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Determinación	   experimental	   de	   la	   distancia	   Tierra	   Sol	   a	   partir	  
del	  tránsito	  de	  Venus	  2012	  
!

Objetivo#!

$%&%'()*+,)-*! %./%')(%*&+0! 1%! 0+! 1)2&+*,)+! 3)%''+4560! %(/0%+*16! )(78%*%2! 1%0!&'7*2)&6! 1%!
9%*:2!1%!;:*)6!1%0!<="<>!

	  

Metodología:	  

5%! 1%&%'()*+'7! 0+! /+'+0+;%! 1)?%'%*,)+0! 1%! 9%*:2! (%1)+*&%! %0! (@&616! 1%! 0+2! A26(B'+2CD! E:%!
B72),+(%*&%!,6*2)2&%!%*!(%1)'!0+!1)2&+*,)+!+*8:0+'!%*&'%!062! ,%*&'62!1%!0+!26(B'+!1%!9%*:2!
/6'! 2:/%'/62),)-*! 1%! 162! )(78%*%2! 6B&%*)1+2! 2)(:0&7*%+(%*&%! 1%21%! 162! 06,+0)F+,)6*%2!
8%68'7?),+2!1)?%'%*&%2>!!

!

G2&+2! )(78%*%2!H+*!2)16!&6(+1+2!1%0! I'6J%,&6!K06')+!LKMNB+0!O6B6&),4&%0%2,6/%2!P*&%00)8%*&!
Q''+JR! E:%! ,6*2)2&%! %*! 0+! /')(%'+! '%1! 1%! &%0%2,6/)6! '6B6&)F+16! 1%0! (:*16! 1%! +,,%26! 0)B'%!
LH&&/#SS806')+4/'6;%,&>%:R>!G0!I'6J%,&6!KMNOPQD!%*!,60+B6'+,)-*!,6*!)*2&)&:&62!J!6'8+*)F+,)6*%2D!
00%T-! +! ,+B6! T+')+2! %./%1),)6*%2! /+'+! '%+0)F+'! %0! 2%8:)()%*&6! 1%0! &'7*2)&6! 1%! 9%*:2>! G*!
/+'&),:0+'D!%0!P*2&)&:&6!1%!Q2&'6?U2),+!1%!V+*+')+2D!'%+0)F-!!0+!'%&'+*2()2)-*!J!8'+B+,)-*!1%!%2&%!
%T%*&6! 1%21%! &'%2! 0:8+'%2! 1)?%'%*&%2D! :B),+162! %*! W6':%8+D! X+/-*! J! Q:2&'+0)+>! W626&'62!
:&)0)F+(62!0+2!)(78%*%2!6B&%*)1+2!1%21%!%2&+2!162!Y0&)(+2!06,+0)F+,)6*%2>!

!

Z*+! T%F! 1%&%'()*+1+! 0+! /+'+0+;%! 1%! 9%*:2D! +/0),+*16! 062! ,70,:062!E:%! 2%! )*1),+*! +!
,6*&)*:+,)-* D!H+00+'%(62!0+!/+'+0+;%!260+'!J!0+!1)2&+*,)+!3)%''+4560>!

!

Cálculo	  aproximado	  de	  la	  distancia	  Tierra-‐Sol	  mediante	  el	  tránsito	  de	  Venus	  

!

5%+*! 162! 6B2%'T+16'%2! 2)&:+162! %*! 1)?%'%*&%2! H%()2?%')62D! /%'6! +! 06! 0+'86! 1%0! ()2(6!
(%')1)+*6>!G2&+2!/62),)6*%2!2%'7*![" !J![ <>!$%21%!0+2!,:+0%2!6B2%'T+'7*!9%*:2!26B'%!%0!1)2,6!
260+'!%*!9" !J!9<D!'%2/%,&)T+(%*&%>!

I+'+!2)(/0)?),+'!(:,H6!%0!/'6B0%(+!T+(62!+!H+,%'!0+2!2)8:)%*&%2!2:/62),)6*%2#!

!  I:%2&6! E:%! 0+2! 1)2&+*,)+2! 26*! ,6*2)1%'+B0%2D! &6(+'%(62!
!"# ! ! ! ! !!!𝜋!   !"#$!%&'(   𝑒𝑛!!"#$"%&' ! >!

