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Abstract The distribution of magnetic fields of positive and negative polarities
over the surface of the Sun was studied on the basis of synoptic maps NSO Kitt
Peak (1978–2016). To emphasize the contribution of weak fields the following
transformation of synoptic maps was made: for each synoptic map only magnetic
fields with modulus less than 5G (|B| ≤ 5G) were left unchanged on each synop-
tic map while larger or smaller fields were replaced by the corresponding limiting
values +5G or −5G. Cyclic variations of the magnetic field polarity have been
observed associated with two types of magnetic field flows in the photosphere.
Rush-to-the-Poles (RTTP) form near the maximum of solar activity and have
the same sign as the following sunspots. The lifetime of RTTP is ∼ 3 yrs, during
which time they drift from latitudes 30◦–40◦ to the pole, causing the polarity
change of the Sun’s polar field. We studied another type of variations which has
the form of series of flows with individual flows of 0.5–1 yr and with alternating
polarity (ripples). Ripples are located in time between two RTTP and drift from
the equator to the latitudes of 50◦. Magnetic field variations were considered
in 6 time intervals along the latitudes +33◦ in the northern and −33◦ in the
southern hemispheres. The time change of the field strength was approximated
by the sinusoidal function. The period of variation of ripples was 1.1 yr for the
N-hemisphere and 1.3 yr for the S-hemisphere. The amplitude of variation was
higher for the time intervals where the polar field had a positive sign. Within
the same flow, fields of positive and negative signs developed in anti-phase.
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1. Introduction

Magnetic field of the Sun governs all manifestations of the solar activity (SA).
Magnetic field groups of different magnitudes from the most strong magnetic
fields to the background magnetic fields are connected with certain solar phe-
nomena. Cyclic changes of the solar activity reflect the periodic change of Sun’s
magnetic field. The magnetic fields follow the 22-year magnetic cycle: the law of
the change of the polarity which manifests itself in the change of the sign of the
polar field near the maximum of SA and in the change of the sign of the leading
and the following sunspots near the minimum of SA. Important feature of the
magnetic field cycles is the restructuring of the field distribution over the Sun’s
surface. The variation of SA with the 11-year cycle (Schwabe law) manifests
itself in the solar activity distribution as the Maunder butterflies.

Numerous studies deal with the features of magnetic fields distribution over
the Sun’s surface, especially with the asymmetry of the distribution. Such
phenomena as active longitudes (Gaizauskas, 1993; Bai, 2003; Bigazzi and Ruz-
maikin, 2004 and the references therein), and north-south asymmetry (Ballester,
Oliver, and Carbonell, 2005; Deng et al., 2016 and references therein) play an
important role in the development of solar activity.

A great impact on the process of Sun’s polar field evolution has the transport
of the magnetic fields over the Sun’s surface. A special role belongs to the “Rush-
to-the-Poles” flows (RTTP), which have direct relation to the polar field reversal.
The RTTP phenomenon was studied in coronal emission features in Fe XIV from
the National Solar Observatory at Sacramento Peak (Altrock, 2014). Multiple
Rush-to-the-Pole episodes were found in (Gopalswamy et al., 2016), in occur-
rence of high-latitude prominence eruptions. The transport of the photospheric
magnetic fields (surges) was studied in (Petrie, 2015) and (Mordvinov et al.,
2016). It was found that RTTP are the product of the decay of the following
sunspots, causing a change in the sign of the polar field.

