1- First steps with Mathematica

FIRST STEPS WITH “MATHEMATICA”

1.1 Creating a document (Notebook)

v Starting and finishing a session

* File// INew//Notebook
These are the steps that have to be followed to create a document:

Edit Insert Format Cell Graphlcs Evaluation Palettes  Window He

Motebook (.nb) Ctr+N

Open... Crl=0 Slide Show
Close Ctrl+F4 Demonstration
ol All Shift=Clrl<F4

i ! ' Styled MNotebook...
Save Ctrl=S
Save As... shift+Ctrl+5 FreeCDF (.cdf]
Save Selection As... Package {.m]
Revert... Texl File (kL)
Install...
Send Ta...
Printing Settings »
Print... ctrl=F
Print Previews .
1 PO1-Frimero.. hamatica.nb

« File// Open

It is used to open a document that is already created.
* File// [[Save//Save as

It is used to save a document.

* File// Printing Settings

Itis used to insert headers and footers.

* File// Print

It is used to print a document.

v Writing in a document
~ Palettes// WrittingAssistant-Palets//BasicMathAssistant

We can use palettes to make easier writing in a document, making plots, changing the format of the cells, etc.
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1- First steps with Mathematica

v Calculat_or @ ¥ ‘\Writing and Formatting @
Basic | Advanced | Create New or Modify Selected Cell
i Title Cell - |[section cells |~
4 o i -] < Documentstion [ = ][ s ]
Text Cellz v || Math Cells -
| O A [ I ]
4 5 6 >< - %"T & i Start Slide End Slide Fage Break
2|z |z sl sl Cell Modifications
Merge Cells Divide Ceall
0 Bl 4 fam ol =L 1
Group Together Group Hormall
Tab Enter TraditionalForm £1rd £ d
Text Properties
Input fram Above Create Input Cell E ! u AT al Font...
Output from Abowve Create Text Cell Text Calor = Clear
Command Complete Make Template cell Properties

[ Background - ][ Frame = ][ [o=Tial ]

Paragraph Properties

® == e Lty B [

o 1l an | Notebook Properties and Actions
- - Find... Spelling...
Mathematical Constants
- o = o 3 o Matei= [ Content . ][Appearance . ]

Mumeric Functions Stylesheet Chooger...

M Abs Ceiling Found

Drawing Tools...
oo e Rl ‘

Elementary Functions

& Lo io® Loglo :
2 2 ¥ Typesetting ®
Sinh Cozh Tanh - - Sl .
o | i
Trigonometric Functions L] ca ff | ® =Y
Sin Cos Tan Cot o
o : Ve Ve m [w
ArcSin ArcCos ArcTan - w o= o (m) || =]
o
Integer Functions b : [] : & : (my m
o

Divizars Factorial

GCD LoM Prirme “m o= Om

Random Functions

]
mul
"

x
=

o
RandaornInteger Randormchaoice oa to al El et

T — adenll izl "

o [u] [u u] I W

% a = =

- o =

¥ Typesetting @ B LA £a 2o

| op| x| =]y fota | fota E,o IE.o

C R - R R

L i g “ i
2 : : a2 bewsd o v Help and Settings
Screencast: Using the Writing Assistant =
“m om = om § g [

| | Mathematica Learning Center

oo [o o] El =3o

Appearance;
s Ga [ {22 ] @ 1 © voma
=z a O Condensed
dg 0 Ao 0 ; ; Lo0% ~

* Format// Style//
It is possible to give a different style to each of the cells.
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1- First steps with Mathematica

I 1.2. What is MATHEMATICA?

¥ An interactive program
This is a section.
* Input/Output
This is a subsection.

2= 1+ 1

This is an “input”.
outf2l= 2

This is an “output”.

save, print, and so on.

