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Foreword 

 
The 14th Meeting on Research Astronomy was held on May 13-14, 2010, 
under the chairmanship of Professor Yousef Sobouti, the president of 
Institute for Advanced Studies in Basic Sciences (IASBS). The scientific 
committee also included S. Nasiri (Zanjan University), H. Haghi (IASBS), 
K. Karami (Kurdistan University), and S. Rahvar (Sharif University).  
 
The structure of the 14th Meeting on Research Astronomy included oral and 
poster presentations and addressed different topics in Astrophysics and 
Cosmology such as: Alternative gravities, solar physics, galaxy group, 
cosmic rays, binary stars, accretion disk, dark energy, microlensing, dense 
stellar system … 
 
About 120 Participants from all over Iran attended this meeting and 
contributed to its success not only through their talks and/or posters but by 
taking an active part in discussions.  
 
Many colleagues and members of our Institute have helped us in many 
ways. In particular, webpage and electronic registration systems designed 
by Dr A. Ghods and Mr Mahmoud Shirazi and the secretary of meeting, 
Mrs S. Mihanparast.   
 
Special thank goes to vice president of our institute Dr H. Khalesifard, for 
the financial support and providing us the facilities of IASBS for holding 
the 14th Meeting on Research Astronomy. 
 
Hosein Haghi  
May 2010 
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The effect of solar gravitational moment on the ephemerid of planets 
 

Zahra Fazel 
University of Tabriz, Faculty of Physics, Department of Theoretical and Astrophysics. 

 
Solar gravitational moments (Jn) are the perturbations in the solar gravitational field which appear 
because of the rotational potential energy. This parameter with different orders of  magnitude (n= 2, 4, 
6, 8) indicate the distortions in the solar outer shape (as a bulge in the equator and some depression 
near the poles). These perturbations not only affect the outer solar shape but also the ephemerid of 
planets in the solar system. Contribution of the solar quadrupole moment is in two ephemerides cases: 
1) perturbation of the inclination of planetary orbit, 2) perturbation of the advance of planetary 
perihelion. Since these quantities are the relativistic phenomena,  so the study of gravitational 
moments will be useful in order to investigate the parameters of the general  relativity in Post-
Newtonian approach.  

   

Introduction  
Historically, a major scientific crisis on the solar 
oblateness and relativity developed in the middle of the 
19 century when LeVerrier found that the planet 
Mercury apparently was not moving accordance with the 
laws of Newtonian mechanics and gravitation. At that 
time, it was not yet understood the role of the solar 
gravitational moments but the effect of some extra 
perturbing mass in the solar system was a possible 
reason for predicted the excess motion of Mercury’s 
perihelion. In 1895, Newcomb recognized the 
importance of the oblate shape of the Sun and he 
claimed that some extra mass for example a massive 
planet near the Sun or a planetoid ring in the elliptical 
plane could lead to the regression of the node of 
Mercury’s orbit and its perihelion. The great interest is 
in 1915 when Einstein showed that the excess motion of 
Mercury’s perihelion could be explained as a relativistic 
effect. In 1965, Brans and Dicke reported an alternative 
theory in the general relativity consist of the 
gravitational moments. But this theory was not very 
successful. In 1979 Moffat used the other version of this 
theory which he considered relation between the solar 

oblateness and gravitational moments.  
In the present work was applied the value of the solar 
quadrupole moment (J2) obtained in our work 
(Ajabshirizadeh et al. 2008) to determined its 

contribution in the planetary ephemerid.     
 

Contribution of the solar quadrupole 
moment in planetary ephemerid 
In 1983, Campbell and Moffat represented a relationship 
which demonstrated the presence of J2 in two ephemerid 

quantities, that is, the changing rate of the advance of 
perihelion (ω) and the inclination (i) of planet’s orbit:  
<dω/dt> = [(3(GM)3/2)/(c2 a5/2(1-e2)] + [(3(GM)1/2J2 

Rsol
2)/(4a7/2(1-e2)2)] × 3[cos i cos is + sin i sin is cos(Ω- Ωs)]

2 – 1 
- 2 Ω sin i sin is sin(Ω- Ωs) × [cos i cos is + sin i sin is cos(Ω- 
Ωs)] – [(3lsol

4 c2(1+e2)3)/((GM)1/2 a9/2(1-e2)3)]                         (1) 
and    
 <di/dt> = [(3(GM)1/2J2 Rsol

