LEOBERE MR- T7— | 2@RIC SV TREROBREFAZ T, T#
ihAEHOANTSHERTHS,

H | 2 3 4 5 i T 5 9 1)1 12
FHpEiE |34 |45 (43 (87123138161 ) 155|141 | B9 | 74| 36
O N =12 @B0SMRICE L G EEREES [zn),n=1,2,--. 12} T3 L

T, E3EME  adEEoEE S B0 CMET I itk TER B0

& b
z{n) = ap 4 Z:’Jgt-m—:?:_&:l } Z-‘jk;-:illﬂ.—,rkra
k=1 k=1

BROMFBRFOFEATBEDLIICTHoEEFALD (At=1), 22T, fi =kf12
EEEETHED, LOMESOCRS, F-SEENERETHIHLEEOES
mEkn, & (L1, 1IN SEE#-THETaETEOL SRS,

k| e o | EERE b
1 —5.30 —-3.82

2 0.05 0.17

3 0.10 0.50

4 —0.52 —0.52

5 0.0% —0.58

& —0.36 -

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 + sigmal(....) + 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



n=H Xn=ESE  [2x*n-1)/12
1 34 0
2 4.5| 0.523598776
3 43| 1.047197551]
4 8.7] 1.570796327
5 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|
Given Date
a0 9.466666667
2n
a(k) = - Z xj cos(2m(j-1)k/n)
nj=1
2n
b(k) = -Z xj sin(2m(j-1)k/n)
nj=1
1n
a0)= - xj
nj=1
n/2 n/2-1
xj = a(0) + X a(k) cos(2mk(j-1)/n) + Z b(k) sin(2r
k(-1)/n)
k=1 k=1

D8J(0006 E»é?%is 1A ‘é‘?

k ak bk
1] —6.48496] -0.66292]
2 0.175] 0.043301
3 0.5 -0.1
4] —0.19167] 0.707254
5| -0.36504] 0.462917
6 0.6] 1.78E-15
k 1 2 3 4 5 6
RLFE L -6.48496 0.175 05 -0.19167 -0.36504 0.6
ER{RE -0.66292 0.043301 -0.1 0.707254 0.462917 0
n Fourie series
1 -6.48496 0.175 05 -0.19167 -0.36504 0.6 3.7
2 -59476 0.125 -0.1 0.708333 0.547595 -0.6 4.2
3 -3.81658 -0.05 -05 -0.51667 -0.58342 0.6 46
4 -066292 -0.175 0.1 -0.19167 0.462917 -0.6 8.4
5 2668376 -0.125 0.5 0.708333 -0.21838 0.6 13.6
6 5.284679 0.05 -0.1 -051667 -0.08468 -0.6 135
7 6.484956 0.175 -05 -0.19167 0.365044 0.6 16.4
8 5.947595 0.125 0.1 0708333 -0.5476 -0.6 15.2
9 3.816581 -0.05 05 -0.51667 0.583419 0.6 14.4
"10 0.662917 -0.175 -0.1 -0.19167 -0.46292 -0.6 8.6
11 -2.66838 -0.125 -0.5 0.708333 0.218376 0.6 7.7
12 -5.28468 0.05 0.1 -0.51667 0.084679 -0.6 3.3
18 Average Temperature
%)
g ——=Given Date
o
o
(-9
E \
'
8 \
g N
<
1 2 3 4 5 6 7 8 9 10 11 12
Month




n/2 n/2-1

x(n) =a,+ > a cos(2zk(j-1)/n)+ >_ b sin(2zk(j—1)/n)

using follow equations and I got fig(1)

1 n
8, == X,
n 43

a, = %Z X; €0s(27z(j —1)k / n)
j=1

b, =%Z x; sin(2z(j -1k /n)
j=1

s Average Temperature

—~ 16
14 === Given Date
12

10 // \
. / \\
4 ’J \

Average Temprerature(C

1 2 3 4 5 6 7 8 9 10 11 12 ;
Month figure(1)




n=H x(n)="FH =8 2 7t *(n=1)/12
1 3.4 0
2 45| 0523598776
3 4.3] 1.047197551
4 8.7] 1570796327
5 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

Given Date

k 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-15

k 1 2

Rk Hak —6.484956427 0.175

IEs%{%R bk -0.662916512  0.04330127

n
1 -6.484956427 0.175
2 -5.947595264 0.125
3 -3.816580754 -0.05
4 -0.662916512 -0.175
5 2.668375673 -0.125
6 5.284678752 0.05
7 6.484956427 0.175
8 5.947595264 0.125
9 3.816580754 -0.05
10 0.662916512 -0.175
11 -2.668375673 -0.125
12 -5.284678752 0.05

3
0.5
-0.1

0.5
-0.1
-0.5

0.1

0.5
-0.1
-0.5

0.1

0.5
-0.1
-0.5

0.1

a0

4
-0.19167
0.707254

-0.19167
0.708333
-0.51667
-0.19167
0.708333
-0.51667
-0.19167
0.708333
-0.51667
-0.19167
0.708333
-0.51667

9.466667

S

5
-0.36504
0.462917

-0.36504
0.547595
-0.58342
0.462917
-0.21838
-0.08468
0.365044

-0.5476
0.583419
-0.46292
0.218376
0.084679

6
0.6
0

0.6
-0.6
0.6
-0.6
0.6
-0.6
0.6
-0.6
0.6
-0.6
0.6
-0.6

Fourie series
3.7
4.2
46
8.4

13.6
13.5
16.4
15.2
14.4
8.6
7.7
3.3
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Assignment

28J10025 Risa Kitamoto

The data of the average temperature is given as;
.TABLE1 Given data
Month 1/ 2¢ 3% 4! 5i 6; 7i 8 9! 10i 11} 12

Average

34145 431 87! 1331138} 161} 155 141} 89} 74| 36

temperature

Fourier series is written as;

6 6
x(n) =ay+ ) aycos 2n fin) + ) bysin (2m fin)
0 Z K k kz—l k k

k=1

The coefficients (a0,al,a2, - <,b1,b2,- - -) can be obtained from the following equations;

12 12 12 6 12 6
Z x(n) = z aop + Z Z a,cos (2x fyn) + z z bysin (2w fin)

n=1 n=1 n=1k=1 n=1k=1
1 12
-ay= ﬁz x(n)
n=1
12 12 12 6 12 6
Z x(n) cos(2nfyn) = z agcos(2rfin) + Z Z aycos 2(2n fyn) + Z Z bycos(2rfin)sin (2x fi,n)
n=1 n=1 n=1k=1 n=1k=1
2 12
- a,= ﬁz x(n) cos(2mfin)
n=1

12 12

12 6 12 6
Z x(n) sin(2nf,n) = Z aosin(2nfn) + z Z a,sin(2mfn)cos(2m fin) + Z Z besin? (27 fin)

n=1 n=1 n=1k=1 n=1k=1
) &
- b, = ﬁz x(n) sin 2ufin)
n=1

Here N=12, f, = k/12
The calculation result of the coefficients is represented in the following table.
TABLE2 Calculation result

k 0i 1i 2i 3 "4i 5. &
a, | 9467 -528! 005! 0.1 -052: 0.085| -06
by i -382{ 0173} 05 -052 —0.58 | 5E-15
And the calculation result of average temperature from TABLE2 is represented in the following table
and figure.
TABLE3 Calculation result (from TABLE2)
n i o2& 3 4i si 6 7i 8i ei 10} 11i 12
x(n) 37 42 46{ 84 136} 135 164 152} 144 86 77! 33
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FIGUREI1 Average temperature

The given data is represented in the following table.

TABLE3 Given data (from Assignment)
k 11 20 3 4i 5. 6
a | -530i 005! 0.10: -052! 009 | -0.36
b, | -382} 017} 050; -052: -058 -

I couldn’t obtain a6 corresponding with the given data. So I decided to examine the periodicity. I

reviewed the coefficient a; and b,.

