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Table 1 Data of six binaries
Name P(d) a(Ro) e Reference
6 Ori 5.7325 43.2 0.04 http://Binaries.bovlder.swri.edu/atlas
Y Cyg 2.9963  28.67  0.14 [11]
C W Cep 27291 2234 0.03 [12-13]
PSR1913+16 0.3230 2.80 0.617 [14]
PSRJO737+3039  0.10225 1.26 0.0878 [14]
M33X-7 3.4500 42.4 0.0385 [15]

1980 4FHT G/G BRI (E R 10711 yr=t ~ 10710 yr—1 4%, TifE 1980~1990
FEEHAER 10712 yr=t ~ 107 yrt B4R, 1990 FLUFAHEER 1071 yrt ~
10712 yr=t B REXERE H G/G WIEARR. T 5 H Sk [16] N4 SCHkE 1 r%

&, W 2.

®2 Wil NEfEs| Al G/G Mg
Table 2 Data of G/G cited by Will*® from other references

Method G/G Year Reference
Binary pulsar1913+16 40 £ 50 1994 (17]
Helioseismology 0+16 1998 (18]
Lunar Laser Ranging (LLR) 449 2004 [19]

Big bang nucleosynthesis

044  2004/2005  [20]/[21]

2 2 7 Willl's) IE[HZ] 2005 FEREEE. 2007 SEXE HHEEE, B Al-Rawaf??
WMAP 753 Nl & St 7S 53 G/G 1 LT RR{E:

M LR BERMER 1 H a

G
—6.4x107 B yr! < 5 < L6x 10713 yrt,

P il e @EIRRA (40)~(44) RIFHEE G/G —Hifgeh

Al (G/G)? I SR B R RUE, R HFIAFE 3 K 4.
®3 6 FUERERUTEE G/G —HFFHLETR

Table 3 Upper and lower limits of the secular evolution of the orbital elements of

six binaries in the first-order solution

Name a®(em/yr)  PMWA0-7 s/yr) eW(yr=1) oM (rad/yr) M® =AM (rad/yr)
6 Ori 0.84 ~ 1.80 2.77 ~ 5.96 0 0 0
Y Cyg 0.56 ~ 1.19 1.45~3.11 0 0 0
C W Cep 0.43 ~ 0.93 1.32 ~ 2.83 0 0 0
PSR19134-16 0.05 ~ 0.12 0.15~0.33 0 0 0
PSRJ0737+3039  0.02 ~ 0.05 0.05 ~ 0.11 0 0 0
M33X-7 0.82 ~ 1.77 1.66 ~ 3.59 0 0 0
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Table 4 Upper limit of the secular evolution of the orbital elements of six binaries

in the second-order solution

Name 0@ (10725 rad/yr) M@ (10725 rad/yr) —n  A® (10725 rad/yr) — n
6 Ori 2.80667 0 2.80667
Y Cyg 0.11321 0 0.11321
C W Cep 2.37625 0 2.37625
PSR1913+16 0.00052 0 0.00052
PSRJO0737+3039 0.00988 0 0.00988
M33X-7 1.82350 0 1.82350

W a® —0.P® 0.0 =0
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x5 [E5IHEFHERKE (2.5PN) 18L&
Table 5 Comparison with gravitational radiation damping effect (2.5PN)

Name 2.5PN[23] Time variation of G (First-order effect)
Aa(cm/cycle)  a(cm/yr) a(cm/yr)

Y Cyg -0.87617 -106.79 0.56 ~ 1.19

PSR1913+16 -0.70453 -796.66 0.05 ~ 0.12

(2) [T~ AR AR H A

TEASCH w ML X FE G A R, 78] SRR — B A B i A
T, PIEE O e LR, Nk 6. miak 6 PEIAE N, SIOW BRI RS
BERCRLE/INT T SCHRR Y B A (2PN) B9800, B LA 517 BT B R A R
SR 5E 4 F] LA 25

x 6 [ XAEXSHELLE

Table 6 Comparison with the effect of general relativity

Name 2PN[24] Time variation of G (Second-order effect)
@@ (rad/century) W) (10723 rad/century)

6 Ori 0.62 2.80

Y Cyg 185.47 0.11

C W Cep 1.36 2.37

PSR1913+16 924.21 0.00052
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Secular Effect of Evolution of the Orbits of Binaries
Induced by the Variation of Gravitational Constant
with Time (The Case for the Elliptical Orbit)

LI Lin-sen
(School of Physics, Northeast Normal University, Changchun 130024)

ABsTRACT The solutions of the equations with the variable gravitational constant are
given by taking the eccentric anomaly as independent variable. The solutions include the
secular and periodic variations in semi-major axis, and other orbital elements only exhibit
periodic variations in the first-order solutions. The longitude of periastron and mean longi-
tude exhibit secular variations in the second-order solutions. The numerical estimations for
the case of evolution of the orbits of six binaries are given. The results are discussed and
concluded.

Key words celestial mechanics, binaries: general



