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Steven Weinberg

1 Introduction: the Giant ' ;i’ (born May 3, 1933)

and the Cow 13

2 The Expansion of the Universe 20

3 The Cosmic Microwave Radiation Nobel
Background 52 laureate in Physics

4 Recipe for a Hot Universe 81

5 The First Three Minutes 102

6 A Historical Diversion 120

7 The First One-hundredth Second 130

8 Epilogue: the Prospect Ahead 145

| Afterword 151

| Stéve Weinberg attempts to explain the early stages of the
universe after the Big Bang. Weinberg explores
" the expansion of the Universe and story behind the discovery,

of the Cosmic microwave background. Explains basics

| astrophysics and particle physics,

Steve Weinberg: (May 3, 1933 )1979 3®)_ %3230, 3B ), Abdus
Salam &03), Sheldon Glashow €930 2R3N &
“unification of the weak force and electromagnetic interaction
between elementary particles”
D0 LRVONT N3 IRV IR, BRBEW 90DT 3T IT, M.
92330 FJyTEIRAT TOY) RRINS 300230 23yCODON.

Books authored / co authored

1. Gravitation and Cosmology: Principles and Applications of the
General Theory of Relativity (1972)

2. [The First Three Minutes: A Modern View of the Origin of the
Universe (1977, updated with new afterword in 1993, ISBN 0-465-
02437-8)

3. The Discovery of Subatomic Particles (1983)

5 the €



https://en.wikipedia.org/wiki/Abdus_Salam
https://en.wikipedia.org/wiki/Abdus_Salam
https://en.wikipedia.org/wiki/Sheldon_Lee_Glashow
https://en.wikipedia.org/wiki/Electroweak_interaction
https://en.wikipedia.org/wiki/Weak_force
https://en.wikipedia.org/wiki/Electromagnetism
https://en.wikipedia.org/wiki/The_First_Three_Minutes
https://en.wikipedia.org/wiki/The_First_Three_Minutes
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/0-465-02437-8
https://en.wikipedia.org/wiki/Special:BookSources/0-465-02437-8
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The First Three Minutes: A Modern View of the Origin of the Universe
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)3T FRTI FONI, 0BTV, 9a33¢ T FS03
“The present book is concerned with the early universe, and in
particular with the new understanding of the early universe that has
grown out of the discovery of the cosmic microwave radiation
background in 1965”
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e900£9: Y)Y €933C) BWYTOWIRTWE, 18 I FZ 0T e9035T3E) .
ny0eo,: Steve Weinberg 03503 ed 20, ONY ROBREINT D,

QTP BDATIT.

€931£9: 13 JLOD FZoSIT ), 3eF30359S Younger Edda 030, Elder
Edda 2202 O3B YTo3IS NOFNF ) B0e3 deBTBRY T,

2Je30RIS 50, 3.

nomne: "Edda" BB 300259 J233)eoNG. BINY 3T Tekd
€901£0: YITTRY Je0) B0 Q)TN 03T Ty AN,

"Edda” is an Old Norse term that has been attributed by modern
scholars to the collective of two Medieval Icelandic literary works:
what is now known as the Prose Edda and an older collection of
poems without an original title now known as the Poetic Edda. Both
works were written down in Iceland during the 13th century in
Icelandic, although they contain material from earlier traditional
sources, reaching into the Viking Age. The books are the main sources
of medieval skaldic tradition in Iceland and Norse mythology.
YRTR T3S THOBNY TFIOITEY,, 13 I FZosST)..
Younger Edda 1z3;80B3) 30, A3 Snori Stulusion 02
QIT/OATOT FeICANOT 1220 CE TS, Aon30300N3.

A3, Elder Edda 30335200 N330, BT 1270 CE 3, T23 32003 €900e0T
TIOD Ty 3.

nYTea,: 3 Ty 3NF D) 20T BTN LB DTORT 335230,00T
)T DOTI WA, TR0 BT, T ONEC?

€900 YO, edT, T NTWORNT W, BTIRTVN &R, DR, €3, 835230, 0T
)TTHBNY BDHOIToN €933 92D 00

“The standard model sketched is not the most satisfying theory
imaginable of the origin of the universe. Just as in the Younger Edda,
there is an embarrassing vagueness about the very beginning, the first
hundredth of a second or so. Also, there is the unwelcome necessity of
fixing initial conditions, especially the initial thousand-million-to-one
ratio of photons to nuclear particles. We would prefer a greater sense
of logical inevitability in the theory.”
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3RDR3,3” 23,53 A2, N Steve Weinberg 5083 3202
DB 3 0 NT3.

YT, : TOMOTWT BT3RS T a3 TWR). B0 JeSTNPT
203, "Edda" B, 2333 dTHBRP ) B33 RediosS €90 NPoe3ay)?
€90299: TFNS B IZNP) &3 FeI3INF I, JBORIZS -

BB Awrdd 3,8, o),
3ew, To0dv, eszmioﬁ@oﬂdodaesdfa (Zleip) @gdotb
TR IVBOD), 0w A:BRT@NG Fots I, WIBEY
Steve Weinberg &30 J&308:
The Giant and the Cow
In the beginning there was nothing at all.

, but grass nowhere. To the north and
south of nothing lay regions of frost and fire, Niflheim and
Muspelheim. The heat from Muspelheim melted some of the frost
from Niflheim, liquid grew a giant, Ymer.
What did Ymer eat? It seems there was also a cow, Audhumla. And
what did she eat? Well, there was also some salt.

