Earth is about 10 billion times the size of a pushpin hole.

Earth’s orbit is about 100 trillion times the size of a pushpin hole. . . . .
| What N the Universe! s o Humans were born from the stars What is science?
The Universe is the breadth of time and space that includes all physical entities. Humans, the In our UnIVGI’SG, elements were born and then was born Science is a method for understanding all of the objects and phenomena that comprise the Universe.
landscapes that we see, the plants and animals that live here - all of this is a part of the Universe. The ¢ This diagram is based on the assumption =% O . . . . When we notice something strange, we naturally ask “Why?” This is the first step in science. Scientific
> > P f the “Lemaitre Universe”, which n N o Living organisms evolved into beings that 5 5 Y Y P
stars that shine in the night sky, the Milky Way, which spreads its pale light among the stars, and @ ?orme, iSOetFO?)IiCeUniVI(;/I’esessvi’t\f/]vng:CLIJf’Vaatuurle. .- o [ ] z ( )l 5 = B - fyearnged gto discover where they gcame methodology means investigating the phenomena that interest us through experiments and observation,
Calculations are based on the latest obser- ° 1 i
#-0-@-255- 4

) om and where they are going, and so that we can gain a deeper understanding. Through this process, we find new ways of seeing and new
Planck spacecraft ~ vational results from the Planck spacecraft. Sers v bei e e deimms

galaxies so far away that they can only be seen with a huge telescope - all these things are part of the
Universe as well. The Universe encompasses all the things that we know, and everything beyond.
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Early Chordates Fishes — Amphibians Early Mammals  Early Primates ~ Early Prosimians  Early Simians ~ Apes Ape-men Humanity

The result of this was the birth of science. ways of thinking. This is scientific discovery. Science is one way of knowing the Universe around us.
Our current location

about the Universe that gave them life.
" et by - Inpace ditances re not abvays what they sem 0 be Looking for life on the planets of our Solar System Looking for “Another Earth”

How to use this diagram Looking into the distant Universe means looking into the past

Experlence the Universe The strange thing is that when we look a't the U.niVEVSG'from the Earth, thzggr;EaChes OL|ghtem[tted Lenliecabet A Today's Universe W:tintvhvaettﬁlkh?t;:;ittt:;i;z;a?gisezl:ellj(?tlilot;oed;z;Wli tiiilkhibf(:srtww tt:ee Does life exist somewhere in the Universe, asic.le from on the plaqet Earth? First, Iet.’s Iool.< at the possil?ilities in our Does life exist in the vast expanses of the Universe outside of our Solar System? In 1995, for the
USin fOUI’ ru|es what we see is actually the Universe as it was in the distant past. For \ Today (the top surf_ace of F; i .g e . : h. o fp , 118 i own Solar System. Our Solar System comprises several celestial bodies of various sizes and environments. first time in history, astronomers discovered a planet around a distant star. Since then, astronomers
g example, when we look at the Sun, we are actually seeing what it (We can see - _ _ the inverted cone) ~ furthest point in the observable Universe has traveled for 13.8 billion years, . . . . . . ) )
, ! ' - Our SOlar System InCIUdeS. the Su n, elght planets/ aStel‘OldS and comets have discovered more than 800 planets outside of our Solar System, using a variety of clues; for

a distance that we refer to as “13.8 billion light years”. During that time,
however, the Universe has continued to expand, so the path that light
takes has grown increasingly longer from the time the journey began, and

the starting point is much further away. By the time the light reaches us,

what the star
looked like
10 billion years ago)

Plutoid example, minute variations in the movement of stars resulting from the revolution of planets
around the stars, or slight changes in the brightness of stars when planets pass in front of them.

This diagram illustrates the Universe |ooked like eight minutes ago. When we look at Pleiades (Star
based on the latest research and cluster M45), what we are actually seeing is what this star cluster
observations, with humans at the looked like about 400 years ago. Why does this happen? We see stars
center. The vertical represents the and galaxies because the light they emit travels to where we are, but R

N .
P Space (including trans-Neptunian objects and dwarf planets such as PIuto), and satellites.

