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%1 CODATA-06 ITF M G sLI6 45 80 2002, 2006 CODATA #H:FHE

Table 1 Summary of the measurements of the Newtonian gravitational constant relevant to the 2006 adjustment together with the 2002 and

2006 CODATA recommended values.

No. SEEG 5 SEI TV G (10" m’kg's?) u, (ppm)

2002 CODATA CODATA-028 6.6742(10) 150
1 Karagioz et al. TR&D-96 0] FHAEJE 3192 6.6729(5) 75
2 Bagley et al. LANL-97"1 R JE 332 6.6740(7) 105
3 Gundlach et al. UWash-00"* 0 JE v 6.674255(92) 14
4 Quinn et al. BIMP-01' T HREAME R 6.67559(27) 40
5 Kleinevop et al. UWup-02144 F-P i HRE 6.67422(98) 150
6 Armstrong et al. MSL-031! FRF L AME IS 6.67387(27) 40
7 Hu et al. HUST-05"* FURE R 0132 6.6723(9) 130
8 Schlamminger et al. Uzur-06" RV 6.67425(12) 19

2006 CODATA CODATA-06"" 6.67428(67) 100
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26 ppm, Lt CODATA 2006 #EFE{H /N 118 ppm. i,
5 bR UE SR FIR R hr 2 K22 A 92 50 = (JILA)
FRIE T A AT SR FH S0 9 IR 0L B ] (2 AR A )
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———rrrr——r—r— T

CODATA-02 150 ppm
UWash-00 o 14 ppm
BIPM-01 et 40 ppm
MSL-03 +—e—40 ppm
UZur-06 o418 ppi
CODATA-06 100 ppm
HUST-09 o126 pom
JILA-10 re421 pom
6671 6672 6673 6674 6675 6676 6677

G(x10" kg' m*s7)

B 1 BRI EEADT 50 ppm BN KK 4 R
CODATA-02, CODATA-06 #:#{H

Figure 1 Current measurements of the Newtonian gravitational
constant with relative uncertainty within 50 ppm and the 2002 and
2006 CODATA recommended values.
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(a) EREBCE LS ERIZ Iy; (b) TR E A5 ) 5 bl = )
Figure 2 Schematic diagram of measuring G with the time-of-
swing method. (a) Gravitation produces a positive restoring force in
the near configuration; (b) gravitation produces a negative restoring
force in the far configuration.
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Figure 3 Schematic diagram of measuring G with the angular acce-
leration feedback method.
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HUFBIURIAE G 50— B B 1 d() B,
EATURE IR LR S B EE 2 TR0 m R0 IR,
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YERL, AP 67 B8 7 2R — > 0 I #1, eI
L2525 51 ) FP4, T 0 i LLATLT
REGA KSR EAF ] 5151 H G
2nlr?

- 9, 13
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(a) FHPEELEHIREE L ; (b) Fitzgerald 25 A\ HLRES R AMETEIN G 71 2 BTV AL
Figure 4 Schematic diagram of measuring G with the static deflection of the torsion balance. (a) Schematic diagram of measuring G with the static
deflection of the torsion balance; (b) experimental setup of measuring G with the electrostatic compensation method used by Fitzgerald et
al. [71] (top view)”.
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Figure 8 Schematic diagram of measuring G with the free falling
method. (a) Source mass located upside test mass; (b) source mass
located underside test mass.

700

TPy R A, BT LA B H P& A S 06 1 58 22 JR S FRAT
SEG SE A AN ). LR 2 2 R YR T U I (K 56
SRR 5 | o A B RS AR R G vk i 22, A6 iR
BRARE L, HENEL 107 4R, A
U B G AT U A RS Bl R e A ) Y
BURAHS THIFESL S0 1 TR 2, 3K & 1% 5050 Iy v
IAZ LN 2. AT, DT VRN AN R G R e 1 i
B H A T MR P R A AR S, BT R 22
AR K.