8503 v;omo &odm)\f SormEadmN B,
e3 e)oﬁaﬁ 36@ ocb mw amé dab wﬁdear&

To the north and south of nothing lay regions of frost and fire
Niflheim and Muspelheim. The heat from Muspelheim me
some of the frost from Niflheim, and from the liquid drops there
grew a giant, Ymer. What did Ymer eat? It seems there was also a

. And what did she eat? Well, there was also some
salt. And so on. but I think it is fair to say that this is not a
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| Time and space: ’
;Concepts of time and space play a major role in the |
! presentation of

. According to scholar John Lindow,
| "the cosmos might be formed and reformed on
lmultlple occasions by the rising sea.’

mdeo ﬁw&wmww sado 035 emwodamw %@@OCS %}O&bwwdﬁ
SRBT DT TN, VR,30000 OPINF D). I25NA 31 ST
PETORPNP I, WD, BIL,TBIOD B30T, J2T, AN
B8 20N, P;ONST @WYTOWAT), O30z ?

€90£0: T 3 1920 3, 23, 0300e3° 0Ly

Georges Lemaitre 3533 23007 2,03 LOT) AT RP 0TI S8
edF,200N3) DOT TFA)IBTRATT 9TT, "big bang theory” OT
FEODGONI. B, AN epoch F2 330, “odIN” Jw 3,
BOee0ReN GVEBARENATIT.

An epoch is a moment in time from which nature or situations change
to such a degree that it marks the beginning of a new era or age.

The timeline of cosmological epochs outlines the formation and
subsequent evolution of the Universe from the Big Bang (13.799 *
0.021 billion years ago) to the present day.

)2, AN JF,; GO0V FoORDOT VORI SBT3
e)FTORTDY), TOFR) INNF ). J2 N €37 SBE FET0SPNY
ede3BHBON, W INeH 3CORIEI.
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Description
During the Planck epoch, cosmology and physics are
Planck epoch assumed to have been dominated by the guantum
effects of gravity.

>10%9 K The of the Standard Model are
epoch unified

Inflationary epoch, (1078 K ~ 10?2 K’ |The becomes distinct from
Electroweak epoch the

The forces of the Standard Model have separated, but
Quark epoch energies are too high for quarks to coalesce
into hadrons, instead forming a quark—gluon plasma.

(>1 MeV) antimatter-asymmetry from the earlier phases
Neutrinos cease interacting with baryonic matter. The
310“’ K sphere of space that will become the observable

decoupling (1 MeV) universe is approximately 10 light-years in radius at this
time.

[10%9K ~ 107k

Lepton epoch Leptons and antileptons remain in thermal equilibrium

‘Prol‘ons and neutrons are bound into primordial atomic
inuclel, hydrogen and helium-4. this time is in
) ielectromagnetic radiation. )
K~ 4000 K |The universe consists of a plasma of
| |nuclei, electrons and photons;

(107 K~ 107 K
nucleosynthesis

Photon epoch

14000 K Electrons and atomic nuclei first become bound to form |

Recombination
ey neutral atoms

13



4K000 K60 the first starsred-shifted to infrared, and the universe was

devoid of visible light.

The earliest known galaxies existed by about 380 Ma. Galaxies
From about |coalesce into “proto-clusters" from about 1 Ga (redshift z = 6)
60 K and into galaxy clusters beginning at3 Ga (z = 2.1), and

i
1an
into superclusters from about 5 Ga (z = 1.2).

| evolution

The most distant astronomical objects observable with
: Reionization |60 K~ 19 K |telescopes date to this period; as of 2016, the most remote
1 galaxy observed is GN-z11, at a redshift of 11.09.

Farthest observable photons at this moment are CMB photons. |
They arrive from a sphere with the radius of 46 billion light-
years. The spherical volume inside it is commonly referred to as |
the observable universe
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€982£9: D), L9PFTYORN RDOJNGS. &9T3T,NO3E Steve Weinberg
93330 1993 3D &I

“The First Three Minutes: A Modern View Of The Origin Of The
Universe”
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[
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3000 million degrees Kelvin (3 X 1019 ° K). 13.82 seconds }

|

|STH FRAME | 1000 million degrees Kelvin (109 ° K), '3 minutes
"; A LITTLE LATER. 900 million degrees Kelvin (0.9 X 109 ° K).
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(QFT ) Quantum field theory 93T BT IWIVNY FOFREPA)
ABTOOOITONI.

FB ) FOBRFINY ITIDOT 1948 B, H Casimir D02 eJ2Td, )
20D NI AV 3 FBQ), €9 (energy 3O AR IV)
fluctuating waves Q0T 3002)TRORT D) 33 edadT ICTTI.
According to the uncertainty principle in quantum mechanics,
quantum harmonic oscillators cannot remain stationary, but they have
a non-zero minimum energy and must always be oscillating, even in
the lowest energy state (the ground state). Therefore, even in a
perfect vacuum, there remains an oscillating electromagnetic field
having zero-point energy.lIt is this guantum fluctuation of
electromagnetic fields in the vacuum that "stimulates” the
spontaneous emission of radiation by electrons in atoms.
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like an ocean with waves that are
always present and can never be
stopped.

These waves comein all possible
BT avelengths, and their presence implies
il that empty space contains a certain
" mount of energy--an energy that we
ttap, but that s always there,

Even ifyo you have empty
space—no matter, no light—
quantum mechanics says it
cannot be truly empty. There
are still some quantum field
fluctuations in a vacuum,"
Fong said. "These fluctuations

>~ give rise to a force that

/ connects two objects, which is
called the Casimir interaction.
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ORI 33 3rToNeEN FZ 530N

James Clark Maxwell and EM Waves

We saw Electric and Magnetic fields earfer.
Clerk Maxwell (1831-1878) showed that
ng together can form 2 propagating

electromag 8.

Maxwell's Equations: implicitly required the existence of
electromagnetic waves traveling at the speed of light. He also
proposed a physical theory of ether.
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1. Empty space is not really empty because nothing contains
something

2. Seething with energy and particles

3. That flitinto and out of existence.
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33, 1.
1948 8B, J230_A) Casimir 23503 &BRNT da308 YR,
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3 3037 Casimir effect 0T FEOITT.
Standard Casimir effect was proposed theoretically by the dutch
physicist and humanist Hendrik Brugt Gerhard Casimir (1909-2000) in
1948 and consists, basically, in the attraction of two parallel and
perfectly conducting plates located in vacuum
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 Vacuummagic : ' Casimir Effect: Vacuum is full of
et s e - fluctuating electromagnetic waves that
 Thlaal el | can never be completely eliminated,
et pistes 4 like an ocean with waves that are
always present and can never be
stopped.
These waves come in all possible
wavelengths, and their presence implies
that empty space contains a certain
W4l amount of energy--an energy that we
can't tap, but that is always there.

