1
00:00:05,240 --> 00:00:08,840
Med pvi ad penja sjonsvid okkar langt Gt fyrir hugarflug forfedranna

2
00:00:08,920 --> 00:00:13,200
visa pessi undraverdu teki, sjoénaukarnir, veginn i att ad dypri og

3

00:00:13,280 --> 00:00:17,240

fullkomnari skilningi & ndttlrunni. - René Descartes, 1637
4

00:00:17,760 --> 00:00:22,560
Um drpasundir hefur mannkynid horft upp i seidandi neturhimininn

5
00:00:22,640 --> 00:00:28,320
an pess ad bera skynbragd a stjornurnar i Vetrarbrautinni okkar sem adrar sélir

6
00:00:28,400 --> 00:00:33,400
eda milljarda systurvetrarbrauta sem fylla adra hluta heimsins

7
00:00:35,440 --> 00:00:38,800
eda hvernig vid erum adeins 6rlitill depill i

8
00:00:38,880 --> 00:00:42,520
13,7 milljarda dra s6gu alheimsins.

9
00:00:42,600 --> 00:00:46,080
bPegar augu okkar voru einu sjontekin attum vid enga moguleika a

10
00:00:46,160 --> 00:00:50,120
ad finna solkerfi umhverfis adrar stjérnur, eda komast ad pvi

11
00:00:50,200 --> 00:00:55,000
hvort 1if veri ad finna annars stadar i alheiminum.

12
00:00:58,080 --> 00:01:00,320
NG erum vid komin dleidis vid ad skyra mérg

13
00:01:00,400 --> 00:01:03,560
undur alheimsins @ timum sem segja ma ad séu

14
00:01:03,640 --> 00:01:05,960
gulléld uppgétvana i stjornufredi.

15
00:01:05,960 --> 00:01:08,960
Eg er Dr. J og leidi ykkur i sannleikann um sjénaukann -

16
00:01:09,040 --> 00:01:11,880
hid undraverda teki sem hefur opnad alheiminn upp a gatt



17
00:01:11,960 --> 00:01:15,520
fyrir mannkynid.

18
00:01:17,960 --> 00:01:21,880
HORFT TIL HIMINS 400 ara saga uppgdétvana med sjonaukanum

19
00:01:22,200 --> 00:01:26,960
1. Ny syn @ himininn

20
00:01:28,960 --> 00:01:32,120
Fyrir fjoérum 6ldum, arid 1609, gekk madur Gt

21
00:01:32,240 --> 00:01:34,640
a akra i grennd vid heimili sitt.

22
00:01:34,720 --> 00:01:39,000
Hann beindi heimagerdum sjonauka sinum 1 att ad tunglinu, pldnetunum og stjérnunum.

23
00:01:39,080 --> 00:01:42,600
Hann hét Galiledé Galilei.

24
00:01:44,040 --> 00:01:47,280
Stjérnufredin vard aldrei som eftir petta.

25
00:02:07,440 --> 00:02:12,400
NG, 400 arum eftir ad Galiled beindi fyrst sjonauka 1 att til himins

26

00:02:12,640 --> 00:02:18,280

nota stjornufredingar risavaxna spegla G fjarlegum fjallstindum til pess ad kanna
himininn.

27
00:02:18,360 --> 00:02:23,520
Utvarpssjénaukar safna égreinilegu tisti og hviskri utan ar geimnum.

28
00:02:23,600 --> 00:02:27,680
Visindamenn hafa jafnvel sent sjénauka Gt i geim

29
00:02:27,760 --> 00:02:31,960
langt 4t fyrir truflandi dahrif lofthjiupsins.

30
00:02:33,440 --> 00:02:38,680
Og Utsynid hefur verid storkostlegt!

31
00:02:42,9060 --> 00:02:46,640
Reyndar fann Galileé ekki upp sjénaukann.

32



00:02:46,720 --> 00:02:49,760
Pann heidur d Hans Lipperhey, tiltolulega litt pekktur

33
00:02:49,840 --> 00:02:53,400
hollensk-pyskur sjontekjafredingur.

34
00:02:53,520 --> 00:02:57,880
En Hans Lipperhey notadi aldrei sjonaukann til pess ad ga til stjarna.

35
00:02:57,9060 --> 00:03:00,840
bPess 1 stad hélt hann ad uppgdétvun sin myndi helst gagnast

36
00:03:00,920 --> 00:03:03,640
sefarendum og herménnum.

37
00:03:03,800 --> 00:03:07,240
Lipperhey var fra Middelburg sem pa var stér verslunarborg

38
00:03:07,320 --> 00:03:10,440
i hinu nystofnada Hollenska lydveldi.

39
00:03:13,960 --> 00:03:18,040
Arid 1608 uppgbtvadi Lipperhey ad pegar horft er 4 fjarlegan hlut

40
00:03:18,120 --> 00:03:24,000
i gegnum kupta og ihvolfa linsu, stekkar hluturinn ef

41
00:03:24,080 --> 00:03:29,640
linsurnar eru stadsettar 1 réttri fjarlegd hvor frda annarri.

42
00:03:29,720 --> 00:03:33,800
Sjonaukinn var feddur!

43
00:03:33,830 --> 00:03:37,520
I september 1608 syndi Lipperhey uppgdtvun sina

44
00:03:37,600 --> 00:03:39,880
hollenska prinsinum Maurits.

45
00:03:39,960 --> 00:03:42,840
Hann hefdi ekki getad valid betra augnablik pvi

46
00:03:42,920 --> 00:03:45,880
d pessum tima var Holland flekt 1

47
00:03:45,960 --> 00:03:49,320
80 dra stridid vid Spdnverija.



48
00:03:55,320 --> 00:03:59,080
Hinn nyuppg6tvadi sjonauki gat stekkad hluti og komid upp um

49
00:03:59,160 --> 00:04:02,280
o6vinaskip og hersveitir sem voru of fjarlegar til pess ad sjdst

50
00:04:02,360 --> 00:04:04,360
med berum augum.

51
00:04:04,440 --> 00:04:07,440
Sem sagt, mjog gagnleg uppgotvun!

52
00:04:07,560 --> 00:04:12,000
En hollenska rikistjérnin veitti Lipperhey aldrei einkaleyfi d sjoénaukanum.

53
00:04:12,080 --> 00:04:15,400
Asteda pess var ad adrir kaupmenn gerdu einnig tilkall til uppgdétvunarinnar

54
00:04:15,520 --> 00:04:19,200
einkum keppinautur Lipperheys, Sacharias Janssen.

55
00:04:19,280 --> 00:04:21,520
Deilan var aldrei Gtkljad.

56
00:04:21,600 --> 00:04:27,920
Enn pann dag i dag er ndkvemur uppruni sjonaukans sveipadur dulid.

57
00:04:28,920 --> 00:04:32,720
Italski stjornufredingurinn Galiled Galilei, fadir ndatima edlisfradi

58
00:04:32,800 --> 00:04:37,640
heyrdi af sjénaukanum og dkvad ad smida eigin sjonauka.

59
00:04:38,320 --> 00:04:42,360
Fyrir um tiu mdnudum barst pad mér til eyrna ad tiltekinn

60
00:04:42,440 --> 00:04:48,200
Flemingi hefdi smidad fjarsja en med hjdlp hennar verda synileg fyrirberi

61
00:04:48,280 --> 00:04:52,960
pott fjarleg séu, audveldlega sjdanleg

62
00:04:53,040 --> 00:04:56,120
sem veru pau rétt hja.

63
00:04:56,520 --> 00:04:59,440
Galiledé var mesti visindamadur sins tima.



o4
00:04:59,560 --> 00:05:02,600
Hann studdi eindregid hina nyju heimsmynd

65
00:05:02,680 --> 00:05:06,160
pélska stjornufredingsins Nikuldsar Képernikusar sem varpadi fram peirri hugmynd ad

66
00:05:06,240 --> 00:05:10,440
joérdin snerist um s6lina, en ekki 6fugt.

67
00:05:11,560 --> 00:05:14,240
Ut fra pvi sem hann hafdi heyrt um hollenska sjonaukann

68
00:05:14,320 --> 00:05:16,600
smidadi Galiled eigin sjonteki.

69
00:05:16,680 --> 00:05:19,160
Pau voru af miklu meiri gedum.

70
00:05:20,560 --> 00:05:25,320
Ad lokum, med pvi ad leggja i mikla vinnu og kostnad, tokst mér

71
00:05:25,400 --> 00:05:29,680
ad smida handa sjdlfum mér svo fullkomid teki ad

72
00:05:29,760 --> 00:05:33,920
hlutir sem sjast 1 pvi virdast ndnast pusund

73
00:05:33,900 --> 00:05:38,840
sinnum sterri en med berum augum.

74
00:05:39,720 --> 00:05:43,640
Pad var kominn timi til pess ad reyna sjonaukann a himninum.

75
00:05:45,920 --> 00:05:49,680
Eg er ordinn sannferdur um ad yfirbord

76
00:05:49,800 --> 00:05:53,520
tunglsins er ekki slétt, einsleitt og med hdrndkvema kdlulégun

7
00:05:53,7060 --> 00:05:57,440
eins og margir heimspekingar halda

78
00:05:57,560 --> 00:06:01,720
heldur 6jafnt, hrjuft og paki® holum og nibbum

79
00:06:01,800 --> 00:06:06,240



ekki 6svipad yfirbordi jardar.

80
00:06:11,640 --> 00:06:15,320
Landslag med gigum, fjollum og dolum.

81
00:06:15,400 --> 00:06:18,320
Heimur dpekkur jordinni okkar!

82
00:06:19,0600 --> 00:06:24,040
Faeinum vikum sidar, i jantar 1610, skodadi Galiled Jupiter.

83
00:06:24,120 --> 00:06:28,600
Rétt hja reikistjornunni sd hann fjora 1jésdepla sem breyttu

84
00:06:28,720 --> 00:06:32,960
st6du sinni a himninum 4@ hverri noéttu dsamt Jupiter.

85
00:06:33,040 --> 00:06:37,920
bPetta var sem haegur, himneskur ballett tungla sem snerust umhverfis reikistjérnuna.

86
00:06:37,960 --> 00:06:40,760
Ljésdeplarnir fjoérir urdu sidar pekktir sem Galileitunglin

87
00:06:40,840 --> 00:06:43,600
vid Jupiter.

88
00:06:43,720 --> 00:06:46,240
Hvad fleira uppgétvadi Galiled?

89
00:06:46,320 --> 00:06:48,400
Kvartilaskipti Venusar!

920
00:06:48,560 --> 00:06:51,920
Rétt eins og tunglid, vex Venus og minnkar frda mjorri sigd

91
00:06:51,960 --> 00:06:54,200
upp i heila skifu og aftur til baka.

92
00:06:54,280 --> 00:06:58,600
Furduleg Gtskot & badum hlidum Satlrnusar.

93
00:06:58,720 --> 00:07:01,160
Svartir blettir a yfirbordi sélarinnar.

94
00:07:01,280 --> 00:07:03,440
Og ad sjalfsdgdu stjérnurnar.

95



00:07:03,560 --> 00:07:06,400
blUsundir peirra, jafnvel milljénir.

9%
00:07:06,520 --> 00:07:09,320
Hver um sig of dauf til pess ad sjdst med berum augum.

97
00:07:09,440 --> 00:07:13,920
Pad var eins og augu mannkyns hefdu skyndilega opnast.

98
00:07:13,960 --> 00:07:18,000
Fyrir utan beid alheimurinn kénnunar.

99
00:07:23,440 --> 00:07:27,760
Fréttir af sjonaukanum breiddust eins og eldur i sinu Gt um alla Evrépu.

100
00:07:27,880 --> 00:07:32,080
Vid hird Rudolfs II keisara i Prag betti Jbéhannes Kepler

101
00:07:32,200 --> 00:07:34,800
hénnun tekisins.

102
00:07:34,8380 --> 00:07:38,840
I Antwerpen teiknadi hollenski kortagerdarmadurinn Michael van Langren

103
00:07:38,960 --> 00:07:41,920
fyrstu dreidanlegu kortin af tunglinu sem syndu pad sem hann hélt ad veru

104
00:07:41,960 --> 00:07:44,400
meginlond og hof.

105
00:07:44,560 --> 00:07:49,680
Rikur bruggari i Péllandi, Johannes Hevelius ad nafni, smidadi

106
00:07:49,760 --> 00:07:53,200
risastéran sjonauka i stjornustod sinni i Gdansk.

107
00:07:53,280 --> 00:07:57,880
Stjornust6din var svo stor ad han nddi yfir prjd haspok!

108
00:07:59,200 --> 00:08:02,240
En bestu tekin 4 pessum tima voru sennilega smidud

109
00:08:02,320 --> 00:08:05,360
af Christiaan Huygens i Hollandi.

110
Q0:08:05,440 --> 00:08:11,080
Arid 1655 uppgotvadi Huygens Titan, stersta tungl Satdrnusar.



111
00:08:11,160 --> 00:08:15,160
Faeinum drum sidar leiddu athuganir hans i 1jés hringa Saturnusar

112
00:08:15,240 --> 00:08:20,320
sem Galilebé hafdi aldrei skilid.

113
00:08:20,400 --> 00:08:24,640
Og sidast en ekki sist sd Huygens dokkar rdkir og 1j6sar

114
00:08:24,720 --> 00:08:27,360
p6lhettur a4 Mars.

