k>:-WLB;g-,/f%?1I35J?9A-WL)-kJ?9:;=S01gL?-
C);=j=+27r;O9:+.1)\


������ ���	��
�H�L%.����������%.��������%��'�!�
� *0-09A*Q;#L?-o~ QHRTS L?-0/�*0-,%C7<9:1tL?-_/.;\3q;=/.;:Ga+X;K-0/�L?+2>:*,1o@B;=9A-0*,-_>:' e 9:+.9f'?%W-0%?j=9:1I>:;=3t+2-0%C7<1#>:')>A7r;O%ad
*0+.;=/ hZ>:-,jI'?+.L)1�7r;=35J)+sb-0%kL?-K'?%4*Q;=3_J?+.1�L)9Bb;=>[7<+.*,1V-0%4/X;O>x*Q;=9:;=*,7:-090bc >A7:+.*0;=>xL?-K/.;=>"-,>A7<9A-0/2/X;=>xMN'?-n/21*01=3t@H1I%?-,% h)>A'V*01I3#@Z1=>:+.*,+�b1I%tMN'Fbc 3#+.*0;w6t*0+2%?-03Eb;O7<+2*Q;)\�$&>A7r;59A-0jI+Qb1I% hR3�b;O>^MN'?-v'?%B;5@)9:1I/21I%?jC;=*,+�b1I%L?-,/�L)+.>:*,14-0>#L?+.>[7<+.%)jI'?+.L?;T*01I3#14'?%E>A'?J?>:+2>A7:-03t;G>A-0@B;=9:;=L?1G*01I%)1a*,+.L?1G*01I3#14-0/u��J?'?/27<;=3#+.-0%C7:1
E^-0%C7:9<;=/�L?-w/X;A3w;=/.;:Ga+X;)\
D�;=>x-,>A7<9A-0/2/X;=>x-,%4-0>A7<;�9:-,jI+�b1I%kL?-K/X;c3w;=/.;:Ga+X;t>A-KL?+.>[7<9A+.J?')6=-0%4;=@)9:11Ga+.3t;=LB;=3#-0%C7<- e 1I9:3t;=%?L)1�'?%
-0/2+.@?>A1I+.L)-5@?9:1=/X;O7:1]z{PI-,9q>A-0*,*0+�b1=% � \ &N�shF*,')6I1W-L9A-n3t;�6=1I90h�L?-�~ � @H*=h�@B;=9A-0*0-#1I9A+.-0%C7<;=L?1 e 1I9:3t;=%?L)1
9:-,>:@H-0*s7<1v;�/X;uPa+2>:'B;O/RL)+.9:+2jI+.L?;`L?-0>AL?-`-0/ Ca1=/a;O/R*,-0%C7<9A1xL?-i/X;]3q;=/.;:Ga+X; e 1I9A3o;O%?L?1�'?%�b;=%)jI'?/.1�L?-i*Q;=>A+& � jI9<;=L)1I>0\u$&%TL)+.9:-,*0*,+�b1I%�PI-,9A7<+2*Q;=/�/.;#L?+2>A7:9:+.J)'?*0+Qb1I%WL)-�3t;O7<-,9:+.;K7:+.-,%?-�')%TjI9:1=>:1I9f*Q;O9<;=*s7<-090bc >[7<+.*,1L?- & � � @H*w/.1KMN'?-qL?-,7:-09:3#+.%?;5/X;=>uL?+23t-,%?>:+21I%?-,>uL?-0/F-)9A-q3#-0%)1I9uL?-0/�-,/.+.@)>:1I+2L?-=\



� ~ & �������	�
����������� �����	 � � ��� 
�� �

D�;v*01I3#@Z1=>:+.*,+�b1I%_MR' bc 3#+.*Q;xL)-u/X;=>&-,>A7<9A-0/2/X;=>&-,%#-,/B�"J?')/27r;O3t+2-0%C7<1�E^-,%C7<9<;O/?P=;O9Qbc ;xL)-0>:L)-�'?%?;w@H1IJ?9A-3#-,7r;O/.+.*,+.LB;OLTz � � < A������ @�~��iUB;=>[7r;_'?%?;535')6o;=/27<;�z � � < A������ ~��sha*01I%V'?%V@)9:1I3#-0L?+21_L?-�� � h V)\
$&>A7:1o>:')jI+.-,9:-qMR')-�/.;n+2%?3#-0%?>:;#3t;Q6I1I90bc ;KL?-q/X;=>f-0>[7<9A-0/./.;=>fL?-q-0>A7:-_>A'?J?>:+�7<-,3o;nL?-q/X;\3q;O/X;:Ga+X;5>A1I%9:-,/X;O7:+2PO;=3#-0%C7<- 9?b1OPI-0%)-0>uz %?1�>:'?@H-09:;=9Qbc ;=%�/21I>�~ � 3t+2/I3t+2/./21I%?-0>�L?-^;��%)1I>0\�$&>A7<1�>:-�PI-i;=@H1�6I;=L?1�@Z1I9�-,/UB;=/2/X;=S,jI1q-0%�>A'V+.%C7<-,9:+.1=9iL?-�'?%B;_+2%?jI-,%N7:-x*Q;O%N7:+.LB;OL�L?-"%N'?JH-0>u3#1I/2-0*0')/X;=9A-0>�z MN'?-x@H1RL?9Qbc ;=%o>A'?3o;O9;=@?9A11G)+23o;OLB;=3#-0%C7<-T~ ��� ; � �_@)9:1IJB;OJ?/.-,3t-,%N7:-�9:-,>:@H1I%?>:;=J?/.-,>n@Z1I9_/X;�;=@B;O9:+.*,+�b1I%]L?-V/X;=>_-0>A7:9:-,/./X;O>3Eb;=>�9?b1=PI-,%?-0>,\
D�;�3o;O><;V-0>[7<+.3t;=LB;tL?-0/�;=J)'?/27<;=3t+2-0%C7<1t*0-,%N7:9<;=/ hF')7<+2/.+2SQ;=%?L)1o3yb-,7<1RL?1I>v*,+.%?-,3�b;�7<+.*,1I>0h�;=>:*,+.-,%?L?-#;
~ � F:95; � 6�>A' /.'?3#+.%?1=>:+.L?;=L(-,% /X;]J?;=%?LB;�;=S,'?/"-,> =�� 	 V 8 ~ ��� = � hf/.18MN'?-kLB;8@B;=9:;]-0>[7<->:')J?>:+2>A7<-,3o;�')%B;�9<;=S b1I%�3t;=><;o/2'?3#+.%?1I>A+.LB;OLk+.j='B;=/�; < 	 V ; � A�= � h >:+23t+2/X;=9�;o/.;o*01=3t@H1I%?-,%N7:-L?-,/.jC;=L?;nL)-0/FL?+2>:*01)\