5 A 2
CAN WE GET ENERGY FROM NOTHING?
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Jérdme Faist, and his collaborators ‘ In quantum physics,

have now succeeded in but rather

/)| steeped in tiny fluctuations of the

characterizing those vacuum

; fluctuations directly for the first
‘ Jerome a{st time.

Researchers at ETH Zurich have
| - 4 developeda method that allows
| “The vacuum fluctuations of the electromagnetic j A/ them to characterize the fluctuations

‘fleldhaveclearIyV|5|b|econsequences,andamong V72|l 7 indetal

| other things, are responsible for the fact that an ‘ Vacuum fluctuations of the electromagnetic field (coloured
‘ atom can spontaneously emit light," ‘ | lines) can be measured through their effect on two laser
: \ beams (red) that propagate through a crystal.
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Stephen Hawking had pinned his hopes on ‘M-theory’ to fully explain
the universe

String revolution: e3D) e oD RYeTZo).

In 1970s scientists realised that, rather £

than describing the universe based on 03 VoD BY

point like particles, you could describe it SRR reBTBoR). [ew

in terms of tiny Oscillating strings Betori b3, Sodroridond, e,

(tubes of energy). 5 :
Above all, a particular oscillation of the cadeﬁmzéédomasaomdod). Iz

string could be interprete l'z}\'il‘oq. Te30023C oY LT orD.
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a unified framework.
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Because there is a law such as

GRAVITY

the universe can and will create itself from

NOTHING
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€905¢€9: The Big Crunch is a hypothetical scenario for the ultimate fate
of the universe, in which the expansion of the universe eventually reverses
and the universe recollapses, ultimately causing the cosmic scale factor to
reach zero, an event potentially followed by a reformation of the universe
starting with another Big ...
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' The Big Crunch

NCAR 48 Symposium, Portland, OR September 19, 1994
According to modern cosmology, the universe

' began with a big bang about 10 billion years ago,

' and it has been expanding ever since. If the density
of mass in the universe is great enough, its

| gravitational force will cause that expansion to slow

» down and reverse, causing the universe to fall back
in on itself. Then the universe will end in a

| cataclysmic event known as “the Big Crunch.”
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QD). "FID0oN” I, ANY) DI &0, 28 30e3 “SIGULARITY”
O Je3TBOINE.

The Big Bang model of the universe is very simple.

At some stage, about 13.8 billion years ago, the universe was so small,
so hot and so dense that it was in a completely different fundamental
state.

The four forces of nature that we know and love today were at one
point fused together into a single unified force. As the universe
cooled and expanded in its first billionth of a billionth of a billionth
(and probably add a few more billionths to that for safe measure) of a
second, the forces split off from each other, one by one.

)29, AN 9D 3:

1. The singularity, a point smaller than an atom, is thought of by
many scientists as having infinite density and mass.

At the moment of the Big Bang, it rapidly expanded,
creating all the space, time, matter, and energy of our
physical universe.

2. The nitial singularity is a singularity predicted by some models
of the Big Bang theory to have existed before the Big Bang and
thought to have contained all the energy and spacetime of the
Universe.

3. Alternative theoretical formulations for the beginning of the
Universe have been proposed, including a string theory-based
model in which two branes, enormous membranes much larger
than the Universe, collided, creating mass and energy.

4. Although there is no direct evidence for a singularity of infinite
density, the cosmic microwave background is evidence that the
universe expanded from a very hot, dense state.

5. Various new models of what preceded and caused the Big Bang
have been proposed as a result of the problems created by
quantum mechanics. One model, using loop quantum gravity,
aims to explain the beginnings of the Universe through a series
of Big Bounces, in which quantum fluctuations cause the
Universe to expand. This procreation also predicts a cyclic model
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of universes, with a new universe being created after an old one
is destroyed, each with different physical constants. Another
procreation based on M-theory and observations of the cosmic
microwave background (CMB), states that the Universe is but
one of many in a multiverse, and has budded off from another
universe as a result of quantum fluctuations, as opposed to our
Universe being all that exists.
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13.75 billion years ago - The Big Bang - It is not known what triggered the
Big Bang. Cosmologists believe a process called inflation happened in the
fraction of a second after the Big Bang.
There was a strange type of vacuum energy (2323,3,) that caused the
universe - the volume of space itself - to expand by a factor of 10278 in a
fraction of a second.
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The Big Bang model of the universe is very simple.
At some stage, about 13.8 billion years ago, the universe was so small,
so hot and so dense that it was in a completely different fundamental
state.
The four forces of nature that we know and love today were at one
point fused together into a single unified force. As the universe
cooled and expanded in its first billionth of a billionth of a billionth
(and probably add a few more billionths to that for safe measure) of a
second, the forces split off from each other, one by one.
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€333 1850 ®ya30001 James Clerk Maxwell z303), Lorentz €9333)
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CRBNE) 0T ROPATTD.
Their most notable achievement was

to formulate the classical theory of
electromagnetic radiation, bringing
together for the first time electricity,
magnetism, and light as different
manifestations of the same
phenomenon. Maxwell's equations
The unification was achieved when the Scottish ph , ' for eIeCtromagnetlsm have .b_een.
Maxwell and the Dutch physicst Lorentz put foward @ | called the "second great unification
theory where they showed the interdependence’ of these . hvsics" af he fi li
two subjects. This field is called electromagnetism. In physics  a ter the first one rea Ised
by Isaac Newton.
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Maxwell’s symmétry anci
unification

Two rules governed electricity and two other rules
governed magnetism.

