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(The Milky Way contains between 200 and 400 billion stars
and at least 100 billion planets)
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2. Most of the galaxies are 1,000 to 100,000 parsecs in diameter
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(approximately 3,000 to 300,000 light years) and separated by

distances on the order of millions of parsecs (or megaparsecs).
3. The Milky Way has a diameter of at least 30,000 parsecs (100,000

light years) and is separated from the Andromeda Galaxy, its

nearest large neighbor, by 780,000 parsecs (2.5 millionlight years.)
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Our understanding of the genesis and evolution of the universe is one
of the great achievements of 20th-century science. This knowledge
comes from decades of innovative experiments and theories.

Modern telescopes on the ground and in space detect the light from
galaxies billions of light-years away, showing us what the universe
looked like when it was young.

Particle accelerators probe the basic physics of the high-energy
environment of the early universe.

Satellites detect the cosmic background radiation left over from the
early stages of expansion, providing an image of the universe on the
largest scales we can observe.

light in our universe, as
detected with the greatest
precision yet by the Planck
mission. The ancient light,
called the cosmic
microwave background,
was imprinted on the sky
when the universe was
370,000 years old. It shows
tiny temperature

. S . . fluctuations that correspond

| The universe (Latin: universus)is all regions of slightly

“ of space and time and their contents, different densities,
o . . . representing the seeds of
| including planets, stars, galaxies, and ' future structure: the

d all other forms of matter and energy. stars and galaxies of today.

‘1 % ST g This map shows the oldest
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ingredients like Amber, Vermilion, Resin, Sealing wax and Maclic.
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“Space outside the observable universe could be an infinite extension of

what we see in the cosmos around us, distributed more or less in the same

way as in the observable universe.

The total universe is the totality of space and time which includes all

possible forms of matter, energy, impulses, the different laws and

physical constants which govern this universe.

So, the total universe refers to the cosmos, the world and nature.”
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Dark energy

Exotic dark
matter

Ordinary visible
matter

Composition Heavy
of the , elements:

0.03%
Cosmos Ghostly

neutrinos:

0.3%

Stars:
0.5%

Free hydrogen
and helium:
4%

! Dark
matter:

} 30%
Darlk

energy:
65%

1. 8833 65% 2N "dark energy" ec3),53 JFON0T T 30N, S8
e, 3o FTT, &8 FO3C FTOTED DOTI) )T, AN
AT 30800 3.
(This diagram shows the ingredients of the universe. Astronomers have
recently realized that the main ingredient is "dark energy," a mysterious
form of energy that exists between galaxies and forces the universe to
expand at an ever-increasing rate.)

26



2. @I, 30% 2om "dark matter," ) e3 Sad, OVEHTH 23 5edTIES
NTJTTONYT 9DINT TLNY XePRT. BT JFON A BT,
(“The next-largest constituent is "dark matter,"” which is an unknown
form of matter.)
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( The rest of the universe consists of ordinary matter, most of which is
locked up in stars and clouds of gas.

A tiny fraction of this matter is composed of heavier elements, the stuff
of which humans and Planets)

Dark matter

Unlike normal matter, dark matter does not interact with the

electromagnetic force. This means it does not absorb, reflect or emit light,

making it extremely hard to spot. In fact, researchers have been able to
infer the existence of dark matter only from the gravitational effect it
seems to have on visible matter. Dark matter seems to outweigh visible

matter roughly six to one, making up about 27% of the universe. Here's a

sobering fact: The matter we know and that makes up all stars and galaxies

only accounts for 5% of the content of the universe! But what is dark
matter? One idea is that it could contain "supersymmetric particles" —
hypothesized particles that are partners to those already known in

the Standard Model. Experiments at the Large Hadron Collider (LHC) may

provide more direct clues about dark matter.

Many theories say the dark matter particles would be light enough to be

produced at the LHC. If they were created at the LHC, they would escape

through the detectors unnoticed. However, they would carry away energy
and momentum, so physicists could infer their existence from the amount
of energy and momentum “missing” after a collision. Dark matter
candidates arise frequently in theories that suggest physics beyond the

Standard Model, such as supersymmetry and extra dimensions. One theory

suggests the existence of a “Hidden Valley”, a parallel world made of dark

matter having very little in common with matter we know. If one of these
theories proved to be true, it could help scientists gain a better
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understanding of the composition of our universe and, in particular, how
galaxies hold together.
Dark energy
Dark energy makes up approximately 68% of the universe and appears to
be associated with the vacuum in space. It is distributed evenly throughout
the universe, not only in space butalso in time —in other words, its effect is
not diluted as the universe expands. The even distribution means that dark
energy does not have any local gravitational effects, but rather a global
effect on the universe as a whole. This leads to a repulsive force, which
tends to accelerate the expansion of the universe. The rate of expansion
and its acceleration can be measured by observations based on the Hubble
law. These measurements, together with other scientific data, have
confirmed the existence of dark energy and provide an estimate of just
how much of this mysterious substance exists.
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RECORDED IN LIGHT A ring of light surrounds the boundary
of a black hole in this artist illustration. Stephen Hawking
theorizes that light on this boundary encodes information
about everything that falls into the black hole.
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John Dalton (1766 - 1844 C.E.)

Dalton's Atomic Theory

Erest Rutherford Atomic Mode!

Al elements are composed of
otons. i * Gold Fol experiment

- i bl marked thediscovery that
the atom was made up of

Atoms of the same efement are moslly empty spaceand

dlike confained a positvely

chargednucless
3. Atoms of different elementsare .
different *Rutherford Model suggests
thatatoms are unstable
Chemical reactions invelve the
rearrongemert of atons

His theory consisted of four basic ideas:
1) All matter is composed of atoms that are indivisible.
2) All atoms are identical in properties, such as size and mass.
3) Atoms are rearranged as a chemical reaction occurs.
4) Compounds are formed by combination of multiple atoms.
5) They cannot be created or destroyed
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In particle physics, an elementary particle or fundamental particle is a
subatomic particle with no sub structure, thus not composed of other
particles

SARR YN VTN D,

Protons, Neutrons ¢
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Electron Cloud Model

+ Electrons appear and
disappear at random
clouds

The Equations That Changed
The World - 06

Schrédinger Equation

Fundament uantum Mechanics

Erwin Schrodinger
(1887-1961)

ed itin 1925 &
published in 1926.

SCHRODINGER’S ATOMIC MODEL

Schradinger also
proposed that an
electron behaves in
a wave-like manner
rather than just as
particles.

Thus electrons are
both particles and

waves at the same
time.

Since electrons are
waves, they do not
remain localized in a
2-D orbit.

The neutron was difficult to catch.
|Other particles can be seen and
their actions watched, but the
neutron we could not see and 1t
leftno traces of its passage. 22

James Chadwick

In 1932, James Chadwick proved the existence of
neutrons. He shot alpha particles (two protons and two
neutrons bound) at a sheet of beryllium, that filtered out the
electrons. The neutrons hit a sheet of paraffin wax. The
ones that filtered through the paraffin wax were the
protons.

Chadwick discovered that neutrons help reduce the
repulsion between protons to stabilize the atom's nucleus.
Neutrons always reside in the nucleus of atoms, and they
are about the same size as protons. However, neutrons
have no charge (a charge of 0)
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Timeline Of The Evolution Of The Atomic Theory (1 To 2000 C.E.)

Sir Isaac Newton

LOSO vs of motion

slow down

Newton formed a theory of light, that light was made uUp of particles. He also formed the

moving at a constant speed, it won't move unless you force it to

leration of an object depends on the strength of the overall force applied to
Il as on the mass of the object
action, there Is a reaction

1) All matter is composed of atoms that are indivisible:

How John Dalton
Discovered the

AdhISRiadfts CEN

3) Atoms are rearranged -as a chemical reaction occurs.

f 5) They cannot be created or destroyed.

Piocos of Atoms — the BMOII

= Eugan G (1450 1430)
— Gt 4y =

Eugen Goldstein Discovery of the proton:

He observed the changes in a cathode ray tube, and
discovered the anode rays. positively-charged
particles that moved in the opposite direction, from
the anode to the cathode.

Timeline Of The Evolution Of The Atomic Theory (1 To 2000 C.E.)

Albert Einstein (1873-1855)

The general theory states that space and time

works together. Empty space-time without
gravity is flat, however space with matter is
curved by gravity. These curves cause time to
run slowly. Gravity also bends light by bending
the median it travels in: space.

