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ERRZHERSHEHEERIIEEAN, 5—SHEENYHEEL R TSRS, )

JP. Schwartz fil J.E. Faller BAEd—A22u, i1t 7 —AsL8, M EYsZmdid B bk
PRRIZE . A AT PO T I R BREE VR PR s IX AN S5 AN AT A S LA B A 4, (Rt
A AR 218 Cavendish — 28 (1935 B R B BN RG01R % IR B g A 22 &1 G E2 AR K.
AR R R TARE R Z . 1997 SEREE &8 R AALEK), B2 GE S ATE 6.667"" F] 6.717" ISEREIN .
FFRIEAT KLY 7200 IRIEAR S I RS F52 EAHEL T Cavendish S35 B LA HE: 1 FT A AT BEM 5256
wZE, WINEHEF— IR ER T G EBEE R R o, AR T 2 DA M. siE LA BART,
Mikhail Gershteyn, —ME MIT Plasma 2% 5% A8 077 W) 2235, S5 ARBIAKEEATTR D FH SR30E B 1 A
ST PR AR A ] P 5| 77 il S 23 (8] R ) 5 A PR 3 T oA, AR T — AN i ) 1E 2 RS AT AR
PR EEAHIE— e (G JMEH S5 H 1)  (Gravitation and Cosmology) 1} T] I, Randolph-Macon
I3 2 T AT George Spagna A A Mikhail At Ak A A EE 16 FAE 4 A S IRIGIED] o

“2004 7 8 H, far = Delft BEAR K1) C.Duif KK —3C, Wik 1 HIh BIBRHERIL R o AHTEF1
1851 A% E W) B % 5K L.Foucault ¥ iR RE AR (I3 . 4R H HESNI, 1525 IS RAR A s (H Tk
B, BRI E TR 8 S . 1954 EEH K, — Ak E TREIM M. Allais & B, 76 H i B8 1K3E S 0 SO
Jiok, HARMIZE) T IIZIRRE A8 ) HUT G )E, SR NIE s T SURlh e s 6 el s H g il s
WEIEH . E4 K%K W.von Braun ¥ 34 Allais 9L 3K FARIE L& . (H Allais S 1R RAE
FI b, SRAE AR Allais FIICRE KR o Jaok (1961 4E. 1970 45) , HIMIRIAF BRI T IX
NG HITEIRAIARIL N “Allais 208 . Allais INAF2 LUK Cether) BIsEMIGE R HIAILS, H—EHADH
NIF A bt AHXTISEF A TIRAS T, (BT HIEHE R Hosfh il iR 2 H IR R &
S KB WA 2 NE R B, 10 E.Sax] A1 M.Allen (7F 1970 4£) , i 75286, BRM4580E 5140
PSR SC T EEHC . BRIV E A D.C. Mishra 1 B.S. Rao (1995 4, fEEIF) &, E3£E T/EH T.van
Flandern t 1 I3 . #E K E.T. Goodey MLEEH — R FPUMITHE: 2005 4 4 H 8 HTER 3 Bogota, 2006
E 10 H 3 BEERIE T . 7ok, R A e ER BT 7 T PRINZRE ISR . AR KR AT HRNE
B, WinAImG S I AR R B FEZ LT 5 222K/F0, NEAR 2% CIGHLER, & (058 b PR i Epk
13 =K/

2005 %9 A 2 H (HARY Z2EMZE AR (www.nature.com)3k ik 55 H P #IE T ER R EFE R TFH
W) O B AR I i AT 9 AR o ER T R TR A 0 B 3 2 v — R A 1) R, SCHE Bl BR BT T AR OO
H. ERRTEMREBPHE 524642 KFH Ue-Li Pen K Z-HEK4 T Joseph Silk 2t % K SOl fr 48
TN FTHE ) JTORL T S A @ A R 72, R TA 51 0] REAE/IN T — AR IR BE FIF a6 25 2R 1 51 ) 1°F
TREE, TR 0. KR EBRINS BAFEE=NREN 1 9KERIEANME ., IXAT R A ITTE IR
RBVEMEAFAERIUESE, 0T 5L AE S50 SO0 A 56 o

G H AW IHAANAFE T Cavendish FISZIGFI H HyE AR E . HRRACEHG LR RAIIIE &6
7 RRER T A0S R TIXAAR, i HIRATAT DR FHRAR A DK A 51 1 E R A R A . TE R
22 B3 G EAR R LR A O IEE A R I T 3045, X B 7y E 35 H BRI [ SR AL (Muller et al
1991), 47 2 A1 H BRI 1% 7% (Shapiro 1990), helioseismology 7% (Guenther et al 1998), J5i 45 4% 5 iliZ:(Olive et
al 1990), # /7% B¢ fb.(Krauss & White 1992), DA K 155 5 K6 FE B30 (Garcia et al 1995)55 . J& TR AR 7511
FEUEH T G A3 N(dG/dt)/Go < 10E-12/4F . i85 HAth J7v2:, G H 1 2 il &% (Thorsett 1996), BR
MR B B 73 fir 2 (Degl'Innocenti et al 1995), — @il 1 i ik & 7% (Damour & Gundlach 1991) PA A H il 1172
(Demarque et al)%. 73 7h— Ml G (EK T8 b B 1) 72l it i AT B 2R AR . lr i ok E
SRR HIMEL, HASHNK) G AEAA R #1156 FlE (dG/dt)/G < 8E-12/4F, XAk H—ANFsz—HIKEK)
PRI LK) 30~40 [LFERRZHE T 1K,

XL 15 AR DL T s SR i T g T, BUEERATEEME G R R I TR ZE . 7E 1999 R,
[E FrZE 512> CODATA #EIERIT T H 5 /1% G FIRZEIEHE H 0.0128% 523 0.15%. il B IXNAF5 1)
5 AT A FH SR S B L IR S0 v R TR R R 22 . PEFR B IR A P B, R TR TR 1K L SRS R AR
i, AMUARLIHRZE, 1 XS E R A E BN, B AR ERATS B i g, &
IRBAE AT A FH AP ED . 45 Arthur Eddington F1 Paul Dirac 78 N i J LA 22 58 D HEM L T <3
AT R B L B A TR . R Dirac BRI, FHTA I IER G IREHFER T AXR, M
XA LU RECN Gmp2/he~T-1. 485 b #4874, — S8 Bk e 1A A& S 80— 2 & 2 2038 . Dirac
AR THEBE NRE, Fraftide T G mAk2 T ek, i, B TRk, aasl et
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55 Richard Feynman fEA ) — i SF R vl .. AR T AT B8R 71, 91 1B A& 0.24E-42... )%
2 7 T RIS 1) Bl SR B A LB 0.63E-42... IXANR A FF AT (RIRERIA (344 Dirac B9 R EUE 0 ,
FERXFEOLT, H ) B A I (B AR AR AL, AT ROk E, T AR IRk o B 1
FITAE I [ UAE 2 2 i K. T34 51 S0 — S8 BAR generalised # 1€ [FIFE RN BT 5 G 18 2 FEIS 18] T AR AL 1
Brans-Dicke PAZARIERR FRXE D%, B0 G A, Fet B2 iz s i Il 5 r, H9m G gl
=BT . G W B USSR R A W i 5 58, B2 G A RTEE AR IXAFEL, K
E AR AR ELRABIE S 7 R 6N G WA OIS . 32— N G, TTEES SEUH DU B 1)
AR,

AR EIVAK £ e

FA 5| 1R BB P RO G AN S i R B R . SR LICR, TR ST E G H RN E
KRR ZE ) — B E A H BT ARSI B i s I BB RS L R T r 2 —, (B AR, XM EE 1R
AR ZE R S50 A RER 10 f50A b BTUURAE AT RN B B BRROZZE 2 /D SRR INE 9 H 22
HiHE, EER X BN F M SO & 20 A 51 08 G & AR, Wimbkeg, 5] 778080, ik
A S E A R A R R BB K, S RS REGEE 1) 5 A AV 4ERE B 5 51 0 B0z B sk 1)
SO . WRX —Z5 IR ARUE S, K BROIESE 5 A% (B 4 BEAEAE R 36— AN R IEYE o

W56 51 15 B e 712 2T 7R 300 SR AT 98 [H R R R R SClH VR I HIEE 7. 1982 4,
— /M FALF BN T 5 JTEEREE N 0.0128%. 1X—EUE A ERIRAER, (55 e B 2000k BEAH L
HET A — T, HRARNE, XS5 REMEE, B, P —R G4 a7 msgil &
BHAAEZERENZER. Fla, FEEFRES TS AMEEL A NMERT 0.6%, MHE S EIREI/RKF
(UniversityofWuppertal )75 2| I EUE 2K T 0.06%, #7178 22 T SRR S0 50 % 15 2 1) 45 /1K 0.1%. RE Hi— ANt
FCH T RIL T A 51 7 HE RE I A b s AR S Y =l 0.7%. AT AR BT S Re s 1 2 R}
22 5% 3 B R o EL ) 78 (Jean-PaulMbelek) F1 5 5i-37 77 57-75 (Marc Lachieze-Ray) X M4 T ABATTAOfAERE, il
AT H X R 9 S BG R AEAS [RI  Hb s B AT 1), AS [ SOA (] 7R M 37 5 R P 4 P AR ELAE S R 1 51 0 K7
W) AFE . AT AR IR A S BB LR . RIS (IR T 5] 1) ZRERSCEM
RN R S 2= AR 2 A PORFETT A R — ik, 014 0 TR E LA 51 s S SAE.
THELE R, WiplkeR, 510 B0OR, HER E5A 51 ) BAE R AL IS Bl k. A ) I 5170
i BAEAN ) M S I B S AT TR S5 1R )G, R DR BH AU 45 SRR 5 Al AT B B AR R o BT R R IR
A5 OR BH PN 3B BB AR AR & I, ARATTANS AR F EE A\ B AR 51 0% B -

