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Force Law and Classical Space Time

A. Force Law: Force Be With You!

@ Natural law is force law. Everything in nature (including human
being) is controlled by it. And we can only utilize it.

@ Force creates motion. This necessitates the existence of space
and time, the arena and chronology of natural law.

@ In other words Nature needs a house and a cloak. Newton
presented Him the absolute space and the absolute time.
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Figure : Newton and Mathematical Principles of Natural Philosophy
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@ God and Newton's absolute space and time:

“The Supreme God is a Being eternal, infinite, absolutely

perfect...” “He endures forever and is everywhere present; and
by existing always and everywhere, He constitutes duration and
space...”

——Mathematical Principles (1686)

@ Leibnitz's space and time:

“Nonsense! The space and time which has no motion is
meaningless!”
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Newton’s first law: Law of inertia

@ “Every body continues in its state of rest, or uniform motion in a
right line, unless it is compelled to change that state by forces
impressed upon it."

o Nature is lazy, does not like to be changed. This resistance to
change is measured by the quantity of matter (the mass).

@ This defines the inertia and inertial frame, the absolute
space-time where Newton's law holds.

Newton: “l feign no hypothesis.”
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@ In practice the Newton's inertial frame is identified as the
space-time frame attatched to the earth. But obviously the
earth is not the center of the universe, and the earth's
space-time is NOT the absolute space-time.

@ But Newton's law works perfectly in the earth's frame. This is a
big puzzle.

@ To understand this we have to understand Einstein’s theory,
where the Newton's inertial frame is replaced by the local
inertial frame.
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Newton’s second law: Law of motion

@ "The change of the quantity of motion (the momentum) is
proportional to the motive force impressed, and is made in the
direction of the right line in which that force is impressed.”

@ This assures the existence of causality. Every cause has an
effect, and every effect has a cause.

@ Nature likes the responsibility. Even God can not change this
causality.
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Newton’s third law: Law of action and reaction

@ “To every action there is always opposed an equal reaction, or
the mutual actions of two bodies upon each others are always
equal and directed to contrary parts.”

@ Nature is impartial. He prefers the zero sum game.

@ Newton assumed the instantaneous action at a distance. But
the action must be transmitted by a meessenger.
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B. Principle of Least Action

@ Nature is economic, and always moves in such a way to minimize
“the effort”. This effort is called the action.

@ This principle is called principle of least action, action principle,
or variational principle.

@ All physical laws are based on this principle.

Fundamental Principle of Natural Law
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God'’s Principle?
@ "God hates to be disturbed.”

@ "So He created the universe which minimizes His role.”

@ "His role is measured by the action. So the action principle
proves the existence of God.”

——P. Maupertuis (1736)
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Figure : Maupertuis: The person who flattened Earth
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Birth of Modern Physics

A. Special Relativity: Fall of Absolute Space Time

@ Maxwell’s law dictates that speed of light is constant.

@ This is possible only if space and time are interconnected, where
the simultaniety becomes relative.

@ Lorentz transformation law tells how they are connected.
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@ Lorentz transformation tells that we must have time dilatation
and Lorentz contraction. This is because the simultaniety is
relative.

@ This tells that our space-time is not (3+1)-dimensional, but
4-dimensional Minkowski space-time.

@ In Minkowski space-time the invariant distance is measured by
the Minkowski metric.
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B. Einstein and General Relativity

@ Einstein generalized Newton's gravity to the general relativity. In
this geometrodynamics space-time is curved, and the straight
line is defined as the shortest line. So the metric which measures
the 4-dimensional distance plays the fundamental role.

@ Equivalence Principle: Particles move along the shortest lines
under the gravity. In this co-moving frame called the local
inertial frame, the gravity disappears. So the local inertial frame
plays the role of Newton's inertial frame.

@ Nature has a simple way to avoid the gravity.
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Figure : Einstein and curved space-time
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Figure : Local inertial frame and free fall: The way to avoid the mother
force
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Figure : The way Earth becomes an inertial frame: Let the force do it
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C. Duality of Matter: Rise of Quantum Mechanics

@ Nature likes to be fuzzy. In the microscopic world matter has the
particle-wave duality.