115
00:08:27,440 --> 00:08:31,080
Geti verid 1if ad finna a pessum fjarlega og framandi hnetti?

116
00:08:31,160 --> 00:08:35,240
Stjornufredingar velta ennpd pessari spurningu fyrir sér.

117
00:08:35,920 --> 00:08:39,520
Fyrstu sjonaukarnir voru allir linsusjoénaukar sem notudu

118
00:08:39,600 --> 00:08:42,680
linsur til pess ad safna saman 1j6si og beina pvi i einn punkt.

119
00:08:42,760 --> 00:08:45,440
Seinna leystu speglar linsurnar af hélmi.

120
00:08:45,560 --> 00:08:49,080
Fyrsti spegilsjonaukinn var smidadur af Niccold Zucchi

121
00:08:49,160 --> 00:08:52,000
og sidar betrumbettur af Isaac Newton.

122
00:08:52,080 --> 00:08:55,760
A sidari hluta 18. aldar voru sterstu speglar i heiminum

123
00:08:55,840 --> 00:08:59,600
smidadir af William Herschel, organista sem vard stjérnufredingur

124
00:08:59,680 --> 00:09:02,520
og starfadi dsamt systur sinni Caroline.

125
00:09:02,600 --> 00:09:06,200
I hasi peirra 1 Bath i Englandi helltu systkinin raudgloéandi

126
00:09:06,280 --> 00:09:09,880
mdlmbrdd i mét og pegar hin hafdi kélnad



127
00:09:09,960 --> 00:09:15,440
slipudu pau yfirbordid svo pad geti endurvarpad 1josi.

128
00:09:15,560 --> 00:09:20,320
Herschel smidadi yfir 400 sjonauka d evi sinni.

129
00:09:24,520 --> 00:09:28,360
Stersti sjonaukinn var svo stér ad hann purfti fjoéra adstodarmenn

130
00:09:28,440 --> 00:09:31,600
til pess ad toga i mismunandi reipi, hjol og taliur sem voru

131
00:09:31,680 --> 00:09:36,000
naudsynleg til ad fylgja eftir hreyfingum stjarnanna @ himninum

132
00:09:36,080 --> 00:09:39,440
en hann ferist ad sjdalfsogdu til vegna sninings jardarinnar.

133
00:09:39,560 --> 00:09:43,080
Herschel var eins konar kénnudur, hann skannadi himininn og

134
00:09:43,160 --> 00:09:46,720
skradi hja sér hundrud nyrra geimpoka og tvistirna.

135
00:09:46,800 --> 00:09:50,280
Hann uppgotvadi einnig ad Vetrarbrautin hlyti ad vera fl6t skifa.

136
00:09:50,360 --> 00:09:54,120
Hann meldi jafnvel ferslu sélkerfisins innan skifunnar

137
00:09:54,200 --> 00:09:58,840
med pvi ad fylgjast med innbyrdis hreyfingum stjarnanna og pldnetanna.

138
00:09:58,920 --> 00:10:06,360 )
Pann 13. mars 1781 uppgdtvadi hann nyja reikistjornu - Uranus.

139
00:10:06,440 --> 00:10:10,680
Pad 1idu meira en 200 ar pangad til NASA geimfarid Voyager 2

140
00:10:10,760 --> 00:10:15,880
sendi stjornufredingum fyrstu nermyndirnar af pessari fjarlegu reikistjérnu.

141
00:10:16,800 --> 00:10:21,240
I frjosémum hérudum Mid-Irlands smidadi William Parsons

142
00:10:21,320 --> 00:10:26,560



pbridji lavardurinn af Rosse, stersta sjonaukann a 19. 61d.

143
00:10:26,640 --> 00:10:30,560
Med mdlmspegli sem spannadi 1,8 metra vard troéllaukinn

144
00:10:30,0640 --> 00:10:35,240
sjonaukinn pekktur undir nafninu ,Skrimslid frda Parsontown“.

145
00:10:35,320 --> 00:10:39,320
Af og til a heidskirum tungllausum néttum sat ldvardurinn vid sjoénglerid

146
00:10:39,440 --> 00:10:44,400
og sigldi a vit evintyra i alheiminum.

147
OO:l@:45,28O --> 00:10:50,160
Til Orionpokunnar sem nu er pekkt stjoérnuverksmidja.

148
00:10:50,280 --> 00:10:55,920
Afram til hinnar dularfullu Krabbapoku sem er leifar sprengistjornu.

149
00:10:55,960 --> 00:10:57,920
0g Svelgurinn?

150
00:10:57,960 --> 00:11:02,560
Rosse ldavardur var fyrstur til pess ad sjda storfenglega pyrilloégun vetrarbrautarinnar.

151
00:11:02,640 --> 00:11:08,400
Vetrarbraut, rétt eins og okkar, med margbrotnum dékkum og gléandi gasskyjum

152
00:11:08,520 --> 00:11:12,400
milljordum mismunandi stjarna, og hver veit -

153
00:11:12,520 --> 00:11:16,560
jafnvel med reikistjornur eins og jordina.

154
00:11:18,920 --> 00:11:24,920
Sjénaukinn var ordinn fleyid sem flutti okkur afram vid kénnun alheimsins.

155
00:11:29,720 --> 00:11:34,080
2. Sterra er betra

156
00:11:36,080 --> 00:11:38,480
A neturnar adlagast augun myrkrinu.

157
00:11:38,560 --> 00:11:42,640
Sjaoldrin breikka og hleypa pannig meira 1jési inn 1 augun.

158



00:11:42,720 --> 00:11:47,880
Pad pydir ad pu getur séd daufari fyrirberi og daufari stjérnur.

159
@0:11:47,960 --> 00:11:51,720
Imyndadu pér ad sjaoldrin veru einn metri 1 pvermdl.

160
00:11:51,800 --> 00:11:55,960
PG litir eflaust skringilega Ut en pu hefdir einnig yfirndtturulega sjon!

161
00:11:56,000 --> 00:11:59,400
Sjénaukinn virkar a sama hatt.

162
00:12:01,880 --> 00:12:04,640
Sjénauki er eins og trekt.

163
00:12:04,720 --> 00:12:10,240
Safnlinsan eda -spegillinn safnar 1jési frd stjérnunum og beinir pvi ad auga pinu.

164
00:12:13,080 --> 00:12:17,800
bvi sterri sem linsan eda spegillinn er, peim mun daufari fyrirberi er unnt ad sja.

165
00:12:17,880 --> 00:12:20,720
Sterdin skiptir pvi 611u mali.

166
00:12:20,800 --> 00:12:23,400
En hversu stéran sjonauka er hegt ad smida?

167
00:12:23,480 --> 00:12:26,400
Ekkert allt of stéran ef pad er linsusjonauki.

168
00:12:29,480 --> 00:12:32,720
Lj6sid parf ad ferdast i geghum safnlinsuna.

169
00:12:32,800 --> 00:12:36,080
En adeins er hegt ad stydja vid brdn linsunnar.

170
00:12:36,160 --> 00:12:41,880
Ef linsan er of stér verdur hin lika of pung og fer ad aflagast undan eigin punga.

171
00:12:41,960 --> 00:12:45,640
Pad pydir ad myndin bjagast.

172

00:12:47,400 --> 00:12:54,320

Stersti linsusjénauki ségunnar var smidadur darid 1897 vid Yerkes stjornustodina skammt fra
Chicago.

173
00:12:54,400 --> 00:12:57,480
Safnlinsan var rétt rdamur metri ad pvermdli.



174
00:12:57,560 --> 00:13:02,080
En sjonaukapipan var hvorki meira né minna en 18 metra 1dng.

175
00:13:02,160 --> 00:13:08,720
Pegar smidi Yerkessjonaukans lauk hofdu honnudir linsusjonauka komist d endast6d.

176
00:13:08,800 --> 00:13:10,880
Viltu enn sterri sjénauka?

177
00:13:10,960 --> 00:13:12,800
P4 parftu ad nota spegla.

178
00:13:17,080 --> 00:13:23,080
I spegilsjonauka endurvarpar spegill 1jésinu i stad pess ad pad ferdist i gegnum linsu.

179

00:13:23,160 --> 00:13:29,400

Pad pydir ad spegillinn getur verid miklu pynnri en linsa og hegt er ad stydja vid pa
aftan fra.

180
00:13:29,480 --> 00:13:34,640
Pannig er hegt ad smida miklu sterri spegla en linsur.

181
00:13:35,040 --> 00:13:39,720
Stoérir speglar hofu innreid sina 1 Sudur-Kaliforniu fyrir einni 61d.

182
00:13:39,800 --> 00:13:44,880
I pa daga var Wilsonfjall fjarri mannabyggdum i vidernum San Gabriel fjallgardsins.

183
00:13:44,960 --> 00:13:49,080
Himinninn var heidur og neturnar dimmar.

184
00:13:49,160 --> 00:13:53,640
A pessum stad reisti George Ellery Hale fyrstur manna 1,5 metra breidan sjonauka.

185
00:13:53,720 --> 00:13:58,400
Sjénaukinn var smerri en sjonauki Rosse ldvards en af mun meiri gedum.

186
00:13:58,480 --> 00:14:02,160
0g miklu betur stadsettur.

187
00:14:02,240 --> 00:14:07,640
Hale sannferdi vidskiptajoéfurinn John Hooker um ad fjdrmagna 2,5 metra breidan sjonauka.

188
00:14:07,720 --> 00:14:12,560
Mérg tonn af gleri og stdli voru ferjud upp Wilsonfjall.

189



00:14:12,640 --> 00:14:16,000
Smidi Hooker-sjénaukans lauk arid 1917.

190
00:14:16,080 --> 00:14:20,240
Hann var stersti sjonauki i heimi um prjatiu dra skeid.

191
00:14:20,320 --> 00:14:25,400
Eins og risastor fallbyssa sem beid pess ad radast da alheiminn.

192
00:14:28,480 --> 00:14:31,080
0g pad gerdi hann svo sannarlega.

193
00:14:31,160 --> 00:14:34,240
Auk geigvenlegrar sterdar nyja stjérnusjonaukans kom fram

194
00:14:34,280 --> 00:14:37,240
ny tekni sem umbylti pvi hvernig myndirnar voru skodadar.

195
00:14:37,280 --> 00:14:40,800
Stjérnufredingar purftu ekki lengur ad gegjast i gegnum augngler nyja risans.

196
00:14:40,880 --> 00:14:45,960
bess 1 stad var 1jésinu safnad a 1josmyndaplétur i nokkrar klukkustundir i senn.

197
00:14:46,000 --> 00:14:50,800
Aldrei a@dur hafdi nokkur gegst svo langt Gt i alheiminn.

198
00:14:50,880 --> 00:14:55,160
Pyrilpokur reyndust uppfullar af 6tal stjornum.

199
00:14:55,240 --> 00:14:59,560
Voru per hugsanlega vidfedm stjornukerfi l1ikt og Vetrarbrautin okkar?

200
00:14:59,640 --> 00:15:03,800
I Andrémeduvetrarbrautinni uppgotvadi Edwin Hubble sérstaka tegund stjoérnu

201
00:15:03,880 --> 00:15:07,400
sem breytir birtu sinni lotubundid.

202
00:15:07,480 --> 00:15:11,720
Athuganir Hubbles gerdu honum kleift ad detla fjarlegdina til Andrémedu:

203
00:15:11,800 --> 00:15:15,960
nestum milljon 1jésar.

204
00:15:16,080 --> 00:15:22,720
bpyrilpokur eins og Andrémeda, voru greinilega stakar vetrarbrautir.



205
00:15:24,480 --> 00:15:27,320
En fleiri o6trulegar stadreyndir dattu eftir ad koma i 1j6s.

206
00:15:27,400 --> 00:15:32,000
Flestar vetrarbrautirnar reyndust vera ad fjarlegast Vetrarbrautina okkar.

207
00:15:32,080 --> 00:15:37,640
A Wilsonfjalli uppg6tvadi Hubble ad ndlegar vetrarbrautir fjarlegdust roélega

208
00:15:37,0640 --> 00:15:42,480
a medan fjarlegari vetrarbrautir peyttust burt med miklu meiri hrada.

209
00:15:42,560 --> 00:15:43,720
Hver var nidurstadan?

210
00:15:43,800 --> 00:15:46,560
Alheimurinn var ad penjast ut.

211
00:15:46,0640 --> 00:15:53,400

Hooker sjoénaukinn gaf visindaménnum feri & merkustu uppgétvun i stjornufredi a 20.

212
00:15:56,080 --> 00:16:00,640
pokk sé sjoénaukanum hofum vid rakid prounarségu alheimsins.

213
00:16:00,720 --> 00:16:04,880
Fyrir um 14 milljérdum ara vard alheimurinn til

214
00:16:04,960 --> 00:16:09,240
i gridarlegri sprengingu tima og rims, efnis og orku sem sem kallast

215
00:16:09,280 --> 00:16:11,560
miklihvellur.

216
00:16:11,640 --> 00:16:17,480
Orsmaar skammtadldur urdu ad stérum flekkum i frumsdpunni.

217
00:16:17,560 --> 00:16:20,160
Ur pessum flekkum myndudust vetrarbrautir

218
00:16:20,240 --> 00:16:23,800
af 6llum sterdum og gerdum.

219
00:16:26,560 --> 00:16:30,400
Kjarnasamruni i kjérnum stjarna framleiddi ny atém.