12 12 6 12 12 6 1+ cos(anfn)
z x(n) cos(2nfin) = z Z axcos?(2m fi,n) = Z x(n) cos(2ufin) = Z z a T"
- n=1 n=1k=1 n-1 n-1 k-
i x(n) sin(2nfn) = i i besin2(2m fn) — Z x(n) sin(2nf,n) = z Z b -M
n=1 n=1k=1 n=1k=1

I examined the periodicity of cos(4nfin). The result is represented in the following table.
TABLE4 cos(4nf;n)

n 1 2i 3 4i 5: 6. 7i 8i 9i 10i 11} 12
cos(4nfn) | 05: 05 -1 -05! 05 1i 05i-05; -1} -05; 05; 1
| cos(anfyn) | <051 051 1 05 -05: 11 -05:-05: 1:-05:-05i 1]
B I e L T
[ cos(anfyn) | 05 -05; 1 -05! -05: 1. -05: 05! 1i-05:-05: 1
| cos(4nfn) | 05: -05. -1, -05; 05. 1 05:-05: -1; -05: 05! 1

cos(mfgn) | 1% 1% i 11 i 1 i i 1i i 1




1 - NI S h

,l\ Z{S\ ]\‘ /[: — —cos(4fln)
o O i /3t/§ -~ + = cos(4mf2n)

g ; dEak G g g
B oo+t ide i b e cos(4nf3n)
\g - — — -cos(4mf4n)
: — === cos(4mf5n)
cos(4nf6n)

FIGUREZ2 cos(4nf;n)

From the results, I found that I made a mistake. I had to calculate a; and b as following equations.

L
@G =7y Z x(n) cos(2nfin)
n=1

b6 =0
The result of recalculation is represented in the following table.
TABLE5 Calculation result

k o: 1i{ 2 8i 4i 5i 6
@ | 9467} -528 005 0.1} -052] 0085 -0.3
by i 3821 0173} 05 052} -058| 0

And the calculation result of average temperature from TABLES is represented in the following table

and figure.
TABLE6 Average temperature (new)

n 1 2i 3. 4i 5i 6 7. 8 9i 10i 11i 12

x(m) | 341 45{ 43 87) 133i 138] 161: 155! 141i 89i 74} 386
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FIGURES3 Average temperature (new)

It is said that the result corresponds with the given data. But ag hasn’t corresponded with the given
data yet. To be honest, I don’t know the point.

Consideration

From the table3, it is said that the coefficient a0 means the average value. When I was an
undergraduate student, I studied Fourier series. But, I wasn't aware that a0 is the average value.
And I know that other coefficients (al,a2,:-+,b1,b2,- ) mean the changes from aO(average value).

From the viewpoint, I thought that Fourier series had the property similar to Taylor series.

Supplements

Coefficients are written in detail as follows;
1

2
1
ag = 7\72 x(n)
’ 2

0
a, = N x(n) cos(2nfin)

n=1

2
a; = ﬁz x(n) cos(2nfon)

n=1



1 12
ag = ﬁz x(n) cos(2rfin)
n=1

2 12
b = NZ x(n) sin (2nfin)

n=1

12
by = %Z x(n) sin (2mfyn)

n=1

b6=0



28J10028 Takumi Kubo
6 5
A(®) FEHTRXx(nwith—1) T x(n) =a,+ Y a,cos2z f,n+ > b sin2z fn
1 3.4 3.4 — vy
2 45 45
3 43 43 At 1
4 8.7 8.7
5 13.3 13.3 k RihiR B ak | 1IE %R B Dbk [Tk
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] -05166667| —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
N=|
HBHHO AAFHLR
18
16
14
12
mg 10 /, \\
e P4 L
8 .
® . / X —— L ADEHTE
4 ?‘h/ \ -eo-7J—T
2
0
1 2 3 4 7 8 9 10 11 12
)=

1 12
=—>x(n
% =15 2.X(N)
1 12
a,=2-—> x(nycos2z f,n
12 n=1

when k=6

12
a, = iz x(n)cos 2z f,n
12 n=1

12
b, = 2%2 x(n)sin 2z f,n

n=1




cos2x f,.n

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 -0.5 -0.5 1 -0.5 -0.5 1
5| -0.8660254 0.5 3.06287E-16 -0.5] 0.866025 - 0.8660254 -0.5] 8.57E-16 0.5] —0.86603 1
6 -1 1 -1 1 -1 -1 1 -1 1 -1 1

sin2z f,.n

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 1f -0.86603 0.5] 6.1257E-16 -0.5] 0.866025 —1] 0.866025 -0.5] -1.2E-15

x(n)cos2z f,.n

k/x(n) 3.4 4.5 43 8.7 13.3 13.8 16.1 15.5 14.1 8.9 74 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 -71.75 —-141 -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 43 -4.35 -6.65 13.8 -8.05 -71.75 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 -34 4.5 -4.3 8.7 -13.3 13.8 -16.1 15.5 141 8.9 -74 3.6

x(n)sin2z f,.n

k/x(n) 3.4 4.5 43 8.7 13.3 13.8 16.1 15.5 14.1 8.9 714 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 34| 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




a, cos2z f.n

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 —0.1f —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

b, sin27z f,.n

k/n 1 2 3 4 S 6 7 8 9 10 11 12
1] —1.00829038] —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
9] -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




TV 2 @RIV TREAOHERZ T, TR

'EE 12 ETHEMER
87133 ] 138 4|36 —
' o - FIckBEM | HELLER i
T, E3B% L A ORE L BOICHET 5 -~ 8 =t A FHEI—UT
. : [ bk 1 3.4 gmﬁi
y - PRI - b sin 9e o k ak bk ak . r
z{n} = ap 4 ;.J‘((k_..fpl *Z e sin 2 000 547 2 45 25
o 1.00 | -5.30 | -3.82 | -5.28 3 43 43
C fi = k12 200 | 005 | 017 | 005 4 8.7 8.7
b B otiE
300 | 010 | 050 | 0.10 5 133|133
400 | -052 | 052 | —0.52 6 138|138
500 | 009 | -058 | 0.08 7 16.1]__ 16.1
6.00 | -0.36 ~0.30 8 155 155
9 141|144
A= 1 10 8.9 8.9
11 74 74
12 36 3.6
1 12
FHERDD a, = — > x(k)At
12 =
X Ix 2 &
E :Fﬁ]'fj 1 2 3 4 5 6 B THE; i 2 3 4 5 a, = —ZX(n){COS(Zﬂfkn)}At
1 34 2.94 170] 000 -170] -2.94| -340 — 34 1.70 2.94 3.40 2.94 1.70 12+H
2 45] 225 225 | 450 | —2.25| 225| 450 7~ 45| _390| 390 000 -390 -3.90
3 23] 0.00 —430] 000 | 430| 000] -430 3 43] 430 000 -4.30 000 430 except for
4 87[ 435 435 | 8.0 | —4.35] —4.35] 8.70 4 87l 753 -753] 0.00 753 | 753 1 &2
5| 133] 1152 665 000 | —6.65| 11.52 | -13.30 5| 133 _ 6.65| —1152 | 13.30 | —11.52 | 6.65
6] 138] -13.80 13.80 | —13.80 | 13.80 | —13.80 | 13.80 6] 138 000 000] 000] _000] 000 g = EZ X(n){COS(Zﬂf K n)}At
7] 16.1] -13.94 805 000 -8.05| 13.94 | -16.10 7] __16.1] -8.05| 13.94 | -16.10 | 13.94 | -8.05 n=1
8| 155] -7105 —7.75| 1550 | —7.05| -7.75] 1550 8| 155 -1342 | 1342 000 | -1342| 1342
o 141] 000 1410 | 000 1410 ] 0.00 [ —14.10 9 14.1| —1410] 000] 14.10 0.00 | —14.10
10 89| 445 —445| 890 | -445| 445| 890 10 8ol 771 -771] 000 771 7.1 12 .
11 74 641 370 000 -370| 641 -7.40 11 74 370 641 -740] -641] -370 b, =— X(n){sm( 27z‘fkn)}At
12 36] 3.0 360 360 360] 360] 360 12 36] 000 000 000 0.00] _0.00 12 &
sum —31.71 030 | 060 -3.10| 051 ] -3.60 sum 2290 | 104 | 300| -3.12] -350
ai 528 005| 010] —052] 008] 030 bic