�����
	 � �!���� �!��"�$�&%5�����
�f1aL?-0;=%?L?1q-0/ L?+2>:*,1q6K-,/ �"J?'?/�7r;=3#+.-,%C7<1w*0-,%N7:9<;=/ L?-�/X;�3w;=/X;HG)+.;)h=/21I>�>:'?J)>:+.>[7<-,3o;=>pjC;=/Qb;=*,7:+.*,1I>�MN'?-
*01=%N7:+.-,%?-0%�/X;53t;Q6I1I9^@B;=9A7:-vL?-v/X;53t;O7:-09:+.;_/.')3t+2%?1I><;qL?-v/X;_�5bc ;5Dqb;=*s7<-0;)h?>:-w-,%?*0'?-,%C7<9<;n-0/�MR')-q-,>L?-,%?1I3#+.%B;=L)15-0/F��;=/.1F3q;=/Qb;=*,7:+.*,1?\�D�;5*01=3t@H1I%?-,%N7:-"PR+.>A+.J?/2-"L?-vL?+2*rU?1KUB;=/21?h)-,/ L?-,%?1I3#+.%B;=L)15UB;=/21
-0>[7<-,/X;=9,hI-0>[7 b; e 1I9:3t;=LB;�@Z1=9�/X;"9A-0'?%)+�b1I%KL?-^/.1I>�/2/X;=3t;=L?1=>�*�b'?35'?/21I>�jI/21IJ?'?/.;=9:-,>�6_/X;=>�L?-0%)1I3t+2%B;=LB;O>
-0>[7<9A-0/./.;=>nL?-Y*Q;=3#@Z1)hi-,>A7<9A-0/2/X;=>nMN'?-k%)1g@H-09[7<-0%)-0*0-,% ;4/.1I>n*�b'?3_'?/.1I>56yMN'?-W-'GaU?+2JZ-,%�;=/�7�bc >A+.3t;=>PI-,/.1R*0+2LB;=L?-,>0hB35')6�L?+.>[7<+.%C7<;=>uL?-w/X;=>^MR')-�@?9A-0>A-0%C7r;=%W/X;=>u-,>A7:9:-0/2/X;=>uL)-0/FL?+2>:*01#jC;=/Qb;=*,7:+.*,1?\
$&%C7<9:-�/.;g@H1IJ?/.;=*0+Qb1I%EL?-k*�b'?35'?/21I>#-0>V9:-,*01I%)1a*,+.J?/2-T;=L?-,3�b;O>o'?%B;8*,/X;=9:;gL?+ e -09A-0%?*,+X;]-,% /X;]*,1I3nd
@H1I>:+2*0+�b1=%WMN'Fbc 3t+2*Q;nL?-5/X;O>�-,>A7<9A-0/2/X;=>�MN'?-5/.1=>�*,1I%?>A7:+27:')6I-,% \ICa-�UB;=J?/.;o;=>0bc L)-5/.1I>�*�b'?3_'?/.1I>fjI/21IJ?'ad/X;O9:-0>v@H1IJ?9A-0>v-,%g3#-,7<;=/.-,>nz � � < A ��� ��@ �.- � �f6�/.1I>"MR')-#>A1I%49:+2*01I>v-,%G-,/./21I>nz � � < A���� � @ �.- � �
\�DF1I>q@?9:+23t-,9:1I>w>:-tL?+.>[7<9A+.J?')6=-0%g>:+27:'fb;=%?L)1I>:-o;WL?+2>A7r;O%?*0+.;=>w35')64jI9:;=%?L?-,>_L?-,/i*,-0%C7<9A1TjC;=/Qb;=*,7:+.*01
-�+23t+�7r;=%?L)1k/X;YL?+.>[7<9A+.J?'?*,+�b1I%]L?-�/X;O>5-0>[7<9:-,/./.;=>_L?-V*0;=3#@Z1?\TD�1=>K*�b'?35'?/21I>q9:+.*,1I>5-,%�3t-s7r;=/2-0>0h&>A-
-0%)*0'?-,%N7:9<;=%4*,-09:*0;V;=/��"J?')/27r;O3t+2-0%C7<1t*0-0%C7:9<;=/�L?-_/.;tjC;=/.;:Ga+X;K6�7<+.-,%?-0%k*Q;=9:;=*,7:-090bc >A7:+.*Q;O>">:+23t+2/X;=9A-0>;K/X;=>uL)-q/.;=>u-0>[7<9A-0/./.;=>uMN'?-q*01I%?>[7<+�7<')6=-0%Y/X;K*01I3#@H1I%?-0%C7:-qj=9:'?-,><;nL?-0/FL?+2>:*,1?\
Ekb'?35'?/21I>f@Z1=J?9:-,>�-,%k3#-,7r;O/.-0>u6Y-0>[7<9A-0/./.;=>fL?-q*Q;=3#@Z1#>:-�L?+.>[7<9A+.J?')6=-0%W-0%k')%B;t9A-0jI+Qb1I%W*,1I% e 1=9:3t;
L?-q'?%Y-0/.+2@?>:1=+.L?-v1IJ)/X;O7:1?h?MN'?-w7<+.-,%?-w'?%Y>:-03#+.-)9A-w3o;Q6I1=90hB>:1=J?9:-q-0/�L?+2>:*01#L?-w/X;\3w;=/X;HG)+.;)h)L)-�'?%)1I>
��� QHRTS 6y'?%l>:-03#+.-)9A-�3t-,%?1I9n-0%(L?+.9A-0*0*,+�b1I%l@H-09:@H-0%)L?+.*,'?/X;=9n;O/�L)+.>:*,1g-,%C7<9:- � h � ; � h ^4P=-0*,-0>�/.;
/.1=%?jI+27:'?LVL?-,/F>:-03#+.-)9A-v3o;Q6=1I90\
D�;V3o;=>:;o7<1=7<;=/�L?-,/&�";O/.1V@?'?-,L?-#;=>:*,-0%?L)-09�;4~ � � ; � L?-n/X;�*,'B;=/&;O@?9:11Ga+.3t;=LB;=3#-0%C7:-5-0/u~HP >A-
-0%)*0'?-,%N7:9<;�-0% /.; e 1I9A3o;4L?-T*�b'?35'?/21I>tj=/.1IJ?')/X;=9A-0>n6E-,/�9A-0>A7Bb;=%C7<-�/21]*01=%N7:+.-,%?-T/X;O>t-,>A7<9A-0/2/X;=>tL?-
*Q;O3t@H1?\iD�;n/.')3t+2%?1I>:+2LB;=L�7:1=7r;=/FL)-0/��";=/21?h?-,%k/X;KJB;O%?LB;o;OS0'?/�-0> =�� 	 ~ ��� ; � h /.1nMN'?-_LB;n@B;=9:;-0>[7<-q>:'?J)>:+.>[7<-,3o;K'?%B;n9<;OSFb1I%Y3o;O><;_dp/.'?3#+.%)1I>:+2LB;=LoL)- < 2���V + G ~ ; � A = � \�E')%B;�-,>:*Q;O/X;�3t;Q6I1I9�@B;=9A-0*0-i-'Ga+.>[7<+29�/21�MN'?-`U?;�7<-,9:3#+.%B;OL?1�@H1I9�L?-0%)1I3t+2%B;=9A>:-p-0/a�";=/21�L?-��k;O7:-09:+.;-x>:*,'?9<;)\E^1I%T')%B;tL?+2>A7:9:+.J)'?*0+Qb1I%k;O@?9:11Ga+.3t;=LB;=3#-0%C7:-�-,> e b-09A+.*0;tL?-�9<;=L?+21o*,-09:*0;=%?1V;#/.1I>q~ � � � @Z*Oh
-0>[7r;�*01I3#@H1I%?-0%C7:-KL?-0/&UB;O/.1�jC;=/Qb;=*,7:+.*01o-0>A7Bb; e 1=9:3t;=LB;o@H1I9v3t;O7<-,9:+X;�MN'?-n>A+.%�7<-,%?-09w@?9A1I@?+.-,LB;=L?-,>
-03#+.>A+2PO;=>�L?-_%)+.%?j^b'?%Y7<+2@Z1?hH*09A-Q;o')%�- e -0*s7<1VjI9:;QPa+�7r;=*,+.1I%?;=/F>:1IJ)9:-5/.;t9:-,>A7Bb;=%C7<-53t;O7<-,9:+.;t/.')3t+2%?1I><;
L?-K/.;c3q;O/X;:Ga+X;Wz -,%4/X;o@?9?b1 Ga+.3t;t>A-0*0*,+�b1I%�hFUB;=J?/.;=9:-,3t1I>�'?%�@H1a*,1�;=*0-,9:*Q;VL?-_/X;o3t;=%?-,9<;o*,1I3t1V>A-
UB;5>A'?@?'?-,>A7<1t/X;_- Ga+.>A7:-0%?*,+X;KL?-v-,>A7<-vU?;=/.1KL?-v3t;O7:-09:+.;�+2%NPR+2>:+.J)/.-��m\&D�;=>`@?9A+.%?*,+.@B;O/.-0>^*01I3#@Z1=%?-0%C7<-,>
L?-f/X;v3t;O7<-,9:+.;x1I>:*,'?9<;w-0%#-0/ UB;=/21vL?-�%R')-0>A7:9<; 3q;O/X;:Ga+X;x@H1RL?9Qbc ;=%K>:-,9i/21I>&L?-0%)1I3t+2%B;=L?1=>��W�[E`� -x>



�����%� � 	��]� � �� 
J	 ��� �I� � � � � � ��� 	 � � ~ �
z �W;=>:>A+2PI- E^1I3#@B;=*s7q�";=/21 -vJ 9A-0*,7:>r�mh�1IJ 9A-,7<1=>q3t;=>A+2PI1=>0hF*01=3t@B;O*,7<1=>0h�%N'?3t-,9:1I>A1I>v6�@H1a*,1V/.'?3#+�d
%?1I>A1I>0h=-0%5/.; e 1I9A3o;f@H1I9�-)9A-03#@?/.1�L?-i;=jI':9A-,9:1I>�%?-0jI9A1I>0h=-0%B;=%?;=>�9A1:9:;=>0hO-0%B;O%B;=>�3t;=9A9:1I%?-,>uz *0'?-,9:@H1I>
*01=%g'?%?;=>n~ � PI-0*,-0>q/X;V3t;=><;�L?-,/&@?/X;O%?-,7<;69Hb'?@)+27<-,9"6�*,')6C;�@?9:-,>:+Qb1I%G6k7<-03#@H-09<;�7<'?9:;�+2%C7<-09A+.1I9"%?1
>:1=%Y>A')|B*,+.-0%C7:-0>�@B;=9<;K-,%?*0-,%?L?-09f/21I>u@?9:1R*0-,>:1I>uL)- e ')>:+�b1=%V%R')*0/.-0;=9r�m\p$�%�/.;5>:-0*,*0+Qb1I%�L?-0L?+2*Q;=L?;#;K/.;
*0')9APO;YL)-t9A1=7r;=*,+�b1I%4L?-#/X;43w;=/X;HG)+.;oUB;=J)/X;=9A-03#1I>v'?%]@H1R*01�3�b;O>q-,%gL)-,7r;O/./.-K>A1IJ?9A-t-,>A7r;Y@Z-,*0'?/2+X;=9
*01=3t@H1I%?-,%N7:-wL?-w/X;A3w;=/X;:Ga+.;)\
$&%V>Qbc %N7:-0>A+.>^6t>:'?3t;=%?L)15/.1I>^;=@H1I9A7:-0>`L?-"/.1I>iL?+.>[7<+.%C7:1I>^>A'?J?>:+2>A7:-03t;=>`jC;=/Qb;=*,7:+.*,1I>xz{6o>?b1I/.1q7<-,%?+.-,%?L?1-0%�*,'?-0%C7<;�-0/�L)-0J?+2L?1V;o/.;t3t;O7<-,9:+X;n/.')3t+2%?1I><;I�u@)'?-0L?-KL)-0*0+29:>A-5MN'?-5%N'?-0>[7<9:;�3q;=/.;:Ga+X;K7<+2-0%?-�'?%B;
3t;=><;o7:1=7r;=/�L?-#;=/.9A-0L?-,L?1I9xL?-\^ 8l~ � F:9 ; � hF/X;�MN'?-n@B;=9A-0*0-n9A-0@?9A-0>:-,%C7r;=9�;=@H-0%B;=>v-,/u~ � P L?-n/.;
3t;=><;"7:1=7r;=/ h=MN'?-f@B;=9A-0*,-�-,>A7<;=9&-0%n>:'#3t;�6=1I90bc ;"*01=%?*0-,%N7:9<;=L?;q-,%#/.; e 1I9A3o;xL?-u3t;O7:-09:+.;"1I>A*0'?9:;)\&D�;/.')3t+2%?1I>:+2LB;=Lw7<1=7<;=/RL?-u/X;3q;=/.;:Ga+X;)h�-0%K/.;"JB;=%)LB;v;=S0')/ hI;O>:*0+2-0%?L)-f;"/.1I> ��- V�� �.- X 85~ � F:9 = � hI/.;�MN'?-9:-,@?9:-,>:-,%N7<;W;O@?9:11Ga+.3t;=LB;=3#-0%C7:-_-0/ XC}�P L?-K/X;o/2'?3#+.%?1I>A+.LB;OLkJH1I/.1I3�b-,7:9:+2*Q;Wz -0%�7:1aLB;�-,/�-,>:@H-0*,7:9:1
-0/2-0*s7<9:1=3o;=j=%^b-,7:+.*01C�s\iD�;n1=7:9<;n*01I3#@Z1=%?-0%C7<-�+.3#@Z1=9A7r;O%N7:-vL?-q/X;K-03#+.>A+�b1I%�jC;=/Qb;:GR7<+2*Q;K/X;K*01=%?>A7:+27<'a6I-
/X;w-03#+.>A+�b1I%n-,%�-0/ +.% e 9<;=9A9:1:9A1w@H1I9i@?;=9A7:-�L?-,/Z@H1I/�PI1q+.%C7<-,9:-0>[7<-,/X;=9,\��"/B7<-,%?-09i-0>[7r;lb'?/�7<+23o;x-,%o*0')-0%C7r;
-0%)*01I%C7<9:;=3#1I>u|B%B;=/23t-,%N7:-v@B;=9:;n/.;\3q;=/.;:Ga+X;_')%B;K/.'?3#+.%?1=>:+.L?;=L�JH1I/.1I3�b-,7:9:+2*Q;_L?-�V - X�8g~ � F:9 = � \
���� �� Q���� !
 �& Q� 
 �� � 
 � 
 � 
 �  

