54 6 2005 6 Vol.54 No.6 June 2005
1000-3290/2005/54 06 /2494-11 ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.

Beltrami-de Sitter de Sitter

*
12+ 12 % 2§ 30 12 |
! 100049
2 100080
3 100084
2004 9 15 2004 10 14
Beltrami-de Sitter-
Beltrami de Sitter/  de Sitter
Beltrami Beltrami
Beltrami Beltrami
Robertson-Walker 3
“ " Mach
Beltrami-de Sitter/  de Sitter
de Sitter Beltrami-de Sitter
Mach
PACC 0330 9880D 0240
1.
Poincaré
COBE WMAP
BMS !
Poincaré
Poincaré

90103004 10175070 10375087 10373003 10347148 90403023
Email hyguo@itp. ac. cn
*  FEmail huangeg@mail. thep. ac. cn
$ Fmail ytian@itp.ac.cn
Email  zx-dmp @ mail . tsinghua. edu. cn
Email zhoub@itp.ac.cn



6 Beltrami-de Sitter de Sitter 2495
Beltrami-de Sitter- de Sitter/ de Sitter
Beltrami
Beltrami de Sitter/  de Sitter
Riemann de Sitter/  de Sitter
n n 2
Riemann Beltrami-de Sitter- .
Minkowski
de Sitter de Sitter Beltrami
3
1974
Lorentz de Sitter/  de Sitter
910
Beltrami de Sitter BdS
e de
Sitter
de Sitter
la
de Sitter . Newton
BdS- ds-
45 Beltrami
Beltrami
Beltrami
x“=const. a=12 3
Beltrami Robertson-Walker
. Bondi “ "
Bergmann
6—8
CMB “ ”
1970 BdS- Robertson-Walker

de Sitter/  de Sitter ds



2496 54
de Sitter Beltrami m?
de Sitter “ K m’s s+ 1 P= 77iij IF =
77"77’“Lm P, L, Lorentz
Poincaré
Beltrami-de Sitter-
de
Sitter “ K
10 de Sitter
Mach Beltrami-de Sitter/  de
Sitter
2
Beltrami-de Sitter- B Y
3 BdS . 4
) . ., 3 6
de Sitter
Robertson-Walker
2 21,2 2 dr ’
ds” =c'dt" = Rt L i
2.
) ) + 7 dO” + sin’0d¢* ] 4
Beltrami-de Sitter- b= —101 SO 1
3 E3 SO 4 R ¢
2.1. k R ¢
10 60
Poincaré Bondi
=LY -d LESOT3 1 onel
" 6
Minkowski
Poincaré . - Bergmann .,
! Poincaré
Poincaré
Minkowski
Poincaré Poincaré
Poincaré Casimir
C, = 77ijPin 2

C. =SS, S = 5Pl 3



6 Beltrami-de Sitter de Sitter 2497
6 de Sitter
dr?
d82 =1- rz/R2 dtf - W
Minkowski Robertson-Walker -7
Poincaré RW - dO® + sin®0d$” . 8
de Sitter 2
CMB k.=1/R=H Ty= 2xR '
S=nR%.
de Sitter
“ " de Sitter
1970 de Sitter
D Beltrami 1013
5 &
x = R g i=0 36 20 9
=Rz i= # 0.
_ 5
ax:axx:l—R’Zqijxixf>0 10
de Sitter BdS-
Poincaré ds = g v 7+ RO gyl x 7 da'da . 11
de Sitter SO 1 4
de Sitter
' o dat
s =0p = mo « ds 12
011
dxa . Zxa
2.2.Beltrami-de Sitter- a =V gp =0e=123 13
de Sitter Beltrami-de '
. . BdS
Sitter- de Sitter
=diag 1 -1 -1 -1 -1
T = A=0 R
5  Minkowski 4 Sy
s R BdS
Sy €€ =-R 5
ds® = UABdSAd{:B 6
R* =3A°' A B=0 4. 5 Beltrami
6 de Sitter £, =S0 1 4 BdS
de Sitter BdS
€ = R* - "sinh /R “ "
& = R* - r* "cosh t./R 7
g = rsinfcos g & = rsinfsing 1970

