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To create an inhomogeneous magnetic field, in which there would be zones 

with a practically constant value of the magnetic gradient (MG) and / or 

magnetic force factor (MFF), an original solution was indicated: the use of an 

electromagnetic system with spherical poles. In this case, the coordinate 

dependencies of MG and MFF in the interpolar region are extreme and the 

zones localized in the domain of the extrema are practically stable, referred to as 

the MGConst and MFFConst zones, with individual coordinates xextr of their 

conditional centers and length ∆x (with an allowable error changes in MG and 

MFF data within these zones). The data following from experimental studies is 

given on the dislocation of the indicated zones between the poles-hemispheres 

of diameter D, separated by different distances b; the values of xextr/D and 

∆x/D depend on b/D. It is shown that the dependencies xextr/D on b/D obtained 

separately for the MGConst and MFFConst zones, demonstrating, like the 

dependencies ∆x/D on b/D, mutual similarity (up to a constant multiplier), obey 

power functions with exponents of 0.5 and 0.4, respectively. A closer (to the 

center-to-center line of pole-hemispheres) and more compact (in length) 

dislocation of the MFFConst zones compared to the MGConst zones was 

revealed: almost 1.3 times both in xextr/D and in ∆x/D. 

Keywords: Spherical pole pieces, magnetic parameters, gradient, force factor, 

zones of constancy of parameters, inhomogeneous magnetic field. 
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I. INTRODUCTION 

Solving the amount of scientific and practical problems, often becomes necessary to use an 

inhomogeneous magnetic field and one that would have certain specific characteristics. In 

particular, it is suggested to create a field, in fact, a certain zone in this field, with relatively 

constant values of the magnetic gradient (MG), i.e. when gradH  Const or gradB  Const: by 

strength H or induction B = μ0H (μ0 = 4π·10-7 H/m – magnetic constant); aforementioned 

zone can be characterized as an MGConst zone. In addition, talking about creating a field, a 

certain zone of which is characterized by relatively constant values of the magnetic force 

factor (MFF), which is the product of H∙gradH or B∙gradB: where H∙gradH  Const or 

B∙gradB  Const; this zone can be characterized as the MFFConst zone. 

For example, this kind of problem is relevant for magnetometers operating on the Faraday 

ponderomotive principle (Faraday magnetometer, Faraday balance). One of the features of 

these magnetometers is that the object of study is samples of small spaces in order to 

measure the ponderomotive (magnetic) force Fm acting in an inhomogeneous magnetic field 

on the sample under study for the subsequent determination of its magnetic susceptibility χ. 

This feature becomes an important advantage when one has to deal with a very limited 

amount of material being studied; such an advantage can become decisive, in particular, in 

the study of the magnetic properties of media obtained as a result of fine magnetic 

separation, as well as other composite, powder media [1–8]. Using such magnetometers the 

known identical expressions for calculating χ are: 

HgradHVFm 0=  or 
0/BgradBVFm = ,                                                                                 

(1) 

indicate that in order to increase the reliability of the results, the studied sample should be 

placed in the zone of constant field inhomogeneity. The authors [9–11] assume that this is a 

zone of constant magnetic gradient, i.e. MGConst, and the authors of [12-14] consider that 

this is a zone of a constant magnetic force factor, i.e. MFFConst. 

However, it should be stated that currently, the required amount of reasoned data on the 

presence, location and size of these zones (and more informatively, on their variable 

dislocation) in the available cases of technological execute on and functioning of the 

corresponding magnetic systems is extremely limited. It results in the absence of information 

about the coordinate characteristics of MG and MFF in the used magnetometers. There is no 

possibility to judge the presence and the features of the dislocation as well, of the MGConst 

and/or MFFConst zones (therefore, in [10] it is proposed to give preference to relative 

measurements, performing only sample’s calibration for with known magnetic susceptibility 

values). 

