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Abstract

A parameter that is indicative of the peak plangtidal forces acting upon the Sun i.e. changethén
alignment of Jupiter, at the time of inferior andperior conjunctions of Venus and Earth, naturally
exhibits characteristics that either mimic or reglte five of the main properties of the solar cytleese
properties include: the Schwabe cycle; the Haldegithe Gnevyshev—0hl rule; the extended solaresycl
and the sunspot cycle's inherent memory. We betietethis result strongly supports the proposal by
Hung (2007) that the solar sunspot cycle is beimftuénced by variations in the planetary tidal fesc
acting upon the Sun. This conclusion is supporiethb fact that over the last thousand years, etiarg

the peak planetary tidal forces acting upon the Srtenat their weakest there has been a period wf lo
solar activity know as a Grand Solar minimum. The @xception to this rule is a period of weak
planetary tidal peaks that roughly coincides witle Medieval Maximum in solar activity. We speculate
that this one exception to the rule might have aetlbecause there was another countervailing facto
present during the Medieval Maximum that was waykigainst the planetary tidal effects. We note that
the most recent period of weak planetary tidal pe@ached a maximum sometime in the 1990's, without
any significant reduction in the level of solarigity. This leads us to conclude that the actiléyel on
the Sun is either in early stages of an Oort-likmimum that will last from 2005-2045, or it is aktou
half way through a period of high solar activitymilar to the Medieval Maximum. We believe that
evidence pointing towards a significant decreasé¢him level of sunspot activity in the upcoming sola
cycles strongly favors the former conclusion.
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1. Introduction

Hung (2007) proposed that the solar sunspdéag being influenced by variations in the
planetary tidal forces acting upon the Sun. Humpsus his contention by claiming that twenty
eight out of the thirty five largest flares on then were observed to start when one or more of
the dominant tide-producing planets (Mercury, Verkterth and Jupiter) were nearly above
(< 10°) the event positions or at the opposite side ®f3bn (188). He points out that the
probability that this could have happened by chas@039 percent.

Hung also notes that the planetary alignmgecles of Venus, Earth and Jupiter exhibits a
11.0 year periodicity that closely matches therigmf the 11 year Schwabe sunspot cycle
observed over the last 300 years.

Combining these two pieces of evidence, Huog@ses what is in effect a "mouse-trap”
model to explain the variations that are seenanstilar sunspot cycle. In this model, periodic
maxima in the relatively insignificant planetargldl forces affecting the Sun act as the trigger
for the release of vast amounts of energy assalcveith the largest solar flares. The analogy
being that the small amount of energy suppliedheygaw of a mouse is more than sufficient to
release the far greater energy that is storedeirspiing of the mouse trap. Hung hypothesizes
that the periodic releases of energy during thexgelflares lead to a resonance interaction
between the variations in the peaks in the plapei@al forces acting on the Sun and the solar
cycle. In his "mouse--trap" model, a natural reswe period of 11 years on the Sun (possibly
associated with the turn-over time-scale of theidn@mal flow in the Sun's convective layer) is
being driven by a 11 year variation in the strergjtthe planetary tides.

Hung's "mouse--trap” model would receive adsigaport if it could be shown that variations
in the planetary tidal forces acting upon the Splicated or mimicked many of the main
properties of the sunspot cycle. These propenigsde: the Schwabe cycle; the Hale cycle; the
Gnevyshev-0Ohl (G-0) rule; the extended solar cyahet the sunspot cycle's inherent memory.

In this paper, we will attempt to show thgtamameter that is indicative of the planetary tidal
forces acting upon the Sun i.e. changes in thamlent of Jupiter, at the time of inferior and
superior conjunctions of Venus and Earth, natuetlyibits characteristics that mimic or
replicate the five main properties of the solarleytn addition, we will propose a simple
mechanism that could explain why the planetarynafignts of Venus, Earth and Jupiter
naturally cause the sunspot cycles to stop onfatethey do during the Grand Minima.
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We begin our arguments with a brief explamafar each of the five main properties of the
solar sunspot cycle.

2. The Fundamental Properties of the Sunspot Cycle

A. The Schwabe Cycle

The Schwabe cycle was discovered by SamuealridbiSchwabe in 1843, when he noticed
that the number of sunspots seen on the Sun'sceurfareased and then decreased over a period
of about 10 years (Schwabe 1843). In reality, tttaa cycle length of the Schwabe cycle can
vary from about 9 to 14 years (Rogers et al. 208@)pugh it oscillates about a long-term
average value of about 11.1 years (see table 1).

B. The Hale Cycle

George Hale discovered that it takes two St®waycles (or one Hale cycle) for the magnetic
polarity of sunspot pairs to reverse and then retinitheir original state (Hale 1908). This means
that fundamental magnetic activity cycle for then$&iactually 22 years long.

