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An example of planetary axis precession is given using data simlar to that of the planet  Mercury.

Units are normalized so that the perihelium r0=1. , G=1. , M=1.

In these units c=5.58E3.

The influence of the relativistic correction can be  highlighted by reducing the speed of light to 1/1000. of its normalized value , that is only 5.58 units. Hence in one orbit the shift is made readily apparent being ( E3)2 times larger than with  full speed.
The Einstein  equation for a planetary orbit is

 d2 u /d θ2      =  a  - u  + b u2             (1)
In its original form

u=1/r    a = G M (m/L)2            b =  3GM/c2             (2)
u~1/ meter    , G=6.67 E-11newton –meter2/ kg2   , 

M(sun mass) = 1,99E30 kg  , 

L =angular momentum = m r2 d θ/dt .

Let, G=1 , M=1   and some value of length
  r scale = r0 =4.60E10 m
 be our basic units. We have that the scale of speed is

v scale = ( GM / r scale )1/2  = 5.37 E 4 m/s.  

Vscale  is not equal to the intial velocity v0 .
The speed of light is  c = ( 5.58 E 3 ) v scale   .
Eq (1) becomes in the normalized units   
d2 u /d θ2      =   (m/ L)2  + u  + ( 3/c2 ) u2         (3).
Furthermore our intial conditions will be  r(0) = r0 i  + 0 j 
and    v (0) = 0 i   + v0 j . Let r0 =1. and vary only the initial velocity v0 .  

Then the angular momentum is L = r0 m  v0 .
And (3) has the final form

d2 u /d θ2      =   (1/( r0v0 ))2  + u  + ( 3/c2 ) u2       (4).

Writing it as a finite difference equation gives,

un  = 2 u n-1 – un-2   +  (∆ θ)2  { (1/ v0 )2  + un-1  + ( 3/c2 ) un-1 2 }   (4). 
The total energy/unit mass is approximately   
(E/m) =  (1/2) v0 2   - 1/ r0                         (5).  
The unit of “energy ” is  = GM/ r0 = 2.88 E 9 (m/s)2
Data for planet  Mercury.
At perihelium   r0 = r scale  = 4.60E10 m  , 

and  v0 =5.90E4 m/s =1.10 v scale . Substituting in (5) gives the total energy  = (1/2) (1.10)2 – 1 =  -0.395  
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-1.5

-1

-0.5

0

0.5

1

1.5

-1.5 -1 -0.5 0 0.5 1 1.5

X

Y

Series1


[image: image2]
A more detailed view of the second part of the cycle shows du /dθ =0 at
θ ≈ 6.90 radians . The shift in one revolution is 6.90-6.28 = 0.62 rad.

Then  ∆θ  (rad /century ) = 

       0.62 * ( 5.58 / 5.58E3)2  * (420 revolutions/century)* (2.06 E5 seconds of arc/radian)

        =  53.6 seconds of arc / century
&&&&&&&&&&&&

Second example  r0=1.1   v0=1.1

r0,v0,c(rel),c(red)=  1.1  1.1  5584.83974  5.58483974

energy= -0.304090909

kount,kp,nstep= 133 133 8000
du/dθ  =0 at    θ= 6.78 rad   , ∆θ= (6.78-6.28)rad/revolution = 43.3 seconds-arc/century
     θ                        du/dθ     
  0.6262E+01    0.7355E-01

