Title: Introduction to Mathematica - Lecture 1a
Date: Sep 04, 2012 09:00 AM

URL: http://pirsa.org/12090041
Abstract:

Pirsa: 12090041 Page 1/98



W Mathematica File Lo et Format (el Coaphery
— -

Basics of Mathematica

Pirsa: 12090041 Page 2/98



Tue ® 17 AM §

_ M Mathemalica Inen Cell  Giaphgs ston  Paletien  Window  Melp

ann | Stvle
Chear Form,

Optian Ins

® Umtitied - |

[

Basics of Mat
Lon Sy

Show Fonts

Test Alignment
Tewl Justilicat

Word Wiapping

Pirsa: 12090041 Page 3/98



Tue @ 10 AM Q)

- ® Untitied - | . .
T S , W

| Mathematica File Ko imvert  Format  Cell  Graphics  Evaluation  Paleties  Window  Melp

Basics of Mathematica

Pirsa: 12090041 Page 4/98



Pirsa: 12090041 Page 5/98




Pirsa: 12090041 Page 6/98




Pirsa: 12090041 Page 7/98




Pirsa: 12090041 Page 8/98




_B_ Mathematica  File  Edn imvert  Format  Cell  Craphics  Evaluation  Paleties
L Ealal

Basics of Mathematica

| Shift + Enter

Pirsa: 12090041 Page 9/98



Pirsa: 12090041

W Mathematica  File  [dt imvert
nnN

Basics o

Equal signs

Cell  Craphigs  Evaluation  Paleties  Window

Title
Suttitie
Subsubiitle

PO ——
Chear Formatiing oN@
Option Inypecior XD

Srylesheet
Screen [nvironment
Ldit Styteshert

Show Forts
Tace
Size
Tewt Calor

Help

Page 10/98



Sin(x])“2+Cos[x]“2

Pirsa: 12090041 Page 11/98



W Mathematica  File [ invert  Format  Cell  Craphocy  Evabuation  Paleties  Wondow  H
-nn

Basics of Mathematica

Shift + E

Sin[x] "2+ Cos[x]*2

. 3
Cos [x]® - 8in[x]*°

Pirsa: 12090041 Page 12/98



LW Mathematica  File Uit insert  Format  Cell Craphics  [valuation  Paletier  Window  telp

1 sian!
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8[x_] = Simplify([x + 1]
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Simplify([Sin[x] "2+ Cos[x] "2]
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Simplify[Sin([x]? + Con[x]?]
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S[x ] = Simplify(x+1]
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Simplify(Sin(x] 2+ Con[x]"2]

1

Simplify[8in[x]? + Cos[x]?]

1

B[x ] = Simplify([x+1)
82[x_] 1= Simplify([x + 1]

l+x

l[Col[::]’ ‘S:m[::]’]

1+Cos(x)?«8in[x)?
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Simplify(Sin[x] "2+ Cos[x]~2]

sl il

1

B.hﬂp.'l..l.!:rls.in[)'.]z + CDl[T.]:]

1

B[x ] = Simplify[x+ 1]
82 (% ] 1= Simplify[x + 1]

1+%

s [Con [x]* + 8in[x]?]

1+ Con|x)?«8in(x)?

-z{t:o-(a;]’.sm[r.]’]
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Simplify([Sin[x] "2+ Cos[x] 2]

1

Simplify[sin[x]? + Con[x)?]

1

8[x ] = Simplify([x + 1]

82 [x ] 1= Simplify[x + 1]

s [Cos[x)? + 8in[x)?]

1+Cos[x)?+8in(x)?

lZ[Con{x]’.sinEn]i]
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E.L:n[.\.‘l..l!:(].S.i.n[r.]z + CDIIK]:]

1

6« ] = 8implify(x+1];

B2[x ] 1= Simplify[x + 1]

s[Cos[x]? + 8in[x]?]

3

1-Cos[x]?+8in(x)?

82 [Cos [x]* + Bin[x]?]
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Simplify[Sin[x] 2 + Cos[x] " 2]

Out[3)= 1

Simplify[sin(x]? + Cos[x)?]