��@H-0><;O9FL?-&MN'?-�%R')-0>A7:9<;=>�*,1I9A7<;=>F1IJ?>A-09APO;=*,+.1I%)-0>iz L?-,/I1I9AL?-0%wL?-u~ ��� � � � ;��%?1I><�Z@B;=9A-0*,-0%q3t1I>[7<9:;=9:%?1=>
'?%B; 3q;=/.;:Ga+X;w+.%CPO;=9:+.;=J?/2-f6tMN'?+.-s7r;)hR-0/2/X;q9:-Q;O/.3#-0%C7<-�-0>`')%V-0%C7<-xL)+.%fb;=3#+.*,1?\>CR'V;=@B;=9A-0%C7<-"MR')+.-,7:'?L
>:-nL?-,JZ-n;O/�U?-0*rU)1WL?-nMN'?-n-0/�7<+.-,3t@H1�-,%g-,/�MN'?-#;=*Q;=-,*0-,%g*0;=35J?+21I>x*01=%?>:+2L?-09:;=J?/.-,>v-0%G>:'G;=@B;O9:+�d
-0%)*0+X;ah�@)9:1RL?'?*0+2L?1I>v1IJCPR+X;O3t-,%N7:-n@Z1I9v*0;=35J?+21I>x-,%g/.;�@H1I>A+.*0+Qb1I%�L?-,/�Ca1I/ hF>A1I%G35')6�jI9:;=%?L?-,>tz L?-,/
1I9AL?-0%YL?-v*0-,%C7<-0%?;=9:-,>�L?-w3#+./2/.1I%?-,>iL)-�;��%)1I>r�i*,'B;=%?L)1t/21I>`*01=3t@B;O9<;=3#1I>`*,1I%�/X;5-0L?;=LWL)-v%R')-0>A7:9<;
-0>A@Z-,*0+2-=\p$&/Z-,>A7<')L?+.15L)-,7r;O/./X;OL?1_L?-�/.1I>i1IJ%9A-s7<1I>`MN'?-"/X;�*,1I%?>[7<+27:')6I-,%gz %N'?JH-0>0h)-0>A7:9:-,/./X;O>0hR*�b'?35'?/21I>r�
%?1I>"9:-,P=-0/.;�/X;t- Ga+.>A7:-0%?*,+X;�L?-_'?%B;V;=jI+�7r;=*,+�b1I%Y*01=%?>A7<;=%C7<-56W1I9:jC;O%?+.S0;=LB;k�u7<1RLB;o/.;o3t;O7<-,9:+X;#-0%�/.;
3w;=/X;:Ga+.;W-0>[7 b;�1I9AJ?+27<;=%?L?1�-,%y7:1I9:%)1�-0/`*,-0%C7<9A1Gj=-01I3yb-,7:9:+.*,1TL?-V/.;T3t+2>:3t;)\4$&/`-0>[7<'?L?+214L?-V-0>[7r;
*0+2%?-03Eb;O7:+.*Q;nL?-�/X;�3w;=/.;:Ga+X;)hB-,/�-,>A7<')L?+.1�L)-_/X;O>�P=-0/.1R*0+2LB;=L?-,>"�I+2%?>A7<;=%C7 b;=%)-Q;=>A��L?-_/.;=>�-0>A7:9:'?*s7<'?9:;=>
1IJ?>A-09[P=;OLB;=>�MN'?-T@H-09[7<-,%?-0*,-0% ;]-,/./X;ah^/.-Y9:-sPI-,/X;8;=/�;=>[7<9:1 e bc >:+2*01GL?-,7<;=/./2-0>#+.3#@Z1=9A7r;O%N7:-0>#>:1IJ)9:-T/.;3t;=%?-09:;t*,1I3t1t-0>[7 b;�L?+2>A7<9A+.J?')+.LB;njI/.1=JB;=/.3#-0%C7:-q/.;t3t;O7<-,9:+.;#MN'?-5/.;t*,1I%?>A7:+27:')6I-_6W>:-�@?9:-,>:-,%N7<;VL?-
jI9:;=%t+23t@H1I9[7r;=%?*,+X;"-,%o/.;wL)-,7<-,9:3#+.%B;O*0+�b1=%#L)-�/.;v-'Ga+.>[7<-0%)*0+X;qL?-�/X;=>&3Eb;=>�@Z-,*0'?/2+X;=9A-0>�*01=3t@H1I%?-,%N7:-0>,h
/X;�3t;O7:-09:+.;�1I>:*,'?9<;V6T-,/�;=jI':9A-,9:1�%?-,jI9:1�>:')@Z-,9:3t;=>:+�PI1YMR')-#@?;=9:-,*0-n9:-,>:+.L)+.9v-0%G-0/�*0-0%C7:9:1k3#+.>A3t1
L?-w/X;A3w;=/.;:Ga+X;)\,�;O9<;�-0>[7<'?L)+X;=9v-,/�3t1�PR+.3#+.-,%C7<1oL)-K*0'B;=/2MN'?+.-,9x1IJ%9A-s7<1?h -,>v%?-0*,-0>:;=9:+21Y@)9:+.3#-09A1�L?-s|B%?+.9"-0/�>A+.>A7:-03t;
9:-,>:@H-0*s7<1#;=/H*0'B;=/Z9:- e -09:+29:-,3t1I>i>:'V@H1I>:+2*0+Qb1I%t6t-0/Z*Q;=35J)+.15L?-"/X;�3#+.>A3o;q-0%V-,/Z7<+2-03#@Z1)\�$&/�>A+.>A7:-03t;
L?-V9A- e -09A-0%?*,+X;�%B;O7:'?9<;O/^')7:+./.+2SQ;=L)1k-0%(;=>[7<9:1=%?1I3Wbc ;W-,>#;=MN'?-0/`MN'?-V7:+.-0%)-�*01I3#1�1I9A+.jI-,%�/X; @u+2-09:9:;3#+.>:3t;)\ D�;g@H1I>A+.*0+Qb1I%lL?-k*,'B;=/.MN'?+2-09#*0'?-,9:@H18-0%E/X; 3w;=/.;:Ga+X;)hp-0%�')%�>:+2>A7<-,3o;G*0-,%N7:9<;=L)1�-0%�/.;
@u+.-,9:9:;)h^>A-W+2%?L?+.*0;�@Z1I9n3#-0L?+214L?- V4*01R1I9AL?-0%B;OLB;=>kz ��-09n|BjI')9<; }a\ &N���W/.;�L?+.>[7r;=%?*,+X;4MN'?-W%)1I>
>:-,@B;=9:;4L)-0/u*0')-09:@H14-0%l*0'?-,>A7:+.1I% z
	=�sh�/.;T�C;=/27:'?9<;k;=%?jI'?/.;=9:��3#-0L)+.LB;T>A1IJ?9:-V-,/u@?/X;O%?1�jC;=/Qb;=*,7:+.*01
L?-,>:L?-�/X;n@Z1I>A+.*,+�b1I%YL?-0/�Ca1=/�1oD�;O7<+�7<'?L 3q;O/�b;=*s7<+.*0;�z��s�`6W-,/�b;=%?jI'?/21?hB3#-0L?+2L?1o;n@B;=9[7<+29�L)-�/.;#/ bc %?-0;MN'?-�'?%?-f-0/UCa1=/B*01I%#-0/B*,-0%C7<9A1�jC;O/�b;=*s7<+.*,1v-0%#L?+.9A-0*,*0+�b1=%#*,1I%C7<9:;=9:+.;q;v/.;=>&3o;O%?-0*,+././.;=>�L)-0/ 9:-,/.1:9�PR+.>A7<;
L?-,>:L?-t-0/�%?1I9[7<-Wz L?-,>:L?-o;=/./ bc /X;V9A1=7r;=*,+�b1I%4jC;O/�b;=*s7<+.*0;V>:-#9:-Q;O/.+.S0;V-0%]-,/�>:-0%C7:+.L?1YL?-#/X;=>w3t;=%?-0*,+./2/X;=>



� ~�X �������	�
����������� �����	 � � ��� 
�� �

b
θl

R

Ro

r z

Centro GalácticoSol

Objeto estudiado

Rotación Galáctica

��+.j='?9<;K}R\ &?� E^1R1I9:L)-0%B;=L?;=>]3q;=/Qb;=*,7:+.*0;=>0\
L?-,/q9A-0/21:9<�sh�L?-4/X;�@?9:1�6=-0*0*,+�b1I% >:1IJ)9:-4-0/w@?/.;=%?1yjC;=/Qb;=*,7:+.*01]L?-g/.;8Pa+2>:'B;O/vL?+.9A+.jI+2LB;8;=/x*,'?-09A@Z1(1
DF1I%?jI+�7<'?L43w;=/Qb;=*,7:+.*Q;�� \&� -0>A7:-w>:-v/.1K*,1I%?1R*0-v*,1I3t1K-,/ >:+2>A7:-03t;5L?-v*01R1I9:L)-0%B;=L?;=>ujC;=/Qb;=*,7:+.*Q;O>0\&$&%
-0>[7<-5>A+.>[7<-03t;tL)-5*01R1I9:L)-0%B;=>�/X;#@Z1I>A+.*,+�b1I%WL?-0/�*0-,%N7:9:1VjC;O/�b;=*s7<+.*,1t-,>A7<;=9Bb;o+2%?L?+2*Q;=LB;#@Z1=9�/.;#7<9A+.@?/2-,7<;
z�� + - � + - 	?+r� 	 z �.- �.- �.- � � �.- �.Q:RTS ��L?1I%?L)- ��- � � �.- ��Q:RTS -0>n@?9:-,*0+2><;=3#-0%C7<-�/.;TL?+.>[7r;=%?*,+X;k>A1I/X;O9
jC;=/.;=*,7:1a*Hb-0%C7<9A+.*0;)\
� @H-0>:;=9`L?-v/21K;=L?-,*0'B;=L)1KMR')-v@B;=9:-,S0*0;n>A-09,h?L?-0>AL?-v-0/�@?'?%C7<1KL?-xPR+2>A7r;51=J?>:-,9APO;=*0+21I%B;=/ ha-,/�>A+.>A7:-03t;
L?-W*01R1I9:L?-,%B;=LB;O>ojC;=/Qb;=*,7:+.*0;=>0hp>:'�1=9:+.j=-0% z /X; @u+.-,9:9<;G18;G/X;4-0>:*0;=/X;GjC;=/Qb;=*,7:+.*Q;ahi-,/�Ca1=/ h^+2%?L?+ e -09[d
-0%C7:-03#-0%C7<-Q�n-,>A7 b;G-0%l*01I%)>A7r;O%N7:-W3#1�PR+.3#+.-0%C7:1?\ZK�%(3�b;O>n;=L?-0*,'B;=L?1G>:+2>A7:-03t;GL?-�*,1a1I9AL?-0%?;=LB;=>,h
MN'?-o'a7<+./2+.S0;�'?%81I9A+.jI-,%G-,%8�I9A-0@H1I>:1I�)h�-,>_-0/�L?-,%?1I3#+.%B;OL?1W>A+.>[7<-03t;�L?-t*,1a1=9:L?-,%B;=LB;=>�*0+2/ bc %)L?9:+2*Q;=>jC;=/.;=*,7:1a*Hb-0%C7<9A+.*0;=>0\�D�;K@Z1=>:+.*,+�b1I%�L?-w*,'B;=/.MN'?+2-09u*,'?-09A@Z1t-0%Y/X;5jC;=/.;:Ga+X;)ha-0%Y-0>[7<-q>:+.>[7<-,3o;K>:-q+.%)L?+.*0;
@H1I9`3#-0L?+215L?-�V5%xb'?3#-09:1=>wz ��-,9^|BjI'?9:; 9A-��#j�� *,1a1=9:L?-,%B;=LB;=><�s��/X;�L?+.>[7r;=%?*,+X;K;=/Z*0-,%N7:9:1#jC;=/Qb;=*,7:+.*01
L?-v/.;_@?9:1�6=-0*0*,+�b1I%YL?-,/ *0'?-,9:@H1n>:1IJ?9A-v-0/ L)+.>:*,1K1KL?+.>[7r;=%)*0+X;5jI;=/X;=*s7<1R*Hb-,%N7:9:+2*Q;VzU)w�sh)/.;K;=/27:'?9<;�/.+.%)-Q;=/
>:1=J?9:-w-0/FL)+.>:*,1TzU4C�^6V-0/qb;O%?jI'?/21 e 1I9:3t;=L?1K@H1I9u/X;5/ bc %?-0;5MN'?-�')%?-w/X;K@Z1=>:+.*,+�b1I%�;O*,7<'?;=/ L?-,/�CR1I/�6V-,/*0-,%C7<9:1qjC;=/Qb;=*,7:+.*,1?h�65/X;"@?9A1�6I-0*,*0+Qb1I%t>A1IJ?9A-u-0/BL?+2>:*01vjI;=/�b;=*s7<+2*01xL?-,/?9<;OL?+.1xP=-0*,7:1I9�L?+.9A+.jI+2L?1�;=/?*0')-09:@H1
*01=%?>:+2L?-09:;=L?1#3t-,L?+.L?1K-,%W/.;KL?+.9A-0*0*,+�b1I%VL)-q/.;K9:1=7<;=*0+Qb1I%VjC;=/Qb;=*,7:+.*Q;51#;=S,+.35'a7ujC;=/Qb;=*,7:+.*01Yz��I�m\
$&%�-0/ >A+.>A7:-03t;�L?-�*01R1I9:L)-0%B;=L?;=>i*,+./ bc %?L?9A+.*0;=>&jC;=/.;=*,7:1a*Hb-0%C7<9A+.*Q;O>0hN/X;=>�L?+2>A7:+.%C7r;=>p*01=3t@H1I%?-,%N7:-0>iL?-"/.;PI-,/.1R*0+2LB;=L�L?-w'?%Y*0'?-,9:@H1t>A-qL)-0%?1=7<;=%Y@Z1I9,h