In 1813, Neils Bohr created a new model of

Nigls Bohr
(1885 - 1962)

b

y

the atom. It consisted of electrons that
orbited in "shells” or layers around the
nucleus. As the energy level changed, so
did the location of the electron. Neils Bohr
was also the first to introduce the idea of
the quantum mechanical model, where a

cloud of electrons surrounds the nucleus:

Timeline Of subatomic particles

1802 Dalon’s atomic theory
1897 Electron -- J J Thomson
1911 Positive nucleus --
Rutherford

1930 Neutrino -- Pauli

1932 Neutron -- James chadwick
1937 Muon -- J C Street and EC
Stevenson

1962 Discovery of neutrino
1969 Quarks -- Friedman,
Kendall

1976 The tau lepton -- SPEAR
1977 Proof of bottom quark
1983 W and Z bosons -- Carlo
Rubbia

1995 The top quark -- Fermilab
2000 The tau Neutrino --
fermilab

2003 A five Quark state
discovered

2013 Discovery of Higgs Boson

42



F0 LPITOF , 900 BARADTTA B, BTe390£03eIN0I 23T,
FONT R, GVBTT IV T D3,TOT. VBT E) TG edIT TN
DT DO0W TR LT TEANDes.

Teo 23°P3TA , eNI), BT 2323 I, (Nuclear Physics) Qedne

RORR D3I, WRIYNY WOR, B ROWOBNY L9ITZ 0D 300303 33.

wq&«bﬁ NS
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(1) e9z° (2)TP*
(3) 20 &3¢
(4) &30 (5) B, 602 (6)
WOTE
Hadrons
P g /"""\ .
[ uarks |\ [ A Pt

Leptons faryons) émm) :’Itlons

\

Bosons Fermions

In particle physics, a lepton is an
elementary particle of half-
integer spin (spin 1/2) that does

not undergo strong interactions.

Two main classes of leptons

RT35092:

’artucle
Physics

Leptons

electron

. £5 /’
mu&‘_bg anti- muon@
»

1
»

Qtaut/ﬂﬂ \a,a“:ue
S, N e38d Wi:
(1) 3T, ¢ (2) N3FY, jo°
02:83)85, (3) e (4)
IO 88385, (5) 3°
(6) 3P 5838 .
1¢2% it neh:
(1) 7HYTLY3 B Me)d&
(2) B)539,0330H FPT,
(3) &L W (Weak force)3

DRTI W D3, Z
(ANCENOLV Y o LAY
(4) TyT& WO (strong force) 3
R0E&3 N 5x° e
Particles with spins that come in
half-integer multiples (e.g.,
+1/2, £3/2, £5/2, etc.) are
known as fermions; particles
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exist, charged leptons (also with spins in integer multiples

known as the electron-like (e.g., 0, 1, +2, etc.) are bosons.
leptons), and neutral leptons There are no other types of
(better known as neutrinos). particles, fundamental or

composite, in the entire universe
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String theory proposes that small loops about 100 billian times
smaller than proton are vibrating below the subatomic level and each
mode of vibration represents a distinct resonance which correspond
to a particular particle.

Superstring theory is an attempt to explain all of the particles and
fundamental forces of nature in one theory by modelling them as
vibrations of tiny super symmetric strings. Physics nothing but laws of
harmony that you can write on vibrating strings.
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Now the question.arises;, why we need two
different theories to understand'ghis. universe?
For answering'this, physicists deV Oop an |dea
about a thegretical framework in whiea"

like particlés which we have studied u
classical physics that are replaced by a
unidimesional objects termed as

And this was the story of the birth of £€ string
theory. ;

This theory is spécia saOISe it talks about
multiple dimensions, universe before big bang
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This is because string theorists believe that the most basic things in
the universe aren’t the normal particles that we are all familiar with,
but vibrating strings.
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All matter and all forces as well, as being made up of one single
ingredient.

Strings are composed of super-concentrated mass-energy which
vibrate like a violin strings, with each distinct vibration mode
corresponding to a fundamental particle(such as an electron or a
photon)
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All of the dlfferent
'fundamentalz‘partlcles ofthe
Standard Model- arereally just
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Stephen Hawking had pinned his hopes on ‘M-theory’ to fully explain
the universe
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The atomic nucleus is the small, dense region consisting of protons
and neutrons at the center of an atom, discovered in 1911 by Ernest
Rutherford based on the 1909 Geiger—Marsden gold foil experiment.
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! The nucleus of an atom is about 10-15

m in size; this means it is about
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%While the size of protons and neutrons is of the order of
l a Fermi (107 m),

 the size of quarks is ~10m
i A unit of length, 10-15 m, used in measuring nuclear
i distances.

Estimates of Quark Radii
(fermi
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Inner Outer Inner Outer Inner Outer
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Inner Outer Inner Outer Inner Outer

Down 00 033 033 085 085 11
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1,00,00,00,00,00,00,000 (1

3 0008 15 AR, 18T, A
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eJZNATT 20303 WwOTD
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“SUPERSTRING THEORY” 93,0, ROZaES0%0 B03E) S e3t360

T )TN R I NGS.

According to the theory, the fundamental constituents of reality are
strings of the Planck /ength (about 10~ -33 cm).

STRING B3 @¢'3 %001 B0&3¢d00633 v I T3

883,13 0B,
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C ~ 1 cm
N Crystal
< Size Ratio: 1/10 ,000 .,000
£ 8-

"@i 160~ 7 e - g 4
’1_ B, olecule = 10-107cm Macro-molecule

1710 - : —~

i1/10,000
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Atomic nuclkeus
1710 ;
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10713 o s // ? L —\\
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<107 1% can !
Electron, \
Quark +
103%m String and Brane

BT BRIN o) @@rm&&a«aﬁzﬂcfaw TNF R, A,z 30,3
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PR3N 90, AW, NewB) WEFIHE), SVIA3RENATIE "VOTWD” T2,
OB DR, RENOBA DT,EIT NP IYNITE.
YT, N RATRI)EIT €98 TR, 20 N33 33,NF I,
VB3N AT, THVEBIT) 239903 AOT3s.
mlhag ?yor;rwoi;i?gt:ui?jjg electrons The atomic nucleus is the small,
Electrons = Mass of 1 proton. dense region consisting of
e protons and neutrons at the
center of an atom, discovered in
1911 by Ernest Rutherford based
on the 1909 Geiger-Marsden gold

foil experiment.
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The quantum theory allows us to understand the world of the very
small and the fundamental properties of matter. ...

Having this deep understanding of the various elements of the theory
allows us to do much more than just move atoms around or know
exactly why things behave the way they do

Quantum mechanics arose gradually, from theories to explain
observations which could not be reconciled with classical physics, such
as Max Planck’s solution in 1900 to the black-body radiation problem,
and the correspondence between energy and frequency in Albert
Einstein's 1905 paper.

Planck's work in thermodynamics led to the formulations of his
quantum theory. ... Planck called the packets of energy quanta and he
was able to determine that the energy of each quantum is equal to the
frequency of the radiation multiplied by a universal constant that he
derived, now known as Planck’s constant.
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Quantum Mechanics
| Quantum Theory: Sieride 3,80 wod

There afe ﬁve mm‘t} :deas{m m&,g,mddw zitgcrad Bonvs .
Quaptum!’ ThtOW ~\ R i daiaiod)o BSoh T3 DR
'Energy not edntinuo . O It oTes | aacmrh}d)

come sifsmall but dlécrete units. [RE-TYSTRNCENEETE »QUANTUM
Th«. diementaryiparticlés,behave MECHAN|CS 3?303305?
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tho world we live in Mechanics
TY3C3
S J2 8 9BE 08, FeooN TONP HoedIETe0N 9T BOBIT)

0 TRE3,050.3.
PO, 33,230, DTN LITFEIRVRFERR,LN 530308, 23033,
YD), FP3(3 J2), "e9T03" N I), “Quantum particle” 3203,
BOJIEOD S e30N VTASEENATIT .
RRTEN "T¥3¢3" 3 Dictionary meaning S/0¢C3.,0¢60.
1. ¥903¢3 ) kalatita adjective
being above or not bound by the principles of physical
existence. not depictable by any art.
2. 3P03C3 ) kalatita noun
(phil.) a man or a deity who is above or not bound by the
principles of
the physical existence of the soul.
that which cannot be the subject for an art.
FL3€3 J_ T, “Infinite” "e9T[03" D0V 930,00 9P FIP
3.
QOT BB LDRODT )3T D3/,
Quasiparticles: (€93%¢9)
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Quasiparticle a quantum
of energy that has position and
momentum and can in some
respects be regarded as a particle.

Itis called quasiparticle, as it is not
an elementary particle and rather
composite in nature.