Table 1 shows recent estimates of the meaiHsrof the Schwabe and Hale sunspot cycles
determined directly from group sunspot numbers yHotd Schatten 1998). We can see from the
data in table 1 that cycle lengths that are medsiuoen one solar minimum to the next show the
least dispersion about a long-term mean. The refasdhis, is that it is easier to identify the
time of solar minimum more precisely than the tiohgolar maximum. Indeed, there are some
solar maximums that have two distinct peaks (g/glec23) making it difficult to identify the
actual time of maximum solar activity. Hence, tlestestimates for the lengths of the Schwabe
and Hale cycles from table 1 are 11.1 + 1.2 yeads22.1 + 2.0 years, respectively (Rogers et al.
2006, Usoskin and Mursula 2003, Cox 2001).

C. The Gnevyshev-Ohl (G-0O) Rule

This rule states that if you sum up the mearual Wolf sunspot number over an 11 year
solar cycle, you find that the sum for a given emambered sunspot cycle is usually less than
that for the following odd numbered sunspot cy8advyshev and Ohl 1948). The physical
significance of the G-0 rule is that the fundamkadaivity cycle of the Sun is the 22 year
magnetic Hale cycle, which consists of two 11 yeemnwabe cycles, the first of which is an even
number cycle (Obridko 1995). While this empiriaaler generally holds, there are occasional
exceptions such as cycle 23 which was noticeabbkeethan cycle 22.
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Table 1

Estimates of the Average Length of the Schwabe andhle Sunspot Cycles.

Reference Criterie Length (yrs Cycle Epoch Covere
Rogers et al. 20( Min to Min 11.1+1.2 Schwab 1698.0 to 2008
Rogers et al. 20( Max to Ma>| 10.9+1.9 Schwab 1705.5 to 2000

Usoskin & Mursula 200: | Min to Min 11.0+1.1 Schwab 1700.0 o 2008.!
Usoskin& Mursula 200: | Max to Ma> | 10.9+ 2.1 Schwab 1705.4 to 2000

Cox 200: Min to Min 11.1+1.2 Schwab 1698.0 to 1986
Rogers et al. 20( Min to Min 22.0+2.C Hale 1698.0 to 2008
Rogers et al. 20( Maxto Ma»| 21.9+25 Hale 1705.5 to 1989

Usoskin & Mursula 200: | Min to Min 22.1+1.6 Hale 1700.0 to 2008
Usoskin& Mursula 200: | Maxto Ma> | 21.9+2.5 Hale 1705.4 to 1989
Cox 200: Min to Min 22.2+2.C Hale 1698.0 to 1986

D. The Extended Solar Cycle

Markov and Sivaraman (1989) find that glolmasactivity for a given sunspot cycle
commences at the time of magnetic field reverbal, happens near the sunspot maximum
of the previous cycle. They show that the glob#drsactivity includes two main components.
The first consists of polar faculae that appesatittides of 40 — 79and migrate poleward. The
second component consists of the sunspots whialu spc - 6 years later at latitudes 0f40
and then drift equator-ward, giving rise to thetérdly diagram. Markov and Sivaraman (1989)
also show that the changes seen in the two componeatches the patterns seen in the 5303 A
coronal emission line as well as the excess slssaiceated with the torsional oscillations.

The concept of an "extended solar cycle" raiyfits into the classic dynamo theory for the
sunspot cycle, since the high latitude activityt tnéggrates towards the pole is most likely
associated with the poloidal component of the Smagnetic field. In the Dynamo theory, the
poloidal field that is established just after ttugpity reversal at the maximum of the previous
solar cycle acts as the seed for the strong tdrbe&ld that is created in the next solar cycle
(Sakurai 2000).

The overall picture is one in which the sunigadivity is the main phase of a more extended
activity cycle that starts at the solar maximunthaf previous cycle and extends for a period
lasting roughly 16 to 17 years (Markov and Sivararh889, Wilson et al. 1988, Altrock 1997).
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E. The Solar Cycle Memory

There are a number of relationships that mdhe use of precursors to predict the peak
amplitudes of future sunspot cycles. These incthde

a)Waldmeier Effect: This is an observed anti-correlation betweeratnglitude of a
given sunspot cycle and the length ofabe=nding phase of the cycle i.e. strong cycles
reach a maximum in the shortest period of time liaty et al. 2002, Vaquero 2007).

b)The Amplitude—Period Effect This is an anti-correlation between the peak &mn#
of a cycle and the length of the precediygle, measure from minimum to minimum
(Hathaway et al. 2002, Vaquero 2007).

¢)The Amplitude—Minimum Effect: This is a correlation between the cycle amplitadd
the activity level at the previous minimhathaway et al. 2002, Vaquero 2007).

d)The Drift—-Rate Amplitude Correlation : This is a correlation between the drift velocity
for sunspots at the'\cycle maximum and amplitude of the (N¥2)ycle maximum
(Hathaway 2006).

Relationships b) and d), in particular, imghigt what happens in one solar cycle can affect
either the next sunspot cycle or the one after @t means that any given cycle has a
"memory" of what happens in the one or two cydheg tmmediately proceed it.

