Earth's orbit is about 100 trillion times the size of a pushpin hole.
|

9 0 . . Earth is about 10 billion times the size of a pushpin hole.
What is the Universe? _ 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 Universe, elements were born and then Wa5 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 fhi= dizgramiis basedlonjthesssumption

of the “Temaitre Universe”, which is a uni- B _ Living w anisms evolved into beings that \Nh‘en ‘w‘e notice something strange, wLe naturally ask »Why This is the first s?ep in science. Scientific
- stars that shine in the night sky, the Milky Way, which spreads its pale light among the stars, and form, isotropic Universe with no curvature. —_—OII= ared fo d\scovcr Y came means the that interest us through experiments and observation, |
galaxies so far away that they can only be seen with a huge telescope - all these things are part of the ~ Calculations are based on the latest obser- : 1 o ige L‘jvmv%e ik ag';w&?;‘gﬁ’% and so that we can gain a deeper understanding. Through this process, we find new ways of seeing and new
Universe as well. The Universe encompasses all the things that we know, and everything beyond. Panck spacecrat - vational results from the Planck spacecraft Stars were born from the elemenls L0-@-o- @ & 9 tf Q- = = R oA TS — - LS R =l st then e ways of thinking. This is scientific discovery. Science is one way of knowing the Universe around us.
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How to use this dlagram Looking into the distant Universe means looking into the past oA celestial body Time o . Rule 3} In space, distances are not always what they seem to be
! ur current location
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UNIVERSE
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the Earth

(We can see
what the star

Looking for life on the planets of our Solar System Looking for “Another Earth”

Does lifee exist somewhere in the Universe, aside from on the planet Earth? First, let’s look at the possibilities in our
own Solar System. Our Solar System comprises several celestial bodies of various sizes and environments.

Our Solar System includes: the Sun, eight planets, asteroids and comets
(including trans-Neptunian objects and dwarf planets such as Pluto), and satellites.

Experience the Universe The strange thing is that when we look at the Universe from the Earth,
ing | what we see is actually the Universe as it was in the distant past. For
using tour rules example, when we look at the Sun, we are actually seeing what it
This diagram illustrates the Universe  looked like eight minutes ago. When we look at Pleiades (Star g
based on the latest research and cluster M45), what we are actually seeing is what this star cluster |00k9d_|'lf9
observations, with humans at the  looked like about 400 years ago. Why does this happen? We see stars 0 billion years ago
center. The vertical represents the and galaxies because the light they emit travels to where we are, but
passage of time, from the age of humans they are so far away that it takes time for light to even reach us. By the
back to the bir’th e Unfvaras, The time that light gets here, the stars that emitted that light have changed.

o Light emitted from that celestial body Today’s Uiverse When we talk about the distances to celestial bodies, we talk about “the
(hetop surfaceof path that light has traveled to reach us”. For example, light from the
theinverted cone]  furthest point in the observable Universe has traveled for 13.8 billion years,
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,
The Universe that starting point is estimated to be as far as 47 billion light years away.

xpandiobecone The Universe becomes visible through the

“the Universe ‘
as we see it today” “Eyes of Science”

Does life exist in the vast expanses of the Universe outside of our Solar System? In 1995, for the
first time in history, astronomers discovered a planet around a distant star. Since then, astronomers
have discovered more than 800 planets outside of our Solar System, using a variety of clues; for
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.

\ Today

Space

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 Based on observations by astronomers up to now, we have learned that there are many diverse planetary systems

outside of our own. Recently, in addition to large, heavy “Jovian” planets, astronomers have discovered planets that ~ The “Transit Method” used to find
are similar to Earth in both size and mass. Furthermore, a number of the planets discovered could potentiall sustain fs‘fﬁ:;; outside of our Solar System
large bodies of liquid water on the surface, given that they maintain an appropriate distance from their host stars, as

horizontal represents the breadth of There is an “observable” Universe and much larger <