COSH 5
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n=1 3.4 n=2 45 n=3 43 n=4 8.7 n=5 13.3 n=6 13.8 n=7 16.1 n=8 155 n=9 14.1 n=10 8.9 n=11 714 n=12 3.6
1 2 3 4 5 6 7 8 9 10 1 12
1 0.866 1 05 1 6E-17 1 -05 1 -0.866 1 -1 1 -0.866 1 -05 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 05 2 1
3 6E-17 3 -1 3 -2E-16 3 1 3 3E-16 3 -1 3 -4E-16 3 1 3 55E-16 3 -1 3 -2E-15 3 1
4 -05 4 -05 4 1 4 -05 4 -05 4 1 4 -0.5 4 -05 4 1 4 -05 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
SINE S
1 2 3 4 5 6 7 8 9 10 1 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 -49E-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 -74E-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 -T7E-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 -12E-15
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AHARTE S
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koY

ST ovERS (M

0. 220 f k2
YHE N2 REATHELLEEO
THRTSETED LTINS,

| REES | TEEY b
! -530 382

2 103 017

3 LA 0] 050 .
i ~0.32 -11.52

5 .09 ~0.58

[ ~0.36

atRER (&R2&Y)

1 £ J (03

k

9.4667

-5.285

0.05

0.1

-0.517

0.0847

DO | B]|WIN|—=|O

-0.3

o et
l('ouj\) Suj}}-{m

ﬁgk
LROT—)IHHAnDEEZRAL. 2REILFERZILTS (§1 )o
*1 = k= k= k=
0 1 4 5 6 1 5 x(n)

n= 1 1] 0.866 -0.5| -0.866 1 0.5 0.5 34
n= 2 1 0.5 -0.5 0.5 1] 0.866 -0.866 4.5
n= 3 1] 6E-17 1] 3E-16 1 1 1 4.3
n= 4 1 -0.5 -0.5 -0.5 1] 0.866 —0.866 8.7
n= 5 1] -0.866 -0.5| 0.866 1 0.5 0.5 133
n= 6 1 -1 1 -1 1] 1E-16 6E-16 13.8
n= 7 1| -0.866 -0.5] 0.866 1 -0.5 -0.5 16.1
n= 8 1 -0.5 -0.5 -0.5 1] -0.866 0.866 15.5
n= 9 1| —2E-16 1] 9E-16 -1 -1 -14.1
n= 1 0.5 -0.5 0.5 1] -0.866 0.866 8.9
n= 1{ 0.866 -0.5| -0.866 1 -0.5 -0.5 7.4
n= 1 1 1 1 1] —2E-16 -1E-15 3.6




R1DEILHBRDFRBITHOFITHEE L. fRa0~al1ERHS(R2),

%2

: t StE&ES 61&?3%

l

!

0.0833] 0.0833| 0.0833] 0.0833] 0.0833] 0.0833| 0.0833| 0.0833] 0.0833] 0.0833| 0.0833| 0.0833] 9.4666667 3.4
0.1443| 0.0833] 4E-17| -0.083| -0.144] -0.167] -0.144| -0.083| -2E-16] 0.0833| 0.1443| 0.1667] -5.284679 4.5
0.0833] -0.083| -0.167| -0.083| 0.0833| 0.1667| 0.0833| -0.083| -0.167| —0.083] 0.0833| 0.1667 0.05 4.3
2E-16] -0.167] 1E-16] 0.1667| -5E-17 -0.167| -2E-16] 0.1667| 1E-16| -0.167| —2E-16| 0.1667 0.1 8.7
-0.083| -0.083| 0.1667] -0.083] -0.083| 0.1667] -0.083| -0.083| 0.1667| -0.083| -0.083| 0.1667{ —0.516667 133
-0.144] 0.0833] -5E-17| -0.083] 0.1443| -0.167| 0.1443] -0.083| -3E-17] 0.0833| -0.144| 0.1667| 0.0846788 13.8
-0.083| 0.0833] -0.083] 0.0833] -0.083] 0.0833] -0.083| 0.0833] -0.083] 0.0833] -0.083| 0.0833 -0.3 16.1
0.0833] 0.1443| 0.1667| 0.1443| 0.0833| 1E-16] -0.083| -0.144| -0.167| -0.144) —0.083| —7E-17| —3.816581 15.5
0.1443] 0.1443] 2E-16] -0.144]| -0.144| -5E-17| 0.1443]| 0.1443| 2E-16] -0.144| -0.144| -1E-16] 0.1732051 14.1
0.1667] 1E-16] -0.167{ -2E-17| 0.1667| 1E-16| -0.167| -2E-16} 0.1667] 7E-17| -0.167] -9E-17 0.5 8.9
0.1443] -0.144] -3E-16] 0.1443] -0.144| ~2E-16| 0.1443| -0.144] -2E-16] 0.1443| -0.144| —2E-16] -0.519615 14
0.0833] -0.144] 0.1667] -0.144] 0.0833] —-6E-17| -0.083[ 0.1443| -0.167| 0.1443| -0.083] 7E-17] —-0.583419 3.6




Shuji Matsuoka 28J10083

1 COS(PI()/6)
1 cos(2%pi()/6)
1 cos(3%pi()/6)
1 cos(4*pi()/6)
1 cos(5%pi()/6)
A 1 cos(6*pi()/6)
1 cos(7*pi()/6)
1 cos(8*pi()/6)
1 cos(9*pi()/6)
1 cos(10%pi()/6)
1 cos(11*pi()/6)
— 1 cos(12%pi()/6)
B 1 0.866025404
1 0.5
1 6.12574E-17
1 -0.5
1 -0.866025404
1 -1
1 -0.866025404
1 -0.5
1 -1.83772E-16
1 0.5
1 0.866025404
— 1 1
— 0.08333333 0.083333333
0.14433757 0.083333333
0.08333333 -0.083333333
1.4985E-16 -0.166666667
—0.0833333 -0.083333333
-0.1443376 0.083333333
A~ '=| -0.0833333 0.083333333
0.08333333 0.144337567
0.14433757 0.144337567
0.16666667 1.50961E-16
0.14433757 -0.144337567
| 0.08333333 -0.144337567
x(n)=

b=A X x(n)

cos(pi()/3)
cos(2*pi()/3)
cos(3*pi()/3)
cos(4*pi()/3)
cos(5*pi()/3)
cos(6*pi()/3)
cos(7*pi()/3)
cos(8*pi()/3)
cos(9*pi()/3)
cos(10%pi()/3)
cos(11%pi()/3)
cos(12xpi()/3)

0.5
-0.5
-1
-0.5
0.5

1
0.5
-0.5
-1
-0.5
0.5
1

0.083333333
2.00801E-16
-0.166666667
1.72707E-16
0.166666667
1.26383E-16
-0.083333333
0.166666667
-4.27325E-17
-0.166666667
-1.60247E-16
0.166666667

— 34 T
4.5
43
8.7
133
13.8
16.1
155
14.1
8.9
14
. 36

cos(pi()/2)
cos(2%pi()/2)
cos(3*pi()/2)
cos(4*pi()/2)
cos(5%pi()/2)
cos(6*pi()/2)
cos(7*pi()/2)
cos(8%pi()/2)
cos(9*pi()/2)
cos(10%*pi()/2)
cos(11*pi()/2)
cos(12%pi()/2)

6.12574E-17
-1 .83772E-;;
3.06287E-1 (15
-4.28802E-1—(1i
5.51317E-1 (15
-2.4501 9E—;%

0.083333333
-0.083333333
-0.083333333

0.166666667
-0.083333333
-0.083333333

0.083333333

0.144337567
-0.144337567

1.21111E-17

0.144337567
-0.144337567

OCOJO T WN—=3

cos(2%pi()/3)

cos(2%2%pi()/3)
cos(2%3%pi()/3)
cos(2*4%pi()/3)
cos(2*5%pi()/3)
cos(2*6%pi()/3)
cos(2*7*pi()/3)
cos(2*8*pi()/3)
cos(2%9%pi()/3)

cos(5%pi()/6)

cos(5%2%pi()/6)
cos(5%3*pi()/6)
cos(5%4%pi()/6)
cos(5%5%pi()/6)
cos(5%6%pi()/6)
cos(5*7*pi()/6)
cos(5*8*pi()/6)
cos(5%9*pi()/6)

cos(2%10%pi()/3) cos(5%10%pi()/6)
c0s(2%11%pi()/3) cos(5%11*pi()/6)
cos(2%12%pi()/3) cos(5%12%pi()/6)