* Window// Show Toolbar
Using this toolbar, it is easy to access the possibilities to change styles:

Text w E%

v Information and Help
* Help// Find Select Function
» Help//Function Navigator/Mathematics and Algorithms or Documentation Center

(1|
(1l
Nl
w
Fs
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1- First steps with Mathematica

Fl...] Function Navigator %= Wirtual Book

FUNCTION NAVIGATOR
SEARCH | | §|

= Corc Longuagc

¥ Mathematics and Algorithms

¥ Visualization and Graphics
» Data Visualization
® Functon Visualization
® Graphs & MNetworks
¥ Charting and Infarmation Visualization
®» Dynamic Visualization
» Graphics Options & Styling
» Graphics Interactivity & Drawing
» Symbolic Graphics Language
» Computational Geometry
® Graphics Importing & Exporting

& Sgunc and Sonifizatior

» Data Manipulztion

¥ Cnmputahle Nata

] Function Navigator - Wal... - [3[X| £ mathematica - Wolfram Mathematica
<Ib ) ) ) s |

B | Satking Stated videos »

CORF I ANGUAGF

Wolfram Mathematica §

DOCITTMENTATION CENTER

'_ Find rou: Lasrming Patk o Q::ﬁ Tpar Wik

MATHEMATICS AMD ALGORITHMS

VISUALIZATION ANC GRATINCS

¥ DATA MANMIPULATION

= Importing & Exporting
= Mumerical Data

= Image PrOCessing

= Text Processing

= Files

= Arrays

» Statistical Data Analysis
= s5ignal Processing

= Binary Data

s Databases

v An interactive program
* Input/Output

When a line is executed the answer is immediate:

Inf1l= 1+ 1
out[i]= 2
In[z]:= %
outfz]= 2
In[z]:= %%
o= 2
In[4]:= %1
out[d]= 2

1.2. What is MATHEMATICA?
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1- First steps with Mathematica 5

v Mathematica is a powerful tool for symbolic calculations
When we are using symbols, Mathematica uses the expressions in algebraic form and it shows the results in symbolic
form.
* Basic arithmetic operations
{5-1, 2%5,2x5, 25, 275, 13/ 3, «/?}
13
{4, 10, 10, 25, 32, —, 3}
3

Parenthesis are used to set priorities in operations
(4+3/2-7)72/3

3

4
((4+3) /7 (2-7))"N(2/3)

7
E
(4+3/2-7)7(2/3)

3
E
((4+3/2-7)72)~(1/3)

HE

* Relational operators
22 4

2/3

2/3

False
3::

True

* Derivatives

The derivative of a one variable function
D[Log[x]1.x]
1

X
* The sum
Sum[1l/2%n, {n, 1, 5}]
31
32
Sum[a”n, {n, 1, 5}]

a+a’+a®+a*t+a®
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1- First steps with Mathematica 6

* Integration
Integrate[Sin[x]"2,x]

x 1

— - —SiIn[2X]

2 4
Integrate[Sin[x]"2,{x,0,Pi}]

Tt

2

* Solution of algebraic equations
Solve[x"5+2==0,x]

{{x» (72>1/5}’ {X%721/5}’ {x»—(—1)2/521/5}, {X% (71>3/521/5}’ {x»—(—1)4/521/5}}
% Limit calculations

Limit[Xx+4, X » 2]

6

Limit[e*, X » o]

[eo)

* Predetermined functions and constants
See: Function Navigator/Mathematics and Algorithms
The angle of the trigonometric functions is given always in radians

{Pi,E,e"0,7/2,1,172,i/2}

{n, e, 1, g i, -1, —1}

{Sin[g] , SIin[60 Degree], Log[E], Exp[1], Exp[Log[x]]}

{ﬁ V3
2 7 2
{Abs[-6], Abs[0], Abs[6]}

, 1, e,X}

{6, 0, 6}

{Sign[-2.5], Sign[2.5], Sign[0]}
{-1,1, 0}

{Floor[-2.5], Floor[2.5], Floor[O]}
{-3,2,0;}

VY  Mathematica can work as a calculator

* Symbolic calculations and numerical calculations
When the number 1 is written, Mathematica understands that the number 1 is exact. It works automatically in the
symbolic form

Exp[1]

e

When the number 1. is written, Mathematica does not consider 1.0 as the exact 1. Mathematica understands that it
is the number 1 with its first 10 decimals equal to zero, and it works in the numerical form
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1- First steps with Mathematica 7

Exp[1.]
2.71828
ArcSin[l/ 2]

S

6
ArcSin[0.5]

0.523599

* N[o], N[g,0] and //N

Mathematica works with 19 significative digits. If numerical data are introduced, Mathematica calculates the value
with the accuracy that we have specified.

