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[ Rolling bodies ]
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[ Rolling bodies ]
(31,91), (X2,92) Z 2XIuAIA Riemann ZHR{A &9 %,
H—Y Y7« K7 1 DEEZERZ,

0(21,22) 1= {(ZU,Z%,(I)) ‘ x E D, T E Do,
DT 2 — 1529 A & %2 D isometry }
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[ Rolling bodies ]
C(X1,Y2) LR v(t) = (x(t),2(t), P(t)) &3 admissi-
ble (@—Y ¥ 7 ® trajectory) T»H % 5:tEL,
(t)(d(t)) = & (t)
D>, x(t) WIS TAEREDOXT FVE V(t) 1220V,
ViyV(t) =0 <= V; ) (V(?))

7 distribution D C T(C'(¥1,X2)) of rank 2 on the con-
figulation space C'(X1, ¥2) such that
v(t) =(x(t), z(t), ®(t)) % admissible

> Y(t) € Dy (v 25 D OEITIHIR).
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[ Neutral metrics ]
N ZENE, SR T, HSCGE T4 RTa&Mr~ofBeE, A~
TROMFE, =2 — b 7)VatE, EFEillm, Y4 25—, SGC
54799 — 113, ¥4 xv A4 (2014).
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[ Neutral metrics ]}
(M, g) AEM (2,2) §&E g Z b2 4XuHMSKRE L T3,
pE M, T,M =R>?.
Z ={(p,Vi,Va) | pe M, Vi C Vo C T, M,
Vo 13 H AN 2 X7t null #5722 1,

X :=A{(p, V2)} “twistor space”, Y :={(p,V1)},

Z6 < (Sl X Sl)/ZQ
=N N\
(St x SYY/Zyg — YO X° +«— st
¢ |
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[ Neutral metrics ]
M = > X 22, g =091 D (_92), (2, 2)—metric.

(C(3¥1,X2),D) = (X, D/)

the space of self-dual null tangent planes to M = >; X Yo
and the “horizontal” 2-plane field D’ (“twistor 7746”).

ZDEZE, XD (Nurowski, 2014) :

D ") < D' "y — g HEXKHCHN < W, = 0.
(Wy: Weyl 7Y NVD 77 AHER857.)
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[ Neutral metrics ]

S5, EBEUCM =3, x2Sy TW, HEAZ TR
LE, VpeUn p) DE4L 4 HZFRWT, D IE growth
vector 2% (2,3,5) DITAHIC7% 5.

X512, 3(2,3) HEEHE [§) on 71 U) BRAEZRL)
such that D 2% G, 5746 ((2,3,5) 74D 9 b T KD R}
WEZF2) <— [g] TFH. (Nurowski, 2005, 2014).

An, Nurowski, Twistor space for rolling bodies, Commun. Math.
Phys. 326 (2014), 393—414.
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[ Kepler problem — 2 {&[ti&
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[ Kepler problem — 2 A& ]

INFA 77— (1571-1630), TAYy 7 e Za—bv (1642-1727)
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[ Kepler problem ]
q = q(t) € R", @B i (RN Z2EAT)

d’q q

a2 [qPP

I V¥ —

H(g,p) = 5lpf —

2 q

J. Moser, Regularization of Kepler’s problem and the aver-
aging method on a manifold, Comm. Pure Appl. Math., 23
(1970), 609-636.
Fock (1935), Souriau (1974), Belbruno (1977), Iwai (1981),

Mladenov (1989), ...
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[ Kepler problem ]
Theorem (Moser 1970) : For a negative constant ¢, the en-
ergy surface H = c can be mapped topologically one to one
into the unit tangent bundle T1S™ of S". This mapping is
onto the unit tangent bundle of S™ punctured at one point
(the “north pole” corresponding to the collision states). Fur-
thermore, the flow defined by the Kepler problem is mapped
into the geodesic flow on the punctured sphere after a change

of the independent variable.

n =3. T1S° = S% x S° is identified with the space of null
geodesics on the space of null lines in R**, that is the con-

formal completion of Minkowskii space R*»°.
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[ Kepler problem ]

V.W. Guillemin, S. Sternberg, Variations on a Theme by Kepler,
Colloquium Publications, Amer. Math. Soc., (1990, 2006).

