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A Venus—Earth—Jupiter spin—orbit coupling model is constructed from a combination of the \Vlenus—
Earth—Jupiter tidal-torquing model and the gede&t. The new model produces net tangential torques that act
upon the outer convective layers of the Sun with periodicities that match many of the long-term cycles that are
found in the'®Be and'“C proxy records of solar activity.

physically plausible explanation as to how this connection
might work.
N ) ) . . Following Jose’s original work, there were several further
The use of periodicities to investigate the underlying phys'calattempts to link the Sun’s motion around the CMSS with
relationship between two variables can be fraught with da”'long-term variations in solar activity (Landscheidt, 1981,
ger, especially if reasonable due care is not applied. Any usg ggo: Fairbridge and Shirley, 1987; Charvatova, 1988, 1990,
of this technique must be based upon the following premiseéooo; Zagarashvili, 1997; Javaraiah and Gokhale, 1995:
if two variables exhibit common periodicities, it does not Javaraiah, 2003; Juckett, 2000). However, each of these at-
necessarily prove that there is a unique physical connectiorgemptS was dismissed by Shirley (2006), based upon the ar-
between the two. Thi§ is the dictum saying that a correlationgument that dterential forces within the Sun cannot be pro-
does not necessarily imply causation. _ duced by the Sun’s motion around the CMSS (hereafter re-
However, there are cases where the correlation betweeg, o g as the solar inertial motion or SIM), since the Sun
two variables is so compelling that it makes it worthwhile s i, 5 state of free-fall. Shirley (2006) claimed that the only
to investigate the possibility that there may be an underly-gigerential forces that could be generated within the Sun by
ing physical connection between the two. One such case igye planets were those associated with their extremely weak
the match between the long-term periodicities observed in;ya forces.
the level of the Sun’s magnetic activity and the periodicities g Jaeger and Versteegh (2005) went one step further,
observed in the relative motion of the planets. claiming that the observed accelerations of plasma in the
Jose (1965) showed that the Sun's motion around th§)ase of the convective layers of the Sun, where the solar dy-
centre-of-mass of the solar system (CMSS) is determined by,5 14 s thought to originate, were 1000 times greater than
the relative orbital positions of the Jovian planets, primarily i, ,se induced by the planetary tides. This makes it veffi di

those of Jupiter and Saturn. He also showed that the time, i 1o argue that planetary tidal forces can play a significant
rate of change of the Sun’s angular momentum about the inz 4 i influencing the solar dynamo.

stantaneous centre of curvature of the Sun’s motion around Despite these strong counterarguments, Wilson et
the CMSS € dP/dT), or torque, varies in a quasi-sinusoidal 5 - (2008) found further observational evidence that there
manner, with a period that is comparable to the 22yr Hale\,, 55 4 link between the SIM and long-term changes in SSN.
cycle of the solar sunspot number (SSN). They showed that there was a correlation between the Sun’s
Jose (1965) found that the temporal agreement betweeRy atorial rotation rate and its motion about the CMSS
variations in @/dT and the SSN were so compelling that ; o 4 form of spin—orbit coupling) that was associated with

it strongly hinted that there was a physical connection be‘long-term changes in the SSN. However, Wilson et al. (2008)
tween the planetary induced torques acting upon the Sun

and sunspot activity. However, Jose was unable to give a
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An over-view of the VEJ tidal-torquing model — further
The relative gravitational influence of the planets upon details in the text.

the Sun. NB: all comparisons should be made using the circle’s di-
ameters and not their areas.
to produce any significant bulk motions at the base of the
convective layer of the Sun (Callebaut et al., 2012).
One way to overcome the inadequacies of the planetary

The Planets tidal models was to postulate that the layers of plasma at

&;:dt?;;f the base of the convective layer of the Sun (i.e. near the

influence tachocline) were somehow aspherical, allowing the gravita-

] vV on the Sun tional forces of the planets (primarily that of Jupiter) to apply

Y torques that were tangential to the solar surface.

b . Two types of models have been proposed along these lines.
e M Jupiter = J The first is the model by Abreu et al. (2012) that assumes
o et there is an intrinsically non-spherical tachocline at the base
";:‘;::;" of the Sun’s convective zone. The Abreu et al. (2012) model

can successfully reproduce many of periodicities that are ob-
Ve tidal i served in the'®Be and!*C proxy records of solar activity
The relative tidal influence of the planets upon the Sun. ¢
NB: all comparisons should be made using the circle’s diametersOVer the last 9400 yr. The second type of model is the Venus—
and not their areas. Earth—Jupiter tidal-torquing model presented and discussed
here.

could not provide a physically plausible explanation for the
observed spin—orbit coupling.

