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Figure 1 (a) monthly mean value of solar radius during March 2001
to August 2007 (the solid line) and its linear fitting (the dashed line);
(b) monthly mean sunspot number at the same interval as the above.
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Figure 2 Intrinsic Mode Function (IMF)1 to 5 of solar radius and
its trend component (the bottom panel).
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Figure 3 Intrinsic Mode Function (IMF)1 to 5 of sunspot number
and its trend component (the bottom panel).
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Figure 4 Spectrum powers of the first IMF of both solar radius (the
thick solid line) and sunspot number (the thin solid line). The thick
and thin dashed lines are their corresponding 95% confidence lines.
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Figure 5 The same as Figure 4, but for the second IMF.
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Figure 6 The same as Figure 4, but for the third IMF.
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Figure 7 (Color online) (a) the first three IMFs’ composition of
solar radius (the blue line, and the left scale) and that of sunspot

number (the green line, and the right scale); (b) the same as the above,

but for the last two IMFs plus the trend. The black dashed line is the
linear fitting to the blue line.
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Figure 8 The same as Figure 4, but for the first three IMFs’

composition.

Wy B JA RO B Bl A R R R AR . A R A (]
A C R HN-0.9831, 7 99.99% /K F 45 4t it & X,
R ZH MAEAEAR SR I R AR KRR R. L&l B
Oy RRIG, K BH A2 1A B )RR AR Ak gt A i I 2
SR AE SR AL

BATRE K BH A2 A o AT T 26| A, 15
B ¢ I ZIH K22 r = 873.6415 + 0.0427z. [A]13
LAEE T R, B SX N SERR R RE A RN
0.9484, 1t 99.99% /K- LA & L. PRI RBH A2 14
AL FE N 0.0427"/4E, H b T H R GABOE B
EAR AR BE R, U B A R AR AR AR ) Ak T B A S .
23 M N RERE R 8.3 4, Bl v tHOKBH 42 7E —
ANES N AR TE A 8.3%0.0427 =0.35(f1 ),
BH N 0.036%, b RH & £ 1) A BH G 2 & A8
HeIE /)N,

3 gt

Tubitak K 3CERRBHEAAHEAT 15 A, 4
BT KBHEZ1E 2001 4E 3 H F 2007 4E 8 H #iln](F
A 23 R BRI A SFIME. A5 Z SR i
ITHRELIE DT, B35 DA R
AT BT AT 3 ANAAERLAS bR U /N B R AT,
RILKFH 2 R AEERAE S, (B 25
PORIAL B 0 N i e O VA B N S RN
ARG, DRIRHET: A RH 248 10 A e )RR
AR AN AT e AN K BH 9 s Bh i A DRk, RFEEAR R G 2

099602-4



MRS, PERBRE BN it RO

20159 45 FoW

AN AR RS bR R B, LR AT DLR R R K
Eeal(E B, BOOG ), PR e ORI AR AL 1k
gy, 5 ERFHON R o R BRI R. KB
AT G 3 A RS A R, B TE S R
FE ERIARA RSy, BRI AR KR, dEHIER
i B K PH AR TR K PH S 30 B RS AR L Fn oK
BH VS 0 J8 S AR 7. FH X AN B BOR 7 73 B K BH A2 1
SESAME A 959.23437+0.0820", 5 H JE 15 B4R 15 2 1)
K BH A2 158 959.2353"+0.0981" Ak & 3L, 1H
J7 22 BRI/, 3 B I B R R R A A 1.
A2 PRI B 5 R AR TAU A A B R AE K 2 51,
{ERNSCHR[ 19145 HIME 959.207+0.02", SCHR[20]45 H
fiI{E 959.197+0.03”, A K Emilio 25 A*!/F MDI Jli45
A B 2428 959.28"+0.15" (R 4%

FH R 46 K BH 2P 42 204 15 20 R R AR RN
0.0418"/4F, FBRUE 3N M4 2 ma 5 Al v A 0.0427"/
5, IR A TR PE 22— AN Bh A AR AL TR
N 035", AL E N 0.036%. AALIEE B2
PR THEN T ERKIRZ, 408 4 5. AT
UNAZ AR (8 B _E B K PH 242 5 K BHE 3h &
AL () 458 2 TS 1. B AT K BH 2= 2 76 K BH S 3
JA R _EAS A R N R BH 5 A 3 M A BH A 5
P K PH R TH S5, A FH P 30 ER T R 110 90N T WAL 4,
AT I K BH 2242 R B 6 30 & s AR

