= $Version

oufi= 12.1.0 for Linux x86 (64-bit) (March 14, 2020)

Setup:

ne= (# <<"BarCharts’ "j;<<"Histograms  "j;<<"PieCharts " %)

na- colors = {Red, Green, Blue, Cyan, Magenta, Yellow, Black};

Protect[colors];

nsi- Plot[Tablel[i x, {i, 1, 7}] // Evaluate, {x, 0, 1}, PlotStyle - colors]

7

Out[5]=

Example 1:

ne= Clear["Global  %"]

- Clear : Symbol colors is Protected .
Plot the sample function:
n7- Clear[f];

fx_J:=x /3 x <= N[Pi];
f[x_1:=0 /3 x >= N[Pi];
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nio-  PLot[f[x],{x,0,2 Pi}]
3of
25F
20F

ouft0l= 45 [

05F

Compute the Fourier coefficients

niip= c[@]= 1/(2 Pi) Integrate[ x ,{x,0,1 Pi}]
JT
out[t1}l=  —
4
niz= c[m_]= 1/(2 Pi) Integrate[ x Exp[- I m x] ,{x,0,1 Pi}] /FullSimplify

—l+e™™" (1 +imm)

Out[12]=
2m?

nis= term[0]= c[O];

ni4=  term[m_]= c[m] Exp[I m x] + c[-m] Exp[-I m x] /Simplify

e’ (-1+e' " (1-imm)+e® "X (14" (1+imm)))

Out[14]=

2m?
nisi-  series[n_]:= Sum[ term[m] ,{m,0,n}]
In[16]:=

series|[2]

e (-2+8* (-2-im+im) T e
Out[16]= + — +
27 4 87t

2 (-2im+2iet )




Plot the series with different numbers of terms

In[17):=

out[17]=

In[18]:=

out[18]=

Plot[ Join[{f[x]},Table[series[i],{i,2,5,1}] ] //Evaluate
,{X,0,2 Pi},PlotStyle->colors]

30f
25

20f

1 2 3 A

Plot[ {f[x], series[100] } //Evaluate ,{x,0,2 Pi}]

Make a "frequency domain" plot of the coefficients

nmio- coeffs = Table[{Re[c[i]], Im[c[il]}, {i, ©, 5}] // Flatten
T 1 1 1 1 1 1 1 1

Out[19]= {_705__:__’ y Ty m T, —-—, 0, _7__7__}
T 2 4 9 6 8 25 10

hw5_sol_456.nb | 3
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neo)- BarChart[coeffs, ChartStyle - {Red, Blue}, ChartLabels - {"Re'", "Im"}]

0.8
0.6
0.4
0.2
Out[20]= r
0.0

—02}

-0.4

Re-write the Exp series as a Trig series

net=  term2[@] = term[0] /ExpToTrig //Simplify
T
out2l= —
4
nez=  term2[m_]= term[m] /ExpToTrig //FullSimplify

Cos[m (5t = X)] - Cos[m x] + m 7t SAin[m (5T - X)]

out[22]=

m?

nesl-  series2[n_]:= Sum[ term2[m] ,{m,0,n}]

n24-  series[5]

e (-2+e”* (-2-imy+im) e X (-2+e%X(-2-3im)+3in)
Out[24]= + +
27 18

e X (-2+6® X (-2-5im)+5im) q e’ *(-2im+2ie*™* ) et ¥ (-4inm+4ie® )

+ — + +
50 7T 4 8 3271

nesi-  series2[5]
m Cos[2 (i - x)]- Cos[2 x]+ 2 it Sin[2 (T - X)]

Out[25]= — + +
4 4

Cos[3 (im=-x)]-Cos[3 x]+3 mSin[3 (;r-x)] Cos[4 (;r-Xx)]-Cos[4 x]+4 i Sin[4 (5T - X)]

+

o9 16
Cos[5 (it = x)] - Cos[5 x]+ 5 mSin[5 (;mr - x)] -2 Cos[x]+ r Sin[x]
25T * T

neei- series2[5] /I TrigReduce
1

(225 7% - 1800 Cos[x] - 200 Cos[3 x] - 72 Cos[5 x] +

Out[26]=

900 1T
900 5t STn[x] - 450 5t Sn[2 x] + 300 71 Sn[3 X] - 225 71 Sin[4 x] + 180 1 Sin[5 X])
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Verify that they are identical

ne7- series2[5]-series[5] // FullSimplify

oute7= O

Problem 4: f[x_]=x for x=[0,2 1]

nizo)-  Clear["Global  %"]

- Clear : Symbol colors is Protected .