At about the same time, Hung (2007) and Wilson (2011) The Venus—Earth—Jupiter (VEJ) tidal-torquing model is
advanced the idea that there was a connection between thesed on the idea that the planet that applies the domi-
tides induced in the surface layers of the Sun by periodicnant gravitational force upon the outer convective layers of
alignments of Jupiter, Venus and the Earth (VEJ) and long-the Sun is Jupiter (Fig. 1), and after Jupiter, the planets that
term changes in SSN. NB: this idea was first proposed byapply the dominant tidal forces upon the outer convective
Bollinger (1952) and Desmoulins (1989) and then furtherlayers of the Sun are Venus and the Earth (Fig. 2).
developed by others in the non-peer reviewed literature (see Periodic alignments of Venus and the Earth on the same or
Acknowledgements). opposite sides of the Sun, once every 0.7993 sidereal Earth

Claims by Hung (2007) and Wilson (2011) were basedyears, produces temporary tidal bulges on the opposite sides
upon the fact that there are 11.07 and 22.14 yr periodicitieof the Sun’s surface (Fig. 3 — red ellipse). Whenever these
in the planetary tides induced in the surface layers of the Sutemporary tidal bulges occur, Jupiter’s gravitational force
by Jupiter, Venus and the Earth and that these periodicitiesugs upon the tidally induced asymmetries and either slows
closely matched the observed Schwabe and Hale SSN cydown or speeds-up the rotation rate of plasma near the base
cles. However, despite the suggestive nature of the matchingf the convective layers of the Sun.
periods, the problem still remained that the VEJ models re- The VEJ tidal-torquing model proposes that it is the vari-
lied on tidal forces that were orders of magnitude too weakations in the rotation rate of the plasma in Sun’s lower



convective layer, produced by the torque applied by Jupiter
upon the periodic Venus—Earth (VE) tidal bulges that modu-
late the Babcock—-Leighton solar dynamo. Hence, the model
asserts that it is the modulatinffects of the planetary tidal-
torquing that are primarily responsible for the observed long-
term changes in the overall level of solar activity.
It is important to note that tidal bulges will be induced

in the surface layers of the Sun when Venus and the Earth

O
are aligned on the same side of the Sun (inferior conjunc- 2
tion), as well as when Venus and the Earth are aligned
on opposite sides of the Sun (superior conjunction). This
means that whenever the gravitational force of Jupiter in- O
creaseflecreases the tangential rotation rate of the surface & .\....____./.

layer of the Sun at inferior conjunctions of the Earth and P\_/©4
Venus, there will be a decredserease the tangential rota- O
tion rates by almost the same amount at the subsequent sups O —_ s
rior conjunction. .
Intuitively, one might expect that the tangential torques of The VEJ tidal-torquing model produces a net in-

Jupiter at adjacent inferior and superior conjunctions shoulttreasgdecrease in the rotation rate of the outer layers of the Sun
cancel each other out. However, this is not the case becausgat lasts for 11.07 yr, followed by a net decreasmease in the

of a peculiar property of the timing and positions of Venus— rate of rotation of the outer layers of the Sun that lasts for another
Earth alignments. Each inferior conjunction of the Earth and11.07 yr. Further description in the text.
Venus (i.e. VE alignment) is separated from the previous
one by the Venus—Earth synodic period (i.e. 1.5987 yr). This
means that, on average, the Earth—-Venus—Sun line moves After a second 1.5987 yr, each of the planets moves to their
by 144.482 degrees in the retrograde direction, once everyespective position 2s. Now, Jupiter has moved 26a0®ad
VE alignment. Hence, the Earth—Venus—Sun line returns toof the near-side tidal bulge (marked by the black 2 just above
almost the same orientation with respect to the stars aftethe Sun’s surface), increasing Sun’s rotation rate by roughly
five VE alignments of almost exactly eight Earth (sidereal) twice the amount that occurred at the last alignment. This
years (actually 7.9933 yr). Thus, the position of the VE align- pattern continues with Jupiter getting 13.@0rther ahead of
ments trace out a five pointed star or pentagram once evthe nearest tidal bulge, every 1.5987 yr. Eventually, Jupiter
ery 7.9933yr that falls short of completing one full orbit of will get 90° ahead of the closest tidal bulge and it will no
the Sun with respect to the stars by (36(B60x (7.9933- longer exert a net torque on these bulges that is tangential to
7.0000)))= 2.412 degrees. the Sun’s surface and so it will stop increasing the Sun'’s ro:
In essence, the relative fixed orbital longitudes of the VE tation rate.
alignments means that, if we add together the tangential Interestingly, Jupiter's movement of 1300er 1.5987 yr
torque produced by Jupiter at one inferior conjunction, with with respect to closest tidal bulge means that Jupiter will get
the tangential torque produced by Jupiter at the subseque®®® ahead of the closest tidal bulge in 11.07 yr. This is al-
superior conjunction, the net tangential torque is in a pro-most the same amount of time as to average length of the
gradéretrograde direction if the torque at the inferior con- Schwabe sunspot cycle (1% 1.2 yr, Wilson, 2011). In ad-
junction is progradeetrograde. dition, for the next 11.07 yr, Jupiter will start to lag behind
What makes this simple tidal-torquing model most in- the closest tidal bulge by 13.0@&very 1.5987yr, and so
triguing is the time period over which the Jupiter’s gravita- its gravitational force will pull on the tidal bulges in such a
tional force speeds up and slows down the rotation rate of thevay as to slow down the rotation rate of the outer convective
Sun’s outer layers. Figure 4 shows Jupiter, Earth and Venusayers of the Sun. Hence, the basic unit of change in the Sunls
initially aligned on the same side of the Sun (position 0). rotation rate (i.e. an increase followed by a decrease in rota-
In this configuration, Jupiter does not apply any tangentialtion rate) is 2x 11.07 yr=22.14 yr. This is essentially equal
torque upon the tidal bulges (the position of the near-sideto the mean length of the Hale magnetic sunspot cycle of the
bulge is shown by the black O just above the Sun’s surface)Sun, which is 221 + 2.0 yr (Wilson, 2011).
Each of the planets, 1.5987 yr later, moves to their respective Figure 5 shows the observed variation in the SSN between
position 1s. At this time, Jupiter has moved 13.@dead of 1748 and 2008 (top curve — labelled SSN). Also shown in
the far-side tidal bulge (marked by the red 1 just above thethis figure is the variation of a parameter that is directly pro-
Sun’s surface) and the component of its gravitational forceportional to the net tangential torque that is applied by Jupiter
that is tangential to the Sun’s surface tugs on the tidal bulgesto the periodic VE tidal bulges, according to the VEJ tidal-
slightly increasing the rotation rate of the Sun’s outer layers.torquing model (bottom curve — labelled Torque, shown in



