Sci. J. Fac., Sci., Minufiya Univ., Vol. XVIil (2004 : 95 - 108 )

ALGORITHMIC APPROACH FOR THE FOURIER
ANALYSIS WITH APPLICATION TO THE ANNUAL
SMOOTHED SUNSPOTS NUMBER FROM THE
YEAR 1700.5 TO 2000.5

M.A.Sharaf 1and M.A.Banajh2

1/ Department of Astronomy, Faculty of Science, King Abdul Aziz
University ,Jeddah ,Saudi Arabia
2/ Deparment of Mathematics, Girls College of Education, Jeddah ,Saudi
Arabia

Received : 1/11/2003

Abstract

In this paper, algorithmic approach for Fourier analysis of
smoothed data is developed and applied to the annual sunspots
number from the years 1700.5to 2000.5. The precision criteria of the
representation is very satisfactory.

Introduction

A growing mass of evidence suggests that the solar activity
affects our weather and long —term variations of the sun’s energy
output affects our climate. The literature on this subject covers a
period of 300 years, and many distinguished scientists have
contributed (see,e.g. the extraordinary number of articles on the
site:httt://adsabs.harvard. edu). Moreover almost every large solar—
terrestrial symposium now includes at least one session on sun
weather/climate investigations. On the other hand ,the basic measure
of the solar activity is the number of the sunspots visible on the solar
disk at any given time; the more spots ,the more active is the sun{3].

Now ,if the sunspots are a key factor ,that is ,a good usable
indicator of solar activity for sun-weather relationships ,an obvious
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condition must be met before sunspot’s number can be used to predict |
changes in weather and climate: The sunspots themselves must be
predictable. In fact it is very important to have a full understanding of
sunspot predictability for sun weather purposes.

[n the present paper ,we started the first phase towards sunspot
predictability by developing algorithmic approach for Fourier
analysis of smoothed data. As an application of the algorithm we
considered the annual sunspot’s number from the years 1700.5to
2000.5. The precision criteria of the representation is very satisfactory

2. Basic Formulations
2.1. Harmonic Analysis of a Periodic Function

e Let 1t be required to find a sum
%a()+2aicos_/x+2b,sinjx , 2.1
=1 j=

which furnishes the best possible representation of a function u(x),
given that u(x) takes the values u,,u,,...,u, , ,when x takes the values

s -1

X,,X,,..., X, respectively. Finally, m being some number greater than
2r. The problem is to determine the (2r+1) constants a,,a;and
b;;J=12,.,r so as to make the expression (2.1) takes ,as nearly as

possible, the m values wu,u,,...,u,_, when x takes x,,x,...,x,_,.To
do so we shall make use of the method of least squares[1] and we get

1 I r
= Gl + Zaj.r]‘,,. +ij,3_i, =d, ;1=01,.,r,
) "~ ! 2.2)

1 - -
5"0130,, + Zajﬁ(”. +Q by, =c¢,5 ¢=12,..r,
=1 =i
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where

m—1
Ny, =Ny = Z cos Ix, cos jx,;l=0,1,..,7r;,7=0,,..,r,
k=0
m=1
ﬂq[ = z cos lxk sin qu;l = 071:“-9 r;q = 1,2,..., r,
k=0
m=1

Vg =Vy = Z sin gx ,sin tx,;9 =1,2.,r;t=12.,r,

k=0
m=1
d, = u,cos Ix,;/1=0,1,., r,
k=0 (2.3)
m=1
c, = u,sin gx ;9 =1,2,.., r.

=

=0

Equations (2.3) are called the normal equations of the least
squares method. These equations represent a set of linear equations in
(2r+1) unknowns a’s and b’s coefficients and could be solved by any
of the methods adopted for linear systems. However, the coefficient
matrix of this set could be reduced to a diagonal one by certain choice

of the argumentsx, and in this case the @’s and b’s are determined
exactly and the problem is known as harmonic analysis.

oIn the method of harmonic analysis ,the arguments x, take the
special values; |

0,22 227 327 m-12Z. (2.4)
m m m m

For these values ,then's, B's and y's of Equations(2.3) become:

. 1
Forl=]¢0:77,j=ylj=5m ;ﬂljzo‘
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Forl#j: n]jzy,).=ﬂ,j=0.