Again, the concept of a sunspot cycle mem®gymatural outcome of the classic dynamo
model that includes the effects of a deep meridifloa in the Sun's convective layer (Dikpati
and Charbonneau 1999, Nandy and Choudhouri 200@)id type of model, the meridional flow
during a given sunspot cycle transports residugmatc flux polar—ward where it acts as the
seed for the toroidal field that is created inrleat solar cycle (Hathaway 2006).

F. The Grand Minima

Gis data from trees and Bgrom ice cores (Usoskin et al. 2002, 2003) shoat there have
been a number of periods in the last 1000 yearsenthe level of solar activity has significantly
decreased for periods lasting up to 60—-100 yedrss& Grand minima in solar activity have
include the Oort minimum (1010-1050 A.D.), Wolf nmrum (1285-1340 A.D.), Sporer
minimum (1450-1530 A.D.), Maunder minimum (1645-3AD.) and Dalton minimum
(1790-1830 A.D.) (Usoskin et al. 2003).
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The two most recent Grand minima are the onys that have occurred in the era of regular
telescopic observations of the Sun. During eadhede minima, there has been a dramatic
decrease in the number of sunspots seen on the Sufdce. It is generally assumed that similar
decreases in sunspot number took place duringattie eminima.

Despite the near absence of sunspots durelylaunder minimum, a number of researchers
(Mursula et al. 2001, Usoskin et al. 2000, 2001gdks and Mursula 2003) have found that the
22 year Hale and 11 year Schwabe activity cycldsidt go away during the Maunder
minimum, although the effects of the 11 year cyedze substantially reduced. A similar
persistence of the 22 year cycle and suppressitredfl year cycle was found by Miyahara et
al. (2005, 2007) for the Sporer minimum.

3. Grand Alignments of Jupiter, Venus and the Earth

One way that we can track the variations avgational and tidal forces acting upon the
Sun's surface is to note the relative alignmegupiter, at the time of inferior and superior
conjunctions of Venus and Earth. The quality ofitarjs alignment with Earth and Venus is
simply measured by the position angle of the Supitduline with respect to the line joining
Venus, Earth and the Sun. If Hung's "mouse—trapdehis correct, then this parameter should
exhibit properties that mimic or replicate the mpinperties of the solar cycle.

The mean sidereal orbital periods of the plivenus, Earth and Jupiter, measured in days,
are (Horizons on-Line Ephemeris System v3.32f Mhy308):

Venus: | = 224.70080 days EarthgF 365.256363 days Jupiter; ¥ 4332.82 days
These sidereal periods produce synodic periods of:
Sie = 583.9214 days= 1.59869 yrs

Svi 236.991 days = 0.64885 yrs
Sty 398.882 days = 1.09208 yrs

where: §e = synodic period of Venus—Earthy;S= synodic period of Venus—Jupiter;
Se; = synodic period of Earth—Jupiter; and the syngeidods are in Julian years.

This creates a near-resonance condition in the Bwlar system such that:

28 x S = 44.7637 years 69 x/$=44.7707 41 x §=44.7753 years
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The near-resonance conditions mean that ifvese to take snap shots of Jupiter's orbital
position whenever Venus and Earth aligned withShe, we would find that Jupiter comes into
a grand alignment with Venus, Earth and the Suce @very 14 x & = 22.38 years.

It should be noted, however, that these gedigthments come in two distinct forms. The first
is when Jupiter aligns itself with an inferior congtion of Venus and Earth (i.e. when Venus
and Earth are aligned on the same side of the 8dmg¢h we will call inferior alignments. The
second is when Jupiter aligns itself with a superamjunction of Venus and Earth (i.e. when
Venus and Earth are aligned on opposite sideseosti), which we will call superior
alignments.

This means that if we were to start out withrderior alignment, where Venus, Earth and
Jupiter are all aligned on one side of the SurB&$%ears later there would be another inferior
alignment but this time Jupiter would be on theamie side of the Sun to Venus and the Earth.

Similarly, if we were to start out with a sujpe alignment, where Jupiter and Venus are
aligned on the same side of the Sun, 22.38 yetastteere would be another superior alignment
but this time Jupiter and Earth would be alignedrensame side of the Sun.

In addition, the superior alignments of Venigarth and Jupiter are in anti-phase with the
inferior alignments. This means that when we comlbire inferior and superior alignments, one
form of alignment or another occurs once every 4 ydars.

4. Grand Alignments and the Fundamental Properties othe Solar Cycle
A. The Schwabe and Hale Cycles

Evidence supporting the close synchronizatienveen the grand alignments of Jupiter and
the Schwabe and Hale sunspot cycles is providédure 1a, 1b, and 1c. These figures show
annual sunspot number for the years 1700-1820 1880-1920 (1b); and 1900-2004 (1c).
Superimposed on each of these plots is a thickectimat indicates the angle between the line
joining Jupiter and the Sun and the line formedhsysyzygy (alignment) of Venus, the Sun and
the Earth at superior conjunction (The Sky LeveWl¥.00). Also superimposed on each of the
plots is a dotted curve that indicates the angie/den the line joining Jupiter and the Sun and
the line formed by the syzygy (alignment) of Venkarth and the Sun at inferior conjunction
(The Sky Level IV v.5.00). The points on each @&fdé two curves are separated by 1.6 years,
corresponding the time between one superior (eriof) conjunction and the next.
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Figures 1a, 1b, and 1c show the annual sunspot ensnfitr the years 1700-1820, 1800-1920, and 190B%2@spectively.
Superimposed on each of these plots is a thickectivat indicates the angle between the line joidimgjter and the Sun and the
line formed by the syzygy of Venus, the Sun andghagh at superior conjunction. Also superimpose@ach of these plots is a
dotted curve that indicates the angle betweenitteejdining Jupiter and the Sun and the line forrbgdhe syzygy of Venus,