LA =ANARMEINEHATT G &
F [ 14 Faller /NHF T FG-5 465 5 )40 & i & 4
500 kg MESERNT R E )4 MR, #Er) G ER
G=(6.6873+0.0094)x107"" m? kg™ s2¥% FG-5 H H
YRR BRI R AR B, RV A R R
AN BREAEL RS 56 AL P D A A EEAR A 5
JEE, A T A7 A0 AT B FAGE B DR B A T S 6 kG
Bl WOE A H R T BRI R, AATTRT LA o oW
JE 1 T V& 38 B ok i g nad L AR
K24 Kasevich /NLBHRI T BAS Jit 735 340
500 kg #UEMIG1T), 2007 R4 G=(6.693%
0.027,4+0.021,)x10™"" m* kg™ s RCOAFIIPE 26
5% K20 Tino /N R T E M ET 516
kg B EAEMIG] ), 2008 L G=(6.667+0.01144
+0.003,,)x107"" m® kg™ s X =AKRA E Bk R
G RS2 56 25 AR RG B2 2 8IG, IF H b S
CODATA-06 fhi 2= #87E 1000 ppm LA L.

4 GBI R -22 ] AR AL

FEARVFZ 5| JJ B MAEA MR BIE 75101
W ARE R, H Dirac $2 H R U (Large
Number Hypothesis) i, 47 551 Jy Fl 5217 K&
SER SR BTG R T T O, AT R
SIS W 7 AR AEAT TV 28 TAE. 75 Brans-
Dicke H7 A b it-5K & 5| #0510 H Rk
R AR I 0 B E I BT YE, AR
H RS T TR A G, i 2 e R
ERFFUR G — BRI FE Y, Bk — H W 2w 0
(1) BT IR (L W T A5 I E 8 G, KA 4G
B, DT IR E L me/my, 2555 )R
ARREIERHE, HA T WUMEAMEER X
GBS HE LI T j 14



R P it ORI

20114 H414% Ho

AR G B3 A AR L s 56 46 S m
FoRN G(r), BLE RN A0 T J5 8 sk sk, R
U, Hop SRR B EN S 58, ZM2E5] )
RO R SRR A5 | D) 5T 5 R AN
R AL, TN AEAE RN O35, Fujii > fl Long" %
SIS Hio T G ORI BEBE I B AR AR R e B, i B GE 5
A AT AR 36 24 0 B - s 2 SR A2 Long™™!
T 1976 fER SR AR AR S| HC I, JFE
FRIE) T X551 0 5V 77 2 R 2. Long W& T AN
FEE T G BE, 4 REI G(r)=Gy(1+0.0021nr).
Long [ 5 5 45 B E AR # )5 R 2 L5 &
TN IR E B EOC T G SERE IR A
Iz 1 7 R R 1 7R i R ) B R S BT 9 A i
(R AT SR BOH1021 1986 4, 38 [ % i A4 I P )
P 2% 5% Fischbach X %) 2 |} 2% 5K Botvos 55 N [ 5256
TAEUOVE B M S B AR T AT AR AR LR ),
I A A8 ICAE I K N 5 8 B T ) DR Bl 2R A
SUORI0ST e B N hy S AR AT REAFAE (K BT i
CH AR RIS T 0 59 B S I A
WU OC. 1 — R R BRI 2 V5 e
AR R AEAT 2 RS T

2 S K R RN, BRSBTS 51 )
2 B P ) 9 /N (6 00107 i ) B T P ) 2 Ak
1) G {EHA BT AATIIRRE R 5 v &5 f Hp (1) e
I O30 Ll 5= 7 0 K, B 5 e R
WF5T G Bl s I Ff A% A 3 3 ok R SO K BH 2R 3
R RPEWRARIZE), A, W3O A il EE s
) G BN ) A8 L 2 HUBIT G G = (6+7) 107
TEL AESERG T, W) GRS S v 2 RAS [ ) sk
5, BT T KRBT TAE, BT G B ) A R
5 1 A8 A AR MO IO [ 5T L 2R A S (1
WZE, A DRI L 1 2 [ A OC Sk

5 HiGE

KLUk, Mems Ay hwE ¢ Mixtslh
e TEFE A PE IR N5 02 4 28 27 v e Al (1) B 9T
MRz —. [ 1798 4F Cavendish % H K 2 FHFEELAS

