
 
 

This is a sample of very small number of sampled time series.  The following table 

shows the monthly average temperature of a city. 

 

Month  1  2  … 

Average Temperature (C) 3.4  4.5  … 

 

For this equally discrete series x(n), n=1,2,…,12), give the following expression, where 

dt=1 and fk is frequency and equal to k/12. 

 

     X(n) = a0 + sigma(….) + sigma(…) 

 

Obtain the coefficients so as to this function satisfies the given sampled data as close as 

possible. 

 

The answer is given in the following table. 

 

    k   Cosine coefficients ak   Sine coefficients bk 

    1   0.05                   0.17 

    ….. 
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using follow equations and I got fig(1)
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n=月 x(n)=平均気温 2π*(n-1)/12
1 3.4 0
2 4.5 0.523598776
3 4.3 1.047197551
4 8.7 1.570796327
5 13 3 2 0943951025 13.3 2.094395102
6 13.8 2.617993878
7 16.1 3.141592654
8 15.5 3.665191429
9 14.1 4.188790205

10 8.9 4.71238898
11 7.4 5.235987756
12 3.6 5.759586532 a0 9.466667

Given Date

k ak bkk ak bk
1 -6.484956427 -0.66291651
2 0.175 0.04330127
3 0.5 -0.1
4 -0.191666667 0.70725408
5 -0.365043573 0.462916512
6 0 6 1 77634E 156 0.6 1.77634E-15

k 1 2 3 4 5 6
余弦係数ak -6.484956427 0.175 0.5 -0.19167 -0.36504 0.6
正弦係数ｂｋ -0.662916512 0.04330127 -0.1 0.707254 0.462917 0
n Fourie series

1 -6.484956427 0.175 0.5 -0.19167 -0.36504 0.6 3.71 6.484956427 0.175 0.5 0.19167 0.36504 0.6 3.7
2 -5.947595264 0.125 -0.1 0.708333 0.547595 -0.6 4.2
3 -3.816580754 -0.05 -0.5 -0.51667 -0.58342 0.6 4.6
4 -0.662916512 -0.175 0.1 -0.19167 0.462917 -0.6 8.4
5 2.668375673 -0.125 0.5 0.708333 -0.21838 0.6 13.6
6 5.284678752 0.05 -0.1 -0.51667 -0.08468 -0.6 13.5
7 6 484956427 0 175 0 5 0 19167 0 365044 0 6 16 47 6.484956427 0.175 -0.5 -0.19167 0.365044 0.6 16.4
8 5.947595264 0.125 0.1 0.708333 -0.5476 -0.6 15.2
9 3.816580754 -0.05 0.5 -0.51667 0.583419 0.6 14.4

10 0.662916512 -0.175 -0.1 -0.19167 -0.46292 -0.6 8.6
11 -2.668375673 -0.125 -0.5 0.708333 0.218376 0.6 7.7
12 -5.284678752 0.05 0.1 -0.51667 0.084679 -0.6 3.3
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28J10028 Takumi Kubo

月(n) 平均気温x(n)x(n)withフーリエ
1 3.4 3.4
2 4.5 4.5
3 4.3 4.3 Δ t 1
4 8.7 8.7
5 13.3 13.3 k 余弦係数ak 正弦係数bk fk
6 13.8 13.8 0 9.46666667 0
7 16.1 16.1 1 -5.2846788 -3.8165808 0.083333
8 15.5 15.5 2 0.05 0.17320508 0.166667
9 14.1 14.1 3 0.1 0.5 0.25

10 8.9 8.9 4 -0.5166667 -0.5196152 0.333333
11 7.4 7.4 5 0.08467875 -0.5834192 0.416667
12 3.6 3.6 6 -0.3 0.5
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cos
k/n 1 2 3 4 5 6 7 8 9 10 11 12