Sin[1/2.1//N
0.479426
N[Sin[1/2]]
0.479426
N[E, 40]
2.718281828459045235360287471352662497757
* Floating-point arithmetic
1.00000000000000123
1.0000000000000012
The following numbers are the same for Mathematica:
1.00000000000000123 // N
1.
1.00000000000000567 // N
1.

Local truncation error is done when the last digits are not considered. It has to be taken into account also that when
Mathematica shows a number of 6 digits, a rounding error is done.

1.23400000000000789 // N
1.234
1.2345678000000789 // N
1.23457
The floating-point arithmetic means that depending on the size of the number the position of the point is changed
123.45678000000789 // N
123.457
123456.78000000789 // N
123457.
1234567800.0000789 // N

1.23457 x 10°
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1- First steps with Mathematica

v High-level programming language
* Mathematica has subprograms for numerical calculations
NSolve[x"5+2::0,X]

({Xx > -1.1487}, (X > -0.354967 - 1.09248 i}, (X > -0.354967 + 1.09248 i},
(X - 0.929316 - 0.675188 i}, (X - 0.929316 + 0.675188 i} )

FindRoot[x® +2 = 0, {X, 0.5}]
(X > -1.1487}
Integrate[Sin[x]"2,{x,0,Pi}]

Tt

2
NIntegrate[Sin[x]"2,{x,0,Pi}]

1.5708
NIntegrate[1/Log[x].,{x,2,10}]
5.12044

* Some elements to program in Mathematica
a=2;
If[a<1,272,b=Table[3+i,{i,1,3}1];
Print["b="",b]
b={4, 5, 6}

For[i =0, 1 <4, i++, Print[i]]
0

1

2

3

Do[Print[i], {i, 1,9, 2}]

1

3
5
7
9

=0; While[i1 <3, 1 =1+1; Print[i]]

A W N R
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1- First steps with Mathematica

1.3. Functions and variables defined by the user

v Giving a value to a variable

The name of a varibale can be any alphanumeric chain
a=5;

b=a+7;

?a

Global " a

a=5
Clear[a]

?a

Global " a

?b

Global™b

b =12

a+b/.a->7

19

sol = Solve[x"2 == 1]
{({x->-1}, {x->1}}
sol[[1]]

{x->-1}

sol[[2,1]]

X->1

errol = x /. sol[[1]]
-1

erro2 =sol[[2, 1, 2]]
1

v Function definition
* The variable has to be specified
FIx_] =x"2

X2

* The name of a function can be any alphanumeric chain

funl[x_ ] = (2*x3—1)/ ('\/3*X —a)
-1+2x8

~a+V/3 Vx
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10

* Multiple variable functions
fun2[x_, a_] = (2*x3—1)/ (m—a)
-1+2x3
~a+/3 Vx
* Asking for information about a function

?f

Global ™ f

* Deleting a function
Clear[f]

?Ff
Global™f

Clear[$Line]
Clear["Global~*"]
% Function evaluation
funl[2]
15

V6 -a
fun2[2, 1]

15
-1+/6
funl[2] /. a-»1
15

—l+\/€

v Piecewise functions
Piecewise functions can be defined using the commands “If”, “Which” or “Piecewise”

* If [condition, value1, value2]

If the condition is true, the value “valuel” is assigned, otherwise “value2”
abs[x_] = If[x <0, -X, X]

If[x <0, -X, X]
abs[2]

2

abs[-2]

2

abs /e {-1, 0, 1}
{1, 0, 1}
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1- First steps with Mathematica 11

abs /e Table[n, {n, -5, 5}]
{5,4,3,2,1,0,1, 2,3, 4,5}
* Which [conditiont, value1, condition2, value2, ......, conditionn, valuen]