SR ANBONKE N G AR, ATl R 4
FreA NIl G Ty R HE AR P, (R IF B0 KRt
J&, Feild G MRERS I BAT KR m. Htll G
ME, RS 30 SRR M — L8 ks S 2R iR Sk
Rl E: G 2 —IUrH R E . ISR RSt
FLOHT T TAR, LR ) 38 SR S 50 BRI 8 77 2%
(IR BRI G RRPRS ity 00 AN SO 51 7 AR EL A A i
IR, Mo F e ERY 2 L R SO A2 2 SR R
AR, [N R AL BERG M B A . %
IFFC AR AR B A B 5K H A 0 42 ) B AUk i
HATHACE, D — B R A5 21025 BE R R
e AL

KR G MRAEAET51 0 KIS, Al
ez, i EL AN E A e A R A R RO I T e 4
. DIk, O ARG RAE, SR B A SR
T LRI Ub K L DU I S 56 BE R AN T 5 S 1) 2R
RUSE, SR PG I AIRE . RSP AR i T =, JF
AW UOR AR M S230 5K, BRI SR I
TTWEARSE. X G MRHNELRE, B2 AR
g8y At RAHFFURA TR P TR AN 12
AR GERZE LR,

TS S 5 ) B A SN W B v SR R, [
Br BHR A 25 51 2 CODATA {043 U 3 IE A 3 5
Bk, MITAHGIHEE G HEREE I ANH 52 VT
AR R . BRI A 9 G SRR
P AT B A B Kb e 221, T LI B AN [R] S 56
NS G HZIEEAWIE, W REE K2 AN TH]
W G TTEPHFAERKNM ARG R ZE, EEEE9 R
sATR. P RIER G s oL A 20 2 80 4
IR NFTTAT 51 A G VRS i - 2 S8 5
H AT S s LERRR kg, D 3 HRANFEI G Jr
AT REAAAE R Gk 22, AT H AT IE AR P A
AFEITETTEN G 5% — Rl LML
BRI I AT RS, — MO A R
85258 TR FHAT Sy Jon B w235 SEIR R S HLAE T2 ]
S ORI IR T G ORI R,
PPy B s ik AT REAF AR R TR 22, IR AT 1S B A
[ G 1H.

Higt PP RRARFI A ERFOHATNTANAER G RANELRREANS ARKEF NNER. FH M+

701



URRLAE: JIAT 51 R G IR

%3k

O 00 N O R W N =

10
11
12
13
14
15
16

17
18
19
20

21
22
23
24
25
26
27

28
29
30
31

702

ERFREAYEFATT KA, TERFRAEATTEXETARR, E MM KFE Irvine 28K
Riley Newman ##%, & B 2 K% Ho Jung Paik # %, # % # Z i # X ¥ Sternberg X X#F % Vadim Milyukov
#H¥%, HAREEKF Kazuaki Kuroda #3%, UWREFHERFG| A EH OB FLHF. M PEHE. 24
HHBFAEN G ERFFAETHARITRBY, RMGI LR FOE L L. MELAREEN G £%
FHEHR, MAIRRE. RE. FEE. BRELS. IXH. ETE. PFE. GHE. 7E. A B
Wik BA. i, kLS RBEZBFHEAR. ZFH. EXaA/RFELERSFHLTIA
SR G B — B S F

Newton I. Philosophiae Naturalis Principia Mathematica (“Mathematical principles of natural philosophy”). London: Royal Society, 1687
Fujii Y. Origin of the gravitational constant and particle masses in a scale-invariant scale-tensor theory. Phys Rev D, 1982, 26: 25802588
Boys C V. On the Newtonian constant of gravitation. Trans R Soc London Ser A, 1895, 186: 1-72

Braginsky V B, Manukin A B. Measurement of Weak Forces in Physics Experiments. Chicago: University of Chicago Press, 1977

Hawking S W, Isreal W. 300 Years of Gravitation. Cambridge: Cambridge University Press, 1987

Gillies G T. Status of the Newtonian gravitational constant. NATO Adv Sci Inst Ser C, 1988, 230: 191-214

Chen Y T, Cook A. Gravitational Experiments in the Laboratory. Cambridge: Cambridge University Press, 1993

