0/%+(/1+%62") #/&)3(%"H#$% & Yo (H&SH'), Yo, 4%(
5&H"V62+Uo(H+(%o-.) &$H&D6.)2,(78(,4%(")+%(
VVHEH,(Yo-.) &+HI&

"#$5%&'()$*))

I"HBY08 Vo (#) (*+%6)%6&, %S (-.-#&), ()OI 1/ #-1(%62*-&)H&(,3-, (H&"11"%)(4/,3(,3%(-&.51-+(#6%(-&$()5+7-'%(4+#.3,8%))(
17(-1-24#%) () (-(75&' #I&(T(+%$)347,8(91)/(, 3% (/)04 (O +1:-"Yo(4-':. +/5&S(+-$t- #I& () ($#)'5)) Y$<#, ), Y60*Yo-+-, 5+ % (
(758 #I&(IT(+%$) 34T () :%11(-)(,3%(7-",(,3,(7/+%.+/5&$()3-$/:) (-+%(&/, (7/5&$(,/(A%(*-),(4=(.-1-2=('15),%+)(
(:/51$(4%(%2*%", %S(#7(,3%(4#.(4-&.(0/$%L(:-) (1++%' B(>#&-11=<(-4)/+* #I&(1#&Y%()=),%0)(—+%6($4)'5)) %S (#&(,%+0)(
17(%"#$%8 ' Yo(4],3(71+(-8$(-.#&),(%62*-&)#I&8(

23% (/&' L5)#I&(#)(+%-'3%$(,3-,(,3%(/4)Yo+"- /&) (-&(4%(5)%$(,/($%6) +#4% (Yo#,3%+(-() - # (5&H"Vo+) Yo(@:3%+%(,3% (A5 4<
B-:(+96)51,)(7+/0()/0%(-)C=%,C5&;&/:&(0%'3-&#)OD(/+(,3%(%2*-&$#&. (5&H#" %o+)%6($%) +#4%$(4=(,3%(),-&S$-+$(4#.(
4-8&.( ACIL$($-+;(0-,,%+(0/$%18(E&(,3%( 1-, Yo+ () %<()#6%6 (%" 115 #I&(/7( .- 1-24%) (#) (H&":%$(8&%6'%))-+#1=(,/(.%, (,3"
'NO/L1.=(/(1&TI+0(,/(,3%(/4)%o+"- #&)B(?3%()#0*1%(8/&C%2*-&$H#&. (15" 1#$%-&(5&H#"Yo+)%(T#,)(01), ($-,-(#,3(,3%(
19%-),(&504%+(/7(-))50* #1&)8(>+/0(,3#)(+9%6"#%: (#, () (-**-+%&, (,3-,(,3%+%(-+%() #11(0-&=(5&-&):%+%$(F5%) #/&) (#&
N0/ =(-&$(#, (/51(4%(-(04),~%(/(4-)%(18&%  ,3%/1/.=(/&(-&=(*-+ #51-+(1)0/1/.=8

PHSY68 Yo () H&+, (Y- ) &+HI& WKH ¢W RI UDGLR VRXUFH FRXQWYV
+'$#5'0/%2'+$ D-8$ -&&/4%#):/ y S&R U U BSEG/R)E U D
I"#$%&' ()*+,(-,)- %"-%=$2($-8&/42+.$ %"#$ &%-+)-1)$,'&4'0".2,-0$ 4')#0:

| "HSUHEILS (S HS )t HE (S%HS-+./0-1982348 Ak /o #-S5#1- #302:+#-15&23#3 ($.-0->2#&=$D2%
. DVWURQRPLFDO VRXUFHV DV D P @%”M@R 8R& 23R AF KR 4ANPOF 1P Vo3 33 RAG: 7¢
'+ #25H#)$67$81H)$9 TOB<+$*12+ 25 0#=$2%$ 28 $& 24 DG Hfe$-5#1- #$-+./0-1$&23#$('1$-$. 254%30/42+'8
LO DSSOLFDWLRQ QRW VR VLPSO H12H42@H%FL B2 WHMSE L1, Fxow\ LO
¢QGLQJ D pVWDQGDUG URGYT D W\SHRVWKBHEEW% 44486 F%fﬁ‘@ﬁ%#é’eWLzR%
2+$02+#-1$ &23#$ '5H1$ %" #$ 02(#9624#$ ' ($ %" #$ [+ IPRELI 108 4/,"$"2. " #1$)#+&2%2#&$+'1$ %" #21$0/4
DQJXODU VL]HV RW462E®D T XXBEMHFW\R R YW/ p@RFY WKHLU PHUJHU |
DQG UDGLR JDOD[LHV DW UDDBQ R MDY $rOF-&-I WA 1IPRAY - 284PnL#S#+'."$%'S
0/8%#1$.-0->2#&$2+$%"#$%2,-0=$-+)$ ('1$% " #$ &M KH M ¢l VXFK D VW URQJ VLIH HY
EULJKWHVW JDOD[LHV LDOPQ\X S WNMWWRRY V6ldelBYROXWLRQ WKH VW
00" HS&-AHS1H)&"2(%S$'-5#$-00$6##+ SB@RHEG$+1'52)HEE # -+./0-1$ &23H#$ 5&S$ 1H#)&"2(%$ J#*#+)#+ #:$1"2&$ 14
~+$#> #O0#H+% S -+-078&28&S$"($ %"28&$-+)$ %" #$'04-+EMV AHHQ WZR DQG IRXU PDMRU PI
612."%+#8&&$Yo#8& % SBHHS-0& $Y " HS1#(#1#+ #&S$, +%-R M) ¥ @1 W LPH ZKLFK LV REVHUYL
1"2&$ %7 #$ ' ($ %18 %S 2&$ 1#0-%#)$ %'$ %"#$ 0 RUSLAP-HAHS |+'D+$"D$ 0',-0$ 4-&&25#$#002*%2,-0$ .
EULJKWQHVVY WHVW EXW WHVWYV IRPWRH BRZ KR oMY HGL]EHD O DRY Ho\ ORUEHY
-&$-$(/+,%2'+$ ($#*,"$@3C:$!"2&$D200$5-1 7$E/2%# SR 2 (BOBS #1#( 1#$2%$ ('00'D&S%"-%$ %0 " #$+#-167$"
V) 2+.$ '+ S %" #S$ ,'&4'0". 7S -&&IAH): $1"#$ -+./0-1$ "-SHO#H#+$4/,"$&4-00#1$-%3$"2."$ 1#)&"2(%$-&&/42+.¢
&23#8&$'($1-)2'$.-0->2#&$'5#1$-$1-+.#$/*$% '$ IS F$ 25809828+ $ %' $6#5 % 1/#:3M+)$+'$4#%™)$2&$1+'D+$D"#
GHSHQGMRFH KLFK LV D VWDWLF &RIFQS t0R#8H 'RV UB4#1.#18$-+)$* 1#&#15#3'
'5#1$-00$&,-04#&:$B23#$#5'0/%2'+$-8$-$(/+,%2'+$' ($18)2120HBEI$+-%/1#:$
QHHGHG IRU WKLV WR ¢W WKH VW DERXGIDALS .-O-R2B&$ O5#$ 6##+$ (/+)$ %"-%$ "-54$-
<+$ %" #$ &%6-+)-1)$ ANHGB6& #() ') #4+1,8) 1)) +,0#-136/0 #NSY #7$-1#$, +82)#1#)$% $64$-04'8%$%
[--%0!1 $-+)$ . #+#1-007$ 2&$ /1&#)$ %'$ 4-14#$ /*$ (' 1$%r $§#S KW R 14#+)7H&) /$ DVN WKH T
GH¢(¢FLHQF\ EHWZHHQ WKH PRGHO 9#6)5()D'Q/G 4R, $%-8!¥ () B<'Y-£)DHR); &%) D
IXQFWLRQ RI UHG VK Lot$¥ $)B@H#6H=Y BRIH'KH/G/?'1-) 6'&4) (#) 1"11(,1) 2#3) 0!3;!3>*%'$&)
DV SUHGLFWHG E\ D VWDWLF (XFP%$ caeBI2/0X62 & UDS b - VrSReS & 551 -GRE 441 #:
M X)2AB&Y%6' &#%-) #(,'11(,1)#2) &41)-%5!35#-'&'#()#2)&!IS LUDO GLVN VWUXFWXUH LV ORVYV
angular size 0(z) dependence in the expanding universe  ,0/&%#1$.-0->2#&$ @ QRS&CS$-%$1#)&"2(%&$K:T$US.
6'&4) I"#$%& #(/37) /(18#3) -1$!, &'#() 122138 D#5#1=$ ,'4*-1#)$%'$-$.1/*$' (BQRS&S-%$3SFSK: 2$-+)$('/+)$%'$¢
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I"H$"%0&H# () 1+ #-$)..&%/#01102)'013#.0" . &' Yot "H&A" 5 OBH#() A&H "#B&HBY03('&Yo# () 1# (&H)..": & 1#.0$0'#B6#&
2"1'%6)%6# " #'(&#-")11) % 1#$"18.7 5;# " HSH 0$&- THCIH (&#2)-&#'=# (&#-")'02#51048%-&H#!"+
$V PHQWLRQHG WKH PDLQ GLIgFDeERWE6TIAE WMKOLAOIY IS H R