2)/(2a7/2(1-e2)2)] × sin is sin(Ω- Ωs) 
× [cos i cos is + sin i sin is  

                              cos(Ω-  Ωs)]                                                         (2)                     

where G = 6.67 × 10-11 m3kg-1s-1; M = 1.98 × 1030 kg; c 
= 3 × 108 ms-1; Rsol  = 6.959 × 108 m; is = 71◦ 15’ 
(inclination of solar equatorial plane with respect to 
elliptical plane of the epoch 1950); Ωs = 75◦ 4’ (right 
ascension of the ascending node of the Sun). The 
parameters i and Ω vary from planetary orbit to 
planetary orbit, and all differ from is and Ωs. Finally lsol = 
(3.1 ± 0.5) × 106 (a Post-Newtonian parameter is 
introduced in Campbell et al. 1983 and Moffat and 
Woolgar, 1988).  
Having some information about the planets like as semi-
major axis in a elliptical orbit (a) and the eccentricity (e), 
one can calculate the advance of ω and inclination, i, 
knowing an exact value of J2.  
It should be noticed that in the calculations the 
equatorial plane of the Sun is coincident in the orbital 
plane of the planets.  
    

Post-Newtonian parameters 
As it mentioned above in introduction, in order to test 
the alternative general relativity, one can use the Post-
Newtonian parameters. These parameters characterized 
by α, β and γ refer to the Edington-Roberston parameters 
of Parameterized Post-Newtonian (PPN) formalism 
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which describe a fully conservative relativistic theory of 
gravitation.   
The PPN parameters cover particular case of Einstein’s 
theory of gravitation (general relativity) characterized by 
α = β = γ = 1.  
Here, α is the weak equivalence principle with value (α-
1) < 10-14, Will (2001) (this parameter is often removed 
in the fully dynamical theories);  
β is the amount of non-linearity in the superposition law 
of gravity which is obtained from the Nordvelt’s effect 

in Lunar Laser Ranging measurements, β  [0.999, 
1.0003]; and γ characterizes the amount of space 
curvature produced by unit rest mass with value γ -1 = (-
2.1 ± 2.3) × 10-5 from the light deflection experiments 
via the spatial mission CASSINI (Bertotti et al. 1998).  
Study of the solar quadrupole moment’s effect on the 
PPN’s parameters will be important to determine the 
ephemerid of planets particularly the advance of 
perihelion (ω) of Mercury which is a combination of the 
purely relativistic effect and the Sun’s J2. The formula 
which I applied them in my calculations is (Pireaux and 
Rozelot, 2003): 
         Δω = Δω0GR δ   (rad/ rev)                                        (3)                                            

with  Δω0GR  = (3 π R)/(α a (1-e2)) 
and  δ ≡ [ 1/3 (2α2 + 2α γ - β) – (Rs

2)/(R α a(1-e2))* J2(3sin2 i -1)) 
where the following parameters are: 
R, the Schwarzschild radius of the Sun, 2GMs /c

2 ; 
Ms, solar mass; 
Rs, solar radius; 
J2, the quadupole moment of the Sun (our exact value, -
2.613 × 10-7); 
a, the semi-major axis of Mercury’s orbit; 
e, the eccentricity of Mercury’s orbit; 
i, the inclination of Mercury’s orbit. 
Notice that formula (3) is only valid for fully 
conservation theories. If it is not case, the complete 
expression is given in Pireaux and Rozelot, 2001.  
I used our J2’s value obtained in Ajabshirizadeh et al 
(2008) in the above relationships for calculating the Δω 
for four near planets and I compared them with the ones 
of Campbell and Moffat (1983). The results are in 
following table. 

Table 1: The rate of changing of the advance of perihelion for four near 
planets to the Sun. Left column is the data for J2 (from the data for the line 

splitting of the solar oscillations)  considered by Campbell & Moffat and the 
right one is our value of J2. 

Δω for J2 = - 2.613 × 
10-7 

Δω for J2 = (5.5 ± 1.3) 
× 10-6 

 

43.00 43.09 Mercury  

8.61 8.67 Venus 

3.83 3.85 Earth 

Table 1, shows the difference in calculated Δω between 
two different values of the solar quadrupole moment. It 
indicates the contribution of J2 in the ephemeris of 
planets and the role of two different values in changing 
of Δω. One can conclude that by decreasing of the J2’s 
value, Δω is also decrease for three considered planets. 
Our results indicate a 0.2 % agreement with the ones of 
Campbell and Moffat. They believe that the general 
relativity can not explain all of the planetary data; so the 
anti-symmetric gravitational theory (Moffat and 
Woolgar, 1988) make it possible to solve all problems in 
this case by adding other parameter lsol. It seems that 
exact value of J2 is useful in the calculations, for this 
purpose it is needed to program some spatial missions.   

