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Figurel The sketch map of planetary rendezvous
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Tablel Theastronomical data of the planetary orbitsin the solar system

A a1 (d) BUIE AR (km) Bl F 2242 (km) KICHAL(AU) AR i

KE 87.969 57.91x10° 56672443.84 0.38709893 4.69091x107° 26.08840762
o 224.701 108.21x10° 108207517.8 0.72333199 0.001320004 10.21344422
HhBR 365.256 149.6x10° 149579112 1.00000011 0.002238882 6.2831853
P& 686.98 227.92x10° 226923421.8 1.52366231 0.000363432 3.340666584
K 4332.587 778.57x10° 777657818.7 5.20336301 3.699505551 0.529699953
+ A 10759.22 1433.53x10° 1431426696 9.53707032 2.038821640 0.213302742
RER 30685.4 2872.46x10° 2869262907 19.1912393 0.624274378 0.074790328
TS = 60189.0 4495.06x10° 4494894315 30.48168677 1.153633570 0.038129411
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Table2 The heliocentric longitude of the eight planets at 12:00 on January 1st, 2000

HR Hi 2% oAb Ak Ry IR

IKE 252.25084° 252°15'3.024" 4.40260769389070
&R 181.97973° 181°58'47.028" 3.176145456761025
R 100.46435° 100°27'51.66" 1.753433686372375
P& 355.45332° 355°27'11.952" 6.20383076405610
AR 34.404038° 34°24'15.768" 0.60046970742115
+2 49.94432° 49°56'39.552" 0.87169282567360
RKEA 313.23218° 313°13'55.848" 5.46693285795265
A 304.8803° 304°52'49.08" 5.32116505338775
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Figure2 The comparison chart of the planet juncture index. (a), (b) Data of the planet juncture index from 1900 to 2000AD; (c), (d) data of the planet
juncture index from 1000 to 2000AD. (a), (c) Using the planet juncture index equation; (b), (d) using orbital parameters by N-body integration
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Table3 Theorbital parameters of the major planetsin the solar system

AR SFHE K Za(AU) fiL> R e(km) Bf1(%) TR EEQ ERfZo Pz
KA 0.38709893 0.20563069 7.00487 48.33167° 77.45645° 252.25084°
BE 0.72333199 0.00677323 3.39471 76.68069° 131.53298° 181.97973°
Bk 1.00000011 0.01671022 0.00005 —-11.26064° 102.94719° 100.46435°
KA 1.52366231 0.09341233 1.85061 49.57854° 336.04084° 355.45332°
AR 5.20336301 0.04839266 1.30530 100.55615° 14.75385° 34.40438°
T2 9.53707032 0.05415060 2.48446 113.71504° 92.43194° 49.94432°
RKER 19.19126393 0.04716771 0.76986 74.22988° 170.96424° 313.23218°
HEER 30.06896348 0.00858587 1.76917 131.72169° 44.97135° 304.88003°
TER 39.48168677 0.24880766 17.14175 110.30347° 224.06676° 238.92881°

alfiml T RS A MEBUELE, 1TTRES AT EAEN
1900~2000AD 1100 af [a] K £y 2 JJ5 T 54 W K AH 8§
W/ IMELJE B, 150 5 J) 491 1) °F- 349 J) 19 24 24 19.8585
a; &l 2(c) 1 (d) /& 1000~2000AD 1 1000 alf [if] (447 &
SERBEE, 171 A 4 A 45 50 1000~2000AD 1)
1000 affi[alfT 2 &AM KEF MR REEEY
180 aiy AU 0 R, X s g E AT B A A I F
WF5E K BH TG 8 A E B RE N E. B2 B R &R
TRESAEEBEAARW R R, TRESAHEK
FHF R AE AT B 28 00 5K BH 0 10 1 B /el 3 36
TERFHRPT AT RS GE0TT BAFE B 7 2 AT —
FEMRR (AT S A BN RE 4 T Ron
17 5 2 B0 B8 K BH 0 432 s B o 35 K BH 3 0 28
K PHZR L 2 sh i, B R A 98 K BH 0 58 K BH
R0 is SRR R 5 IBAT B S AR EUN, 1T A
FT0 H 0 48 B (SRR PH 3R 000 48 ) J2& AN A i 5k 11
FESH NIATE R H DG @RS AE T,