Earth and the Sun at inferior conjunction. The f®on each of these two curves are separated byears, corresponding the
time between one superior (or inferior) conjuncior the next.
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Figures 1a, 1b, and 1c clearly show that tferior alignments of Jupiter (dotted curve) are
separated from the next superior alignment of &ugihick curve) by a time period (11.19 years)
that closely matches the long—term mean of thetkeafithe Schwabe cycle (11.1 + 1.2 years).
Note: Jean-Pierre Desmoulins should be acknowledgetde person who originally discovered
the close match between the alignment cycles oti¥eBarth and Jupiter and the length of the
Schwabe cycle, since he first highlighted this @tion in 1989 (Desmoulins 1989).

An indicator of the quality of the synchrortiba between the average length of the Schwabe
cycle and the planetary alignments is providedneyfact that over 300 years (i.e. 1700—-2000
A.D.), or 28 Schwabe cycles, the cumulative diffexebetween the times of maximum
planetary alignment and maximum sunspot number (i) amounts to less than 2-3 years.
This means that the difference between the long-tarerage for the length of the Schwabe
cycle and the 11.19 year average time interval detwplanetary alignments is probably less
than or equal to ~ 0.1 years. It is certainly lass ~ 0.2 years since a systematic difference of
this size would result in the times of maximum pf@my alignment drifting into anti-phase with
the Schwabe cycle (~ 5.6 years).

In addition, figures 1a, 1b, and 1c show #w®ath of the superior alignments of Jupiter (peaks
on the thick curve) and each of the inferior aligmts of Jupiter (peaks on the dotted curve)
repeat every 22.38 years. Coupling this with tlot tae two types of planetary alignments are in
anti-phase with each other, naturally results anetary alignment cycle that repeats itself on a
time scale that matches that of the long—term noééine Hale cycle (22.1 £ 2.0 years).

B. The Gnevyshev-0Ohl (G-0) rule

Figure 2a shows the position angle of Jupiteasured from the alignment axis of the
superior conjunction of Venus and Earth plottedragjahe position angle of Jupiter measured
from the alignment axis of the inferior conjunctiohVenus and Earth. The inferior and superior
conjunctions chosen as the x,y coordinates for padatt in this graph are those that are closest
to a given solar maximum, for all solar maxima sid@00 A.D. The dates of solar maxima that
are used are those published by Usoskin and Muf2aGs).

Figure 2b shows the corresponding plot foitpmsangles of Jupiter at the superior and
inferior conjunctions closest to each of the solarima since 1700 A.D. Again, the dates of
solar minima are those published by Usoskin andsislar(2003). In both figure 2a and figure
2b, symbols have been used to segregate the patimthe 14 even and 14 odd numbered solar
sunspot cycles.
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Figure 2a shows the position angle of Jupiter nmegisfilom the alignment axis of the superior conjiamcof Venus

and Earth plotted against the position angle oftdumeasured from the alignment axis of the imfecionjunction

of Venus and Earth. The inferior and superior cogiions chosen as the x,y coordinates for each pothis graph

are those that are closest to a given solar maxinfamell solar maxima since 1700 A.D. Figure 2lowsh the

corresponding plot for position angles of Jupitetha superior and inferior conjunctions closestdch of the solar
minima since 1700 A.D.
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Figure 3a shows Jupiter's position for inferior ang@erior conjunctions of Venus and the Earthinag of even
numbered solar maxima. Figure 3b shows Jupitesgipo at the times of odd numbered solar maxima.
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A comparison between figure 2a and 2b shows tlesietis a marked segregation between the
position angles of Jupiter at solar maximum comgh@mesolar minimum. When Venus and the
Earth are at inferior conjunction, at a given sata@ximum, the position angle of Jupiter either
lies between 69and 98 or 0° and 30, and when Venus and the Earth are at superior
conjunction, for the same solar maximum, the pasitingle of Jupiter is the complement of that
angle. This is in marked contrast with the situaad solar minimum when the position angles of
Jupiter lie almost exclusively between®3thd 66 for both inferior and superior conjunctions of
Venus and the Earth.

What is even more remarkable, however, i<tmplete separation between the odd and
even cycles at solar maximum that can be seegumdi2a. This means that Jupiter's position
angle, at the time of alignments of Venus, Earith tie Sun, are completely different for even
solar maxima than they are for odd solar maximguife 3a shows Jupiter's position for inferior
and superior conjunctions of Venus and the Eatttimes of even numbered solar maxima,
while figure 3b shows Jupiter's position at theatsnof odd numbered solar maxima.