Fischbach E, Talmadge C L. The Search for Non-Newtonian Gravity. New York: Springer Press, 1999

De Boer H. Experiments relating to the gravitational constant. Taylor B N, Phillips W D, eds. Precision Measurement and Fundamental
Constants. US National Bureau of Standards Special Publication No.617, Washington DC, 1984. 561—572

Stacy F D, Truck G T, Moore G L. Geophysics and law of gravity. Rev Mod Phys, 1987, 59: 157-174

Cook A H. Experiments on gravitation. Rep Prog Phys, 1988, 51: 707-757

Gillies G T. The Newtonian gravitational constant: Recent measurements and related studies. Rep Prog Phys, 1997, 60: 151-225

Luo J, Hu Z K. Status of measurement of Newtonian gravitational constant G. Class Quantum Gravity, 2000, 17: 2351-2363

Zhang Y Z. Newtonian limit in generalized Brans-Dicke theory. Chin Phys Lett, 1993, 10: 513-515

Li X Z, Zhang J Z. The constraint of Newton’s constant in wormhole. Nuovo Cimento A, 1992, 105: 1291-1299

Kim D S, Kim J B, Lee H K. Cosmological constraints on the gravitational constant and electron-neutrino degeneracy. J Korean Phys Soc,
1993, 26: 32-36

Greensite J. Dispersion of Newton’s constant: A transfer matrix. Phys Rev D, 1994, 49: 930-940

Nordtvedt K. Post-Newtonian gravity: Its theory-experiment interface. Class Quantum Grav, 1994, 11: A119-A132

Landau L D. On the quantum theory of fields. In: Niels Bohr and the Development of Physics. Pauli W, ed. New York: McGraw-Hill, 1995
Terazawa H. Simple relation among the electromagnetic fine-structure, Fermi weak-coupling, and Newtonian gravitational constants. Phys
Rev D, 1980, 22: 1037-1038

Kolosnitsyn N I. A novel method for measurement of the gravitational constant. Meas Tech, 1993, 39: 979-986

Clotfelter B E. The Cavendish experiment as Cavendish knew it. Am J Phys, 1987, 55: 210-213

Cavendish H. Experiments to determine the density of the Earth. Philos Trans Roy Soc Lon, 1798, 88: 469-526

Boys C V. On the Newtonian constant of gravitation. Philos Trans Roy Soc A, 1895, 186: 1-72

Hely P R. A redetermination of constant of gravitation. J Res Nat Bur Stand(US), 1930, 5: 1243-1290

Hely P R. A new redetermination of constant of gravitation. ] Res Nat Bur Stand(US), 1942, 29: 1-31

Cook A H. Precision measurements and fundamental constants. In: US National Bureau of Standards, Langenberg D N, Taylor B N, eds.
Washington: US Government Printing Office, 1971. 475-483

Beams J W. Finding a better value for G. Phys Tod, 1971, 24: 34-40

Gaskell T F, Bullerwell W, Cook A H, et al. Encyclopedia Britannica. 14th ed. Chicago: William Benton, 1972. 10: 711-727

Sagitov M U. Current status of determination of the gravitational constant and the mass of the Earth. Soviet Astronm-AJ, 1976, 13: 712-718

Mills A P Jr. Proposed null experiments to test the inverse square law of gravitation. Gen Relativ Gravit, 1979, 11: 1-11



REERRE: P it R3CE 2011 4 4145 He

32
33
34
35

36
37

38
39
40

41

42

43
44

45

46

47

48
49

50
51
52

53
54
55
56

57
58
59
60
61
62
63

64
65

Cohen E R, Taylor B N. Recommended consistent values of the fundamental physical constants. J Phys Chem Ref Data, 1973, 2: 663-734
Cohen E R, Taylor B N. The 1986 adjustment of the fundamental physical constants. Rev Mod Phys, 1987, 59: 1121-1148

Luther G G, Towler W R. Redetermination of the Newtonian gravitational constant. Phys Rev Lett, 1982, 48: 121-123