arbitrary units and fiset by—50 for comparison purposes). rule for the solar sunspot cycle (Gnevyshev and Ohl,
In order to further help with comparisons, a fifth-order bi- 1948).
nomial filter has been applied to the torque data to produce
the smooth curve that is superimposed on the torque curvéNB: since the VEJ tidal-torquing model has a natural alias-
(Horizons On-Line Ephemeris System, 2008). ing set by the physical alignments of Venus and the Earth,
The net tangential torque calculated from the model ex-simple auto-regression analysis of the smoothed torque curve
hibits a number of properties that closely match the observedn Fig. 5 indicates that the (short-term) repetition cycle is
variations that are seen in the Sun’s long-term magnetic ac22.38yr &7 VE alignments) rather than 22.14yr. Essen-
tivity: tially, what this means is that while the tangential torques
affecting the convective layers of the Sun are being applied
over a 22.14 yr repetition cycle, any external mechanism that
uses the VE alignments to interact with the tidal-torquing
mechanism, will attempt to do so over periodic cycles that
are 22.38yr long).
Figure 6 shows the smoothed torque curve from Fig. 5, re-
— Hence, the net torque of Jupiter acting on the VE tidal plotted to highlight its long-term modulation (Horizons On-
bulge has a natural 22.14yr periodicity that closely Line Ephemeris System, 2008). Superimposed on the torque
matches the observed period (and phase) of the 22.1 yare two sinusoidal envelopes with periods of 166.0yr. In or-
Hale (magnetic) cycle of solar activity. der to understand why the torque is modulated by this long-
] ) . term period, we need to understand the main factors that in-
— If one considers the torque of Jupiter upon the VE tidal fjence Jong-term changes in the torque that Jupiter applies
bulge at each separate inferior and superior ConjunCyq, the VE tidal bulges. These factors are the 3.3-degree tilt
tion of Venus and Earthrgther than their consecu- i, he heliocentric latitude of Venus' orbit and the mean dis-
tive sum= net torqug, the actual magnitude of Jupiter's ,e of Jupiter from the Sun.
torque is greatest at the tlmes,that are at or near solar rigyre 7 (from Wilson, 2011) shows that the variations in
minimum. Even though Jupiter's torque is & maximum y,q pejiocentric latitude of Venus essentially mimics the vari-
at these times, the consecutive torques at the inferioGinns in the mean distance of Jupiter from the Sun, provided
and superior conjunctions of Venus and the Earth al-yheqe variables are measured at the times when Jupiter aligns
most exactly cancel each other out. with either the inferior or superior conjunctions of Venus and
—In all but two cases between 1750 and 2013, thethe Earth. What this indicates is that the long-term net tan-
time for solar minimum is tightly synchronized with gen.t|_al torque should be wea}kestwhen Venus is atits greatest
the times when Jupiterset torque(acting on the VE ~ Positive (most nprtherly) heliocentric latitude, and.Juplter is
tidal bulge) is zero (NB: this is the time when the net at its greatest distance from the SunX44 A.U.). Figure 7

torque changes direction with respect the Sun’s rotationshows that this condition reoccurs roughly once every 166 yr
axis, R. Martin, personal communication, 2013). and that they correspond in time with periods of low solar

