


Polynomial
A Computer Aided Analysis Program

for the Commodore 64/1 28

If you have ever wished for a computer package to
help you with your mathematics then look no further.
Polynomial is just what you have been looking for.

Polynomial is a self contained, menu driven
mathematics program that can really help you with
your maths. Polynomial has been specially written to
allowyou to play with numbers, draw graphs and
investigate mathematical relationships. However
Polynomial is not one of those Question and Answer
programs which drag you through a thousand
monotonous questions. Instead Polynomial allows you
to putthe questions and helps you find the answers.
Polynomial has been designed to enable people of all
ages and all backgrounds to dabble with numbers
and graphs in their own time and attheirown pace.

The program consists offour independant
modules, three of which are powerful dedicated
number crunching routines. The fourth is a general
purpose hi-res graph plotting routine. Through its
modules Polynomial is capable of solving non-linear
polynomials, simultaneous equations and can even
help you solve those awkward experiments by
finding polynomials to fit experimental data. All three
are backed up by a hi-res, hi-accuracy graph plotting
routine. All sorts of problems can be analysed and
solved with Polynomial. Students ofO. 'A' or degree
level could find Polynomial of particular value.

These days to many programs enslave you to a
boring routine of unimaginative repetition. Break
your chains, becomethe masterofyour machine
with Polynomial. Realise your potential and
rememberthatwith Polynomial you've got Ins·ight.
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INTRODUCTION

The word 'Polynomial' literally means "many numbered", so it seemed appropriate to call a
program which deals with numbers and their interpretation 'Polynomial'. This program has been
written with the expressed purpose of providing a means to enable people of all ages and all
backgrounds to dabble with numbers in their own time and at their own pace. It can be used as a
means to an end or just to experiment with. The intention is to try and make numbers and the
subject of mathematics more appeal ing, even fu n.

However, Polynomial is not just a toy, it can just as easily be used as an analytical tool like any
other, well suited to the needs of the professionals in their work.

It is hoped that the following material serves as an introduction to the program for both the
novice and the experienced user. For the novice, the sections that deal with problems is intended
as an extension to the modules and the subject which the modules address. Although the more
experienced and knowledgeable user may not need to read these sections they may nevertheless
find these examples interesting.

Please note that this manual is not a mathematical text book. Nor should it be considered as such.
Mathematical explanations are only given in areas where it would help the reader to understand
how Polynomial is written and what Polynomial expects from the user. For all mathematical
explanations please refer to an established text book.

LOADING THE PROGRAM FROM A DISC DRIVE

Insert the disc into the disc drive and type:

LOAD "Polynomial", 8, 1.

Press Return

Immediately the screen will blank, which indicates the program is being loaded. When loading is
complete the program will run automatically. This is indicated by a change in screen colour
followed by the Insight Software logo.

LOADING THE PROGRAM FROM A CASSETTE

Insert the cassette into the cassette player and type:

LOAD "Polynomial", 1, 1.

Press Return

Immediately the screen will blank, which indicates the program is being loaded. When loading is
complete the program will run automatically. This is indicated by a change in screen colour
followed by the Insight Software logo.
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ROOTS MODULE

Roots Introduction

The Roots module is a program which allows the user to find the roots of polynomials. But its
usefulness extends beyond this function. On its own, the Roots module. although extremely
powerful can show its real potential when used in conjunction with other routines to solve
related problems.

The module shows how standard polynomials are written and what are the accepted conventions.
It also shows what the standard terms mean and how they relate to the pattern of polynomials.
Included in this module are some examples to guide the introduction to the solution of poly-
nomials. It is hoped that in conjunction with the other modules Roots can show how equations
relate to other areas of mathematics.

Roots Module

The Roots module has been specifically designed to solve what are called non-linear equations.
Equations such as:

y = x3, Y= 1 + 2x + 3x2, Y= 1 + xlO

The solutions to these equations are called "Roots" hence the name of the module.

For the technically inclined the Roots module is not restricted to finding real roots. It is also able
to find wholly imaginary and complex solutions. Its capabilities are not restricted in any way.

Using the Roots module is simplicity itself. It has been designed to be as interactive and inform-
ative as possible.

Whenever the need arises the program will make the user aware of any direct errors or ambiguities
with the use of concise error messages. The best way to describe how easy the Roots module is to
use, is with an example:

EXAMPLE

Let us solve the equation y = 1 + 2x

Find the menu and press F 1 to select the Roots module

The first page of Roots presents the user with the prompt:

Prompt: "Input the order of your polynomial
in the range (1-99) [j"

The order of a polynomial is an important number, since it describes how large the polynomial is.
It represents the highest power within the equation. For example:

y = 1 + 2Xl

is of order 1 because the unknown X has a power term equal to 1. These equations are also called
first order or Iinear equations.

y = 1 + 2x + 3x2

is of order 2 because the unknown X has a power term equal to 2 and is the highest power of X
within the equation. These types of equations are called second order or quadratic equations.

-2-



v= 1 + X3

is of order 3 because the unknown X has a power term equal to 3 and is the highest power of X
within the equation. These types of equations are therefore called third order or cubic equations.

This process can continue for higher order equations but now that the significance of this number
has been established we can return to the example.

Prompt: "Input the order of your polynomial
in the range (1-99) [I"

Input 1, Press Return

The program will respond by printing the following prompt:

Prompt: "Any changes Y or N ?"

Press the' N' key

Prompt: "Input coefficient AO [ I"

It is worth taking a break here to explain how equations are usually written down so that the
unfamiliar reader has some idea of what to expect from now on.

In general terms non-linear equations are written as:

y;AO+Alx' +A2x2 +A3x3 + +An-lxn-' +Anxn

where AO, A 1, A2, A3 An-l, An represent the coefficients of the equation and X, X2,
X3, Xn -', X", represent the various powers of the unknown x in the equation.

Written in the standard way a cubic (or third order) equation would look like this:

y; AO + A 1x, + A2x2 + A3x3

and a quadratic (or second order) equation would be written as:

y;AO+Alx' +A2x2

and finally a linear (or first order) equation would be:

y;AO+Alx'

The equation we want to solve is also linear i.e.:

v= 1 +Zx '

Compare this with the standard form of linear equation:

y=AO+Alx'

And by making a direct comparison it can be seen that in response to the prompt:

Prompt: "Input coefficient AO [

that we should input 1 for our first coefficient

Input 1, Press Return

You will note that in response to this input the computer will print:

Y; 1
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You will also note that within the prompt, AO has been incremented to A 1. Again by making a
direct comparison with our equation and the standard equation we know that we must enter 2 for
the prompt for A 1. So in response to:

Prompt: "Input coefficient A1 ]"

Input 2, Press Return

This finalises this part of the procedure. The program will print the complete equation as shown
below:

Y; 1+ 2x

Since all coefficients have been entered the computer will print a new prompt:

Prompt: "Any changes Y, N or R ?"

