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This article provides the basic design for a laboratoryrimeent that may detect the
Earth’s time-retarded transverse vector potential [HafeC.Zelm. Jour., 2012, v.5,
134]. The instrument is based on the compound pendulum uged.A. Kozyrev

to measure the change in weight of a suspended aircraft atawig gyroscope
[Kozyrev N.A. Zelm. Jour., 2012, v.5, 188]. If such an instrument is developed to mea-
sure the strength of the Earth’s vector potential with aigrex of about 1 part in 1000,
the neoclassical causal theory can be worked backwardddolai@ the speed of the
Earth’s gravitational field.

Introduction

A new causal version for Newtonian gravitational theory hi ﬁ

been shown to explain exactly the six Earth flyby anomali vertical

reported by NASA in 2008, and also explain exactly an ove _ {}

looked lunar orbit anomaly [1,2]. The new causal theor jos earn. Totor

which retains the traditional acausal radial component, 1
quires in addition a small time-retarded transverse corapbn
for the Earth’s gravitational field. The new transverse comp
nent is orthogonal to the traditional radial component and
directed along the east-west direction. It is well-knowatth
the traditional radial component can be derived from the gra
dient of a scalar potential. However, the time-retardensira Fi9- 1: Schematic of the compound pendulum developed by
verse component can be derived only from the curl of a vechbf: K0Zyrev to measure a change in the weight of a gyroscope s

. . . pended from a balanced cross beam [6]. The preferred cti@mta
potential. The formula for the vector potential will be faln

b ina Stoke's th Th i - of the cross beam appears to have been along the/sauth direc-
y using Stoke’s theorem. The resulting vector potentiak-is tion, and that for the rotational axis of the gyroscope’®rationg

rected along the north-south direction. The north-south-Coe eagtvest direction. In some cases a weight change was detected
ponentof the gravitational field is given by the time-detiv@ py a small steady imbalance in the cross beam.

of the vector potential. By using an analogous Lorentz force
law, it will be shown that a small time-dependent radial com- : S :
ponent is created by induction from the north-south gravit‘gﬁherec IS the wellfknown speed of I|ght In vac’uumaJs the

tional field. This small induced radial component can sI'gghiE ectronic charge in staicoulombs, amés Plank’s constant.

- ‘he numerical value for the ratif/h is 350 knjs. Kozyrev
change the weight of a suspended gyroscope. By measu E[)I;I d by experiment that, = 700 kms= 2€2/h— c/430=
¥

TT.

the change in weight, the neoclassical causal theory can
worked backwards to deduce the strength of the vector pot%
tial, and thereby indirectly measure the speed of the Eart
gravitational field.

More than 60 years ago [3], N.A. Kozyrev used the ca
ality principle to predict the need for a second universidee

h A schematic for the compound pendulum developed by
N.A. Kozyrev to measure;, is shown in Fig. 1 [6]. Kozyrev

ufg_und that the weight of the gyroscope under certain condi-
tions would change when there is a vertical vibration of the

ity, one that is to be associated with rotational motion 4. cross arm. Sometimes he observed a relative weight change

designates; as the speed for this second universal veloci@/." the ordgr Of 10. ] o )
He developed a theory that suggests that the numerical value! Ne objective othis article s to derive the fects of the

for ¢, should be related to the fine structure constant [5]. figoclassical causal theory on a suspended gyroscope. We wil
electrostatic cgs units, the unit of electric charge is tiag s find that the weight changes observed by N.A. Kozyrev may
have been caused by the causal version of Newton'’s theory.