Part a)

nizi-  Clear([f];
flx_1:=x;

nizsl-  PLot[f[x],{x,0,2 Pi}]

Ouft23}= 5

Compute the Fourier coefficients

mieg-  c[0]= 1/2 Pi) Integrate[ f[x] ,{x,0,2 Pi}]

out[124}=  JT

nizsl-  ¢[m_]= 1/(2 Pi) Integrate[ f[x] Exp[- I m x] ,{x,0,2Pi}] /FullSimplify

—l+e2i™ (1 +2imom)

out[125]=
2m?

nize=  term[@]= c[O];

nie7=  term[m_J= c[m] EXp[I m X] + c[-m] Exp[-I m x] /Simplify

e M (-1+e* " (1-2imm)+e* "X (-1+e 2 "7 (1L+2immm)))

out[127]=
2m?
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nieg)-  series[n_]:= Sum[ term[m] ,{m,0,n}]
nizo)-  series[2] N Simplify

oufize- —-ie T +ie " -—ie +—ie + 7T

Plot the series with different numbers of terms

nis0)-  Plot[ Join[{f[x]},Table[series[i],{i,2,5,1}] ] //Evaluate
,{X,0,2 Pi},PlotStyle->colors]

Out[130]=

S S S S S S S S S S RS

1 2 3 4 5 6

nisi=  Plot[ {f[x], series[100] } //Evaluate ,{x,0,6 Pi}]

out[131]=

Make a "frequency domain" plot of the coefficients

nizz- coeffs = Table[{Re[c[i]], Im[c[i]]}, {i, O, 5}] // Flatten

1 1 1 1
cutien- {rr, 0,0,1,0, —,0, —,0, —, 0, —}
2 3 4 5
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niss-  BarChart[coeffs, ChartStyle - {Red, Blue}, ChartLabels - {""Re'", "Im"}]

Out[133]=

. I _

Re-write the Exp series as a Trig series

nisa-  term2[@] = term[@] /ExpToTrig /Simplify

ou[134= JT

niss-  term2[m_]= term[m] /ExpToTrig /FullSimplify

Cos[m (2 it - x)]- Cos[m x]+ 2 m st Sin[m (2 5T - X)]

Out[135]=
m?

nisel- series2[n_]:= Sum[ term2[m] ,{m,0,n}]
ni41)-  series[5] //Expand

oupia- —fe" +ie - —jet *+ —jet - —je *+ —je* - —je +—ie**-—ije +—ie’™ 4

nisel-  series2[5]

Cos[2 (2 m-x)]-Cos[2 x]+4 T Sin[2 (2 T - X)]
out[138]=  JT + +
47

Cos[3 (2 m-x)]-Cos[3x]+6mSin[3(2m-x)] Cos[4(2m-x)]-Cos[4x]+8mSin[4 (2 -x)]
+ +

9 16T
Cos[5 (2 m - x)] - Cos[5 x] + 10 5t Sin[5 (2 T - X)]

-2 S1in[x]
25

nia2)- series2[5] /l TrigReduce /I Expand

2 1 2
ouiaz= 7T =2 Sin[x]-Sin[2 X] - — Sin[3 X] - — Sin[4 x] - — Sin[5 X]
3 2 5

Verify that they are identical

niap- series2[5]-series[5] // FullSimplify

oufis0)= @
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Problem 5: f[x_]=... for x=[0,2 1]

nes- Clear["Global *"]

- Clear : Symbol colors is Protected .