KleinevoBl U, Meyer H, Schumacher A, et al. Absolute measurement of the Newtonian force and a determination of G. Meas Sci Technol,
1999, 10: 492-494

Mohr P J, Taylor B N. CODATA recommended values of the fundamental physical constants: 2002. Rev Mod Phys, 2005, 77: 1-107

Mohr P J, Taylor B N, Newell D B. CODATA recommended values of the fundamental physical constants: 2006. Rev Mod Phys, 2008, 80:
633-730

Hu Z K, Guo J Q, Luo J. Correction of source mass effects in the HUST-99 measurement of G. Phys Rev D, 2005, 71: 127505
Schlamminger S, Holzschuh E, Kiindig W, et al. Measurement of Newton’s gravitational constant. Phys Rev D, 2006, 74: 082001

Karagioz O V, Izmaylov V P, Gillies G T. Gravitational constant measurement using a four-position procedure. Grav Cosmol, 1998, 4:
239-245

Bagley C H, Luther G G. Preliminary results of a dtermination of the Newtonian constant: A test of the Kuroda hypothesis. Phys Rev Lett,
1997, 78: 3047-3050

Gundlach J H, Merkowitz S M. Measurement of Newton's constant using a torsion balance with angular acceleration feedback. Phys Rev
Lett, 2000, 85: 28692872

Quinn T J, Speake C C, Richman S J, et al. A new determination of G using two methods. Phys Rev Lett, 2001, 87: 111101

KleinevoBl U. Bestimmung der Newtonschen gravitationskonstanten G. Dissertation for the Doctoral Degree. Wuppertald: University of
Wauppertald, 2002

Armstrong T R, Fitzgerald M P. New measurements of G using the measurement standards laboratory torsion balance. Phys Rev Lett, 2003,
91:201101

LuoJ, Liu Q, Tu L C, et al. Determination of the Newtonian gravitational constant G with time-of-swing method. Phys Rev Lett, 2009, 102:
240801

Tu L C, Li Q, Wang Q L, et al. New determination of the gravitational constant G with time-of-swing method. Phys Rev D, 2010, 82:
022001

Parks H V, Faller J E. Simple pendulum determination of the gravitational constant. Phys Rev Lett, 2010, 105: 110801

Vinti J P. Theory of an experiment to determination the gravitational constant in an orbiting space laboratory. Celest Mech, 1972, 5:
204-254

Ritter R C, Gillies G T. A satellite measurement of G to a part per million. Bull Am Phys Soc, 1984, 29: 703

Nobili A M, Milani A, Farinella P. Testing Newtonian gravity in space. Phys Lett A, 1987, 120: 437-441

Alexeev A D, Bronnikov K A, Kolosnitsyn N 1. On two-body space experiments for measuring gravitational interaction parameters. Int J
Mod Phys D, 1994, 3: 773-793

Turyshev S G. Tests of relativistic gravity in space: Recent progress and future directions. Eur Phys J, 2008, 163: 227-253

Gillies G T, Ritter T C. Torsion balance, torsion pendulums, and related devices. Rev Sci Instrum, 1993, 64: 283-309

Speake C C, Gillies G T. The beam balance as a detector in experimental gravitation. Proc R Soc London Ser A, 1987, 414: 315-332
Speake C C, Gillies G T. Fundamental limits to mass comparison by means of a beam balance. Proc R Soc London Ser A, 1987, 414:
333-358

Moore G I, Stace F D, Tuck G J, et al. A balance for precise weighing in a disturbed environment. J Phys E-Sci Instrum, 1988, 21: 534-539
Yang S Q, Tu L C, Shao C G, et al. Direct measurement of the anelasticity of a tungsten fiber. Phys Rev D, 2009, 80: 122005

Luo J, Hu Z K, Hsu H. Thermoelastic property of the torsion fiber in the gravitational experiments. Rev Sci Instrum, 2000, 71: 1524-1528
Hu Z K, Wang X L, Luo J. Thermoelastic correction in the torsion pendulum experiment. Chin Phys Lett, 2001, 18: 7-9

Hu Z K, Luo J. Amplitude dependence of quality factor of the torsion pendulum. Phys Lett A, 2000, 268: 255-259