PHDVXUH LV HVWDEOLVKLQJ WKH VWDUXBPOBE)#V) B3R R4 W)kl " BB 0B B) Wk
880134"8-8%A4817#9":84&%/# (&#2"-$"."302) #$"1& #)% D ZLGH UDQJH RI UHGVKLIWYV

5-&-#)#4&%06#-0%;.&#(&!"$&!"."302). #&<'%);".) 0"1#" 51D 51&1#*#-&'-#"=#3).)<0&-#)'#.":#%&1-(0=#] D Q!
WKH OLQHDU +XEEOH /DZ LQ D (KFEOIGHD QDU (Aobe (@Y HBEYH UR
¢WV WKH DQJXODU VL]H YV UHGVKIN +Gh:EhbQG W RHDts/ pirr&dit /M@ 9D
(02(#0-#);;,%"<08)'&.6#;%","%'0"!) # "HE# ?(&%&#)%&K/ D GHFLGHG SUHIHUH QFH IRU D
!"#=%&&#;)%)$&'&%-# 1&%M&#'I(ll53(#l(&#&%%"%ﬁL WK D ( X F OH KBFDBD@ LAQRIQ ( 1 ( XQL’
8)%‘#)--"5#)#‘-03('#‘0>&@-5$0!"'0'6#&4"-5'0"!7#?(&#8:@?'&#:#'(&# &<;)11013# UVWH#2"12"%1)128:# $"1&.7# Cl
A)#-5,89!"4)&#0588.8#10)3%)$#2) ) - #88H#&<;.)018IFDIH ¢ 1iope-5 - #0&¥ H U\ S R R U020 AW
WHUPV RI WKLV PRGHO ZLWK QR B (&Rl mit)Ge i BoLE 6,00 hibbre b
1"#1)%B#S)"&Yo#!"%#1) % B#&! &% 367# WKH (1( PRGHO SURYLGH V4R&#D
H$%& ()*+%, - */012&(( YHU\ VPDOO DPRXQW RI H{WLQFWI