!  V6*2)1%'+'%(62!E:%!062!162!6B2%'T+16'%2!L[" !J![ <RD!2:2!/'6J%,,)6*%2!%*!0+!2:/%'?),)%!
260+'! L9" !J! 9<RD! %0! ,%*&'6! 1%! 0+! 3)%''+! LNRD! %0! 1%0! 560! LVR! J! 9%*:2! L9R! 26*! ,6/0+*+')62!
1:'+*&%!&616!%0!&'7*2)&6!LO%+0(%*&%!%2&6!*6!2%!,:(/0%D!T@+2%!0+!?)8:'+!1%!+B+;6D!/%'6!
?+,)0)&+!062!,70,:062R>!

!  Q2:()'%(62!E:%!M+!3)%''+D!9%*:2!J!%0!560!%2&7*!+0)*%+162D!1%!(+*%'+!E:%!0+!1)2&+*,)+!
%*&'%! 9%*:2! J! 0+! 3)%''+! 2%+! 0+! 1)?%'%*,)+! %*&'%! 0+2! 1)2&+*,)+2! +0! 560! 1%! %2&62! 162!
/0+*%&+2>!

!  I6'! Y0&)(6D! 2:/6*1'%(62! E:%! 0+2! -'B)&+2! 1%! 9%*:2! J! 0+! 3)%''+! +0'%1%16'! 1%0! 560! 26*!
,)',:0+'%2>!!

!
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\+!E:%!062!&')7*8:062! [" ]V!J! [ <]9!&)%*%*!%*! ,6(Y*!%0!7*8:06! ]D!0+!2:(+!1%!062!6&'62!162!
7*8:062!%*!,+1+!&')7*8:06!H+!1%!2%'!)8:+0#!

! ! ! ! ! ! ! ! + ! ! !

I6'!06!E:%#!

𝜋! ! ! ! ! ! ! ! ! ! ! ! ! 	  

!

!

!

!

!

!

!

!

! ! !%2!0+!2%/+'+,)-*!%*&'%!0+2!162!/'6J%,,)6*%2!1%!9%*:2!26B'%!%0!1)2,6!260+'>!^2&+!%2!0+!Y*),+!
,+*&)1+1!6B;%&)T+B0%!E:%!1%&%'()*+'%(62!+!/+'&)'!1%!0+!2%/+'+,)-*!1%!0+!/62),)-*!1%0!,%*&'6!1%!
9%*:2!%*!162!?6&68'+?U+2!&6(+1+2!%*!%0!()2(6!)*2&+*&%!1%21%!,+1+!6B2%'T+&6')6>!

Q!/+'&)'!1%#!! ! ! − ! ! ! ! ! !!

I61%(62!%2,')B)'#!

! ! ! ! ! ! ! ! !𝜋!
! !

! !
! ! !!!!!!!!!!!!!!!!!L"R!

M+!/+'+0+;%!1%!9%*:2D!! !D!T)%*%!1+1+!/6'#!

!

Observaci—n del tr‡nsito de Venus por delante del disco del Sol desde dos localidades M1 
y M2 diferentes en un mismo instante de tiempo!

Posiciones de las proyecciones de Venus 
sobre el disco del Sol!
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$6*1%!!!%2!0+!1)2&+*,)+!3)%''+4560!J!! ! !%2!0+!1)2&+*,)+!9%*:24560>!

M+!/+'+0+;%!1%0!560D!! ! !T+0%#!

! ! !
! ! 𝑀!

𝑟!
!

!

$)T)1)%*16!!
! !
!! !

!&%*%(62#!

! !

! !
!

! !

! ! ! ! !
!

5:2&)&:J%*16!%*!L"RD!'%2:0&+#!

!

! ! ! ! ! !
! !

! ! ! ! !
! ! !

! ! ! ! !

! ! ! ! !
!

!

$%2/%;+*16!0+!/+'+0+;%!260+'D!! ! #!

!

! ! ! ! ! ! ! ! ∆!
! !
! !

! ! !! ! L<R!

!

I+'+!1%&%'()*+'!%0!T+06'!1%!0+!'+F-*!
! !

! !
!H%(62!1%!H+,%'!:26!1%!0+!3%',%'+!M%J!1%!`%/0%'D!E:%!

'%0+,)6*+!062!,:+1'+162!1%!062!/%'U6162!1%!'%T60:,)-*!/0+*%&+')62!,6*!062!,:B62!1%!0+!1)2&+*,)+!
+0!560#!! ! !

! !"#$%&#
!

! !"#$%&#
! ! !"#$%&#%'!