Editing and the operation of the 'R' key will be discussed in a later section. For the time being we
are only interested in the main operation of the Roots module.

To continue, we now have the equation as we want it displayed on the screen. All that remains is
to press the 'N' key to allow the program to calculate the result.

Press the 'N' key.

Immediately the program will calculate the solution to:

Y; 1 + 2x

and print the answer on a new page as:

Rl ; -0.5 iO

This completes this example and whilst this result may be very interesting it also may not mean
very much.

With this example as with others in the text where a result can also be shown graphically it will be.

Graphical Representations of Equations

Note:

If the graphics option contained in this program has not already been read then it would be
worthwhile reading that section before continuing because many graphical references are
made here which may not be immediately obvious.

It has already been explained that equations like the one used in the example are first order or
linear equations. These types of equations always produce straight line graphs. What we will now
show is that the result we obtained has graphical meaning. To do this find the menu page again
and press F3 for the graphics option. To keep things concise the steps to produce a graph of the
polynomial y = 1 + 2x have been itemised below:

1) Press 'G' to plot a graph

2) Enter 1 for the "order of polynomial" prompt. Press Return

3) Press the 'N' key for the" Any changes" prompt

4) Enter 1 for AO. Press Return
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5) Enter 2 for A 1. Press Return

6) Press the 'N' key for the "Any changes" prompt

7) The program is now back in the graphics module and since we want a new graph press
the "Y" key

8) The graphics module will then ask for the co-ordinates to define the graphical window:

a) For Xmin input -2
b) For Xmax input 2
c) For Xinc input 0.5
d) For Ymin input -2
e) For Ymax input 2
f) For Yinc input 1

9) I n response to the "Any changes" prompt press the 'N' key

10) The program will now proceed to plot a graph of y = 1 + 2x

You will remember that the Roots module solved our example equation and produced an answer
of:

R1 = -0.5 + iO

Ignoring the significance of the 'i' term for the moment essentially this answer is just:

R1 = -0.5

This result means that the graph of y = 1 + 2x cuts the X-axis at the point where X = -0.5.
By looking at the graph you will note that the X-axis has increments of 0.5 on it. So from the
centre the X-axis is incremented at the points 0.5, 1, 1.5 and 2 and also in the other direction
-0.5, -1, -1.5 and -2. It can be seen that the graph of y = 1 + 2x does cross the x-axis at the
point x = -0.5. Confirmation of the result found in the Roots module.

However one of the strengths of being able to produce a graph of a function such as y = 1 + 2x is
that more information can be obtained from a graph than from other sources. For example the
Roots module showed that y = 1 + 2x cut the X-axis at the point X = -0.5. But it is unable to
show where y = 1 + 2x cuts the Y-axis. One look at the graph of this polynomial will show you
that it cuts the Y -ax is where Y = 1.

The more knowledgeable reader will have probably noticed this by inspection. However for the not
so familiar, using just one module in isolation will only produce half the information. Only when
the graphics module is brought into play can the full picture be appreciated. For all problems no
matter how simple or complex we strongly recommend that the graphics option is used whenever
possible.

Editing and the Repeat Key

Earlier on when we were working through the example y = 1 + 2x we came across a prompt
generated by the program after all the coefficients were input. The prompt was:

Prompt: "Any changes Y, N or R 7"

This prompt offers three choices where:

Y = I nitiates the editing facility
N = Initiates calculation of Roots
R = Allows the user to cycle through long equations



Editing

Before describing the editing facility available with Roots, run through the example until the
prompt is displayed again.

Prompt: "Any changes Y, N Or R r:
The Editing facility enables the user to change any of the coefficients entered during the first
stage. The Editing feature is initiated by pressing the 'V' key when the above prompt is displayed
on the screen.

Press the 'V' key.

The computer will respond by presenting the edit page with a new prompt:

Prompt: "Within the range (AO-A 1) input the name
of the coefficient to be changed. [ I"

There are two features of this input which you should be aware of. The first is the range of
coefficients available for change. The computer knows the size of your current polynomial and
therefore knows how many coefficients there are. In this example the polynomial is y = 1 + 2x
so there is only a choice of two coefficient to change, AD or A 1. Consequently the prompt above
only includes those coefficients. Any attempt to edit a coefficient which does not exist e.g.
A3 or A4 will cause an error message to appear to this effect.

The second point you should note is that this input prompt only accepts entries prefixed by the
letter 'A'.

Having established these two points let us change AD. In response to the prompt:

Prompt: "Within the range (AO-A 1) input the name
of the coefficient to be changed. [ I"

Input AD. Press Return.

The program will respond by printing the old value of AD and presenting a new prompt to enter
the new value of AD.

erompt: "Old value of AD = 1"

"New value of AO ? I"

Enter -8. Press Return

The program will replace the old value of AD (i.e, 1) with the new value of AD (i.e. -8) and reprint
the equation with the new value included. The equation will now read:

Y=-8+2x

followed by the prompt:

Prompt: "Any changes Y, Nor R ?"

You are back to the position of being able to solve this new equation by pressing the 'N' key if
you like.
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The Repeat Key - 'R'

This function only becomes useful when equations are entered, which are so long that they occupy
a space larger than the screen can offer. When this happens coefficients are deliberately omitted
so that only the most recent entries are shown. However when all the coefficients have been
entered the 'R' key enables the user to cycle through the whole equation and check for any errors.
To appreciate how this key works we can demonstrate its function with a smaller equation. Find
the menu page again and select the Roots option by pressing F 1. We will show the effect of the
'R' key on the following equation.

Y = 1 + 2x + 3x2 + 4x3 + 5x4 + 6x5 + 7x6 + 8x7 + 9xB

In response to the prompt:

Prompt: "Input the order of your polynomial
in the range (1-99) [1"

Input 8. Press Return.
In response to the "Any changes" prompt, press the N key

You will be familiar with the operation of the Roots Module by now so for the coefficients
AD - A8 enter the numbers as shown below. After each entry remember to press Return.

AD 1

A1 2

A2 3

A3 4
A4 5

A5 6

A6 7
A7 8

A8 9

The program will print the equation as:

Y = 1 + 2x + 3x t 2 + 4x t 3 + 5x t 4 + 6x t 5 + 7x t 6 + 8x t 7 + 9x t 8

There is no need to be distracted by this form of presentation it is the computer's way of
expressing powers. Just remember that when we write a power of X as:

x2 or x5

In Commodore language this is the same as:

x t 2 or x t 5

the" f "sign means "raised to the power"

So x t 2 means "X, raised to the power of 2" or X.X

Sirnitarlv xt5 means "X, raised to the power 5" or X.X.X.X.X

Now to demonstrate the function of the 'R' key. When you have entered all the coefficients, the
familiar prompt will be presented.