1

In[12]):=
) s[x ] =Simplify([x+1];
In[10):=

82[x ] := Simplify([x + 1]

In|8):= '[COB [x]% + 8in [x]z]

Out|8)= ; il
! 1+Cos[x]? « 8in(x)?

82 [Cos [x]? +8in[x]?]

2
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In[10]:=
82[x ] 3= Simplify[x + 1]

il l[Col[x]’ + 8in(x]?]

Out(g)= P
il loCcu!'Lx]z~..'=i.m;:ttl2

82 [Cos [x]? + Sin[x)?]

2
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Out[13])=

In[14)=

Out[14)=

In[15):=

Out[15]=

Solve x+ 1= x2|
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Solvu[.+1==.’,.]

Out[16]=

{{x=3 @-v8)) fx-

Simplify

Solve
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Simplify

Simplify |expr]
performs a sequence of algebraic and other transformations on expr, and returns the simplest form it finds.

Simplify |expr, assum)
does simplification using assumptions.

. lMOi‘.L’ INFORMATION |

* EXAMPLES

* Basic Examples
D[Integrate[l/ (x"3+1), x],
1 -1e«2%x
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* EXAMPLES

Basic Examples
(1)

1

Simplify[%]
1
l+x

Simplify[S8in[x] ~2 + Cos[x] * 2]
1

Simplify can get further if assumptions are made about x:
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Options

Applications
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FullSimplify - Refine - Factor
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Expand - TrigExpand - PowerExpand
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ComplexExpand
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* TUTORIALS

» Simplifying Algebraic Expressions
« Simplifying with Assumptions
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f
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Simplify
Solve
Factor[x’ -1]

(=1 +x) (1+x)

Pirsa: 12090041 Page 30/98



Pirsa: 12090041

File_ Edit__Insent  Format  Cell  Gra

In[16):m

Out[16]«

In[17):=
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False
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Simplify

Solve
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In[18):=
list = {a, b, c)
Out[18])=

{a, b, ¢}

In[19)i=
b MatrixForm[list]

Out[19)MatrixForms

a
b
c

In[20]:=

matrix = {{a, b}, (c, d}}

Out|20]=
{{a, b}, {c, d})

Inf21);s

MatrixForm[matrix]

Out{21)/MatrixForms

nb\l

c d/
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In|28):=

{a, {b, c}, d}

Out{28)«

{a, {b, c}, d}
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TreeForm|[{a, (b, c}, d}]

Out{aZ)/TreeForms
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Flatten[{a, (b, c}, d}]

Out[34]=

{a, b, ¢, d}
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In[34);=
Flatten[{a, (b, c}, d}]
Out[34]«

{a, b, ¢, d}
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{a, b, €}
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In|38):=

Out[38)=

Flatten[{a, {b, ¢}, d)]

{a, b, ¢, d}

1ist[[1]]

list([([1;; 2]]

{a, b}

list[[-1]]
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Outf34)=

In|36) =

Out{36)«

In[a7):s

Outfar)e

In[38):s

Out[38)=

{a, b, ¢, d}

list[[1]]

list[[1;; 2]]

{a, b}

list[[-1]]

{a, {b, ¢}, d}[[2]]]
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list[[-1]]

{a, {b, ¢}, d}[[2]]

{b, c}

In|40):=
{a, (b, c}, d}[[2, 1]]
Qut[40]=

In[a41]:= Treerom[{u' {b, C]f d]]

Out|41)/TreeForms

® Untitled - |
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%X/ (x%2+1) /. x - Zeta[3]

Jut]43)=
Zeta|[3)
1+Zeta[3]?
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x/(x"2+1) /. x=> Zeta[3]
Out43)=
Zeta|3]
1+ Zeta[3)?

%/ (x°2+1) /. x -+ Zeta[3]

Infdd):=
Zeta[2Z]

Outj4d)=
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x/(x°2+1) /. x -> Zeta[3]
Dut[43)«
Zeta (3]
1+ Zeta[3)?