activity known as Grand Solar Minimum. The one excep-
— On these two occasions where the synchronization wasion to this rule since 1000 AD is a period of weak planetary
disrupted (i.e. the minima prior to the onset of cycle tidal force that peaks near 1150 AD spanning the first half of
4 (1784.7) and cycle 23 (1996.5), the timing of the the Medieval Maximum from 1090-1180 AD. The reason for
sunspot minimum quickly re-synchronizes with the tim- thjs discrepancy is unknown, although it could be explained
ing of the minimum change in Jupiter’s tangential force if there is an additional countervailing factor present during
acting upon Venus—Earth tidal bulge. Interestingly, the this period that was working against the planetary tidal ef-
minimum prior to cycle 4 (1784.7) marks the onset of fects.
the Dalton Minimum and minimum prior to cycle 23 Sp, in summary, the Venus—Earth-Jupiter tidal-torquing
(1996.5) marks the onset of the upcoming Landscheidimodel naturally produces 11.07 and 22.14 yr periodicities in
Minimum. the net tangential torque that Jupiter applies to the base of
the convective layer of the Sun. These periodicities closely
match the 11.1yr Schwabe and the 22.1yr Hale solar activ-
ity cycles. In addition, the model gives a natural explanation
for the G-O rule for SSN and it provides a plausible physi-
cal explanation for the average spacing in time between re-
— The equatorial convective layers of the Sun are sped<cent Grand Solar Minima in solar activity of approximately
up during ODD numbered solar cycles and slowed-166 yr.
down during EVEN numbered solar cycles, thus provid-  Despite all of these successes, the model is unable to easily
ing a logical explanation for the Gnevyshev—Ohl (G—O) produce the known periodicities that are associated with the

— It naturally produces a net incregdecrease in the rate
of rotation of the outer layers of the Sun that lasts for
11.07 yr (i.e. equivalent to the Schwabe cycle), followed
by a net decreagiacrease in the rate of rotation of the
outer layers of the Sun that also lasts for 11.07 yr.

— Remarkably, if the minimum between solar cycles 24
and 25 occurs in 2024 2yr, it will indicate a re-
synchronization of the solar minima with a VEJ cycle
length of 1107+ 0.05yr over a 410 yr period.
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Figure 5. The observed variation in the SSN (green) between 1748 and 2008. The torque curve (red) represents a parameter that is
proportional to the net tangential torque that is applied by Jupiter to the periodic VE tidal bulges, according to the VEJ tidal-torquing n
(bottom curve shown in arbitrary units anéfset by—50 for comparison purposes). A fifth-order binomial filter has been applied to th
torque data to produce the smooth curve (black) that is superimposed on the torque curve.

The Net Torque Applied by Jupiter to the Periodic Venus-Earth Tidal Bulges

30 4
_____

20 4

10 4

-10

Torque (arbitrary units)

-20

-~

-30

1300 1350 2000 2050

YEAR

1750 1800 1850

Figure 6. The smoothed torque curve from Fig. 5, replotted to highlight its long-term modulation. Superimposed on the torque are
sinusoidal envelopes (dashed) with periods of 166.0yr.

10Be and“C proxy observations of the long-term variations 3 The Venus—Earth-Jupiter spin—orbit coupling

in the level of solar activity (column 1 of Table 1). In order model

to accomplish this we must combine the VEJ tidal-torquing

model with the gearféect to produce a new model called the 3.1 The gear effect

VEJ spin—orbit coupling model.
The gear fect is the term used in golf to describe the action
of a club head upon a golf ball that causes it to either slice

Y
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directly
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two




Periodic variations in the level of solar activity — longer
the Gleissberg cycle.

McCracken (Years) Cycle name  Wilson (2013) (Years)

(i) Category A Periods shorter than the Eddy cycle
87.3+0.4 Gleissberg 885=1/2x1763
130+ 0.9 -
148+ 1.3 -
350+ 7 3526=2x1763
510+ 15 5289=3x1763
An explanation as to how the geaffect can be used 708+28 7052=4x1763
either to slice or to hook a golf ballfba tee. If the golf ball hits (ii) Category B Periods as long or longer than the Eddy cycle
:hleb(lcurl\:ed) facet oftltqhe ?Iubmmiin:]re., g appllels akfo.rce (h?rllzon- f 976253 Eddy 9747 — 11510 - 17637
al black arrow) to the club, whic induces clockwise rotation of 1,56, 79 11510 = 2 x 575518
the club head (green arrow) around its centre-of-mass (bottomright 13014 96 13273 = 11510 + 17637
yellow circle with cross-hairs). The resultant rotation of the face of 1768+ 174 17265 = 3x 575518
the club head (red arrow) applies a side-ways force to the golf ball (& 1763=10x1763)
at the point of contact, producing an anti-clockwise rotation (blue 2310+ 304 Hallstatt 2302 = 4x 575518
arrow) of the golf ball. (iif) Category C Multiples of the de Vries cycle
1045+0.6 half de Vries —
B A 208+ 2.4 de Vries 208.2
. CM2
b sultant rotation of the face of the club head (red arrow) ap-
M1 plies a side-ways force to the golf ball at the point of contact,
producing an anti-clockwise rotation (blue arrow) of the golf
ball.
The golf club analogy is good at giving a preliminary in-
@ troduction to the gearfiect. However, there are ambiguities
O in the analogy that limit its application in the current con-