 

II. MAGNETIC SYSTEM WITH POLAR HEMISPHERES. MGCONST AND 

MFFCONST ZONES, VARIABLE COORDINATES OF THEIR CONDITIONAL 

CENTERS  

The problem of obtaining zones of practically constant magnetic gradient MGConst and/or  

magnetic force factor MFFConst was originally solved in [15–18] - in an electromagnetic 
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system containing a magnetic circuit with spheric pole pieces (polar hemispheres, Fig. 1). 

Due to this shape of the poles, a specific, acceptable within the framework of the problem 

being solved, x-characteristic of the induction B (or intensity H = B/μ0) is obtained – in the 

direction x (Fig. 1), where x comes from the central point of the region between the poles 

and rushes in the radial direction of the transverse plane of symmetry of this region. 

 

Fig. 1. Illustration of the use of spherical pole pieces in an electromagnetic system, which 

allow creating local zones of almost constant values of the magnetic gradient and magnetic 

force factor; 1 - pole piece, 2 - winding of the electromagnetic system 

This easy for diagnosing characteristic, for example, by the parameter B when the Hall 

sensor of the milliteslameter is moved step by step using the coordinate table [15–18]), is 

tortuous, having a remarkable inflection. Numerous experimental dependencies of B on x 

obtained in [15, 16, 19] using hemispherical poles (diameters are D = 100 and 135 mm) 

confirm this fact. 

Figure 2a demonstrates one of the families of dependencies B on x – at a distance b = 13 mm 

between the polar hemispheres with a diameter D = 100 mm for different values of the 

magnetizing force of the system Iω = 3000...22500 A (I is the value of the power supply 

current of its winding with the number turns ω). With such a tortuous trend of one or another 

dependence of B on x (Fig. 2a), its derivative ∂B/∂x acquires the expected form, which has 

an extremum (extreme form, Fig. 2b). At the same time ∂B/∂x   dB/dx   gradB – taking into 

account the fact that in the directions y and z (Fig. 1), emanating from any point on the x 

axis, including that belonging to the MGConst zone, near it: ∂B/∂y → 0 and ∂B/∂z → 0 [20]. 
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Fig. 2. An example of coordinate magnetic characteristics between hemispherical poles with 

a diameter D = 100 mm and a distance b = 13 mm: a) winding for induction (points - 

experiment, line - approximation by a polynomial of the fourth degree), b) extreme for MG, 

c) extreme for MFF; 1 - Iω = 3000 A, 2 - 6000, 3 - 12000, 4 - 22500; the MGConst and 

MFFConst zones are dimmed. 

This means that the region in the surrounding of the extremum of the magnetic gradient is 

the zone of an almost constant gradient (MGConst or, what is the same, the zone 

(gradB)Const) – with an easily identifiable (both visually and by the results of data 

processing in the program) coordinate of this extremum x = xextr. 

The specific value of the position coordinate xextr of the conditional center of the desired 

zone MGConst can be found not only in the program, but also by the calculation formula 

[15], if the fourth-degree polynomial, preferably used to approximate the initial data B from 

x, is analytically investigated for an extremum. For the illustrated particular case (Fig. 2b) at 

b = 13 mm, the xextr coordinate of the conditional zone center MGConst is xextr 16 mm. 

This value is practically independent of the magnetizing force Iω [15, 21] in the specified 

range of Iω. 

The values of xextr are determined similarly for other values of b [15] (for the range b = 
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3.5…15.3 mm) and for the same values of Iω (which also do not affect xextr), which leads to 

one of the principal dependencies, namely xextr from b. Also, based on the similarity of the 

trends of related coordinate dependencies confirmed in [19] (by induction, by the magnetic 

gradient, by the magnetic force factor) for polar hemispheres of different diameters D, one 

can see the identity of the coordinates of the extrema of the xextr gradient – in the event that 

was operated with relative values: xextr /D and b/D. Therefore, the obtained dependence of 

xextr on b should be presented in a more universal form as xextr /D on b/D (Fig. 3a) in the 

corresponding range b/D = 0.035…0.153. 

