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! !/#-*+!/+!=%+!/#!`'"+%"!(#-!".!(*>#+&6+!,-%&6%,."+I!FG'4+""+#&2$'2<#11(%$'
!
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S

S
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MManst
/
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Masse 
(M") 

L 
(L") 

t 
(109 ans) 

25 90 000 0.003 

15 10 000 0.015 

3 60 0.5 

1 1 10 

0.4 0.02 200 ! 
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/;*=.6#+-!,"#(!+Q6.6+$+&)!"+!v#b!/;*&+-0%+!Jw!$+(#-+!/;#-0+&6+K'
!

A.!"#$%&'(%)*!/+$+#-+!P!,+#!,-9(!6'&().&)+I!".!"*+'2%'-)%3#1!%$,"%>#+!>#+!

";.#0$+&).<'&!/+!4H!+()!6'$,+&(*+!,.-!".!/%$%&#<'&!/+!UR'

!

! !";.#0$+&).<'&!/+!-.7'&!J";*)'%"+!/+=%+&)!;(#1)%K!J-.7'&!`'"+%"!S!'-5%)+!/+!x*&#(K!
(;.66'$,.0&+!/+!".!/%$%&#<'&!/+!".!)+$,*-.)#-+!/+!(#-E.6+!J";*)'%"+!/+=%+&)!

E-'%/+!S!&*/;%K!J`'"+%"I!U(#-E.6+!S!RVVV!YK!!'
!

C=.6#.<'&!,"#(!+Q6.6+!/+!";*&+-0%+!

!

A+!/*$.--.0+!/+!".!8*1.%80*1!,+-$+)!P!)'#)+!";*&+-0%+!,-'/#%)+!/;d)-+!.$+&*+!

+Q6.6+$+&)!+&!(#-E.6+I!".!"/4+1*$+)('#/;4%1)%')-9(!(+&(%5"+$+&)!

J`'"+%"I!A!S!FVV!A(K!

'
! '"<()*+"%'$%'N'2(5"#8%'O'2#1$'"%'2+#;&#44%'PEB!J-+v+)!/+!";*='"#<'&K!
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y0+I!FF]W!$%""%.-/(!/;.&&*+(!

P'

A;+&(+$5"+!/+(!*)'%"+(!/+!

/%e*-+&)+(!$.((+!6'&(%/*-*+(!
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!

A+!6f#-!?[!+()!#&!&'7.#!/+&(+!6'$,'(*!/+!&'7.#b!.)'$%>#+(!J6.-5'&+:!

'b709&+K!+)!/;("%8)&*1$'
'
A+!5&+18+5%'2<%T8"/$+*1'2%'U#/"+'J$*6.&%>#+!>#.&<>#+K!+$,d68+!/+(!*"+6)-'&(!

/;'66#,+-!"+!$d$+!*).)]!N"(!&+!,+#=+&)!,.(!d)-+!.#!$d$+!g!+&/-'%)!h!Jw!6.(!/+!".!

$.<9-+!)-9(!/+&(+K!+)!.='%-!".!$d$+!=%)+((+!

!

A+(!*"+6)-'&(!g!/*0*&*-*(!h!'&)!#&+!/%()-%5#<'&!/+!=%)+((+(!(#,*-%+#-+!P!".!

&'-$."+!J%]+]!/%6)*+!,.-!".!)+$,*-.)#-+K!I!5&%$$+*1'2%'2(;(1(&%$8%18%'
!

C&!/+(('#(!/+!_!o(!J*)'%"+(!/+!E.%5"+!$.((+!+)!/+!$.((+!$'7+&&+K:!".!,-+((%'&!/+!

/*0*&*-+(6+&6+!()',,+!".!,-+((%'&!0-.=%i>#+I!".!8*1)&#80*1'2/'8V/&'!W'%$)'
#&&X)(%!,.-!"+!,-%&6%,+!/;+b6"#(%'&!/+!L.#"%!,'#-!"+(!*"+6)-'&(!
!

! !,.(!/+!&'#=+""+!-*.6<'&!&#6"*.%-+!,'((%5"+!I!#&&X)'2%'"#'1/8"(*$C1)69$%'

!"#$%&'(&$"#)*"+(,-.&/'#)"#01-,&#$/-%#,".#2,"(3%/'.#"4$5(6"#,*"7/')%"4"'3#)-#
(8-%#9:#1$%;.#,1#(/4<-.=/'#)"#,*62,&-4#)1'.#,".#23/&,".#$"-#41..&>".#

!

La 
Structure 

de l’Univers 

Cn+6<'&!/+!";+&=+"',,+!

'
j#-.&)!".!,8.(+!5-.&68+!.(7$,)'<>#+!/+(!0*.&)+(I!

3 !".!E.%5"+!0-.=%)*!P!".!(#-E.6+!J6.-!*)'%"+!0*.&)+I!0-.&/!-.7'&:!0!S!zoG4HK:!

3 !".!E'-$.<'&!/+!!,'#((%9-+(!J6.-!)+$,*-.)#-+!/+!(#-E.6+!E-'%/+I!E'-$.<'&!/+!

$'"*6#"+(:!+)6]K!

3 !+)!";%&().5%"%)*!/+!";+&=+"',,+!J,#"(.<'&(:!68'6(K!
E'&)!>#+!/+!E'-)(!=+&)(!()+"".%-+(!J*n+6<'&!/+!$.<9-+K!'&)!"%+#!P!".!(#-E.6+!/+!

";*)'%"+!

'
A+(!+&=+"',,+(!1!+)!1+!i&%((+&)!,.-!d)-+!6'$,"9)+$+&)!%T5/"$(%$:!".%((.&)!"+!
6f#-!?[!P!&#!!

!

?+!6f#-!68.#/!+)!"#$%&+#b!J-./%.<'&!cxK!+*1+$%!"+(!6'#68+(!/+!";+&=+"',,+!
+b,#"(*+(!I!$.<9-+!()+"".%-+!g!"%5-+!h!%""#$%&*+'

!

! !1(>/"%/$%'5"#1()#+&%'J.#6#&!-.,,'-)!.=+6!"+(!,".&9)+(BK'
!



La 
Structure 

de l’Univers 

N!P!q!I!&*5#"+#(+!,".&*).%-+!S!
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!

y0+I!FF]_VF!$%""%.-/(!/;.&&*+(!

S'

6f#-!6.-5'&+3'b709&+!/*&#/*!

Y'

L8.(+!)+-$%&."+!/+!";*='"#<'&!

/;*)'%"+(!/+!$.((+!%&%<."+!

w!V]_!3!_!o('"+%"!
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?f#-!/+!$.<9-+!/*0*&*-*+!

'
A+!6f#-!/+!?[!,'((9/+!#&+!$.((+!/;+&=%-'&!GZJ'I$!/.&(!#&!='"#$+!/+!-.7'&!!

F[FGG'2%'B$'J('%)!+&=%-'&!lVVV!{$!I!w-.7'&!)+--+()-+K:!6+!>#%!-*(#")+!+&!#&+!$.((+!
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