£ = rcosd

Beltrami-de Sitter-



2498 54
Beltrami de R.
Sitter de Sitter
%" = Rtanh ¢/R . 14 5 de
it, Sitter Beltrami
Hawking Ty Beltrami ~ ix” 9
Beltrami
BdS. BdS-
Beltrami
o . : S,.
14 Minkowski Rindler
) BdS=~ S, . BdS 8 U,. = &
Beltrami
€S, &=0 a=1 4.
U., Belirami
3.de Sitter ¥ lpw=RS 120 3 16
&
3.1. Beltrami de Sitter ooy 23: gL R " £0. 17
a=1
U,,= €120 a=123
Beltrami-de Sitter- de Sitter p R e, 0 . A
Beltrami 10 11 ¥l pee = £ J = a
BdS- & =0 18
a a.
de Sitter SO 1 4
BdS Beltrami
¢ R. BdS- 10 Beltrami 11 . Beltrami
de Sitter SO 1 4
Beltrami
¥ >f =206 a "o ax "t ¥ -d D;
Dj =L + R_277/Aaa c a
c +0 12 -1 LL
R BdS- L=1 ,_. ;€513
14
FOCk S 19
S o a x =1—R“277i/aixj. BdS
A d . Beltrami
= f 2=t i j=0 3 15 10 Beltrami 11
c 4- Beltrami
19 BdS
c x =0
10 4 ‘ "3 BdS J BdS de Sitter SO 1 4
boost 3
15
] 3.2.
de Sitter
Minkowski de Sitter dS/AdS BdS A d



Beltrami-de Sitter de Sitter 2499
X A 77,;]-cicj =0
AVAX =Ro'ac'xdax -1 20 26 771.].cibf i1

i 19 Ro b -
A B w s :Rem/Rsmh%.
AL A B z0. 21
A B :
As AB ' x (il—i = const. 29
— 1 -1
Simie A B = Rsinh™ [ Ay a b | /R 22 ds=0 T
Suciiie A B = Rarcsin | Ay a b | /R 23 da'
) . x =0 =bidir=0 = 30
=1 i. T
A
X A g; b cdd =0 31
_%:Raaxlgagxm =0. 24 xi:ciM}Z'+bi
i of of _ - 2
Y /:0_0 wr T 14yt 32
g'=0 x 77‘7 S Beltrami
3.3 | 77i]-cicj |
= AN R b
Einstein o
pc'd =0 yy =0 w T.
BdS
a 2 a
dd"; v”dd;=0a=123. 33
Beltrami my Beltrami
Beltrami
BdS
%%—Op_mAax_]((ii—izcizconst. 25 ‘ 2
pL
my 4'
x s = —bidx3=0 =c 4- 4-
ds
Lij
. ) N
g b dd =1 26 1=y - 4o 34
w=w s 4-
¥ w = cdw+ b 27 , ;
Sa P L 5-
Lobachevski Beltrami ’
g
Y [ L S 35
Rsinh ~
R
w s = 7]--cibj ; ; 28
U . 2 -
Rs b sinh R cosh R

dé?

p A&
ds

oAB - _ A
& _mA(E ds

)



