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PRACTICAL INTRODUCTION TO MATHEMATICA


1.1  NUMERICAL COMPUTATION WITH MATHEMATICA
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We can use Mathematica as a high-powered numerical computer. Most calculators handle numbers only to a preset degree of precision, but Mathematica performs exact calculations to whatever precision is needed. In addition, unlike calculators, we can perform operations not only with individual numbers, but also with objects such as matrices.

Most of the topics of classical numerical calculus are dealt with in this software. It supports matrix calculus, statistics, interpolation, least squares adjustment, numerical integration, function minimisation, linear programming, numerical resolution of algebraic and differential equations and a long list of other numerical analysis processes that we will see in the successive topics of this book.

Let's see some examples of numerical calculations with Mathematica. (As we already know, to obtain the results it is necessary to type Shift+Enter after typing the corresponding expressions).

1) We can simply calculate 4+3 and obtain 7 as a result by typing 4+3 (and then Shift + Enter).

In[1] := 4 + 3

Out[1] = 7

2) We can also obtain the exact value of 3 raised to 100, without having previously set the precision, just type 3^100.

In[2] := 3^100

Out[2] = 515377520732011331036466461129765621272702107522001

3) We can also use the N function to convert the result of the immediately preceding operation to scientific notation. To do this, type N[%] (the symbol % is used to refer to the immediately preceding calculation).

In[3] := N[%]

[image: ]

4) We can also perform operations with a fixed degree of precision. If we want to find the square root of 5 with 25 digits, it is sufficient to type the expression N[ Sqrt[5], 25 ].

In[4] := N[Sqrt[5], 25]

Out[4] = 2.236067679774997896964091737

5) We can also work with complex numbers. We obtain the result of the operation (2+3i) raised to 10, by typing the expression (2+3I)^10.

In[5] := (2 + 3*I)^10

Out[5] = -341525 -145668 I

6) We can also calculate the value of the Bessel function at point 13.5 . To do this we type BesselJ[0,13.5].

In[6] := BesselJ[0, 13.5]

Out[6] = 0.2149891658804008

7) We can also calculate the value of the Rieman  function Z at the point (1/2 + 13i) with 15 digits. Just type N[ Zeta[ 1/2 + 13I ], 15].

I In[7] := N[Zeta[1/2 + 13*I], 15]

Out[7] = 0.4430047825053677 0-.655483098323211705

8) We can also perform numerical integrals. To calculate the integral between 0 andπ of the function Sine(Sine(x)) we type the expression NIntegrate[ Sin[Sin[x]], {x, 0, Pi} ].

In[8] := NIntegrate[Sin[Sin[x]], {x, 0, Pi}]

Out[8] = 1.7864874848195006.

These issues will be dealt with in more detail in subsequent chapters throughout the book.
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1.2  SYMBOLIC COMPUTATION WITH MATHEMATICA
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Mathematica handles symbolic mathematical computation perfectly, manipulates algebraic formulas and expressions easily and quickly, and can perform most algebraic operations. It can expand, factor and simplify polynomials and rational and trigonometric expressions, it can find algebraic solutions of polynomial equations and systems of equations, it can evaluate derivatives and integrals symbolically and find solution functions of differential equations, it can manipulate power series, limits and many other facets of algebraic mathematics.

Let's look at some examples of symbolic computation with Mathematica.

1) We can cube the following algebraic expression: (x+1)(x+2)(-x+2)^2. This is achieved by typing the following expression: Expand[(((x+1)(x+2)(-x+2)-(x+2)^2)^3]. The result will be another algebraic expression:

[image: ]

2) We can factor the result of the calculation in the previous example by typing Factor[ % ].

[image: ]

3) We can solve the indefinite integral of the function (x^2)Sine(x)^2 by typing Integrate[ x^2 Sin[x]^2, x ].

[image: ]

4) We can find the derivative of the result of the above integral by typing D[ %, x ].

[image: ]

5) We can simplify the result of the above derivative by typing Simplify[ % ].

[image: ]

6) We can develop in series of powers of order 14 the result of the previous example by typing Series[ %, {x, 0,14}].

[image: ]

7) We can solve the equation 3ax7x^2+x^3=0 -(a, is a parameter) by typing Solve[ 3ax -7x^2 + x^3 = 0 ].

[image: ]

2 1/3
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8) We can find five complex solutions of the equation x^5+2x+1=0 by typing NSolve[ x^5 + 2x + 1 = 0, x ].

[image: ]

9) We can generate a 3x3 matrix whose element (i,j) is 1/(i+j+1) by typing m = Table[ 1 / (i + j + 1), {i,3}, {j,3} ].

[image: ]

10) We can invert the above matrix, by typing Inverse[ m ].

[image: ]

11) We can find the determinant of the matrix m- xIdentity(3,3)

by typing Det[ m -x IdentityMatrix[3] ]

[image: ]

12) We can find the permutations of the three elements {e,f,g}.

by typing Permutations[{e, f, g}]]

[image: ]

13) We can define the function f(x)=x^2, of variable x, by the explicit form:

In[13]:= f[x_] = x^2;

14) We can create pure functions that do not have explicit definitions by typing e.g. Map[Function[x, 1+x^2], {a,b, c, d}].

