April, 2013 PROGRESS IN PHYSICS Volume 2

Causal Version of Newtonian Theory by Time—Retardation of he Gravitational
Field Explains the Flyby Anomalies

Joseph C. Hafele
Retired Physicist; Home fiice: 618 S. 24th St., Laramie, WY, USA
E-mail: cahafele@bresnan.net

Classical Newtonian gravitational theory does not sattsfycausality principle because
it is based on instantaneous action-at-a-distance. A taessaon of Newtonian theory

for a large rotating sphere is derived herein by time-rétardhe distance between
interior circulating point-mass sources and an exteriddfint. The resulting causal
theory explains exactly the six flyby anomalies reported loyglérson et al. in 2008.

It also explains exactly an anomalous decrease in the Mawbisal speed. No other

known theory has been shown to explain both the flyby anomaliel the lunar orbit

anomaly.

1 Introduction tional physics and experimental systems, or are they the

In 2008 Andersoret al. reported that anomalous orbital-  Harbingers of exciting new physics?”

energy changes have been observed during six spacecrafiflgppears that a new and possibly unconventional theory is
bys of the Earth [1]. The reported speed-changes range fronegded.

maximum of+13.28 mnyis for the NEAR flyby to a minimum ~ The empirical prediction formula found by Anderson
of —4.6 mnys for the Galileo-Il flyby. Andersomt al. also €t al. is not based on any mainstream theory (it was sim-
found an empirical prediction formula that gives calcutateply “picked out of the air”), but it is remarkably simple and
speed-changes that are close to the observed speed-chaflges produce calculated speed-changes that are surprising
If the speed-change for the empirical prediction formula @ose to the observed speed-changes. The formulévap

designated byvemp, it can be expressed as follows (1) gives three clues for properties that need to be satisfied
by any theory that is developed to explain the flyby anomaly:

1) the theory must produce a speed-change that is propor-
tional to the ratiaeg/C, 2) the anomalous force acting on the
spacecraft must change thecomponent of the spacecraft’s
speed, and 3) the speed-change must be proportiongl to
) ) ) The objective of this article is threefold: 1) derive a new
whereveq is the Earth's equatorial rotational surface speeghsa| version of classical acausal Newtonian theory,@ysh
¢ is the vacuum speed of lightis is the initial asymptotic ¢ this new version is able to produce exact agreement with
inbound speedii, is the asymptotic inbound geocentric latiz | iy of the anomalous speed-changes reported by Ander-
tude, andlou is the asymptotic outbound geocentric latitudey et 51| and 3) show that it is also able to explain exactly a
If t is the observed coordinate time for the spacecraft in {54+ orbit anomaly” that will be described below. The pro-
trajectory, thenlin = A(tin) andAout = A(tou). If d1/dt=0, then ,o5eq new version for Newtonian theory requires only main-
dvemp= 0. An order of magnitude estimate for the maximuizy.em physics: 1) classical Newtonian theory and 2) the cau
possible value fosvempis 2(5x 107/3x 10°)vin ~ 30 mny's. sality principle which requires time-retardation of thegjr
The following is a direct quote from the conclusions Qligng field. It also satisfies the three requirements of th
an article published in 2009 by M. M. Nieto and J. D. A“de[t,\'mpirical prediction formula.
son [2]: The proposed theory is based on a simple correction that
“Several physicists have proposed explanations of tbenverts Newton’s acausal theory into a causal theory. &her
Earth flyby anomalies. The least revolutionary invokesilting causal theory has a new, previously overlookedstim
dark matter bound to Earth. Others include modificeetarded transverse component, designatgd which de-
tions of special relativity, of general relativity, or ofeth pends on 1cq, wherecy is the speed of gravity, which approx-
notion of inertia; a light speed anomaly; or anisotrogynately equals the speed of light. The new total gravitation
in the gravitational field —- all of those, of coursefield for a large spinning spherg, has two components, the
deny concepts that have been well tested. And nostandard well-known classical acausal radial componrgnt,
of them have made comprehensive, precise predicti@ml a new relatively small time-retarded transverse vortex
of Earth flyby dfects. For now the anomalous energgomponentg,,. The total vector field =g, + g,:. The zero-
changes observed in Earth flybys remain a puzzle. Atiwergence vortex transverse vector fig|d is orthogonal to
they the result of imperfect understandings of convethe irrotational radial vector fielg,.