text. Figure 7b shows a more specific example that removes
A more specific example that removes many of ambigu- many of ambiguities of the gO'f club analogy. In this figure,
ities of the golf club analogy. In this figure, the head of the golf club the head of the golf club is replaced by a structure that con-
is replaced by a structure that consists of three spheres A, B, and Gists of three spheres A, B, and C, that are held together by
that are held together by rigid bars. The ABC structure is free to ro-rigid bars (as shown in Fig. 7b). The ABC structure is free to
tate in the plane of the page around a centre-of-mass (CM1). CM1 igotate in the plane of the page about a centre-of-mass (CM1).
located at a fixe_d Qistance from the sphere A, as well as a fixed poinCMl is located at a fixed distance from the sphere A, as well
on th'e page. Similarly, the golf ball is replaced by a structure thatas a fixed point on the page. Similarly, the golf ball is re-
consists of two spheres A and D. These spheres are held togetherifaCed by a structure that consists of two spheres A and D.

arigid bar, as shown. The AD structure is free to rotate in the plan h h held t ther b iaid b h .
of the page around a centre-of-mass (CM2). CM2 is located a fixed ese spheres are held together by a rigid bar (as shown in

distance from the sphere A, however it is able to move freely in theF19- 7b). The AD structure is free to rotate in the plane of the

plane of the page. For more detail about how this analogy is used t#a9€ about a centre-of-mass (CMZ)-.C.MZ is located a fixed
describe the geafffect please refer to the text. distance from the sphere A, however it is able to move freely

in the plane of the page.

Now, imagine that a force is applied to sphere A that acts
or hook. The gearféect occurs whenever two bodies impact directly along the rigid bar AD towards the sphere D. This
at an angle or impact with misaligned centres-of-mass (i.ecould be accomplished by someone pulling on sphere D.
the point of impact between them does not lie along the lineSuch a force will cause the ABC structure to rotate in a clock-
connecting the two bodies’ centres-of-mass). wise direction about CM1. One direct consequence of this

Figure 7a shows how the gedtert can be used to either action is that CM2 will be moved slightly away from CM1
slice or hook a golf ball fi a tee. If the golf ball hits the and that both B and D will be forced to rotate around CM2.
(curved) face of the clubfBcentre, it applies a force (hor- It is this forced rotation of A and D around CM2, which the
izontal black arrow) to the club, which induces clockwise present author terms “the gedfext”.
rotation of the club head (green arrow) around its centre-of- The purpose of this article is to show how the gear ef-
mass (bottom right yellow circle with cross-hairs). The re- fect can be combined with the VEJ tidal-torquing model to
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The orbital configuration when Jupiter and Saturn are in A re-plot of Fig. 8 with the terrestrial planet Venus pre-

quadrature with Saturn following Jupiter in its orbit. Saturn drags ceding Jupiter in its orbit. This figure shows Saturn and Jupiter
the centre-of-mass of the Sun, Jupiter, Saturn system (CMS#Sa) oin quadrature, with Saturn following Jupiter. Under these circum-
the line joining the planet Jupiter to the Sun. As a result, the gravita-stances, the quadraturéect ensures that the Sun’s speed around
tional force of the Sun acting upon Jupiter speeds up its orbital mothe CMSJSa slows down. If this is the case then the same must be
tion around the CMSJSa. At the same time, the gravitational forcetrue for the terrestrial planets, since their orbital motions are con:
of Jupiter acting on the Sun slows down the orbital speed of the Surstrained to move around the centre-of-mass of the Sun rather than
around the CMSJSa. The exchange of orbital angular momentunthe CMSJSa. The red arrows in this figure represent the decrease
between the Sun and Jupiter is known as the quadrafieet.e in speed of the Sun and Venus as they revolve in an anti-clockwise
direction around the CMSJSa. This decrease in speed is shared by
both the Sun and Venus so that the two bodi@sotively move as
produce a spin—orbit coupling model that links the rotation "€ Maintaining their orientation and spacing.
rate of the outer layers of the Sun to the Sun’s motion around
the centre-of-mass of the solar system (CMSS). In order t
understand how the geaffect can be combined with the
VEJ tidal-torquing model, we must, however, also discuss
the quadratureftect.

01965). This change in speed of the Sun around the CMSJSa
once every 19.859 yr is known as the quadratuiece (Wil-
son et al., 2008).