-0.5
-0.5
1
-0.5
-0.5
1
-0.5
-0.5
1
-0.5
-0.5
1

0.083333333
-0.144337567
0.083333333
2.04455E-16
-0.083333333
0.144337567
-0.083333333
0.083333333
-0.144337567
0.166666667
-0.144337567
0.083333333

a0=
al=
a2=
a3=
a4=
ad=
ab=
bi=
b2=
b3=
b4=
b5=

-0.866025404
0.5
1.19447E-15
-0.5
0.866025404
-1
0.866025404
-0.5
8.57495E-16
0.5
-0.866025404
1

0.083333333
-0.166666667
0.166666667
-0.166666667
0.166666667
-0.166666667
0.083333333
5.61054E-17
-3.07244E-17
1.88772E-17
-1.20863E-16
-2.33504E-17

9.466666667
-5.284678752
0.05

0.1
-0.516666667
0.084678752
-0.3
-3.816580754
0.173205081
0.5
-0.519615242
-0.583419246

~()

<2)



cos(pi())

cos(2*pi())
cos(3*pi())
cos(4*pi())
cos(5%pi())
cos(6*pi())
cos(7*pi())
cos(8*pi())
cos(9*pi())

sin(pi()/6)

sin(2%pi()/6)
sin(3%pi()/6)
sin(4+%pi()/6)
sin(5%pi()/6)
sin(6*pi()/6)
sin(7*pi()/6)
sin(8*pi()/6)
sin(9*pi()/6)

cos(10%pi(); sin(10%pi()/6)
cos(11#pi(); sin(11#pi()/6)
cos(12+pi(); sin(12*pi()/6)

0.0833333
-0.144338
0.0833333
-3.23E-16
-0.083333
0.1443376
-0.083333
-0.083333
0.1443376
-0.166667
0.1443376
-0.083333

0.5
0.866025404
1
0.866025404
0.5
1.22515E-16
-0.5
-0.8660254
-1
-0.8660254
-0.5
-2.4503E-16

0.083333333
-0.08333333
-0.08333333
0.166666667
-0.08333333
-0.08333333
0.083333333
-0.14433757
0.144337567
-2.0547E-16
-0.14433757
0.144337567

sin(pi()/3)
sin(2*pi()/3)
sin(3*pi()/3)
sin(4%pi()/3)
sin(5%pi()/3)
sin(6*pi()/3)
sin(7*pi()/3)
sin(8*pi()/3)
sin(9%pi()/3)
sin(10%pi()/3)
sin(11%pi()/3)
sin(12%pi()/3)

0.866025404
0.866025404
1.22515E-16
-0.8660254
-0.8660254
-2.4503E-16
0.866025404
0.866025404
3.67545E-16
-0.8660254
-0.8660254
-4.9006E-16

0.083333333

-2.008E-16
-0.16666667
-1.1175E-16
0.166666667
-2.0221E-16
-0.08333333
-0.16666667
2.35029E-16
0.166666667
-9.6148E-17
-0.16666667

sin(pi()/2)

sin(2*pi()/2)
sin(3+*pi()/2)
sin(4*pi()/2)
sin(5%pi()/2)
sin(6*pi()/2)
sin(7*pi()/2)

sin(2%pi()/3)  sin(5%pi()/6)
sin(2*2+pi()/3) sin(5%2*pi()/6)
sin(2*3*pi()/3) sin(5%3+*pi()/6)
sin(2%4*pi()/3) sin(5%4*pi()/6)
sin(2%5%pi()/3) sin(5%5%pi()/6)
sin(2x6xpi()/3) sin(5%6%pi()/6)
sin(2%7%pi()/3) sin(5%7+*pi()/6)
sin(8*pi()/2) sin(2*8%pi()/3) sin(5*8%pi()/6)
sin(9%pi()/2) sin(2*9%pi()/3) sin(5%9%pi()/6)
sin(10%pi()/2) sin(2%10%pi()/3 sin(5%10%pi()/6)
sin(11*#pi()/2) sin(2*11%*pi()/3 sin(5%11%pi()/6)
sin(12%pi()/2) sin(2%12%pi()/3 sin(5%12%pi()/6)

1.22515E-1 25
-2.4503E-;(1i
3.67545E-1 (15
—4.9006E-;(1i
6.1 2574E-l;
-7.3509E—;(15

0.083333333
0.083333333
-0.08333333
-0.16666667
-0.08333333
0.083333333
0.083333333
-0.14433757
-0.14433757
1.73601E-16
0.144337567
0.144337567

0.866025404
-0.866025404
-2.4503E-16
0.866025404
-0.866025404
—-4.90059E-16
0.866025404
-0.866025404
-7.35089E-16
0.866025404
-0.866025404
-9.80119E-16

0.083333333

0.144337567

0.083333333
-1.04132E-16
-0.083333333
-0.144337567
-0.083333333
-0.083333333
-0.144337567
-0.166666667
-0.144337567
-0.083333333

0.5
-0.866025404
1
-0.866025404
0.5
2.38893E-15
-0.5
0.866025404
-1
0.866025404
-0.5
=4.77786E-15

0.083333333
0.166666667
0.166666667
0.166666667
0.166666667
0.166666667
0.083333333
-1.69881E-16
—-9.78069E-17
-1.36067E-16
-1.35198E-16
3.84398E-17




observed data

28J10096 LA

In x(n) 2k
A 3 ) Sm L] 3
1 iﬁ 0.523599 x(n)=ao+2ak cos2xw j;n+Zbk sin2z fin
2 4.5] 1.047198 k=1 k=1
3 4.3} 1.570796
4 8.7| 2.094395 1 & 1 & .
5 13.3] 2.617994 a, =—Zx(n)c0527rﬂn, b, =—Zx(n)sm27rf,,n
6 13.8 3.141593 6 'l 67
7 16.1] 3.665191 At=1
8 15.5] 4.18879 fk=k/12
9 14.1] 4.712389 .
10 8.9] 5.235988 Ik 0 1 2 3 4 5 6
i1 7.4] 5.759587 ak 9.466667 -5.28468 0.05 0.1 -0.51667 0.084679 -0.6
12 3.6] 6.283185| bk 0_-3.81658 0.173205 0.5_-0.51962 -0.58342 4.81E-15]
Fourier series
In k=l k=1 k=2 k=3 k=4 k=5 k=6 siguma 18
1] 9.466667 -6.48496 0.175 0.5 -0.19167 -0.36504 0.6 3.7 16 P
2] 9.466667 -5.9476 0.125 -0.1 0.708333 0.547595 -0.6 4.2 / \H
3] 9.466667 -3.81658 -0.05 -0.5 -0.51667 -0.58342 0.6 4.6 14
4] 9.466667 -0.66292 -0.175 0.1 -0.19167 0.462917 -0.6 8.4 12 /5-\9' \
5] 9.466667 2.668376 -0.125 0.5 0.708333 -0.21838 0.6 13.6 g /
6] 9.466667 5.284679 0.05 -0.1 -0.51667 -0.08468 -0.6 13.5 ‘§10
7] 9.466667 6.484956 0.175 -0.5 -0.19167 0.365044 0.6 164]| 8 8 / R
8] 9.466667 5.947595 0.125 0.1 0.708333 -0.5476 -0.6 15.2 5 ; / K
9] .9.466667 3.816581 -0.05 0.5 -0.51667 0.583419 0.6 144]1 % 6
10} 9.466667 0.662917 -0.175 -0.1 -0.19167 -0.46292 ~0.6 8.6 4 o 4/ \
11| 9.466667 -2.66838 -0.125  -05 0.708333 0.218376 0.6 7.7 5 o obooreed data v
12] 9.466667 -5.28468 0.05 0.1 -0.51667 0.084679 -0.6 3.3 2
< -0 Fourier series
0 H T T T T T T 1
i 2 3 5 6 7 8 9 10 11 12
month .




n
B TR x(n)
1 3.4 3.7
2 4.5 42
3 43 4.6
4 8.7 8.4
5 13.3 13.6
6 13.8 13.5
7 16.1 16.4
8 15.5 15.2
9 141 14.4
10 8.9 8.6
11 74 1.7
12 3.6 3.3

oGO WN =

a0

9.466667
k/12 ak bk
0.083333| —5.28468] —3.81658
0.166667 0.05] 0.173205
0.25 0.1 0.5
0.333333] —0.51667] —0.51962
0.416667| 0.084679] —0.58342
0.5 —0.6
18
16 49— sampled data
= 48 - Fourier series
14
12

/ I

et \
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ノート注釈
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Temperature