220
00:16:30,480 --> 00:16:34,880
Kolefni, surefni, jarn, gull.

old.



221
00:16:34,9060 --> 00:16:39,640
Sprengistjoérnur peyttu pessum pungu frumefnum aftur 0t i geiminn.

222
00:16:39,720 --> 00:16:43,080
Hrdefni til myndunar nyrra stjarna.

223
00:16:43,160 --> 00:16:44,800
O0g reikistjarna!

224

00:16:46,880 --> 00:16:54,880

Einhvern tima, einhvers stadar, einhvern veginn préudust einféld lifren efnasambond 1
1ifverur.

225
00:16:54,960 --> 00:17:00,560
Lifid er eitt af kraftaverkunum i préunarségu alheimsins.

226
00:17:00,640 --> 00:17:02,880
Vid erum stjérnuryk.

227
00:17:02,960 --> 00:17:07,000
Pad er mikilfengleg syn og stérbrotin saga

228
00:17:07,080 --> 00:17:11,160
sem sjoénaukinn hefur fert okkur.

229
Q0:17:11,24® --> 00:17:15,640
Imyndadu pér ad dan sjonaukans myndum vid einungis pekkja sex reikistjérnur

230
00:17:15,720 --> 00:17:18,160
eitt tungl og fdeinar pusundir stjarna.

231
00:17:18,240 --> 00:17:22,400
Stjornufredin veri enn ad slita barnsskénum.

232
00:17:23,640 --> 00:17:27,480
Rétt eins og tyndir fjarsjodir hafa fjarlegir stadir 1 alheiminum 1ladad fram

233
00:17:27,560 --> 00:17:30,000
@vintyraprdna i okkur.

234
00:17:30,080 --> 00:17:35,480
Prinsar og pétintdtar, stjornmdlamenn jafnt sem audmenn, hafa d sama hdtt og visindamenn

235
00:17:35,560 --> 00:17:40,240
fundid fyrir addrdttarafli o6kunnra djipa himingeimsins og med sjontekin

236



00:17:40,280 --> 00:17:45,400
i farteskinu hefur heimur pekkingarinnar vaxid geysihratt.

237
00:17:59,800 --> 00:18:02,640
Hinsti draumur George Ellery Hale var

238
00:18:02,720 --> 00:18:06,960
ad reisa tvofalt sterri sjoénauka en fyrirrennarann.

239
00:18:07,000 --> 00:18:10,880
Hér gefur ad lita drottningu stjérnufredi 20. aldar.

240
00:18:10,960 --> 00:18:15,880
Fimm metra breidi Hale sjonaukinn & Palomarfjalli.

241
00:18:15,960 --> 00:18:20,560
Yfir fimm hundrud tonna ferliki jafnvegisstillt af itrustu ndkvemni

242
00:18:20,640 --> 00:18:24,640
sem hreyfist mjiklega 1ikt og ballettdansmer.

243

00:18:24,720 --> 00:18:30,240

49 tonna spegillinn synir okkur stjornur sem eru 4@ milljon sinnum daufari en augad fer
greint.

244

00:18:30,280 --> 00:18:35,240

Lokid var vid smidi Hale sjonaukans 1948 sem veitti okkur adur oOpekkta syn til
reikistjarnanna

245
00:18:35,280 --> 00:18:38,800
stjoérnupyrpinga, geimpoka og vetrarbrauta.

246
00:18:41,080 --> 00:18:44,960
Gasrisinn Jupiter og fjéldamdrg tungl hans.

247
00:18:45,080 --> 00:18:49,080
Hin stérglesilega Logapoka.

248
00:18:49,160 --> 00:18:54,240 )
Daufar gassledur Sverdpokunnar i Orion.

249
00:18:59,880 --> 00:19:02,080
En getu sjoénaukarnir ordid enn sterri?

250

00:19:02,160 --> 00:19:06,240

Seint & attunda dratug tuttugustu aldar reyndu sovéskir stjérnufredingar fyrir sér 1
pessu.

251



00:19:06,280 --> 00:19:10,640
Hatt uppi 1 Kdakasusfjollum reistu peir Bolshoi Teleskop Azimutalnyi sjoénaukann

252
00:19:10,720 --> 00:19:14,830
sem skartadi sex metra breidum spegli.

253
00:19:14,960 --> 00:19:17,640
Sa sjonauki stédst pvi midur aldrei ventingar.

254
00:19:17,720 --> 00:19:21,720
Hann var einfaldlega of stoér, of dyr og of erfidur 1 notkun.

255
00:19:21,800 --> 00:19:24,960
bpurftu sjonaukahonnudir pa ad leggja drar i bat?

256
00:19:25,080 --> 00:19:28,480
bpurftu peir ad segja skilid vid draum sinn um ad smida sterri sjonauka?

257
00:19:28,560 --> 00:19:31,960
Hafdi saga sjonaukans hlotid otimaberan endi?

258
00:19:32,080 --> 00:19:33,400
Ad sjalfsogdu ekki.

259
00:19:33,480 --> 00:19:36,480
I dag h6fum vid 1@ metra sjonauka ad stérfum.

260
00:19:36,560 --> 00:19:39,160
Enn sterri sjonaukar eru d teiknibordinu.

261
00:19:39,240 --> 00:19:40,720
Hvad leysti malid?

262
00:19:40,800 --> 00:19:42,640
Tekninyjungar.

263
00:19:44,000 --> 00:19:48,760
3. Teknin kemur til bjargar

264
00:19:48,960 --> 00:19:52,800
Rétt eins og bilar lita ekki lengur Ut eins og Ford T mbédel pd eru nutima

265
00:19:52,880 --> 00:19:56,280
stjornusjonaukar mjog frdbrugdnir forverum sinum

266
00:19:56,360 --> 00:19:58,680
eins og 5 metra Halesjénaukanum.



267
00:19:58,760 --> 00:20:01,880
Sjonaukastedin eru til demis miklu minni.

268
00:20:01,960 --> 00:20:05,840
Gamla gerdin er pdlstillt par sem annar dasanna

269
00:20:05,920 --> 00:20:09,720
snyr alltaf samsida sniningsdsi jardarinnar.

270
00:20:09,800 --> 00:20:13,480
Til pess ad fylgja eftir hreyfingu himinsins var® sjonaukinn einfaldlega

271
00:20:13,560 --> 00:20:18,200
ad snuast um dsinn @ sama hrada og jordin snyst um sjdlfa sig.

272
00:20:18,280 --> 00:20:21,160
Einfalt en mjég rumfrekt.

273
00:20:21,240 --> 00:20:26,040
NGO tidkast 168stillt stedi sem eru miklu umfangsminni.

274
00:20:26,080 --> 00:20:30,440
A svona stedi er sjonaukanum midad upp i himininn 1ikt og fallbyssu.

275
00:20:30,480 --> 00:20:35,240
Einungis parf ad velja afst6duna og hedina til pess ad komast af stad.

276
00:20:35,320 --> 00:20:38,640
Vandinn er ad fylgja eftir hreyfingu himinsins.

277
00:20:38,720 --> 00:20:44,240
Sjonaukinn parf i raun ad snlast um bdda dsana d mismunandi hrada.

278
00:20:44,320 --> 00:20:50,720
betta vard i raun fyrst mdégulegt begar sjonaukar urdu télvustyrdir.

279
00:20:50,800 --> 00:20:52,840
Pad er o6dyrara ad smida minna sjonaukastedi.

280
00:20:52,920 --> 00:20:57,520
Pad parfnast minni hvelfingar sem lekkar kostnadinn enn frekar

281
00:20:57,600 --> 00:21:00,320
og betir myndgedin.

282
00:21:00,400 --> 00:21:03,800
Skodum til demis Keck tviburasjonaukana d Hawaii.



283
00:21:03,880 --> 00:21:06,600
bratt fyrir ad 10 metra breidir speglarnir séu tvofalt breidari en

284
00:21:06,680 --> 00:21:10,440
spegill Hale-sjonaukans passa peir samt inn i minni sjénaukahvelfingar

285
00:21:10,520 --> 00:21:13,240
en hvelfinguna a Palomar fjalli.

286
00:21:15,080 --> 00:21:17,440
Sjoénaukaspeglar hafa einnig tekid breytingum

287
00:21:17,520 --> 00:21:19,120
Adur fyrr voru peir pykkir og pungir.

288
00:21:19,200 --> 00:21:21,840
NG eru peir punnir og léttir.

289
00:21:21,920 --> 00:21:26,800
Speglar sem eru margir metrar i pvermdl eru steyptir vid snining 1 risastérum ofnum.

290
00:21:26,880 --> 00:21:30,320
Samt eru peir innan vid 20 sentimetra pykkir.

291
00:21:30,400 --> 00:21:32,960
F16kid burdarvirki kemur i veg fyrir ad punnur spegillinn

292
00:21:33,080 --> 00:21:35,200
falli saman undan eigin punga.

293
00:21:35,280 --> 00:21:39,120
Tolvustyrdir stimplar og styribdnadur hjdlpa einnig til vid ad halda speglinum

294
00:21:39,200 --> 00:21:40,840
i fullkominni fleygbogaldgun.

295
00:21:43,400 --> 00:21:45,520
betta kerfi er nefnt adlégunarsjontekni.

296
00:21:45,600 --> 00:21:49,840
Hugmyndin er ad vinna @ méti og leidrétta alla aflégun adalspegilsins

297
00:21:49,920 --> 00:21:54,560
sem @ sér stad vegna pyngdarafls, vinds og hitabreytinga.

298
00:21:54,0640 --> 00:21:58,240



bPunnur spegill er einnig mun léttari en pykkur.

299
00:21:58,320 --> 00:22:01,440
Petta pydir ad burdarvirkid, par d medal sjonaukastedid

300
00:22:01,560 --> 00:22:03,440
getur verid mun nettara og léttara.

301
00:22:03,520 --> 00:22:05,560
Og édyrara!

302
00:22:05,640 --> 00:22:08,360
bpetta er hinn svonefndi 3,6 metra breidi New Technology sjonauki

303
00:22:08,440 --> 00:22:11,760
sem evropskir stjornufredingar 1étu smida i lok niunda dratugarins.

304
00:22:11,840 --> 00:22:14,840
I honum voru préfadar alls konar tekninyjungar

305
00:22:14,920 --> 00:22:16,120
i sjonaukasmidi.

306
00:22:16,200 --> 00:22:20,960
Sjbénaukabyggingin var meira ad segja gjordlik demigerdum sjénaukahvelfingum.

307
00:22:21,080 --> 00:22:24,240
New Technology sjoénaukinn var mjog vel heppnadur.

308
00:22:24,320 --> 00:22:27,280
Pad var kominn timi 4 pad ad rjufa sex metra mirinn.

309
00:22:27,600 --> 00:22:31,400
Stjornust6din @ Mauna Kea er a hesta fjallinu 1 Kyrrahafinu

310
00:22:31,480 --> 00:22:34,960
4200 metra yfir sjavarmdli.

311
00:22:36,960 --> 00:22:41,120
Ferdamenn d strondum Hawaii sleikja sélina og fara a brimbretti.

312
00:22:41,200 --> 00:22:44,520
Hatt uppi i fjollum purfa stjérnufredingar hins vegar ad pola kulda

313
00:22:44,600 --> 00:22:51,160
og hdloftaveiki pegar peir reyna ad afhjupa leyndardéma alheimsins.

314



00:22:51,240 --> 00:22:54,120
Keck sjoénaukarnir eru medal sterstu sjoénauka i heiminum.

315
00:22:54,200 --> 00:22:59,120
Speglar peirra eru 10 metrar i pvermdl og nefurpunnir.

316
00:22:59,200 --> 00:23:04,040
36 sexhyrndum speglum er radad upp eins og goélfflisum

317
00:23:04,120 --> 00:23:07,480
og stjornad af mikilli ndkvemni.

318
00:23:07,560 --> 00:23:11,200
betta eru réttnefndir risar sem er eingdéngu etlad ad skoda himingeiminn.

319
00:23:11,280 --> 00:23:14,120
Sannkalladar doémkirkjur visindanna.

320
00:23:14,200 --> 00:23:16,600
No6tt skellur a Mauna Kea.

321
00:23:16,680 --> 00:23:21,720
Keck sjénaukarnir byrja ad safna 1joseindum frd fjarlegum stédum i alheiminum.

322
00:23:21,800 --> 00:23:24,520
Speglar tviburasjénaukanna sameinast og verda sterri

323
00:23:24,600 --> 00:23:27,440
en allir sjonaukar sem adur h6fdu verid smidadir.

324
00:23:27,520 --> 00:23:30,360
Hvad sést 1 kvold?

325
00:23:34,080 --> 00:23:39,520
Vetrarbrautir sem rekast saman i milljarda ljésdara fjarlegd?

326
00:23:39,600 --> 00:23:45,320
Stjarna i andarslitrunum sem myndar hringpoku?

327
00:23:45,400 --> 00:23:51,040
Ef til vill reikistjarna i 68ru solkerfi par sem 1if geti verid ad finna?

328
00:23:51,120 --> 00:23:55,920
A Cerro Paranal 1 Atacama eydimorkinni i Chile - purrasta stad i heimi -

329
00:23:55,960 --> 00:24:00,040
er ad finna langstersta stjornufrediteki sem smidad hefur verid:



330
00:24:00,120 --> 00:24:03,560
Europian Very Large Telescope.