The Sun: One of the more than 100 billion light-emitting stars in the Milky Way galaxy
Mercury Venus  Earth  Mars Jupiter Saturn Uranus Neptune Haumea Eris Based on observations by astronomers up to now, we have learned that there are many diverse planetary systems

. i i i _ The Universe that starting point is estimated to be as far as 47 billion light years away. A

passage of time, from the age of humans they arhe S?.fir awayr:hat |trt]akes tlms for "8“ ;O Ever[l’ r}e}achh us- iy thed N \, 4.6 billion years.ago. — — — expands to become P Sy 4 outside of our own. Recently, in addition to large, heavy “Jovian” planets, astronomers have discovered planetsthat ~ The “Transit Method” used to find
N oo . . _
back to the birth of the Universe. The 'Me thatight gets here, the stars that emitted that fight have changed. N N “the Universe Rule 4 The Universe becomes visible through the @ © e | ®0 wo0m a0 866 O ¢ are similar to Earth in both size and mass. Furthermore, a number of the planets discovered could potentially sustain ai'fl::ytspzsustfﬁdferoii2?252” em
horizontal represents the breadth of | There is an “observable” Universe and much Iarger AR The Earth\. AN R as we see it today” ”Eyes of Science” large bodies of liquid water on the surface, given that they maintain an appropriate distance from their host stars, as _
space that is the Universe. From its overall Rule 2 | hat lies behind bili b i N AN N = , ) The observable Universe (the teardrop-shaped image at the center of the : = is in the case of Earth. It may not be long before we finally discover a planet that could be called “Another Earth”. ; - i '
, volume that lies behind our ability to observe It The Earth «_ 8 billion years ago™ Light emitted by . . : = /T ol Aarmeidlhalk / . Novian” ol Trans-Neptunian obiects /
inverted cone shape, we can see that the ) . j . o is created s celestial bodies diagram) is only a drop in the bucket compared to the vast expanse of the E errestrial planets Juplter—type or “Jovian planets e bodﬁes e oseJd ol ) ) . )
Universe has been expanding constantly The “Current Universe” spreads out on all sides of the human being pictured at the N P spreads out actual Universe. Through the “Eyes of Science”, however, we have 0 Planets composed mainly of rock Giant planets composed mainly of hydrogen and helium ound outsde of Nep?une/s on Celestial bodies outside of our Solar System are so far away that even if we found a planet that could be
over since it first came into existence. This center of the diagram, but we are unable to see what this Universe really looks like. SN "~ 10 billion,yérs ago ) and expands learned a great deal using clues from the observable Universe. How 2 . . . . . . - ) ) called another Earth, we would not be able to send a probe to explore it directly. Therefore we must use
o . o o . Remember Rule 1: What we see is the Universe as it was in the past. If we compare this <o N \/\ 12 bilfion - s e ettt Uiifveras aestied] (e botem of die fnveiied The Qevelopments in space exploration technologies ha.ve enabled new saentlﬂ.c research aimed at seeking out ’1999 2005 other methods to determine whether those planets could sustain life; for example, by observing the planet’s
. iagram is a gui .e that will take you on a diagram to the celestial bodies that we can see with the naked eye or through ~ S\ - S Yeflrs ago ;/g.afisb;g?n e Ut cone)? How has it expanded (the outer surface of the cone)? And slope of life on othler planets. We can now send probes directly to other plane‘Fs in our Solar System tQ look for surface environment or atmosphere using space telescopes or extremely large telescopes on Earth to confirm
journey through time and space. Keep these telescopes, we find a teardrop shape like the one shown in the center of the diagram. Light —_ - - ‘ B U8 & d Uni ist bevond th limits of thi ? Thi this traces of life. Among the main targets for these probes are Mars, where liquid was thought to exist on the whether water exists there in liquid form, or by looking for traces of substances such as oxygen, ozone, and
K g soreads out ~ N ‘__dThe birth of we see it today” oes a Universe exist beyond the outer limits of this cone¢ This yellow line ) ., ) ) ) )
four rules in mind as you uncover the secrets  This is the only part of the Universe that we can see, and even these celestial bodies are ir?all oo Light is T —C | ﬂ"l i Uiweree (the surface ofy diagram contains the results of many such scientific discoveries. I— P@net s SurfaC.e, and EUF9P§ (On§ Of Jupiter’s m0.0nS?/ wh‘ere an ocean Is bellevgd to lie hidden under a methane (referred to as “biomarkers”), which living organisms could potentially form. Future research will - Thirty Meter Telescope (TMT) will be built at the top
emltted by elestia the speed of thICk layer Of Ice. There IS Ilttle |[ke||h00d Of flndlng |nte”|gent ||fe or adVanCed ||fe forms there/ bUt one help to Clarify Whether analogs to terrestrial planets and terrestrial ||fe exist elsewhere in the Universe. of Mauna Kea in Hawaii by international cooperation

