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Abstract: In 1898, PoincarA© identified two fundamental issues in the theory of time: 1)What is the basis for saying that a second today is the same
as a second tomorrow? 2) How can one define simultaneity at spatially separated points? PoincarA© outlined the solution to the first problem {
which amounts to atheory of duration { in his 1898 paper, and in 1905 he and Einstein simultaneously solved the second problem. Einstein\'s daring
and elegant approach so gripped the imagination of theoreticians, especially after Minkowski\'s introduction of spacetime,that the definition of
duration, and with it the theory of clocks, has received virtually no attention for over a century. This is a remarkable state of affairs and is a major
cause of the conceptual confusion surrounding the problem of time in the canonical approach to the creation of a quantum theory of gravity. In my
talk | shall develop PoincarA©\'s outline into a potentially definitive theory of duration and clocks.
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THE THEORY OF DURATION AND
CLOCKS

Julian Barbour

—_ e —
Nl i el e T - . B o S el L T — - S
- | | — — — L = - -
3 b = — - P oy L L - mly e -
— — .- — -
- = 2 e o = - e = =y -
—r — e S . St et N i o o’ il e e




1 lHistorica S ol T
e 42 ey W fy S
Che P R . .
= y ] = -~ o= |~ y
= glous A =l
o P - P Ll
- The Thomr i —
o ’ 1 e ™
n ) Urs Moy —
d =L L =N 1.
- - e d A
1
¢ T =
—— T 5
- J-|_‘_. e INTtarn= I

Ln
()
]
-
ja]
o
W1}
T
Mm
un
.
b |
—
.
()
1]
1
-
[
h

)
4N




__.1*

§m 4 =
Newton It mavy be that there is no syck
INg 3s an equabie notion 1ereby time ma
2 AIsTinguisheg fram L are c =Eensible

f

Carl Neumann S mnertial clock 1870




2. THE "-'1(:'@.!‘-”5 :fl-l\-!:.-'-*.-".Lll ous
ACCELEEATI'(:#.

TS i S
y LOSSI0le 1USEs OfF 12 Norm
DEOrmtimm mF e —
. — L - - wl - rs = | T — TR
a3+t ale ~
1 aLler S ratiaon t e da 7
ry - R - al=31 il==a
-
I'_H-- T . o O — - Y
=fine time = ~ - S
L S | =_= = - — r M SO 3 = SLEm
-
Dvnarmicr=l &by e
/yMNamics - T
SN A —— e g | =

labelling of time intc metric of time

18398 Poincard’'s two proolems th time
JETINMmIon of duration and simultaneity




2. THE MOON'’S ANOMALOuUS
ACCELERATION

Two possible causes of unar anomaly:
Absorption of gravity or sioy
It Iatter, how is duration L0 be defined?

Define time so that E = const for solar system.

—

Dynamical theory used to convert

labelling of time into metric of time.

'S two problems with t ne:

(M

1898: Poincar




{

f.'./__,____

.J

. 1
i
ul d
i s
5 W
V) V|
¢
gl
/ ]
1 _
_._~ .__
C U

g o
w T
Gl T 5D

& +— |
.
{
- f..
O
L}
e I
" T Y
"
%
o .|
\ 3G
] 3




f .
: -~gr
.3 A & L S SS Lfrl = = - 3 - E "
i —NLASE vy Cime
= -—
— Y = -~
— 4
_1'.,,_ — Af.l'l j"l,_ < __ITrZ% T FL ¢ € ; adx
_‘l = '__ "_J = e — :\-:
A 1 — aA a A
|
T ——

The canonical momenta p. —, E—_—t_ rm =i
. | = L

~

[E—v

:_:_,"II m; 42X, !
F ~ Satls e i
= e e oo Ty tF‘_Cﬂ_ﬁstralnt

L | . .
— _.4.:-:._ — I"!-fn‘,r:_a._n;_:;c
o ; _—u
D;-P; -
——

: 2m; E—V, and €quations of motion are

“(15—1 dx; | T 38V
== e - ——
dx\V T " dA VE—V &x,;