331
00:24:16,200 --> 00:24:19,520
Hann er i raun samsettur ar fjorum sjénaukum.

332
00:24:19,600 --> 00:24:22,760
Hver um sig er med 8,2 metra breidan spegil.

333
00:24:22,840 --> 00:24:24,120
Antu.

334
00:24:24,200 --> 00:24:25,240
Kueyen.

335
00:24:25,320 --> 00:24:26,320
Melipal.

336
00:24:26,400 --> 00:24:27,760
Yepun.

337
00:24:27,840 --> 00:24:33,440
betta eru ord Mapuche pjédflokksins yfir sélina, tunglid, Sudurkrossinn og Venus.

338
00:24:33,520 --> 00:24:37,800
Speglarnir voru métadir i byskalandi, slipadir 1 Frakklandi, sendir til Chile

339
00:24:37,880 --> 00:24:41,240
og fluttir i hegagangi yfir eydimérkina.

340
00:24:41,320 --> 00:24:44,960
Vid so6lsetur eru hvelfingar sjonaukans opnadar.

341
00:24:45,040 --> 00:24:48,560
Ljési fra stjornum rignir nidur & spegla sjonaukans.

342
00:24:49,280 --> 00:24:52,080
Gerdar eru nyjar uppgbtvanir.

343
00:24:55,920 --> 00:24:58,160
Leisigeisli stingst upp i neturhimininn.

344
00:24:58,240 --> 00:25:00,680
Hann varpar gervistjornu upp i lofthjlpinn

345
00:25:00,760 --> 00:25:03,840
90 km yfir hofdi okkar.



346
00:25:03,920 --> 00:25:06,920
Skynjarar mela hvernig 1jés gervistjérnunnar bjagast

347
00:25:06,960 --> 00:25:09,120
vegna Okyrrdar i andrumsloftinu.

348
00:25:09,200 --> 00:25:12,960
Hradvirkar télvur segja pvi nest til um hvernig sveigjanlegur spegillinn parf ad

349
00:25:13,040 --> 00:25:15,800
breyta 16gun sinni til pess ad leidrétta bjbégunina.

350
00:25:15,880 --> 00:25:18,960
I raun stédvar hann blik stjarnanna.

351
00:25:19,040 --> 00:25:22,600
bpetta kallast adlégunarsjontekni og er helsta galdrabrella

352
00:25:22,680 --> 00:25:24,320
nitima stjornufredi.

353
00:25:24,400 --> 00:25:28,840
An hennar veri Gtsyn okkar til himingeimsins i médu vegna lofthjupsins.

354
00:25:28,920 --> 00:25:32,880
Med henni verda myndirnar hins vegar hnifskarpar.

355
00:25:35,480 --> 00:25:39,480
Annad galdrateki er svonefnd vixlmeling.

356
00:25:39,560 --> 00:25:43,360
Hugmyndin gengur Ut & ad beina 1jési fra tveimur adskildum sjoénaukum og

357
00:25:43,440 --> 00:25:46,640
safna pvi saman i einn punkt en vardveita

358
00:25:46,720 --> 00:25:49,320
bilid & milli 1jésbylgjanna.

359
00:25:49,400 --> 00:25:53,160
Ef petta er framkvemt af négu mikilli ndkvemni verdur Utkoman sU ad sjénaukarnir tveir

360
00:25:53,240 --> 00:25:56,600
virka eins og beir veru hlutar af einum risastérum spegli

361
00:25:56,680 --> 00:25:59,920



sem veri jafnbreidur og fjarlegdin a milli peirra.

362
00:25:59,960 --> 00:26:04,040
I raun og veru gefur vixmeling sjénaukanum arnarsjon.

363
00:26:04,120 --> 00:26:07,600
Hin veldur pvi ad litlir sjoénaukar geta greint smdatridi

364
00:26:07,680 --> 00:26:12,440
sem mundu einungis sjdast i miklu sterri sjonauka.

365
00:26:12,520 --> 00:26:15,600
Keck tviburasjonaukarnir & Mauna Kea eru reglulega samtengdir

366
00:26:15,080 --> 00:26:17,520
sem vixlmelir.

367
00:26:17,600 --> 00:26:21,440
I Evropska risasjonaukanum er hegt ad tengja alla fjéra sjénaukana saman.

368
00:26:21,520 --> 00:26:24,760
Til vidbotar vid pd eru nokkrir smerri sjonaukar i kring sem geta

369
00:26:24,840 --> 00:26:28,880
slegist 1 hopinn til pess ad skerpa myndina enn frekar.

370
00:26:29,840 --> 00:26:33,400
Fleiri stoéra sjonauka er ad finna um alla heim.

371
00:26:33,480 --> 00:26:37,480
Subaru og Nordur-Gemini a Mauna Kea.

372
00:26:37,560 --> 00:26:42,240
Sudur-Gemini og Magellan sjonaukarnir i Chile.

373
00:26:42,320 --> 00:26:46,280
Stéri tvispeglasjonaukinn 1 Arizona.

374
00:26:48,200 --> 00:26:50,800
Peir eru allir byggdir 4 bestu st6dum sem haegt er ad finna.

375
00:26:50,840 --> 00:26:53,720
Hed og purrt loft, terleiki og myrkur.

376
00:26:53,840 --> 00:26:56,640
Augu peirra eru 4 sterd vid sundlaugar.

377



00:26:56,760 --> 00:27:00,400
Allir eru peir bunir adlégunarsjontekni til pess ad vinna gegn truflandi

378
00:27:00,440 --> 00:27:02,080
dhrifum lofthjlpsins.

379
00:27:02,200 --> 00:27:05,960
Stundum nd peir upplausn a vid risavaxinn sjénauka

380
00:27:06,040 --> 00:27:08,640
pokk sé vixlmelingum.

381
00:27:09,680 --> 00:27:11,800
betta er pad sem peir hafa synt okkur.

382
00:27:11,920 --> 00:27:13,400
Reikistjornur.

383
00:27:16,600 --> 00:27:18,240
Geimpokur.

384
00:27:19,360 --> 00:27:23,960
Raunverulegar sterdir og bjagadar skifur nokkurra stjarna.

385
00:27:23,960 --> 00:27:27,160
Kalda reikistjoérnu sem snyst umhverfis brinan dverg.

386
00:27:27,200 --> 00:27:31,480
Risastjoérnur sem peytast i kringum midjuna d Vetrarbrautinni okkar

387
00:27:31,600 --> 00:27:36,720
vegna pyngdardhrifa frd risasvartholi.

388
00:27:36,840 --> 00:27:40,400
Vid hofum komist talsvert dleidis sidan a dogum Galileos.

389
00:27:40,000 --> 00:27:44,760
4. Ur silfri i kisil

390
00:27:45,840 --> 00:27:49,000
Fyrir 400 drum, pegar Galilebé Galilei vildi syna 68rum pad sem hann

391
00:27:49,120 --> 00:27:53,000
s@ i gegnum sjoénaukann sinn, vard hann ad teikna pad upp.

392
00:27:53,120 --> 00:27:56,240
Gigott yfirbord tunglsins.



393
00:27:56,360 --> 00:28:00,400
Dans tungla Jupiters.

394
00:28:00,520 --> 00:28:02,160
Sélbletti.

395
00:28:02,280 --> 00:28:04,160
Eda stj6érnur Orions.

396
00:28:04,280 --> 00:28:06,720
Hann birti teikningar sinar i 11itilli bdék sem hann nefndi

397
00:28:06,760 --> 00:28:08,400
Sendiboda stjarnanna.

398
00:28:08,440 --> 00:28:10,800
bPetta var eina leidin sem hann hafdi til ad deila uppgétvunum sinum

399
00:28:10,920 --> 00:28:12,400
med 6drum.

400
00:28:12,440 --> 00:28:16,640
I meira en tver aldir purftu stjornufredingar einnig ad vera listamenn.

401
00:28:16,760 --> 00:28:19,000
Um leid og peir gegdust i gegnum augnglerin, teiknudu peir

402
00:28:19,120 --> 00:28:20,960
nakvemar myndir af pvi sem peir sdu.

403
00:28:21,040 --> 00:28:23,080
Hrjéstrugt landslag tunglsins.

404
00:28:23,200 --> 00:28:25,960
Storma 1 lofthjupi Jupiters.

405
00:28:26,040 --> 00:28:29,000
Smagerar gassledur 1 fjarlegri stjornupoku.

406
00:28:29,120 --> 00:28:32,320
En stundum oftulkudu peir pad sem fyrir augu bar.

407
00:28:32,440 --> 00:28:36,560
Dékkar rakir a yfirbordi Mars voru taldar vera dveituskurdir

408
00:28:36,680 --> 00:28:39,880
sem bentu til menningarsamfélags a yfirbordi raudu reikistjérnunnar.



409
00:28:39,960 --> 00:28:43,480
I dag vitum vid ad aveituskurdirnir voru skynvillur.

410
00:28:43,600 --> 00:28:47,160
Stjornufredinga vantadi sdrlega hlutlega adferd til ad vardveita

411
00:28:47,280 --> 00:28:51,480
1j6sid sem sjonaukarnir séfnudu an pess ad upplysingarnar pyrftu fyrst ad

412
00:28:51,520 --> 00:28:54,480
flekjast um heila peirra og Ut i pennana.

413
00:28:54,600 --> 00:28:57,400
Ljésmyndateknin kom peim til bjargar.

414
00:28:58,760 --> 00:29:01,160
Fyrsta daguerreémyndin af tunglinu.

415
00:29:01,200 --> 00:29:03,880
Henry Draper tok hana drid 1840.

416
00:29:03,920 --> 00:29:07,240
Ljésmyndateknin var innan vid 15 dra goémul, en stjornufredingar

417
00:29:07,360 --> 00:29:10,880
hofdu pegar attad sig a byltingarkenndum méguleikum hennar.

418
00:29:10,920 --> 00:29:13,080
En hvernig virkadi 1jésmyndunin?

419
00:29:13,120 --> 00:29:17,160
Hinn 1jésnemi hluti ljésmyndaplétunnar innihélt

420
00:29:17,280 --> 00:29:19,400
litil korn af silfurhalidi.

421
00:29:19,440 --> 00:29:22,160
Lendi 1jés @ peim verda pau dokk.

422
00:29:22,200 --> 00:29:24,800
Nidurstadan var pvi negatif 1jésmynd af himninum

423
00:29:24,920 --> 00:29:28,080
med dokkum stjornum @ 1joésum bakgrunni.

424
00:29:28,200 --> 00:29:31,560



Adaldvinningurinn var sd ad hegt er ad lysa 1j6smyndaplotu

425
00:29:31,680 --> 00:29:33,960
i margar klukkustundir samfellt.

426
00:29:34,040 --> 00:29:36,720
Pegar horft er upp i neturhimininn med berum augum sem ndd hafa ad

427
00:29:36,760 --> 00:29:39,640
adlagast myrkrinu sjdst ekki sifellt fleiri

428
00:29:39,680 --> 00:29:42,320
stjornur pétt horft sé lengur.

429
00:29:42,440 --> 00:29:45,240
Pad er aftur a méti hegt med 1jésmyndaplotu.

430
00:29:45,360 --> 00:29:48,480
Hegt er ad safna saman 1j6si samfleytt i margar klukkustundir.

431
00:29:48,600 --> 00:29:52,880
Lengri lysingartimi leidir pvi i 1jos fleiri og fleiri stjornur.

432
00:29:52,920 --> 00:29:54,160
Enn fleiri.

433
00:29:54,200 --> 00:29:55,240
Enn fleiri.

434
00:29:55,360 --> 00:29:57,320
O0g jafnvel enn fleiri.

435
00:29:58,360 --> 00:30:02,000
A sjotta dratug tuttugustu aldar var Schmidt sjonaukinn vid Palomar stjérnustédina

436
00:30:02,120 --> 00:30:05,160
notadur til pess ad 1josmynda allt nordurhvel himins.

437
00:30:05,280 --> 00:30:10,080
Tepar 2000 1jo6smyndaplotur voru hver um sig lystar i nestum pvi klukkustund.

438
00:30:10,120 --> 00:30:12,960
Heill fjarsjédur uppgoétvana.

439
00:30:12,9060 --> 00:30:17,080
Ljésmyndunin breytti stjornuathugunum 1 sanna visindagrein.

440



00:30:17,200 --> 00:30:21,480
Hlutlausa, melanlega og endurtakanlega.

441
00:30:21,0600 --> 00:30:23,240
En silfrid toék sinn tima.

442
00:30:23,280 --> 00:30:25,480
Polinmedi var dyggd.

443
00:30:27,120 --> 00:30:29,880
Stafrena byltingin breytti pvi 611lu saman.

444
00:30:29,920 --> 00:30:31,640
Kisill leysti silfur af hélmi.

445
00:30:31,760 --> 00:30:34,480
Dilar komu i stad korna.

446
00:30:36,360 --> 00:30:40,000
Filmur eru jafnvel ekki lengur notadar i almennum myndavélum.

447
00:30:40,120 --> 00:30:43,560
Pess 1 stad eru myndir teknar a 1josnema flégu:

448
00:30:43,600 --> 00:30:47,800
svonefnda CCD myndfloégu.

449
00:30:47,920 --> 00:30:51,560
CCD flogur sem stjornufredingar nota eru sérstaklega 1j6snemar.

450
00:30:51,680 --> 00:30:54,640
Svo per verdi enn ljosnemari eru per keldar langt nidur

451
00:30:54,680 --> 00:30:57,960
undir frostmark med fljétandi nitri.