Prompt: "Any change Y, Nor R 7"

Press the 'R' key
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The program will respond by printing out the equation but this time with the first term missing
(i.e. 1).

Press the 'R' key again.

The program will respond by printing out the equation with the next term missing (i.e. 2x).

Each time the 'R' key is pressed another term will be omitted. This process will continue until the
last term is printed. When the 'R' key is next pressed the whole equation is printed again to start
the cycle all over again. The 'R' key may be pressed as often as necessary. The program will cycle
and cycle and cycle.

Results Page:- the meaning of "i"

It has already been stated that the Roots module is capable of finding all types of Roots, wholly
real, wholly imaginary and complex roots. The example given at the start of the Roots module
showed that a real root could be explained graphically as the point where the graph of the
polynomial crossed the x-axis. But how are the roots of polynomials which do not cross the
x-axis explained. The great mathematician Gauss introduced the term 'i' to indicate R.
This term enables complex roots to be quantatised. For example consider the quadratic
(or second order) polynomial

y = 1 + 1x + 1x2

The Roots module will show that this polynomial has the following roots

R1

R2

-0.5 +

-0.5

0.866025404

i 0.866025404

OR

R 1 - Y, + i [3/2

R2 - Y, - i J3i2

expressed as fractions.

A plot of the graph y = 1 + 1x + 1x2 with the following graphical coordinates will show why this
polynomial has complex roots.

Xmin = -2, Xmax = 2, Xinc = 1, Ymin = -1, Ymax = 2, Yinc = 1.

A graph of this polynomial does not cross the x-axis at all. I t is for this reason that the imaginary
component is added to indicate that polynomials of this type contain roots which do cross the
x-axis. Not all polynomials are of this type, most polynomials contain a mixed bag of solutions
some real, some imaginary, some complex. It is left to your imagination to experiment and
discover the characteristics of polynomials.
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Roots Problems

The roots module can also solve other related problems.

Trigonometric Polynomials

Solve 6 cos2e - 5 cose + 1 = 0

Substitute x for cose then equation 1 becomes

6x2 - 5x + 1 = 0

Which can be solved by Roots in the usual way

i.e. x = 1/3 or'h

therefore cose = 113 or cose = 'h

i.e. e = 70.52° or e = 60°

equation 1

Solve 12 - 9 cose -10 Sin2 e = 0

To solve this equation first make the following substitution

Sin2 e = (1 - Cos2e)

Equation 2 now becomes

12 - 9 cose -10 (1 - Cos? e) = 0

12 - 9 coe - 10 + 10 Cos? e = 0

12 - 10 - 9 cose + 10 Cos? e = 0

2 - 9 cose + 10 Cos2 e = 0

Again use the substitution x = Cosf) equation 2 becomes

2 - 9x + 10x2 = 0

Using the roots module the solution is

x=2/sorx=Y>

i.e. cose = 2/5 or cose = y,
i.e. e = 66.42° or e = 60°

equation 2

Algebraic Problems

Solve 1 + 1 - 6 = 0V4 Y'-
Make the substitution x = 1 then x2 = 1

y2 y4

equation 3

and equation 3 becomes

X2 + x - 6 = 0

Using the Roots module the solutions are

x = 2 or x = -3

OR

1 = 2 or 1 =-3Y2 y2
therefore

y2=Y>ory2=_1/3
i.e. y =.('h or y =-fT; The only real solution is y = ;y;
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Exponentials

Solve 5x = 3(x2-41

Take logs of both sides

xlog5 = (x2 -4) log 3

xlog5
-- = (x2 -4)

log3

X2 - 1.465x - 4 = 0

X2 _
log5
log3 x -4 = 0

Using the Roots module the solution is

x = 2.862 or x = -1.397
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Roots Error Messages

1) Error Message

Only inputs (1-99) are accepted
A polynomial whose order is less than

unity is not permitted

Press a Key

Explanation

There is no such thing as a zeroth order polynomial. An input of zero does not mean anything
and cannot be accepted. An input of 1 creates the smallest polynomial called a first order or linear
polynomial.

2) Error Message

COEFFICIENT DOES NOT EXIST

Only coefficients AO - A3 exist

Press a Key

Explanation

The computer has detected an attempt to change the value of a coefficient outside the range
available to the computer given the size of the current polynomial.

3) Error Message

ZERO COEFFICIENT ERROR

The polynomial cannot be solved because
the highest coefficient A3 is zero

Press a key to change the value of A3

Explanation

Once the size of a polynomial has been defined any or all of the coefficients can be zero except
the highest. For the following polynomials

y = AO + A1x, A 1 may not be zero

y=AO+ A1x+A2x2, A2maynotbezero

y = AO + A 10x10, A 10 may not be zero
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GRAPHICS: INTRODUCTION

The Graphics Module is the hinge pin of the suite of programs in Polynomial. Results obtained via
the other modules can be put to great effect with the graphic package. Constant reference is made
to it during the course of explaining how the other modules function.

The Graphics program provides the user with a very advanced graph and data point ploning
routine. The program is able to plot both X and Y axes together or separately. Each axis may be
annotated with increments so that graphical measurements may be taken directly from the screen.
Graph co-ordinates are automatically saved. This facility enables many graphs to be plotted on the
same screen to compare different polynomials and other results. Finally the screen and border
colours may be changed to anyone of the 256 colour combinations available. Once changed the
colours chosen remain fixed until they are changed again or until the computer is switched off.

Graphics Module

The main purpose of the Graphics Program is to translate numbers into pictures. Results obtained
from the other modules can be converted into pictures with this routine.

The Graphics program is very easy to use and through examples we will show how the results of
the other modules may be plotted via the Graphics program.

The first distinction you need to be aware of is that the Graphics program can plot continuous
functions like polynomials or it can plot discrete data points as used by the Curve fitting module.
The flow of the program depends upon the initial choice made by the user. The best way to
demonstrate the unique features of this module is with an example:

Example

Plot the graph of the polynomial

Y ; -6 - 1x + 1x2

This polynomial is a typical second order or quadratic equation. It has roots at x ; -2 and
x= +3 i.e. the graph of this polynomial cuts the x-axis at these points.

Normally this sort of information would only become available as a result of using other modules
in Polynomial but for the purpose of demonstrating the Graphics module this information is
presented in advance to make the reader more familiar with the problem.

Find the menu page and press F3 for Graphics.

The first page of graphics will present the prompt:

Prompt: "Do you want to plot data pairs or
draw a graph of a polynom ial 7"

P ; Plot of data pairs

G ; Graph of a polynomial

Choose an option"

Press the 'G' key

The computer will respond by presenting the first page of the Roots option. The Roots module is
borrowed by Graphics to input the polynomial to be plotted. The first prompt of the Roots
module is:

Prompt: "Input the order of your polynomial
in the range (1-99) (I"
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Input 2. Press Return

The computer will respond with the following prompt

Prompt "Any Changes Y or N r:
Press the 'N' key

The computer will present the second page of the Roots module with a new prompt.