Part a)

ne4=  Clear[f];
fIx_]:=1 /; x <= N[P1i];
f[x_1:=0 /; x >= N[Pil;

no7i-  Plot[f[x],{x,0,2 Pi}]

1.0

0.8 -
Out[97]=
0.4 r

02

Compute the Fourier coefficients

neel- c[@]= 1/(2 Pi) Integrate[ 1 ,{x,0,1 Pi}]
1

outjesl=  —

2

neor= c[m_]= 1/(2 Pi) Integrate[ 1 Exp[- I m x] ,{x,0,1 Pi}] //FullSimplify
i(l-e'™")

out[99]= =
2mirr

nioo)=  term[@]= c[O];

niot)=  term[m_]= c[m] Exp[I m x] + c[-m] Exp[-I m x] //Simplify

ﬂ-efim(rnx) (_l+eimn)(eimn+62imx)

Out[101]= =
2mir

nio2)-  series[n_]:= Sum[ term[m] ,{m,0,n}]



nios)- series[2]

1 ﬂ-e—i (m+X) (_ 1+ eZix)
Out[103]= - +

2 T

Plot the series with different numbers of terms

nio4-  Plot[ Join[{f[x]},Table[series[i],{i,2,5,1}] ] //Evaluate
,{X,0,2 Pi},PlotStyle->colors]

0.8

0.6
out[104]= ‘
0.4

0.2

P S AY /
1 2 3\ s X N\ /s

-0.2

nios)-  Plot[ {f[x], series[100] } //Evaluate ,{x,0,6 Pi}]

0.8 |
0.6
Out[105]=

04

02r

Make a "frequency domain" plot of the coefficients
nios)- coeffs = Table[{Re[c[i]], Im[c[i]]}, {i, O, 5}] // Flatten

1 1 1 1
outios- {—, 0,0,-—,0,0,0,-—,0,0,0, -—}
2 T 37 5

hw5_sol_456.nb | 9
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IN[107]:=

out[107}=

BarChart[coeffs, ChartStyle - {Red, Blue}, ChartLabels - {"Re", "Im'"}]

T T T T T T T T T
- ] m

-02

Re-write the Exp series as a Trig series

In[108]:=

out[108]=

In[109]:=

out[109)=

In[110]:=

In[116]:=

out[116]=

In[117):=

out[117]=

In[119]:=

Out[119]=

term2[0] = term[0] /ExpToTrig //Simplify
1

2

term2[m_]= term[m] /ExpToTrig //FullSimplify

Sin[m (it = X)] + Sin[m x]

m 7t
series2[n_]:= Sum[ term2[m] ,{m,0,n}]

series[5] //ExpandAll

1 ”-e—ix ”-eix ”-e—3ix ﬂ-e3ix ”-e—Six ieSﬁx
-+ - + - + -

2 7T 7T 3 3 57 5
series2[5]

1 2Sin[x] Sin[2 (;t=-x)]+Sin[2 x]

—+ + +

2 7T 27T

Sin[3 (im=X)]+Sin[3 x] Sin[4 (r-x)]+Sin[4 x] Sin[5 (5T - xX)] + Sin[5 x]

+ +
3T 477 5

series2[5] /Il TrigReduce /I Expand
1 2Sin[x] 2Sin[3x] 2Sin[5x]

-+ + +
2 T 3T 5

Verify that they are identical

In[114]:=

Out[114]=

series2[5]-series[5] // FullSimplify
(0]
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Problem 6: f[x_]=... for x=[0,2 1]

neazi-  Clear["Global  %"]

- Clear : Symbol colors is Protected .