So far it has been assumed that
quasiparticles in interacting
quantum systems

", B3TedT, BT, Ale VDE TRBTRY,, BEITI, NP3,
BRCTT a3V BED LITOIZ FOOTITT YBIZ T DOT 2R), 30
95362

QO3B TLANP T, TFOWILRRD 9YNPR “Quasiparticle” (e98F0)
DOT) FEONINEI.
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A FSARA LAY

"0 WOR) F¥3¢3 e3D0IVGRT S e903;”

NOT) ARDIWN F¥3¢3 (quantum particles) 930330,
ARVIT ) IR CNAITT.

“l think | can safely say that nobody really understands quantum
mechanics,”

observed the physicist and Nobel laureate Richard Feynman.
Nothing lasts forever. Humans, planets, stars, galaxies, maybe even
the Universe itself, everything has an expiration date.

But things in the quantum realm don’t always follow the rules.

Now, scientists have found that quasiparticles in quantum systems
could be effectively immortal.

Infinite decay and rebirth of quasiparticles:
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Ruben Verresen, the lead author on the research says

“If this decay proceeds very quickly, an inverse reaction will occur
after a certain time and the debris will converge again. This process
can recur endlessly and a sustained oscillation between decay and
rebirth emerges.”

So, technically, in this case, immortality is achieved by a pattern of re-
emergence rather than rebirth

For those who are unaware, quasiparticles aren’t exactly particles like
electrons or quarks.

They are actually the disturbances or excitations in a solid that can be
caused by electrical or magnetic forces. But collectively, they behave
like particles
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All stringed instruments make
sound and notes by vibrating.
Musicians make the strings
vibrate by rubbing a bow against
them, striking them, or plucking
them. However, if you were to
take a string and stretch it tight
and pluck it, it likely would not
make a very loud sound.

When there is a node on each end and only one antinode in between
them, the wave is said to vibrate at the fundamental frequency. String
vibration.

A vibration in a string is a wave.

Resonance causes a vibrating string to produce a sound with constant
frequency, i.e. constant pitch. If the length or tension of the string is
correctly adjusted, the sound produced is a musical tone.

String Theory and Vibrations.

The Foundation of String Theory: String theory states that all matter
in the universe is composed of tiny 1-dimensional strings, not point
particles (which are 0-dimensional in nature).

According to string theory, “strings” are tiny bits of pure energy that
are the smallestconstituents of matter and force interaction in our
universe. General quantum strings are approximated to be10 -33 cm
in length.

Superstring theory is an attempt to

explain all of the particles and

fundamental forces of nature in one
e theory by modeling them as vibrations

5 10 cm & of tiny supersymmetric strings. String

3 1 o theory depicts strings of energy that

g vibrate, but the strings are so tiny that

you never perceive the vibrations

directly, only their consequences.

STRINGS

1000000000000000000000000000000000
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! Much as different vibrational patterns of a violin string
| play different musical notes, the different vibrations of
the tiny strands in string theory were imagined to yield
different particles of nature.

According to the theory, the strings have length (about
10733 ¢m); the mass and charge of a particle is

| determined by how a string vibrates.

| For example, string theory posits that an electronis a
string undergoing one particular vibrational pattern;
a gquark is imagined as a string undergoing a different

| vibrational pattern.
Thus, string theory was proposed as the sought-for
unification of all forces and all matter.
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! Sound is a type of energy made by vibrations. When any object vibrates,
it causes movement in the air particles. These particles jump into the
particles close to them., which makes them vibrate too causing them to

¥ bump Iinto more air particles. This movement, called sound waves.

Picture a store thrown into a till body of water. The rigs of waves

! expand indefinitely. When the vibrations are fast, you hear a high note.
When the vibrations are slow, it creates a low note.

QD). "WOTN" NI, "TYo3" Few N Be3a3eN
"e93¢ Fco, N9, T DO V03T A,
03,3000 3" D0 33 T, BEHI.
QT DT, AN TR, JAT “Bing Bang” 33,

Fundamental particles are the particles whose structure is unknown i.e
itis unknown whether they are made up of different smaller particles

or not. So they are the smallest particles known to this date.

Theoretically there are 18 of them, (however, one of them is not yet

confirmed),

« The Higgs Boson Particle: One of the 17 The Higgs Boson particle (or

fundamental particles in the Standard Model. god particle) was speculated by

—The other 16 are the 6 quarks, 6 leptons, the
photon, gluon, W, and Z bosons.

Peter Higgs in 1964.
Thought, recently, the particle

2012.
It proved the existence of the

- The very massive Higgs Boson explains why the
other elementary particles, except the photon and
gluon, are massive. Also why the photon has no Higgs field, and stated that the

mass.

god particle
gave the other particles mass.

bl

has been discovered by CERN in

The Higgs field occupies everything in the universe.

2B 0oz dTFRBRENNY “e9e9)dRP YR e9£0ds30ND,D, 3
Be0, A" “BNBR YLD DT3B 00832

N0 3), S8 “T3eI” (God particle) 202 S8 TTjads DR T
DDA
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It is visualized as molasses that drags particles that move through it.
Particles that interact with the Higgs, receive mass.

So electrons that hardly interact with the field have very little mass,
and protons and neutrons that interact with it regularly have more
mass.

The god particle's existence was proved in the Large Hadron Collider
at CERN.

There are protons that are smashed together to relesase energy; since
Einstein's theory of relativity states that mass is energy and energy
cannot be destroyed, new particles are created from the release of
energy.

The Higgs is unstable, therefore it splits into more particles.

The sensors in the collider detected this rare occurrence.

It is rare because there are trillions of collisions occurrin

Parti
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Reveal a magnetic field's shape and study the
interaction between the magnetic poles using iron
filings

Magnetic force, attraction or repulsion
that arises between electrically charged
particles because of their motion. It is the
basic force responsible for such effects as
the action of electric motors and the
attraction of magnets for iron. 51 F003
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A magnetic field is a vector field that describes the magnetic influence
of electric charges in relative motion and magnetized materials. A
charge that is moving parallel to a current of other charges
experiences a force perpendicular to its own velocity.
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https://kn.wikipedia.org/w/index.php?title=%E0%B2%B6%E0%B2%95%E0%B3%8D%E0%B2%A4%E0%B2%BF-%E0%B2%B8%E0%B2%82%E0%B2%AA%E0%B2%A8%E0%B3%8D%E0%B2%AE%E0%B3%82%E0%B2%B2%E0%B2%A6_%E0%B2%B8%E0%B2%82%E0%B2%B0%E0%B2%95%E0%B3%8D%E0%B2%B7%E0%B2%A3%E0%B3%86&action=edit&redlink=1
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Law of Conservation of Energy

“Energy CANNOT be created monr
destroyed. but can be converted
firomm one FORM to another™

Remember this...

"The aamnmount of energy we start with
is wihat we mmust end with.

30, BB TR Wwédd, 30D DHe3,3) 2 TBweNsH3 3.
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VOFVBOR AOF5ed). 8 33T DTRITHBONY, FT3) 35,
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338, D353, “Principle of conservation of Energy” 1330,
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"Z9,830 wonzd ewPdod JF 2w0T3C” "Matter and energy are the

same " )z3DAT,C.
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Energy and Mass

e e A e e e 4 —

< Energy and mass are -
equivalent and can be — [T‘l (W 2
converted into each i
other.

*=Energy is released as E=MC2
matter is destroyed = -
and matter can be =240
created from energy. Fission

MO, : €969, 2Re3£9,5e3T 23233207 “ T30 AP 3
OFERI, TENS T, 33 NPOT JeSORDIIT.

(1) 38, D353, (Principle of conservation of energy)

(2) W35 D353, (Principle of conservation of matter)

(3) T[0T YN BORIER.

(conservation of matter into energy)

(4) W)e3500d 203, IINY HDFI,. (Unity of mass and energy)
YD) NeNARITE OINY) 3350030 33,10, 330
Te35s003Ne BVIRBIES A5
€9T829: D), )3T FDATNTS. SN “eIGFF T30 11" 03,23
VWIYWNT 9T E0RTRF)S ONIT, e00C3IE.
n>0ee,: FUNDAMENTAL FORCE (20303 I8 neH): 1930 00T
AT ), ANE FOBFREFIOD FOeoN IF,TD T0as ),
BRL,NP) BDRDOLPRI PVFTEICNTEINE 203 T, 2RO JINRY
RO DOTI 313 T3.

