3= NotebookDirectory|[]

ouzl= C:\Dropbox\Work\myweb\Courses\Math_pages\Math_430\

Examples of Fourier series

Preliminaries

Below is the definition of a periodic extension of a function defined on (-L, L]. This definition takes a
function as a variable. The function has to be inputted as a so called pure function (that is instead of
the variable we put # and the formula ends with &).

Infd]:= Clear[ff, fft, x, 1L, LL];

X - (LL)
FRE[FF_, x_, LL_] := -Ff[x— [Ceiling[ ]) (2 LL)]
2LL
In[6]:= (nz) &[2]

outel= 4

7= Fft [112 &, X, 1]

1 2
x—2Ceiling[£ (—1+x)]

out[7]=

we- Plot[fft[#? &, x, 1], {x, -4, 4}]

10}
0.8:
0.6:
Out[8]= I

04r

0.2
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Example -1
ing= Clear[canl, cbnl, ffnl, n, 1L, nn];
ffnl[x_] = Sign[x];

- cbnl[n_, 1L = FullSimpli-Fy[
nPi

1
- Integr‘ate[ffnl[x] Sin[— x], {x, -LL, LL}] , And[LL > @, n € Integers, n > e]]
LL LL

2 (-1+(-1)")
out[11]s — ——————————————
n ot

1
nf2:= canl[@, LL_] = Fullsimplify[— Integrate[ffnl[x], {x, -LL, LL}], And[LL > 0]]
2LL
out[12]= @
ni13= canl[n_, LL_] = Fullsimplify[
1 nPi
— Integr-ate[ffnl[x] Cos[— x], {x, -LL, LL}] , And[LL > @, n € Integers, n > e]]
LL LL
out[13]= @
(4= hn = 10;

nPi
canlj[eo, 1L] +Sum[can1[n, 1L] Cos[—x], {n, 1, nn}] +
1L

Sum[cbnl[n, 1L] Sin[%x], {n, 1, nn}]

1L 1L 1L 1L
Out[14]= + + + +

T 37 57 77 9

asin[2X] 4Sin[3”} 4Sin{5”} 4Sin{7”] 4Sin[9”]
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In[15]:= Module[{picl, pic2, pic2a, pic3, 1L, nn}, nn = 20;

Out[15]=

1L=1;

picl = Plot[{ffn1[x]}, {X, -1L, 1L}, PlotStyle -» {{Thickness[0.01], Blue}}];
pic2 = Plot[{fft[ffnl[#] &, x, 1L]}, {Xx, -5, 10},

PlotStyle -» {{Thickness[0.005], Green}}, Exclusions -» Range[-10, 14, 1]];

pic2a = Graphics|[{

{PointSize[0.015], Green, {Point[{# 1L, -1}], Point[{# 1L, 1}], Point[{# 1L, ©0}]} & /@

Range[-10, 13, 1]}, {PointSize[0.01], White,

35

{Point[{# 1L, -1}], Point[{# 1L, 1}]} & /@Range[-10, 13, 1]}

pic3 = Plot[Evaluate[{canl[e, 1L] +Sum[can1[n, 1L] Cos[E x], {n, 1, nn}] +

Sum[cbnl[n, 1L] Sin[% x], n, 1, nn}]}], (x, -12, 14},

PlotStyle » {{Thickness[0.003], Black}}, PlotRange » {{-4, 7}, {-1.5, 1.5}}];
Show[picl, pic2, pic2a, pic3, PlotRange -» {{-3, 5}, {-1.5, 1.5}},

AspectRatio -» Automatic, ImageSize - 600] ]

15F

T O N oot R
e S e T o

The Fourier series of the above function is withL=1

4
JT

i 1

1 2k-1

Sin[ (2k-1) 7 x]

It converges pointwise to the Fourier periodic extension of Sign[x] with period 2.

| 3
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In[16]:= Module[{picl, pic2, pic2a, pic3, 1L, nn}, nn = 20;

1L = 1;
picl = Plot[{ffn1[x]}, {Xx, -1L, 1L}, PlotStyle -» {{Thickness[0.007], Blue}}];
pic2 = Plot[{fft[ffnl[#] &, x, 1L]}, {Xx, -5, 10},