@ So we have the uncertainty principle which forbids the precise
measurements of position and velocity simultaneously.

@ In this microscopic world energy is quantized, and the quantum
mechanics replaces the classical mechanics.

Quantum Physics
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Figure : Schrodinger: Father of wave mechanics
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@ In this microscopic world the classical causality is replaced by the
probabilistic causality, which may accept God's will.

@ This modern physics created the modern civilization, and
changed the way human beings think.

@ Pax Americana is based on £ = m(C?. This is why physics is so
important in the survival of a nation.

Importance of Basic Science
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Fundamental Forces in Nature

A. Four Known Forces

@ So far there are four known forces in nature; gravitational,
electromagnetic, weak, and strong forces. They make everything
(including us) moving in nature.

@ The universal gravitational force is the weakest force which acts
on all matter (and energy). The theory of this force is the
geometrodynamics known as general relativity.

@ The electromagnetic force is the second weakest frorce, but acts
on charged matters. The theory of this force is quantum
electrodynamics (QED).
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@ The weak force is stronger than electromagnetic force, but acts
on flavored matters. This force is described by quantum
flavordynamics (QFD).

@ The strong force is the strongest force which describes the
nucleons, but acts only on the colored matters. The theory of
this force is quantum chromodynamics (QCD).

@ The gravitational and electromagnetic forces are the long range
forces, but the weak and strong forces are short ranged.
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B. Forces and Elementary Particles

@ The forces between elementary particles are created by the
exchange of messenger particles (bosons) which mediate the
force.

@ Each force has its own messengers; graviton, photon, 3 weak
bosons, and 8 gluons.

@ The gravitational and electromagnetic forces are long ranged
because graviton and photon are massless. The weak force is
short ranged because the weak bosons are massive, but the
strong force is exceptional.
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Figure : Messenger bosons in nature. The Higgs boson is not a messenger.
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Figure : Elementary fermions in nature.
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C. QCD and Color Confinement

@ The strong force is so strong that it confines all colored particles
in hadrons. This is the hypothesis of color confinement. The
problem to prove this hypothesis is know as the millennium
problem.

@ The monopole condensation can explain the color confinement,
and the Abelian (Cho-Duan-Ge) decomposition plays a crucial
role to prove the monopole condensation.

Millennium Problem
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Figure : The lattice QCD proof of the monopole condensation based on
CDG decomposition
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Unified Field Theory

A. Necessity of Unified Field Theory

o Nature likes the simplicity. He prefers a single law to control all
forces to avoid possible conflicts among them.

@ In 1867 Maxwell provided the first example of unified field theory
by unifing the electric and magnetic forces to the
electromagnetic force.

@ Ever since the construction of unified field theory has become
the ultimate goal of theoretical physics.
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@ In 1910 Kaluza unified the electromagnetic and gravitational
forces to a single 5-dimensional theory of gravitation.

@ In 1967 Weinberg got the Nobel prize unifying the
electromagnetic and weak forces to the electroweak force.

@ In 1975 Cho unified the four forces generalizing Kaluza's
5-dimensional unified theory to the (4+4n)-dimensional theory of
gravitation.

Y. M. Cho (Seoul National University)  Unified Field Theory and Natural Philosophy May 27, 2013 30 / 60



@ The construction of unified theory amounts to recovering a
broken jar with 4 remaining pieces (4 forces). But most likely
the 4 pieses may not be enough.

@ The missing piece in this reconstruction implies that there is an
unknown fifth force.

@ So constructing the unified theory we may very much likely
discover the fifth force.
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@ This unification, however, is the unification of messenger bosons
only.

@ A complete unification should include the fermions which
become the source of force.

@ For this reason the higher dimensional supergravity or the
superstring based on the supersymetry which mixes the fermions
and bosons have been proposed.
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B. Unified Theory and Higher-dimensional Space

@ Nature likes to be higher-dimensional. All existing unified
theories are based on the higher-dimensional space-time.

o If so, why don’t we see the higher-dimensional space?

@ How can we prove the eistence of the higher-dimensional space?
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Figure : The poor ant in 1-dimensional space
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@ The reason why we do not see the extra space is because it is
too small? No!

