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Abstract to explain
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Abstract: (I want to motivate what the blue words mean)

All of the and are unified as an

. A non-compact real form of
the has and which break
down to

the , and three

generations of related by triality. The interactions
and dynamics of these 1-form and valued parts
of an are described by the

and over a
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Introduction

We want to unify the main theories of how
the universe works into a comprehensive
framework, a nNnTheory

Currently, all known physical phenomena
are covered by two remaining theories,
relativity and quantum mechanics

Problem: general relativity and quantum
mechanics are at odds with each other






The Concept of Space (and time)

Introductory physics uses Euclidean space (X,y,z)

Dlstance IS coordlnate system Invariant
d>=x°Fye | 7°
This def i hes a nmetf i co Whieh

Time is invariant (same everywhere)
Galilean transformations

Coordinates
Thi nk of coordinates X, Y, zZ
Commutative: xy = yX
Continuous

M €



Special Relativity

3D plustime=(x,y,zt)=4 D Nevent s
Distance no longer invariant
Time no longer invariant
Space-time interval is invariant
de=(° .’)Cz—yz—z2
Follows quickly from speed of light same for all observers.
Strange 1 can have nonzero vectors with 0 length

Extensively tested, replaces Euclidean
geometry as underlying reality



Extending Space(time)

Replace the absolute coordinate systems
Space and ] me afre Jeqd
Gravity forces idea of curvature of spacetime

Globally, space can be curved
Example: earth seems infl ato | ocze

Example: torus
Metric based on Aigeodesi cso

General Relativity g |
Matter and curvature are connected at a deep level




Predictions

General (and Special)Relativity predictions
Possibility of non-static universe
Black Holes
Light bending
Gravitational Waves
Time Dilation
Length Contraction
Mercury Perihelion Shift
E=mc”"2
Magnetic force is merely relativistic interpretation of
electriec f[orece, hence the |



Manifolds — Abstractions of Space




Concept of a Manifold

local |l y Euclidean pat d

differentiable functions

Need these functions to do calculus in order

to do physics
Differential equations describe motion in a patch.
Across Bpbatehes | hipRgs are B
Physi cs Tthiek axesrosEodefine field at a
point
Leads to concept of a connection

For general relativity, need these manifolds to

have metric with cod)r e

called (3,1) d ¢ . ¢



Manifold examples

Examples: coordinates on
Sphere
Torus
Klein bottle

Fucli dean onl




Connections

Differentiable gluing
functions not enough to
allow physics to be done

Need another structure 1
the connection 7 which
tells how ntl
from patch to patch




Spacetime

The resulting 4D framework unifying space and
time manifold Is called spacetime.

Spacetime is a manifold, intrinsic curvature based
on matter/energy density at each point.

Any theory of physics must agree on common
domain (relativity and QM at overlapping scale)

To be consistent with relativity any theory of
everything must use spacetime as the underlying
manifold, not traditional (X,y,z) Euclidean space.



Symmetries |