CI#AD*E#9588.8#)!1#7" §)!S U R S R V HEBDW B IR&%0=&27#
Qo)1 *#+,-+#8)-&1#"I1#' (&# $&)-5%&H "=#' (&#8%03('1&-H-"3#5'*%66/%2/"&
3).)<0&-#)-#)#=512'0"1#"=#&:"2(THG#3).)<6#) #%&1-(0=" o -
12)l=&%-;o!L'(&#-5%=)2&#8%(()3('!&--;i&;&!)lom#"mg- 7 g H) Y& " HOS," %) #0--5&-H(&%EHOH#&.) 0"
'(&%&#0-#%&2&--0"!#'%#!'"7#?(&#2("02&#":#5!0'-#1&'&'5% RREL QI XQLYHUVH )
06&1-(0="#18. & 1&I28&/H)| LHOIHB" "$& U0 2#510'-# (&#-5OF D G &7 V0&). 67 054 () #'(&# 2"-$02# $02%":)4.
EULJKWQHVV RI LGHQW L FDRQRIE M i FULG3Y BIGAL0) § UWOY J#0-#=9%"3#)#8)2B3
=)2"0bH15&H " #0SE&H10.) 0" 1#)#1 & 2%&)-&HO W, ("1 -#,&Yot5| FH 2 &LH
0$&IIH"18H=) 2" Yot AK>IH=0"$#' (&#182% &) -&#" = #& BOY3 B RGP V&S #'=H# (8&# &$5,&96) SU&H'=# () #%0) 10
SKRWRQ DQG WZR IDFWRUV IURP W KHOFBEAE ¥f KA R WAL SR O NAZ FRV 30D X
2."- &Yt " #5-#B6H#IAK>IH: (&' (&#.03('#:)-#&$0"&17#CIH#) I 7(&# UWOY#:)-#)#-522&--=5.#,%&102'0"1#
&<;)!110!13#5104&%-&/#%&3)% 1. &--#"=#"(&#5!0'-#"(&# U§ O H DY 1# $"1& # |[)$":/# 0l# ADHF/# %&102' & 1# %é&
VXUIDFH EULJKWQHVYV LQHPSD GIcYDQ)O 14D " (GEB0HR)FI#B5#5!.&--#6"5#2"5. 1#-
5104&%-8&#0-#IAKE? (0-#0-#011&;&!11&!'#"=#:)4&.&!3'(7' ) # O'# 2"5. 1# 1" # "%030!) &# &.-&: (&Y% &/# 0'# :"5. 1# " #

