physics/9911007 4 Nov 1999

Do Gravitational Fields Have Mass ?

Or on the Nature of Dark Matter

Ernst Karl Kunst

Ashasbeenshow nbefore(abriefcommentw illbegiven in the text), relativistic ma ss and relativistic time dilation of moving bodies are equivalent as w ell a s ti me a nd ma s s in the rest frame. This implies that the time dilation due to th e gra vi ta tional field is combined w ith inertial and gravitational mass as w ell an d permits the computation of the gravitational action of the vacuum constitutin g the gra v itational field in anydistance from the source of the field. Theoretica l pr edictions are compared w ith experimental results and it is show n that man y know nastrophysicalandgravitationalphenomena,especiallytheso -called dark ormissingmatter,ow etheirexistencetotheg ravitational effects of the mass of the field-vacuum.

Keyw ords: Equivalenceof mass,energyanddilatedtimeof movin g bodies - mass of the gravitational f ield

Introduction

Apparentdeviationsfrom theEinst ein-Newtonian law of gravitation both on laboratory a n d astronomical scale have been known long since. Those partly controversiall y discussed gravitational phenomena are:

1) Constantly high velocities of individual galaxies within clusters an d g roupsof galaxies,departingst rongly f rom the velocities on the strength o f thev irial law and constantly high orbital velocities in the vicinity of the

Milky W ay, other galaxies and galaxy pairs, which deviate strongly f rom a K e p le ri an velocity distribution. Both phenomena have led to th e c urrentlyacceptedconceptof non-luminous,non-baryonicmaterialint he vicin it y o f large systems on a cosmic scale, the so-called "halo of dar k unseen matter" [1], [2];

2) An apparent increase of the universal gravitational constant G wit h gro wing radial distance of test masses measured with the torsio n pendulum in the laboratory [3];

3) A systematic increase of the gravitional acceleration g as on e d e scends into deep mineshaf ts or boreholes [4], [5], [6], or decrease as one ascends towers [7];

4 )Asystematiclineardeviationof theac celeration of two test masses at t h e e nds of the torsion pendulum in the gravitational f ield of Earth i n p roportiontothedif f erence in baryon density (protons plus neutrons per u n it mass), which was f ound by analytical replication of the origina l

E ötvösdataandledtot he suggestion of a composition-dependent f inite range repulsive ( f if th ) f orce [8];

5 ) A systematic decrease of the velocity of space-probes on their track

V

�

� x

� � y � � z � � x

�

0

� y � z V �

0

, d t � c v

0

E t

m t

c 2 , m t

E t c 2

d t � v

0 c

d x � c

,

2

�

1

c h

c m ,

2

(1)

(2) outbound of the solar system as e. g. Pioneer 10 and 11 [9].

In the following we will show that all these experimentally found though - as alread y

stated -partly controversiallydiscussedphenomenaareduetothegravitationaleffect s

of the mass of the gravitational field.

Connection between Relativistic Mass and Dilated Time of Moving Bodies

Main results of the modified theory of relativistic kinematics among others are inertial

motion(velocity)alwaystobesymmetricallycompositeandtheLorentz transformation

not to predict the Fitzgerald-Lorentz contraction of the dimension ( � x) parallel to th e

ve lo ci ty vector, as invented by Fitzgerald and Lorentz to account for the null-result o f

theMichelson-MorleyexperimentonmovingEarth,butratheranexpa nsion of � x [10].

A cco r dingly the volume V ´ of an inertially moving body will any observer resting in a

frame considered at rest seem enhanced by the factor

wh e re V means volume and � the Lorentz factor based on the composite velocity v .