PlotStyle -» {{Thickness[0.005], Green}}, Exclusions -» Range[-10, 14, 1]];

pic2a = Graphics|[{
{PointSize[0.015], Green, {Point[{# 1L, -1}], Point[{# 1L, 1}], Point[{# 1L, ©0}]} & /@
Range[-10, 13, 1]}, {PointSize[0.01], White,
{Point[{# 1L, -1}], Point[{# 1L, 1}]} & /@Range[-10, 13, 1]}
115

nPi
pic3 = Plot[Evaluate[{canl[e, 1L] +Sum[can1[n, 1L] COS[T x], {n, 1, nn}] +

Sum[cbnl[n, 1L] Sin[% x], n, 1, nn}]}], (x, -12, 14},

PlotStyle » {{Thickness[0.001], Black}}, PlotRange » {{-4, 7}, {-1.5, 1.5}}];
Show[picl, pic2, pic2a, pic3, PlotRange -» {{-3, 5}, {-1.5, 1.5}},
AspectRatio -» Automatic, ImageSize - 600] ]

15F

1.0
0.5
out[16]= ‘ 9 s s ‘ s ‘ ‘ ‘
N M \/\WMAJ

-1.5¢

Or, the same picture with Manipulate
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In[17]:= Manipulate[Module[{picl, pic2, pic2a, pic3, 1L}, 1L =1;

picl = Plot[{ffn1[x]}, {x, -1L, 1L}, PlotStyle -» {{Thickness[0.01], Blue}}];
pic2 = Plot [ {fft[ffn1l[#] &, x, 1L]}, {Xx, -5, 10},
PlotStyle » {{Thickness[0.005], Green}}, Exclusions -» Range[-10, 14, 1]];

pic2a = Graphics|[{
{PointSize[0.015], Green, {Point[{# 1L, -1}], Point[{# 1L, 1}], Point[{# 1L, 0}]} & /@
Range[-10, 13, 1]}, {PointSize[0.01], White,
{Point[{# 1L, -1}], Point[{# 1L, 1}]} & /@Range[-10, 13, 1]}
115

pic3 = Plot[Evaluate[{canl[e, 1L] +Sum[can1[n, 1L] Cos[%x], {n, 1, nn}] +

Sum[cbnl[n, 1L] Sin[%x], (n, 1, nn}]}], (x, -12, 14},

PlotStyle » {{Thickness[0.003], Black}}, PlotRange » {{-4, 7}, {-1.5, 1.5}}];
Show[picl, pic2, pic2a, pic3, PlotRange -» {{-3, 5}, {-1.5, 1.5}},
AspectRatio - Automatic, ImageSize - 600] ] )

{{nn, 10, "n"}, Join[Range[10], Range[15, 30, 5]]}, ControlType -» Setter‘]

b

0.5

e

Out[17]=

T R S N o\

What is important to point out here, is that for a specific x from the convergence theorem we KNOW
the sum of this numerical series. For example for x=1/2

4 =2 1 . 1
- Sin| (2k-1) 7 -
S 2k-1 2
or

727:1

T 2k-1

k=1
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Mathematica knows this

@ 1)kt
Z—

= 2k-1

In[18]:=

FoN s

Out[18]=

In other words

-
ey

k=1

1kt x
k-1 4
which is the famous Leibniz formula for rt.

But we can get more numerical series sums from the above Fourier series. For x=1/3, the sumis also
1

4 =
In[19]:= —Z
T

k=1

1
sin[(zk-l) *71'*—]
2k-1 3

2 (ArcTan[ (-1)*®] - i ArcTanh[ (-1) 1]

out[19]=
s

Mathematica knows this.

4izk1_151n[(2k-1) *?”

T k=1

In[20]:= Fullsimplify[
outol= 1

But which numerical series is this?

In[21]= Table[{k, 5 ! Sin[(zk—l) * Z—i]}, k, 1, 20}]

k-1
out[21]= {{1, \/25}, {2, 0}, {3, —f}, {4, \/j}; {5, 0}, {6: ‘f}!
V3 V3 \3 \3 V3
{7: ;}: {8, 0}, {9’ _;}’ {10, g}’ {11, e}, {12’ _E}’ {13, 59 }’
(14, 0}, {15, ;f}, {16, ;f}, (17, 03, {18, ;/j}, {19, \7/43}, (20, e}}