1 0.866025404 0.5 6.12574E-17 -0.5 -0.86603 -1 -0.8660254 -0.5 -1.8E-16 0.5 0.866025 1
2 0.5 -0.5 -1 -0.5 0.5 1 0.5 -0.5 -1 -0.5 0.5 1
3 6.12574E-17 -1 -1.83772E-16 1 3.06E-16 -1 -4.288E-16 1 5.51E-16 -1 -2.5E-15 1
4 -0.5 -0.5 1 -0.5 -0.5 1 -0.5 -0.5 1 -0.5 -0.5 1
5 -0.8660254 0.5 3.06287E-16 -0.5 0.866025 -1 0.8660254 -0.5 8.57E-16 0.5 -0.86603 1
6 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1

sin
k/n 1 2 3 4 5 6 7 8 9 10 11 12

1 0.5 0.8660254 1 0.866025 0.5 1.2251E-16 -0.5 -0.86603 -1 -0.86603 -0.5 -2.5E-16
2 0.866025404 0.8660254 1.22515E-16 -0.86603 -0.86603 -2.45E-16 0.8660254 0.866025 3.68E-16 -0.86603 -0.86603 -4.9E-16
3 1 1.225E-16 -1 -2.5E-16 1 3.6754E-16 -1 -4.9E-16 1 6.13E-16 -1 -7.4E-16
4 0.866025404 -0.866025 -2.4503E-16 0.866025 -0.86603 -4.901E-16 0.8660254 -0.86603 -7.4E-16 0.866025 -0.86603 -9.8E-16
5 0.5 -0.866025 1 -0.86603 0.5 6.1257E-16 -0.5 0.866025 -1 0.866025 -0.5 -1.2E-15

cos
k/x(n) 3.4 4.5 4.3 8.7 13.3 13.8 16.1 15.5 14.1 8.9 7.4 3.6

1 2.944486373 2.25 2.63407E-16 -4.35 -11.5181 -13.8 -13.943009 -7.75 -2.6E-15 4.45 6.408588 3.6
2 1.7 -2.25 -4.3 -4.35 6.65 13.8 8.05 -7.75 -14.1 -4.45 3.7 3.6
3 2.08275E-16 -4.5 -7.90221E-16 8.7 4.07E-15 -13.8 -6.904E-15 15.5 7.77E-15 -8.9 -1.8E-14 3.6
4 -1.7 -2.25 4.3 -4.35 -6.65 13.8 -8.05 -7.75 14.1 -4.45 -3.7 3.6
5 -2.94448637 2.25 1.31703E-15 -4.35 11.51814 -13.8 13.943009 -7.75 1.21E-14 4.45 -6.40859 3.6
6 -3.4 4.5 -4.3 8.7 -13.3 13.8 -16.1 15.5 -14.1 8.9 -7.4 3.6

sin
k/x(n) 3.4 4.5 4.3 8.7 13.3 13.8 16.1 15.5 14.1 8.9 7.4 3.6

1 1.7 3.8971143 4.3 7.534421 6.65 1.6907E-15 -8.05 -13.4234 -14.1 -7.70763 -3.7 -8.8E-16
2 2.944486373 3.8971143 5.26814E-16 -7.53442 -11.5181 -3.381E-15 13.943009 13.42339 5.18E-15 -7.70763 -6.40859 -1.8E-15
3 3.4 5.513E-16 -4.3 -2.1E-15 13.3 5.0721E-15 -16.1 -7.6E-15 14.1 5.45E-15 -7.4 -2.6E-15
4 2.944486373 -3.897114 -1.05363E-15 7.534421 -11.5181 -6.763E-15 13.943009 -13.4234 -1E-14 7.707626 -6.40859 -3.5E-15
5 1.7 -3.897114 4.3 -7.53442 6.65 8.4535E-15 -8.05 13.42339 -14.1 7.707626 -3.7 -4.4E-15