Average

Month Average 6 3 .
il Temperature x(n)=ay + Zak cos2af,n +Zbk sin2zf, n

n x(n k=1 k=1

| 3.4

9 4.5 12

: 1.5 a, = —). x(n)

3 lj 124,

4 8.7 i

] 13. 3 a, =2x—>» x(n)cos 2zf,n

6 13.8 1240 =) :

7 16. 1 | 12

8 1555 by = 2X ——L x(n)sin 2xf, n

g ]‘l] 2 n=1

10 8.9 1 42 :

B 7 4 a, = ""Z x(n)cos 2xf.n

12 3.6 12 55

The Monthly Average Temperature of A City
18 = __]
16 Lo S iens
W 14.1
4 St i
12
10 8.9
q 7.4
6 4.5
4 kg 3.6
9
0
1 2 3 5 6 7 8 9 10 1 12

Month

Name: Guangvin Xu
Stu. ID: 28]J10101



cos (2 n fkn) sin (2 n fkn)

n o~k 1 2 3 4 5 6 1 2 3 4 5
1] 0. 866025 0.5| 6. 13E-17 -0. 5| 0. 86603 -1 0. 5} 0. 866025 11 0. 866025 0.5
2 0.5 -0.5 -1 -0.5 0.5 11 0. 866025| 0. 866025] 1. 23E-16] —0. 86603 ] —0. 86603
3] 6. 13E-17 -1|-1. 8E-16 1] 1. 19E-15 - 1] 1. 23E-16 -1] -2. 5E-16 1
. 4 -0.5 -0.5 1 -0.5 -0.5 0. 866025 -0. 86603] —2. 5E-16] 0. 866025 0. 86603
5] -0. 86603 0.5] 1. 19E-15 -0. 5] 0. 866025 = 0. 5{ -0. 86603 1] 0. 86603 0.5
6 -1 1 -1 1 -1 1. 23E-16] -2. 5E-16] 3. 68E-16] —4. 9E-16] 2. 39E-15
71 -0. 86603 0. 5| -4. 3E-16 -0. 5] 0. 866025 -1 -0. 5/ 0. 866025 -1] 0. 866025 -0.5
8 -0.5 -0.5 1 -0.5 -0.5 1] -0. 86603] 0. 866025| -4. 9E-16] -0. 86603 0. 866025
9| -1.8E-16 -1]15.51E-16 1/ 8. 57E-16 -1 -1| 3. 68E-16 1] -7. 4E-16 -1
10 0.5 -0.5 -1 -0.5 0.5 1] -0. 86603} -0. 86603} 2. 39E-15] 0. 866025 0. 866025
11} 0. 866025 0.5] 1.1E-15 -0. 5] -0. 86603 -1 —0. 5] -0. 86603 -1{-0. 86603 -0.5
12 1 1 1 1 1 1| -2. 5E-16| —-4. 9E-16| 7. 4E-16| -9. 8E-16]| —4. BE-15

X(n)*cos (2 n fkn) X(n)*sin(2 = fkn)

n o~k 1 2 3 4 5 6 1 2 3 4 5
1] 2. 944486 1. 7/ 2. 08E-16 -1, 7/ -2. 94449 -3.4 1. 7] 2. 944486 3. 4] 2. 944486 1.7
2 2.25 -2. 25 -4. 5 —2. 25 2.25 4.5|3.897114] 3.897114) 5. 51E-16] -3. 89711] -3. 89711
3| 2. 63E-16 -4, 3| -7. 9E-16 4. 3] 5. 14E-156 -4.3 4. 3| 5. 27E-16 -4. 3| -1. 1E-15 4.3
4 -4, 35 -4. 35 8.7 -4. 35 -4, 35 8. 71 7. 534421 -7. 53442| -2. 1E-15] 7. 534421 -7. 53442
5| -11. 5181 6. 65] 1. 59E-14 -6. 65| 11. 51814 -13. 3 6.65] -11. 5181 13. 3] ~11. 5181 6. 65
6 -13.8 13.8 -13.8 13. 8 -13.8 13. 8] 1. 69E-15] -3. 4E-15] 5. 07E-15| -6. 8E-15{ 3. 3E-14
7] -13.943 8. 05} -6. 9E-15 -8. 05/ 13. 94301 -16. 1 -8. 05] 13. 94301 -16. 1} 13. 94301 -8. 05
8 -7.75 =-7.75 15. 5 =7.75 -7.75 15. 5| -13. 4234| 13. 42339 7. 6E-15| -13. 4234] 13. 42339
9] -2. 6E-15 -14.1] 7. 77E-15 14. 1] 1. 21E-14 -14. 1 -14. 1] 5. 18E-15 14.1] -1E-14 -14. 1
10 4,45 4. 45 -8.9 —-4. 45 4. 45 8. 9| -7.70763| -7. 70763| 2. 13E-14| 7. 707626| 7. 707626
11] 6. 408588 3. 7] 8. 16E-15 -3. 7] -6. 40859 -7.4 -3. 7] -6. 40859 —7. 4] -6. 40859 -3.7
12 3.6 3.6 3.6 3.6 3.6 3. 6| -8. 8E-16| -1. 8E-15| 2. 6E-15] -3. 5E-15] -1. 7TE-14

al al a2 . a3 ad -~ ab’ a6 bl b2 . b3 b4 b5
9. 466667 [ -5. 28468] 0. 05 0.1 |-0.51667]0.084679] 0.3 -3.8165810.173205] 0.5 |-0.51962|-0. 58342




ASSIGNMENT-1

k=1

6 5
x(n)=a,+ a,cos2z fyn+ Y b,sin 2z fyn

k=1

12 12 12
a, = %Zx(n),ak = 2x%2x(n)cos27zf,‘n, b, = 2x-1132x(n)sin27rf,‘n
n=1 _Il‘-‘-l n=|

“":th 1 2 3 | 4| 5| 6| 7| 8| 9| w0l 1] 12
Average .
Temperature | 3.4 | 4.5 | 4.3 | 8.7 | 13.3|13.8|16.1{155] 141 89| 7.4 | 3.6
x(n) .
n x(n)cos2a fyn x(n)sin27 fyn
1 2.9445] 1.7 [ 26-16] -1.7 [-2.944] 3.4 | 1.7 [2.9445] 3.4 |2.9445] 1.7
2 2.25 | -2.25] -4.5 | -2.25] 2.25 | 4.5 |3.8971]3.8971] 6E-16 |-3. 897|-3. 897
3 3E-16| -1.3 |-8E-16] 4.3 |5E-15| 4.3 | 4.3 | 5E-16] 4.3 |-16-15] 4.3
4 -4.35]-4.35] 8.7 | -1.35[-4.35] 8.7 |7.5344]-7. 534]-2E-15[7. 5344]-7. 534
5 -11.52] 6.65 | 26-14]-6.65[11.518/ -13.3| 6.65 |-11. 52| 13.3 |-11.52| 6.65
6 -13.8] 13.8 | -13.8] 13.8 [ -13.8] 13.8 | 2E-15 [-3E-15| 5E-15 |-7E-15| 3E-14
7 -13.94| 8.05 |-7E~15| -8.05[13.943[ -16. 1| -8. 05 [13. 943[ -16. 1 |13. 943] -8. 05
8 -7.75|-7.75] 15.5 [ -7.75] -7.75] 15.5 [-13. 42|13. 423]-8E-15|-13. 42| 13. 423
9~ [-3E-15]-14.1[8E-15] 14.1 | 1E-14]| -14.1| -14.1| 5E-15] 14.1 |-1E-14| -14. 1
10 4.45 [-4.45] -8.9 [-4.45] 4.45 | 8.9 |-7.708|-7. 708] 26-14 |7. 7076]7. 7076
11 6.4086] 3.7 | 8E-15] -3.7 |-6.409] ~7.4 | -3.7 |-6.409] 7.4 |-6.409] -3.7
12 3.6 | 3.6 | 3.6 | 3.6 | 3.6 | 3.6 |-9E-16|-2E-15|-3E~15|-4E-15|-26-14
a0 al a2 a3 ad a5 ab bl b2 b3 b4 b5
9. 466666667 |-5. 285/ 0.05 | 0.1 [-0.517]0.0847] -0.3 |-3.817]0.1732] 0.5 | -0.52 |-0. 583
Yulubin

28310103




[y

6 S
x(n)=a,+ a, cos2afyn+ Y b, sin2af,n
k=l k=1

Average -
Month
Temperaturel
n X(n)

1 3.