Fusion &

(o Y
< X >
s ik
Strong force Electromagnetic
binds the nucleus force binds atoms

Waalk force n Gravitational force
radioactlve;decay binds the solar system
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VUMY (B3MiY) HdesTee

ez e Maxwel ©02) cf)mc:) (ASIES)
238:'#%}\) Qdé@eainri £35° © Do) 2088 Swweie3
25§Oi) cifawri%b cDOCS.) SpedI3.
1970 8O ram? Glaswo =3 Sondnth
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3 “oedn, ecf)ees‘ 3D’ Do) wore Dewied 330D
BRTRLL cDOCiJ 2redIT amft)r%b B Do),
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1850 X301 James Clerk Maxwell z303), Lorentz €9533) "edT3053° I3,
DI, To03TY, N 20X electromagnetic IO eI

CRBNP) DO ARATA.

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 for electromagnetism have
been called the "second great unification in physics” after the first one
realised by Isaac Newton

| FElectricChargesandFields [ yypification of Electricityand Magnetism

Maxwell’s symmetry and
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.
Forexample, 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!

The unification was achieved when the Scof
Maxwell and the Dutch physicist Lorentz
theory where they showed the interdepe
two subjects. This field is called electromagnetism.
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https://en.wikipedia.org/wiki/Classical_theory
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Magnetism
https://en.wikipedia.org/wiki/Maxwell%27s_equations
https://en.wikipedia.org/wiki/Isaac_Newton

83 dBVODT &S 9T FOTFRIFINS) SW N

In the Standard Model of particle physics, the electromagnetic force is
carried by photons. These are familiar to us as particles of light.
NOT dDATRT.

1970 3, I 20, ATY) YD, 20T B, 30T T,
WONY)

Electromagnetic force z303), weak nuclear force 3003 "Electroweak

force” 33,03 e)o)T3 CRTNE OTH ABTBATITY.

Electroweak Force

® Sheldon Glashow
® Abdus Salam + Aforce proposed by physicists Abdus Salam and Steven
- ; Weinberg which unifies the electromagnetic and weak
| ™ Steven Weinberg nuclear forces under conditions of extreme temperature
® Each physicist independently found that the prev;lgnt i ey e e ;
et e e [ o e + Physicists concluded that the weak and electromagnetic
e HUC I EAL  OTCeles = S forces have essentially equal strengths. This is because
electromagnetic force. 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.

AT AN B8 WO, L9DONE) TP V), JFe0SNP O
0D, AT, 3.

nTeo,: FFOD LABFNE) BIHNE DOV0IT I3, DI, GOTANRI
TN T, IR, N3 33, BESTE), da3DAT,T.

T B3SINFS). 330D NINS BOBRFINF O 230008 €933
ARRWIBTOR 3N R0, 3T YO.3.
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https://en.wikipedia.org/wiki/Standard_Model
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(1) Vo33, AOT BSRTY, YWD

(2) ST A0 YW, T3, YWD
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(MOBIT,TRE €D TB,)
(2) B, S33, — RTVBIOD WNET WO dT5T° ToO 3O WO
ELECTROMAGNETIC FORCE (2330, ;a330,71,83% 33.)
(3) BT3B, - DRTVI0DH IRFW WO WERDIITD. B0 93F,
WO
The weak nuclear force
(4) B3DTB, - TNRTIOR WRET W XTI TR, B0e3 STOINI 20
The strong nuclear force
(5) WOT B, — 97T, YT, TOW T, A3 BAT Té3,000.38.
€90)¢9; Fifth force
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| Four Fundamental Forces
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https://www.britannica.com/science/weak-force
https://www.britannica.com/science/strong-force
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(47% century)

Celestial Terrestrial
Mechanics Mechanics
(17" century) (17 century)
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.Uniﬁcoﬁon of the Fundamental Forces

Eléctricity Optics Radioactivity
(18% century) (19™ century) (20™ century)
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Weak Nuclear Force
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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.
30,2070300,35R30) 30C0ATW Tod &k 3T D3I, 98T 20>

33 IR VBRI T.
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.

Force Particles (summary)

and/or decay thanks to fc
< esponsible of binding part s together

Only quarks Leptons and quarks
(because of their (only force for
colour charge) neutrinos)

Quarks and charged Still to be discovered

leptons (no neutrinos Negligible effects on
R < |
’ =

BB DOTLANY) NS BPR LT A, NP STV Fa,
BEFINFD 0D 33NPT, dTWORL) eI, FO3REMOONTE),
AT 2T AT T0.
OXT FZSINY 33 FOFRBINY SO03T I W, ANY) TeONY
23, FFOD WDRIEIOD DO FORBILDTR,T.
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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proton proton neutron neutron energy
(1.007277  (1.007277  (1.008685 (1.008685 helium nucleus (aquivalant to
amu) amu) amu) amu) (4.0017 amu) 0.0302 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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| Energy and Mass Are Relative:The equation £=
mc”2 states that the amount of energy possessed
e | by an object is equal to its mass multiplied by the
square of the speed of light.
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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

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.
€90, 2R3, e3T 232320 “eIZE T3 oD e " B,
VIBASPENATT “eaF & T2, &ABRINT B3 35e30,y, FFNS BT B
JORIZI.

Annihilation:

quarks €@ clettroni

4 positroni

e
leptoni neutrini
Materia ’ _ V. V_V
L (24 AT
oscura

D]
L]
‘ ‘\:3 annichilazione

. antiprotoni

bosoni

s a. + !|_ protoni

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.

Matter Antimatter

Electrons Positron
Antiproton
Hydrogen

ogen
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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 quantum 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
nucieus it produces two particles

moving in apposite direolions. A
negatively-charged electron and

it's antipanicle, a : '
positively-charged I Nicteus)
positron. 1

Photaon

To understand the matter-energy conversion you need to understand
how
Quantum field theory describes matter.

88


https://en.wikipedia.org/wiki/Energy
https://en.wikipedia.org/wiki/Momentum
https://en.wikipedia.org/wiki/Quantum_number
https://en.wikipedia.org/wiki/Conservation_of_energy
https://en.wikipedia.org/wiki/Conservation_of_momentum
https://en.wikipedia.org/wiki/Quantum_field_theory

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 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't allow just anything to happen, for example there are
various conservation laws that are always obeyed.
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“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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proton proton neutron neutron ' energy
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amu) amu) amu) amu) (4.0017 amu) 0.0302 amu)
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Reveal a magnetic field's shape and study the
i i the poles using iron
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F 33 (field of probability) 2yenRie.
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1. A “field" is the area in space and time in which the particle (energy)

exists.

2. A field becomes “exited” when the energy is occupying the field

and thus creating a particle.

3. The particles themselves can be further excited by more energy

being added to the system by outside forces (gravity,

electomangetism, heat etc.).

Definition: A field is a physical quantity defined at every point in

space and time

T WyBS5ed0083 WY 93T ), Y30 ontast TEI).

QT dTVR) JTT) €353CE3 2T, NP FOTRY,

B0F)eAT,C.

QD). 20T NVTOBTTH JTI3.

Oéﬁuﬁéj{j@m T2),0T3 YT BV 239083 330030 233,
W72 1 Magnetic field lines visualized using

iron filings. When a piece of paper is

sprinkled with iron filings and placed

above a bar magnet, the filings align

according to the direction of the

magnetic field, forming arcs

Magnetic field lines visualized using iron filings. When a piece of

paper is sprinkled with iron filings and placed above a bar magnet, the

filings align according to the direction of the magnetic field, forming

arcs

3 3 1687 BA.ONC 'E, €3)” [0 TRBWTIC N8 32 Newton IS,

Philosophize Naturalis Principia Mathematica 0% QR IFTE),

M3, 330D, NOTD JeBDATIN.

"action at a distance” — its effects on faraway objects are

instantaneous, no matter the distance.
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Newton’s Law of Gravitation |

Ul Newton's Law of Gravltation says that ‘_’[ ml m2
everything In the universe attracts F = G 2
everything else in the universe. The mors r
massive the objects, the stronger the force
of attraction is.

F= gravitational force

G = gravitational constant
m, =mass of first object

m, =mass of second object
d = distance between masses
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1845 B¢)_Michael Faraday & 3, "field" 202 J2), R003/0232 BOA
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The notion of a field-line was
introduced by Michael Faraday in
his work on magnetism

@l From Faraday’s point of view, a
field is not a mere mathematical
abstract but a real physical object.

323030083 38, ABNY BWIEION) ATWT, TOTED d3),23

23003 eNOTBATI.

He introduced fields as properties of space (even when it is devoid of
matter) having physical effects.