Hu Z K, Luo J, Hsu H. Nonlinearity of the tungsten fiber in the time-of-swing method. Phys Lett A, 1999, 264: 112-116

Hu Z K, Luo J. Determination of fundamental frequency of a physical oscillator with period fitting method. Rev Sci Instrum, 1999, 70:
4412-4415

Shao C G, Luo J. On the significance of the period fitting method. Rev Sci Instrum, 2003, 74: 2849-2852

Tian Y L, Tu Y, Shao C G. Correlation method in period measurement of a torsion pendulum. Rev Sci Instrum, 2004, 75: 1971-1974

703



URRLAE: JIAT 51 R G IR

66
67

68
69
70
71

72
73
74
75
76

77
78

79

80
81

82

83

84

85

86
87
88
89
90
91
92
93
94

95
96
97
98
99

704

Luo J, Shao C G, Wang D H. Thermal noise limit on the period of a torsion pendulum. Class Quantum Grav, 2009, 26: 195005

Kuroda K. Does the time-of-swing method give a correct value of the Newtonian gravitational constant? Phys Rev Lett, 1995, 75:
2796-2798

Rose R D, Parker H M, Lowry R A, et al. Determination of the gravitational constant G. Phys Rev Lett, 1969, 23: 655-658

Gundlach J H, Adelberger E G, Heckel B R, et al. New technique for measuring Newton’s constant G. Phys Rev D, 1996, 54: R1256-R1259
Gundlach J H. A rotating torsion balance experiment to measure Newton’s constant. Meas Sci Technol, 1999, 10: 454-459

Fitzgerald M P, Armstrong T R. Newton’s gravitational constant with uncertainty less than 100 ppm. IEEE Trans Instrum Meas, 1995, 44:
494-497

Fitzgerald M P, Armstrong T R. The measurement of G using the MSL torsion balance. Meas Sci Technol, 1999, 10: 439-444

Michaelis W, Haars H, Augustin R. A new precise determination of Newton’s gravitational constant. Metrologia, 1995, 32: 267-276
Michaelis W, Melcher J, Haars H. Supplementary investigations to PTB’s evaluation of G. Metrologia, 2004, 41: L29-132

Nolting F, Schurr J, Schlamminger S, et al. A value for G from beam-balance experiments. Meas Sci Technol, 1999, 10: 487491
Schlamminger S, Holzschuh E, Kiindig W. Determination of the gravitational constant with a beam balance. Phys Rev Lett, 2002, 89:
161102

Zahradnicek J. Resonanz methode fur die messung der gravitationsk constante mittels der drehwaage. Phys Z, 1933, 34: 126-33

Facy M M L, Pontikis C. Gravitation-determination de la constante de gravitation par la methode de resonance. C R Acad Sci (Paris) Ser B,
1971, 272: 1397-1398

Chen Y T, Zhang X R, Li J G, et al. Experimental determination of gravitatiorml constant G by mechanical resonance method (in Chinese).
J Huazhong Univ Sci Technol, 1989, 17: 155-158 [BRIN K, 7K€, 25 [H, & FVUBGLIRZEN G E 8 G, B B T R 2% %3],
1989, 17: 155-158]

Schurr J, Klein N, Meyer H, et al. A new method for testing Newton’s gravitational law. Metrologia, 1991, 28: 397-404

Kleinevoll U, Meyer H, Schumacher A, et al. Absolute measurement of the Newtonian force and a determination of G. Meas Sci Technol,
1999, 10: 492-494

Schwarz J P, Robertson D S, Niebauer T M, et al. A free-fall determination of the Newtonian constant of gravity. Science, 1998, 282:
2230-2234

Schwarz J P, Robertson D S, Niebauer T M, et al. A new determination of the Newtonian constant of gravity using the free fall method.
Meas Sci Technol, 1999, 10: 478-486

Fixler J B, Foster G T, McGuirk J M, et al. Atom interferometer measurement of the Newtonian constant of gravity. Science, 2007, 315:
74-77

Lamporesi G, Bertoldi A, Cacciapuoti L, et al. Determination of the Newtonian gravitational constant using atom interferometry. Phys Rev
Lett, 2008, 100: 050801