Consequently the @’s and b’s coefficients could then be computed
exactly from

2 2
a, =——Zuk cos j lk ;7 =01,...,r,
' k=0 m
25

m~1 27[

b ==SNu sing —~k ; g=12,.,r.
q mké(‘) k q m
2.2 .Practical Computations of the a’s and b’s Coefficients

The a's and b's coefficients of Equations (2.5) could be computed
efficiently [4] from

2 2 . .
a,=— {u, +Q‘,' COS—J —QZ/} J=0L...1, (26.))
m m

2 .o
b, =;1Qq sin—q ;9=12..1; (262)

where, for any j the Qs are computed recursively from
Q; =uy+2cos x 0y, .~ Oiiajs (2.63
by using the initial conditions @, ; =0, ; = 0.starting with k=m-1

to compute successively Q, ., O, 5@, ;.

2.3.The Sum of the Squares of the Residuals
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The sum of the squares of the residuals is given as [4] ¢

m—1

2
m a r .
2= Sl -2 %S0 )] (27
j=1

i=

In practice ,since we do not know r ,we would evaluate a’s and b’s
coefficients for r=1,2,...,then compute 5,2 ,and continue as long as

o ,2 decreases significantly with increasing r.

2.4.Data Smoothing

A series of raw data { y,,¥,,...,,}is sometimes transformed
to a new series of data before it is analyzed. The purpose of this
transformation is to smooth out local fluctuations in the raw data, so
the transformation is called data smoothing or smoother[2] .One
common type of smoother employs a linear transformation and called
a linear filter. A linear filter with weights{c,,c,,...,c,_, } transforms

the givendata to weighted averages ze *; ¢,y for t=pp+l,..n
j=

Notice that the new data set has length n-p+1.If Z:; ¢; =1 the linear

filter is called an p-term moving average. If all weights are equal and
they sum to unity ,the linear filter is called a simple moving average.

3.Numerical Applications

3.1.Data

o The used data are listed in the first two columns (and the forth, fifth
columns) of Table I as the year and the corresponding annual
sunspot’s number respectively. These data are obtained from the site
:http://sidc.oma.be. in the sunspot archive.
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oThe third column(and the sixth column) represents the smoothed

sunspot’s number obtained using a simple 2-term (p=2) moving
average of Subsection 2.4.

3.2.The a’s and b’s coefficients

eUsing the smoothed sunspot’s number ,the a’s and b’s coefficients
of Equations (2.5) are computed in a recursive manner from
Equations (2.6).

eThe number of terms r is computed by the artifice mentioned after
Equation (2.7) and in this respective we find r =150. Table A, gives

the values of 5, (N.S.) for none smoothed and 8, (8.) for
smoothed sunspot’s number for different values of r.

Table A: Values of § *(N.S.) for None Smoothed and 5,2 (8 for
Smoothed sunspot’s Number for Different Values of r

r 5°(N.S.) 57(S)

50 34735.1 18895.6

100 8941.85 1514.4

150 4156.73 4.65661*107"

« The numerical values of the coefficients q,; i=0,1,2,...,150 and bj;
Jj=1.2,...,150 are listed in Table II.

3.3.Graphical Representations
Graphical representations of the sunspot’snumber for the years

1700.5 to 2000.5 are displayed in Figure 1 for both the observed
smoothed variations and Fourler smoothed variations
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3.4.Error Analysis

Table III lists the absolute values of the residuals between the
observed and the Fourier smoothed variations the of sunspot’s number
for the years 1700.5 to 2000.5

In concluding the present paper, algorithmic approach for
Fourier analysis of smoothed data is developed and applied to the
annual sunspot’s number from the years 1700.5to 2000.5. The precision
criteria of the representation are very satisfactory.
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Table I: None Smoothed (N.S.) and Smoothed(S.) Sunspot
Number from the Year 1700.5 to 2000.5