452
00:30:58,040 --> 00:31:00,720
Nestum hver einasta 1jéseind er numin.

453
00:31:00,760 --> 00:31:05,640
Pad pydir ad lysingartiminn getur ordid umtalsvert skemmri.

454
00:31:05,760 --> 00:31:09,430
Pad sem Palomar stjornust6din komst yfir a einni klukkustund

455
00:31:09,600 --> 00:31:13,160
ner CCD myndflaga ad fanga a fdeinum minGtum.



456
00:31:13,200 -->

00:31:15,560

Med smerri sjonauka.

457

00:31:15,600 --> 00:31:18,080

Kisilbyltingunni er fjarri pvi ad vera lokid.

458

00:31:18,200 --> 00:31:21,080

Stjérnufredingar hafa smidad risastérar CCD myndavélar med
459

00:31:21,200 -->
hundrud milljoéna

00:31:23,560
punkta upplausn.

460
00:31:23,600 --> 00:31:26,320
En pad er fleira i pipunum.

461
00:31:28,120 --> 00:31:32,560
Helsti kostur stafrenna mynda er sd ad per eru ju stafrenar.

462
00:31:32,600 --> 00:31:35,800
Allar myndirnar eru tilbunar til pess ad vera unnar i t6lvum.

463
00:31:35,840 --> 00:31:38,800
Stjornufredingar nota sérhannadan hugbinad til ad vinna ur

464
00:31:38,840 --> 00:31:40,880
athugunum sinum.

465
00:31:40,880 --> 00:31:45,080
Med pvi ad teygja og skerpa myndir geta stjornufredingar dregid fram daufustu

466
00:31:45,200 --> 00:31:47,640
einkenni stjérnupoka og vetrarbrauta.

467
00:31:47,760 --> 00:31:51,240
Litastilling eykur og dregur fram smaatridi sem ella

468
00:31:51,280 --> 00:31:53,640
veri ndnast Otilokad ad sja.

469
00:31:53,680 --> 00:31:57,880
Enn fremur md fella saman nokkrar myndir af sama fyrirberinu sem

470
00:31:57,920 --> 00:32:00,400
teknar eru i gegnum mismunandi litsiur og UGtbua pannig

471
00:32:00,520 --> 00:32:04,320
storkostlegar 1jéosmyndir sem sem sem md Ut morkin



472
00:32:04,440 --> 00:32:06,720
a milli visinda og listar.

473
00:32:06,840 --> 00:32:09,880
Pu getur einnig haft hag af stafrenni stjérnufredi.

474
00:32:09,960 --> 00:32:13,960
Aldrei a@dur hefur verid eins audvelt ad grafa upp og njota stoérfenglegra

475
00:32:13,960 --> 00:32:15,800
1josmynda af alheiminum.

476
00:32:15,920 --> 00:32:20,080
Med einum misarsmelli ma ndlgast myndir af alheiminum.

477
00:32:20,680 --> 00:32:24,160
Fjarstyrdir sjonaukar Gtbanir nemum 1j6smyndafldgum

478
00:32:24,280 --> 00:32:27,800
fylgjast med himninum a hverri nottu.

479
00:32:27,920 --> 00:32:30,880
Sloan sjonaukinn i Nyju-Mexiké hefur 1j6smyndad

480
00:32:30,960 --> 00:32:34,000
og skrdasett meira en hundrad milljén fyrirberi a neturhimninum

481
00:32:34,120 --> 00:32:38,160
melt fjarlegdir til milljoéna vetrarbrauta og uppgodtvad

482
00:32:38,280 --> 00:32:41,480
hundrad pusund ny dulstirni.

483
00:32:41,520 --> 00:32:44,000
En ein kortlagning dugir ekki.

484
00:32:44,120 --> 00:32:47,400
Alheimurinn tekur sifelldum breytingum.

485
00:32:47,520 --> 00:32:51,240
Halastjornur koma og fara og skilja eftir sig leifar iss og ryks

486
00:32:51,280 --> 00:32:53,640
a s16d sinni.

487
00:32:53,760 --> 00:32:56,720



Sméastirni pjoéta framhja okkur.

488
00:32:56,840 --> 00:33:00,560
Fjarlegar reikistjornur ferdast umhverfis médurstjérnu sina

489
00:33:00,680 --> 00:33:02,830
og draga timabundid dr birtu stjérnunnar.

490
00:33:02,960 --> 00:33:08,800
Sprengistjornur deyja @ sama tima og stjérnur fedast annars stadar.

491
00:33:08,840 --> 00:33:17,960
Tifstirni tifa, gammablossar kvikna og svarthol sépa ad sér efni.

492
00:33:18,040 --> 00:33:21,720
Til ad skrdsetja pessa miklu leikpetti ndttdrunnar, vilja stjornufredingar

493
00:33:21,840 --> 00:33:25,240
helst yfirfara allt himinhvolfid einu sinni a hverju dari.

494
00:33:25,300 --> 00:33:26,840
Eda einu sinni i mdnudi.

495
00:33:26,920 --> 00:33:28,640
Eda tvisvar i viku.

496
00:33:28,680 --> 00:33:33,800
Pad er i pad minnsta metnadarfullt markmid Large Synoptic Survey sjonaukans.

497
00:33:33,920 --> 00:33:39,400
Verdi smidi hans lokid arid 2015 mun priggja gigapixla myndavélin

498
00:33:39,440 --> 00:33:42,080
opnar nyjan glugga Gt i alheiminn.

499
00:33:42,200 --> 00:33:45,960
bessi spegilsjoénauki fullnegir sannarlega draumum stjérnufredinga par sem hann

500
00:33:46,040 --> 00:33:51,080
1josmyndar nestum allt himinhvolfid a priggja ndtta fresti.

501
00:33:56,000 --> 00:34:00,760
5. A3 sja hid oOsynilega

502
00:34:02,3060 --> 00:34:05,080
bPegar pu hlustar a uppdhalds ténlistina pina greina eyrun

503



00:34:05,160 --> 00:34:08,800
mjog breitt tidnibil frda dypstu bassaténum

504
00:34:08,920 --> 00:34:12,120
upp i hestu toénhed.

505
00:34:12,200 --> 00:34:14,960
Imyndadu pér nd ad eyru pin nemu einungis tdéna @ mjog afmérkudu

506
00:34:15,360 --> 00:34:16,920
tidnibili.

507
00:34:16,960 --> 00:34:19,520
PG myndir missa af sterstum hluta af bestu ténlistinni!

508
00:34:19,600 --> 00:34:23,000
bpetta eru hins vegar adstedurnar sem stjornufredingar purfa ad glima vid.

509
00:34:23,080 --> 00:34:26,160
Augu okkar eru einungis nem fyrir mjég prongu

510
00:34:26,240 --> 00:34:29,000
tidnibili 1j6sgeisla sem er synilegt 1j0s.

511
00:34:29,080 --> 00:34:31,560
En vid erum algerlega blind 4 alla adra

512
00:34:31,640 --> 00:34:33,600
rafsegulgeislun.

513
00:34:33,680 --> 00:34:36,640
Samt eru morg fyrirberi i alheiminum sem senda fra sér

514
00:34:36,720 --> 00:34:39,960
geislun a 68rum svidum rafsegulroéfsins.

515
00:34:40,040 --> 00:34:43,760
Til demis uppgétvadist fyrir slysni @ fjo6rda daratugnum

516
00:34:43,840 --> 00:34:47,240
ad atvarpsbylgjur berast utan Gr himingeimnum.

517
00:34:47,320 --> 00:34:49,960
Hluti Utvarpsbylgjanna hefur soému tidni og uppdhalds

518
00:34:50,040 --> 00:34:53,160
Utvarpsst6din pin, en per eru daufari og ad sjalfsogdu



519
00:34:53,240 --> 00:34:55,280
er ekkert par ad heyra.

520
00:34:56,520 --> 00:34:59,960
Til pess ad geta stillt sig inn a Gtvarpsbylgjur utan Gr geimnum parftu einhvers konar

521
00:35:00,040 --> 00:35:02,560
méttakara: utvarpssjoénauka.

522
00:35:02,680 --> 00:35:06,960
Fyrir flestar bylgjulengdir er Gtvarpssjénaukinn disklaga

523
00:35:07,040 --> 00:35:10,080
Svipad og spegillinn i venjulegum spegilsjonauka.

524
00:35:10,200 --> 00:35:14,400
En vegna pess ad Utvarpsbylgjur eru miklu lengri en bylgjur synilegs 1jo6ss

525
00:35:14,440 --> 00:35:17,240
parf yfirbord disksins ekki ad vera jafnslétt

526
00:35:17,360 --> 00:35:19,000
og yfirbord spegils.

527
00:35:19,120 --> 00:35:21,640
betta er dstedan fyrir pvi ad pad er miklu audveldara ad smida

528
00:35:21,680 --> 00:35:26,800
stoéran Utvarpssjonauka en stoéran sjonauka fyrir venjulegt 1j6s.

529
00:35:26,840 --> 00:35:30,960
Einnig er miklu audveldara ad nota vixlmelingar i Gtvarpsstjornufredi.

530
00:35:30,9060 --> 00:35:34,080
Med peim er hegt ad sjd miklu fleiri smdatridi

531
00:35:34,120 --> 00:35:37,960
med pvi ad tengja saman geislun frd tveimur adskildum sjoénaukum, rétt eins og

532
00:35:38,040 --> 00:35:41,560
pbeir veru hlutar af sama risastéra disknum.

533
00:35:41,0600 --> 00:35:44,640
Very Large Array sjoénaukinn 1 Nyju-Mexiké er til demis samsettur ur

534
00:35:44,680 --> 00:35:49,720
27 adskildum skermum sem hver um sig er 25 metra breidur.



535
00:35:49,760 --> 00:35:52,960
Hegt er ad hreyfa hvern skerm um sig og

536
00:35:53,040 --> 00:35:56,400
i ystu st6du geta peir 1likt eftir loftnetsdiski

537
00:35:56,520 --> 00:36:00,800
sem veri 36 kilémetrar i pvermdl.

538
00:36:00,920 --> 00:36:03,560
En hvernig litur Utvarpsgeislunin frda alheiminum at?

539
00:36:03,680 --> 00:36:08,000
Til pess ad byrja med sendir sélin okkar frda sér mjég bjarta Utvarpsgeislun.

540
00:36:08,120 --> 00:36:10,720
Sama ma segja um midju Vetrarbrautarinnar.

541
00:36:10,760 --> 00:36:12,400
En pad er fleira ad sja.

542
00:36:12,520 --> 00:36:16,480
Tifstjornur eru mjog péttar leifar stjarna sem senda frd sér Utvarpsbylgjur

543
00:36:16,520 --> 00:36:18,640
i 6rmjéum geisla.

544
00:36:18,680 --> 00:36:21,800
Pessu til vidbotar sndast per allt upp i nokkur hundrud

545
00:36:21,840 --> 00:36:23,720
snininga 4 sekdndu.

546
00:36:23,760 --> 00:36:27,800
Pannig lita tifstjérnur Gt eins og geislar fra Gtvarpsvitum.

547
00:36:27,920 --> 00:36:31,320
Vid sjdum stafa frd peim mjog reglulegum og hrédum

548
00:36:31,360 --> 00:36:34,320
runum af mjog stuttum Gtvarpsbylgjutifum.

549
00:36:34,440 --> 00:36:36,640
Af peim draga per nafn sitt.

550
00:36:36,680 --> 00:36:39,320



Utvarpsuppsprettan Kassidépeia A er i raun

551
00:36:39,440 --> 00:36:43,640
leifar sprengistjoérnu sem sdst springa & 17. 6ld.

552
00:36:43,680 --> 00:36:48,240
Kentarus A, Cygnus A og Virgo A eru allar risavetrarbrautir sem

553
00:36:48,280 --> 00:36:50,640
senda frda sér gridarlega skammta af Gtvarpsbylgjum.

554
00:36:50,680 --> 00:36:55,960
Hver pessara vetrarbrauta er kndin dafram af risasvartholi i kjarnanum.

555
00:36:56,040 --> 00:37:00,000
Sumar af pessum Utvarpsvetrarbrautum og dulstirnum eru svo 6flug ad

556
00:37:00,120 --> 00:37:05,320
hegt er ad greina merki fra peim 1 10 milljarda 1josdara fjarlegd.

557
00:37:05,360 --> 00:37:08,880
Pessu til vidbdtar er dauft stuttbylgjusud

558
00:37:08,960 --> 00:37:11,320
sem fyllir allan alheiminn.

559
00:37:11,360 --> 00:37:14,160
Pad gengur undir heitinu 6rbylgjuklidurinn

560
00:37:14,200 --> 00:37:16,400
og er bergmdl frd miklahvelli.

561
00:37:16,440 --> 00:37:20,560
Eftirskinid af heitu upphafi alheimsins.

562
00:37:22,120 --> 00:37:26,400
Sérhver hluti rafsegulrofsins hefur sina sdgu ad segja.

563
00:37:26,440 --> 00:37:29,960
Bylgjur med 6ldulengd upp a millimetra eda styttri eru notadar til pess ad skoda

564
00:37:29,960 --> 00:37:33,080
myndun vetrarbrauta skémmu eftir upphaf alheimsins og uppruna

565
00:37:33,200 --> 00:37:37,240
stjarna og reikistjarna i Vetrarbrautinni okkar.

