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Quick Introduction

* In the following Slides, we present a quick
introduction to the Mathematica software in the
areas of you design training as | shall be using it.

* A wise student can continue learning beyond the
class requirements thereby achieving literacy in a
powerful programming environment that can be
useful for most other courses you can take.

* Mathematica is programmable with its own language.
It supports symbolics, graphics as well as numerical
computations. If you don’t know how to program,
last chance? Will you take it?
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Required Tools

* One of our main software packages for this course is
Wolfram Research Mathematica version 10 or better.
This is available to you in the CSIS lab. You can get a
personal copy of version 10 by purchasing a Raspberry
Pi

* We will use both the Numeric and Symbolic
capabilities of this software as an aid to design
computations.

* The graphical capacity of the package is extremely
good. Mathematica could, in many cases, be a good
alternative to programming in a High level language.
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Other Literature

\

* A .pdf copy of the print manual of version 5 of
Mathematica is available for you to download. This is
probably the last time Wolfram made a print book for the
software. The on-line help system is vastly superior to any
book you can find. There are illustrated answers in codes
you can copy and execute immediately. This is usually the
simplest way to learn — by imitation!

* There is also a small nook called “the Mathematica
Cookbook”. It is easy for beginners.
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Notation & Conventions

are easily recW\

1. They have names similar to the mathem
functions such as Sin, Cos, Log, etc. They are
ALWAYS capitalized (first letter only) and their
arguments are listed in square brackets. For
example; Plot:fs.in:x].. {x, @, 2Pi}]

2. Sin[x] appearing here

is the familiar function  °%
Plot taking Sin[x] as
well as the list in braces
is another function oef
resulting in the plot
shown.

-1.0}F
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¢ Plot [{sin[x}x"1.5/40, 02 Pl

Plot [ {Sin[x], x"~1.5/40}, {x, 0,12Pi}]

10|

0.5+

-1.0}F

* Here, we are plotting two functions, the Pi is pre multiplied
by 2. The space indicates multiplication here. The two
arguments of the Plot function are lists in curly braces
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Notation

« Integrate[a x/2,x] is a function taking th

to be integrated as its first argument wh‘MTe
variable of integration is the second. This has the
meaning: | ax?dx. Note the space between a and
x™2. If we had written ax”2 it will think that ax is itself
a variable.

* If we are interested in the definite integral, the
second argument will be a list of the variable and its

domain: Integrate[a x"2,{x,1,4}] means ff ax?*dx

« Furthermore, Log[x,b]is log, b; and {x,0,2Pi,2} means
we have the value of x ranging from zero to 2m in
steps of 2. The default when steps is not stated is 1.
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List Processing

M:= {{1, 25 3}, {3, 8,5}, {-1, 1, 7}}

have seen using braces.
Some lists, such as
matrices require nesting
of the braces as in:

* As we can see, once the
matrix M is defined, we
can request operations
on it. The operand
required by these
functions is the nested

MLE[1II0021]
2

Det[M]

-8

Eigenvalues[M]

18, 245,251}
Inverse[M]
23 11 1. 13 5 1. 3 1.
PR Ty Ty Tt Ty s Ty T by s Ty Ty T B
8 g 4 4 4 2 g 8 4

list we started with. :=is a delayed assignment — invoked
only when needed. = is an immediate assignment.
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Output Format

that the result of the inverse
be given to us in the usual
matrix format. One way of
doing this is to issue the
command and make the
output request in a “postfix”

form as shown. The double slash initiates the postfix

request.
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* In the [ast example, we can control how our answer is
given. In the following example, we request,

r72:= Inverse[M] // MatrixForm

1_ .

1

2
1

4




Equations, Equality & Assignment

* One confusionin

abuse of the equal sign.

* One of the first things that show you know how to
program is the recognition that “=“ does not indicate
equality! Instead, in most programming languages, it
means “assign the result of the computation on the right
to the variable on the left”.

* Mathematica, like most modern programming languages,
uses “== to indicate equality. An example below will show
its usage:

Solve[{2x+y -2 =10, -S5x+y+Z== =1, Xx=-2y -5z ==1}, {% ¥ 2}]

X1,y 6,z -2}
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Nonlinearity and Undetermined

Values

parameters are not ye [
of the equations are linear or not: -

* Consider the following pairs of simultaneous equations:

In[17]= Solve[{ax+b y =1, x =y == 2}, {x; v}]
.. -1-2b -1+2a8_.

Qut[iT {4 X = = P } 4
o a+b a+b

In[15]= Solve[{x*2 +y"2 =1, x+y == a}, {x; v}]

1 3 1 3
{{x-r- a- 2 -a’ s Y= — |a+ 2 -a’ },

1 i o 1 i L

1 3 1 3
l{x-r- a+V2-a s Y= — |a- 2-a }}

1 i o 1 i o
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Number Types

the expression as argument will tell you what
numerical type Mathematica is using.