[image: ]

All these concepts will be expanded upon in the relevant chapters.
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1.3  GRAPHS WITH MATHEMATICA
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Mathematica produces two- and three-dimensional graphs, as well as contour and density plots, can plot graphs and list data, allows control of colours, shading and other graph features, and supports animated graphs. Graphics produced by Mathematica are portable to other programs.

Let's look at some examples of graphs with Mathematica

We can represent the function xSine(1/x) for x varying between 0 and pi by typing[image: ] . See figure 1.1

[image: Diagrama

Descripción generada automáticamente con confianza media]

Figure 1.1

We can give the above graph the frame and grid options by typing ,[image: ][image: ] See figure 1.2.

[image: Gráfico, Gráfico de líneas

Descripción generada automáticamente]

Figure 1.2

We can generate a contour plot for the function Sine(x+Sine(y)) by typing[image: ] . See figure 13.

[image: Icono

Descripción generada automáticamente con confianza baja]

Figure 1.3

We can generate a three-dimensional graphic by typing the following:

[image: ]. See figure 1.4. 

These three-dimensional graphs give a perfect idea of figures in space, and are very useful for visually determining intersections between different bodies, generating volumes of revolution and developments of all kinds.

[image: Gráfico, Gráfico de superficie

Descripción generada automáticamente]

Figure 3.4

We can represent a surface given by its parametric  coordinates x = u Cosine(t) y = u Sine(t) z = t/2 by typing the expression:[image: ] . See figure 1.5.

[image: Texto

Descripción generada automáticamente con confianza media]

Figure 1.5

We can combine the two previous graphs in the same graph by typing[image: ] .

We will expand on these concepts in the corresponding chapter on graphics.
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1.4  GENERAL NOTATION AND USE OF PREVIOUS RESULTS
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Whenever a programme is used, it is necessary to know the general characteristics about notation, in order to get into practice with it. The best way to learn Mathematica is to use the program. Each example consists of user input headed In[n] and Mathematica's response headed Out[n].

It is necessary to pay attention to the difference between upper and lower case, the type of brackets or braces, the number of spaces and punctuation (commas, semicolons).

Like the C programming language, Mathematica is case sensitive, e.g., Sin[x] is different from sin[x]. The names of all built-in functions begin with a capital letter. Each type of parenthesis has its own meaning, as will be seen later in this chapter.

Spaces must be placed between variables to be multiplied, and there must be no spaces in command names, in symbols with more than one letter, or in function names. In other cases, spaces are not taken into account. Some spaces may be used to make your input more readable.

It has already been said that the names of all built-in functions, variables, options, and constants in Mathematica begin with capital letters, e.g., Integrate, Plot. If a name consists of two or more words, the first letter of each word is capitalised, e.g., ContourPlot, InterpolatingPolymial, and MapAt.

Most built-in objects in Mathematica are complete words. Unlike Unix, MS-DOS and other systems, Mathematica rarely uses abbreviations. Abbreviations are only used when they are well known (Abs, Cos, D, Det, GCD, etc.). 

Using Mathematica is like having a conversation. Ask a question and Mathematica will respond with a result. Mathematica assigns a sequential number for each input/output pair.

The nth user input is labelled In[n] and the corresponding computer output is labelled Out[n]. It is possible to refer to previous inputs and outputs thanks to these labels.

	The symbol % is used to refer to the immediately preceding result.


	The symbol %% is used to refer to the previous 2 times result.


	The symbol %%...% (k times) is used to refer to the previous k times result.


	The symbol %n is used to refer to the output number n ( Out[n] ).


Let us look at some examples.

[image: ]

First, Mathematica  is proposed to calculate 5.

In[1]:= 5^10

Out[1]=9765625

The number assigned to an output can then be used to reference any previous result. We can check the previous result by taking the 10-order root of the result Out[1], which can be abbreviated to %1.

In[2]:= %1^(1/10)

Out[2]=5

Most often the user will want to refer to their most recent result. The % character refers to the most recent result. In the following example,% is replaced by the most recent result calculated, i.e. 5.

In[3]:= % +a

Out[3]=5+a

It is possible to refer to a previous result by one or more percent signs, i.e. % refers to the last result, %% to the second last, %%% to the second last, and so on. It is also possible to refer to a particular previous result by %n, where n is the number of the output line. 

Other examples are given below

In[4]:= 77 ^ 2

Out[4]= 5929

In[5]:= % + 1

Out[5]= 5930

In[6]:= 3 % + % + % ^ 2 + %% %% In[6]:= 3 % + % ^ 2 + %% %% In[7]:= 3

Out[6]= 35188619

In[7]:= %2 + %3

Out[7]= 35194549

Note: When Mathematica is restarted, you will no longer be able to refer to the results obtained in the previous session.

Units can be associated with values. Be sure to leave a space between the value and the unit symbol. Mathematica evaluates by combining terms where possible.

In[8]:= 2 m + 3 m

Out[8]=5 m
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