The fact that the position angle of Jupitethattimes of even solar maxima is diametrically
opposite to those at the time of odd solar maxiamses the possibility that the planetary
configuration is related the underlying physicalcm&nism that is responsible for the G-0O rule
for solar sunspot maxima. Possible supporting emiddor this conjecture is provided by the
instances when the G-0O rule has definitely failed.

There have been two pronounced failures of @#@ The first, and most dramatic failure,
was during sunspot cycles 4 and 5, while the sedesd pronounced, failure was during recent
sunspot cycles 22 and 23. Each of these sunsplatsgytong with sunspot cycles 3, 14 and 15
have been highlighted in figure 2a. What this ddwaws, is that G-O rule is more likely to fail
at, or soon after, the times when the position@ofjlupiter approaches values that are more
typical of solar minimum, rather than solar maximu@aution needs to be exercised, however,
because the position angle of Jupiter during cytdeand 15 mimics those of the other cycles
that violate the G—-O rule, yet these two cyclesmitefly do not do so.

C. The Extended Solar Cycle

Plotted in figure 4 are the inferior and sugealignment cycles of Jupiter, superimposed on
the annual sunspot number for cycles 7, 8, 9 and Hetailed look at this plot shows that the
actual time between the start of the inferior atigmt of Jupiter associated with the even sunspot
cycle number 8, and the end of the next superignalent of Jupiter, associated with the odd
sunspot cycle number 9, is 26.4 years. This figuse shows that the 26.4 year period is actually
made up of two overlapping cycles, lasting for hé 44.4 years, respectively.
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Figure 4 shows the inferior and superior alignneyies of Jupiter, superimposed on the annual sutmgpmber
for cycles 7, 8,9 and 10.

Thus, just like the real sunspot cycle, tHeror alignment of Jupiter that is associated with
sunspot cycle 8, starts to increase 3.7 years ééferminimum at the start of the sunspot cycle 8
in 1833.9. This corresponds to the phase wherpdlae faculae migrate towards the Sun's pole.
This phase is followed by the onset of cycle 8 withspots appearing at +46f latitude
and then slowly migrating towards the equator. lyinthe inferior alignment of Jupiter finishes
in 1846.2, 16 years after it first started, andy2drs after the minimum in sunspot number at the
end of cycle 8 in 1843.5.

In like manner, the superior alignment of Jepthat is associated with sunspot cycle 9, starts
to increase 1.3 years before the minimum at the atéghe sunspot cycle 9 in 1843.5. This phase
is followed by the onset of cycle 9 with the surtsglowly migrating towards the equator.
Finally, the superior alignment of Jupiter finished.856.6, 14.4 years after it first started, and
0.6 years after the minimum in sunspot numbereatetid of cycle 9 in 1856.0.

Hence, the inferior and superior alignmerey of Jupiter appear to mimic the behavior of
an extended solar sunspot cycle, in that the apeedt planetary alignments can be considered
as the main phase of a more extended activity dipelestarts in the previous cycle and extends
for a period lasting roughly 16 years.
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D. The Solar Cycle Memory

If the solar sunspot cycle is being driverelajechanism that is associated with the periodic
alignments of Venus, Earth and Jupiter, it is Végly that it would take the form of a
resonance interaction between the two phenomenmair@icator of a resonance interaction
would be a correlation between the peak strengtheofunspot cycles and the quality of the
synchronization of the planetary cycles with thiaisactivity levels.

Perhaps the best way to measure the synclatmrzetween the solar and planetary cycles is
to take the point where one sunspot cycle takesfowe its predecessor (i.e. solar minimum)
and compare it to the point where the curve fortifesior(/superior) alignment of Jupiter
crosses over the curve for the superior(/infe@ignment of Jupiter. We will call these latter
points the planetary alignment cross over points.

Figure 5a shows the peak sunspot number éofNk 1) cycle plotted against difference
between the time of the planetary alignment crass point and the time of the solar minimum
that precedes the"Nsunspot cycle. Figure 5b shows the corresponditdqr the peak sunspot
number of the N sunspot cycle, and figure 5c, the correspondingfpt the (N-1}' sunspot
cycle.

We can see that in figure 5a there is a wediklefinite negative correlation between the peak
sunspot number for the (N+1gycle and the quality of the synchronization & fanetary and
solar cycles at the beginning of th& dlycle. The linear correlation coefficient for thata
shown is 0.41, however, the removal of one dataty@in cause the correlation coefficient to
vary between the extremes of 0.30 and 0.52. Tleadifit shown in figure 5a is that produced
when the point marked by the asterisk is excludeah tthe fitting process.

Figure 5b shows that there is no correlatietwieen the peak sunspot numbers for the N
cycle and the quality of the synchronization of pi@netary and solar cycles at the beginning
of the N" cycle (i.e. the linear correlation coefficient 49).