AHIF 5T = URFE 2% i B 7 1 55 44 2% P B 3040 3k
1T THEAE, %07 1515 500 7 51 0 4 18 A i 2% e
Be RN R 7 VR AR A S R I = IMF oy A R
ANIRIEZIE, SHRAT IME B2 52 JE 5 oS AT 7L
FBERT R BH 2 A2 K i 18] ROEE AR AL, AN TR 4
PRz N Niap Al e | RN

X BH USSR S (TSD I A BH R AR 218 0.1% 22, K
BHJGER 2R T 1 R 5t R (@) N2 a = 4nA* (TSD/(4nR?), H
AN HHCPIEE S, BT TSIRMIE S 24E T H

WS MKIE, Rk EXdh A ALRTE. Ada
=—2xAR/R +A(TSD/(TSI)=0.172%. [ It, KBHEH
R S 2 B K B OK BE AR, H 42 R0 R e
S IX R A BRL 3R I AR AN S 2 DTk 2 A A . R
P 58 5 1) 22 A AR s 5 K P R v sh AR DS BE P, KB
il 355 51 10 A B ) 28 4 1231 5 S50 B 24 42 R A B Ak 4 43
A4, =2 1A B AR A BB 377 H K BH 3R 1,
PR R BRI, AR USCAE, VR BRGSO  4 fie B N A4
KA, ISR, PO 5, BRI
At — DR R AT %

K P 242 W00 ) Bl AL 5% 22 2 7 78 J R AR AL A
B B, (BT RE RN B AR A S A
BRI R P2 AR SR R A DA LRR. (1) W () I 5
GR)EF A, ZHE W, R AR A&
JUA A BEE. (2) KBRS mER, % H W8 H
O FE AR AT AT i P AE LI A T B 2 Ik,
FEARAL I SZIE 1.108x 107 P4 2 JFaG B )5 2
5820 A 0.09817/959.2353" = 1.023x107,
5 m B ASAE A 2, TR b2 A3 0 4 R R AR AL T
B PRS2 e FE A8 4k, B23F Rozelot #1 Damiani®V45 H
(1) FE R 10 21 15 mas, AT 2 1/8 o4, HITAS
KATfE B SRS, (3) K BHRETE 3 (4 A, 3
JE& A2 IR B JiR DR R IR N AR T

AR FFI /2 Tubitak KX H ) 23 R
BE KW LR AR RE. 1ZKCETE 2007 5
A I BE k. KB A A8 A — B AR AR /N
2] B W8 Bt 5, R e AS T AT o R 2 A A R B A
AR TS, BT ORPE A R BT BRI —
B, R BT AEARG LE R B R B K.
F 2 B K P 3% 3 F b T AR B 36 3 m] DL SR PR R
P g 4 (10 9% 3 5 8 2O, R B 2 4% 10 3% 20 J) A Ak B
W 2R K BH 3 2 TR B AR BT (i A, X A Il UK SR AE
(CE S

B RAFCFRERSUNAGATREN, RaF T E R AR e &L

S5 3HK

1 QuZN,LiK]J. Progress in the measurement and study of solar radius (in Chinese). Prog Astron, 2013, 31: 253266 [## 7, ZXHZE. K

B R S ALt . R R, 2013, 31: 253-266]

2 HMEZ. RiEBEBIRARSEANEALE. Lt X HRAL, 1980. 32

099602-5



WS REBY MR J0E ORICE S 20154 45 HOH

10
11
12

13
14
15
16

17

18
19

20

21
22
23

24
25
26

Bush R I, Emilio M, Kuhn J R. On the constancy of the solar radius. III. Astrophys J, 2010, 716: 1381-1385

Wittmann A D. Visual and photoelectric measurements of the solar diameter (1972-2002): Methods and results. Astron Nachr, 2003, 324:
378-380

Dunham D W, Sofia S, Fiala A D, et al. Observations of a probable change in the solar radius between 1715 and 1979. Science, 1980, 210:
1243-1245

Dziembowski W A, Goode P R, Schou J. Does the sun shrink with increasing magnetic activity? Astrophys J, 2001, 553: 897-904

Qu Z N, Xie J L. Long-term periodicity variations of the solar radius. Astrophys J, 2013, 762: 23

Egidi A, Caccin B, Sofia S, et al. High-precision measurements of the solar diameter and oblateness by the solar disk sextant (SDS)
experiment. Sol Phys, 2006, 235: 407-418