Maxwell noticed that in these laws the electric field and the
magnetic field appeared nearly symmetrically in the

equations.
For example, in Faraday’s Law a time varying magnetic
field gave rise to an electric field.

In Ampere’s law, as Maxwell modified it, a time varying
electric field gave rise to a magnetic field.

When made symmetricin electric and magnetic fields the
set of four equations described them both, they described
the subject we now call electromagnetism.

Electricity and magnetism had been
unified into electromagnetism!

B3 dBVONT &S 9T FOTFRIFINS) SW 8N

In the Standard Model of particle physics, the electromagnetic force is
carried by photons. These are familiar to us as particles of light.
O )DL T.

1970 3, I, AT YWD, 20T B, 30T T,
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Electromagnetic force z303), weak nuclear force 3003 "Electroweak
force” 330D JedP CRTNE) DOT AT RBRATTD.

In the 1970s,

Electroweak Force

® Sheldon Glashow

® Abdus Salam + Aforce proposed by physicists Abdus Salam and Steven

®:Steven Weinbers Weinberg which unifies the electromagnetic and weak

4 S | nuclear forces under conditions of extreme temperature

® Each physicist independently found that the prevalent much earlier in the history of the universe.
weak nuclear force could be unified with + Physicists concluded that the weak and electromagnetic
forces have essentially equal strengths. This is because
the strength of the interaction depends strongly on both
the mass of the force carrier and the distance of the
interaction.

+ Translation, this is a new theory in the realm of particle
physics and is still being scrutinized by other scientists,
but is being generally accepted in the physics world.

electromagnetic force.

Three physicists found that the electromagnetic and weak forces are
different manifestations of a single phenomenon.

The scientists are:

1. Abdus Salam

2. Sheldon Glashow

3. Steven Weinberg
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The two forces can be described within the same theory, which forms the
basis of the Standard Model. This “unification” implies that electricity,
magnetism, light and some types of radioactivity are all manifestations of a
single underlying force known as the electroweak force.

In particle physics, the electroweak interaction is the unified description of
two of the four known fundamental interactions of nature:
electromagnetism and the weak interaction.

Although these two forces appear very different at everyday low energies,
the theory models them as two different aspects of the same force.

The weak nuclear force is carried by particles called W+, W- and Z bosons.
At an energy of around 100 GeV, the forces unify into what is known as the
electroweak force.

It was not understood, however, why the photon is massless and the W
and Z particles are massive.

The Higgs mechanism was proposed by Peter Higgs and others to explain
this.
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The forces are transmitted by particles known as gauge bosons.
Physicists explain the properties of forces between elementary particles in
terms of the Standard Model — a widely accepted framework for
understanding almost everything in physics in the known universe, other
than gravity.

(A separate theory, general relativity, is used for gravity.)

In this model, the fundamental forces in nature arise from properties of our
universe called

gauge invariance and symmetries.

The forces are transmitted by particles known as gauge bosons.

3,0 R39,5e300 3CDAT 30l B8 2323 NI, 9ITWT 20T 233,
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1862- Charles Coulomb showed that the electrostatic force between
electrically charged objects follows a law similar to Newton's Law of
Gravitation,known as Coulomb's law. Hermann von Helmholtz had
described a ray of light as the "quickest of all the messengers".
1905 -Albert Einstein proposed the existence of a light-particle.
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Force Particles (summary)

d/or decay thanks to forces
=sponsible of binding partuicles together

Only quarks Leptons and quarks
(because of their (only force for
colour charge) neutrinos)
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Scientists have proven that mass and energy are interchangeable
properties.

Mass can be converted into energy, and energy can be converted into
mass.

| EVIDENCE SOR THE RELATIVIT
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Energy

The Conversion of Matter to Energy

o + o + + = 400188 amy =

proton  profon  neutron  neutron energy
(1007277 (1007277 (1006685 (1.006685 hellumnucleus — (equivalant to
amg oAy amg o amy (4, 0017 amu) 00302 amu
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Scientists have proven that mass and energy are interchangeable
properties.

Mass can be converted into energy, and energy can be converted into

mass
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at high temperatures, pressures and densities, it is more stable to Scientists have proven that

produce energy than matter
stable

mass and energy are
interchangeable properties.

. . @ Mass can be converted into
energy, and energy can be

unstable

converted into mass
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Albert Einstein
Theoretical Physicis
1879-1955

Energy and Mass Are Relative

The equation £ = mc"2 states that the
amount of energy possessed by an
object is equal to its mass multiplied
by the square of the speed of light.
Since the speed of light is an
incredibly high number, almost
300,000 km/sec, a small amount of
mass contains a lot of energy.

Energy and Mass Are Relative
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Additionally, the equation suggests that energy and mass are
interchangeable with each other.

In other words, Energy can be converted to mass and mass to energy.

In particle physics, annihilation is the process that occurs when a subatomic
particle collides with its respective antiparticle to produce other particles,
such as an electron colliding with a positron to produce two photons. The
total energy and momentum of the initial pair are conserved in the process
and distributed among a set of other particles in the final state.
Antiparticles have exactly opposite additive guantum numbers from
particles, so the sums of all quantum numbers of such an original pair are
zero. Hence, any set of particles may be produced whose total quantum
numbers are also zero as long as conservation of energy and conservation

of momentum are obeyed

Pair Production
When a photon interacts with a heavy

us It produce articles
moving in apposite direclions. A
negatively-charged electron and
it's antipanicle, a »
positively-charged I Nicteus ),

positron. } . .