TR I 200 SERIT G A AT RO

% Deviation

1 3, 12
Data Set number |Author Year |G (x10° mKg's”) |Accuracy from CODATA
1 Cavendish H. 1798 6.74 +0.05 +0.986
2 Reich F. 1838 16.63 +0.06 -0.662
3 Baily F. 1843 16.62 +0.07 -0.812
4 Cornu A, Baille J. 1873 6.63 +0.017  -0.662
5 Jolly Ph. 1878 16.46 +0.11 -3.209
6 Wilsing J. 1889 16.594 +0.015  -1.202
7 Poynting J.H. 1891 16.70 +0.04 +0.387
8 Boys C.V. 1895 16.658 +0.007  -0.243
9 Eotvos R. 1896 6.657 +0.013  -0.258
10 Brayn C.A. 1897 6.658 +0.007  -0.243
11 Richarz F. & Krigar-Menzel O. 1898 6.683 +0.011  +0.132
12 Burgess G.K. 1902 6.64 +0.04 -0.512
13 Heyl P.R. 1928 6.6721 +0.0073 -0.031
14 Heyl P.R. 1930 16.670 +0.005  -0.063
15 Zaradnicek J. 1933 6.66 +0.04 -0.213
16 Heyl P.,Chrzanowski 1942 6.673 +0.003  -0.018
17 Rose R.D. et al. 1969 6.674 +0.004  |-0.003
18 Facy L., Pontikis C. 1972 6.6714 +0.0006 |-0.042
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19 Renner Ya. 1974 6.670 +0.008  |-0.063
20 Karagioz et al 1975 6.668 +0.002  }-0.093
21 Luther et al 1975 6.6699 +0.0014 |-0.064
22 Koldewyn W., Faller J. 1976 6.57 +0.17 -1.561
23 Sagitov M.U. et al 1977 6.6745 +0.0008 +0.004
24 Luther G., Towler W. 1982 16.6726 +0.0005 |-0.024
25 Karagioz et al 1985 16.6730 +0.0005 |-0.018
26 Dousse & Rheme 1986 6.6722 +0.0051 -0.030
27 Boer H. et al 1987 6.667 +0.0007 |-0.108
28 Karagioz et al 1986 6.6730 +0.0003 |-0.018
29 Karagioz et al 1987 6.6730 +0.0005 |-0.018
30 Karagioz et al 1988 16.6728 +0.0003 |-0.021
31 Karagioz et al 1989 16.6729 +0.0002 |-0.019
32 Saulnier M.S., Frisch D. 1989 16.65 +0.09 -0.363
33 Karagioz et al 1990 6.6730 +0.00009 |-0.018
34 Schurr et al 1991 16.6613 +0.0093 |-0.193
35 Hubler et al 1992 16.6737 +0.0051 |-0.008
36 [zmailov et al 1992 16.6771 +0.0004 +0.043
37 Michaelis et al 1993 16.71540 +0.00008 +0.617
38 Hubler et al 1993 6.6698 +0.0013  |-0.066
39 Karagioz et al 1993 16.6729 +0.0002 |-0.019
40 Walesch et al 1994 6.6719 +0.0008 |-0.035
41 Fitzgerald & Armstrong 1994 6.6746 +0.001  +0.006
42 Hubler et al 1994 6.6607 +0.0032  -0.202
43 Hubler et al 1994 6.6779 +0.0063 [H+0.055
44 Karagioz et al 1994 6.67285 +0.00008 |-0.020
45 Fitzgerald & Armstrong 1995 16.6656 +0.0009 |-0.129
46 Karagioz et al 1995 16.6729 +0.0002 |-0.019
47 Walesch et al 1995 16.6685 +0.0011 |-0.085
48 Michaelis et al 1996 6.7154 +0.0008 +0.617
49 Karagioz et al 1996 16.6729 +0.0005 |-0.019
50 Bagley & Luther 1997 16.6740 +0.0007 |-0.003
51 Schurr, Nolting et al 1997 6.6754 +0.0014 +0.018
52 Luo et al 1997 6.6699 +0.0007 |-0.064
53 Schwarz W. et al 1998 6.6873 +0.0094 +0.196
54 Kleinvoss et al 1998 6.6735 +0.0004 |-0.011
55 Richman et al 1998 |6.683 +0.011  +0.132
56 Luo et al 1999 6.6699 +0.0007 |-0.064
57 Fitzgerald & Armstrong 1999 6.6742 +0.0007 =+0.01
58 Richman S.J. et al 1999 6.6830 +0.0011 +0.132
59 Schurr, Noltting et al 1999 6.6754 +0.0015 +0.018
60 Gundlach & Merkowitz 1999 6.67422 +0.00009 +0.0003
61 Quinn et al 2000 |6.67559 +0.00027 +0.021
- PRESENT CODATA VALUE 2004 6.6742 +0.001  =0.0150

H AR ARRR, BORGIE R NI 77, B NREX 4 51 152 th B OB UBAR RS, 1hy FLAZ A
WrH R SR R, XA Q2R B AERO LA LT A UK E 1o X HSEE WA BH)/N O IR K R
FHER MR AR AR 1. e RED) dhit,  “BIIAER IETRIEARE I G I 7 i A LE 1 o 1) S R
TEAEEIAABY. 7 DU IERE, AR Ot Bk T TR, £ R AR T 2bx
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IS ER E &% Rl edl T, XHREANZAD M. 7 BRI B “EERECERR NIEE, X
TRAKMEWEREARE LR, 7 Dk (1838—1916) ¥t: W oI AH RIS S MTE,  “ A1k
KR S| AHE R, AN ARG ERZI R R . 7 B R R, M. BREE (K
JESEERY s, FH S IR B SR RAR B R AR M RROKPE R BRI, TR S PIRTER o N AR
kL, TR T . XLk A AN M BE S I AR RS 11, B RO A B — 8ok, SR AE
51 730 B B /NIRRT R . X R E I — B4k SR N 25, BB AGE FE R, AEIX R, TR F 0k
ROk B R R A e izsh, FHIZEE I — A E T L FimsES, REERITRESKHIZITH
AR R R G AEUEMEYI R R 3T BAS B At FE 8 1 2R 51 3 ph i, hist:  “WsImn
HFR SR IERM G —FRAR 817 < HUAR GOV Y BB 8RN, ARSI, R, 7

AR BRI ] S35 A 51580 ) WA HE R . HbER S H 2o i 5148 H s getth 3k A%, 518 HE R
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SRR RATF A BRI AE— DT — B, ATTREAAXS T fstE, m AR L
MIBE o BRI, W R AR — AR 8 5 ol RO ) — DI AE 23 [8]) BRI, AR A BRI PR E R %
A, I RERR Z IR G IXA ER

K BHEP 525 Michael Friedman 51, Einstein fEXSHIXTEAFE P AR, JRTH] i8S AL IR Fh
SR SR AR AR A AR SCARH RN AT o (R e A 2 0T 2 SR P AR PR E SCFT 48X 30T CLE
FEAGE BB AR AR XTI B AR A RN 51 JTRIARROND) 5 | SRR PEAC A U BRI B R il L ) X
ARTERIIE S, IFASEERGRSAT JE 24 AR AN IT 5K A9 5 Py 4 T, AR W00 22 5% AR I, A
X8 R AR ML SEIL T A AT IR R S B R 073l et AR5 B D T AN 2 e A BN R R UE ) o 1
PR AR IR AL, £ SORXS 8 DLAT OB 1R R, WE B BB AR B AR T, 5k 2R St A S
BRI R E ) J A IE S 13 5 51 J13m AN AT 0 R, DA A A B AR X = B
MAE] SCHXFE S, X=FRAFK: B0, FaEE R S AREE R T L B R0 2 ] LS ) S
LRI B, R0 207 R rh 8 I 5 d B2 A SS f L, At REAE T B 22 T AR U 2 3R R X
AR RE s SRR B BEAE SR I ORAIE TR VE 7135 5 51 J1 AWl 09t e B AR LK A 13 AN ] BER F A b
AR T %, 5855 £E Einstein [ () SCHIXHE AOSEAD) X — 22 MO0k, i A IR BRI 25 R 23 v
TP BRAE A TG I 2 75 4 HH I — N BRSEGE AR (Y R AR S0 h 60 55 1) S SR BT 46 I SR 1) 75 22
JEANS PSR B ARSI B AT RAS PRI AL s AP B AT X 7y, SRR AEIX AP EE SR SCHR 4%
T2 R i) A k. 29R, IXRBHGEIR T A Ba BB A R AT A PEAS & DLORAIES5E
PERFAEBIE RVPEEN, WA E LRI Einstein (0 B A 2GR A SO R B . P8 40 T 0
R TR AR P AR 2 IR A2 LN 2 AR (1 SR oo LT BRSSO PEATAR R B, T2 T BN 22 R A7 A
- HMSEMIE R ] SURXHE T, K5I 1R h i ks E 21 HIE s SR R 5| 1+ e 5 ¥
18 N ERITETS NS IR AGE RS IR R, PR RIRIE R R Ik i a5 i sde An 2 xt ezl ar LA Ry 3
Birkiash by ok, MUHTREEE 4, AR sh it izshfizshe AR EARirbest,
LA HI2S i I 23 FE R AR A5 D AR X AE IE T (1]

SO A 22 B0 I ZES BEBE R, XA EIRA AL R SCHXH R B ELAE) SCHXT e
A B ) B e . R R BA. RN, BT HAMER G —E R/ HRA f TR,
([0 EREe s E o Ui W= TR B/ S =2 D Vi) w2 o 0 S S A 1 B S M S (R
AAERIL TR AR AR, FIFER 2 SEA R S MR X RE AR B AR . XRUER NS AR
T, SEEIL AP A R T AN TS AR R, — B A ATRER, DRI UM R B R A AR . AR e
BE—3B NN XFRIL Binstein 51 /73R8, | SCHEGHEJEER 002 A A B . SEBR b, U AN SR A 420
B, NA TSNS RN AE . AR A M Friedman —FfF, 87 SCPME TR A 2 B0 R 1) 22
K, M HARIES XA VESE R T Einstein Frisc A2, (EIFAEIIAIIS 6 75 00 SR E . 1 A [ P 2
KB, DB 2 P AR R EOR, A PORIERAECA I EDR, RO E A B LA 1R 5%
Z I AE A AR BN s 48 5 S5 NSRS P B ) B RE A AR A, AN R B REAE ARARAR I T
PARTE, KRG TR R A A R