�	�
� )
��


� � ) � �
��


��
� 4
��


$&%y-0>A7:-V>:+2>A7<-,3o;WL?-�*01R1I9AL?-0%B;OLB;=>0h�-,>A7<')L?+.1I>K@)9:-0*,+.>A1I>5L?-V/.;W@H1I>:*,+.*0+Qb1I%8L?-,/ Ca1I/i/.-o;=>:+2jI%B;=%�/.;
7<9A+.@?/2-,7<;�zJ) - 4 - �I� 	 z �.- � � �.- �.Q:RTS - V �WRTS - � �m\
;v;=L?1_MR')-v/X;=>i1IJ?>:-,9APO;=*,+.1I%?-,>uMN'?-v9:-0;=/.+2SQ;=3#1I>pL?-0>AL?-I@u+.-,9:9<;5-,>A7<;=9Bb;=%V+2%?L?- e -0*,7:+.J?/2-03#-0%C7<-"-'Ga@?9:-md
><;OLB;=>q-0%G'?%]>A+.>A7:-03t;Y')%?+.L?1Y;�-0/2/X;4z L)-0/&7<+2@Z1�L?-,/p>A+.>[7<-03t;VL?-#*01R1I9:L?-,%B;=LB;O>�jC;O/�b;=*s7<+.*0;=>r��-0>qL?-
+.%C7:-09Rb-,>o-,>A7r;OJ?/.-,*0-09#/X;4*01=%?-'Ga+�b1=%E-0%C7:9:-k-,>A7:- b'?/27:+.3#1k6l-0/f3Eb;=>o;OL?-0*,'B;=L?1g>:+.>[7<-,3o;4L?-k*,1a1=9:L?-md
%B;=L?;=>`*0+2/ bc %?L?9:+2*Q;=>pjC;=/.;=*,7:1a*Hb-0%C7<9A+.*0;=>0\ @�;=/Z*01I%?- Ga+�b1I%V>?b1I/.15-,>u@Z1=>:+.J)/.-">A+.%V-,35JB;=9AjI15>:+Z*01I%)1a*,-03#1I>*01=%�@?9:-,*0+2>:+�b1=%E-0/�3#1�PR+23t+2-0%C7<1GL?-0/Ca1I/�-0% /.; 3w;=/.;:Ga+X;�9:-,/X;O7:+2PI1];=/�*0-0%C7:9:18L?-W/X;G3t+2>:3t;)\ $&/



�����%� � 	��]� � �� 
J	 ��� �I� � � � � � ��� 	 � � ~�}
3#1�PR+23t+2-0%C7<1#>:1I/.;=9�-0>x>A+.%k-,35JB;=9AjI1?hH*01I3#1o-,/�L?-�/X;=>�L?-03Eb;=>�-0>A7:9:-,/./X;O>�-,%�/X;N3q;=/.;:Ga+X;)h JB;O>A7r;O%N7:-
*01=3t@?/2+.*0;=L?1"6_L?+.>[7<+.%C7:1vL?-f/X;">A-0%?*,+././.;x+.3t;=jI-,%5L?-Wb1I9:J)+27r;O>�*0+29:*0')/X;=9A-0>�@H-09 e -0*,7<;=>�9:-,>:+.L)-0%C7<-,>p7:1aLB;O>
>:1=J?9:-q-0/�@?/.;=%?1nL?-q>:+.3#-,7:9Qbc ;5L?-0/�L?+2>:*01)\ ,�1=9�-,>A7r;n9<;OSFb1I% h >A-�UB;#*01I%CP=-0%?+2L?1o/.;n'a7<+./2+.S0;=*0+Qb1I%�L?-q'?%+.L)-Q;=/2+.SQ;OL?1_>A+.>A7:-03t;59:-,>:@H-0*,7:1#;=/�MN'?-w>:-v3#+.L)-0%�/.;=>^PI-,/.1R*0+2LB;=L?-,>`L?-v/X;O>`-0>[7<9:-,/./.;=>^PI-,*0+2%B;=>f;=/ Ca1I/ \
$&>A7:-�>A+.>A7:-03t;v>:-�'?J?+.*0;q- G);=*,7<;=3t-,%C7<-�>:1IJ?9A-f-0/ @?/X;O%?1wjC;=/�b;O*,7<+2*01#zU4 	 � ��;q'?%?;qL?+2>A7<;=%?*0+.;v+.jI'B;O/B;
/X;�L?+.>[7r;=%?*,+X;">A1I/X;O9�jC;=/Qb;=*,7:1a*Hb-0%C7<9A+.*0;,),+�6�3t1�PR+sb-,%?L?1I>A-u-0%57:1I9:%?1w;O/)*0-,%C7<9:1vjI;=/�b;=*s7<+2*01"*,1I%n9<;=@)+.L?-,S
*01=%?>A7<;=%C7<-�-0%#'?%B;Gb1I9:J)+27r;x*,+.9A*0'?/.;=90\�� -0>A7:-f>:-�/.1v*01=%?1a*,-f*01I3#1v-0/UCa+2>A7:-03t;q$&>[7 b;=%?L?;=9�L?- ��-,@Z1=>:1
DF1a*0;=/�z D�1R*Q;O/OCR7r;O%?LB;=9ALW1 e �f-0>A70h DJC �"�mhBMN'?-w@Z1I9u>A'kL?-s|B%?+2*0+�b1=%Y-,>A7Bb;#*0;=9<;=*s7<-,9:+.S0;=L?1n@H1I90h

������� 	 �
� ����� 	 � +
������ 	 �

;x1I%?L)- � +f>:-q@?'?-,L?-q*01I%?>A+.L?-,9<;=9f*,1I3t1n/.;KP=-0/21a*,+.LB;=LV7<;=%?jI-,%?*0+.;=/FjC;=/.;=*,7:1a*Hb-0%C7<9A+.*Q;5@)9:1I3#-0L?+21nL?-
/X;O>x-0>[7<9:-,/./.;=>xPI-,*0+.%?;=>q;=/>Ca1=/ \ ;x-s7<-,9:3#+.%B;=*,+.1I%)-0>"@)9:-0*,+.>:;=>wL?-K-0>[7r;�*Q;=%C7<+2LB;=L4;=>A'?3#-0%G@B;=9<;�-,/./.;
'?%�PO;=/.1I9^-0>A7Bb;=%?LB;O9�L)-=h

� + 	 � � � Q
	�� �'F
D�;nP=-0/21a*,+.LB;=LYL?-�/.1I>f*0')-09:@H1I>�-0%T/.;\3q;=/.;:Ga+X;59A-0/X;�7<+2PO;n;=/�DJC � -0>�*01I%)1a*,+.LB;n*01I3#1#/X;5PI-,/.1R*0+.L?;=L
@H-0*0')/.+X;O9`L?-0/F*,'?-09A@Z1n6V>A'?>�*,1I3#@Z1I%)-0%C7<-,>5z� -�� -�� �p-,>A7Bb;=%WL?;=LB;=>f@H1I90h

 	 ��@ ������� 	 �

� 	 � @ � ����� 	 � @ � +
� 	  @ ������ 	 

�W-,L?+.LB;O>"@?9A-0*0+2><;=>"L?-0/�3t1�PR+.3#+.-,%C7<1#9:-0/.;O7<+�PI1o;=/�Ca1I/�L?-5/X;O>�-,>A7<9A-0/2/X;=>fPI-,*0+.%?;=>0h @)9:1�PI-,-0%4-0/�PO;=/.1I9
L?-w/X;O>u*01I3#@Z1=%?-0%C7<-,>fL?-w/X;5PI-,/.1R*0+.L?;=L�@Z-,*0'?/2+X;=9`L)-0/JCa1I/ h?>:'�PI-,/.1R*0+2LB;=L�9:-,>:@H-0*,7:1o;O/�D�C �qh