\/—

3
We can factor out - and the the nonzero terms are

1+ (-1)3

inf22)= Table[{j, 3 Floor[j /2] + }, i, 1, 20}]

ouez)= {{1, 1}, {2, 3}, {3, 4}, {4, 6}, {5, 7}, {6, 9}, {7, 10},
{8, 12}, {9, 13}, {1e, 15}, {11, 16}, {12, 18}, {13, 19}, {14, 21},
{15, 22}, {16, 24}, {17, 25}, {18, 27}, {19, 28}, {20, 30}}

And the numerators are



In[23]:=

out[23]=

In[24]:=

Out[24]=

In[25]:=

Out[25]=

In[26]:=

Out[26]=

In[27]:=

out[27]=

In[28]:=

Out[28]=

Examples_Fourier_series_v12.nb

1+ (-1)31
Table[{j, 2 [3 Floor[j /2] + L] -1}, G, 1, 10}]
2
{{1, 13}, {2, 5}, {3, 7}, {4, 11}, {5, 13}, {6, 17}, {7, 19}, {8, 23}, {9, 25}, {10, 29}}

or

Table[{5, 3 [j - + (-1}, (4, 1, 10}

1+ (-1)37
2
{{1, 1}, {2, 5}, {3, 7}, {4, 11}, {5, 13}, {6, 17}, {7, 19}, {8, 23}, {9, 25}, {10, 29}}

or

6j-3-(-1)3t

Table[ {3, }> 43, 1, 03]

2
{{1, 1}, {2, 5}, {3, 7}, {4, 11}, {5, 13}, {6, 17}, {7, 19}, {8, 23}, {9, 25}, {10, 29}}
And the signs are

1+ (-1)31

Table[{j, 3 Floor[j /2] + , (-1)3'-1}, G, 1, 10}]

{{1, 1, 1}, {2, 3, -1}, {3, 4,1}, {4,6, -1}, {5, 7, 1},
{6, 9, -1}, {7, 10, 1}, {8, 12, -1}, {9, 13, 1}, {16, 15, -1}}

Verify:
1+ (-1)31 2 [ 1
2 © 3 \2k-1

1+ (-1)37
{k ->3Floor[j /2] + },
2

. . Pi
Table[{B Floor[j /2] + Sln[(Zk—l) * ?]J /.

2 (-1)3

— (_1)j}, {3> 1, 10}

1 1
{woa - ch{s b {e - -0 b {7 b
1 1 1 1 1 1
(oo h e o b - b e s b (s - -
Next command verifies the first 10000 terms:

1+ (-1)3

o;
Sin[(zk—l) % ?1]] /. {k ->3Floor[j /2] +

2k-1

2
Apply[And, Table[ [— ( 5

V3

m, {j, 1, 10900}]]

2 (-1)3-1

True

So, the sum of this series should be 1

| 7
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ineoy= FullSimplify

[4«/3i (-3 ]

no i3 63-3+(-1)3

gyt
443 ST )

-3+ (-1)3+6 7

out[29]=
s

So, Mathematica does not know the sum of this series. We can verify numerically

]

4 +/3 100000 (-1)3-t

In[30]:= N[ -
7 =1 6j-3+(-1)J

out[30]= 0.999998

Numerical evidence shows that it is correct.

Example O
n31:= Clear[ca®, cbo, ff0, n, 1L, nn];
ffO[x_] = UnitStep[x];

n33= €b@[n_, LL_] = Fullsimpli-Fy[

1 nPi

— Integr-ate[ffa[x] Sin[— x] , {X, -LL, LL}] , And[LL > @, n € Integers, n > a]]

LL LL

1+ (71)1+n

out[3g) ————
n st

1
- ca@[@, LL_] = FullSimpli-Fy[— Integrate[ffO[x], {X, -LL, LL}], And[LL > 0]]
2LL

1
out34= —
2
In3si= €ca@[@, 3]