7 XA PE R RIS BRI SR PR — MR BAR, & SR B U AE DU 4E 52 & I 2 (R 1R P A2
Pho DUYERR S A B ARAMER IR LB 12 ) B ] o] R AT e 2 AR A A 077 22 e SCRIRTR R S 38 LA, 3
BB RS T B 2R AER, DUYEERR S I 506 51 03 LR Bt T PRI A, B2 IS i 5
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1 R AFR V0 5 6 SR S B R T LT A BT LT 2R %, I 2 B 2S ity s ARESSERURIR, 51703 )Rt 630 T
k7337, AT AR 5] /13 @ ZEI NS i 2. @A) SO A2+, Einstein 558 17—
AFEZN NI PE R AL O BAR S o MhEL, HRIVER S AL, fEAFERERAL, BT R A, 5
LIS A AR AN, R  HEAR  BEAN RR 2m, TR R L LA 8 BEAE ST e S S IR &b, AT g
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AHEE) 58, Einstein RIS EA B BN — R =B LT 2 LS, A AT ZEAER /S . A,
TIRESAE 21 HAIFARM T, KGR 4E/REETCI AR id, EACEEN B Rl RS, SR
TER IS, MR TR 7. JIROMEE RS & ORI, (& Tl A BT R U N BB B (AN
TR EAM KRR M T, EEKb AR, B0 1. “ IRBSTgan K s —E 2R
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Fkt, 1988 4 8 HE 1 i, p p354.
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2 5 B 25 X =R
¥ SCHXT 8 i bs i
. R FEH, BHE FEH, B=E B 22 AT
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g, WA AR BT I LA R PG . Newtondf Hi P 7 e ELAR I B AR N T R P AR I — 26 2
KNS, WiKepler MATEPIER/NGITEAGERIHT BT TR SR, B T iS00 $50m 4k, 7ENewton
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Einstein PR/ I819 2, WA 4 HlH. MTES J1mh A sk, BT DES HE L
RIEBI IS, T SCHESHRESR CLFJ5 s E T 2Rk o 751 SRS e, dn SR AR R B 2 1045
S5 G DAAMAOAT A R0, AT e AN IR AR B . 1907 4LLS, Einstein £6 710 4 R0 ] Ay fth
(RIS G FEAR ARG M IR ESE . AR BRI, ok, SIS R R, BR i EAE U
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TR G

FEV T 3508 FE R (51 7138, BRI 23 9 1 P9 Wt 9 2 A4 v T A B B 0 R I 25 AR ELAR A R &R
AR SCRHX U P A 2 T A, 6 3 AN 253 V0 B o 0 0 — B 2 AT e A v A B PR I 4 PR AR R A A X8, 1K
PEAG L T I R AR L R T ERRRE T AR B R AERE IR T S RS B A B LS
HSERRECN— S 45 3
5. T SUHXHE IF i i AR

FE 4 (S.W. Hawking) 1322 (R .Penrose) T 1970 “FiF | “FHa e ” « ER—KIFMET, %
TR SCHIRHE, 325 KA DMR M —ANEF AR Rk, AT3ERIZRAS 1988 SERIIR/R KINEESL . SR 20
FERIBIERT RUAL, — VIR @ s SUMMIR AR SRR T, R SR T . FTLAE R AT e
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AN, ERIESFRMFH LM G . E&U: 7 ST HINES: eME e NS
FH . 71973 4, ELARFIMTHAR T (B AORELER) —15, EXABE, B se g 7 ngd,
HAEME B b, R TR TFEHMIMANE: B—, FHPAEERN. B2, A ZAAET S, B
TEHMI . Bai: A - RERPHHNE:  CEREFEEHEN, RRA 2R T R il R Rk
SRR, TERIIIRAME b, EHRARA B H. EREEFFHERNRERMEH, 7

KEFNE, | AR )2 (R) Einstein 3% 7#2): Ruv - (1/2)gpvR = 8nGTpy , Je—4HH K
REA I AR T R, SRABIXFER T FRALR AR IL R AR . fE e NPT LR,
ZZATA Einstein 377 F2 IR K — 80 78 J IR T E & P A0 264 (B lnke e s #RE) Ry ife. 18
X B 2 R E K. Schwarzschild (1873-1916) T 1916 “Ef3%If) Schwarzschild f#, HEHMA (m
NFEZH):  ds2 = (1-2m/r)dt2 - (1-2m/r)-1dr2 - r2dQ2 PA K A. Friedmann (1888-1925) T 1922 E75%I()
Friedmann fi#, HEHA R AWERF, BEAN 0. -1 801, SR TFE. sl L IEs ih
HAE[E]):  ds2 =dt2 - R2(t) [dr2/(1-kr2) +12dQ2] , XA SRS IR TE R AR 3 R 5 75 % - N
ON)TZ B BER . AR ME B R IR T — NSRRI ), AR A TR I R RS B A e
Schwarzschild R —MEEFSEM, ERHFRME (B ERPORE NP TUIRE 5 HE ) HITE =0 K&
r=2m Ab. XFH r=2m KFEYE (—EERFRN Schwarzschild 7 ) S KAIE A H R ARbR e BT S B0
RMZF N, AL AR e T LA T r=0 AbROEF SR AR A, S i R T X
—RBET R XN RO R A

Robertson-Walker FERUHI T2 — s EERL,  HISHMMERL., 4 k=1 (B=RAEFIEHZE) X
—JEMAE r=1 BT REGHE R, ARXWRATIERT FERN AT R - REX—RUE R, WE
i & Robertson-Walker FERUBLF AT SIS WM R,  EX—ERRAZ T, #Re
(Bh s R, T RATRIN B K o ki, R B 41T B A i A — MR B 1 %
£, Robertson-Walker FERUAHTIFREERF R(t) 7RI HHEANHIRN 255 7%, ERANNZ] GEHEE
XN =0) FHTRLEANE, VIEENRE, B RR—AEa s, WRFHFE A, 5K
#JE (The Big Bang).
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IREHE, IXUEFF SRR F AT SR W), B A A R R L ETE TS K,
TN SR UL, IS KA ERE E R BIEF S I T SO & —Fpfadl. A
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Einstein 3 HFEZSLKIEE %, B Lifshitz %AW E OIHATEE, MR AFHY A A =0 Mz rff
MEAER VR, RN AF R R AT RHIT U TB,  EEARGXRRIEREL T, AT S KR E
B TEKRKIFME.  H—J51H, Penrose 5 Hawking %5 557 mifll i 50 5815 TR AR, ATTAERA T —
RYVEAMNZT AU,  BCNE )T SCHEXT IR S IE R I Rt 2 —

“EFEUERL” SR ORE SUF B — AN SR OGBS B 10w BT DU RS R SRR Dy R
FAXPIRRRAL, RYERLF, AWRAELE, MDA — MBS, HE R e RS W, BEA I
NAECER . 2B N AR ERRMERAL, |7 SO B, 1 AR 2, =A0H—A
AT SCELR R, SR PRI A 2 BT AR, B BRI (2 e 244s . i il, 207 — Mt fe,
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%€ B UE B AR 0T AR Ry an SR — ARG E et 2, 7EARSkEad 207 ) b, 7R PRI IR
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TR R A RE B Ty, e L SRR B A AT ) BT A
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REEZIEERYE, FHPWHEAEERY . —MERIN, WY b 55 B H KR &R
(Wimp) IR THREVUERLE R, R T, SCE S 5 . H TR A S
HIRENE, ZEEBARBI AN EAME . UESEREY) BUAEAE A 2077, U259 4 BAE R &R .

Z A E 1879 FRIV It s A 5iE:  “LEIRR— A0 5 AN P & I LOR S5/ 1) @b, Aie 3k
16 2 KRG AE, W4T PR [0 A RBRZ BRASE 2 TEHTA 1, a3 ATRTA K T g i H T g2 35l
[ TC 5 A2 i KR (AR S5 SEAR AT i o7
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TR PR BT (HACREEREAESERYITAAETERD | A = A eSS —2 e
T EA N RSG5, IR T H T SR A PRI 5 A BUR AR 25 ) PEAR DN 4 — BUS IR 5 e . BE
SR TR T8 S A, U IR AR A T R . RS RIOOW AW IR R BUE R B 8)
JREAE, XEHATCRYIUE, o8 NG LA P A S5 M B T 22 a R ) 4%. =2 IRies
RN E RZ B RN, Bl AR R R B H RTESRI R h IS (BEAD 220 TK) , WUR TG ZER AT
FEALE TR LA BALRE, KBHSEPRIBTR A 5 2.6%, 97.4%0) )5 & BUE A FIITE A 275 . 8 @)
PR R T B AT DABESS 1 AR 20 A RRLAE S H BELE I TN 4% (3R 2.6%) AIE TS LAY
PR (ARG VERD , Wiz 2 4™ 5.

EEPEN
(11 ZFEiE—REER g NEAATREREE. RIS, (HEFE LRI ) e
SR 1995 4E 3 A5 1R 5 3 IKENR.

3+ AR EERTT B R BRI T

WSV oA o 20 B AR B 3 o SR T B 5B 1 1) 72 WIMPs (Weakly Interacting Massive Particles)
AR, RO LR T EB L, R 41 WIMP 2 neutralino, ST HL 102 GeV (HI 107 g)
HE AR 0@ S EANLE] = A Axion, SR 10°eV (BRI 1077 g) ,  (CHREFFREFPMEZR
LR fuzzy cold dark matter) « H'E W MeV A K. SuperWIMP, [k H ) WIMPzillas (Jfi & 10"
GeV) &

i) A R I F BRI REAEAE, 93— MoRR 9 X FR B R PR R 7l 5 — MR S R, H
HOA LETT RS T . I IETE SR 500 % TeV REZUINEASFEAT ANTHRITE CERN 1 #i i K 2 7 X AL

(LHC) EIFREMsRss, LR I IR M4 5T -4 R0 2 [A) ) A5 56 4 K THTAR R PR B B gk AT (s, H
RIS 2 B SR FRRE T

B JRVERGVEAL (AMS) 23 AE [F PR [F)3h |, FHRRPIIUR R A A TR 52 2 5050 & 1R 5 1
AR . ZIH H MIT T2 4is, EHis B (GFEHED T z2m.

RUERPEF R TR HENEIE, AR ETR, FHEEET AL 4.6% 2 HE PR (EFE
T B 23%MEYIBE, RITL) 72% mmEREEM . mH, fERFES, JLFIra R E Y
M (E i EmmD AR (B ifsg) .

