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Thegeneralexpressionsofthevariationof therestmassof atestbody with propertimeandspatialpositionin agravitational
field aregivenin theframeworkofWesson’s5Dspace—time—massgravity.Theposition-dependentvariationof therestmassof a
testbodyin aquasi-staticandsphericallysymmetricgravitationalfield is discussed,andit is indicatedthatsuchvariationembod-
iesthespiritof Mach’sprinciplein thesensethattheinertialmassdependson thedistributionof matterin theuniverse.

1. In 1880,Machfirst starteda constructivecrit- dimensionsubspacein 5D space—time—mass.It can
icismof Newton’s“absolutespace”.He pointedout be formulatedas
thattheinertiadependson thedistributionofmatter 2 x~+1

in the universe.This is calledMach’sprinciple [1]. m= f— J ~ dx~, (1)
Many authoritieson physics,suchas Einsteinand G
Dirac,greatlyadmiredthisviewpoint,andhavemade
attemptsto formulateit. Einstein’stheoryof general whereI is constantfor a given body. Thedifferen-
relativityembodiesMach’sprincipleto acertainex- tiation of m with respectto the propertime canbe
tent [2]. Dirac’s largenumberhypothesis[3] is a found as
generalizationof Mach’sprinciple.However, it is not 2 x

4+1

explainedsatisfactorilyevenin morecompletethe- = — ~ $ dx4
onesof gravity with variablegravitationalconstant, dt 2G x~ ~ 0x’ di
suchas the Brans—Dickescalar—tensortheory [4] 2 ______________

Recently, Wessonproposeda new variablegravity, + ~— ..J—g~(x ‘~,x4 +1)
that is SD space—time—massgravity [5,61. In the G
frameworkof Wesson’sgravity,wehaveproposedan 4

explanationof the physicalmeaningof the fifth di- — ~ g
44(x’

4, x ), (2)
mensionsubspace,inwhichwesupposedthattherest
massof abody correspondsto the lengthof a “line wherethe indices i andp run from 0 to 4 andfrom
segment”of thefifth subspace[7]. Accordingto this 0 to 3, respectively.If g

44 is independentof thefifth
explanation,we will give, in the presentLetter, the coordinatex

4, the expressions(1) and (2) reduce
expressionsof the variablerestmassof a testbody to
in a gravitationalfield, studytheposition-dependent 2

variationof the restmassof a testbody in a quasi- m= ~ 1, (3)
static andsphericallysymmetricgravitationalfield G
andthendiscussthe relationofthis resultto Mach’s dm 1 m dx’s 8g

44
principle. = (4)

2.It ismentionedabovethat therestmassofa body respectively.The partial differentiationsof m with
correspondstothe lengthof aline segmentofthefifth respectto spatialcoordinatesare
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am 1 m wheretheprimedenotesdifferentiationwith respect
(5)

= 2g~ôxa ‘ to r. The 5D vacuumfield equationsare

hereindex a runsfrom 1 to 3. A” A’B’ A’C’ 2~—=0,
Theseresultsshow thatevenif the metric coeffi- + + + Ar

cientsdo not dependon x4, the restmassof a test
body in a gravitationalfield mayvarywith timeand! A” C” B” A’B’ B’ C’
or position.Whenit is furtherassumedthatthe met- ~ + + 2 — —

nc coefficientsareindependentof t, the restmassof
B’2 B’

a testbodyvarieswith thespatialpositiononly. This —2 —2 = 0,
variationcangive an explanationanda formulation
for Mach’sprinciple.Thebasicideaisasfollows. The B” A‘B’ B’ C’ A’ B’ C =

rest massof a testbody dependson the spatial po- ~ + + + +3 + Cr
sition, therebyon thegravitationalfield, and thelat-
terdependson thedistribution of matterin the uni- C” B’ C’ A’C’ 2 = 0. (7)
verse.Notingthat the inertial massis equivalentto C + BC + AC + Cr
the gravitationalmass,we are led to concludethat
the inertia of a body dependson the distribution of Thesolutionsof eqs.(7), which havebeenfoundby
matterin the universe.In the next sectionwe will Davidsonand Owenin another5D theory [81, are

of the forms
give a concreteillustrationof this ideaby solving a
quasi-staticandsphericallysymmetricgravitational 2�OK/~/,C2_K±I( l—l/ar\
field. A2 = + liar)