Finally, figure 5¢c shows that there is a dédipositive correlation between the peak sunspot
number for the (N-1) cycle and the quality of the synchronization @& fanetary and solar
cycles at the beginning of thé"Nycle. The linear correlation coefficient for thata shown is
0.58, with the removal of a single data point cagshe correlation coefficient to vary between
the extremes of 0.55 and 0.61.
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Figure 5a shows the peak sunspot number for thd XNeycle plotted against difference between the tah¢he planetary
alignment cross over point and the time of the rsainimum that proceeds the™sunspot cycle. Figure 5b shows the
corresponding plot for the peak sunspot numbehefN" sunspot cycle, and figure 5c, the correspondimg for the N-1¥

sunspot cycle.
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Figures 5a, 5b and 5c tell us that therdtig lor no correlation between the peak sunspot
number of the N sunspot cycle and the quality of the synchronizetietween the planetary and
sunspot cycles. However, there are reasonablelabores between the peak sunspot numbers of
the (N-1§" cycle and the (N+1)cycle and the quality of the synchronization bemvene
planetary and sunspot cycles. This implies thatdkel of synchronization between the
planetary and sunspot cycles at the start of afy@deh) cycle is correlated with the peak
sunspot numbers of the preceding and subsequemf/edd)sunspot cycles. In essence, this
means that any given even(/odd) sunspot cycle Haemory" of the even(/odd) cycle that
proceeded it, much like the drift-rate amplituderelation rule found by Hathaway (2006) in
the actual solar cycle.

Figure 6a further emphasizes the quality &f torrelation by showing the difference in peak
sunspot numbers of the (N¥19ycle and the (N-1)cycle plotted against the level of the
synchronization between the planetary and the sumgles. The linear correlation coefficient
for the data shown is 0.62, with the removal ofhgle data point causing the correlation
coefficient to vary between the extremes of 0.5d Gu67.

The high quality of the correlation in figuda can be used to make a prediction of the peak
annual sunspot number for cycles 24 and 25. If avéhis, we obtain 87 £ 11 for the peak annual
sunspot number of cycle 24 and 72 + 8 for cycleT2ie number for cycle 24 uses a planetary
alignment cross over point of 1998.8 and a solaimma of 1996.4, while the number for cycle
25 uses a planetary alignment cross over poin@b02 and assumes a solar minimum in
2008.5. A peak annual sunspot number of 87 + 1tyole 24 is in good agreement with the
predictions of 75 £ 8 made by Svalgaard et al.(2@@8ed upon the idea that strength of the
polar field during the declining phase of one swhgycle is a good indicator of the peak
sunspot number of the next cycle.

A skeptic might argue that a correlation asdgas that seen in figure 6a could also be
produced by comparing the timing of sunspot minwith the long—term average length of the
Schwabe cycle of 11.1 years. The assumption biaighe solar cycle is being driven by an
underlying physical mechanism within the Sun tres & fixed period of 11.1 years which just
happens to closely match the period of the tidahtians produced by the planets.

Figure 6b shows the difference in peak sunspatbers of the (N+1)cycle and the
(N-1)" cycle plotted against the difference in years leemthe date of solar minimum and the
nearest multiple of an 11.1 year increment thatsta 1699.0. The starting date of 1699.0 was
selected solely because it gives the highest lio@aelation coefficient for the chosen data set.
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Change in Peak SSN from Cycle (N+1) Compared to Cycle (N-1)
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6b. Change in Peak SSN from Cycle (N+1) Compared to Cycle (N-1)
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Figure 6a shows the difference in peak sunspot ewnif the (N+1Y cycle and the (N-)cycle plotted against the
level of the synchronization between the planetarg the sunspot cycles. Figure 6b shows the differén peak

sunspot numbers of the (NF1gycle and the (N-)cycle plotted against the difference in years kemthe date of
solar minimum and the nearest multiple of an 1®4dryncrement that starts in 1699.0.
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The linear correlation coefficient for the datawhan figure 6b is 0.47, with the removal of a
single data point causing the correlation coeffiti® vary between the extremes of 0.30 and
0.53.

The fact is, that we can obtain a much higiogrelation coefficient (0.62 vs. 0.47) if we use
the difference between the time of solar minimum #re planetary alignment cross over point,
than if we use a multiple of a fixed 11.1 year ement. Hence, our result favors the planetary
tidal explanation over a mechanism that has a fiRetement of 11.1 years.

5. Are the Grand Minima a Result of Poor Tidal Alignments?

We have shown that the relative alignment of Jupdtethe time of inferior and superior
conjunctions of Venus and Earth, naturally exhibiéracteristics that mimic or replicate five of
the main properties of the solar cycle. This giadded weight to Hung's contention that the
solar sunspot cycle is being influenced by peakberplanetary tidal forces that are acting upon
the Sun (Hung 2007). Hung's planetary tidal modmll receive even greater support, however,
if it were to explain why there are Grand Minimathe level of solar activity.