 

Fig.3. Influence of the relative distance b/D between the polar hemispheres on the relative 

coordinate xextr /D of the conditional center of the zone MGConst; a) in conventional 

coordinates, b and c) respectively in semi-logarithmic and logarithmic coordinates. 

Having the data B and gradB (Fig. 2a,b), one can obtain the data and the corresponding 

coordinate characteristic of the magnetic force factor (MFF), i.e. data of the product 

B∙gradB. It is obvious that using the same example (b = 13 mm), the obtained dependence of 

the parameter BgradB on x has (as well as the dependence of the parameter gradB on x in 

Fig. 2b) a form with extremum (Fig. 2c). Thus, one can also testify to the presence of the 

MFFConst zone (or, which is the same: the (BgradB)Const zone) – with the identifiable 

coordinate of this extremum x = xextr, both visually and according to the results of data 

processing in the program. 

For the illustrated particular case at b = 13 mm (Fig. 2c), as well as at other values of b = 

3.5…15.3 mm, the coordinate of the extremum xextr as the coordinate of the conditional 

center of the zone MFFConst practically does not depend on the magnetizing force Iω [15] 

(within the specified range of Iω). The obtained values of xextr at different b give the 

dependence of xextr on b [15], which is presented as the dependence of xextr /D on b/D (Fig. 

4a) – in the range b/D = 0.035…0.153. 

 

Fig. 4. The same as in Fig.3, but for the conditional center of the zone MFFConst. 



                                        Magnetic Field Between Polar Hemispheres… Anna A. Sandulyak et al. 72  

Nanotechnology Perceptions Vol. 19 No.3 (2023) 

It should be noted that both dependencies of the relative coordinates xextr /D of the 

conditional centers of the MGConst zone (Fig. 3a) and the MFFConst zone (Fig. 4a), 

obtained on the basis of experimental data, can be approximated by phenomenological 

expressions. 

These dependencies (Fig. 3b and Fig. 4b) are well quasi-linearized in the indicated range of 

b, which means that they can be described by logarithmic expressions: 

G
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extr
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x /
ln= ,  

F

F

extr
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D

x /
ln= ,                                                                                                              (2) 

where the phenomenological parameters are: QG = 0.063…0.064 for the MGConst zone and                   

Qc = 0.047…0.048 – for the MFFConst zone; KG   KF = 0.009…0.01 – for MGConst and 

MFFConst zones, i.e. this setting is the same for both zones. 

The latter suggests that both variants of expression (2), which can be used to determine 

relative coordinates xextr /D of the conditional zone center MGConst and the conditional zone 

center MFFConst are functionally very close: they differ only in the values of the multiplier 

parameters QG and QF. Hence in addition to the important information received by the user 

about the dislocation of conditional centers (xextr /D) of each of the zones, namely MGConst 

and MFFConst, in accordance with (2), i.e. depending on the specific value of the relative 

distance b/D between the polar hemispheres, the following is just as important. At least in 

the specified range b/D = 0.035…0.153, the mutual dislocation of these centers remains 

practically unchanged: the ratio of the coordinate values xextr /D of the conditional centers of 

the zones MGConst and MFFConst (as the ratio of the corresponding values of the multiplier 

parameters QG and QF) always the same (average 1.33 with fluctuations from 1.31 to 1.36). 

The dependencies in Fig. 3a and Fig. 4a in the specified range of b/D are quasi-linearized 

quite well in logarithmic coordinates (Fig. 3c and Fig. 4c), additionally. This indicates the 

possibility of an alternative use for describing these dependencies (and obtaining an 

additional possibility for calculating the relative coordinates xextr /D of the conditional 

centers of the MGConst and MFFConst zones) phenomenological expressions of a power type. 