  

Conclusion  
   Study of the relativistic aspects in the approach of 

solar dynamical parameters is crucial which open a 
perspective to the future researches. In this case, 
obtaining the dynamical value of J2, i.e. a value 
independent of the solar models related to rotation and 
density, will be interested. In order to measure this 
dynamical value of J2, there is several important spatial 
missions, for example:  
       ● BeppiColombo: 2012, precise determinations of 
the PPN parameters; measuring 
           the precision of the node line of Mercury as a 
function of J2 (Milani et al. 2002); 
       ● GAIA: 2012, precise determinations of the PPN 
parameters; finding the PPN-J2 

                 relation by applying the relative advance of 
perihelion of the planets (Hestroffer 
            And Berthier, 2004); 
       ● DynaMICCS: precise determinations of rotation 
of the Sun’s center where 
            approximately whole mass of the Sun is 
concentrated in there, and indirect   
            determination of J2 (Turck-chieze et al. 2006); 
       ● Other projects like as ASTROD (Ni, 2002) or 
LATOR (Turyshev et al. 2005) for 
            precise determination of J2 and the PPN of γ.  
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Flux Tube emergence And MHD Equations 
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A major goal in solar physics has during the last decades been to find how energy flux generated 
in the solar convection zone is transported and dissipated in the outer solar layers. Here we solve 
the full MHD equations with non-grey and non-LTE radiative transfer and thermal conduction 
along the magneticfield lines. The emergence of the magnetic flux tube input at the bottom 
boundary into a weakly magnetized atmosphere is presented.   

 
Introduction: 
One of the stated goals of the newly launched Hinode 
satellite is to follow the evolution 
Of  magnetic flux from the moment of emergence 
through the  photosphere and into the 
chromosphere and corona. Such observations come at a 
timely moment as they should prove a fertile  testing 
ground for the 3D  numerical models of flux emergence 
that are  
now becoming available due to the technological 
development of massively parallel computers and 
algorithms to utilize these. The emergence of magnetic 
flux tubes has been studied in order to understand not 
only the dynamics of flux emergence evolution, but also 
its effects on the solar atmosphere. One of the major 
questions we are considering is how flux tube emergence 
changes the energetics and the dynamics of the 
photosphere, chromosphere and corona. What 
contribution to atmospheric energetics does the 
emerging flux represent? Another set of important 
questions relates to the observational signatures of flux 
emergence throughout the atmosphere. This paper is 
rather a first attempt to consider a framework for some 
of the problems of a magnetic field up through the 
atmosphere. 
The emergence of a magnetic flux tube into such an 
atmosphere results in varied atmospheric responses. In 
the last decade more realistic 3D MHD models of active 
region flux emergence have been developed up to the 
photosphere. Cheung et al. (2007) consider flux 
emergence through a convective layer including detailed 
photospheric radiative transfer,but excluding the layers 
above the photosphere.  
 
Equations and Numerical Method: 
In order to model the rise of magnetic flux tubes through 
the upper convection layer and their emergence through 
the photosphere and into the chromosphere and corona 
we solve the equations of MHD using the Oslo Stagger 
Code (OSC): 
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Where  represents mass density,u fluid velocity, P the 

gas pressure, J the current density, B the magnetic field, 
g gravitational acceleration, and e the internal energy. 
The viscous stress tensor is written τ and the resistivity 
η. Fr represents the radiative flux, Fc represents the 
conductive flux, and QJoule and Qvisc are the joule  
heating and viscous heating respectively.These equations 
are solved using an extended version of the numerical 
code described in Dorch & Nordlund (1998); Mackay & 
Galsgaard (2001) and in more detail by Nordlund& 
Galsgaard at http://www.astro.ku.dk/�kg and Hansteen 
et al. (2007) 
 
Initial and boundary conditions: 
The five models described here are run on a grid of 256 

× 128 × 160 points spanning 

8 × 4 × 16 Mm3 and 16 × 8 × 16 Mm3. At these 

resolutions the models have been run for roughly one 
hour solar time. The average temperature at the bottom 
boundary is maintained by setting the entropy of the 
fluid entering the computational domain. The bottom 
boundary is otherwise open, allowing fluid to enter and 
leave as required.  The upper boundary is set so that the 
temperature gradient is zero; no conductive heat flux 
enters or leaves the computational domainthrough the 
top boundary.Of course, without coronal heating the 
corona would cool on a time scale of roughly anhour 
(depending on the magnetic field topology)    , when no 
heat flux enters the  model through the upper boundary. 
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We have therefore seeded the initial model with a 
magnetic field in which sufficient stresses can be built 
up to maintain coronal temperatures in the upper part of 
the computational domain.The initial field was obtained 
by semi-randomly spreading some 20 − 30 positive and 
negative patches of vertical field at the bottom boundary, 
then calculating the potential field that arises from this 
distribution in the remainder of the domain. Stresses 
sufficient to maintain a minimal corona are built up by 
photospheric motions after roughly 20 minutes solar 
time. 
At the top boundary the hydrodynamic variables (aside 
from the temperature) and the magnetic field are set by 
characteristic extrapolations. This method hinders most 
of the reflections that are due to the 
presence of the upper boundary. No joule Injection of 
magnetic flux: 
We introduce a magnetic sheet or magnetic flux tubes 
into the lower boundary of the 
model described above. heating is added in the top five 
computational zones. 
 
