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Induction of the Field at Different Distances from
the Permanent Magnet and Between Opposing
Magnets. Testing of the Superposition Principle

Maria Polismakova, Vera Ershova, Alexander Sandulyak, Anna Sandulyak

Abstract:. The measurement data of the field induction at
different distances from the permanent magnet Nd-Fe-B and
between two equivalent magnets on distance are presented. It is
shown that the obtained coordinate dependences are described by
exponential function, but for a system of two magnets —only
partially: up to the central area of the system and make 20-30%
of the entire area between opposing magnets. Using the example
of the coordinate dependence of induction for one of two
identical magnets, it is shown that the use of the superposition
principle makes it possible to obtain a coordinate dependence of
induction between opposing magnets, which is equivalent to
experimental one.

Index Terms: permanent magnet, system of two magnets,
coordinate dependence of induction, superposition principle

I. INTRODUCTION

The information about the characteristics of the magnetic
field in the area of magnetic zone is the major information by
creating laboratory and industrial devices for magnetic
effects. In particular, it can be represented in the form of
specially obtained coordinate dependences of the magnetic
field induction B [1, 2], i.e. data B, depending on the
coordinates of one or another point of this zone.

In a number of modern magnetic devices, for example,
those intended for the separation of ferroparticles of the
dispersed phase of technogenic and biological media or to
control the behavior of these particles, i.e. implementation of
the processes of magnetic separation (magnetophoresis),
permanent magnets are used, mainly based on Nd-Fe-B
[3-10]. In this case, the question of their positioning in the
device for creating a working zone of magnetic influence on
the medium, for example, with respect to the channel with
the medium flow, is solved differently (Fig. 1a, b). Usually,
this positioning is such that the working area is the area
adjacent to the pole surface of the magnet, or the area located
between opposing magnets.
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In any of these (and other) cases, the coordinate
dependence of the magnetic induction B is much demanded.
Here is presented quantitative characteristic of the values of
B, which vary with distance x from the surface of the magnet
(Fig. 1a) or from the surface of one of the opposing magnets
(Fig. 1h).

In addition, if both characteristics are available, then the
question of the validity of using the principle of superposition
seems to be important for practical determination of the
resultant values of induction between two opposing magnets.

Il. RESULT AND DISCUSSION

Figure 2 shows the experimental coordinate dependence
of the induction B of the magnetic field produced by a
permanent Nd-Fe-B magnet with a diameter of 25 mm and a
thickness of 10 mm. To perform the corresponding
measurements, two equivalent (successively visible from
data B, marked with the dots o and * in Fig. 2) magnet were
used in turn. Data B was obtained by a Milliteslametr with
Hall's sensor shifted in axial steps, normal to the surface of
the magnet, in direction x (Fig. 1a).

According to Fig.2, it can be seen that the coordinate
dependence of induction B with distance from the pole
surface of the magnet decreases rapidly and at a distance
commensurable with the diameter of the magnet, the values
of B compared with the values of B at the surface of the
magnet decrease more than by ten times (Fig. 2a).

The representation of this dependence in
semi-logarithmic coordinates (Fig. 2b) shows that it is

quasi-linearized quite well here, indicating that it
correspondsto an exponential type function:
B = B, exp(—kx) (1)

with the “starting” value here, Bo=0.35 T and the coefficient
in the exponent k = 110m™.

Fig. 3 (points A, curves 1) shows the experimental
coordinate dependences of the induction B field between two
equivalent (as follows from the data in Fig. 2) constant
Nd-Fe-B magnets with a diameter of 25 mm and a thickness
of 10 mm, mutually separated on distance b: from b = 13mm
to b = 33mm. As before, the
values of B were measured
with a Milliteslametr with a
Hall’s  sensor, shifted
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stepwise in the axial direction x (Fig. 1b), normal to the
surface of the magnet. These dependences (Fig. 3), obtained
for a system of two opposing magnets, demonstrate the
expected increase in induction values as compared to the
dependence for a single magnet (Fig. 2); the degree of this
increase depends on the distance b between the magnets,
while decreasing b it grows.

Having experimental magnetic coordinates of induction
B of the magnetic field between two opposing equivalent
magnets (Fig. 3, points A and approximating curves 1) and
coordinate dependence of induction B for one of them (Fig. 2,
points o and e, approximated by a single curve), it is of
interest to check the competence of using the principle of
superposition of values of B. This refers to obtaining the
resulting coordinate dependencies B on the basis of the
coordinate dependence B for a single magnet and
information about the distance and b from it in case the
opposing magnet was not placed yet.

In Fig. 4, this is schematically shown by the example of
the coordinate dependences of induction (similar to Fig. 2),
which are mirror-like to one another, characterizing
equivalent magnets located at mutual distance b. So, using
one of the induction values from the coordinate dependence
(point B'on the head section of the left coordinate
dependence, that is, taken on the section up to the
characteristic axis of symmetry of a two-magnet system) and
the corresponding second value of induction (point B*on the
tail section of the right coordinate dependence), by adding
these values we obtain resultant induction value (point B =B’
+ B").

Considering the above, in Fig. 3, in addition to the real
coordinate dependences of the field induction between two
magnets (points A and curves 1), the experimental coordinate
dependence of the field induction created by a single magnet
(located below point o and curve 2) is shown.But this
dependence is represented here with an artificial “break” that
falls in the middle of one or another distance b between
opposite magnets. Thus, within the interpolar half-space, a
possible variant of visual testing of the principle of the
superposition of field induction values between opposing
magnets is simulated, the individual characteristics of which
are known (Fig. 2).