Marks found on Mars, where water

the teardrop shape) The Universe is waiting for you to unravel its mysteries. ) i ) ) > Rt
light on the day, we may discover microorganisms on these celestial bodies similar to those found on Earth. is thought to have flowed

of the Universe with your own eyes. images from a different era, thousands, millions, or even billions of years ago. colestial bodies  bodies are created
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Center of the diagram

This diagram, shaped like an inverted cone, is a graphical representation of the expansion of the Universe. At the center
is the Earth, where we stand as we observe the Universe. We are thus at the center of the diagram. But where is the
center of the Universe? In fact, astronomers believe that the Universe is homogeneous and isotropic; that s, in “the
Universe as we see it today”, there is no unique location that could be called.the “center of the Universe”,

) o= WHAT [ THE MATERIALS ORIGIN OF HUMANY

(from the periodic table)
Segments in white are the elements that
NaMg form the materials of the human body - JETREYS P s c it

Cu Zn EZITIW.CRNTY Br ¥4

HOW DID OUR UNIVERSE COME INTO EXISTENCE! l -

Electromagnetic waves
This vast Universe we can observe was once so small that it could not be seen. Modern (& sma st -7 Waelength ‘ - Long '
) ] . . v . bl _ . %11\ \Gammarays Xerays  Ultravioletrays  Visiblelight Infrared light  Radio waves) 0
science is closing in on the secrets of the Universe, and is gradually gaining an understanding

The human body is made up of cells. Within
these cells; human genomes, which are the
blueprints for the human body, -are drawn
with-DNA. These cells and DNA are in turn

The human body, which could be compared to a small “Universe”, comprises
materials called elements. Modern science has determined that these elements

Mn Fe Co Ni

Visible light is not the énly form of “light”; radio waves, X-rays and gamma rays are also a