coulomb.
The formula for the fine-structure constant, designated by
@, in cgs electrostatic units, becomes [5] Parameter values and basis vectors
w1 Numerical values for various parameters will be needed. Let
=<Th = 137 (1) m be the mass of the gyroscope’s rotor, lebe its radius,
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let wrot be its angular speed, 18 be the rotational period, gyroscope. Leh be the rotor’s height above the Earth’s sur-
let I,or be the moment of inertia, let;« be the angular mo- face, lethy be a constant altitude, lbt be the vibration ampli-
mentum vector, and léf, be the rotational energy. Typicatude, and letu, be the angular speed for a vertical vibration.
numerical values for the parameters of an aircraft navagatiThen

gyroscope are [4] h = h + hy CoSwit. @)
m=01kg The time dependent geocentric radial distance becomes
R=2x102m,
wrot = 27500 ragls = 3.14x 10° rad’s, . (1 o he @ht))_ )
Prot = 21/wror = 2x 1073 s, @ re  fre
Irot = MR? = 4 10°° kg x m, Letr, be the rotor’s geocentric radius of gyration
\]rot = Irota)rot = 0.126 ng mz/S,
hp h
Erot = % lrotwioy = 197 kgx NP/, ry = e COSA (1 + r—° + r—l cos @)ht)), (6)
E E

Let the Earth be simulated by a spinning isotropic sphere,of , N .

. . . Letv be the rotor’s vector inertial velocity
radiusrg, massMg, sidereal spin angular spe€g¢, equato-
rial surface speedyy, moment of inertid g, surface gravita-
tional scalar potentiape, surface gravitational fielgg, spin
energyEg, and spin angular momentudk. Numerical val- The formulas for yand v, are
ues for the Earth’s parameters are [1]

V=6V + Vs + €V, @)

G = 6.6732x 1011 N x m2/kg2, v, = % _ —hyeon sin (i),
re =6.37x 10° m, he hy (8)
Mg = 5.98x 1074 kg, Vy = 13Qg = reQe cosa|1+ E + E COS (nt)].
Qp =7.29%x 10°° rad/s,
Veg = FeQE = 4.65% 102 m/s, Let E; be the radial energy. If the radial energycstant,
“ 7 5 then
lg =8.02x 10°” kgx m?,
3 1
0 = GrME =6.26x 10" m?/<, constant = E; = 7 mvf — mggh =
E
1 .
gt = GMe _ g3 e =5 mh2w? sir? (wnt) — mge(ho + hy €oS ).
rg ’ 9)
1 By using a trig identity for sif(wnt), the time independent

Be=3 Q2 = 2.13x 10%° kgx m?/<,
Je = IEQE = 5.85x% 1033 ng m2/s

. N 1 .55

Let (X,Y,Z) be the rectangular coordinates for an inertial constant = 7 mhiwy, — Mgeho. (10)
frame-of-reference, let the Earth’s center be at the origin
the (X, Y) plane coincide with the equatorial plane, and I&uppose a gyroscope is suspended by a spring of unstretched
the axis of rotation coincide with th&-axis. Letex be a unit length{o and spring constaif as depicted in Fig. 2. Suppose
vector directed outwardly along thé-axis, letey be a unit the upper end of the spring is connected to a vibrator which
vector directed outwardly along thé-axis, and lete; be a can produce a time-dependent supporting force.
unit vector directed outwardly along tieaxis.

Let the spherical coordinates for an exterior field-point Fup = W + mhyipw?, COS @iint), (11)
be (,¢,1), wherer is the geocentric radial distanagjs the ] . ] )
azimuthal angle, and is the geocentric latitude. Let be whereW is the weight qf the gyroscope. If the V|brator_|s
a unit vector directed upward alomglet e, be a unit vector turned df, hip = 0. In this case, the upper end of the spring
directed towards the east, andégtbe a unit vector directed 'S aftached to a fixed solid point, and the system becomes a
towards the north. The triae( e, ;) forms the basis for a simple undriven harmonic oscillator.

right-handed system of orthogonal spherical coordinates.  L&td¢o be the stretch of the spring when the gyroscope is
attached. Thek=W/6¢o = mye/6¢o, wherege is the Earth’s

