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Abstract

Radar sounding phenomenon within the gravitationéield established by the
spherical massive Sun to the order 6f5has been resolved using general dynamical
theory of gravitation (GDTG). It is however well tablished, now, that most of the
astronomical bodies including the Sun are spherdidablate or prolates) in shape. In
this paper, the general dynamical theory of gratitm (GDTG) has been employed to
resolve the Radar sounding phenomenon within thexgtational field established by
the homogenous spheroidal oblate massive Sun. Témults compare favourably with
that established by the spherical massive Sun.
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1.0 Introduction

Radar sounding phenomenon within the gravitatidiedd established by the spheroidal massive Suheorder o ~3 has
been resolved using General Relativistic TheoryTiBR]. The work is based on the solution of Eimstefield equation by
Schwarzschild. In that work the matrix tensor wamslated from spherical coordinate system to spthelr coordinate and
the time for round trip for a photon moving withime gravitational field established by the homogenoblate spheroidal
massive sun was derived from the world line elemidotvever, in this work, the approach is basedhenGeneral Dynamic
Theory of Gravitation (GDTG). Here, thetime for nolitrip for a photon moving within the gravitatidfield established by
the homogenous oblate spheroidal massive sun iwedefrom the equation of motion for photons moviig the
gravitational field of a homogenous spheroidal vaes®ody.Even though this phenomenon has beenvesbalsing the
General Dynamic Theory of Gravitation (GDTG) up dader ofC~>, the problem is the General Dynamic Theory of
Gravitation (GDTG) have developed the field equai@and equations of motion for solving the abovatioeed physical
phenomenon by considering the massive sun, planbtaties and other stars as homogenous spherida@f?]. But it is
well known that the only reason for these restitdiis mathematical convenience and simplicity. fetog of nature is that
the sun which is G2 star in the milky-way galaxpldate [1] in shape.

Consequently spheroidal geometry will have subitheffects in the gravitational fields of astrorioal bodies. This work
is an attempt to use GDTG to derive the equatidRaafar sounding phenomenon within the gravitatifietd established by
the spheroidal massive Sun to the orde€ of by writing the equation of motion for photons mayiin the gravitational
field of a homogenous spherical massive body irspHal coordinate and then solving for the timedaound trip.

2.0  Spheroidal Geometry and Field Equations
The oblate spheriodal coordinate of spag€, ¢) are defined in terms of Cartesian coordindiey, z) as [3]:

1 1
x =a(l—n3)z2(1 + £2)zcos¢
_ 2y2 25 i ®
y = a(l—n%)z(1 + §*)zsing
z=ané
Wherea is a constant parameter of a particular oblatey laod
-1<7<10<¢<,0,0<¢p<2m

The General Dynamic Theory of Gravitation derived ahowed that the equation of motion for photoming in the
gravitational field of a homogenous spherical massiody is given as [2].
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du(r,t) 1 [1+ ! @ t)]_l d O,(r, ) tulr,t) = =V, (r,t) 2
e |[MTaE®h] gl Ojunt) = Ve, @
Equation (2) may be written alternatively as
1 1 1a
a(r,t) - C—Z{[1 + 00| o0, t)}u(r, £) = —V, (r,t) 3)

To write equation (3) as an equation of motion gbotons moving in the gravitational field of a hayeaous spheroidal
oblate massive body (sun), we carry out the transdtion of equation (1) spherical coordinate systam subsequently into
the spheroidal coordinates so that our first tarhe L.H.S of equation (3) becomes

a(’?: f, (P) = anﬁ + afé + a¢$
. (1—”2)]/2{(”2+52).. 28 . 2(1—52)1/2.2

—ta|orren| {aomtaom ™t aser N aret +’7(1+5)¢’}

2 / 2 2 2
A=D1 (m*+&%) . 2n S(L+n%) . $ e aviz
+éa [ ) {(1—52>“(12+52) S”(125 rAN s LS ”)¢}
1 ..
+BaCl =)0+ 8 (b~ i 4 e 0] @

And the instantaneous velocity of a moving partiolean oblate spheroidal coordinate [4] as
U, ¢, ¢) = Uyl + US + Uy

(? +§)z 0 +§9)z, !