In addition, here the exponent with the argument b/D in both cases (Fig. 3c and Fig. 4c) is 

close to 0.5, which allows to write these expressions as: 
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where the phenomenological parameters in calculations according to (3) are: AG = 

0.44…0.45 for the MGConst zone and AF = 0.33…0.34 for the MFFConst zone. 

As before with the variants of expression (2), here both variants of expression (3), by which 

it can be determined the relative coordinate xextr/D of the conditional center of the MGConst 

zone and the MFFConst zone, are also very close, they differ only in the values of the 

multiplier parameters AG and AF. Consequently, along with the information obtained in 

accordance with (3) about the dislocation of each of the conditional centers, i.e. xextr /D data 

for each of the desired zones, depending on one or another value of b/D, information about 

the mutual dislocation of these two centers of the zones MGConst and MFFConst becomes 

simply available. Therefore, estimating by the unchanged ratio of the indicated individual 

values of the parameters AG and AF in (3) and, moreover, with the previous estimated result 
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(1.33), such as mutual dislocation with a specified change in b/D remains, as established 

earlier, nearly unchanged. 

 

III. VARIABLE LENGTH OF MGCONST AND MFFCONST ZONES 

The extent of the desired zones MGConst and MFFConst in the surrounding of the magnetic 

gradient extremum (MG) and the magnetic force factor extremum (MFF) can be estimated 

with a given error, allowing one or another of its limited values. Such an estimate, but only 

for the MGConst zones, is given in [21]: using the example of a family of dependencies 

obtained at a distance of b = 13 mm between the polar hemispheres (Fig. 2b) and then using 

similar families of dependencies, obtained for different values of b. 

At the primary stage of such estimates, a convenient index adopted in [21], which then 

allows one to estimate the error of the hypothesis being made, can be the comparative 

deviation between the current (on the x coordinate) value of the parameter of interest 

(gradient and/or force factor) and its value in the extremum. In this case, the mentioned value 

of the parameter in the extremum is known in advance and, therefore, is still a control here. 

Therefore, to estimate the length of the MGConst zone, such an indicator is a relative change in 

the gradient: 
E = [(gradB)extr – gradB] / (gradB)extr × 100%,                                                                                  (4) 

and to estimate the length of the zone, MFFConst is the relative change in the force factor: 
E = [(BgradB)extr – BgradB] / (BgradB)extr × 100%,                                                                          (5) 

The following comments are essential for implementation of the approach (further comments 

are given with the involvement of information in Fig. 2b, c). The values of E are determined 

according to (4) and (5) using the fixed data (gradB)extr and (BgradB)extr from the extreme 

characteristics MG (Fig. 2b) and MFF (Fig. 2c), as well as the current data gradB and 

BgradB, which it is expedient to read with a step-by-step shift, starting from the 

corresponding extrema. In addition, it should be noted that both for the MGConst zone and for 

the MFFConst zone, their adjacent half-zones (before and after the extremum) are not strictly 

symmetrical. Therefore, it is necessary to make a decision about the shift (for reading the 

specified data) to the left half-zone from the extremum. In Fig. 2b,c, the direction of 

displacement is indicated by an arrow at the bottom, the displacement value (from the 

extremum coordinate xextr) is denoted as x_. The choice of just this direction of displacement 

(to the left) is justified in view of the steeper (than to the right) trend of the gradB 

dependence and the dependence of BgradB on x. Then, with a conditional shift to the right, 

i.e. along the x axis in Fig. 2b,c, where the trend of the dependencies of gradB and BgradB 

on x is less steep (in this case, the shift value is denoted as x+), at values x+ = x_ results are 

more suitable parameters for established restrictions. 

The family of extreme dependencies of the gradB on x (Fig. 2b) can be used to demonstrate 

a specific quantitative estimate of the length of one of the zones of interest, the MGConst zone. 