2 4.

3 4,

4 8.

5 13.

6 13.

7 16.

8 15.

9 14.

10 8.

11 1.

12 3.

O W WO = N — 00 GO =3 Lo T W

llz
%=52ﬂm

n=l

a=1
l 12
a, = —) x(n)cos 2af.n
12 o3

12
a, =2x II_ZZ x(n)cos 2xaf,n
n=|

12
b, = 2 x %Z x(n)sin 2xf,.n

Stu. ID: 28101056



cos (2 n fkn) sin(2 n fkn)

k 1 2 3 4 5 6 1 2 3 4 5
0. 866025404 0.5 6. 13E-17 -0.5 -0. 866025404 -1 0.5 0.866025 1 0.866025 0.5
0.5 -0.5 -1 -0.5 0.5 1{0. 866025 0. 866025 1. 23E-16 -0. 86603 -0. 86603
6. 12574E-17 -1 -1.8E-16 1 1. 19447E-15 -1 1 1.23E-16 -1 -2.5E-16 1
-0.5 -0.5 1 -0.5 -0.5 11 0. 866025 -0. 86603 -2. 5E-16 0. 866025 -0. 86603
-0. 8660254 0.5 1.19E-15 -0.5 0.866025404 -1 0.5 -0. 86603 1 -0. 86603 0.5
-1 1 -1 1 -1 1]1. 23E-16 -2.5E-16 3.68E-16 -4.9E-16 2. 39E-15
-0. 8660254 0.5 -4. 3E-16 -0.5 0.866025404 -1 -0.5 0.866025 -1 0. 866025 -0.5
-0.5 -0.5 1 -0.5 -0.5 1]-0. 86603 0. 866025 -4.9E-16 -0. 86603 0. 866025
-1.8377E-16 -1 5.51E-16 1 8.57495E-16 -1 -1 3.68E-16 1 -7.4E-16 -1
0.5 -0.5 -1 ~-0.5 0.5 1]-0. 86603 -0.86603 2.39E-15 0. 866025 0.866025
0. 866025404 0.5 1.1E-15 -0.5 -0. 866025404 -1 -0.5 -0. 86603 -1 -0. 86603 -0.5
1 1 i 1 1 1]-2. 5E-16 -4.9E-16 -7.4E-16 -9.8E-16 -4.8E-15

n X (n)*cos (2 n fkn) X (n)*sin(2 n fkn)

112. 944486373 1.7 2.08E-16 -1.7 -2. 944486373 -3.4 1.7 2.944486 3.4 2.944486 1.7
2 2.25 -2.25 ~-4.5 -2.25 2.25 4,53.897114 3.897114 5.51E-16 -3.89711 -3.89711
3J2. 63407E-16 -4,3 -7.9E-16 4.3 5.1362E-15 -4,3 4.3 5.27E-16 -4,3 -1.1E-15 4.3
4 -4. 35 -4, 35 8.7 -4, 35 -4, 35 8.7|7.534421 -7.53442 -2. 1E-15 7.534421 -7.53442
5}-11. 5181379 6.65 1.59E-14 -6.65 11,51813787 -13.3 6.65 -11.5181 13.3 -11.5181 6. 65
6 ~-13.8 13.8 -13.8 13.8 -13.8 13.8| 1. 69E-15 -3.4E-15 5. 07E-15 -6.8E-15 3. 3E-14
71 -13.943009 8.05 -6.9E-15 -8. 05 13. 943009 -16. 1 -8.05 13.94301 -16.1 13.94301 -8.05
8 -7.75 -7.75 15.5 -7.75 -7.75 15.5]-13. 4234 13.42339 -7.6E-15 -13. 4234 13. 42339
91-2. 5912E-15 -14.1 7.77E-15 14.1 1.20907E-14 -14. 1 ~-14.1 5. 18E-15 14.1 -1E-14 -14.1
10 4. 45 -4, 45 -8.9 -4. 45 4.45 8.9|-7.70763 -7.70763 2. 13E-14 7.707626 7.707626
1116. 408587988 3.7 8.16E-15 -3.7 -6. 408587988 -7.4 -3.7 -6. 40859 ~7.4 -6. 40859 -3.7
12 3.6 3.6 3.6 3.6 3.6 3.6|-8.8E~-16 -1.8E-15 -2.6E-15 -3.5E-15 -1. 7E-14

a0 al a2 a3 ~ad ab - ab bl b2 b3 - b4 b5
9, 466666667]-5. 28467875 0.05 0.1 |-0.51667}.0.084678752| -0.3 ' |-3.81658|0. 173205 0.5 -0, 51962]-0. 58342

Name: Mao Bangcheng




Assignment of Theory of Dynamics and Control

By Erkang Fu 28J10107 Oct 30, 2010

Value of k and fx

6

Tk 0.0833 | 0.1667 | 0.2500 | 0.8333

04167

0.5000

6 5
X(n)=a,+Y a, cos2xfin+) b, sin2zfn
k=1

k=1

Matrix of ax and bx Coefficients

COS(Q I fkn) Sin(Q I fkn) Average Temperaturg Checking
n a0 ai aail| S (R 8 B s R e ol o T | oo (B B S| i x(n) SRS
1 1.0000 0.8660 0.5000 | 0.0000 [ -0.5000 | -0.8660 | -1.0000 | 0.5000 | 0.8660 | 1.0000 | 0.8660 | 0.5000 3.40 TRUE
2 1.0000 0.5000 | -0.5000 | -1.0000 |-0.5000 [ 0.5000 | 1.0000 | 0.8660 | 0.8660 | 0.0000 | -0.8660 | -0.8660 4.50 TRUE
3 1.0000 0.0000 -1.0000 [ 0.0000 1.0000 | 0.0000 | -1.0000 | 1.0000 | 0.0000 [ -1.0000 [ 0.0000 1.0000 4.80 TRUE
4 1.0000 -0.5000 | -0.5000 | 1.0000 | -0.5000 | -0.5000 | 1.0000 | 0.8660 | -0.8660 | 0.0000 | 0.8660 | -0.8660 8.70 [FALSE
5 1.0000 -0.8660 0.5000 | 0.0000 | -0.5000 | 0.8660 | -1.0000 | 0.5000 | -0.8660 | 1.0000 | -0.8660 | 0.5000 18.30 TRUE
6 1.0000 -1.0000 1.0000 | -1.0000 | 1.0000 | -1.0000 [ 1.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 [ 0.0000 15.80 TRUE
7 1.0000 -0.8660 0.5000 | 0.0000 | -0.5000 | 0.8660 | -1.0000 [ -0.5000 | 0.8660 | -1.0000 | 0.8660 | -0.5000 16.10 TRUE
8 1.0000 -0.56000 | -0.5000 | 1.0000 [ =0.5000 |-0.5000 | 1.0000 | -0.8660 [ 0.8660 | 0.0000 [-0.8660 | 0.8660 15.50 TRUE
9 1.0000 0.0000 -1.0000 | 0.0000 1.0000 | 0.0000 | -1.0000 [ -1.0000 [ 0.0000 1.0000 | 0.0000 [ -1.0000 14.10 TRUE
10 1.0000 0.5000 | =0.5000 | -1.0000 [ -0.5000 | 0.5000 | 1.0000 [-0.8660 [-0.8660 | 0.0000 | 0.8660 | 0.8660 8.90 TRUE
11 1.0000 0.8660 0.5000 | 0.0000 | -0.5000 | -0.8660 | -1.0000 [ -0.5000 [-0.8660 | -1.0000 | -0.8660 | -0.5000 7.40 TRUE
12 1.0000 1.0000 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.0000 [ 0.0000 | 0.0000 | 0.0000 | 0.0000 3.60 TRUE