Every 99+ 1.0yr, the planet Saturn is in quadrature with Figure 9 is a re-plot of Fig. 8 with the terrestrial planet
the planet Jupiter (i.e. the subtended angle between Satufvenus preceding Jupiter in its orbit. As with Fig. 8, Fig. 9
and Jupiter, as seen from the Sun, is 90 degrees). Figure ghows Saturn and Jupiter in quadrature, with Saturn follow:
shows the orbital configuration when Jupiter and Saturn aréng Jupiter. Under these circumstances, the quadrafteete
in quadrature with Saturn following Jupiter in its orbit. Refer- ensures that the Sun’s anti-clockwise motion around the CM-
ring to this diagram, one can see that Saturn drags the centr&JSa will be slowed by the gravitational force of Jupiter. If
of-mass of the Sun, Jupiter, Saturn system (CMSJ8dhe  this is the case, then the same must be true for the terrestrial
line joining the planet Jupiter to the Sun. As a result, the grav-planets, since their orbital motions are, for all intents and purt
itational force of the Sun acting upon Jupiter speeds up itoses, constrained to move around the centre-of-mass of the
orbital motion around the CMSJSa. At the same time, theSun rather than the CMSJSa. The red arrows in Fig. 9 rep-
gravitational force of Jupiter acting on the Sun slows downresent the decrease in speed of the Sun and Venus as they
the orbital speed of the Sun about the CMSJSa. Of course, theevolve in an anti-clockwise direction around the CMSJSa/
reverse is true at the next quadrature, when Saturn preced@%is decrease in speed is shared by both the Sun and Venus
Jupiter in its orbit. In this planetary configuration, the mutual so that the two bodiesffectively move as one, maintaining
force of gravitation between the Sun and Jupiter slows dowrtheir orientation and spacing. Hence, the quadrattiece
Jupiter’s orbital motion around the CMSJSa and speeds uas little to no &ect upon the tangential torques being ap-
the Sun’s orbital motion around the CMSJSa. plied to the outer layer of the Sun by the VEJ tidal-torquing
Hence, the Sun’s orbital speed around the CMSJSa (amodel.
well as the CMSS) should periodically decrease and then in- Figure 10 shows the Jupiter—Sun—Saturn system with its
crease as we move from one quadrature to the next (Jos&€&M located at CMSJSa. This is the analogue of the ABC



SUN 2. Even though the net gravitational torque tries to produce

SATURN vAg an anti-clockwise rotation of the Sun and Venus around
. P > their mutual centre-of-mass, some of the resulting an-
X gular momentum will almost certainly end up changing
cM / the rotation rates of both Venus and the outer layers of
‘ the Sun.
\ VENUS

3. Given the minute nature of the torques applied and ve-
locity changes involved, it is obvious that thifexts of
, the gear &ect will be greatest at the times when Venus
: J‘,ﬂ,,';'i,%i,s and the Earth are aligned on the same side of the Sun
\ (i.e. inferior conjunction). At these times, the Jupiter—
‘ 4 Sun-Saturn system (which is at quadrature) would ex-
perience the combined gravitational force of Venus and
JUPITER the Earth, and the centre-of-mass of the aligned Sun—

Venus—Earth system would be furthest from the centre
of the Sun.

The Jupiter—Sun—Saturn system with its CM located at
CMSJSa. This system is the analogue of the ABC structure, de-
scribed in Sect. 3.1. The figure also shows the Sun—Venus systerhlence, the gearfiect should have arfiect upon the tangen-
with its own independent CM. This is the analogue of the AD struc- tial torques applied to the outer layers of the Sun by the VEJ
ture in Sect. 3.1. Now consider the situation where Venus appliegjdal-torquing model and so it will modulate the changes in
a gravitational torque to the Sun that forces the Jupiter-Sun—Saturghe rotation rate that are caused by the tidal-torquing mecha-
system to reduce its orbital velocities around the CMSJSa (red arhism.
row). One direct consequence of this is that the Jupiter—Sun—Saturn Figure 11 shows the tangential torque applied by the align-

system will also apply a gravitational torque to Venus that speeds up

the motion of Venus around the CMSJSa (dark curved arrow ema—mentS of Venus and Earth to the Jupiter—Sun-Saturn System

nating from Venus). Hence, unlike the quadratufed, the torques (via the gear fiect acting about the CMSJSa) plotted against

applied in the gearféect try to change the orientation and spacing time. It is importa[’lt to note that the_quantity plotf[ed is not
between the Sun and Venus. the actual tangential torque but a variable that is directly pro-

portional to it. This variable is plotted in arbitrary units with
positive values indicating that the torque is applied in a pro-
rade direction and negative values indicating that it is ap-
lied in a retrograde direction. The data covers the period
rom October 1847 to December 2085 (Acigra, 2008).

structure, described in Sect. 3.1. Figure 10 also shows th
Sun-Venus system with its own independent CM. This is thef
a_nalo_gue of the BD structur_e in Sect. 31 Now cansider the From Fig. 11 it is evident that both the retrograde and pro-
situation where Venus applies a gravitational torque to the

. “grade torgues varied in a quasi-sinusoidal manner throughout
Sun that forces the Jupiter—-Sun—Saturn system to reduce % d q 9

. o : e 20th century and the first half of 21st century. A closer
orbital velocities arqur)d the CMSJSa_(red arrow). One dlrecﬁnspection reveals that the torque oscillates between being
consequence of this is that the Jupiter—Sun—Saturn syste

will also apply a gravitational torque to Venus that speed rFétrograde and prograde in direction over a period of 3.2 yr.