He argued against "action at a distance”, and proposed that
interactions between objects occur via space-filling "lines of force".
This description of fields remains to this day

1864 0, classical electromagnetism ©3¢). Maxwell's equations &3¢,
electric field, the magnetic field, electric current, and electric charge
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In physics, a field is a physical quantity, represented by a number or
tensor, that has a value for each point in space-time.
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It was between 1928 and 1930 that Jordan, Eugene Wigner, Heisenberg,
Pauli, and Enrico Fermi discovered that material particles could also be
seen as excited states of quantum fields.
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Particles and antiparticles are excitations in the same fielc

Electron

Positron (anti-electron)

They're just described as equal and
opposite excitations of the field. This
Electromagnetic waves IONY'), T@E3,,.
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0BT FOFRFINP I, AOTFEeoN BINE TDROT Je3T TPTIIS.
%) 3 1927 Paul Dirac 2020 J230, ) Field (3£3)) 030,33

BB O3B

QED Quantum electrodynamics

RN,33 BRA JTONT, VPOD To3TI.

5 IRONTE). N33 I3 NP, VTSN BT 503,
TONLRBS SO

(Interactlon) BVOA,0 3O N 93 Od)ﬁ D RT.

Dirac coined the term

uantum electrodynamics (QED),

a theory that adds upon the terms
describing the free electromagnetic
field an additional interaction term
between electric current density and
the electromagnetic vector potential.

es mathematically not only all
| interactions of light with matter but also
| those of charged particles with one another.

(the quanta of light)

B ARODON )2Z0, ) Albert Einstein 1905 3€)_ 23993 photon
NV, JB, TN POTONS 30,330, e)eSDA EIRT JeSTNP ),
WTWNATIT.

YD) 33 €93C Feo, A, TLINY €9 TOFTWRALTIE SSA,NY eI 00S
VB BRA RO Quantum theory SVTIOHETDANID.

9830, Max Planck €938 R03e¢EINS) BReA ol 3L0ATY).
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Planck made many contributions to theoretical physics, but
his fame as a physicist rests primarily on his role as the
originator of guantum theory, which revolutionized human
understanding of atomic and subatomic processes.

He treated atoms, which absorb

and emit electromagnetic radiation, as

is a theoretical framework that combines
and

theory, special relativity and guantum mechanics, but not general
relativity's description of gravity. QFT is used in particle physics to

construct physical models of subatomic particles and in condensed

mmmm quasiparticles.

tiny oscillators with the crucial property

that their energies can only take on a series of
discrete, rather than continuous, values.
Known as quantum harmonic oscillators. This
process of is called quantization.

3 D). )FOONPR FPT TN

(QFT ) Quantum field theory

T BPR IWITNY FOZFREDE) ABTODOITANI.
8 D), FOBRPINY 3TN0 1948 B H Casimir 20
279, WODO) NI OB 3 [y, 9T (energy J3.0d
XDe®) fluctuating waves DOT3 330'&3%@0&d NV AO of)dd
ACRTI.

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 qguantum fluctuation of
electromagnetic fields in the vacuum that "stimulates” the
spontaneous emission of radiation by electrons in atoms.

Casimir Effect: Vacuum is full of Even if you have empty

fluctuating electromagnetic waves that | . space—no matter, no light—
|| can never be completely eliminated, ) quantum mechanics says it

like an ocean with waves that are : cannot be truly empty. There

always present and can never be are stil some quantum field

stopped. s S

fluctuations in a vacuum,

Fong said. "These fluctuations

~ give rise to a force that

These waves come in all possible
wavelengths, and their presence implies
that empty space contains a certain ~ =
amount of energy--an energy that we |~ IS8 connects two objects, which is
il can't tap, but that is always there. called the Casimir interaction.

€935 T NOT ONO0I) eNI), FOFINP R, BVTASRENR 2OD
33 3RODO) A3 50N
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https://en.wikipedia.org/wiki/Uncertainty_principle
https://en.wikipedia.org/wiki/Ground_state
https://en.wikipedia.org/wiki/Vacuum
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https://en.wikipedia.org/wiki/Quantum_fluctuation

James Clark Maxwell and EM Waves

1831-1879

| 0be 23, JeeEe

| 202D, BoBIeD, S
12,20, BRBT wed, nidd |
| 2083 ssbF Wowd DB
|Empty space is not really
. emptybecause nothmg

{with energy and particles that
| flit

12 300D B3ToIT ), 9 ) 23d 930 [WS mﬁd A VWoleA)
Toedned

1. 20D 23)a ST

2. WD, FORIRRD, T

3. wad, FPRT wd, NI

FPNST T AOINF I, MDA

1. Empty space is not really empty because nothing contains
something

2. Seething with energy and particles

3. That flitinto and out of existence.

YD), T YONLR LIOTWI0IT TRE3,Q)..

YD) LD, NG 9T B3oSINY BOFeHT FOwoN TOWI BT
33,1%.

1948 8B&), J230_A) Casimir :350R3 &3NS da38 B)R.

92330 DTTI) F)EIE 0T TeIVLS RTTI WEEINF I, AelS03TedeN
BT (WO, vacuum) 3) DATI.

90)_ €3 BEEINY STRED 3N, ). HI; DOT 33,

3D, TBOTIONI) 239,533 D23 FeANID.
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3 0R Casimir effect O3 TECANITAT.
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

ood:
VO, WOT AVETI TSR (239003) BTT e SCETI£a3.
BT, TVD50T 20T BTBES oNTII 3.

» Casimir Effect: Vacuum is full of

can't tap, but that is always there.

2350 CDMOT 2,07 30 FO E3RA,NONT, 3RCDRITS. LTI
030983 &R, YL, ARVILEFTR, BWIEFTTT2),0) Stk TCFHTT.
ZDONMRT 2N0TF)e3 ), B, 3D, NN Tyoed WRTD A 60T
Vo5 3N 3RLORITS, ATBIOD A BRI, .....

203 S03T 2,08 5 - 6 BRONPI, 3NTH €3¢ 3¢
DBIT."

NQTIN, WIIRRPAT &8 €3¢ SR DD TP FOIVRBS 300TBITT.
YT 3BT AN &0 W, 2T, AN LTI
ROFBABFINF I, ROFToN WBINY eDROT )3T TRTIIE.

Q) WO 33 250N PN . TO3RNZTSONS)., 2T, AN
FOABRENT EDRDOT STT ADTOBNRT I, 03, Super computer
UBA3RNA BIZHNFI, 313 360309, T.

Jérome Faist, and his collaborators In quantum physics,

have now succeeded in but rather

characterizing those vacuum steeped in tiny fluctuations of the

\ fluctuations directly for the first y

jeromeFalst  pimea. Researchers at ETH Zurich have
developed a method that allows
them to characterize the fluctuations
in detail.

”Thg\yacuum fluctuations of the electromagnetic
field have clearly visible consequences, and among
other things, are responsible for the fact that an

| atom can spontaneously emit light,”

Vacuum fluctuations of the electromagnetic field (coloured
lines) can be measured through their effect on two laser
beams (red) that propagate through a crystal.

103



F30 VT TIN BRA T A8,T G, TV WRENF S, BT

RN aRn ol aRINIAR T ]

1. Particles gain thermal energy, which above the Curie

temperature makes their magnetic moments randomly oriented and

hence destroying the magnetic field. So in this case energy is needed
to clear out the field, just as in the quantum vacuum.

(Empty Space is NOT Empty https://youtu.be/J3xLuZNKhlY)

2. An insight into negative energy through explanation of The
Casimir Effect and its experiment; and a look into the infinite
possibilties of wonders contained in the Quantum Mechanical
world.

(The Casimir Effect https://youtu.be/qR37JMQwO08Y)

3. Empty space is not empty. It's filled with the quark and gluon
fields of Quantum Chromodynamics (QCD), the quantum field
theory of the strong interactions governing the structure of
subatomic matter. Contrary to the concept of an empty vacuum,
QCD induces chromo-electric and chromo-magnetic fields
throughout space-time. It's reminiscent of the magnetic field that
appears around a bar magnet in its lowest energy state. This
animation illustrates the energy density of the gluon field in
otherwise empty space after short-distance fluctuations are
removed in the first few frames of the animation. Areas of high
energy density are rendered in red and regions of moderate
energy density are rendered in blue. Low-energy regions are not
rendered so we can see into the volume. The box illustrated here is
big enough to hold a couple of protons. This is Leinweber's QCD
Lava Lamp which featured in the 2004 Nobel Prize Lecture of Prof.
Frank Wilczek. Subsequently, the eight chromo-electric and eight
chromo-magnetic gluon fields giving rise to the energy density are
illustrated. Here the colour and length of the arrows describe the
magnitude of the vector fields.

