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Abstract

We find that there is substantial correlation bemvtéhe dominant periodicities that are seen irdhg-term solar activity
cycle and the periodicities in a carrier suppressexglitude modulated signal with frequencies relati® the Sun’s
Barycentric motion. Both quantities show periodéstat the de Vries (210 years), Gleissberg (9@syeand Hale (22.3
years) cycles. As yet, there is no reasonable ntodeiplain why there might be a link between el of solar activity
and the Sun’s Barycentric motion. However, we lvelithat the topic warrants further investigatiordaese of the good
agreement between the observed periodicities.

Introduction

Direct instrumental observations of the Sun sin@&0lhave shown that the level of sunspot activityttee Sun has a
mean periodicity of 22.3 years, known as the Hatdec In addition, these observations of the Suretshown that there
are longer-term periodicities present in the lesfesolar activity. The most prominent long-term legcthat have been
identified so far are the 90 year Gleissberg cgclé the 210 year de Vries (Suess) cycle. Howewsalse of the limited
time over which instrumental observations have tmeilable, the confirmation of the latter two ®&has required the
use of proxies to study the variation in the lesfesolar activity over much longer periods of tim€ables 1 and 2 show
the sources in the literature that confirm thetexise of the Gleissberg and De Vries cycles iridhel of solar activity.

Table 1. Observational evidence for the Gleisshergycle

Method Period (yrs) Time frame Reference
1. De-trended C™* from tree rings 87.8 0-11854 BP 1
2. Sunspot number 87 + 13 1700 — 2005 A.D. 2
3. Modulation of the length & symmetry of Schwalyele ~90 1853 — 2000 A.D. 3
4. Reconstructed Solar Irradiance ~ 80 1600 — 2000 4
5. Solar proton events (ice-core & satellite obagons) 80 -90 1561 — 1994 A.D. 5
6. Ti* levels in stony meteorites ~100 1750 — 2000 A.D| 6
7. Dust profiles in the GISP2 ice cores ~91 13 900 — 91 555 BP 7

1. Peristykh & Damon (2003); 2. Rodgers et al. @08. Pelt et al. (2000); 4. Lohmann et al. (2004)

5. McCracken et al. (2001); 6. Taricco et al. )70 Ram & Stolz (1999).

Table 2. Observational evidence for the deVries (ss)cycle

Method Period (yrs) Time frame Reference
1. De-trended C™ from tree rings 208 0-11854 BP 1
2. De-trended C** from tree rings 206 ~ 11,000 period 2
3. Be’ levels in the GRIP ice cores 205 + 5 25 000 —ED BP 3
4. Sunspot humber 188 + 38 1700 — 2005 A.D. 4
5. Dust profiles in the GISP2 ice cores ~ 197 13 900 — 91 555 BP 5

1. Peristykh & Damon (2003); 2. Stuiver & Braziur{a993); 3. Wagner et al. (2001); 4. Rodgers €2@05);

5. Ram & Stolz (1999).

Periodicities in the Solar Motion about the Barycetre of the Solar System

Given that the Sun is over 1000 times the massupitel, most people assume the centre of mass @Nhe Solar
System is located at the centre of the Sun. In faetcentre of the Sun moves about the CM isiassef complex loops,
with the distance between the two varying from Q®2.19 solar radii (Jose 1965). Studies of thidiom show that it is
characterized by four main long-term periodicities.
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The Jupiter/Saturn Synodic Cycle = 19.86 years

The first and most prominent cycle, is the timeuiegf for the Sun to move through one loop aboetBhrycentre. This
is when it moves from it furthest distance from Beaycentre, in towards its closest approach tBtecentre and then
back out again to its furthest distance. The lerajtthis cycle is set by the time between consegeutippositions of
Jupiter and Saturn, which is equal to the synodiiopl of 19.86 years.

The Tri-Synodic Cycle = 59.58 years

The second cycle in the Sun’s motion is set byfalsethat, in a reference frame that is fixed wéhpect to the stars, the
line-of-opposition joining Jupiter, Saturn and tSain rotates by approximately Plbetween each consecutive
opposition. Seen from above the Sun’s pole, thecton of this motion is in the opposite (or retadg) direction to the
motion of the planets. This means that after teg@@dic periods of Jupiter/Saturn, equivalent tb8%ears, the line-of-
opposition rotates back to a point that is shifed,average, by 8.93in a prograde direction, from its starting point.
Stated another way, the Sun takes three loops ah@Barycentre before it completes roughly onetavtih respect to
the stars.

The Jose Cycle =178.7 years

The third cycle in the Sun’s motion results frone tlact that line-of-opposition of Jupiter, Satumdahe Sun almost
precisely returns to the same configuration witlahirs after seven Jupiter/Saturn synodic periodsi89.0 years) and
with Neptune after 11 synodic periods (i.e. 218¢arg). This means that Jovian planets roughly metorthe same
configuration with respect to each other, and wétbpect to the stars, after three lots of threeJater/Saturn synodic
periods (i.e. 178.7 years). This leads to the patite the looping motion of the Sun about the CMtled Solar system
repeating itself roughly every 178.7 years (Josb)9Ne will call this 178.7 year period the Jogele.