1.3 TR R H DLk

ME LR, 11 R RO O T B R R
OAEAETH b AR FIOR B 5L 2 [ 19 1 4k 5 Ak v
(R B I . AT R R BULH) H D2 e, N

snp(© = 1,0 /3 r0. ©
i, 7R 5 H ORIk
o) ke 3,0 /3000 k=0, 1. 2 @

X, oRIRAT R R BULH H DA (0<e<2r); KN
B, iy WA AT BB ACEE A R AR AR bRl BB LR

FAAT R FEAGENR; CHFED. RIS 2546
()RS S BRI AITERBOS
FE (@) Ry kX, RIAT 452 K PH R 47 2 R 5D e AR
R H DA, MR R R HOLE AR
(EI3(@)F1(c)). #I3(b)F(d) kAT A i AL (3R 3)
S NEBUERr, A BRE R TE R H 0L R,

3] A7 5L 2R 0 Y H O 22 B B I 1) A8 A i 46 He
K, BEAR bR RAT A R H DA FIELE AR by
HATRRFL I H DR, DIEHFR. KE3H(a)
H1 (o) Bl Fm A7 2 R 0 1Y H 048 ML 1900A D i
#2000ADZ [H]100 a4k, K 3(c)F(d)yEnTT
B RO H O 28 B ) 1000A DHfE 78 % 2000AD 22 [i]
1000 afyAsfbidil; 4752 R0 HOL (T2 R
JECMNE T K BH SO B4 5 7 ) B AR AL 7E O~2m 3 FBl P9 2 ]
WiEAE L. B 3(a) i (b) AT AR HOZELE
1900~2000A DI [a] £ 4T 24 8.5¢% Ft) JE S 128 Ak (B A7 B2
RO LER A0z 3 208.50]); NILITRE R H L%
FEHAT B 0929115 afy A, SR IE 47 5 K PH TS
By R BB R AR L. [ R, P 3(c) A (d) AT A2
% H 0> 2 1E 1000~2000ADM E], 172 &R H.O&F
B/ INE Y e/ IME B A B 5.5 Y R I 1 AR A,
HE 2180 a MR 517 2SR ET R 1)
180 affl i —2, IRl 54k A5 AR Ak 1Y XU 22 5 3
L. TR R B OSBRI H R T AT R R
oA TR B BT O 5 6E B B AR R AR, HG H o0 28 B2 1) S
WAPEAR A — o B LR IEAT B R 0 S8 K FHAZ 3
B R AR Ak, o mT R AE K BH 2% K PH &R 5038 Bl )
JEIPEAR AL RRAE . A IR AW ST AT 2 &R 0 B8 K PH R
AL 3% K BH B0 B8 K BH R 50 32 S0 19 A8 fL R 1IE

411



a4 % B B 2017HE2A H62% 5

1900 (AD)

6.28 -

471 Fii
3.14 } ]
1.57 HH

TERBNEE

1L11 l il

1000 (AD) 1200

1 800

1000 {AD) 1200 1400

1600 1800 2000

B 3 fTRERGFRLHOLEXT AL (8), (b) 1900~2000ADIH [EI917 2 & H L2 E; (c), (d) 1000~2000ADIHIE 1T 2 R H L2 E. (a), (0)

FIAAT A H OB FRIBARDS, (), (d) AT 2PEEREGEEFTNIREER AT
Figure 3 The heliocentric longitude of the barycentric planetary system comparison diagram. (a), (b) Data of the planet heliocentric longitude from
1900 to 2000AD; (c), (d) data of the planet heliocentric longitude from 1000 to 2000AD. (&), (c) Using the heliocentric longitude equation; (b), (d)

using orhital parameters by N-body integration

SEAITR R HOAEMNIT RS AR T B E R
1. @3@%1?%%@@@%1(55‘@@@&4& T
R HLAEENZI R EEZ, I BRI ZITT 2 R
HOO 285 B AR (R IR BE AN A TR 3 o R 4t — 2 T i
AT FR H D28 B BE R A] A AR TR 15 L

€147 1940~2000A DA [H] 17 AL & H O & FE ARk
K, BRI KL a Bt 2R DS ERTERY
0, 2n), 439l TAMRR, H—RIRMWITERH
DZAJEE R0, 0.5n), 5 L RITRERHOEEH
H(0.5n, ), HERRITERBOLEEMEN(x,