 � 	 @]^ Q
	�� �'F
� � 	 ~ ��Q�	�� �'F
� � 	 } Q
	�� �'F

$&>^L?-,*0+290hR-0/ Ca1I/H-0>A7Bb;ohR9:-0>A@Z-,*,7:1K;=/ZD�C �qhR;=>A*0-0%)L?+.-,%?L?1K9:-,>:@H-0*s7<1K;=/ L?+2>:*,1�z � � � �shR3t1�PR+sb-,%?L?1I>A-
/.-sPI-,3t-,%N7:-gU?;=*0+.;l;OL?-0%C7<9A1 z�0� � �t6 ;=L?-0/.;=%C7 b;=%)L?1I>:-4'?% @H1a*,1(-,% >A' 3#1�Pa+23t+2-0%C7<1�1=9:J?+�7r;=/
z � � � �m\
$&%4*01I%:9A')%N7:1W-,/DCa1I/�-0>A7Bb;�Pa+.;H9:;=%?L)1?hF9:-,>:@H-0*,7:1k;�>A'?>w-0>[7<9:-,/./.;=>xPI-,*0+.%?;=>w;�~�X - � � 3 > �'F -,%4'?%B;
L?+29:-0*,*0+Qb1I%W+2%?L?+2*Q;=LB;n@H1I9 � 	 � ��� 6 � 	 � V � hHU?;=*0+.;t/X;n*01=%?>A7:-0/X;O*0+�b1=%WL?-_��b-,9:*0')/.-0>,\f� -,>:-_@)'?%C7<1
+.3t;=jI+2%B;=9A+.1o-,%]-,/p-,>:@B;O*0+.1)h�UB;O*0+X;�-0/&MN'?-t@B;=9A-0*0-#L?+29:+.j=+.9:>A-K-0/�Ca1=/p>A-t/21�*01I%?1R*0-#*01=3t1Y-0/��"@H-'G
Ca1I/.;=90\�$&/Z@?')%N7:1_*,1I%C7<9<;O9:+.1)hRL)-0/HMR')-"@B;=9A-0*,-x;=/2-L9:;=9A>:-=hN>A-"/X;w/./.;=3t;x@Z1I9�-,/Z*,1I%C7<9<;O9:+.1q-0/ ��%N7:+X;=@H-'G
Ca1I/.;=90\



� ~ � �������	�
����������� �����	 � � ��� 
�� �

r
R

Ro

l

α

α

β
Sol

Objeto
Estudiado

Centro Galáctico

Θο

Θ

��+2jI'?9<;"}a\ � ��$ Ga@?/2+.*0;=*0+Qb1I%_L?-^/X;�3t;=%?-,9<;"*,1I3#1">:-^L?-,7:-09:3#+.%?;"/X;fPI-0/21a*,+.LB;OL5L?-^9A1=7r;O*0+�b1=%5jC;=/Qb;=*,7:+.*Q;
-0% e '?%?*0+Qb1I%YL?-w/X;5L?+2>A7r;O%?*0+.;njI;=/X;=*s7<1R*Hb-,%N7:9:+2*Q;

��-,*rUB;=>F7<1RLB;=>F-,>A7<;=>�L?-,|B%)+.*0+21I%?-,>0h�1a*,'?@ib-,3t1I%)1I>�;=U?1I9:;`L?-0/=@?9:1IJ)/.-03t;^L?-&L)-,7<-,9:3#+.%B;O9 -0/I3#1�PR+.3#+.-0%C7:1
L?-K/21I>"*,'?-09A@Z1I>vMN'?-n*,1I%?>A7:+27:')6I-,%G/.;c3w;=/X;:Ga+.;t9:-,>:@H-0*s7<1Y;=/�*,-0%C7<9A1�L?-K/X;o3#+.>A3o;kz -,%G-,/�>A+.>A7:-03t;
L?-K*,1a1I9AL?-0%?;=LB;=>w*0+2/ bc %?L?9:+2*Q;=>�jC;=/.;=*,7:1a*Hb-0%C7<9A+.*0;=>r�";V@B;O9A7<+29xL?-K/.;=>x1IJ?>A-09[P=;O*0+.1=%?-0>wL?+2>:@H1I%?+.J)/.-0>"-0%
@u+.-,9:9:;)\
7 3t;=jI+.%)-03#1I>5@B;=9:;�-03#@Z-,SQ;=9n'?%l*0'?-,9:@H1g1=J?>:-,9APO;=L?1G@Z1=9#>A+.3#@?/.+2*0+2LB;=L]-,%E-,/u@?/X;=%)1�3t+2>:3#1�L?-
/X; 3q;=/.;:Ga+X;(z�� 	 ��� �t-0% '?%?;8/.1I%?j=+27<')LEjC;=/Qb;=*,7:+.*0; � h";g'?%B;�L?+.>[7r;=%)*0+X;GjC;=/.;=*,7:1a*Hb-0%C7<9A+.*Q; ) 6
U?-,/.+.1R*Hb-,%C7<9:+2*Q; 	Rh�L?1=7r;OL?1�L?-4'?%B;]P=-0/.1R*0+2LB;=L 9A-0>:@H-0*s7<1(;=/x*,-0%C7<9A1lL)-�/X; 3w;=/X;:Ga+.;g*0'a6C;�b')%?+.*0;
*01=3t@H1I%?-,%N7:-w%?1n%R')/X;n-0> � z{��-09u|BjI'?9:; }a\ � �s\
;x-0>AL?-\@u+.-09A9<;]z MN'?-#>:-o>A'?@H1I%?-#>:+27:'B;=LB;�-'G);=*s7r;=3#-0%C7:-o-0%g/X;V@H1I>:+2*0+�b1=%G64*,1I%]/.;VP=-0/21a*,+.LB;=LGL?-,/
DJC ���"/.1I>x-,>A7:'?L?+.1=>q-,>:@H-0*s7<9:1=>:*Fb1=@?+.*,1I>w@Z-,9:3#+27<-,%�L?-,7:-09A3t+2%B;=9x/.;oPI-0/21a*,+.LB;OLg;�/.;�MN'?-n>:-#;=/.-)9:;�1
;=*,-09:*0;t-,/F*0'?-,9:@H1o-0%Y/X;KL?+29:-,*0*0+Qb1I%�L?-q/X;5PR+.>:'?;=/pz L?+29:-,*0*0+Qb1I%�L?-0/�9:;=L?+.1KP=-0*,7:1I9�9r�s\ � b;=>�9:-s|B%B;=L)1I>
-0>[7<'?L)+.1I>x@)'?-0L?-,%4@?9:1�PI-,-09xL)-0/�PO;=/21I9�L?-5/X;nPI-,/.1R*0+.L?;=Lk7r;O%?jI-0%)*0+X;O/`z @Z-,9:@H-0%?L?+2*0'?/.;=9�;o/X;nPa+2>:'B;O/{�sh
>:+�-0>�*01I%?1R*0+2L?1�-,/�3#1�Pa+23t+2-0%C7<1#@?9A1I@?+.1tL?-0/�*0')-09:@H1Gz L)-0>:@)/X;=S0;=3t+2-0%C7<1o;=%?jI')/X;=9<�`6W>:'�L)+.>A7<;=%?*,+X;)\
E^1I%?>A+.L?-,9<;=*,+.1I%)-0>oj=-01I3yb-,7:9:+.*0;=>n-0/2-03#-0%C7r;=/2-0>kz P=-09o|Bj='?9<; }a\ � �n@H-09A3t+�7<-,%E-0>A*09A+.J?+29t/.;G9A-0/X;O*0+�b1=%
-'Ga+2>A7<-,%C7<-�-0%C7<9A-�/21I>&L?+.>[7<+2%N7:1I>&@B;=9?b;=3#-,7<9A1I>p;=>:1R*0+.;=L?1I>�;O/?*0'?-,9:@H1�6K/.;=>&1IJ?>A-09[P=;OLB;=>p*01I3#@Z1=%?-0%C7<-,>
7r;O%?jI-0%)*0+X;O/�6V9<;OL?+X;=/ZL?-q>:'�PI-0/21a*,+.LB;OLY9A-0>A@Z-,*,7<1t;=/F1IJ)>:-09[PO;=L?1I9f-0%4@u+.-,9:9:;)h

��� 	 � *01=> ��@ � +B>:+.% �
� 1 	 � >:+2% ��@ � +B*01I> �

� zJ)w�^>A-q@)'?-0L?-w-,>:*09A+.J?+29`*01=3t1�)��wzU)w�shBL?1I%)L?-�� -,>�/.;_PI-,/.1R*0+.L?;=L�;=%?jI')/X;=9`L)-0/ 3#1�Pa+23t+2-0%C7<1_L?-
7<9:;=>:/.;=*0+Qb1I% \ 7 %C7:9:1RL?'?*0+2-0%?L)1t-,>A7r;n*Q;O%N7:+.LB;OL h)6V9A-0*01=%?1a*,+.-,%?L?1#/X;=>u+2L?-0%C7<+2LB;=L?-,>ujI-01=3yb-s7<9:+2*Q;=>,h

)4*01I> � 	 )	+B>:+.% �
)�>:+.% � 	 )	+B*01I> � @ 	

/X;_P=-0/21a*,+.LB;=L�9:;=L?+X;O/�6�7r;O%?jI-0%)*0+X;O/ L?-0/F*,'?-09A@Z1#9:-,>:@H-0*s7<1�;O/ 1IJ?>A-09APO;=L)1I9f-0%4@u+.-09A9<;K-0>,h



�����%� � 	��]� � �� 
J	 ��� �I� � � � � � ��� 	 � � ~�^

��� 	 z � @ ��+m��)	+B>:+.% � z }a\2~��
� 1 	 z � @ ��+m��),+B*,1I> �&@ � 	 z }a\ � �

�Tb1O7<-0>A-=h�L?-0/";=%C7<-09A+.1I9o@B;=9�L?-k9:-0/.;=*0+21I%?-,>0hfMN'?-�'?%B;]P=-0S4+.%?L)+.*Q;OLB;]/X;g/.1I%?j=+27<')LEjC;=/Qb;=*,7:+.*0;gL?-,/
*0')-09:@H1t6�>A'WL)+.>A7<;=%?*,+X;)h?6�L?-,>:@?'ib-0>"L)-�3#-0L?+29u/X;=>f*,1I3t@H1I%?-,%C7<-0>�L?-q>:'YPI-0/21a*,+.LB;OLY9A-0>A@Z-,*,7<1�;#/.;
@u+.-,9:9:;)h -0>"@H1I>A+.J?/2-v1IJ)7<-,%?-09�>:'kP=-0/21a*,+.LB;=LW;=%?j='?/X;=9f9A-0>:@H-0*s7<1V;O/F*0-0%C7:9:1�jC;O/�b;=*s7<+.*,1?\ CR+�>A-�7:1I3o;O%
*0')-09:@H1I>V;G35')6lL?+�PI-09A><;=>oL?+.>[7r;=%?*,+X;=>#U?-,/.+.1R*Hb-,%C7<9:+2*Q;=>,h 	Rh`6(@H1I9#7r;=%C7<1];]L?+2>A7<+2%C7r;=>#L?+.>[7r;=%)*0+X;O>
jC;=/.;=*,7:1a*Hb-0%C7<9A+.*0;=>0h �whR>A-�@)'?-0L?-"*01I%?>[7<9A'?+.9�/X;w*0')9APO;�L?-�9:1=7<;=*0+Qb1I%#jC;=/�b;O*,7<+2*Q;)h ) �
� � �wzJ)w�mhaL)-"jI9:;=%+.%C7:-09Rb-,>x-0%k-0/�-,>A7:'?L?+.1oL?-_/.;tL?+2%fb;=3#+.*Q;njC;=/Qb;=*,7:+.*0;)\�D�;O3t-,%N7<;=J?/2-03#-0%C7<-Oh�35'?*rU)1I>xL?-�/.1I>�*0'?-,9:@H1I>
*0'a6C;KL?+.>[7r;=%)*0+X;5@)'?-0L?-v>A-09`| ;OJ?/.-,3t-,%N7:-v-0%?*,1I%C7<9:;=LB;Yz -,>A7<9A-0/2/X;=>,h)*�b'?3_'?/.1I>ijC;=/Qb;=*,7:+.*01=>0hR%?-0J?')/.1I>:;=>
L?+ e '?><;=><�o-0>[7 b;=% -0>A*01I%?L)+.L?1I>�;�/.;81IJ?>:-,9APO;=*,+�b1I% L?+29:-0*s7r;8@H1I9V- e -,*,7:1lL)-G/21I>�@H1aL)-09:1=>:1I>V- e -0*,7:1I>
;=J?>A1I9:JH-0%C7:-0>nL?-0/i@Z1=/2PI1k+.%C7<-,9:-0>[7<-,/X;=9_6];=>0bc %N'?-0>[7<9:;4- Ga@?/.1I9:;=*0+Qb1I%8L?-o/X;k9A1=7r;=*,+�b1I%]jC;=/�b;O*,7<+2*Q;Y%?1@?'?-,L?-K>:-,9x/./2-,PO;=LB;#3�b;O>x;=/2/�b;tL)-5'?%?1I>"*0-0%C7:-0%B;=9A-0>wL?-5@?;=9:>A-0*0>vL)-0>:L)-K-0/>CR1I/ hZ/.1oMN'?-K9A-0@?9A-0>A-0%C7r;
'?%B; e 9:;=*0*,+�b1I%K3#+.%"b'?>A*0'?/.;�L?-u/.;x*0'?9[PO;wL)-u9:1=7<;=*0+Qb1I%57<1=7<;=/ \ � b;=>�;OL?-0/.;=%C7<-`PI-,9:-,3t1I>&')%#3�b-,7:1aL)1v-0%
-0/�MN'?-5')7:+./.+2SQ;=%)L?1n/X;t-,3t+2>:+Qb1I%k-,% � ~5*,3 L?-,/�U)+.L?9?b1IjI-0%)1�%?-0'a7<9:1oMR')-5@?'?-,L?-n;O7<9:;QPI-0>:;=9xjI9:;=%?L?-,>
L?+2>A7r;O%?*0+.;=>�-0%_-,/NL?+.>A*01�jC;=/�b;O*,7<+2*01`6wMN'?-p-'Ga@?/21=7r;f/X;=>�;=%C7:-09:+21I9:-,>�9A-0/.;=*0+21I%?-0>�%?1=>�@H-09A3t+�7<-�*01=%?>A7:9:'?+29
/X;5*,'?9APO;nJ?'?>A*Q;=LB;a\
K�%?;#;O@?9:11Ga+.3t;=*0+Qb1I% hR@Z-,9:3#+27:-"9:-,-0>A*09:+2J?+.9u/.;=>u;=%C7:-09:+21I9:-,>u9:-,/X;=*,+.1I%?-,>`@B;=9:;K-0/ *0;=>:1nL?-,/ -0>[7<'?L?+21nL?-
*0')-09:@H1I>x>A+27:'B;=L?1I>�-0%T9A-0jI+21I%?-,>�PI-,*0+2%B;=>v;=/�Ca1I/ hZ/.;=>�MR')-_|B%B;=/23t-,%C7<-_@)9:1�PI-,-0%�PO;=/.+21I>:1I>f3yb-,7:1aL?1=>
@B;=9:;KL?-,7:-09:3#+.%?;=9u-0/ PO;=/21I9`L?-w/X;O>u*01I%?>[7r;=%C7:-0>	),+u6 ��+Q\
Ca+HUB;=*,-03#1I>i/.;q>A'?@H1I>:+2*0+�b1=%oL?-�MR')-"-0/H*0')-09:@H1_-,>A7:'?L?+X;OL?15>:-�-0%?*,'?-0%C7:9<;5>:'a|B*0+2-0%C7<-,3t-,%N7:-x*0-,9:*0;=%?1
*01=3t1Y@B;=9:;YMN'?- � G ��+�64>A+p>A'?@H1I%?-03#1I>qMN'?-o/.; e '?%)*0+�b1=% �wzU)w�vPO;=90bc ;V�I>:'?;�P=-03#-0%C7<-,�I*01=% )5h@H1aL?-,3t1=>u-0>:*,9:+2J?+.9u/.;5-'Ga@B;=%?>A+�b1I%�h

�wzJ)w� 	 �wzJ),+m� � � �
� )

����� � � zU) @ )	+r� � �����
E^1I%?>A+.L?-,9<;=%)L?1t>?b1I/.1n/21I>^7ab-,9:3#+.%?1=>uL?-w@?9:+23t-,9`1I9:L)-0% hB>A-�1IJa7<+.-,%?-v/X;n;=@)9:11Ga+.3t;=*0+Qb1I% h

� @ ��+*G � �
� )

����� � � zJ) @ ),+<�
-0%Y-0>[7r;#;=@?9A1�Ga+23o;=*,+�b1I%Gz&}R\2~��i64zp}R\ � �^>A-w9:-0-,>:*,9:+.JH-0%W*01I3#1?h

��� G � � �
� )

����� � � @
� +
)	+�� zJ) @ ),+m�)>A+.% �

� 1�G � � �
� )

����� � � @
� +
),+�� zU) @ )	+r�)*01=> �&@ ��+ 	

,�-,9:1#-0>�*0/.;=9:1KMN'?-q>:+ � ��� ),+�-0%C7<1I%)*0-0>
	 � � ~v6V*,1I>�	 $ ~wL?-wL?1I%)L?-=h
)	+ 	 � *01=> � � )4*01=>�	 G � *,1I> � � )



� ��� �������	�
����������� �����	 � � ��� 
�� �

Hacia el
centro
Galáctico45o

90o

135o

180o

225o

270o

315o

0o

SolΘο
Θο Θο

Θ3 Θ3

Θ4

Θ1 Θ1

Θ2

Velocidad
relativa al Sol

��+2jI'?9<;8}a\ Xa�8D�;=>V*01=3t@H1I%?-,%N7:-0>V7r;O%?jI-0%)*0+X;O/�6�9:;=L?+.;=/�L)-G-,>A7:9:-0/2/X;=>o-0% -0/"P=-0*,+.%?LB;O9:+.1�>A1I/X;O9V;
L?+2>A7<+2%C7r;=>u/21I%?jI+�7<'?L?-,>ujC;=/.;=*,7:1a*Hb-0%C7<9A+.*Q;O>0\

L?-wL?1I%)L?-=h
��� 	�� � >:+2% � � z }a\ VI�

� 1 	�� � *01I> � � ��� � z }a\ &C�
L?1I%)L?- � 6�� 9A-0*,+.JH-0%#-0/B%?1I3_J?9:-uL?-f*,1I%?>A7<;=%C7<-,>^L?- -x1I9A70hC-0%#U?1I%?1=9�; MI;O% -x1I9[7�MR')+.-0%n-,%W~�^ � }
9:-0;=/.+2SFb1K@H1I9u@?9A+.3#-09<;_P=-0Sq-0>[7<-q9<;=S,1I%B;=3#+.-,%N7:1?ha6�MR')-�-,>A7 b;O%W@H1I9uL?-s|B%?+.*,+�b1I%�LB;OLB;=>f@Z1=90h

� � @ ~�
� � �
� )

����� � � @
� +
),+ �

� � @ ~�
� � �
� )

����� � � �
� +
),+ �

$&>"@H1I>:+2J?/.-v-,%C7<-0%)L?-09x/.;KL?-0@H-0%?L)-0%?*,+X;oL?-q/X;O>�P=-0/.1R*0+2LB;=L?-,>u7r;=%?j=-0%?*,+X;=/F6�9<;OL?+X;=/FL)-�/.;=>f-0>A7:9:-,/./X;O>
PI-,*0+2%B;=>W;=/ Ca1I/v*01=% /X;�/21I%?jI+�7<'?L jC;O/�b;=*s7<+.*0;)h�7<;=/x6 *01=3t1y-0>YLB;=L?;(@H1I9�/X;=>VMN'?-g/./X;O3o;=9A-03#1I>
9:-,/X;=*,+.1I%)-0>5L?- -x1I9[7Qh�9:-,@?9:-,>:-,%N7<;=LB;=>#-0%y/.;=>5-0*,'B;=*,+.1I%?-,>Yzv}a\ VC�q6 z"}a\ &C�sh�*0'B;O%?L?14>:-�-'G);=3#+.%?;
/X;�|BjI'?9:; }a\ X]\W$&%8-0/2/X;W>A-oUB;O%89:-,@?9:-,>:-0%C7<;=L?1I>K/21I>�3#1�PR+.3#+.-0%C7:1I>�L)-o-0>[7<9A-0/./.;=>q>:+27:'B;=LB;O>5;k/.;
3#+.>:3t;vL?+.>[7r;=%)*0+X;qL?-0/ Ca1I/ hN-0%�-,/Z*,-0%C7<9A15*01I%o/.1I%?j=+27<')L?-0>�jC;=/Qb;=*,7:+.*0;=>�L?- � h & � h ^ � h ~�V � hZ~ � � h � � � h
� } � 6 V ��� � \#D�;=>v-,>A7<9A-0/2/X;=>v*,1I%g/21I%?jI+�7<'?L)-0>vjC;=/Qb;=*,7:+.*0;=>"L?-\^ � 6 � } � � h�>:-n35')-,PI-,% h�-0%G%R')-0>A7:9:1
>:-,%?*0+2/./21G3#1RL?-0/21�>:-Y35'?-,P=-0%(>:1IJ?9A-W/.;�3t+2>:3t; b1I9:J?+�7r;�>:1=/X;=956�7:+.-0%)-0%l@Z1I9K7<;=%C7<1G'?%B;4>:+.3#+./.;=9



�����%� � 	��]� � �� 
J	 ��� �I� � � � � � ��� 	 � ��� ~

Velocidad
radial

Velocidad
tangencial

90o 180o 270o l

Velocidad
relativa al Sol

��+2jI'?9<;G}a\ }a�kD�;4L?-,@Z-,%?L?-0%)*0+X;gL?-W/.;4P=-0/21a*,+.LB;=Ll9<;OL?+X;=/i6�7r;=%?j=-0%?*,+X;=/f*01=%E/X;�/21I%?jI+�7<'?LyjC;=/.;=*sd
7<1R*Hb-,%C7<9:+2*Q;)\