It evaluates each of the coditions adequating the value that corresponds to the one that is true
g[x_] = Which[x <0, x*2-4, Xx==0,5, x>0, x+3];

g/e {-1, 0, 1, 3, 9}
{-3,5,4,6, 12}
Or also in this way
g[x_] = Which[x = 0, 1-x?,0<x<1, x, True, xz];
g/e {-1, 0, 1, 3, 9}
(0,1, 1,09, 81)
* Piecewise [{{value;, condition;}, {value,, condition,}, ...}]
It represents each piece of the function in the domain specified in the condition
hix_] = Piecewise[{{x?, x < 0}, {E"X, 0<x <1}, {3-x%, x21}}];
h/e {-1, 0, 1,3, 9}
{1, 0, 2, -6, -78}
Plot[h[x], {X, -2, 2}]

v Function operations

* Algebraic operations
FIX_]1 =x"2; g[x_] =2#*Sin[X];

{FIX] +9[x], F[X1 *g[X], g[FIX1]1}
{x?+2sin[x], 2x*Sin[x], 2Sin[x?]}
* Limit calculations: Limit [function, {x,xmin,xmax}, x—x,}
It gives the value to which the function tends when the variable x goes to the value xg, or an interval (domain) of the

values of the limit
Limit[x+4, X » 2]

6
Limit[e*, X » »]

[e9)
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1- First steps with Mathematica 12

Limit[sin[=]. x - 0]
X
Interval [{-1, 1}]

We can use function with parameters
Xa
Limit[—, X - 0]
X4

Limit[x*?, x - 0]
Xa

Limit[—, X - 0, Assumptions » a == ]
x4

1

Xa
Limit[—4, X - 0, Assumptions » a > 4]
X

0

Xa
Limit[—4, X -» 0, Assumptions -» a < 4]
X

[e9)

Xa
Limit[—A, X - 0, Assumptions » 1 < a< 4]
X

[eo)

Left-hand limit

fix ] = E_i

e—l/x

Plot[F[X], {X, -3, 3}]

_‘3 _‘2 —‘1 i é é
Limit[f[x], X » 0, Direction- 1]
[ee]
Right-hand limit
Limit[f[x], x » 0, Direction - -1]
0
If we do not specify that we want to calculate the left- or the right-hand limit, the program calculates the right-hand

limit by default
Limit[F[x], X -» 0]

0
gIX_, Y_] =X*y~"2
X y?

Repeated limits
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Limit[g[X, Y], X » 1]

y2

Limit[Limit[g[X, Y], X > 11, ¥ - 2]
4

* Derivatives
The derivative of a one variable function
FIx_ ] = x"2;

DLFIX],x]
2Xx
T [x]
2Xx
7 [x]
2
DIFIX1, {x, 2}]
2
Partial derivatives
glX_, Y_] =X"2%xy”"2;
DIg[x, y1, X]
2 xy?
DIg[x, Y1, Y]
2x%y
DlgIx, ¥1. {y, 2}]
2 x2
Ox,y9[X, Y]
4xy

* Integration
Indefinite integrals
Integrate[Sin[x] "2, X]

X 1
— - —SiIn[2X]
2 4
fSin[x]Ade
x 1
— - —SiIn[2X]
2 4

Integrate[f[X], X]

X3
3
Integrate[g[X, Y], X]
X3 y2

3
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14

Integrate[SIin[x] "2, {X, 0, Pi}]

N

jSin[x]"Zdlx
o

s

2

* Resolution of algebraic equations
Solve[x"5+2 == 0, X]

(x> (-2)15}, (x> -215}, {x > -

Solve[l -2 %Sin[Xx] =0, X]

Solve::ifun: Inverse functions are being used by Solve, so

some solutions may not be found; use Reduce for complete solution information. >

{5l

* Graphical representation of a function [function, {x, xmin, xmax}]

More than one explicit function can be plotted in the same axis

Plot[x"2, {x, -2, 2}]

.

3f

20

1}

-2 -1 1

2

(_1)2/5 21/5}’ {X% (_1)3/5 21/5}, {X% _

(_1)4/5 21/5}}

* Graphical representation of many functions [function, {x, xmin, xmax}] [{functioni,
functionz,...., functionn}, {x, xmin, xmax}]
Plot[{x"2, x"3}, {X, -2, 2}]

6

8,
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