This family has a common extremum coordinate xextr (here xextr  16 mm), regardless of the 

system’ value of Iω and the gradient-value at the extremum, i.e. (gradB)extr, of course, 

depends on Iω. 

If, as already mentioned, we start from the extremum of the gradient (Fig. 2b) and increase 

the step-by-step offset x_ to read the current gradient data, thereby making an attempt to 

allow an increase in the length ∆x  2x_ of the desired zone MGConst, then with an increase 

in x_ and, accordingly, ∆x the indicator E determined by (4) increases (Fig. 5). It is 
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noteworthy that this growth is the same for all values of Iω, reaching, in particular, the value 

of E 10% at x_ = 5.4 mm. The length of the desired zone is in this case ∆x  2x_  10.8 

mm (depicted in Fig. 5 by the additional abscissa axis ∆x). 

 
Fig.5. Obtained from the data of Fig. 2b and relations (4), (6) dependence of the indices E 

and ε on the step-by-step displacement x_ in the half-zone MGConst and the length ∆x   2x_ 

of the zone; ♦ - Iω = 3000 A, ○ - 6000, ∆ - 12000, ■ - 22500. 

Now, using the data of Fig. 2b, it is possible, using the data of Fig. 2b, to fix the gradient-

value at the border of this half-zone, i.e. (gradB)Z value. This allows to obtain the average 

gradient-value of the for the half-zone (and the zone as a whole) – as gradB  = [(gradB)Z + 

(gradB)extr]/2. 

 Then there are all reasons for evaluating the deviations of the current values of gradB with 

respect to the mean value of gradB  (the values of gradB and gradB  modulo). Thus, it is 

possible to move from the primary indicator E, due to which it is still possible to 

preliminarily quantify the extent of the MGConst zone in the region close to the extremum, to 

the following indicator: 

ε = ( gradB – gradB) / gradB , x 100%.                                                                                            (6) 

It is almost equals E/2 and reflects the actual error of the assumption being made. This 

means that the real zone (which is nevertheless characterized by a certain decrease in the 

values of gradB in it as x_ and ∆x increase) can be considered equivalent to a zone with a 

constant value of the magnetic gradient, i.e. zone MGConst. 

According to the example (Fig. 2b), based on the data in Fig. 5, the above is rephrased. So, 

with an error of ε   5% (Fig. 5 additionally has an ordinate axis ε), the MGConst zone is a 

zone with a length of ∆x  2x_   10.8 mm (∆x/D = 0.108), deployed in the vicinity of the 

extremum, which occurs here as already mentioned above, to the coordinate xextr  16 mm 

(xextr/D = 0.16). 
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If the condition for the MGConst zone is tighten to such a level that the gradient changes in the 

vicinity of its extremum do not exceed, for example, the values of ε   3% with respect to 

the average value of the gradient (or E 6% – with respect to its maximum value), then the 

length of the MGConst zone will decrease. Thus, from the data in Fig. 5 and Fig. 2b, when with 

the same value of xextr = 16 mm (xextr/D = 0.16), but with changed values of (gradB)Z and 

gradB , this is a reduced value x_ = 4.25 mm and, accordingly, a narrowed zone with a 

length of ∆x  2x_   8.5 mm (∆x / D = 0.085). 

Using the tested approach for families of dependencies obtained at different relative 

distances b/D [15] leads to the results shown in Fig. 6a. These results characterize the change 

in the relative length ∆x/D of the MGConst zones (with a change in b/D) - despite the fact that 

within these zones the current values of the gradient differ from its average values by no 

more than ε   5% (line 1) and a value not exceeding ε  3% (line 2). 

 
Fig.6. Influence of the relative distance b/D between the polar hemispheres on the relative 

length ∆x/D of the zone MGConst: when the current data deviates from the average values up 

to 5% (line 1) and up to 3% (line 2); a) and b) in ordinary and logarithmic coordinates. 