PI-,/.1R*0+2LB;=LYL?-�7:9<;=>A/X;=*,+�b1I%�@H1I9�/21tMN'?-�>:'YPI-0/21a*,+.LB;OLW9:;=L?+X;O/ 6Y7<;=%?jI-,%?*0+.;=/F>:-,9Bb;=%k%R')/X;=>,\ ,�1I9�1=7<9A1
/X;OL?1k/.;=>_-,>A7<9A-0/2/X;=>�*01I%�/21I%?jI+�7<'?L?-,>_jC;O/�b;=*s7<+.*0;=>qL?- � 6E~ � ��� @H1I9�-0%?*,1I%C7<9<;O9:>:-V>A1IJ?9A-V-0/^3#+.>A3t1
9<;OL?+.1KjC;O/�b;=*s7<+.*,15-0%Y-0/FMN'?-w9A-0>:+2L?-w-0/OCR1I/ 7<+2-0%?-,%�7<;=35J?+sb-0%�P=-0/.1R*0+2LB;=L?-,>f9<;=L?+.;=/.-,>`%N'?/X;O>0h?@H-09A1#>A'?>
PI-,/.1R*0+2LB;=L?-,>�7r;=%)jI-0%?*,+X;=/2-0>�>:-09?b;=%K@H1I>:+�7<+2PO;_z UB;=*,+X;�/X;"+2S0MN'?+.-,9:LB;I�sh=@?;=9<;"/.;"-0>[7<9A-0/./.;�3Eb;=>�*,-09A*Q;=%B;w;=/
*0-,%C7<9:1KjI;=/�b;=*s7<+2*01oz�� 	 � � ��6t%?-0jI;O7<+�P=;oz UB;O*0+X;�/X;�L)-09:-,*rUB;C�^@B;O9<;_/.;�3Eb;=>`;=/2-L9:;=L?;�z�� 	 ~ � � � �s\�$&%
@H1I>:+2*0+.1=%?-0>p+.%C7<-,9:3#-0L?+.;=>p/X;�L)+.9:-,*0*,+�b1I%�L)-x;=35J?;=>^*,1I3t@H1I%?-,%C7<-0>,ha7<;=%?jI-,%?*0+.;=/H6#9:;=L?+X;O/HL)-0@H-0%?L?-,9Bb;
L?-q>:+�/X;lb1I9AJ?+27<;KL?-�/.;K-0>A7:9:-,/./X;K*,1I%?>:+2L?-09:;=LB;#-0>�3o;Q6I1=9�1#3#-0%?1I9�;n/X;lb1I9AJ?+27<;n>A1I/X;O9`6�L?-�>A+�>:1IJ?9A-
-0/2/X;5-,>A7 b;#;=L?-,/X;=%C7<;=LB;K1#;O7<9:;=><;=L?;n9A-0>A@Z-,*,7<1o;K/X;K@Z1=>:+.*,+�b1I%VL)-0/JCa1I/ \
Ca+ e ')-09<;n@H1I>:+2J?/.-x3#-0L)+.9`/.;=>^PI-,/.1R*0+2LB;=L?-,>`7r;=%?j=-0%?*,+X;=/�6o9<;=L)+X;=/ZL?-w'?%WJ)'?-0%Y%xb'?3#-09:1_L?-w-0>A7:9:-,/./X;O>
>:+�7<'B;OLB;=>t;=@?9:11Ga+.3t;=LB;O3t-,%N7:-k;G/X;G3t+2>:3t;4L)+.>A7<;=%?*,+X;4L?-0>AL?-�-0/Ca1I/ hi6(;gL?+2>A7:+.%C7r;=>#/.1=%?jI+27:'?L?-,>
jC;=/Qb;=*,7:+.*0;=>0h�>:-,9Qbc ;W@Z1I>A+.J?/2-t*,1I%?>[7<9:')+.9_/.;=>q*0'?9[P=;O>59:-,@?9:-,>:-0%C7<;=LB;=>K-,%�/X;V|BjI'?9:; }a\ }a\ ,�1I9Vz�}a\ VI�
PI-,3t1=>KMR')-Y/.;k3#-0L?+2LB;TL?-V/X;k;=3t@)/.+27:'?L]L)-V/X;T*0')9APO; � � �
� � �f%?1I>K@?9A1�PI-0-,9Qbc ;4L)-0/^PO;=/21I95L?-V/.;*01=%?>A7<;=%C7<- � ha*01I%�-0/�*0'B;=/ h)/.;_3t-,L?+.L?;_L?-v/X;5L)+ e -09A-0%?*,+X;_-,%C7<9:-v/.;=>`*,'?9APO;=>uL?-xP=-0/21a*,+.LB;=LV9:;=L?+.;=/H6
7r;O%?jI-0%)*0+X;O/ -0%Y*Q;=L?;#@?')%N7:1t%)1I>fLB;=90bc ;=%�7r;O35J?+sb-,%�-0/ PO;=/.1=9`L?- �o\DF1I>_9A-0>A'?/27<;=L?1I>�1IJ)7<-,%?+.L)1I>K;W@?;=9A7:+.9qL?-V;=%fb;O/.+.>A+.>w@?9A-0*0+2>:1I>_L?-o+2% e 1I9:3t;=*,+�b1I%41IJ?>A-09[P=;O*0+.1=%B;=/pLB;=%
/.1=>u>:+.j='?+.-,%N7:-0>uPO;=/.1=9:-0>u@?;=9<;K-0>[7r;=>f*,1I%?>A7<;=%C7<-,>0h

� 	 ~ & - & � ~ - ��Q
	�� �'F Q:RYS �'F

� 	 @q~ ��- � Q�	 � ��- � � �'F Q:RTS �'F
;x-v>:'WL?-,|?%?+.*,+�b1I%�-0>f@H1I>:+2J?/.-"1IJ)7<-,%?-09f|B%B;O/.3#-0%C7<-v-,/ P=;O/.1I9`L)- ��+0h?LB;=L?1#@H1I90h



� � � �������	�
����������� �����	 � � ��� 
�� �

F /Fλ λο

λ

A

B+C

D

��+2jI'?9<;T}a\ � ��@wbc @?+2*Q;W7:1I@H1I/.1Ij?bc ;WL)-V/X;T/ bc %?-Q;WL?-�/.1I> � ~V*03 *,'B;=%?L)1g-,>K3t-,L?+.LB;T-,%y'?%B;�*0+2-09A7<;
L?+29:-0*,*0+Qb1I%�>:1IJ?9A-w-0/F@?/.;=%?1nL?-w/X;A3w;=/X;HG)+.;)\

��+ 	 � @ � 	 � X - & � & Q�	�� �'F*QHRTS �'F
7<1=3o;=%)L?1u-0/IPO;=/21I9 -0>[7 b;=%)LB;=9�L?- ),+ 	 �.- � � �.- ��QHRTS 1IJ)7:-0%?-,3t1=>�7<;=35J?+sb-0%v-,/IP=;O/.1I9 L)-p/.;^PI-,/.1R*0+.L?;=L
7r;O%?jI-0%)*0+X;O/ L?-0/�DJC �wh

� + 	 � ~I~ - � � & ��- ��Q
	�� �'F
-0%YJ?'?-,%T;=*,'?-09AL?1#*01I%�-0/ PO;=/21I9u+.%C7:9:1RL?'?*0+2L?1n;=%C7<-,>0hB6V1IJa7<-0%)+.L?1n@H1I9u3yb-s7<1RL?1I>uL?+2>A7:+.%C7<1I>,\
E^1I3#1W6I;kUB;=J bc ;=3#1I>�- Ga@?/.+2*Q;=L?1)h�/X;�9:-,/X;=*,+�b1I%g@?9:-,*0+2><;k-,%N7:9:- � � 1 � 1^6 �wzU)w�sh�%?1=>_@H-09:3#+27:+.90bc ;=%-0%)*01I%C7<9:;=90h�>A+`-0>n*01=%?1a*,+.LB;W/X;TL?+2>A7r;O%?*0+.; 	T;=/i1IJ%9A-s7<14-0>[7<'?L?+.;=L?1?h�/.;k*0'?9[PO;4L)-�9:1=7<;=*0+Qb1I%�L?-V/.;
3w;=/X;:Ga+.;)\V��1=>�7<1=@B;=3#1I>w>:+.%]-035JB;O9:jI1W*01I%g/X;WL)+2|B*,'?/27<;=LgL)-oMN'?-�L?+2*rUB;WL)+.>A7<;=%?*,+X;W>?b1I/.1Y@?'?-,L?-
>:-,9�L)-,7<-,9:3#+.%B;OLB;K-0%Y-0/F*Q;O>:1oL)-q1=J%9A-,7:1I>�MN'?-q-0>[7 b;=%Y-0>A*01I%)L?+.L?1=>�7:9<;=>f-0/F1=>:*0')9:1tP=-0/21tL?-w/F@H1I/2P=1
+.%C7:-09:-,>A7:-0/X;O9"MN'?-5/2/.-0%?;t/X; 3q;O/X;:Ga+X;a\"D�;o1IJ)>:-09[PO;=*0+Qb1I%TL?-5/.;t/ bc %?-0;tL?-5/21I> � ~5*03 -03#+27:+.LB;n@H1I9"-,/
U?+2L?9Bb1Ij=-0%?1�%?-0'a7<9:1"-0%5/.;=>�%R')JZ-,>�L?+ e '?><;=>,h=1 e 9A-0*,-^%N'?-,PO;=>�-0>A@Z-,9<;=%?S0;=>&;�/X;f>:1I/2'?*0+Qb1I%�L)-0/R@?9:1IJ)/.-03t;)\
E^'B;=%)L?1y>:-43t+2L?-k/.;8+.%C7<-,%?>:+2LB;=L L?-�-,>A7<;l/ bc %?-0;]-0% '?% L?-s7<-09A3t+2%B;=LB;8/21I%?jI+�7<'?LEjC;=/�b;O*,7<+2*Q;)hu>A--0%)*0'?-,%N7:9<;]')%(9A-0>:')/27r;OL?1g*,1I3#1g-,/u@?9:-,>:-0%C7<;=L?18-,%E/X;T|Bj='?9<; }a\ � �m\EDF1I>#L?+.>[7<+2%N7:1I>K@?+2*01I>nMN'?-
*Q;O9<;=*s7<-09A+.S0;=%�-0>[7<-V-0>A@Z-,*,7:9:14>:1I%�@)9:1RL?'?*0+2L?1I>5@H1I95- e -0*s7<1�L?-VMN'?-V/.;=>_%N'?JH-0>nMN'?-V@?9A1aL?')*0-0%y/.;
-03#+.>A+�b1I%oMR')-v/.1I>`*,1I%?>[7<+27:')6I-w>A-v35'?-,P=-0%W;5L?+.>[7<+2%N7<;=>^P=-0/.1R*0+2LB;=L?-,>u9<;=L)+X;=/2-0>^9A-0/.;O7<+�P=;O>`;=/ Ca1I/ ha@Z1=9
- e -,*,7:1gL?-,/`3#1�PR+23t+2-0%C7<1TL)-Y9A1=7r;O*0+�b1=%�jC;=/�b;O*,7<+2*01?\ E^1I3#1�@?'?-,L?-Y;=@?9:-,*0+.;=9:>A-V-0%l/X;k|BjI')9<; }R\ ^)h
-0/u@)+.*01�*,1I9:9A-0>A@Z1I%)L?+.-,%N7:-Y;4/.;T3�b;HG)+23o;YPI-0/21a*,+.LB;OL�9<;=L?+.;=/^9A-0/.;O7<+�P=;yz 3�b;HG)+23t1WL?-0>A@?/X;OSQ;=3#+.-,%N7:1
;x1I@?@)/.-09<�shB*,1I9:9A-0>:@H1I%?L)-5;n/X;n-03#+.>:+Qb1I%VL?-q'?%B;#%R')JZ-�*0-0%C7:9<;=LB;#-0%W'?%k@?')%N7:1o-,%kL?1I%)L?-_-,/�9:;=L?+21
jC;=/Qb;=*,7:+.*,1x*01I9A9:-,>:@H1I%?L?+2-0%C7<-f-0>�@H-09A@Z-,%?L?+.*,'?/X;O9�;w/.;"PR+.>:'?;=/?L?+29:+.j=+.LB;�;w/.;x%N'?JZ-f3#+.>A3o;)\�,�;O9<;v-0/2/X;)h
L?-w3#1aL?1K-,/.-,3t-,%N7<;=/F>:-w-,%?*0'?-,%C7<9<;#MN'?-=h