sort of “light”. Collectively they are called “electromagnetic waves’. We'can observe the : =l : w i m @ e fm m e E @ &
of the astounding origin behind the formation of the Universe itself. Let’s look back at the Utfyersely fing escoesg caplig s Hegromneicut s et b el o8 <3 : S T i I T originated in the stars and were scattered through space eons ago. Let’s go
bodies. Through a Variety of observation'methods, we can gain_hints thattielp usto éarn - [ = 4 % . S : . ’ NEDZ@ e ! © ' . . e M : .
. . . . . oIl ot B bR | * ! o o r— ; . - fonue ] - .ﬂ N : : e g \ L la Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Vb Lu . . . . .
history of the Universe, starting from the moment of its formation some 13.8 billion years ago. s - #4070 T E O L e R L oSman Lot N Ab Bl e et ¥ s T Y . T / back in-time to unravel the mysteries of human beings and the Universe.
2o e Telescope S ks, 31 P IONG AN L PO Bl SV Pl ol P TR N gl St chpaem s A0out 45 10N HEr L Years: the current radius of “The Universe as we see it today .
3 1 F : ¥ eV vy ) ‘-.TheIight\blue|ine_i||ustratesthespacethat.is‘. : p == = e R M ~I AR T I I T A I S L s o I it 5 |\| ) @ IR |—v e P T L M N ] . ' ) o R L I T T T uly T TE = L) e 5 I [0 T T L T L S I T
b N s - _— L - fre s [RRG fa—ah e = 2 K o i L
il = The presumed Current State Of the Unlverse a3 fln%V'ngawa)’fr)”;t:e Earth at_exactly.thespeed_of ¥l= ‘= - 20billion lightyears . .= 30 billion light years. + « . *40 billion light years " 45 biIIio\n light years - 4
- -8 . e ; T ik ; :  light, as a result of the Universe’s expansion. Space |- |i 3 LR = e WY G R o e, S 4 b 1 U e Fron -f f X d f . f |
v Al . Countless stars Shlnlng in the darkness " / - that is further away is moving away from the Earth . : ik 2 i = e —— The birthof science =~ = . = 7= ‘:‘:‘}_ =it "\* s - ans - B o T PN D Ty YR At e S : f s I_l € was forme fom d Varlety ore ements
i & ' ¥ ‘ . ST S it B S " ) - =Tl 3"\\__7 million years ago: The birth of human'beings -~ ~#f*.= ' - \We can observe galaxy clusterJKCS 041 through the I|ght/em|tted atthe top of the teardrop. We / . . = 3
g sy ‘ This is the state of the Universe, as brought to light by recent observations. About \ - e ait Univefse ik e)g( ;;nsion e T T - L il il :!‘\¥ 65'm'||!|0n yéars agoaThie eXt'n_C_t'—_Oﬂ—of—,the'd'fosﬂ”sl' — \ ! can estimate this to be its current position, but we have Ao way of knowing whether this galaxy : The birth and evolution of life on the Earth
-4 . i ~ 70% of the Universe is “dark energy" a mysterious form of energy that acceler- N o . P " 3 . P n P - A ¥ == Lo '-M.a.s.s—..eztm-crtpn-‘ét‘th? end'.Of‘th.e.-Pfa-I?QZO]c.Era J Iy ~ " cluster,still exist's,‘ because on a universal scéle,/wé aré unable to observe the ”pr'esent”. 3 / . J - g 5 A
A ; . e ) ; ’ i : ¥ \\ itself, even if the rate of change in the distance . L T < Jtion ye: B T_h_e'Cambr_lan'Explosm_n'(q|V¢rsrf|cat|oquﬂ1fe_f91ms) ¥ oe AT N5 LA : A < 250 =4y \ s Currently, manylife forms, including human beings, thrive on dry land on the Earth. Long ago,
+ . ates the expansion of the Universe. About 30% is'an unidentified substance N, ~~ between a given point in space and another point ! “ Galaxy cluster 7 Z=2>~"Snowball Earth* LI T e :r_ b .-Collisions of celestial bodies '// y e i o= ‘-./" however, life only existed'in the oceans, The first life on the Earth came into being in the primeval
; : oo ., called “dark matter”, and about 5% is made up of normal matter*. The < AT ) , exceedsthe speed of light, it does not contradict the ! & Shapley8 (. & I s W et e 3 TReW The type of violent CO[liSib”‘thaﬁ;aused the TS, s seas*. Various elements in the ocean are believed to have combined and undergone chemical
Wi : H * Universe has a diverse layered structure comprising galaxies with tens h( “principle of the constancy of the speed of light”. 1 Y ppearance of multi-celled organisms i el N ! '-,I-_ " Sxibsllo o) thef"dino;aurs :asjpc;iurre;d ;n i vl - reactions, gradually forming complex organisms, and eventually giving birth to the first life on Earth.
. .- : 3 *.  or hundreds of billions of stars, galaxy clusters that contain hundreds Dark energy ,Comfp‘;si' . g R Y T, By 1 Galaxy cluster : g s p TR IL e 2\ _Eiggpus Oc?aff_nftﬂg/o‘g't S T But: if the Earth gave birth to life, ‘then how did the: Universe bring the Earth into being?
R P » or even thousands of galaxies, and a large, mesh-like structure of 68% Hampythe he \ A S A elli38)7 . ol ol g I ) = "/ e PRRA L . . - . . , .
3 . ; "o 3 . R Universe, as . \ e ol 2| I111) ol 8 / \ e NI SdT e s 1Y ! et “Snowball Earth” // *It is still not clearly understood when the first life on Earth was formed, but the oldest known fossil of a living Shells formed in the water, which contains organic substances,
- _ F % galaxies that are spread out across hundreds of millions of light years. determined by the . \ | Ry ~fé e 3, Th e T RS iod organism is about 3.5 billion years old. and self-replicating organisms appeared.
i : < % [ [ I matter” is the basic components that comprise all substances in the world around us. All things, from ~ WMAP spacecraft - \ ! [} ere‘ar?, e\ueve O/Sve e(?n 50 pen(? .
'+ Galaxy-cluster Abell'426 . Spiral galaxy M 101 * Normal matter’ i 2 B : T I it sl and other sources 5 i I at least in history during which the entire -