A new phenomenon which consisted in wave-like structures with periods
around 2 years was described in (Vecchio et al., 2012; Ulrich and Tran, 2013).
In (Vecchio et al., 2012) magnetic fields were studied on the base of NSO/Kitt
Peak magnetic synoptic maps. The field radial component, for each heliographic
latitude, has been decomposed in intrinsic mode functions through the Empirical
Mode Decomposition. Poleward magnetic flux migration around the maximum
and descending phase of the solar cycle was discovered which the authors con-
nected with a manifestation of quasi-biennial oscillations (QBO). This result was
studied in detail in (Ulrich and Tran, 2013), who introduced the term “ripples”
for such magnetic flows. In (Ulrich and Tran, 2013) where the data of Mt. Wilson
Observatory were used, the ripples were discovered by differentiating of the time-
latitude diagram. On the differentiated diagram the ripples are clearly seen, and,
moreover, they exist constantly and independently of the solar activity level. A
different treatment of the time-latitude diagram (deviation from the trend) also
allows to obtain a new time-latitude diagram which shows the alternation of
the ripples of opposite signs regardless the solar activity level. Thus a number
of similar results were obtained while treating the different data sets and using
various methods of treatment (Vecchio et al., 2012; Ulrich and Tran, 2013):
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Figure 1. Time-latitude diagram on the basis of synoptic maps NSO Kitt Peak (1978–2016).
To emphasize the contribution of weak fields the following transformation of synoptic maps was
made: for each synoptic map only magnetic fields with modulus less than 5G (|B| ≤ 5G) were
left unchanged on each synoptic map while larger or smaller field values were replaced by the
corresponding limiting values +5G or −5G. The time-latitude diagram was obtained, in which
there are no Maunder butterflies and one can see alternation of bands with the dominance
of a positive (blue) or negative (red) magnetic field. Cyclic variations of the magnetic field
polarity can be observed associated with two types of magnetic field flows in the photosphere:
Rush-to-the-Poles and ripples. Horizontal line segments point to the 6 time intervals during
which the cyclic polarity alternation was observed. These intervals were denoted as N1, N2, and
N3 for the northern hemisphere and as S1, S2, and S3 for the southern hemisphere. Reversals
of the solar polar field marked by arrows are taken from (Pishkalo, 2019).

a new phenomenon was observed which manifests itself in the emergence at
low latitudes and propagation to the poles of large-scale wave-like features of
magnetic field having cycle periods ranging of quasi-biennial oscillations (solar
QBOs).

In Section 2 we discuss the used data and method of their treatment. Section 3
considers the phenomena of ripples using time-latitude diagram both for various
magnetic field values and for positive and negative magnetic fields separately. In
Section 4 the main conclusions are formulated.

2. Data and method

We use synoptic maps of the photospheric magnetic field obtained by the Na-
tional Solar Observatory/Kitt Peak (NSO Kitt Peak) from 1978 to 2016. Each
map contains 180× 360 pixels with magnetic field values in Gauss.

Taking into account the sign of the magnetic field we averaged synoptic maps
over longitude and constructed the time-latitude diagram which reflected the
imbalance of positive and negative fields in the photosphere. In the distribution
of the solar magnetic fields, especially weak fields (|B| ≤ 5G), the influence
of random fluctuations of the strength (noise) sets the limit to the accuracy of
results. According to (Harvey, 1996) this noise on the NSO Kitt Peak synoptic
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maps can be as high as 2G per pixel in the near-pole regions. When constructing
a time-latitude diagram each synoptic map was averaged over 360 longitude
values. Due to this averaging, the relative contribution of random fluctuations
decreased, so that we can consider the resulting error to be near to the resolution
of synoptic maps, i.e., of the order of 0.1G.

As a rule, strong fields are clearly seen on the time-latitude diagram in the
form of Maunder butterflies, while the distribution of weak fields is poorly
distinguishable. To emphasize the contribution of weak fields the following trans-
formation of synoptic maps was made: saturation level at 5G was set for the
pixels of each synoptic map before combining separate maps into the time-
latitude diagram. That is, only pixels with fields |B| ≤ 5G were left unchanged,
while larger or smaller fields were replaced by the corresponding limiting values
+5G or −5G. Missing data in the time-latitude diagram were filled in by linear
interpolation.

3. Results and discussion

3.1. Time-latitude diagram

As described in previous Section, a time-latitude diagram (Figure 1) was ob-
tained, in which there are no Maunder butterflies and one can see the details of
the weak field distribution. The main feature of this diagram is the alternation of
bands with the dominance of a positive (blue) or negative (red) magnetic field.
The slope of these bands on the diagram suggests that the dominant polarity
shifts in latitude over time. These bands, called “ripples” in (Ulrich and Tran,
2013), are about one year or less wide, and can be interpreted as magnetic field
flows that start near the equator and drift towards the polar regions.

It is interesting to note that in the southern hemisphere we see a clearer
pattern of alternating fields of different polarities, especially distinct for those
time intervals where the polar field had a positive sign.

These ripples should be distinguished from the magnetic field flows called
Rush-to-the-Poles (RTTP). Main properties of RTTP flows are given in Intro-
duction. Magnetic fields of RTTP always have the same sign as the sign of
the following sunspots and opposite to the sign of the polar field of the given
hemisphere. On the time-latitude diagram (Figure 1), RTTP are clearly visible
near the time of solar maxima as rather large bands about 2–3 years wide,
which begin at latitudes ∼ 30◦–40◦. The times when these streams reach the
poles coincide with the reversals of the polar field.