Photon

12 O How ot Nod Positron
To understand the matter-energy conversion you need to understand how
Quantum field theory describes matter.
Quantum field theory postulates that for every type of particle there is a
corresponding quantum field that fills all of spacetime.
Particles are described as excitations of these fields.
If you add a quantum of energy to a field the energy appears as a new
particle. Likewise if you remove a quantum of energy from the field that
causes a particle to disappear.
Energy can be transferred between fields.
Consider the collision of two protons (actually two quarks) in the LHC. The
two quarks have an enormous kinetic energy (14TeV) and that energy can
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be transferred into other quantum fields where it appears as new particles.
That's how new particles, e.g. the Higgs boson, are created in the collision.
The probabilities of the various energy transfers are calculated using
quantum field theory.

This doesn'tallow just anything to happen, for example there are various
conservation laws that are always obeyed.

LODDRD eI

!%a -38 SoRuBowdod BedTmy?
‘%daﬁe 25 3m 3,3
*zﬂ&obe ?33)

.@oée z§ ém 3 658
2366 3, d@wﬁod@&b&)ﬁ)d

Jeﬂéd 25(569 M®e3,0

B B3FIT), 9250230 9233 3a3 eNIY, T .0 BT B3, 039,T.
I3 1F,30953.FT) DN, TY, Energy 03 B350 J2)zooN
NTABRENATRT NI, 233, 3,233, Quantum Particle 3
FOFOD TN TSN 3.

Q). BEPT B 33, “Q08 W33 T W33 I BRIBI0WD”
88 33, 90T BEPT B J3eoSINY SO3T Albert Einstein
92330 B3 2003 3), GHT3RATIT). Albert Einstein’s most famous
equation says that

“Energy and matter are two sides of the same coin”.

Scientists have proven that mass and energy are interchangeable
properties.

Mass can be converted into energy, and energy can be converted into
mass.
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The Conversion of Matter to Energy
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Uncertainty Principle

Position Momentum

We can know position ne . Aaccurately,
but not both : B sly
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These subatomic bits of matter don't follow the same rules as objects that
we can seeg, feel or hold.These entities are ghostly and strange. Sometimes,

they behave like clumps of matter. Think of them as subatomic baseballs.

They also can spread out as waves, like ripples on a pond.

Heisenberg uncertainty

principle If you are
neither here
nor there, you
: : B are not really
Helsen Lrg uncertainty prlnClple. anywhere.
Statement, articulated (1927) by the German
physicist Werner Heisenberg, that the position and
the velocity of an object cannot both be measured exactly,
at the same time, even in theory.
| The very concepts of
together, in fact, have no meaning 1n nature.
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The Universe is composed of energy mainly
dark energy and dark matter .| 2333
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1ST FRAME

" These are the electron and its antiparticle, the positron, and of

" course the massless particles, the photon, neutrinos and
" antineutrinos.

i)

| The universe is so dense that even the neutrinos, which can

" travel for years through lead bricks without being scattered, are kept
L in thermal equilibrium with the electrons, positrons and photons by

|| rapid collisions with them and with each other.
.
8 If Mount Everest were made of matter this dense, its gravitational

| attraction would destroy the earth.

" The universe at the first frame is rapidly expanding and cooling.
7
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Big Bang theory is the most accepted scientific theory in regards to

explaining the origin of everything.

| Though the ancients may have only hinted at this, we just
| recently found out that we live in a Universe. Actually, we
know this fact for just about 100 years or so.
- Nicolaus Copernicus developed the heliocentric
model in the Sun replaced the Earth at the center.
-Hubble concluded that objects were moving away
from the Earth,they are doing so faster than the speed of
light, which should be theoretically impossible.
§ 3. - also states that the early Universe was a
scorching place. In the first stages, everything was
compressed into one incredibly dense point.
' 4. Then something happened and caused this unimaginably
' small object to 3

Timeline of epochs in cosmolog
1. The infant universe cools as it begins expanding outward
. Itis almost

. c. 103 seconds: While still at an infinitesimal size, the
universe cools down to 10% K
separates and begins operating on the universe—
the remaining fundamental forces stabilize into
the (GUT). mediated by (the
hypothetical) X and Y bosons which allow early matter at this
stage to fluctuate between baryon and lepton states

Timeline of epochs in cosmology

c. 10772 seconds: The four fundamental in
Matter particles can ac and inter;
Higgs Field
The temperature is still too high for quarks to coal
into hadrons, and the
universe cools to 10'® K
may have taken place with
nd over anti-mr
as baryon to antibaryon constituencies are established

| . The Big Bang occurs in which ordinary space and time

. All matter and energy of the entire visible universe is

. The universe is supercooled from about 1027 down to 1022 K.

Timeline of epochs in cosmology - 1

c. 0 seconds begins

develop out of a primeval state (possibly a virtual
particle or false vacuum) described by a quantum theory of
gravity or ry of Everything"

containedin a a billionth the size of a
nuclear particle. This state is called particle desert

may have appeared
and been the catalyst for the expansion of the singularity.

Timeline of epochs in cosmology

seconds: The Universe cools down to 10
The becomes distinct from
the
c. 107* seconds: Space is subjected to

c. 1 seconds: Cosmic inflation ends

The familiar now form as a soup of hot
ionized gas called ; hypothetical
components of cold dark matter (such as axions) formed

orm more complex

of protons and
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At that instant, the temperature was 100 million trillion trillion kelvins
(180 million trillion trillion degrees Fahrenheit).
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3 Bunsen burner — 1800° K
mﬁ’? ™ Propane torch — 2100K.

r‘ The hottest eruptions on Earth today reach

Tcels;us temperatures of about 1,500 Kelvin
=59(TFahrenheit-32 [ESuE. B v ' Lightning, which can reach temperatures of
: roughly 30,000 kelvins

Sun's surface temperature is 5800 K.

The core of the Sun 15.7 million kelvin (K)
(15700000K)

arge Hadron Collider (LHC) at CERN around
5.5 trillion Kelvin(5500000000000K) SN

minimum entropy),is defined as 0K and -273.15°C

Absolute zero, the temperature at WhICh matter reaches rﬂﬁ
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(The Large Hadron Collider (LHC) is the world’s largest and most
powerful particle accelerator.