G0!T+06'!1%!0+!,6*2&+*&%!)*,0:J%!0+!2:(+!1%!0+!(+2+!260+'!,6*!0+!1%0!/0+*%&+D!1%2/'%,)+*16!%2&+!
Y0&)(+! ?'%*&%! +! 0+! (+2+! 1%0! 560D! 0+! ,6*2&+*&%! 2%'U+! 0+! ()2(+! /+'+! 9%*:2! J! /+'+! 0+! 3)%''+D!
/ :1)%*16!%2,')B)'!E:%#!

! !
!

𝑟!!
!

! !
!

!!
! !

]:%!/61%(62!'%%2,')B)'!,6(6#!

! !

! !

!
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! !

𝑇!

!

!
!"# !!"

!!" !!

!

!

O%2:0&+*16!E:%#!

! ! ! !
! ! !!"#$" !

5:2&)&:J%*16!%2&%!T+06'!%*!L<RD!E:%1+#!

! ! ! ! .!"#$" ! ! ! !
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$+16!E:%!(%1)'%(62!! ! !26B'%!0+2!?6&68'+?U+2!L2:/%'/6*)@*160+2RD!H%(62!1%!&'+*2?6'(+'!%2+!
(%1)1+!1%!06*8)&:1!+! (%1)1+!+*8:0+'!%*! '+1)+*%2>! I+'+!06!E:%!1%B%(62!&%*%'!%*! ,:%*&+!%0!
1)7(%&'6!+/+'%*&%!1%0!560!L_">b!cR>!G0!T+06'!%*!'+1)+*%2!1%!∆𝜋!T)%*%!1+16!/6'#!

! ! ! !" !! !
!

!"#""
!
! ! ! ! !

!
!

$6*1%!! ! ! ! ! !%2!0+!2%/+'+,)-*!%*&'%!062!,%*&'62!1%!0+!/'6J%,,)-*!1%!9%*:2!1%!,+1+!?6&68'+?U+!
J!$!%2!%0!&+(+d6!1%0!1)2,6!260+'!%*!0+!?6&68'+?U+>!

NB&%*)1+! 0+! /+'+0+;%! 260+'D! %0! ,70,:06! 1%! 0+! 1)2&+*,)+! +0! 560D!! ! ! LZ*)1+1! Q2&'6*-(),+RD! 2%!
,6*2)8:%!1%#!

!

!

!

!

!

e+0&+!/+'+!+/0),+'0+!1%&%'()*+'!0+!1)2&+*,)+!%*&'%!062!6B2%'T+16'%2>!5)!@2&62!2%!%*,:%*&'+*!%*!
1)?%'%*&%!H%()2?%')6D!0+!1)2&+*,)+!! ! ! ! !T)%*%!1+1+!/6'#!

! ! ! ! ! ! ! !"#
! ! ! ! !

!
!

$6*1%!! !!!   ! ! !26*!0+2!0+&)&:1%2!1%!,+1+!6B2%'T+16'>!

!

	  

Instrumental	  y	  localización	  de	  los	  observatorios:	  

M+2! 6B2%'T+,)6*%2! J! 0+! 8'+B+,)-*! 1%! 0+2! )(78%*%2! 2%! '%+0)F+'6*! 1%21%! 162! :B),+,)6*%2!
&%''%2&'%2! 1)2&+*&%2D! 1%21%! 0+2! E:%! %0! &'7*2)&6! %'+! T)2)B0%! %*! 2:! &6&+0)1+1! J! ,6*! 06*8)&:1%2!
8%68'7?),+2!2)()0+'%2#!

V+)'*2!LQ:2&'+0)+R#!! M+&)&:1#!4"fgbbc<a><_hcc! M6*8)&:1#!"abgafc<b>ifacc!

5+//6'6!LX+/-*R#!! M+&)&:1#!a_g_ca_>babcc! ! M6*8)&:1#!"a"g<"c"b>hbbcc!

!

G0! )*2&':(%*&+0! %(/0%+16D! %*! +(B+2! 06,+0)F+,)6*%2D! ?:%! :*! &%0%2,6/)6! 9PjGWD! (61%06!
9[V""=MD!,6*! :*+! '%0+,)-*!?6,+0!?Sk>a!L%E:)T+0%*&%!+!"=_b!((R!J! :*+!+/%'&:'+!1%!""=!((>!
G(/0%7*162%!:*!?)0&'6!260+'!+1%,:+16>!G*!%0!?6,6!1%!%2&%!&%0%2,6/)6!2%!+,6/0+'7! :*+! ,7(+'+!
V+*6*!b$![+'l!PP!1%!<"![/).>!Q2U!%0!&+(+d6!1%0!1)2,6!260+'!%*!%0!/0+*6!1%!0+!,7(+'+!2%'7!1%!
:*62!"f_=!/U.%0%2>!G2&%!%E:)/6!2%!(6*&-!26B'%!:*+!(6*&:'+!Q2&'6&'+,l>!