Prompt: "Input coefficient AO ]"

For AD input -6. Press Return

Note that the coefficient number will increase to A 1 and the original equation will start to be
printed underneath this prompt.

For A 1 input -1. Press Return.

For A2 input 1. Press Return.

The program will now show the equation on the screen and present a new prompt on the bottom
of the screen.

Prompt: "Any changes Y, N or R ?"

Press the 'N' key.

This will return control back to the Graphics program, where a new prompt will be presented.

Prompt: "Do you want to erase the old graph"

V or N?

At this point it is worth pausing to discuss this prompt. The Graphics module has been written to
enable several plots to appear on one graph. To do this the program saves the current values
defining the graphical window. By pressing the 'N' key the stored values are retrieved and used to
plot the next graph. If the 'V' key is pressed the user is prompted to input new co-ordinates
defining the Graphical window. Since this example demands a new graph,

Press the 'V' key.

The program will respond by presenting a new page. This page will prompt the user for the six
parameters required to define the Graphical window. The new prompt is:

Prompt: "Input coordinates of Graph

Xmin, Xmax, Xinc, Ymin, Ymax and Yinc.

All graphs are plotted in a rectangular area called the Graphical Window. The variables above
define the size and shape of this window. The definition of each variable is listed below:

a) Xmin This defines the left most position on the screen

b) Xmax . This defines the right most position of the screen

c) Xinc This defines the increment constant for the X-axis

d) Ymin

.el Ymax

f) Yinc

This defines the bottom of the screen

This defines the top of the screen

This defines the increment constant for the V-axis
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For the example input the following values for these parameters

For Xmin input -3: Press Return

For Xmax input 4: Press Return

For Xinc input 1: Press Return

ForYmin input -10: Press Return

For Ymax input 10: Press Return

For Yinc input 1: Press Return

It is worth mentioning at this point that values such as these are obtained largely from applying a
process of trial and error. When all these values have been entered the program will present the
following prompt.

Prompt: "Any changes Y or N 7 "

Press the 'N' key.

The program will respond by presenting the Graphical Window. There will be a short delay as the
program prepares the graphics area for use. The initial colours chosen for the graphics display are
red for the border and green for the foreground. All plots are in black.

Once the screen has been prepared the X and Y axes are plotted complete with increment markers
on each axis. This is immediately followed by the graph of the polynomial:

Y=-6-1x+lx2

Note the plot of the polynomial passes through the points on the X-axis where X = -2 and X = 3.
These define the roots of the polynomial. This is explained in more detail in the Roots section of
the manual. -

At the end of every plotting procedure the computer places a small black square in the top left
hand corner of the screen as a prompt for the user. Pressing any key will return program control
back to the menu.

The next example will show how to plot a set of experimental data.

Example

Plot the following data pairs and determine their shape.

X data Y data

o
2
4
6
8

1

3
5
7
9

Find the menu page and press F3 for Graphics.

The first page of Graphics presents the prompt:

Prompt: "Do you want to plot data pairs or
draw a graph of a polynomial 7"

P = Plot data pairs

G = Graph of a polynomial

Choose an option
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Press the 'P' key.

The computer will respond by presenting the first page of the Curve fitting module. The Curve
fitting module is borrowed by Graphics to input the data pairs to be plotted.

The first prompt of the Curve fitting module is:

Prompt: "Input number of data pairs in the
range (2-99) [1 "

Input 5. Press Return

In response to the "Any changes" prompt, press the N key.

The computer will present the data page of the Curve fitting module with a new prompt.

Prompt: Enter data pairs (X,Y)

X data Y data

DP1

In response to this prompt enter the data pairs:

X data Y data

o
2
4
6

8

1
3
5
7
9

When all the data has been entered the program will present a new prompt.

Prompt: "Any data changes Y, N or R ?"

Press the 'N' key.

This will return control back to the Graphics program where a new prompt will be presented.

Prompt: "Do you want to erase the old graph

. Y or N?"

Press the 'V' key.

The program will now prompt the user to input the new coordinates defining the graphical
window. Fortunately there is no need to guess when the plotting data pairs because they define
their own coordinates.

Looking at the table of data, the smallest value of X is zero.

Make Xmin less than this.

Input -1 for Xmin. Press Return

The largest value of X is 8. Make Xmax greater than this.

Input 10 for Xmax. Press Return

Input 1 for Xinc. Press Return

The smallest value of Y is 1. Make Ymin less than this.

Input -1 for Ymin. Press Return

The largest value of Y is 9. Make Xmax greater than this.

Input 10 for Ymax. Press Return

Input 1 for Yinc. Press Return
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When all these values have been entered the program will present the following prompt:

Prompt: "Any changes Y or N ?"

Press the 'N' key.

The program will respond by first erasing the graph made in the previous example. New axes and
new increments will then follow ready for plotting the data points of this example. When all the
points are plotted it can be seen that they draw a straight line. The black square in the top left
hand portion of the screen will appear when the last data point has been plotted. This completes
the example. Press any key to return to menu.

Single Ax is Plots

Sometimes it becomes necessary to use a single axis plot to look closely at a graphical feature
some distance from the origin of the graph. Polynomial is able to plot either single X-axis or single
Y-axis graphs. To demonstrate this feature the example below will plot a graph of a polynomial
on a single X-axis.

Example

Plot the graph of the polynomial

Y=-6-1x+1x2

over the range X = -3 to X = 4 with increments at every unity position i.e. Xinc = 1.

Find the menu page and press F3 for Graphics.

The first page of the Graphics module presents the prompt:

Prompt: "Do you want to plot data pairs or
draw a graph of a polynomial ?"

P = Plot data pairs

G = Graph of a polynomial

Choose an option

Press the G key

This will call the Roots module to input the coefficients of the above polynomial. You will be
familiar with the procedure from now on, but if you get stuck refer to the first example given at
the start of the Graphics section. The last prompt of the Roots section will return control back
to the Graphics module. The next graphics prompt will be:

Prompt: "Do you want to erase the old graph"

Y or N?

Press the 'V' key

The program will now prompt the user for new coordinates to define the graphical window. It is
at this point where the computer is instructed to plot either a single X-axis or a single Y-axis
graph_ The rules are very simple.
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To Plot a Single X-axis Graph

Enter values for Xmin, Xmax and Xinc.

Enter zero (or just press return) for Ymin, Ymax and Yinc.

In response to the "Any changes" prompt, Press the 'N' key.

The computer will respond with a new prompt.

Prompt: "Plot X-axis only. Input limits of Y"

The cursor will be positioned to the input box of Ymin in anticipation of values for Ymin and
Ymax. Since the Y-axis will not be plotted Yinc is not included. However the computer must still
know the upper and lower limits of the screen. It is necessary to enter values for Ymin and Ymax
before the plot can begin. For the final prompt:

Prompt: "Any changes Y or N ?"