It first started up on 10 September 2008, and remains the latest addition to
CERN's accelerator complex. The LHC consists of a 27-kilometre ring of
superconducting magnets with a number of accelerating structures to
boost the energy of the particles along the way.)

Large Hadron Collider (LHC) at CERN around 5.5 trillion
Kelvin(5500000000000K).

DTORN,LEITONMIE FoOTS), Fobavo~ 10432K (10000000 ----000
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(At the end of the initial Big Bang event, the temperature of the

universe is approximately T=10/32K).
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State of matter The forces between particles are so strong that
he particles cannot move freely but can only vibrate. As a
result, a solid has a stable, definite shape, and a definite
volume. Solids can only change their shape by an outside
orce, as when broken or cut.
A liquid is a nearly incompressible fluid that conforms to the
shape of its container but retains a (nearly) constant volume

i independent of pressure. The volume is definite if
the temperature and pressure are constant.

Not only will a gas conform to the shape of its container buf]
it will also expand to fill the container.
A liquid may be converted to

, or else by reducing the
pressure at constant temperature

ﬁona €30 3003007 BTIIT.
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State of matter | jke a gas, plasma does not have definite
volume. Unlike gases, plasmas are electrically
conductive, produce magnetic fields and
electric currents, and respond strongly to

electromagnetlc forces. A gas is usually converted to a

plasma in one of two ways, e.g., either from a huge voltage

difference between two points, or by

..............

€908)£0: 2J2Z9, NS 1980 T B33t QGP (Quark-Gluon Plasma) edx3),e3
AR[RLOTD 2.8 DRI, TOBIOBTWIRL 9, 9T,

TSR TS3ODNS), AT, 3508 3DAT,T. 93¢ B23,S FoTe0S
BONB WwIBES). B 20" BEINBE DT, 2300

56



W3, 0Re360,8e30 HOTF O ESTHET 8330, T AJs OTD
302 TRES 00, T.

| State of matter

|In a 1987 summary, Léon van Hove pointed out the

! equivalence of the three terms: quark gluon plasma, quark
matter and a new state of matter. (Above the Hagedorn

' temperature).We can say that QGP emerges to be the new

| phase of strongly interacting matter which manifests its
physical properties in terms of nearly free dynamics of

|| practically massless gluons and quarks. Quark—gluon

i plasma before matter was created.
Theories predicting the existence of quark—gluon plasma

" were developed in the late 1970s and early 1980s.
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DRBRBDT 2,07 VOTREFI BRIOT

Abstract :

*Nuclear Physics A 805(1)DOI: 10.1016/j
W.A. Zajc Professor of Physics, Columbia University
———— Such a state, often referred to as a quark-gluon plasma, is thought to
have been the dominant form of matter in the universe in the first few
microseconds after the Big Bang. (Brookhaven National Laboratory's
Relativistic Heavy lon Collider (RHIC) )----. its behavior is that of a

with very low exhibiting strong

and nearly complete absorption of high momentum

probes. which may in fact be the most perfect fluid ever studied in the
laboratory. (The current status of the RHIC experimental studies

‘ Discovery of Quark-Gluon Plasma: Strangeness Diaries

Published online

Abstract.

We look from a theoretical perspective at the new phase of matter,
| quark-gluon plasma (QGP), the new form of nuclear matter

created at high temperature and pressure.

Here | retrace the path to QGP discovery and its exploration in terms
| of strangeness production and strange particle signatures.
| We explore the procedure used by several experimental groups

making strangeness production an important tool in the search and
. discovery of this primordial state of matter present in the Universe
;’ before matter in its present form was formed.
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Astronomers in the 20th century learned the universe is
expanding.

In 2003, the National Research Council listed “What Is the
Nature of Dark Energy?” as one of the most pressing scientific
problems of the coming decades. The head of the committee
that wrote the report, University of Chicago cosmologist
Michael S. Turner, goes further and ranks dark energy as

“the most profound mystery in all of science.”

Dark Energy Dark energy is a relatively recent cosmological
discovery, talked about only within the past ten to fifteen
years. It's considered an analog of vacuum energy and is
thought to accelerate the expansion of our constantly growing
universe

Another way to think about dark energy is to consider it as a
sort of negative mass density generating a negative
gravitational field of magnitude:

Scientists reached a consensus in the 1970s that there was
more to the universe than meets the eye.

Astronomers have compiled evidence that what we’ve always
thought of as the actual universe—me, you, this magazine,
planets, stars, galaxies, all the matter in space—represents a
mere 4 percent of what's actually out there. The rest they call,
for want of a better word, dark: 23 percent is something they
call dark matter, and 73 percent is something even more
mysterious, which they call dark energy

Cosmic acceleration really points to something fundamentally
different about how the forces of the universe work. We know
of four major forces: gravity, electromagnetism, and the weak
and strong forces. And none of those forces can explain cosmic
acceleration.
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Accelerat@dc gpansion of the Liniverse

1. According to quantum mechanics, vacuum energy would have an
incredibly large energy density to it. But if this is true, then general
relativity predicts that this energy would have an incredibly strong
gravitational effect, one which would be powerful enough to cause
the Universe to explode in size.

2. Dark energy is the name given to the mysterious force that's
causing the rate of expansion of our universe to accelerate over
time, rather than to slow down.

3. Dark energy is one of the great unsolved mysteries of cosmology. It

is now thought to make up 68% of everything in the universe, with

normal, so-called "baryonic” matter — every bit of matter we can
actually see — comprising a mere 5%, with the rest consisting of
dark matter, another huge cosmic mystery.
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Cosmic strings
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"Dark Matter" plays a key role in the observed structure.

Cosmic Strings

Cosmic Strings are 1-dimensional (spatially)
topological defect in the fabric of spacetime left
over from the formation of the universe
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Evolution of Cosmic Strings in
Radiation Era

Cosmic Strings

» Cosmic strings wrap space and time
around themselves.