* [ 4 [ TR animals to stars in the night sky, including our own bodies, are made up of combinations of normal matter. ‘\ \\ ‘Ga[af)(y”duster ’l T et g e s S g 3 .
Aeliessf , | h for the f f lif
3 Yy | Al e N , N : The stage is set for the formation of lite
/ " = . 53 -I-h . \ \ . £l nowDall tar 5
Start of calculations | Approx. 6.5 billion years later \* Approx. 13 billion years later e mes O t e nlverse N . N \ 1 W, - ! \A_~_ The formation of our Solar System. and the Earth
5 = \ \ \ |‘ v photosynthetic organisms (cyanobacten' / / b / P ‘ . !
- J ' Dark matter and Iarge—scale structures . \\ \\ The Uni \‘ o ot j ,,' ] Development of geomagnetism The Earth and the other planets of our Solar System were formed about 4.6 billion years ago. Gas and = E ) :' f P
Why are galaxies distributed in the form of a mesh? The answer is “dark matter”, a ’ \\ \\ € n.|VeriIe \‘af CL 2244-0) I ;l Lhe E{{r[th’s (r?a%yeti? ﬁeldt:ecsame st(rioPger, dust floating in interstellar space gradually condensed into a disk and formed the Sun at the center. . T » ._L:y . ‘
substance that remains unexplained, and which cannot be directly observed. It is The path of N \ \ ‘we see it to ‘ax . ! II ouigrljs?)icrs alidlirr]eart(i)r?; aneen\lxjirr]oirr]nenrtoo? Around the same time, rr1ater|a| further out in this disk collapsed to form the Earth a.nd other planets*.
AR, Flucltuart]lozf h§tv)e formed A believed that in volumes containing dark matter, gravity caused even more dark expansion \ \\ psmg space as Ithe x-axis a.rqd [ ey ab o A AT 4 But where did this material come from? It was the remnants of stars that have long since disappeared.
\_ uniformly .n;fza:it;;ttgn St matter to gather and create "large-scale structures" in the form of a three-dimensional This inverted cone shape ' \ \ ;m(;e S y-a|X|s,'§IL|ceIest|a{ / - P e e e R et sl i e patticlesifiniertthan grains Gf sand DUSt{i"ng”o.”')\d Fto,mf;lha”t
N . i a Fiscis Austrini
) ) ) , : mesh. Normal matter then collapsed onto the sites where large amounts of dark represents the path of N \\ \ S QI s A == AR / A coalesce together in huge volumes.
These are simulated images of the evolution of large-scale structures in the Universe. X X 1 i . ¥ . \ can be arranged on the ! O Traces ofiprimordial-life .
The blue gaseous substance represents dark matter. In reality, dark matter is invisible. matter resided, eventually forming galaxies embedded in these large-scale structures. exr))an}swn taken by ‘the . k. \\ surface of this teardrop. The ) Formati(.)kl'ofthe Deim % A E | do | h h h U . -
niverse as we see | .
p —— : o N : s oo %\ Universe AN R e g Xploaing stars scatter elements throughout the Universe
z WS The first star brlngs Ilght to the Universe of the Universe to the Ater the nital period of \ '\ \ R ) Sl J; Supernovae: The alchemy of the Universe 3]
& A R Pk e S - - present. The objects infltion, the speed of \ \ \ ey liskes ! Creation of the Earth and formatiof : - b s
. P O sl T The birth of stars and galaX|es on the outermost edge v\ expansion gradually de- \\ \\ this teardrop. The further b 'S as = P ioas ; The fragments that became the material of our Solar System were formed in part by “supernovae” that
E - - * gy e We know from observations that galaxies alleady ot e MR HEL U A e S Aas are furthest away from Y\ creased  (decelerating \\ \ [ down we go on this diagram, cIEsat)g e ag'o/ o .scatter.ed various element.s throughout the Universe. Explosxfms that glo_wed more than one billion
- N il " (i H 3 vl 13.1 billion years ago, but we don’t know exactly when the first stars were born. “Sfta”dl.are f“”e”tshy X expanswr']),tﬁut an Ig-f \ \_|-the further into the past we 3C ‘2‘95 several hundred million years later, £ collision times brighter than the Sun instantly transformed the elements in the stars into other elements. There & [
r - * - 5 o ' R ’ I . raveling at more than crease In the speed Ol i ] [ t i 1 1 1 1 I I I :'i' 2
< SN R ATE e 3 WL We believe that the first star had about 40 times more mass than our Sun. A variety th rege e the b A N hzs bedr \tahret 'lf":]li'?g/ S‘Ehwetca” ;ee iy // ; bm’@ theég;;htargﬁ ar;elestlal,body the size are two types of supernovae. The first is explosions occurring in stars far more massive than the Sun, which e i
| t t 5 a a g o at Il rom the stars nas Oof Mars gave pbirtn to the /vioon. nsi I 1 = -
e i erse ‘ I eoessxéiaﬁggoelszm\'l‘ere of elements were created inside this giant star. These elements were scattered . WA\ Chsehed A€ abod %avelegd R i // 8 4 scatter oxygen anAd other elem.ent.s created |n‘S|de the o and at the.same time synthesize ohther elements Ghere ;i
\_ (simulated image) W * o g 309billonyearsagol . ¥ ) by a supernova explosion and they became seeds of new generations of stars. *.\ 6 billion years ago up ti:\a A S TR e A such as gold and silver. Iron., which is an es.sentxal element in the formatl‘on of the human body, is fo‘rmed asa wiiiage gl f SupemovaremnantM 1 Partofa supemova remnant
: v \/to the present (accel- Dig i | ’ result of a supernova explosion that occurs in a very small segment of a binary star that includes a white dwarf. " 34permova 19874 - .. (Crab Nebula) » (Veil Nebula)