Effects of a vertical vibration of a suspended gyroscope radial gravitational field at the surface. L& =hg. Then

part of (9) becomes

Let the field-point be at the center of the rotor of an aircraft mye
navigation gyroscope. Letbe the geocentric latitude for the k= Tho (12)
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Fig. 2: Schematic for a forced harmonic oscillator; a rofanassm
suspended by a spring of spring constamtith an upward support-

Fig. 3: Depiction of the gyroscopic forces acting on a rotomass
m, radiusR, and angular momentum vectdy;, which is supported
by an upward forcé;, at a distancé along the axel from the ro-
tor’s center to the support. Assurdg; is in the horizontal plane. If
Fup =My, the precessional torque on the rotgs, = bmge. In this

ing forceF,. HereT is the spring tension pulling up on the rotorcase, the rotor precesses around the support with an arspded

the weightW is the downward force of gravity on the rotor, ahd
is the height of the center of the rotor above the surface.umss
that the mass of the spring is negligible, and that the mashkeof
gyroscope approximately equals the mass of the rotor.

If the system is enclosed in a glass box, the damping of smtf'ffl

fS

amplitude free oscillations would be weak. The equation
an undamped harmonic oscillator is [7]

d?h

i wZh=0, (13)
where K
2_ K _9ge
wi = m =y (14)

If hg = 10 m, thenwy = 313 rads or 50 Hz. Ifw, = wy and
the constant of (10) is zero, the connection betweeandhy
becomes

hy = 2hg. (15)

This shows that the constamtis comparable with the ampli-
tudeh;.

Now consider the forced harmonic oscillator. Suppo
the vibrator is turned on and adjusted to an amplitygeand
angular speed,p. In this case,

Fup = Mge + Mh,ipw?, COS (,ibt). (16)

Wpen = bng/mszrot-

axis, and nutation is an up-down nodding motion of the rotor.
The general problem for motions of a spinning rigid body can
quite complicated, but the problem is simplified for derta
pecial cases. The case for “THE HEAVY SYMMETRICAL
TOP WITH ONE POINT FIXED" is described in great detail
by H. Goldstein [8, p. 213].

Suppose the axel for a rotor is supported at a disténce
from the center with an upward supporting fofgg and with
the angular momentum vectdy,; released in the horizontal
plane, as depicted in Fig. 3.

For a first case, suppose the supporting force is constant
and equal to the weigh&,,=mye. Consider the case for
slow precession without nutation.

Let wpen be the precessional angular speed, and Jgt v
be the linear speed. Then the torguyg, = bmye = Jrotwpen.
Solving for the angular speed givege, = bge /RPwyot.

If the distanceb=0.1m, R=2x102m, and ws=

3.14x 10° rad’s, numerical values fabpen and Vpen are
se

% =0.782 rads,

2‘Urot

Vpen = bwpen = 7.82x 1072 s,

Wpen =

(17)

If wiib = wk, the system is at or near resonance [7]. At reshus we find that the precessional speed for this case would

onance, if the damping is small, the speatiidt is in phase

be slow and constant at about 8 /smNotice that this gyro-

with the driving forceF,,, the average kinetic energy in th&copic force supports the entire weight of the rotor.

system is at a maximum, and the amplitude at the rtotaan
be many times greater than the driver amplithgg

Suppose the system is started with; at a small initial
angleddy above the horizontal plane. Lbfn be the ampli-

The dfects of vibration alone apply to any dead weighfude for nutation, which is the initial height above the Rori
because vibration alone does not depend on the rotatiory@ftal plane. Then

the gyroscope’s rotor. Gyroscopic forces do depend on the

rotation of the rotor. Therefore, for a complete analysis, g

roscopic forces must be included.