* In theory making time travel possible

Cosmic strings are objects that may have formed in the early Universe, but
scientists are still searching for evidence that they exist.
They were first introduced by theoretical physicist Tom W. B. Kibble in the
late 70s as a possible result of some field theories, including the famous
Higgs theory.
They are one-dimensional (line-like) objects, similar to vortex lines in liquid
helium, that could be left over after the early Universe went through a
phase transition.
Cosmic strings were a popular research topic in the 80s, since they could
have triggered the formation of large-scale structures such as galaxies.
After the Big Bang, the unified super force would have separated out into
the forces of nature we see today by going through a series of phase
transitions, akin to liquid water freezing into ice.
This haphazard process could have created cosmic strings as cracks in
space-time, like the cracks that you can see inside ice cubes.
The universe would have kept expanding, cosmic strings growing along
with it. But every so often, strings would fold in on themselves or collide
with other strings, causing loops to pinch off in bursts of energy. These
string loops would keep wobbling over billions of years, gradually losing
energy as they emitted gravitational waves.
“It's very similar to when you excite the string of a violin,” Schmitz said
FOY) VOB CBNRP ), NeDDRIE.
QVTOBTB 1:
2,030 AT T DO SOV PJET V0T, TyoND.,
8T B0 A. 9T HCTIETONT, TR 9O TOR) TR,
TO0BO3T WTHB YT TOBAIIT.
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The ice cubes materialized inside the tray will not always be perfect and will
contain defects in its structure because of the various molecular dispersion.
These imperfections are the uneven surface and cracks of the ice cubes,
which in concept applies to the cosmic strings.

A great example of force realignment can be observed inice cubes in a
tray. As the phase of matter transitions from liquid to solid, the water
inside the trays starts to solidify producing a crystallized form. While the
growth is taking effect, some water molecules will stay or spread out from
a particular region. The change in place of molecules won't affect the
transition, and the forming of water to ice will be successful at the right
amount of temperature.

In relation to the ice cube's example, cosmic strings are flaws developed in
space-time throughout the evolving universe. These flaws come in various
forms of dimensions. Among these variants are the one-dimensional
fissure, which happens to be the most common cosmic string.
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Because there is a law such as

GRAVITY

the universe can and will create fself from

NOTHING
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http://physicsworld.com/cws/article/print/9747
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| 2033 B F oS DBD

| Empty space is not really
|emptybecause nothing

| contains something, seething g L
{with energy and particles that

= Even if );ou have emipity

space—no matter, no light—
quantum mechanics says it
cannot be truly empty. There
are still some quantum field
fluctuations in a vacuum,"
Fong said. "These fluctuations
_—_ give rise to a force that

~ connects two objects, which is

called the Casimir interaction.
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Fedder 3 A wPBA ' 1ST FRAME
| ! These are the electron and its antiparticle, the positron, and of
| course the massless particles, the photon, neutrinos and
| antineutrinos.

| (1993 00 B,8e3) PTBBO I, IHWA FoIVY
3 Ada 46 F8oBd BuRd BT I3S IS0E WOT

| I3 HBINRI o " i
The universe is so dense that even the neutrinos, which can

| travel for years through lead bricks without being scattered, are kept

[ in thermal equilibrium with the electrons, positrons and photons by
3RD FRAME 10,000 million degrees Kelvin (10710 ° K). 1.09 seconds rapid collisions with them and with each other.

§ 4TH FRAME 3000 million degrees Kelvin (3 X 1049 ° K). 13.82 seconds

FRAME 100,000 million degrees Kelvin (1011 ° K), @ydoz

§ 2ND FRAME. 30,000 million degrees Kelvin (3 X 10710 °K).  0.11 seconds

' If Mount Everest were made of matter this dense, its gravitational
[l STH FRAME 1000 million degrees Kelvin (109 * K), 3 minutes il attraction would destroy the earth.

| A LITTLE LATER. 900 million degrees Kelvin (0.9 X 109 ° K). | The universe at the first frame is rapidly expanding and cooling.
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msw QedES 93¢ B, TS 5.5'\12 kelvin &3503.
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! 1. Quantum theory of matter.
"empty space" is full of temporary ("virtual") particles that
continually form and then disappear.
Physicists calculate the energy this would give empty space is
1012° times too big. (1 with 120 zeros after it) It's hard to get an
answer that bad. So the mystery continues.

. Dark energy dynamical energy fluid or field, something that fills all
of space but something whose effect on the expansion of the
universe is the opposite of that of matter and normal energy.

But we still don't know what it is like, what it interacts with,
or why it exists.
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Centre of Gravity
of universe
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T3 2003, ), AN ReNDEATT.
“All matter and energy of the entire visible universe is contained in a
hot dense point a billionth the size of a nuclear particle.”

Timeline of epochs in cosmology - 1

{ c. 0 seconds begins:

| . The Big Bang occurs in which ordinary space and time
develop out of a primeval state (possibly a virtual
particle or false vacuum) described by a guantum theory of
gravity or "Theory of Everything".

| . All matter and energy of the entlre visible universe is

contained in a a billionth the size of a
nuclear particle. This state is called particle desert.

may have appeared
and been the catalyst for the expansion of the singularity.
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! “The First Three Minutes: A Modern View Of The Origin Of
| The Universe” -

. . . ~ 1STFRAME
‘ The temperature of the universe is 10711 ° K.

izl
. The universe is simpler and easier to describe.
8 1t is filled with an undifferentiated soup of matter and radiation.

B Thus, despite its rapid expansion, the universe is in a state of nearly
" perfect thermal equilibrium.
.

The conserved quantities-charge, baryon number, lepton number -
M are all very small or zero. The abundant particles are those whose
| threshold temperatures are below 10711 ° K
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(1) It's important to realize that “before” the Big Bang, there was

no space and there was no time
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(1) Because all of space and time eX|sted W|th|n the smgularlty
the singularity itself did not exist within space or time.