Unlike RTTP, which have the form of separate magnetic field flows appearing
once per solar cycle at its maximum, ripples are a set of narrow field flows
with alternating polarity. Each series of ripples spans a period of about 10
years, including decrease, minimum, and rising phases of the solar cycle. We
observe such flows looking like a wave packets in the time interval between two
RTTPs, when the sign of the polar field is constant. In contrast to this result
Vecchio et al. (2012), found similar structures only in years of high solar activity.
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Figure 2. Examples of the RTTP flows in Solar Cycle 23 (1998–2001): (a)northern hemi-
sphere; (b)southern hemisphere. RTTP flows begin at latitudes of 30◦–40◦ and propagate to
the poles. RTTP flows are about three years wide. The polar field changes its sign on arrival
of RTTP to the polar regions. The arrows indicate the direction of latitudinal movement of
flows in time.
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Figure 3. Examples of ripples in South hemisphere (a) 1981–1984; (b) 2003–2007. Ripples
in contrast to RTTP are a periodic structure consisting of a set of fluxes with the opposite
polarities. The width of separate flux in the set is from 0.5 yr (a) to 1 yr (b). Ripples appear
near the equator and reach latitudes 50◦. In this interval, the ripples field sign changes four
times, while the field sign in RTTP remains unchanged. The arrows indicate the direction of
latitudinal movement of flows in time.

Another conclusion was made in (Ulrich and Tran, 2013) where similar flows were

registered during all phases of solar cycle.

In the data array under consideration represented by diagram of Figure 1

we selected 6 time intervals between neighboring RTTPs: 3 in the northern

hemisphere (N1, N2, N3) and 3 in the southern hemisphere (S1, S2, S3). In

these intervals, the alternation of the flow polarity (ripples) can be clearly seen.
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Figure 4. Change of the magnetic field along the latitude 41◦ of the southern hemisphere (see
Figure 1). RTTP are marked with shading. The section with cyclic variations of the magnetic
field (S1) is located between two RTTP. The data are smoothed by running average over 5
points.

To illustrate the difference between RTTP and ripples the cuts from the time-
latitude diagram are presented in Figure 2 (RTTP) and Figure 3 (ripples). RTTP
flows are shown for the 23 solar cycle for the northern hemisphere (Figure 2a) and
for the southern hemisphere (Figure 2b). As an example of ripples, we chose two
sections of the time-latitude diagram in the southern hemisphere, both selected
sections (Figures 3a,b) falling on the period of time when the sign of the polar
field was positive. The arrows in Figures 2, 3 indicate the direction of latitudinal
movement of flows in time.

Magnetic field flows forming ripples (Figure 3) appear, as a rule, near the
equator and reach latitudes ∼ 50◦. In contrast, RTTP flows (Figure 2) begin at
latitudes of 30◦–40◦ and propagate to the poles.

The width of the flow (the duration of constant field sign at a fixed latitude)
is noticeably different for ripples and RTTP. The width of the flows with positive
or negative polarities forming the ripples ranges from 0.5 years (Figure 3a) to
1 year (Figure 2b). Thus, the total period including the flows of both polarities is
approximately 1–2 years. RTTP flows are significantly wider (Figure 2) – their
width is about three years. We estimated the average life time of the RTTP
from 8 streams at latitudes +50◦ of the northern hemisphere and −50◦ of the
southern hemisphere. This time proved to be 3.2± 0.3 years).

The selected sections of the time-latitude diagram in Figures 2, 3 have a
time length of ∼ 50 Carrington rotations. In this interval, the ripples field sign
(Figure 3) changes four times, while the field sign in RTTP remains unchanged
(Figure 2).

Both ripples and RTTPs can be observed in the same plot displaying time
change of the magnetic field at some selected latitude. Figure 4 shows the mag-
netic field variations at the latitude of 41◦ of the southern hemisphere for two
intervals: 1978–1994 (Figure 4a) and 1998–2015 (Figure 4b). It can be seen that
the periodical change of the magnetic field polarity (ripples) persists between two
successive Rush-to-the-Poles (RTTP). This variation was observed for 9 years
in Figure 4a and for 10 years in Figure 4b. During these periods maxima and
minima of the magnetic field curve in Figure 4 corresponded to positive and
negative magnetic fields of the ripples.
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Figure 5. Contribution of fields of different strength to cyclic variations. Change of the
magnetic field along the latitude 41◦ of the southern hemisphere is shown for each of the
field groups. RTTP are marked with shading. The data are smoothed by running average over
5 points.