Delmas C, Laclare F. Short vs long time series: Example of the solar diameter. Sol Phys, 2002, 209: 391-396

Noel F. Solar cycle dependence of the apparent radius of the Sun. Astron Astrophys, 2004, 413: 725-732

Kholikov S, Hill F. Acoustic radius measurements from MDI and GONG. Sol Phys, 2008, 251: 157-161

Qu Z N, Feng W, Liang H F. Periodicity of the solar radius revisited by using empirical mode decomposition and the Lomb-Scargle method.
Res Astron Astrophys, 2015, 15: 879-888

Laclare F, Delmas C, Coin J P, et al. Measurements and variations of the solar diameter. Sol Phys, 1996, 166: 211-229

Kilic H, Golbasi O. Intermediate-term variations in solar radius during solar cycle 23. Astron Nachr, 2009, 330: 351-357

Kilic H, Golbasi O. On short-term periodicity of the solar radius measurements. Sol Phys, 2011, 270: 437-446

Kilic H, Golbasi O. Comparison of long-term trend of solar radius with sunspot activity and flare index. Astrophys Space Sci, 2011, 334:
75-81

Huang N E, Shen Z, Long S R, et al. The empirical mode decomposition and the Hilbert spectrum for nonlinear and non-stationary time
series analysis. Proc R Soc A, 1998, 454: 903-995

Wu Z H, Huang N E. Ensemble empirical mode decomposition: A noise assisted data analysis method. Adv Ada Data Anal, 2009, 1: 1-41
Jilinski E G, Puliaev S, Penna J L, et al. Solar diameter observations at Observatério Nacional in 1997-1998. Astron Astrophys Suppl, 1999,
135:227-229

Puliaev S, Penna J L, Jilinski E G, et al. Solar diameter observations at Observatério Nacional in 1998-1999. Astron Astrophys Suppl, 2000,
143: 265-267

Emilio M, Kuhn J R, Bush R I. One solar cycle of solar astrometry with MDI/SOHO. IAU Symposium, 2010, 264: 21-32

Li K J, Feng W. Xu J C. et al. Why is the solar constant not a constant? Astrophys J, 2012, 747: 135

Zhao M Y, Chen J Q, Liu Y, et al. Statistical analysis of sunspot groups and flares for solar maximum and minimum (in Chinese). Sci
Sin-Phys Mech Astron, 2014, 44: 109-120 [XHAF2, BRZEARL, XM, 5. KBHES)UEFFIA G 1 8 2B T S R gt o b, S EFR
e MIBEE )15 RICEE, 2014, 44: 109-120]

Noel F. The sun’s surface and subsurface: Investigating shape. Lecture Notes Phys, 2003, 599: 181-195

Rozelot J P, Damiani C. Rights and wrongs of the temporal solar radius variability. Eur Phys J, 2012, 37: 709-743

Du Z L, Wang H N. Predicting the solar maximum with the rising rate. Sci China-Phys Mech Astron, 2012, 55: 365-370

099602-6



WS REBY MR J0E ORICE S 20154 45 HOH

Solar radius varying on the scale of a solar cycle

FENG Wen'?" & LI FuYu>*

! Research Center of Analysis and Measurement, Kunming University of Science and Technology, Kunming 650093, China;
2 Key Laboratory of Modern Astronomy and Astrophysics (Nanjing University), Ministry of Education, Nanjing 210093, China;
3 Yunnan Observatories, Chinese Academy of Sciences, Kunming 650011, China;
* Key Laboratory of Solar Activity, National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China

Monthly mean values of solar radius measured at the Tubitak National Observatory, Turkey during the interval of
March 2001 to August 2007 have been utilized to investigate variation of solar radius at the scale of solar cycle through
the Ensemble Empirical Mode Decomposition analysis. Variation of solar radius at the short-term scale of years is
found to have little statistical relation with the strong magnetic field activity of the Sun. But at the long-term scale of
a solar cycle, variation of solar radius statistically displays a strong negative correlation with sunspot number.
Variation of solar radius is about 0.0427"/year, averaged over the descending period of a solar cycle, and reaches
about 0.3544" within a solar cycle, namely about 0.036% in the amplitude variation of solar radius within a solar
cycle.

solar radius, solar activity, solar cycles
PACS: 96.60.Bn, 96.60.Q, 96.60.qd
doi: 10.1360/SSPMA2015-00302
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