(Structure of the QCD Vacuum https://youtu.be/WZgZI5vymiM)
¢ BCRBRFIRE? B[O O30, 11e¢?
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D02 95NN BB B0es FF,N 235230,0F NI T TRWI
Fod3, BAR.

—

2RNTE BOBORND, DOIDFROT) €9¢) 0TVe3 ISNTI,
SRCTBITIC SDGFIT €93023E3.

TP, B3N FTETOFTMOT) BN €3 9SNFEd SelBdeven
DT €3 9SNY ) DRTWIT E3TOCVNP T, SRER 33 2003,
2,0€32003), ToFA WOI... T80 TRMIIT DT ONT &932383.
TP SBNFS), e936T e3TOBNY) aDRB 203, 233 8T0T Fo¥hHas
£933200 e300V €363 FRCTBII, 330,50 T I IR, AL, AIR,0TD
DBV DRBOD MDA 3T WOBREOSD), &L BT
NATTN I eNTP 9530 WP WIS, 93T, FoTd €9¢) T3
SN,

2oeri¢od FIELD A €93 ) e31da3 S0, BROT 33N e00andi3es
I, ©9¢) e9TOVNY) T3 3.

1 I3, DISTY), DRBT &yT,

"HEITY) €3 e3TOVBRFTIRC? €3 e3T00 RadNTZBRFRC?

SN BRIT M3 T FNTTE)., €3 30T )T €3 e3FTTTE),
Ra0TIeIT3.

€3 €303 23, ATNTT ST €9e) VLIRS FOWOLITI. B8
Je3ITE30ONE €92 502D &) F, 1 S T.

)30 9 3.

HNT 3O3R0 AR, FEINY O (particles) TS ON.

)R, AN ToT
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"Particle is excitement of a
field"

Each particle corresponds to the
fundamental quantum fields of the

gl'CIVifO ona Universe all excited in a particular
~e - way, with explicit couplings to the full
mshe.magnelic field, the electric field, suite of fields.
3 the gravitational ield. == This determines their particle

properties, like: mass, electric charge,
color charge, weak hypercharge,
lepton number, baryon number,

lepton family number and spin_

The six (up, down, strange, charm, bottom,
top) , and their antiquark
counterparts,

The three charged (electron, muon, tau)
SR e— and three neutral (electron neutrino, muon
24 different fields neutrino, tau neutrino) , and their
”””” antimatter counterparts,
The eight (because of the eight
possible color combinations),
The two weak (W-and-Z)

The one electromagnetic (photon)

FEEEEY L4 e Higgs boson.

The Standard Model gives you fermion fields, which correspond to the
matter particles (quarks and leptons), as well as boson fields, which
correspond to the force-carrying particles (gluons, weak bosons, and
photon), as well as the Higgs.
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When we take all the forces that we understand, i.e., not including
gravity, and write down the QFT version of them, we arrive at the
predictions of the Standard Model. This is where the "24 fields"
idea comes from.

30083 .%c:io@ori TSN WW:
2PN SeBTT 2P wadew.

BRT SBT3 BT abhen Seewo.
I3BBI0B3 DS abew,

332800BF 0BT Aedw)oN

Morde wohew, e woden Seese.

oc)dBRow SRz

2993 20D oBD Seewe.

STz IFDodbTN DB B @R Sseews,
Dzedorirdd 38d5e3 3 Brbae. /197

oﬂﬁ 24 (fields)(6+3+3+8+2+1+1) 3N 0TI eH00HTIVES
e \ i I/// ’4(ﬁelds)éed i oy wobew wobos 236 w0h waboR ¥t
——— METHOD! | wabes wabeh wohmo»:jmj IR )

. The six , and their
counterparts, Thoughts have energy which forms
”ll ‘ ’ 2 man, and even
' | defines the events of
hislife

. The three charged and three neutral
, and their antimatter
counterparts,

ona a%earﬁv’e) oden

\ . The eight

. The two weak (W-and-Z) X \ ; '
i . { )
\ ¥ The one Quonfump
\ “ f ‘ ] |
I

)} . Andthe

T3 24 (fields) FLIHNY) )T 233,80, WOSDAIT), )BT T8 20T,
B8 24 (fields) TEINY €93.3,eIT. TN €3 aDROTIN I,

823 3200N3.

DoNMeN &8 ), 24 (fields) TLEINFP D, 2wé3,N SCRET LR

T RLIITI) DRI,e3 eI INT T DT 33 9IS
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(SPACE TIME ) ©933303% @18 20T .30es de). 24 (fields)
TEINF D, 2E3,N TTT0 2000 DOTI FCRTT.
8 D), )WONTI,
“QER) WONEN” TS WFSLIRNTE), JeSDATIT.
V) S TR 3ee3 c{’)oso RSJ@QCéD&)@ﬁ TS T3yTs A,
€ uiiel,

ﬂeld Up quarks and down quarks make up
]! the protons and neutrons in the nucleus E”E“Cf'e‘d

QD 2EIVNON Y dawdo 24 (fields) LN Nabjaa 9033 WONEN
3033 SN T3 RIOTWT 0TS SUCE. WE LS TBRNYD, 2D
0% BOONE SD, BACI NWNED, 30008Je3 BB, N NI, BB, NY
FTOT3, RIS 30MP......

9N €933 “ DTR DV BN WONSRY RROTD
WRRRFMT 20, 3S3TRCDI),” DOT WS INTS), deSDAIT,..
YD), FVV5330N NENIR T 90T IR T Daddoeeo 83 24 (fields)
FEINFP D, 23N TRTA TEN ST 3T, 9ITWT, STV
FTRE, OV3T V¥ SCTELRCD.
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Discovery of the Unified Field

L mification of the Four Fundamaontal Forces of Nature

Weak Nt g
[ ot cractvom lotcr smctomn |
o ,'

UNIFIED FIELD
O .\l.l. FTHIE I_LAWS OF NAT U RE

Tortal Portential of Natwral Law

B3 BATFTE) W, 3¢ “3ee3":

What is Grand Unified Theory?
s Ummm&
* Unified field theory is an attempt to PANVACL AR gmﬁug 0 deav.

describe all fundamental forces and the

relationships between elementary ?Sﬁd/r)vﬁ\)(mfa Qeﬁoddwo@

particles in terms of a single theoretical (DO?J@) mw 03 55})001)0”9 adnd
 framework. AR 1 aithqg 3 doth Wb BRBTY,
' or%daiwm

oRR B8R G 303 BRAARY

32obeeh 30cbes 8 a0r emads duad ur mazn
Q0% ainsxb 2] aizsai ~RdRIZE

12 30 33T, deTA3REN 3T3,00a06F,T 93308 3,
WS LNTE). "T3ea0” DO T3 33,

(1) ENRYI[RLPT 9893800 NE),,T30

(2) DIBRPN PN, 3D

(3) BNTWRRPN), e3:3DATROLTITT

- Albert Einstein
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(4) B33 2,20,
YT T I, AN 3908 TOBIORT 33,

33 24 (fields) FEINY) IT 33,0, WOSDAIT), DTT 38 2D0TITE),
o3 24 (fields) FEINP 92,303, TN €3 aDR DTN DT,
0233200N3.

SN AW, AINF ZDVORTIE B00V5 )T,

"8t @), 24 (fields) L3R, wiABRA 2,083¢ wOor) (field) T3,
3 3 B3 Boe?”

3TV 88 JJ, 1t D23 ZeeN

e (fields) FLINFS, W& NPORTBIE 2,0T3¢ 2,08 (field)
363 933 .39)3"

"B0R "SR W,OTOR eI, W, R W, TN,

"GOD" EXISTS AND "GOD" IS UNIQUE

RNT,ET VI, LHTWRRA ITT, "T3e3" 33N TCT,T.
eI, BEBT W RATNOR; 203, BT Ry DBLB,0 Ao eINTD
BeBI, DTDAT 32IFINED B 83

22T, NS YT TR, FONTIY, Albert Einstein €933 TSR
“Theory of everything” SSAINA &30, R359.C.

Higher Energy / Higher Temperature / Further Back in the Time =
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(2) Matter fields
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12" century 60358

Celéstial Terrestrial
Mechanics Mechanics
(17" century) (17 contury)

Electricity Optics
(38 century) (19" century)

udcw"
B, ANY FIeIT &O3EN aNIBY, 23030 PN I N
NI, RINY TFLINE Je3T200E eJe3T SNt ©O235e00N. €933
TYA,3TJRAT "QUANTUM FIELD THEORY" /T30 WBNS

VBN DOT P0IAT, OXT FTT 323 IIGE e00RBTRL,)
ATOONTIVE). LITWTOULR), @3V 5290N IR T DOTT 9D
TODN AT, TR BB e W3O 30350,
OFERRTRT,L) T 33 NP, LB, ONE) TR ZTWEAT,T.
BN 95330 D), 24 TELINPI, 2P NP OBTIE 2,08 T 3jT3 UNIFIED
FIELD THEORY ea@ewe@odoef)mmp.