The RTTP flows are marked in Figure 4 by a shading. The first RTTP in each
of the two pairs (Figures 4a,b) has the positive magnetic field polarity which is
opposite to the sign of the polar magnetic field and coincides with the polarity
of the following sunspots. Accordingly, the pair of the second RTTP in Figures
4a,b displays negative polarity just as the field of the following sunspots.

3.2. Polarity variations for different strengths of magnetic field

When constructing the time-latitude diagram (Figure 1) for each synoptic map,
fields with the modulus greater than 5G were replaced by the limit values of +5G
and −5G. This procedure was applied to each of the synoptic maps which were
then longitude averaged and included in the time-latitude diagram. In this way
the influence of the strong magnetic fields was suppressed revealing the periodic
variations of the low strength fields. The strong fields were also accounted for
in construction of the time-latitude diagram yet with the saturation limit of
|B| = 5G.

The relative contribution of the different field groups to the distribution of
magnetic fields varies according to the field strength. In this connection, the
question arises which magnetic fields play the main role in emergence of a
periodic structure in the form of the alternating bands of different polarity.

To answer this question we considered following groups of fields: 0–5G,
5–15G, 15–50G, and |B| > 50G. For the construction of the time-latitude
diagrams the transformed synoptic maps were used where only field values in the
selected intensity ranges were left unchanged. All pixels not included in these
groups of fields were filled with zeros.

For these four field groups the changes of magnetic fields at the latitude
41◦ of the southern hemisphere are shown in Figure 5. Periodic reversal of the
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Figure 6. Weak magnetic fields (|B| < 5G). (a) the time-latitude diagram without saturation.
(b) the time-latitude diagram with saturation at 5G.

magnetic field sign is clearly seen for the fields of 0–5G (Figure 5a), and 5–
15G (Figure 5b), in the interval from one Rush-to-the-Pole to another. For the
intermediate group of 15–50G (Figure 5c), the alternation of polarities occurs
only at a sufficiently high level of solar activity, and the variations disappear near
the minimum. Periodic polarity changes are almost completely absent for fields
with |B| > 50G (Figure 5d). Thus, the alternation of the dominant polarity of
flows is a characteristic property of weak fields.

As can be seen in Figure 5 Rush-to-the-Poles flows (shaded in the figure) are
present in all field groups. Thus, in the formation of Rush-to-the-Poles flows, not
only weak fields of less than 15G are involved, but also fields from 15 to 50G
and more.

On the other hand, the synchronous behavior of different field groups allows
their inclusion in the time-latitude diagramwhile studying the features of ripples.
In order to avoid excessive influence of the most strong fields the saturation limit
should be chosen and set at sufficiently low level.

3.3. Diagrams with and without saturation

We carry out the main analysis for a diagram built using synoptic maps with
saturation at 5G (|B| ≤ 5G). This type of maps will be called “with saturation”.
For comparison, we also plotted a diagramwithout saturation, where we included
only magnetic fields from −5 to +5G on each synoptic map (|B| ≤ 5G). In this
case all pixels with values |B| > 5G were replaced by zeros. By analogy, we will
name such diagrams “without saturation”.

Comparison of a time-latitude diagram plotted without saturation (Figure 6a
– only for the fields less than 5G) with a diagram plotted with saturation
(Figure 6b) shows that the same structure can be seen on both diagrams, yet
in the diagram with saturation, the picture is clearer and the details of the field
distribution are more pronounced.

The next figure also speaks in favor of the diagram with saturation: in Figure 7
the variations of the magnetic field are shown at the latitude 33◦ for the time-
latitude diagrams obtained at various saturation thresholds (Blim 10, 20, 30G).
It can be seen that the change in the sign of the fluxes occurs at the same
periods of time for different saturation thresholds. This means that the pattern
of distribution of polarities over the solar disk is very stable and that taking into
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S1 (blue curve). The trend was determined as a result of running smoothing over 21 points
(red curve); (b) magnetic field after detrending; (c) magnetic field (b) smoothed over 5 points.

account magnetic fields stronger than 5G results in the same picture that was

obtained for the weakest fields less than 5 G without saturation. In other words,

changes of the field sign are closely connected with certain moments on the

time-latitude diagram for all values of magnetic fields, which makes it possible

to include strong fields in the time-latitude-diagram.