Of course,thereis, strictly, no static gravitational ______

field in an evolving universe. However, we can B2= (l+l/ar)21t0(K_2_~~~1
sometimesneglectthe effect of the evolution for (1— 1/ar)2o~_t/~/K2_K+1_l

tnany astrophysicalproblemsand havea so-called 2~o/,~/K2_K+1

quasi-staticgravitationalfield. C2=C~(1 + l/ar”~ , (8)
Furthermore,consideringthat thefifth coordinate \ 1 — 1 /arj

itself hasnotanylongerdirect physicalmeaning,we
assume,for simplicity, that the metric coefficients wheree~= 1, anda, ic andC

0 areconstants.Oneof
are independentof the fifth coordinate in the thegeodesicequationsgives C

2d~/dt=const.If we
following, set this constantto zero,therestareidenticalto those

of the 4D theory. Thus, wecan discussthe physical
3. For a quasi-staticand spherically symmetric meaningof theconstanta andestimatethe valueof

gravitationalfield, the line elementin an isotropic ic by usingthe resultsof the post-Newtoniantestin
coordinatesystemcanbe written as the 4D theory. For this purpose,we carry out the

Robertsonexpansionsof A2 andB2, which are
ds2=A2(r)dt2—B2(r)(dr2+r2d02+r2sin2Odço2)

4e
0ic 1+ 8,c

2 1
+C2(r)d~2. (6) A2_—1—~J~~iTar K2—K+1a2r2

The nonzeroChristoffel symbolsare
GM G2M2

f’8
1=[’%=A’/A, f~0=AA’/B

2, =l_2ar+213 r2

r{
1 =B’/B, F~= — (B’/B+ 1/r)r

2
+ 4e

0(~1)
fl3= —(B’/B+l/r)r

2 sin2O, B2=1 ~K2K+1 ar
fl,

4=CC’/B
2, I’~

2=fl1=B’/B+l/r, GM

f’33=—sinOcosO, fl3=fl1=B’/B+l/r, _—l+2~----~—+...~ (9)

r~3=fl2 =tan0, T”~4=F~1=C’ IC, where
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— 2aoK/,J~JK+l 4,c2/(ic2—ic+1) 4. Fromthepointofview of Mach’sprinciple,the
aGM ‘ a2G~M2 , inertia dependson thedistribution of matterin the

________ universe,while the inertial massis the measureof
2E

0( c— 1)i../~—K+ 1 the inertia. In thissense,theresult obtainedin this

aGM Letter shows that the SD space—time—masstheory
embodiesMach’sprinciple.

are threepost-Newtonianparameters,andM is the Fromthesolutions(8) wecanseethat C
2, thereby

massof the source of the gravitationalfield. Ac- m,becomesinfinite if r= �
0/a.Thisis, ofcourse,un-

cordingto thedefinition of M, we shouldset a= 1. acceptable.Ourexplanationfor thisis that thetreat-
Thenwe have/3= 1 andy= (K— 1)/ic. The 4D Em- mentasaone-bodyproblemis nolongercorrectwhen
steintheorygivesa= /3= y= 1, which correspondsto m becomeslargeenoughalong with the decreasing
the case,C—l.co. In fact, the solutions (8) reduceto of r andtheappropriateapproachshouldbe a treat-
the SchwarzschildexteriorsolutionsandC

2= C
0

2 if ment asa two-body problem.
Ic is infinite. Brans—Dicketheorygivesa= /3=1,and
y= (w+ 1)/ (w— 1),which correspondsto K (0+2. Theauthorwould like to thankProfessorHong-ya
Theexperimentalresultof the“time delay” of radar Liu andProfessorLi-shi Changforusefuldiscussions.
signalsgivesy=l.000±O.0O2[9]. Thismeansthat
w ~ 500. If we acceptthis result andtakethe upper
limit of thevalueof y, we havea=2.002~/GM.Dc- References
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