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Abstract

Sunspots are observable phenomena that emerge on the Sun’s surface, typically appearing in groups during intervals when the
toroidal magnetic field of the Sun is heightened. These occurrences are not solely determined by the magnetic field’s strength;
there is also a stochastic, or noise-related, component that influences sunspot manifestation during these elevated periods. This
paper demonstrates that the periods of increased toroidal magnetic field are driven by the collective movement of the Jovian
planets, which alters the location of the solar system’s center of mass relative to the Sun’s center. This dynamic motion introduces
a cycle that is very close to 11 years in length. When both polarities of the Sun’s magnetic field are considered, this results in an
overall 22-year magnetic cycle. For these effects to be effective the Sun’s dynamo must extend into the near surface layers.
Sunspots emerge over both the northern and southern hemispheres of the Sun, following the typical butterfly pattern that is
characteristic of sunspot distribution. While the collective motion of the Jovian planets drives the cyclical maxima in the Sun’s
toroidal magnetic field, it is identified as a necessary-but not solely sufficient-factor for the development of sunspots. Based on
the influence of the Jovian planets, it is predicted that the maximum for solar cycle 25 will occur between November and
December 2024. Furthermore, solar cycle 26 is expected to reach its maximum around January 2037.
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1. Introduction

The number of sunspots occurring on the surface of the Sun
has been accurately counted ever since about the year 1750.
[1] To date 25 groups have been observed with peak counts of
about 100 to 250 sunspots per month with nearly zero sunspots
occurring between such groups. The sunspots observed for cy-
cles 16 to 25 is shown in Figure 1. [1] This figure snows the
sunspots counted over the Sun’s visible surface from about
1925 to 2025. Figure 2 shows sunspots counted over the tine
period from 1880 to 2000 with the occurrence of sunspots bro-
ken down by solar latitude of occurrence in the upper trace
and by total number lumped together as shown in the lower
trace. [2, 3] Differential rotation of the Sun causes the Sun to

exhibit a toroidal magnetic field about the Sun’s rotation axis.
[4-6] Sunspots occur when the Sun’s toroidal magnetic field
breaks and then reenters the solar surface. The members of a
pair are seldom clearly discernible.

Sunspots normally start at a solar latitude of about £30°
with opposite magnetic polarities leading in the different solar
hemispheres of northern and southern. Sunspot pairs then mi-
grate toward the solar equator where they disappear. In a sub-
sequent cycle the opposite magnetic polarity then leads in the
respective hemisphere so that the total magnetic cycle time is
approximately 22 years, This is represented in the upper trace
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by the alternating colors. This is usually called a butterfly di-
agram of solar sunspot activity.

The number of sunspots observed in the northern and south-
ern hemispheres is approximately equal but asymmetric and
seemingly uncorrelated from solar cycle to solar cycle. It is
generally believed that the number of sunspots is correlated to
the toroidal magnetic field of the Sun. [4-6] The peaking in the
number of sunspots is said to be in phase to the peaking of the
Sun’s toroidal magnetic field. [4] In a previous paper it was

2. Results and Discussion

shown that maxima in the number of sunspots correlate to col-
lective motions of the Jovian planets. [7] In this paper we want
to show that the number of sunspots correlates to maximas in
the Sun’s toroidal magnetic field and then also to the collec-
tive motion of the Jovian planets. This means that the Sun’s
dynamo must be shallow rather than deep as has been nor-
mally assumed. [4-6] Several recent papers have taken the
Sun’s dynamo as being dominated by surface related factors.
[7-11].
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Figure 1. Sunspots are shown for the time period from 1925 fo 2025 as compiled by the Space Weather Center [1].

As previously shown, the collective motion of the Jovian
planets can be correlated with the occurrence of sunspots. [7]
For each planet if X equals the distance from the center of the
Sun to the center of mass and D equals the distance from the
center of the Sun to the center of a planet then

M¢X= Mp (D— X)then X = (Msf’—”m)z) (1)

Dividing X by the radius of the Sun, Rs, then yields a useful
variable Z = X/Rs. If Z > 1 then the center of mass of the Sun
planet system actually lies outside the surface of the Sun. For
the Jovian planets: Z Jupiter = 1.07, Z Saturn = 0.586, Z Ura-
nus = 0.180, and Z Neptune = 0.332. Figure 2 shows the ratio
of the distance from the center of the Sun compared to the Sun
radius for the individual planets. [7] The Z values for the ter-
restrial planets are at least about three orders of magnitude

smaller. It is then a very good approximation that the terres-
trial planets revolve about the center of the Sun. But the Jovian
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planets and Sun must be treated as a system that moves about
the collective center of mass. The orbital period for the Jovian
planets are: P Jupiter = 11.86 years, P Saturn = 29.42 years, P
Uranus = 83.75 years, and P Neptune = 163.7 sidereal years.
[12] Using circular orbits angular speeds can then be deter-
mined by dividing 360 degrees by the orbital period. These are
then 30.35 degrees per year for Jupiter, 12.24 degrees per year
for Saturn, 4.299 degrees per year for Uranus, and 2.199 de-
grees per year for Neptune. Neptune has thus completed less
than 2 orbits for the time period over which the number of
sunspots has accurately been counted.