Note that this phenomenon – the alternation of magnetic flows of opposite

polarity was found in (Vernova et al., 2018) when analyzing the synoptic maps of

the magnetic field of the photosphere (NSO Kitt Peak). The distinctive feature

of this study was that only the sign of the magnetic field was taken into account:

each pixel of the synoptic map was assigned a value of +1 or −1 in accordance

with the sign of the field in this pixel.
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Figure 9. Approximation of magnetic field variations by a sinusoidal function: (a) for the
entire interval S1; (b) and (c) - the approximation interval is divided into two parts. There is
a noticeable difference in the periods of variations for parts (b) and (c).

3.4. Period and amplitude of variations

In the time-latitude diagram (Figure 1), which served as an experimental ba-
sis for our analysis of magnetic field variations, flows with different polarity
appear very clearly. However, upon closer examination, it turns out that this
phenomenon is quite complex, and over several cycles the variation parameters
experience significant changes. To begin with, the lifetime of these variations
(the section of the time-latitude diagram in which the variation is constantly
present) changes during 1978–2016 from 6 to 11 years in the northern and
southern hemispheres. Approximate estimates of the period and amplitude of the
variations also showed that these parameters differ significantly between sections
N1, N2, N3, S1, S2, S3. Therefore, to obtain quantitative estimates of the period
and amplitude parameters, it was necessary to subject the time-latitude diagram
to a preliminarily processing that would eliminate both the shortest variations
and long period ones from the primary data, since it was obvious that ripples
are associated with variations that have a period from one year to several years

To isolate these variations, the following data processing technique was
adopted. As an example, we consider the change of the magnetic field along the
latitude−33◦ in the interval S1 (Figure 8a, blue curve). The trend of the raw data
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(Figure 8a, red curve) was determined as a result of a running smoothing over
21 points (a point corresponds to one Carrington rotation). After subtracting
the trend (Figure 8b), the data was smoothed over 5 points (rotations). As a
result of such processing, both the slowest and fastest variations of the field were
excluded from the data series, and thus the interval of periods of interest was
emphasized and we could observe the variation in a “pure” form (Figure 8c).
The time dependences of the magnetic field strength at the latitude of 33◦ were
subjected to such processing for 6 intervals marked on the latitude-time diagram
(Figure 1).

After that, it became possible to estimate the amplitude and period by fitting
the “cleaned data” with a sinusoidal function. The magnetic field variations for
the intervals N1, N2, N3, S1, S2, S3 were approximated by a function of the
following form:

y = y0 +A sin
2π(t− tc)

T
, (1)

where A is the amplitude, T is the period of variation and tc is the shift of
the phase. (Figure 9 shows the approximation for the interval S1). It turned
out that the variation period noticeably changes not only from one interval to
another, but also within one interval, i.e., over a time of ∼ 10 years (in our
example, during the interval S1), which leads to uncertainty in the estimation
of the period. Therefore, the intervals were divided into two parts (with a split
point near the minimum of the solar cycle) and the approximation was performed
independently for each of the parts (see Figure 9b,c).

Figure 9b,c shows that approximating the two parts separately gives a better
accuracy. The data of all 6 intervals were processed similarly and the period
and amplitude of the variations were determined. This analysis showed that
the variation period changes during the N1–S3 intervals, and in the northern
hemisphere, in each interval before the minimum of solar activity, the variation
period was longer than that after the minimum (Figure 10a). However in the
southern hemisphere, such effect appeared only in one of the three regions. In
average, the period of variation was 1.1 years for the northern hemisphere and
1.3 years for the southern hemisphere.

It should be emphasized that these estimates of the period of variation are ob-
tained for one particular latitude (33◦). For other latitudes, we received slightly
different periods. In the work (Vernova et al., 2022), averaged period values for
the range of latitudes from the equator to 50◦ were obtained by two methods:
a) using the method of empirical orthogonal function (EOF) analysis and b) by
summing the time profiles of the field taking into account their latitude shift
with time.The values of the periods for two methods turned out to be: 1.8 years
and 1.6 years.

These period values are close to the estimations of other authors. In (Vecchio
et al., 2012) these variations are considered as one of manifestations of the quasi-
biennial oscillations (QBO). Period of ripples from 0.8 to 2 years was found in
(Ulrich and Tran, 2013).

A certain regularity is seen in the change of the amplitude of the variations
of the two hemispheres (Figure 10b): the amplitude is higher for the hemisphere
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Figure 10. Periods and amplitudes of the magnetic field variations (ripples) along the 33◦

latitudes in the N and S hemispheres. (a) Periods of variations for both hemispheres. The six
intervals N1, N2, N3, S1, S2, S3 were divided in two equal parts; the periods were evaluated
independently for each of the 12 sections. (b) Amplitudes of the variations for 6 time intervals
(N1–S3). At the top of histogram the sign of the polar field is shown. The amplitudes were
higher for the hemisphere with positive polar field.

in which the polar field is positive (the sign of the field is indicated in the upper
part of the histogram). This effect supports the connection of polarity variations
with the 22-year magnetic cycle of the Sun.