Press the 'N' key.

The plot will begin.

To Plot a Single Y-axis Graph

Enter zero (or just press Return) for Xmin, Xmax and Xinc.

Enter values for Ymin, Ymax and Yinc.

In response to the prompt:

Prompt: "Any changes Y or N ?"

Press the 'N' key

The computer will respond with a new prompt

Prompt: "Plot Yvaxis only. Input limits of X"

The cursor will be positioned to input box of Xmin in anticipation of values for Xmin and Xmax.
Since the X-axis will not be plotted, Xinc is not included. However the computer must still know
where to start the graph with X[T1in and where to end the graph with Xmax. These values must be
entered. For the final prompt:

Prompt: "Any changes Y or N ?"

Press the 'N' key

The plot will begin

For the example: input the following co-ordinates to get a single X-axis plot of

y=-6-1x+lx2

Input -3 for Xmin. Press Return

Input 4 for Xmax. Press Return

Input 1 for Xinc. Press Return

Input zero (or press return) for Ymin, Ymax and Yinc
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In response to the prompt:

Prompt: "Any changes Y or N ?"

Press the 'N' key

The computer will present the new prompt:

Prompt: "Plot X·axis only. Input limits of Y"

Input -10 for Ymin. Press Return

Input 10 for Ymax. Press Return

In response to the prompt:

Prompt: "Any changes Y or N ?"

Press the 'N' key

The plot will begin.

This completes the example on single axis plots.

Sinqle-ax is Notes

When using the single axis plotting feature make sure that the values for the axis which is not
plotted are equal and opposite, otherwise you may not get the graph you expected.

For example, say the computer was instructed to plot a single x-axis graph from X = -10 to
X = -1, and the number entered for Ym in was -1 and the number entered for Ymax was 10.
The graph produced would work with Ymin = -5.5 and Ymax = 5.5. The computer will auto-
matically correct any values for the axis not plotted which are not opposite in sign and equal
in magnitude. '

Changing Foreground And Border Colour

Foreground and Border colour may be changed after a plot is complete. Two keys control these
.colours.

CONTROL 'F'

CONTROL 'B'

Controls the foreground colour

Controls the border colour

The program defaults to a red border with a green foreground. The default colours can be altered
to anyone of the 256 possible combinations of border and foreground colours. Once changed
they remain in that colour combination until changed again or until the computer is switched off.

Graphical Extensions - Differential Equations

Although polynomial is not equippedto handle the solution of differential equations it can still be
used to plot equations and their differentials via the graphics module. Lots of information can be
extracted from a graph with only a little application.

Consider the polynomial y = -5x + 5x3
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Assume we needed to know the following information:

1) What its general shape is

2) What its roots are

3) Where the turning points are

4) What is its magnitude at the turning points

By plotting a graph of this equation questions 1) and 2) can be answered immediately. Use the
following coordinates to define the graphical window,

Xmin ; -2, Xrnax = 2, X inc ; 0.1, Ymin= -5, Ymax ; 5, Yinc= 1

This graph will indicate that the roots are approximately located at -1, +1 and O. The shape is
typical of a third order equation. This answers questions 1) and 2) but to answer 3) and 4) we
need more information. This is where the application of differential calculus comes in. By
calculating the differential of the above polynomial we can find the exact location of these
turning points. The differential of the polynomial is:

dy

dx
; -5 + 15x2

Plot a graph of this equation on the same screen. Do not erase the old screen. This new graph cuts
the x-axis somewhere between -0.5 and -0.6 and again between 0.5 and 0.6. The exact location
can be found using the roots module. Entering the differential into Roots returns an answer of:

Rl -0.5773502

R2 0.5773502

These answers are the decimal equivalent of ± J373. This notation is more convenient and more
accurate. These answers also represent the accurate position of the turning points of the poly-
nomial y; -5x + 5x3.

To answer the fourth and final question we merely have to calculate the value of y for x= - 13i3
and x= V3t3 using the original polynomial. However the graph shows us that the answer is roughly
in the order of ± 2. By calculation the turning point has a maximum value of ± 1.9245.

This example is only an introduction to what can be done with Polynomial. Much more can be
learned from further investigation and experimentation with other Polynomials and their
differentials. Try this next equation and the first two of its differentials:

y ; 36 - 49x 2 + 14x 4 - 1x6

~
dx

~
dx2

- 98x + 56x3 - 6x5

-98 + 168x2 - 30x4

Plot a graph of all three equations using the following data for the graphical window:

Xmin= -4, Xmax = 4, Xinc = 1, Ymin = -100, Ymax = 140, Yinc = 10

Notice how the peaks of the first equation line up with the point on the x-axis crossed by the
second equation. So the roots of the first differential identify the turning point position. The
roots or crossing points of the second differential identify the point of maximum slope on the
primary equation. This is classic differential calculus. Armed with a good mathematical text book
there is virtually no limit to what you can discover with polynomial.
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Graphics Error Messages

1) Error Message

ERROR: Xmax must be greater than Xmin

Explanation

By definition, if Xmin represents the smallest value of X and Xmax represents the largest
value of X, then Xmax must always be greater than Xmin.

2) Error Message

ERROR: Ymax must be greater than Ymin

Explanation

As above except for Ymax and Ymin

3) Error Message

ERROR: Xinc is too small. Press a key

Explanation

The value of Xinc must be greater than a preset minimum. This prevents the user inadvert-
ently instructing the computer to plot hundreds, possibly thousands of increments.

4) Error Message

ERROR: Yinc is too small. Press a key

Explanation

As for Xinc

5) Error Message

ERROR: Neither axes exist. Press a key

Explanation

If all the co-ordinates which define the graphical window are all set to zero, then the window
does not exist. If the window does not exist then neither of the axes exists.
The same error message can occur at the beginning of the graphics module if the user attempts
to plot a graph over another graph which does not exist.

6) Error Message

ERROR: Axes do not intersect

Explanation

The user must input values for Xmin, Xmax, Ymin and Ymax which cause the X and Yaxes
to intersect, if both axes are to be plotted on the same screen. This ru le does not apply for
single axis plots.
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CURVE FITTING: INTRODUCTION

If you have ever been in the unenviable position of trying to draw the best straight line through a
set of experimental data then Curve Fitting is just the routine for you. Curve fitting provides a
fast means of converting experimental data into polynominals which accurately represents the
data. When coupled to the Graphics module of Polynomial the original data points can be plotted
together with their mirror polynomial. This unique feature permits the user to compare the
original experimental data with the calculated mirror polynomial. Curve fitting opens up an area
of mathematics previously avoided because of the sheer quantity of manual calculation required
to produce sometimes inaccurate and disappointing results. Curve fitting is able to provide very
accurate solutions, very quickly and with the minimum of effort.