& H BT AL AR 70 /N 2E R 5 [ A1 2047 8 Tl SR 5K S0 =5 AT 0 Jg BHAG LU K RS K, W FUR R AE
BT AR CHEEPRRTRIRY b AR AT L] o5 i A2 Y18 (hylogenesis) o

L J& EHO LL K v B PO AR U <TRATIEAESS Jy4u s gy B e (R A o) R — A AR o X — ML
T IRE RAE—E, AT W EFAXNFRIRE, x5 Y50 ey W 115wy (1) —
FheEE g,

RGO FEN BRSNS, FEVIFUE GRS, R4 7 — ROk 7 X e KRBT X-bar (iff
SGEAMXHAD o X A X-bar 7E0] W5 BE L5 & NS L (Y EEARA W, wprAh ) , fEefERE
R TR CHH T IXMoRE 7] DR 2 AH B N2 s 100D, anitk, ERBEFRERSE —iZ), +
BRI 27 X F X-bar J74 .

BiJE, XAl X-bar 23748, # M e] MR ET L&Y T, H—A LEWMHEAN TSR
F AR AN T WBS R o SRR AR, X ZEAR R T HIPIE L X-bar FEAR RS P 3 MR By, [T,
X-bar FEA ARG BT B X AN R SR S . SR - R 7 3] WA, Ra
AT T IRATHT UL IG5 o XA B —BH 32 38 77 A1 AT WL A7) 5 1) I B 1 0 AN ) o 1) 47 B - B A 3|
i

& B LK 2R B FT RO () 1 B BEAR . <nT LA NS P o () e A R AR IR (15 A
[ o FEVFZENT, £ RFHIFY, ARAT WSy i 2 BAMKHK . T, X 1/5 KH
REA T WIMI — D KAER, AR B RN EEL R RN, XA WY S5
FRE IR g — AR AR T AR .

PR F0, IXA ) B AL TR B AR — AT, EAI o BT — S ) £ S = BRI
FIRHERRIC . BHEZMREUL, WY SR A0 — AN 18 R R AR TR, s AR R R R
RUERARFEMA, (HAEHER B SHR5T H AR RS, BEPRIN 2w P .

TERARY) B 2 IR B - I 2 s b, T se s MR R B IR 15 5. BN R, Sathe
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FEWEF 2 X L T e .

WGV o R E TGP (BN B R bR FIEE TRV . SEEFRYEATRER: ARENM T, )b
¥ (photino) 5| J1F(graviton). 5| /15l T (gravitino). H PEFl T (neutralino). %HT (axion)%. Z=EL
E(T.D. Lee): “HEANFH 2R 90% LA E (RATAE 99% LA D RIEWIR, MAZL K Am. ”

4. FARMBE ST S 0 5 17 R PR R SO = R A
1SR RIS R BN B RELA 260 FGAE 2007 4E 05 H 16 H 13:07:12

XINHUANET/REUTERS

Rk R KT IR B R A SR KR KA ME LN 260 JOEERIEIA . K E TR
15 Had i, —DNRICEZNAFI RG2S B SR B 1A T 18t 2 4 J rp 3R A P . RS
SEHANIRR, IXFEIEA N IEREUEWIRE VU5 A7 15 1R B s A 77 BRAIE S »

209 AL/ BRIE TR AR RS H 1 5 HH GEEKRERE) KEFAHR 1 5 HikE ¥, —DRICEFD
AR ISR R e, RN B 1AL TE I 2 A A b IR ARSI . ROCEFATRR, X REIE A Ik fg
WS AT A6 B B i D IR . BB RS B2 1 3l rP AP AR I — B R BV B ) Ok 1, 8 ) R R
SR AR R S, Bt DR R BRI B 3OS0 5 HATARAT DS, BRI A 2 T a5,
MBATARBE WA @ e 2 . AT 2, Brdi s R 5 PR 885 BN REB 21, (HRT
ERIHAERRE . RICEFANGU, AFB5] JriB 80 ROSHR I B XA AR Y B T iR 50 12
HER—ANSHCL 00 24+1 7T HER.

3. fESEHE (REHAIRIR) (2008 ) HE, BEVIFBEA NS T O B R PR R PR, EARER T
FH T 90%LL LR R, TASE R LR B G T B BRI 10%. REBEERAR, il
i i T A VR I TR, BRI BR8] SERR R R B AR A A7) 5 o

B LN EAE ISR, HERET YRR FEEEE] /7, HAFAERER V] B2 2.
R GRS T 2 AR, (HERH NS R A R R HEM . BN, B E AR
[ A7 AR R BRGS0 X — MR B VR AT LRI T “ RAT 57 SRR . HRE TaEEA
KA IR B AW AR T, P AT 808 A I A BRI R A AR . AR e DA
SR, ARAZEBUZAILR . TRALRFZOAN, XA TR R LT A 51 e it
FEAE RN, 2 AR SRR R EE IE . AR A R — MO 5 i

Xk, 5% ARSI ST 7 e B S SR PR I A A RKE S, O T RIS
—RE AR TIE . B ENAERE, AT AR AL I M B AR R, 2B TORA RIS IR, T
AL T RAT SRR AN AR . 56 B TR HRR K — i i S B0y, PR BOR S IRIEAE |
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BER B ER S AR, AR RPUEBRANFR, WTREI RS E. KE /M T RS R
S S PRIEE I AT B L P (AR 2 o V2 RS IRINZR AT 4 /NI (0 RATHATE), A 1 I 0s e TR
%, HHEIINE A .

BTk, B[4 R W et M R AR AR K BRI o BB A T, sk A 2 R I o i A7 T H Bk
(3 TE SR PR R BE 2 8], R T & e AN R o B ) A o 2 DY o 3K — o PR R A A b K
BB T DAAFAE iR B FE IS0 . Al oy, 31X — 0 r BERATIAEAE i, AEL AR I D¢ T 5 B A7 AE I P o F 48 1)
B IS . AR, BRI BN %A R T R 2R KA 7 A B TR N, LE EEi v
TUCHTRSCEZFAN BT R3S . IR LY R B R R T A ER A HE 2 N, Sl T HbER R H
B, AR B 2000 12465, 7

AR, WEYD AT LR SRR AT S IS, REI X5 T — AN Bk . 1% S 0T 2 WA T
BRE e ? Py, BOABIW S AR, A MERHERBNS . BRI N, 2R
JRAREL | F S TR, MREAREDTURASTE R R HEATE, WlEIRA ESRIAKT . F
BB EMCOR PR B FRIL I SR & RV, (HREh—Se R ENFEEEERE . ER. ERA. B
PAK R B Kk mire K REE EREE R g s sk RA 51 01T o ARSI ARMRA =451 71, B
W64 R BT A 1) 52 B 4 R 6 SRR B T o AR R A 0T 2 AT RN B T T X Rk T o E 5 B IO TS AR A
(CMB)H & T IR,

JUTAERG, W05 NI 5 R AR B (74, (R IRV AITER YR C A Ch 7 I E A
BB Ar o BEPD IR B TR B S E R 6.3 £, TEFHEEREE S S 7 1/4, FNERERERE, BYRES T
FH IR B A RIS A, (R Rk e e — M A BAE R R 1 11%, A4t
IO TR BRI T2 0 RO S5 S5 AR — 3. AN, fdln it B R DL R REEHI I AT o, X — BB UL 25
RZ AR ZS, X FER N2 Rl ae MRy e 34t 7 R o i /N RS oA, ik
DA SRS (R BIEFE AT PALIX 73 3% SO 1R (I PSR, 9IS AR 1 B BF 7 5 SR R BB O

ESINFHBKERZ G, F2FHEFAAETH L PR, 11 HT 0 S A 5% 5 0 e 2 55 TG FHE M
(X — I B T X o F2 m A P R T I) . S REFIR, G2 a7 2 A T T — s 2, o fg
HE AL I WR NN TRV, SIARERRAICE T 7. IEC&miE
T PRSP R - R B, (R BTG R R B TR AR UM, B R R 4G A BRI AN

=
B

4: ZERI S GREATI0 Bl A€ 1% 5S4 o A7 75

ABETR TR 12 A 11 B, 8 ESMAIGE, T8 F 50 BRI FEF R R AR S AT
Bk Ay A AR BOARAT B 2 R AR BRSO SCE2 S AU [ Bt 78 /NI H 287 7 — T4
N“GREAT10”#ki 3¢ (5l 1ZFHEFVEIRIGHRRLE) , Bl KR SCE A & AT ENLR A RILFIRER —Fhag
fig S A oy M B AR R BT 3, B AR R RT3 P AN AT LIS ) 5 AR -

FH ORI B SRR AT DGR B — A B RE G, AT AR SRl ) DX AR N . 2 )
BREDEEAEE XA, XA ILGR G IIE G RN AL, XA AR R, s
[ TR 2 R S B A S 1 — LR IR B R RIIER, AT ReAF A I 5

B2, A XA R, BT ARAIRARACR A Bk tEAh, RICESAIFER A B 5 3%
EARKGR, MHEESZIEEEEE NP Bk, 58255 A 2 N RE R RIS 2 S ke
SO EHURIUIR . BEEERAE 2 — . KEFHUR T A AR EAR-TENRoR, “fERRIREGRZ 3%
P SRR S SRR LT, BATIEAESS D #a S o e b s i B

PR IE A, HLES S ST U T SRR A U L SRR AN TR i R BB KB AR . AN, ik
TR T LA L HAT, EMAFHATUS 5. EGFARE 2 —. EZ T B REREDEERITY
Hr- R R, BT AR AR AL ) R AL B AR A A BOR AR HE AR AL o AT AT 7E UG AL B AR AT
G LI N AT LS 5Pk g

FITEHTAN, “GREATI10"BkALFE 5 HAl ) R F) B TR AR . A, “GREATI0" Bk FETR K #H
B TSR B A, AT EVRIE RE RS TS BRSSO R SO A P i B R SR A — M . T TSR
HIAE A AL ? 2%, PR SEH A B TH S URE PR g T 48 TG 0 o RS e B A AP T 20

R A AR, RSB RE LR ] 3 TP RSB O TR . RSV BRAOAE AET
T 24% I AR WLAHFEY) o RIS 1 WSV AL IR BL DL R AR A AR oRE BEE 35 B R S R St i i i B S RE R
S — RS INAAL S, ERR T T B 72%.
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TBHRIN, B AN A, BATE R —M 2 Z2RRE AL I E Bl s R i i —.
B 2% H bt /2 R Y —Fh o 32 i 4L A DA B i T R ig T 72 5 e BRI R R %, EIR
A A B AT DLE IS ‘GREAT 10 # il #2485 HE B IE () Tk

5. WAt A H R R

BRFTAE, XTI T . BEEHREARNMGTEH, HIRA ES RN, eeEm, —/ik
Yy 2E FUE TR 2 AR, 2013 4F 4 H 3 H, B VURSSRIGE . SEFE LR Y2 5T S S HL R RV
HEA(AMS)IH BBV E AT 18 R A0 RR,  FEHIBAE BhR ZRVEREEA O I 40 J3ANIEH T, XEEIEg
FHRER A NE—H FRMBEYI . BERTRNE A IR R 21 RS9 kL 7

BT EH A ReA5 2 B &

TXIGURIF 57 RS A2 22 2 7T [ o 2 [B) s B (PAN B 20 AZ 32 TC BT JRVERGEA (AMS) RIL, ZR&EL) 7
Wi, 2011 4 5 H&Z2Efr 25w .

