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Abstract: Exactly half a century after Minkowski&€™s justly famous lecture, Diracé€™s efforts to quantize gravity led him &ogo doubt how
fundamental the four-dimensional requirement in physics is&€s. Dirac does not appear to have explored this doubt further, but | shall argue that it
needs to be considered seriously. The fact is that Einstein and Minkowski fused space and time into a four-dimensional continuum but never directly
posed the two most fundamental questions in dynamics: What is time? What is motion? It was an historical accident that Einstein attempted to
implement Mach&€™ s principle after he had created special relativity; otherwise he would have been forced to address these questions, which have
never been properly considered. | shall show how they can be answered and suggest that: 1) time and space are utterly different; 2) the dynamical
law of the universe may define absolute simultaneity in a manner that is still consistent with local validity of Minkowski&€™s marvellous notion of
spacetime.
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WAS SPACETIME A GLORIOUS
HISTORICAL ACCIDENT?

Julian Barbour (with Brunag Bertotti, Edward
Anderson, Brendan Foster, Bryan Kelleher, Karel
KuchaF, and Niall O Murchadha)

Space and Time 100 Years after Minkowski
Bad Honnef 7-172 S Der 2008
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Minkowski (1908): “Henceforth spac / itself
aénd time by itself are doomed to
mere snadows. and Only a kind of union of the

two will preserve an Independent regl

POsition of general re ativity| "has led me to
doubt how fundaments the four-dimensiona
requirement in physics is

Wheeler (1979 Geners eiativity ‘reverses
Special relativity, in that it provides 3 preferred
time coordinate
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Formulation of Mach's Principle
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1. Historical ke riey

2. Formulation of Mach's Principle

3. The Theory of Time and Clacks

4. Defining Motion by Best Matching

5. Machian Particie Mechanics

6. ‘Derivation’ of GR, SR. and Gauge Theory

7. Scale-Invariant Geometradynamics

8. Conclusions
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3. CONCEPTUAL PRINCIPLES

~nsional configurations of 3 dy-

namically close ' universe evalve.

2. For pariicles: anly the ratios r;; Oof their

separations r;; are physical- Tif = Tij/ v E;,‘._J o

3. 3-geometries and not 3-metrics are physical.
4. Time is derived from change.

The 3N-+1 dimensionzl configuration space QT
af an ‘isiand’ universe contzins nan-physical
data. Quotient out the unphysical data
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THE SHOFETCOMINGS OF
NEW TONIAN THEORY

: T
Poincareé’s Analysis in 1902: A pgint and 3

direction in RT fail L0 determine initiz| mag-
nitude and directian of angular momentum L.
Evolution not unique (3 data m ssing).
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DEFINING MOTION BY BEST
MATCHING

Define a Metric on Shape Space S

3

1

Shuffle triangles into best-matched paosition

An eguilocality relation is established by the
Principle of Least Incongruence

Minimize

{ ) I e TR - i ¢ 1 i -
Y 2., \OoZX - vl 2 I () 5 T35}
¥ @&,
WFE group parameters dw®, a = 1 —7, where
E,; are the seven Euclidean generators s a

function on S, and x; = (2, b <




DEFINING MOTION BY BEST
MATCHING

Define a Metric on Shape Space S

|

¥

Shuffle triangles into best-matched position

- e . : |
AN equilocality relation is established by the !

rinciple of Least Incongruence

D .

Minimize
r : i I E y \
s B — - A— .y "
\ —— —— - L= o 'llll sl _|J
1. X
=
VIrt group parameters dw®, a =1 — 7, where
t o ; @re the seven Euclidean generators, U is a




MACHIAN PARTICLE DYNAMICS M
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Variation wrt ;9 leads to canstraints:
F'“——-D.L——'-G'.Dzl'»'. where
PETD:.LET‘x,.-p D=Y "x..-p
XN =—(x= =T - P: =(p;, p{, ps
dp-: ,.:-_;*T.
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Propagate ~Qnstraints if and anly if
T - = r = T T S = = - o -y
U=U( dand = fidimageneous of degree -2
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Variation wrt w* leads to canstraints:
P=0, E=¢q. D =0, where
P=Y"p;, L=V "x <P;, D=Y x;-p.
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Distinguished representation:

I= Y m;rZ = Const [ =2D].
-y

Subsystems of the Universe aobey
unconstrained Newtonian dynamics.

Construction of Newtoman absolute
space and time out of Machian ‘raw’ data
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VIAC 41IAN ‘DERIVATION" OF
GEMERAL RELATIVITY

Riem: = Space of Riemannian 3-Metrics

gi; ON a spatially closed 3-manifold

Riem
3- Diffeomorphisms

Superspace —
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telativity without Relativity

—_— — e = o 5 = ey
I he two Machiz reguirements needed LO de—

fine rela
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L, ana
consistency lead to the B3 eriein—Sharp—Wheeler
action l:¢9!32_] for GR.

Construction of Spacetime
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Connections between oest-matched (equilocal)
points are nypersurface-orthogonal in the con-
structed spacetime and have ‘vertical’ separa-
tion equal to local proper-t me

I'he loacal square root gives GR but takes away
unigue evolution in superspace (‘sheaf”’ of geodesics




‘DERIVATI N OF SPECIAL RELAT IVITY
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SCALTr NVARIANT 7 4 —DYNAMICS
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: Superspace
Conformai Superspace (CS) = ___E__'_'E““
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Best Mmatching of Jacobi-type dctions wrt 3
diffearnmrphfsms and conformaij transfc:rmatif:ns
leads to theories in which a paint and a direc-
tion in CS or CS+v determine unique curves:

Action is invariant OeE g —rwitge . & L on
but theory is unconventiongi Decause orthogo-
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p = —— = A-dependent spatial Const.
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CONC! USIONS & QUANTUM-GRAVITY

IMPLICATIONS

a— -
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F
1. Case for/configuration-spac
relatively strong though nat deci

-y

2. Expansion of the universe is mysterious.

3. Action as incongruence of shapes is attrac-
tive, especially in view of specizl praperties of
CMC initial dats.

4. Quantum gravity may break relativity by

I i -

favouring CMC data.

2. Mach may yvet have the last word.
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