Part a)

In[243]:= C'Lear[f];
fIx_1:=Sin[x] /; x <= N[Pi];
f[X_]::O I; X >= N[P'i];

nessl=  PLOt[F[X],{X,0,2 Pi}]

10
0.8
Out[246]=
04 r

02r

Compute the Fourier coefficients

wear- c[@]= 12 Pi) Integrate[ Sin[x] ,{x,0,1 Pi}]
1

ou247)=  —
T

neasi=  c[m_]= 12 Pi) Integrate[ Sin[x] Exp[- I m x] ,{x,0,1 Pi}] /FullSimplify
l+e'™"
Out[248]=
2m-2m?
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Treat c {+1,-1 } terms specially

nizaoi-  {c[+1], c[-1]}

1

Power : Infinite expression — encountered
0

Infinity : Indeterminate expression 0 ComplexInfinity encountered
1

Power : Infinite expression — encountered
0

Infinity : Indeterminate expression 0 ComplexInfinity encountered

ouzas-  {Indeterminate , Indeterminate}

nesop-  {C[+1], c[-1]} = Limit[c[m], m » {+1, -1}]
i i

Out[250]= {— -, —}
4 4

nes1=  term[0@]= c[O];

neszi- term[m_]= c[m] Exp[I m x] + c[-m] Exp[-I m x] //Simplify

e—im(rr+x) (1+eimrr) (eimn +eZimx)

ou252}=  —

2(-1+m*)

Treat {+1,-1 } terms specially

ness-  {term[1], term[-1]}

1
Power : Infinite expression — encountered
0
0e~ ™ (-1 + ") ComplexInfinity
Infinity : Indeterminate expression encountered
T
1
Power : Infinite expression — encountered
0
0’ (T (-1+ 9’2”) ComplexInfinity
Infinity : Indeterminate expression encountered

T

ouess-  {Indeterminate , Indeterminate}

nesa-  tmp = Limit[term[m], m => {+1, -1}] // Expand
1 ) 1 1 ) 1

Out[254]= {—ie_'x——ﬂ'e'x, —ie'”——lie’x}
4 4 4 4

nessi-  {term[1], term[-1]} = tmp
1 1 1 1 ix}

Out[255]= {—ie_ix— —ie”, —jie™*-—je
4 4 4 4

nesel-  series[n_]:= Sum[ term[m] ,{m,0,n}]



nes7-  series[4] /I ExpandAll

1 ) 1 . 1 e—ZiX eZix e—4ix e4ix
oups7- — e - —jie't+ — - - - -

4 4 T 3 3T 157 157

Plot the series with different numbers of terms

nessi-  Plot[ Join[{f[x]},Table[series[i],{i,2,5,1}] ] //Evaluate
,{X,0,2 Pi},PlotStyle->colors]

out[258]=

nesei-  Plot[ {f[x], series[5] } /lEvaluate ,{x,0,6 Pi}]

1.0
0.8
0.6
Out[259]=

04

0.2

- e ‘ o)

~d A A 7 7 4

Make a "frequency domain" plot of the coefficients

wewo-  coeffs = Table[{Re[c[i]], Im[c[i]l}, {i, @, 5}] // Flatten

1 1 1 1
Out[260]= {—, 0,0, - —y -—,0,0,0, -——, 0,0, 0}
T 4 3 157
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nee1- BarChart[coeffs, ChartStyle - {Red, Blue}, ChartLabels - {""Re'", "Im"}]

Out[261]=

Re-write the Exp series as a Trig series

nize2l=  term2[0]
1

Out[262]= -
T

term[0] //ExpToTrig //Simplify

ne7o-  term2[1] term[1] // ExpToTrig /l Simplify

Sin[x]

Out[270]=

2

ne7il-  term2[m_]= term[m] /ExpToTrig //FullSimplify

Cos[m (5t = x)] + Cos[m x]

Out[271]=
T-mT 7

ne7ep-  series2[n_]:= Sum[ term2[m] ,{m,0,n}]

ne7si-  series[5] //ExpandAll

1 ) 1 ) 1 e—Zix eZix e—4ix e4ix
ouprse — e - —jie't+ — - - - -

nezel-  series2[5] /HExpandAll
1 2Cos[2x] 2Cos[4x] Sin[x]

Out[276]= - - - +

T 3 157 2

neze-  series2[5] // TrigReduce // ExpandAll
1 2Cos[2x] 2Cos[4x] Sin[x]

oue78l=  — — - +

7T 3 157 2

Verify that they are identical

nere-  series2[5]-series[5] // FullSimplify

out79l= O