0 0

Amongothersithasbeendemonstratedthisexpansionof � x(or V) to be the cause of

th e e x perimentally found increase of the interaction radius respectively cross sectio n

o f e lementary particles with rising energy (velocity), as determined in collide r

experimentsandasisknownfrom studiesof cosmicrad iation. From m´ = V´

’ ´ = m � =

0

V ’� in connection with (1) follows ’ ´ = ’ and, therewith, the fraction v /c of th e

0 0 relativistically dilated time to be the very cause of the relativistic increase of mass:

wh e re " ’ " m e a ns density of mass, ^E ~ energy of the product d t ´cv of a movin g t 0 m a te rial body and ^m ~ mass induced by time dilation. Furthermore has bee n t d e m o n stra te d mass of the hydrogen (H-) atom and quantum of time 2 � /c in the res t

1 frame be equivalent and generated by the movement of a fourth spatial dimension of the atom where "2 � "is thefundamentallengthinR ,"h" Planck’s constant and "m" mass of the

1

4 small est elctrically neutral and stable piece of matter, presumedly of the H-atom [11].

A n a lo go us to the equivalence of mass and time in the rest frame as well as in th e m o vin g one gravitational fields have to be considered to be spaces with relativisti c mass, because of the time dilation due to the gravitational field. Thus, we can expect

E

V

m

V

c 2 dt � c v

0

× c dy dz V � c v

0

,

E

V

m

V

c 2 V c v

0 r 3 6

M

L ’ c 2

K 3

�

v

0 c

�

2 G M c 2 R

1

M

V

c 2 V

N x

N y

N z

c K 3 N 3 c K 3 N 3 c

2 G M c 2 R

1

3

,

(3)

(4)

thepotentialdifferencesingravitational f ields in dependence on the distance f rom the so u rce o f t he f ield to be perceptible as physically measurable masses. To comput e those masses basically two possibilities exist.

Global Estimate of the Mass of the Gravitational Field

W e ref er to the classical def inition of mass as the product of volume and density and then in accord with (2) can write wheref rom f ollows i f v « c and dt/dt´ � 1, where E means energy and m mass of volume of spac e

0 V V

(vacuum), respectively. Of course, (3) is valid in the case of moving bodies only, with one velocity vector.

S u p p ose we have a spherically symmetric gravitational f ield in the f orm of a

Schwarzschild-vacuole in the Friedmann cosmos where"r" meansth e coordinate radius of the vacuole and " N " the "radius", "K" means curvature, "M" the mass of the central body under consideration [12]. In this case the p ro d u ct o f each of the three dimensions of the vacuole and the velocity vector or (i n

Newtonian approximation) scalar of curvature will contribute to the global energy of the vacuole so that according to (3) the energ y content of the space of the vacuole - as seen f rom "outside" - can be written as whereby "G" is the Newton’s gravitational constant and "R " the radius of the mass of

1 the central body, distributed in the vacuole. Here we had to consider that each of the three geometric dimensions of the gravitational f ield must be multiplied by the scalar o f cu rva ture or (in approximation) vector of velocity, according to the principle o f equivalence. On the grounds of the ratio

’

0

mass in the cosmos volume of the cosmos

�

mass ( of the body ) in the vacuole volume of the f ield ( vacuole )

M

V

N 3 c

2 G M c 2 R

1

3

�

M

’

0

c

2 G M c 2 R

1

3

.

M total

M

M

M

V

M

1

1

’

0 c

2 G M

c 2 R

3

.

g

44

1

2 G M

c 2

, G M

L c 2

8

%

� x

�

.

4

- whereby ’ meanscosmicdensityof mass-we eventually can approximate the total

0

mass of the gravitational field of the vacuole with the expression

Accordingly the ratio of the "total mass of the gravitational system" (field + visibl e

mass) to the "visible mass" is

A p p lyin g the corresponding values for galaxies and galaxy clusters, roughly the righ t

amount of masses results i.e. greater than the visible masses which were introduced

b y a stronomers as the so called "dark or missing matter", to explain the dynamics o f

largecomplexesof gravitationalsystems.Theuncertaintiesinth e determination of the

co sm ic density ’ and especially of R (boundary between the external and interna l

0 1

Schwarzschild metric) in extended gravitational systems e.g. galaxies and clusters of

galaxies allow but only very global estimates.