The Hallstatt-Like Cycle ~ 2400 years

The fourth cycle in the Sun’s motion is the resilB.93° prograde shift that happens to the line-oppositibdupiter,
Saturn and the Sun between successive oppositichgpier and Saturn. This means that it take318h Jupiter/Saturn
synodic periods for the line-of-opposition to coptplone orbit with respect to the stars. Howevéakes three of these
orbits (i.e. 3 x 40.3135 =120.9405 ~ 121 Jupituigh synodic periods = 2 402.94 years) for an spipo of Jupiter and
Saturn to return to roughly the same point witlpees to the stars. This period almost matches tA800 year Hallstatt
Cycle that is seen in the de-trend€il4 tree ring data (Peristykh and Damon 2003) bergarth.

Suppressed carrier amplitude modulation

If we have a carrier wave with an amplitude C amdjfiency that is amplitude modulating by a lower frequen@wve
with an amplitude M and frequency, the resulting combined wave is given by:

y() =Csin( t) + (M/2)[cos(( m— )t)—cos((m+ )1)]

The resultant signal is made up of a carrier walus pvo sidebands, locate at+ |, (positive side-band) and
m-(Negative side-band). When the modulation of theierawave exceeds 100 % (i.e. M/C > 1), the sidedsaare
emphasized at the expense of the carrier wave sutbkstantial suppression occurring for values o€ Mb.

If you apply this concept to periodicities that aeen in the solar motion, Table 3 shows that #rogicities that are
observed in the level of solar activity are natiyraroduced by a process of carrier suppresseditmelmodulation.
The Hale and Gleissberg cycles are just the frecjasrof the negative side-bands that are produdeshwthe Jose cycle
amplitude modulates the Jupiter/Saturn synodic tiRrslynodic cycles, respectively. Similarly, de &icycle is the
frequency of the negative side-band that is prodivdeen a signal varying at half the Hallstatt cyafeplitude modulates
the Jose cycleNote: The C data of Peristykh and Damon (2003) also showsfiignt periodicities at 150 and 44.9
years, closely matching those of the positive bideds at ~156 and 44.7 years. In addition, Javar@a05) finds a
statistically significant ~17 year periodicity ihet equatorial rotation rate of the Sun that mayeteted to the positive
side-band at 17.9 years.)

Another application of this concept is shown igufie 1a. This figure is a plot of the angle of Nt to the line-of-
opposition of Jupiter/Saturn at the times of syzygver the period from 1600 to 2020 A.D. This paeter is an
indicator of the maximum torque that is appliedite Sun by Neptune as the Sun moves about the Ghe Golar
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Table 3. Amplitude Modulated Cycles.

Solar Motion Period Modulating Period Positive Negative | Solar Activity Period
Cycle (years) Cycle (years) | Side-Band | Side-Band Cycle (years)
Synodic 19.86 Jose Cycle 178.7 17.87 22.34 Hale 322
Tri-Synodic 59.58 Jose Cycle 178.7 44.68 89.37 $Shedrg ~90
Jose Cycle 178.7 Half-Hallstatt ~1200 ~156 ~21Q \Dies ~205-210
Figures 1a and 1b
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System. A comparison between figures la and 1b shbat we are able to successfully reproduce thimtians in
Neptune’s position angle that are displayed inrBglia by using the following carrier suppressed lange modulated

signal that is plotted in figure 1b:

y(t) = {[1 + 5cos(2 (t-1890)/178.7)] cos(2 (t-1990)/59.58)} + 4{[1 + 5cos(2 (t-1890)/178.7)] cos(2 (t-1990)/19.86)}

This equation is just a simple superposition of signals with carrier frequencies at the Synodit4186 yeard) and the

Tri-Synodic (1/59.58 years cycles of Jupiter and Saturn, that have underganger suppressed amplitude modulation
by the 178.7 year Jose cycle. The ratio used tght¢ie contributions from the Synodic to Tri-Symodycles is 4:1.

The level of agreement between the data in figlieeand 1b is further reinforced by the spectrad dabwn in figures 2a
and 2b. Figure 2a shows the polar form of the AFas{ Fourier Transform) of the position angle optl@e from figure

la. The spectrum is dominated by three frequentties22.0 year Hale cycle, the 90 years Gleissbgete and the 45

year Half-Gleissberg
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Figures 2a and 2b

cycle. Figure 2b shows the corresponding plotHerdarrier suppressed amplitude modulated sigeal isefigure 1b.
Conclusions

The good agreement between the data plotted inefiglia, 2a and that plotted in figures 1b, 2b satlse possibility that
the dominant periodicities that are seen in thg4mmm level of solar activity i.e. the de VriedRyears), Gleissberg (90
years), and Hale (22.3 years) cycles, may be celatthe periodicities that are observed in the'SBarycentric motion.
As yet, no one has provided a reasonable explanatdo why there might be a link between the lefelolar activity
and the Sun’s Barycentric motion. However, we lveli¢hat the topic warrants further investigatiorcduese of the
excellent agreement between the observed perimgicit
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