In[z51= Sim[Pi / 2]
Owt[25}= 1

* Supported types include Integer, Rational, - Head(Sin(Pi/4])
Complex, Real, Power (of Integers) etc. owt Pover
The fact that the sine of% is 21/2 whichis fully = ="
expressible in integer terms is the reasonwhy =

Mathematica will still treat it, not as expected as a
numerical real number but simply as a power. The
precision remains exact. Reals can be specified to any
number of decimals as requested. Try N[Sqrt[2],100]
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Everything is a Function!

* Every computationin Mathen

This is one of its attributes as a functional

programming environment. For example, you will get
the right result if you ask mathematica to simply add
two or more numbers as in: 2+3; or 1+20+15. However,
underlining these are the full form of the expressions
and you can check by the function Full[f_qrm[].

* From which you can see that
the full form of the expression
2+3 is actually the function call,
Plus[2,3] and 2 *3 is Times[2,3]
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FullForm[g + h]

ut] 21} FullForm=

Plus g, h’

In227= FullForm[x=y + z]

ut{2Z)/IFullForm=

Times x, y, T/
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Limit Example

* You always
no distinction between x andits sine o o

simple Mathematical plot shows this:
n2i= Plot[{Sin[x] /%, Tan[x] / x}, {x, 0.1, Pi}]

a2l

Out[23}=
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Precision & Accuracy

Symbolics allow you t m

wherever possible. There are times when you a
forced to do numerics and here precision and
accuracy become issues of importance.

* Treat precision as the number of digits in the decimal
representation of your value while accuracy is the
number of digits after the decimal point. You may
request for these as shown in:

n251= Table [With[{x = 18~n +1/17}, {N[x, 18],
M[x, {Infinity, 18}]}]1, {n, @, 5}] // TableForm
Ouit[ 25} TableForm=
1.858823529 1.858823529
1a.85882353 1&.858823529
le@.a588235 lee.e588235294
laaa. 853524 laa8,.858823529

18866 .85882 18668 .8588235294
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Notational Variety

\

* The same computation may be submitted to
Mathematica in a number of different ways. Here are
a few examples:

Function Divide[Sin[x],x], N[Sqrt[2]]

Infix Sin[x]/x

Postfix Sqrt[2]//N (explicitly requests numeric
result

Prefix N@1/2 (Want the numeric in a prefix way)
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Piecewise Functions

or defined differe t dom: ,
piecewise function of Mathematica allows you to do
this easily. For example, the step function at the

Orlgln: Plot [Piecewise[{{-1, x <@}, {1, x>0}}], {x, -1, 1}]

10|

0.5
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Practical Uses

* For the benefit of thomﬂh

to know the practical applications
of some of these, note the following:

* When you apply a point load or a sudden impulse to a
vibratory system, the way to express that in the
differential governing equations is take the magnitude and
multiply by a unit impulse (Also called the Dirac Delta
Function).

*# This Dirac function (arguably not a real function to
mathematical purists, but a distribution) is the derivative of
the unit step function. The latter is useful on its own when
a surface is free of loading for a portion and you have
uniform loading in the rest of the space.
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Fourier Approximation of the

Step Function

Step Function: e
Irz2= FourierSinSeries[Pilecewise[{{-1, x <@}, {1, x> 0}}], %, 20]
% Can yOU get - 45in(x| 45in/3x] 45in 5x] 45in 7x| 45in 9x]
a better ST AT sTo o Tm o em
451n 11 x| 451n 13 x| 4 51n 15 %] 451n 17w 451n 19«
apprOXImatlon? ur 137  1sx 177 1an
* What do you o= Plot[%, {x, -1, 1}]
need to 1of
change in the o

above code?
= Try it!
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Interval Arithmetic

* In Mathema D WOr
values rather than specific values. This mented

by the functionality of Interval Arithmetic. A simple
example will be used to illustrate this concept:

Clear[errorl, error2, mass, velocity, kineticEnergy];

errorl = 9.01; error2 = 8.805; mass = Interval[{1.10 - errorl, 1.10 + errorl}];
velocity = Interval[ {7.50 - error2, 7.50 + error2}];

kineticEnergy = (1/2) mass velocity"2

Abs [Subtract[kineticEnergy[[1]]1[[1]], kineticEnergy[[1]]1[[2]]]]
Subtract @@ kineticEnergy[[1]] // Abs

L

[
"I

F-

- Interval [3@.6154, 31.26084) |

Cut[22}= @.645
Out[24]= B©.645
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Help: Instant, Detailled

* You can seek for assistance at any pointMr
program by simply using the double question marks
2. If you append a particular command to this,
Mathematica will give you specific guidance to the
use of that particular function with ready examples
you can test out.