Inverse Matrix of ax and bx Coefficients

0.0833 0.0853 0.0833 0.0833 0.0833 0.0833 0.0833 0.0833 0.0833 0.0833 0.0833 0.0833 3.40
0. 1443 0.0853 0.0000 | -0.0888 | -0.1448 | -0.1667 [ -0.1443 | -0.0883 | 0.0000 | 0.0833 0.1443 | 0.1667 4.50
0.0833 -0.0833 -0.1667 | -0.0833 | 0.0833 0.1667 0.0833 | -0.0833 | -0.1667 | -0.0833 [ 0.0833 0.1667 4.30
0.0000 -0.1667 0.0000 | 0.1667 | 0.0000 | -0.1667 [ 0.0000 | 0.1667 | 0.0000 |-0.1667 | 0.0000 | 0.1667 8.70
-0.0833 -0.0835 0.1667 | -0.0833 [ -0.0833 | 0.1667 | -0.0833 | -0.0833 | 0.1667 | -0.0833 | -0.0835 | 0.1667 15.30
-0. 1443 0.0833 0.0000 | -0.0833 | 0.1443 | -0.1667 | 0.1443 | -0.0833 | 0.0000 | 0.0833 | -0.1448 | 0.1667 15.80
-0.0833 0.0833 -0.0883 | 0.0833 | -0.0833 | 0.0833 | -0.0833 | 0.0833 | -0.0833 [ 0.0833 | -0.0833 | 0.0833 16.10
0.0833 0. 1443 0.1667 0.1443 [ 0.0833 0.0000 | -0.0838 [ -0.1443 | -0.1667 | -0.1443 | -0.0833 | 0.0000 15.50
0.1443 0.1443 0.0000 | -0.1443 [ -0.1443 | 0.0000 | 0.1443 0.1443 0.0000 [ -0.1443 | -0.1443 | 0.0000 14.10
0.1667 0.0000 -0.1667 | 0.0000 | 0.1667 0.0000 | -0.1667 [ 0.0000 [ 0.1667 [ 0.0000 |-0.1667 | 0.0000 8.90
0.1443 -0.1443 0.0000 | 0.1448 [ -0.1443 | 0.0000 | 0.1443 | -0.1443 | 0.0000 | 0.1443 | -0.1443 | 0.0000 7.40
0.0833 -0.144:3 0.1667 | -0.1443 | 0.0833 0.0000 | -0.0833 [ 0.14438 | -0.1667 | 0.1448 | -0.0838 | 0.0000 3.60

do 9.47
ar |-5.28
ae 0.05
as 0.10
a+ | -0.52 , : :
Calcu!ate Set Matrix of Calcvul-ate il . HOR B Obtain ax and
As 0.08 Coefficients ool aarts Inverse Simultaneous | b
_ of ax and bx e vl Matrix i Equations ‘ :
as |-0.30
b: |-8.82
be 0.17
bs 0.50
b: |-0.52

bs [-0.58
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Yaseen Adnan Ahmed

Studuent ID: 28110108

Assignment Nol: Calculate the Cosine & Sine coefficient of Fourier series from the given sample data.

Given Data:

x(n)
34
4.5
4.3
8.7
13.3
13.8
16.1
15.5
141
8.9
7.4
3.6

VjioiN|O|UL|_]WINIFL]S3
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Solution: Formulas used for the calculation are given below.....

ax = 2/N* (x(n) Cos2N*f*n)  for k=1,2,3,4,5

a= 1/N* Z(x(n) Cos2N*f *n)  for k=6

b, = 2/N* £(x(n) Sin2M*fi*n)  for k=1,2,3,4,5
where, i = K/12

N=12, Numbef of sample data.



”

Calculation for ay

: 1 2 3 4 5 6

1 0.490747729 0.283333 | 3.47125E-17 | -0.28333333 [-0.49075 | -0.28333333

2 0.375 -0.375 -0.75 -0.375 0.375 0.375

3 4.39012E-17 -0.71667 -1.3176-16 | 0.716666667 | 2.2E-16 | -0.35833333

4 -0.725 -0.725 1.45 -0.725 -0.725 0.725

5 -1.919689645 1.108333 | 6.78936E-16 | -1.10833333 | 1.91969 | -1.10833333

6 23 2.3 -2.3 2.3 23 1.15

7 -2.323834833 1.341667 | -1.1506E-15 |-1.34166667 |2.323835| -1.34166667

8 -1.291666667 -1.29167 | 2.583333333 | -1.29166667 |-1.29167 | 1.291666667

9 -4.31865E-16 -2.35 1.29559E-15 2.35 2.02E-15| -1.175

10 0.741666667 -0.74167 | -1.48333333 |-0.74166667 |0.741667|0.741666667

11 1.068097998 0.616667 | -3.0219E-15 |-0.61666667 | -1.0681 | -0.61666667

12 0.6 0.6 0.6 0.6 0.6 0.3
Sums= -5.284678752 |  0.05 0.1 -0.51666667 |0.084679|  -0.3

Here the last low gives the summation of each column and our expected results for Cosine co-
efficient.



Calculation for b;

S 1 2 3 4 5
N
1 0.283333 0.490748 0.566667 0.490748 0.283333
2 0.649519 0.649519 9.19E-17 -0.64952 -0.64952
3 0.716667 8.78E-17 -0.71667 -1.8E-16 0.716667
4 1.255737 -1.25574 -3.6E-16 1.255737 -1.25574
5 1.108333 -1.91969 2.216667 -1.91969 1.108333
6 2.82E-16 -5.6E-16 8.45E-16 -1.1E-15 1.41E-15
7 -1.34167 2.323835 -2.68333 2.323835 -1.34167
8 -2.23723 2.237232 -1.3E-15 -2.23723 2.237232
9 -2.35 8.64E-16 2.35 -1.7E-15 -2.35
10 -1.2846 -1.2846 9.09E-16 1.284604 1.284604
11 -0.61667 -1.0681 -1.23333 -1.0681 -0.61667
12 -1.5E-16 -2.9E-16 -4.4E-16 -5.9E-16 -7.4E-16
Sum= -3.81658 0.173205 0.5 -0.51962 -0.58342

Here the last low gives the summation of each column and our expected results for Sine co-efficient.

Summary of the results:

K 1 2 3 4 5 6

a -5.284678752 0.05 0.1 -0.51666667 | 0.084679 -0.3

by -3.816580754 0.173205 0.5 -0.51961524 | -0.58342 -




Theory of Dynamics and Control
Prof. Hasegawa
Assignment I

Tokgoz Emel
28J10109

The Discrete Fourier Expansion

01.11.2010

For the equally discrete series x(n), (n=1,2,...,12), the following expression is;

6 5
x(n) = ap + Z ay cos 2nfkn + z by sin2nfkn
k=1 k=1

where T=12,At=1 and fk is frequency and equal to k/12.
The coefficients for this expression are;

12
1
ag = ?Z x (n.At). At

S n=1

2 T
a,==| x(n).cos(2mnk/12).dn
T Jpay

b, = ; f ' x(n).sin (2nnk/12).dn

n=1

The coefficients that were found discretely are shown below;

ap = 9.466666667

a, = —5.284678752 .
a, =0.05

az = 0.1

a, = —0.516666667
as =0.084678752

(773 =-0.6

b,=-3.816580754
b,=0.173205081
b3=0.5
by=-0.519615242
bs=-0.583419246

At=T/2n 1 ' Coefficients

n= 6 a0 average value

T= 12 ak cosine coefficients
fk=k/T k/12 bk sine coefficients

2/T=  0.167

9.466666667



al a2 a3 a4 a5 ab
n x(n) | x(n).cos(30n) [x(n).cos(30.2n) |x(n).cos(30.3n) | x(n).cos(30.4n) | x(n).cos(30.5n) | x(n).cos(30.6n)