Curve fitting also promotes recognition of standard curves. It is very useful to be able to look at a
set of data points and from their general shape deduce the likely solution to these points. This
ability creates the confidence required to progress and tackle much more demanding problems
not only in academic fields but in other more pragmatic subjects.

Curve Fitting Module

Curve fitting is a program whose input is data pairs and whose output is the coefficients of
polynomials.

If the polynomial is an accurate representation of the experimental data the polynomial can be
used to find the solution to a larger problem. To introduce the curve fitting module we will input
the following set of experimental data. This data represents a simple straight line.

Example

Find the menu page and press the F5 key to initiate the Curve fitting routine.

The first page of this module presents the prompt.

Prompt: "Input number of data pairs in the
range (2-99) [j"

Input 9. Press return

The program will respond with the prompt

Prompt: "Any changes Y or N ?"

Press the 'N' key

The program will display the data pairs input page, with a new prompt:

Prompt: Enter data pairs (X, Y)

X data Y data

DPl
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In response to this prompt enter the data pairs provided below. Remember to press Return after
each entry.

X data V data

1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9

You will note that after each pair is entered a new pair of data input boxes appear to accept the
next input. This is accompanied with its own data pair number to the left of the boxes. A fresh
pair of boxes is provided for all data pairs up to the sixth pair. 8eyond pair six the computer
adopts a different display.

For larger numbers of data pairs a fresh pair of data boxes is provided until the sixth pair is
entered. Whereupon the first set of input boxes becomes the seventh. The second pair of data
boxes becomes the eighth and so on. The data pair counter is incremented in each case so that
users always know where they are in the data list.

The computer knows when all the data pairs have been entered and immediately switches to the
data presentation page of the Curve fitting option. On this page all data is presented in its decimal
point adjusted format and a data highlighting facility is available to make each pair easily identi-
fiable. Highlighting is initiated by pressing the CURSOR UP/DOWN key. When in operation you
will notice that the data pair identification number also appears synchronously in the heading.
Highlighting may be started in any direction depending on the use of the SH IFT key.

At the bottom of the screen will appear the prompt:

Prompt: "Any data changes V, N or R ?"

The editing feature and the operation of the R key are discussed later.

Press the 'N' key.

The computer will respond by presenting a new page and a new prompt:

Prompt: "Order of polynomial required?
In the range (1-20) [1"

Choosing the right value of polynomial to fit the data is a skill only mastered after frequent
experimentation with many different types of data and frequent use of the graphics package to
see the shape the data pairs adopt. However this is all part of the fun associated with learning.
Since for this example we already know that the data plots a straight line we can ask the computer
to calculate the coefficients of a first order or linear polvnornialto pass through these points.

Input 1. Press Return

The computer will respond by printing the prompt:

Prompt: "Any changes V or N ? "
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Press the 'N' key

The computer will respond with a new prompt

Prompt: "Calculating Coefficients"

The length of time this prompt remains on display is a measure of the complexity of the problem.

When the computer has calculated the coefficient for the first order polynomial we have chosen,
it will display the results on the Curve fitting results page. The results will be:

A1

AO = -1.17353112e-8

Allowing for computational error within the computer it is safe to assume the real answer is:

Al

AO 0

The standard form of a first order or linear equation in general terms is

y=AO+Alx

Comparing the results above to the general first order equation it can be seen that the polynomial
which fits the original data pairs is:

y=O+lx

The only way to verify these results is to first use the graphics routine to plot the data pairs and
then use the graphics routine to plot the graph of the above equation. If you are unfamiliar with
the operation of the graphics package then we strongly recommend you read the section on the
graphics module before attempting this task. For those readers more familiar with the graphics
package the steps required to produce the desired graph are itemised below:

1) Find the menu page
2) Press F3 for Graphics
3) Press P to plot data pairs
4) Input 9. Press Return
5) Press the 'N' key
6) Enter data pairs
7) Press the 'N' key
8) Press the 'Y' key to erase any existing graph
9) Input coordinates of the graphical window

a) Xmin -1
b) Xmax 10
c) Xinc 1
d) Ymin -1
e) Ymax 10
f) Yinc 1

10) Press the 'N' key
11) Wait until graphics window is initialised
12) Observe the data points being plotted
13) When the black square appears in the top right hand corner of the screen press a key
14) Press F3 for Graphics
15) Press G for a graph of a polynomial
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16) Input 1. Press Return
17) Press the 'N' key
18) For AD input O. Press Return
19) For A 1 input 1. Press Return
20) Press the 'N' key
21) Press the 'N' key
22) Observe the program plotting a graph of y = 1x

The program will accurately plot the graph of y = 1x which passes directly through the data
points plotted earlier. How close the graph passes each data point is a measure of the accuracy of
the polynomial to reflect the shape of the data points. The object is to calculate a polynomial
which ideally passes through all the data points.

Editing and the Repeat Key

To Edit any data in the Curve fitting module is simple. Each item of data carries its own cross
reference number which is used to identify it amongst the data pack. To demonstrate the operat·
ion of the Editing facility, begin the Curve fitting exercise again and stop when all the data pairs
have been entered. The prompt at this point should be:

Prompt: "Any data changes V, N or R 7"

Press the 'Y' key

The program will respond by presenting the Curve fitting edit page with a new prompt.

Prompt: "Within the range (Xl - X9) (Vl - V9)
Enter name of data to be edited [ j ••

There are two features of this prompt which you ought to be aware of. Like other edit pages of
other routines this one knows how many data pairs exist. Any input which is outside the bounds
displayed in the prompt will cause the display of an error message to this effect. Secondly all
inputs must be prefixed with an X or V depending on which type of data you want to edit.

For example assume item of data X3 was wrong.

Enter X3. Press return.

The computer will respond with the prompt:

Prompt: "Old value of X3 = 3

New value of X3 ? [ j"

Input -4.4. Press Return.

The computer will accept this input and reprint all the data pairs. Note that the new value of X3
has replaced the old value.

Whilst editing it is sometimes useful to use the highlighting facility to identify pairs to be amended
or pairs that have been amended. Highlighting is controlled by the CURSOR UP/DOWN Key. Try
highlighting X3.

To edit V data is just as easy. Substitute V for X in the above example.
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The Repeat Key "R"

This key reprints the data page. Any other features present such as highlighting are reset. This
feature only becomes important if two or more data pages are required to print all the data pairs.
Under these circumstances any key controls the data presentation from one page to the next.
However when the last page is present only the 'R' key repeats the cycle from the first page. This
feature allows many pages of data to be manually checked for accuracy before moving on to the
next stage of the Curve fitting routine.

Curve Fitting Problems

A new design of ship produced the following data for speed and power during recent trials. A
graphical plot of the data suggests an exponential curve P = kvm. Calculate the values of k
and m.