X/ (x"2+1) /. x-+Zeta[3]
In[46):=
N[Zeta[3]]
Out[46)=
1.20206
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%/ (x"°2+1) /. x -+ Zeta[3)
N[Zeta[3]]

1.20206

x/ (x°2+1)
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Out[43)=

In[46):=

Outf46)«

%/ (x*2+1) /. x => Zeta[3]

Zeta 3]
1+ Zeta[3)?

x/ (x*2+1) /. x-Zeta[3)
N[Zeta[3]]

1.20206

x/(x°2+1)
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In|46):=

Outf46)=

x/(x"2+1) /. x => Zeta[3)

Zeta (3]
1+2Zeta[3)?

x/ (x"2+1) /. x= Zeta[3]
N[Zeta[3]]

1.20206

x/(x"2+1)
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Zeta[3) =¥ Tisseing
1+Zeta[3)?

%/ (x°2+1) /. x-+ Zeta[3]

In[46):=
N[Zeta[3]]

Out|46])=

1.20206

" beiy ad Demeea

* Troweti'y,.

x/(x*2+1)

x
%2 +1
x

%2 +1

Plot [Zeta[z], (z
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In[47);=

Plot [Zeta[z] // Abs, {=, 1, 10}]
OutfaT)«
1.8
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x
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Plot (Abs [Zeta[l/2+Iz],
Out[50)=
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40

100

FindRoot [Zeta[1/2+1z2] ], {z, 20}

FindRoot::Istol ;

The line search decreased the step size to within tolerance specified by AccuracyGoal and PrecisionGoal

but was unable to find a sufficient decrease in the merit function. You may need
more than MachinePrecision digits of working precision to meet these tolerance

[
-

{z-21.022)
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FindRoot [Zeta[l/2+I 2], {z, 20}]

{z-21.022+1.07953x10 i}
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11

LTI T

100

In|54).:=
FindRoot [Zeta[l/2+I =], {=, 20}]

Out[54)=

1

{2+21.022 +1.07953x10 ** 1}

? FindRoot

FindRoot|f, (x, m]] searches for a numerical root of f, starting from the point x = .
FindRoot|lls == rhs, (x, )] searches for a numerical solution to the equation /s == rhs.
FindRoot|(fi, fa, ...l [ix; ), [y 30l -..}] searches for a simultaneous numerical root of all the fie
FindRoot|(eqn;, eqna, ...}, l[x, %), (¥, ol ...

searches for a numerical solution to the simultaneous equations eqni. oy

[ A

Pirsa: 12090041 Page 58/98



a File Edn  Insert  Format

Cell _Craphics  [valuation  Paleties Window  Help

M= pindRoot(Zeta(1/2+ 2], {z, 20}]

Outs4)=

{z-21.022+1.07953x10 * i}

lex(1ex(1ex))/.1ex=1

1+ (1+%x(1+x))
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In|57):=

Out[57)=

In[58):=

Out|58)=

insert _Format  Cell  Graphics  [valustion  Paleties  Window Melp

FindRoot [Zeta[1/2+ I =], (=, 20}]

{z-21.022 +1.07953x10 ** i}

e (lex(lex)) /e 1lex=1

1+%(1+x)

l+x (lex (lex))//e leax=1
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In[63) =

TreeForm [a ]

Out|B3Y/TreeForms
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In|66]):=

N [x]

Out|66)=

3.14159

N[a)

(Qem)2-2-x

Exp[l- =

] /. Exp[x ] - Exp[Simplify[x]]
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In[66]) =

N[rx]
Out[66]«

3.14159

In|67)=

N([a]

Out[6T]=

I|88) ;s

(Lem)2-2-7x

z:p[J.- =

] /. Exp[x ] - Exp[Simplify[x]]

Out|68)=
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Out{67)=

In|68):= (Le)2-2 -

Exp[]. -
n

] /.Exp[x ] - Exp[Simplify([x]]

Out(68)=

Exp[Simplify[x]]

(lem)2=2=-1
x

:xp[l -

] /. Exp[x_] :> Exp[Simplify[x)]

E-N_ N X
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In|69):
Exp[Simplify([x]]

Out|89)=

In[70);= (lem)2-2=-

nw

Exp[l -

] /. Exp[x ] 1> Exp[Simplify[x]]

Out[70)«

s3 [Cos [x]? + 8in[x]?]

83 [Cos [x])? « 8in[x)?]