20
(5Uemp = %‘ Vin (COS/l,n - Cos/lou[) =
2Ueq

tout
=== tn ft sin(/l(t))% dt, (1)

in
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The new total vector field is consistent with Helmholtz's Rindler’s time-retarded version for the slow-speed weak-
theorem, which states that any physical vector field can figld approximation gives a complete stand-alone time-
expressed as the sum of the gradient of a zero-rotationarsceetarded solution. The time-retarded fields were derivechfr
potential and the curl of a zero-divergence vector poténtigeneral relativity theory, but there is no need for furtteder-

[3]. This means thag, can be derived in the standard wagnce to the concepts and techniques of general relatiaty th
from the gradient of a scalar potential, afgd can be derived ory. Needed concepts and techniques are those of classical
from the curl of a vector potential, byt cannot be derived Newtonian theory.

from the gradient of a scalar potential. Furthermore, Rindler's formulas satisfy the causality

The proposed causal version can be derived by using fhiciple because the fields are time-retarded. Rindlets v
slow-speed weak-field approximation for general relativision gives a good first approximation only if
theory.

¥ < 2, v < GM _ ol < 2, (4)
2 Summary of the derivation of the formulas for the '

time-retarded transverse gravitational field and the WhereM is the total mass of the central object.

predicted flyby speed-changes Notice in (3) that the acceleration caused by the grav-
itoelectric fielde is independent ot, but the acceleration
caused by the gravitomagnetic induction fi¢lds reduced
by the factor 1¢>. The numerical value foc is on the or-
der of 3x 10% mys. If the magnitude foe is on the order of
. X ! ) 10 mys? (the Earth’s field at the surface), and the magnitudes
_tlme-retarqle”ql vector po_tent|aj gnd the time-retarded 9861 u andw are on the order of onys, the relative magni-
|tomagr_1et|c induction field. H_|s_f0rmulas for, &a, andh tude for the acceleration caused byvould be on the order
are derived frpm generall relqt|V|ty theory by using the slov&f 10x4(10Y/3 x 108)2m/52 ~ 108y This estimate shows
speed weak-field approximation. They are as follows that, for slow-speed weak-field practical applicationsha t

G real world, the acceleration caused Ibys totally negligible
p pu )
¢ = fof[T] av, a=-— fff[T] av compared to the acceleration causedeby
r ¢ ' . (2) The empirical formula indicates that the flyby speed-
e=-Vop, h=Vx4a change is reduced by/&, not by 1/c?, which rules out the
gravitomagnetic field as a possible cause for the flyby anoma-
wherep is the mass-density of the central objegtjs the |ies. The acceleration df is simply too small to explain the
inertial velocity (the velocity in an inertial frame) of awsce- flyby anomalies.
point-mass in the central object, is the vector distance from Consequently, the practicable version for Rindler’s Lo-

an inner source-point-mass to an outer field-point, and &tz force law becomes the same as a time-retarded version
square brackets [] mean that the enclosed function is tofgeNewton’s well-known inverse-square law

evaluated at the retarded time, i.e., the time retarded &y th

light travel time from the source-point to the field-point. F - _vafff[ﬁ] v, )
Let the origin for an inertial (honaccelerating and nonro- r’

tating) frame-of-reference coincide with the center-@s® \yhereF is the time-retarded gravitational force actingron
of a contiguous central object. LEtbe the radial vector from | ot g3F be the time-retarded elemental force of an ele-

the origin to a source-point-mass in the central object|endmental point-mass sourcen. The time-retarded version for
r be the radial vector from the origin to an external field-poinyewton’s inverse-square law becomes
so thatr” =r —r’. The square brackets in the triple integrals

