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D[é[x, y], {x, 2}]
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D[xCos[x], x]
D[xCos[x], {x, 2}]

Cos[x] - xSin[x]

-xCos[x] -28in[x]
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D . 9@ S9C & ¢

D[xCos[x], x]
D[xCos[x], {x, 2}]

Cos[x] - xSin[X]

-XCos[x] -28in[x]

D[é[x, ¥], {*, 2}]
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Ox (x Cos[x])
6{,;,2} (x Cos [x] )

Cos[x] - xSin[x]

-XCos [x] -28Sin[x]

a{):,2} d[x, v]
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Leq = a{x,z}d’[xr Y] "'a{x,y}qb[xr Y] +Exp[-2¢[x, y]];l
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Leq = O(x,2}¢[x, Y] +O(y,2;¢[x, Y] +Exp[-2¢[x, Y]];

¢0 = c L
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Leq = O(x,2}¢[x, Y] +O(y,2;9[x, Y] +Exp[-2¢[x, Y]];

l-g[x+Iy] f[(x-1Ivy] ]

O=c¢cL
\ : og[dg'[x+Iy]:E'[x—Iy]
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Leq = O(x,2}¢[x, Y] +O(y,2;¢[x, Y] +Exp[-2¢[x, Y]];

l-g[x+Iy] f[(x-1Ivy] ]

O=cL
\ : og[dg'[x+Iy]:E'[x—Iy]
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Leq = O(x,2}¢[x, Y] +O(y,2;9[x, Y] +Exp[-2¢[x, Y]];

l-g[x+Iy] f[(x-1Ivy] ]

O=cL
\ . og[dg'[x+Iy]:E'[x—Iy]
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Leq = O(x,2y¢[x, Y] +O(y,23¢[x, Y] +Exp[-2¢[x, Y]]}

l-g[x+Ivy] f[x-1Ivy] ]
dg'[x+Iy] £f'[x-1IY]

] = cLog[

blabla =5
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Leq = a{x,2}¢"[xr Y] "'a{y,Z}d’[xr vy] +Exp[-2¢[x, v]];

.
r

l-g[x+Ivy] f[(x-1Ivy] ]
dg'[x+Iy] £f'[x-1IY]

] = cLog[

blabla =5
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Leq = a{x,2}¢[xr y] +a{y,2}¢[xr vy] +Exp[-2¢[x, v]];

ClearAll [¢0]

l-g[x+Ivy] f[x-1Ivy] ]
dg'[x+Iy] £'[x-TIy]

] = cLog[

blabla =5
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P o L BOC . ©

ldg'[x+Iy] £'[x-TIy]d

e 20lx/y] Cb(z'o) (%X, v] +¢(Y;0) (X, V]

Leq /. ¢ > f0[x, v]

e 2 t0[x,y][x,y] | £f0[x, V] (2,0) (x, y] + £0[x, v] (y,0) (%X, v]
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l1-g[x+Iy] f[x-Iy] ]
dg'[x+Iy]lf'[x-TIy]

.
4

] = cLog[

e—Zfb[X:Y] +®(2r0) (X, V] _+_(D(Yr0) (X, V]

Leq //. ¢[x , v.] »¢0[x, ¥]

l1-f[(x-1y]g[x+1y])2¢

(2,0) (y,0)
df,[x—RY}g’[X'*]ly:' +Cp [XIY]J”(b [X;YJ
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¢(2:0)
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MRS "0 VT

‘%9 [x, y] // FullForm
¢[x, y] // FullForm

Derivative[2, 0] [\[Phi]] [x, V]

\[Phi] [x, y]

Leq//. ¢[x_, v ] »¢0[x, ¥]

(1-f(x-1y]g[x+iy]) 2¢

+(2,0) 4 (¥,0)
Adf’[x—iy]g’[x+iy] + @ (X, Y] + 0@ (X, Y]
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¢(2:9 [x, y] // FullForm
¢[x, y] // FullForm

Derivative([2, 0] [\[Phi]] [x, V]

\[Phi][x, y]

Leq//. ¢ - ¢0

1-f(x-iy]g[x+iy]) 2¢
df (x-1y] g [x+1y]

cdf (x-iylg[x+iy] (-g(x+iy] £[x-iy]-£[x-iy]g [x+iy])

glx+1iy] £f'(x-1y]-f(x-1y]g'(x+1y] (l1-f[x-1y]g(x+iy]) f'[x-1y]
df' [x-1y] g [x+1Y] df [x-1iy]%?qg [x+1y]
l1-f[x-1 [x + 1 x4+ 1 | ) ) .
: | “y]g. ,,Y]).g - 4 /(l—f[X—lngxwy])z»
df' [x-1y] g [x+1y] /
. 1 : Cdg'x+lylf”x—ly] ‘g;x*1Y]f;x‘l‘Y]‘f’[x‘:‘LY]g[x‘rlY] -
l1-f[x-1y]g[x+1y] df [x-1y] g [x+1Y]