@ Problems:

1. The size of the extra space may depend on the position.

2. In cosmology the size of the extra space may depend on time.
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C. Dimensional Reduction by Isometry

@ A spherically symmetric 3-dimensional space effectively becomes
1-dimensional. So the isometry can reduce the dimension of
space.

@ The existence of the gauge symmetry in electroweak and strong
interaction assures the existence of the higher-dimensional
isometry.

@ The size of the extra space can be arbitrary, and may depend on
the position and time. It becomes the dilaton in 4-dimension.

Geometric Dimensional Reduction
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Figure : Dimensional reduction by isometry
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D. Proof of Extra Space: Dilaton and Fifth Force

@ As the higher-dimensional graviton the dilaton becomes a scalar
graviton which can generate the fifth force in 4-dimension which
can modify Einstein's gravity.

@ The dilaton can naturally acqire mass. This makes the dilaton
an excellent candidate of GIMP (gravitationally interacting
massive particle).

@ So, proving the existence of the dilaton and the fifth force we
can prove the existence of the extra space.
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Unified Theory and Cosmology

A. Big Bang Cosmology

@ Based on Einstein’s theory Friedman constructed the big bang
cosmology.

@ The big bang cosmology is supported by

1. Hubble expansion
2. Cosmic microwave background
3. Nucleosynthesis
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Figure : Cosmic micrwave background
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@ Cosmic Calendar 13.7 Gyr/ yr

Big Bang and Nucleosynthesis: January 1, 00:00:00
Recombination: January 1, 00:16:00

Galaxy formation: May 1

Birth of Earth: September 13

Advent of Dinosaur: December 24

Advent of Homo Sapiens: December 31, 23:35:00
Renaissance: December 31, 23:59:59

Y. M. Cho (Seoul National University)  Unified Field Theory and Natural Philosophy May 27, 2013



B. Problems of Big Bang Cosmology

@ The big bang cosmology has its own problems, and is replaced
by the inflationary cosmology. However, there are serious
problems which need to be resolved. In particular, the expansion
of the universe is accelerating.

@ Nature has the dark side:
1. The 27% of the universe is made of dark matter

2. The 68% of the universe is made of dark energy
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C. Dilaton and Dark Matter

@ The dilatonic fifth force inevitably has a deep impact in

cosmology. As a GIMP it can be an ideal candidate of dark
matter.

@ Its vacuum energy could play the role of dark energy of the
universe.

@ Moreover, it can play the role of the inflaton which creates the
inflation in the early universe. This makes the experimental
detection of the dilaton more important.
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Monopole: God's Particle?

A. Dirac’s Monopole

e Nature has topology. Gauge theories have non-trivial geometry.
This allows a totally new type of topological particles, the
monopoles.

@ In 1931 Dirac proposed the electromagnetic monopole which
satisfies Dirac’s quantization rule eg = 27n in QED.

@ The existence of the monopole naturally explains why the
electric charge is quantized. But so far the experimental search
for such monopole has failed.
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B. Other Monopoles

@ The SU(2) gauge theory which has a Higgs triplet has the
"tHooft-Polyakov monopole, but this theory is not realistic.

@ The GUT has its own monopole, but the mass is so heavy that it
can not be produced.

@ QCD has the Wu-Yang monopole, but this makes the monopole
condensation to confine the color.
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C. Cho-Maison Monopole

@ The only realistic monopole is the electroweak monopole. In
1997 Cho and Maison constructed the electroweak monopole
which obeys the new quantization rule eg = 47n.

@ The importance of the Cho-Maison monopole is that it is the
only possible monopole in the standard model. This is the direct
generalization of Dirac's monopole to the electroweak theory.

@ This is now being searched by the MoEDAL (" The Magnificient
Seventh") detector at LHC.
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Figure : Large Hadronic Collider (LHC)
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Figure : Physicists trying to reconstruct big bang at LHC
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Figure : Particle detectors at LHC
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Figure : Physicists looking for new particles, fifth force, and extra
dimension at LHC.
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Conclusion

@ Nature likes to be left alone, with least action.

@ Nature is impartial, and likes the simplicity.

@ Nature likes the higher-dimensional space and fifth force.
@ Nature has topology.

@ To prove this we need more experiments.

Principles of Natural Philosophy!!!
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