In the section entitled’he Linear Approximation to GR in
W. Rindler’s popular textbookssential Relativity [4], Rind-
ler derives the formulas for the time-retarded scalar ga@kn
¢, the time-retarded “gravitoelectric” acceleration fieJdhe

in (2) indicate that the integrands/f”’] and [pu/r”’] are to #F = —gmam (©6)
be integrated over the volume of the central object at the re- r2 g’
tarded time. wherer” /r” is a unit vector directed towards increasirig

Let m be the mass of a test-mass that occupies the field- By definition, the gravitational field of a source wtis

point atr, and letv be the inertial velocity of the test massihe gravitational force of the sourdn that acts on a test-
The analogous Lorentz force law, i.e., the formula for thassm at r per unit mass of the test-mass. The traditional

time-retarded gravitational fordeé acting onmatr, is [4] symbol for the Newtonian gravitational fieldgs Therefore,

the formula for the time-retarded elemental gravitatidieedl

F=- m(e+ :_L(v % h)) =_ mV(G fff[%] dV) - d3g of an elemental point-mass-sourcerafor a field-point
c r atr becomes

_m(vx(vX(i_ffff[f_f] dv))).(s) dsgzd‘%z_e‘i—,”z:—:. (7)
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The negative sign indicates that the gravitational forcatis \Y
tractive.

Let t be the observed coordinate timeratlet t’ be the
retarded time at’, and letcy be the speed of propagation of 3
the gravitational field. The connection betwaemdt’ is sphere, gr_\d3g,,.

trajectory

i

r// r// v 3
t=t'+—, tU=t-—. 8) o+ d'g
Cq Cq X
Obviously,t(t’) is a function oft’, andvice versa, t'(t) is a Ty
function oft. The Jacobian for the transformation frano t’
is given by

Jacobian= E =1+ idr .
dt’ Cy dt/

)

This J bi . ded t ve the triole int | Fig. 1: Depiction of the vector distancesr’, andr” and the com-
IS Jacoblan IS needed 10 solve tnhe triple Iintegral over t&é’]ents of the vector field*g, d3y,, andd3gm.

volume of the central object. It leads to the necessary fac-
tor 1/cy, wherecy is the speed of propagation of the Earth’s

gravitational field [5]. imation, the Earth was simulated in [5] by a large spinning
Let p(r') be the mass-density of the central object’at isotropic sphere.
Then , The formulas for the geocentric radial distance to the
dnv = p(r’)dV. (10) field-point and its derivative are
The resulting formula for the elemental total gravitatibna rp(1+¢)
field d%, which consists of the radial componedty, and re) = 1+ zcosd
the transverse componeify,,, becomesi3g = d3g, + d3g,,. 2 , (14)
_ _ trt r trt da r@° ¢ .
The diferential formulas for each component become - sing
dmy (r” dmy (r” ; ; ;
&g, =-G—(—] . &gy =-G—|—| . (11) Wheredisthe parametric polar coordinate angle for the space-
2 \r” ), 2 \r” e craft in the plane of the trajectory, is the geocentric radial

where ¢”/r”), is the radial component of the unit vector angistar_lce at per_igee, ads the eccentricity of the trgjec_tory.
(r” /r")ut is the transverse component of the unit vector. The It is shown in [5] that the formula for the Jacobian is

total field is obtained by a triple integration over the vokim . 1dr”
of the central object at the retarded time. Jacobiarn= 1 + QE -
Let (X, Y, Z) be the rectangular coordinates for the iner- ror
tial frame-of-reference, and let tiaxis coincide with the =l-—= (Qs — Qe) cost’ sing'. (15)
spin axis of the central object. L&C be the relative radial “

component, and |&EC; be the magnitude for th&-axis com- It is also shown in [5] that the only term fatg,, that will
ponent of the relative transverse component. As can be sg@rvive the triple integration is
in Fig. 1, the formulas foRC andTC; are related ta, r’,

andr” by g = - Gpre dr

r

2~ Qe cog(1) I1G

dvdy, (16)