The Earth
ear\

i i A R a L a ~ i - i is in the case of Earth. It may not be long before we finally discover a planet that could be called “Another Earth”.
space that is the Universe. From its overall volume that lies behind our abl|lty to observe it \ The Earth Lightenited by The obsc(vab\c UnIVClSF.‘ (the teardrop-shaped image at the center of the | |_| - asteroid el — ¢ y 8 ly p
inverted cone shape, we can see that the e cestal bodies diagram) is only a drop in the bucket compared to the vast expanse of the | % Terrestrial planets Jupiter-type or “Jovian” planets A f‘afzsibedplumﬂ" ol Jdetfb
Ulzivare es e cpr i ey The “Current Universe” spreads out on all sides of the human being pictured at the : e actual Universe. Through the “Eyes of Science”, however, we have ) Planets composed mainly of rock Gt e e e y,osnéjs‘mgemmﬂ;:s oice Celestial bodies outside of our Solar System are so far away that even if we found a planet that could be

. it fi A > hi center of the diagram, but we are unable to see what this Universe really looks like. << N NN and expands learned a great deal using clues from the observable Universe. How H Furopa called another Earth, we would not be able to send a probe to explore it directly. Therefore we must use
ever since it first came mt(.) existence. This o\ Rule 1: What we see is the Universe as it was in the past. If we compare this Sog X 12 bilfon was the observable Universe created (the bottom of the inverted Developments in space exploration technologies have enabled new scientific research aimed at seeking out other methods to determine whether those planets could sustain life; for example, by observing the planet’s
diagram is a guide that will take you ona  giagram to the celestial bodies that we can see with the naked eye o through S\ \A ; Sag R ,}ga‘;‘;‘g‘;” - cone)? How has it expanded (the outer surface of the cone)? And life on other planets. We can now send probes directly to other planets in our Solar System to 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. S“%f’;‘ﬂ Rpestan G The bith of o fee:"“‘ggy,ﬂf does a Universe exist beyond the outer limits of this cone? 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 & <
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 \r?aH directions Lightis — =~ Celesl\a\ el (the surface of diagram contains the results of many such scientific discoveries. pla_ns-r s Surfar}e, and Eurgpfa (on.e of Jupiter’s .mofjns.i, wh‘ere an ocean is hel\eve.d to lie hidden under a methane (referred to as “biomarkers”), which living organisms could potentially form. Future research will  Thiry Meter Telescope (TMT)will be buit at the top
of the Universe with your own eyes. images from a different era, thousands, millions, or even billions of years ago. en‘mledl t}’d Boditrecieaty the teardrop shape) The Universe is waiting for you to unravel its mysteries. thick layer of ice. There is little likelihood of finding intelligent life or advanced life forms there, but one [ Py v — help to clarify whether analogs to terrestrial planets and terrestrial life exist elsewhere in the Universe.  of Mauna Kea in Hawail by international cooperation

celestial bodies hxh'“'\h'h@ day, we may discover microorganisms on these celestial bodies similar to those found on Earth. is thought to have flowed
- arth-~ -

Center of the diagram

| . This diagram, shaped like an inverted cone, is a graphical representation of the expansion of the Universe. At the center
A is the Earth, where we stand as we observe the Universe. We are thus at the center of the diagram. But where is the
ur Galaxy
N 5

N center.of the Universe? In fact, astronomers believe that the Universe is homogeneous and-isotropic; that is, in “the
~ Electromagnetic waves i

|
Element [7] Table of human materials

Universe as we see it today’ there is no unique location that could be called.the “center of the Universe?,
Wavelength - Long = g » - :

WHAT 15 THE MATERIALS ORIGIN OF HUMANS!