. S UPrpage retrogradprograde pairs persist over a 20 yr interval
the motl_on of Venus around the CMSJSa (dark curved armroWyith each bi-decadal period being separated from the next
emanating from Venus).

. . by two (or more) torques that act in the same direction. It is
Hence, Fig. 10 shows us that there are three critical fea- y ( ) torq

t that distinauish th ot | th drat f reasonable to presume that the length of the bi-decadal period
fg(r;s at distinguish the geaftect from the quadrature €t ¢ get by the 19.859 yr synodic cycle of Jupiter and Saturn.

In Fig. 12, the sums of the consecutive retrograde and
pro-grade tangential torques shown in Fig. 11 are re-plotted
1. Unlike the quadratureffect, the torques involved in the against time. This allows us to see the long-term modulation
gear dfect try to change the orientation and spacing be-of the net tangential torque acting upon the convective layers
tween the Sun and Venus, for example, in relation toof the Sun between 1847 and 2085. As with Fig. 11, there is a
the specific case shown in Fig. 10; even though thesebi-decadal pattern in the net torque produced by the gear ef-
gravitational torques are very minute, they produce afect that is set by the 19.859 yr synodic period of Jupiter and
net anti-clockwise rotation of the Sun and Venus aroundSaturn. However, there is also a longer term modulation of
their mutual centre-of-mass (yellow cross). (NB: it is this pattern with a repetition period of approximately 193 yr.
the dfset between the CMSJSa and the centre-of-mass Finally, Fig. 13 shows the angle subtended at the Sun by
of the Sun—-Venus system that is crucial for producing Venus and Earth (at inferior conjunction) and the centre-of-
the net anti-clockwise rotation of the Sun and Venusmass of the Sun—Jupiter—Saturn system, near each quadrature
around their mutual centre-of-mass.) of Jupiter and Saturn, over the period from January 1003 to
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Figure 11. The tangential torque applied by the alignments of Venus and Earth to the Jupiter—Sun—Saturn System (viaffeetgesing

around the CMSJSa) plotted against time. It is important to note that the quantity plotted is not the actual tangential torque but a variable that

is directly proportional to it. This variable is plotted in arbitrary units with positive values indicating that the torque is applied in a pro-g
direction and negative values indicating that it is applied in a retrograde direction. The data covers the period from October 1847 to Dec
2085.
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Figure 12. The sum of the consecutive retrograde and pro-grade tangential torques from Fig. 11, replotted against time. As with Fi

there is a bi-decadal pattern in the net torque produced by the fijear #hat is set by the 19.859 yr synodic period of Jupiter and Saturn.

There is also a longer term modulation of this pattern with a repetition period of approximately 193 yr.

January 2015 (Acigra, 2008). This plot shows that the tan- Superimposed upon the data plotted in Fig. 13 are twc
gential torques resulting from the geafext are greatest sinusoidal functions with periods of 191.0 and 195.0yr,
when this subtended angle approaches &d least when synchronized to match in the year 1153. These two sinu
the subtended angle approachés 0 soidal curves indicate that the longer term periodicity that
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Angle Subtended by the CMSJSathe Sun & Venus-Earth

The angle subtended by Venus and Earth (at inferior conjunction) and the centre-of-mass of the Sun-Jupiter-Saturn system at the
Sun, near each quadrature of Jupiter and Saturn over the period from January 1003 to January 2015. Superimposed upon the data are tv
sinusoidal functions with periods of 191.0 and 195.0 yr, synchronized to match in the year 1153. These two sinusoidal curves indicate that
the longer term periodicity that is modulating the net torque produced by the flieetrteas a periog 193+ 2 yr.

is modulating the net torque produced by the géfaot has — There is a long-term modulation of the net torque that
a period~ 193+ 2 yr. This long-term modulation cycle is al- has a period of166yr. This 166 yr modulation pe-
most certainly set by the time it takes for the 22.137 yr period riod results from the fact that 14 sidereal orbital peri-
associated with the VEJ tidal-torquing model to re-align with ods of Jupiter £ 16607 yr) almost equals 15 times the

the 19.859 yr period associated with the geéeat: period required for Jupiter to move 9th the Venus—
Earth alignment reference framel5x 11.0683yr &
(22137x19.859)/(22137-19.859)= 19298 yr. Q) 16602 yr).