566



00:37:37,280 --> 00:37:41,400
Mest af pessari geislun st6dvast hins vegar vegna vatnsgufu i andrimsloftinu.

567
00:37:41,520 --> 00:37:44,400
Til pess ad kanna geislunina parf ad fara hatt upp i purrt loftslag.

568
00:37:44,440 --> 00:37:47,320
Til demis til Llano de Chajnantor.

569
00:37:47,440 --> 00:37:50,960
I fimm kilémetra hed yfir sjavarmdli er pessi yfirndttarulega hdslétta

570
00:37:50,960 --> 00:37:53,960
i nordurhluta Chile byggingarsvedi fyrir ALMA:

571
00:37:54,040 --> 00:37:56,880
Atacama Large Millimeter Array.

572
00:37:56,920 --> 00:38:01,880
begar byggingu ALMA lykur darid 2014 verdur hin stersta

573
00:38:01,920 --> 00:38:04,320
stjornust6d sem byggd hefur verid.

574
00:38:04,840 --> 00:38:09,960
64 skermar, par sem hver um sig vegur 100 tonn, munu virka sem einn.

575
00:38:09,960 --> 00:38:13,880
Risaflutningabilar munu dreifa peim um svedi 4 sterd vid London til pess ad

576
00:38:13,960 --> 00:38:16,800
auka vid smdatridi i myndinni eda fera pd saman til pess ad

577
00:38:16,880 --> 00:38:19,000
né vidara sjonsvidi.

578
00:38:19,120 --> 00:38:23,240
Sérhver fersla verdur framkvemd med nakvemni upp G millimetra.

579
00:38:24,680 --> 00:38:28,160
Mérg fyrirberi i alheiminum lysa einnig d innrauda svidinu.

580
00:38:28,280 --> 00:38:31,960
William Herschel uppg6tvadi innrauda geislun sem einnig er nefnd

581
00:38:32,040 --> 00:38:36,720
hitageislun pvi ad hin streymir frda tiltélulega heitum fyrirberum,



582
00:38:36,7060 --> 00:38:39,080
medal annars mannslikamanum.

583
00:38:41,840 --> 00:38:45,240
Pad geti verid ad pu kannist betur vid innrauda geislun en metti halda

584
00:38:45,360 --> 00:38:48,240
pbvi ad @ jordu nidri er svona geislun notud i

585
00:38:48,360 --> 00:38:51,160
neturgleraugum og myndavélum.

586

00:38:51,280 --> 00:38:55,160

En til pess ad greina daufu innraudu geislunina fra fjarlegum fyrirberum purfa
stjornufredingar

587
00:38:55,280 --> 00:38:58,960
mjog nem meliteki sem eru keld nidur i nokkrar gradur

588
00:38:59,040 --> 00:39:04,000
yfir alkuli til pess ad bela nidur hitageislun fra tekjunum sjdalfum.

589
00:39:06,920 --> 00:39:11,720
NG eru flestir stérir sjonaukar einnig bunir innraudum myndavélum.

590
00:39:11,760 --> 00:39:15,320
per gera okkur kleift ad sja i gegnum ryksky og birta okkur

591
00:39:15,440 --> 00:39:20,240
nymyndadar stjornur inni i skyjunum sem ekki er hegt ad sja i venjulegu 1josi.

592
00:39:20,280 --> 00:39:25,080 )
Tokum sem demi pessa venjulegu mynd af stjornumyndunarpoku i Orion.

593
00:39:25,200 --> 00:39:27,400
Gléggt md sjd hve 61lik hin er pegar horft er 4 hana 1 gegnum

594
00:39:27,520 --> 00:39:30,080
innrauda myndavél.

595
00:39:30,200 --> 00:39:33,320
Pad er einnig mjog gagnlegt ad geta séd innrauda geislun vid rannsoéknir a

596
00:39:33,360 --> 00:39:35,960
fjarlegustu vetrarbrautunum.

597
00:39:35,960 --> 00:39:41,000



Nymyndudu stjérnurnar i ungri vetrarbraut senda frda sér skert Utfjolublatt 1jés.

598
00:39:41,120 --> 00:39:45,000
Utfjolublda 1j6sid parf sidan ad ferdast 1 milljarda dra um

599
00:39:45,120 --> 00:39:46,640
alheim sem stodugt penst Gt.

600
00:39:46,760 --> 00:39:50,560
Utpenslan teygir d 1j6sbylgjunum svo ad pegar vid nemum per

601
00:39:50,600 --> 00:39:55,240
hafa per ferst alla leid yfir & ner-innrauda svidid.

602
00:39:56,600 --> 00:40:00,240
Petta nytiskulega teki er MAGIC sjénaukinn d La Palma.

603
00:40:00,3060 --> 00:40:02,960
Hann skimar yfir himininn i leit ad gammageislum,

604
00:40:02,960 --> 00:40:06,800
orkumesta formi geislunar 1 ndtturunni.

605
00:40:08,360 --> 00:40:10,960
Sem betur fer sleppa banvenir gammageislar ekki i gegnum

606
00:40:10,9060 --> 00:40:12,320
lofthjup jardéar.

607
00:40:12,360 --> 00:40:16,000
Peir skilja d hinn boginn eftir sig s168 sem stjornufredingar geta rakid.

608
00:40:16,120 --> 00:40:19,000
Eftir ad peir rekast a lofthjlpinn mynda peir f168

609
00:40:19,120 --> 00:40:20,640
orkumikilla agna.

610
00:40:20,760 --> 00:40:25,320
bper framkalla sidan daufan bjarma sem MAGIC getur séd.

611
00:40:26,920 --> 00:40:30,640
Hér er Pierre Auger stjornust6din i Argentinu.

612
00:40:30,680 --> 00:40:33,080
Hin virdist ekki einu sinni 1ita Ut fyrir ad vera sjonauki.

613



00:40:33,120 --> 00:40:38,960
Pierre Auger er sett saman Ur 1600 melum sem dreift er yfir 3000

6014
00:40:38,900 --> 00:40:40,240
ferkilémetra svedi.

615
00:40:40,360 --> 00:40:44,560
bpeir safna agnaflédinu frd geimgeislum sem berast frd fjarlegum sprengistjoérnum

616
00:40:44,600 --> 00:40:46,480
og svartholum.

617
00:40:47,680 --> 00:40:52,400
0g hvad med fiseindasjoénauka sem eru i ndmum djupt 1 jordu eda undir

618
00:40:52,520 --> 00:40:55,720
yfirbordi sjdvar eda 1 isnum da Sudurskautinu?

619
00:40:55,840 --> 00:40:57,880
Geta peir einnig kallast sjénaukar?

620
00:40:57,960 --> 00:40:59,400
Af hverju ekki?

621
00:40:59,520 --> 00:41:03,800
bPeir kanna himingeiminn jafnvel pétt peir safni ekki upplysingum fra

622
00:41:03,840 --> 00:41:06,080
rafsegulréfinu.

623
00:41:06,120 --> 00:41:09,880
Fiseindir eru orfinar agnir sem myndast i sélinni

624
00:41:09,960 --> 00:41:12,240
og sprengistjoérnum.

625
00:41:12,360 --> 00:41:15,800
per myndudust meira ad segja i sjdlfum miklahvelli.

626
00:41:15,920 --> 00:41:20,640
Olikt 6drum o6reindum geta fiseindir komist i gegnhum

627
00:41:20,0680 --> 00:41:25,640
efni, ferdast d nestum pvi 1joshrada og per hafa enga rafhledslu.

628
00:41:25,760 --> 00:41:30,240
pott erfitt geti reynst ad rannsaka pessar eindir er nég til af peim.



629
00:41:30,280 --> 00:41:34,160
A hverri sekiundu fara 50 trilljon fiseindir frd sélinni

630
00:41:34,200 --> 00:41:36,560
i gegnum likama pinn.

631
00:41:36,680 --> 00:41:40,800
Loks hafa stjornufredingar og edlisfredingar sameinast um ad smida

632

00:41:40,920 --> 00:41:42,640
pbyngdarbylgjunema.

633

00:41:42,680 --> 00:41:46,640
Pessir sjonaukar skoda hvorki geislun né fanga eindir.

634
00:41:46,680 --> 00:41:51,240
Pess 1 stad mela peir 6rlitlar garur i timardminu -

635
00:41:51,280 --> 00:41:56,960
hugtak sem spdd var fyrir um 1 afstediskenningu Albert Einstein.

636
00:41:57,040 --> 00:42:01,160
Med o6trilega fjolbreyttum tekjakosti hafa stjornufredingar opnad heim

637
00:42:01,200 --> 00:42:06,960
dlls rafsegulréfsins og komist jafnvel enn lengra.

638
00:42:07,040 --> 00:42:11,240
Sumar athuganir er p6 einfaldlega ekki hegt ad framkvema G jordu nidri.

639
00:42:11,280 --> 00:42:12,800
Hvert er svarid vid pvi?

640
00:42:12,920 --> 00:42:15,240
Geimsjénaukar.

641
00:42:22,000 --> 00:42:26,560
6. Handan jardarinnar

642
00:42:28,560 --> 00:42:30,400
Hubble geimsjénaukinn.

643
00:42:30,480 --> 00:42:33,360
Langpekktasti sjonauki sdgunnar.

644
00:42:33,440 --> 00:42:34,800
Og skal engan undra.



0645
00:42:34,880 --> 00:42:38,560
Hubble sjonaukinn hefur gerbreytt mérgum svidum stjarnvisinda.

646
00:42:38,040 --> 00:42:42,040
Raunar er spegill Hubble sjonaukans heldur 1itill a nitimamelikvarda.

647
00:42:42,120 --> 00:42:45,040
Hann er adeins um 2,4 metrar i pvermdl.

648
00:42:45,120 --> 00:42:48,640
En stadsetning hans er einfaldlega einstok.

649
00:42:48,720 --> 00:42:52,360
Handan vid pokukenndan lofthjupinn hefur hann 6venju

650
00:42:52,440 --> 00:42:54,600
skarpa syn @ heiminn.

651
00:42:54,680 --> 00:42:59,360
En auk pess getur Hubble sjonaukinn séd atfjolubldtt og innrautt 1j6s.

652
00:42:59,440 --> 00:43:02,480
Sjonaukar nidri a jordu geta ekki séd pessa geislun par sem

653
00:43:02,560 --> 00:43:05,880
andramsloftid skyggir a hana.

654
00:43:05,960 --> 00:43:09,880
Myndavélar og litrofsmelar, sumir 4 sterd vid simaklefa

655
00:43:09,960 --> 00:43:14,600
rannsaka i paula og skrdsetja 1jés fra fjarlegum lendum alheimsins.

656
00:43:14,680 --> 00:43:19,320
Likt og sjoénaukar a jordu nidri er Hubble sjoénaukinn uppferdur af og til.

657
00:43:19,400 --> 00:43:22,760
Geimfarar pjénusta hann i geimgdngum.

658
00:43:22,840 --> 00:43:24,440
Laskadir hlutar eru endurnyjadir.

659
00:43:24,520 --> 00:43:27,000
Og eldri teki eru leyst af holmi med nyrri og

660
00:43:27,080 --> 00:43:29,800



natimalegri tekni.

661
00:43:29,880 --> 00:43:33,280
Hubble sjo6naukinn er ordinn ad aflstdd stjornuathugana.

662
00:43:33,360 --> 00:43:37,240
0g hann hefur gjorbreytt skilningi okkar & alheiminum.

663
00:43:39,840 --> 00:43:44,800
Med haukfrdnni sjoén, hefur Hubble sjonaukinn fylgst med drstidaskiptum & Mars

664
00:43:45,920 --> 00:43:48,800
drekstri halastjornu vid Jupiter

665
00:43:50,520 --> 00:43:53,880
hringum Satdrnusar @ rénd

666
00:43:56,920 --> 00:44:00,400
og jafnvel yfirbordi hins agnarsmda P10té.

067
00:44:00,480 --> 00:44:06,320
Hann hefur afhjipad eviferil stjarna, fra fedingu peirra og bernsku

668
00:44:06,600 --> 00:44:12,560
i fostri rykmettadra gasskyja, allt til endaloka peirra:

669
00:44:12,640 --> 00:44:17,800
sem fingerdra poka sem penjast hegt Gt i geiminn frda deyjandi stjérnum

670
00:44:17,920 --> 00:44:24,960
eda sem oOgurlegra sprengistjarna sem skina jafnvel skerar en vetrarbrautir.

671
00:44:25,040 --> 00:44:28,960
Djupt i Sverdpoku Orions, sa Hubble sjénaukinn meira ad segja fedingarstad nyrra

672
00:44:29,040 --> 00:44:34,080
so6lkerfa: rykskifur umhverfis nykviknadar s6lstjérnur sem getu bratt

673
00:44:34,120 --> 00:44:36,080
safnast saman 1 reikistjornur.

674
00:44:36,200 --> 00:44:40,320
Geimsjonaukinn hefur rannsakad pusundir sélstjarna i gridarstérum kdlupyrpingum

675
00:44:40,440 --> 00:44:45,960
elstu stjornueiningum alheimsins.

676



00:44:46,040 --> 00:44:48,320
0g ad sjalfs6gdu vetrarbrautir.

677
00:44:48,440 --> 00:44:51,960
Aldrei adur hafa stjornufredingar séd svo mérg smdatridi.