Data

SHIP
SPEED V 2 4 6 8 10 12 14 16 18 20

POWER
OUTPUT P 5 50 200 500 1070 1920 3220 4950 7360 10400

Plot a graph of this data and confirm its exponential nature. For convenience use the ship's speed
as X data and power output as the Y data. Use the following co-ordinates to define the graphical
window.

Xmin = 0, Xmax = 25, Xinc = 5, Ymin = 0, Ymax = 11000, Yinc = 1000

The equation we want to fit to these points is:

P = kVm

Taking logs to base 10

10glOP = 10glOk+ ml0910 V

This is a first order or linear equation which can be used by Polynomial to solve this problem.
Taking logs of the data

LOG
SPEED 0.301 0.602 0.778 0.903 1.0 1.079 1.146 1.204 1.255 1.301

LOG
POWER 0.699 1.699 2.301 2.699 3.029 3.281 3.507 3.694 3.866 4.017

Plot a graph to show this data represents a straight line. Again, speed = X data, power = Y data.

Use the following co-ordinates

Xmin = 0, Xmax = 1.5, Xinc = 0.5, Ymin = 0, Ymax = 4.5, Yinc = 0.5
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Now use the curve fitting module to calculate the values of AO and A 1 for the equation:

y = AO + A1x

Polynomial will calculate

AO - 0.293168418

A 1 3.31525595

which may be rounded off to:

AO

A1 =

- 0.2932

3.3153

Therefore the required first order or linear equation for the log data is:

y = -0.2932 + 3.3153 log10V

Comparing this with the original:

10glOP= 10glOK+ mloglOV

We can see that

10glOK = -0.2932

and m = 3.3152

therefore

k = Antilog (-0.2932)

k = 0.509

The equation which fits the original data is therefore:
p = 0.509V3.3152

The accuracy of this equation can be checked by calculating the value of P for the given values of
V and comparing these values with the ones given in the original data list. Alternatively a graph of
the log equation can be plotted with the log data to confirm a good fit.
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CURVE FITTING ERROR MESSAGES

1) Error Message

At least two data pairs are required
before computation can begin.

You have entered 1.

Press a key.

Explanation

The simplest curve is a straight line, and every straight line requires at least two separate
points to define it.

2) Error Message

DATA DOES NOT EXIST

Only data pairs (Xl - X9) (Yl - Y9) exist

Press a key

Explanation

This message appears if the user attempts to edit an item of data which does not exist within
the current data list available in the computer.

3) Error Message

WARNING: BAD DATA WARNING: BAD DATA

Xl and X2 are equal

Which do you want to change?

X1=1

X2 = 1

Explanation

If in a data list all the X data is represented by the same number then in graphical terms this
is equivalent to a vertical line. Vertical lines have slopes which are infinite. Infinity is a
number which computers cannot work with. Therefore data lists which contain X data all of
the same number cannot be permitted as they would crash the program.

4) Error Message

RANGE ERROR RANGE ERROR RANGE ERROR

Your choice of polynomial is outside
the perm itted range of (1 - 28)

You have input 0
Press a key

Explanation

The smallest number that is acceptable is 1. This represents the smallest polynomial possible.
It is called a first order or linear polynomial. Polynomials of order zero do not exist.
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SIMULTANEOUS EOUATlONS INTRODUCTION

Simultaneous Equations is a module capable of finding solutions to linear equations. It has been
written to be as interactive as possible, without over burdening the user with a blaze of messages
of one form or another. Instead the program prints out simultaneous equations on the screen in
the same way as one would write them on a piece of paper.

For the experienced user this two way communication will enable information to flow freely to
and from the user. For people less experienced it will help them understand what the ground
ru les are when dealing with these equations.

Often what is not explained with simultaneous equations is their meaning. The following example
is designed to serve two purposes. The first is that it introduces the simultaneous equations
module and secondly, using this module in conjunction with the graphics module an attempt will
be made to add meaning to simultaneous equations.

Simultaneous Equations Module

Simultaneous Equations are usually written in the form:

AXl +

OX1 +

BX2

EX2

C

F

where A, B, C, 0, E, and F are all numbers or constant and Xl and X2 are the two unknowns
which we want to find.

Find the menu and press F7 for the Simultaneous Equation's option. The first page of the
Simultaneous Equation's option will present the prompt:

Prompt: "Input number of equations in the range
(2-34) [ I"

Input 2. Press Return.

The program will now present a new prompt.

P.rompt: "Any changes Y or N 7"

Press the 'N' key.

The program will now print on the two simultaneous equations in the standard form:

Oxl +Ox2=O

Oxl+0x2=O

All the coefficients are zero because these are the starting or initial values. You will notice that
the computer has printed a new prompt at the bottom of the screen.

Prompt: "Input (1, 1) [ I"
The method used to identify each coefficient of the simultaneous equations is the same used for
matrices. For the coefficients A, B, C, 0, E and F enter 1, 2, 3, 4, 5 and 6 respectively. Press
Return after each entry.
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You will notice that after each entry the computer updates the equations to include the last input.
This provides a visual feedback to the user and show the coefficients fit in relation to their
identification number (X, Y].

When all the coefficients are entered the pair of simultaneous equations will look like this:

1x1+2x2=3

4x1 + 5x2 = 6

And the prompt at the bono m of the screen will be:

Prompt: "Any changes Y, N or R ?"

The Y option invokes the edit function and the R key cycles through the equations but these
facilities will be explained later.

Press the 'N' key.

This will prompt the computer to calculate the solutions to this pair of equations. The results will
be displayed on a fresh page:

x1 =-1

x2 = 2

Graphical Representation of Results

Having a program which produces numbers may be all well and good but numbers without meaning
are like cars without engines. The original simultaneous equations were:

1x1 + 2x2 = 3

4x1 + 5x2 = 6

equation 1

equation 2

By rearranging these equations a graphical representation of them can be made via the graphics
option. First we need to reorganise the two equations to put them in a form acceptable to the
Roots module.

For Equation 1

1x1+2x2=3

1x1 = 3 - 2x2 rearranging

To get x 1 on its own divide by 1

x1 = 3 - 2x2
1

wh ich is the same as

x1 = 3 - 2x2

Now we have one unknown (x 1l in terms of everything else (i.e. 3 - 2x2l

For Equation 2

4x1 + 5x2 = 6

4x1 = 6 - 5x2 rearranging

-29-



Divide by 4 to get xl on its own

xl = 6 - 5x2
4

which is the same as

xl = £ - 5x24 4
i.e. xl=1.5-1.25x2

We now need to plot a graph of these two equations. The steps required to do this are itemised
below. If the reader is unfamiliar with the graphics module then they should read the section
devoted to it before tackling these steps:

1) Return to the menu and press F3 for graphics

2) Press G for graphs

3) Input 1 for order of polynomial. Press Return

4) Press the N key for no changes

5) For equation 1 input 3 for AO and -2 for A 1

6) Verify that the printed equation is y = 3 - 2x

7) Press the N key

8) Press the Y key for a new graph

9) Input coordinates of graph window:
a) For Xmin input -10
b) For Xmax input 10
c) For Xinc input 1

d) For Ymin input -10
e) For Ymax input 10
f) For Yinc input 1

10) Press the 'N' key for no changes

The program will respond by plotting the X and Y axes followed by the graph of the equation
y = 3 - 2x. When the graph is complete the computer will place a small black square in the top
lefthand corner of the screen.