| H U @&-'Q1# (&#8A" 5'0"1#'=#3).)<6#-0>8#(6;"(&-BH RYHQ /LHX 0L YWWRBDHSIB-Q.&L#(KD
WKH QPOQF KVHG WR PDNH W KI&IAAMDE) GAE BHIR) BEGH2E (RI6-#"=#3).)<0&-#1:
=0'#'(&#)135.)%#-0>8# "=#3).)<0&-#)-#)# =512' 0S¥ttt T# +7TRI# &% &H# -'5108& 1# ="%#)16# 1&2%&!
%&1-(0="7#90-# $& ("1# 0-#8)-&1# "1#'(&# =) 2'# () '# (BIHBH) 5% &/H)#-() 1":013#"=#'(&#UWOY #86#' (8&#2.5-
LV D OLPLW RIQR@HW X0 WWVYXUIDFH
89603('1&--#"=#)#3).)<6/#8&2)5-&# (&4 ' EHEE
-5%=)2&# 1&!-0'64"=# ("' #8%03('#-')%- [Ealclys
-5:8901"4)&H#012%8&)-&-14.)%3&#)$"5!-#'=#15-
06" 152&1#()'#)8-"%8# ). .#'(&# LM# &<2&; #
'(01#.)6&%TH#N5%' (&%#012%8&)-&#01#-5%=)
EULJKW VWDUV EH\RQG D JlL
15-'/#) | L#)# (0118.9%##-5%=) 28:#.)6&IGIH!" #) HOIZ
O!1#LM#-5%=)28&# 8%03('1&--7#0)-&1#"1" "
960120, &/4#' (&Y% &H-("5. 1#B&H)#S)<OS5$#-50
EULJKWQHMWWQZBY HOHQIWE - =
"= 06&1-(0="T# P2)W Je# $&)-5%& 1# 01 "
%&1-(0="#3).)<0&-#)# $)<0$5$# NLM# A
Q#)'# %8~ I# &$0--0"1# "=# AF T EBHPB 2 82
3).)<6#-("5.1# 8&# 8%03('&%# ;&%# 510'# )]
DUHD WKDQ &RWDUWH G/R/ISHHD S
rux M_I.TOOA@ml&pwofa@:-s%:ﬁ&#?%?,g 52 5% #/5-678%0:<=9*<=9> 2 @AB*=:*6>BCD*E@IFG>:BHI*> @I=@6=:Ht
4).58-#="%#3).)<0&-#511&%# (&4#)--58$,'0"!- %G*G?SH*=6*;7:’BCI*9@;6*@*;7@I:L?*=H*678*5:>8G>:BHI*:S*G@C@JD*Q(
8" (#&<;)!10!3#)!1#-')'02# 5104&%-&-7# ? (& +H.6*E88H*5:BHI*6:*E8*678*9@;8M*;6@6=;6=9@CCD*H:*7@1:*7@;*E
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No centre on big-bang hypersphere '3#%:2/"%/1:##HD WHPSHUDWXUH RI “
=1:% )#+4>H#)% ="4/"% 15+##.% >#+$% =#& &% =4,"% ,"#9
SUHGLFWLRQ RI . *tRZHYHU DC(C
:10#%/&'2)%=4,"%1%>#+3$%:404&1+%+#):"4* %51 >#%1
RI “ . QRW LQ VXFK JRRG D.
2ZWKHUV DOVR IR XQ GR3)WIEP2+EB3).%
'3%1%/&'2)%1,%P%S%D6@<%51>#%1% #0.#+1,2+#¢
1<%L6%!"4:%4:%43%1//'+)%=4,"%,"#%K6;%L%.+#)4/

5, 13)1+)%/":0'&'5%$%82,%=4,"%&1+5#+%#++'+:6%

JURP WKH DQDO\VIMWRIXPWKUHA ¢
UDWLR LQ WKH GDP Sbi 3B:'+8RDd®:,B0DE
,=1+):%1%A21+B W ] D WHPSHUD
. ZDV FDOFXODWHG IRU D WKHF
L6%!"#%)4:/+#.13/$%4:%1,,+482,#)%,'%,"#%#-4: #3/#Y
0#/"134:0:%*%#-/4,1,4'3H%&A(#%/' &&4:4'3:HY*'+%#- 10
,'1,9%0#13:%,"1,%',"#+%0#1: 2+#0#3,.9%B43%',"#+%.1.#+:C
1&:'%8#%1**#/ #)%08%%',"#+%0#/"134:0:%*%#-/4,1,4'3%1
FDQ MXVW JLYH WKH PD[LPXP &0%5
ORI ) 04340206%KH\ FDQW KDYH LW ERWK .
ot s e e G, "HSY08 YoV +) %, #1696, 18 #40-Y60%+ 1)) it
the pictured galaxies all move away from each other. There is no ~ 2-%3'1!",.4#,"#")%-#5%1)*,".5.#*-%#',("&(%34#$/1#+)%,
unique centre. For.f.he onqlogy fo work, the 3D space musf_be 1)%#-%./&! #3"#,"1#*0-%% A1) WG HYTHH Y%, " # Y 43/ +#1:1
eyt iioan oddore dmenon_biergoce. Tho s g TGt 0 1, 243619019623 4306004#)°4" 6B
*1/,'+%B;OPC%"1:%3',%8##3%.+'>#36%72,%,"#%18'>#¢