Effects of gyroscopic forces

hntn = btan(s@o. (18)

When released, the rotor will precess with the angular speed
wpen Of (17) and oscillate up and down with an upper maxi-

Gyroscopic forces cause precession and nutation [7, 8}. Areim anglesd, and a lower minimum angléd;. Let wn, be
cession is a steady revolution of the rotor around a vertithé angular speed for nutation. The formula égf, can be
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foundin [8, p. 221]. HereG is the gravity constantg is the Earth’s spherical ra-
dius,Qe is the Earth’s sidereal angular spegds the Earth’s

?£ = wot = 31x 10 rads (19) mean mass density, is the speed of propagation of the

Réwpen Earth’s gravitational fieldr is the geocentric radial distance
to the field point,A is the geocentric latitude for the field

;I;]r;ufsr evéi;:‘gy;g?i;ger;g?%%%cyl_éor nutation is the same &%nt, Q, is the angular speed of the projection of the field

The formula for the dference siéén — sinsg: can be point onto the equatorial plane, af$(r) is a power series
found in [7, p. 312] 0 1 representation for a triple integral over the Earth’s vodum
P ' The numerical value fo€, with ¢, =cis

Wntn =

Sindfy — sindf, =

—_V
RiwZ,’ Cy = Gpre—' =3635x 10° m/s’ (25)

If b=0.1m, R=2x102m, andw,,: =3.14 x 10°rad’s, the The formula for the power series is

numerical value for the dierence becomes
e 3 e 2 e 4 e 6
PS(r) = (T) co+cz(7) +c4(7) +c6(7) . (26)

sindfy — singfy = 1.24x 1072, (20)
the amplitude where the values for the cfiients are
hrn = 62 10°* - m, (21) Co=050889 C,=0.13931
and the linear speed for nutation becomes C.=001013 Co=0.14671 (27)
Vntn = Pntn@nin SN (nint) = (1.9 Mys) sinwmn®).  (22) | gt CPS, be the value foPS(re). The definition and numer-
Now let’s change the length of the axel. Suppose the rotoiﬁgl value are
axel is extended on the other side of the support by the same CPSg = Co + Cy + Cy + Cg = 0.805 (28)

distanceb, and a dead weight that balances the cross beam
is attached. IfJq is directed outward from the supporting et J, be the geocentric angular momentum for the rotor,
point, the dead weight would produce a torque equal in magkfined as
nitude but opposite to the direction fog,, which would can- J; = mriQ(,) (29)
cel the precessional motion. But such a balance would not ,
cause any change in the nutational motion. By conservation of angular momentum,

With the cross beam balanced in this manner, suppose Y, )
the vibrator that supports the cross beam is turned on and constant = — = ryQ, = reQe cos (30)
adjusted to have an amplitude laf,, and an angular speed
wnn. This would induce an artificial nutation, but only if theSolving (30) forQ, gives
gyroscope’s rotor is spinning with an angular spegg. If
the radial grayitational field contains a small time-deperid Q4 = Qp (1 - 2@ - zm cos @ht)) (31)
component with an angular speed neg,, there would be e le
interesting interferencefects and beat frequencies that COULFhen the diference
become visible in the balance of the cross beam.

Q

The Earth’s time-retarded transverse gravitational field 1- Q—Z = ?—z + 2r_El COS (wnt). (32)
To satisfy the causality principle, the neoclassical chihea _ ,
ory postulates a new time-retarded transverse componenﬁHbSt'tUt'ng (32) into (23) produces

the Earth’s gravitational field [1]. Let, be the Earth’s time- ho hy
retarded transverse component. The formula for the magni- gs =Cy (2r— + 2r_ cos @ht)) PS(r) cog 1. (33)
tude is [1] E E
) The numerical value fogy, with ¢,=c, r=rg, ho=hy =
go =Cy (1 - Q_Z) PS(r) cod A, (23) 10“m, andl = 60°, is
where the definition for the céigcient is 9s = (2'3 X107 m/sz)(l +cos @ht))‘ (34)