54

2500
i .
drT . 36 3 2
ds
de Sitter Sy : Nz=oe x 1- %R? 7
" Beltrami N om0 R 02
" " 4- Sa & 1 2
SoR hy =040 © - Ros x
g Beltrami “ " x &'fabdx(‘xd 40
“ " BdS os x =1- 2/R?* + 5,x4"/R> &,
Kronecker 6- a b=123. Beltrami
3 >, Cauchy
BdS Beltrami 5’ =0 oy & =1+
O ux'x" I R >,
1 , 1
- 2—]{2,,%"”;5,443 = E -P - 2—RzL2 =my 37 3 N
) BdS-
4B = Macsp A A q 2 A a
s € o BdS . A a X «x
my 17
de Sitter £, Casimir 16 limo ' x >0
X >a 41
de Sitter xl/lr)r}la v 0.
la"l =R S.da =0 =R
BdS- BdS x 12’1 >R
x° 1+3
Beltrami x°
"0 3 >0, 3 S*.
Beltrami
3.4.Beltrami
Beltrami BdS
Beltrami
Minkowski 3.5. de Sitter
Minkowski
3.3 B
A B 5- Y
Beltrami x° dfﬂ _ 0
aO:xOA :xOB :bo. 38
42 BdS 5
35 4
1+3
4
) ) 0 2 o ff=R'"# =-R'w*" M =.7. 43
ds* =N dx” ° - h, dx" + N'd«x
BdS
x da” + N'da® . 39



6 Beltrami-de Sitter de Sitter 2501
dp' /i dr’ _ m ds’ = de® —dl’> = de® —cosh® Rz di3, 50
ds ~ ds ~ )

; Robertson-Walker
ds p . .,
T
2/5 .op
BdS-
2/5
W= 43 .
BdS Beltrami - Beltrami BdS-
19 .
4. Robertson-Walker “ » Beltgami
Mach Robertson-Walker 50
. Beltrami
0 “ ”
x T
4.1. Robertson-Walker
BdS- de Sitter
Beltrami
3 s
Beltrami x* = const. a = A
123 - Beltrami 20 . Beltrami Beltrami
7 = Rsinh™ R7'¢7" x &° . 46 1+3
BdS
BdS-
6™ x x = & = Rsinh R't = const. 47
3 >, de
Sitter
d* = - dszzr 48
WMAP *
ds: = RY dl%,
Ry ="' xx0y xx =1+ E/R’
6s x x =1+ R28,6% >0 4.2. Mach
dlzzro = aahgé: x - Rgzr x 2 BdS- de Sitter
x 0,0,xx’ dx“dx’. 49 |
Beltrami
dl3o R 3 Beltrami it
. ‘ BdS-
2 3 de Sitter
de Sltter 1 ”
- ’ Beltrami
TAa>0
Beltrami Beltrami “

11



2502 54
de Sitter
BdS- de Sitter
BdS-
1] ” Mach
BdS- Beltrami 5.
de Sitter/ de Sitter Beltrami-de Sitter-
BdS- de Sitter
Beltrami
de Sitter Casimir 10
my de Sitter de Sitter/  de Sitter Beltrami "
de Sitter
Einstein - -
“ " BdS dS
BdS
Mach Beltrami %’
. Einstein Mach
18 Beltrami
Beltrami “ K
. Einstein .
Mach Beltrami BdS- Beltrami
la 1+3 Beltrami
Beltrami
Robertson-Walker
Mach “ K
/ -
Robertson-
Walker 3
Mach A

