
FourierSeriesExamples

In[312]:= Clear"Global`*"

In[313]:= F = 1 - 2 * UnitStept - Pi  omega
PlotF /. omega → 1, t, 0, 2 * Pi

Out[313]= 1 - 2 UnitStep-
π

omega
+ t

Out[314]=

1 2 3 4 5 6

-1.0

-0.5
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1.0

In[315]:= An = omega  2 * Pi *

IntegrateF * Exp[-I * n * omega * t], t, 0, 2 * Pi  omega, Assumptions → {omega > 0}
Ann = SimplifyAn, Assumptions → {n ∈ Integers}

Out[315]= -
ⅈ ⅇ-2 ⅈ n π -1 + ⅇⅈ n π2

2 n π

Out[316]=

ⅈ (-1 + (-1)n)

n π



In[317]:= F1 = Sum[Ann * Exp[I * omega * n * t], {n, 1, 1}] +

Sum[Ann * Exp[I * omega * n * t], {n, -1, -1}]

FF1 = ExpToTrig[F1]

Plot{FF1, F} /. omega → 1, t, 0, 2 * Pi

Out[317]=

2 ⅈ ⅇ-ⅈ omega t

π
-
2 ⅈ ⅇⅈ omega t

π

Out[318]=

4 Sin[omega t]

π

Out[319]=

1 2 3 4 5 6
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-0.5

0.5

1.0

In[320]:= F3 = Sum[Ann * Exp[I * omega * n * t], {n, 1, 3}] +

Sum[Ann * Exp[I * omega * n * t], {n, -3, -1}]

FF3 = ExpToTrig[F3]

Plot{FF3, F} /. omega → 1, t, 0, 2 * Pi

Out[320]=

2 ⅈ ⅇ-ⅈ omega t

π
-
2 ⅈ ⅇⅈ omega t

π
+
2 ⅈ ⅇ-3 ⅈ omega t

3 π
-
2 ⅈ ⅇ3 ⅈ omega t

3 π

Out[321]=

4 Sin[omega t]

π
+
4 Sin[3 omega t]

3 π

Out[322]=
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In[323]:= FF5 = ExpToTrig[

Sum[Ann * Exp[I * omega * n * t], {n, 1, 5}] + Sum[Ann * Exp[I * omega * n * t], {n, -5, -1}]]

Plot{FF5, F} /. omega → 1, t, 0, 2 * Pi

Out[323]=

4 Sin[omega t]

π
+
4 Sin[3 omega t]

3 π
+
4 Sin[5 omega t]

5 π

Out[324]=

1 2 3 4 5 6

-1.0

-0.5

0.5

1.0

In[325]:= FF7 = ExpToTrig[

Sum[Ann * Exp[I * omega * n * t], {n, 1, 7}] + Sum[Ann * Exp[I * omega * n * t], {n, -7, -1}]]

Plot{FF7, F} /. omega → 1, t, 0, 2 * Pi

Out[325]=

4 Sin[omega t]

π
+
4 Sin[3 omega t]

3 π
+
4 Sin[5 omega t]

5 π
+
4 Sin[7 omega t]

7 π

Out[326]=
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In[327]:= FF21 = ExpToTrig[Sum[Ann * Exp[I * omega * n * t], {n, 1, 21}] +

Sum[Ann * Exp[I * omega * n * t], {n, -21, -1}]]

Plot{FF21, F} /. omega → 1, t, 0, 2 * Pi

Out[327]=

4 Sin[omega t]

π
+
4 Sin[3 omega t]

3 π
+
4 Sin[5 omega t]

5 π
+

4 Sin[7 omega t]

7 π
+
4 Sin[9 omega t]

9 π
+
4 Sin[11 omega t]

11 π
+
4 Sin[13 omega t]

13 π
+

4 Sin[15 omega t]

15 π
+
4 Sin[17 omega t]

17 π
+
4 Sin[19 omega t]

19 π
+
4 Sin[21 omega t]

21 π

Out[328]=
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In[329]:= FF51 = ExpToTrig[Sum[Ann * Exp[I * omega * n * t], {n, 1, 51}] +

Sum[Ann * Exp[I * omega * n * t], {n, -51, -1}]]

Plot{FF51, F} /. omega → 1, t, 0, 2 * Pi

Out[329]=

4 Sin[omega t]

π
+
4 Sin[3 omega t]

3 π
+
4 Sin[5 omega t]

5 π
+

4 Sin[7 omega t]

7 π
+
4 Sin[9 omega t]

9 π
+
4 Sin[11 omega t]

11 π
+
4 Sin[13 omega t]

13 π
+

4 Sin[15 omega t]

15 π
+
4 Sin[17 omega t]

17 π
+
4 Sin[19 omega t]

19 π
+

4 Sin[21 omega t]

21 π
+
4 Sin[23 omega t]

23 π
+
4 Sin[25 omega t]

25 π
+
4 Sin[27 omega t]

27 π
+

4 Sin[29 omega t]

29 π
+
4 Sin[31 omega t]

31 π
+
4 Sin[33 omega t]

33 π
+
4 Sin[35 omega t]

35 π
+

4 Sin[37 omega t]

37 π
+
4 Sin[39 omega t]

39 π
+
4 Sin[41 omega t]

41 π
+
4 Sin[43 omega t]

43 π
+

4 Sin[45 omega t]

45 π
+
4 Sin[47 omega t]

47 π
+
4 Sin[49 omega t]

49 π
+
4 Sin[51 omega t]

51 π

Out[330]=
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In[333]:= G = F /. t → tt + Pi  (2 * omega)

GG7 = ExpandSimplifyFF7 /. t → tt + Pi  (2 * omega)

Out[333]= 1 - 2 UnitStep-
π

2 omega
+ tt

Out[334]=

4 Cos[omega tt]

π
-
4 Cos[3 omega tt]

3 π
+
4 Cos[5 omega tt]

5 π
-
4 Cos[7 omega tt]

7 π
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In[336]:= Plot{GG7, G} /. omega → 1, tt, -Pi  2, 3 * Pi  2

Out[336]=

-1 1 2 3 4

-1.0
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0.5

1.0

In[337]:= HH7 = Expand[Integrate[GG7, tt]]

PlotHH7 /. omega → 1, tt, -Pi, Pi

Out[337]=

4 Sin[omega tt]

omega π
-
4 Sin[3 omega tt]

9 omega π
+
4 Sin[5 omega tt]

25 omega π
-
4 Sin[7 omega tt]

49 omega π

Out[338]=

-3 -2 -1 1 2 3

-1.5

-1.0

-0.5
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1.0
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In[341]:= ExpandHH7  4  omega * Pi

Out[341]= Sin[omega tt] -
1

9
Sin[3 omega tt] +

1

25
Sin[5 omega tt] -

1

49
Sin[7 omega tt]
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