678
00:44:51,960 --> 00:44:58,800
Mikilfenglegir pyrilarmar, ryksky, ofsafengnir drekstrar.

679
00:45:01,040 --> 00:45:05,480
Med 16ngum lysingartima & audum svedum himinhvelfingarinnar, komu i 1j6s

680
00:45:05,520 --> 00:45:10,080
busundir daufra vetrarbrauta milljarda 1jdésdra i burtu.

681
00:45:10,120 --> 00:45:13,960
Ljoseindir sem 16gdu af stad pegar heimurinn var enn mjég ungur.

682
00:45:14,040 --> 00:45:18,400
Gluggi inn i fjarlega fortid sem varpar nyju 1josi a

683
00:45:18,440 --> 00:45:21,560
alheim 1 sifelldri proéun.

684
00:45:22,200 --> 00:45:24,880
Hubble sjénaukinn er ekki eini sjénaukinn i geimnum.

685
00:45:24,920 --> 00:45:29,800
betta er Spitzer geimsjonauki NASA, skotid 4 loft i dagust 2003.

686
00:45:29,920 --> 00:45:33,720
A vissan hatt er hann jafngildur Hubble sjénaukanum d innrauda svidinu.

687
00:45:33,760 --> 00:45:37,960
Spegill Spitzer sjonaukans er adeins 85 sentimetrar i pvermdl.

688
00:45:37,960 --> 00:45:41,080
En sjonaukinn er i vari bak vid hitaskjold sem hlifir honum

689
00:45:41,200 --> 00:45:42,480
fyrir s6linni.

690
00:45:42,520 --> 00:45:47,160
Skynjarar hans eru faldir i loftpéttri flésku fylltri af heliumvokva.

691
00:45:47,200 --> 00:45:50,080
Par eru skynjararnir keldir nidur i 6rfdar gradur



692
00:45:50,200 --> 00:45:51,800
yfir alkuli.

693
00:45:51,920 --> 00:45:55,560
Pad gerir pa ofurnema.

694
00:45:55,680 --> 00:45:58,720
Spitzer hefur svipt hulunni af rykugum heimi.

695
00:45:58,760 --> 00:46:02,560
Dokk, ogagnse ryksky gléa i innraudu 1jo6si, pegar pau hitna

696
00:46:02,080 --> 00:46:04,560
innan fra.

697
00:46:04,0600 --> 00:46:08,720
Héggbylgjur fra arekstrum vetrarbrauta pyrla upp ryki i hringlaga svedi

698
00:46:08,760 --> 00:46:13,480
og flodkraftar mynda ny svedi umfangsmikillar stjornumyndunar.

699
00:46:15,520 --> 00:46:19,080
Ryk verdur einnig til eftir endalok soélstjarna.

700
00:46:19,200 --> 00:46:23,080
Spitzer sjonaukinn syndi ad stjérnupokur og leifar sprengistjarna eru hladnar

701
00:46:23,200 --> 00:46:28,320
rykégnum sem eru naudsynlegar byggingareiningar seinni tima reikistjarna.

702
00:46:28,440 --> 00:46:32,080
A 68rum bylgjulengdum innrauds 1joss, getur Spitzer séd i gegnum ryksky

703
00:46:32,200 --> 00:46:37,720
og afhjupad stjornurnar inni i peim, faldar i myrkum kjornum skyjanna.

704
00:46:37,840 --> 00:46:40,960
Loks hafa litréfsmelar geimsjonaukans rannsakad

705
00:46:40,960 --> 00:46:44,880
andrimsloft reikistjarna utan okkar sélkerfis - gasrisa eins og Jupiters

706
00:46:44,920 --> 00:46:48,880
sem geysast umhverfis moédurstjoérnur sinar a adeins o6rfdum doégum.

707
00:46:50,680 --> 00:46:52,880
En hvad med rontgengeisla og gammageisla?



708
00:46:52,920 --> 00:46:55,560
Lofthjupur jardar stoédvar pa ndnast alfarid.

709
00:46:55,680 --> 00:46:59,160
Svo ad dan sjoénauka i geimnum, veru stjérnufredingar alveg blindir

710
00:46:59,200 --> 00:47:02,080
gagnvart pessum tegundum geislunar.

711
00:47:03,680 --> 00:47:07,080
Geimsjonaukar sem skoda réntgengeisla og gammageisla, afhjupa hinn heita

712
00:47:07,120 --> 00:47:11,800
orkurika og hamslausa heim vetrarbrautapyrpinga, svarthola

713
00:47:11,840 --> 00:47:16,080
sprengistjarna og vetrarbrautadrekstra.

714
00:47:18,760 --> 00:47:20,840
Pad er pé afar erfitt ad smida pd.

715
00:47:20,920 --> 00:47:24,440
Orkurik geislun smigur beint i gegnum venjulega spegla.

716
00:47:24,520 --> 00:47:29,680
Rontgengeislum er adeins hegt ad safna med upprédudum spegilskeljum dar skiragulli.

717
00:47:29,760 --> 00:47:33,120
Gammageislar eru svo rannsakadir med nytisku opmyndavélum

718
00:47:33,200 --> 00:47:36,560
eda stoflum af sindurnemum sem gefa frd sér orstutta 1josblossa

719
00:47:36,640 --> 00:47:39,680
pegar gammageisli fellur 4 pd.

720
00:47:40,960 --> 00:47:45,120
A tiunda aratugnum starfrekti NASA Compton gammageislagervitunglid.

721
00:47:45,200 --> 00:47:48,280
A peim tima, var pad stersta og umfangsmesta visindagervitungl

722
00:47:48,360 --> 00:47:49,880
sem hafdi nokkurn tima verid skotid upp.

723
00:47:49,960 --> 00:47:53,120



Fullbdin rannséknarstofa i edlisfredi ati 1 geimnum.

724
00:47:53,200 --> 00:47:56,480
Arid 2008 var Compton skipt Ut fyrir GLAST:

725
00:47:56,560 --> 00:48:00,520
Stéra gammageisla-geimsjonaukann.

726
00:48:00,0600 --> 00:48:04,120
Hann mun rannsaka allt & hdorkusvidi heimsins frd hulduefni

727
00:48:04,200 --> 00:48:06,520
til tifstjarna.

728
00:48:08,440 --> 00:48:12,360
A medan hafa stjarnfredingar tvo rontgensjonauka i geimnum.

729
00:48:12,440 --> 00:48:17,400
Chandra roéntgensjénaukinn fra NASA og XMM-Newton sjonaukinn fra ESA

730
00:48:17,480 --> 00:48:21,480
rannsaka baddir heitustu svedi alheimsins.

731
00:48:23,960 --> 00:48:27,680
Svona litur himininn Ut @ réntgensvidinu.

732
00:48:27,760 --> 00:48:32,160
Utp6éndu fyrirberin eru gassky, hitud upp 1 milljoénir grdda af

733
00:48:32,240 --> 00:48:35,680
prystibylgjum i leifum sprengistjarna.

734
00:48:35,760 --> 00:48:39,960
Bjortu uppspretturnar eru rontgengeisla-tvistirni: nifteindastjornur eda

735
00:48:39,9060 --> 00:48:43,640
svarthol sem soga til sin efni fra fylgistjornu sinni.

736
00:48:43,720 --> 00:48:47,280
bPetta heita, innfallandi gas gefur frd sér rontgengeislun.

737
00:48:47,360 --> 00:48:51,560
Eins afhjlpa rontgensjoénaukar gridarlega umfangsmikil svarthol 1

738
00:48:51,640 --> 00:48:53,760
kjornum fjarlegra vetrarbrauta.

739



00:48:53,840 --> 00:48:57,800
Efni sem hringsnyst inn a vid verdur nogu heitt til ad lysa i rontgensvidinu

740
00:48:57,880 --> 00:49:02,160
rétt adur en pad fellur inn i svartholid og Ur augsyn.

741
00:49:02,240 --> 00:49:06,840
Heitt en punnt gas fyllir einnig geiminn & milli vetrarbrauta

742
00:49:06,920 --> 00:49:08,320
i vetrarbrautapyrpingum.

743
00:49:08,400 --> 00:49:12,240
Stundum verdur petta innra gas fyrir prystibylgjum og enn frekari upphitun

744
00:49:12,320 --> 00:49:16,480
vegna drekstra og sameiningar vetrarbrautapyrpinga.

745
00:49:16,560 --> 00:49:20,760
Gammablossar eru jafnvel enn dhugaverdari sem orkumestu atburdir

746
00:49:20,840 --> 00:49:22,600
i alheiminum.

747
00:49:22,680 --> 00:49:26,920
Petta eru hamfarasprengingar sem marka endalok gridarpungra stjarna

748
00:49:26,900 --> 00:49:28,760
sem snuast mjog hratt.

749
00:49:28,840 --> 00:49:32,760
A minna en einni sekindu, losnar meiri orka Ur ledingi en so6lin okkar losar

750
00:49:32,840 --> 00:49:35,760
a 10 millj6érdum dra.

751
00:49:38,200 --> 00:49:42,160
Hubble, Spitzer, Chandra, XMM-Newton og GLAST

752
00:49:42,240 --> 00:49:44,600
eru allt fjolhefir risar.

753
00:49:44,680 --> 00:49:47,640
En sumir geimsjonaukar eru mun smerri og hafa miklu

754
00:49:47,720 --> 00:49:49,240
einbeittari markmid.



755
00:49:49,320 --> 00:49:51,280
Litid til demis a COROT.

756
00:49:51,360 --> 00:49:54,830
Petta franska gervitungl er etlad til rannsdkna d stjornuskjdalftafredi og

757
00:49:54,960 --> 00:49:56,880
reikistjornum utan okkar sélkerfis.

758
00:49:56,960 --> 00:50:01,240
Eda Swift gervitunglid frd NASA, sameiginleg roéntgen- og gammageislarannsbknarstod

759
00:50:01,320 --> 00:50:05,720
hénnud til ad afhjdpa leyndardéma gammablossa.

760
00:50:05,800 --> 00:50:10,160
Einnig er vert ad geta WMAP, Wilkinson 6rbylgjukannans.

761
00:50:10,240 --> 00:50:13,840
Eftir ad hafa adeins verid tvé dr i geimnum hafdi hann kortlagt

762
00:50:13,920 --> 00:50:17,280
bakgrunnsgeislunina med ndkvemni sem ekki hafdi adur sést.

763
00:50:17,360 --> 00:50:21,200
WMAP gaf heimsfredingum bestu syn til eins af elstu stigum

764
00:50:21,280 --> 00:50:26,680
alheimsins, fyrir meira en 13 milljordum dra.

765
00:50:26,760 --> 00:50:29,640
Ad opna himingeiminn hefur reynst ein

766
00:50:29,720 --> 00:50:32,240
storkostlegasta préunin i sdégu sjoénaukans.

767
00:50:32,320 --> 00:50:34,760
Hvad kemur nest?

768
00:50:37,800 --> 00:50:40,680
7. Hvad kemur nest?

769
00:50:42,680 --> 00:50:45,480
I Arizona hefur fyrsti spegillinn verid smidadur fyrir

770
00:50:45,560 --> 00:50:47,400
Stéra Magellan sjénaukann.



771
00:50:47,480 --> 00:50:50,680
betta gridarstora teki verdur reist i Las Campanas

772
00:50:50,760 --> 00:50:52,360
stjornustodinni i Chile.

773
00:50:52,440 --> 00:50:56,040
Hinum sjo speglum sjonaukans sem hver um sig er vel yfir 4tta metra 1 pvermdl

774
00:50:56,120 --> 00:50:59,200
verdur radad upp eins og krénubl6dum a bléomi.

775
00:50:59,280 --> 00:51:02,200
0g saman munu peir safna meira en fjérfalt meira

776
00:51:02,280 --> 00:51:05,799
1jésmagni en nokkur nlverandi sjoéonauki hefur moéguleika a.

7
00:51:05,880 --> 00:51:10,240
Prjatiu metra Kaliforniusjénaukinn sem radgert er ad smida 2015

778
00:51:10,320 --> 00:51:13,080
er likari tréllvaxinni utgafu af Keck sjonaukanum.

779
00:51:13,160 --> 00:51:16,360
Hundrud stakra parta mynda gridarstoéran spegil

780
00:51:16,440 --> 00:51:20,520
jafnhdan og sex haeda ibudahis.

781
00:51:20,600 --> 00:51:25,320
I Evropu eru teikningar tilbinar fyrir hinn evroépska Extremely Large Telescope.

782
00:51:25,799 --> 00:51:29,160
42 metra breidur verdur spegill hans jafnstoér og

783
00:51:29,240 --> 00:51:32,640
O0lympiusundlaug - tvisvar sinnum sterri en yfirbord

784
00:51:32,720 --> 00:51:34,840
Prjatiu metra sjénaukans.

785
00:51:34,920 --> 00:51:39,400
bpessi ferliki framtidarinnar, gerd til rannsbkna a innrauda svidinu, verda

786
00:51:39,480 --> 00:51:44,160



611 atbdin nemum tekjum og med adldgunarsjontekni.

787
00:51:44,240 --> 00:51:46,840
Pau munu afhjipa allra fyrstu kynsl6d vetrarbrauta

788
00:51:46,920 --> 00:51:50,120
og stjarna i sdgu alheimsins.

789
00:51:50,200 --> 00:51:53,120
Enn fremur munu pau ef til vill ldata okkur 1 té fyrstu raunverulegu myndina

790
00:51:53,200 --> 00:51:56,160
af reikistjornu i 68ru solkerfi.