T 33,53 3V Ae)TB) BWINFS). FRILIBRAT ‘B3 33,33
D), msawan?mfm& ﬁfao@méd

Even if 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.

Discovery of the Unified Field

»f the Four Fundamental Forces of Nature

wific ation

OF \ll THE I AWS OF NATURE
Toral Potential of Natural Law
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The Human Cell
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none: 28 d T, AN BEEHT BN, N?

M0, BER. 1 FoL0Ia3 o3, FTOLT B3V INY &)eeBReh 87 ©F

[TBOTIETOT) YO ), AN 90T 3300T3050.
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none: 9L BB TV 3RS CITION T DT, A5, €90 T

BT YB3 3LN0B 00T 23e30C¢ 373,38 e300a300N 98, BRI

BRBATY,NI, 43.

nYTeo,: 3,0 €953T lens (33, 90303, 903 S3J,
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"BRFLIETON0I)" 90303, 9T 233 9D SRCTR.

YT 2,0T) ONOF). AR FOP TN OF 207 e300830N AN 20T

A9, 230N YWOIN SREBUTITI. 1665 B T2 TBOT 0203

BPF, BT 0D03I) 30VAIR. NI, BTT &ROT WOB (cork) S

3% BWT ISREBT 93330 TOR T3y Ts 23T,

Note: Robert Hook coined the term cell (Latincella, "small room") in his
book Micrographia in (1665)
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ROBRIES N3N o, ST 90033 T odONE IRAID.

S, TOR:

€9%,50BoT3CA0DNTITY B8 "23Ce3T0CZ" cell DOWIE B ITT

WB N "TRCRBN" 903 F3DW.0

nomne: ©90TW3 €97, 12 I FZHoTE) O3 BT,03D 230, eIoNex

31T W, M.

MY8eo,,: 9T, 00)wNI, N 3P eNTTIE,, 2300323¢TONTS.

nomne: e93) BET "TRBIN" eI, “2e3TS” WOIEOD WHND
903 R, DTN B¢ 3CD.

MYBeo,,: 9T, )EBDRIE RWRTWD BCRTRCING I3

3DVTTRERL AN 20 TRTBES BCRTRCING TS, 93T
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Note: There's no exaggeration in the fact that we are alive because of the
10 - 15 trillion cells in our body. Each of these cells is repeatedly
performing the actions in our body to help us get through the day
to day activities. The role and importance of cell are undeniable.
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The cell ‘ Omnlscellulaacellula

The cell is smallest
unit of llfg, \ [@]’

Itisthe basnc
structuralfanctichal
and biological unit of
living organisms.
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Effects Of Insulin On Target Cels

Cellscan enpn i mechlnlcll activities
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Note: Proteins are long chain-like structure, with amino acids being the
main ingredient. These amino acids are connected together with
peptide bonds, and a few such bonds linking together form a
polypeptide chain.
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Primary Protein Structure
is sequence of a chain of amino acids

Proteins Change Shape
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| WHAT CONTROLS CERS

Genes DO NO)
control biology'
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none: ) L), TR JeNR) BB L9TaY) 20T BUeteNT0N
OO0, IR, 9T, YIRL,0T 9T T (239N, BOG)) VW ON
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MTeD,, : S3INY dBTBWBNOI BRTE 20T YVWB T
Y ). Vo) TW)TOATE), WA TBF, 3¢S BWON TS0
083 MDA .

1. MM3 BA,N BN Iz, DRRBESTT® AT 3O, €9¢) O
358, (Receptionist) ), FCTT SRLBTNZBT FDONTT 9 3o
DO, BROOTIN 3P RIITS.

2. Do) T3S B59,0T, BREIN €9 Boes AaSTeIoNe) 3R 2PN
VoY) BRLNLWLTOT B eIt TLRITOS.
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I (1) BeDT03TIT Fe3a® TSNS, DRI,O° (receptor)
932,390, e9T30 FOA &WOITLIDOTI 00T AOTK T WO A
€9232e9¢) 1} €95335B00003 B OTOEIT O3I0Mes FOTES 9D, AT
e, BWOR3) W, BTN (Channel, Effecter) &3ja3¢3 LT3N
NP3 3.
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T ROTKT A LFORITS, LTl AOTEINP [, QTITORI TS
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PRIMACY QETHE ENVIRONMENT

-3 Environmintal Signal

Regtlatory Protein

Protein

none: ), 23Tt NER 8 A LFTORIE DTTORIE TOX 20T
TR 0 TEREIC0?
MTE,,: WOMOBTI03® 23003 TP .200T) 23T RCI T o005
FRCEIV;0TREES BRBLT® 20I), L9TWT, FOWORNAT R, TL0° Y333
€953 O3eel D3O FOTBNF I, WP WRBLLD 02T
AREFR,2NNIR. 0TV 9T03 FOTEINY ) Feded) A0TSR
3003) 20BTRTT 2w ¥R BN S TRCIT 303 SBAINII
none: R0E3RC3HE ve), FOINYY SBODNIRT) D) TowIF™
e3TICBDOT.
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0T FOFE TR, FTT BEPT N, O30T STWONLIET
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Note: 1. Cell membrane

The cell membrane is a biological membrane that separates the interi

outside environment which protects the cell from its environment.

The cell membrane, also known as the plasma membrane, is a double
proteins that surrounds a cell and separates the cytoplasm (the conte
surrounding environment. It is selectively permeable, which means th:

molecules enter and exit. It can also control the amount of some subs

out of the cell. All cells have a cell membrane.

The cell membrane controls the movement of substances in and out «

In this way, it is selectively permeable to ions and organic molecules.
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https://biologydictionary.net/cell/
https://biologydictionary.net/plasma-membrane/
https://biologydictionary.net/cytoplasm/

In addition, cell membranes are involved in a variety of cellular proce:
adhesion, ion conductivity and cell signaling and serve as the attachnr
extracellular structures, including the cell wall, the carbohydrate layer
and the intracellular network of protein fibers called the cytoskeleton
biology, cell membranes can be artificially reassembled.
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Euclid, Greek Eukleides, (flourished c. 300 BCE, Alexandria, Egypt)
IO €933 Ty WL oo definitions, postulates, propositions
(theorems and constructions @VEO3CNA WIBT AT "The Elements”
BODNR aNIJ), DOTWORNNR €9TFPTIE T VNEWIET )RT.
. (“The Elements” cover plane and solid
e 0 Euclidean geometry. It is a collection
Elements. y of definitions, postulates,
| propositions (theorems and
constructions), and mathematical

proofs of the propositions. Geometry,

elementary number theory, and
incommensurable lines. Elements is the
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oldest extant large-scale deductive
treatment of mathematics
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8 university course, but l am striking out.a new
path for myself. | have made a specigl& A reference is made to Namagiri

I investigation of divergent series.in = :
geneval and the vesults | get are . the qudess, whom Ran'\anwan_
8 termed by the local mathematicians~” worshiped. She used to appear in

B as ‘startling’ Srinivasa Ramanujan (8= = /. his dreams, he claimed, and gave
8 Ramanujan’s knowledge of him insights into mathematics.
mathematics (most of which he had worked out for himself) was

tartling. Although he was almost completely unaware of
modern developments in mathematics, his mastery of continued
fractions was unequaled by any living mathematician. He
worked out the Riemann series, the elliptic integrals,
hypergeometric ser , the functional equations of the zeta
| function, and his own theory of divergent series.
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“While asleep, I had an unusual expe

red screen formed by flowing blood, as it were. | was

observing it. Suddenly a hand began to write on the
screen. I became all attention. That hand wrote a
number of elliptic integrals. They stuck to my mind. As
soon as I woke up, I committed them to writing.”