In the specified b/D range the data shown in Fig. 6a is fairly quasi-linearized in logarithmic 

coordinates (Fig. 6b). Thus, it becomes possible to approximate them by a phenomenological 

dependence of a power-law type and with an exponent at the argument b/D close to 0.4 – 

both for the restrictive condition ε   5% and for the restrictive condition ε  3%. The 

corresponding calculation expression for calculating the relative length ∆x/D of the zone 

MGConst for one or another value of the relative distance b/D between the polar hemispheres 

looks like this: 
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where the phenomenological parameter in calculations according to (7) is: TG = 0.24…0.25 

and TG = 0.19…0.2 – under restrictive conditions, respectively, ε   5% and     ε   3%. 

As for the quantitative estimate of the length of another zone of interest, namely the MFFConst 

zone, this estimate is in many respects similar to the estimate of the length of the MGConst 

zone described above. For demonstration it is convenient to use a similar illustrative 

example, i.e. a family of dependencies of the force factor BgradB on x with extremum (Fig. 

2c). As well as  the family of dependencies of the gradient gradB on x (Fig. 2b), this family  

has a common coordinate of the extremum xextr, moreover, regardless of the magnetizing 

force Iω of the winding of the magnetic system and  the value of the force factor at the 

extremum, i.e. (BgradB)extr, depends on Iω. 

Following the recommendation to start from the extremum (Fig. 2c) and increase the step-

by-step displacement of x_ to obtain force factor data when calculating according to (5), an 
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attempt is made to increase the length ∆x  2x_ of the desired zone MFFConst to an 

acceptable extent. The indicator E with an increase in x_ and, accordingly, ∆x increases (Fig. 

7): it is also the same for all values of Iω. It reaches a value, in particular E 10% at x_ = 

4.05 mm. Therefore, in this case, the length of the proposed zone MFFConst according to the 

correlation ∆x   2x_ (in addition, there is an abscissa axis ∆x in Fig. 7) is ∆x  8.1 mm, i.e. 

is less than the value of ∆x for a zone similar in E to MGConst (Fig. 5). 

 
Fig.7. Obtained from the data in Fig. 2c and relations (5), (8) dependence of the indices E 

and ε on the step-by-step displacement x_ in the MFFConst half zone and the length ∆x   2x_ 

of the zone; ♦ – Iω = 3000 A, ○ – 6000, ∆ – 12000, ■ – 22500. 

 
Fig.8. The same as in Fig.6, but for the MFFConst zone. 

Further, proceeding from the length of the half-zone x_ (Fig. 7) established (by such a value 

of E), information about the value of the force factor at its boundary becomes available, i.e. 

(BgradB)Z, which makes it possible to find the average value of the force factor for the half-
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zone (and the desired zone as a whole) as BgradB  = [(BgradB)Z + (BgradB)extr] / 2. 

This means that the deviations of the current values of BgradB can now be estimated with 

respect to the average value BgradB (the values of BgradB and BgradB  – modulo). 

Moving on from the indicator E (which played an important role in the initial quantitative 

criterion for the length of the zone MFFConst) to an indicator that reflects the actual error of 

the assumption being made: 

ε = [ BgradB –BgradB] / BgradB , ×100%.                                                                          (8) 

Then the following refined estimate, according to the indicator ε  E/2, is: with an error ε   

E/2   5% (in addition, there is an ordinate axis ε in Fig. 7), the MFFConst zone, judging by 

the data in Fig. 2c, is a zone with a length of ∆x  2x_  8.1 mm (∆x/D = 0.081). 

The condition for the MFFConst zone can be tightened, for example, by limiting the changes in 

the force factor in the vicinity of its extremum to a value of up to ε  3% (in relation to the 

average value of the force factor or E  6% in relation to its maximum value). Then, using 

the data in Fig.7 and Fig.2b, with the same xextr value, but changed values of (BgradB)Z and 

BgradB , the reduced length of the half-zone MFFConst will be: x_ = 3.23 mm and  the 

corresponding (reduced) length of the zone: ∆x  2x_   6.46 mm (and ∆x/D = 0.065). 