At K BB i W, I T — bl JHL 2 LA v 2 S P 0T FE o T o R (1% HH B T A o R AH
il 4 2 A EAIA FF P2 AR IE I BRAEWI & o “IX PP IS AT LSRR Y AE R BES, ANid H ATk JeviHERR
MR ATREE . 7 AMS T H i3t N T &P A

WEP B BUR N . ZINER 2 RIE R« RN AMS IR 5T 80 o 4 A7 AE 1 AT
Retk, (HIOTREL—PLsffie. THEPELMRR, B BIBNE TRESTE ) LA B8] Py 7520 5 In Be 6 25

ES

AMS B “HEE” Rk E AR R

3 HREMTHESRRNIRE, FH—0KIKIES B8 BRGSO B 227 23k 54 MR
FIEE AR, A0 S C R b E R e TR . B RVERGIEACE B RS, e R R
RIREAR R B AR TR .

PAH, BB A KRB KR S 2 AMS T H i KBz —. o ERFESE R Y s ne AR gk
WAL Rl SRR BTh, SEARTA LI, AT DMEREE QS 77 Ay Kk 18 2] 20 4, FRAES 7
[ EZATUR A LA, SO ANTRIEN T — R ARGk .

AINENR AR R. HEASTERK

W& T R E AW . IAEFRATE B RAER, 24k, WORRH, 24k, WA, HA%
FRY, FHAPBAAEREMNMIEARPI . EAIA K BT WGEHAh i, R SCE B A
45 WSR3 M2 B, IS AE 57 A B o5 A Bz iz 8 ek H 3 N ZEmT LR BRI . T8 R e B A
SreMEPI G R, B ST 25%, TERER N 70%, FRATIEH Frul il 2 )8 m p R b R
5%

W& P RN e T P A B PR AR R . ATV IS A B T T SRR, W R A 1B
B, MIASERER. HEMTE, HiRA LSRN T o BV AFAE R @ R SOWIIHEN 2 ki, SR
T H A8 V2 AT PR B 2 AR AE R P S 1 62 FPEEACRL 7 ANEL & REMERE RS R M 2 Ak 1, (R,
PRIFNIEFC B P00 1R 1T e T Sy B 22 5 0 0 5y o

- JEARRR s BYRE T IR B Y A7 AR

6+ EREIR I T IS ROZ e B U SRR AR B RO, (H il —BUR 10 7R B, IR
WA EARE R R 2, ARt — 0 1 2th, BRoRBRLERL 2 KR BN, X Ui B A T S 5 e
Mz E>, WMREH IS FESHME SR HITIB L. SR RTSENE HRT CRIAYBSE) 24& F,

5 0 53 5 1 e A D A T i AT R s B R MR R, BT ARER T T 90% LA BRI . IEY)
FCE BRI R, AATTH T R geiE ik 51 77 A S AR i A K E RV AR . R A HIE Y
R A, BFEEFAICEIZ P E A T — MEGF AR A R YE . AR UHER T EAOA Y, BEY
B\ BT NAT R R, T EEN, eIREA R, EREYRHE . 58 a8 e &Y
JT, BEAE R R, BT e A R 5 IR T, T R4 B WL R R o X Bl IR i A AR AR
TWUF, BT BV AR R 2 B R BT R, e R AR Y N R L R AR B R RO, SR, 243
BN BRIR A RRE R, ARG T, BV AT IS T LU Y R AR A B A L

TEIE - SRR RAKRYEE Fr 0y (Harvard-Smithsonian Centerfor Astrophysics) HI—TUIFFTH, ANKHT
(AL SV B e, BTN S — o B 76 L AN R R RGP 404 o ABAT T TR 02 R e
(Fornax) FflEFEE (Sculptor) XPH M RIHEHIEE R (dwarf galaxies) o BTN L Z i LA BHE 2 R
YERNBFFITG, e E R 99% MBI AT 1% IEFm (Flan: 1HE) Frig, &XfhzEsrEmem]
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FNATE TS 5 B BR AR 5 o R READ R A 100 5 & 1000 3 HE 2, AT, AR R0 K4 4000
{2 . WF AN B I S B R I T A SR FEAT 1500 & 2500 S 2 (e AL 22 a0y o B H 8 o,
IXPRANR R R RSP U8 ST Hb A A RS LB YRR BRI Ik, S I &5 ARIE T o 102 BT T
N, BEVITR 0 B N ) R R R B RN . BRI A D AR 5T N SRRl R B (Matt Palmer) RoR: “FAT]
IR S R 8 T A R A I YRR R E R R AR TN . BrAEEIS SAB IR IR LT, & <A
W50 R AR B BATT R H e .

R 1, REAETENERENERYFREE

wnag | EREER| BRATEM | g fa P
(T Pe) 10"°M ) (g/em’)

NGC 5248 | R=12.1 M=4.2 P =42x10%
NGC 5383 | R=19.9 M=4.6 P =1x10%

NGC 6181 | R=14.3 M=6 P =36x10%
NGC 7331 | R=15.5 M=6.1 P =29x10%
NGC 157 | R=12.7 M=5 P =43%x10%
NGC 253 | R=9.9 M=12 P =32x10%
NGC 598 | R=8.7 M=3.9 P =1.0x10%
NGC 613 | R=17.7 M=13 P =41x10%
NGC 681 | R=8.8 M=1.8 P =46x10%
NGC 1084 | R=9.5 M=1.5 P =3x10%

NGC 1808 | R=8.7 M=2.4 P =64x107
NGC 1792 | R=8.8 M=1.8 P =46x10%
NGC 2903 | R=14.2 M=6.1 P =38x10%
NGC 3034 | R=6.4 M=1 P =67%x10%
NGC 3227 | R=14.6 M=3.6 P =3x10%

NGC 3504 | R=9.4 M=1.0 P —3x10%

NGC 3521 | R=13.6 M=8.6 P =6x10%

NGC 3646 | R=15.2 M=18.6 P =35x10%
NGC 3623 | R=12.1 M=10.5 P —1x10%

NGC 4258 | R=14 M=7.5 P =48x10%
NGC 4605 | R=3.3 M=0.1 P =35x10%
NGC 5005 | R=10.2 M=5.9 P =51x10%
NGC 5055 | R=10.7 M=4.3 P =62x10%
NGC 5194 | R=9.5 M=6.4 P =13x10%

TE[E SIMFR BT R 5UR M (Jorge Pefiarrubia ) 7E— 3 F I ii: “UR —MEERZL DT, e
TR, BAIRAZAEE T AR BRI BA%”, B BATHE LRI AR 2 R AR TR A
e REW, PRI TR iR,

WEFEN GHED, B VRS 15 P B ) ot RS BRI Y], B RSV AN, Mol A g .
DIV LS & viam 21l WiV U 2 s S et = 7 il S 0t 7 2l P DR 7 N w2 Y L 2 U

Pa&, TN, BRI REEA KA S LA S I, (HE RN TR AR Ak
5177, FATAEREME I B IR AZ B A A7 6 P S U SRR 5 BROR A2 2 e o (O o R 2 5K 8 Sk B
Y R PESR 1 T 2 AR, (HEEH AT BCA B 21780 FAER . JATLRNTE, BRI M 1 3 i 4 A
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T WRBEAED A RER HENTE, ERAESRIONELT . WERBATA TR
i, RIABERBNTCZ T 150 . DUE CAERGE 1 R ET - il AR, (ER B A D R YR B
TR ARH UMK, BRI R A BHEIEANE 2 . 2007 6 1 A, WA AT HEd 1, 70 ik
TG 4 SFHIB M T iR =4ER R B, AT Mk B, 8 N H e E
i [ RSV RS R AR R o D IR ISR A B 4 AN TS R, B RBATE R, BRI IFAE TEAEA
e, AR T SRR BADIR,  TXT 53— Ledth 7 A S — Bt H R IR A R, 4 R R OGS
532 A RGPS 2 A 5 T S A BB ARYE, ISV SR I SR Rz, X RSP B 5l RS 5
HRE TR ] (R RE 28 3 03 W] BE BB 2L

R 2, RENNZATNERENERYREE

AR R R M BRI g P
e RATR + pc (10"°M (g/em®)

NGC 45 R=4.2 M=2.1 P —=5x10%
NGC 55 R=19.2 M=2.9 P =72%x10%
NGC 224 R=19.8 M=31.0 P —7x10%
NGC 247 R=9.8 M=1.8 P —9x102
NGC 300 R=8.6 M=3.2 P =8.9x10%
NGC 428 R=6.3 M=2.1 P —1.48x10%
NGC 628 R=13.6 M=3.9 P =27x10%
NGC 772 R=25.4 M=23 P =23%x10%
NGC 925 R=13.8 M=4.9 P =33%x10%
NGC 1055 R=19 M=6.6 P =17x10%
NGC 1097 R=20.1 M=64 P —14x10%
NGC 1156 R=54 M=0.63 P —7x10%
NGC 1365 R=28.6 M=17 P —12x10%
NGC 1637 R=6.3 M=1.3 P =92x107%
NGC 1744 R=11.8 M=9.6 P —1x10%
NGC 2366 R=4.8 M=0.16 P = 5x10%
NGC 2403 R=13.9 M=7.38 P —5 x10%
NGC 2683 R=10.2 M=238 P =47x10%
NGC 2835 R=10.1 M=5.8 P —5x10%
NGC 2841 R=9.9 M=4.2 P =76x10%
NGC 3079 R=19.2 M=5.7 P —14x10%
NGC 3109 R=5.9 M=0.60 P =51x107
NGC 3198 R=16.6 M=6.0 P =33x10%
NGC 3319 R=11.8 M=1.5 P =16x10%
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£ 3, B3 1964 FRB\EFCHTHERFEEER

T G Nl E R N VAR IR = o 2 - S VAR B S ERMEEE
EEI Bt 3 3
M M M, /pc g/cm
E 2x 10" 20-70 0.16 1.2X10 %
Sa 1.6 X 10" 6.6 0.08 59%x10 %
Sb 1.3x10" 3.6 0.025 1.8X10 %
Sc 1.6 X 10" 1.4 0.013 9.6X107 %
Irr 0.9 0.003 22X107%

5. BEEEE iR R H AR

AT CRFE) 423 2004 4E55 10 BIRI57AEHT « M« e B L Ui 4R R H TS B2 X
A=A AL TERENATET4? By EFRMBRAAKSET I%? C. REIEEBINMER?