¢ IXUH LW ZDV RQO\ GHWH F W H%5#34) 1&&$%R40.§b%0 HL. ¥ oA LyAr #% %, "#9
I"H#$%&" (#)%*'+%, "#Vo#- #] #) %, #0.#+1, 2+#%)#/+#0#3AdK HU UHGVKLIWY WKDQ WKH SUH
WKH D\ HPLWWLQJ LQWHUJDODFWERZP GB8H¥YPDYYWBWH d X6OCH$YHDQ P
“HOYGRYLFK HIIHFW 6=( DQG IRXBEBQERPIHWNY ANVERPAB\FURYHQ"
"#1,43596# 41, 6%7 4#885%13)%9"13(: H[W H Q G HGoMd e s+ )0+ \9
ZRUN LQ FOXVWHUV WR VKRZ WKDW W RQ O\ZD WKH 6=( OHVV
"13%="1,%=1:9%#-.#/ #)%82,%,"1,%4,% #3)#)%, Y.+ 5+# AL #SK03#2, +1&°/°"$)+ S#3%BI;C/&'2): %1 +#%81/(%é
)41, H1+% *'+0% +#):"4* :% *+'0% ?6;% ,'% 26 @ 6% "# 424X & GPADYOA21: 1+HY 18:"+.,4'3% &A43#:% 1+#% ##
1 1,4:,41188$% #A24>18#3,%,' % 1%3288% +#:2&,% B3' @%4"*1)‘%35&5%3% WHU ZDYHOHQJWKV W
18'2,% "HOMDEH>H#E&6% 7KHVH UHVXOW IURP WKH IXQGD
1"4:% +#:2&,% ,"#3% 8+435:%43,'%)'28,% ,"#% *1/, V" bb HAXWUDO DWRPV TURP DURXC
EF7G%4:%*+'0%, "#%81/(5+23)H%464#6%*+'0%, "#%84%%81380313)0s QP IRU /\EBWQ #BHIMD6*23)%
WKHUHIRUH ZKHWKHU FRVPLF H[SW®YLRRF XXIBRIDGWUDH UDV YRI gV IGH V'S
"$.#:4:6% I'sH>H+HY "% #-1043#% ,"1,% 0'+#% . +#/44&$% Y HUN ODUJH JURXS R DK \CHY%
'3#%:"'28&)%:,2)$%, "#%,#0.#+1,2+#%"*%,"4:%+1) 41,4 3H T HeH,485%0138%*' +#5+'23) %"$) +'5#3%/&'2):HY%" 1.
#"6 :14)%,'%8#%1 Y%>#+$%5")%. +'84#%' %, "#%4 3, #+5 1%/ 4]
J3%:K<;HYOF/L#&I@R#+.+1,#)%A3 #+: #8&8&1+%18:'+., 43N ¢ UV WV LIJR WA, YOO/ 1% 8#%0 >#+$5%!
&43#:%43%,"#%8&2#%.1+,%*%,"#%'.,4/1&%: .#I, +20UDAIHBIEIE DI ,"HYo A21:1+:% 1+#% 1,0 ,"#4+% & 14
)41,'04/% EN% 0'&#/2&#:% 1:% 8#435% #-14 #) % 8$% 81 )b +138496% J,% ='2&) % :##0%,'%/'3,+1)4/,% ,"#%/&140%