Stars are created in clouds of gas and dust orbiting within

erating expansion).

o supemova1doras 2 I
AL TR AL “lll-" it AR LS
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galaxies. The lifetime of a star, andMs final form, differ

. §. .dependingon the star’s mass. Man?ofthe materials that StarS that melt intO the Universe A d- . I

4 H . .
“make up the stars ulti- wiir, Planetary nebulae with various shapes
2,

Is there anything
outside of the

Atoms appear, and the fog of the Universe lifts

Electrons combine with atomic nuclei

i ? SE0152571357. {1 =53 N
About 370,000 years after the birth of the Universe, “the fog of the Universe lifted”. Up until that time, the Universe was inverted cone? ) BACLL L ) 5 hS ?3% 'mately return to the Uni- S 2
superheated, with huge volumes of “electrons*'” flying back and forth. These electrons crashed into photons, preventing Accf”d'ﬂg fojumelts theof k il N N | IR e [ L A%y Sg)'?l‘ilrons?(‘)’ﬁ g; verse, becoming the ma- % A Not all stars meet their end in supernovae. When comparatively low-mass stars like our Sun
light from moving in a straight line, and making the entire Universe opaque, as though in the middle of a fog. When the g el i 12 ) = terials for the next gen- “ approach the end of their lives, they slowly begin to diffuse the materials they have created into i o

space. They gradually lose their outer envelopes which spread into the far reaches of space, leaving ‘fi "
behind only a core. The remains of this phenomenon, referred to as a “planetary nebula”, can take 4 -
on many different shapes, some round and some long and narrow. The ringnebula M 57 Planetary nebula NGC 6302+ Various shapes OFplanetary helfulae