Year N.S. s, Year N.S. S.
1700.5 S. 8. 1750.5 83.4 €5.55
1701.5 11, 13.5 1751.5 47.7 47.75
1702.5 16. 19.5 1752.5 47.8 39.25
1703.5 23, 29.5 1753.5 30.7 21.45
1704.5 36. 47. 1754.5 12.2 10.9
1705.5 58. 43.5 1755.5 9.6 9.9
1706.5 29. 245 1756.5 10.2 21.3
1707.5 20. 15, 1757.5 2.4 40.
1708.5 10. 9. 1758.5 47.6 50.8
1709.5 8 5.5 1758.5 54. 58.45
1710.5 3 1.5 1760.5 62.9 74.4
1711.5 0 0. 1761.5 85.9 73.55
1712.5 0 1. 1762.5 61.2 53.18
1713.5 2 6.5 1763.5 45.1 40.75
1714.5 11. 19. 1764.5 36.4 28.65
1715.5 27. 37. 1765.5 20.9 16.15
1716.5 47 55. 1766.5 11.4 24.6
1717.5 63. 61.5 1767.5 37.8 53.8
1718.5 60. 49.5 1768.5 69.8 87.95
1719.5 . 39. 33.5 1769.5 106.1 103.45
1720.5 28. 27. 1770.5 100.8 91.2
1721.5 26. 24, 1.5 81.6 74.05
1722.5 22. 16.5 1772.5 66.5 50.65
1723.5 11. 16. 17713.5 u.s 32.7
1724.5 21. 30.5 1774.5 30.6 18.8
1725.5 40. 59. 1775.5 7. 13.4
1726.5 78. 100. 1776.5 19.8 56.15
1727.5 122, 112.5 1777.5 92.5 123.45
1728.5 103. 88. 1778.5 154.4 140.15
1729.5 73. 60. 1779.5 125.9 105.35
1730.5 47. 41. 1780.5 84.8 76.45
1731.5 35, 23. 1761.5 68.1 53.3
1732.5 11. 8. 1782.5 38.5 30.65
1733.5 5. 10.5 1783.5 2.8 16.5
1734.5 , 16. 25. 1784.5 10.2 17.15
1735.5 | 3. - 52. 1785.5 24.1 53.5
1736.5 = 70. 75.5 1786.5 82.9 107.45
1737.5 8l. 96. 1787.5 132. 131.45
1738.5 (111, 106. 17688.5 130.9 124.5
1739.5 101. 87. . 1789.5 118.1 104.
1740.5 73. 56.5 1790.5 89.9 78.25
1741.5 40. 30. 1791.5 66.6 63.3
1742.5 20. 18. 1792.5 60. 53.45
1743.5 16. 10.5 1793.5 46.9 43.95
1744.5 5. 8. 1794.5 41, 31.15
1745.5 11, 16.5 1795.5 21.3 18.65
1746.5 22. 31. 1796.5 16. 11.2
1747.5 40. 50. 1797.5 6.4 5.25
1748.5 60. 70.45 1798.5 4.1 5.45
1749.5 80.9 82.15 1799.5 6.8 10.65
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Table I (Continued)
Yesr N. S.
1800.5 14.5
1801.5 34.
1802.5 45.
1803.5 43.1
1804.5 47.5
1805.5 2.2
1806.5 28.1
1807.5 10.1
1808.5 8.1
1809.5 2.5
1810.5 0.
1811.5 1.4
1812.5 5.
1813.5 i1z.2
1814.5 13.9
1815.5 35.4
1816.5 45.8
1817.5 41.
1818.5 30.1
1219.5 23.2
1820.5 15.6
1821..5 6.6
1822.5 4.
1823.5 1.8
1824.5 8.5
1825.5 16.6
1826.5 36.3
1827.5 49.6
1828.5 64.2
1829.5 67.
1830.5 70.9
i8:.5 47.8
1832.5 27.5
1833.5 8.5
1834.5 13.2
1835.5 56.9
1836.5 121.5
1837.5 138.3
1838.5 103.2
1839.5 85.7
1840.5 64.6
1841.5 36.7
1842.5 24.2
1843.5 10.7
1844.5 15.
1845.5 40.1
1846.5 61.5
1847.5 98.5
1848.5 124.7
1849.5 96.3
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50.65
30.45.
17.45
12.85
27.55
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1663.5
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1865.5
1866.5
1867.5
1868.5
1863.5
1870.5
1871..5
1872.5
1873.5
1874.5
1875.5
1876.5
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18687.5
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Table I (Continued)

Year

N.S.
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Table I1: Coafficients of the Fourier Sarios Repxwesmntation of the Seoothad Sunspot:
Nuber from the Year 1700.5 to 2000.5

GHEEREBC®Sauaunmes

BRENRBEEY

SEURAN338A2R2BRABLBILBEUGY

a,

100.0106
7.48504

0.141041
-11.8307
4.24623
-5.99333
-2.74139
3.63621
-2.67046
-1.46849
-3.2864
2.73267
-2.15892
1.30293
5.19794
-1.09012
1.45199
-1.00159
1.22283
-2.29063
2.7711

b,

~-5.09572
-8.37604
-11.6447
~-0.342449
3.60816
~-9.41246
-6.3119
-5.34028
-2.8647
~-1.72527
2.76585
-0.182019
0.6855962
0.412113
-0.177693
-1.85105
-0.771233
4.0895
0.847369
-1.76843
3.96707
-1.97327
-3.63373
3.7603
13.9832