fa i+ fa o+ fa( — ) (1 + 69

T AL Lo A LG L CR R

The universal gravitational scalar potential [4{egior to the spheroidal oblate massive sun has bb&ined as [6]

Dy (1,§,0) = {B5 Qo (—i§)P, () + B3 Q2 (—i§)P, ()} (6)
Where,,P, and},,Q, are corresponding pair of independent Legendretiums,B, andB,are constants. The del-operator in
terms of the spheroidal-oblate coordinates is gigen as [6]

.(5)

v, & d) = ﬂ6+A (1 i+A 1 9 7)
T G ey o a1 e 08 (- ) (1 + 602 09
Using equation (6) and (7), the negative gradiéldn universal scalar potential is computed as
Vo) Y (Sl 1(1zm /ZB+ P
- ¢, ¢) = <7I +€2> 0 Qo(_lf) 0(77) (77 +€2> 2 Q2(— lf) > (1)
1-¢2 N .
—5(,72 +52) B2 Py E Q0(~i2)
1(1=g2\" . )
“a\p +52) PZ(”) ag &1 ©

Substituting equation (4), (5), (6) and (8) intaation (3), the RHS of equation (3) turns out to be
1/1-n2 2 1/1-n? 2 iy
——< ) By Qo(— )5 Po(n) (—) By Q. (- ls‘) Pz (m — ( ) BS'P, (n)

a\n?+¢&2 + &2 24¢2
1/1- 52
_E n2+§2 BZPZ(n)
And the LHS of equation (3) becomes
1 1

1_772 2 1+52 2 _ 2V 231/
a<n2+§2> {1}+a<712+§2> {2} +a(1-¢8%)72(1 + &%) /2{3}

5 Q=i

5 (i)

1 1, “d
—C—z{[l +0imE )] Lo ¢>}u(n £9)
Where:
2 2 _ 1
{1}={(n SOOI Sk i) K

L L (s A (R)

(1-1n2) (1- 2) S( +77(1+f)¢}
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(P +E . 2 §@+n% ,, § 0 iir 2 -2}
{2}‘{(1—52)f+(1+52> Bta—gyet —aop o SA-m
3) = {6~ o 4 o ]

(1-7?) (1+¢%)
Equating the LHS and the RHS of equation (3) framfbregoing we have

1 1
1-— nZ /2 1+ 52 /2
a (772 n fz> {1} +a (772 n 52) {2} +a(1 - 52)1/2(1 + 52)1/2{3}

-1

d
—®;(1,¢, ¢)}u(n $d)

1 1
_5_2{[1 + 05018, "”] dt

1/1—7? s, . 1-n2 Y, .
:_5(7724'52) B Qo(— lf) Po(’?) (ng) B3 Q,(— lf) Pz(n)

1(1-g\" , .
HEE 52) BER (1) 5 Qo1
1/1-¢2\" - |
E<n2+52) PZ(n)aé’ 0(=18) )

Equation (9) is the equation of motion for photoowving in the gravitational field established by tbelate spheroidal
massive sun according to General Dynamic Theografitation (GDTG)

3.0 Application

Consider an observer gtcorresponding té,sending radar signal or pulses in a radial directmwvards a small body at
positionr, corresponding t§, within the gravitational field established by tm@mogenous oblate spheroidal massive sun of
massM such that, > &, as shown in Figure 1.

M

(2,62, 92) (0, §1,¢1)
° ) )
= N N

Figurel: Radar Sounding Experiment
We are interested in computing the total time ndeide the radar pulses to travel fragtoé, and back td, in a radial
direction. For radial motion of radar signals iruatprial plane
n=0anddn =d¢ =0
And also using the facts that
P =1

1 2
Po(n) =5 Bn* = 1)
As Legendre functions in equation (9) it follovissit

SR “5(1_52)2 [1+ <B+Q (-i€) ~ 5 B30~ is‘))]_li[BW (i) ~ 5 B0, (~i2)]
§1-¢2) (1+€2)2 o e del o< 2°2%2
1 1-¢2): 1 (1-¢%:
= —BJ—QO( &) + —132—0( i£) (10)
Geaqir gy | % 2agargy 0
Or alternatively, equation (10) may be written as
1 . a.(1-8) 1.a-g 1 (1-¢2:
4587 — E Q:(§) = P ) +5-——=0s(5) (11)
§1-¢%) (1+§2)? : St2(1_|_§2)5 * 2(152(14_52)5 5
Where:

— 1 + ; 1, ; d + ; 1. ;
0:(6) = [1 +C—2<Bo Qo(—ze>—53202(—ze>)] ~[Bre. i) - 5 B10. i)
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Q(© =[5 5 0u-5)]

05(6) = (B 2 0a(-i6)

By transformation

£ =w(); w?=(§)

Equation (11) integrates as

., [a 148 0)°
£ —{0—26(1%2)—5 o 5)2]} (12)
But

2 2 ? 2

U% = g (13)
Substituting equation (12) into equation (13) we have
i JR S Y (R 1+¢ 14
—; = Fag( +€)z{c—2€( +€)—f(1+§)2]} (19

Therefore the coordinate time of the radar signal is obtained from equijoas(

(1+ 23 +&2 N7
dt =—z {C §1+¢7) - f[(l m 5)2]} dg (15)
Hence the total time needed for the round trip of the radar signglttgr, and back td; is given as
_ o (Ba+s: -
dt—zj1 T{ E1+¢&H) - f[(1+§)2]} dé¢ (16)

The relationship between the proper tibe,and the coordinate tim®¢ is given by [5]
1

2 -
Dr = [1 -5+ 08 ¢)] Dt 17)

Substituting equation (16) into equation (17), expanding and integratingémsidering the first few terms we
have

D=2 - f)‘(l l>_12<l—l> (18)
c? 2 fl 522 fg fg

Equation (18) is the total time to the orderof taken for the round trip of radar signal within the gravitation
field established by the homogenous spherical oblate sun. Thesgrpréor the radial distance in the equatorial
plane from equation (1) in terms §is given by [3] as

r=a(l+¢2)" (19)

Hence
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a? 20)
2 A\
2
2= (; - 1)
Substituting equation (20) into equation (18) we have
Dngazcz (TE_TZZ)_E(TIZ_TZZ) (21)

Equation (21) is the total time for the round trip of the radé&esuin terms of a measurable distaigeto the
order ofc~2 within the gravitational field of the spheroidal oblate sun atingrto General Dynamical Theory of
Gravitation.

The total time for the round trip of the radar pulses within ghavitational field of the spheroidal oblate sun
according to Newton’s Dynamical Theory of Gravitation is given as [6]

Dr. — 1 1/1 1\a? 29
T =i =1 = (2 + ) 00 - 00y (22)

2\r; 1,/ c?
Subtracting equation (22) from equation (21) we have

1 1,1 1 1 14
D =g[r1 —, _E(TE) ——|oz - - 02 -rp|+ Slee —eml|  @3)

Equation (23) is the time delay to the ordet of which the radar signal will experience in the gravitatioretfi
of the homogenous spheroidal oblate sun according to General Dynamical TheoryitatiGng GDTG).

4.0 Summary and Conclusion

In this paper we formulated and derived equations of motion for the radar (pliets) in the gravitational field

of an oblate spherical sun, as equation (4), (5) and (9). Then we solved thenrddlighmotion in the equatorial
plane to obtain the instantaneous speed of the radar pulegsat®on (14). Equation (14) is applied to compute
the time taken by the radar pulses to move from an obséryan (reflecting targeté,) and back to the observer
within the gravitational field of the sun considered to be an elsialheroidal body and given as equation (18) and
the time delay is obtained as equation (23).

Equation (4)-(9) open the way for solutions of the equations of motigohfitons (radar pulses) in all directions
(ﬁ,é, ¢3) in the gravitational field of the spheroidal sun. Also our esgiom i.e. equation (23) contains the oblate
spheroidal correction to the corresponding total time delayetortier ot =2 for homogenous sphericé, 6, ¢)

given as
&1

Dz, = %{(7"1 —7n)+ —Cﬁzln (rz)}

Therefore the contribution of the oblateness of the radar soundibtepr according to the General Dynamical
Theory of Gravitation (GDTG) may be computed theoretical viston (23) to the order—3 for experimental
verification.
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