(2) Since the singularity itself was not in a location on the planes of
space or time, there is no center of the universe; everything is
expanding from everything else at an equal rate. As for the origins
of the singularity, or even what existed before it, scientists are just
as befuddled as everyone else.
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(1) If the universe didn’t explode into existence, where did it all
come from?
According to the theory, the universe—this includes all space,
time, energy,
etc.—was condensed into an
extremely hot zero-volume entity of infinite density called a
singularity.
(2) Big Bang e953330 3pBRR, £ B, IS ’ve 3 0ras3 sont
ode)a3¢ B L83 esrie3c go..
99, 093 FOH W3R T35 TR WM 30D SWDT.
There was no bang, just a vast expansion of extremely
condensed material.
But the Big Bang wasn't an explosion that destroyed things. It
was the beginning of our universe, the start of both space and
time. Rather than an explosion, it was a very rapid expansion,
the event that started the universe growing bigger and bigger.
Many people hear the name “Big Bang” and think about a
giant explosion of stuff, like a bomb going off. But the Big
Bang wasn’t an explosion that destroyed things. It was the
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beginning of our universe, the start of both space and time.
Rather than an explosion, it was a very rapid expansion, the
event that started the universe growing bigger and bigger.
(3) Present-day physics cannot describe what happened in the Big
Bang.

Quantum theory and the theory of relativity fail in this almost
infinitely dense and hot primal state of the universe.
Only an all-encompassing theory of quantum gravity which unifies
these two fundamental pillars of physics could provide an insight into
how the universe began.
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The quantum world

8 The quantum world is the

world that’s smaller than an || At the quantum scale,

8 atom. Things at this scale things can appear as

8 don’t behave the same way | particles or waves — and

Madame Tussaud’'s wax museum in
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(1) Theory of elativity

! Einstein’s researches are:
1905 Special theory of relativity
1916 General theory of relativity

1926 Investigation on theory of Brownian
Movement

1938 The evolution of physics

Jin 1905 Einstein unified space and time with hi

oJleir-| Riallela R M IE I showing that motion through
space affects the passage of time.
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Theory of Relativity
cplained in six sentences

INnstagran A ntrogeoks

F-—

' Tirme is the 4Ath dimension Light speed remains constant

Faster you move through space Gravity is thhe curvature
ou Mmove through time of space—time
—

Time stows down around ’i Gravity travels in the
heavy objects form of waves

(2) Quantum physics
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‘ Quantum Theory:
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'Wave—particle duality is the concept in quantum
2 mechanics that every particle or guantum entity
' may be described as either a particle or a wave.

Light behaves both as a

Since the days of Einstein,
scientists have been trying
to directly observe both of
these aspects of light at the
same time. Now, scientists at
EPFL have succeeded in
capturing the first-ever
snapshot of this dual
behavior
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Quantum theory and the theory of relativity fail in this almost infinitely
dense and hot primal state of the universe.

338 9RVBR B3 AR, WwoBINARY BRX 33 T 90,0
BRIR RB)oh3, SWBDT.

“Only an all-encompassing theory of quantum gravity which unifies
these two fundamental pillars of physics could provide an insight into
how the universe began”

Scientists from the Max Planck Institute for Gravitational Physics
(Albert Einstein Institute) in Golm/Potsdam and the Perimeter
Institute in Canada have made an important discovery along this
route. According to their theory, space consists of tiny “building
blocks”. Taking this as their starting point, the scientists arrive at one
of the most fundamental equations of cosmology, the Friedmann
equation, which describes the universe. This shows that quantum

mechanics and the theory of relativity really can be unified.
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Quantum theory and the theory of relativity fail in this almost infinitely
dense and hot primal state of the universe.
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An epoch is a moment in time from which nature or situations
change to such a degree that it marks the beginning of a new
era or age.
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The timeline of cosmological epochs outlines the formation
and subsequent evolution of the Universe from the Big Bang
(13.799 £ 0.021 billion years ago) to the present day.
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Description
S1032K During the Planck epoch, cosmology and physics are
Planck epoch assumed to have been dominated by the guantum

effects of gravity.
>10 K The of the Standard Model are

epoch unified

Inflationary epoch, | 10?8 K~ 1072 K |The becomes distinct from
Electroweak epoch the
The forces of the Standard Model have separated, but |
energies are too high for quarks to coalesce
into hadrons, instead forming a quark—gluon plasma.

102
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Quarks are bound into hadrons. A slight matter-
antimatter-asymmetry from the earlier phases
Neutrinos cease interacting with baryonic matter. The
sphere of space that will become the observable

decoupling universe is approximately 10 light-years in radius at this
time.

Lepton epoch Leptons and antileptons remain in thermal equilibrium.

'Protons and neutrons are bound into primordial atomic
nuclel, hydrogen and helium-4. this time is in

| lelectromagnetic radiation.

{10 K ~ 4000 K [The universe consists of a plasma of

| .nuclei, electrons and photons;

[10? K~ 107 K
nucleosynthesis

Photon epoch

14000 K Electrons and atomic nuclej first become bound to form

Recombination
— neutral atoms

— — =— - — =— ——

The time between recombination and the formation of
the first starsred-shifted to infrared, and the universe was
{devoid of visible light.

% 4000 K ~ 60
i K ‘

The earliest known galaxies existed by about 380 Ma. Galaxies
From about |coalesce into "proto-clusters” from about 1 Ga (redshift z = 6)
60 K and into galaxy clusters beginning at3 Ga (z=2.1), and

i |into superclusters from about 5 Ga (z = 1.2).
| evolution

The most distant astronomical objects observable with

M Reionization |60 K~ 19 K |telescopes date to this period; as of 2016, the most remote
lgalaxy observed is GN-z11, at a redshift of 11.09.

Farthest observable photons at this moment are CMB photons.

They arrive from a sphere with the radius of 46 billion light-

years. The spherical volume inside it is commonly referred to as |

the observable universe
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