3.5. Fields of positive and negative polarity

The contribution of fields of positive and negative polarity to the formation of
a cyclic structure of flows with alternating signs of the field is considered.

There are two possibilities for the magnetic field variations, which lead to
a variation of the dominant polarity. The first variant: positive fields and the
modulus of negative fields develop in phase with each other, but there is a cyclical
change of the ratio between their values. Another variant is that high values of
positive fields correspond to low (in the modulus) negative fields and vice versa.
The result will be the same: alternate dominance of one of the polarities.

Plotting the time-latitude diagrams separately for positive and negative fields,
one can check which of the variants takes place. We used the same value of 5G
as the saturation limit for synoptic maps.

Figure 11 shows the time variation of positive and negative magnetic fields
at the latitude 33◦ of the southern hemisphere. Within the same flow, fields of
different signs are closely related to each other and develop in anti-phase: the
maxima of the positive field (upper curve) are close in time to the minima of the
absolute value of the negative field (lower curve). (These points are connected
by red lines). To quantify this effect, a running smoothing of positive magnetic
fields over 21 points was performed. The same smoothing was performed for the
modulus of negative fields.

If we subtract the 21-point smoothed values (trend) from the positive values
and from the absolute negative values and then consider the correlation between
the positive and the negative values, then it will be high (R = −0.83) for the
interval S1 of 150 rotations and even higher (R = −0.89) for a smaller interval
of 100 rotations.
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Figure 11. Development of positive and negative magnetic fields considered separately.
Time-latitude diagrams were constructed for 0 < B ≤ 5G and −5 ≤ B < 0G. Magnetic
field for the interval S1 at the latitude −33◦: (a) only positive field; (b) negative field. Red
lines show the relative positions of the extrema of the two curves.

Thus, an increase in the positive field within one flow is accompanied by a
decrease in the modulus of the negative field in the same flow and vice versa.
This leads to alternate dominance of magnetic fluxes with different polarities.

4. Conclusions

Wave-like structures with periods around 2 years (the ripples) were found in
(Vecchio et al., 2012, Ulrich and Tran, 2013). We continued the study of this
phenomenon using the time-latitude diagrams constructed on the base of NSO
Kitt Peak data. To emphasize the contribution of weak fields the following
transformation of synoptic maps was made: for each synoptic map only magnetic
fields with modulus less than 5G (|B| ≤ 5G) were left unchanged while larger
or smaller fields were replaced by the corresponding limiting values +5G or
−5G. A time-latitude diagram was obtained, in which there are no Maunder
butterflies and one can see the details of the weak field distribution. In the
time-latitude diagram, one can see magnetic field fluxes of two types: Rush-
to-the-Poles (RTTP) and the ripples. The two phenomena have very different
characteristics. Magnetic fields of RTTP always have the same sign as the sign
of the following sunspots and opposite to the sign of the polar field of the given
hemisphere. The times when RTTP reach the poles coincide with the reversals
of the polar field. Unlike RTTP, which appear as separate magnetic field flows
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Figure 12. Comparison of variations of positive (blue curve) and modulus of negative (red
curve) magnetic fields. The same interval as in Figure 11 is displayed after removing the trend
(running average for 21 Carrington rotations). The fields develop strictly in anti-phase.

one per maximum of the solar cycle, ripples are a set of narrow field flows
with alternating polarity. We observe such flows in the time interval between
two RTTPs, when the sign of the polar field is constant, i.e., at the decrease,
minimum and rise phases of the solar cycle. RTTP flows begin at latitudes of
30◦–40◦ and propagate to the poles. In contrast, magnetic field flows forming
ripples appear, as a rule, near the equator and reach latitudes ∼ 50◦. The width
of RTTP flows is about three years. The width of the flows with positive or
negative polarities of the ripples ranges from 0.5 years to 1 year. The main
contribution to the ripples is made by weak fields |B| ≤ 15G. Fields from 15
G to 50 G and more are involved in formation of RTTP flows. Two types of
flows – RTTP and ripples – together form a regularly repeating structure in the
magnetic field of the photosphere, which has close connection to the magnetic
cycle of the Sun.
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