The Z values can then be projected onto a particular axis
direction for the different dates. The use of Mathematica al-
lows details of the orbit and distances to be determined, but it
is mainly the orbital angular positions that are of interest and
“The Planets Tday.com” app gives the angular orbital posi-
tions and only that information.
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DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS

SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS
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Figure 2. The upper panel shows the butterfly pattern of observed sunspots for the time period 1880 to 2000. The lower panel shows sunspots

counted over the visible Sun for the time period 1880 to 2000.

In Figure 3 the positions of the solar system planets are
shown for a particular date such that the observer is at a distant
point at 270°. Zero degrees is straight up and angles increase
in the counterclockwise direction. The figure results from

Z =1.07 = Cos(@l ) + 0.586 * Cos(6s) + 0.180 = Cos(8y) + 0.332*Cos(6y)

Where the coefficients are as determined by Equation (1)
and subscripts refer to the planets Jupiter, Saturn, Uranus, and
Neptune. This equation determines the projected Z values as
the different planets rotate. In a previous paper Z had been de-
fined with a minus 1 multiplier which has not been included
here. [7] If we assume we are observing a distant star with
planets from a point within the plane of the planets, then Z is
just the distance from the star to the center of mass of that
system. It will be observed that the maximum number of sun-
spots appearing on the star will occur at a local extrema of Z.

In Figure 4 the Z values as a function of time is plotted. The
plot range spans the time corresponding to Solar Cycles 14 to
a projected Cycle 26. The positions corresponding to the peak
sunspot numbers have been indicated by the solar cycle num-
bers. Figure 5 shows an enlargement of this figure for Solar
Cycles 22 to 25. Thus, the peak activity for Cycle 25 appeared
in the year 2024.9 equivalent to about November-December
2024. The position of the maxima associated with cycle 25 has
been recalculated and is believed accurate to £0.3 years. This
corresponds precisely to the time for which the peak in solar
cycle 25 has been observed. [1] This is illustrated in Figure 5.
The peak Z values labeled for the other labeled extrema cor-
respond to the peaks for the respective solar cycles. It is then
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“The Planets Today.com” app. Contributions from the planets
Saturn, Uranus and Neptune can be similarly added. The pro-
jected Z values are then given by

2

predicted that Solar Cycle 26 will occur in year 2035 or about
January of 2035. It is asserted that a maximum in the number
of sunspots corresponds to a maximum in the Sun’s toroidal
magnetic field and thus also to a local extrema of Z(t). The
total magnetic cycle then corresponds to approximately 22
years. The Sun’s poloidal magnetic field peaks 90° out of
phase so that the magnetic energy switches from the toroidal
to poloidal to opposite polarity toroidal io opposite polarity
poloidal before completing a cycle in approximately 22 years.
The peaking of the toroidal field and the occurrence of sun-
spots are in phase [c].

To fit the predicted Z values for the different sunspot cycles
requires that the toroidal magnetic field be very near the Sun’s
surface. In this description the position of the Jovian planets
becomes a necessary, but not a sufficient condition for the ap-
pearance of sunspots. A large noise or stochastic variation of
the number of sunspots is then expected due to variations in
surface granulation. Similarly, this noise, being random,
would introduce an asymmetry in the number of sunspots be-
tween the northern and southern hemispheres of the Sun. The
positions of the Jovian planets then accounts for the grouping
of sunspots but is not causal for the appearance of any indi-
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vidual sunspots. Assuming again nearly circular orbits the re-
peat time for any particular pattern of the Jovian planets re-
quires a common multiplier of the periods equal to =4.78E6
years. The number of sunspots introduced by this surface sun-
spot activity is substantial and can shift the overall peak by 1
to 3 years. For this effect to be effective it requires that the

solar dynamo be shallow. Based on the influence of the Jovian
planets, it is predicted that the maximum for solar cycle 25
will occur between November and December 2024. Further-
more, solar cycle 26 is expected to reach its maximum around
January 2037.
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Figure 3. The distance from the Sun center to the center of mass compared to Sun's radius, the Z value, is shown for the planets in the solar
system. Since the mass of the Sun is approximately 330,000 times the mass of the Earth, the Z values for the terrestrial planets are very small.
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Figure 4. The relative angles to the planets in the solar system are shown as determined by the app The-Planets-Today.com. The angles have
been determined by the angle measured counterclockwise from the vertical line.
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Figure 5. Projected Z values are plotted for the time period 1900 to 2060.
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Figure 6. The upper panel shows an expanded view of projected Z values for the time period 1990 to 2030 corresponding to solar cycles 22 to
25. The lower panel shows the Space Weather Sunspot Count for Cycles 22 to 25.
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3. Conclusions

The collective motion of the Jovian planets implies that the
Sun’s toroidal magnetic field will reach peak values and that
sunspots will appear in groups separated by very close to 11
years as shown in Figures 5 and 6. The variation of the Sun’s
toroidal magnetic field can then smoothly follow the collec-
tive motion of the Jovian planets. But the actual number of
sunspots observed can vary appreciably because of the large
surface noise factor, or stochastic factor. This is the first time
that the Sun’s toroidal magnetic field variations have been at-
tributed to the collective motion of the Jovian planets. The rel-
ative positions of the Jovian planets is then a necessary, but
not a sufficient condition, for the appearance of any individual
sunspot.
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