Press any key to return to the menu.

Now follow this procedure to plot a graph of the second equation

y = 1.5 - 1.25x

1) Press F3 for graphics

2) Press G for graphs

3) Input 1 for order of polvnornial. Press Return

4) Press the N key for no changes

5) For equation 2 input 1.5 for AO and -1.25 for A 1

6) Verify that the printed equation is y = 1.5 - 1.25x

7) Press the N key

8) Press the N key to keep the old graph
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The graph of the second equation will now be plotted on the same screen as the first equation.

You will notice that the two graphs cross each other where y (or xl) is -1 and where x (or x2) is
2. This is the graphical meaning of the result obtained earlier in the Simultaneous Equations
module when the results were:

xl - 1

x2 2

Three Simultaneous Equations

Input the following set of simultaneous equations:

2xl - 7x2 + 5x3 3

-6xl + 2x2 + 3x3 7

4x 1 + 3x2 - 2x3 4

The computer will solve this set of equations and print out the result as:

x1 = 1

x2 = 2

x3 = 3

If it were possible to plot graphs in three dimensions with polynomial then using techniques
described earlier we could have shown how the three simultaneous equations would produce three
straight line graphs which would all interset (or cross each other) at a point in 3·D space where
xl = 1, x2 = 2 and x3 = 3.

Editing and the Repeat Key

To edit a coefficient in a set of simultaneous equations is simple. Each coefficient carries its own
identification label and is identified in exactly the same way as a matrix number is identified. The
best way to describe the identification process is with an example.

Set up the following pair of simultaneous equations

lxl + 2x2 3

4x1 + 5x2 6

When complete the following prompt will be displayed

Prompt: "Any changes Y, N or R ?"

Assume that the first coefficient of the first equation was wrong and we wanted it to be -1
instead. The Y key initiates the editing function.

Press the Y key.

Immediately the above prompt will be erased and replaced with the following new prompt

Prompt: "Which element? [ I. j"
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All you need to remember is that the first box points to the equation and the second box points
to the coefficient in that equation. For this example we want to replace 1 in the first equation
with -1. The location of this number is

a) In equation 1

b) In position 1 of this equation

Therefore the co-ordinates which are type in are

[ 1 L [ 1 ]

Remember to press Return after each number.

After these numbers have been entered the program will present the following new prompt

Prompt: "New value of (1, 1) ]"

Enter -1. Press Return

The program will accept this new value and reprint the equations with the new value in position
(1, 1). If we wanted to repeat the exercise by changing the '5' to say '-5' we would substitute
co-ordinates (2, 2) in the above example because the number '5' is

a) In equation 2

b) In position 2 of this equation

Using this co-ordinate system of identification any coefficient in a set of simultaneous equations
can be identified and changed.

The Repeat Key 'R'

This key only becomes useful when the number of equations generated exceeds the space available
by the screen. Each operation of the 'R' key prevents the first equation of a set of simultaneous
equations from being printed. This allows lower equations to surface and be examined for errors.

Again the best way to explain its operation is with an example. Input the following set of
simultaneous equations

1x1 + 2x2 + 3x3 4
5x1 + 6x2 + 7x3 8
9x1 + 1x2 + 2x3 -3

Following the prompt

Prompt: "Any changes Y, N or R ?"

Press the 'R' key.

You will note that the equations are reprinted with the exception of the first one.

Press the' R' key again.

Again the top equation is omitted, so only the last equation remains. Although this is a trivial
example it does illustrate how the key works. All three simultaneous equations can be restored to
the screen when the 'R' key is pressed again. There is no limit to how many times the 'R' key may
be pressed, it will only cause the current set of simultaneous equations to continue cycling.
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The Power of Numbers

To try and find a graphical representation for four or more simultaneous equations would be
rather difficult. Unfortunately we only experience three dimensions, the world we Jive in is
bounded by three dimensions. Mathematics is not bounded. We can draw up as many simultaneous
equations as the problem we are trying to solve requires and we can find solutions to these
equations using the techniques described here and many others. So although we may be physically
confined to only three dimensions our ability to manipulate numbers enables us to investigate
dimensions and problems we cannot physically experience. This is the power of mathematics.

Simultaneous Equations Problems

A small firm produces a special paint made of two chemicals A and B. Chemical A costs £2.00
per tonne and B costs £20.00 per tonne. The firm can only spend £1000.00 per month on
materials and only has sufficient space for 100 tonnes per month. How much of chemicals A and
B should be bought to optimise storage and purchasing.

To solve this problem set up the following pair of simultaneous equations, such that:

Cost of chemicals 2A + 20B = 1000

Storage limitation A + B = 100

The simultaneous equations module will solve this pair. The answer is:

A = 55.56

B = 44.44

The same firm invent another paint which needs another chemical C. This costs £5.00 per tonne.
Spending and storage constraints stay the same as £1,000 per month and 100 tonnes per month.
However storage now costs £1 per tonne for A, £3 per tonne for Band £6 per tonne for C.
However total storage costs must not exceed £250.00 per month. Solve this problem.

First call up the simultaneous equations module and set up three equations. Next. Construct
the following set of equations:

Cost of chemicals 2A + 20B + 5C = 1000

Storage limitation

Cost of storage

A + B + C = 100

A + 3B + 6C = 250

When these equations have been created Polynomial will calculate the optimum levels of A, B,
and C to be:

Chemical A

Chemical B

Chemical C

44.64

42.26

13.09
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Simultaneous Equations Error Messages

1) Error Message

You must be able to input at least
two equations and no more than 34

equations can be solved.

Press a Key

Explanation

By definition simultaneous equations involved the solution of two or more unknowns using
two or more equations. An input of one or zero has no meaning.

2) Erro r Message

BAD SUBSCRIPT ERROR

Element (2,6) does not exist

Minimum permitted ordinates are (1,1)

Maximum permitted ordinates are (2,3)

Press a Key

Explanation

If the user attempts to change the value of an element which does not exist then a bad
subscript error is reported.
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OTHER FEATURES OF POLYNOMIAL

The Delete Key

The delete key operates on all input boxes. Any current input may be deleted using the delete key
providing the Return Key has not already been pressed.

Maximum and Minimum Numbers

All numbers in Polynomial are limited to a maximum of ± 1E + 12 and to a minimum of
± 1E -12.

Bad Numbers

Any input which the program does not recognise as a legal number will cause the "BAD
NUMBER" error message to be printed. All bad entries are erased after a key is pressed.
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