82/[Cos [x]* + Sin[x]?]
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Out[72)«

In|73) /=

Out[73)«

In[74):=

Outf74)=

In[76):=

Out[76)=

In[77]:s

Out[77)=
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n// Cos

-1

N@ArcSin@Cos

-1.5708

N[ArcSin[Cos[x]]]

~1.5708

taphics  Lvaluation  Paleties

Window MHelp
® Ustitied - |

o dhapn leﬂl?f_ﬂ q_“
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In[74):=

Out[74)«

In[76)=
N@ArcSin@Cos @
Out[76])=

-1.5708

N[ArcSin([Cos[x]]]

-1.5708
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n[74):=

Qui[74)=

Inj76)i=
Ne@ArcSin@Cos @rx
Out[76]=

~-1.5708

TS e [Aresin[Cos [x]]]

Oul[77)=

-1.5708

In[78):=

£1([x ] =Cos[x] + Exp[x];
£4 =Cos[~] +Exp[#] &;

In[B80):=
£1[y)
Out|80)=

e’ « Cos|y)
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In[76):«
N@ArcSin@Cos@x

Out(76)=
-1.5708

N[ArcSin[Cos([7]]]

-1.5708

In[78]:=

£f1[x ] =Cos[x] + Exp[x];
£4 =Cos[#] + Exp[~] &;

In{B0}:=
£1[y]
Out|80)=

e’ + Cos [y]
In(81]:«

f4(y]
Outdi)=

e’ « Cosly]
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In|B6):=

Qut{8f)=

IN[87):%

Out(aT)=

In[90]:s

In]94]:

5// (Cos[#] +Exp[~] &)

¢® + Cos (5]

Cos[x])? + S8in[x)? // Simplify([~ +1] &

£2 = 217 gy
£3[x , v ) =x';

£2(2, 3]
£3(2, 3]

* Untitled - |

o dneeyeds Tue J0JIAM G

Page 71/98



r_ Mathematica  File  Edin_ Insen  Format | Craphics  Evaluation  Paleties  Window Help
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Out|87)=

In{90): :
£2 u 21 &3
£3(x_, y.) =x'y
In|9d):=

£2(2, 3]
£3(2, 3]

W_”Wllbwwm it

Ticauci o
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Out(a7)a=

In{90] = ;
£2 u 21™ &3

£fi(x , yv.] =x¥;
In|d) =

£2(2, 3]
£3(2, 3]

Out[95)=
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Inje7)i=

Cos[x])? + 8in[x])? // Simplify([~ + 1] &

Oul[B7]«

In|90): =
£2 = 21

£3(=

In{*i-l] -
£2(2, 3]
£3(2, 3]
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In|87)=

('.:t'.vl[x]‘I d»sin[x]’ // 8implify[~ +1) &

Oul[8T)«

In|90):= 2
£2 = 217 &3

£3[x_, ¥ 1=x¥;
In[04) =

£2(2, 3]

£3(2, 3]

1n[96):=

Out|e7)=
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n[87):=

Cos[x)? + 8in(x]? // Simplify[~ + 1) &

Oulja7)=

In|90]:= :
£2 = 21 &3
£3[x_, ¥ ]=x7

1n[94] =
£2(2, 3]
£3(2, 3]

Out|96]=

Out|87]=
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f4 = S8in[11) Exp[l] &

Distrbute and Headers

In[102):=

{a, b, ¢, d} // FullForm
Out[102/FullForm

List|a, b, ¢, d]

In[104)

he{a, b, ¢, d} // FullForm
Out[104)//FullForma

hiList[a, b, ¢, d])

In[105):=

h/e{a, b, c, d}
Out[105)=

{h[a], h[b], hic], h(d])}
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File _Edin__insert  Format  Cell  Craphwiy  Evaluation

f4 = Sin[ul) Exp[i1l] &

1t et s gt

Paleries

b el

Distribute and Headers

In[102);:a

{a, b, ¢, d} // FullForm

Qut[ 102/ FullForm

Liat:a, b: C, d],

In{104):s

he(a, b, ¢, d} // FullForm
Out[104)/FullForm

thistI_u; b, c, d}]