V6(6! /'68'+(+! )*?6'(7&),6! /+'+! %?%,&:+'! 0+2! (%1)1+2! %*! 0+2! )(78%*%2! :&)0)F+(62! %0! KP[I!
<>i>a!1%!KWZ!L+,,%26!0)B'%R>!

!

Procedimiento:	  

M+2! )(78%*%2! 0+2! 1%2,+'8+(62! 1%#!H&&/#SSmmm>2lJ40)T%ST&<="<ST%*:2<>H&(0D! %(/+'%;7*160+2!
/6'! /'6.)()1+1! %*! %0! &)%(/6! 0+2! /'6,%1%*&%2! 1%! V+)'*2! ,6*! 0+2! 1%! 5+//6'6>! G*&'%! &61+2D!
H),)(62! :*+! 2%0%,,)-*! 1%! b! /+'%;+2! L+E:%00+2! E:%! 2%! (62&'+B+*! (72! *U&)1+2R>! 5%d+0+(62! 062!
%*0+,%2#!

! ! !
! ! ! !

! !
!

!
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!

!
b!

"n!I+'%;+#!

V+)'*4Q:2&'+0)+#!H&&/#SSmmm>2lJ40)T%>&TS0)T%)(+8%2ST&<="<S+:2&'+0)+S+:2&'+0)+4<="<4=f 4=b4<_4
"<4_b4==if>XIK!

5+//6'6 4X+/-*#! H&&/#SSmmm>2lJ40)T%>&TS0)T%)(+8%2ST&<="<S;+/+*S;+/+*4<="<4=f 4=b4<_4"<4bk4
==if>XIK!

!

<n!I+'%;+#!

V+)'*4Q:2&'+0)+#!H&&/#SSmmm>2lJ40)T%>&TS0)T%)(+8%2ST&<="<S+:2&'+0)+S+:2&'+0)+4<="<4=f 4=b4<_4
"_4_f 4==ih>XIK!

5+//6'6 4X+/-*#! H&&/#SSmmm>2lJ40)T%>&TS0)T%)(+8%2ST&<="<S;+/+*S;+/+*4<="<4=f 4=b4<_4"_4bk4
==ih>XIK!

!

_n!I+'%;+#!

V+)'*4Q:2&'+0)+#!H&&/#SSmmm>2lJ40)T%>&TS0)T%)(+8%2ST&<="<S+:2&'+0)+S+:2&'+0)+4<="<4=f 4=b4<_4
"a4_f 4==ii>XIK!

5+//6'6 4X+/-*#! H&&/#SSmmm>2lJ40)T%>&TS0)T%)(+8%2ST&<="<S;+/+*S;+/+*4<="<4=f 4=b4<_4"a4bk4
==ii>XIK!

!

an!I+'%;+#!

V+)'*4Q:2&'+0)+#!H&&/#SSmmm>2lJ40)T%>&TS0)T%)(+8%2ST&<="<S+:2&'+0)+S+:2&'+0)+4<="<4=f 4=b4<_4
<<4_i 4==kf>XIK!

5+//6'6 4X+/-*#! H&&/#SSmmm>2lJ40)T%>&TS0)T%)(+8%2ST&<="<S;+/+*S;+/+*4<="<4=f 4=b4<_4<<4bk4
==ik>XIK!

!

bn!I+'%;+#!!

V+)'*4Q:2&'+0)+#!H&&/#SSmmm>2lJ40)T%>&TS0)T%)(+8%2ST&<="<S+:2&'+0)+S+:2&'+0)+4<="<4=f 4=b4<_4
<_4_i 4==kh>XIK!

5+//6'6 4X+/-*#! H&&/#SSmmm>2lJ40)T%>&TS0)T%)(+8%2ST&<="<S;+/+*S;+/+*4<="<4=f 4=b4<_4<a4==4
==k=>XIK!

!

!

!

!

!

!

!

!

!

!
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!
f !

!

!

!

! ! ! ! ! ! ! ! ! ! [+*,H+!PPP!

9%*:2! ! ! ! [+*,H+!P!

!

!

! ! ! ! ! ! ! [+*,H+!PP!

[+*,H+!P9!