The corresponding addition of induction values (Fig. 3:
points o along the trend of the head and tail parts of curve 2)
brings to the resulting coordinate dependence: for different
values of b, these dependences are shown in Fig. 3 with the
same, but located above the points o - according to the trend
of curve 1. It can be seen that these resulting coordinate
dependences of induction, obtained by superposition, are
quite consistent with the dependencies obtained by direct
measurements of induction between opposing magnets
(points A and curves 1 in Fig. 3).

Moreover, such agreement (Fig. 5, points O) is also
observed for the case when direct measurements of induction
between opposing magnets were carried out in the direction,
as before, in the normal pole surface of the magnet, but not
along the axis of the magnet, but parallel to it at a distance
equal to half the radius of the magnet (Fig. 1b). At this
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distance, there is still no noticeable distortion of the magnetic
field lines (Fig. 1b).

In Fig. 6, in semi-logarithmic coordinates, the direct field
induction data between opposing magnets and the
corresponding induction data obtained by superposition are
described as described above, namely those contained in Fig.
3 and Fig. 5. It can be seen that these, well generalizeddata
up to a certain value x<b/2, namely x= (0.7-0.8) b/2, are
quasi-linearized, thereby obeying an exponential function of
the type (1), but with individual (for each value of the
distance between the magnets b) parameters B, and k.

The values of the parameters Boand k can be set by
appropriate processing of the data shown in Fig.6: the results
are shown in Fig.7. It is seen that for the accepted range b =
13-33mm, or rather, for the range b/D = 0.52-1.32, where D
is the magnet diameter, the parameters B, and k can be
represented by such functions from b:

B, = B, exp(-z-b)
k=p-b

)
€)

with the values of phenomenological parameters: B, = 0.46
T,z=8.3m™, p=3200m=2.

Then, as applied to the adopted system of two opposing
permanent magnets, taking into account expressions (1) -
(3), the expanded expression for induction between them can
be written as:

B =B, exp(~ zb)-exp(~ pbx) (4)
with the stipulated above values of the phenomenological
parameters B,, z and p.

It should be noted once again that the part of the
interpolararea, for which expression (4) is right, makes up
70-80% of the whole of this area (judging by the coordinate
dependencies of the induction shown in Fig. 6). In the central
part (up to 20-30%), the change in induction is minimized:
the field becomes close to homogeneous.

I1l. CONCLUSION

Experimental coordinate dependences of induction (at
different distances from the pole surface of a permanent
Nd-Fe-B magnet with a diameter of 25 mm and thickness of
10 mm) are described. It is shown that they obey the function
of an exponential form. The experimental coordinate
dependences of induction between two equivalent magnets
located at one or another distance are also described.It was
shown that they obey the functions of the exponential form
only partially: to the central area adjacent to the symmetry
axis of the system and constituting 20-30% of the entire area
between the opposing magnets. The validity of the principle
of superposition (using the coordinate dependence of
induction for one magnet)
was confirmed when it is
necessary to obtain the
coordinate dependence of
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induction between opposing magnets.
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FIGURE CAPTIONS

Fig.1. Visualization of the magnetic field lines in the
working area: a) adjacent to the pole of permanent magnet b)
between opposing unlike poles of two magnets.Here the
options for the location of the working area (in particular, the
channel in the flow of the medium: shown in dotted lines) for
magnetic impactof medium in the working area are given; x -
the direction of the stepwise measurement of the induction
field.

Fig.2. The change in the induction of the field created by a
permanent Nd-Fe-B magnet with a diameter of 25mm and a
thickness of 10mm, at the distance from the pole surface of
the magnet in the axial direction; light and dark points o and
« - experimental data separately for each of the two magnets
(it is quite obvious that they are equivalent); a) and b) - in
usual and semi-logarithmic coordinates.

Fig.3. The change in the field induction between two
equivalent opposing (at the mutual distance b) magnets with
increasing of distance from the pole surface of one of the
magnets in the axial direction; a) -b=13mm, b) -b=18mm, c)
-b=23mm, d) -b=29mm, €) -b=33mm; points A and curves 1
are experimental data, located below points o and curves 2
are experimental data for a single magnet taken from Fig. 2
(the corresponding dependence is presented here with a
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“break” that falls in the middle of the distance between the
magnet and the conventionally opposing magnet: in the form
of the head and tail parts), located at the top of the point o,
consistent with curves 1 - the data of superposition of
induction on the primary data ( similar points © on curves 2)
for a system of two opposed magnets.

Fig.4. A schematicalimage of the decreasing coordinate
dependences of induction independent created by opposing
magnets located at mutual distance of b and an illustration of
the resulting dependency: for arbitrary private induction
values, marked with B = B'+ B".

Fig.5. The same as in Fig. 3, but in process of removal from a
pole surface of the magnet in a direction parallel to the axial
one at a distance equal to half the radius of the magnet (Fig.
1b); a) -b=13mm, b) -b=23mm, ¢) -b=33mm; o -
experimental data.

Fig.6. The data offield induction between opposing magnets
given in Fig.3 and Fig.5 presented herein semi-logarithmic
coordinates.

Fig.7. Illustration of changing the parameters B, and k
depending on the mutual removal of the opposing magnets.
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