In[108):=

h/e{a, b, c, d}
Out[105)=

{h{a], h(b], hic], hid]}
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h/e{a, b, c, d)

Out[105]=
{h{a), hib], hic], hid])

IN[107):w

h/@{a, b, c, d} // TreeForm

Out[107)/TreaForm

Wondow Melp

® Untitled- |

- N X
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In]108):=

Out|108)=
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Out[109)/TreeForms
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hia) - h(b] +h|c] + h|d)

In[111)=

Cos[x] // TreeForm

Out[111)/TreaForm

Paleties

Wondow Melp
* Untetied- |

P
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4 drepe Ter J0 qu

Out[110)=

h{a)l +h(b] +h[e] + h|d]

In[112)s

Sin @@ Cos [x]
Out[112)=

Sin|[x)

In[114).=

Plus @@ {a, b, c, d}
Out[114)«

a+b+c+d
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hia] +h|b] +h|ec] + h|d)

In{112):x

Sin 0@ Cos [x)
Out[112]=

8in|[x)

In]114):=

Plus @@ {(a, b, c, d)
Out[114)=

a+b+c+d

Times @@ {a, b, c, d)

abecd

Times 0@ -1, -1
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| Mathematica File [t Insent Formal

Out{114)«

In[115):=

Out115)

In[116) =

Qut[116)=

Plus @@ {(a, b, ¢, d}

a+b+c+d

Times 0@ {a, b, ¢, d)

abcd

Times @@ (-1, -1, 2, 3}

il &

[valuation  Paleties

Window Melp
* Ustitied - |

Ve

@ dnwpis  Tee J0 34 AM
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In[120):=
h/ef[a, b, c, d, e]
Out[120)=

f(h{a], h{b], hic], h(d], hle]]
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In]120]:=

h/efl[a, b, c, d, o]

f(hla), h(b], hic], h(d], hle]]

£[2, 3) +£[3] /. £[a_]1 =0

£(2, 3]

£[2, 3] + £[3)
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f[Cos[a]]

In[121])=

£(2, 3) +£[3) /. £[a ] =0
Out[121])=

£(2, 3]

£(2,3)+£[3) /. f[a_, b ] =0

Out[122]«

£(3]
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In[124] =

J+f[Cos[a)) /. £[a 10

Out[124)«

In[121);=

f[2, 3) +£[3) /. £[a 1 =»0
Out[121])=

f(2, 3]

In|122)i=

£[2, 3) +£[3) /. £[a_, b ] =0

Out[122)s
£(3)
In[1:25) =

£[(2, 3] +£[3) /. £[a_] =0

Out]125)=
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In[121);a

£(2, 3] +£(3) /. £[a_]1 =0

Out[121])=

£(2, 3)

In[122)i=

£[2, 3] + £[(3) /. £[a_, b_ ] +0

Out[122)=

£(3)

£[2, 3) + £[3] /. £[a_] =0

£(1,2,3,4)+£(2,3,4)+£[3,4) £(3,5)+£[5]+£[4) /. £[a_, 4] =0
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Out{121)«

In[122]:=

£(2, 3) +£(3) /. £[a_, b_ ] =0

Out[122)=

£13]

£(2, 3] +£[3) /. £f[a_]1 =0
Out|125]=

In[120):

£[1,2,3,4)+£[2,3,4)+£[3,4] +£[3, 5] +£[5] +£[4] /. £]

s 41 -0
Out]126)s

£(4] - £[5] «£(3, 5] - £(2, 3, 4] - £[1, 2, 3, 4]
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In[126):=

£[1, 2,3, 8] +£(2, 3, 4] + £[3, 4] + £(3, 5] + £[5] + £{4] /. £[
Out|120]«

£(4) -+ £[(5) - £(3, 5] +£(2, 3, 4) -+ £(1, 2, 3, 4]
I[127):

£[1,2,3,4)+£[2,3,48)+£[3, 4] +£[3, 5] +£(5] « £[4) /. £[
Out[127)=

£(4) -+ £(5) +£[3, 3]
In[128):=

£[1,2,3,4)+£[2,3,4)+£[3, 4) +£[3, 5) + £[5] + £[4] /. £]

Out{128]=

£(5] - £(3, 5)

