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Along each of the radial vector direction of polar angle θ, spheres can be closely packed with the specified constraint. It is this constraint, which brings in the simplicity that, every one of the spheres along a radial vector contributes the same induced filed at the specified point (site) within the material. Thus if the value for one sphere is known, and the number of closely packed spheres are calculated (as given by the equation stated earlier), then, the total contribution from that direction can be obtained by multiplying by the number ‘n’ of such spheres. Let the contribution of (one) i-th sphere along the vector direction θ be = σi,θφ 
Then the contribution from ‘n’ spheres would be = n x σi,θφ = σθφ This is only along the line of a radial vector, which is for a fixed φ. The φ dependent contributions for a given polar angle, θ can be obtained by recognizing the rotational symmetry around the magnetic field direction and this above value of σθ would be the same for all radial vectors on the surface of rotational cone with apex angle θ. If the circle described by the base of the cone is considered its radius would be, ‘R sinθ’ where R is the radial distance to the surface of the sphere from the site. By calculating the circumference of the circle described by the base, (to be 2 x π x R sinθ) and dividing the circumference length by the diameter of the Sphere in that base layer, which is 2 x  r, the number of such closely packed spheres on the circumference can be known. This number [(2πRsinθ)/2r] would be the number of radial vectors with the same polar angle θ and all the radial vectors would contribute each the same as calculated for one of vector. Thus the final value for the given polar angle would be                                                                                                         

σθ = [(2πRsinθ)/2r] x σθφ . This procedure is repeated for all values of θ discretely at known (specified before) interval and sum over the polar angles would give the total contribution from the entire specimen. R/r value would be the same as the value set as constraint.

For one sphere = σi,θφ      For ‘n’ spheres = n x σi,θφ = σθφ 

Summed for all azimuthal angle values for the given polar angle = σθ . 
Summing Over all polar angles thus gives final total contribution from the specimen material corresponding to spherical filling = σ. Since the spheres at their respective points can be replaced by cubes with the side equal to the diameter of that sphere, there can be no further void to account for. This step increases the magnetic moment at each point by the ratio of the cube to sphere volume. i.e., 

(8 x r3) / (4/3 x π x r3) = 1.909859. Final value σT = 1.909859 x σ
σT = [NINNER-NOUTER] x (4π x χv) with 
NINNER = 0.3333 (stands for value for spherical cavity)
From the above relation 

NOUTER can be calculated for the calculated σT
If the totality of the specimen material is accounted for by the corresponding summation of the volume elements, the single dipole moment of the entire specimen material would have been equivalently subdivided, and the dipole moments of the individual elements would be placed at the appropriate central location within the respective volume elements. The 

susceptibility of the volume elements would be proportional to the volume and which in turn determines the magnitude of the moment

Thus from the equation 2 the following criteria can be inferred:  the subdivided volume elements will all be at different distances from the point where the induced filed is calculated. If the subdivision were such that the volume elements are equal in size, then the entire specimen would be sub divided into specified number of equal volume elements. This would result in the obvious inappropriate splitting as illustrated in the previous section. On the other hand noting that the divided susceptibility values would be proportional to the volume, if the shape of the volume elements is spherical, then the susceptibility would be a product of  (4πr3/3)•χv with r being the radius of the spherical, divided element and χv being the volume susceptibility of the homogeneous specimen. Then, it is noteworthy that the r3 factor in the numerator is as much cube dependence as the R3 factor in the denominator. Note that the ‘r’ and ‘R’ are not related by any specified ratio. Therefore, same ‘r’ value occurs for the varying ‘R’ values in the case of equally subdivided elemental case. If the (‘r’/ ‘R’) value can be held constant, then all subdivided elements along a radial vector with the same θ value can all contribute the same value irrespective of the variation of ‘R’. In such a case, with these criteria of r/R constant, would it be possible to subdivide the entire volume into smaller elements in such a way that the elements are all closely packed to account for the undivided material within that shape? If such a coincidence occurs, then possibly there can be a way out of the complication due to splitting dipoles. Then how many dipoles ‘n’ can be closed packed along a vector R, θ and φ?





Polar Angle θ





Susceptibility is ISOTROPIC





   Z-Axis; the Direction of Magnetic Field: H





          R


Is the distance of the magnetic moment from the point (where the induced field value is to be known).