The Mass of the Gravitational Field in Dependence on the Distance from

the Source of Gravitation

More exactresults canbederivedif,startingattheboundarybetweentheexternalan d

internalSchwarzschildmetricof asphericaldistributionof mass(sourceof theexte rnal

f ie ld o r r adius of the mass in Euclidian coordinates), the infinitesimal small distance s

re sp e ctive ly multiplied by the time dilation at the point of the coordinate in radia l

directionaresummed.Considerthecenterof gravityof the field-producing mass to be

at rest,withT be ing the essential component of the energy momentum tensor T so

44 ik

that in a first approximation is valid

Furthermore,thevacuum of theexternalSchwarzschildmetricisconsider ed to consist

of thinconcentricshellsof thethick ness dR, where ^R~ is the distance from the center

o f gra vit y. According to (4) the mass of each infinitesimal thin concentric shel l

m e a su re d from the point R radially "within" the field must be proportional to th e

1

infinitesimal small distance dR:

dM

V

R v

0 dR

3

c constant .

v

0 v

0 R

R constant

v

0 R

1

2 G M

R

1

2 1 �

GM

R

,

d M

V

R v

0 R

R dR

3

c

G M dR

3

c R

.

M

V

R

P R

R

1

G M dR

3

c R

2 G M ( R R

1

)

3

c

� ,

5

(5)

T h e vo lume of each successive shell increases as the square of the radius. On th e otherhandthev elocity v decreases inversely proportional to the radius, i.e. the cube

0 o f t h e ve lo ci ty v with increasing radius, as 1/R . As a result, the product of eac h

0

3 2 su cce ssive shell by the cube of the respective velocity remains constant. Thus, th e mass ofthevacuumofeach successiveshellofthegravitationalfieldremainsconstan t f or all R. Because f or all R - where v means velocity at the point R - and

0R t h e p r oportion of mass of the inf initesimal part dR of the radius R of the gravitationa l f ield amounts to

Integration results in the mass of the f ield vacuum within the radius R m e a su re d w ithin the f ield. R means the radius of the internal Schwarzschild metri c

1

("radius" of the mass), R the radial distance f rom the center of gravity of the f iel d p ro d u ci ng mass, measured in Euclidean coordinates. The constant � is the mass o f the macroscopic groundstate of vacuo (not disturbed by gravitational f ields), which i s n u ll, and M the mass of the vacuum of the gravitational f ield in the distance R f ro m

V R the center of gravity which together with the f ield-producing mass M or the energ y momentum tensor T ,respectively,determinescompletelythebehaviouroftestbodie s i k of the mass m.

I n principle this result is also valid f or the internal Schwarzschild metric, because th e spaceinsideagravitationalbodycontributestothetotalmassof thebodyorden sity of energy T in the distance R f rom the center of gravity (in approximation):

ik 1

M

V

R 1

2 G M R

1

3 c

.

M total

M M

V

R

M

2 G M ( R R

1

)

3 c

,

M total

M

M M

V

R

M

1

�

2 G ( R R

1

)

3

c

.

v

0 R

G M

R

1

2 G ( R R

1

)

3

c

.

6

(6)

(7)

(8)

Thus, if R<R the mass of the gravitational field inside the mass also amounts to the

1

value(5),measuredfro m the point R in negative radial direction or toward the center

1

of gravity.

Comparison of Theoretical Predictions with Experiment

1) According to(5)thetotalmassofagravitationalsystemintheradialdistanceRfro m

the center of gravity of the field producing mass M amounts to

or after division by M the quotient is given by

From (6)theorbita l Kepler velocity of a body of negligible mass as a function of R, R

1

and the central mass M is derived:

Co m p u tation results in the flat non-Keplerian rotation curves of galaxies and pairs o f

ga la xie s established by astronomical observations, whereby the morphology of th e

curvestronglydependsonR . Calculation of (7) results directly in the ratio of the total

1

perceptiblemasswithinthedistanceRof thegravitationalfield-baryonicplu s field - to

th e amount of the luminous matter, which agrees well with astronomica l

measurements. In the following we compare theoretically derived values of M / M

total

accordingto(7)withsomeexperimen tal results for the outer regions of the Milky W ay

[1]:

M /M (7) Experiment R (kpc) R (kpc) "m"

total 1

2.6 � 3.0 18 10 carbon monoxide

clouds

11.0 � 9.0 60 10 clouds of Magellan

13.6 � 12.0 75 10 satellite galaxies

� a

� f

m

� G

2 G ( R R

1

)

3

c

,

G

R

G � G G 1

2 ( R R

1

)

3

c

.