* You can also take the slow lane and seek for details in
the Mathematica reference book installed in every
installation. This is the best way to learn for most
people.
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Linear Interpolation

* The simple we
by you using linear interpolation.

ChurchMove := [{©, B}, {40, 4} }
F1[x_ ] := InterpolatingPolynomial [ChurchMove, x]
Show[ListPlot [ChurchMove, PlotStyle - Red],
Plot[F1[x], {x, @y 68}, PlotStyle -+ Green, AspectRatio -> Full]]

o o o
4l
N
3 -
HLE

1 1 1 1 1 L 1 1 1 1 L L L L 1 1 1 1 1 1
y 10 Eg 20 40
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Interpolating Polynomial

gives us a line from WhICh we can flnd an mediate
time, given a distance and vice versa. We are also able
to extrapolate by a simple extension of the same line.

* Suppose a surveyor comes up with ten altitudes and
linear positions on a road project such as,

pts:={{1,2},{2,1},{3,3},{4,5},{5,5},{6,4},17,3},{8,4},{9,5},{10,7}}
* What options do we have to obtain an integrable
function? Several! We can,
* Do aregression and obtain the best fit,
+ Obtain a 9t" order polynomial fit.
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Runge’s Phenomenon

2L

-4l
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Lagrange

U |J U 1 . V1 €, aas Y A2 V-

Lagrange Interpolating polynomia
n

PG = ) B(x)
j=1

* Where,

n
X — Xj
Pi(x) = ‘ ‘ —
AL X T X
1=1,1#]
However, it is a well known fact that such interpolations

have undesirable oscillating end effects called Runge’s
phenomenon. A critical case of this is shown below:

Department of Mechanical Engineering, Landmark University 25 www.oafak.com; oafak@unilag.edu.ng 14/09/2017



Runge’s Phenomenon

ccuracies.

* Increasing the order of
polynomials used does not J;—A\/ \)_1

+* This leads to ina

necessarily give superior
results.

* One strategy to solve this problems borrows from the
old drafting craft when manual “splines” were used
for curve fitting. The idea is to take a number of
nearby points at a time and create regularity
conditions using control points.

* This leads to the use of spline interpolation.
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Non-Uniform Sampling Points

Chebyshev sample points

* Chebychev Points:

The same interpolation
problem we dealt with

earlier can be improved
upon by using non equally spaced points.

* These Chebychev points are zeros of Chebychev
polynomials of the first kind.

* NURBS uses non-equal spacing and splines at the
same time.
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* The green curve is made up
of piecewise splines and
gives a superior fit. In our
Fusion 360, we shall obtain super|or control of the
splines with tangential and curvature controls.

* This way, we will be able to create 2- and 3-D objects
with greater control using spline interpolation.

« B-Splines, Bezier, NURBS and T-Splines are different
refinements. Nurbs gains much of its advantage in the
use of Non-Uniform Rational Basis Splines. This is
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Basis Functions

Polynomials, etc. have in common? ———

* The fact that certain functions are complete in the sense
that they can be used to represent other functions to any
level of accuracy desired.

« Just like in Cartesian coordinates, vectors i, j, and k form a
basis because any other vectors can be represented by
them.

+ Simple Polynomials, {1, x, x%, ...} as well as trigonometric
functions, {sin x, cos x, sin 2x, cos 2x, ... } are the basis
functions for Taylor and Fourier Series respectively. There
are more complicated functions that are also complete.
These are all basis functions.
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' owed
you that we can fit virtually any
function with the Fourier Series ———————j|
It is easily demonstrated that the more terms we
take, the more accurate we can get.

* Again, just like the polynomial expansion, increasing
the terms creates the unwanted Gibbs phenomenon
as shown above results from the first 120 terms of the
Fourier Expansion. Note the oscillations at the point
of discontinuity.

# In Mathematica, InterpolatingPolynomial[ ]
implements the Lagrange while Interpolation[]
implements the splines.

Department of Mechanical Engineering, Landmark University 30 www.oafak.com; oafak@unilag.edu.ng 14/09/2017



Program Files

\

* Two of the Mathematica Files used in these notes are shared
with you:
1. Lagrange Bezier Interpolation https://1drv.ms/u/s!AgbbD-
KyVrKGhbgOpfe3oYd tV2NEw
2. Piecewise
https://1drv.ms/u/s!AgbbD-KyVrKGhbgOpfe3oYd tV2NEw

They are Mathematica notebooks. You can download and work
with these files for better understanding.
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