1
out[3s]= —

2
nee- ca®[n_, LL_] = Fullsimplify[

1 nPi
—_ Integrate[ffe[x] Cos[— x] ,» {X, -LL, LL}] » And[LL > @, n € Integers, n > e]]
LL LL

outj3sl= @
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In[37]:= Module[{picl, pic2, pic2a, pic3, 1L, nn}, 1L = 1;
nn = 10;
picl = Plot[{ffO[Xx]}, {X, -1L, 1L}, PlotStyle » {{Thickness[0.01], Blue}}];
pic2 = Plot[{fft[ffo[#] &, x, 1L]}, {X, -5, 10},
PlotStyle -» {{Thickness[0.005], Green}}, Exclusions -» Range[-10, 14, 1]];

pic2a = Graphics|[{
{PointSize[0.02], Green,
{Point[{# 1L, ©}], Point[{# 1L, 1}], Point[{# 1L, 1/2}]} & /@Range[-10, 13, 1]},
{PointSize[0.014], White, {Point[{# 1L, ©}], Point[{# 1L, 1}]} & /@Range[-10, 13, 1]}
115

nPi
pic3 = Plot[Evaluate[cae[e, 1L] +Sum[ca0[n, 1L] Cos[—x], {n, 1, nn}] +Sum[cbe[n, 1L]
1L

nPi
Sin[Tx], {n, 1, nn}”, {x, -12, 14}, PlotStyle -» {{Thickness[0.003], Black}}];

Show[picl, pic2, pic2a, pic3, PlotRange -» {{-2, 3}, {-.5, 1.5}},
AspectRatio -» Automatic, ImageSize - 600] ]

15F

Out[37]=

VA .-\

Example 1

nge:= Clear[cal, cbl, ff1, n, 1L, nn];
ffl[x_] = x;

ni40= cal[n_, LL_] = Fullsimplify[

1 nPi
— Integr‘ate[ffl[x] Cos[— x] ,» {X, -LL, LL}] » And[LL > @, n € Integers, n > 0]]
LL LL

out40]= @
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n411= cal[@, LL_] =

1
Fullsimpli-Fy[— Integrate[ff1[x], {x, -LL, LL}], And[LL > @, n € Integers, n > e]]
2LL

outf41]= @
2= €bl[n_, LL_] = Fullsimplify[

1 nPi
—_ Integrate[ffl[x] Sin[— x] ,» {X, -LL, LL}] » And[LL > @, n € Integers, n > 0]]
LL LL

2 (-1)"LL
out[d2] - ——m
n st
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In[43]:= Module[{picl, pic2, pic2a, pic3, nn, 1L}, 1L = 2; nn = 10;

picl = Plot[{ff1[x]}, {x, -1L, 1L}, PlotStyle » {{Thickness[0.01], Blue}}];
pic2 = Plot[{fft[ffl[#] &, x, 1L]}, {x, -5, 10},
PlotStyle » {{Thickness[0.005], Green}}, Exclusions -» Range[-10, 14, 4]];

pic2a = Graphics|{
{PointSize[0.02], Green,
{Point[{#, -2}], Point[{#, 2}], Point[{#, ©}]} & /@Range[-10, 13, 4]},
{PointSize[0.014], White, {Point[{#, -2}], Point[{#, 2}]} & /@Range[-10, 13, 4]}
11

pic3 = Plot[Evaluate[Sum[cbl[n, 1L] Sin[% x], {n, 1, nn}]],

{x, -12, 14}, PlotStyle » {{Thickness[0.003], Black}}];
Show[picl, pic2, pic2a, pic3, PlotRange » {{-4, 11}, {-3, 3}},
AspectRatio -» Automatic, ImageSize - 800] ]

3+

~
IN

Out[43]= ﬂ : : :

-2+

Example 2
in4ai= Clear[ca2, cb2, ff2, n, 1L, nn];

ff2[x_] = Abs[x];

ook
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n4e1= €b2[n_, LL_] = Fullsimpli-Fy[

1 nPi
— Integr-ate[ffZ[x] Sin[— x] , {%, -LL, LL}] , And[LL > @, n € Integers, n > a]]
LL LL

outi46]= ©

1
e~ ca2[@, LL_] = Fullsimplify[— Integrate[ff2[x], {X, -LL, LL}], And[LL > 0]]
2LL

LL
outl47]= —

2

ni4g;= ca2[n_, LL_] = Fullsimpli-Fy[

1 nPi

— Integr‘ate[ffZ[x] Cos[— x] , {%, -LL, LL}] , And[LL > @, n € Integers, n > a]]
LL

LL
2 (-1+ (-1)") LL

Out[48]=

n? 2

In[49]:= Module[{picl, pic2, pic2a, pic3, nn, 1L}, 1L = 2;

nn = 10;
picl = Plot[{ff2[x]}, {x, -1L, 1L}, PlotStyle » {{Thickness[0.007], Blue}}];
pic2 = Plot[{fft[ff2[#] &, x, 1L]}, {X, -5, 10},