The human body, which could be compared to a-small “Universe”, comprises
VI Tgh 5701 he Gl o of " ko wates, s ad gnmaapabon, - < : L e / Shept Jloynantbedy S - ~materials called elements. Modern science has determined that these elements
ot 1 gh” Colleciely theyaecalled “ecomagacic aves” We can e he i it ke S o o SR g ; Witk DNA. These Cells and DNA'are in turn . . 3

This vast Universe we can observe was once so small that it could riot be seen. Modern
science is closing in on the secrets of the Universe, and is gradually gaining'an understanding

. The human body is made ip of cells. Within

of the astounding origin behind the formation of the Universe itself. Let’s look back at’the' 'fwdm’mﬂgmmdm\ i e s Wm“wmm;:gju‘ig‘“«‘ eyt originated in the stars and were scattered through space eons ago. Let’s go
history of the Universe, starting from the moment of its formation some 13.8 ‘billion years ago. S s back in-time. to unravel the mysteries of human beings and the Universe.
, A foips usmpe, 2 > . 2 A

P The presumed current state of the Universe~

Countless stars shining in the darkness -~~~

This is the state of the Universe, as brought to light by recent observations. About
70% of the Universe is “dark energy”, a mysterious form of energy that acceler-
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i N i N - Life was formed from a variety of elements
= 7 milon s ago: Thehlr(hofhumanbemg; Ve can clus ) ugh 2 op.) 5