-2.56794
1.13042
~2.13917
~1.20651
~2.11396
~1.98952
~3.6656
~1.08663
1.07233
1.18217
~1.21277
~2.12685
0.730908
0.108135
~0.83399%2
~-0.247464
0.195128
~-1.10805
-1.4732
0.31453
0.493522

-1.37747
0.461963
-0.469658

233 S%%:&Gt&ﬂﬁS%&SS!&E&%%ES%%S% o,

a,

b,

-2.0218
22,5352
-3.73933
-14.5961
-24.0084
-3.11958
2.7361
-3.98494
-7.18193
-2.47013
1.56146
~-6.23785
0.641266
1.23301
1.89994
-2.20152
-1.73505
-0.320171
-1.73074
-0.375096
-0.472735
-1.3278
-1.34861
~-0.920713
0.319189

~0.37311
-0.336274
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Table II{Continued)

101 -0.508281 -0.349089 126 -0.35433 -0.36044
102 -0.401912 -0.00136354 127 -0.457765 -0.187245
103 -0.834038 -0.0969005 ¢ 128 -0.291335 -0.104189
104 -0.154135: ~0.443866 129 -0.5477153 -0.0181787
105 -0.349221 0.0413715 130 -0.556252 0.215365
106 -0.520665 0.119467 13 -0.322019 0.0834856
107 -0.709318 0.10458 132 -0.303247 -0.0230149
108 ~-0.450959 -0.763333 133 -0.364192 -0.163719
109 -0.577919 -0.267945 134 -0.389196 -0.183305
110 -0.265949 -0.0917259 135 -0.266341 -0.0113574
11 -0.597018 0.0206636 136 -0,370835 0.0156732
112 -0.396892 -0.178887 137 -0.310693 0.0692979
113 -0.450467 0.0737386 138 -0.367T719 -0.069298
114 -0.176808 -0.042315 139 -0.263107 0.0355537
115 ~-0.244805 -0.294876 140 -0.302629 -0.0295513
116 ~0.395102 ~0.194543 141 -0.444911 0.0294662
17 -0.480492 -0.151253 142 -0.284169 0.0386647
18 -0.407908 -0.0678901 143 -0.322551 -0.0393769
119 -0.229361 -0.140918 4 -0.287019 -0.048477
120 -0.403882 0.000691037 145 -0.360409 -0.0371023
121 -0.122404 -0.166315 46 -0.341793 0.00275942
122 -0.270846 -0.457441 147 -0.365547 -0.0324296 -
123 -0.394778 -0.170506 148 -0.372811 0.00803271
124 -0.441075 -0.101473 149 -0.342705 0.00563458
125 -0.381469 ~0.322042 150 -0.352393 -0.00225757

FigureI : Grarhical Representations of the Sun Spot Nurber for the Years 1700.5 ta2000 .5

Chserved Smoothed Variations Calculated Variations from
Fourier Series
No.of S Spots No.of Sun Spots
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55100 1% 200 230 30 TokS T1700.5 i T 2 st Years ~1700.5
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Table III : Residusls Betwesn the Chaarved Swoothed (0) and the Fourier Calculabed
Smoothed (C) Variations in the Sun Spots Mumber for the Yearsl700 .5 (15) 2000.5

Year o C 10-C)
1700.5 8. 8. 1.13687x10-13
1715.5 37. 37. 1.42109x10-1¢
1730.5 4. 41. 4.9738x 1024
1745.5 16.5 16.5 7.10543x10-14
1760.5 74.4 74.4 1.27898x 10-13
1775.5 13.4 13.4 7.63833x10-14
1790.5 78.25 78.25 2.55795x10-13
1805.5 35.15 35.15 7.10543x 10-35
1820.5 n.1 1.1 2.66454x 10-14
1835.5 89.2 89.2 5.82645x10-12
1850.5 65.55 65.55 1.56319x10-32
1865.5 23.4 23.4 2,94875x10-13
1880.5 43.3 43.3 4.26326x101¢
1895.5 52.9 52.9 2.06057x10-13
1910.5 12.15 12.15 1.08358x10-13
1925.5 54.1 54.1 4,9738x10-13
1540.5 57.65 57.65 7.95808x10-13
1955.5 89.85 89.85 6.39488x 10-13
1870.5 85.55 85.55 4.12115x 1013
1985.5 15.65 15.65 4.47642x10°13
2000.5 1s.3 115.3 4.68958x 10-13
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