-_onable man per5|sts in his
,T;f_”pts to adapt the world to himself.
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(“orré r algebra of physical space-
517 ™

Mrl eII S eguations reduce to a
“Sir 1e equation

_:F"ED spacetime embeds in 3D (Special
Theory relativity)

- ® The Dirac equation in 4D spacetime
reduces to a real equation in 3D-
removes need for i=v-1 in QM.
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”jlm—\« ransformatlon for rotations

\/ —rxx RJr
vvn e R is a quaternion
\;- a Carte5|an vector

1 In|t|al resistance to these ideas,

=

'_ but actually exactly the properties
we need for rotations in 3D
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7=
=5 Fucture unifies Cartesian coordinates, quaternions and
into a single real framework.
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1. No further need for i or the quaternions.
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Cting for Quantum
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Figure 1. The EPR setup for three-player quantum game. A three-qubit entangled quantum
state is distributed to the three players, who each choose between two possible measurement directions.

1. Naturally extends classical games as player choices remain classical
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Doran C, Lasenby A (2003) Geometric algebra for physicists
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Phase stilicture fior three-gubii:
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Payoft
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I cosY

Figure 2. Phase structure for Alice in quantum PD game using EPR setting. For the PD

Table 1. An example of three-player Prisoners’ Dilemma.

State

000}

001)

010}

1100)

011)

1101)

110}

111)

Payoft

{65 5.‘- 5}

(35 3.'- g}

{35 g.‘- 3}

{g.'- 3.'- 3}

(0,5,5)

(5,0,5)

(5,5,0)

(1,1,1)




is of two-player quantum games in
R setting using Clifford's geometric
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zmg three-player quantum games in

Copies on arxiv, Chappell

Google: Cambridge university geometric algebra
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NELtIEl description of 3D phy5|cal Space
fitegration of complex numbers and
guaterr ions into 3D Cartesian space
r\JIcv S removal of unit imaginary from QM

== =ﬁfﬂyss of EPR experiments within a real
—  formalism

’-;’U'se EPR setting for guantum games which
authentically extends the underlying
classical game.
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The geometric product
magnitudes

ab = a.b+aANb
a.b
a A b

allbl cos

allbl sin 6

In three dimensions we have:

a/Nb=1a x0b



"nlsed by Cardano in 1545 as valid
5pI0tiIoNs to cubics and quartics, along
‘the recogn|t|on of imaginary numbers

f'_° _Vleta, uses vowels for unknowns and use
powers. Liebniz 1687 develops rules for

sypaReligommanipulati@fiern

KYGcUIAYEM dioM = Sl (3 22+ |Ox—1=35




TIZSQ;E‘Si‘n 0 Sinwt
<S,>=Cos 6

W =YB,



It
-265)

WNATC

BlEek concept of the
EL FC"|Id Book%’:H(B C,
ANUIN """';' PYAVIrtUe o
wrr of the things that exist Is called
OnE.

=2 A number IS a multitude
;;- @mposed of units.”

' 5_‘-"16. When two numbers having multiplied
one another make some number, the
number so produced is called plane, and
Its sides are the numbers which have

multiplied one another.”




Co)

(1,7} = 29"
“Dirac has redisovered Clifford algebra..”, Sommerfield

[hat is for Clifford basis vectors we have:

iIsomorphic to the Dirac agebra.



ame as the free Maxwell equation, except for the addition
“a mass term and expansion of the field to a full multivectol

Free Maxwell equation(j=0




SpPEGial relativity e

begin in 2D, which is sufficient to describe most phenomena.

L/

_presented as the bivector of the plane and so an extra
ype dimension is not required. This also implies 3D GA is sufficient

)e 4D Minkowski spacetime.

the correct spacetime distance.

=

We have the general Lorentz transformation given by:

Consisting of a rotation and a boost,
which applies uniformly to both
coordinate and field multivectors.

/ AV :2 hv 12 A .
P = —VC OV, Pe‘?’"f A\Y Compton scattering formula
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tmg account of existence,
2 looms up more dismayingly

tlme " Wheeler 1986
%A time Is a bivector, ie rotation.
= ’Iock time and Entropy time

_%?':‘
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e ersatlle W{ultlve

o0 = Complex numbers

—_— Vectors
-~ w  Pseudovectors
—1b- Pseudoscalars
S v+ Anti-symmetric EM field tensor E+iB
a+w Quaternions or Pauli matrices

at+v Four-vectors



Initial polarization _
vector - Hadamard precession

- axis

A

Dual orthogonal planes
of solutions for Q







Loy pp ny space dlmens | -t'

clo) e have7“!‘—“a

il existence of five regular solids
jmolrﬁ three dimensional space(6 In
> 4D)

izawty and EM follow inverse square

J‘fa‘ws to very high precision.

- Orbits(Gravity and Atomic) not stable
withmore than 3 D.

® Tests for extra dimensions failed,
must be sub-millimetre
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ahENEaseneblcamenedepisithimseliitorthe
Werdraretnd nim. The unreasonable man
PENSISES 1IN his attempts to adapt the world to
'rjm_': [f. Therefore, all progress depends on

| _'_' ‘Unreasonable man.” George Bernard

."
..,_

| l_frphy s two laws of discovery:
5 ; : -“AII great discoveries are made by mistake.”

“If you don't understand it, it's intuitively
obvious.”

* “|t's easy to have a complicated idea. It's
very hard to have a simple idea.” Carver
Mead.
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