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Abstract

In this paper, we derive expressions for the time dilation and
spectral shift in terms of proper time and proper frequency in the field of a

massive oblate spheroidal body using an approximate value of g,

pp 97 -100

1.0 Introduction.

In a certain sense, all measurements give dimelesi@mumbers since the measured values are
compared with units defined by other measuremefime for instance is measured by comparing an
interval of time with the natural oscillation tinoé some physical system, e.g.; the period of ligmitted
by a well-defined transition in an atom or moleculghe results of such measurements can be compgred
two observers in different modes: i.e they, mayhbmimpared with local standard frequencies or thay
transmit the signal emitted by local clocks to eaher such that direct comparison is enhanced.
Experiments show that if all external fields aredm&qual in two systems that are equally accelkratg
falling freely without rotation, the measurementii show the same dimensionless numbers as observed
by Lars Falk [1]. This shows that if physicallyffdrent clocks in the same place and time, their
measurements will be consistent. A direct comparigetween clocks at different places, there iy ver
little reason to assume that they will give the samsults. Since clocks are physical objects, ey
expected to be sensitive to external conditionshss the presence of massive bodies. When ualvers
time was introduced by Newton, it was consequeatl§icized as being too abstracts as edited in the
Principia [2]as “absolute true and mathematical time of itsaffd from its own nature flows equally
without relation to anything external, ....” The test between homogeneity of time and space as banda
[3] in 1976 puts it “ it would, however, be much ramatural to say that the motion of a point phtiest
the homogeneity of space and time’. This statememinpted other physicist to carryout experimemis a
such experiments show that clocks move at differatgs at different distances from a massive bedy,
the star. That is time is in fact inhomogeneouswell- known example is provided by the red shift o
spectral lines from massive stars. These measuitsraee rather uncertain and have been improvetey
well-known Mossbauer experiments on earth. Allsthexperiments suggest, that the flow of time is
slowed down close to a massive body.

2.0 Analysis
According to G. Arfken and Hildebrand [4, 5] for ablate spheroidal coordinates of space
(r],E,(p) are defined in terms of the Cartesian coordir(aa;@/sz) as

x=a[(1-n?)@+&?)]7cos ¢ (2.1)
1
y=a[(1—n2)(1+22)]zsin(p (2.2)
z=ang (2.3)
wherea is a constant parameter and -1<n<1,0<§ <, 0<¢<2m (2.4)
and the surface is given by the equation § =¢, (2.5)
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for some constaf, .
It follows that, for a flat space of the invariarmfethe line elements’, the covariant metric tensor

in oblate spheroidal coordinates is given lgy =1 (2.6)
_ aZ r]Z +EZ
9, =- (1_”2 ) (2-7)
_ a2 nz +EZ

9, = (1_'_&2 ) (28)

g, =-a*(1-n*)(1+¢?) (2.9)

g, =0, otherwise (2.10)
In the paper [6] the covariant metric tensor fonassive oblate spheroidal body is derived to be

O, =€ (2.11)

g,=-¢€° (2.12)

g, =—¢e" (2.13)

g, =-a’(Ll-n*)(L+&?) (2.14)
where F,G and H are functions gfand & only. It follows that for a massive body of imamce of line
elementds’ is given by  ds® = g,,dt? +g,,dn? +g,,d&? + g,.do’ (2.15)
By definition, the proper time elememit is given in terms of the metric tensor exteriortiie oblate
spheroidal body as c’dt? =g,c’(dt)’ +g,,(dn)? +g,,(dE)? +g.,(do)*

(2.16)
where (t,n,&,@) are the spheroidal coordinates of space time. s€mprently, for a fixed position, i.e.,
(r],E,(p) constant, O0=dn=d¢ =dop (2.17)
Now, it is well-known that a good approximation figg in any gravitational filed is given by moller and
Anderson [7, 8] as 9o =[1+£2<ng (2.18)
c

where @ is the corresponding universal gravitational scpteential. From the paper [];, s derived to
be

cDg(nE(p)ngQO(*iE)PO(n) +BZ+Q2(*iE)PZ(n) (2‘19)
whereP; andQ; are the two linearly independent Legendre funatiohthe order
i=0,1,2 (2.20)
Consequently, by the condition of continuity of fhatentials and their normal derivatives at therozuy
_ 2
of the spheroid, it follows [9] that & =¢ | Bg:ijﬂe—p"ag‘) (2.21)
QO |2':|
o],
and
476Gp,a’ d
df £=¢
B’= — (2.22)
d
9 Q Lo 7 P } |: Q —i :|
{ 2( 5)|:d<z 2(-i¢) et f 2(-i¢) o
But
(ea 1., 1
Qo) :|(E +§E 3+§E +j (2.23)
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and

1 3 .
Quiey = 2{22 +(3 S]E +(5 7]2 } (2.24)

The universal gravitational potential of an oblapdheroidal massive body contained expressiongimste
of imaginary arguments are everywhere real valuégollows from equations (2.18) and (2.12) - @.2
that for a clock in the gravitational field of ahlate spheroidal massive body

_Qo (-i€) pOn)

wle e

d 2(_;
- Z[d{ (3COS (—lf)‘l)} Queie) Paty)

=60

dt=|1-

ON|N

rﬂmaf}

L (1 3),., (1. 3 (2.25)
2¢& +(3+5){ +[5 7){

3 x{:{(scos«-ie)-l)}g_&

4.]11,3
2& {3+7}{

dé i
se3)e |

Equation (2.25) is an approximate gravitationaletidilation formula in the field exterior to an ofga
spheroidal massive body. Also, it is well knowattthe frequency of a clock is inversely propordibto
its period and hence its spectral shift in termproper frequencygis given by

[3 cos’ 1]
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- QO(—iZ) pO(n) 2

d[€—1+1{—3+{—5”j
§=¢0

dé 3

d 2 H
-2 {d{(Scos (—|{)—1)} Qafeie) Papy)

&=

_ 2{477/1061250}
v=l-—| — 0 L (1.3) s (1,3) Vv, (2.26)
c 3 {2{ +(3+5j6 +(5+7j{ }

3 x{i{ (30052(—i5)—1)l_50
1 3
213
—[3cosz—1] a 3 7
dé +(1+3)E‘5....
5 7

&=6o

The gravitational scalar potential of rest magschth be expressed as

M, =S al p,é, (347 ) (2.27)

3.0 Summary and Conclusion.

In this paper, we derived the expressions for e tdilation and spectral shift of light in the
gravitational field of a massive oblate spheroidatly as (2.25) and (2.26). The expressions cordaine
complex arguments, which are real values everywimeterms of the new spheroidal coordina(qs{,(p)

with very

many corrections and need physical interpretataont investigations. Little attention has been git@
other orthogonal coordinates such as oblate sptargirolate spheroidal, toroidal whose applicatioray
yield plausible results to most of our unsolved it problems.
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