  0.6281E+01    0.7108E-01

  0.6300E+01    0.6859E-01

  0.6318E+01    0.6607E-01

  0.6337E+01    0.6354E-01

  0.6356E+01    0.6100E-01

  0.6375E+01    0.5843E-01

  0.6394E+01    0.5585E-01

  0.6413E+01    0.5325E-01

  0.6431E+01    0.5063E-01

  0.6450E+01    0.4800E-01

  0.6469E+01    0.4535E-01

  0.6488E+01    0.4270E-01

  0.6507E+01    0.4003E-01

  0.6526E+01    0.3734E-01

  0.6545E+01    0.3465E-01

  0.6563E+01    0.3195E-01

  0.6582E+01    0.2923E-01

  0.6601E+01    0.2651E-01

  0.6620E+01    0.2378E-01

  0.6639E+01    0.2105E-01

  0.6658E+01    0.1830E-01

  0.6677E+01    0.1556E-01

  0.6695E+01    0.1280E-01

  0.6714E+01    0.1005E-01

  0.6733E+01    0.7288E-02

  0.6752E+01    0.4526E-02

  0.6771E+01    0.1764E-02

  0.6790E+01   -0.9991E-03

  0.6808E+01   -0.3762E-02

  0.6827E+01   -0.6524E-02

  0.6846E+01   -0.9283E-02

  0.6865E+01   -0.1204E-01

  0.6884E+01   -0.1479E-01

  0.6903E+01   -0.1754E-01

  0.6922E+01   -0.2029E-01

  0.6940E+01   -0.2303E-01

  0.6243E+01    0.7599E-01

  0.6262E+01    0.7355E-01

  0.6281E+01    0.7108E-01

  0.6300E+01    0.6859E-01

  0.6318E+01    0.6607E-01

  0.6337E+01    0.6354E-01

  0.6356E+01    0.6100E-01

  0.6375E+01    0.5843E-01

  0.6394E+01    0.5585E-01

  0.6413E+01    0.5325E-01

  0.6431E+01    0.5063E-01

  0.6450E+01    0.4800E-01

  0.6469E+01    0.4535E-01

  0.6488E+01    0.4270E-01

  0.6507E+01    0.4003E-01

  0.6526E+01    0.3734E-01

  0.6545E+01    0.3465E-01

  0.6563E+01    0.3195E-01

  0.6582E+01    0.2923E-01

  0.6601E+01    0.2651E-01

  0.6620E+01    0.2378E-01

  0.6639E+01    0.2105E-01

  0.6658E+01    0.1830E-01

  0.6677E+01    0.1556E-01

  0.6695E+01    0.1280E-01

  0.6714E+01    0.1005E-01

  0.6733E+01    0.7288E-02

  0.6752E+01    0.4526E-02

  0.6771E+01    0.1764E-02

  0.6790E+01   -0.9991E-03

  0.6808E+01   -0.3762E-02

  0.6827E+01   -0.6524E-02

  0.6846E+01   -0.9283E-02

  0.6865E+01   -0.1204E-01

  0.6884E+01   -0.1479E-01

  0.6903E+01   -0.1754E-01

  0.6922E+01   -0.2029E-01

  0.6940E+01   -0.2303E-01

 &&&&&&&&&&&

c Einstein equation d^2u/dx^2 = -u +a +b u ^2  23 march 2006

c G =6.67E-11 Nm^2/kg^2      M= 1.99E30  kg  ,r0=4.60E10 m

c  u 1/r , a=1/v0**2  , rs= 2./c**2 , c= 3.E8* sqrt(rperi/(G*m))

c   E= (v0**2)/2  - 1./r0 // delta (theta)*86.52= sec of arc/century

c to detect the perihelium precession we slow down c to only c/1.E3

      implicit real*8(a-h,o-z)

      double precision m

      equivalence (x,theta)

      f(u0,u1)= -u1+ a + (3.d0/c**2)*u1**2

      rperi=46.d9

      m=1.99D30

      G=6.67D-11

      pi=2.d0*dasin(1.d0)

c speed of light in terms of sqrt(GM/r0)

      r0=1.d0

      v0=1.10d0

      c= 3.d8*sqrt(rperi/(G*m))

c      c=3.d8

      print*,'r0,v0,c(rel),c(red)=',r0,v0,c,c/1.d3

      c=c/(1.D3)

      a=1.d0/(r0*v0)**2

      u0=1.d0/r0

      energy=.5d0*v0**2-1.d0/r0

      print*,'energy=',energy

      u1=u0

      thetaf= 1.2d0*(2.d0*pi)

      nstep=8000

      kp=int(dfloat(nstep)/60.d0)

      kount=kp

      dx=thetaf/dfloat(nstep)

      rx=(1.d0/u0)*cos(0.d0)

      ry=(1.d0/u0)*sin(0.d0)

      dudz=(u1-u0)/dx

      print*,'kount,kp,nstep=',kount,kp,nstep

         print*,'  '

      print 100,rx, ry,0.d0 ,dudz

      do 10 i=2,nstep

      x=dx*dfloat(i)

      u2=2.d0*u1-u0 + dx**2*f(u0,u1)

      dudz=(u2-u1)/dx

      if(x.ge.6.0)kp=20

      if(i.eq.kount)then

      rx=(1.d0/u2)*dcos(theta)

      ry=(1.d0/u2)*dsin(theta)

      kount= kount + kp

      print 100, rx, ry, x ,dudz

      endif

      u0=u1

      u1=u2

10    continue

100   format('rx,ry,z,du/dz=',4(3x,d11.4))

      stop

      end

du/d(theta) vs theta 





root at 6.90 rad 
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