NB: More precisely, it is the mean time required for the

11.8622 yr periodic change in Jupiter’s distance from the Sun
There are at least two ways that the Jovian and Terrestrial© realign with the 11.0683 yr tidal-torquing cycle of the VEJ
planets can influence bulk motions in the convective layersmodel.

of the Sun. The first is via the VEJ tidal-torquing process: (118622 110683) (11.8622— 11.0683)= 16538 yr  (2)

— Tidal bulges are formed at the base of the convective
layers of the Sun by the periodical alignments of Venus
and the Earth.

The second way is via modulation of the VEJ tidal-
torquing process via the geditect:

— The gear &ect modulates the changes in rotation rate
of the outer convective layers of the Sun that are being
driven by the VEJ tidal-torquingfiect.

— Jupiter applies a tangential gravitational torque to these
tidal bulges that either speed-up or slow-down parts of
the convective layer of the Sun.

— This modulation is greatest whenever Saturn is in
quadrature with Jupiter. These periodic changes in the
modulation of the rotation rate vary over a 19.859 yr pe-
riod.

— Jupiter’s net tangential torque increases the rotation rate
of the convective layers of the Sun for 11.07 w7
Venus—Earth alignments lasting 11.19yr) and then de-
creases the rotation rate over the next 11.07 yr.

— The gear ffect is most fective at the times when Venus

— The model produces periodic changes in rotation rate of and the Earth are aligned on the same side of the Sun.

the convective layers of the Sun that result a 22.14 yr
(Hale-like) modulation of the solar activity cycle: (4 — There is a long-term modulation of the net torque that
Venus—Earth alignments lasting 22.38 yr). has a period of 192.98 yr.



While the VEJ tidal-torquing model can produces torquesHence, the 1156.3 yr is most likely just a multiple of the fun-
that have periods that closely match the length and phase afamental Jupiter re-synchronization period of 575.518 yr.
the 11.1 Schwabe cycle and the 22.1 yr Hale sunspot cycles, These multiples of the 575.518yr Jupiter re-
the model cannot easily reproduce the periods that are foundynchronization cycle include:

by McCracken et al. (2013) for the long-term variations in

the level of solar activity. In order to accomplish this, the VEJ 2% 275518=11510yr  3x575518= 17265yr
tidal-torquing model must be combined with the gefieet ~ 4x575518=23021yr - Hallstatt cycle

to produce a new model called the VEJ spin—orbit coupling

model. (NB: this new model is called a spin—orbit coupling

model for the simple reason that its net outcome is to produce

link between changes in the rotation rate of the convective

layers of the Sun (SPIN), primarily near the Sun’s equatorial

regions, and changes in the Sun’s motion around the CMS&inally, the synodic product of the 176.30yr cycle with the

(ORBIT)). 1151.0yr cycle is
The new model produces torques with periodicities that
fall into three broad categories (Table 1). (11510x17630)/(11510-17630)= 2082yr. ®)

This is very close to the 208 yr de Vries cycle.
Hence, the new model called the VEJ spin—orbit coupling
model, formed by combining the VEJ tidal-torquing model

These periods are produced by the synodic product of shoitith the gear #ect, is able to produce many of the long-
periodicities that are associated with each of the modeld€M periods in solar activity that are found by McCracken
(i.e. 22.38yr period for the VEJ tidal-torquing model and €t &l. (2013) from proxy°Be and'‘C data spanning the last
19.859 yr period for the geaffect) such that 9400 yr (compare columns 1 and 3 of Table 1).

(22.38x 19.859)/(22.38—19.859)= 17630 yr. 3)
The author would like to thank
as We” as the fOllOWing multipleS Of the 176.30 yl’ period: J. P. Desmou”nsl Ulric Lyonsl Chmg_cheh Hung’ Ray TomeS,
1/2x 17630= 88.15yr— Gleissberg cycle 2 17630= 3526yr E‘ ?‘ gemi’ Roy Martin, Roger Tattersall, Paul Vaughan and
. J. Salvador for their contributions to the development of the
3x17630=5289yr 4x17630=7052yr VEJ tidal-torquing model and Ken McCracken for his support and
Itis important to note that the 22.38 yr VEJ tidal-torquing cy- €hcouragement of this research.
cle is used here in the synodic product rather than the 22.14 yr . . ;
cycle, since the gearffect interacts with the VEJ tidal- Eg'\t&c\j/v% L\;:—?\I‘Vgﬂ;ﬁ;m ous referees
torquing mechanism via the VE alignments. This means that
the interaction will take place at the 22.38 yr VE alignment
repetition cycle. It also means that the 22.38 yr interaction
cycle will slowly drift out of phase with the 22.14 yr torque
application cycle, requiring some form of re-synchronization
between these two cycles on longer term timescales.
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