PlotStyle » {{Thickness[0.005], Green}}, Exclusions -» Range[-10, 14, 4]];

nPi
pic3 = Plot[Evaluate[{caZ[O, 1L] +Sum[ca2[n, 1L] Cos[T x], {n, 1, nn}] +

Sum[cbZ[n, 1L] Sin[%x], {n, 1, nn}]}],

{x, -12, 14}, PlotStyle » {{Thickness[0.002], Black}}];
Show[picl, pic2, pic3, PlotRange » {{-4, 11}, {-1, 3}},
AspectRatio -» Automatic, ImageSize - 800] ]

3+

Out[49]=

We can clearly see the uniform convergence here.
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One interesting numerical series when we substitute x = L in the Fourier Series for this function:

L 2L & (-1+(-1)M n st 4L = (2k-1)
-+ — —Cos[—x} = — - — Cos —X
2 7 n? L 2 24 2k -1) L
L 2L & (-1+ (-1)"
L=—+— Cos[nrn] =
2 7T2 n=1 nz
L 4L & 1 L 4L 1
77—2 Cos[(2k-1) 1] = 7+—Z
2 2k -1)? 2 a2k -1)
Therefore
1 4i 1
2 g 2k -1)?
2 i 1
8 5 (2k-1)?
And from here we can calculate
© 1 2 1 © 1 © 1 121 21
S = — = + = + — —=—+-=S

Example 3

In[50]:=

Clear[ff3, n, LL, 1L, nn];

ff3[x_] = xUnitStep[x];

| 13

For this function we do not need to calculate the Fourier Coefficients. We know that they are (1/2) of

the coefficientsin E2 and E1.
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In[52]:= Module[{picl, pic2, pic2a, pic3, nn, 1L}, nn = 20;

1L = 2;
picl = Plot[{ff3[x]}, {X, -1L, 1L}, PlotStyle » {{Thickness[0.007], Blue}}];
pic2 = Plot[{fft[ff3[#] &, x, 1L]}, {X, -5, 10},

PlotStyle » {{Thickness[0.004], Green}}, Exclusions -» Range[-10, 14, 4]];

pic2a = Graphics|[{
{PointSize[0.015], Green,
{Point[{#, ©0}], Point[{#, 2}], Point[{#, 1}]} & /@Range[-10, 13, 4]},
{PointSize[0.01], White, {Point[{#, ©0}], Point[{#, 2}]} & /@Range[-10, 13, 4]}
115

) 1 1 nPi
pic3 = Plot[Evaluate[{; ca2[0, 1L] +Sum[; ca2[n, 1L] Cos[Tx], {n, 1, nn}] +

Sum[%cbl[n, 1L] Sin[% x], {n, 1, nn}]}],

{x, -12, 14}, PlotStyle » {{Thickness[0.00175], Black}}];
Show[picl, pic2, pic2a, pic3, PlotRange » {{-3, 7}, {-1, 3}},
AspectRatio -» Automatic, ImageSize - 800] ]

3+

Out[52]=
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Example 4
In[53]:=
Clear[ca4d, cb4, ff4, n, 1L, nn];

ffa[x_] = x* UnitStep[x];

wssi- cba[n_, LL_] = Fullsimplify[
1 nPi
—_ Integr‘ate[ff4[x] Sin[— x] , {X, -LL, LL}] » And[LL > @, n € Integers, n > 0]]
LL LL

LL? (2+ (-1)" (-2+n* %))

n3 3

Out[55]= —

1
insel= cad[@, LL_] = FullSimpli-Fy[— Integrate[ff4[x], {x, -LL, LL}], And[LL > 0]]
2LL

LL?
Out[56]= ——

6
n571= cad[n_, LL_] = Fu11$impli-Fy[

1 nPi
—_ Integr‘ate[ff4[x] Cos[— x] s> {X, -LL, LL}] » And[LL > @, n € Integers, n > e]]
LL LL

2 (-1)"LL?
outjs7) ———

n? 2
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In[58]:= Module[{picl, pic2, pic2a, pic3, nn, 1L}, 1L = 1;