42 x Vv T
Newton's m; = 51 — —3%- With




.II .-.\. - e X
1l R~ T —
= —rat - LN - N ™ -
- - - e o
] e e F\__
- S —
Jrl‘lf:—-{.- = - G
J teS eere | — :
= ~i =iy I - e L
— e —
vl F . . —
~ — L e e o o =
— - - = = =
— - i LS e g | <& O
— -
| -mfjll__ I.:: ;’-‘: . x - i
}-‘- S -3 - W a..__-r\_,_‘__‘_,f_ -.-.'i'"r"':-:
i £ 1 |, | > INE i, Lo fC "
| e ¥ e M g 7 3 e
e T = L . -
e | T L - - - =
i~ — o -
- -
LN '\.1 - - i/
= - = S e | -
= = "';f‘___: e
d = Mo re = b
&
EJ =
>
r-'"
»
1 i .
F
-
“
E F
; -
-
'
e — -
— —
)
- B 7 5‘,,_ ..a-l.; ;
"S5 el
- -
e TWEAS T - S
— = .=
- [ " —
i £
-_—‘_'__
—
-5 T - —_—
.1!_, .I\—-_ P 5 = ~ ‘;. E. — i - 3 ." P




. | -3 e WS |\‘_ 4 '\-‘ T —
il — o S iy '-"— |
— G
—_—
A < 1 - o
P e " Aw |
A 7 - — J:'_
'HJI e P—
[Jr— T F
| f
J i Sl
1_”
]
— b{rhﬁ IH_G_S"‘: - _; "
_L— - -
— 3 A . UmLrevsn ~~ =" 1|
o W 1'1.-_—:...1-{5

: QursE

e M — ¥
—_ C ! - e
. —
—— | I
s | L
- —— Ty T - L
- - e M T C s by g - =
A O e g — _.-q"\_—._
——— — —_—
P
ATAR - - " —
_-__: ™ 2 - - - - # |
- -
= = i e
r
|-=_.-"'_.,4a—:.'-. -~ - ~ 21
e = a— LT e | Ay ™ o = 7 :
. 2y ey =, X~ > o -
- — x -




i 1 o =

Anewton = [ de(T =W hEE=N% m;X. - X.

Parametrized particie dynamics:

-t el B
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Invariant under reparametrization
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Cananical momenta are
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Therefare

Arnowitt, Deser. and Misner: “In possess-
iNng this covariance

= |
dynamics in which the Hamiltonian and time
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By Euler’'s theorem for homageneous functions
X iX;-0V/ax: — kv Sothat, using T=E_—y

We obtain the LagrangE—Jar:gs.i relation:

I =4(E—V) —ory

For celestial mechanics : — —T and V <0

SOthat ' =4E -2V and F~ g if E > 0. Thus
I is concave upwards and must tend to infin ty
d5° ¥ — +o0 and ¢ — -o0. Any system with
E > 0 is unstable.

Virial theorem: if 3 system has virialized. so
that { =0, then 4E = (2k + a4 vich estab-
ishes a relationship between the kinetic ana
potential energies in such a system
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By Euler’'s theorem for homaogeneous functions
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I =4(E —V) —2kv
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CANDIDATE INTERNAL TIMES

Inertial Motion: v — Oand E > g Since T
Then I = 4F and
J :'.*lE: _,l__ f:,l J = EEF: B I..:?_' O -

Thus [ « ¢ and is 9 good clock. I is not o
(nonlinear and nonmonaot
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Newtonian Gravity: If £ > 0. then F—ap
2V, so I(t) is monotonic but not linear: j+ is
d goad time Izbef but not 3 90ad clock (very
like York time).

Scale Invariance: (- =——2. Interactions are
present, but the inertiz} relation holds F = 4£-

trivial since Nteractions resent
IFE=0.D=-0 thon = Dt + Decomes 3
good clock, but 7 stops (f —
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