Up till now we have used the relative aligntnaJupiter, at the time of inferior and superior
conjunctions of Venus and Earth, to provide an a@piprate representation of the variations in
gravitational and tidal force acting on the Sunwdwer, from this point on we need a more
accurate way in which to characterize the qualityre alignments between Venus, the Earth and
Jupiter.

In order to improve the accuracy of our knalgle of the quality of the alignments between
the planets, we have used the Horizons on-Line Ephis System v3.32f kindly provided by the
Solar System Dynamics Group at JPL Pasadena Guaéifor
(URL:http://ssd.jpl.nasa.gov/horizons.r@kelnet interface: telnet://horizons.jpl.nasa.ga\rs)
to download the heliocentric latitude and longited&/enus, the Earth and Jupiter at 00:00 UT,
for every day between January 1st 1000 A.D. andalgnlst 2101 A.D. These latitudes and
longitudes were used to determined the subtendglds@hbetween each of the planets on any
given date.

The point of maximum alignment was determibgdinding the minimum of the sum of the
subtended angles between Venus and Jupiter, JapieEarth, and Venus and Earth, using the
weighting factors 4, 1, and 1, respectively. Theeghting factors were chosen to reflect the
stronger tidal influences of Venus and Jupiterten$un compared to the Earth.
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Heliocentric Latitute of Venus and Jupiter's Mean Distance from the Sun A.U.

2005 - 2045 A.D.
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Figure 7 shows the heliocentric latitude of Vensalidl curve) and the mean distance of Jupiter ftoeaSun in

astronomical units (dashed curve), between thesyEad0 and 2100 A.D, for each of the points in timtere the

planetary alignments of Jupiter, Venus and thehGaach their 11 year maximum. For the purposesmiparison,

5.2 A.U. has been subtracted from the mean distapicéupiter from the Sun and then the resultastie@n scaled
to match the amplitude of the variations that &ensn the heliocentric latitude of Venus.

A study of the alignment data reveals thatdlere two main factors that modulate the
strength of the peak planetary tidal forces aatipgn the Sun. The first is the 3.3 degree tilt of
Venus's orbit with respect to the plane of thepdicliand the second is the mean distance of
Jupiter from the Sun.

Figure 7 shows the heliocentric latitude ohue (solid curve) and the mean distance of
Jupiter from the Sun in astronomical units (dastede), between the years 1000 and 2100
A.D, for each of the points in time where the ptamgalignments of Jupiter, Venus and the
Earth reach their 11 year maximum. For the purpo$esmparison, 5.2 A.U. has been
subtracted from the mean distances of Jupiter fr@Sun and then the resultant has been scaled
to match the amplitude of the variations that @ensn the heliocentric latitude of Venus.

We can see from the planetary alignment data uré@ that the weakest peak planetary tidal
forces occur when Venus is at its greatest posjth@st northerly) heliocentric latitude. At these
points, Jupiter also happens to be at its grediststnce from the Sur 6.44 A.U). Similarly,
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the strongest peak planetary tidal forces tencctmiowhen Venus is at a heliocentric latitude of
~ -2.0 degrees. At these points, Jupiter is just &0 A.U. from the Sun.

Marked along the top of figure 7 are the timEthe Grand Solar minimum: the Oort
minimum (1010-1050 A.D.); the Wolf minimum (12804IBA.D.); the Sporer minimum
(1450-1530 A.D.); the Maunder minimum (1645-171B A, and the Dalton minimum
(1790-1830 A.D.). Also marked is the Medieval Manimthat extended from roughly 1190 to
1280 A.D. Note: some people argue that the Spor@nmm lasted from 1420 to 1550 A.D.
This extension in coverage is represented by dditted that bracket the solid line showing the
Sporer minimum in figure 7.

Figure 7 shows that every time the peak ptaydidal forces were at their weakest there was
a period of low solar activity know as a Grand atinimum. The one exception to this rule,
was a period of weak planetary tidal peaks cerdretl150 A.D. that spanned the first half of the
Medieval Maximum from 1090-1180 A.D. The reasontfos discrepancy is unknown,
although it could be explained if there was anotimemtervailing factor present during this
period that was working against the planetary teffacts.

Interestingly, figure 7 indicates that the mresent period of weak planetary tidal peaks
reached a maximum sometime in the 1990's. Givenntedave not yet had a significant
reduction in the level of solar activity, we aré leith two possible outcomes. It could either
mean that we are in for a repeat of an Oort—likeimum that will last from 2005-2045, or it
could mean that we about half way through a repepériod of high solar activity like the
Medieval Maximum, that will last from 1920 until @it 2100 A.D.

Hence, at this stage, there is some unceytasito which of these two outcomes is the most
likely. However, there are at least four pieceswaflence that favor another Oort—like minimum.

First, there has been a considerable drom dffe strength of the solar polar magnetic fields,
starting at the end of the 1990's (Schatten 20@&@g8ard et al. 2005). This has been used by
Svalgaard et al. (2005) to argue that solar cydlevill have a reduced maximum of ~ 75 £ 8.