cos2 kf n

sin2 kf n

( )cos2 kx n f n

( )sin 2 kx n f n



cos
k/n 1 2 3 4 5 6 7 8 9 10 11 12

1 -4.57666605 -2.642339 -3.23726E-16 2.642339 4.576666 5.28467875 4.57666605 2.642339 9.71E-16 -2.64234 -4.57667 -5.28468
2 0.025 -0.025 -0.05 -0.025 0.025 0.05 0.025 -0.025 -0.05 -0.025 0.025 0.05
3 6.12574E-18 -0.1 -1.83772E-17 0.1 3.06E-17 -0.1 -4.288E-17 0.1 5.51E-17 -0.1 -2.5E-16 0.1
4 0.258333333 0.2583333 -0.516666667 0.258333 0.258333 -0.5166667 0.25833333 0.258333 -0.51667 0.258333 0.258333 -0.51667
5 -0.07333395 0.0423394 2.5936E-17 -0.04234 0.073334 -0.0846788 0.07333395 -0.04234 7.26E-17 0.042339 -0.07333 0.084679
6 0.3 -0.3 0.3 -0.3 0.3 -0.3 0.3 -0.3 0.3 -0.3 0.3 -0.3

sin
k/n 1 2 3 4 5 6 7 8 9 10 11 12

1 -1.90829038 -3.305256 -3.816580754 -3.30526 -1.90829 -4.676E-16 1.90829038 3.305256 3.816581 3.305256 1.90829 9.35E-16
2 0.15 0.15 2.12202E-17 -0.15 -0.15 -4.244E-17 0.15 0.15 6.37E-17 -0.15 -0.15 -8.5E-17
3 0.5 6.126E-17 -0.5 -1.2E-16 0.5 1.8377E-16 -0.5 -2.5E-16 0.5 3.06E-16 -0.5 -3.7E-16
4 -0.45 0.45 1.27321E-16 -0.45 0.45 2.5464E-16 -0.45 0.45 3.82E-16 -0.45 0.45 5.09E-16
5 -0.29170962 0.5052559 -0.583419246 0.505256 -0.29171 -3.574E-16 0.29170962 -0.50526 0.583419 -0.50526 0.29171 7.15E-16

cos2k ka f n

sin2k kb f n



・計算結果

月 平均気温
離散
フーリエ
変換結
果k ak bk ak bk 1 3.4 3.4

0.00 9.47 2 4.5 4.5
1.00 -5.30 -3.82 -5.28 -3.82 3 4.3 4.3
2.00 0.05 0.17 0.05 0.17 4 8.7 8.7
3.00 0.10 0.50 0.10 0.50 5 13.3 13.3
4.00 -0.52 -0.52 -0.52 -0.52 6 13.8 13.8
5.00 0.09 -0.58 0.08 -0.58 7 16.1 16.1
6.00 -0.36 -0.30 8 15.5 15.5

9 14.1 14.1
Δｔ= 1 10 8.9 8.9

11 7.4 7.4
12 3.6 3.6

k
月 平均気温 1 2 3 4 5 6 月 平均気温 1 2 3 4 5

1 3.4 2.94 1.70 0.00 -1.70 -2.94 -3.40 1 3.4 1.70 2.94 3.40 2.94 1.70
2 4.5 2.25 -2.25 -4.50 -2.25 2.25 4.50 2 4.5 3.90 3.90 0.00 -3.90 -3.90
3 4.3 0.00 -4.30 0.00 4.30 0.00 -4.30 3 4.3 4.30 0.00 -4.30 0.00 4.30 except for 
4 8.7 -4.35 -4.35 8.70 -4.35 -4.35 8.70 4 8.7 7.53 -7.53 0.00 7.53 -7.53
5 13.3 -11.52 6.65 0.00 -6.65 11.52 -13.30 5 13.3 6.65 -11.52 13.30 -11.52 6.65
6 13.8 -13.80 13.80 -13.80 13.80 -13.80 13.80 6 13.8 0.00 0.00 0.00 0.00 0.00
7 16.1 -13.94 8.05 0.00 -8.05 13.94 -16.10 7 16.1 -8.05 13.94 -16.10 13.94 -8.05
8 15.5 -7.75 -7.75 15.50 -7.75 -7.75 15.50 8 15.5 -13.42 13.42 0.00 -13.42 13.42
9 14.1 0.00 -14.10 0.00 14.10 0.00 -14.10 9 14.1 -14.10 0.00 14.10 0.00 -14.10