£[1,2,3,4) +£[2, 2, 4] +£[3, 4] + £[3, 5] + £(5] + £[4] /. £[
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£[1,2,3,48)+£[2,3,48) +£[3, 4] +£[3, 5] + £[5) + £[4) /. £

£(4)+£[5] «£[3,5)«£(2,3,4]-£[1, 2, 3, 4)

£[1,2,3,8)+£[2,3,4)+£[3, 4) +£[3, 5) + £[5) + £[4] /. £][

£(4) + £(5] + £(3, 5]
In[128);=

£fl1,2,3,4)+£[2,3,4)+£[3,4) +£[3,5) +£[5] +£[4] /. £]

Out[128]=

£(5] + £(3, 5)

In[129]:=

£[1,2,3,4)+£(2,2,4) +£[3,4) +£[3, 5] + £[5] + £[4]) /. £]

Oul]129)s

£(4) - £(S5) +£(3,4) - £(3,5)+£(1, 2, 3, 4)
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In{129]

£[1,2,3,4)+£(2,2,4)+£[3,4)+£[3,5)+£[5]+£[4) /. £f[a_, , 4] =0

Out[120)«

£(4) - £[5) «£(3, 4] + £(3, 5] «+£(1, 2, 3, 4]
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Qut|[128)«

In[129):=

£[1,2,3,4)+£[2, 2,4) +£[3,4) +£[3,5)+£[5]+£[4]) /. f[a_, s 4] =0
Out]{129)«

£(4) +£(5] - £(3, 4) - £(3, 5] - £[1, 2, 3, 4)

In[134]=

£(1, 2,3, 4) +£[Cos[y), Cos[y), 4) +£[3, 4) + £[3, 5] + £[5]) + £(4) /. £[s , & , 4] =0

Out]134]=

£14) ~£[5) +£(3, 4) -+ £(3, 5] -+ £[1, 2, 3, 4]
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Out[128)«
£(5) - £(3, 5)
In[129):=

£[1,2,3,48)+£[2,2, 8] +£[3, 4] +£[3, 5]+ £(5) +£(4) /. £[a_, & _, 41 =0
Out[120)=

£(4) +£(5)+-£(3,4)+£(3,5)+£[1, 2,3, 4)

niupniou

£[1, 2,3, 4] + £[Cos[y], Cos[y), 4] + £{3, 4] + £[3, 5] + £[5] + £[4] /. £[

’
Out{134)=

fi(4) « £[5] -« £[3, 4]+ £[3, 5] + £(1, 2, 3, 4)

Pirsa: 12090041 Page 96/98



a filg_ (dn_ imert  Fformat  Coll  Craphais  [valuation  Pabeties  Window Welp S MO | e e dnepn Tew J048 AM
* Uetitied - |

Out|128)«

In[129):=

€[1, 2,3, 48] +£(2,2, 4] +£[3, 4] +£[3, 5] + £[5) + £[4) /. £[a , & _, 4] =0
Out[129])=

£(4) + £[5) - £(3, 4) -+ £(3, 5] - £[1, 2, 3, 4)

niupniou

In[134) =

£[1, 2,3, 4] + £[Cos[y], Cos[y), 4] + £{3, 4] + £[3, 5] + £[5] + £[4] /. £[

Out[134)=

Cos[x+1] (x+1) +8in(z] /.1 +x =Y
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In[135).«

Out[135)=

In[136):=

In[130) =

Out[139)=

® Ustitied - |

£(4] +2(5] +2(3, 4) +£(3, 5] +£(3, 2, 3, 4)

Cos[x+1] (x+1) +8in(z]) /.1l +x =y

X+ (l+x)Cos|l+x]+10.8in(z] »y

Cos[x+1] (x+1) +8in[z] /. le+x=+Y¥y

yCos|y) + Sin|z)

£[1, 2,3, 4] +£[Cos[y], Cos[y], 4] + £[3, 5, 4] + £[3, 5] + £[5] + £[4] /.
fla , b , 4] 1f[la=nb, 0, fla, b, 4]]

£(4]) - £(5) «£(3, 5] - £[Cos [y], Cos[y], 4] « £[1, 2, 3, 4)
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