Dirac P A M. The cosmological constants. Nature, 1937, 139: 323

Dirac P A M. A new basis for cosmology. Roy Soc Lond Proc A, 1938, 165: 199-208

Dirac P A M. Cosmological models and the large number hypothesis. Roy Soc Lond Proc A, 1974, 338: 439-446

Weinberg S. The cosmological constant problem. Rev Mod Phys, 1989, 61: 1-23

Brans C, Dicke R H. Mach’s principle and a relativistic theory of gravitation. Phys Rev, 1961, 124: 925-935

Gillies G T. Some background on the measurement of the Newtonian gravitational constant G. Meas Sci Technol, 1999, 10: 421-425
Turyshev S G. Experimental tests of general relativity. Annu Rev Nucl Part Sci, 2008, 58: 207-248

Turyshev S G. Experimental tests of general relativity: Recent progress and future directions. Phys Uspekhi, 2009, 52: 1-27

Adelberger E G, Gundlach J H, Heckel B R, et al. Torsion balance experiments: A low-energy frontier of particle physics. Prog Part Nucl
Phys, 2009, 62: 102-134

Fujii Y. Dilation and possible non-Newtonian gravity. Nature, 1971, 234: 5-7

Fujii Y. Scale invariance and the gravity of hadrons. Annu Phys(New York), 1972, 69: 494-521

Long D R. Why do we believe Newtonian gravitation at laboratory dimensions? Phys Rev D, 1974, 9: 850-852

Long D R. Experimental examination of the gravitational inverse square law. Nature, 1976, 260: 417418

Spero R, Hoskins J K, Newman R, et al. Test of the gravitational inverse-square law at laboratory distances. Phys Rev Lett, 1980, 44:



REERRE: P it R3CE 2011 4 4145 He

100

101

102
103
104
105
106
107
108
109

1645-1648

Hoskins J K, Newman R D, Spero R, et al. Experimental tests of the gravitational inverse-square law for mass separations from 2 to 105 cm.
Phys Rev D, 1985, 32: 3084-3095

Chen Y T, Cook A H, Metherell A J F. An experimental test of the inverse square law of gravitational at range of 0.1 m. Proc Roy Soc A,
1984, 394: 47-68

Adelberger E G, Heckel B R, Nelson A E. Tests of the gravitational inverse-square law. Annu Rev Nucl Part Sci, 2003, 53: 77-121

Eotvos RV, Pekar D, Fekete E. Beitrag zum gesetze der proportionalitat von trahigkeit und gravitat. Annu Phys (Leipz), 1922, 68: 11-66
Fischbach E, Sudarsky D, Szafer A, et al. Reanalysis of the E6tvos experiment. Phys Rev Lett, 1986, 56: 3—-6

Fischbach E, Talmadge C. Six years of the fifth force. Nature, 1992, 356: 207-214

Hellings R W. Time variation of the gravitational constant. NATO Adv Sci Inst Ser C, 1988, 230: 215-224

Massa C. Equation of hydrostatic equilibrium and temperature-dependent gravitational constant. Helv Phys Act, 1989, 62: 424-426
Williams J G, Turyshev S G, Boggs D H. Progress in lunar laser ranging tests of relativistic gravity. Phys Rev Lett, 2004, 93: 261101
Turyshev S G, Williams J G. Space-based tests of gravity with laser ranging. Int ] Mod Phys D, 2007, 16: 2165-2179

Precise determination of Newtonian gravitational constant G
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As one of the most important fundamental physical constants in nature, the Newtonian gravitational constant G plays a
unique role in the fields of the theoretical physics, geophysics, astrophysics, and astronomy. A large number of
experiments have been carried out with many strenuous efforts during the past two centuries, but the accuracy of the
absolute value of G is still the worst one in all fundamental physical constants, improved in accuracy by only about one
order of magnitude per century. The reasons for this slow rate of progress are well known: the gravitational force is by
far the weakest of the four fundamental forces and cannot be screened out, and G is no known, confirmed dependence on
any other fundamental constant. Based on a simple review of the historical determination of G, this paper will present
the current status and progress on measuring G in the laboratory experiments.
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