“IATZEA Fraeil B EGE FIPE BN L5 AL, AR EANERNCE R RIRESECE, 52
27— MY EOR . FATE MK BIXFE W, FHFICIREMER, MG #. 7 —A<S* %
T, 1932 4.

T L AN R IIESE, @y i FE Y a2 AR 20T (NS5, I8 55 = Faliay, EAEY
Jf e HF T RIS e . IXFRARRA D AEE S —AMUEYE, SRR T X i iE il E, ZHE I, B
BRSO BRI SRR . B, FE RS ATR B A S SRR R . B RRNER R
Re M AR, T8 A& BONW IR — m PR, X R T FER SR EE . HRCHEK
TEA4 BT A B A S5 R i 4 Jo () T e SRR NS SR 2 5 R, F R R S AT T 2/3.

B AMEPE R R — B AR R R . X R R PO BN, YK I MG R R AR IR A
P F b, kS BIEAE MY, TR RIIEIR MRS, BRARE — I 0 HES) S RE AR I A g A 1) A
BT F SRR, T K IEEIE A S g . X — 18 H 155 JTEAWE] JTHFEARME S . a0 R e &
oL, EtREE IR RAAE, ER5 I BA R FRETA R G . XTI R A VR4 A B T X4
SRR Re R I EISALAUIM LA ). 22 [ 5740 Brfd ve 7 B K528 % (LBNL) B A 52 2 0 H 1 Fi A
51, FHMALI 1a Y56 Hr A5 2 r8E B F H A . BRI R AR R, DRI R
EIER, FINE 400 FRNERA RAME—R—FERRAEGEE . XSGR FIRAE S . Keck
RAREE e 58 AN G 2 B e B W AR 1a B 8T B 558 o

FIHFCAIE, RGN 25 ANEHT BT TIRABE. 2003 41 A, #FRA R T
UEF) T B T 8 R AR SR s (GLAST) MU Haleakala £ Palomarl Al 11, &EFE 4 % 3K15 1a By H 2 —
AN T . XSO =42 50 IR R EEE, B3 E E KA 7 E RO (NERSC) [HIHEZK
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TS R A TR 43 AR IEMR . XS SO R TR R B ER . HS 4R R B 1 38
FARD S 1T A0, DR A 3 R S 2 R g B it S AR S 38”0 3/ 4E AR R YR R AEAE 1677~ 1848 [ 171 4E[A]
115 YOKEE B R ILEIE S5 7T 400 R R G KRR R Z . SEE R SCE KA BT HAL 2
43", 37/ 4E AR ARYE K AEAE 1861 ~1894 11 33 4R [AI(K) 6 /KA HAHRI o Aa] 35X AN [ (R B e 2
ANE IS B R TR S S YOS R e — A& IEF, B T AR ER AT XS I 5AE,
TFHE AR 43"/ AF & IR A, T B ER A TH A 1R . LS R B T E S W SE R AR SR 15 YUK v H R
400 YRR AR R AR 5 Ak 3 1 R S S T ) At P T SRS 2 Y DR i R A A R H SR
A2 A RRAEES 792 ML 6 RoKAER H RIS, TEEm? arEg! XH AR FHAT E? Ul HE
1677~1848 (1) 171 S 7K RN H 3k shE 38 MFP/ A, 15 1861~1894 1) 33 4E[H)J& 43", 37/H4F. XK
EYUE RAARWREL R . B E BN YuE A ARRE RS RILT 1786 FRIE W E E M
WRXEEKET, H 7TEAR A RIL LR 7 #aim, i 5 7 e g e a2, 4 R R IZE R T
N RIRTEA W a5, PUEREEIE AW/ AR — B AN ESE 3 . Bt fE, e N ka4t i ot
KIAMAGE S AE AR B AR, TR/ B 3 AN 2 N AN 1. ( CREERRE
Bre1) 6 R JbntRlEH A 1981 77). TEAFRIFFEACE T E B PUE M TEAR R FPIRA . HiBERPUE th
SETEAWEAL R FE R 7Rk B 3 NAT AL LT AR AL O 2 Ha R e o 1K e 25 28 70 Tl 25 2K
TEMHE A" SEREE . K" 5EREES DU KRR RIS Lo B SE B R R S BRI AT DA &
ik #% AN HbER 2 (B I BE S 7R 00T 7 KE I EE 2 5, RICER RIRSCHRALIETE AR D 7 K 4
Ko XYL BHEA [ AR BR A B0 AR EAS R PIR S o T SCRIST S 2 SRR ERE, B A RARBIE =2 [ 2 A1,
FFEAE 43 ffbmt KRB 5 EAF 43 MR R AR AE 38 D,

—
[3¥)

KERNTH S sh B STME EN LL T SRR I TH B K 1565 1%, 1 H s 2t sl 2 i B il Se B2 5 CRBH)
) TR B A S EEEES), B 1781 3 1845 [ 64 1], K F R AALEWE T HISAE 120 fFb/64
H, CCERERIC SRR R EEMBEHERAIE 2 A5, ANANIX—Z R —NRITEMERN SR TR
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BATPAE T 8. T #h Rt LLIX 120 AR K HE R ER JT B A BN B 555 . 1846 4F, JARTEH)
IR F R B AW B 52 M T RIL T — ANEAT R, XU KIH RS\ KATENET R . (H2ER
FE R A SN BN — 2 — SR SERR R E R A 0.62 THE R E). KICEFA 1% T2 1 SR & A7
BERNFEBHE, Rl EM R TR 1 RAe iRk T EAE 1781 3 1845 1 64 A3k 118 AR
B, B 2 MRS AN S E AW, BT 2 N S SRS (B ARONIEE): 2 FRP/64(4E)=0.0313 D/
E=303 AR/ EE, 1% SRS AR o= 24 7° «2/PTX(1-¢%) (1), o RPUEK 4, T RAK
JAH, e RPUEMRMOER, o & RIEEE—E s INEE, @A AR X IRl REREEH &
HEEMEAE: 0" 002/ EH4E. KRERIEH A RsEE 3.13 AR/ EET SRS THEAE 07 002/H4EK
1565 fi%.

1E 52 R IE 25 FEOR B 51 7337, GHERBH 51 71358 — RO FRI 51 33, R A —Nael, BT
KFH 25 RE¥—, 5713 FF9E 58 BN RR AT, XM 45 A S T — N mEkg B =B 151 )
Y, BAEXFRNAR AN BFESEAHRZE. 1966 5, 32 E [ v A R AR il H w32 5.0 £ 0.7
x10N, MRIFIXAGE R, EKE 43"t sh N F, ¥E 8% BRI 3"MITtlik AT H R FIE, XM
Ui, #5K H R 2 B SE BRI TH A Y, BT SCREXT W B vk 55 SR R 45 SRt 2 A1 SEBRil 25 A 3 9IFD 19 25,
WHHENFIE, ©EHERESNEmN, HREMTRER 5 AR /aEEL.

KEHENRZEMH AR, ERHERN, EHATESHIESNPGE R IR /N, b BT
[P, s AR IR EE RS, BUE B 5] i i AR A . I R AT BRI VN, BERCOR, BTLL, 2
BRMAT B 2 55 EAE SR 55, FEAR T CAZRSASTE . FHL b, DA BIRIE ISR IERTE v=0, K=
1, F=03EatE BHERR . (H2&, BT E T, KEMEIHPUERF, 0K e N, BHHRIE, NAEKR
FHIAG RS ZNIZE, 5 i3adnse, % RN 55 EAE R B B aem, JCHAENT H 5 M miE s 5 2 i
. T KI5 13735m 2 BE R PG s AR L, BT LK AL 52 31 (1) 55 A0 ELAE A 2 Bl 7K A2 52 2 J K BH 5 2l AR
AR . XM ). BORBISSA EAE IS8 7RG 71, 1S KE AR, s %6, M
PR AGE H E AL, sl EOK 2 idEsh.

6+ KPHABhE KK 7 R

FERT R BH 2 M B i @it 7ok, AR BiE 5 OKFH 2R P& 99.865% K FH, HAmahE R R &
BASER 0.6%LL T, TR &SKHRSFEER 0.135%K17 2. /MTE. LR, EMMAZiEE S 7 KM
ZIAENE) 99.4% LA F, IXFRA CORHRM MRS T o 1755 4F, F8E P4 5 5% (Immanuel Kant)
B TR RRENRE B A, KHFREHRGE B A 5 e EEn . XA R LG
B, KAAFEREARGRAE A 5 7T ER NIRRT, RO 51 Nk 2 B OR 8k,  H 3e X fit
SRR B ORI Tk, IR, BIPGEORBOR, T RARFER ] SR T R T o 5l 1R G
WG YR 2, SeTE ORI AR FRORLAE R BHIR 5| T [m) T 3, 5 H e oR Rl 1 o e 77 ey, A%
SR BHAE B iz 5l s 3880 o BRI SOBEE gl F1Hts, S5 et R o [\ — 7 [ % sh AT 2 .