s o yeas o Theexincion, oﬁhe‘dmsaum The birth and evolutlon of life on the Earth

‘ 7 5 < ! @ Current\y many life form> including human beings, thrive on: dry. land on the Earth. Long ago,
ates the expansion of the Universe. About 30% is an unidentified substance int in space and another point" however, life only existed'in the oceans, The first life on the Earth came'into being in the primeval
callgd “dark mattgr”, and about 5% is made up oi normal puattgr‘. The h A Medslhejpcédoﬂl@l,IIfioe_sm_)(conlmd\qlhe The type of:l(;\:\r'\jt co\lnsxon;halzausesthe seast. Variots elements ‘in the ocean ‘ae believed. to:have combined and undergone ‘chemical JCIA
Loivethchasa dl\fefse layered:strljstuire comprising galaxlgs Mlieans . 5. RO ~ 8 P,""?PJEP“"E mngm Ufm? I & a0 g h o o X""dloggcézsm;zoiia':ﬁ hi\su?ll::';n;'s kot 7 /7 k. p s * reactions, gradually forming complex organisms,‘and eventually giving birth to the first life on Earth. 60090 °D >
2o or huridreds of billionsof Stars, galaxy clistees that ontain hiindreds AR Dark eneray § ; T sy v BN ] : i =t ¢ 0 Bub i the Farth-gave’birth to e, then how- did the: Universe bring the Earth into being? 202, © %o
Al ¥ or even thousands of galaxies, and a large, mesh-like structure of 68% 4 p 7 < : ©
e . N 3 \ , ¥ 3 i i WL < e ntwballEarthi, egts/a Wl e i B sl not clemtylunderstoed when the g (e of Earth.was fortned, but the.oldest known fossl of & Iving. Shells formed in the water, which contains organic substances,
: L . galaxies that are spread out across hundreds of millions of light years. determined by the . \ . X ¥ ¢ il 3 2 = £ il ¥ i3 e ‘/b N S pre 3 . ’ organism is about 3.5 billion years old. : and self-replicating organisms appeared.
¢ i i . WMAP spacecraft e a3 \ ¥ - 1 F it : ere ate believed to have been two periods A s b
S AL ol et OB ometis that rap s il B,utances 1 the ok Srouhd T AN e o s \ ; i atleat i hitory 1
iy A R Rk animals to stars in the night sky, including our own bodies, are made up of combinations of normal matter, and other sources A W\ \ A\ il bl fi4e | Ml Bt e Th : f h f . f | f
\ 3 S\ \ i i ‘ 7 e Stage 15 set tor the tformation of lire
X H . W = / g 7
Sfelulins ApduoBtlact T adb s The meSh Of the Universe ] N sl orgarisms / / . The formation of our Solar System, and the Earth
A i 7
Dark matter and large-scale structures b \ 0 R LA meeé aton of geomagnetism Developrhent of geomagnetism The Earth and the other planets of our Solar System were formed about 4.6 billion years ago. Gas and
Whyare galaies distributedinithe formlona meshe L e e e e A tor/ U GUARR \ The Universe as FIETR] S ] : The Eargh's magnetic fied became stronger, dust floating in interstellar space gradually condensed into a disk and formed the Sun at the center.
substance that remains unexplained, and which cannot be directly observed. It is The path of \ we see it toda st i blocking radmgm\ fromjthe/sanandiirom Around the same time, material further out in this disk collapsed to form the Earth and other planets*.
% N N LR et P ‘| A oulev space, and creating an environment on ; 7 A
O R\ etitons v om LY 3 e believed that in volumes containing dark matter, gravity caused even more dark expansion \ N Usmgspacezsthexax\saﬁd ¥ i i l}:’atwampable Uprpmmgw But where did this material come from? It was the remnants of stars that have long since disappeared.
Wy '";?Z:,‘i‘xz:';?" e matter to gather and create "large-scale structures" in the form of a three-dimensional SRR, - —A time 2 they-axi allclesti] ) *n galaxies throughout the Universe, there are innumerable places where gas and dust partcles finer than grains of sand Dustringaround Fomahaut
" mesh. Normal matter then collapsed onto the sites where large amounts of dark " ;:, 1 *\\ acceleratin \ it 4 oy coalesce together in huge volumes. (a Piscis Austrini)
These are simulated images of the evolution of large-scale structures in the Universe. R 195 N ¥ 8 (epresents el PRI B g can be arranged on the |
The blue gaseous substance represents dark mattr.In realty, dark matter s invisile. - Matter resided, eventually forming galaxies embedded in these large-scale structures. “fj"ﬁ‘“” taken by AR expansion of the\ \ surface of this teardrop. The E=T5ion | . l h h h .
: AT > oy, romteninn s\ Universe SNty e E e | Exploding stars scatter elements throughout the Universe
The first star brings light to the Universe ot Uaetothe % \ e g \\ N\ |\ resces e et st Supernovae: The alchemy of the Universe
5 3 present. The objects .\ inflation, the speed of O A Ry f Z 2
The birth of stars and galaxies onthe outermostedge \ *\ -\ expansion gradually de- \ '\ this teardrop. The further ch'fggaMnoognthe et fmmaw' The fragments that became the material of our Solar System were formed in part by “supernovae” that