E
r-r r-r—r-r

= = wherep is the mean value fgs(r’) and the formula for the

r( r | r(r N , (12) integrandis
rxr’)z _(Fxr)z _ Ixly =Ty 3 -
TG, = - - r r r/4 s n2 ’
Z r'r r'r r'r IG = —Ep(_)—400§(/l/) | ¢2 (17)
’ e r Y rE (1 + X)
wherer,, r,, are theX, Y components of, andr{, r{, are the
X, Y components of’. where the variable is defined by
The formula for the magnitude gf,; becomes [5] rr2 r
X = i 2? cosl’ cosg’. (18)

dnv .
Gurt = fff (_ G 12 ) (TCz) (Jacobiaj. (13) It has been shown in [5] that the resulting formula for the

The triple integral is rather easy to solve by using numerp_agnltude of the transverse componentis
lg veq Qy(6) — Qe

ical integration if the central object can be approximatgdb gi(0) = — G 1€ e co2(A(6)) PS(r(6), (19)

large spinning isotropic sphere. To get a good first approx- r‘é Cy Qe
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whereG is the gravity constantle is the Earth’s spherical  The anomalous time rate of change in the spacecraft’s or-
moment of inertiatg is the Earth’s spherical radiuQg is the bital energy is given by the dot produet; F,. It has been
Earth’s spin angular speedkq is the Earth’s equatorial sur-shown in [5] that the calculated asymptotic speed-change,
face speedy is the speed of propagation of the Earth’s gravévyy, is given by

tational field 9 is the spacecraft's parametric polar coordinate S0yt = Svin + Souts (22)
angle in the plane of the orbit or trajectofy, = dg/dt is the where
spacecraft's angular speed, is the azimuthap-component 8vin = 60(Omin) » Svout = 00 (Bmax) » (23)

of Qy, 1 is the spacecraft's geocentric latitudds the space-

craft's geocentric radial distance, afm$b(r) is an inverse- and

cube power series representation for the triple integret ov su(6) = Yin f
the Earth’s volume. The formula f&S(r) is [5]

 14(6) Fa(6) da

Z dg. (24)

3 2 4 6 The angle®nin anddmax are the minimum and maximum val-
PS(r) = (r_E] [Co . Cz(r—E] N C4(r_E] N Ce(r—E] ] . ues for6. The initial speedin=0v(fmn). The speed-change
r r r r 6v(6) is proportional tavi,, which satisfies the third require-
ment of the empirical prediction formula.
where the values for the cfieients are
3 Summary of the change in the Moon'’s orbital speed
Co=050889 Cp=0.13931 caused by the Earth’s time-retarded transverse gravi-

C,=001013 C=0.14671 tational field

. . L In 1995, F.R.Stephenson and L.V.Morrison published
If the m_agmtude IS nega_tlvez l.e., 4, > Qg (prograde), ]@ remarkable study of records of eclipses from 700BC to

the vector field componegt is directed towards the east. |1990AD [6]. They conclude 1) the LOD has been in-

Q, <0 (retrograde), it |s_d|rected towards the west. .. creasing on average during the past 2700 years at the rate of
The formula for the time-retarded transverse gralvnallonj@\]_.70J_rO'O5 ms cy? (i.e. (+17.0+0.5)x 10 s per year)

field, gy, satisfies the first requirement of the empirical pr '

diction formula. It is proportional toeq/Cq = veg/C. But the

empirical prediction formula also requires that the speg

change must be in th@-component of the spacecraft’s ve

locity, v,. The magnitude for tha-component is defined by

%) tidal braking causes an increase in the LOD+@f3+0.1
scy!(i.e. (+23+1)x10°%s peryear), and 3) there is a non-
al decrease in the LOD, numericaly0.6+0.1 ms cy*
(i.e. (-6+1)x 1078 s per year).
Stephenson and Morrison state that the non-tidal decrease

da da do da in the LOD probably is caused by post-glacial rebound. Post-
n=N—=N ==, (20) glacial rebound decreases the Earth’s moment of inertia,
dt do dt de o ;
which increases the Earth’s spin angular speed, and thereby
wherer, is theA-component of. decreases the LOD. But post-glacial rebound cannot change