This result shows that the time-retarded transverse gravit

_ ol
Co = GprEc_' (24) tional field for a suspended gyroscope is totally negligible

g
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Z-axis The right side of (36) becomes
B
fva Aeda= g¢ffr’dr’d/l’ - g¢g 2. (38)
Next comes the solution
1 , ho hp
da A= Zrgs=Agcog A PS'(r)|2— +2— coswnt)| (39)
~_elemental o 2 e e
/ where the definition foAg and its numerical value witt, = ¢
r' £l and the definition for the power series iy are
T point C r
A=E_116 n?/
de . C
equatorial plane r
\ PS/(1) = — PS(r) =
elemental E
path length _C (rE)2+C (rE)4+C (rE)6+C (rE)s (40)
T 2T T o7
The formula that connectg, to the time-dependence &,
is[9, p.219].
__laa
91 = v dt -
h .
= 2@ cosz/l(l—wh PS’(rg) sin (wht)— (41)
Vi e
) - - dPS’ (hg hy
Fig. 4: Depiction of the semicircular area to be used for 8tk T Tat E + E cos nt) ]|,

theorem. The contour for the line integralAs-» B— C — A. Here

d¢ is an elemental path length vectog ié an elemental area vectoryyhere y is the “induction speed” for the neoclassical causal

ande, is a unit vector forl. The field-point is at and the elemental theory.

areaduis atr’. The numerical value for the average induction speed has
been found to be [1]

The Earth’s time-retarded transverse vector potential _
_ o % =5x10° m/s (42)
Let A be the vector potential far,. Then by definition

The codficientAq is inversely proportional to,. Itis interest-
ing to notice thatAo/vk with ¢, =c is inversely proportional

Units for A arerm?/s2, the same as the units for the scalar p&? Sk, and that
tential. Because the divergencegfis zero, the divergence VoK = 11x 10° m/s = 1.7c, (43)
of A must also be zero, which means thfatcannot have a
component directed along. ConsequentlyA must be di- wherec; is Kozyrev’s secondary universal speed, the one that
rected along,. is to be associated with rotational motion [4].
The needed elemental vectaté and da for integration Let CPS{ be the value foPS’ atr =rg.
using Stoke’s theorem are depicted in Fig. 4. Stoke’s thraore
states that the line integral ok e d¢ around a closed con- CPSy=PS'(rg) =Co+C2+C4 +C6 = 0805 (44)
tour equals the surface integral®i A e da over the surface 1,4 yalue fordPS’ /dt evaluated at = rg is
bounded by the contour. It is symbolically written as

gy = VXA (35)

dPS' hla)h .
——| =(2Cp+4C;, +6C4+8Cg)—— sin (wht) =
SEA.d{’:ffoA-da (36) qt |y, (@0t AC2+6Cs+8Ce)= T sin (wnl) 5)
h]_a)h .
Consider the closed contour depicted in Fig.A—>B— = 2~81—rE sin (wnt).
C — A. The left side of (36) becomes . .
The formula forg, to first order inhy/rg reduces to
95 Aedf =0, § Aedl = Arr. (37) hwn .
Al BLE A g, = C,cod /lv—k sin (wnt), (46)
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where the definition and numerical value with=c for C,
are

C, = 0.805x 2@ =

- 0.805C, = 2.926x 10°° m/s, (47)
E

andC, is given by (24).
If hy=10"* M, wh=wro, Vk=5 kmys, and1 =60, the

sensitivity and reliability of laboratory instruments.dh in-
strument that can detect the Earth’s time-retarded trassve
vector potential is developed with a precision of about 1 par
in 1000, the theory can be worked backwards to provide a
measured value for the speed of the Earth’s gravitatiordl fie

To accomplish this end, a dedicateffioet to develop an in-
strument, and comprehensive systematic studies using such

numerical value fog, reduces to
g = (4.6 x 10 m/<%) sin (wnt)

This result shows that the vector potential can produceea r
tively large value for the norfeouth transverse gravitationa
field. The ratio forg,/g,, with g4 from (34), is on the order

an instrument, are highly recommended.
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