G

R

� G [ 1 0 . 002 ln ( R ) ]

7

(9)

(9a)

R = 1 0 kp c is the mean distance of the sun from the galactic center, becaus e

1

astronomicalmeasurementsaregroundedonthevalid ity of the Newton-Keplerian law

within the orbit of the sun (see also 5) below).

E qu a tio n ( 7) results also convincingly in the linear increase of M /M with growing R

total

in vast cosmic systems as measured by astronomers [1], [2]:

M /M (7) Experiment R R "M"

total 1

10 � 10 100 kpc 0 galaxies

25 � 25 100 kpc 0 pairs of galaxies

430 >400 32 mpc 0 Coma cluster

650 >600 70 mpc 0 local supercluster

2 ) From the preceding is evident that measurements of the R-dependence of th e

accelerationinlocalfieldsof gravitationmustyieldapparent discrepancies to Einstein-

Ne wto nian gravity, which usually are interpreted either as a modification of th e

gravitationalconstantGorasth e effect of an additional (fifth) force of nature. A direct

m e a su re m ent of the gravitational force f, which a unit of mass M = 1 exerts on a tes t

m a ss m in the distance R from the center of gravity results according to (5) in a n

additional acceleration:

Evidently G expressesanapparentalterationofGduetothegravitationaleffectofth e

R

field vacuum.

In1976Longcomparedoldermeasurementsatvariousrangesof Rwi th the results of

his own torsion pendulum experiments at R = 4.5 cm and 30 cm and found

o n la b o ra t ory scale [3]. For an overview we compare theoretical and experimenta l

results :

� g

2 G 2 M

E

( R

E

R

1

)

3

c R

E

,

G

( M

E

� M

V

)

G 1

R 2

E

G M

E

2 G 2 M

E

( R

E

R

E

R

1

)

3 c R

E

G 1 R

E

2 R

E

( R

E

R

E

R

1

)

3 c M

E

,

8

(10)

Theory Experiment R R

� G = G - G (9) � G � G - G (9a) cm

R R

1

0.0135 0.0077 10 0

0.0235 0.0223 30 0

0.0303 0.0291 50 0

0.0358 0.0336 70 0 where G = 6.656 × 10 g s according to Long. -8 -1 -2

3) Theinfluence of themassof vacuoconstitutingthegravitationalfieldof Earthonth e gravitational acceleration g results according to (8) in:

or as an apparent alteration of the gravitational constant of the amount G =

(ME + M V )

G + � G, where M means mass and R radius of Earth, respectively - R is here th e

E E 1 negative radial direction toward the center of Earth measured from the point R .

E

Consistently higher values of G from measurements of g in boreholes and mines fo r some timehavebeenknowntopointtoadeviationfromthe1/R-law ofthegravitationa l p o te n tia l. Therefore, a direct comparison of this theory with experimental results i s possible.Inthefollowingwecomparesomeresultso f Stacey [4], Holding [5] and Hsui

[6] from measurements in boreholes and mines with calculations according to (10):

Theory Experiment R

G (10) 10 cm g s cm

(ME + MV)

-8 3 -1 -2

1

6.674 6.724 ±0.014 2 × 10 4

’

1

1 , R

’

1

3

’

1

, R R

’

1

0 ,

M

V

( R 1

R )

2 G M

3

c

1

1

6

’

.

f g ( M M

V

( R 1 R )

) M ( g � g ) g M 1

2 G

3

c

1

1

6

’

,

9

(11)

6.722 6.734 ±0.002 1 × 10 5

6.727 6.700 ±0.065 1.2 × 10 5

6.772 6.810 ±0.070 4 × 10 5

where G = 6.672 × 10 cm g s , M = 5.97 × 10 g, R = 6.4 × 10 cm.