Second, there has been a marked reductidreidrift-speed of sunspots during the maximum
of cycle 23 (around 2000 A.D.), compared to the imaxn of cycle 22 (Hathaway et al. 2006).
The reduction in drift rate is believed to be calisg a reduction in the meridional flow rate at
the base of the Sun's convective layer. Hathawal 2006 use the Drift Rate—Amplitude
correlation to predict a peak sunspot number dd fo¥ sunspot cycle 25 (peaking in 2023-24).

© [an Wilson Page 20



Third, as of June 2008, it has been more 12 years since the last solar minimum in
1996.4, and there is still no evidence to indithts we have reached the next minimum. Hence,
the peak sunspot number for cycle 24 that is prediby the Amplitude—Period law (Hathaway
2007) is ~ 81.

Finally, Penn and Livingston (2006) have ulsegh resolution spectral observations of over
900 sunspots from 1998 through 2005 to show tleatthximum sunspot magnetic fields have
been systematically decreasing at about 52 Glysing the same data set, they have also shown
a concurrent increase in the normalized umbrahsitg from 0.60 to 0.75 (corresponding to a
black body temperature rise in the sunspots froBv5a 5719 K). Both of these observations
support the contention that, overall, there has lsa@eakening trend in the level of magnetic
activity upon the Sun.

Hence, there are now four pieces of evidehaepoint towards an upcoming period of
reduced solar activity that could start eitherynle 24 or cycle 25. Our result indicates that if
this reduction in activity does take place, it yitbbably herald the start of Oort-like Grand
Solar Minimum.

6. Conclusions

We have shown that the relative alignmenugpitgr, at the time of inferior and superior
conjunctions of Venus and Earth, naturally exhibitaracteristics that mimic or replicate five of
the main properties of the solar cycle. These ptmseinclude: the Schwabe cycle; the Hale
cycle; the Gnevyshev-Ohl (G-0) rule; the extendddrycle; and the sunspot cycle's inherent
memory.

We find that:

A. The inferior alignments of Jupiter are separatecthfthe next superior alignment of
Jupiter by a time period (11.19 years) that closedyches the long—term mean of the
length of the Schwabe cycle (i.e. 11.1 + 1.2 years)

B. Each of the superior alignments of Jupiter andh @di¢he inferior alignments of Jupiter
repeat themselves once every 22.38 years. Couplisgvith the fact the two types of
planetary alignments are in anti-phase with ealrohaturally results in planetary
alignment cycle that repeats itself on a time sttedé closely matches the long—term
mean of the Hale cycle (i.e. 22.1 £ 2.0 years).
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C. The position angles of Jupiter near even solarimaxwith respect to the line joining
Venus and the Earth at inferior and superior alignts, are diametrically opposite to the
position angles of Jupiter near odd solar maxintés Suggests that the planetary
configurations are associated with the underlyingspcal mechanism that is responsible
for the G-O rule for sunspot maxima. Support fas tonjecture is provided by the fact
that the G—0O rule is more likely to fail at, or soafter, the times when the position angle
of Jupiter approaches values that are more typicsdlar minimum, rather than solar
maximum.

D. The inferior and superior alignment cycles of ferpappear to mimic the behavior of an
extended solar sunspot cycle, in that the actuakt ptanetary alignments can be
considered as the main phase of a more extendetyacycle that starts in the previous
cycle and extends for a period lasting roughly &éry.

E. There is a good correlation (r = 0.62) betweerdifference in the peak sunspot numbers
of the (N+1Y and (N-1Y cycles and the difference between the time optaretary
alignment cross over point and the time of thersoiaimum that precedes thé"N
sunspot cycle. This indicates that the level ofcéyanization between the planetary and
sunspot cycles at the start of an odd(/even) agaterrelated with the peak sunspot
numbers of the preceding and subsequent even@oaddpot cycles. In essence, this
means that any given even(/odd) sunspot cycle Haemory" of the even(/odd) cycle
that proceeded it, much like the drift-rate ampléwcorrelation rule found by Hathaway
(2006).

These results strongly support Hung's propibsdlithe solar sunspot cycle is being influenced
by variations in the planetary tidal forces actipgpn the Sun (Hung 2007).

Hung's tidal force "mouse—trap” model is fertsupported by the fact that every time the
peak planetary tidal forces acting upon the Surattieeir weakest, there is a period of low solar
activity know as a Grand Solar minimum. The oneegtion to this rule, is a period of weak
planetary tidal peaks that coincides with the Medidaximum. We speculate that this one
exception to the rule might have occurred becdusetwere other countervailing factors present
during the Medieval Maximum that were working agaitne planetary tidal effects.

Finally we show that the most recent periodeék planetary tidal peaks reached a
maximum sometime in the 1990's. Given that we mteyet had a significant reduction in the
level of solar activity, we are forced to conclubat we are either in early stages of an Oort-like
minimum in solar activity that will last from 2002645, or we about half way through a period
of high solar activity similar to the Medieval Maxum, that will last from 1920 until about 2100
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A.D. However, we believe that the former conclus®favored by the increasing amount of
evidence that points towards a significant decreafiee level of sunspot activity, starting in
cycle 24 or 25.
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