41 FJg, EEZFEAMBEFIIR LR PSR T (Pierre Simon Laplace) WM F&HY T 9T K FH R YR
R =B 5 RERE AR ZAAET, MK R & R SEE S H R 2. JE i — B IE
B o AMH T BURGEERR, Rtk m, S0 hmizmR, FRESRE T T, EE S
%%, BSO IR 5 77 g [ 5 5 e ) o 7 — /N PR A P AR X T B R T L e e
&7 ERE . ML EE T B SRR RN T IR A O AT R TR BRI ) e 2
AN AR, IO RAT BB LA . IR RO TR OREE . P B 2zs H EEIMME RN “ HREK
SR LGS B B LA W 4 I AR I IRAT AR o

X RS R R EERER . fl: (D {FRBTPuEREERE GrEE . (2) TR
BATHIE LA T R —3uEFim b GEmte) ., RAKEMETEWNFUEAR KR,  (3) TR AT
FORBH HET7 M AGE W5 1. (4) BREEIMTE B 377 1A ARKBH B 477 A2 N1

HE B —NME, X B oA B R & — MO B ZLARIE, BIAT B AR BH 2 (8] /1 3 &
SIARARA I ST IX— LG o K BH B o B ARz e R o LA 2 A L AR 40 o B AR, KR o A R ST Y
99.8%, SRKPBHIIMBNEERRE BIE RN 2%, X —1HOPEE S e, KIFeREE, (HIHA 2k R 98%
IS E MR EAKIEAT R, TEARTERE B h O EE I 7 S s i 2 . ARG Bl B h i e 45 &
E R AR Rt v 17 2 5 B AR AN 78 R TS — TN ORBHAY B % A, R 36 uF Be - 8 B i i 2 15 17
R FAL AN TSR = TEUSCAR 2 B AR, S mT 0 BT S 2 25 SR I A o AR X M T
A RN TN A s s E e A, R AER R T T S K PE I B R R NAAE 12 KA, TSk
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B AU A 26 Ko BRGSO Z A ZSa b gk, 24 NTiEEZ . Bk, KMMzhE—EH
AT E A B R B Y 1k T 5
FEH IR B Bl f kg (0 J5 A2 - 59 A AR 25 2R

7+ KFHREERMERALRE

AR BH 2 DA S SE R A 2 A v BB N 3R B 51 0B BIR 117 S b, BAELIN 21 (18 2 AR R s 5)
PG L FH AT 4 R D 55 1) 51 ST BT R I DRAS 22 o ARATRARERAZAE “ 51 717 o FATMRIOWEE AT
CLE B HIERSWUA KL HESBIAKYING BERARESBIHKENDIR, HEBH—ANNERNYIR; B2
A ERZNFOAAGEE, FIEEANE LRI AR LEBEAB RN AT B AA RV B EAE T

—ear . BB BRI CEREERIE (11 )

HIE . FE =5 HhTk - HE HE =5
JEImEN FHEE v 1.6076 1.176 1 0.81 04354 03236
& m 0.0558 08150 1 01074 317 803 95 147
B EREH ¢ 55.81 243 675 1 1.03 0.41 0.43
HERE p e sxinS | b sxios | ! 0.004 19000 550
ot T fix 107 2x107 1 0.0047 22206.31 536.89
]
PR —
Ml 2
M. KFEHRNLKATESUEKE. AREERNASENTAS hRESEE
CAR AT TS E50H b 3 K SC 6 P 2R BH U o 1)
TR JKE - HhER KB ARE = KEE | BEE | EEERE
i
f_ﬁzx 57.9 108.2 149.6 227.9 778.3 1427.0 2882.3 | 45239 | 5917.1
‘41 X107 | X10° X 10° X 10° X 10° X 10° X 10° X 10° X 10°
R(CK)
INEEE 365.26 | 686.98 | 4332.71 10759.5 30685 | 60190 | 90800
A”ffr 87.70X | 224.70%
£ 86400 | 86400 X X X X X X X
T(F) 86400 86400 86400 86400 86400 | 86400 | 86400
K=RyT2 | 338X | 336X 336X 335X 336X 336X 340X 342 X 336X
10'¢ 10'¢ 10'¢ 10'¢ 10'¢ 10'¢ 10'¢ 10'¢ 10'¢
G41t2k 6.663 | 6.659 6.659 6.639 6.659 6.659 6.738 6.778 6.659
Mk | X110 | x10™M x10™M X 10™M x10™M X 10! x10M | x10" | x10™M

KIAFRE M=1.99X 10%kg , HiERF B Mp=5.98 X 10*kg , 51 1HE G=6.6720X10""'m’ + S « kg™’

R3

4n°

Bl —: X T B LBk 36000 AR pyHERE S PE, HAAEINNTEHN: G Mo
4X3.14° . [(36000+6370) X 10°]°

75.98%x10% (1X 24X 60X 60)*
B —: 1970 4 4 A 26 HHEZE PG DR FEE 173 A7, LREEshHIEE IR 5 439 A H,

=6.7199464X10""'m’ « S* « kg™
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BRI 2384 A H, BUE IR ER RIE T H M 68.5°, SRMiER—F 114 rdb. H A5 RN G=
4 R’ 4X3.14%  {[(439+2384)/2+6370]X10°} NI
M. CT T508x10% (114X 60)° =6.6419527X10""'m* « S? * kg

B =: 1971 5 3 A 3 H ARG IR ER2ESIG Nk TE, TREER 221 A, itk 266 AH,
o A 1826 AL, gedh—J 106 48t . HAE 5 REN:

2 3 2 343

= 14\‘/1_1 . % 75"‘;;3;11124 . HQ%HS&??; 23;20]>< 107} =6.6498674X10"'m* « §? « kg

TR REK: BEE NGBk TEPUERFRE, NG ek T2 S5k B AE 06 51 1 /500 s2brE
— R E SN T IER MBS . S, ANEhER PR R MERR T, /A 5] 1 REEN, o B,
(Rl AE X N ek T S bk 2 [R5 71 (RRUIHL U RAZ A2 [0 F) HEAT RS, Blab SR & it i i A
5| FIEEE T AR AR K T S PR

RPN
(11 . B5AR, BrRBHR, REETRE, L#EERHoR .

8+ AT R H A Z ALK

(A) HER AR B, H ATEY BRSNS PR o (B2 W AR SRR . fESAT 2,
HER E SO, (B) WANKATERBEREE (TEAK) , AKITE OKE, &E, HiEk, K&,
REMER) BERIRE, AREESPUELRRA AKR. BT ENREREA R, BREEEZRA RN
brifEe RAT RAVE ARG, TR RN AREEMATERRK GERLE D .

R ATENARKERLATREHK

TE KE &E B Kk E RE TE
HUEFZ(A) 0.39 0.72 1.0 1. 52 5.2 9.54
FE (g/cn3 ) 5.4 5.3 5:15 3.9 15 0.7
Sk 58. 8d 243d 23.93h 24. 92h 9.92h 10. 6h
(e=p )EHEHEH 58. 44d 235.17d 23.93h 19. 6h 3.87h 2.66h
AREEAR 88d 224.7d 365. 26d 687d 11. 96y 29. 46yr
TEHK 175.85d 116. 74d 23. 99h 24.657h 9.921h 10. 68h
(p=p )TEHK 173. 984 112. 824 23.995h 19. 735h 3.843h 2.7h

ME T BAKIT R HRASEEEZNRET: BAMLNTE, TR, M B R,
BEORPBHG AT B2, AT B e

9. ARIZEHIRILR

WAER, G A — Rl R AR TAEE SR AR 7T, KB BRIEEE SHATZ X%, FFEE
R BRI

S [EAEE FIREE R P 1969 3L E 745105 AR BEL A B LS T T IER g R R, 28 Fk
Mk 5 HERIIPEES N T —2K 2, 2L BEIRF 22 ZO% R A RSB Fr s () vk I & H Hb oz 8] R 2 AR Y, 31X
T T VA O ki 5 5 285 T AR SO S R B AR 2S , —ANSRIEIZN 2.5 #281, AN &k [\ B
IR AR AL, ST A3 0 A U BE B AR A . 2 RIS ZR B, HhERE A BR8] 1 25 H T R 2 T 39 1) s 5%
1E R RS T 4 8K

BHEEZAN N, 7E A BB D3/ A T Bk = A9, 1X R0 12 sl 10— 55 fig s - BB Hh Bk i e B
T XA R AL E——HERR GRS S 2 B, X2 H BRE T 2 ER 0 R A .
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5 [ 9 A 1t P 2 S G e o S SRR AT RO BIE 9, e R B BRI S IEAE U BB ER o SX PN RLA 50U S 1 AT
LR ESRSUE A AW 7E, R B VLS8 BRI BCIRSCR A MR SRR — R RS, IBGU 2 IR, B,
{ERERS AN BCIRAEAREAE 30 26 iy, SIREKT— DA RREGE &M SR, BRI K
HRRK %, BAK M. ZARRAE RGN RFER GBI AR K, ARITOORE 1 SRR 1,
PRATHI A, G A b A K BB A A A AR L0 T k2> o T A [ 1t 5 AR PR MR 58 A A 2 2 [
EALR . BTN, BARESRGIRA DLFE b, EREGE 30 5%, BrAfUHpit faRse 1, AR 26 5%,
HAEREEL R 22 5, tRPLR 18 5%, HAEMAKRLDRE 155, BILZ 9%, HMILHEW, 4 42104
AT AR, Hesttiek— R4 9 Ko WA A 5OURYE A 51 e sy B2 i, 15T
RIS H FEAER 2 (8] (IEE RS, 3 RIERGE, £ 4 L2 4ERT, HERS R 18] PR RS SONBLEE R 43%.

FHEZATTEXE 3000 FFRA LKA A GEAT T, 48R LR, L H 5
IEAEIBHTE % .