We know from observations that galaxies already existed in the Universe about arefurthzs(awayfmml 0\ creased  (decelerating down wegr?onlh\sdiagvam,' ‘The Earth was born 4.6 billion years«go and vscam@d various e\ement.s throughout the Universe. Explosw‘gns that gloyved more than one billion
13.1 billion years ago, but we don't know exactly when the first stars were born. us’tr‘:eli:;&f‘r‘v:(’):ll;\/an \ Exgz:z:r‘v" t::tsgeld"oi the‘furtkher into the past we several hundred million years later, £ collision times brighter than the Sun |rv15ta‘nt\y tranfformed the elgmems in the stars th other elements. Thgre
; We believe that the first star had about 40 times more mass than our Sun. A variety RS N\ IR \zhve ‘uc; \rg, suhwe canhsee b:lw%:he;av:\ an: a celestial body the size are two types of supernovae. The first is ex!:lgsuons occurring in stars far At than the Sun, which
i . heo\de;;ghsmgmw of elements were created inside this giant star. These elements were scattered DR Sheined Be ahol) that light from the stars has of Mars: ith to the Moon. 4 scatter oxygen and other elements created inside the star, and at the same time synthesize other elements el
T {1309 bllonyears g0 e T L AR ot (e GO e o i 3\ 6 bilon years ago up LR B ke i iy i h lfe of ,' suich as gold and silver.Iron, which is an essential element in the formation of the human body, is formed as a Sopemoraroman b1 P
Bl .\ fo the present accel- el ! s { 7 / / T e life of a star result of a supernova explosion that occurs in a very small segment of a binary star that includes a white dwarf. (Crab Nebula) - (Veil Nebula
. . Y[\ erating expansion). \ B i ks ¢ Stars are created in clouds of gas and dusl orbiting within
p Atoms appear, and the fog of the Universe lifts I there anything TR RS iy i . s heietime o atar,andhsnl form, e o nverse
X ) \ ) ' \ 1 W b ) i =L depending on the star’s mass, Mar) of the materials that
Electrons combine with atomic nuclei outside ogthe ) Caly R g i i / 7)) s o il A
: au
About 370,000 years after the birth of the Universe, “the fog of the Universe lfted”. Up until that time, the Universe was inverted cone? i Y S, 7 p _ _
superheated, with huge volumes of “electrons*!" flying back and forth. These electrons crashed into photons, preventing According to numerous theo- Al . B / \upw[tn:‘:’; | verse, becoming the ma- % o 2 Not all stars meet lhelr e.nd in supernovae. When c.omparauvely low-mass stars like our.Sun
o light from moving in a straight ine, and making the entire Universe opaque, as though in the middle of a fog. When the vies ncluding the Cflating \\l \ \ f o g 7 | terials for the next gen- “e approach the end of their lives, they slowly begin to diffuse the materials they have created into
° temperature of the Universe dropped to around 3,000K, however, electrons bonded with atomic nuclei to form SR GHmatans space. They gradually lose their outer envelopes which spread into the far reaches of space, leaving
TRy i i : ; 2 i verse is far more expansive / behind only a core. The remains of this phenomenon, referred to as a “planetary nebula”, can take
P ° atoms’, which no longer impeded the movement f light. In this way,the Universe became much clearer2. Atoms with el ly p p! Y
similar properties, referred to as elements, would eventually become the materials from which the first stars formed. PN AR on many different shapes, some round and some long and narrow.
a “1: When substances are broken down into their most basic ingredients, the smallest component, which cannot be broken down any A bR TR . 4 / sl
further, is referred to as an “elementary particle”. Electrons and photons are examples of these elementary particles ) \ \ AR - / by | | f .
+2; The light thatwas dispersed when this hiappene] can stillbe Ghesrved bylrinan Wiy e e X Zf";e;: I::::::\e‘(w \) \ s i il ) vz | O d stars are element ractories
A \ i / neuton & |whi Z £ 7
. . . . fim these specula- \ \ | : . 1) i Stars immediately before the end of their lives
® |.I—® L, — A
ﬂt’lmm BN The th ree minutes in WhICh eV‘?rYth'Ug was greated LR \\\; )y, nmany cases when stars grow old, they become “red giants”, expanding so much that they swallow up any T
8 [ o o9 The starting point in the creation of matter = @ — planetsaround them. At around this time, the sars begin to run out of hycrogen at their center, which isthe fuel Silcon
About three minutes after the birth of the Universe: that's the time it took to create all of the matter that exist in /// |\ for the “nuclear fusion reactions” that allow the stars to shine, and new fusion reactions begin to take place, fron
the Universe around us. During these three minutes, the superheated Universe cooled off as it expanded at an