[ * [~ el el 0 oA arl N F T A owrl /1 + [~ aar]l Al 9wl N A T o ]
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l-g[x+Iy] f(x-Ivy] ]
dg'[x+Iy] £f'[x-1Iy] d

] = cLog|

Leq//. ¢+ ¢0 // FullSimplify

(1-f(x-1y]lg(x+1y]' 2‘-‘_ dcf [x-1y]g(x+1y]
df [x-1y] g [x+1y] (-1+f[(x-1ylg[x+iy])?
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ClearAll [¢0]

r

l-g(x+Iy] flx-Ivy] ]
dg'[x+Iy] £'[x-Ivy]

¢0[x_, v ] = cLog|

Leq//. ¢ ¢0 // FullSimplify

1-f(x-iy]g(x+1iy]) 2°¢ dcf' [x-1y]g'(x+1y]
df' [x-1y] g (x+1iy] (-1+f[x-1y]g(x+iy])?

Leq//. 90 /. c-1//FullSimplify

f'ix-1y]l g ([x+1y] (—4»d2f’[x--iy]g’[x+iy])
(-l+f(x-iy]g[x+iy])?
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P e L ¢ "0 "

Leq=6{x’2}¢[x, vl +6{Y,2}¢{x, y] +Exp[-2¢([x, v]];

ClearAll [¢0]

(1-g[x+Iy] £[x-Iy])?;
dg'[x+Iy] £f'[x-IYy] '

$0[x_, v ] = cLog|

Leq//. ¢+ ¢0 // FullSimplify
((-1+f(x-1y]g[x+1iy])?|2° 8cf(x-iy]g[x+1iy)]

df [x-iy] g [x+iy] | (-1+f[x-iy)g[x+iy])?

leq//. ¢-2¢0 /. c21/2/.d->4//FullSimplify
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Leq = O(x,2)®[x, Y] +O(y,2)¢[x, Y] +Exp[-2¢([x, y]];

ClearAll [¢0]

(1-9h+IY]ﬂx-Iﬂ)w.
dg'[x+Iy] f'[x-IYy]
1 (1-9H+Iy]ﬂx-1ﬂ)2y

@0 [ ’ ] = - Log ; p
2 4g'[x+Iy] £f'[x-Iy]

¢0[x_, v ] = cLog|

Leq //. ¢ - ¢0 // FullSimplify

((-1+f[x-1y)g[x+iy])?)| %€ Bcf [x-1y] g (x+1iy]
df' [x-1iy]g[x+1iy] | (-1+f[x-1y]g[x+iy])?

Leq//. ¢+¢0 /. c>»1/2/.d-+4// FullSimplify
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Leq = O(x,2}®[x, Y] +O(y,2)¢[x, Y] +Exp[-2¢([x, y]];

(1—g[x+1y1f[x—ry1)’]_
dg'[x+Iy] £f'[x-Iy]
1 (bg[u:y]ftx—:y])’].

]=c1-og[

] = - Log
2 4g'[x+1Iy] £f'[x-1Ivy]

Leq //. ¢ @0 // FullSimplify

Leq//. ¢-2>¢0 /. c>1/2/.d->4// FullSimplify
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Leq //. ¢ > ¢0 // FullSimplify

¢0[x, y] /. {£-, g—};

f

(1-f(x-1iy]lg[x+1iy])?

4 f'x-1yl g [x+1Yy]

1
Lo
2 g9
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Leq //. ¢ > ¢0 // FullSimplify

f by identity, f[x]=x
g by glx] = x°

¢0[x, vyl /. {(£-l, g-};

(1-f[x-1y]g[x+1y])?

4 f"[x-1y]l g [x+1Yy]

lLO
5 HO9
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1 (1-f[x-iy]lg[x+iy])?
2 % T Fx-iy] g [x+1iy]

$0[x, y] /. {£>1};
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g’ [x+1y]

¢0[x, y] /. {£[z_] » z}

¢0[x, y] /. {£f[z_] » 2}

1 (1-(x-1y) g[x+1y])?

I
279 4 x-iylg(x+iy]

f'[x-1y] // FullForm

Nardsra+axral 11T TF] TDTire v Mimac ([MAamnTlav N
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4f'[x-1y]g'[x+1Yy]
¢0[x, y] /. {£[z_] » z}

$0[x, y] /. {£f[z_] -» 2z}

1 (1-(x-1y) g[x+1iy])?