WMAP



6 Beltrami-de Sitter de Sitter 2503
de Sitter t
BdS- de
Mach Sitter
de Sitter Hawking
.de Sitter de Sitter " de
BdS- Sitter
BdS-
G.W.Gibbons  J. Nester
Riemann
Beltrami x’
1 Sachs R 1962 Phys Rev 128 2851 Geroch R P 1977 Asymptotic Sin . 588 in Chinese
Structure of Space-time ed. Esposito F P and Witten L. Newk 1979 588
Plenum pl Zhang L. N and Tsou C L 1981 Acta Phys. Sin. 30 35 in Chinese
Bondi H van der Burg M G J and Matzner A W K 1962 Proc. 1981 30 35
Roy. Soc. London A 269 21 Kuo H Y 1982 Proc. 2nd Marcel Grossmann Meeting on General
Sachs R 1962 Proc. Roy. Soc. London A 270 103 Relativity ed. by Ruffini R Amsterdam North-Holland Pub. p801
2 Einstein A 1925 New. Rund. 1 16 Look KH Tsou C L and Kuo H'Y 1980 Nature Shanghai Suppl
3 Kobayashi S and Nomizu K 1963 Foundations of Differential Modern Physics 1 97 in Chinese 1980
Geometry 1 New York Wiley Interscience pl93 197
4 Bennett C L et al 2003 Astrophys J. Suppl. 148 1 Guo H'Y 1989 Nucl. Phys. B Proc Suppl 6 381 and references
Page L 2003 astro-ph/0306381 therein
5 Stromiger 2002 A Talk at the String Satellite Conference to ICM 11 Guo HY Huang C G Xu Z and Zhou B 2004 Mod . Phys. Lett.
Beijing A 19 1701
6 Bondi H 1962 Observatory London 82 133 12 Gibbons G W and Hawking S W 1977 Phys. Rev. D 15 2738
7 Bergmann P G 1970 Found. Phys. 117 13 Beltrami E 1868 Opere. Mat. 1 374
8 Rosen N 1971 Phys. Rev. D 3 2317 14 Fock V 1964 The Theory of Space-Time and Gravitation London
9 Look K H 1970 Why the Minkowski metric must be used unpublished Pergamon
in Chinese 1970 Minkowski 15  Weinberg S 1972  Gravitation and Cosmology  Principles and
Applications of the General Theory of Relativity Now York John Wiley
10 Look KH Tsou C L and Kuo H Y 1974 Acta Phys. Sin. 23 225 & Sons  Inc.
in Chinese 1974 23 16 Giirsey F 1969 Introduction to Group Thoery in Relativity Groups
225 and Topology ed. DeWitt C and DeWitt B Glosgow Blackie and
Kuo H Y 1977 Kexue Tongbao 22 487 in Chinese 1977 Son Ltd
22 487 17 Guo HY Huang C G and Zhou B 2004 hep-th/0404010
Tsou C L Chen CS Huang P Zhang L N and Kuo H'Y 1979 Sci . 18  Einstein A 1918 Annalen der Physik 55 240



2504 54

Beltrami-de Sitter spacetime and de Sitter
invariant special relativity

Guo Han-Ying Kuo Han-Ying ' 2" Huang Chao-Guang' ># Tian Yu? ¥  Xu Zhan® 7 Zhou Bin' 2 I
' Institute of High Energy Physics ~ Chinese Academy of Sciences Beijing 100049 China
Institute of Theoretical Physics — Chinese Academy of Sciences Beijing 100080  China
Physics Department and Center for Advanced Study — Tsinghua University — Betjing 100084  China
Received 15 September 2004  revised manuscript received 14 October 2004

Abstract

The puzzle on the relation between principle of special relativity and cosmological principle as well as the Beltrami-de
Sitter-Lu puzzle on de Sitter/anti-de Sitter spacetimes in Einstein's framework of relativity are analyzed. It is possible to
generalize the principle of special relativity to the spacetimes with constant curvature and to establish the kinematics and particle
dynamics for the special relativity in de Sitter/anti-de Sitter spacetimes with Beltrami metric. In such a Beltrami system by the
Beltrami coordinate simultaneity is just an inertial system the corresponding observers are inertial observers the inertial law is
valid for test particles and light signals and observables can be well defined which conserve and satisfy the generalized Einstein’s
formula. In addition to the Beltrami coordinate simultaneity there is also the proper-time simultaneity for the comoving
observations and thus the Beltrami metric is transformed into the Robertson-Walker-like metric which gives a closed 3-dimensional
space and its deviation from flatness is of the order of cosmological constant. Therefore it turns out that in such a kind of special
relativity the relativity principle has an intrinsic affiliation with the® perfect” cosmological principle and without any puzzle.
Furthermore based on the recent astronomical observations the Mach’s principle is restated and it is showed that the
cosmological constant acts just as an origin of inertial motions in the de Sitter-invariant special relativity on Beltrami-de Sitter

spacetime .
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