The fog of the

creating carbon and oxygen from helium. Stars far heavier than the Sun become red supergiants or Wolf-Rayet
Universe lifts

stars that have lost their outer layer, and even more fusion reactions occur in the star’s core, creating elements such as

incredible rate. Quarks, another type of elementary particle and a building block of matter, gathered to form
protons and neutrons. Then, these protons and neutrons came together to form the "atomic nuclei" of hydrogen
and helium, the lightest of all the elements. About 92% of all the atomic nuclei created at this time were hydrogen,

P e image of the star's core
silicon and iron. Many of the elements essential to the existence of human beings were created inside these aging stars. s not a scale reproduction

and the remaining 8% were helium. Now, let’s take a closer look at the instant in which the Universe was born.

Stars mature and shine in space ‘ol

The Universe asasu erheated fireball | spe u.:‘me w\destpa] | : £ ; - ’ Nuclear fusion reactions and the life of a star " ;
p S N e Re ’ Fixed stars spend most of their lives as “main sequence stars’, which is the name given to fixed stars that have = = e L4
The ”Blg Bang" | 4 4 p‘\;\,“hl” o = come of age. At the center of the stars, there is a series of nuclear fusion reactions that creates a helium atom - A .
Immediately after its formation, the Universe was a superheated, super-condensed fireball, heated by an incalculable energy*!. b NS z’,“a:‘:‘:;;:;:gg}mﬁx’rﬁ:i {8 Z from four hydrogen atoms. This reaction generates huge volumes of light. The period of time that a given star b 4 % -
Thisis whatis now referred to as the Big Bang, During this event, huge volumes of elementary particles, including photons, were 3 shines as a main sequence star depends on the star’s mass. Sars that are lghter than our Sun will ive for more "+ .
created. These photons flew about at the speed of light, but about 1 trillonth of a second after the beginning of the Big Bang, i than 10 billion years, but astar with 10 times the mass of our Sun will only live for a few tens of millions of years. :
a“Higgs field” was formed. Interactions with ths field impeded the movement of specific elementary particles, slowing them - il ' Mo *Our s e expectancy i ust over 10 billon year. More than s blion years i thefture, il become ared gant and inisfnal - 1 i g
down below the speed of light. With this hindered movement, the elementary particles gained inertial mass*2 There are two | \ 7 e Sl oneawhie dwarl. E 2
@ Photon types of elementary particles: particles, and antiparticles. When these two substances collide, they cease to exist, becoming S = -\ esthatare a 7 T art

weightless particles similar to light, Because there were about 1 billion times more particles than antiparticles, the former were

neserplocatl : ' = The birth and growth of stars
@clectron paicle\  left behind®®, These left-over particles are believed to have become the substance of the Universe as we know it today. S | S . o g

»
0 0 O Up quark *1 The temperature at this time was a billion billion billion degrees (1x1027K). enough in time, every p Z Protostars emit jetS of gas -
© © 0 Down quark *2 There are two types uflmass: inertial r:ass, which manl{fﬂsls as hmdcrc‘d n:‘o\'ememl,Jandhgravllan?a\ \:ass, wfl\‘\(h Eauses the Universe was where - ” Gas and dust clouds are the materials that form stars. Huge volumes of this material come
universal gravitation. These two types of mass are exactly the same, but the reason for this is still unknown. spot the Big Bang took pla¢ S P " N i . o fi

@ Posiran *3 Antiparticles are still being created and disappearing today. P 'g Bang: P W Gasanddust + together to form b_ahy stars or | pr?ﬁosiars 8 Some of this material is later ejected in fln.e but ” b
[olelert K p-Antiparticle = powerful streams of gas called “jets” that are emitted from protostars. Fresh material continues <

ntiup quar § g o a ’ )

to collapse on the protostar, and as the core temperature and pressure increases, nuclear fusion

i down he b f d 2t core tem i g

QOO ridown uat The beginning of space and time reactions begin, and the protostar finally begins to shine as a main sequence star. o 50 b ST
“Inflation”: The rapid expansion of the Universe

In the incredible heat of the Big Bang, the energy that had pervaded the Universe up to that time was transformed

. , eeeeeennnns Elements in the constantly changing Universe
Types of elemental particles iyto heat. In the very short time of less than one second from just after the birth of the Universe to just before the -