+1)41,4'3% =4,"% 1% 8&1/(8')$% :.#/,+20% 13)% 1% +¥B0%A )P, "1,%: 0#%A21: 1+:%" 1>#%&1+5#%43,+43:4
HO.H#+1,2+#%*%D6 @ %L 6%0!"4:%=1:%*+'0%:'2+/#:%43%6{"KEN& ID§IH QRW GXH WR FRVPRORJ
13)%=#&8EYBH*'+#%,"#Y0)4:I'>H+$%*%, "#UE F 7G 6 %! " HESA I BB Y0 A21:1+%4:%234* +0&$%+#):"4* #)6%6]
[70'&'5$% .+#)4/,:% ,"1,% ,"#% #0.#+1,2+#% "% EF7G% UVOHIHA3,+43: 4/1%H##]H%4,%="28)%3',%, +13:&1,#%:
*23/,4'3%*%+#):"4*,%13)%,"1,%, "#%,#0.#+1,2+#%4. %" A BABH VBY#: . +#:#3,435% &'=#+% 13) % &'=#+% +#):"4*,
1,%43%,"#%51&1-$%8%$%, "#%*1/,'+%B;0PC6% '=1+4):% ,"#% '8:#+>#+% *+'0% 18:'+8435% "$)+'5#3% /&
|#3/#% *+'0% ,"#%#-14,1,4'3% *% 1,'04/% ,+13:4,4' NBO43906* +#5+'23)% "%, "#% A21:1+6%!"#%18:'+.,4'3%
18:'+8435%/&'2):%1,%"45"% +#):"4* :% 1&'35% ,"#% &4 BHI: 2Y4E5' Mo +#):"4*,:% &#::%,"13% ,"1,% *% ,"#% A21:
'%)4:,13,%A21:1+:H%1::20435%, "#%1,'0: %1 +#%43% HRRYSIBHYAINY ,"#A4+% ':0'&'54/18% +#):"4* % )4:,13/#:¢
=4,"% "H#% EF7GH%Y% ,"4:% #0.#+1,2+#%/13% 8#% )#,#+D4B8) 69698234 >H+#6
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+RZHYHU DOO LV QRW DV LW P L JKMAV & ONIEDHT BEO[.8/1'LEB("0,.8(?% 4(1345(
I"H$%%& IHSYolE,-./0%' 1 (#-0""23&/HA0(&%3&(&%'5(1'0$" /4 L [B-0#"+&/HA(JA'0H2™ . 3+(L, (&#(1345($.#,10(#; (4", &"3.(
30( 630&#4/0%/4789(:%'5( :#,41(-5(,0/47(0+$&"3(#:( <HBA"#7'49(:%/0(/0(&Y%6'#"IP'1(&#(%32' (#$$,""1(&#73"10
&%'5(?"(3-. (& @A(/1'4&/;5(*B(0&"#47(C7(DD(3-04#"-10Q G R| MIKQHOWRE HUD RI UHLRQL]DW
3.H47(*B(<=>(0/7%&(./4'0(E4'3".5('2"5(0/7%&(./14' ('FY%/-BB(7%(/0(0"4(4 (&% (0+'$&"3(#; (0#1'(L,303"0K (341 (/0(0&"4

