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Abstract. Geometry of the polar magnetic field is changing during the activity cycle. Tangents
to polar ray structures are usually crossed near some point below the surface. This point can be
named as a “magnetic focus”. The distance q between the focus and the center of the solar disk
changes from the maximum value about 0.7 R� at solar minimum activity to the minimum value
about 0.5 R� at solar maximum. This behavior has not been understood till now. Really, all
tangents to field lines near the pole of the axially symmetric potential magnetic field described
by zonal spherical harmonics cross at the same point. However, the greater is the number of a
harmonic, the closer to the surface is the crossing point. As far as at activity maximum high
harmonics dominate, the behavior of the focuses seems to be in contradiction with the results
of the harmonic analysis. We have found that the focus depth changes could be explained by
complicated relationship between the harmonics of “new” and “old” cycle near the instant of
the polar magnetic field reversal.

Tangents to the polar ray structures are usually crossed near some point below the
surface of the Sun. This point can be named as a “magnetic focus”. The distance q
between the focus and the center of the solar disk changes from the maximum value
about 0.7 R� at solar minimum activity to the minimum value about 0.5 R� at solar
maximum (Nesmyanovich 1962; Gulyaev 1998; Makarov 1998; Makarov, Tavastsherna,
& Callebaut 1998; Koutchmy and Bocchialini 1998).

The distance q from the center of the Sun to the focus of the field lines described by
n-th spherical harmonic is defined by the relationship (Ermakov, Obridko & Shelting
1995)

q(n) = R�
n

n + 2
. (0.1)

It is evident that the value of q increases along with the increasing of harmonic’s number
n approaching to the unity. As far as at activity maximum higher harmonics dominate
(Bravo, Stewart & Blanco-Cano 1998), the behaviour of the focuses seems to be in con-
tradiction with the results of the harmonic analysis.

The deep location of the focuses near activity maximum could be explained by com-
plicated relationship between the harmonics of a “new” cycle and an “old” cycle during
the process of polarity reversal. The expression for q for the sum of two harmonics is
given by (Filippov, Platov & Klepikov 2004)

q(n+m) = R�
n

n + 2


1 +

m(n+2)
n(m+2) − 1

(n+1)(n+2)
C(m+1)(m+2) + 1


 , (0.2)

where C is the ratio of harmonic coefficients. When C is negative and lays within the
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interval − n(n+1)
m(m+1) < C < 0, the value of q for the sum of two harmonics is less then

q for each harmonic. Negative sign of C means that the magnetic field in polar regions
described by the two harmonics has the opposite polarity, or they may be attributed to
the “new” cycle and the “old” one.

Since the phase difference between the low order harmonics and higher harmonics is
about of a half of a period of an 11-year cycle or a quarter of a period of a 22-year cycle,
we can approximate the most general behavior of the global magnetic field by only two
harmonics with the coefficients changing as

g3(t) = cos ωt ,

g7(t) = A cos(ωt ± π

2
) , (0.3)

where ω corresponds to the 22-year period of the Hale magnetic cycle and A is the ratio
between the amplitude values of the coefficients g. At activity minimum the value of
q is about 0.7 R�, then, q increases or decreases depending on the sign of the phase
difference. Low values of q are achieved before or after the polarity reversal.

The polarity reversal means the pass of a neutral point of the global magnetic field
through the solar surface at the pole. Magnetic field lines near the neutral point have
the shape of hyperbolas changing steeply in space. The influence of this structure on the
polar magnetic field geometry seems to be the key factor for the magnetic focus lowering
at solar maximum.
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