10 8.9 4.45 -4.45 -8.90 -4.45 4.45 8.90 10 8.9 -7.71 -7.71 0.00 7.71 7.71
11 7.4 6.41 3.70 0.00 -3.70 -6.41 -7.40 11 7.4 -3.70 -6.41 -7.40 -6.41 -3.70
12 3.6 3.60 3.60 3.60 3.60 3.60 3.60 12 3.6 0.00 0.00 0.00 0.00 0.00

sum -31.71 0.30 0.60 -3.10 0.51 -3.60 sum -22.90 1.04 3.00 -3.12 -3.50
ak -5.28 0.05 0.10 -0.52 0.08 -0.30 bk -3.82 0.17 0.50 -0.52 -0.58

COS成分

表による係数 計算した係数

k

・係数を求める 
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n=1 3.4 n=2 4.5 n=3 4.3 n=4 8.7 n=5 13.3 n=6 13.8 n=7 16.1 n=8 15.5 n=9 14.1 n=10 8.9 n=11 7.4 n=12 3.6
1 2 3 4 5 6 7 8 9 10 11 12
1 0.866 1 0.5 1 6E-17 1 -0.5 1 -0.866 1 -1 1 -0.866 1 -0.5 1 -2E-16 1 0.5 1 0.866 1 1
2 0.5 2 -0.5 2 -1 2 -0.5 2 0.5 2 1 2 0.5 2 -0.5 2 -1 2 -0.5 2 0.5 2 1
3 6E-17 3 -1 3 -2E-16 3 1 3 3E-16 3 -1 3 -4E-16 3 1 3 5.5E-16 3 -1 3 -2E-15 3 1
4 -0.5 4 -0.5 4 1 4 -0.5 4 -0.5 4 1 4 -0.5 4 -0.5 4 1 4 -0.5 4 -0.5 4 1
5 -0.866 5 0.5 5 3E-16 5 -0.5 5 0.866 5 -1 5 0.866 5 -0.5 5 8.6E-16 5 0.5 5 -0.866 5 1
6 -1 6 1 6 -1 6 1 6 -1 6 1 6 -1 6 1 6 -1 6 1 6 -1 6 1

SIN成分
1 2 3 4 5 6 7 8 9 10 11 12
1 0.5 1 0.86603 1 1 1 0.866 1 0.5 1 1E-16 1 -0.5 1 -0.866 1 -1 1 -0.866 1 -0.5 1 -2.5E-16
2 0.866 2 0.86603 2 1E-16 2 -0.866 2 -0.866 2 -2E-16 2 0.866 2 0.86603 2 3.7E-16 2 -0.866 2 -0.866 2 -4.9E-16
3 1 3 1.2E-16 3 -1 3 -2E-16 3 1 3 4E-16 3 -1 3 -5E-16 3 1 3 6E-16 3 -1 3 -7.4E-16
4 0.866 4 -0.866 4 -2E-16 4 0.866 4 -0.866 4 -5E-16 4 0.866 4 -0.866 4 -7E-16 4 0.866 4 -0.866 4 -9.8E-16
5 0.5 5 -0.866 5 1 5 -0.866 5 0.5 5 6E-16 5 -0.5 5 0.86603 5 -1 5 0.866 5 -0.5 5 -1.2E-15













a0
ｎ 9.466667
月 平均気温 x(n) ｋ k/12 ak bk

1 3.4 3.7 1 0.083333 -5.28468 -3.81658
2 4.5 4.2 2 0.166667 0.05 0.173205
3 4.3 4.6 3 0.25 0.1 0.5
4 8.7 8.4 4 0.333333 -0.51667 -0.51962
5 13.3 13.6 5 0.416667 0.084679 -0.58342
6 13.8 13.5 6 0.5 -0.6
7 16.1 16.4
8 15.5 15.2
9 14.1 14.4
10 8.9 8.6
11 7.4 7.7
12 3.6 3.3
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