I
279 4 x-iylg(x+iy]

f'[x-1y] // FullForm

Nardsra+axral 11T TF] TDTire v Mimac ([MAamnTlav N
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4 f'(x-1y]g'[x+1Y]
¢0([x, y] /. {£f[z_] - 2z}

F[

$0[x, y] /. {f- (#&), g~ (#* &)}

(l— (X - 1Y) (x+iy)2)2}

8 (x+1vy)

Page 34/68



= 7]

Friday Morning Part 1.nb

- - g

dlix , ]=¢0[K:Y]/-{f"( &)rg-’(z&)}

1

(1-(x-1y) (x+iy)2)2}
2

Logl 8 (x+1Y)
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? Plot - Wolfram Mathematica

ref/Plot

Scope

Generalizations & Extensions
Options

Applications

Properties & Relations

Neat Examples

DiscretePlot ListLinePlot = ParametricPlot PolarPlot - PlotldD  ContourPlot Graphics  Show

’lC from Xmin tO Xmax»
)ts several functions f;.
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7 I g 4 0
T
1 . ‘ )

AR 3 n ' ' 2
P 41y (1 +er+21y+e4ny)
16

L
2 °8

Plot3D[¢1l([x, v] // Im, {x, O, 1}, {v, O, 1}]

]—I.X l()—lﬁ

|

10
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0

I

1}, {v

r

0

r

v1 // Re, {x

- r

Plot3D[¢1[x
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_ -5 o

Y Ry . 2
e4ny(1+62x21y+e4ny)}

lLoll
2 799 16

analytic = Plot3D[¢1l[x, v] // Re, {x, 0, 1},
{v, 0, 1}, PlotRange -» All, PlotStyle - Red]

0.0 0.5 1.0

T ——
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____imonm i
*eSsq.* .

Leq //. & - ¢0 // FullSimplify

pl[x , 1]=¢0[x, v]/. {£f-> (1L +Exp[2#] &), g (1l +Exp[2#] &)} // FullSimplify;

analytic = Plot3D[¢l([x, v], {x, O, 1}, {v, O, 1}, PlotRange - All, PlotStyle - Red]
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Partial Differential Equations

Analytics

Leq = O(x,2)¢[x, ¥y] +O(y,2)¢[x, y] +Exp[-2¢([x, ¥]];

1

(l-g[x+Iy] f[x-Iy])?
ELOg[ .

4g'[x+Iy] £'[x-1Iy]

Leq //. &> ¢0 // FullSimplify

pl[x , ]=¢0[x, v]/. {£f-» (1L +Exp[2#] &), g-» (1 +Exp[2#] &)} // FullSimplify;

analvtic = Plot3Dld1 x. . " A N . 0. 1}Y. PlotRanae -+ All. PlotStvle » Ra:‘i]
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Partial Differential Equations

Analytics

Numerics

Leq

2‘-‘“[":}'] r2,0|

(X, Y]

r0,2|:
e + ¢ (X, Y] + ¢
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Partial Differential Equations

Analytics

Numerics
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e 201l L 902 [x, y] +02% [x, y)

G[n ] :=G[n-1] +nG[n-2];
G[0] =1
G[1] = 2

.
r
.
r

G[100]

35696
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-1] +nG[n-2];

G[100]

253432098810473036968111090447973896728572522374012678663012251 250290473
349127602176

?G

Global™G
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Anaics

Numerics

(2,0)

Pyl 4 00 (x, y) + 0% [x, y)

G[n ] :=G[n] =G[n-1] + nG[n-2];
G[0] =1;
G[1] = 2;

253432098810473036968111090447 973896 728572522374012678663012251250290473 -
349127602176
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Analics

Numerics

Leq

e 2o(x,y] | {i)l'O'ZJ

] t=G[a] =G[a-1] + nG[a-2];

G[100]

253432098810473036968111090447973896728572522374012678663012251250290473 -
349127602176
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Analytics

Numerics

Leq

e 201x¥]l L 5002 1%, y] + 920 [x, y]

1
~ Exp(-2¥([2-1][x, 71] |
A

G[n_] :=G[n] =G[n-1] + nG[n-2];
G[0] = 1;
G[1] = 2;

G[100]
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Analftics

Numerics

Leq

e 2‘.":[)(,y| " !bI'G'ZJ ix' y] n ¢I'2,O!

Yo ]
W

[
1
4

1
-1 * -, +
(#ta-11[xe =, y] ewi
1
— Exp(-2¥[a-1][x,
A
G[n ] :=G[n] =G[n=-1] + nG[

G[0] =1;
G[1l] = 2;
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I
LW _oq Boc

4

1.
— Exp(-2¥[a-11[x, 711
A

Table[{n, ¥[n][5/A, 10/A]}, {n, 1, 300}] // ListPlot

ClearAll [G]
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' - -
g o

d L

1.
— Exp(-2¥[a-11[x, 711
A

Table[{n, ¥[n][5/A, 10/A]}, {n, 1, 500}] // ListPlot
"

ClearAll [G]
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Table[({

1§

=y R]”Re}'{ . 1, A}, {k, 1, A}

Friday Morning Part 1.nb

o8y 8)s A

]}
]}
]}
'}

¢ 1, 4}]

’ ‘;11' 3r H[l! 3]
{2, 3, H[2, 3]

’ ‘i3r 3r H[3l 3]
r ‘:4r 3r H[4l 3]
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e .® .