The distance is along the radial Vector specified by its Polar angle





Commensurate with the Susceptibility the magnetic moment M would be in accordance with the equation M = χv x H





In these calculations, VOLUME Susceptibility is used. That is specified as χ cm3 


A typical value for Organic molecules (Diamagnetic) can be a convenient value and -2.855 x 10 -7 units can be typical per cc. of the material





FIGURE-6





r is the radius of the spherical magnetized material specifically demarcated.


(4/3) π r3 will be the spherical volume of the material at a distance R contributing at the


point of origin in the illustration on the left








The equation for induced field based on a dipolar model would then be


              σ = -2.855 x 10-7 x [(4/3) π r3] χv x (1- 3 cos2 θ) / R3   


From the above equation it is obvious that along this radial vector with the specified polar angle if spherical volume elements of the material are placed such that they all have the ‘radius- r’ to ‘distance-R’ ratio the same, then every one of such sphere would contribute the same induced 


field at the specified point.





Quantitative ILLUSTRATION of Close packing with the constraint ri /Ri = Constant





A Rotation by 360° results in a cone in conformity with the filling above and the cone is filled with the spheres closely packed. This is cone is a section of the full sphere and the sphere can be well envisaged with the closely filled spheres. The specimen then is left with the voids due to the regions not filled by the spheres. Hence, the material, in the actual specimen, corresponding to the amount filling the void must be taken into account and its contribution to induced field at the point.
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Line defined by Polar angle θ / direction of radial vector





FIGURE-7





FIGURE-8





This circular base of the cone with apex angle equal to the polar angle θ,


has radius equal to ‘R sin θ’: See Textbox below





Using above equation ‘n’ along the vector length is calculated, for the direction with polar angle θ.


Which is ‘σ’ per spherical magnetic moment x number of such spheres ‘n’.


σθ =σ x n. At the tip of the vector, there is circle along which magnetic moment have to be calculated. This circle has radius equal to ‘R sinθ’. The number of dipoles along the length of the circumference = 2 π R sinθ/2.r = π R/ r sinθ. Again, (R/ r) is a constant by earlier criteria.





Z-Axis; The Direction of magnetic field





With “C= Ri / ri, i=1, n”


For a sphere of radius =0.25 units, and the polar angle changes at intervals of 2 .5˚


There will be 144 intervals. Circumference= 2π/4 so that the diameter of each sphere on the circumference = 0.0109028; radius = 0.0054514


             C = R/r = 0.25 / 0.0054514 =    45.859779      [46.859779/44.859779] = 1.04458334


Log (1.0445834) = 0.0189431   (r/R) 3=1.0368218e-5 =0.000010368218











� EMBED Equation.3  ���
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Ri+1 = Ri + ri + ri+1 ----Eq.1


If Ri / ri = C, C=constant for all ‘i’ values


then, Ri = C x ri  and [Ri+1 / Ri] = [ri+1 / ri ]


From Eq.1   [Ri+1 / ri+1] =   [Ri / ri+1] + [ri / ri+1] + 1


                    [Ri+1 / ri+1] =   [(C x ri)  / ri+1] + [ri / ri+1] + 1


                    [Ri+1 / ri+1] =   [ (C+1) { ri / ri+1}] + 1


                                   C =  [ (C+1) { ri / ri+1}] + 1


                            (C -1) =  (C +1) [Ri / Ri+1]


                           Ri+1  =  Ri  (C+1)/(C-1)


                              Ri    = Ri-1  (C+1)/(C-1) 





                              R2  =  R1 (C+1)/(C-1)


                              R3  =  R2 (C+1)/(C-1)


   Therefore,  R3 =   R1 (C+1)/(C-1) (C+1)/(C-1) = R1 {(C+1)/(C-1)}2 


   Rn =  R1 {(C+1)/(C-1)}n-1   Hence,   Rn / R1 =  {(C+1)/(C-1)}n-1  


  Log(Rn / R1) = n-1 [log{(C+1)/(C-1)}] 


         ‘n’ = 1+ {log(Rn / R1)}/ [log{(C+1)/(C-1)}]  
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R3 = ‘Ri’





Radius vector ‘R’,’θ’ and ‘φ’





The possibility of close packing of subdivided spheres of the specimen is considered in the next three pages, for which the equation derived above is used.





R4 = ‘Ri+1’





FIGURE-5





Derivation of EQUATION for NUMBER of dipoles with close packing divided dipoles





Derivation in SHEET_12
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