10, EPEXKI/RBN (Casimir effect)

7E 1948 4, fif 2 FE 2 5% = 4l B 30 -5 UK JR (Hendrik Casimir, 1909-2000)4% Hi — IAS X fh G B AELE )
HE. NHE®R LR, BESRREUNTIESHRIL, AR RUNOBIE S5 k. EIEFEERLH. B
T LT MK KT, (H-RPEKRRTE H, B B0 &R A R R e — e, KM
Hibr . B, SBAMIHADIE S A — M EEE A RN 1, SRR, WEZ W55
ERSE, XIS FTIE R PR IR, 1996 4F, W35 581 O B ATl e, SERbRl & 45 SR AT BB 1T
HAE R WG R PR IRAUBL(Casimir effect) 52 76 5 25 P PAT B @ AR [ e 51 R 7). X Fp
772 B PR 2 8] 25 16 o ) R R T (virtual particle) %50 H EEIE 5 30 H /NG R . X —BRRIRER 2 b2, “F
VKR I B G R S8R <A B 517, mdtaE <t BHER.

EH NN WY AA G 15 EAER R TONRAER I s, SRR 4a /N — e FE A, X PRSI
fFIET .

5 AR R BB A TR Re 5 B e A CER R T DAHE T 251 713, TRt — B4R E B85 51 J1REZ 1Al
KFZR. Flin—AF4EN Ry SIABEN m FERES AN W o= 3Gm”/5R, & W s=mc’, 5
m/R=5¢*/3G,R=3Gn/5¢*, RIEILAT1FHL T (242 LN 4.04646 X 10°m, 1] HL T 222 2.8 X 10" m,
LB H IR B i K% B B BAEE S A 5| IR IGER 7, BN S8 R A M B K % BE o =m/V=3m/
(4R =125¢%/(36 n G’m’), FrLABEE S| IR0, KW/, SEMNEERRKR, Hiky
2 [ENAFAE 51 71, B/ Einstein FIT42 3 52 5 5 4

11, AKPHGHEER “4af” B4R

ZREHELE R, AMIRE 3 KSR XS : RFEDGIEL “af” o HECL i mIT Ak E
B “Bmtzsh” o (HsEBR B, ORFHGIEZR “2088” BIIME A TR, T2 Y62k B 3T A W5 5 41
SHE S AE A 22 25%. R RETE 3 KSREh ip U — AN R G

KBH L “20F8” MISEBRUIEE oA A v/ v 0=-2.12x107

XTIt , 7ESRG] SR i e ELES S L, RN E K & B R R R I R ST B ER_E B iE Lk, S
FIE a8, TR 2 AN SCRR AR, 2R 7R R BHR A RA BRI, FAUR AR IR E N A v/ v
=-GM/Rc*=-2.12x10°°........ (D

BEARANRE ] S50 ELEIE MM X1 52 TAE S| i h i s s g B i 5 75, IX A RN R BHIR B K
TCF IR PH b SR RE KT B G AR, T F2 B A& R N 51 335 52 ' AR AR (14 [R] By -t s v 0 A5 1Y)
AXEE, AEFAE R — A AR R A RIS 1) 5] J1 38 A R AR 2 SRR A AR AN A, BB 45 SR 2 Ab ik
AR A A o

1919 5 5 H, PR A 53 A BEAT 55— R SEBRALIN R, 1E 2 6 2848 5 AR BH I Z 213k Hh R 0 i F1
4 1.98"+0.30 A1 1.61+0.12" AE &k Hishd, 24 EU%) 400 22 FUE £ AE 1 XA &, LEEE B 76 B2 M 1.57"
2 237", PHMER 22" [1] o “PIE 2.2 LA R BB AE 1.75"K 25%, MK ARZEERZ A T
f o

HRAMXT IS (1) W FIEE EE R ZRHAE ISR ) — B, & HEM
FIRS R 48 CRPB RN 3] (1) R, ERREE S E ORGERS) SRR (52 656 5 18,
MY TR IEAT L v<<c B, N4 ZBE R4, 2R EEmRE. HE, e SEE
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T AmITHIERE T, AR BB M RAEREN” L TX U W 52 PR T EELAE A P S ALA PR A L I S
T “XEbRE” , IXAER AR AR

WA T “E” LETPIE, DR NARIBFEZNZ SRR ERAES (D K, #EFHLDE
BALIRAE T 1357 P BERASACON AT IR AT (X R A R 10, RS I e B AL 5 s B e ), T SE D A S
o, IRAARAEHE SRR R 7 X0 (I TR Rt R 7 A AL 7 R i R Y B R A I
PUE IR s FEYERRAR IR A F AR U ¢ g OB . AR RS —— M —— Rl B RE e e T
BRI E S, XA EARAHRA ! A T SO 5 ARARIE HUOE % A T IS8 B 25 b [ A I« Rk
MBI, (1D B AHHE TS . (2]

U AHZLARRT Ve B A ARA IS I SRR T 1, IXEWE 3 KB e R Z AN B 2 GE T
KFN E=hy, “RFAGEKR E=me’, ZRINGEXRNAE=W= Fdr GIAFRRERASFHER X
Pz i AN T RERT -

225k
(1) $H7. J7 SUHEXTIB RG] J13a e . Bl A, 2000.45,
[2) B4, SR T FH. 2004.136-139,

12, HuEROLIELE “HH” BERHESANR

1950 4F, 7ERMHL K2, Pl \ ¥ k7T b EBE T 5l ks, R Fe mumig gt sk, %
B, s H oy 22.6m BRI BDCHEAE K, A v/ v 0=2.46x10"

PEAERROGIS LR “ W MARXHEERAE N A v/ v 0=gH/c2=2.46x10-15...... (D

T FE A8 55 S BRI 45 R — 2. {H P A AR S G R s R T AN R BOIR A 2 2R TR 4 2R
C=(/2)2/[(av)2HT/2)2], IEFARI A SE: C=T 2/[(Av)2+T 2]

EEFIERI AR, MAHS IR N A v/ v 0=2gH/c?>=5.92x10" [1] X 552FRMill 45 A —.

1965 4Ei% DRI FRA RG34 B SAE LT 1) (B 2B d, T =Mo5siEs (D K, K
HH S — R G SURIRHE PP 5 R R FE AT HE S . SRR A BB A AR (2] -

55— YONTEIEE [ B RAT I R, BT RN S ECE RN R K, TS RN A
Bk B HImHE], S —IRINDEM A B B (R R B 2, X RE S 7O AR R

B PR EY v RRIRS B Z PR, ¢ RGHE S BRI R AT R R R AR LUAH 1
HWEIEE)” , XEW v=0, N\l o=00 GEIKHEHEIPE SEPTAER S 1gmis T , HBFYH
FAP JE HAN R 33 B A v=gH/c G KM P (8 ), T3 w = w 0 [1+(vie) /[1-(v/c)] V2=~ gH/c? ) IE
2.

TR . BRSO BRI, (MR AERTEER. Y wETRANE=he, UK
JREER AR E=me2, 5 UHIFHE T X

25k
(1) BB, WESHR T FH . 2004.156,
[2] 2oz, BH2UME-EE. FEZRE. RSB AE, 2004.141-147,

13 BT R T ROCEER B A CURRE I LN R SCI R

(—) eI

Ptk T Wt A dIE, R R F B MAIS£E 1610 SE &L 1R RN F REF] 1979 FE4 K 2
FATIE] o 52 E ffifT & -1754R00 85 T 1980 A2 T i fbA 58 F RN B BFEFATE T IX g
FRIL, F G HIRA IS — — AR A Bt g ) 7 —Hg, A LA AR 2140, ik A — L5 A7 ) 2 A3 1)
ANFEE, BAE, <RIBS LR THEREE F R ESIBA . ik, —ADHEEERAE
Sebastien Charnoz #5451 5 FIHF 7O /INAFEXT DUAT BIE 5% F AEVRARA R 58 A T R A H T — 1M ANz
PRI ®. 54 11 A 25 HHERP (B 2 EFP8 7T 2 F SR EHTF 7018 3. Sebastien Charnoz
HENNH, FIRFEHEIEFHRRNIRRE LS, HihgHn — — BVSE#ONR1F2 EAMER B — —FsL
WM T M EE SR S BIE e S5 R . BRI, X IR S5 IS H AT TE s
bz . B, @it R RS M 2004 4 11 B 2005 £ 5 A& EREWE, 01K RZIEZ i
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SER I = 24NN TR) PR IEAE AR /N o FIRIIEIE R I, X — 25 PE HEAA 1 530 S b s 238 WA A HE B & iAo
— SRR SRR . BRILZ A, BRI EEEZOAR, BRI TR — — P ORI ek 2
— — 2 F MR E REA : TR L F SRR 9 e R Bl R 28 (8] . {H Sebastien Charnoz #3% %5 A4
NN, X TERR S F I, AT ZA, BTSN F ARBIAE . M 18550, F AT A8 8 2
AN R T AT REIE R X s T IE it 1A AR R I — i B AR — —S/2004 S6. = TCEEN,
Sebastien Charnoz %5 N\ & 3R W8 SO AR R S5 KRB VHE, FIRGE SR #ERZE AT L2 F 3T
TEONIRNHIRH 5T

() RXHFRIWETLHEE TR ~& KM 320 %

(2010-07-23 08:33 thAb: FEIHMIMEE: HAHD

[FIEEIHAT, RCFEFEFRRIICS TP i EAEA, X4 N R136al” I 1E 2 5 &2 K RH
320 fi%.

P E R W uhifoE, HRl, RICEFKEHH R RICS FH P E e R, X 4 N “R136al”
A T B B 320 3%, A 2 A I 381 e B R TR W A% o [RIIN, I T 8 1E AL A S B 2 K BH Y 1000
Jifls, HEZBRZIFE KR, LRSS .

RICFHFBCH R KIS T P EAEE, KB4 N “R136al” i H £ i &2 KB 320 %

T BT 5 R B R B AT S B R S SR s AR R LR AR, DA R R A T A 2 B AT
2o B R . 0 EIR FE /R RS R AR B 25 4% IR 2P - 3 57 4 (Paul Crowther) 433X SRR YN 7T /N,
AT I R136al TR AL TPRANFEARTE B 8], X PMEE %770 2 NGC 3603 F1 RMC 136a. fiff 78/ AT
FHRK I A 7 R S 6 R R 370 5 AT 0 B e . 1 W B B 3 AT T IR A AL

R136al 15 HEA I 5T &2 R FH Y 320 7%, 2 & K FH 10000 /5%

NGC 3603 82 FFE B K FH 22000 Y65, EHRCEFFROEREEE T >, KREMEEERTY R
SMEFIKAE . RMC 136a fHEERZ —NMFERELERE, HHHE KRENFERBERRERMER, TRk
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