Universe” theory, the Uni-
verse is far more expansive
than the scope illustrated

eration of stars.

temperature of the Universe dropped to around 3,000K, however, electrons bonded with atomic nuclei to form
“atoms”, which no longer impeded the movement of light. In this way, the Universe became much clearer*2. Atoms with

similar properties, referred to as elements, would eventually become the materials from which the first stars formed. in this diagram. We can <
k. s = =
*1: When substar;ceshare brol;en ddown into th'leir most basic inglredizelnts, the smdallehst component, wTiCh ;:ar:not ble broken down a}ny estimate what lies out- L \ AN \ \ | ! | L | } Ol :. \ AS o Soma 3 %; 2 —_— P
urther, is referred to as an “elementary particle”. Electrons and photons are examples of these elementary particles. : | . : Mg i - L Bl ! y are left £ O | d l f £ elium,is surrounded by hydrogen
*2: The light that was dispersed when this happened can still be observed by humans today, as “cosmic microwave background radiation”. sibOlicE !mes, b_Ut b \ i e { ) s = =l Ty o / ) behind as o= Stars are e e me nt aCtO rl eS
would be impossible to L R\ % A ¢ UM E1 i - Lot /) M J S 7 = . : . Carbon+oxygen
The th minutes in which thin ted confirm these specula- \*y. k) h e SRS § ’ 1) ., e U o kL 'e) Stars immediately before the end of their lives Ot
N ' . bk R i A b ) ‘. 1 | A [ [ Wig black holes. A Il 3 . +
Heliu}atom € ree [nutes In wnicn eve ry I g was create \ tions objectively. < R R el ; L0 R ; f A i l"\g 3?%3 A [/// In many cases, when stars grow old, they become “red giants”, expanding so much that they swallow up any magﬂgs?ﬂm
. . . . ' ¥ W T T\ [ b g | AP ; binary system o a0 9 5 . .
® o The startlng pomt in the creation of matter \ X \ iy A - L " : s e g : s * o _\; ©® — planets around them. Ataround this time, the stars begin to run out of hydrogen at their center, which is the fuel
. . . . . o ! o { I . ] | | f . S u, : 8 " 8 3 N 8
About three minutes after the birth of the Universe: that’s the time it took to create all of the matter that exist in \ Planetary “//\\\" for the “nuclear fusion reactions” that allow the stars to shine, and new fusion reactions begin to take place, Betelgeuse is aout
the Universe around us. During these three minutes, the superheated Universe cooled off as it expanded at an \ T nebula creating carbon and oxygen from helium. Stars far heavier than the Sun become red supergiants or Wolf-Rayet  farger than our SunsIiSire
_______ incredible rate. Quarks, another type of elementary particle and a building block of matter, gathered to form \ , stars that have lost their outer layer, and even more fusion reactions occur in the star’s core, creating elements such as is about the same as JUpTCIERIBIE The image of the star’s core
protons and neutrons. Then, these protons and neutrons came together to form the "atomic nuclei" of hydrogen N N e Suplemova : silicon and iron. Many of the elements essential to the existence of human beings were created inside these aging stars. Jupiter's orbit e — is not a scale reproduction
and helium, the lightest of all the elements. About 92% of all the atomic nuclei created at this time were hydrogen, N ¥ =1 R 3 -
! and the remaining 8% were helium. Now, let’s take a closer look at the instant in which the Universe was born. N AL speed\(;f o Stars matu re and Sh INé IN Space . "
- Helium N 0 " .
< - R N ] . . . s
) 0 @ 1 &% 00, s The Uni h d fireball N Space on the widest p}{fg;f._ g Nuclear fusion reactions and the life of a star .
3 O St - e NIVErse as a Ssuper eate [repa N the teardrop was travelin Y TR ; 3 i o . 5 . : e . ; 3
[ (V) () P 3 Red
P ® -9 N away at exactly the speed of, 3% Filg) i supergant il .' Fixed stars spend most of their lives as “main sequence stars”, which is the name given to fixed stars that have . , W
up; " | i _ 5 ; 3 QU A ’ ' : ; ! :
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