Flatten['l‘ahle[{ r Je H[1, 31}, (1, 1, 4}, {3, 1, 4}]]

{1, 1,H8(1,1),1, 2, (1, 2], 1, 3, (1, 3], 1, 4, H[1, 4], 2, 1, H[2, 1], 2,
ZFH[ZF 2]!21 3IH[2f3]l2.’ 4IH[2'4II3I lfH[3i l]l3f ZIH[3'2]!3F 3]’
H:3’ 3]! 3' 4!’ H:3f 4]1’ 4' lJ’ H:4' llf 4' 2" H:4’ 2]! 4! 3' H:4f 3]1’ 4' 4’ H:4f 4]}

?Flatten

Flatten|/ist] flattens out nested lists.
Flatten|list, n] flattens to level n.
Flatten|list, n, h] flattens subexpressions with head .
Flatten|list, {{s11, $12, ...}, {821, 822, ...}, ...}
flattens list by combining all levels s;; to make each level i in the result,
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S
P IeE L ¢ "0 "}

Flatten[Table[{i, 7, H[i, 11}, {1, 1, 4}, {3, 1, 4}], 1]
Flatten[Tahle[{l—\, = u'r[m][l—\, R] e Re}, '3 PO TN O B A}], 1]

’
A

ClearAll [G]
G[n_ ] :=G[n] =G[n-1] +nG[n-2];

G[100]

253432098810473036968111090447973896 728572522374012678663012251250290473
349127602176
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P e L ¢ "o0 "}

num [ ] =ListPlot.‘SD[Flatten[Tahle[{z, A [ ][E' 1_\] // Re}, {i, 1, A}, (k, 1, A}], 1],

PlotRange -+ All, PlotStyle - Opacity[.5] ]

num|[5]
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A A A

PlotRange -+ All, PlotStyle » Opacity[.5] ]

Show[num[5], analytic]
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Friday Morning Part 1.nb
L® [
a < r
A A
PlotRange - All, PlotStyle - Opacity[.5] ]

ul; <

Show[num[#], analytic] & /@ {5, 50, 100, 200}

- ‘,."'
1000
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"

; ol
num[m] = ListPlot3D Flatten['rahle - v - —] // Re ¢ 0, A}, {k, 0, A}
A A A A

PlotRange - All, PlotStyle -» Opacity[.5] ]

Show[num([~], analytic] & /@ {5, 50, 100, 200}

.00 5 0.0 o
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100, v 1 =91[0, ¥];
11, v.1=¢1[1
1(
10

r Y]
IO]:¢1[xl°1;
s 1] =l [x, 1]

=2

1 1 1

(wea-11[xe =, y]ewta-11[x- =, y] eutap 1) [, *i]’“ -1 = -R]+%zxp[-zw[ -11(x, ¥11]s

num(m ] := num[m] =Listplotsn[rlattan['rableHR, a4 ][;. R] /1 Ra}, {i, 0, A}, {k, O, A}], 1].
PlotRange - All, PlotStyle -+ Opacity[.5] ]

Show [num[~], analytic] & /@ {5, 50, 100, 200}
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=¢1[0, v];

= ¢l [1r YJ

=¢l[x, 0];
¢ 1]

=¢l[x

1

=, y] +wtaz11[x *i]’“ -1 = ‘R]*}l(;““p['“’[ -11(x, ¥11]3

num([m ] := num[m] =Listplotsn[rlattan[Table[{;, =il ][;. R] /1 Re}, {i, 0, A}, {k, O, A}], 1],

PlotRange - All, PlotStyle - Opacity[.5) ]

Show [num[~], analytic] & /@ {5, 50, 100, 200}
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» . 94 B¢

num[m ] :=
num[m] =

ListPlot3D[

f

Flatten['].‘able[{j—\, 1_\' Y [m] 1_\' 1_\ // Re},

(i, 0, A}, {%, O, A}], 1], PlotRange - All,

PlotStyle - Opacity[.5] ]

Show [num[#], analytic] & /@ {5, 50, 100, 200}
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num[m ] :=
num|[m] =

v 2l oo wm™m _.L"lnr

I

:+w[

_1]'

~ Exp[-2¥[2- 111, ]1);
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num[m ] :=
num[m] =

ListPlotBD[

Flatten['rable[{z, o ¥l ][X; Z] i s Re},

(i, 0, A}, {k, O, A}], 1], PlotRange - All,

PlotStyle - Opacity[.5] ]
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