= B0 he pericd alled "inflation® - the Uni ded ata . P Cosmic Microwave Background, E"P““d'"gat The radius of “the Universe as we see it today” was approximately Molecular clouds: the bir[hplace of stars ’
8 Quark Up quark, ig Bang - the period called "inflation” - the Universe expanded at a fantastic rate, increasing in size billions upon observed by the Planck spacecraft. This lion light years when the Universe became transparent to radiation. )
2 down quark, billions of times*. The newborn Universe is believed to have been inflated at a fantastic pace by “vacuum energy”, is what the Universe { t The f f th Places in galaxies with amounts of gas and dust at particularly high levels of concentration are o
5 e\ whichis similar to the dark energy that accelerates the current expansion of the Universe but is much larger, on a looked like when W0 ¢ fog Ol‘ft 3 # called “molecular clouds*”. These clouds are composed mainly of hydrogen molecules, but they *
5 |Lepton — scale of 101 times. And with this inflation, time and space became integral parts of the Universe. the “fog lifted”. Approx. niverse " e also contain small amounts of water, carbon monoxide, alcohol, and other components. All of
. omationof — =1 sy RyeemEb i as bRy Ce e 370,000 The B |g Bang these subslances»are crealed»from the diverse elements scattered through the Universe when the lives M
P the Higgs feld = etc yeurs | 1 ecings of stars from previous generations end. In other words, stars come from the elements, and return to the
oo . . y ['ne beginning elements. The Earth and the Sun, the stars in the sky, and even our bodies are all part of this great cycle o
_ |Photon Amedium for lemg birth to the Universe S ded of the Big Bang of elements. And if we trace them back far enough, we find that all of the substances that make up this o 4 A
g% clectromagnetic power : P . € entire Universe expande constantly changing Universe were created in the[first three minutes after the Universe was born ol S W
e ] T — Starting from “Fluctuations in the 'Nothingness"? as a result of this inﬂat%n The radius of “the Universe as we see it today” was b2 _‘y_d L enEE e e ! T —T R ) . Thecore of k2 (HE OB Nebul PG e e
. “a medium . . . . ) ) . BMewhere be et ¥ . 3 *Molecular clouds appear as dark clouds, and sometimes appear to glow as they are illuminated by the light of nearby stars. s
Inflation & bang Ba for the weak force that | Itis possible that in the newborn Universe, the number of dimensions was different from what we know today. According YRS T—— PO NPECTe e and a few me i ppeare® i v Y
< . . j : a ment of the beginning of the Big )
-] E ctibenwecnisemenlparcle to one theory, the Universe originally had 11 dimensions, but eventually, superfluous dimensions fell away, leaving only mmszla;mm the “\m({y‘s zsmwn 25 |th i was only a small part of the U 4 An infinitesimal fraction |nﬂatl0n ‘One for Every Household: D\agram of Our Universe 2013 http: fstwmext.gojp 1 Ao RO &y 7, 201 y ofEdcaion,Clure Spots, coongy
£ E[GIUON s torthesrong | thethree dimensionsof space and one dimension oftime. Another theory regarding th beginning f the Uriverse sates e it oy which w an interactwithhrough aur observatne I of asecond JE 2 il e o T ronSdence | Techncgy PCOST Penving e Uty Resarch sttt Coporion oo N o
& g g - n ; . . Obsncionof s Aty n Pt Podoci: “On for ey ool D\ag/ammowunwerse Producton Commitee(Hideiko Agata,Jun Kosaka, Naohio Taanish, MassakiHiamats, Kazufisa Kamegi Ken Tukads, Shio Kanagoe, Noro Nt Seichro o, Nobufiko
force that connects quarks | that the Universe was bon from *Fluctuations in the Nothingness”. This Fluctuations in the Nothingness'is a state in notknow, however, where the Univere as we se t today 1 eSS Koslabe, ook Tkads Noons M, Noos Sughama Klomo K Hiod' d others), At Decon un Kosaka, Copy Decion: Ak Katagi, Cooperion:Shoken Miyama, Katsui 20 SechioKomyama, Wako Ack Hicshi i, Okiko Nukta, Masdio i, |
Y L which minuscule universes are born and then disappear in an absence of substance, space, and even time. The theory d P Kevin Bundy Bibliography: “Planck 2013 resuts. XV1. Cosmological parameters’, aniv:1303.5076, y
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A pushpin hole is about 10 million times the size of a hydrogen atom