The velocity componenty,, is orthogonal tgy,,. Con- the Moon'’s orbital angular momentum.
sequently,g,; cannot directly change the magnitude iyf According to Stephenson and Morrison, tidal braking
(it changes the direction). causes an increase in the LOD of 23) x 10°® seconds per
However, a hypothesized induction-like field, designatgear, which causes a decrease in the Earth’s spin angular mo-
F,, can be directed perpendicularlygg in thev,-direction. mentum, and by conservation of angular momentum causes
Assume that thep-component of the curl of~, equals an increase in the Moon’s orbital angular momentum. It has
—kdg,./dt, wherek is a constant. This induction-like fieldbeen shown in [5] that tidal braking alone would cause an in-
can cause a small change in the spacecraft’s speed. The recgase in the Moon’s orbital speed of #9) x 107° my/s per
rocal of the constark, v, = 1/k, called the “induction speed”, year, which corresponds to an increase in the radius of the
becomes an adjustable parameter for each case. The avevagen’s orbit of (14+ 1) mm per year.
for all cases gives an overall constant for the causal theory  But lunar-laser-ranging experiments have shown that the
The formula for the magnitude d&f, has been shown inradius of the Moon'’s orbit is actually increasing at the i@fte
[5] to be (38+1) mm per year [7]. This rate for increase in the radius
veg e (0 1(6) Q(6) 1 dr dgu corgesponds to an increase in tr_\e orbital spe_ed of:(BR2x
IO T o . ddo do. (21) 10 m/s per year. Clearly there is an unexplained or anoma-
k ° e E E lous diference in the change in the radius of the orbit of

The acceleration caused Iy, satisfies the second require(_24if) mrgfper year (3;]9" 14h: 24), _andha col;_resT‘pondEg ;
ment of the empirical prediction formula, the one that r@nomalous dierence In the change in the orbital speed o
quires the anomalpus force to changetheomponentofthe = | op means length-of-solar-day and ms tymeans milliseconds per
spacecraft's velocity. century.
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* rp/Te P Ovyr Ovlyy
(hours) | (mmys per year)| (mnys per year)
Cassini
2 11.2 +315 -517
15
GLL-IT 3 20.7 +29.5 -76.8
Vi 4 31.8 +3.93 -21.0
Veq GLL-I
1 5 44.4 +0.173 -7.97
10 F
| 6 | 584 ~0.422 -3.69
- }M°;',‘GER sRosetta 7 | 736 -0.442 -1.95
.l NEAR 8 89.9 -0.362 -1.14
Table 1: Calculated period (in hours) and predicted speed-change
for prograde orbitsuvy, (in mnys per year), and the predicted speed-
0 , ) , ) ) change for retrograde orbiésr,, (in mnys per year), for a spacecraft
0 : % cccentricity & 5 6 in a near-Earth orbit witl = 0.5, aeq= 45, 1y = 45, vx = 14veq, and
y €

for r, ranging from 2 to 8r. [5].
Fig. 2: Required induction speed ratio (designate@)pyi /veq + an
estimate for the uncertainty, versus eccentrieityThe mean value

for all seven ratios is shown by the horizontal line. orbital properties of the spacecraft; radius at periggec-

centricity , inclination to the equatorial plane,, and lati-

o - tude at periged,, and the induction spead. If =0 or if

(733J_r 3) x 10~ m/s per year (52 19= 33). Th_ls lunar or- eq=0, the speed-changey; = 0. Even ife 0 andaeq#0,
bit anomaly” cannot be caused by post-glacial rebound, lgyttn is still equal to zero if perigee is over the equatty 0°)

it can be caused by the proposed causal version of NewtQ§}'$ne of the polest, = +90°). The maximum speed-change

theory. _ _ occurs for spacecrafts in highly eccentric and inclinedrnea
It has been shown in [5] that the causal version of Netxih orbits.

ton’s theory produces a Chang_e in the Moon’s orbiftal spe_ed of Assumec = ¢ and the induction speed is its largest prob-
(-33+3) x 10°° nys per year if the value for the inductiompe value vy, = 14veq  Suppose the orbital properties for a
speedv = (8 + 1)veq. Therefore, the causal theory eXpla‘”§pacecraft are=0.5, aeq=45, and1,=45". Letr, range
exactly the lunar orbit anomaly. It gives a new closed ori,m, 2r, to 8r.. The periodP is given by Kepler's 3rd law,
case for anomalous speed-changes. and the annual speed change for progiagie= Nreydvyt, and
&or retrogradesvry; = Nreydvyt, WhereNrey is the number of
revolutions per year. Calculated speed-changes are listed