791
@0:51:56,240 --> 00:52:00,000
I Gtvarpsstjornufredi eru 42 metrar smdmunir.

792
00:52:00,080 --> 00:52:02,720
bar eru mérg smerri teki tengd saman til ad likja eftir

793
00:52:02,799 --> 00:52:05,080
mun sterri vidtaka.

794
00:52:05,160 --> 00:52:08,799
I Hollandi er Low Frequency Array, eda LOFAR

795
00:52:08,880 --> 00:52:10,520
i smidum.

796
00:52:10,600 --> 00:52:15,840
Ljésleidarar munu tengja 30.000 loftnet vid midlega ofurtélvu.

797
00:52:15,920 --> 00:52:19,440
Pessi frumlega honnun verdur dn nokkurra hreyfanlegra hluta, en mun geta horft

798
00:52:19,520 --> 00:52:22,840
i atta mismunandi stefnur samtimis.

799
00:52:22,920 --> 00:52:26,120
LOFAR taknin mun ad 61lum likindum verda notud vid Square

800
00:52:26,200 --> 00:52:28,600
Kilometre Array sem er efst 4 6skalista

801
00:52:28,680 --> 00:52:30,560
Utvarpsstjornufredinga.

802



00:52:30,640 --> 00:52:34,640 )
Hin alpjodlega sjonaukasteda verdur reist i Astraliu eda Sudur-Afriku.

803
00:52:34,720 --> 00:52:38,560
Storir loftnetsdiskar og smdgerd mottokuteki verda tengd saman til ad kalla fram

804
00:52:38,640 --> 00:52:42,920
mynd af Gtvarpshimninum med otrdlegri ndkvemni.

805
00:52:43,000 --> 00:52:46,720
0g med safnsvedi sterra en einn ferkilémetri, verdur

806
00:52:46,799 --> 00:52:50,440
nyja sjonaukastedan langnemasta Utvarpsteki

807
00:52:50,520 --> 00:52:52,920
sem hefur nokkurn timann verid smidad.

808
00:52:53,000 --> 00:52:58,040
Vetrarbrautir i préun, kroftug dulstirni, tifandi tifstjoérnur

809
00:52:58,160 --> 00:53:01,799
engin uppspretta Gtvarpsbylgja verdur 6hult fyrir arvékulum augum

810
00:53:01,880 --> 00:53:04,760
Square Kilometre Array.

811
00:53:04,799 --> 00:53:08,280
Tekid mun jafnvel leita ad mogulegum Gtvarpsmerkjum frd

812
00:53:08,360 --> 00:53:11,840
sidmenningu utan jardar.

813
00:53:11,920 --> 00:53:15,160
En hvad med geiminn?

814
00:53:15,240 --> 00:53:19,040
Eftir fimmtu og sidustu geimférina til ad pjoénusta Hubble sjoénaukann

815
00:53:19,120 --> 00:53:24,480
mun hann verda i notkun fram til 2013 eda par um bil.

816
00:53:24,560 --> 00:53:28,720
Um pad leyti, verdur arftaki hans settur a loft.

817
00:53:30,760 --> 00:53:34,720
Sja, James Webb geimsjonaukinn, innraud geimrannséknarstod



818
00:53:34,799 -->

00:53:40,480

sem nefnd er eftir fyrrum forstjéra NASA.

819
00:53:40,560 -->

00:53:44,840

Pegar hann verdur kominn Gt i geim, mun 6,5 metra samsettur spegillinn opnast

820
00:53:44,920 -->
1ikt og bléom sem

821
00:53:48,560 -->

00:53:48,480
springur Ut - sjo sinnum nemari

00:53:51,360

en Hubble sjénaukinn.

822
00:53:51,440 -->

00:53:54,520

Stor s6lhlif heldur sjonglerjunum og ldghita

823
00:53:54,600 -->

00:53:57,960

tekjunum 1 varanlegum skugga sem gerir peim kleift ad vinna vid

824
00:53:58,040 -->

00:54:03,000

svo ldgt hitastig sem minus 233 grddur a Celsius.

825
00:54:04,200 -->

00:54:07,880

James Webb geimsjénaukinn mun ekki sniast um joérdina.

826
00:54:07,960 -->
I stadinn verdur

827
00:54:11,720 -->

00:54:11,640
hann hafdur i 1,5 milljon kilémetra fjarlegd fra

00:54:15,880

jordinni okkar, & braut umhverfis soélina.

828
00:54:15,9060 -->
Fyrir halfri 6ld

829
00:54:19,160 -->
stersti sjonauki

830
00:54:21,000 -->
Ndna mun jafnvel

831
00:54:25,160 -->
Vid getum adeins

832
00:54:29,520 -->
Verid vidbuin!

833
00:54:32,160 -->

00:54:19,080
var Hale sjonaukinn @ Palomarfjalli

00:54:20,960
sdégunnar.

00:54:25,120
enn sterri sjonauki sveima um fjarlegan himingeiminn.

00:54:29,440
gert okkur i hugarlund hvada spennandi uppgotvanir bida hans.

00:54:31,680

00:54:34,880

A medan dettur hugmyndarikum verkfredingum i hug



834
00:54:34,960 --> 00:54:37,720
byltingakenndar Gtferslur a nyjum sjénaukum.

835
@0:54:37,799 --> 00:54:42,040
I Kanada hafa visindamenn smidad sjonauka med svo kolludum ,fljotandi spegli“.

836
@0:54:42,120 --> 00:54:45,200
I pessari sjonaukagerd endurvarpast 1jo6s stjarnanna ekki fra

837
00:54:45,280 --> 00:54:49,360
gegnheilum spegli heldur frd sveigdu yfirbordi kvikasilfurdisks

838
00:54:49,440 --> 00:54:52,600
sem er latinn snlast.

839
00:54:52,680 --> 00:54:56,360
Vegna hoénnunar sinnar, er einungis hegt ad beina kvikasilfurssjonaukum beint upp

840
00:54:56,440 --> 00:54:59,120
en kosturinn vid pd er ad peir eru tiltoélulega o6dyrir

841
00:54:59,200 --> 00:55:01,360
og audveldir i smidi.

842
@0:55:01,440 --> 00:55:04,440
Utvarpsstjornufredingar vilja reisa sjonaukastedu i anda LOFAR Gr litlum

843
00:55:04,520 --> 00:55:07,360
loftnetum, & yfirbordi tunglsins, eins langt frd hugsanlegum

844
00:55:07,440 --> 00:55:10,880
uppsprettum truflana é jordinni.

845
00:55:10,960 --> 00:55:13,520
Hver veit, dag einn geti jafnvel stoér spegilsjonauki verid stadsettur

846
00:55:13,600 --> 00:55:16,360
a fjerhlid tunglsins.

847
00:55:16,440 --> 00:55:19,360
Med notkun geimsjonauka og myrkvaskifa, vonast

848
00:55:19,440 --> 00:55:21,960
rontgenstjérnufredingar til pess ad beta sjon peirra margfalt

849
00:55:22,040 --> 00:55:23,040



i framtidinni.

850
00:55:23,120 --> 00:55:25,720
Peim geti jafnvel tekist ad mynda sjdlfan sjondeildarhring

851
00:55:25,799 --> 00:55:27,760
svarthols.

852
00:55:29,560 --> 00:55:32,560
Einhvern timann geti sjoénaukinn svarad einni af sterstu

853
00:55:32,640 --> 00:55:38,840
grundvallarspurningum mannkyns: Erum vid ein 1 heiminum?

854
00:55:42,480 --> 00:55:45,800
Vid vitum ad pad finnast onnur sélkerfi utan okkar.

855
00:55:45,920 --> 00:55:48,280
Okkur grunar ad par megi jafnvel finna reikistjornur likar jordinni

856
00:55:48,400 --> 00:55:50,200
med fljotandi vatni.

857
00:55:50,320 --> 00:55:51,200
En

858
00:55:51,320 --> 00:55:53,440
er einhvers stadar 1if ad finna?

859
00:55:54,320 --> 00:55:58,120
Ad uppgbétva reikistjoérnur af pessu tagi utan okkar sélkerfis hefur reynst erfitt.

860
00:55:58,240 --> 00:56:00,680
Per eru oft huldar synum stjornufredinga vegna hinnar miklu Gtgeislunar

861
00:56:00,720 --> 00:56:03,960
1j6ss fra moédurstjérnum peirra.

862
00:56:04,920 --> 00:56:08,040
Vixlunarmelar sem skotid er upp 1 myrkur geimsins, getu

863
00:56:08,160 --> 00:56:10,760
veitt ny svor.

864
00:56:10,799 --> 00:56:13,520
Um pessar mundir hyggur NASA ad verkefni sem kallad er

865



00:56:13,560 --> 00:56:16,120
Terrestrial Planet Finder.

866
00:56:16,240 --> 00:56:20,680
Og i Evropu eru visindamenn ad hanna Darwin sjénaukasteduna.

867
00:56:20,799 --> 00:56:24,360
Sex geimsjénaukar munu snuast umhverfis s6lu i uppstillingu.

868
00:56:24,480 --> 00:56:28,520
Leysigeislar stjoérna fjarlegdinni a milli peirra upp a nandmetra.

869
00:56:28,560 --> 00:56:32,200
Saman hafa peir 6trilega upplausn, og jafna Ut

870
00:56:32,240 --> 00:56:36,040
ofbirtuna fra fastastjornunum svo visindamenn geta raunverulega séd

871
00:56:36,160 --> 00:56:39, 800
reikistj6érnur svipadar jordinni umhverfis adrar stjoérnur.

872
00:56:40,640 --> 00:56:44,880
Pvi nest munu stjornufredingar rannsaka 1j6sid sem endurkastast af reikistjornunni.

873
00:56:45,000 --> 00:56:49,960
Pad inniheldur litréfslinurit frd andrimslofti reikistjornunnar.

874
00:56:50,000 --> 00:56:53,280
Hver veit, eftir 15 dr getum vid uppgdtvad ummerki

875
00:56:53,320 --> 00:56:55,600
strefnis, metans og O6sons.

876
00:56:55,720 --> 00:56:58,800
Vegvisa lifsins.

877
00:57:01,000 --> 00:57:03,520
Alheimurinn er uppfullur af heillandi radgatum.

878
00:57:03,0640 --> 00:57:05,960
Himininn hettir aldrei ad hrifa okkur.

879
00:57:06,080 --> 00:57:08,960
Engin furda ad hundrud pusunda stjoérnuskodunardhugamanna

880
00:57:09,000 --> 00:57:11,520
umhverfis hnéttinn fari 0t @ hverri heidskirri néttu til ad ddst



881
00:57:11,0640 --> 00:57:13,200
ad alheiminum.

882
00:57:13,240 --> 00:57:15,520
Sjonaukar peirra eru mun betri en tekin

883
00:57:15,640 --> 00:57:16,960
sem Galiled notadi.

884
00:57:17,000 --> 00:57:20,600
Stafrenar myndir peirra eru jafnvel betri en 1jésmyndir teknar

885
00:57:20,640 --> 00:57:23,760
af atvinnuménnum fyrir adeins 6rfdum dratugum.

886
00:57:23,880 --> 00:57:27,200
Leit stjornufredinga ad skilningi & alheiminum, rannsoéknir peirra

887
00:57:27,240 --> 00:57:30,760
4G alheimnum med stjornusjonaukum, er adeins 400 dra gomul.

888
00:57:30,799 --> 00:57:35,040
Pad eru enn stor o6konnud svedi uti i geimnum.

889
00:57:35,560 --> 00:57:38,880
Vid erum komin vel 4 veg sidan Galiledé hof ad kortleggja himininn

890
00:57:39,000 --> 00:57:42,200
med sjonauka sinum fyrir fjérum 6ldum.

891
00:57:42,240 --> 00:57:45,440
Enn pann dag i dag horfum vid Gt i alheiminn med sjonaukum

892
00:57:45,480 --> 00:57:50,800
ekki adeins af jordu nidri heldur einnig frd vidattum geimsins.

893
00:57:50,920 --> 00:57:54,520
Vaxtarsproti mannkyns er foélginn i ad pvi er virdist dendanlegri uppsprettu

894
00:57:54,0640 --> 00:57:57,680
forvitni og hugvitsemi.

895
00:57:57,799 --> 00:58:00,360
Vid erum rétt ad hefjast handa vid ad svara sumum af @dstu

896
00:58:00,400 --> 00:58:02,440
spurningunum sem komid hafa upp.



897
00:58:02,480 --> 00:58:05,120
Vid hofum kortlagt yfir 300 reikistjornur vid adrar sélstjérnur

898
00:58:05,160 --> 00:58:09,200
i vetrarbrautinni okkar og fundid lifrenar sameindir & reikistj6érnum

899
00:58:09,240 --> 00:58:12,760
umhverfis fjarlegar stjérnur.

900
00:58:12,799 --> 00:58:17,440
bPessar 6trilegu uppgdtvanir getu virst hdpunkturinn i kénnun mannsins

901
00:58:17,520 --> 00:58:21,520
en pad stoérbrotnasta a dan nokkurs vafa, enn eftir ad lita dagsins 13jos.

902
00:58:21,040 --> 00:58:24,440
Pu getur slegist 1 hopinn.

903
00:58:24,480 --> 00:58:29,200
Horfdu til himins og njottu.