9eAIOR ToIORI D

(BROWT® 22, 1887 - €Y 26, 1920)
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N3 08503 AW ERRBIS T DI, L9 TT) 30T, BCE B3 ed
BB, 3.
QT BN MO 5090003 3,83 &y, Tz Teéd,, Q033
DO MG DTHONE) T30, N TLDTS FO3ROT) FOR) TS STTOD
230663 BB RRIND T, DTTE). 923 LD QLI ST59)

133


https://kn.wikipedia.org/w/index.php?title=%E0%B2%A1%E0%B2%BF%E0%B2%B8%E0%B3%A6%E0%B2%AC%E0%B2%B0%E0%B3%8D_%E0%B3%A8%E0%B3%A8&action=edit&redlink=1
https://kn.wikipedia.org/wiki/%E0%B2%8F%E0%B2%AA%E0%B3%8D%E0%B2%B0%E0%B2%BF%E0%B2%B2%E0%B3%8D_%E0%B3%A8%E0%B3%AC

RINFP I, TNVOWIT VO AT, FONTWT a0¢3 NC2d 3 303", AT
FOPTCe) FOPLWOR DOONROR eNee3 3T, JBFRODOT
ENTVOTORSNF T, TITWY) DI, TOPTWOR LRIYNTP I, WIT 339,53
T T FEONR, SSDRIZTI.

33 NEACBCOD De3TNPOTI, ALRINPOT &)2I0e) 3TN YOI 0N
FEATROTI

P32, N 3D, NS oD, Y3 LWNST HI TR,
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TR OTORTOT.

B T3FTRB). SWBE String theory F0FRFIOND), Toa3500QIVD°
€930 RRIJNP) VTN TaooNS.

BN BWWITWI, 9T ERTRL,) String theory GVEBO3/CNRITD
(SINIAOIOWS

0T TR €9530 RRINP I, WWSINY 9T
FRBTRR,SETE), GVTOSBENZISTIETT) FOIRT ITWOR.

He co-founded
2 string field theory, a
r subset of string theory.
String field theory uses

x w the mathematics of fields

An eQuatib means nothing
to me unless it expresses
4 thought of God.

o~ .
I\ e e
VE A
B ‘JSI'r’ni\'nsn Ramanujan X 2

“Srinivasa Ramanujan was the

to explain string theory.

strangest man in all of mathematics,
probably in the entire history of

science. He has been compared to a

bursting supernova, llluminating the
darkest, most profound corners of

| mathematics, before being tragically

i struck down by tuberculosis at the age

| of 33, like Riemann before him.
Working In total Isolation from the

= main currents of his field, he was able
to rederive 100 years’ worth of
Western mathematics on his own. The
tragedy of his life is that much of his
| work was wasted rediscovering known
B mathematics.”

.. 2ach of the 24 modes In the Ramanujan
function corresponds to a physical vibration of a
string, Whenever the string executes its complex

motlons In space-time by splitting and
recombining, a large number of highly
sophisticated mathematical identities must be
satisfied. These are precisely the mathematical
Identities discovered by Ramanujan.

~MICHIO KAKU

As physicists add two more dimensions to this ‘miraculous’ number
24, the counting the total number of vibrations appearing in
relativistic theory yields a 26-dimensional space-time.

When, on the other hand, the Ramanujan function is generalised, the
number 24 is replaced by the number 8. So, 26 becomes 10. In
superstring theory, the string vibrates in 10 dimensions.
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€333 Dr Michio Kaku €903® a0300n° ), ONPNR 33 SN,
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By &329:3030 33, AT

inventor, holder of electrical, mechanical, and
chemical patents, the
"Greatest Inventor of All Time."
Can Edison also be considered a research and
development scientist (R&D scientist)? In
¥ support, both his New Jersey and Florida workplaces are
I referred to as "laboratories" and in 2014, the American
[® Chemical Society, of which Edison was a member, designated
[ his laboratories in New Jersey and Florida "National Historic
[ Chemical Landmarks" because of his research and use of
existing and new chemicals in his inventions and his efforts to
find a new plant source for rubber.

1200° IAGH (G (PG PAUZGY PILUGE
HIq U0 [OLWI] GGACI(ION 3( T[] qIRC0AGLE]
06 Of {6 BLEI[62f 2CI6UFI262 OF I]| HIUE

BOIJ (6 LGP pLofpetz qiqu § KLeqnue pifp 2cpoo)
* {6 IUAGULOL2 O} £P6 LIL2f S1LbjSue

" Famous ;;enhs;;hroug?c;lt History Who Never Had a Science | C 47), palaeontologist, fossilist,
Degree i 1800 — 1860), chemist, discoverer of

(1452 — 1519), mathematician, engineer, B the process of vulc am/mq rubber.

8 anatomist, geologist, botanist, inventor, artist i .. (1805 — 1880), naturalist, entomologist

| (1632 - 1723), first B (insect researcher)

B microbiologist, the "Father of Microbiology." i .. (1809 — 1882), naturalist, evolutionary
(1706 — 1790), physicist, inventor, § theorist, geologist

merica's First Scientist.” . i (1813 — 1881), palaeontologist (no relation to

| . (1738 — 1822), astronomer, discoverer of the William Darwin Fox above).

§ the planet Uranus E (1817 — 1862), naturalist. Also a

i .. (1750 — 1848), astronomer 8 famous author,

(1780 — 1872), mathematician, astronomer, i (T.H. Huxley) (1825 — 1895)

8 scie "Quee " i
§ science writer, "Queen of nineteenth century science B biologist, anatomist, coined the term "agnostic.”

(1 818 — 1889) phyS|C|st co-
8 discoverer of the law of conservatlon of energy.
. (1822 — 1884), botanist, naturalist, first
geneticist, the "Father of Modern Genetics."
. (1865 — 1923), paleontologist, fossilist.
. (1868 — 1921), astronomer.

. (1899 — 1977), entomologist (insect
researcher), lepidopterist (butterfly researcher), butterfly
evolutionary theorist, curator of lepidoptera at the Museum of
Comparative Zoology at Harvard University. Also a famous
novelist.

. (1855 — 1935),

horticulturalist, botanical geneticist.
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DTNBANOT O3 BOTTTW ATB0NIN T ROBRBEINT ),
ORI T) BWOWT. €9:33¢)_ Stephen Hawking 2,20,30.
Stephen Hawking :

physicist, cosmologist, and
author who was director of
research at the Centre for
Theoretical Cosmology at the
University of Cambridge.

! :“' it
WFIND P '~ ¥ Stephen Hawking is rightly seen as one of the most
IV 2P 8 influential scientists of our time. In his time on this planet,

o BN the famed physicist, science communicator, author and
Stephen Hawking
a0 desod RFoZpgne BT

luminary became a household name, synonymous with the
H likes of Einstein, Newton and Galileo
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N, WWINF ), MONA) 18 €3¢ 2500 ANAIS 20T

FOeITT DO, RTD BN &) TN 230,

©0TT W, B3I, 3SR IS s BRITPOT SBT3

BRLE), WS ANAT 25,50,000 (F123503) 25 OF 60e33),

AT B 236B).

2,033 S033 20T VWINY 0 BRBATT 9TT T LI

1,63,11,30,300X150 sq cm = 2,44,66,95,45,000 sq cm =2,44,66,954.5
sq meter

= 2,446.6 sq km €907302s 2500 23T3T & D¢ e3TDI 3.

WONLRT SNT 23,0 TEF) AIe3903) 2190 sq km

WONLRT SNT B3, 00T, TBPEIEIN BWWSNH

PANSIRET A TN
none: A¢e3 N3 e30ATT) DI €33, 23500, SN,
RR3II). FTT) WY

WBY S3TLIVBRY, BB CWS a300883,30. D)) 3%, 30N
93,0, TP TR0

EDOMYg e3NCe). TW)ED5T, TRV WOFENDOT B, BT T

79e)T TS NP RATRO L.
nyTee_: Teo PN BYTES, RRWIRTW LT3 TOTeNT FeeooN
OJT BWIFINY A3

Q3L T BRDOPT WA 95330 4 ©T,3,03O00 B,
VBINT D, BIBIE
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3R WRIYNPI, TB,Re8 TOA 008303 59,.C. L9IYNF S,
ROON ud

T E VBT ROR BN, PRI T3,
none: SN SR, SSAN WOL €933 20T IO,
AOTITOT L3N0 ES D]

RBRT STINMITRLOBR P 20083 ITWITogN TOTTRS 90T
eSNT3,..
MY38e9,,: TT, Do 3RS BN BONT.T V0 AeeSTT L9POD
MBDONRT, Ae)TOT

SN33T_s.
none: TON03S JoTH00N FOeITOT) ITWIsDENDT TR )T
NYACD. €3 &)T;DOT

TP 2,00 Tos00N I3,03 W, e300 eDOETS
300eT.
nYTee,: BNRTTR Joey) BTN AT, w3FIT 0D I3, NS
RQONR DA

JTT TSR SSARMIESON 0RBLD eI, TP TR0 3323
BIBITLICR.
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