1.5m), ML RIITER HOREE N (150, 2n).
KAk z2 0 BACERAT B AR B e R A, 7T U

(0, O) A S AR FR K BHAA; 17 A2 &R 0 BK
FHAR B BE B RIAT R & B384, 1TRE R0 5 K
RIS I MITERBOSE. 17
5 & U075 1940~2000ADWI ], HATR R H L& JE
1B bl %5 4 1 22 4L, ﬁ@AA#&%ﬂﬁ%% H.O %
Ry e s E) VAR L | rlz%usq:mﬁa%
AH [R) A A2 A LA %’(ﬁ%%)ﬁ@m&sﬂﬁzwxﬁ
SERBUER, HMFERENITRERH L FE@
ARl /N, 111940~1945, 1980~1985, 1995~2000
ADME], FAEATRE R H.OLEA A KIT0.523

412

6F |l

\\7965 \0;1[:10 D _
,m,,\%;g:zm\m N
e 4 o N ]

j \\\ )
- \ “oasap7 / :

Y (AU)

o N
5
8

3".

.'

T
6F m %H&D&D___ N -
L L 1 xl'_.ﬂap/l 1 1
-6 -4 -2 [i 2 B 6
X (AU)

B 4 FTERALEEELE. =0RETE RO IITERA &,

BAILORRFRK AR

Figure4 The variation of the planetary system mass center’s heliocen-
tric longitude. Rings represent the barycenter of planetary system, and
filled circles represent the barycenter of sun
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Planetary system trajectory is inherently related to sun movement. Considering that planetary system movement affects
solar activity and even global climate change, studies on its changing law and characteristic are of significance and
values. In this study, the kinematic index of planet heliocentric longitude is created based on the orbital elements of
planets in the solar system. Both the planet juncture index and heliocentric longitude are used to investigate the periodic
planetary system movement around the barycentre of the solar system. The planet juncture index is the norm of the total
quality-vector-weights for planetary system. It represents the distance between the barycentre of the planetary system and
the sun. When all planets nearly align, the planet juncture index peaks; otherwise, it falls. The planet heliocentric
longitude is the angle between the line from the projection of the barycentre of the planetary system onto the datum to
that of the sun and the datum axis. The planet heliocentric longitude ranges from 0 to 2r. The planet juncture index and
heliocentric longitude are two important kinematic indexes for researching the changing law and characteristic of
planetary system movement. The former represents the distance between the barycentre of the planetary system and the
sun and the degree of convergence and separation of the planetary system. The latter represents the exact location of the
barycentre of the planetary system relative to that of the solar system. This study explores the changing rule and
characteristic of planetary system movement through the two kinematic indexes. Results of this study bear significance
and value on theories of studies on solar movement, solar activity and global climate change.

The power spectrum analysis method is a spectral analysis indicating digital time-series in different frequencies of
energy distribution, which reflects the distribution of power spectrum in different frequencies of stochastic signal. The
implied periodic trends in the frequency domain are revealed with the power spectrum analysis method by analysing the
character of signal and processing every coordinate time-series with Fourier transform. Both the planet heliocentric
longitude and juncture index are studied through numerical simulation. The base data of the variations of planet juncture
index and heliocentric longitude for nearly 2000 years are derived. The comparison between the base data of the two
kinematic indexes show that both exhibit periodic trends and varying characteristics similar to those of the planetary
system movement. The power spectra of results reveal that both the planet juncture index and heliocentric longitude are
complicated, with remarkable periodicity parameters of 35.958, 19.873, 13.768 and 12.807 afor the former and 162.602,
29.446, 11.865, 8.457, 7.421 and 5.936 a for the latter. The most remarkable periodicity parameters are 19.873 and
11.865 a. To a certain extent, these periodic trends provide basis for analysing solar activity and global climate change.

Planet juncture index indicates the moving pattern of the barycentre of the planetary system around that of the solar
system and thus specify the moving pattern of the sun around the barycentre of the solar system. Planet heliocentric
longitude indicates the accurate position of the barycentre of the planetary system relative to that of the sun and thus
indicates the accurate position of the barycentre of the solar system relative to that of the sun. Both provide an effective
means to investigate the relationship between sun movement and solar activity.

heliocentric longitude, N-body integration, centroid of planetary system, planet junctureindex, numerical simulation

doi: 10.1360/N972016-00447
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