-8 3 -1 -2 27 8

E

E ckh ardt measured in a tower experiment at R � 6 × 10 cm above the ground a

1

4

d eviationof gof 500 ±35 μ Gal [7], whereas our formula delivers 400 μ Gal, where g =

981 cm s . -2

Of course,inthecase of thetowerexperiment(R -R ) in (10) must be replaced by

E 1

1/2

( R +R ) .Thecoincidenceoftheory andexperimentdoesnotlookveryimpressive -

E 1

1/2

whicheasilyisexplainedbythe tremendous uncertainties on the experimental side -,

but nevertheless, a systematic trend clearly shows up.

4 ) A look at (10) shows that the apparent alteration of G due to the mass of th e

gra vita tional field should not only be dependent on the distance R, but also on th e

co m p o sitio n of the material of the attracted mass. The reason is that if R = constant ,

then thefractionR /R,andth ereby the difference (

¢ ( R R

1

)

3 c

.

G M

V

R

R 2

2 G 2 M ¢ ( R R

1

)

3 c R 2

. (12)

Fisch b a ch ’s analysis of the old Eötvös data includes among others three pairs o f sa m p le m a terial: H O-Cu, asbestos-Cu and Pt-Cu [8]. The experimental results fo r

2 thesepairsareveryconvenientforacomparisonwiththeory.C omputation of (11) and comparisonwiththeresultsof Fischbach-Eötvösing(g) × 10 results in (experiment in9 brackets):

H O - asbestos = 6.67 ( � 7±2)

2

H O - Pt = 16.93 ( � 14±2),

2 whereby ’ = 2.8 and ’ = 21.45; ’ means density.

asbestos Pt

5)Themassof thefieldvacuum surroundingthesunamountsin any distance R (from the sun) acording to (5) to

Thus, the gravitational pull of the mass M in the distance R from the sun must be

V

Pion eer 10 is currently 71 times as far from the sun as Earth is. According to (12) the gravitationalpullof thefieldvac uum of the sun in this distance R � 1.06216 × 10 cm1 5 onto thespacecraftmustbeGM /R = 1 0.51 × 10 cm s - where M = 2 × 10 g and

V

¢ 2 - 8 - 2 3 3

R =1.428×10 cm, the mean distance of Saturn f rom the sun -, whereas Anderson

1

14 reported anexperimentallyfoundaccelerationof � 8.5×10 cm s toward the sun [9]. - 8 - 2

To choose thepropervalueof R in (12) it had to be considered that analogous to the

1 caseof theMilkyW ayastronomicalmeasurementsaregroun ded on the validity of the

Newton-Keplerian lawwithintheorbitofSaturn,orwithotherwords:inallcomputation s on the grounds of Einstein-Newtonian gravitation the mass of the f ield vacuum of the su n (and of the planets) is at least till the orbit of Saturn included in the mass of th e sun. IfR =2.872 ×10 cm -themeandistanceof Ur anus - (12) yields 7.97 × 10 cm

1

14 - 8 s . Besides we have to expect that the straightf orward application of (12) to th e - 2 gravitational f ield of the sun is restricted f or the f ollowing reasons:

I f t h e m e an distances between the planets are listed in A. U. according to the Titius -

B o d e la w (which with the exception of Pluto correspond roughly to the observe d distances) the f ollowing ratios result:

Mercury - Venus : Venus - Earth = 0.3 : 0.3 = 1 : 1,

Mercury - Earth : Earth - Mars = 0.6 : 0.6 = 1 : 1,

Mercury - Mars : Mars - Ast = 1.2 : 1.2 = 1 : 1,

Mercury - Ast : Ast - Jupiter = 2.4 : 2.4 = 1 : 1,

Mercury - Jupiter : Jupiter - Saturn = 4.8 : 4.8 = 1 : 1,

Mercury - Saturn : Saturn - Uranus = 9.6 : 9.6 = 1 : 1,

Mercury - Uranus : Uranus - Neptune = 19.2 : 19.2 = 1 : 1,

Mercury - Neptune : Neptune - Pluto = 38.4 : 38.4 = 1 : 1.

r n � 1

2 n 2 ( 1 r

1

) r

1

, (13)

Because-asshownbefore-themassof ea ch successive shell (being proportional to thedistan ces between the planets or the "thickness" of the shells) of the gravitational f ield of the sun remains constant, the above ratios seem to indicate that in th e protoplanetarydiskandlatertheplanetspositioned more or less exactly between f ield shells of equal mass. This can be described as where n=1,2,3,...nand r =1.Insertingr =0.4in(13) delivers again the Titius-Bode

3 1 l a w 2 × 0.3 + 0.4. It s clear that all r > r depend on the value of r , which agai n n- 2

1 1 ca n n o t b e derived f rom (13). Obviously is the simple rule of balance of f ield mas s shells , developed above, not straightf orwardly applicable to the three innermost solar planets.Butif ourhypothesisiscorrect,musttheirdistancesfrom thesunal so depend onthebalanceof thefieldmasses.Hence they should tend to take positions between threeshe lls of equal mass at (in arbitrary units) r = 0.33, r = 0.66 and r = 1. On the

1 2 3 o t h e r h a n d t h e r e must exist a tendency to f orm three shells at r = 0.5, r = 0.75 an d

1 2 a g a in r = 1 to reach a balance 0.5 : 0.5. As a consequence the planets tend to tak e

3 positionbetweenr =0.33and0.5,whichresultsinr =0.41,andr =0.66respectivel y

1 1 2

0.75, which results in r = 0.71.

2

Thus,if thishypothesisiscorrect,it must be valid f or any system, where at least three objects (withasimiliargenesisastheplanetsofthe sun)orbitacentralmass.If alway s r = 1 (in t he case of Saturn the mean distance of Tethys to Calypso) we f ind f or th e

3 two innermost objects e. g. in the system of the sun r = 0.39 and r = 0.72, Jupiter r

1 2 1

= 0.39andr =0.63,Saturn r = 0.49 (mean distance of Atlas to Epimetheus) and r =

2 1 2

0.72 (mean distance of Mimas and Enceladus), Uranus r = 0.48 and r = 0.72, th e

1 2 pulsar PSR 1257 + 12 r = 0.4 and r = 0.77, and the pulsar PSR 1828 - 11 r = 0.44,

1 2 1 and r = 0.63, respectively.

2

References

[1] Rubin, Vera C., Scientif ic American 248 , 96-97 (1983)

[2] Thuan, T. X. & Montmer, T., La Recherche 13 , 1448 (1982)

[3] Long, D.R., Nature 260 , 417 (1976)

[4] Stacey, F.D. & Tuck, G.J., Nature 292 , 230-232 (1981)

[5] Holding, S.C. & Tuck, G.J., Nature 307 , 714-716 (1984)

[6] Hsui, A.T., Science 237 , 881-882 (1987)

[7] Eckhardt, D.H. et al., Phys. Rev. Lett. 60 , 2567-2570 (1988)

[8] Fischbach, E. et al., Phys. Rev. Lett. 56 , 3 (1986)

[9]Ander son, J. D. et al.: Indication, f rom Pioneer 10/11, Galileo, and Ulysses Data, of an Apparent Anomalous, W eak, Long-Range Acceleration, gr-qc/9808081

[10]Kunst,E.K.:IstheKinematicsof SpecialRelativityincomplete?, physics/9909059

[11] Kunst, E. K.: On the Origin of Time, physics/9910024

[12] Stephani, H., Allgemeine Relativitätstheorie, 2nd ed., Deutscher Verlag der

W issenschaf ten, Berlin 1980, p. 253 - 256