Out[58]=

nn = 20;
picl = Plot[{ff4[x]}, {X, -1L, 1L}, PlotStyle » {{Thickness[0.008], Blue}}];

pic2 = Plot[{fft[ff4[#] &, X, 1L]}, {Xx, -5, 10},
PlotStyle -» {{Thickness[0.004], Green}}, Exclusions -» Range[-11, 14, 2]];

pic2a = Graphics|[{
{PointSize[0.01], Green,
{Point[{#, ©0}], Point[{#, 1}], Point[{#, 1/2}]} & /@Range[-11, 13, 2]},
{PointSize[0.007], White, {Point[{#, ©0}], Point[{#, 1}]} & /@Range[-11, 13, 2]}
115

nPi
pic3 = P10t[Eva1uate[{ca4[0, 1L] +Sum[ca4[n, 1L] COS[T x], {n, 1, nn}] +

Sum[cb4[n, 1L] Sin[%x], {n, 1, nn}]}],

{x, -12, 14}, PlotStyle » {{Thickness[0.002], Black}}];
Show[picl, pic2, pic2a, pic3, PlotRange -» {{-3, 5}, {-.1, 1.1}},
AspectRatio -» Automatic, ImageSize - 800] ]

1.0

0.8

Example 5

In[59]:=

Clear[ca5, cb5, ff5, n, 1L, nn];

ff5[x_] = xz;

Since we already calculated E4 we do not need to calculate the Fourier coefficients for this function.
We know that the sine coefficients are 0s and the cosine coefficients are double the cosine coeffi-
cients from EA4.
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In[61]:= Module[{picl, pic2, pic2a, pic3, nn, 1L}, 1L = 1;
nn = 10;
picl = Plot[{ff5[x]}, {X, -1L, 1L}, PlotStyle » {{Thickness[0.007], Blue}}];

pic2 = Plot[{fft[ff5[#] &, X, 1L]}, {x, -5, 10},
PlotStyle -» {{Thickness[0.005], Green}}, Exclusions -» Range[-11, 14, 2]];

nPi
pic3 = Plot[Evaluate[{z cad[o, 1L] +Sum[2 cad[n, 1L] COS[T x], {n, 1, nn}] +

nPi
Sum[asin[—x], n, 1, nn}]}], (x, -12, 14},
1L
PlotStyle -» {{Thickness[0.003], Black}}, PlotRange -» {{-4, 7}, {-.1, 1.1}}];
Show[picl, pic2, pic3, PlotRange » {{-3, 5}, {-.1, 1.1}},
AspectRatio -» Automatic, ImageSize - 800] ]

1.0
0.8
Out[61]=
Since the periodic extension is continuous, the convergence is uniform in this case.
Example 6

ne2;= Clear[ff6, n, 1L, nn];

ff6[x_] = x> Sign[x];

Since we already did E4 we do not need to calculate the Fourier Coefficients for this even function.
We know that the cosine coefficients are 0 and the since coefficients are double the sine coefficients
in E4.
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In[64]:= Module[{picl, pic2, pic2a, pic3, 1L, nn}, 1L = 1;

nn = 20;
picl = Plot[{ff6[x]}, {X, -1L, 1L}, PlotStyle » {{Thickness[0.007], Blue}}];

pic2 = Plot[{fft[ff6[#] &, X, 1L]}, {Xx, -5, 10},
PlotStyle -» {{Thickness[0.005], Green}}, Exclusions -» Range[-11, 14, 2]];

pic2a = Graphics|[{
{PointSize[0.015], Green,
{Point[{#, -1}], Point[{#, 1}], Point[{#, ©}]} & /@Range[-11, 13, 2]},
{PointSize[0.01], White, {Point[{#, -1}], Point[{#, 1}]} & /@Range[-11, 13, 2]}
115

pic3 = P10t[Eva1uate[{0+ Sum[a Cos[% x] > {n, 1, nn}] +

Sum[z cba[n, 1L] Sin[%x], (n, 1, nn}]}], (x, -12, 14},

PlotStyle » {{Thickness[0.002], Black}}, PlotRange » {{-4, 7}, {-1.1, 1.1}}];
Show[picl, pic2, pic2a, pic3, PlotRange -» {{-3, 5}, {-1.1, 1.1}},
AspectRatio -» Automatic, ImageSize - 800] ]

J

Out[64]= 1 ~