1 3.4] 2.944486373 1.7| 2.08275E-16 -1.7| -2.944486373 -3.4

2 4.5 2.25 -2.25 -4.5 -2.25 2.25 4.5

3 4.3| 2.63407E-16 -4.3| -7.90221E-16 43| 1.31703E-15 -4.3

4 8.7 -4.35 -4.35 8.7 -4.35 -4.35 8.7

S 13.3| -11.51813787 6.65| 4.07362E-15 -6.65| 11.51813787 -13.3

6| 13.8 -13.8 13.8 -13.8 13.8 -13.8 13.8

71 16.1| -13.943009 8.05| -6.90371E-15 -8.05 13.943009 -16.1

8 15.5 -7.75 -7.75 15.5 -7.75 -1.75 15.5

9 14.1| -2.59119E-15 -14.1| 7.77357E-15 14.1 1.20907E-14 -14.1

10 8.9 4.45 -4.45 -8.9 -4.45 4.45 8.9

11 7.4| 6.408587988 | 3.7| -1.81314E-14 -3.7| -6.408587988 -7.4

12 3.6 3.6 3.6 3.6 3.6 3.6 3.6

Total | area | -31.70807251 0.3 0.6 -3.1| 0.50807251 -3.6

ak | -5.284678752 0.05 0.1| -0.516666667 | 0.084678752 -0.6

bl b2 b3 ba b5

n x(n) | x(n).sin(30n) | x(n).sin(30.2n) | x(n).sin(30.3n) | x(n).sin(30.4n) | x(n).sin(30.5n)
1 34 1.7| 2.944486373 3.4| 2.944486373 1.7
2 45| 3.897114317| 3.897114317| 5.51317E-16| -3.897114317| -3.897114317
3 4.3 43| 5.26814E-16 -4.3| -1.05363E-15 4.3
4 8.7] 7.534421013| -7.534421013| -2.13176E-15| 7.534421013| -7.534421013
5 133 6.65| -11.51813787 13.3| -11.51813787 6.65
6 13.8 1.6907E-15| -3.38141E-15| 5.07211E-15| -6.76282E-15| 8.45352E-15
7 16.1 -8.05 13.943009 -16.1 13.943009 -8.05
8 15.5( -13.42339376| 13.42339376| -7.59592E-15| -13.42339376| 13.42339376
9 14.1 -14.1| 5.18238E-15 14.1| -1.03648E-14 -14.1
10 8.9| -7.707626094 | -7.707626094| 5.45191E-15| 7.707626094| 7.707626094
11 7.4 -3.7] -6.408587988 -7.4| -6.408587988 -3.7
12 3.6} -8.82107E-16| -1.76421E-15| -2.64632E-15| -3.52843E-15| -4.41053E-15
Total | area | -22.89948452| 1.039230485 3| -3.117691454 | -3.500515478
bk | -3.816580754| 0.173205081 0.5| -0.519615242 | -0.583419246




MA CHoRG

2K lol ]
1 7 3 7 5 5 i 2 3 7 5 5
i 32 0866025] 05| 6.12574E-17] _ -05] —0.86603 = 05| 0.866025 1] 0866025] 05| 122515E-16
245 0505 S -05] 05 i 0866025 0.866025] T.23E-16] -0.86603] —0.86603| -2 4503E-16
343 613E-17 S\[—T83772E-16 1] 306E-16 = 1]1.23E-16 —1[ —2.5€-16 1| 3.675456-16
A 87 T 05| -05 i 0.866025] —0.86603] ~2,5E-16] 0.866025| —0.86603] _—4.90050E-16
5[ 133 ~086603] 05| 306287E-16] _ -0.5] 0.866025 = 0.5] ~0.66603 1] -086603] 05|  6.12574E-16
6 138 -1 i = i =i i T23E-16] —2.56~16] 368E~16] —4.9E-16] 6.13E—16] _~7.35089E-16
7164 ~086603] 05| -428802E-16] 05| 0866025 = —0.5] 0.866025 ~1[ 0.866025] 05| _ 8.57604E-16
8155 -05[ 05 1 o5 05 i ~0.86603] 0.866025] ~49E~16| -0.86603| 0866025 _-9.80110E-16
o141 T8E-16 ~1] 51317616 1| 857E-16 = ~1[ 3.68E-16 1] =74E-16 ~1[ 1.10263E-15
o] 89 05|05 i o8| 05 ~0.86603] —0.86603] 6.13E-16| 0.866025| 0.866025] _—1.225156-15
1 74 0866025 05| -245019E-15] __-0.5| 086603 = ~0.5] —0.86603] - 1| -086603] __ -05| _ 4.90038E-15
T2 a6 i i i i i ~Z5E-16] —4.9E-16] ~TAE-16] -9.8E-16] ~T2E-15] _—1.47018E-15
29aaa86] 17| 208275E-16| 17| —204aas| 34 17| 2044486] 34| 2944486] 17| _ A.165%E-16
225 225 “as| 205|225 45 3897114] 3897114 SH1E-16] -3.89711] —389711]  ~1.10263E-15
263E-16]  -43] ~T90221E-16] 43 Ta%E-15] 43 43] 527E-16] 43| —1.1E-15| 43| _ 158044E-15
—435] 435 87| —43s|  -435] 87 T53a4a1| —7.53442| —21E-15] 7.534421] —753442] -426352E-15
“iT5181] 6.65] 407362E-15]  —6.65] 1151814 133 6.65] —115181] 133 —115181] 665 _ 8.14724E-15
Sia8] 138 —ta8] 38| -138] 138 T69E-15] ~3.4E~15] 5.07E-15] —6.8E—15] BAGE-15] _—1.01442E-14
73943 8.05] -690371E-15] _-8.05] 1394301] — —i6.1 ~505] 13.94301]  —16.1] 1394301 _ -805] 1.38074E-14
~335] =715 155] 775|775 155 ~T3.4234] 13.42339] 7 6E-15] ~13.4234] 1342339] —151918E=14
-2.6E-15 -14.1] 7.77357E-15 14.1] 1.21E-14 -14.1 -14.1] 5.18E-15 14.1] -1E-14 -14.1 1.55471E-14
445|445 89| 45| ads| 89 =770763] —7.70763] S4SE-15] 7.707626] 7.707626] _—1.09038E-14
6408588] 3.7 T BIBT4E-14]  -3.7] —6.40859| 7.4 ~a.1] “640859] 74| -6.40859]  -37]  3.62628E-14
36 36 36 36| ae[ 36 ~88E-16] —1,8E-15] ~26E-15] —3.56-15] —44E-15| _5.20264E-15
1136 31,7081 03 06 31| 0508073l 36 228995] 1.03973 3[ 3.11769| -350052]  2.88620E-14
20 2 22 = oA = = bi 52 3 ] 55 5%
5.466667 528468 ] 005 0.1 | 051667 0084679 06 381658 0.173205| 05 | -051962] 058347 | 481048E-15




[Theory of Motion and Control] Homework of 18/10

1

28j10004 Yuto Ito
k fk
1 0.083333
2 0.166667
3 0.25
4 0.333333
5 0.416667
6 0.5
7 0.583333
8 0.666667
9 0.75
10 0.833333
11 0916667
12
x(n)cos2 7t fkn
k=1 2
2.944486 1.7
2.25 ~2.25
2.63E-16 -4.3
-4.35 -4.35
-11.5181 6.65
-13.8 13.8
-13.943 8.05
-7.75 -1.75
-2.6E-15 -14.1
4.45 -4.45
6.408588 3.7
36 3.6

x(n)
34
4.5
4.3
8.7
133
13.8
16.1
15.5
14.1
8.9
7.4
3.6

3
2.08275E-16
-4.5
-7.90221E-16
8.7
4.07362E-15
-13.8
-6.90371E-15
15.5
7.77357E-15
-8.9
-1.81314E-14
3.6

—y
WO NOORWN—

— o—
N =t

4
-1.7
-2.25
43
-4.35
—-6.65
13.8

. —8.05

-1.715
141
-4.45
-3.7
3.6

5
-2.944486373
2.25
1.31703E-15
-4.35
11.51813787
-13.8
13.943009
=7.75
1.20907E-14
4.45
-6.408587988
3.6

6
-3.4
4.5
-4.3
8.7
-13.3
13.8
-16.1
15.5
-14.1
8.9
~-1.4
3.6

ak bk
0] 9.466667
1|1 -5.28468] -3.816580754
2 0.05 0.173205081
3 0.1 0.5
4| -051667| -0.519615242
5| 0.084679| -0.583419246
6 -0.3

x(n)sin2 7t fkn
k=1 2
1.7 2.944486373
3.897114 3.897114317
43 5.26814E-16
7.534421 -7.534421013
6.65 -11.51813787
1.69E-15 -3.38141E-15
-8.05 13.943009
-13.4234  13.42339376
-141 5.18238E-15
-7.70763 -7.707626094
-3.7 -6.408587988
-8.8E-16 -1.76421E-15

3

3.4
5.51E-16
-4.3
-2.1E-15
13.3
5.07E-15
-16.1
-7.6E-15
14.1
5.45E-15
=14
-2.6E-15

4
2.944486
-3.89711
-1.1E-15
7.534421
-11.5181
-6.8E-15
13.94301
-13.4234

-1E-14
7.707626
-6.40859
-3.5E-15

S

1.7
-3.89711
4.3
-17.53442
6.65
8.45E-15
-8.05
13.42339
-14.1
7.707626
-3.7
-4.4E-15
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