	 	 ),+ S � � �

K�%?;]PI-0S�*,1I%?1R*0+2LB;g/.;]L?+.>[7r;=%)*0+X;g;8/X;G%R')JZ-T6=h�@H1I9t-0/"L)-0>:@)/X;=S0;=3t+2-0%C7<1 ;x1I@?@?/2-090hu>A'�PI-,/.1R*0+�d
LB;=LW9<;=L)+X;=/F9A-0/X;�7<+2PO;)hB-,>�@H1I>A+.J?/2-w|?%B;=/.3#-0%C7:-�-,%?*01I%C7:9<;=9�/X;KPI-0/21a*,+.LB;OLk;=%)jI'?/X;O9 � ;t/X;nL?+2>A7r;O%?*0+.;



�����%� ���:� � � 	 � 	'��� ��� V

A

B

C

D

Centro
Galáctico

Sol

Órbita
Solar

Rmin

Ro

Velocidad
radial
relativa al
Sol

��+.j='?9<;n}a\ ^)�

jC;=/.;=*,7:1a*Hb-0%C7<9A+.*0;K;n/.;KMR')-q-,/./.;5>:-w-0%?*,'?-0%C7:9<;�zU) 	 )	+B>:+.% � �m\
K�%?;4>A-09A+.-�L?-�U?-0*rU)1I>n/.+.3#+27<;=%]/.;T*Q;=@?;=*0+2LB;=LyMN'?-Y7:+.-,%?-V-0>[7<-�3yb-s7<1RL?1�@B;=9:;�@?9:1�PI-,-09#/X;T*,'?9APO;
L?-t9:1=7<;=*0+Qb1I%4jC;=/�b;O*,7<+2*Q;)\o$&/i@?9A+.3#-09A1�6G3Eb;=>w1IJCPR+.1k-,>�-,/iL)-tMN'?-t-0>_+23t@H1I>A+.J?/2-K')7<+2/.+.S0;=9:/21�@B;=9:;
1IJ?>A-09[P=;O*0+.1=%?-0>V*,1I% ^ � � � � � } � h�-0>VL?-,*0+29�%?1�-0>�@H1I>:+2J?/.-W1IJ)7:-0%?-,9V+.% e 1I9A3o;O*0+�b1=%E>:1=J?9:-�/.;
9:1O7r;=*,+�b1I%ljC;=/Qb;=*,7:+.*Q;�1IJ)>:-09[PO;=%?L?18-,/�U)+.L?9?b1IjI-0%)1]%?-,')7<9A1?hu@B;=9:; ) � ),+0\ ,�1I9o1=7:9:1g/X;=L?1G@B;=9:;
/.1=%?jI+27:'?L?-,>^jC;=/Qb;=*,7:+.*0;=>^3#-0%?1=9:-0>`; ��� jI9<;OL?1I>0ha-0/ 3#1�PR+.3#+.-0%C7:1_L?-v/.;=>^%N'?JH-0>f-03#@?+2-0SQ;_;K;=/.-)9:;=9:>A-
>:')>A7r;O%?*0+.;=/.3#-0%C7<-�L?-K/X;t;=@?9A1�Ga+23o;=*,+�b1I%WL?-53#1�Pa+23t+2-0%C7<1=>�*,+.9:*,'?/X;O9:-0>�6k/.;=>�P=-0/21a*,+.LB;=L)-0>x9:;=L?+X;O/.-0>
3#-0L?+2LB;=>`6C;n%?1n-0>[7 b;=%W-0%W;=*0')-09:L)1t*,1I%W-,/F>:-,%?*0+2/./.1K3#1RL?-0/215-0/.;=JZ1=9<;=L?1)\
� @H-0>:;=9vL?-5-,>A7r;O>qL)+2|B*,'?/27<;=L?-0>,h /X;t')7<+2/.+.S0;=*0+Qb1I%YL?-51=7:9:1I>x3#-0L)+.1I>x@?;=9<;�L?-s7<-,9:3#+.%B;=9�/X;o9A1=7r;O*0+�b1=%
jC;=/Qb;=*,7:+.*0;�-0%]/.;=>wS01I%?;=>�@)9:1IU?+2J?+.L?;=>q;=/&3yb-s7<1RL?1YL?-0>A*09:+�7<1?h�UB;�@Z-,9:3#+27:+.L?1V*,1I%?>A7:9:'?+29q|?%B;=/.3#-0%C7:-
/X;g*0'?9[P=;8J)'?>:*0;=LB; z P=-09V|BjI'?9:; }a\2~ � �s\ D�;=>V@H-0*,'?/.+.;=9:+2LB;=L?-,>o-'GaU?+2J?+.L?;=>o@H1I9o7<;=/"*,'?9APO;)hf6�/.;
+.% e 1I9:3t;=*0+Qb1I%xMN'?-pL?-�-0/2/X;`@H1aL?-,3t1=>F-'GR7<9:;=-09�-0%w7ab-,9:3#+.%?1I>FL)-p/.;`L?+.>[7<9A+.J?'?*,+�b1I%wjI/21IJB;=/�6v/X;u*0;=%C7<+.L?;=L
7<1O7r;=/�L?-53t;O7<-,9:+.;#-,%�%R')-0>A7:9<;�3w;=/X;HG)+.;#>A-09?b;=%�L?+.>A*0')7:+.LB;O>"-0%�/.;t>A-0*0*,+�b1I%�L)-0L?+2*Q;=LB;o;o/X;=>�*0'?9[PO;=>
L?-w9:1O7r;=*,+�b1I%VL?-w/.;=>ujC;=/.;:Ga+X;=>`-,>:@?+29<;=/2-0>u-,%W-,/F>:+.j='?+.-,%N7:-w*Q;=@ bc 7<'?/21?\

���� �
	��x�p�� Q�� 0���
}a\�~ZE^'B;O%?L?1�>:-K1IJ)>:-09[PO;�/.;o-03#+.>A+�b1I%WL?-KU?+2L?9Bb1Ij=-0%?1�%)-0')7:9:1�-0%4/X;tL?+.9A-0*0*,+�b1I%k*01I9A9:-0>A@Z1=%?L?+.-,%C7<-

;�V � � L?-t/.1I%)jI+27:'?LgjI;=/�b;=*s7<+2*Q;)h�>:-t-0%?*,'?-0%C7<9:;T'?%8@?+2*01T*,1I%8'?%]L?-0>A@?/X;=S0;=3#+.-0%C7:1 ;x1I@)@?/.-,9
LB;OL?1W@H1I9��� 	 �.- ����	 	 \\;x-s7<-09A3t+2%B;=9x/.;VL?+.>[7r;=%?*,+X;VjC;=/.;=*,7:1a*Hb-0%C7<9A+.*0;�L?-t/.;V%R')JZ-nMN'?-



� � & �������	�
����������� �����	 � � ��� 
�� �

��+2jI'?9:;n}a\2~ � ��D�;n*,'?9APO;nL?-w9:1=7<;=*0+Qb1I%VL?-w/X;5�5bc ;KDqb;=*,7:-Q;)\

@?9A1aL)'?*0-w-0/F@)+.*01K6V/.;_PI-,/.1R*0+.L?;=L�L?-w9:1=7<;=*0+Qb1I%�*01I9A9:-0>A@Z1=%?L?+.-,%C7<-=\
}a\ � $&>A7:+.3t;=9 � � A � 	W-,%y-0/`PI-,*0+2%?LB;=9A+.1�>:1=/X;=9K;O>:'?3#+.-,%?L?1�MN'?-�/X;=>_*01I%?>[7r;=%C7:-0>nL?-�-x1I9A7K��6 >A1I%�~ &)h &k6�d<~ � h � � 3 > �'F ?v@Z* �'F h�9:-,>:@H-0*,7:+2PO;=3#-0%C7<-O\����x'ib-�L?+2*0-t-0>A7:1�;=*,-09:*0;TL?-�/.;

PO;=9A+X;=*,+�b1I%�L)- � *01I% ) -,%W/.;K9:-0j=+�b1I%�P=-0*0+2%B;o;O/OCa1I/��I\
}a\ VED�;gP=-0/.1R*0+2LB;=L�L)-T9:1=7<;=*0+Qb1I%EL)-T'?% @?'?%C7:1�L?-T/X; 3q;O/X;:Ga+X;4>:+�7<'B;OL?1�;]'?%?;8L?+.>[7r;=%?*,+X;GL?-
� h &,?v@Z*VL?-,/u*0-,%N7:9:1g-0> ��� � � 3���>0\ C);=J)+.-0%)L?14MR')-Y/.;T*0'?9[PO;GL?-�9A1=7r;=*,+�b1I%�@)9:-0>A-0%C7r;G'?%
*,1I3t@H1I9[7r;=3#+.-,%N7:1T/.+2%?-Q;O/`@B;=9:; ) � �.- � ?v@H*=h^-,>A7:+.3t;=95/X;�L?-,%?>:+2LB;=LlL?-Y/X;,3q;O/X;:Ga+X;W-0%
� 	 � h &\?v@H*v-0% ; � @H* �	� 6V-,% � j#3 �	� \