L7F*—-+/—1%

— (Classical brackets and configurational symmetries
— Quantum mechnics and dynamical symmetries
— The conformal groups and hidden symmetiries
— The conformal completion of Minkowski space

— Homogeneous models in general relativity

— Appendix 1. The Griunwald-van Hove Theorem

— Appendix 2. Classical and quantum logics
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[ Neutral metrics and Lorentz metrics ]

Kepler [ H 5 (1,
CAR AN

FlRE : Rolloing bodies 255 % (2,2) il=

3) it® (Lorentz

(neutral f&) &
sl IFEIMN

R*? : (2,2) =2—hF I )L

NH(R?2) LodHkss

(e; Nej|er Aeg) =

IZ X DFEESN, (2,4) 5E
[flid, (1,3) WERtEZ R/,

(€i | ex)
(ej | ex)
L%, ANP(R*?

(i | er)
(€5 | ee)
) @ null li

A?(R?*?) : space of 2-forms on R**, dim(A*(R*?) = 6.

lines M 2ZE

15
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X ]

An
Bn
Cn

sl(n+1, C)
o(2n+1, C)
sp(2n, C)

o(2n, C)
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[ D3 ]
R** % (2,4) 5lE%Z b DOX7 L2,
Z = {(V1, Vg) | Vi C Vo C R**, oriented null subspaces}
— {VQ}, 1= {Vl} B L.

A N— S3 % §3

4 N,
Sl x83= Y+4 X%=82 x 83

There arises the conformal metric of type (1,3) on Y.
Y is the conformal completion of Minkowskii space R'*3 and

X 1is the space of null geodesics on Y.

V.W. Guillemin, S. Sternberg, Variations on a Theme by Kepler,

Colloquium Publications, Amer. Math. Soc., (1990).

L7
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[ D5 ]
Ct® Lo 2P q(2) %

q(z) := 2126 + 2225 + 2324

(

N |
___~

N |—

1
2

L /

LDEDD, (2= (21,22,23,24,25,2). € CY).

r
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[ D3 ]
Z = {(V1,V5) | Vi € V5 C C°, null complex subspaces}
XI: {VQ}, YI: {Vl} k3%<

Z6

Y4 X0

WHEOEZEBE 7:CO = CO 1(2) =2 2l B &, Z DE
o (AEIRES) 12X (3,3) §FE, Y OFEHICE (2,2) &
HEWI)Za—F 7IIVEtEIFEINS.
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[ D3 ]
D FE I (anti-linear involution) & LT, 7/ : C® —
C°,

, 0 —
T (21722723724725726) ‘= (217Z27Z47237Z5726)

rHUE, Z DFEFICIE (2,4) GFE, Y OFEEBIZIE (1,3)
BTEDFEI NS,

Lie BRDOFIM su(2,2) = s50(2,4) EBARL, 7 77—
LRS- ]
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[ D4—tl7ﬂ/%_ ]
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[ D, ]
C® Lo 2P q(2) %
q(z) := 2128 + 2227 + 2326 + 2425
1
/ B
;2
.2
= 2z 2 z

N |—

1
2

L /

IZEDED D, (2 = (21,22,23, 24, 25, 26, 27, 28) . € CO).

(Y
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[ D, ]
G. Ishikawa, Y. Machida, M. Takahashi, Geometry of D4 confor-

mal triality and singularities of tangent surfaces, in Proc. of Sin-
gularities in Geometry andAppl. 1II, Edinburgh, Scotland, 2013,
Journal of Singularities, 12 (2015), 27-52.




GRIER, ALBL, HA  —a— FoAGHE n—ULs - R4, 2L rro—E @2 sEpamie 24

[ Dy-triality & % \» i Triple D3]
C® @ null F7ZEfD 515 1 5 K

V.
C C
Vic Ve CVs Vit C Vit c Vit c CB.

c ... C
Vy

DM 7 = Z(Dy) 1 12 RIGHERIA,
Qo ={Vi}, Q+ ={V, 7}, Q_ ={V, } &, T 6 RuuHkk
KTHH, W D; FHEzdbb, X3

A

v N
Qo Q+ Q-

F3XNMEZ DL, ZNEFND=EREFH OO, BLEW.




Thank you for your attention.