#-0"2'1(0%#7'1(3&(.'30&(#4' (3-0#"-147($.#,1J73.3F5(/4(/QO( 0&3413" 1 (1#1'.('F+.3/40( &%/0(?%""(8&%'(/4&"73.3%¢

HTH, ALK (2% 30(#4.5(#4' (L, 3"&" (#; (L, 303"0(0%#20(&YA(, 1 %30( -"4( " [#4IP' 1W%'4$'(4#( 3-0#"+&IH49(:%'(

+"0'4$' (#:(3-0#"-/47($.#,10I73.3F/'09( <, 4AVI'&"OHA(&"#,T%(/0('2/1'4$' (;#" (8% ("3 (#;(&%'(13"X
M9%3&(/0(0#(0+'$/3.(3-#,&(<=>0(&%38&(8%'5(3.2350(BBD (BRI 7% (#+3$/&5G (2% (&% (/O(#4.5(4',&"3.(%51"#

WR WKHOMR R PR TR(?30(1'4&/#4'1(&%3&(&%'0W K L V
'3&,"0(#-0"2'1(/4(&%'(<=>(0+'$&"3(I/7%&(-'(/4&"140/$(&#(  @U(%51"#7'4(<,44V!'&""0#4(&"#,7%(?30(
WKH uKRPH JDOD[\f WKDDN ERVYWWV IVEH/TERERD(+"0'4&(3&(3("10%/;&(P¥{Z9*9
SH(#"T"#,41(73.3F/'09(D4(&%'($30'(#;(&%/0(0&,15K (&%'5 (A" 1K ( 3($#1+.'&'(<,44V "' & 0#4( &"#,7%( 3&( P(
C7(DD(./4'0(341(4#&(0O*(./4'09 Y(Z9)T(?30( 1/0$#2"RK?%/$%(1'340( &%3&( &%0'(
IDQJHWWD RI 6WRQ\ %URRN 8QLY RH2VOL( AN B+k'@3SM47 ( &R (J' MAIPR&/#4('+#$%(
L#&'1(-5(&%60!*( (3"&/$.'K 3&(PY(Z9(O#?'2"K(73.3F/'0(%32'(-"4(#-0"2'1(
3u,l , KDG WR EHW , ZRXOG V D3&\WPKY(ZOZ(HK( M K(Z YD ZRARB0#,& ( &% (#+3$5/&F
LQ VWDWLVWLFDO AXNH WKDW ;B&)"STH/B @#E.% U MA/PQEHBK (341 (&% (+#$%0(#
341(&%'4K8(999(9(BD&(?/..(+"#-3-.5(T#(3235(2%'4(1#"( "[#4IP3&/#4(?30(1#2'1(-'5#41(RY (Z9Z9
#-0"23&/#40(-'$#1'(323/.3-."9(M'8..(%32' (&#(?3/&( @UA(/4%#I#T'4'#,0( " [#4/P3&/¥#4/0( 3(
341(0"98(D;(&%'(+,PP.'("13/40(3;&™" (*Q#"(RS(I#"( +#00/-1.18&5( &#('F+.3/4( &%'(3++3"4&(1/037"1'4&(
<=>0(3"(343.5P"1K(%#?'2"K(8&%'4(60#1'8&%/47 (2™5( #,(&%0'(1/;;"4&(13&39(="$'4&(1'30,"0(#;(\C>=(
VWUDQJH PXVW EH JRLQJ RQ 1 /D GHONEWHDOMIDI&W' (MCU!(#-0"23&/#40(7/2'(3(
'HOO E\ I"HPIAE RIVR%03&(&%0'(4,1-"( "[H#AIP3&IHA('+#$UYRRO0 ¢° 8 (D;(?(
#:(3-0#"-/147(050&'10(8&#?3"10(<=>0(?30(&%""(&/1'0(.3"7™"(  ?""(T#IAT(&#(-'.I'2'(&%3&(\C>=(34/0#8&" #+/'0(
&%34(&#?3"10(L,303"0(E;"#I(3(03I+.'(#;(T(<=>0(0&,1/'1GKB" (- /4T ($#""$&.5(/4&™+"&'L(/4( &™0(#;( &%'(
341 (A#(THHL('F+.3438/H#A(#" (&% (34#13.5(/0(;#" &Yo$H#I/ATHA&3413" 1 (SHOIH#.#T5K(?'(?#,.1(%32'(373/4(3(4'2(
&%#, 7%(3(;'2(%32'(-"4(+"#+#0'19(:%/0(8%'4(3110(1#,-&(&#4$#40/0&'4$59H
WKH SURSRYV L \MI4AROQHWARDIVE WHKILH#T'4A( "(&%'(13&3(341(&%'(&%'#"5( 1#( 4#&("3..5( $#/4%/
$.#,10K(3-0#"-" 0K (/4(8&%'(;#"7"#,41(#,(8&%'(L,303"0(3.04HA4V"'&" 0#4(&"#,7%(/0(#-0"2'1(3&(3("10%/;&(?"..(3;&"
&%'("+#$%(**(_(P(_(RS(;"#I(\C>=(
#-0"23&/#409(M(10(/&(™3..5(1,' (&%’

A STIS absorption spectrum

A beam of light coming to Earth from a distant quasar passes through

.”
numerous intervening gas clouds in galaxies and in intergalactic space.
These clouds of primeval hydrogen subtract specific colors from the beam.

The resulting ‘absorption spectrum, recorded by Hubble’s Space Telescope
Imaging Spectrograph (STIS), is used to determine the distances and

chemical composition of the invisible clouds.
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