Such an approach to estimating the length ∆x of the MFFConst zone was also implemented for 

related families of dependencies obtained in [15, 21] for various b. Figure 8a shows a pair of 

established dependencies ∆x/D on b/D – for two restrictive conditions: when, within the 

MFFConst zones, the current values of the force factor should not differ from its average 

values by no more than ε   5% (line 1) and not more than ε   3% (line 2). 

The data shown in Fig. 8a, presented in logarithmic coordinates, is amenable to quasi-

linearization in the specified range of b/D, which means that they are approximated by a 

phenomenological dependence of a power-law form. The exponent at the argument b/D 

turned out to be, as before when obtaining the phenomenological expression (7), close to 0.4, 

both for the restrictive condition ε   5% and for the restrictive condition ε   3%. This 

allows to express here the correlation between ∆x/D and b/D as similar to (7): 
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where the phenomenological parameter in calculations according to (9) is: TF = 0.18…0.19 

and TF = 0.14…0.15 – under restrictive conditions, respectively, ε   5% and  ε   3%. 

The mutual similarity of expressions (9) and (7), which can be used to determine the relative 

length ∆x/D of the MGConst zone and the MFFConst zone is indicative: the difference is only in 

the values of the multiplier parameters TG and TF. Hence, in addition to the important 

information received by the user about the length (∆x/D) of each of the desired zones, 

namely the MGConst and MFFConst zones, in accordance with (7) and (9), i.e. depending on the 

specific value of the relative distance b/D between the polar hemispheres, the following is 

just as important. At least in the indicated range b/D = 0.035…0.153, the mutual ratio of the 

data on the length of these zones remains practically unchanged, as the ratio of the 

corresponding values of the multiplier parameters TG and TF: it is always the same (average 

is 1.33).This value also correlates with the value of the mutual dislocation of the conditional 

centers of the zones MGConst and MFFConst established above, remarkably.  
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IV. Conclusion 

The issue of creating such an inhomogeneous magnetic field, in which there would be zones 

with specific characteristics, namely, an almost constant value of the magnetic gradient 

(MG) or magnetic force factor (MFF), which would be confirmed by the appropriate 

diagnostics of such zones, is usually regarded as complex. 

An original solution is indicated, which consists in using a well-proven electromagnetic 

system with spherical poles for this. In this case, the coordinate dependencies of MG and 

MFF (in the radial direction of the transverse plane of symmetry of the interpolar region) are 

extreme. This makes it possible to qualify the zones in the vicinity of extrema as zones of 

practically constant (within the limits of the defined length) values: MGConst and MFFConst - 

with individual coordinates x = xextr of their conditional centers and length ∆x. 

Using the example of an electromagnetic system with hemispherical poles with a diameter of 

D = 100mm located at one or another mutual distance b (from 3.5 to 15.3 mm), information 

is given about the dislocation of these specific zones - as values of xextr /D and ∆x/D 

dependent on b/D (in the range of 3000 ...22500 ampere turns of the magnetizing force of the 

winding of the system). It is shown that the xextr /D dependencies on b/D obtained separately 

for the MGConst and MFFConst zones, demonstrating mutual similarity (up to a constant 

multiplier coefficient), obey a power-law type with an exponent of 0.5. The dependencies of 

∆x/D on b/D, also demonstrating mutual similarity (up to a constant multiplier coefficient), 

obey a power-law type with an exponent of 0.4. The data obtained and the dependencies 

describing them indicate a closer (to the intercenter line of the polar hemispheres) and more 

compact (in length) dislocation of the MFFConst zones compared to the MGConst zones: almost 

1.3 times - both for xextr /D and ∆x/D. 
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