The OSC uses a numerical method that, in principle, 
does not change ▼.B in time. The solenoidal condition 
must be enforced on the boundary to 
ensure that no magnetic monopoles are introduced. This 
is implemented by applying the 
boundary condition to the electric field, the staggered 
mesh will then enforce▼. B = 0 to 
the numerical accuracy of the operators at the boundary. 
The magnetic field variation at the boundary is defined 
by: 

 5
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E
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Where  , for example for the x component of the electric 
field we have 
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where Enx is the new x component of the electric field 
at the boundary, τ is the time step 

size, and _z is the vertical cell size, _(By) = Bny −By is 
the difference between the value of 
the magnetic field we would like to impose at the 
boundary, Bny , and the current boundary field By. 
We have run models in which a constant horizontal field 
in the y direction has been injected, and several models 
where a flux tube is introduced. The flux tube is 
horizontally rectilinear with twisted magnetic fields 

lines. The expression for the magnetic field has a 
structure given by 
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where   22
0 0)r x x z z     

is the radial distance to the center of the tube that has 
radius R. Blong, Btrans are the longitudinal and 
transversal magnetic fields in cylindrical 
coordinates respectively. The parameter q is used by 
Linton et al. (1996) and Fan et al. 
(1998) to define the twist of the magnetic field. 
Following Cheung & Moreno-Insertis (2006), 
we define a new twist parameter, λ, as 
λ ≡ q R. (13) 
As the flux tube enters the computational box, the height 
of the center of the tube (zo) 
changes in time. The speed of flux tube, (dzo/dt), is set 
to the average of the velocity of 
plasma inflow at the boundary in the region where the 
magnetic flux tube is located each 
time step. 
The field defined by equations 11 and 12 is easily seen 
to be a horizontal axisymmetric 
magnetic flux tube in which the longitudinal field has a 
gaussian profile in the radial  
direction 
 
Results 
We have carried out five simulations with different twist 
and magnetic field strength in 
order to study the effects of flux emergence in the 
photosphere and in th chromosphere.A summary of the 
runs completed is shown in table 1. In describing the 
reaction of the atmosphere to the introduction of new 
magnetic flux we will specifically concentrate on four 
layers placed at heights of z = 10,235, 450, and 900 km. 
We find that all runs show a similar series of events after 
the emerging magnetic flux 
pierces the photosphere. These events, that occur at 
roughly the same time in all models,are summarized in 
table 2, which shows the processes observed in the 
simulations ordered in time. These processes are 
described in the following sections according to where 
they happen. 
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Table 1. 

Simulation description 

________________________________________________________________ 
Name Twist λ      B0 [G]              Size                            Comment                              Time [s] 

========================================================= 
A1    0.1              4484                8×  4 × 16 Mm3           Flux tube in y direction         2200 
A2    0.2              3363                8 × 4 × 16 Mm3           Flux tube in y direction         2100 
A3    0.3              4484                8 × 4 ×16 Mm3            Flux tube in y direction         2500 
A4    0.6              4484                8 × 4 × 16 Mm3           Flux tube in y direction         3200 
B1    0.0 1           121                 16 × 8 × 16 Mm3          Flux sheet in y direction.      4500 

____________________________________________________________________________ 
 
 

Table 2. 
time evolution 

_________________________________________________________________ 
Process                                                                                                      Time[s] 

========================================================== 
Expansion of granular cells in the photosphere                                          900 
Expansion of the reverse granulation                                                          920 
Cooling of the center of granular cells in the photosphere                         1160 
Tube crosses the photosphere                                                                     1300 
Tube crosses the chromospheric height forming reverse granulation         1380 
Magnetic field moved to the intergranular lanes in the photosphere          1550 
Reverse granulation cooling with expansion                                              1560 
Tube crosses the layer z = 450 km                                                              1660 
The cells return to “normal” size in the photosphere                                  2100 
Upper chromosphere vertical expansion and cooling                                 2900 

__________________________________________________________________ 
 
 

 

Fig. 1.— Left panel: Temperatures (solid) and densities (dashed). Right panel: Gas (solid) 
and magnetic (dashed) pressures. All as a function of height in the initial model. Minimum 

and maximum values are shown in grey, average values are shown in black. The photosphere 
is situated at z ≈ 0 Mm. The models extent in height is from −1.4 to 14 Mm (top 4 Mm 

not shown here). 
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