Table 1 [5].
It has been shown in [5] that the causal version of Newton’s

theory explains exactly the six flyby anomalies reported iy Other theories which explain the Earth flyby anoma-
Andersonet al. [1]. The required values fas cluster be- lies

tween Geqand 1%eq _ _ There are at least two other published theories that exttiain
A graph of the required induction speed rati@gveq Ver- - Earth flyby anomalies: 1) the 3-space flow theory of R. T. Ca-

sus eccentricity, Fig. 2, shows that the required value fer pjj| (8], and 2) the exponential radial field theory of H. J.-Bu
for the lunar orbit anomaly is consistent with the requiral v 5o 9.

ues foruy for the six Earth flyby anomalies. The average | [g] Cahill reviews numerous Michelson interferome-

standard deviation is ter and one-way light-speed experiments which clearly show
— _ an anisotropy in the velocity of light. His calculated flyby
b= (10%4)veq = 5+ 2 knys (25) speed-changes depend on the direction and magnitude for 3-

It will be interesting to compare this average; 8 knys, with  Space inflow at the spacecraft on the date and time of the

parameter values for other flyby theories. flyby. Canhill founo! that the average speed for 3-space inflow

is 12+5 knys. Cabhill's average, H5 knys, essentially equals
5 Predicted speed-changes for future high-precisionthe average value fax (25), 5+2 knys.
Doppler-shift experiments In [9] Busack applies a small exponential correction for

The speed-change caused by the causal version of NewtdisEarth’s radial gravitational field. If (r,v) is Busack's
theory depends on the speed of gravigy the properties of COrrection, the inverse-square law becomes

the central sphere; maddg, radiusr., angular speedg, GME r

moment of inertide, and equatorial surface spegg, on the gi(r.v) = - —5=—(1+ f(r.0)),

4 Calculated speed-changes caused by the time-retarde
version of Newton’s theory
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h f . d 6. Stephenson F.R. and Morrison L.V. Long-term fluctuatiamsthe
where (r’ v) IS expressed as Earth’s rotation: 700 BC to AD 199@Philosophical Transactions of
F—r the Royal Society of London A, 1995, v.351, 165-202.
f(r,v) = Aexp(— £ ) .

7. Measuring the Moon’s DistanceP!| Bulletin, 1994, httpyeclipse.gsfc.
B—C(r-v)/(r - vsun)

nasa.goySEhelpApolloLaser.html

The velocityv is the velocity of the field-pointin the “gravita- 8 g;g'IbvsﬁTgéizcﬁgf'tngEami@ELE;’;;;Yéiﬁrﬁgtggtlg'?geaggm'ssep?d
tional rest frame in the cosmic microwave background”, and space flowProgressin Physics, 2009, v.4, 50-64.
vsun is the Sun’s velocity in the gravitational rest frame. Nu-g. Busack H.J. Simulation of the flyby anomaly by means of apigoal
merical values for the adjustable constants are approgignat  asymmetric gravitational field with definite spatial orition. arXiv:
A=22x10"% B=29x10°m, andC=2.3x10° m. Busack 9en-pii0711.2781.
found that these values produce rather good agreement with
the observed values for the flyby speed-changes.

Both of these alternative theories require a preferred
frame-of-reference. Neither has been tested for the lurir o
anomaly, and neither satisfies the causality principle beza
neither depends on the speed of gravity.

7 Conclusions and recommendations

This article shows conclusively that the proposed causal ve
sion of Newton’s theory agrees with the now-known facts-
of-observation. It applies only for slow-speeds and weak-
fields. Hfects of time retardation appear at the relatively large
first-orderv/cy level, but they have not been seen in the past
because they decrease inversely with the cube of the closest
distance. If perigee is very close, however, time retaodati
effects can be relatively large. It is recommended that vari-
ous available methods be used to detect new observations of
effects of the causality principle.
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