!

!

!

!

G*!%2&+!?)8:'+!2%!2%d+0+*!0+!26(B'+!1%!9%*:2!26B'%!0+!2:/%'?),)%!260+'!J!:*+!2%')%!1%!(+*,H+2!
260+'%2!E:%!:&)0)F+(62!,6(6!'%?%'%*,)+2!/+'+!1%&%'()*+'!0+!/+'+0+;%!1)?%'%*,)+0!LopR!1%!9%*:2>!
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!
h!

G0!/'6,%26!2%8:)16!/+'+!1%&%'()*+'!op!?:%!(%1)'!0+!1)2&+*,)+!1%21%!%0!,%*&'6!1%!0+!26(B'+!1%!
9%*:2! H+2&+! %0! ,%*&'6! 1%! ,+1+! (+*,H+D! %2+2! (%1)1+2! 2%! '%+0)F+'6*! %*! ,+1+! /+'%;+! 1%!
)(78%*%2>!M+!1)?%'%*,)+!*62!/'6/6',)6*+!0+!2%/+'+,)-*!+*8:0+'!%*&'%!062!,%*&'62!1%!0+2!26(B'+2!
1%!9%*:2!T)2&6!1%21%!,+1+!6B2%'T+&6')6>!G2&+2!(%1),)6*%2!2%!'%+0)F+'6*!1)'%,&+(%*&%!26B'%!0+!
)(+8%*!%*!?6'(+&6!1)8)&+0D!%(/0%7*162%!/+'+!%006!%0!/'68'+(+!1%!%1),)-*!1%!)(+8%*!KP[I>!M62!
T+06'%2! 2%! 6B&:T)%'6*! 1)'%,&+(%*&%! %*! ((>! M+! ,6*T%'2)-*! +! '+1)+*%2! J! %0! &'+&+()%*&6!
(+&%(7&),6!L+/'6.)(+16R!/+'+!6B&%*%'!+!/+'&)'!1%!%2&%!6B2%'T+B0%!0+!/+'+0+;%!260+'!J!,6*!%006!
0+!1)2&+*,)+!3)%''+4560!2%!H+!1%2,')&6!+*&%')6'(%*&%>!

!

Resultados:	  

!

"n!I+'%;+#!P(78%*%2!V+)'*qif45+//6'6qif !

!

! V+)'*!

<_#"<#_b!

5+//6'6 !

<_#"<#bk!
op!

L((R !

!" !

L((R !

!" !

L'1R!."=4a!

p5!

L'1R."=4b!

' 3!

L`(R."= f !
$)2&+*,)+!9%*:24(+*,H+!%*!(( !

94P! "a"Dh! "_hDi! _Dk!

_Da! "D"! aD<! "b"Di!
94PP! "i=Db! "hfDi ! _Dh!

94PPP! "ihD=! "i_Da! _Df!

94P9! ""aDf! ""<D<! <Da!

!

!

!

<n!I+'%;+#!P(78%*%2!V+)'*qih45+//6'6qih !

!

! V+)'*!

<_#"_#_f!

5+//6'6 !

<_#"_#bk!
op!

L((R !

!" !

L((R !

!" !

L'1R!."=4a!

p5!

L'1R."=4b!

' 3!

L`(R."= f !
$)2&+*,)+!9%*:24(+*,H+!%*!(( !

94P! "a"Df! "_hDf! aD=!

_Da! "D"! aD<! "b=Dh!
94PP! "i=Db! "hfDk! _Df!

94PPP! "ihD<! "i_Df ! _Df!

94P9! ""aDi! ""<D_! <Db!

!

!

!

!

!
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!
i !

!

_n!I+'%;+#!P(78%*%2!V+)'*qii45+//6'6qii !

!

! V+)'*!

<_#"a#_f!

5+//6'6 !

<_#"a#bk!
op!

L((R !

!" !

L((R !

!" !

L'1R!."=4a!

p5!

L'1R."=4b!

' 3!

L`(R."= f !
$)2&+*,)+!9%*:24(+*,H+!%*!(( !

94P! "a"Df! "_hDf! aD=!

_Da! "D"! aD"! "baD"!
94PP! "i=D_! "hfDf! _Dh!

94PPP! "ifDk ! "i_Db! _Da!

94P9! ""aDa! ""<D"! <D_!

!

!

!

an!I+'%;+#!P(78%*%2!V+)'*qkf45+//6'6qik !

!

! V+)'*!

<_#<<#_i!

5+//6'6 !
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